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Introduction

In SM : Lepton Number/Lepton Flavor are not related to a gauge symmetry

* In 1998 : Observation of flavor neutrino oscillations — prove neutral LFV
Massive neutrinos — go beyond the minimal SM (BSM physics)
however: neutrinos masses << other (charged) fermion masses
« Key questions :
— What is the mechanism at the origin of the neutrino mass ?
What about charged LFV ?

Do heavy right-handed neutrinos exist ? ;Wv
> > >

Neutrino-induced lepton flavor violation for charged W Vo Ve
leptons is expected to be very small [e.g., Br(u — ey) ~ 10°]

Many news physics models can enhance this decay
Example : RPV SUSY, Extra-dim, GUT, models with Majorana N etc
— good probe for new physics

(H)
}
A natural way to generate LNV and neutrino mass : 2t VR_,T- ‘V;)
Seesaw Mechanism (type I, II, IIl) (H) ¥’
Left-Right Symmetry model offers the Seesaw scale and heavy neutrinos

SUR), ®SUQ2), ®U(),, My, > My,




The LHC

Total Integrated Luminosity (b !)

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2017-09-25 14:42 UTC
T T T 60

2010, 7 TeV, 45.0 pb !
2011, 7 TeV, 6.1 b '

2012, 8 TeV, 23.3 fb*
2015, 13 TeV, 4.2 b '
2016, 13 TeV, 40.8 b! 140
w2017, 13 TeV, 25.2 !

30 130

20

10 110
éx 50 . o ru n 1 & ru n 2
¢ \,@\"’“ RS Sl 40 \)\°" 4 0%
Date (UTC) I
CMS Beak Luminosity Per Day, pp
Analyses presented s o 7o e
in this talk use : g oA d i PU>=27
- 2016, 13 TeV, 5.3 Hz/nb < >
2012 : 8 TeV, 23 fb! ittt ot A
- _
2015 : 13 TeV, 4 fb- : <PU>= 21 <PU>=14 i
2016 : 13 TeV, 40 fb1 § ¥
(LHC delivered luminosity)  £° g et I P
R S . i s,
\.\’“ \,\‘“ y\’“ \.\"\ y\a“ y\’“ \.\’“

Date (UTC)



The CMS detector

tracker
crystal electromagnetic calorimeter

pre-shower detector

return yoke

superconducting magnet

total weight: 12 500 tonnes
overall diameter: 15m hadron calorimeter
overall length: 21.5m

magnetic field: 4 tesla muon chambers

calorimeter

High precision multipurpose detectors
Particle identification: electrons, muons, photons, charged hadrons, neutral hadrons
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LFV searches @CMS : outline

Lepton flavour violation in Z decays

Lepton flavour violation in H decays

LFV of heavy state X — ep

Search for heavy neutrinos :
- Type | seesaw and Left-Right SM
- Type lll seesaw

Low energy results (e.g., u — ey, u — eee, T — uy, etc.) provide constraints
(but often with assumptions)




LFV in Z decays




LFV in Z decays : Z—ep

- From one-loop decay with flavor-oscillating neutrinos :
Predicts LFV in Z decay, Br(Z—ep)<10-0

In BSM scenarios :
Br(Z—ep) can be enhanced to 108 or 10-°

ex : Models with massive Dirac
or Majorana neutrinos, extended gauge models,

or RPV SUSY arXiv:hep-ph/0010193
Indirect constraint from low energy experiment :
u—3e: Br(Z—ep) < 5x1013
worth to check if this hold at high energy

- Limit from LEP : Br(Z—ep) < 1.7x10¢® @95% CL



LFV in Z decays : Z—ep

2012 data analysis (8 TeV, 19.7 fb) CMS-PAS-EXO-13-005
Search for a bump around the Z mass in

the invariant e-py mass spectrum S 100 M8 Pelmnay BT
8 = ¢ Data Bkg uncertainty 3
Main backgrounds: Z—77, W+W-, o 10°F Signal, B(Z— ew=t10°[ ] zcc =
top-quark pair production, tW, WZ, ZZ, < : e _ -
Z+I;’)eqts ande+J'2tS 2 104 2 \j tt, tw, tw - Diboson, Z— eelw_EI
2 - isidentified leptons =
Strong event selection to reduce the S 0%k ] wisidentiied ep Signal with 4
backgrounds : isolated e and p, opposite i Br(Z—ep)=10"¢
charge, third lepton veto, jet veto, transverse 10° E
mass (muon) veto, p.(Z)< 10 GeV 10 -
Count events in window around the Z 1 =
- Background prediction of 83 + 9 51 5 —+
- Events found in data: 87 o
- Use CLS method to determine limit §o 55

Limits @95% CL : Br(Z—ep) < 7.3 107 (Observed)
6.7 10~ (Expected)

Better limit than LEP



LFV in Higgs decays




LFV in Higgs decays

» LFV couplings to the Higgs possible, e.g., if SM only valid to finite scale
For example in 2 Higgs Doublet models (2HDM), extra-dimension models,

compositness models. arXiv:1209.1397

LFV Higgs couplings would allow processes like :
u—e, [ and t—e via a virtual Higgs boson

/ N
/ \
[

» Strong constraint: TR Y;ﬂleprR :
from searches for y—ey
Br(H—ep) < 0(10-8) @ 95% CL g

Weaker limits on

Br(H—e/pt) < O(10%) @ 95% CL
from searches for t—e/py and
u/e g-2 measurements

— direct search for H—et and H—pt: promising

10



History of H—pt channel @CMS

Search for H—ut, 2 channels: p t(e) and p t(h), and 3 categories: 0,1,2 jets

2012 data analysis (8 TeV, 19.7 fb1)

19.7 o' (8 TeV

~

> E ]
[0) L CMS ® Data _
O - . ]
o 60 ] Bkgd. uncertainty -
« B SMH ]
~ - -
0 L Z-11 i
S 50— I other .
0 C It 1 0O
o a0l [ I MisID'd t, e, 1 1 =
(0] - . -
= T T el - LFV Higgs, (B=0.84%) ]| w
[e)) - . 1
= %0 4 X
: B
+ ~ -
o 20 ] —
a L R
10 4 O
- s O
0 = 8
Eloip —$- - =
35 oF —— ++ E
EE, % E _?_ ' l _"_—0— 3
5 0.1 ; ........... l ‘ ;
e 100 200 300

A small (2.4 sigmas) excess

Br(H—pt) <1.51% (0.75% expected)

Br(H—et) <0.69%
Br(H—ep) <0.035%

PLB763C (2016) 472

L€€ (5107) 6vZ 91d

2015 data analysis (13 TeV, 2.3 fb")

T 0 Jets

4.17% (exp.)
4.24% (obs.)
Mt 1 Jet
4.89% (exp.)
6.35% (obs.)
e 2 Jets
6.41% (exp.)
7.71% (obs.)
e, 0 Jets
2.24% (exp.)
1.33% (obs.)
nr, 1 Jet
4.36% (exp.)
3.04% (obs.)
ne,, 2 Jets
7.31% (exp.)
8.99% (obs.)
H-ur
1.62% (exp.)
1.20% (obs.)

CMS rreiiminary 23" (13 TeV)
; II L I L I T 1 7T I L I T 17T
. ® Observed
I X Expected —
X ® [ + 1 std deviation
L [_] +2 std deviation
X e
— 8 TeV [Phys. Lett. B 749 (2015) 337
e Observed
| --- Expected |
e X
X e
S PN A AN AN AT AT AT S AT A

0

5 10 15 20 25

95% CL Limit on Br(H—ur), %

Br(H—pt)<1.20%

(1.62% expected): not yet

at the Run1 sensitivity

G00-91-OIH-SVd-SWD
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H—pt & H—et channels ‘ﬂ@?

UPDATE : 2016 dataset (13 TeV, 35.9 fb-") CMS PAS HIG-17-001
Number of channels : p t(e) & p t(h) and e t(p) & e t(h) To be submitted to JHEP
Number of categories : 0, 1, 2 & VBF 35.9 fb" (13 TeV)
%60000 :—CMS S S —:

Very similar signatures as the SM H—tt but with § [ relminay F—— !

significant kinematic differences “s0000F-" Weooon Moo -

The e(p) in the LFV H—e(p)t decay produced promptly : [oioson [Jrecucive 3

— larger momentum than in the SM H—t(e/p) t(h) 0 Ez“k”:u:f_“”m:z"%":

A : ) 0000 Signal with

nalysis strategy : 3 Br(H—pt(h))

-Loose selection+BDT analysis-fit: a set of 8 kinematics ~ *°f =20% :

variables is combined into a Boost Decision Tree (BDT) 10000l ]

(Pr1,Pr2,Mcol,Et(miss),M(t(h)), An(ly, |;), and 2 AD cuts) : ]

-Mcol-fit analysis as cross check (cut based analysis) % 50

100
1P, (GeV)

Background estimation : using data driven technique (control regions)
L—1T, L—pu, L—ee , also W+jets, multijet bg from QCD (fake leptons)
tt+jet, H—1t, diboson (using simulations)

Collinear mass : estimate of Higgs mass using the observed decay of H
+ collinear approximation (M,>>Mt) — T are boosted

B T 12
— suppose neutrinos direction = visible decay products of the t



Collinear mass distribution

Collinear mass

H—pt(e) channel :

Signal with
Br(H—pt(e))
=5%

2016, 35.9 b (13 TeV)

C [ T T —]
é 2500 F- CMS Preiiminary ~+-Observed  []z—w E
_‘9 X . Z—eelup l:l tt t+jets 7]
< 2000~ 3 I:l Diboson D Reducible =
[0 L ]
Lﬁ N OJ et [ SM Hotr, WWem H—t (B=5%) ]
1500 :_ [ ]BKg. unc. _:
1000 3
500 -
ok ]
S5
L
o  PEBIRE JC ¢ S SRR SHERNE
8 o5
0 100 200 300
Collinear Mass [GeV]
2016, 35.9 o' (13 TeV)
[ T T
é 50 CMS Preliminary ~4-Observed [_]z—w
ﬂ . Z—eeluu Dﬁ,hiets
C o . .
o) I:l Diboson I:l Reducible
U>J 40 2.] ets VB [ SM H—ct, W= Hyit (B=5%)
30 D Bkg. unc.

20
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0
skl
<y s i et
S e A

0 100 200 300

Collinear Mass [GeV]

2016, 35.9 fb™' (13 TeV)

c T T
S 1200 F CMS Preliminary ~+-Observed [zt
_fQ o . Z—ee/upn D tt t+jets
c o ° . .
@ 1000 - I:‘ Diboson D Reducible
Lﬁ - 1 J et [ SM Heorr, WWem= Hosput (B=5%).
800 :_ [[]Bkg. unc.
600
400F
200F
ok
o}
< 1.5 I
Ll\.! 1 s +*+**‘++‘#H g it H
) T + Y+
8 os
0 100 200 300
Collinear Mass [GeV]
2016, 35.9 fb™' (13 TeV)
< 1200 X T ! -
é L CMS Preliminary —4- Observed DZan ]
_,g 1000 :_ Wzoeerny  [Mtit+jets _:
o [ 3 [Mpiboson [ ]Reducible ]
Lﬁ 800 2J ets gg I SM Hsrr, W= H->yit (B=5%)]
: l:l Bkg. unc. :
600 |- 3
400 3
200 3
ok E
a
< 15
1 I
: P * +—t i
a e
®) 0.5
0 100 200 300

Collinear Mass [GeV]
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BDT output disctribution

2016, 35.9 b (13 TeV) 2016, 35.9 b (13 TeV)

c = T T T T c T T T T
B DT O u t p u t fo r t h e §25000 L. CMS Preliminary ~4-Observed ]z é 12000 :_ CMS Preliminary +4-Observed |zt _:
o 2] C B z-eelun [ tit+jets 2] - B z-eelun O tit+jets 7
H pt ( e ) C h a n n e l [ 520000 :_ Oj et D Diboson D Reducible %1 0000 - 1 jet I:\ Diboson D Reducible _7]
L1>J - [ SM Hos 17, WWe= Hs17 (B=5%) U>J C [ SM Hos 1, W= Hsy17 (B=5%) ]
[Bkg. unc. 8000 - [Bkg. unc. 3
bg-like signal-like eoof :
10000 |~ C ]
- 4000 ]
5000 :— 2000 :_ _:
ok ok ]
: : S5 Q5
Signal with s 1 )
>~ 1 e e >~ 1 g e
—_ (2] (2]
ldlaml) S 05 . . . . Sospy . . .
= 5% -0.6 -0.4 -0.2 0 0.2 -0.6 -0.4 -0.2 0 0.2
BDT discriminator BDT discriminator
2016, 35.9 fo' (13 TeV) 2016, 35.9 o' (13 TeV)
- —— T - - T .
é 350 E CMS Preliminary ~+4-Observed  [|zotr = é 5000 -~ CMS Preliminary +-Observed  [[Jzoc -
i) 300 F W zoeenn  [Mtiteiets 3 i) 5 Ezoeenn  [Dtitsjets 7
GCJ é 2j ets VB F [ piboson  [_JReducible é GCJ 4000 :_ Zj ets gg [ piboson  [_JReducible _:
Lﬁ 250 F [ sM Hostr,WWe== H—>y17 (B=5%)] L1>J C [ sM Hostt, W= H—>y17 (B=5%)]
200 é‘_ \:‘ Bkg. unc. _E 3000 E_ \:‘ Bkg. unc. _E
190F E 2000 3
100 3 - 3
50 E_ _E 1000 :— —:
oF 3 ob e e B 1
S5 S5
LLJ. 1 LLJ 1 — ol e
(2] (2] T
8 o5 3 0s
-0.6 -0.4 -0.2 0 0.2 -0.6 -0.4 -0.2 0 0.2

BDT discriminator BDT discriminator 14



Results : H—ut & H—et

BDT-fit analysis results for the 8 categories :

CMS preiiminary 35.9 b (13 TeV)
I‘E'lIlIlllllllllllllllllllllll
p‘rhad,OJets '
0.51% (0.43%) h—sut: BDT Fit
wt d,1.Jet I ® Observed
a
0.53% (0.56%) X Median expected
- . |
e 2.dets ' I 68% expected
had
0.56% (0.94%) |:| 95% expected
HT VBF ' H 3 T
0.51% (0.58%)
u‘re,OJets l
1.30% (0.83%)
ue, 1 Jet .
1.34% (1.19%)
ut, 2 Jets -
2.27% (1.98%)
ut, VBF .
1.79% (1.62%)
Hout
0.25% (0.25%)
:II|III|III|III|III|III|III|

OI 2 4 6 8 10 12 14
95% CL Limit on Br(H—urt), %

€T, .4 0 Jets
0.73% (0.79%)

€T, .q 1 Jet
0.81% (1.13%)

€T, 2 Jets
1.94% (1.59%)

€%,y VBF
1.49% (0.74%)

et,, 0 Jets
1.22% (0.90%)

et,, 1 Jet
1.66% (1.59%)

et,, 2 Jets
2.25% (2.54%)

et,, VBF
1.10% (1.84%)

H- et
0.61% (0.37%)

C MS Preliminary
L L L

35.9fb™ (13 TeV)

‘ ‘llllllll I | |

h—et: BDT Fit

l ® Observed
X Median expected
I 68% expected |
. |:] 95% expected

X H—et

0 2 4 6 8 10 12 14
95% CL Limit on Br(H— e1), %

Upper limits @95% CL :

Br(H—pt) <0.25% (0.25% exp.)

Br(H—eTt) <0.61% (0.37% exp.)

— Clear improvements compared to results from 2012 and 2015 data analyses
The 2.4 sigmas excess (Run1) is now excluded by the 2016 data analyses




Results : H—put & H—et

Upper limits on the off-diagonal pt and et Yukawa couplings:
From BDT method :

CMS Preliminary 35.9 fb™ (13 Tev) CMS Preliminary 35.9 ™ (13 TeV)

= ()]
> 107" >"10""
1072 -ty —8-
- CMS 8TeV -
o ~-observed CMS 8TeV
. observed
1 0‘3 —expected H,—z,y\‘g \ 1 0_3
104k ‘,, 1074 @
i i 2z M
i 8 i INLY) ||
10—5 1 1 XHHM 1 ii"\T ; ||||||:j 10—5 1 1 XHHM 1 §1$HHH\ él ||||||EI
10° 10* 10® 102 10" 10° 10* 10°% 102 107
lY | Y |
ut et

M_o-fit BDT-fit
\/|YW|2 + Y2 <205%x1073 <143x10°3
VIYer|2+ [Yee? <245x107° <226 %1073
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LFV decay of heavy states X—ep
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Selection cuts and background

2012 data analysis (8 TeV, 19.7 fb-') — EPJC 76 (2016) 317
2015 data analysis (13 TeV, 2.7 fb-') — CMS-PAS-EXO-16-001

2016 data analysis — in preparation

Analysis strategy : inclusive search
Single-y trigger

e: pr>53GeV, Inl<2.4

M: pr>35GeV, Inl<2.5

— ep invariant mass spectrum:

» No further criteria to remain model
independent

» Main backgrounds: top-quark pairs
and W*W-

» Interpretation in 2 BSM models :
- R-parity violating SUSY

S 10° _ Preliminary Diboson —— QBH n=1,M=1000 GeV :
1 single Top —— RPV SUSY A=0.01,M=800 GeV |
O 103 DY Total Unc. E
; Wjets+QCD  —4— Data
+ 102
C
)
> 1
w 10

10°

10

102

1073

10™

10° |
O 10it.35-— ’
% 1.2
w 09® e ¢
o 0.6 | |

103

2.7 fb~! (13 TeV)

' CMS

[ 7 Wy

102

- Extra-dimension model - Quantum Black Hole

M, (GeV)
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Interpretation in RPV SUSY

Violate R-parity, R =
A and A’ terms violate lepton N and F
A’ terms violate baryon number
Limits on proton decay mean either A and A’ are 0 or A”” terms are 0

SUSY allows superpotential :
(-1)3(B-L)+25

1
W ==

2

R-parity violating SUSY with 7 sneutrino as LSP:

LSP can decay into ep or dd
via couplings 4,3, , 4,3, Or 1’534,

Suppose A3, = 4,3

from p—e conversion experiments:
(M/100 GeV)?

|A132 /1’311 | < 4.1 10_9 S

CMS limits @95% CL :
2015 : M < 1.0 (3.3) TeV
fOI’ 2,132 = 1’311 = 0.01 (0.2)

2012 : M < 1.28 (2.30) TeV @ 95% CL
fOF 1132 = /1,311 = 0.01

(/1132 = 0.07, /’1,311 = 0.11)

—ep ) (fb)

Ve

(

" x BR

10°

10°

10

10°E

Aijkl‘ Ek+/1;]kL Q]Dk+ A kUDDk‘I'ElL H2

2.7fb" (13 TeV)

T TTTI

II]

T 1 T]llll'

- observed limit
------- median expected limit
[ 68% expected
[ ] 95% expected
RPV signal (NLO)
—_— o=k =0.01

311 7132 T
AL =k, =0.1

311" 132 231

|
}\'311 )h132 }\'211 =0.2

CMS
Preliminary

LN el

Ll Ll
1000

2500 3000 3500 4000

M, (GeV)

1l Ll
2000



Upper limits & model interpretation

« R-parity violating SUSY with , 2713 TeV)
7 sneutrino as LSP : - L

Limit in the plane (1’5,,,M) —

_________________ 95% CL limit A,5,=4,5,=0.07 |

* Quantum black holes : MWW 5% GL limit Ao, ~0.05 |

— —  95% CL limit A,5,=Asg, =0.01

2.7t (13 TeV) 95% CL limit A,5,=A,5=0.007

=) 10‘5 \ —8— observed lmt e o ————
= - RN AWk sepachsnd S 500 1000 1500 2000 2500 3000
3 ol N T oo oo My, (GeV)
?r) 1035_ \\\\\ QBH signal
T | RN i - Spin-0, colorless & neutral QBH with
C i W T e LFV considered
o - N .
@t RN - Cross section depends on threshold
25 S \'>,>\ mass and number of extra dimensions n
=y ‘E . .
NS iy \ "y  CMS limits @95% CL :
10._“Aluul.“lluuluul lllll I 2015 : M < 2.50 - 4.50 TeV for n=1-6

2012 : M < 2.36 - 3.63 TeV for n=1-6 20



Search for heavy neutrinos
and right-handed W
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Search for heavy N @CMS

Resonant production via s-channel W* or W(real)

« Search for the “Type | Seesaw” mechanism : >”’/

probe light-heavy mixing 7 Yo, wp g
Majorana neutrino: 50% same-sign '*—'--<;\/
Cross section depends on |V |2 and m, \
Signal : 2 SS leptons (e or y) + 2jets + no MET Ny

SS = same sign
Two jets from W decay :

 Search for Left-Right SM (LRSM): m(jj) = m(W)

Search for a resonance W production

Signal : 2 leptons (e or ) + 2jets + no MET

(no sign requirement)

— Same final state as type |
But different kinematics

22



LRSM searches @8 TeV

e, L

Selection :

2 isolated leptons (no charge requirement)
Lepton p; > 60, 40 GeV, M(ll) > 200 GeV

N jets > 2, M(lljj) > 600 GeV

For m(N) << m(W;), jets and lepton from N decay overlap
— Need dedicated isolation criteria

Resonant Production
M(lljj) = Mwg
M(L,jj) = m,

Q

Di-muon channel Di-electron channel

19.7 fb* (8 TeV) I I 19.7Ifb“ (8 TeV)
2 Feme T T4 TDaaosry’ <~ """'lo'm'm'?w')""j
F 10° R ﬁg?:aagw) - 3 10 CcMS 22 6 a)
3 / r 1 DY+ E DY+Jets (475 3 4 .
s [ | 1 oter 123, ] o EE Otter (151 ] Main backgrounds:
~ - e e My =2 . - My, = 2.5 TeV (29) . .
é’ 1PN, m‘j:g.glﬁzﬁﬁmm—: 2 10 My, = 2.5 TeV unbinned tt and DY+JetS
©  El M, = My/2 2 My = My, 2 E
T 1 = ]
10 E 10 E
1;— —; 1 : “l ;
g 43 o\
o'k M g L\ A2.80 effect
- E sl L-:- «E e ] Yo O Cmcr'd o 5 o
31.5E | E = “f _»smm;m} 1 (local significance)
a 1 N ‘ | E ‘(\g __ No Shape Uncertaini __ =
5k T E e } | In the eejj channel only
’ 1 2 3 4 0 1 2 3 4

M [TeV] Mot 23



Update - Searches at 13 TeV 1@?

2015 data analysis (13 TeV, 2.7 fb'") R
Search for a heavy right-handed N, and a heavy W,

In the LRSM model

2 isolated leptons (nho charge requirement)

Lepton p; > 60, 53 GeV, M(ll) > 200 GeV

N jets > 2, pr > 40 GeV, M(lljj) > 600 GeV :
Di-muon channel Di-electron channel
CMS Prelimin 2.6 fb" (13 TeV) CMS Prelimin 2.6 b (13 TeV) ;
2 —— ) 3 E—— - For the signal
0] Y +ets 0] Y +jets
‘\Q E== Top bkgnds from data T@ E== Top bkgnds from data U
§ - ijetsg § - ertsg Shown 2
i e Dibos.on |-|J_|0_1 i | Dibos.on M(WR)=3 Tev
=== WR signal erq=3‘0 TeV| E ==== WR signal MWH=3A0 TeV|
—&— Data —&— Data

M(N) = VaM(We)

Overflows in last bin

Main
backgrounds:
I & SUUILIIE IEE tt and DY+jets
+ y =
”f,’||||1|||'T_1"|||1||||1||||1||||1||| g ETT'IIIITIIII IIII|IIII| III|IIII
1500 2000 2500 3000 3500 [Ge:/(}OO 1000 1500 2000 2500 3000 3500 [Ge‘:/%oo
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Update - Searches at 13 TeV -ﬂlw

o(pp— W) x BR(W_— up jj) [fo]

Di-muon channel

261" (13 TeV)

CMS Preliminary
T [ T T T

[!11I|I!11||I!!‘1II![1WII
MNu= MWH/Z |
Theory (g.=9))

95% CL upper limits
——— Observed
----------- Expected
[ =+ 1 std. deviation
[ £ 2 std. deviation

2000

1500

500}

1000f

e N
1000 1500 2000 2500 3000 3500 4000

MMJGeV]

CMS Preli

e U
95% CL exclusion limit
| === Expected

iminary 261" (13 TeV)
e Eam e

|_---- Expected - 1 s.d. _
- ==== Expected + 1 s.d. B
| = Observed “

- My > My,

Covlvvv i b b v b o 143
1000 1500 2000 2500 3000 3500
MWR[GeV]

Di-electron channel

CMS rreliminary
T 1T T

[ | T | L ‘ L ‘ T
MNe= MWR/2
Theory (g_.=9 )

—— Observed
........... Expected

261" (13 TeV)
1T ‘ T 1T

95% CL uppe limits

I + 1 std. deviation
[ + 2 std. deviation

Wg

CMS Preliminary 261fb" (13 TeV)
R A R R e e

%J r 95% CL exclusion limit
S [ === Expected ]
EZ_ 2500/—+=+* Expected - 1 s.d. _
I ===« Expected + 1 s.d. B
[ == Observed PO
T g

2000~ My > My,

1500
1000F

500}

Covlovvva b b v b i 143
1000 1500 2000 2500 3000 3500
MWR[GeV]

7.\H..I\H\I..H\...\\H..\H.
1000 1500 2000 2500 3000 3500 4000
M,, [GeV]

CMS PAS EXO-16-045

Upper limits on cross
section as a function of
the Wy mass

For M(N)) = 2M(Wg)

M(Wg) > 3.5(3.3) TeV
in the pyjj (eejj)
channel

2D mass exclusion limits
in the M(Wg), M(N)
plane
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CMS PAS EXO-16-026

Test a recently proposed model : ¢

Heavy composite Majorana neutrino (HCMN) \ /
Final state : llqq’

2 same flavor leptons and 2 jets

Di-muon channel Di-electron channel
pr(1)>53, 30 GeV pr(e): 110, 35 GeV
40 2.3 (13 TeV) m(ee or I"IIJ) 40 231 (13 TeV)
= zcms"" TS »300 Ge, g D
*g 35;— ¢ Data E % 35;— ¢ Data -
Lﬁ 3 0; D;tW é ) Lﬁ 303_ tt+tW E
ook } ; >1 fat jet o
ol withprGet)
1 5? ..... A=9TeV, m =25TeV é > 1 90 G ev 15;_ i
10 : 101
55— ;
z + °F !
0 — 0 E—

Upper limits at 95% CL on the cross section*Br
Exclude A Composite Majorana Neutrino of mass up to 4.50 (p), 4.35 (e) TeV




Searches in the tt channel

CMS PAS EXO-16-023

A 2.80 excess in eejj channel but no excess in dimuon channel JHEP 07 (2017) 121

— Searches in Tt ;

All hadronic channel: t,1;, using 2.1 fb-" at 13 TeV
The largest branching ratio, but large QCD bg from fake taus
Lepton+hadronic channel: t(e)t;, T(p)t;, use 2016 data: 12.9 fb-’

Clean events, but with a small branching ratio

12.9fb™ (13 TeV)
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exclude Wy up to 2.9 TeV 27



Type Ill seesaw mechanism 1@?

CMS PAS EXO-17-006

2016 data analysis (13 TeV, 35.9 fb") Submitted to PRL

Search for type-lll seesaw heavy fermions signal
in multilepton final states : 3 or 4 electrons or muons

Different production and decay of 292* and 2+
are considered via s-channel W*
Suppose 2%and X* degenerate in mass

6 event categories :

Nieptons OSSF & mass Variable p7"*® requirement

3 OSSF1, on-Z Mt pres > 100 GeV
OSSF1, above-Z  Li+pf™™ —

3 OSSF1, below-Z  Lr+pp™®  p'** > 50 GeV
OSSFO Lr+pTss  —

. OSSF1 LT+p%“SS —

E OSSF2 Ly+piss  pliss > 50 GeV if on-Z

Discriminant variable : scalar sum of charged pt + Missing pt
— L+ MET 28



Type Il seesaw mechanism 1@’

Events / 150 GeV

Obs/Exp

1 A , , CMS PAS EXO-17-006
L+MET distributions for two signal regions : Submitted to PRL

N(l)=3, OSSF1, above-Z
N(l)>=4, OSSF1
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Type Ill seesaw mechanism 1@?

The 95% CL upper limits on the cross section for production

CMS PAS EXO-17-006
Submitted to PRL

of heavy fermion pairs:

10

35.9fb' (13 TeV
e

)

CMS

— o(pp—ZXX) with unc.

95% CL upper limits

Theo. prediction :

——— (Observed

Expected

in the flavor-democratic

I I|IIIII| I IIIIIII| ] IIIIIII| T IIIIIII|

e) = +1s.d. . .
2 ot RIS scenario
o Expected + 2 s.d. E

102 =

10-3 v oo by by ey e by by by by by oy 1 ._

200 300 400 500 600 700 800 900 1000
Y Mass (GeV)
Limits :

In the lepton-flavor democratic scenario (Be=Bu=Bt):
heavy fermion pair production is excluded for masses below 840 GeV
(780 GeV expected)

- In the tt-phobic case (Bt=0,Be+Bp=1) the mass limits range

from 900 to 930 GeV 30



Summary

Neutrinos oscillations provide interest for various BSM searches @LHC :
searches for charged LFV and searches for heavy neutrinos
Test various models that try to explain the small v mass

Previous excess in H decay and LRSM searches : not confirmed with new data

« Search for LFV in the decays :
Z—eu, X—el, and H—et and H—pt

M,,;-fit BDT-fit
gg;‘g‘:;ed on: Br(H—p) < 0.25% (0.25% €Xp.) /oy <ot <vsen
(highlights Br(H—et) < 0.61% (0.3.7/) exp.) VI¥er P+ [Yee2  <245x107° <226x 1073

dat Search for a heavy neutrinos:
82].#5 tﬁees - LRSM scenario right-handed N, and a heavy W,
For the ppjj channels : M(Wg) > 3.5 TeV
2016 dataset) For the eejj channels : M(WR) > 3.3 TeV
- Heavy composite Majorana neutrino (HCMN): M>4.5 TeV
- Type lll seewsaw mechanism
Multilepton final state : M(Z) > 840 GeV (Be=Bu=Bt)
Prospects:

* Some of the analysis of the 2016 dataset: to be released soon

« more data to come to perform precision measurements
Run2 (2015-2018) and Run3 (2021-2023): about 120 and 300 fb-! expected

HL-LHC (2026-2036): about 3000 fb-! expected
Challenge : higher pileup (tracking, isolation, ...)
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