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• The Standard Model is a good theory up to very short distances 
- It’s validity extends down to ⇠ O(10�19m)

<latexit sha1_base64="CylKlMPklLxTToGFp8AnNLIMDWw=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQF5aZKqi7oht3VrAP6Iwlk6ZtaJIZkoxQhtm58VfcuFDErb/gzr8xbWehrQcuHM65l3vvCSJGlXacbyu3sLi0vJJfLaytb2xu2ds7DRXGEpM6DlkoWwFShFFB6ppqRlqRJIgHjDSD4dXYbz4QqWgo7vQoIj5HfUF7FCNtpI697ynKYeJhxOBNWnKd++TYvUgTT3LI06OOXXTKzgRwnrgZKYIMtY795XVDHHMiNGZIqbbrRNpPkNQUM5IWvFiRCOEh6pO2oQJxovxk8kcKD43Shb1QmhIaTtTfEwniSo14YDo50gM1643F/7x2rHvnfkJFFGsi8HRRL2ZQh3AcCuxSSbBmI0MQltTcCvEASYS1ia5gQnBnX54njUrZPSlXbk+L1cssjjzYAwegBFxwBqrgGtRAHWDwCJ7BK3iznqwX6936mLbmrGxmF/yB9fkDvN2X8g==</latexit>

- Minor deviations with respect to the SM predictions

(g � 2)µ and (g � 2)e
<latexit sha1_base64="ysmpArTLMW+vPoIOxQQigUM8GQY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahLixJFXRZdOOygn1AE8JkMm2HzkzCzEQooV248VfcuFDErf/gzr9x2mah1QMXDufcy733hAmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hrqt++JVDQWd3qUEJ+jvqA9ipE2UmAfVvqntZPA4+kk8ySHSERwPJmLJLDLTtWZAf4lbk7KIEcjsD+9KMYpJ0JjhpTquk6i/QxJTTEj45KXKpIgPER90jVUIE6Un82+GMNjo0SwF0tTQsOZ+nMiQ1ypEQ9NJ0d6oBa9qfif101179LPqEhSTQSeL+qlDOoYTiOBEZUEazYyBGFJza0QD5BEWJvgSiYEd/Hlv6RVq7pn1drtebl+lcdRBAfgCFSACy5AHdyABmgCDB7AE3gBr9aj9Wy9We/z1oKVz+yDX7A+vgH9B5b4</latexit>

RD(⇤) and RK(⇤)
<latexit sha1_base64="QnJNR4bo7I/bWssvtWi8soqEDqM=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIhaFKChKMFTAgsRREL1IbIsdxW6uOE9kOUhWlKwuvwsIAQqw8ARtvg9tmgMIvWfr1nXN0fH4vYlQqy/oycnPzC4tL+eXCyura+oa5udWQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpjc4H9eb90RIGvJbNYyIE6Aep12KkdLINXdv3OTiLikdHqTpKOmIACLupyNNrzLqmkWrbE0E/xo7M0WQqeaanx0/xHFAuMIMSdm2rUg5CRKKYkbSQieWJEJ4gHqkrS1HAZFOMjklhfua+LAbCv24ghP6cyJBgZTDwNOdAVJ9OVsbw/9q7Vh1T52E8ihWhOPpom7MoArhOBfoU0GwYkNtEBZU/xXiPhIIK51eQYdgz5781zQqZfuoXLk+LlbPsjjyYAfsgRKwwQmogktQA3WAwQN4Ai/g1Xg0no03433amjOymW3wS8bHN0UNmf4=</latexit>

8
Be and

4
He decay

<latexit sha1_base64="D2wWY0MnLQgwTwTGj3txWc8Ytzw=">AAACDnicbZDNSgMxFIUz/tb6V3XpJlgEV2VGBV2WuulSwWqhnZZM5o4NTTJDkhHKMH0BN76KGxeKuHXtzrcxHbvQ1gOBj3Pv5eaeIOFMG9f9chYWl5ZXVktr5fWNza3tys7ujY5TRaFFYx6rdkA0cCahZZjh0E4UEBFwuA2GF5P67T0ozWJ5bUYJ+ILcSRYxSoy1+pXD3nnWVQI3IB8XQGSYj3unBTdhHAIlo7xfqbo1txCeB28KVTTVZb/y2Q1jmgqQhnKidcdzE+NnRBlGOeTlbqohIXRI7qBjURIB2s+Kc3J8aJ0QR7GyTxpcuL8nMiK0HonAdgpiBnq2NjH/q3VSE537GZNJakDSn0VRyrGJ8SQbHDIF1PCRBUIVs3/FdEAUocYmWLYheLMnz8PNcc07qR1fnVbrjWkcJbSPDtAR8tAZqqMmukQtRNEDekIv6NV5dJ6dN+f9p3XBmc7soT9yPr4BUPKcSQ==</latexit>

µ+µ�b CMS excess (+LEP)
<latexit sha1_base64="rxW/YbB0f3fZ2kb0DaCBGaE74z8=">AAACDnicbVBNSwMxEM3Wr1q/Vj16CRahIpZdFfQoFsGDQkWrQruWbDrbhia7S5IVy9L+AS/+FS8eFPHq2Zv/xrT2oK0PZni8N0Myz485U9pxvqzMxOTU9Ex2Njc3v7C4ZC+vXKkokRQqNOKRvPGJAs5CqGimOdzEEojwOVz77VLfv74DqVgUXupODJ4gzZAFjBJtpLq9URPJ7Va/bftpTYq0Vzq76ME9BaV6ha3T4/Jmt4vrdt4pOgPgceIOSR4NUa7bn7VGRBMBoaacKFV1nVh7KZGaUQ7dXC1REBPaJk2oGhoSAcpLB+d08YZRGjiIpKlQ44H6eyMlQqmO8M2kILqlRr2++J9XTXRw4KUsjBMNIf15KEg41hHuZ4MbTALVvGMIoZKZv2LaIpJQbRLMmRDc0ZPHydVO0d0t7pzv5Q+PhnFk0RpaRwXkon10iE5QGVUQRQ/oCb2gV+vRerberPef0Yw13FlFf2B9fANXc5uj</latexit>

• General relativity seems the correct theory of gravity

• The               models reproduces cosmological data in a large energy range

- Also here some tension with observables
H0 tension

<latexit sha1_base64="bDt9rnwk8mdo466YxXBxeBH307A=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmqoMuimy4r2Ae0IUym03boTBJmJkqJ9U/cuFDErV/izr9x0mahrQcGDuecy9x7gpgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwraJEEtoiEY9kN8CKchbSlmaa024sKRYBp51gcpP5nXsqFYvCOz2NqSfwKGRDRrA2km+XG77zlPalQJqGWWrm2xWn6syBVombkwrkaPr2V38QkUTQUBOOleq5Tqy9FEvNCKezUj9RNMZkgke0Z2iIBVVeOl99hk6NMkDDSJoXajRXf0+kWCg1FYFJCqzHatnLxP+8XqKHV17Kwjgxh5HFR8OEIx2hrAc0YJISzaeGYCKZ2RWRMZaYaNNWyZTgLp+8Stq1qnterd1eVOrXeR1FOIYTOAMXLqEODWhCCwg8wDO8wpv1aL1Y79bHIlqw8pkj+APr8wdCSJQB</latexit> �8 tension
<latexit sha1_base64="nPtWglVmnm5TdDRCFcc8gb/vAo0=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWpgl0W3bisYB/QxjKZTtqhM0mYmQglVvBX3LhQxK2/4c6/cdJmoa0HBg7nnMvce/yYM6Ud59taWl5ZXVsvbBQ3t7Z3du29/aaKEklog0Q8km0fK8pZSBuaaU7bsaRY+Jy2/NFV5rfuqVQsCm/1OKaewIOQBYxgbaSefdhVbCDwXfUx7UqBNA2z6KRnl5yyMwVaJG5OSpCj3rO/uv2IJIKGmnCsVMd1Yu2lWGpGOJ0Uu4miMSYjPKAdQ0MsqPLS6f4TdGKUPgoiaV6o0VT9PZFiodRY+CYpsB6qeS8T//M6iQ6qXsrCODGHkdlHQcKRjlBWBuozSYnmY0MwkczsisgQS0y0qaxoSnDnT14kzUrZPStXbs5Ltcu8jgIcwTGcggsXUINrqEMDCDzAM7zCm/VkvVjv1scsumTlMwfwB9bnD2+2ll8=</latexit>

21 cm
<latexit sha1_base64="nEI03XOF8iiqDYTeCQlmUT0j8Ps=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoOCl6MVjBfsBTSib7aZdursJuxuhhP4NLx4U8eqf8ea/cZvmoK0PBh7vzTAzL0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu7mfveJKs1i+WimCQ0EHkkWMYKNlfyG599kvhKIiNmgWnPrbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSadS9i3rj4bLWvC3iKMMJnMI5eHAFTbiHFrSBQALP8ApvTuq8OO/Ox6K15BQzx/AHzucPGHeREw==</latexit>

⌫ anomalies
<latexit sha1_base64="YQGTxAPQqGS44oCZ67pdKh7DLp4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRjcsK9gFNKJPppB06jzAzEUJof8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeKGFUG8/7dkobm1vbO+Xdyt7+weGRe3zS0TJVmLSxZFL1IqQJo4K0DTWM9BJFEI8Y6UaTu7nffSJKUykeTZaQkKORoDHFyFhp4FYDkc7yQHGIhOSIUaKnA7fm1b0F4DrxC1IDBVoD9ysYSpxyIgxmSOu+7yUmzJEyFDMyrQSpJgnCEzQifUsF4kSH+eL4KTy3yhDGUtkSBi7U3xM54lpnPLKdHJmxXvXm4n9ePzXxTZhTkaSGCLxcFKcMGgnnScAhVQQbllmCsKL2VojHSCFsbF4VG4K/+vI66TTq/mW98XBVa94WcZTBKTgDF8AH16AJ7kELtAEGGXgGr+DNmTkvzrvzsWwtOcVMFfyB8/kDVjmVNg==</latexit>

⇤CDM
<latexit sha1_base64="KBv45kuRkPJNpOa1QGVGAeOp4xA=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwISWpiror1oULhQr2AUkok+mkHTp5MDMRSsi3uPFX3LhQ1JXgxzhpU9DWAwOHc899zHEjRoU0jC+tsLC4tLxSXC2trW9sbunbOy0RxhyTJg5ZyDsuEoTRgDQllYx0Ik6Q7zLSdof1rN5+IFzQMLiXo4g4PuoH1KMYSSV19YvEHg+xeN91EqNyamQ4MirGlEyU1L5RQ3sosbkP61e3adrVy1MXnCdmTsogR6Orf9i9EMc+CSRmSAjLNCLpJIhLihlJS3YsSITwEPWJpWiAfCKcZHxdCg+U0oNeyNULJByrvzsS5Asx8l3l9JEciNlaJv5Xs2LpnTsJDaJYkgBPFnkxgzKEWV6wRznBko0UQZhTdSvEA8QRlirVkgrBnP3yPGlVK+ZxpXp3Uq5d5nEUwR7YB4fABGegBq5BAzQBBo/gGbyCN+1Je9Hetc+JtaDlPbvgD7TvH2u/n+c=</latexit>
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Exp. significance
3�

<latexit sha1_base64="ROw4rOZDBi4+vIBwjNzEcmE1RjU=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqey2gh6LXjxWsB/QLiWbZtvQJLskWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7uZ+54lpw2P1aKcJCyQZKR5xSqyTOvW+4SNJBuWKV/UWwOvEz0kFcjQH5a/+MKapZMpSQYzp+V5ig4xoy6lgs1I/NSwhdEJGrOeoIpKZIFucO8MXThniKNaulMUL9fdERqQxUxm6Tkns2Kx6c/E/r5fa6CbIuEpSyxRdLopSgW2M57/jIdeMWjF1hFDN3a2Yjokm1LqESi4Ef/XlddKuVf16tfZwVWnc5nEU4QzO4RJ8uIYG3EMTWkBhAs/wCm8oQS/oHX0sWwsonzmFP0CfPxEoj2Q=</latexit>

5�
<latexit sha1_base64="ifZlwCjHTe0f26om5156lDTRnMI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BLx4jmAckS5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LRThIaCjyULGYEWye1r3qGDQXulyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj93is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4JsyYTFJLJVksilOOrEKz39GAaUosnziCiWbuVkRGWGNiXUIlF0Kw/PIqadWqwUW19nBZqd/mcRThBE7hHAK4hjrcQwOaQGAMz/AKb17ivXjv3seiteDlM8fwB97nDxQ8j2Y=</latexit>

M
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el
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d

Maybe something

RD(⇤) and RK(⇤)
<latexit sha1_base64="QnJNR4bo7I/bWssvtWi8soqEDqM=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIhaFKChKMFTAgsRREL1IbIsdxW6uOE9kOUhWlKwuvwsIAQqw8ARtvg9tmgMIvWfr1nXN0fH4vYlQqy/oycnPzC4tL+eXCyura+oa5udWQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpjc4H9eb90RIGvJbNYyIE6Aep12KkdLINXdv3OTiLikdHqTpKOmIACLupyNNrzLqmkWrbE0E/xo7M0WQqeaanx0/xHFAuMIMSdm2rUg5CRKKYkbSQieWJEJ4gHqkrS1HAZFOMjklhfua+LAbCv24ghP6cyJBgZTDwNOdAVJ9OVsbw/9q7Vh1T52E8ihWhOPpom7MoArhOBfoU0GwYkNtEBZU/xXiPhIIK51eQYdgz5781zQqZfuoXLk+LlbPsjjyYAfsgRKwwQmogktQA3WAwQN4Ai/g1Xg0no03433amjOymW3wS8bHN0UNmf4=</latexit>

RD(⇤) and RK(⇤)
<latexit sha1_base64="QnJNR4bo7I/bWssvtWi8soqEDqM=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIhaFKChKMFTAgsRREL1IbIsdxW6uOE9kOUhWlKwuvwsIAQqw8ARtvg9tmgMIvWfr1nXN0fH4vYlQqy/oycnPzC4tL+eXCyura+oa5udWQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpjc4H9eb90RIGvJbNYyIE6Aep12KkdLINXdv3OTiLikdHqTpKOmIACLupyNNrzLqmkWrbE0E/x o7M0WQqeaanx0/xHFAuMIMSdm2rUg5CRKKYkbSQieWJEJ4gHqkrS1HAZFOMjklhfua+LAbCv24ghP6cyJBgZTDwNOdAVJ9OVsbw/9q7Vh1T52E8ihWhOPpom7MoArhOBfoU0GwYkNtEBZU/xXiPhIIK51eQYdgz5781zQqZfuoXLk+LlbPsjjyYAfsgRKwwQmogktQA3WAwQN4Ai/g1Xg0no03433amjOymW3wS8bHN0UNmf4=</latexit>

8
Be and

4
He decay

<latexit sha1_base64="D2wWY0MnLQgwTwTGj3txWc8Ytzw=">AAACDnicbZDNSgMxFIUz/tb6V3XpJlgEV2VGBV2WuulSwWqhnZZM5o4NTTJDkhHKMH0BN76KGxeKuHXtzrcxHbvQ1gOBj3Pv5eaeIOFMG9f9chYWl5ZXVktr5fWNza3tys7ujY5TRaFFYx6rdkA0cCahZZjh0E4UEBFwuA2GF5P67T0ozWJ5bUYJ+ILcSRYxSoy1+pXD3nnWVQI3IB8XQGSYj3unBTdhHAIlo7xfqbo1txCeB28KVTTVZb/y2Q1jmgqQhnKidcdzE+NnRBlGOeTlbqohIXRI7qBjURIB2s+Kc3J8aJ0QR7GyTxpcuL8nMiK0HonAdgpiBnq2NjH/q3VSE537GZNJakDSn0VRyrGJ8SQbHDIF1PCRBUIVs3/FdEAUocYmWLYheLMnz8PNcc07qR1fnVbrjWkcJbSPDtAR8tAZqqMmukQtRNEDekIv6NV5dJ6dN+f9p3XBmc7soT9yPr4BUPKcSQ==</latexit>

(g � 2)µ and (g � 2)e
<latexit sha1_base64="ysmpArTLMW+vPoIOxQQigUM8GQY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahLixJFXRZdOOygn1AE8JkMm2HzkzCzEQooV248VfcuFDErf/gzr9x2mah1QMXDufcy733hAmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hrqt++JVDQWd3qUEJ+jvqA9ipE2UmAfVvqntZPA4+kk8ySHSERwPJmLJLDLTtWZAf4lbk7KIEcjsD+9KMYpJ0JjhpTquk6i/QxJTTEj45KXKpIgPER90jVUIE6Un82+GMNjo0SwF0tTQsOZ+nMiQ1ypEQ9NJ0d6oBa9qfif101179LPqEhSTQSeL+qlDOoYTiOBEZUEazYyBGFJza0QD5BEWJvgSiYEd/Hlv6RVq7pn1drtebl+lcdRBAfgCFSACy5AHdyABmgCDB7AE3gBr9aj9Wy9We/z1oKVz+yDX7A+vgH9B5b4</latexit>(g � 2)µ and (g � 2)e

<latexit sha1_base64="ysmpArTLMW+vPoIOxQQigUM8GQY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahLixJFXRZdOOygn1AE8JkMm2HzkzCzEQooV248VfcuFDErf/gzr9x2mah1QMXDufcy733hAmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hrqt++JVDQWd3qUEJ+jvqA9ipE2UmAfVvqntZPA4+kk8ySHSERwPJmLJLDLTtWZAf4lbk7KIEcjsD+9KMYpJ0JjhpTquk6i/QxJTTEj45KXKpIgPER90jVUIE6Un82+GMNjo0SwF0tTQsOZ+nMiQ1ypEQ9NJ0d6oBa9qfif101179LPqEhSTQSeL+qlDOoYTiOBEZUEazYyBGFJza0QD5BEWJvgSiYEd/Hlv6RVq7pn1drtebl+lcdRBAfgCFSACy5AHdyABmgCDB7AE3gBr9aj9Wy9We/z1oKVz+yDX7A+vgH9B5b4</latexit>

µ+µ�b CMS excess (+LEP)
<latexit sha1_base64="rxW/YbB0f3fZ2kb0DaCBGaE74z8=">AAACDnicbVBNSwMxEM3Wr1q/Vj16CRahIpZdFfQoFsGDQkWrQruWbDrbhia7S5IVy9L+AS/+FS8eFPHq2Zv/xrT2oK0PZni8N0Myz485U9pxvqzMxOTU9Ex2Njc3v7C4ZC+vXKkokRQqNOKRvPGJAs5CqGimOdzEEojwOVz77VLfv74DqVgUXupODJ4gzZAFjBJtpLq9URPJ7Va/bftpTYq0Vzq76ME9BaV6ha3T4/Jmt4vrdt4pOgPgceIOSR4NUa7bn7VGRBMBoaacKFV1nVh7KZGaUQ7dXC1REBPaJk2oGhoSAcpLB+d08YZRGjiIpKlQ44H6eyMlQqmO8M2kILqlRr2++J9XTXRw4KUsjBMNIf15KEg41hHuZ4MbTALVvGMIoZKZv2LaIpJQbRLMmRDc0ZPHydVO0d0t7pzv5Q+PhnFk0RpaRwXkon10iE5QGVUQRQ/oCb2gV+vRerberPef0Yw13FlFf2B9fANXc5uj</latexit>

H0 tension
<latexit sha1_base64="bDt9rnwk8mdo466YxXBxeBH307A=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmqoMuimy4r2Ae0IUym03boTBJmJkqJ9U/cuFDErV/izr9x0mahrQcGDuecy9x7gpgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwraJEEtoiEY9kN8CKchbSlmaa024sKRYBp51gcpP5nXsqFYvCOz2NqSfwKGRDRrA2km+XG77zlPalQJqGWWrm2xWn6syBVombkwrkaPr2V38QkUTQUBOOleq5Tqy9FEvNCKezUj9RNMZkgke0Z2iIBVVeOl99hk6NMkDDSJoXajRXf0+kWCg1FYFJCqzHatnLxP+8XqKHV17Kwjgxh5HFR8OEIx2hrAc0YJISzaeGYCKZ2RWRMZaYaNNWyZTgLp+8Stq1qnterd1eVOrXeR1FOIYTOAMXLqEODWhCCwg8wDO8wpv1aL1Y79bHIlqw8pkj+APr8wdCSJQB</latexit>

4�
<latexit sha1_base64="nzG4Ft67KpFHyc0Qw8mhvAFckUo=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsB/QLiWbZtvQJLskWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7uZ+54lpw2P1aKcJCyQZKR5xSqyTOvW+4SNJBuWKV/UWwOvEz0kFcjQH5a/+MKapZMpSQYzp+V5ig4xoy6lgs1I/NSwhdEJGrOeoIpKZIFucO8MXThniKNaulMUL9fdERqQxUxm6Tkns2Kx6c/E/r5fa6CbIuEpSyxRdLopSgW2M57/jIdeMWjF1hFDN3a2Yjokm1LqESi4Ef/XlddKuVf2rau2hXmnc5nEU4QzO4RJ8uIYG3EMTWkBhAs/wCm8oQS/oHX0sWwsonzmFP0CfPxKyj2U=</latexit>

⌫e
<latexit sha1_base64="eZWwDnG3lUqP/m5o4wlELu6hwok=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8nsz62K9U3Zo7B1klXkGqUKDZr3z1BgnLYpSGCap113NTE+RUGc4ETsu9TGNK2ZgOsWuppDHqIJ8fOyXnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRDdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5lG0I3vLLq6RVr3mXtfrDVbVxW8RRglM4gwvw4BoacA9N8IEBh2d4hTdHOi/Ou/OxaF1zipkT+APn8wfV/46z</latexit>

Probabily nothing
21 cm

<latexit sha1_base64="nEI03XOF8iiqDYTeCQlmUT0j8Ps=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoOCl6MVjBfsBTSib7aZdursJuxuhhP4NLx4U8eqf8ea/cZvmoK0PBh7vzTAzL0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu7mfveJKs1i+WimCQ0EHkkWMYKNlfyG599kvhKIiNmgWnPrbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSadS9i3rj4bLWvC3iKMMJnMI5eHAFTbiHFrSBQALP8ApvTuq8OO/Ox6K15BQzx/AHzucPGHeREw==</latexit>



Daniele Barducci An almost elementary Higgs Uppsala University 4

Exp. significance
5�

<latexit sha1_base64="ifZlwCjHTe0f26om5156lDTRnMI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BLx4jmAckS5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LRThIaCjyULGYEWye1r3qGDQXulyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj93is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4JsyYTFJLJVksilOOrEKz39GAaUosnziCiWbuVkRGWGNiXUIlF0Kw/PIqadWqwUW19nBZqd/mcRThBE7hHAK4hjrcQwOaQGAMz/AKb17ivXjv3seiteDlM8fwB97nDxQ8j2Y=</latexit>

RD(⇤) and RK(⇤)
<latexit sha1_base64="QnJNR4bo7I/bWssvtWi8soqEDqM=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIhaFKChKMFTAgsRREL1IbIsdxW6uOE9kOUhWlKwuvwsIAQqw8ARtvg9tmgMIvWfr1nXN0fH4vYlQqy/oycnPzC4tL+eXCyura+oa5udWQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpjc4H9eb90RIGvJbNYyIE6Aep12KkdLINXdv3OTiLikdHqTpKOmIACLupyNNrzLqmkWrbE0E/xo7M0WQqeaanx0/xHFAuMIMSdm2rUg5CRKKYkbSQieWJEJ4gHqkrS1HAZFOMjklhfua+LAbCv24ghP6cyJBgZTDwNOdAVJ9OVsbw/9q7Vh1T52E8ihWhOPpom7MoArhOBfoU0GwYkNtEBZU/xXiPhIIK51eQYdgz5781zQqZfuoXLk+LlbPsjjyYAfsgRKwwQmogktQA3WAwQN4Ai/g1Xg0no03433amjOymW3wS8bHN0UNmf4=</latexit>

RD(⇤) and RK(⇤)
<latexit sha1_base64="QnJNR4bo7I/bWssvtWi8soqEDqM=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIhaFKChKMFTAgsRREL1IbIsdxW6uOE9kOUhWlKwuvwsIAQqw8ARtvg9tmgMIvWfr1nXN0fH4vYlQqy/oycnPzC4tL+eXCyura+oa5udWQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpjc4H9eb90RIGvJbNYyIE6Aep12KkdLINXdv3OTiLikdHqTpKOmIACLupyNNrzLqmkWrbE0E/xo7M0WQqeaanx0/xHFAuMIMSdm2rUg5CRKKYkbSQieWJEJ4gHqkrS1HAZFOMjklhfua+LAbCv24ghP6cyJBgZTDwNOdAVJ9OVsbw/9q7Vh1T52E8ihWhOPpom7MoArhOBfoU0GwYkNtEBZU/xXiPhIIK51eQYdgz5781zQqZfuoXLk+LlbPsjjyYAfsgRKwwQmogktQA3WAwQN4Ai/g1Xg0no03433amjOymW3wS8bHN0UNmf4=</latexit>

8
Be and

4
He decay

<latexit sha1_base64="D2wWY0MnLQgwTwTGj3txWc8Ytzw=">AAACDnicbZDNSgMxFIUz/tb6V3XpJlgEV2VGBV2WuulSwWqhnZZM5o4NTTJDkhHKMH0BN76KGxeKuHXtzrcxHbvQ1gOBj3Pv5eaeIOFMG9f9chYWl5ZXVktr5fWNza3tys7ujY5TRaFFYx6rdkA0cCahZZjh0E4UEBFwuA2GF5P67T0ozWJ5bUYJ+ILcSRYxSoy1+pXD3nnWVQI3IB8XQGSYj3unBTdhHAIlo7xfqbo1txCeB28KVTTVZb/y2Q1jmgqQhnKidcdzE+NnRBlGOeTlbqohIXRI7qBjURIB2s+Kc3J8aJ0QR7GyTxpcuL8nMiK0HonAdgpiBnq2NjH/q3VSE537GZNJakDSn0VRyrGJ8SQbHDIF1PCRBUIVs3/FdEAUocYmWLYheLMnz8PNcc07qR1fnVbrjWkcJbSPDtAR8tAZqqMmukQtRNEDekIv6NV5dJ6dN+f9p3XBmc7soT9yPr4BUPKcSQ==</latexit>

(g � 2)µ and (g � 2)e
<latexit sha1_base64="ysmpArTLMW+vPoIOxQQigUM8GQY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahLixJFXRZdOOygn1AE8JkMm2HzkzCzEQooV248VfcuFDErf/gzr9x2mah1QMXDufcy733hAmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hrqt++JVDQWd3qUEJ+jvqA9ipE2UmAfVvqntZPA4+kk8ySHSERwPJmLJLDLTtWZAf4lbk7KIEcjsD+9KMYpJ0JjhpTquk6i/QxJTTEj45KXKpIgPER90jVUIE6Un82+GMNjo0SwF0tTQsOZ+nMiQ1ypEQ9NJ0d6oBa9qfif101179LPqEhSTQSeL+qlDOoYTiOBEZUEazYyBGFJza0QD5BEWJvgSiYEd/Hlv6RVq7pn1drtebl+lcdRBAfgCFSACy5AHdyABmgCDB7AE3gBr9aj9Wy9We/z1oKVz+yDX7A+vgH9B5b4</latexit>(g � 2)µ and (g � 2)e

<latexit sha1_base64="ysmpArTLMW+vPoIOxQQigUM8GQY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahLixJFXRZdOOygn1AE8JkMm2HzkzCzEQooV248VfcuFDErf/gzr9x2mah1QMXDufcy733hAmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hrqt++JVDQWd3qUEJ+jvqA9ipE2UmAfVvqntZPA4+kk8ySHSERwPJmLJLDLTtWZAf4lbk7KIEcjsD+9KMYpJ0JjhpTquk6i/QxJTTEj45KXKpIgPER90jVUIE6Un82+GMNjo0SwF0tTQsOZ+nMiQ1ypEQ9NJ0d6oBa9qfif101179LPqEhSTQSeL+qlDOoYTiOBEZUEazYyBGFJza0QD5BEWJvgSiYEd/Hlv6RVq7pn1drtebl+lcdRBAfgCFSACy5AHdyABmgCDB7AE3gBr9aj9Wy9We/z1oKVz+yDX7A+vgH9B5b4</latexit>

µ+µ�b CMS excess (+LEP)
<latexit sha1_base64="rxW/YbB0f3fZ2kb0DaCBGaE74z8=">AAACDnicbVBNSwMxEM3Wr1q/Vj16CRahIpZdFfQoFsGDQkWrQruWbDrbhia7S5IVy9L+AS/+FS8eFPHq2Zv/xrT2oK0PZni8N0Myz485U9pxvqzMxOTU9Ex2Njc3v7C4ZC+vXKkokRQqNOKRvPGJAs5CqGimOdzEEojwOVz77VLfv74DqVgUXupODJ4gzZAFjBJtpLq9URPJ7Va/bftpTYq0Vzq76ME9BaV6ha3T4/Jmt4vrdt4pOgPgceIOSR4NUa7bn7VGRBMBoaacKFV1nVh7KZGaUQ7dXC1REBPaJk2oGhoSAcpLB+d08YZRGjiIpKlQ44H6eyMlQqmO8M2kILqlRr2++J9XTXRw4KUsjBMNIf15KEg41hHuZ4MbTALVvGMIoZKZv2LaIpJQbRLMmRDc0ZPHydVO0d0t7pzv5Q+PhnFk0RpaRwXkon10iE5QGVUQRQ/oCb2gV+vRerberPef0Yw13FlFf2B9fANXc5uj</latexit>

H0 tension
<latexit sha1_base64="bDt9rnwk8mdo466YxXBxeBH307A=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmqoMuimy4r2Ae0IUym03boTBJmJkqJ9U/cuFDErV/izr9x0mahrQcGDuecy9x7gpgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwraJEEtoiEY9kN8CKchbSlmaa024sKRYBp51gcpP5nXsqFYvCOz2NqSfwKGRDRrA2km+XG77zlPalQJqGWWrm2xWn6syBVombkwrkaPr2V38QkUTQUBOOleq5Tqy9FEvNCKezUj9RNMZkgke0Z2iIBVVeOl99hk6NMkDDSJoXajRXf0+kWCg1FYFJCqzHatnLxP+8XqKHV17Kwjgxh5HFR8OEIx2hrAc0YJISzaeGYCKZ2RWRMZaYaNNWyZTgLp+8Stq1qnterd1eVOrXeR1FOIYTOAMXLqEODWhCCwg8wDO8wpv1aL1Y79bHIlqw8pkj+APr8wdCSJQB</latexit>

⌫e
<latexit sha1_base64="eZWwDnG3lUqP/m5o4wlELu6hwok=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8nsz62K9U3Zo7B1klXkGqUKDZr3z1BgnLYpSGCap113NTE+RUGc4ETsu9TGNK2ZgOsWuppDHqIJ8fOyXnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRDdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5lG0I3vLLq6RVr3mXtfrDVbVxW8RRglM4gwvw4BoacA9N8IEBh2d4hTdHOi/Ou/OxaF1zipkT+APn8wfV/46z</latexit>

21 cm
<latexit sha1_base64="nEI03XOF8iiqDYTeCQlmUT0j8Ps=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoOCl6MVjBfsBTSib7aZdursJuxuhhP4NLx4U8eqf8ea/cZvmoK0PBh7vzTAzL0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu7mfveJKs1i+WimCQ0EHkkWMYKNlfyG599kvhKIiNmgWnPrbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSadS9i3rj4bLWvC3iKMMJnMI5eHAFTbiHFrSBQALP8ApvTuq8OO/Ox6K15BQzx/AHzucPGHeREw==</latexit>

⌫ masses
<latexit sha1_base64="/hH2x5+TufrhNd2h6NU6jiRJ6ZY=">AAAB+XicbVDLSgMxFM34rPU16tJNsAiuykwVdFl047KCfUBnKJn0ThuaZIYkUyhD/RI3LhRx65+4829M21lo64ELh3PuTe49UcqZNp737aytb2xubZd2yrt7+weH7tFxSyeZotCkCU9UJyIaOJPQNMxw6KQKiIg4tKPR3cxvj0FplshHM0khFGQgWcwoMVbquW4gs6c8UAILojXoac+teFVvDrxK/IJUUIFGz/0K+gnNBEhDuX2j63upCXOiDKMcpuUg05ASOiID6FoqiQAd5vPNp/jcKn0cJ8qWNHiu/p7IidB6IiLbKYgZ6mVvJv7ndTMT34Q5k2lmQNLFR3HGsUnwLAbcZwqo4RNLCFXM7orpkChCjQ2rbEPwl09eJa1a1b+s1h6uKvXbIo4SOkVn6AL56BrV0T1qoCaiaIye0St6c3LnxXl3Phata04xc4L+wPn8AQodk+s=</latexit>

B asymmetry
<latexit sha1_base64="OUYj34dseNClYQQXWy+zuLBOsTQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmqoMtSNy4r2Ae0oUymk3boTBJmJkqI9U/cuFDErV/izr9x2mahrQcGDufcyz1z/JgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwraJEEtoiEY9k18eKchbSlmaa024sKRY+px1/cj3zO/dUKhaFdzqNqSfwKGQBI1gbaWCXs74UqPGEVSoE1TKdDuyKU3XmQKvEzUkFcjQH9ld/GJFE0FATjpXquU6svQxLzQin01I/UTTGZIJHtGdoiAVVXjaPPkWnRhmiIJLmhRrN1d8bGRbKRPPNpMB6rJa9mfif10t0cOVlLIwTTUOyOBQkHOkIzXpAQyYp0Tw1BBPJTFZExlhiok1bJVOCu/zlVdKuVd3zau32olJv5HUU4RhO4AxcuIQ63EATWkDgAZ7hFd6sR+vFerc+FqMFK985gj+wPn8Ax+yUVw==</latexit>

Dark Matter
<latexit sha1_base64="D8WZC8KylgkpZK550/WutJKlZpo=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqexWQY9FPXgRKtgPaJeSTdM2NMkuSVYpa/0nXjwo4tVf4s1/Y9ruQVsfDDzem2FmXhhzpo3nfTtLyyura+u5jfzm1vbOrlvYq+soUYTWSMQj1QyxppxJWjPMcNqMFcUi5LQRDi8nfuOeKs0ieWdGMQ0E7kvWYwQbK3XcQtpWAl1hNXy6wcZQNe64Ra/kTYEWiZ+RImSodtyvdjciiaDSEI61bvlebIIUK8MIp+N8O9E0xmSI+7RlqcSC6iCdnj5GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14rMb3zIGUyTgyVZLaol3BkIjTJAXWZosTwkSWYKGZvRWSAFSY2A523IfjzLy+Sernkn5TKt6fFykUWRw4O4BCOwYczqMA1VKEGBB7gGV7hzXl0Xpx352PWuuRkM/vwB87nD2iDlBk=</latexit>✓ ⌧ 1

<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

yb/yt ⌧ 1
<latexit sha1_base64="kDRLbKQ+esVN+5SoirMB6Wp4Vv4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZV0GXRjcsK9gFNCJPppB06MwkzEzGE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeU3EqMenimMVyECJFGBWkq6lmZJBIgnjISD+c3s78/iORisbiQWcJ8TkaCxpRjLSRArueBeF5FuSe5FAXHmPQDeyG03TmgKvELUkDlOgE9pc3inHKidCYIaWGrpNoP0dSU8xIUfNSRRKEp2hMhoYKxIny8/ntBTw1yghGsTQlNJyrvydyxJXKeGg6OdITtezNxP+8Yaqjaz+nIkk1EXixKEoZ1DGcBQFHVBKsWWYIwpKaWyGeIImwNnHVTAju8surpNdquhfN1v1lo31TxlEFx+AEnAEXXIE2uAMd0AUYPIFn8ArerMJ6sd6tj0VrxSpnjsAfWJ8/R0aT8A==</latexit>

�mH/mH � 1
<latexit sha1_base64="anDLqY3TBXwzIpZjWix2MzB0xI4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbrqsYG2hCWEymaRDZyZhZiKUUPBX3LhQxK3f4c6/cdpmoa0H7uVwzr3MnRNmjCrtON9WZWV1bX2julnb2t7Z3bP3Dx5UmktMujhlqeyHSBFGBelqqhnpZ5IgHjLSC0e3U7/3SKSiqbjX44z4HCWCxhQjbaTAPvIiwjQqeNCenJsGvSSBbmDXnYYzA1wmbknqoEQnsL+8KMU5J0JjhpQauE6m/QJJTTEjk5qXK5IhPEIJGRgqECfKL2bnT+CpUSIYp9KU0HCm/t4oEFdqzEMzyZEeqkVvKv7nDXIdX/sFFVmuicDzh+KcQZ3CaRYwopJgzcaGICypuRXiIZIIa5NYzYTgLn55mTw0G+5Fo3l3WW/dlHFUwTE4AWfABVegBdqgA7oAgwI8g1fwZj1ZL9a79TEfrVjlziH4A+vzB/OBlNE=</latexit>
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⌫ masses
<latexit sha1_base64="/hH2x5+TufrhNd2h6NU6jiRJ6ZY=">AAAB+XicbVDLSgMxFM34rPU16tJNsAiuykwVdFl047KCfUBnKJn0ThuaZIYkUyhD/RI3LhRx65+4829M21lo64ELh3PuTe49UcqZNp737aytb2xubZd2yrt7+weH7tFxSyeZotCkCU9UJyIaOJPQNMxw6KQKiIg4tKPR3cxvj0FplshHM0khFGQgWcwoMVbquW4gs6c8UAILojXoac+teFVvDrxK/IJUUIFGz/0K+gnNBEhDuX2j63upCXOiDKMcpuUg05ASOiID6FoqiQAd5vPNp/jcKn0cJ8qWNHiu/p7IidB6IiLbKYgZ6mVvJv7ndTMT34Q5k2lmQNLFR3HGsUnwLAbcZwqo4RNLCFXM7orpkChCjQ2rbEPwl09eJa1a1b+s1h6uKvXbIo4SOkVn6AL56BrV0T1qoCaiaIye0St6c3LnxXl3Phata04xc4L+wPn8AQodk+s=</latexit>

B asymmetry
<latexit sha1_base64="OUYj34dseNClYQQXWy+zuLBOsTQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmqoMtSNy4r2Ae0oUymk3boTBJmJkqI9U/cuFDErV/izr9x2mahrQcGDufcyz1z/JgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwraJEEtoiEY9k18eKchbSlmaa024sKRY+px1/cj3zO/dUKhaFdzqNqSfwKGQBI1gbaWCXs74UqPGEVSoE1TKdDuyKU3XmQKvEzUkFcjQH9ld/GJFE0FATjpXquU6svQxLzQin01I/UTTGZIJHtGdoiAVVXjaPPkWnRhmiIJLmhRrN1d8bGRbKRPPNpMB6rJa9mfif10t0cOVlLIwTTUOyOBQkHOkIzXpAQyYp0Tw1BBPJTFZExlhiok1bJVOCu/zlVdKuVd3zau32olJv5HUU4RhO4AxcuIQ63EATWkDgAZ7hFd6sR+vFerc+FqMFK985gj+wPn8Ax+yUVw==</latexit>

Dark Matter
<latexit sha1_base64="D8WZC8KylgkpZK550/WutJKlZpo=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqexWQY9FPXgRKtgPaJeSTdM2NMkuSVYpa/0nXjwo4tVf4s1/Y9ruQVsfDDzem2FmXhhzpo3nfTtLyyura+u5jfzm1vbOrlvYq+soUYTWSMQj1QyxppxJWjPMcNqMFcUi5LQRDi8nfuOeKs0ieWdGMQ0E7kvWYwQbK3XcQtpWAl1hNXy6wcZQNe64Ra/kTYEWiZ+RImSodtyvdjciiaDSEI61bvlebIIUK8MIp+N8O9E0xmSI+7RlqcSC6iCdnj5GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14rMb3zIGUyTgyVZLaol3BkIjTJAXWZosTwkSWYKGZvRWSAFSY2A523IfjzLy+Sernkn5TKt6fFykUWRw4O4BCOwYczqMA1VKEGBB7gGV7hzXl0Xpx352PWuuRkM/vwB87nD2iDlBk=</latexit>

✓ ⌧ 1
<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

yb/yt ⌧ 1
<latexit sha1_base64="kDRLbKQ+esVN+5SoirMB6Wp4Vv4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZV0GXRjcsK9gFNCJPppB06MwkzEzGE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeU3EqMenimMVyECJFGBWkq6lmZJBIgnjISD+c3s78/iORisbiQWcJ8TkaCxpRjLSRArueBeF5FuSe5FAXHmPQDeyG03TmgKvELUkDlOgE9pc3inHKidCYIaWGrpNoP0dSU8xIUfNSRRKEp2hMhoYKxIny8/ntBTw1yghGsTQlNJyrvydyxJXKeGg6OdITtezNxP+8Yaqjaz+nIkk1EXixKEoZ1DGcBQFHVBKsWWYIwpKaWyGeIImwNnHVTAju8surpNdquhfN1v1lo31TxlEFx+AEnAEXXIE2uAMd0AUYPIFn8ArerMJ6sd6tj0VrxSpnjsAfWJ8/R0aT8A==</latexit>

�mH/mH � 1
<latexit sha1_base64="anDLqY3TBXwzIpZjWix2MzB0xI4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbrqsYG2hCWEymaRDZyZhZiKUUPBX3LhQxK3f4c6/cdpmoa0H7uVwzr3MnRNmjCrtON9WZWV1bX2julnb2t7Z3bP3Dx5UmktMujhlqeyHSBFGBelqqhnpZ5IgHjLSC0e3U7/3SKSiqbjX44z4HCWCxhQjbaTAPvIiwjQqeNCenJsGvSSBbmDXnYYzA1wmbknqoEQnsL+8KMU5J0JjhpQauE6m/QJJTTEjk5qXK5IhPEIJGRgqECfKL2bnT+CpUSIYp9KU0HCm/t4oEFdqzEMzyZEeqkVvKv7nDXIdX/sFFVmuicDzh+KcQZ3CaRYwopJgzcaGICypuRXiIZIIa5NYzYTgLn55mTw0G+5Fo3l3WW/dlHFUwTE4AWfABVegBdqgA7oAgwI8g1fwZj1ZL9a79TEfrVjlziH4A+vzB/OBlNE=</latexit>

Fine tuning arguments

Experimental evidences
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• The naturalness of the Higgs mass has been a guidance for the last 30 years  
  of theoretical and experimental activity

Where are we?

• BSM models are facing negative experimental results

Two directions should be pursued

• LHC is sensitive to TeV scale new physics with              couplingsO(gw)
<latexit sha1_base64="xZZCM6yrq9CQqGSGHs9ol2tluv8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LXrxZwX5Au5Rsmm1Dk+yaZCtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyU87BHN0Nyn1u09n3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIVbqEGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/da5GB</latexit>

- Natural new physics, although not in good shape, is being tested 
- Keep exploring this path and exploit LHC performances

• Relax the naturalness criteria and focus on experimental evidences
�m2

H
- Look for NP not related to

QCD like theories offer large model building opportunities
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QCD like theories a.k.a. Vector Like Confinement

Ingredients

• New fermions vectorial under the Standard Model gauge group

• A new strong gauge interaction under which the new fermions are charged

That’s all

Kilic+ 0906.0577
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• Switch of the SM interactions and consider a new confining gauge group

• Consider        flavors of                transforming as            under

G = SU(N), SO(N), Sp(N)
<latexit sha1_base64="Ut0z2U975tVSfmeu2/ks0O4wabU=">AAACCXicbZDNSgMxFIUz9a/Wv1GXboJFqCBlpgoKIhRd6EorddpCZyiZNG1DM5khyQhl6NaNr+LGhSJufQN3vo1pO4K2Hgh8nHsvN/f4EaNSWdaXkZmbX1hcyi7nVlbX1jfMza2aDGOBiYNDFoqGjyRhlBNHUcVIIxIEBT4jdb9/MarX74mQNOR3ahARL0BdTjsUI6WtlgkTFyMGL4dnVadwvX/gnsLqzQ9EGlpm3ipaY8FZsFPIg1SVlvnptkMcB4QrzJCUTduKlJcgoShmZJhzY0kihPuoS5oaOQqI9JLxJUO4p5027IRCP67g2P09kaBAykHg684AqZ6cro3M/2rNWHVOvITyKFaE48miTsygCuEoFtimgmDFBhoQFlT/FeIeEggrHV5Oh2BPnzwLtVLRPiyWbo/y5fM0jizYAbugAGxwDMrgClSAAzB4AE/gBbwaj8az8Wa8T1ozRjqzDf7I+PgGJHSWxw==</latexit>

 i,  
c
i

<latexit sha1_base64="WdUtEG/awXjzcqTQku2AFBNI0ow=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAILqQkVVBwU3TjsoK9QBPDZDpph04mYWailNpHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2lpZXVtfWCxvFza3tnV27tNdUSSYJbZCEJ7IdYkU5E7Shmea0nUqK45DTVji4ntRbD1Qqlog7PUypH+OeYBEjWBsrsEteqljATrzLGdyTwC47FWcqtAhuDmXIVQ/sL6+bkCymQhOOleq4Tqr9EZaaEU7HRS9TNMVkgHu0Y1DgmCp/ND19jI6M00VRIs0TGk3d3xMjHCs1jEPTGWPdV/O1iflfrZPp6MIfMZFmmgoyWxRlHOkETXJAXSYp0XxoABPJzK2I9LHERJu0iiYEd/7Li9CsVtzTSvX2rFy7yuMowAEcwjG4cA41uIE6NIDAIzzDK7xZT9aL9W59zFqXrHxmH/7I+vwB3BSTvQ==</latexit>

⇤, ⇤̄
<latexit sha1_base64="8aQv/qmY2lrgCq0i6FbOXJJHsyU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCylJFXRZdOOygn1AE8pketMOnUzizESoofgrblwo4tb/cOffOG2z0NYDF86ccy9z7wkSzpR2nG+rsLS8srpWXC9tbG5t79i7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVDK8nfusBpGKxuNOjBPyI9AULGSXaSF37wFP3KZFw6gVE4vzRtctOxZkCLxI3J2WUo961v7xeTNMIhKacKNVxnUT7GZGaUQ7jkpcqSAgdkj50DBUkAuVn0+3H+NgoPRzG0pTQeKr+nshIpNQoCkxnRPRAzXsT8T+vk+rw0s+YSFINgs4+ClOOdYwnUeAek0A1HxlCqGRmV0wHRBKqTWAlE4I7f/IiaVYr7lmlenterl3lcRTRITpCJ8hFF6iGblAdNRBFj+gZvaI368l6sd6tj1lrwcpn9tEfWJ8/Y6yVLg==</latexit>

G
<latexit sha1_base64="AruVnbiTmWE1K3LoZbW2Hu+v9OU=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiC11WsA/oDCWTZtrQTGZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesbbgRrJcoRqJAsG4wuc397hNTmsfy0UwT5kdkJHnIKTFW8jIvImZMicB3s0G15tSdOfAqcQtSgwKtQfXLG8Y0jZg0VBCt+66TGD8jynAq2KzipZolhE7IiPUtlSRi2s/mmWf4zCpDHMbKPmnwXP29kZFI62kU2Mk8ol72cvE/r5+a8NrPuExSwyRdHApTgU2M8wLwkCtGjZhaQqjiNiumY6IINbamii3BXf7yKuk06u5FvfFwWWveFHWU4QRO4RxcuIIm3EML2kAhgWd4hTeUohf0jj4WoyVU7BzDH6DPH9TFkYs=</latexit>

NF
<latexit sha1_base64="PiCkUMIusfvrj2rQ1Q/tsyA8RXs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BQTxJRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eGue9MtltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukUSl7Z+XK/XmpepXFkYcjOIZT8OACqnALNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8f7MeNjw==</latexit>

• Neglecting the fermions masses there is a global symmetry

• Consider               gauge theories, for easier analogy with QCDSU(N)
<latexit sha1_base64="emkPISoZRYAkkHGpQwKkTcrrNAM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OJJKrq20C4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KjjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjq6nfuuJKs1i+WDGCQ0EHkgWMYKNlfx7v3p72itX3Jo7A1omXk4qkKPZK391+zFJBZWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LJRZUB9ns2Ak6sUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URJdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7IheIsvL5PHes07q9XvziuNqzyOIhzBMVTBgwtowA00wQcCDJ7hFd4c6bw4787HvLXg5DOH8AfO5w+35o33</latexit>

* Non fundamental irrep or non complex groups have slightly different properties

L = �1

4
H

µ⌫,a
H

a
µ⌫ + ( †

i �̄
µ
Dµ i +  !  

c)� (m i 
c
i i + h.c.)

<latexit sha1_base64="PbB2NzgZ8eznbu3ZqGYAzyaSArM=">AAACdHicbVHLTtwwFHXSB3ToYyiLLujC7Qhp0JQooUiwqYSAxSy6oFIHkMaT6MbjzFjYTmQ7lUZRvoC/666f0U3XdTJZFOiVbB+fe64f56aF4MaG4S/Pf/L02fONzRe9rZevXr/pb7+9MnmpKZvQXOT6JgXDBFdsYrkV7KbQDGQq2HV6e97kr38wbXiuvttVwWYSFopnnIJ1VNK/qwgFgb/WXw5IpoFWUV0d1eO4IrIkqvwE9T jpcB3DaEgKwxMekzksMElBE8MXEmKnwBdJM68Fo2YhNm+3Md3HB3go3UFtsu4OoZ0Yj/AyoMF+0h+EQdgGfgyiDgxQF5dJ/yeZ57SUTFkqwJhpFBZ2VoG2nApW90hpWAH0FhZs6qACycysak2r8Z5j5jjLtRvK4pb9t6ICacxKpk4pwS7Nw1xD/i83LW12Mqu4KkrLFF1flJUCOzeaDuA514xasXIAqOburZguwXlvXZ96zoTo4Zcfg6vDIPocHH47GpyedXZsol30EQ1RhI7RKRqjSzRBFP323nnY++D98d/7A39vLfW9rmYH3Qs/+AviOL1L</latexit>

i = 1, ..., NF
<latexit sha1_base64="WLETLgKvj7iI3dawEjM/qrCOgxI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBQwlJFfQiFAXxJBXsB6ShbLabdukmG3Y3Qgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6QcKa043xbhZXVtfWN4mZpa3tnd6+8f9BSIpWENongQnYCrChnMW1qpjntJJLiKOC0HYxupn77iUrFRPyoxwn1IzyIWcgI1kby2JVbtW27et+77ZUrju3MgJaJm5MK5Gj0yl/dviBpRGNNOFbKc51E+xmWmhFOJ6VuqmiCyQgPqGdojCOq/Gx28gSdGKWPQiFNxRrN1N8TGY6UGkeB6YywHqpFbyr+53mpDi/9jMVJqmlM5ovClCMt0PR/1GeSEs3HhmAimbkVkSGWmGiTUsmE4C6+vExaNds9s2sP55X6dR5HEY7gGE7BhQuowx00oAkEBDzDK7xZ2nqx3q2PeWvBymcO4Q+szx+9EI+Y</latexit>

Building a VLC theory - The strong dynamics

SU(NF )L ⇥ SU(NF )R ⇥ U(1)DB
<latexit sha1_base64="dj/mzKxKYJ9rJ1RFV18uLcIe7AM=">AAACGHicbZDLSsNAFIYn9VbrLerSzWAR2k1NqqDLUkVciNRL2kITwmQ6bYdOLsxMhBL6GG58FTcuFHHbnW/jtE1BW38Y+PnOOZw5vxcxKqRhfGuZpeWV1bXsem5jc2t7R9/dq4sw5phYOGQhb3pIEEYDYkkqGWlGnCDfY6Th9S/G9cYT4YKGwaMcRMTxUTegHYqRVMjVjx+swq17VXRvoC2pTwScgfsZsApm0U1s7sPL6tDV80bJmAguGjM1eZCq5uojux3i2CeBxAwJ0TKNSDoJ4pJiRoY5OxYkQriPuqSlbIDUSieZHDaER4q0YSfk6gUSTujviQT5Qgx8T3X6SPbEfG0M/6u1Ytk5dxIaRLEkAZ4u6sQMyhCOU4JtygmWbKAMwpyqv0LcQxxhqbLMqRDM+ZMXTb1cMk9K5bvTfKWaxpEFB+AQFIAJzkAFXIMasAAGz+AVvIMP7UV70z61r2lrRktn9sEfaaMf/wmdRA==</latexit>
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• Assume that the strong sector undergoing a confining phase transition

#
<latexit sha1_base64="oR70vyovPKrBANb5GQrvMln6kOU=">AAAB8XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6LblxWsA9sh5JJM21oJhmSjKUM/Qs3LhRx69+4829M21lo64HA4Zx7yL0nTDjTxvO+ncLa+sbmVnG7tLO7t3/gHh41tUwVoQ0iuVTtEGvKmaANwwyn7URRHIectsLR7cxvPVGlmRQPZpLQIMYDwSJGsLHSY7cvxwIrJcc9t+xVvDnQKvFzUoYc9Z77ZcMkjakwhGOtO76XmCDDyjDC6bTUTTVNMBnhAe1YKnBMdZDNN56iM6v0USSVfcKgufo7keFY60kc2skYm6Fe9mbif14nNdF1kDGRpIYKsvgoSjkyEs3OR32mKDF8YgkmitldERlihYmxJZVsCf7yyaukWa34F5Xq/WW5dpPXUYQTOIVz8OEKanAHdWgAAQHP8ApvjnZenHfnYzFacPLMMfyB8/kDAGmRIQ==</latexit>

• SSB delivers                     Goldstone bosons - dark pions

• This pattern is not significantly altered as long as 

⇤DC
<latexit sha1_base64="UZBzwP1f1RM5Xtw4/7PcExgC3M8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKuizWhQsXFewDmhAmk2k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBgcM553LvnDDlTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouK2STBLaIglPZDfEinImaEszzWk3lRTHIaedcNSY+Z0xlYol4klPUurHeCBYnxGsjRTYtvdgwhEOck/G6K4xDeyKU3XmQKvELUgFCjQD+8uLEpLFVGjCsVI910m1n2OpGeF0WvYyRVNMRnhAe4YKHFPl5/PLp+jcKBHqJ9I8odFc/T2R41ipSRyaZIz1UC17M/E/r5fp/o2fM5FmmgqyWNTPONIJmtWAIiYp0XxiCCaSmVsRGWKJiTZllU0J7vKXV0m7VnUvq7XHq0r9tqijBKdwBhfgwjXU4R6a0AICY3iGV3izcuvFerc+FtE1q5g5gT+wPn8A2ViTJQ==</latexit>

N2
F � 1

<latexit sha1_base64="1G1SYpAFImToeryVP62r1Jxb714=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CnosCuJJKtgPadeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53c0vLK6lp+vbCxubW9U9zda+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8mfvOJKs0ieW9GMfUF7ksWMoKNlR5uu9ePFXTioW6x5JbdKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+nB4/RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocn3qMcUJYaPLMFEMXsrIgOsMDE2o4INwZt/eZE0KmXvtFy5OytVL7M48nAAh3AMHpxDFW6gBnUgIOAZXuHNUc6L8+58zFpzTjazD3/gfP4AnXWO+Q==</latexit>

•          should be sufficiently small to have confinementNF
<latexit sha1_base64="PiCkUMIusfvrj2rQ1Q/tsyA8RXs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BQTxJRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eGue9MtltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukUSl7Z+XK/XmpepXFkYcjOIZT8OACqnALNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8f7MeNjw==</latexit>

 a 
c
b

<latexit sha1_base64="7eQnVgotRkgnsOe4OT+f9k82N14=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpgi6LblxWsA9oY5hMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gOXezjnXubOCRLOlHacb6u0tr6xuVXeruzs7u1X7YPDjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyU3udx+pVCwW93qaUC/CI8FCRrA2km9XB4liPkZ5eyB+4Ns1p+7MgVaJW5AaFGj59tdgGJM0okITjpXqu06ivQxLzQins8ogVTTBZIJHtG+owBFVXjY/fIZOjTJEYSxNCY3m6u+NDEdKTaPATEZYj9Wyl4v/ef1Uh1dexkSSairI4qEw5UjHKE8BDZmkRPOpIZhIZm5FZIwlJtpkVTEhuMtfXiWdRt09rzfuLmrN6yKOMhzDCZyBC5fQhFtoQRsIpPAMr/BmPVkv1rv1sRgtWcXOEfyB9fkDePuS9w==</latexit>

"a1...aN a1 ... aN
<latexit sha1_base64="68dedmdd42ueo0YD//70JTd9BjA=">AAACF3icbVDLSsNAFJ3UV62vqEs3wSK4CkkVdFl046pUsA9oY7iZTtqhk0mYmRRKyF+48VfcuFDEre78G6cPQVsPDJx7zr3cuSdIGJXKcb6Mwsrq2vpGcbO0tb2zu2fuHzRlnApMGjhmsWgHIAmjnDQUVYy0E0EgChhpBcPrid8aESFpzO/UOCFeBH1OQ4pBack37e4IBEkkZTG/z8B3bdsGv5Z3teRP6lwLP0Ut982yYztTWMvEnZMymqPum5/dXozTiHCFGUjZcZ1EeRkIRTEjeambSpIAHkKfdDTlEBHpZdO7cutEKz0rjIV+XFlT9fdEBpGU4yjQnRGogVz0JuJ/XidV4aWXUZ6kinA8WxSmzFKxNQnJ6lFBsGJjTQALqv9q4QEIwEpHWdIhuIsnL5NmxXbP7Mrtebl6NY+jiI7QMTpFLrpAVXSD6qiBMHpAT+gFvRqPxrPxZrzPWgvGfOYQ/YHx8Q2DEZ+A</latexit>

• Dark baryons                                     are also created, together with  
higher spin-resonances

m i ⌧ ⇤DC
<latexit sha1_base64="rKuxJF80SXTHOXwoXZVhirX4Ehw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRV0GWxLly4qGAf0MQwmUzaoTNJmJkIJWTnxl9x40IRt/6CO//GaZuFth4YOJxzD3fu8RNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+bE7z4QIWkc3alxQlyOBhENKUZKS555yL3MSSS9p7nDGHRudDRAWhMcXjVzz6xaNWsKuEjsglRBgZZnfjlBjFNOIoUZkrJvW4lyMyQUxYzkFSeVJEF4hAakr2mEOJFuNr0jh8daCWAYC/0iBafq70SGuJRj7utJjtRQznsT8T+vn6rwws1olKSKRHi2KEwZVDGclAIDKghWbKwJwoLqv0I8RAJhpaur6BLs+ZMXSades09r9duzauOyqKMMDsAROAE2OAcNcA1aoA0weATP4BW8GU/Gi/FufMxGS0aR2Qd/YHz+AMFfmTg=</latexit>

Building a VLC theory - The strong dynamics

 i,  j , ...
<latexit sha1_base64="hldU1iTboe2zjijibF9t5to2vmI=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCghUUHBTdGNywr2Ak0Ik+mkHTuZhJmJEEJ9FTcuFHHrg7jzbZymWWjrDwMf/zmHc+YPEkalsu1vo7Kyura+Ud2sbW3v7O6Z+wddGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTm1m990iEpDG/V1lCvAiNOA0pRkpbvll3E0l92nSvCnhoWpblmw3bsgvBZXBKaIBSbd/8cocxTiPCFWZIyoFjJ8rLkVAUMzKtuakkCcITNCIDjRxFRHp5cfwUHmtnCMNY6McVLNzfEzmKpMyiQHdGSI3lYm1m/lcbpCq89HLKk1QRjueLwpRBFcNZEnBIBcGKZRoQFlTfCvEYCYSVzqumQ3AWv7wM3VPLObNO784bresyjio4BEfgBDjgArTALWiDDsAgA8/gFbwZT8aL8W58zFsrRjlTB39kfP4AIz2Txw==</latexit>

h c
i ii

<latexit sha1_base64="PC9dZA3euwjGi2pE7PqRuD+GPbU=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARXJWkCrosunFZwV6giWEynbRDJ5MwMxFK6dKNr+LGhSJufQR3vo3TNAtt/WHg4z/ncOb8YcqZ0o7zbS0tr6yurZc2yptb2zu79t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh8Hpabz9QqVgi7vQopX6M+4JFjGBtrMA+8jgWfU6RlyoWsHtSAPJk7gd2xak6udAiuAVUoFAjsL+8XkKymApNOFaq6zqp9sdYakY4nZS9TNEUkyHu065BgWOq/HF+yASdGKeHokSaJzTK3d8TYxwrNYpD0xljPVDztan5X62b6ejSHzORZpoKMlsUZRzpBE1TQT0mKdF8ZAATycxfERlgiYk22ZVNCO78yYvQqlXds2rt9rxSvyriKMEhHMMpuHABdbiBBjSBwCM8wyu8WU/Wi/Vufcxal6xi5gD+yPr8AVc+mYo=</latexit>

SU(NF )L ⇥ SU(NF )R ⇥ U(1)DB
<latexit sha1_base64="dj/mzKxKYJ9rJ1RFV18uLcIe7AM=">AAACGHicbZDLSsNAFIYn9VbrLerSzWAR2k1NqqDLUkVciNRL2kITwmQ6bYdOLsxMhBL6GG58FTcuFHHbnW/jtE1BW38Y+PnOOZw5vxcxKqRhfGuZpeWV1bXsem5jc2t7R9/dq4sw5phYOGQhb3pIEEYDYkkqGWlGnCDfY6Th9S/G9cYT4YKGwaMcRMTxUTegHYqRVMjVjx+swq17VXRvoC2pTwScgfsZsApm0U1s7sPL6tDV80bJmAguGjM1eZCq5uojux3i2CeBxAwJ0TKNSDoJ4pJiRoY5OxYkQriPuqSlbIDUSieZHDaER4q0YSfk6gUSTujviQT5Qgx8T3X6SPbEfG0M/6u1Ytk5dxIaRLEkAZ4u6sQMyhCOU4JtygmWbKAMwpyqv0LcQxxhqbLMqRDM+ZMXTb1cMk9K5bvTfKWaxpEFB+AQFIAJzkAFXIMasAAGz+AVvIMP7UV70z61r2lrRktn9sEfaaMf/wmdRA==</latexit>

SU(N)V ⇥ U(1)DB
<latexit sha1_base64="zrAQ+bXcUj8i+LSyzbzRDnUQCMY=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiE9lKSKuixVA+epKKphSaEzXbTLt1swu5GKKEXL/4VLx4U8ep/8Oa/cdvmoK0PBh7vzTAzL0gYlcqyvo3C0vLK6lpxvbSxubW9Y+7utWWcCkwcHLNYdAIkCaOcOIoqRjqJICgKGLkPhhcT//6BCEljfqdGCfEi1Oc0pBgpLfnm4a1Tua76begqGhEJnYpd9TNXRPCyOfbNslWzpoCLxM5JGeRo+eaX24txGhGuMENSdm0rUV6GhKKYkXHJTSVJEB6iPulqypFe6WXTL8bwWCs9GMZCF1dwqv6eyFAk5SgKdGeE1EDOexPxP6+bqvDcyyhPUkU4ni0KUwZVDCeRwB4VBCs20gRhQfWtEA+QQFjp4Eo6BHv+5UXSrtfsk1r95rTcaOZxFMEBOAIVYIMz0ABXoAUcgMEjeAav4M14Ml6Md+Nj1low8pl98AfG5w9Wq5aQ</latexit>
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• Lets now turn on the SM gauge interactions

Building a VLC theory - Add the SM interactions

• The         dark flavors rearrange in         species NS  NF
<latexit sha1_base64="e85BjMOZoKDJDwk/PkEesZTwPH0=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GNREE+lov2A7bJk02wbmk2WJCuU0p/hxYMiXv013vw3pu0etPXBwOO9GWbmRSln2rjut7Oyura+sVnYKm7v7O7tlw4OW1pmitAmkVyqToQ15UzQpmGG006qKE4iTtvR8Gbqt5+o0kyKRzNKaZDgvmAxI9hYya+HD6jLKaqHt2Gp7FbcGdAy8XJShhyNsPTV7UmSJVQYwrHWvuemJhhjZRjhdFLsZpqmmAxxn/qWCpxQHYxnJ0/QqVV6KJbKljBopv6eGONE61ES2c4Em4Fe9Kbif56fmfgqGDORZoYKMl8UZxwZiab/ox5TlBg+sgQTxeytiAywwsTYlIo2BG/x5WXSqla880r1/qJcu87jKMAxnMAZeHAJNbiDBjSBgIRneIU3xzgvzrvzMW9dcfKZI/gD5/MH0dGQTA==</latexit>

NF
<latexit sha1_base64="PiCkUMIusfvrj2rQ1Q/tsyA8RXs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BQTxJRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eGue9MtltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukUSl7Z+XK/XmpepXFkYcjOIZT8OACqnALNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8f7MeNjw==</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

✓ ◆

<latexit sha1_base64="rZPtomrSyDIoejxvdLsHiRXnjcU=">AAACMHicbVDLSsNAFJ34Nr6qLt0Ei6CbkqigS9GFLitYFZpSbqY37eBkEmZuhBL6SW78FN0oKOLWr3DaBnweGDj33NfcE2VSGPL9Z2dicmp6ZnZu3l1YXFpeqayuXZo01xwbPJWpvo7AoBQKGyRI4nWmEZJI4lV0czLMX92iNiJVF9TPsJVAV4lYcCArtSunocSYtt0wwq5QBWgN/UHBB26Y9UBRmhQwCMOvKBpFqDplqRtq0e3RTrtS9Wv+CN5fEpSkykrU25WHsJPyPEFFXIIxzcDPqGWnkuAS7dzcYAb8BrrYtFRBgqZVjA4eeFtW6Xhxqu1T5I3U7x0FJMb0k8hWJkA98zs3FP/LNXOKD1uFUFlOqPh4UZxLj1Jv6J7XERo5yb4lwLWwf/V4DzRwsh671oTg98l/yeVuLdir7Z7vV4+OSzvm2AbbZNssYAfsiJ2xOmswzu7YI3thr8698+S8Oe/j0gmn7FlnP+B8fAL0JKq/</latexit>

✓◆

<latexit sha1_base64="rZPtomrSyDIoejxvdLsHiRXnjcU=">AAACMHicbVDLSsNAFJ34Nr6qLt0Ei6CbkqigS9GFLitYFZpSbqY37eBkEmZuhBL6SW78FN0oKOLWr3DaBnweGDj33NfcE2VSGPL9Z2dicmp6ZnZu3l1YXFpeqayuXZo01xwbPJWpvo7AoBQKGyRI4nWmEZJI4lV0czLMX92iNiJVF9TPsJVAV4lYcCArtSunocSYtt0wwq5QBWgN/UHBB26Y9UBRmhQwCMOvKBpFqDplqRtq0e3RTrtS9Wv+CN5fEpSkykrU25WHsJPyPEFFXIIxzcDPqGWnkuAS7dzcYAb8BrrYtFRBgqZVjA4eeFtW6Xhxqu1T5I3U7x0FJMb0k8hWJkA98zs3FP/LNXOKD1uFUFlOqPh4UZxLj1Jv6J7XERo5yb4lwLWwf/V4DzRwsh671oTg98l/yeVuLdir7Z7vV4+OSzvm2AbbZNssYAfsiJ2xOmswzu7YI3thr8698+S8Oe/j0gmn7FlnP+B8fAL0JKq/</latexit>

• 3 flavors have rearranged into 2 species: a doublet and a singlet of SU(2)L
<latexit sha1_base64="G4B1PsY8J69RtTekUdT17pojiyo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBS2DNhYWET0TSI6wt9lLluzuHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsVLr3q/WT3u3vXLFrbkzoGXi5aQCOZq98le3H5NUUGkIx1p3PDcxQYaVYYTTSambappgMsID2rFUYkF1kM3OnaATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif10lNdBlkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCJRuCt/jyMnms17yzWv3uvNK4yuMowhEcQxU8uIAG3EATfCAwgmd4hTcncV6cd+dj3lpw8plD+APn8wfdJI6a</latexit>

i = 1, ..., NS
<latexit sha1_base64="dYGD9heFfz414AqkJFY199rMNzM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBQwlJFfQiFL14kor2A9JQNttNu3SzCbsToYT+DC8eFPHqr/Hmv3Hb5qCtDwYe780wMy9IBNfgON9WYWV1bX2juFna2t7Z3SvvH7R0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Obqd9+YkrzWD7COGF+RAaSh5wSMJLHr9yqbdvVu95Dr1xxbGcGvEzcnFRQjkav/NXtxzSNmAQqiNae6yTgZ0QBp4JNSt1Us4TQERkwz1BJIqb9bHbyBJ8YpY/DWJmSgGfq74mMRFqPo8B0RgSGetGbiv95XgrhpZ9xmaTAJJ0vClOBIcbT/3GfK0ZBjA0hVHFzK6ZDoggFk1LJhOAuvrxMWjXbPbNr9+eV+nUeRxEdoWN0ilx0geroFjVQE1EUo2f0it4ssF6sd+tj3lqw8plD9AfW5w/QxI+l</latexit>

L = �1

4
H

µ⌫,a
H

a
µ⌫ + ( †

i �̄
µ
Dµ i + !  c)� (m i 

c
i i + h.c.)

<latexit sha1_base64="p/h9vwBywfNCY0G8QyKKHhfdN38="></latexit>

NS
<latexit sha1_base64="H37BEz9UXM3e76sph9tsAoyLspA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kEvOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5aMYJ+hEdSB5yRo2V6ve9eq9YcsvuHGSVeBkpQYZar/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreRbnycFmq3mRx5OEETuEcPLiCKtxBDRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHAIqNnA==</latexit>

Covariant derivative with  
respect to DC and SM
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Building a VLC theory - Properties

• Technifermions are vectorial under the SM gauge group

h c
a ai

<latexit sha1_base64="owIbFcEt3ltka2rmi4iVsBXoiaY=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiuCpJFXRZdOOygr1AE8NkOmmHTiZhZiKU0K0bX8WNC0Xc+gbufBunbRba+sPAx3/O4cz5w5QzpR3n2yqtrK6tb5Q3K1vbO7t79v5BWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh6Hpa7zxQqVgi7vQ4pX6MB4JFjGBtrMBGHsdiwCnyUsUCfE8KQJ6c+4FddWrOTGgZ3AKqUKgZ2F9ePyFZTIUmHCvVc51U+zmWmhFOJxUvUzTFZIQHtGdQ4JgqP59dMkEnxumjKJHmCY1m7u+JHMdKjePQdMZYD9VibWr+V+tlOrr0cybSTFNB5ouijCOdoGksqM8kJZqPDWAimfkrIkMsMdEmvIoJwV08eRna9Zp7VqvfnlcbV0UcZTiCYzgFFy6gATfQhBYQeIRneIU368l6sd6tj3lrySpmDuGPrM8fn4qZpA==</latexit>

doesn’t break electroweak symmetry

No relation with the  
naturalness of the Higgs mass

Different construction  
with respect to technicolor

L = LSM + LVLC
<latexit sha1_base64="u70XmWtnFYrj4DdR9ynV1fnDVfg=">AAACGHicbZDLSsNAFIYnXmu9RV26GSyCINSkCroRit24qFDRXqAJYTKdtkMnkzAzEUrIY7jxVdy4UMRtd76N0zaCbf1h4OM/53Dm/H7EqFSW9W0sLa+srq3nNvKbW9s7u+befkOGscCkjkMWipaPJGGUk7qiipFWJAgKfEaa/qAyrjefiJA05I9qGBE3QD1OuxQjpS3PPEscjBispte/4CWOCODDXQpP4azXqFZSzyxYRWsiuAh2BgWQqeaZI6cT4jggXGGGpGzbVqTcBAlFMSNp3okliRAeoB5pa+QoINJNJoel8Fg7HdgNhX5cwYn7dyJBgZTDwNedAVJ9OV8bm//V2rHqXrkJ5VGsCMfTRd2YQRXCcUqwQwXBig01ICyo/ivEfSQQVjrLvA7Bnj95ERqlon1eLN1fFMo3WRw5cAiOwAmwwSUog1tQA3WAwTN4Be/gw3gx3oxP42vaumRkMwdgRsboB6j5nuY=</latexit>

Up to now the Higgs is elementary!

No bounds from EWPO Higgs potential is fine tuned

* This theories can however solves the hierarchy problem through the relaxation mechanism…
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Building a VLC theory - Properties
• The gauging of the SM interactions breaks explicitly SU(NF )A

<latexit sha1_base64="EVbBk0c7ihXx9rEeSD8HVFP+0h4=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1WBfEkFU1baUPYbDft0t0k7G6EEvorvHhQxKs/x5v/xu3HQVsfDDzem2FmXpBwprRtf1u5peWV1bX8emFjc2t7p7i711BxKgl1Scxj2QqwopxF1NVMc9pKJMUi4LQZDK7GfvOJSsXi6EEPE+oJ3ItYyAjWRnq8d8u3/vWxf+EXS3bFngAtEmdGSjBD3S9+dboxSQWNNOFYqbZjJ9rLsNSMcDoqdFJFE0wGuEfbhkZYUOVlk4NH6MgoXRTG0lSk0UT9PZFhodRQBKZTYN1X895Y/M9rpzo89zIWJammEZkuClOOdIzG36Muk5RoPjQEE8nMrYj0scREm4wKJgRn/uVF0qhWnJNK9e60VLucxZGHAziEMjhwBjW4gTq4QEDAM7zCmyWtF+vd+pi25qzZzD78gfX5Az/aj2Q=</latexit>

• Dark Pions charged under           have a non zero mass even in the chiral limit 
from loop of SM gauge fields

• This is analogous to the charged and neutral pion mass splitting arising  
from the gauging of QED

GSM
<latexit sha1_base64="rZ4hqqLMem6weYcGnySIAtJkhl4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCrosutCNUNE+oDMMmTRtQ5PMkGSEMgz4K25cKOLW73Dn35hpZ6GtBwKHc+7lnpwwZlRpx/m2SkvLK6tr5fXKxubW9o69u9dWUSIxaeGIRbIbIkUYFaSlqWakG0uCeMhIJxxf5X7nkUhFI/GgJzHxORoKOqAYaSMF9kHqcaRHGDF4nQWpJzm8v80Cu+rUnCngInELUgUFmoH95fUjnHAiNGZIqZ7rxNpPkdQUM5JVvESRGOExGpKeoQJxovx0Gj+Dx0bpw0EkzRMaTtXfGyniSk14aCbzrGrey8X/vF6iBxd+SkWcaCLw7NAgYVBHMO8C9qkkWLOJIQhLarJCPEISYW0aq5gS3PkvL5J2veae1up3Z9XGZVFHGRyCI3ACXHAOGuAGNEELYJCCZ/AK3qwn68V6tz5moyWr2NkHf2B9/gDZ8pVo</latexit>

L = �1

4
H

µ⌫,a
H

a
µ⌫ + ( †

i �̄
µ
Dµ i + !  c)� (m i 

c
i i + h.c.)

<latexit sha1_base64="p/h9vwBywfNCY0G8QyKKHhfdN38="></latexit>

⇡̃singl.
<latexit sha1_base64="px5gx/0KXRFgv0IJMfRDzYKMBEc=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXIWkCrosunFZwT6gCWEymbRDZyZhZiKUkI2/4saFIm79DHf+jdM2C209cOFwzr3ce0+UMaq0635bK6tr6xubta369s7u3r59cNhVaS4x6eCUpbIfIUUYFaSjqWakn0mCeMRILxrfTv3eI5GKpuJBTzIScDQUNKEYaSOF9rGvKYsJ9DMaFr7kUFExZE4Z2g3XcWeAy8SrSANUaIf2lx+nOOdEaMyQUgPPzXRQIKkpZqSs+7kiGcJjNCQDQwXiRAXF7IESnhklhkkqTQkNZ+rviQJxpSY8Mp0c6ZFa9Kbif94g18l1UFCR5ZoIPF+U5AzqFE7TgDGVBGs2MQRhSc2tEI+QRFibzOomBG/x5WXSbTrehdO8v2y0bqo4auAEnIJz4IEr0AJ3oA06AIMSPINX8GY9WS/Wu/Uxb12xqpkj8AfW5w98RJZV</latexit>

⇡̃charg.
<latexit sha1_base64="R5RBpwi69JMhvPwD79/7ducHyoY=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXIWkCrosunFZwT6gCWEymbRDZyZhZiKU0I2/4saFIm79DHf+jdM0C209cOFwzr3ce0+UMaq0635bK6tr6xubta369s7u3r59cNhVaS4x6eCUpbIfIUUYFaSjqWakn0mCeMRILxrfzvzeI5GKpuJBTzIScDQUNKEYaSOF9rGvKYsJ9DMaFr7kEI+QHDrT0G64jlsCLhOvIg1QoR3aX36c4pwToTFDSg08N9NBgaSmmJFp3c8VyRAeoyEZGCoQJyooygem8MwoMUxSaUpoWKq/JwrElZrwyHRypEdq0ZuJ/3mDXCfXQUFFlmsi8HxRkjOoUzhLA8ZUEqzZxBCEJTW3lgEgrE1mdROCt/jyMuk2He/Cad5fNlo3VRw1cAJOwTnwwBVogTvQBh2AwRQ8g1fwZj1ZL9a79TFvXbGqmSPwB9bnD1dilj0=</latexit>

⇡̃
<latexit sha1_base64="Rry6sQwqUub8L6JTjEneYFvlono=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2pWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0mwF9Gh5CFn1Fjp0TdcDJD4Ce+XK27VnYOsEi8nFcjR6Je//EHM0gilYYJq3fXcxPQyqgxnAqclP9WYUDamQ+xaKmmEupfNL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasLrXsZlkhqUbLEoTAUxMZm9TwZcITNiYgllittbCRtRRZmxIZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHQzuQpQ==</latexit>

GSM
<latexit sha1_base64="rZ4hqqLMem6weYcGnySIAtJkhl4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCrosutCNUNE+oDMMmTRtQ5PMkGSEMgz4K25cKOLW73Dn35hpZ6GtBwKHc+7lnpwwZlRpx/m2SkvLK6tr5fXKxubW9o69u9dWUSIxaeGIRbIbIkUYFaSlqWakG0uCeMhIJxxf5X7nkUhFI/GgJzHxORoKOqAYaSMF9kHqcaRHGDF4nQWpJzm8v80Cu+rUnCngInELUgUFmoH95fUjnHAiNGZIqZ7rxNpPkdQUM5JVvESRGOExGpKeoQJxovx0Gj+Dx0bpw0EkzRMaTtXfGyniSk14aCbzrGrey8X/vF6iBxd+SkWcaCLw7NAgYVBHMO8C9qkkWLOJIQhLarJCPEISYW0aq5gS3PkvL5J2veae1up3Z9XGZVFHGRyCI3ACXHAOGuAGNEELYJCCZ/AK3qwn68V6tz5moyWr2NkHf2B9/gDZ8pVo</latexit>



Daniele Barducci An almost elementary Higgs Uppsala University 13

Building a VLC theory - Properties
• The SM gauging also breaks SU(NF )V ⇥ U(1)DC

<latexit sha1_base64="Ns6Hx1Ak3nnqbNeNs3fUC46fRWA=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSxCeylJFfRYrIgnqWjaQhPCZrttl+4mYXcjlNCbF/+KFw+KePUvePPfuG1z0NYHA4/3ZpiZF8SMSmVZ30ZuaXlldS2/XtjY3NreMXf3mjJKBCYOjlgk2gGShNGQOIoqRtqxIIgHjLSCYX3itx6IkDQK79UoJh5H/ZD2KEZKS755eOeUbvyrst+ErqKcSOiU7LKfuoLDy/rYN4tWxZoCLhI7I0WQoeGbX243wgknocIMSdmxrVh5KRKKYkbGBTeRJEZ4iPqko2mI9Eovnf4xhsda6cJeJHSFCk7V3xMp4lKOeKA7OVIDOe9NxP+8TqJ6515KwzhRJMSzRb2EQRXBSSiwSwXBio00QVhQfSvEAyQQVjq6gg7Bnn95kTSrFfukUr09LdYusjjy4AAcgRKwwRmogWvQAA7A4BE8g1fwZjwZL8a78TFrzRnZzD74A+PzB67al0o=</latexit>

U(1) 1 ⇥ U(1) 2 ⇥ ...⇥ U(1) NS
<latexit sha1_base64="juBVieEfFXdbMktUYARrvNVDu+E=">AAACL3icbZDLSsNAFIYnXmu9RV26GSxC3YSkCrosCuJKKpq20IQwmU7aoZMLMxOhhLyRG1+lGxFF3PoWTtsgte2BgZ/vP4cz5/cTRoU0zXdtZXVtfWOztFXe3tnd29cPDpsiTjkmNo5ZzNs+EoTRiNiSSkbaCSco9Blp+YObsd96JlzQOHqSw4S4IepFNKAYSYU8/dauWmde5jQE9awcOpKGRMAZWPuDhmEs8bN77zHPPb1iGuak4KKwClEBRTU8feR0Y5yGJJKYISE6lplIN0NcUsxIXnZSQRKEB6hHOkpGSK11s8m9OTxVpAuDmKsXSTihsxMZCoUYhr7qDJHsi3lvDJd5nVQGV25GoySVJMLTRUHKoIzhODzYpZxgyYZKIMyp+ivEfcQRlirisgrBmj95UTRrhnVu1B4uKvXrIo4SOAYnoAoscAnq4A40gA0weAEj8AE+tVftTfvSvqetK1oxcwT+lfbzCzQfpsk=</latexit>

L = �1

4
H

µ⌫,a
H

a
µ⌫ + ( †

i �̄
µ
Dµ i + !  c)� (m i 

c
i i + h.c.)

<latexit sha1_base64="p/h9vwBywfNCY0G8QyKKHhfdN38="></latexit>

 i ! ei↵i i
<latexit sha1_base64="fn/jyEUryJzCDStZcYYdAJ0yBT4=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KkkVdFl047KCfUATw8100g6dTMLMRCihSzf+ihsXirj1E9z5N07bLLT1wMDhnHu5c06Ycqa043xbS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITgqKcCdrUTHPaSSWFOOS0HQ6vJ377gUrFEnGnRyn1Y+gLFjEC2kiBfeQ1FAsY9nSC6X1uCPB0AAEbz4zArjhVZwq8SNyCVFCBRmB/eb2EZDEVmnBQqus6qfZzkJoRTsdlL1M0BTKEPu0aKiCmys+nQcb4xCg9HCXSPKHxVP29kUOs1CgOzWQMeqDmvYn4n9fNdHTp50ykmaaCzA5FGccm9aQV3GOSEs1HhgCRzPwVkwFIINp0VzYluPORF0mrVnXPqrXb80r9qqijhA7RMTpFLrpAdXSDGqiJCHpEz+gVvVlP1ov1bn3MRpesYucA/YH1+QMtE5ly</latexit>

Dark Pions made of different species cannot decay to SM

• Species number are conserved

• Dark baryon number is the sum of specie numbers -> Conserved

Dark Baryons cannot decay to SM

VLC theories predict states stable thanks to accidental symmetries
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An analogy with the QCD - QED system

SM quarks

SU(3)c
<latexit sha1_base64="O7Wmt6YEtEnVz1FQrRkQp1t7Ha8=">AAACGXicdZBNS8MwGMfT+TbnW9Wjl+AQJshoN0WPQy8eJ9pt0JWSZukWlr6QpMIo/Rpe/CpePCjiUU9+G9NtFRX9Q+DP73me5MnfixkV0jA+tNLC4tLySnm1sra+sbmlb+90RJRwTCwcsYj3PCQIoyGxJJWM9GJOUOAx0vXGF3m9e0u4oFF4IycxcQI0DKlPMZIKubqR9qeX2HzoOalRPzFyHRl1ozAzkl1bteahizNXrxYMFl3wi5hzUgVztV39rT+IcBKQUGKGhLBNI5ZOirikmJGs0k8EiREeoyGxlQ1RQISTTpfK4IEiA+hHXJ1Qwin9PpGiQIhJ4KnOAMmR+F3L4V81O5H+mZPSME4kCfHsIT9hUEYwjwkOKCdYsokyCHOqdoV4hDjCUoVZUSEUP4X/m06jbjbrjavjaut8HkcZ7IF9UAMmOAUtcAnawAIY3IEH8ASetXvtUXvRXmetJW0+swt+SHv/BM13m8E=</latexit>

U(1)em
<latexit sha1_base64="Pfc+UqvrZcO5AMcAfJe16fU0/Vg=">AAACH3icdZBNS8MwGMdTX+d8q3r0EhzCBBntfD0OvXicYLfBVkaapVtY0pYkFUbpN/HiV/HiQRHxtm9jurWiog8E/vz+z5M8+XsRo1JZ1tRYWFxaXlktrZXXNza3ts2d3ZYMY4GJg0MWio6HJGE0II6iipFOJAjiHiNtb3yd+e17IiQNgzs1iYjL0TCgPsVIadQ3z5Pe7JKuGHpuYtXOrKyOrZpViDlJnap91E96gkPC07RvVgoHFr3wi9g5qYC8mn3zozcIccxJoDBDUnZtK1JugoSimJG03IsliRAeoyHpahkgTqSbzFZL4aEmA+iHQp9AwRn9PpEgLuWEe7qTIzWSv70M/uV1Y+VfugkNoliRAM8f8mMGVQizsOCACoIVm2iBsKB6V4hHSCCsdKRlHULxU/i/aNVr9kmtfntaaVzlcZTAPjgAVWCDC9AAN6AJHIDBA3gCL+DVeDSejTfjfd66YOQze+BHGdNPr8Geag==</latexit>

Dark quarks
vectorlike 

interactions

SU(N)DC
<latexit sha1_base64="AFvh42JKPSY1CLlSejwpEgkXsSw=">AAACIHicdZBNS8MwGMdTX+d8q3r0EhzCBCntVOZxOA+eZKLdBlsZaZZuYekLSSqM0o/ixa/ixYMietNPY7p1oqIPBP78/s+TPPm7EaNCmua7Nje/sLi0XFgprq6tb2zqW9tNEcYcExuHLORtFwnCaEBsSSUj7YgT5LuMtNxRPfNbt4QLGgY3chwRx0eDgHoUI6lQT68m3cklHT5wncQ0TsysDk3DnIkpSa/t8uVBL+lyH57X07Snl2YWnDXDL2LlpATyavT0t24/xLFPAokZEqJjmZF0EsQlxYykxW4sSITwCA1IR8kA+UQ4yWS3FO4r0odeyNUJJJzQ7xMJ8oUY+67q9JEcit9eBv/yOrH0Tp2EBlEsSYCnD3kxgzKEWVqwTznBko2VQJhTtSvEQ8QRlirTogph9lP4v2hWDOvIqFwdl2pneRwFsAv2QBlYoApq4AI0gA0wuAMP4Ak8a/fao/aivU5b57R8Zgf8KO3jEx0gnpk=</latexit>

GSM
<latexit sha1_base64="Prfuy1PlaNUXyTUTLvVtTmAC+PM=">AAACI3icdVDLSgMxFL1TX7W+Rl26CRbBhZSZqiiuii50I1S0D2iHkkkzbWjmQZIRyjD/4sZfceNCKW5c+C9m+hAVPRA4nHNucnPciDOpLOvdyM3NLywu5ZcLK6tr6xvm5lZdhrEgtEZCHoqmiyXlLKA1xRSnzUhQ7LucNtzBReY37qmQLAzu1DCijo97AfMYwUpLHfMsaY8vaYme6yRW6djKcGCVrBmZKKnOYY4u007SFj66vU7TjlmcuWiWR1+KPVWKMEW1Y47a3ZDEPg0U4VjKlm1FykmwUIxwmhbasaQRJgPcoy1NA+xT6STj9VK0p5Uu8kKhT6DQWP0+kWBfyqHv6qSPVV/+9jLxL68VK+/USVgQxYoGZPKQF3OkQpQVhrpMUKL4UBNMBNO7ItLHAhOlay3oEmY/Rf+TerlkH5bKN0fFyvm0jjzswC7sgw0nUIErqEINCDzAE7zAq/FoPBsj420SzRnTmW34AePjE2jOoHQ=</latexit>

• The chiral condensate doesn’t break 
electromagnetism

•                                    due to the 
gauging of 
m⇡± �m⇡0 6= 0

<latexit sha1_base64="h/crGwkUX3mTZglOt1e/01PrtpE=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYqFKChKMFSyMRaIXqQmR4zqtVduJbAepirKw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHyaMKu0431ZpaXllda28XtnY3NresXf32ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo+tJvfNApKKxuNPjhPgcDQSNKEbaWIF9yIPMS+i9l/D8tGAnh54g0IGBXXVqzlRwEdwCqqBQM7C/vH6MU06Exgwp1XOdRPsZkppiRvKKlyqSIDxCA9IzKBAnys+mV+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujSz6hIUk0Eni2KUgZ1DCeRwD6VBGs2NoCwpOavEA+RRFib4ComBHf+5EVo12vuWa1+e15tXBVxlMEBOAInwAUXoAFuQBO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Znz9TdpfK</latexit>

U(1)em.
<latexit sha1_base64="/fZB9e8YoXVG5FfdG/WTJloPL8o=">AAAB9XicbVBNTwIxEO36ifiFevTSSEzwQnbRRI9ELx4xcYEEVtIts9DQdjdtV0M2/A8vHjTGq//Fm//GAntQ8CWTvLw3k5l5YcKZNq777aysrq1vbBa2its7u3v7pYPDpo5TRcGnMY9VOyQaOJPgG2Y4tBMFRIQcWuHoZuq3HkFpFst7M04gEGQgWcQoMVZ68CveWS/rKoFBVCe9UtmtujPgZeLlpIxyNHqlr24/pqkAaSgnWnc8NzFBRpRhlMOk2E01JISOyAA6lkoiQAfZ7OoJPrVKH0exsiUNnqm/JzIitB6L0HYKYoZ60ZuK/3md1ERXQcZkkhqQdL4oSjk2MZ5GgPtMATV8bAmhitlbMR0SRaixQRVtCN7iy8ukWat659Xa3UW5fp3HUUDH6ARVkIcuUR3dogbyEUUKPaNX9OY8OS/Ou/Mxb11x8pkj9AfO5w8NH5GT</latexit>

• Baryon number is conserved: the 
neutron is stable

• Specie numbers,             , conserved 
⇡+ ⇠ ud̄

<latexit sha1_base64="QdZqPg7hB3/wkX3sfgE9t0KFZ9U=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0UQhJJUQY9FLx4r2A9oYtlsNu3SzSbsboRQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoySWiLJDyR3QArypmgLc00p91UUhwHnHaC0c3U7zxSqVgi7nWeUj/GA8EiRrA2Ut+ueCl7OEOeYjHKvABLFKK+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu2PsdSMcDope5miKSYjPKA9QwWOqfLHs+Mn6MQoIYoSaUpoNFN/T4xxrFQeB6YzxnqoFr2p+J/Xy3R05Y+ZSDNNBZkvijKOdIKmSaCQSUo0zw3BRDJzKyJDLDHRJq+yCcFdfHmZtOs197xWv7uoNq6LOEpwBMdwCi5cQgNuoQktIJDDM7zCm/VkvVjv1se8dcUqZirwB9bnDwtwk7o=</latexit>

stable in QCD-QED
• Pions made up of the same species  

decay via anomaly ⇡0 ! ��
<latexit sha1_base64="7g65JHd2/HYiyJUpm4rbxW3FXN4=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrspMFXRZdOOygn1AZyyZNNOGJpkhyQilduGvuHGhiFt/w51/Y9rOQlsPJBzOuZd774lSzrTxvG9naXlldW29sFHc3Nre2XX39hs6yRShdZLwRLUirClnktYNM5y2UkWxiDhtRoPrid98oEqzRN6ZYUpDgXuSxYxgY6WOexik7N5DgUlQ0MNC4NnfcUte2ZsCLRI/JyXIUeu4X0E3IZmg0hCOtW77XmrCEVaGEU7HxSDTNMVkgHu0banEgupwNN1/jE6s0kVxouyTBk3V3x0jLLQeishWCmz6et6biP957czEl+GIyTQzVJLZoDjjyF47CQN1maLE8KElmChmd0WkjxUmxkZWtCH48ycvkkal7J+VK7fnpepVHkcBjuAYTsGHC6jCDdSgDgQe4Rle4c15cl6cd+djVrrk5D0H8AfO5w8kHZWL</latexit>

• The chiral condensate doesn’t 
break GSM

<latexit sha1_base64="rZ4hqqLMem6weYcGnySIAtJkhl4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCrosutCNUNE+oDMMmTRtQ5PMkGSEMgz4K25cKOLW73Dn35hpZ6GtBwKHc+7lnpwwZlRpx/m2SkvLK6tr5fXKxubW9o69u9dWUSIxaeGIRbIbIkUYFaSlqWakG0uCeMhIJxxf5X7nkUhFI/GgJzHxORoKOqAYaSMF9kHqcaRHGDF4nQWpJzm8v80Cu+rUnCngInELUgUFmoH95fUjnHAiNGZIqZ7rxNpPkdQUM5JVvESRGOExGpKeoQJxovx0Gj+Dx0bpw0EkzRMaTtXfGyniSk14aCbzrGrey8X/vF6iBxd+SkWcaCLw7NAgYVBHMO8C9qkkWLOJIQhLarJCPEISYW0aq5gS3PkvL5J2veae1up3Z9XGZVFHGRyCI3ACXHAOGuAGNEELYJCCZ/AK3qwn68V6tz5moyWr2NkHf2B9/gDZ8pVo</latexit>

Nu,d,s
<latexit sha1_base64="X/9F5jJaXGLKG7wub2sV+ZaB4j0=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KGW3CnosevEkFeyHtEvJZrNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NJxqghtkpjHqhNgTTmTtGmY4bSTKIpFwGk7GN1M/fYTVZrF8sGME+oLPJAsYgQbKz3e9bO0Elb0pF8qu1V3BrRMvJyUIUejX/rqhTFJBZWGcKx113MT42dYGUY4nRR7qaYJJiM8oF1LJRZU+9ns4Ak6tUqIoljZkgbN1N8TGRZaj0VgOwU2Q73oTcX/vG5qois/YzJJDZVkvihKOTIxmn6PQqYoMXxsCSaK2VsRGWKFibEZFW0I3uLLy6RVq3rn1dr9Rbl+ncdRgGM4gTPw4BLqcAsNaAIBAc/wCm+Ocl6cd+dj3rri5DNH8AfO5w9g2JAh</latexit>

•                                    due to the 
gauging of 
m⇡̃+ �m⇡̃0 6= 0

<latexit sha1_base64="SEnUIBx1Pf6qd7eAs9d1ZB+AgmI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URxJJUQZdFNy4r2Ac0tUwmN+3QySTMTIQS+gdu/BU3LhRx69adf+P0sbCtBy4czrmXe+/xE86UdpwfK7e0vLK6ll8vbGxube/Yu3t1FaeSQo3GPJZNnyjgTEBNM82hmUggkc+h4fdvRn7jEaRisbjXgwTaEekKFjJKtJE69nHUyTzNeADYS9jD6fBsVnCGngDsdOyiU3LGwIvEnZIimqLasb+9IKZpBEJTTpRquU6i2xmRmlEOw4KXKkgI7ZMutAwVJALVzsb/DPGRUQIcxtKU0His/p3ISKTUIPJNZ0R0T817I/E/r5Xq8KqdMZGkGgSdLApTjnWMR+HggEmgmg8MIVQycyumPSIJ1SbCggnBnX95kdTLJfe8VL67KFaup3Hk0QE6RCfIRZeogm5RFdUQRU/oBb2hd+vZerU+rM9Ja86azuyjGVhfvwKGm/w=</latexit>

GSM
<latexit sha1_base64="rZ4hqqLMem6weYcGnySIAtJkhl4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCrosutCNUNE+oDMMmTRtQ5PMkGSEMgz4K25cKOLW73Dn35hpZ6GtBwKHc+7lnpwwZlRpx/m2SkvLK6tr5fXKxubW9o69u9dWUSIxaeGIRbIbIkUYFaSlqWakG0uCeMhIJxxf5X7nkUhFI/GgJzHxORoKOqAYaSMF9kHqcaRHGDF4nQWpJzm8v80Cu+rUnCngInELUgUFmoH95fUjnHAiNGZIqZ7rxNpPkdQUM5JVvESRGOExGpKeoQJxovx0Gj+Dx0bpw0EkzRMaTtXfGyniSk14aCbzrGrey8X/vF6iBxd+SkWcaCLw7NAgYVBHMO8C9qkkWLOJIQhLarJCPEISYW0aq5gS3PkvL5J2veae1up3Z9XGZVFHGRyCI3ACXHAOGuAGNEELYJCCZ/AK3qwn68V6tz5moyWr2NkHf2B9/gDZ8pVo</latexit>

• Dark baryon number conserved: 
lightest dark baryon stable

• Specie numbers conserved 
stable dark pions

• Pions made up of the same species  
decay via anomaly ⇡0 ! VSMVSM

<latexit sha1_base64="TVpTigh4+IXKNqlfApiVtz+jJGU=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBVZmpgi6LbtwIFe0DOuOQSTNtaJIZkoxQhi7d+CtuXCji1k9w59+YtrOorQcCh3Pu5eacMGFUacf5sQpLyyura8X10sbm1vaOvbvXVHEqMWngmMWyHSJFGBWkoalmpJ1IgnjISCscXI391iORisbiXg8T4nPUEzSiGGkjBfahl9AHB3o6hs0g8ySHdzejGRrYZafiTAAXiZuTMshRD+xvrxvjlBOhMUNKdVwn0X6GpKaYkVHJSxVJEB6gHukYKhAnys8mQUbw2ChdGMXSPKHhRJ3dyBBXashDM8mR7qt5byz+53VSHV34GRVJqonA00NRyqCJPW4FdqkkWLOhIQhLav4KcR9JhLXprmRKcOcjL5JmteKeVqq3Z+XaZV5HERyAI3ACXHAOauAa1EEDYPAEXsAbeLeerVfrw/qcjhasfGcf/IH19QvXgZiX</latexit>
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Building a VLC theory - Add Yukawa interactions
• Yukawa interactions might be allowed depending on dark fermions quantum 

numbers under GSM
<latexit sha1_base64="rZ4hqqLMem6weYcGnySIAtJkhl4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCrosutCNUNE+oDMMmTRtQ5PMkGSEMgz4K25cKOLW73Dn35hpZ6GtBwKHc+7lnpwwZlRpx/m2SkvLK6tr5fXKxubW9o69u9dWUSIxaeGIRbIbIkUYFaSlqWakG0uCeMhIJxxf5X7nkUhFI/GgJzHxORoKOqAYaSMF9kHqcaRHGDF4nQWpJzm8v80Cu+rUnCngInELUgUFmoH95fUjnHAiNGZIqZ7rxNpPkdQUM5JVvESRGOExGpKeoQJxovx0Gj+Dx0bpw0EkzRMaTtXfGyniSk14aCbzrGrey8X/vF6iBxd+SkWcaCLw7NAgYVBHMO8C9qkkWLOJIQhLarJCPEISYW0aq5gS3PkvL5J2veae1up3Z9XGZVFHGRyCI3ACXHAOGuAGNEELYJCCZ/AK3qwn68V6tz5moyWr2NkHf2B9/gDZ8pVo</latexit>

U(1) 1 ⇥ U(1) 2 ⇥ ...⇥ U(1) NS
<latexit sha1_base64="juBVieEfFXdbMktUYARrvNVDu+E=">AAACL3icbZDLSsNAFIYnXmu9RV26GSxC3YSkCrosCuJKKpq20IQwmU7aoZMLMxOhhLyRG1+lGxFF3PoWTtsgte2BgZ/vP4cz5/cTRoU0zXdtZXVtfWOztFXe3tnd29cPDpsiTjkmNo5ZzNs+EoTRiNiSSkbaCSco9Blp+YObsd96JlzQOHqSw4S4IepFNKAYSYU8/dauWmde5jQE9awcOpKGRMAZWPuDhmEs8bN77zHPPb1iGuak4KKwClEBRTU8feR0Y5yGJJKYISE6lplIN0NcUsxIXnZSQRKEB6hHOkpGSK11s8m9OTxVpAuDmKsXSTihsxMZCoUYhr7qDJHsi3lvDJd5nVQGV25GoySVJMLTRUHKoIzhODzYpZxgyYZKIMyp+ivEfcQRlirisgrBmj95UTRrhnVu1B4uKvXrIo4SOAYnoAoscAnq4A40gA0weAEj8AE+tVftTfvSvqetK1oxcwT+lfbzCzQfpsk=</latexit>

• This interaction breaks (part of) species number

! U(1)DB ⇥
Y

a 6=i,j

U(1) a

<latexit sha1_base64="bHgEocj4nA/pCbotjoP2WHMjYEg=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWpoi5LdeGygn1AE8NkMm3HTiZhZiKUkD9x46+4caGIuOvfOH0I2npg4HDOucy9x48ZlcqyRkZuaXlldS2/XtjY3NreMXf3mjJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyB1djv/VIhKQRv1PDmLgh6nHapRgpLXnmuaMi2CjZx17qiBBe1zJH0ZBI6MQiCrwUOZxAevKQ/YTqkt6jzDOLVtmaAC4Se0aKYIa6Z345QYSTkHCFGZKyY1uxclMkFMWMZAUnkSRGeIB6pKMpR3oHN53cl8EjrQSwGwn9uIIT9fdEikIph6GvkyFSfTnvjcX/vE6iupduSnmcKMLx9KNuwqDuZFwWDKggWLGhJggLqneFuI8EwkpXWtAl2PMnL5JmpWyfliu3Z8VqbVZHHhyAQ1ACNrgAVXAD6qABMHgCL+ANvBvPxqvxYXxOozljNrMP/sAYfQOllqGD</latexit>

• Dark pions made of different species can decay through the coupling 
to the elementary Higgs

Lyuk. = yH c
i j + h.c.

<latexit sha1_base64="Iw2SXjfu1W0mP1G0Ak6ORdojZAM=">AAACF3icbZDLSsNAFIYnXmu9RV26GSyCIISkCroRim66cFHBXqCJYTKdtmMnkzAzEULIW7jxVdy4UMSt7nwbp20W2vrDwMd/zuHM+YOYUals+9tYWFxaXlktrZXXNza3ts2d3ZaMEoFJE0csEp0AScIoJ01FFSOdWBAUBoy0g9HVuN5+IELSiN+qNCZeiAac9ilGSlu+aWUuRgxe537mihCmycjK4QVMYR26DUl9eoencH88tLDlmxXbsieC8+AUUAGFGr755fYinISEK8yQlF3HjpWXIaEoZiQvu4kkMcIjNCBdjRyFRHrZ5K4cHmqnB/uR0I8rOHF/T2QolDINA90ZIjWUs7Wx+V+tm6j+uZdRHieKcDxd1E8YVBEchwR7VBCsWKoBYUH1XyEeIoGw0lGWdQjO7Mnz0KpazolVvTmt1C6LOEpgHxyAI+CAM1ADddAATYDBI3gGr+DNeDJejHfjY9q6YBQze+CPjM8fEeqd9g==</latexit>

• After confinement a                   mixing is generatedH $ ⇡̃
<latexit sha1_base64="Qa7NNPEVzGE8K7uHD4s/92e/004=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiLgpZBm5QRzAfkjrC3mUuW7H2wO6eEkMbGv2JjoYit/8HOf+MmuUITHww83pthZp6fSKHRtr+t3Mrq2vpGfrOwtb2zu1fcP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7yZ+q17UFrE0R2OEvBC1o9EIDhDI3WLxzXqSghQif4AmVLxA3VRyB5QNxHdYsku2zPQZeJkpEQy1LvFL7cX8zSECLlkWnccO0FvzBQKLmFScFMNCeND1oeOoRELQXvj2RcTemqUHg1iZSpCOlN/T4xZqPUo9E1nyHCgF72p+J/XSTG48sYiSlKEiM8XBamkGNNpJLQnFHCUI0MYV8LcSvmAKcbRBFcwITiLLy+TZqXsnJcrtxel6nUWR54ckRNyRhxySaqkRuqkQTh5JM/klbxZT9aL9W59zFtzVjZzSP7A+vwBM+GYYg==</latexit>

Now the Higgs is partially composite
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Spectrum and decay of QCD like theories

⇤DC
<latexit sha1_base64="UZBzwP1f1RM5Xtw4/7PcExgC3M8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKuizWhQsXFewDmhAmk2k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBgcM553LvnDDlTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouK2STBLaIglPZDfEinImaEszzWk3lRTHIaedcNSY+Z0xlYol4klPUurHeCBYnxGsjRTYtvdgwhEOck/G6K4xDeyKU3XmQKvELUgFCjQD+8uLEpLFVGjCsVI910m1n2OpGeF0WvYyRVNMRnhAe4YKHFPl5/PLp+jcKBHqJ9I8odFc/T2R41ipSRyaZIz1UC17M/E/r5fp/o2fM5FmmgqyWNTPONIJmtWAIiYp0XxiCCaSmVsRGWKJiTZllU0J7vKXV0m7VnUvq7XHq0r9tqijBKdwBhfgwjXU4R6a0AICY3iGV3izcuvFerc+FtE1q5g5gT+wPn8A2ViTJQ==</latexit>

⇡̃ ⇠  i 
c
j

<latexit sha1_base64="oJHTxuln86Tu+UIFFuW7nhmQR30=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoKEowVLIxFog+pCZHjOK2p7US2g1RFHVn4FRYGEGLlE9j4G9w2A7Qc6eoenXOv7HvClFGlHefbKi0tr6yuldcrG5tb2zv27l5bJZnEpIUTlshuiBRhVJCWppqRbioJ4iEjnXB4NfE7D0QqmohbPUqJz1Ff0JhipI0U2Ieepiwi0Esp9BTl0GsqGtBpu8PBfWBXnZozBVwkbkGqoEAzsL+8KMEZJ0JjhpTquU6q/RxJTTEj44qXKZIiPER90jNUIE6Un08PGcNjo0QwTqQpoeFU/b2RI67UiIdmkiM9UPPeRPzP62U6vvBzKtJME4FnD8UZgzqBk1RgRCXBmo0MQVhS81eIB0girE12FROCO3/yImnXa+5prX5zVm1cFnGUwQE4AifABeegAa5BE7QABo/gGbyCN+vJerHerY/ZaMkqdvbBH1ifP5WtmQ8=</latexit>

⇡̃ ⇠  i 
c
i

<latexit sha1_base64="Uq2hkBUgRPGS4AEspQRTjheITJI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVUlBgrGChbFI9CE1IXIcp7VqO5HtIFVRRxZ+hYUBhFj5BDb+BjfNAC1HurpH59wr+54wZVRpx/m2lpZXVtfWKxvVza3tnV17b7+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbji6nvrdByIVTcSdHqfE52ggaEwx0kYK7CNPUxYR6KUUeopy6LUUDWjR7nFAA7vm1J0CcJG4JamBEq3A/vKiBGecCI0ZUqrvOqn2cyQ1xYxMql6mSIrwCA1I31CBOFF+XhwygSdGiWCcSFNCw0L9vZEjrtSYh2aSIz1U895U/M/rZzq+9HMq0kwTgWcPxRmDOoHTVGBEJcGajQ1BWFLzV4iHSCKsTXZVE4I7f/Ii6TTq7lm9cXtea16VcVTAITgGp8AFF6AJbkALtAEGj+AZvII368l6sd6tj9noklXuHIA/sD5/AJQpmQ4=</latexit>

Stable  
Decay through mixing with the elementary Higgs

Stable charged particle / Dark Matter

Decay through anomaly with the SM gauge fields

B̃ ⇠ "a1...aN a1 ... aN
<latexit sha1_base64="W7dTIAFhbYt2mymOD4iCl9a3vkc="></latexit>

Lightest state is stable

⇢̃
<latexit sha1_base64="qS8Fm9+een8fj5pp/yg3h2W54Ek=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/YAklM1m0y7d7IbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXZYIbcN1vZ219Y3Nru7JT3d3bPzisHR13jco1ZR2qhNL9iBgmuGQd4CBYP9OMpJFgvWh8N/N7T0wbruQjTDIWpmQoecIpASv5AXARMxzokRrU6m7DnQOvEq8kdVSiPah9BbGiecokUEGM8T03g7AgGjgVbFoNcsMyQsdkyHxLJUmZCYv5yVN8bpUYJ0rbkoDn6u+JgqTGTNLIdqYERmbZm4n/eX4OyU1YcJnlwCRdLEpygUHh2f845ppREBNLCNXc3orpiGhCwaZUtSF4yy+vkm6z4V02mg9X9dZtGUcFnaIzdIE8dI1a6B61UQdRpNAzekVvDjgvzrvzsWhdc8qZE/QHzucPFcaRHw==</latexit>

Higher spin resonance

Pions are the states relevant for phenomenology



Daniele Barducci An almost elementary Higgs Uppsala University 17

Dark Matter as a stable hadron
Dark Baryons and Dark Hadrons can both be Dark Matter candidate
Antipin+ 1503.08749

• Golden class models: all stable are dark matter candidates without the need 
of higher dimensional interactions

• Silver class models: non renormalizable interactions or extra states are 
needed to break accidental symmetries leading to unwanted stable particle 
e.g. stable       with electric charge⇡̃

<latexit sha1_base64="Rry6sQwqUub8L6JTjEneYFvlono=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2pWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0mwF9Gh5CFn1Fjp0TdcDJD4Ce+XK27VnYOsEi8nFcjR6Je//EHM0gilYYJq3fXcxPQyqgxnAqclP9WYUDamQ+xaKmmEupfNL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasLrXsZlkhqUbLEoTAUxMZm9TwZcITNiYgllittbCRtRRZmxIZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHQzuQpQ==</latexit>

Simplest Model: a single specie of techniquark

NF = 3
<latexit sha1_base64="c4gc/5D/vbXHhFXCRFekFUzCM8M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRUE8SQXXFtqlZNNsG5pklyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsZJ/17u5rPfKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2O3aCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE0/R32mKDF8bAkmitlbERlihYmx+ZRsCN7iy8vksVb16tXa/VmlcZXHUYQjOIZT8OAcGnALTfCBAINneIU3RzovzrvzMW8tOPnMIfyB8/kD4ouOEw==</latexit>

 = V1,3,0
<latexit sha1_base64="eIEWLRIhQsmKsoH56fafktBhNKE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGW3FfQiFL14rGA/oF1LNs22oUl2SbJKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZWVtfWNzZzW/ntnd29/cLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VuPVGkWyXszjqkv8ECykBFsrPTQrWt21eylXqlacie9QtEtuzOgZeJlpAgZ6r3CV7cfkURQaQjHWnc8NzZ+ipVhhNNJvptoGmMywgPasVRiQbWfzq6eoFOr9FEYKVvSoJn6eyLFQuuxCGynwGaoF72p+J/XSUx46adMxomhkswXhQlHJkLTCFCfKUoMH1uCiWL2VkSGWGFibFB5G4K3+PIyaVbKXrVcuTsv1q6zOHJwDCdwBh5cQA1uoQ4NIKDgGV7hzXlyXpx352PeuuJkM0fwB87nD89UkWg=</latexit>

Dark baryons and Dark Pions are in the 8 of    

Stable!

NDC = 3
<latexit sha1_base64="2Q51iwCfta5LGEH28cj1lkNeqig=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IxXrwJBXsB3SXkk3TNjTJLklWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRfGnGnjut9Obm19Y3Mrv13Y2d3bPygeHrV0lChCmyTikeqEWFPOJG0aZjjtxIpiEXLaDsf1md9+okqzSD6aSUwDgYeSDRjBxkr+fS/1lUC39el1tVcsuWV3DrRKvIyUIEOjV/zy+xFJBJWGcKx113NjE6RYGUY4nRb8RNMYkzEe0q6lEguqg3R+8xSdWaWPBpGyJQ2aq78nUiy0nojQdgpsRnrZm4n/ed3EDK6ClMk4MVSSxaJBwpGJ0CwA1GeKEsMnlmCimL0VkRFWmBgbU8GG4C2/vEpalbJXLVceLkq1myyOPJzAKZyDB5dQgztoQBMIxPAMr/DmJM6L8+58LFpzTjZzDH/gfP4A4kWQ7Q==</latexit>

SU(NF = 3)
<latexit sha1_base64="tC9aPZv81Zb0MxIt2hrKg9gSlvA=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0laQS9CURBPUtG0lTaUzXbTLt1swu5GKKG/wosHRbz6c7z5b9y2OWjrg4HHezPMzPNjzpS27W9raXlldW09t5Hf3Nre2S3s7TdUlEhCXRLxSLZ8rChngrqaaU5bsaQ49Dlt+sOrid98olKxSDzoUUy9EPcFCxjB2kiP927ptnt9UT3pFop22Z4CLRInI0XIUO8Wvjq9iCQhFZpwrFTbsWPtpVhqRjgd5zuJojEmQ9ynbUMFDqny0unBY3RslB4KImlKaDRVf0+kOFRqFPqmM8R6oOa9ifif1050cO6lTMSJpoLMFgUJRzpCk+9Rj0lKNB8Zgolk5lZEBlhiok1GeROCM//yImlUyk61XLk7LdYuszhycAhHUAIHzqAGN1AHFwiE8Ayv8GZJ68V6tz5mrUtWNnMAf2B9/gD3B480</latexit>
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Dark Matter as a stable hadron
T

<latexit sha1_base64="wuUeoCr40AnIpr753sXMM0828Vs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukVSl7V+VK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPsPeM3A==</latexit>

⇤DC
<latexit sha1_base64="UZBzwP1f1RM5Xtw4/7PcExgC3M8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKuizWhQsXFewDmhAmk2k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBgcM553LvnDDlTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouK2STBLaIglPZDfEinImaEszzWk3lRTHIaedcNSY+Z0xlYol4klPUurHeCBYnxGsjRTYtvdgwhEOck/G6K4xDeyKU3XmQKvELUgFCjQD+8uLEpLFVGjCsVI910m1n2OpGeF0WvYyRVNMRnhAe4YKHFPl5/PLp+jcKBHqJ9I8odFc/T2R41ipSRyaZIz1UC17M/E/r5fp/o2fM5FmmgqyWNTPONIJmtWAIiYp0XxiCCaSmVsRGWKJiTZllU0J7vKXV0m7VnUvq7XHq0r9tqijBKdwBhfgwjXU4R6a0AICY3iGV3izcuvFerc+FtE1q5g5gT+wPn8A2ViTJQ==</latexit>

 i,  j , ...
<latexit sha1_base64="hldU1iTboe2zjijibF9t5to2vmI=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCghUUHBTdGNywr2Ak0Ik+mkHTuZhJmJEEJ9FTcuFHHrg7jzbZymWWjrDwMf/zmHc+YPEkalsu1vo7Kyura+Ud2sbW3v7O6Z+wddGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTm1m990iEpDG/V1lCvAiNOA0pRkpbvll3E0l92nSvCnhoWpblmw3bsgvBZXBKaIBSbd/8cocxTiPCFWZIyoFjJ8rLkVAUMzKtuakkCcITNCIDjRxFRHp5cfwUHmtnCMNY6McVLNzfEzmKpMyiQHdGSI3lYm1m/lcbpCq89HLKk1QRjueLwpRBFcNZEnBIBcGKZRoQFlTfCvEYCYSVzqumQ3AWv7wM3VPLObNO784bresyjio4BEfgBDjgArTALWiDDsAgA8/gFbwZT8aL8W58zFsrRjlTB39kfP4AIz2Txw==</latexit>

Dark Color confines 
delivering dark hadrons

Dark Hadrons freeze - out

Thermal relic is achieved for

mB̃ ⇠ 100 TeV
<latexit sha1_base64="7lj2Q2YN8/cCvL9h62Ti94WTdpU=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KkkVFLyUevFYoV/QhLLZTtulu0nY3Qgl5Cd48a948aCIV4/e/Ddu2xy09cHA470ZZuYFMWdKO863tbK6tr6xWdgqbu/s7u3bB4ctFSWSQpNGPJKdgCjgLISmZppDJ5ZARMChHYxvp377AaRiUdjQkxh8QYYhGzBKtJF69pnopZ5mvA849SjhuJZl2FNMYNdxvJvUkwI3oJX17JJTdmbAy8TNSQnlqPfsL68f0URAqCknSnVdJ9Z+SqRmlENW9BIFMaFjMoSuoSERoPx09lCGT43Sx4NImgo1nqm/J1IilJqIwHQKokdq0ZuK/3ndRA+u/ZSFcaIhpPNFg4RjHeFpOrjPJFDNJ4YQKpm5FdMRkYRqk2HRhOAuvrxMWpWye1Gu3F+WqrU8jgI6RifoHLnoClXRHaqjJqLoET2jV/RmPVkv1rv1MW9dsfKZI/QH1ucP6uKb3A==</latexit>

m⇡̃ ⇠ 3 TeV
<latexit sha1_base64="oSZjIPEl+zcqS4QuAa0KUW6qD1A=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVZJWUHBTdOOyQl/QhDCZ3LRDZ5IwMxFK6NaNv+LGhSJu/QN3/o3Tx0JbD1w4nHMv994TpJwpbdvfVmFtfWNzq7hd2tnd2z8oHx51VJJJCm2a8ET2AqKAsxjammkOvVQCEQGHbjC6nfrdB5CKJXFLj1PwBBnELGKUaCP5ZSz83NWMh4DdlE2wq5jAdfc6d6XALehM/HLFrtoz4FXiLEgFLdD0y19umNBMQKwpJ0r1HTvVXk6kZpTDpORmClJCR2QAfUNjIkB5+eyTCT4zSoijRJqKNZ6pvydyIpQai8B0CqKHatmbiv95/UxHV17O4jTTENP5oijjWCd4GgsOmQSq+dgQQiUzt2I6JJJQbcIrmRCc5ZdXSadWderV2v1FpXGziKOITtApOkcOukQNdIeaqI0oekTP6BW9WU/Wi/VufcxbC9Zi5hj9gfX5A3NBmYc=</latexit>

�v ⇠ g4DC

4⇡m2
B̃

<latexit sha1_base64="oOWPliC8+q0SoKoNI0ynWr6hKNU="></latexit>

minimal DM phenomenology

Antipin+ 1503.08749
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Dark Matter as a stable hadron
T

<latexit sha1_base64="wuUeoCr40AnIpr753sXMM0828Vs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukVSl7V+VK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPsPeM3A==</latexit>

⇤DC
<latexit sha1_base64="UZBzwP1f1RM5Xtw4/7PcExgC3M8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKuizWhQsXFewDmhAmk2k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBgcM553LvnDDlTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouK2STBLaIglPZDfEinImaEszzWk3lRTHIaedcNSY+Z0xlYol4klPUurHeCBYnxGsjRTYtvdgwhEOck/G6K4xDeyKU3XmQKvELUgFCjQD+8uLEpLFVGjCsVI910m1n2OpGeF0WvYyRVNMRnhAe4YKHFPl5/PLp+jcKBHqJ9I8odFc/T2R41ipSRyaZIz1UC17M/E/r5fp/o2fM5FmmgqyWNTPONIJmtWAIiYp0XxiCCaSmVsRGWKJiTZllU0J7vKXV0m7VnUvq7XHq0r9tqijBKdwBhfgwjXU4R6a0AICY3iGV3izcuvFerc+FtE1q5g5gT+wPn8A2ViTJQ==</latexit>

 i,  j , ...
<latexit sha1_base64="hldU1iTboe2zjijibF9t5to2vmI=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCghUUHBTdGNywr2Ak0Ik+mkHTuZhJmJEEJ9FTcuFHHrg7jzbZymWWjrDwMf/zmHc+YPEkalsu1vo7Kyura+Ud2sbW3v7O6Z+wddGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTm1m990iEpDG/V1lCvAiNOA0pRkpbvll3E0l92nSvCnhoWpblmw3bsgvBZXBKaIBSbd/8cocxTiPCFWZIyoFjJ8rLkVAUMzKtuakkCcITNCIDjRxFRHp5cfwUHmtnCMNY6McVLNzfEzmKpMyiQHdGSI3lYm1m/lcbpCq89HLKk1QRjueLwpRBFcNZEnBIBcGKZRoQFlTfCvEYCYSVzqumQ3AWv7wM3VPLObNO784bresyjio4BEfgBDjgArTALWiDDsAgA8/gFbwZT8aL8W58zFsrRjlTB39kfP4AIz2Txw==</latexit>

     Dark quark abundance    
freezes out at

Dark quarks confine

T ⇠ m /20
<latexit sha1_base64="CePtA+mpna2L+xyR10gFyYSvWko=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU02qoMeiF48V+gVNCJvtpl26m4TdjVBDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXppwp7Tjf1tr6xubWdmmnvLu3f1CxD486KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3HdzO/+0ilYknc0pOU+gIPYxYxgrWRArvS8hQTSAReqthF3QnsqlNz5kCrxC1IFQo0A/vLGyQkEzTWhGOl+q6Taj/HUjPC6bTsZYqmmIzxkPYNjbGgys/nh0/RmVEGKEqkqVijufp7IsdCqYkITafAeqSWvZn4n9fPdHTj5yxOM01jslgUZRzpBM1SQAMmKdF8YggmkplbERlhiYk2WZVNCO7yy6ukU6+5l7X6w1W1cVvEUYITOIVzcOEaGnAPTWgDgQye4RXerCfrxXq3Phata1Yxcwx/YH3+AJcVkmM=</latexit>

Dark Hadrons freeze - out

Dark Matter can be as light as a few TeV

Mitridate+ 1707.05380
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Dark Matter as a stable hadron

• Dark Matter could also be dark nuclei - dark nucleosynthesis process
Redi and Tesi 1812.08784 

• Bound state formation can lead to distinctive multi-line signals
 Mahbubani+ 1908.00538

monochromatic lines

• Relevance for indirect detection experiments!

http://arxiv.org/abs/arXiv:1812.08784
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Direct experimental tests of QCD like theories

Can these theories be tested at low 
energy and collider experiments?

What are the easier and most 
challenging signatures? 

What’s the coverage of  
current BSM searches?

Can the existing (if any)  
reach be improved?
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Choice of dark quark representations
Quarks belonging to SU(5) fragments

•                             give rise to colored ⇡̃
<latexit sha1_base64="Rry6sQwqUub8L6JTjEneYFvlono=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2pWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0mwF9Gh5CFn1Fjp0TdcDJD4Ce+XK27VnYOsEi8nFcjR6Je//EHM0gilYYJq3fXcxPQyqgxnAqclP9WYUDamQ+xaKmmEupfNL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasLrXsZlkhqUbLEoTAUxMZm9TwZcITNiYgllittbCRtRRZmxIZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHQzuQpQ==</latexit>

D,U,Q, S,G,X
<latexit sha1_base64="qABGtzNiPVOCCQ+RqTM8qvh2jhc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4CCWpgh6LCnps0bSFNJTNdtMu3WTD7kQopT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1PBNTjOt7Wyura+sVnYKm7v7O7tlw4Om1pmijKPSiFVOySaCZ4wDzgI1k4VI3EoWCsc3kz91hNTmsvkEUYpC2LST3jEKQEj+be2ZzfsB/vObndLZafizICXiZuTMspR75a+Oj1Js5glQAXR2nedFIIxUcCpYJNiJ9MsJXRI+sw3NCEx08F4dvIEnxqlhyOpTCWAZ+rviTGJtR7FoemMCQz0ojcV//P8DKKrYMyTNAOW0PmiKBMYJJ7+j3tcMQpiZAihiptbMR0QRSiYlIomBHfx5WXSrFbc80q1cVGuXedxFNAxOkFnyEWXqIbuUR15iCKJntErerPAerHerY9564qVzxyhP7A+fwDPcI+k</latexit>

                 Easy to produce 
Largely studied at the                  time             750 GeV

<latexit sha1_base64="5nnJVaN/FhJa3s4K8+mwYcnSSYI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld2qVPBS9KDHCvYDumvJptM2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZF8acaeO6387S8srq2npuI7+5tb2zW9jbb+goURTqNOKRaoVEA2cS6oYZDq1YAREhh2Y4vJ74zUdQmkXy3oxiCATpS9ZjlBgrPVTOXf8y9ZXAN9AYdwpFt+ROgReJl5EiylDrFL78bkQTAdJQTrRue25sgpQowyiHcd5PNMSEDkkf2pZKIkAH6fTqMT62Shf3ImVLGjxVf0+kRGg9EqHtFMQM9Lw3Ef/z2onpXQQpk3FiQNLZol7CsYnwJALcZQqo4SNLCFXM3orpgChCjQ0qb0Pw5l9eJI1yyTstle/OitWrLI4cOkRH6AR5qIKq6BbVUB1RpNAzekVvzpPz4rw7H7PWJSebOUB/4Hz+AAsekZI=</latexit>

N,L,E, T, V
<latexit sha1_base64="mBNBF+2/9V45qnnznvI2vrJDJxg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBQyhJFfRYFMGDSIV+SRvKZrtpl+4mYXcjlNBf4cWDIl79Od78N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd294r7B00VJZLQBol4JNs+VpSzkDY005y2Y0mx8Dlt+aPrqd96olKxKKzrcUw9gQchCxjB2kiP9/adfWPX7WavWHLKzgxombgZKUGGWq/41e1HJBE01IRjpTquE2svxVIzwumk0E0UjTEZ4QHtGBpiQZWXzg6eoBOj9FEQSVOhRjP190SKhVJj4ZtOgfVQLXpT8T+vk+jg0ktZGCeahmS+KEg40hGafo/6TFKi+dgQTCQztyIyxBITbTIqmBDcxZeXSbNSds/KlYfzUvUqiyMPR3AMp+DCBVThFmrQAAICnuEV3ixpvVjv1se8NWdlM4fwB9bnD8BTjxE=</latexit>

•                          give rise to EW ⇡̃<latexit sha1_base64="Rry6sQwqUub8L6JTjEneYFvlono=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2pWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0mwF9Gh5CFn1Fjp0TdcDJD4Ce+XK27VnYOsEi8nFcjR6Je//EHM0gilYYJq3fXcxPQyqgxnAqclP9WYUDamQ+xaKmmEupfNL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasLrXsZlkhqUbLEoTAUxMZm9TwZcITNiYgllittbCRtRRZmxIZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHQzuQpQ==</latexit>

              Harder to produce 
Almost not studied in the literature            

• I’ll consider the following two models:

L+N
<latexit sha1_base64="x1R7w5IpMLMXPzuRZboFIGhf20o=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BLx5EIpoHJEuYnXSSIbOzy8ysEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4fXEbzyh0jySj2YUox/SvuQ9zqix0sPt6V2nUHRL7hRkkXgZKUKGaqfw1e5GLAlRGiao1i3PjY2fUmU4EzjOtxONMWVD2seWpZKGqP10euqYHFulS3qRsiUNmaq/J1Iaaj0KA9sZUjPQ895E/M9rJaZ36adcxolByWaLeokgJiKTv0mXK2RGjCyhTHF7K2EDqigzNp28DcGbf3mR1Msl76xUvj8vVq6yOHJwCEdwAh5cQAVuoAo1YNCHZ3iFN0c4L8678zFrXXKymQP4A+fzB6bXjWE=</latexit>

V
<latexit sha1_base64="ZHTJuVrsXJ8Nz2mGcO2drL0vXec=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrtfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fs/+M3g==</latexit>

Both have                : easy analogy with QCDNF = 3
<latexit sha1_base64="c4gc/5D/vbXHhFXCRFekFUzCM8M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRUE8SQXXFtqlZNNsG5pklyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsZJ/17u5rPfKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2O3aCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE0/R32mKDF8bAkmitlbERlihYmx+ZRsCN7iy8vksVb16tXa/VmlcZXHUYQjOIZT8OAcGnALTfCBAINneIU3RzovzrvzMW8tOPnMIfyB8/kD4ouOEw==</latexit>
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The L+N model

• After confinement Dark Pions correspond to the following bilinears

2 + 4
<latexit sha1_base64="UTMHcVp+ptTNMHa5bS0FMAPTxT8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3BvQY9OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKD5WLaq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZblyXy3VbrI48nACp3AOHlxBDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDV9ONLQ==</latexit>

1 + 3 + 5
<latexit sha1_base64="cMQCU7JPQm0bu2GYMrF/SIYDs4M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBKJTdVtFj0YvHCq4ttEvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8ePeo4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H49uZ336iSrNYPphJQgOBh5JFjGBjJd+rNqqX/XLFrblzoFXi5aQCOVr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKnms17xGrX5/UWne5HEU4QRO4Rw8uIIm3EELfCDA4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAxc42f</latexit>

Costituents SU(2)L
<latexit sha1_base64="G4B1PsY8J69RtTekUdT17pojiyo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBS2DNhYWET0TSI6wt9lLluzuHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsVLr3q/WT3u3vXLFrbkzoGXi5aQCOZq98le3H5NUUGkIx1p3PD cxQYaVYYTTSambappgMsID2rFUYkF1kM3OnaATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif10lNdBlkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCJRuCt/jyMnms17yzWv3uvNK4yuMowhEcQxU8uIAG3EATfCAwgmd4hTcncV6cd+dj3lpw8plD+APn8wfdJI6a</latexit>

U(1)Y
<latexit sha1_base64="gYUn1EJBGrr4Slrtz3BFBPS5JJk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnokevGIiQsY2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmklxb8YJDWI8ECxiBBsrNf2qd9p76JUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCT KsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3Xju7u6jUr/M4inAEx1AFDy6hDrfQAB8IPMIzvMKbI50X5935mLcWnHzmEP7A+fwBSqWOSQ==</latexit>

0
<latexit sha1_base64="rsPGDo38dCUrLsAt/ftnosrChUA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPemeMuA==</latexit>

�1/2
<latexit sha1_base64="p0YAtodqIavOHuXUfOQSHF/veL8=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi3W3FfRY9OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyV3md56o0iySj2YaU1/gkWQhI9hk0oV3WRuUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeGNnzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSrlW9erX2cFVp3OZxFOEETuEcPLiGBtxDE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHwvyNZQ==</latexit>

• The L+N model has the following UV lagrangian

• A scalar with the quantum numbers of the Higgs appear

• The IR theory has two Higgs like doublet
Antipin and Redi 1508.01112
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The L+N model
• Dark Pions dynamics is described by the chiral lagrangian

• An octet of Dark Pions is generated
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The L+N model
• Expanding the chiral lagrangian one gets

Elementary composite mixing interactionsH⇡̃⇡̃
<latexit sha1_base64="r7T5o2/6Qx9kE2ockJiY+KmznNg=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclqYIui266rGAv0IYymUzaoZNJmDkRSuzCV3HjQhG3voY738ZpG1Bbfxj4+M85nDO/nwiuwXG+rMLK6tr6RnGztLW9s7tn7x+0dJwqypo0FrHq+EQzwSVrAgfBOoliJPIFa/ujm2m9fc+U5rG8g3HCvIgMJA85JWCsvn1U7wEXAcO9hOMf7Ntlp+LMhJfBzaGMcjX69mcviGkaMQlUEK27rpOAlxEFnAo2KfVSzRJCR2TAugYliZj2stn9E3xqnACHsTJPAp65vycyEmk9jnzTGREY6sXa1Pyv1k0hvPIyLpMUmKTzRWEqMMR4GgYOuGIUxNgAoYqbWzEdEkUomMhKJgR38cvL0KpW3PNK9faiXLvO4yiiY3SCzpCLLlEN1VEDNRFFD+gJvaBX69F6tt6s93lrwcpnDtEfWR/fC2SVeQ==</latexit>

• Anomaly decay only of ⇡̃, ⌘̃
<latexit sha1_base64="6U1gRkEQf2Vdebub5nMS+LajphM=">AAAB/3icbZC7SgNBFIZnvcZ4iwo2NoNBsJCwGwUtgzaWEcwFsiHMTs4mQ2Znl5mzQlhT+Co2ForY+hp2vo2TS6GJPwx8/Occzpk/SKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVHGo8lrFuBsyAFApqKFBCM9HAokBCIxjcjOuNB9BGxOoehwm0I9ZTIhScobU6hUMfheyCn4gzOkXqA7JOoeiW3InoIngzKJKZqp3Cl9+NeRqBQi6ZMS3PTbCdMY2CSxjl/dRAwviA9aBlUbEITDub3D+iJ9bp0jDW9imkE/f3RMYiY4ZRYDsjhn0zXxub/9VaKYZX7UyoJEVQfLooTCXFmI7DoF2hgaMcWmBcC3sr5X2mGUcbWd6G4M1/eRHq5ZJ3XirfXRQr17M4cuSIHJNT4pFLUiG3pEpqhJNH8kxeyZvz5Lw4787HtHXJmc0ckD9yPn8ARpCVng==</latexit>

⇡̃, ⌘̃
<latexit sha1_base64="6U1gRkEQf2Vdebub5nMS+LajphM=">AAAB/3icbZC7SgNBFIZnvcZ4iwo2NoNBsJCwGwUtgzaWEcwFsiHMTs4mQ2Znl5mzQlhT+Co2ForY+hp2vo2TS6GJPwx8/Occzpk/SKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVHGo8lrFuBsyAFApqKFBCM9HAokBCIxjcjOuNB9BGxOoehwm0I9ZTIhScobU6hUMfheyCn4gzOkXqA7JOoeiW3InoIngzKJKZqp3Cl9+NeRqBQi6ZMS3PTbCdMY2CSxjl/dRAwviA9aBlUbEITDub3D+iJ9bp0jDW9imkE/f3RMYiY4ZRYDsjhn0zXxub/9VaKYZX7UyoJEVQfLooTCXFmI7DoF2hgaMcWmBcC3sr5X2mGUcbWd6G4M1/eRHq5ZJ3XirfXRQr17M4cuSIHJNT4pFLUiG3pEpqhJNH8kxeyZvz5Lw4787HtHXJmc0ckD9yPn8ARpCVng==</latexit>

Vµ⌫
<latexit sha1_base64="t3kmzt71sEsnzU0bGY/yxYYNzkE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdmlzA7mSRDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctnVhFaJMkPFGdGGvKmaRNwwynnVRRLGJO2/H4dua3n6jSLJEPZpLSSOChZANGsHHSY6uXhcKG0k575Ypf9edAqyTISQVyNHrlr7CfECuoNIRjrbuBn5oow8owwum0FFpNU0zGeEi7jkosqI6y+cVTdOaUPhokypU0aK7+nsiw0HoiYtcpsBnpZW8m/ud1rRlcRxmTqTVUksWigeXIJGj2PuozRYnhE0cwUczdisgIK0yMC6nkQgiWX14lrVo1uKjW7i8r9Zs8jiKcwCmcQwBXUIc7aEATCEh4hld487T34r17H4vWgpfPHMMfeJ8/3+GRDA==</latexit>

Ṽµ⌫
<latexit sha1_base64="0kVAfek6cGBYPniWnEky7QgKIN4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GXRjcsK9gFNCJPJtB06MwnzUErsp7hxoYhbv8Sdf+O0zUJbD1w4nHMv994TZ4wq7XnfTmltfWNzq7xd2dnd2z9wq4cdlRqJSRunLJW9GCnCqCBtTTUjvUwSxGNGuvH4ZuZ3H4hUNBX3epKRkKOhoAOKkbZS5FYDTVlCYCfKA24CYaaRW/Pq3hxwlfgFqYECrcj9CpIUG06Exgwp1fe9TIc5kppiRqaVwCiSITxGQ9K3VCBOVJjPT5/CU6skcJBKW0LDufp7IkdcqQmPbSdHeqSWvZn4n9c3enAV5lRkRhOBF4sGhkGdwlkOMKGSYM0mliAsqb0V4hGSCGubVsWG4C+/vEo6jbp/Xm/cXdSa10UcZXAMTsAZ8MElaIJb0AJtgMEjeAav4M15cl6cd+dj0Vpyipkj8AfO5w9cV5QR</latexit>
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The L+N model

gauge contribution 
for charged pions

m⇢ ⇡ fg⇢
<latexit sha1_base64="4mf5qfRWIT7Y0sfLyb5ekjYvY5k=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMVEGXRTcuK9gHdIYhk2ba0GQSkoxYSjf+ihsXirj1M9z5N6bTWWjrgQuHc+7l3ntiyag2nvftlFZW19Y3ypuVre2d3T13/6CtRaYwaWHBhOrGSBNGU9Iy1DDSlYogHjPSiUc3M7/zQJSmIr03Y0lCjgYpTShGxkqRe8SjQA0FDJCUSjzCBA5yIXKrXs3LAZeJX5AqKNCM3K+gL3DGSWowQ1r3fE+acIKUoZiRaSXINJEIj9CA9CxNESc6nOQPTOGpVfowEcpWamCu/p6YIK71mMe2kyMz1IveTPzP62UmuQonNJWZISmeL0oyBo2AszRgnyqCDRtbgrCi9laIh0ghbGxmFRuCv/jyMmnXa/55rX53UW1cF3GUwTE4AWfAB5egAW5BE7QABlPwDF7Bm/PkvDjvzse8teQUM4fgD5zPHz4Wli0=</latexit>

mB & 10 TeV
<latexit sha1_base64="YnFKyEEx79EZXDPPP4A9LbXAtzY=">AAACDXicbVDLSgMxFM34rPU16tJNsAquykwVFNyUunFZoS/oDEMmzbShSWZIMkIZ+gNu/BU3LhRx696df2OmnYW2HggczjmX3HvChFGlHefbWlldW9/YLG2Vt3d29/btg8OOilOJSRvHLJa9ECnCqCBtTTUjvUQSxENGuuH4Nve7D0QqGouWniTE52goaEQx0kYK7FMeZB5HeoQRg40p9IbahDl0He8m8ySHLdKZBnbFqTozwGXiFqQCCjQD+8sbxDjlRGjMkFJ910m0nyGpKWZkWvZSRRKEx2hI+oYKxInys9k1U3hmlAGMYmme0HCm/p7IEFdqwkOTzBdXi14u/uf1Ux1d+xkVSaqJwPOPopRBHcO8GjigkmDNJoYgLKnZFeIRkghrU2DZlOAunrxMOrWqe1Gt3V9W6o2ijhI4BifgHLjgCtTBHWiCNsDgETyDV/BmPVkv1rv1MY+uWMXMEfgD6/MHNT+a/w==</latexit>

Unaccesible at colliders

Collider targets!
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Precision constraints on the almost elementary Higgs

SM Dark Sector
y

<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

yukawa interaction

g
<latexit sha1_base64="op9YQdDvwJgXXtxm6zU1a2faInk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fzcOM7w==</latexit>

gauge interactions

• SM and strong sector coupled through Yukawa and gauge couplings

• Effects on precision physics will be screened 

�O ⇠
y2

g2⇢
<latexit sha1_base64="NlMdsY8mSrfSubxu3Xdnlznlypo=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARxEVJqqDLoht3VrAXaGKYTCbt0JkkzEyEEPIObnwVNy4UcevGnW/jtM1CW38Y+PjPOZw5v58wKpVlfRuVpeWV1bXqem1jc2t7x9zd68o4FZh0cMxi0feRJIxGpKOoYqSfCIK4z0jPH19N6r0HIiSNozuVJcTlaBjRkGKktOWZJ05AmEIwdzBi+U1RQEdSDp1QIJxn980iH3qOGMWaPLNuNayp4CLYJdRBqbZnfjlBjFNOIoUZknJgW4lycyQUxYwUNSeVJEF4jIZkoDFCnEg3n95UwCPtBDCMhX6RglP390SOuJQZ93UnR2ok52sT87/aIFXhhZvTKEkVifBsUZgyqGI4CQgGVBCsWKYBYUH1XyEeIR2H0jHWdAj2/MmL0G027NNG8/as3ros46iCA3AIjoENzkELXIM26AAMHsEzeAVvxpPxYrwbH7PWilHO7IM/Mj5/AFmcnnU=</latexit>

�O ⇠
g2

g2⇢
<latexit sha1_base64="01SDBzbidx4e6exZD7ExSTK9Mgw=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARxEVJqqDLoht3VrAXaGKYTCbp0MkkzEyEEvIObnwVNy4UcevGnW/jtM1CW38Y+PjPOZw5v58yKpVlfRuVpeWV1bXqem1jc2t7x9zd68okE5h0cMIS0feRJIxy0lFUMdJPBUGxz0jPH11N6r0HIiRN+J0ap8SNUcRpSDFS2vLMEycgTCGYOxix/KYooCNpDJ1QIJxH980ijzxHDBNNnlm3GtZUcBHsEuqgVNszv5wgwVlMuMIMSTmwrVS5ORKKYkaKmpNJkiI8QhEZaOQoJtLNpzcV8Eg7AQwToR9XcOr+nshRLOU49nVnjNRQztcm5n+1QabCCzenPM0U4Xi2KMwYVAmcBAQDKghWbKwBYUH1XyEeIh2H0jHWdAj2/MmL0G027NNG8/as3ros46iCA3AIjoENzkELXIM26AAMHsEzeAVvxpPxYrwbH7PWilHO7IM/Mj5/AD1qnmM=</latexit>



Daniele Barducci An almost elementary Higgs Uppsala University 28

Higgs couplings

• Two effects:
Presence of a second doublet
The second doublet is composite

Non linearity of the strong sector

cK
|✏|4

2f2
(@µ|H|2)2

<latexit sha1_base64="lr568PMqo0aKWqKOLzIz9DJCerk="></latexit>

O
6 =

<latexit sha1_base64="Gv0FDk/hzW5k9zhTGBRFw+RPVvY=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld0q6kUoevFmBfsB27Vk02wbmk2WZFYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb2dpeWV1bb2wUdzc2t7ZLe3tN41KNWUNqoTS7ZAYJrhkDeAgWDvRjMShYK1weDPxW09MG67kA4wSFsSkL3nEKQEr+VmHEoHvxo/nV91S2a24U+BF4uWkjHLUu6WvTk/RNGYSqCDG+J6bQJARDZwKNi52UsMSQoekz3xLJYmZCbLpyWN8bJUejpS2JQFP1d8TGYmNGcWh7YwJDMy8NxH/8/wUossg4zJJgUk6WxSlAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS0Ybgzb+8SJrVindaqd6flWvXeRwFdIiO0Any0AWqoVtURw1EkULP6BW9OeC8OO/Ox6x1yclnDtAfOJ8/bPiQsA==</latexit>

Universal shift of Higgs couplings

Type I - 2HDM structure

Leading effect
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EWPO

L �
<latexit sha1_base64="MAUHw0nlZdjgT+BkCRNkuMXrfqw=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsJuFPQY9OLBQwTzgOwSZieTZMjs7DIPIS75Ei8eFPHqp3jzb5wke9DEgoaiqpvurijlTGnP+3YKa+sbm1vF7dLO7t5+2T04bKnESEKbJOGJ7ERYUc4EbWqmOe2kkuI44rQdjW9mfvuRSsUS8aAnKQ1jPBRswAjWVuq55SwgmKO7aaBMqqjuuRWv6s2BVomfkwrkaPTcr6CfEBNToQ nHSnV9L9VhhqVmhNNpKTCKppiM8ZB2LRU4pirM5odP0alV+miQSFtCo7n6eyLDsVKTOLKdMdYjtezNxP+8rtGDqzBjIjWaCrJYNDAc6QTNUkB9JinRfGIJJpLZWxEZYYmJtlmVbAj+8surpFWr+ufV2v1FpX6dx1GEYziBM/DhEupwCw1oAgEDz/AKb86T8+K8Ox+L1oKTzxzBHzifP9cdkzU=</latexit>

✏
<latexit sha1_base64="S940j+PXnpyPoS6EHFdj/RxnHVw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBOH5Ak</latexit>

✏
<latexit sha1_base64="S940j+PXnpyPoS6EHFdj/RxnHVw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBOH5Ak</latexit>

W 3
<latexit sha1_base64="JP7+6cRfJb7EVv3YoW2nc7WwU24=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1FjpvvVY7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A3CyNhA==</latexit>

Y
<latexit sha1_base64="NRADBWhidLrGKbqT5Fr94wkW5hw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALiLjOE=</latexit>

⇢̃
<latexit sha1_base64="qS8Fm9+een8fj5pp/yg3h2W54Ek=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/YAklM1m0y7d7IbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXZYIbcN1vZ219Y3Nru7JT3d3bPzisHR13jco1ZR2qhNL9iBgmuGQd4CBYP9OMpJFgvWh8N/N7T0wbruQjTDIWpmQoecIpASv5AXARMxzokRrU6m7DnQOvEq8kdVSiPah9BbGiecokUEGM8T03g7AgGjgVbFoNcsMyQsdkyHxLJUmZCYv5yVN8bpUYJ0rbkoDn6u+JgqTGTNLIdqYERmbZm4n/eX4OyU1YcJnlwCRdLEpygUHh2f845ppREBNLCNXc3orpiGhCwaZUtSF4yy+vkm6z4V02mg9X9dZtGUcFnaIzdIE8dI1a6B61UQdRpNAzekVvDjgvzrvzsWhdc8qZE/QHzucPFcaRHw==</latexit>

⇢̃
<latexit sha1_base64="qS8Fm9+een8fj5pp/yg3h2W54Ek=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/YAklM1m0y7d7IbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXZYIbcN1vZ219Y3Nru7JT3d3bPzisHR13jco1ZR2qhNL9iBgmuGQd4CBYP9OMpJFgvWh8N/N7T0wbruQjTDIWpmQoecIpASv5AXARMxzokRrU6m7DnQOvEq8kdVSiPah9BbGiecokUEGM8T03g7AgGjgVbFoNcsMyQsdkyHxLJUmZCYv5yVN8bpUYJ0rbkoDn6u+JgqTGTNLIdqYERmbZm4n/eX4OyU1YcJnlwCRdLEpygUHh2f845ppREBNLCNXc3orpiGhCwaZUtSF4yy+vkm6z4V02mg9X9dZtGUcFnaIzdIE8dI1a6B61UQdRpNAzekVvDjgvzrvzsWhdc8qZE/QHzucPFcaRHw==</latexit>

f̄SM
<latexit sha1_base64="dH3DoejMUVRR3T78XoCjUsaKS/I=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIq6LLoxo1Q0T6gCWEynbRD5xFmJkIN/RI3LhRx66e482+ctllo61kdzrmXe+6JU0a18bxvZ2V1bX1js7RV3t7Z3au4+wdtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6nvqdR6I0leLBjFMScjQQNKEYGStFbiWIkYJJlAeKw/vbSeRWvZo3A1wmfkGqoEAzcr+CvsQZJ8JghrTu+V5qwhwpQzEjk3KQaZIiPEID0rNUIE50mM+CT+CJVfowkTaBFAbO1N8bOeJaj3lsJzkyQ73oTcX/vF5mksswpyLNDBF4fijJGDQSTluAfaoINmxsCcKK2qwQD5FC2NiuyrYEf/HlZdKu1/yzWv3uvNq4KuoogSNwDE6BDy5AA9yAJmgBDDLwDF7Bm/PkvDjvzsd8dMUpdg7BHzifPwhbkq4=</latexit>

fSM
<latexit sha1_base64="U3lrAxmSNWBoARaE9HI2chX/0oM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXrwIFe0HtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjK9nfvuJKs0i+WAmMfUFHkoWMoKNlR7DftpTAt3fTvvlilt1M6Bl4uWkAjka/fJXbxCRRFBpCMdadz03Nn6KlWGE02mpl2gaYzLGQ9q1VGJBtZ9mF0/RiVUGKIyULWlQpv6eSLHQeiIC2ymwGelFbyb+53UTE176KZNxYqgk80VhwpGJ0Ox9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExatap3Vq3dnVfqV3kcRTiCYzgFDy6gDjfQgCYQkPAMr/DmaOfFeXc+5q0FJ585hD9wPn8AMpCQmg==</latexit>

fSM
<latexit sha1_base64="U3lrAxmSNWBoARaE9HI2chX/0oM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXrwIFe0HtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjK9nfvuJKs0i+WAmMfUFHkoWMoKNlR7DftpTAt3fTvvlilt1M6Bl4uWkAjka/fJXbxCRRFBpCMdadz03Nn6KlWGE02mpl2gaYzLGQ9q1VGJBtZ9mF0/RiVUGKIyULWlQpv6eSLHQeiIC2ymwGelFbyb+53UTE176KZNxYqgk80VhwpGJ0Ox9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExatap3Vq3dnVfqV3kcRTiCYzgFDy6gDjfQgCYQkPAMr/DmaOfFeXc+5q0FJ585hD9wPn8AMpCQmg==</latexit>

f̄SM
<latexit sha1_base64="dH3DoejMUVRR3T78XoCjUsaKS/I=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIq6LLoxo1Q0T6gCWEynbRD5xFmJkIN/RI3LhRx66e482+ctllo61kdzrmXe+6JU0a18bxvZ2V1bX1js7RV3t7Z3au4+wdtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6nvqdR6I0leLBjFMScjQQNKEYGStFbiWIkYJJlAeKw/vbSeRWvZo3A1wmfkGqoEAzcr+CvsQZJ8JghrTu+V5qwhwpQzEjk3KQaZIiPEID0rNUIE50mM+CT+CJVfowkTaBFAbO1N8bOeJaj3lsJzkyQ73oTcX/vF5mksswpyLNDBF4fijJGDQSTluAfaoINmxsCcKK2qwQD5FC2NiuyrYEf/HlZdKu1/yzWv3uvNq4KuoogSNwDE6BDy5AA9yAJmgBDDLwDF7Bm/PkvDjvzsd8dMUpdg7BHzifPwhbkq4=</latexit>
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• Present bounds allow for a low confinement scale with moderate ✏
<latexit sha1_base64="S940j+PXnpyPoS6EHFdj/RxnHVw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBOH5Ak</latexit>

• Precision measurements of Higgs couplings will not surpass LEP bounds

• Measurements of cc transverse mass spectra will be able to enforce tighter 
bounds

EWPO
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Flavor physics
• The only source of flavor violation are the Yukawa couplings: 

Minimal Flavor Violation is automatically realised

�F = 1
<latexit sha1_base64="5AR5VCDpKQ59pFfUJyAVnBkt6z0=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKexGQS9CUBGPEcwDskuYnfQmQ2YfzPQKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrK6tbxQ3S1vbO7t75f2Dlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPujm6nffgKlRRw94jgBL2SDSASCMzSS696CREbv6BV1euWKXbVnoMvEyUmF5Gj0yl9uP+ZpCBFyybTuOnaCXsYUCi5hUnJTDQnjIzaArqERC0F72ezmCT0xSp8GsTIVIZ2pvycyFmo9Dn3TGTIc6kVvKv7ndVMMLr1MREmKEPH5oiCVFGM6DYD2hQKOcmwI40qYWykfMsU4mphKJgRn8eVl0qpVnbNq7eG8Ur/O4yiSI3JMTolDLkid3JMGaRJOEvJMXsmblVov1rv1MW8tWPnMIfkD6/MH8lCQUA==</latexit>

B ! ⌧⌫, K ! µ⌫...
<latexit sha1_base64="W8Og8VyDIlsAPIpVt287rxWLat0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhYSkCgpuSt0IbirYBzShTKaTduhkEuYhlNKlG3/FjQtF3PoJ7vwbp2kW2nrgwrnn3svMOWHKqFSu+20VlpZXVteK66WNza3tHXt3rykTLTBp4IQloh0iSRjlpKGoYqSdCoLikJFWOLyezlsPREia8Hs1SkkQoz6nEcVIGalrH9agrxJTSEOf61P/6jbrY206x3G6dtl13AxwkXg5KYMc9a795fcSrGPCFWZIyo7npioYI6EoZmRS8rUkKcJD1CcdQzmKiQzGmZEJPDZKD0aJMMUVzNTfF2MUSzmKQ7MZIzWQ87Op+N+so1V0GYwpT7UiHM8eijSDxuo0FdijgmDFRoYgLKj5K8QDJBBWJruSCcGbt7xImhXHO3Mqd+flai2PowgOwBE4AR64AFVwA+qgATB4BM/gFbxZT9aL9W59zFYLVn6zD/7A+vwBHGCYHw==</latexit>

K̃±
<latexit sha1_base64="U6CqEtwA5Xj1f0sbLQRTonUGiVg=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj0InipYD+giWWzmbRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhZIzbVz321lZXVvf2Cxtlbd3dvf2KweHbZ1mikKLpjxV3ZBo4ExAyzDDoSsVkCTk0AlHN1O/8wRKs1Q8mLGEICEDwWJGibGS7xvGI8B3j75M+pWqW3NnwMvEK0gVFWj2K19+lNIsAWEoJ1r3PFeaICfKMMphUvYzDZLQERlAz1JBEtBBPrt5gk+tEuE4VbaEwTP190ROEq3HSWg7E2KGetGbiv95vczEV0HOhMwMCDpfFGccmxRPA8ARU0ANH1tCqGL2VkyHRBFqbExlG4K3+PIyaddr3nmtfn9RbVwXcZTQMTpBZ8hDl6iBblETtRBFEj2jV/TmZM6L8+58zFtXnGLmCP2B8/kDms6RZg==</latexit>

b ! s�
<latexit sha1_base64="y6G0iGl03EQYNQxNISgRnbPvlzQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlsl20y7dTcLuRiml/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIpyho0EYlqh6iZ4DFrGG4Ea6eKoQwFa4XDm6nfemRK8yS+N6OUBRL7MY84RWOlh5D4JiGa+H2UErulsltxZyDLxMtJGXLUu6Uvv5fQTLLYUIFadzw3NcEYleFUsEnRzzRLkQ6xzzqWxiiZDsazqyfk1Co9EiXKVmzITP09MUap9UiGtlOiGehFbyr+53UyE10FYx6nmWExnS+KMkHsp9MISI8rRo0YWYJUcXsroQNUSI0NqmhD8BZfXibNasU7r1TvLsq16zyOAhzDCZyBB5dQg1uoQwMoKHiGV3hznpwX5935mLeuOPnMEfyB8/kDf76R3Q==</latexit>

b
<latexit sha1_base64="YJjhR7RY5hyNtVLBH/MerrmOQ7I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPxi+M6g==</latexit> s

<latexit sha1_base64="8r6dWOvdyfgmPOHEanDSQrmgcis=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3/OM+w==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

K̃±
<latexit sha1_base64="U6CqEtwA5Xj1f0sbLQRTonUGiVg=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj0InipYD+giWWzmbRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhZIzbVz321lZXVvf2Cxtlbd3dvf2KweHbZ1mikKLpjxV3ZBo4ExAyzDDoSsVkCTk0AlHN1O/8wRKs1Q8mLGEICEDwWJGibGS7xvGI8B3j75M+pWqW3NnwMvEK0gVFWj2K19+lNIsAWEoJ1r3PFeaICfKMMphUvYzDZLQERlAz1JBEtBBPrt5gk+tEuE4VbaEwTP190ROEq3HSWg7E2KGetGbiv95vczEV0HOhMwMCDpfFGccmxRPA8ARU0ANH1tCqGL2VkyHRBFqbExlG4K3+PIyaddr3nmtfn9RbVwXcZTQMTpBZ8hDl6iBblETtRBFEj2jV/TmZM6L8+58zFtXnGLmCP2B8/kDms6RZg==</latexit>

Suppressed by       and        mass✏
<latexit sha1_base64="S940j+PXnpyPoS6EHFdj/RxnHVw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBOH5Ak</latexit> K̃±

<latexit sha1_base64="U6CqEtwA5Xj1f0sbLQRTonUGiVg=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj0InipYD+giWWzmbRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhZIzbVz321lZXVvf2Cxtlbd3dvf2KweHbZ1mikKLpjxV3ZBo4ExAyzDDoSsVkCTk0AlHN1O/8wRKs1Q8mLGEICEDwWJGibGS7xvGI8B3j75M+pWqW3NnwMvEK0gVFWj2K19+lNIsAWEoJ1r3PFeaICfKMMphUvYzDZLQERlAz1JBEtBBPrt5gk+tEuE4VbaEwTP190ROEq3HSWg7E2KGetGbiv95vczEV0HOhMwMCDpfFGccmxRPA8ARU0ANH1tCqGL2VkyHRBFqbExlG4K3+PIyaddr3nmtfn9RbVwXcZTQMTpBZ8hDl6iBblETtRBFEj2jV/TmZM6L8+58zFtXnGLmCP2B8/kDms6RZg==</latexit>

• Flavor physics doesn’t impose relevant constraint
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Electric dipole moment
• For complex phases extra irreducible sources of CP violation appear

✓DC
<latexit sha1_base64="2ShSN8qXZxB8QrGtrqGS29NcxUs=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMdiPXisYD+gCWGz3bRLd5OwOxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwDY7zba2tb2xubZd2yrt7+wcV+/Coo5NMUdamiUhULySaCR6zNnAQrJcqRmQoWDccN2d+95EpzZP4ASYp8yUZxjzilICRArviwYgBCXJPSXzbnAZ21ak5c+BV4hakigq0AvvLGyQ0kywGKojWfddJwc+JAk4Fm5a9TLOU0DEZsr6hMZFM+/n88Ck+M8oAR4kyFQOeq78nciK1nsjQdEoCI73szcT/vH4G0bWf8zjNgMV0sSjKBIYEz1LAA64YBTExhFDFza2YjogiFExWZROCu/zyKunUa+5FrX5/WW3cFHGU0Ak6RefIRVeoge5QC7URRRl6Rq/ozXqyXqx362PRumYVM8foD6zPH3AFkvA=</latexit>

Im[mi]
<latexit sha1_base64="3sSy7UtENU8FumXUqSiFx9GWG7A=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXvRWwX7AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0e3Mb4+p0iyWj2aS0EDggWQRI9hYKci6SqB7MfVFjwW9csWtunOgVeLlpAI5Gr3yV7cfk1RQaQjHWvuem5ggw8owwum01E01TTAZ4QH1LZVYUB1k86On6MwqfRTFypY0aK7+nsiw0HoiQtspsBnqZW8m/uf5qYmug4zJJDVUksWiKOXIxGiWAOozRYnhE0swUczeisgQK0yMzalkQ/CWX14lrVrVu6jWHi4r9Zs8jiKcwCmcgwdXUIc7aEATCDzBM7zCmzN2Xpx352PRWnDymWP4A+fzB5ATkfY=</latexit>

Im[yiỹi]
<latexit sha1_base64="+oE/jZEW4jtuYSzoLPiFOO8DQtc=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokVdBl0Y3uKtgLNCFMJpN26MwkzEyEEOrGV3HjQhG3voU738Zpm4W2/jDw8Z9zOHP+MGVUacf5tpaWV1bX1isb1c2t7Z1de2+/o5JMYtLGCUtkL0SKMCpIW1PNSC+VBPGQkW44up7Uuw9EKpqIe52nxOdoIGhMMdLGCuzDwpMc3vJxPw8o9DRlEYEG/cCuOXVnKrgIbgk1UKoV2F9elOCME6ExQ0r1XSfVfoGkppiRcdXLFEkRHqEB6RsUiBPlF9MLxvDEOBGME2me0HDq/p4oEFcq56Hp5EgP1XxtYv5X62c6vvQLKtJME4Fni+KMQZ3ASRwwopJgzXIDCEtq/grxEEmEtQmtakJw509ehE6j7p7VG3fnteZVGUcFHIFjcApccAGa4Aa0QBtg8AiewSt4s56sF+vd+pi1LlnlzAH4I+vzB/LrlpA=</latexit>

• Strongest constraint arise from electron EDM

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

e�
<latexit sha1_base64="+Prgj4dJ2cQd1CMxh1eXpNYsTWM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5NGpeydlyt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6GiNjA==</latexit>

⇡̃
<latexit sha1_base64="Rry6sQwqUub8L6JTjEneYFvlono=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2pWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0mwF9Gh5CFn1Fjp0TdcDJD4Ce+XK27VnYOsEi8nFcjR6Je//EHM0gilYYJq3fXcxPQyqgxnAqclP9WYUDamQ+xaKmmEupfNL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasLrXsZlkhqUbLEoTAUxMZm9TwZcITNiYgllittbCRtRRZmxIZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHQzuQpQ==</latexit>

H
<latexit sha1_base64="OmnsBIcI7uL9xT1nnclacUzB0Hk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ7HjNA=</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

e�
<latexit sha1_base64="+Prgj4dJ2cQd1CMxh1eXpNYsTWM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDG cCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5NGpeydlyt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6GiNjA==</latexit>

.
<latexit sha1_base64="XH89ybYhnkJSMa2Sy6csb1Wesmc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ehy11kz0yxWv6s3hrhI/JxXI0eiXv3qDmKYCpaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWiqJQB1k83un7plVBm4UK1vSuHP190RGhNYTEdpOQcxIL3sz8T+vm5roOsiYTFKDki4WRSl3TezOnncHTCE1fGIJoYrZW106IopQYyMq2RD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAocnuEV3pxH58V5dz4WrQUnnzmGP3A+fwBXUJAq</latexit>

8⇥ 10�29 e cm
<latexit sha1_base64="1TnuSixCpb+IOd4jSJIV7WhZM/g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgQstMFay4KbpxWcE+oDOWTJq2oUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth64cDjnXu69J4gYVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFQYS0zqOGShbAVIEUYFqWuqGWlFkiAeMNIMhtdjv/lApKKhuNOjiPgc9QXtUYy0kTr2fsXTlBMFXec+OSlfpN5x4kkOiXeJedqxi07JmQDOEzcjRZCh1rG/vG6IY06Exgwp1XadSPsJkppiRtKCFysSITxEfdI2VCCz2k8mb6Tw0Chd2AulKaHhRP09kSCu1IgHppMjPVCz3lj8z2vHulfxEyqiWBOBp4t6MYM6hONMYJdKgjUbGYKwpOZWiAdIIqxNcgUTgjv78jxplEvuaal8e1asXmVx5MEeOABHwAXnoApuQA3UAQaP4Bm8gjfryXqx3q2PaWvOymZ2wR9Ynz8XLped</latexit>

• Tight constraint on CP violating phases
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Collider Physics
• Phenomenological lagrangian to study the lighter states: ⌘, K, ⇡, ⇢

<latexit sha1_base64="eyhKLXLcBnlLBk7gAmCVGxGgq/c=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAILqQkVVBwU3QjuKlgH9CEMplO26GTTJiZCCUU/BU3LhRx63e482+ctFlo64E7HM65l3vnBDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29phKJJLRBBBeyHWBFOYtoQzPNaTuWFIcBp61gdJP5rUcqFRPRgx7H1A/xIGJ9RrA2Utc+8KjGp97VnSkvZtkrh6Jrl52KMwVaJG5OypCj3rW/vJ4gSUgjTThWquM6sfZTLDUjnE5KXqJojMkID2jH0AiHVPnp9PwJOjZKD/WFNBVpNFV/T6Q4VGocBqYzxHqo5r1M/M/rJLp/6acsihNNIzJb1E840gJlWaAek5RoPjYEE8nMrYgMscREm8RKJgR3/suLpFmtuGeV6v15uXadx1GEQziCE3DhAmpwC3VoAIEUnuEV3qwn68V6tz5mrQUrn9mHP7A+fwB0xpSF</latexit>

Pion pair production

|Dµ⇡|2 + |DµK|2+
<latexit sha1_base64="A0A7RxcooTXSNH4gmj734WCDD7U=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDEITRTkGPQz0IXia4F1hrSbN0C0vTkqTC6AZe/CpePCji1S/hzW9juvWgm38I/PJ/nofk+fsxo1JZ1rdRWFhcWl4prpbW1jc2t8ztnaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MFlVm89ECFpxO/UMCZuiHqcBhQjpS3P3BtdeU6YQCemo/vqcX67ydgzy1bFmgjOg51DGeSqe+aX041wEhKuMENSdmwrVm6KhKKYkXHJSSSJER6gHulo5Cgk0k0nO4zhoXa6MIiEPlzBift7IkWhlMPQ150hUn05W8vM/2qdRAXnbkp5nCjC8fShIGFQRTALBHapIFixoQaEBdV/hbiPBMJKx1bSIdizK89Ds1qxTyrV29Ny7SKPowj2wQE4AjY4AzVwDeqgATB4BM/gFbwZT8aL8W58TFsLRj6zC/7I+PwBPOWWmw==</latexit>

                    triplet interaction with  
                SM and pion currents

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

• The phenomenology is strongly constrained by the UV symmetry

• Everything is controlled by the absolute and relative ratio of        and y�
<latexit sha1_base64="pabo5gjzWlWhEu/purOSrXIrSdo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0MO6d90plt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2anTsipVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14bWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6RRuCt/jyMmlWK95FpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w8IdI2h</latexit>

y+
<latexit sha1_base64="J6sC0WjZ0PnLxq3a+shr21QLwgI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpYdw775XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdKsVryLSvX+sly7yeMowDGcwBl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvHXFyWeO4A+czx8FbI2f</latexit>

• When                       parity is conserved:                          no H - Pion mixingy� ⇠ ✏ = 0
<latexit sha1_base64="3vJL9pdySJ1IpIYhkXLQikWjtGA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJUQTdC0Y3LCvYBTQiT6aQdOo8wMxFKKPgrblwo4tbvcOffOG2z0NYDFw7n3Mu998Qpo9p43reztLyyurZe2ihvbm3v7Lp7+y0tM4VJE0smVSdGmjAqSNNQw0gnVQTxmJF2PLyd+O1HojSV4sGMUhJy1Bc0oRgZK0Xu4Sg6g4GmHAYk1ZRJAa+hF7kVr+pNAReJX5AKKNCI3K+gJ3HGiTCYIa27vpeaMEfKUMzIuBxkmqQID1GfdC0ViBMd5tPzx/DEKj2YSGVLGDhVf0/kiGs94rHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQL2qCLYsJElCCtqb4V4gBTCxiZWtiH48y8vklat6p9Xa/cXlfpNEUcJHIFjcAp8cAnq4A40QBNgkINn8ArenCfnxXl3PmatS04xcwD+wPn8AVYplG4=</latexit>

hKi = 0
<latexit sha1_base64="6JAR7afstU/vAadlbMkcmokeI4Q=">AAAB/nicbZBNSwMxEIZn61etX1Xx5CVYBE9ltwp6EYpeBC8VbCt0l5JNp21oNrskWaEsBf+KFw+KePV3ePPfmH4ctPWFwMM7M8zkDRPBtXHdbye3tLyyupZfL2xsbm3vFHf3GjpOFcM6i0WsHkKqUXCJdcONwIdEIY1Cgc1wcD2uNx9RaR7LezNMMIhoT/IuZ9RYq1088AWVPYHklvhqSpfEbRdLbtmdiCyCN4MSzFRrF7/8TszSCKVhgmrd8tzEBBlVhjOBo4KfakwoG9AetixKGqEOssn5I3JsnQ7pxso+acjE/T2R0UjrYRTazoiavp6vjc3/aq3UdC+CjMskNSjZdFE3FcTEZJwF6XCFzIihBcoUt7cS1qeKMmMTK9gQvPkvL0KjUvZOy5W7s1L1ahZHHg7hCE7Ag3Oowg3UoA4MMniGV3hznpwX5935mLbmnNnMPvyR8/kDPn6UXQ==</latexit>

!
<latexit sha1_base64="WWgVJgRhZWslrPCUMxbfvbfko/c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2A3jds=</latexit>

• If                       then                 generates         and         mixings    y� ⇠ ✏ 6= 0
<latexit sha1_base64="ATOhe1Ga39dIG/GZ+4shoq+k414=">AAACAHicbVBNS8NAEN3Ur1q/qh48eFksghdLUgU9Fr14rGA/oAlhs520SzebsLsRQujFv+LFgyJe/Rne/Ddu2xy09cHA470ZZuYFCWdK2/a3VVpZXVvfKG9WtrZ3dveq+wcdFaeSQpvGPJa9gCjgTEBbM82hl0ggUcChG4xvp373EaRisXjQWQJeRIaChYwSbSS/epT559hVLMIuJIrxWGBXALb9as2u2zPgZeIUpIYKtPzqlzuIaRqB0JQTpfqOnWgvJ1IzymFScVMFCaFjMoS+oYJEoLx89sAEnxplgMNYmhIaz9TfEzmJlMqiwHRGRI/UojcV//P6qQ6vvZyJJNUg6HxRmHKsYzxNAw+YBKp5ZgihkplbMR0RSag2mVVMCM7iy8uk06g7F/XG/WWteVPEUUbH6ASdIQddoSa6Qy3URhRN0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8AHzGVdA==</latexit>

hKi 6= 0
<latexit sha1_base64="srEetfYV7njv10dIlmKZD7rtiTc=">AAACAHicbZC7SgNBFIbPxluMt6iFhc1gEKzCbhS0DNoINhHMBbJLmJ2cTYbMzi4zs0IIaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOH6aCa+O6305uZXVtfSO/Wdja3tndK+4fNHSSKYZ1lohEtUKqUXCJdcONwFaqkMahwGY4uJnUm4+oNE/kgxmmGMS0J3nEGTXW6hSPfEFlTyC5I76akS+RuJ1iyS27U5Fl8OZQgrlqneKX301YFqM0TFCt256bmmBEleFM4LjgZxpTyga0h22Lksaog9H0gDE5tU6XRImyTxoydX9PjGis9TAObWdMTV8v1ibmf7V2ZqKrYMRlmhmUbLYoygQxCZmkQbpcITNiaIEyxe1fCetTRZmxmRVsCN7iycvQqJS983Ll/qJUvZ7HkYdjOIEz8OASqnALNagDgzE8wyu8OU/Oi/PufMxac8585hD+yPn8AQdklWM=</latexit>

H⌘
<latexit sha1_base64="Qk/ZaAKPXoEAgqGBfZxgPtgZy4Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeilx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RQ2Nre2d4q7pb39g8Oj8vFJSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4fu63n1BpnshHM0kxiOlQ8ogzaqzkN3poaL9ccavuAmSdeDmpQI5mv/zVGyQsi1EaJqjWXc9NTTClynAmcFbqZRpTysZ0iF1LJY1RB9PFsTNyYZUBiRJlSxqyUH9PTGms9SQObWdMzUivenPxP6+bmeg2mHKZZgYlWy6KMkFMQuafkwFXyIyYWEKZ4vZWwkZUUWZsPiUbgrf68jpp1areVbX2cF2p3+VxFOEMzuESPLiBOjSgCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AnVqOjg==</latexit>

H⇡
<latexit sha1_base64="FOM1WjyB3jwHRQcBfbvwx9F8xR4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeilx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdp/5vSeqNIvko5nH1Bd4IlnICDaZ1BrGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8NZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26t5VvfFwXWveFXGU4QzO4RI8uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPj644j</latexit>
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Phenomenology of       singlet⌘
<latexit sha1_base64="3yB95it9Ent4Fj3Q1FrRFE9tH1Q=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIlIyvdC6K7pxWcFeIAllMp20QycXZiZCCXkHN76KGxeKuHXjzrdxmmahrQcGPv7/nJkzvxsxKqRpfmuFtfWNza3idmlnd2//QD886okw5ph0cchCPnCRIIwGpCupZGQQcYJ8l5G+O72Z+/0HwgUNg3s5i4jjo3FAPYqRVNJQv0js7BKLj10nMSsmhE3Yal2aldpVvVGDCpqN1CYSpUO9rPysjFWAOZRBXp2h/mWPQhz7JJCYISEsaEbSSRCXFDOSluxYkAjhKRoTS2GAfCKcJFsnNc6UMjK8kKsTSCNTf08kyBdi5ruq00dyIpa9ufifZ8XSazkJDaJYkgAvHvJiZsjQmAdkjCgnWLKZAoQ5VbsaeII4wlLFWFIhwOUvr0KvWoG1SvWuXm5f53EUwQk4BecAgiZog1vQAV2AwSN4Bq/gTXvSXrR37WPRWtDymWPwp7TPH43dmsg=</latexit>

y� ⇠ ✏ = 0
<latexit sha1_base64="3vJL9pdySJ1IpIYhkXLQikWjtGA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJUQTdC0Y3LCvYBTQiT6aQdOo8wMxFKKPgrblwo4tbvcOffOG2z0NYDFw7n3Mu998Qpo9p43reztLyyurZe2ihvbm3v7Lp7+y0tM4VJE0smVSdGmjAqSNNQw0gnVQTxmJF2PLyd+O1HojSV4sGMUhJy1Bc0oRgZK0Xu4Sg6g4GmHAYk1ZRJAa+hF7kVr+pNAReJX5AKKNCI3K+gJ3HGiTCYIa27vpeaMEfKUMzIuBxkmqQID1GfdC0ViBMd5tPzx/DEKj2YSGVLGDhVf0/kiGs94rHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQL2qCLYsJElCCtqb4V4gBTCxiZWtiH48y8vklat6p9Xa/cXlfpNEUcJHIFjcAp8cAnq4A40QBNgkINn8ArenCfnxXl3PmatS04xcwD+wPn8AVYplG4=</latexit>

• When                      ,         can not be directly produced since it EW singlet⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>

• If                       it acquires a coupling to gluonsy� ⇠ ✏ 6= 0
<latexit sha1_base64="ATOhe1Ga39dIG/GZ+4shoq+k414=">AAACAHicbVBNS8NAEN3Ur1q/qh48eFksghdLUgU9Fr14rGA/oAlhs520SzebsLsRQujFv+LFgyJe/Rne/Ddu2xy09cHA470ZZuYFCWdK2/a3VVpZXVvfKG9WtrZ3dveq+wcdFaeSQpvGPJa9gCjgTEBbM82hl0ggUcChG4xvp373EaRisXjQWQJeRIaChYwSbSS/epT559hVLMIuJIrxWGBXALb9as2u2zPgZeIUpIYKtPzqlzuIaRqB0JQTpfqOnWgvJ1IzymFScVMFCaFjMoS+oYJEoLx89sAEnxplgMNYmhIaz9TfEzmJlMqiwHRGRI/UojcV//P6qQ6vvZyJJNUg6HxRmHKsYzxNAw+YBKp5ZgihkplbMR0RSag2mVVMCM7iy8uk06g7F/XG/WWteVPEUUbH6ASdIQddoSa6Qy3URhRN0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8AHzGVdA==</latexit>

Higgs-like particle  
with rescaled couplings

• A light singlet decays either to        via anomaly or to      via mixing2�
<latexit sha1_base64="37Ozm7Zm8+Ie3ufWit/Djn+IonU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCb2TSTJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx3cxvPTFteKwe7SRhocSh4gNO0TqpVe0OUUrslcp+xZ+DrJIgJ2XIUe+Vvrr9mKaSKUsFGtMJ/MSGGWrLqWDTYjc1LEE6xiHrOKpQMhNm83On5NwpfTKItStlyVz9PZGhNGYiI9cp0Y7MsjcT//M6qR3chBlXSWqZootFg1QQG5PZ76TPNaNWTBxBqrm7ldARaqTWJVR0IQTLL6+SZrUSXFaqD1fl2m0eRwFO4QwuIIBrqME91KEBFMbwDK/w5iXei/fufSxa17x85gT+wPv8Afobj1U=</latexit>

bb̄
<latexit sha1_base64="2jKcn8ELyMY3DSeaNKSDsTIVH9A=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCTOT3mTI7OwyMyuEkI/w4kERr36PN//GSbIHTSxoKKq66e5iqRTG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJsk0xwZPZKLbjBqUQmHDCiuxnWqkMZPYYqO7md96Qm1Eoh7tOMUwpgMlIsGpdVKLdRnVhPVKZb/iz0FWSZCTMuSo90pf3X7CsxiV5ZIa0wn81IYTqq3gEqfFbmYwpXxEB9hxVNEYTTiZnzsl507pkyjRrpQlc/X3xITGxoxj5jpjaodm2ZuJ/3mdzEY34USoNLOo+GJRlEliEzL7nfSFRm7l2BHKtXC3Ej6kmnLrEiq6EILll1dJs1oJLivVh6ty7TaPowCncAYXEMA11OAe6tAADiN4hld481LvxXv3Phata14+cwJ/4H3+ANB0jzk=</latexit>

⌘ ! 2�
<latexit sha1_base64="LxUEbVPPeOrR40cvz0/GwJUxuV4=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mqoMeiF48V7Ac0oUy2m3bp7ibsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZQ2Nre2d8q7lb39g8Mj9/ikrZNMEdoiCU9UNwJNOZO0ZZjhtJsqCiLitBON7+d+Z0KVZol8MtOUhgKGksWMgLFS33UDagAHJsH1YAhCQN+tejVvAbxO/IJUUYFm3/0KBgnJBJWGcNC653upCXNQhhFOZ5Ug0zQFMoYh7VkqQVAd5ovLZ/jCKgMcJ8qWNHih/p7IQWg9FZHtFGBGetWbi/95vczEt2HOZJoZKslyUZxxbB+dx4AHTFFi+NQSIIrZWzEZgQJibFgVG4K/+vI6addr/lWt/nhdbdwVcZTRGTpHl8hHN6iBHlATtRBBE/SMXtGbkzsvzrvzsWwtOcXMKfoD5/MHjaKS9Q==</latexit>

relevant for small mixings so that anomaly dominates 
however production will be suppressed

⌘ ! bb̄
<latexit sha1_base64="XcXyJy2bZCmwqvSM4g7V5fyEhmQ=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mqoMeiF48V7Ac0ocxuN+3SzSbsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5JBVcG8/7dkobm1vbO+Xdyt7+weGRe3zS1kmmKGvRRCSqS0AzwSVrGW4E66aKQUwE65Dx/dzvTJjSPJFPZpqyMIah5BGnYKzUd92AGcCBSTAJCChM+m7Vq3kL4HXiF6SKCjT77lcwSGgWM2moAK17vpeaMAdlOBVsVgkyzVKgYxiynqUSYqbDfHH5DF9YZYCjRNmSBi/U3xM5xFpPY2I7YzAjverNxf+8Xmai2zDnMs0Mk3S5KMoEto/OY8ADrhg1YmoJUMXtrZiOQAE1NqyKDcFffXmdtOs1/6pWf7yuNu6KOMroDJ2jS+SjG9RAD6iJWoiiCXpGr+jNyZ0X5935WLaWnGLmFP2B8/kDY/uS2Q==</latexit>

buried under the QCD background

Direct production of pion singlet irrelevant for phenomenology
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Phenomenology of       doubletK
<latexit sha1_base64="euzRU7FsrsWDIUyozxCWiPrH4+w=">AAACEHicbZC7TsMwFIYdrqXcAowsERWCAUVxL2rZKliQWIpEL1IaVY7rtFadi2wHqYryCCy8CgsDCLEysvE2uGkGaDmSpU//f459/LsRo0Ja1re2srq2vrFZ2Cpu7+zu7esHhx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdSfXM7/7QLigYXAvpxFxfDQKqEcxkkoa6GdJP7vE5iPXSSzTgrAOG40Ly6xcVmsVqKBeS2/TgV5SZlbGMsAcSiCv1kD/6g9DHPskkJghIWxoRdJJEJcUM5IW+7EgEcITNCK2wgD5RDhJtktqnCplaHghVyeQRqb+nkiQL8TUd1Wnj+RYLHoz8T/PjqXXcBIaRLEkAZ4/5MXMkKExS8cYUk6wZFMFCHOqdjXwGHGEpcqwqEKAi19ehk7ZhBWzfFctNa/yOArgGJyAcwBBHTTBDWiBNsDgETyDV/CmPWkv2rv2MW9d0fKZI/CntM8fBV2ZXw==</latexit>

• Stable because of species number when y± = 0
<latexit sha1_base64="rQ3Om+YuzfYO5jbCHpGya34Bfus=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6EohePFewHtEvJptk2NMmGJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZOkmtAmSXiiOxE2lDNJm5ZZTjtKUywiTtvR+G7mt5+oNiyRj3aiaCjwULKYEWyd1J70e0rc+P1yxa/6c6BVEuSkAjka/fJXb5CQVFBpCcfGdANf2TDD2jLC6bTUSw1VmIzxkHYdlVhQE2bzc6fozCkDFCfalbRorv6eyLAwZiIi1ymwHZllbyb+53VTG1+HGZMqtVSSxaI45cgmaPY7GjBNieUTRzDRzN2KyAhrTKxLqORCCJZfXiWtWjW4qNYeLiv12zyOIpzAKZxDAFdQh3toQBMIjOEZXuHNU96L9+59LFoLXj5zDH/gff4A3tmPQg==</latexit>

: MET or HSCP

y� ⇠ ✏ 6= 0
<latexit sha1_base64="ATOhe1Ga39dIG/GZ+4shoq+k414=">AAACAHicbVBNS8NAEN3Ur1q/qh48eFksghdLUgU9Fr14rGA/oAlhs520SzebsLsRQujFv+LFgyJe/Rne/Ddu2xy09cHA470ZZuYFCWdK2/a3VVpZXVvfKG9WtrZ3dveq+wcdFaeSQpvGPJa9gCjgTEBbM82hl0ggUcChG4xvp373EaRisXjQWQJeRIaChYwSbSS/epT559hVLMIuJIrxWGBXALb9as2u2zPgZeIUpIYKtPzqlzuIaRqB0JQTpfqOnWgvJ1IzymFScVMFCaFjMoS+oYJEoLx89sAEnxplgMNYmhIaz9TfEzmJlMqiwHRGRI/UojcV//P6qQ6vvZyJJNUg6HxRmHKsYzxNAw+YBKp5ZgihkplbMR0RSag2mVVMCM7iy8uk06g7F/XG/WWteVPEUUbH6ASdIQddoSa6Qy3URhRN0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8AHzGVdA==</latexit>

•                         gives a heavy higgs production and decay phenomenology

y+ 6= 0
<latexit sha1_base64="NlZpPH32BdjdLktCR4aFaQNdW70=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF48V7Ie0oWy2k3bpZhN2N0Io/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJYPJkvQj+hA8pAzaqz0mPXOSVcicXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvwxVYYzgZNiN9WYUDaiA+xYKmmE2h/PDp6QU6v0SRgrW9KQmfp7YkwjrbMosJ0RNUO96E3F/7xOasJrf8xlkhqUbL4oTAUxMZl+T/pcITMis4Qyxe2thA2poszYjIo2BG/x5WXSrFa8i0r1/rJcu8njKMAxnMAZeHAFNbiDOjSAQQTP8ApvjnJenHfnY9664uQzR/AHzucPYnmPeg==</latexit>

•                 produces exotic decays into the Higgs and the singlet

K0
<latexit sha1_base64="PmuTFgCzevbtMbq/qa8BA+U+JlU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL4KXiOYByRpmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSkHnAccz+kAyX6glG00v3to9stltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukUSl7Z+XK3XmpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fxViNdQ==</latexit>

H
<latexit sha1_base64="OmnsBIcI7uL9xT1nnclacUzB0Hk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ7HjNA=</latexit>

⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>

2b
<latexit sha1_base64="I1wIhojV0bb1iT4OgxVXo4Qlxp8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1rQL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV76Jau7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzBzccjSY=</latexit>

2�
<latexit sha1_base64="37Ozm7Zm8+Ie3ufWit/Djn+IonU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCb2TSTJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx3cxvPTFteKwe7SRhocSh4gNO0TqpVe0OUUrslcp+xZ+DrJIgJ2XIUe+Vvrr9mKaSKUsFGtMJ/MSGGWrLqWDTYjc1LEE6xiHrOKpQMhNm83On5NwpfTKItStlyVz9PZGhNGYiI9cp0Y7MsjcT//M6qR3chBlXSWqZootFg1QQG5PZ76TPNaNWTBxBqrm7ldARaqTWJVR0IQTLL6+SZrUSXFaqD1fl2m0eRwFO4QwuIIBrqME91KEBFMbwDK/w5iXei/fufSxa17x85gT+wPv8Afobj1U=</latexit>

BR(⌘ ! 2�)

BR(H ! 2�)
� 1

<latexit sha1_base64="BL2UfpDBDhx+P+3B7XDlKlQoNfc=">AAACKHicbVDLSgMxFM34rPVVdekmWIS6KTNV0J2lbrqsYh/QKeVOmpmGJjNDkhHK0M9x46+4EVGkW7/E9AHa1gOBwzn3cnOOF3OmtG2PrbX1jc2t7cxOdndv/+Awd3TcUFEiCa2TiEey5YGinIW0rpnmtBVLCsLjtOkN7iZ+84lKxaLwUQ9j2hEQhMxnBLSRurlb15dA0tSVAlceRgWXasCujnDJDUAIuBj9etVFww0C7HRzebtoT4FXiTMneTRHrZt7d3sRSQQNNeGgVNuxY91JQWpGOB1l3UTRGMgAAto2NARBVSedBh3hc6P0sB9J80KNp+rfjRSEUkPhmUkBuq+WvYn4n9dOtH/TSVkYJ5qGZHbITzg2eSet4R6TlGg+NASIZOavmPTBNKdNt1lTgrMceZU0SkXnsli6v8qXK/M6MugUnaECctA1KqMqqqE6IugZvaIP9Gm9WG/WlzWeja5Z850TtADr+wd6U6T2</latexit>

sets stringent boundsNaive reinterpretation
Also indirect probe of     singlet⌘

<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>
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Phenomenology of       triplet⇡
<latexit sha1_base64="C8srIJGdOupErq2083sgpQBXE4o=">AAACEnicbZDLSsNAFIYn9VbrLerSTbAIClIyvdC6K7pxWcFeIAllMp20QycXZiZCCXkGN76KGxeKuHXlzrdxmmahrQcGPv7/nJkzvxsxKqRpfmuFtfWNza3idmlnd2//QD886okw5ph0cchCPnCRIIwGpCupZGQQcYJ8l5G+O72Z+/0HwgUNg3s5i4jjo3FAPYqRVNJQv0js7BKLj10nMSsmhE3Yal2aldpVvVGDCpqN1I5oOtTLys7KWAWYQxnk1RnqX/YoxLFPAokZEsKCZiSdBHFJMSNpyY4FiRCeojGxFAbIJ8JJsm1S40wpI8MLuTqBNDL190SCfCFmvqs6fSQnYtmbi/95Viy9lpPQIIolCfDiIS9mhgyNeT7GiHKCJZspQJhTtauBJ4gjLFWKJRUCXP7yKvSqFVirVO/q5fZ1HkcRnIBTcA4gaII2uAUd0AUYPIJn8AretCftRXvXPhatBS2fOQZ/Svv8AcmKml0=</latexit>

y�, y+ 6= 0
<latexit sha1_base64="HWkXokaAS7xWewW9i40lod27+EI=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEIglqSKih4KXrxWMF+QBPCZjtpl242YXcjxNJf4sWDIl79Kd78N27bHLT6YODx3gwz84KEM6Vt+8sqLC2vrK4V10sbm1vb5crOblvFqaTQojGPZTcgCjgT0NJMc+gmEkgUcOgEo5up33kAqVgs7nWWgBeRgWAho0Qbya+UM//0xL3K/GPsCsC2X6naNXsG/Jc4OamiHE2/8un2Y5pGIDTlRKmeYyfaGxOpGeUwKbmpgoTQERlAz1BBIlDeeHb4BB8apY/DWJoSGs/UnxNjEimVRYHpjIgeqkVvKv7n9VIdXnpjJpJUg6DzRWHKsY7xNAXcZxKo5pkhhEpmbsV0SCSh2mRVMiE4iy//Je16zTmr1e/Oq43rPI4i2kcH6Ag56AI10C1qohaiKEVP6AW9Wo/Ws/Vmvc9bC1Y+s4d+wfr4BoB8ka8=</latexit>

• When                          the phenomenology is again heavy Higgs like with  
possible exotic decays

y�, y+ ⇠ 0
<latexit sha1_base64="EbJpqne9YaixbMdLrMH0nv3BTrM=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQ1JJUQcFN0Y3LCvYBTQiT6aQdOjMJM5NCCP0TNy4UceufuPNvnLZZaOuBC4dz7uXee8KEUaUd59sqrayurW+UNytb2zu7e/b+QVvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHQ/9TtjIhWNxZPOEuJzNBA0ohhpIwW2nQUX595tFpxBT1EOncCuOjVnBrhM3IJUQYFmYH95/RinnAiNGVKq5zqJ9nMkNcWMTCpeqkiC8AgNSM9QgThRfj67fAJPjNKHUSxNCQ1n6u+JHHGlMh6aTo70UC16U/E/r5fq6MbPqUhSTQSeL4pSBnUMpzHAPpUEa5YZgrCk5laIh0girE1YFROCu/jyMmnXa+5lrf54VW3cFXGUwRE4BqfABdegAR5AE7QABmPwDF7Bm5VbL9a79TFvLVnFzCH4A+vzB12Wki8=</latexit>

• If                          the Higgs is almost elementary and      is produced via EW 
interactions and decays through anomaly

⇡
<latexit sha1_base64="MMfoOZUbGzRkaB76umvTEWj+CN8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBRC43R</latexit>

⇡
<latexit sha1_base64="MMfoOZUbGzRkaB76umvTEWj+CN8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBRC43R</latexit>

⇡
<latexit sha1_base64="MMfoOZUbGzRkaB76umvTEWj+CN8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBRC43R</latexit>

W, ⇢
<latexit sha1_base64="Ox67dUdm8nNaE5EVadLTo97x14E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKih4KXrxWMF+QHcp2TTbhmaTNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz88KEM21c99sprKyurW8UN0tb2zu7e+X9g5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OLqd+u0nqjST4sGMExrEeCBYxAg2Vuq0z/xrXw1lr1xxq+4MaJl4OalAjkav/OX3JUljKgzhWOuu5yYmyLAyjHA6KfmppgkmIzygXUsFjqkOstm9E3RilT6KpLIlDJqpvycyHGs9jkPbGWMz1IveVPzP66YmugoyJpLUUEHmi6KUIyPR9HnUZ4oSw8eWYKKYvRWRIVaYGBtRyYbgLb68TFq1qnderd1fVOo3eRxFOIJjOAUPLqEOd9CAJhDg8Ayv8OY8Oi/Ou/Mxby04+cwh/IHz+QNmVY+N</latexit>

VSM
<latexit sha1_base64="hq5/5x10CDyUM5kRYciLOCSUTso=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXrwIFe0HtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjK9nfvuJKs0i+WAmMfUFHkoWMoKNlR5b/bSnBLq/nfbLFbfqZkDLxMtJBXI0+uWv3iAiiaDSEI617npubPwUK8MIp9NSL9E0xmSMh7RrqcSCaj/NLp6iE6sMUBgpW9KgTP09kWKh9UQEtlNgM9KL3kz8z+smJrz0UybjxFBJ5ovChCMTodn7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0alXvrFq7O6/Ur/I4inAEx3AKHlxAHW6gAU0gIOEZXuHN0c6L8+58zFsLTj5zCH/gfP4AGcCQig==</latexit>

VSM
<latexit sha1_base64="hq5/5x10CDyUM5kRYciLOCSUTso=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXrwIFe0HtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjK9nfvuJKs0i+WAmMfUFHkoWMoKNlR5b/bSnBLq/nfbLFbfqZkDLxMtJBXI0+uWv3iAiiaDSEI617npubPwUK8MIp9NSL9E0xmSMh7RrqcSCaj/NLp6iE6sMUBgpW9KgTP09kWKh9UQEtlNgM9KL3kz8z+smJrz0UybjxFBJ5ovChCMTodn7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0alXvrFq7O6/Ur/I4inAEx3AKHlxAHW6gAU0gIOEZXuHN0c6L8+58zFsLTj5zCH/gfP4AGcCQig==</latexit>

VSM
<latexit sha1_base64="hq5/5x10CDyUM5kRYciLOCSUTso=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXrwIFe0HtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjK9nfvuJKs0i+WAmMfUFHkoWMoKNlR5b/bSnBLq/nfbLFbfqZkDLxMtJBXI0+uWv3iAiiaDSEI617npubPwUK8MIp9NSL9E0xmSMh7RrqcSCaj/NLp6iE6sMUBgpW9KgTP09kWKh9UQEtlNgM9KL3kz8z+smJrz0UybjxFBJ5ovChCMTodn7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0alXvrFq7O6/Ur/I4inAEx3AKHlxAHW6gAU0gIOEZXuHN0c6L8+58zFsLTj5zCH/gfP4AGcCQig==</latexit>

VSM
<latexit sha1_base64="hq5/5x10CDyUM5kRYciLOCSUTso=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXrwIFe0HtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjK9nfvuJKs0i+WAmMfUFHkoWMoKNlR5b/bSnBLq/nfbLFbfqZkDLxMtJBXI0+uWv3iAiiaDSEI617npubPwUK8MIp9NSL9E0xmSMh7RrqcSCaj/NLp6iE6sMUBgpW9KgTP09kWKh9UQEtlNgM9KL3kz8z+smJrz0UybjxFBJ5ovChCMTodn7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0alXvrFq7O6/Ur/I4inAEx3AKHlxAHW6gAU0gIOEZXuHN0c6L8+58zFsLTj5zCH/gfP4AGcCQig==</latexit>

• Strinking multiboson final states are produced
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pp ! W+ ! ⇡+⇡0
<latexit sha1_base64="yP5jsLhLga/KQn3Ginau30NJKyk=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARBKHMVEGXRTcuK9gHdMaSSTNtaGYmJBmhDMWNv+LGhSJu/Qp3/o2ZtgttvZDcwzn3kpwTCM6Udpxvq7C0vLK6VlwvbWxube/Yu3tNlaSS0AZJeCLbAVaUs5g2NNOctoWkOAo4bQXD61xvPVCpWBLf6ZGgfoT7MQsZwdpQXftACE8nqHV/ivLuCZYjcztdu+xUnEmhReDOQBlmVe/aX14vIWlEY004VqrjOkL7GZaaEU7HJS9VVGAyxH3aMTDGEVV+NrEwRseG6aEwkebEGk3Y3xsZjpQaRYGZjLAeqHktJ//TOqkOL/2MxSLVNCbTh8KUI2M2zwP1mKRE85EBmEhm/orIAEtMtEmtZEJw5y0vgma14p5Vqrfn5drVLI4iHMIRnIALF1CDG6hDAwg8wjO8wpv1ZL1Y79bHdLRgzXb24U9Znz8I/ZXo</latexit>

3�W
<latexit sha1_base64="qvBua9jUTB0N+5tgZX/V1kOeFKA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZpQ5lsN+3S3STsboQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYjVQ4CaCR6xluFGsIdEMZSBYJ1gfDPzO09MaR5H92aSMF/iMOIhp2is9FjvDVFKJJ1+ueJW3TnIKvFyUoEczX75qzeIaSpZZKhArbuemxg/Q2U4FWxa6qWaJUjHOGRdSyOUTPvZ/OApObPKgISxshUZMld/T2QotZ7IwHZKNCO97M3E/7xuasIrP+NRkhoW0cWiMBXExGT2PRlwxagRE0uQKm5vJXSECqmxGZVsCN7yy6ukXat69Wrt7qLSuM7jKMIJnMI5eHAJDbiFJrSAgoRneIU3RzkvzrvzsWgtOPnMMfyB8/kD/zaP4Q==</latexit>

•  
yields a            final state

• Clean signature with hard photons

• Cross section resonantly  
enhanced by      exchange⇢

<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

Phenomenology of       triplet⇡
<latexit sha1_base64="C8srIJGdOupErq2083sgpQBXE4o=">AAACEnicbZDLSsNAFIYn9VbrLerSTbAIClIyvdC6K7pxWcFeIAllMp20QycXZiZCCXkGN76KGxeKuHXlzrdxmmahrQcGPv7/nJkzvxsxKqRpfmuFtfWNza3idmlnd2//QD886okw5ph0cchCPnCRIIwGpCupZGQQcYJ8l5G+O72Z+/0HwgUNg3s5i4jjo3FAPYqRVNJQv0js7BKLj10nMSsmhE3Yal2aldpVvVGDCpqN1I5oOtTLys7KWAWYQxnk1RnqX/YoxLFPAokZEsKCZiSdBHFJMSNpyY4FiRCeojGxFAbIJ8JJsm1S40wpI8MLuTqBNDL190SCfCFmvqs6fSQnYtmbi/95Viy9lpPQIIolCfDiIS9mhgyNeT7GiHKCJZspQJhTtauBJ4gjLFWKJRUCXP7yKvSqFVirVO/q5fZ1HkcRnIBTcA4gaII2uAUd0AUYPIJn8AretCftRXvXPhatBS2fOQZ/Svv8AcmKml0=</latexit>
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⇡
<latexit sha1_base64="C8srIJGdOupErq2083sgpQBXE4o=">AAACEnicbZDLSsNAFIYn9VbrLerSTbAIClIyvdC6K7pxWcFeIAllMp20QycXZiZCCXkGN76KGxeKuHXlzrdxmmahrQcGPv7/nJkzvxsxKqRpfmuFtfWNza3idmlnd2//QD886okw5ph0cchCPnCRIIwGpCupZGQQcYJ8l5G+O72Z+/0HwgUNg3s5i4jjo3FAPYqRVNJQv0js7BKLj10nMSsmhE3Yal2aldpVvVGDCpqN1I5oOtTLys7KWAWYQxnk1RnqX/YoxLFPAokZEsKCZiSdBHFJMSNpyY4FiRCeojGxFAbIJ8JJsm1S40wpI8MLuTqBNDL190SCfCFmvqs6fSQnYtmbi/95Viy9lpPQIIolCfDiIS9mhgyNeT7GiHKCJZspQJhTtauBJ4gjLFWKJRUCXP7yKvSqFVirVO/q5fZ1HkcRnIBTcA4gaII2uAUd0AUYPIJn8AretCftRXvXPhatBS2fOQZ/Svv8AcmKml0=</latexit>

• Existing LHC multi-       searches target light scalars or exotic Z decays�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

• Photon transverse momentum cut of 20 GeV not optimized for heavy physics

Phenomenology of       triplet

ATLAS 1509.05051
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• Main background at the LHC from
3�W

<latexit sha1_base64="qvBua9jUTB0N+5tgZX/V1kOeFKA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZpQ5lsN+3S3STsboQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYjVQ4CaCR6xluFGsIdEMZSBYJ1gfDPzO09MaR5H92aSMF/iMOIhp2is9FjvDVFKJJ1+ueJW3TnIKvFyUoEczX75qzeIaSpZZKhArbuemxg/Q2U4FWxa6qWaJUjHOGRdSyOUTPvZ/OApObPKgISxshUZMld/T2QotZ7IwHZKNCO97M3E/7xuasIrP+NRkhoW0cWiMBXExGT2PRlwxagRE0uQKm5vJXSECqmxGZVsCN7yy6ukXat69Wrt7qLSuM7jKMIJnMI5eHAJDbiFJrSAgoRneIU3RzkvzrvzsWgtOPnMMfyB8/kD/zaP4Q==</latexit>

2�W + nj
<latexit sha1_base64="ZE10TDiwB7lcfIJ3jzQ6mOe7HWA=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BLx4jmAckS+idzCZjZmaXmVkhhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUsGN9f1vb2V1bX1jM7eV397Z3dsvHBzWTZJpymo0EYluRmiY4IrVLLeCNVPNUEaCNaLB7cRvPDFteKIe7DBlocSe4jGnaJ3ULrd7KCWSxrl67BSKfsmfgiyTYE6KMEe1U/hqdxOaSaYsFWhMK/BTG45QW04FG+fbmWEp0gH2WMtRhZKZcDS9eUxOndIlcaJdKUum6u+JEUpjhjJynRJt3yx6E/E/r5XZ+DoccZVmlik6WxRngtiETAIgXa4ZtWLoCFLN3a2E9lEjtS6mvAshWHx5mdTLpeCiVL6/LFZu5nHk4BhO4AwCuIIK3EEVakAhhWd4hTcv8168d+9j1rrizWeO4A+8zx//EpEB</latexit>

with jet mis-ID

ISR mis-IDj ! �
<latexit sha1_base64="ANE0/hbkwRHWJSp5IUuEJVGYW0Y=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0GXRjcsK9gEzQ7mTZtrYZDIkGaEM/Qw3LhRx69e4829M21lo64HA4Zx7yT0nSjnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkpQttEcql6EWjKWULbhhlOe6miICJOu9H4duZ3n6jSTCYPZpLSUMAwYTEjYKzkPwZG4mAIQkC/WnPr7hx4lXgFqaECrX71KxhIkgmaGMJBa99zUxPmoAwjnE4rQaZpCmQMQ+pbmoCgOsznJ0/xmVUGOJbKvsTgufp7Iweh9UREdlKAGellbyb+5/mZia/DnCVpZmhCFh/FGcc25yw/HjBFieETS4AoZm/FZAQKiLEtVWwJ3nLkVdJp1L2LeuP+sta8KeoooxN0is6Rh65QE92hFmojgiR6Rq/ozTHOi/PufCxGS06xc4z+wPn8AQSckRQ=</latexit>

Signal has harder  �
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⇡
<latexit sha1_base64="C8srIJGdOupErq2083sgpQBXE4o=">AAACEnicbZDLSsNAFIYn9VbrLerSTbAIClIyvdC6K7pxWcFeIAllMp20QycXZiZCCXkGN76KGxeKuHXlzrdxmmahrQcGPv7/nJkzvxsxKqRpfmuFtfWNza3idmlnd2//QD886okw5ph0cchCPnCRIIwGpCupZGQQcYJ8l5G+O72Z+/0HwgUNg3s5i4jjo3FAPYqRVNJQv0js7BKLj10nMSsmhE3Yal2aldpVvVGDCpqN1I5oOtTLys7KWAWYQxnk1RnqX/YoxLFPAokZEsKCZiSdBHFJMSNpyY4FiRCeojGxFAbIJ8JJsm1S40wpI8MLuTqBNDL190SCfCFmvqs6fSQnYtmbi/95Viy9lpPQIIolCfDiIS9mhgyNeT7GiHKCJZspQJhTtauBJ4gjLFWKJRUCXP7yKvSqFVirVO/q5fZ1HkcRnIBTcA4gaII2uAUd0AUYPIJn8AretCftRXvXPhatBS2fOQZ/Svv8AcmKml0=</latexit>Phenomenology of       triplet
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Recast of current 
ATLAS        search3�

<latexit sha1_base64="JEBDvOOOYEOGLxXQabx7KSoO26k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSStoMeiF48V7Ae0oUy2m3bp7ibsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgobm1vbO8Xd0t7+weFR+fikreNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNO7uZ+54kqzWL5aKYJDQSOJIsYQWOlTr0/QiFwUK54VW8Bd534OalAjuag/NUfxiQVVBrCUeue7yUmyFAZRjidlfqppgmSCY5oz1KJguogW5w7cy+sMnSjWNmSxl2ovycyFFpPRWg7BZqxXvXm4n9eLzXRTZAxmaSGSrJcFKXcNbE7/90dMkWJ4VNLkChmb3XJGBUSYxMq2RD81ZfXSbtW9evV2sNVpXGbx1GEMziHS/DhGhpwD01oAYEJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP/ulj1Y=</latexit>

Reach with optimized cuts

• 8 TeV data allow to test this scenario up to 800 GeV!

⇡
<latexit sha1_base64="C8srIJGdOupErq2083sgpQBXE4o=">AAACEnicbZDLSsNAFIYn9VbrLerSTbAIClIyvdC6K7pxWcFeIAllMp20QycXZiZCCXkGN76KGxeKuHXlzrdxmmahrQcGPv7/nJkzvxsxKqRpfmuFtfWNza3idmlnd2//QD886okw5ph0cchCPnCRIIwGpCupZGQQcYJ8l5G+O72Z+/0HwgUNg3s5i4jjo3FAPYqRVNJQv0js7BKLj10nMSsmhE3Yal2aldpVvVGDCpqN1I5oOtTLys7KWAWYQxnk1RnqX/YoxLFPAokZEsKCZiSdBHFJMSNpyY4FiRCeojGxFAbIJ8JJsm1S40wpI8MLuTqBNDL190SCfCFmvqs6fSQnYtmbi/95Viy9lpPQIIolCfDiIS9mhgyNeT7GiHKCJZspQJhTtauBJ4gjLFWKJRUCXP7yKvSqFVirVO/q5fZ1HkcRnIBTcA4gaII2uAUd0AUYPIJn8AretCftRXvXPhatBS2fOQZ/Svv8AcmKml0=</latexit>Phenomenology of       triplet
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• 13 TeV data will greatly extend the reach

• The proposed analyis is complementary to resonant dilepton searches!

⇡
<latexit sha1_base64="C8srIJGdOupErq2083sgpQBXE4o=">AAACEnicbZDLSsNAFIYn9VbrLerSTbAIClIyvdC6K7pxWcFeIAllMp20QycXZiZCCXkGN76KGxeKuHXlzrdxmmahrQcGPv7/nJkzvxsxKqRpfmuFtfWNza3idmlnd2//QD886okw5ph0cchCPnCRIIwGpCupZGQQcYJ8l5G+O72Z+/0HwgUNg3s5i4jjo3FAPYqRVNJQv0js7BKLj10nMSsmhE3Yal2aldpVvVGDCpqN1I5oOtTLys7KWAWYQxnk1RnqX/YoxLFPAokZEsKCZiSdBHFJMSNpyY4FiRCeojGxFAbIJ8JJsm1S40wpI8MLuTqBNDL190SCfCFmvqs6fSQnYtmbi/95Viy9lpPQIIolCfDiIS9mhgyNeT7GiHKCJZspQJhTtauBJ4gjLFWKJRUCXP7yKvSqFVirVO/q5fZ1HkcRnIBTcA4gaII2uAUd0AUYPIJn8AretCftRXvXPhatBS2fOQZ/Svv8AcmKml0=</latexit>Phenomenology of       triplet
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4W final state - same-sign multilepton m++
� & 400GeV

3�W as for the pions - with higher cross-section

V model
• Model with                triplets fermions give                quintuplets pions
• No mixing with the Higgs is allowed: simple phenomenology

SU(2)L
<latexit sha1_base64="G4B1PsY8J69RtTekUdT17pojiyo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBS2DNhYWET0TSI6wt9lLluzuHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsVLr3q/WT3u3vXLFrbkzoGXi5aQCOZq98le3H5NUUGkIx1p3PDcxQYaVYYTTSambappgMsID2rFUYkF1kM3OnaATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif10lNdBlkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCJRuCt/jyMnms17yzWv3uvNK4yuMowhEcQxU8uIAG3EATfCAwgmd4hTcncV6cd+dj3lpw8plD+APn8wfdJI6a</latexit>

SU(2)L
<latexit sha1_base64="G4B1PsY8J69RtTekUdT17pojiyo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBS2DNhYWET0TSI6wt9lLluzuHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsVLr3q/WT3u3vXLFrbkzoGXi5aQCOZq98le3H5NUUGkIx1p3PDcxQYaVYYTTSambappgMsID2rFUYkF1kM3OnaATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif10lNdBlkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCJRuCt/jyMnms17yzWv3uvNK4yuMowhEcQxU8uIAG3EATfCAwgmd4hTcncV6cd+dj3lpw8plD+APn8wfdJI6a</latexit>
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(possible?) Relation with neutrino masses
• For               theories with odd       a baryon is a fermionSU(N)

<latexit sha1_base64="emkPISoZRYAkkHGpQwKkTcrrNAM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OJJKrq20C4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KjjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjq6nfuuJKs1i+WDGCQ0EHkgWMYKNlfx7v3p72itX3Jo7A1omXk4qkKPZK391+zFJBZWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LJRZUB9ns2Ak6sUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URJdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7IheIsvL5PHes07q9XvziuNqzyOIhzBMVTBgwtowA00wQcCDJ7hFd4c6bw4787HvLXg5DOH8AfO5w+35o33</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

• The right-handed component of the singlet could be related to     masses⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

• The                accidental symmetry forbids the generation of            operator U(1)DB
<latexit sha1_base64="MKF0Ou9mC7UWBe+AZKm2PalmylU=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnok6MEjJi6SwIZ0S4GGtru2XRKy4Xd48aAxXv0x3vw3FtiDgi+Z5OW9mczMC2POtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFKE+iXikWiHWlDNJfcMMp61YUSxCTh/D0c3MfxxTpVkkH8wkpoHAA8n6jGBjpcAve+fdtKMEuq1Pu8WSW3HnQKvEy0gJMjS6xa9OLyKJoNIQjrVue25sghQrwwin00In0TTGZIQHtG2pxILqIJ0fPUVnVumhfqRsSYPm6u+JFAutJyK0nQKboV72ZuJ/Xjsx/esgZTJODJVksaifcGQiNEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5JmteJdVKr3l6VaPYsjDydwCmXw4ApqcAcN8IHAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AKrORDw==</latexit>

LH̃B
<latexit sha1_base64="1tSKae0JY8kyCHvQbEplMzFJNgw=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWpgi5L3XThooJ9QBPKZDJph04ezEyEErvwV9y4UMStv+HOv3HSZqGtBwYO59zLPXO8hDOpLOvbWFldW9/YLG2Vt3d29/bNg8OOjFNBaJvEPBY9D0vKWUTbiilOe4mgOPQ47Xrjm9zvPlAhWRzdq0lC3RAPIxYwgpWWBubxraMY9ylqoswJsRoRzFFjOjArVtWaAS0TuyAVKNAamF+OH5M0pJEiHEvZt61EuRkWihFOp2UnlTTBZIyHtK9phEMq3WyWf4rOtOKjIBb6RQrN1N8bGQ6lnISenswjykUvF//z+qkKrt2MRUmqaETmh4KUIxWjvAzkM0GJ4hNNMBFMZ0VkhAUmSldW1iXYi19eJp1a1b6o1u4uK/VGUUcJTuAUzsGGK6hDE1rQBgKP8Ayv8GY8GS/Gu/ExH10xip0j+APj8wff8pVd</latexit>

Break it: DM decays

• Use a dark pion to realize a type-II see-saw. Dark pions to not carry 
One doesn’t jeopardize the DM stability

• This symmetry guarantees the DM stability. 

U(1)DB
<latexit sha1_base64="MKF0Ou9mC7UWBe+AZKm2PalmylU=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnok6MEjJi6SwIZ0S4GGtru2XRKy4Xd48aAxXv0x3vw3FtiDgi+Z5OW9mczMC2POtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFKE+iXikWiHWlDNJfcMMp61YUSxCTh/D0c3MfxxTpVkkH8wkpoHAA8n6jGBjpcAve+fdtKMEuq1Pu8WSW3HnQKvEy0gJMjS6xa9OLyKJoNIQjr Vue25sghQrwwin00In0TTGZIQHtG2pxILqIJ0fPUVnVumhfqRsSYPm6u+JFAutJyK0nQKboV72ZuJ/Xjsx/esgZTJODJVksaifcGQiNEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5JmteJdVKr3l6VaPYsjDydwCmXw4ApqcAcN8IHAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AKrORDw==</latexit>

• Reconcile           and      masses ⌧DM
<latexit sha1_base64="zYObiKlE1zSkUE6ACdjeLCcNhAI=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8ld0q6LGoBy9CBfsB3aVk02wbmmTXZLZQlv4OLx4U8eqP8ea/MW33oK0PBh7vzTAzL0wEN+C6387K6tr6xmZhq7i9s7u3Xzo4bJo41ZQ1aCxi3Q6JYYIr1gAOgrUTzYgMBWuFw5up3xoxbXisHmGcsECSvuIRpwSsFPhA0m7ma4lv7yfdUtmtuDPgZeLlpIxy1LulL78X01QyBVQQYzqem0CQEQ2cCjYp+qlhCaFD0mcdSxWRzATZ7OgJPrVKD0extqUAz9TfExmRxoxlaDslgYFZ9Kbif14nhegqyLhKUmCKzhdFqcAQ42kCuMc1oyDGlhCqub0V0wHRhILNqWhD8BZfXibNasU7r1QfLsq16zyOAjpGJ+gMeegS1dAdqqMGougJPaNX9OaMnBfn3fmYt644+cwR+gPn8wd9WZHp</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

OR
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(possible?) Relation with EW baryogenesis
• The chiral lagrangian delivers interactions between Higgs,       and K

<latexit sha1_base64="HQfadDQrozr2PpvG928HQmjcOjI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6NTjNM=</latexit>

⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>

physical basis

• Light scalar degrees of freedom coupled to the Higgs generate a cubic 
term in the thermal potential

�V ⇠ 1

12⇡
T (� sin�)3/2|H|3

<latexit sha1_base64="SZJdmtk4jFczCu99hZn8ywCB3oM="></latexit>

• A strong FOPT requires 
vc
Tc

⇠ v2

m2
H

(� sin�)3/2

3⇡
& 1

<latexit sha1_base64="5/+XildSnZEH7LipxzUMffFlYak="></latexit>

• The mixing angle is constrained by EWPO
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<latexit sha1_base64="yUJXEG7GdG14OTN7lVqCcSzak7g="></latexit>

T̂ . 10�3
<latexit sha1_base64="FPzPIqhlVJkH/tgdAOBlxxVxbho=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuLEkraDLohuXFfqCJpbJdNIOnUnCzEQoIRt/xY0LRdz6Ge78G6ePhbYeuHA4517uvSdIOFPacb6tldW19Y3NwlZxe2d3b98+OGypOJWENknMY9kJsKKcRbSpmea0k0iKRcBpOxjdTvz2I5WKxVFDjxPqCzyIWMgI1kbq2cfeEGvUQB6nSikmkOs8ZBfVvGeXnLIzBVom7pyUYI56z/7y+jFJBY004Viprusk2s+w1Ixwmhe9VNEEkxEe0K6hERZU+dn0gRydGaWPwliaijSaqr8nMiyUGovAdAqsh2rRm4j/ed1Uh9d+xqIk1TQis0VhypGO0SQN1GeSEs3HhmAimbkVkSGWmGiTWdGE4C6+vExalbJbLVfuL0u1m3kcBTiBUzgHF66gBndQhyYQyOEZXuHNerJerHfrY9a6Ys1njuAPrM8f7tSVVQ==</latexit>

Minimal model doesn't work…
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Summary
• QCD like theories are a rich playground for model building
• Possibilities ranging from Dark Matter, Neutrinos, Baryogenesis….
• Current direct searches at collider are not sensitive to these scenarios

⇠ y�
<latexit sha1_base64="eNUCt23p95Mxb4enud+8BB4q94w=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBi2W3FfRY9OKxgv2AdinZNNuGJtk1yQrL0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCye3M7zxRpVkkH0waU1/gkWQhI9hYqdvXTKB0cDEoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+NnWBlGOJ2W+ommMSYTPKI9SyUWVPvZ/N4pOrPKEIWRsiUNmqu/JzIstE5FYDsFNmO97M3E/7xeYsJrP2MyTgyVZLEoTDgyEZo9j4ZMUWJ4agkmitlbERljhYmxEZVsCN7yy6ukXat69Wrt/rLSuMnjKMIJnMI5eHAFDbiDJrSAAIdneIU359F5cd6dj0VrwclnjuEPnM8feSiPmA==</latexit>

• Easy experimental analysis can be designed. Great sensitivity expected!

Thank you


