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* No clear sign of new physics at the TeV scale
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* Direct searches are saturating the energy frontier
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What have we |learnt”/

BSM states are t00...

Weakly coupled Room for improvement with increasing

rate limited luminosity
Still 20x more data to come

Exotic Limited by our creativity
we aren’t looking in Work for theorists & experimentalists to
the right place motivate & enable searches for new
signatures
Heavy Worst-case scenario from direct search
kinematically point of view
out of reach Complemented by indirect searches

A tremendous amount about the SM!

« Higgs discovery & properties = precision LHC programme
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The LHC explorer

Many new processes observed at the LHC for the first time

Main Higgs production modes Rare top production Weak boson scattering
W
Z]> o I %ta.m< ot S E >\/\/\/\%~
: w W
¢ - %%

VA g w\ ¢ b t

7 W, Z I OO ——>—— ’
() (d)
9gFr, VH, VBF, ttH tttt, ttbb ttV, tW, tZ VBS, VWV

Each opens a new window, through which we can

e |mprove our understanding of the SM

e Search for new physics via new interactions
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The SM iIs broken

Theory & matter content rich with symmetry & structure
G—l—
SU(3)c x SU2)L x U(1)y o= (HMGO) 2,

Electroweak symmetry breaking

« QOffers a parametrisation: lacks dynamical origin for the weak scale

Symmetry « Constraints/Relations

_ 1 ) _
yr Frfre (Do) (D) Wi, Wi iFDF
Mass « Higgs coupling Self-interactions & Gauge currents

New physics can indirectly perturb this delicate balance
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Ine indirect way [

“...the direct method may be used...but indirect methods will be needed in
order to secure victory.”

“...there are not more than two methods of attack — the direct and the
indirect;...Who can exhaust the possibilities of their combination?”

— Sun Tzu, The Art of War
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Energy & precision

Paradigm shift at the energy t
frontier for BSM searches

Direct (bumps)
ndirect (tails) SM

= New physics is heavy = E > Eiuc
Heavy new physics Standard Model
Precision measurements Effective Field Theory
High energy (SMEFT)

A QFT parameter space for BSM
interactions between SM particles
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SMEFT: SMv2.0 =X

SM is low energy effective description SU(3)e x SU(2)L x U(1)y
* Supplemented by a tower of irrelevant operators o= ( G+ | ) 9,

* Respecting low energy field content & symmetries vth+iG ’
aTGC X2 e Wy, WHWPWR X2H? : (pTp)? Gy, GhY ggh(h)
A H®: (¢Tp) HYD? : (" D )" (" D) 5M7
Vi VPH? : (¢79)* (G5 u; 9) Y XH (g 0" uj; ) By ‘dipole’
fy  UPHED: (61D, 90)(@n" ) s (@7 ) (@ @) 4F

More than ‘just’ a parametrisation of ignorance

e Unlike anomalous couplings * Renormalisable QFT (order-by-order)

« Finite energy range (~A) * Well defined matching procedure
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SMEFT strategy

(6)

. ) .
Lrrr = Lsm+ ﬁgz@ +OAY SMEFT is a way to test
7; many BSM scenarios
Moy
 Economical * Well developed
I. Matching . ,
. UV matching quasi-automated
AT model g * Tree-level dictionary
‘ [de Blas et al.; JHEP 03 (2018) 109]
2. Running * Universal one loop effective action
de, (1) 5 1 e [Henning, Lu & Murayama, JHEP 01 (2016) 023]
dlogp 16" "~ [Drozd et al.: JHEP 03 (2016) 180]
l C0.1%)-0d0%)  RGE are known
My == alun)l— oy [Alonso*, Jenkins, Manohar & Trott;
| Obsebics JHEP 1310 (2013) 087
3. Mapping JHEP 1401 (2014) 035
JHEP 1404 (2014) 159%]
Map coefficients to the data Mature MC tools
once and for all SMEFTsim, SMEFTatNLO, dimétop, ...
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SMEFT IS Left = ; /C\il?i

Model independent
Heavy new physics: M > Eexp

* Underlying assumptions SM field content & gauge symmetries
Linear EWSB: Higgs = doublet
Systematically improvable ,
E

/
* Double expansion higher dim. A2 & {gs, g, g} more loops

Global

 Model independence: we don't know what operators NP will generate

e Patterns & correlations among observables are key
« Ultimate goal: complete SMEFT likelihood confronted with HEP data

EWPO, Higgs, multiboson, top, DY,
Established part of LHC programme
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SMEFT interpretation

Ingredients:

EXP!

|
S

Ao,

A2

A4

Global nature
As many observables
as possible

|dentify patterns &
correlations in fits

Exploit energy-growth
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Sensitivity
Experiment.

Best measurements &
understanding of
uncertainties and
correlations

Theory:

Best available
predictions for
observables (NLO,
NNLO, N3LO,...)

o

Interpretation
Relies on accurate
knowledge of the size
& correlation among a;

Determining ci®)
requires most precise

available SMEFT
predictions
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Status in a nutshell

Global new physics searches via high precision/energy

« / & W-pole data: handle on the EW gauge sector
e LHC: thriving Higgs & top programmes
* Probing gauge interactions at high energy (VV, VBS, VVV, ...)

How much cross-talk”? Where does being global matter?

We know that Higgs data greatly complements LEP

0.15

* Access unconstrained directions in parameter space
0.1
* Allows for a closed fit to flavor-universal SMEFT |
0.05+
e Crucial to combine EWPO, Diboson & Higgs data 5

0.

[Corbett et al.; PRD 87 (2013) 015022] [Ellis et al.; JHEP 06

[Pomarol & Riva; JHEP 01 (2014) 151] (2018) 146] "% T
[Ellis, Sanz & You, JHEP 03 (2015) 157] o4l
[Biekdtter Corbett & Plehn; SciPost Phys 6 (2019) 6, 064]... 02 01 o

........................

AS

~ LEP 141}

CombinE

ed

[Han & Skiba; PRD 71 (2005) 075009]
[Falkowski & Riva; JHEP 02 (2015) 039]

0.2 0.3
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[Maltoni, Vryonidou & Zhang;
JHEP 1610 (2016) 123]

lop & Higgs M) A

10 -

. . . I
Inextricably linked in the SM | |
O_

 Yukawa interaction controls ggF /\ E

10 - _
« Strong BSM motivation to study tops :

=20+ pp—Hj

ggF is well measured now - ?
* Does not exclude top partners, anomalous Yukawal i%r

Cy Point-like
HG FOINt-i Blind direction in BSM scenarios

Ciy Yukawa == - - o
C;G Di,oo/e eclive coupling aegeneracy
| g8l
Need more data to break degeneracy
. ttH production for direct Yukawa measurement f \

. 1t data to constrain dipole (H 4— 11
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The role of top data

g t

1t cross section measurements constrain C,;

« Indirectly improve bounds on Cy and C,y g t
q t

Several other new interactions can affect ¢t

. Notably ggtt operators, of which there are many (14) q t

e To what extent do these limit ultimate NP sensitivity in top/Higgs sector?

Can only be addressed in combined fit

e B d tree-level (at least f = [Degrande et al.; arXiv.2008.11743]
eyond tree-level (at least for ggF) http.//feynrules.irmp.ucl.ac.be/wiki/SMEF [atNL O

 |dentify other cross-talk (non-trivial correlations)

* Broaden range of applicability to UV models
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The fit

arXiv:2012.02779 Top, Higgs, Diboson and Electroweak Fit to the
Standard Model Effective Field Theory

John Ellis,**¢ Maeve Madigan,? Ken Mimasu,® Veronica Sanz®/ and Tevong You®%9

Global SMEFT interpretation of 4 categories of data I
aseda on
14 « Electroweak Precision Observables (EWPO): Z-pole & W-mass  [Ellis et al.; JHEP 06

(2018) 146]
118 « LEP2 & LHC diboson production: differential WW, WZ, Zj]

72 * Higgs measurements: signal strengths & STXS Big thanks to authors of
| | SMEFIT analysi

137 « Top data: single-top, ttbar & asymmetries, ttV, tZ, tW [JHEP 04 (éﬁgfﬁé

| for sharing some of their

341 measurements across categories lop preaictions

* Chosen to be statistically independent & maximise reach

* Correlations included when publicly available (mostly are)

SN Y a ol
: : ' . — o a. — —
Linear EFT approximation: Hx Xy, i i A2 A4
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Theory

[Grzadkowski et al.; JHEP 10 (2010) 085]

X3 HS and HD? 2H3 LL)(LL RR)(RR LL)(RR
’(p e = - —_—
O. fABCglf}uG'l}pG’(J?p o (H'H)? 0. (HfH)(lperIi) O, (Lpyulr ) (L™ ly) 0.. (Epyuer)(Esyter) 0. (fp’Y,;lr)(és’yﬂet)
Os fABCGrGRrGaor Oun (H'H)O(H'H) O, (H'H)(gpu.H) o5 (Tp7u9r) (357" qt) O.. (Upypur) (s ) O. (Lpvule) By ue)
M P " N _ 1 B I = _ £ _
O ekwlvwlewke || 0,, | (H'D*H) (H'D,H) || Ou (H'H)(gyd,H) 05 | @YW a)(@Y T q) || Ou (dpyudr)(dsy*de) Ou (LpVulr ) (dsy"dy)
Ow EI‘]KW‘{"W,;IPW:{“ Ol(;) B (lp'htlr)(q{)’#qt) 0.. (ép')'yer)("-_fs')’#ut) 0,. (qp'YMQr)(ES'YPet)
X2H? VX H V2 H?D o (lp'Y#TIlr) (@ qr) O(ed) (epVuer) (d_””dt) 0. (‘jp”fﬁ‘b) (ﬁﬁ"“tg
v = o g = Ol (Tpypur)(dsy"dy) 0,(,? (@Y T gr) (Usy* T ue)
O | HUHGLG™ | Ou | (potedrlW,y || O | (H'D, H)i"L) 0 | @pnTAu ) dTad) | O | (e dved)
Ous H'H GG 0. (po*er) HB,, Oui | (H'DH)pr!rly) 0| @nT*a)(d:y"Tdy)
Onw H'H W,f,,WI"" O.c (‘TpU”"TAUr)ﬁ Gf., Ou. (Hfia,‘ H)(ev"er) (LR)(RL) and (LR)(LR) B-violating
Ouw H'H W]{VWII“/ Ouw (Gpo*up) T H W;{v O, (H Tf_?# H)(37"qr) Ol:dq (lf,er)(d,qf) Ouu, €aﬂ75jk [(d:')q;C’uE] [(QZ’)ile ]
0 H'H B, B o (G0"u,)H B 0% | (H'iD! H)(g,m"v"q,) O oaa (@ur)e k(75 dr) e ek [(gp7)TCql*] [(u7)TCe
HB o uB dp B I":a Hq .#» apT 71" q o® (quAu,)e,-k(q"TAdt) 10) Eaﬁ7€jn€km [(qaj)TCqﬁk] [(q’V"‘)TC’l?]
Ous | H'HB,B" O | @o"TU4)HG), || O | (H'DuH)@y'w) ||| o | g B0 0 ot e8 [(d2)T Cuf] [(u])7Cer]
= . 1 equ p-T 8 uu 'p % s
Ouva | HITLHWLE™ || Ouy | (@od)T HW], | Ou | (1D, H)d#d) | || O | (ouwedeslato™ )
O s Hir'"HW! B Ous (gp0*d,)H B,,, Oy.i | i(H'D,H)(@yy"d,)

Warsaw basis with CP & B conservation
* Full ‘bosonic’ sector: Higgs, triple-gauge & gauge-Higgs
e Scenario 1: Flavor-universal degrees of freedom

UB)e x UB)e x UB)a x U(3)u x U3)q + Yukawas: Oy Opprs Ocpy, Oy

e Scenario 2: top-centric flavor symmetry ) cf. Minimal flavor violation

[Buras et al.; PLB 500 (2001) 161]
UEB)L x U(B)e x U(2)a x U(2)u x U(3)d [D'Ambrosio et al.;: NPB 645 (2002) 155]

[Aguilar-Saavedra et al.; arXiv:1802.07237]
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Degrees of freedom

OHWB) 0HD7 Oll) 0$37 0227 OHe7 OSZI’ O_(r}()], OHd7 OH'U,

Ouno, Ong, Ouw , Ous, Ow, Og,
OTH) OMH’ ObHa OtHa 20

Ogg, 0223, Owut, Ow, Owv , OB,
3,1 13,8 /18
OQQ ; OQCI 4 OQ(I ? O%u ’ Ogd’ OtSQ ) O?u’ O?d .

In total: 20(34) d.o.f. for the two flavor scenarios
Dimé6top conventions: [Aguilar-Saavedra et al.; arXiv:1802.07237]

Dictated by flavor symmetry & sensitivity of dataset

Linear EFT fit: precludes sensitivity to some ops

* Those that cannot interfere due to helicity/symmetries
. e.9. neutral colour-singlet top 4F operators: (gy*q)(ty*t) (x 6)

e Four-heavy quark operators in 4top & ttbb (quadratic dominated)
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Interplay

f f_ Dg‘?j@” 4\ top EW ﬂ

CHWB C1HD Cll
(' ' &

HB C OB oW HQ tW
o C(;’ e o HC 2 CE || Cus
Cuo | |\ 2 7)o ]
o | \Q EWPO )
Co CJ Cie s Oy, O3,

Crn C Ci Ci O
(G & J
Higgs —
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lechnical detalls

X C. 1
_ _ z: X 1 _
IMX=—X —1+ i Cll- A2+@<A4>

EXp. data: HEPdata, WebPlotDigitizer, ...

» Construct ‘signal strength’, w.r.t. SM prediction from exp. paper
* Otherwise computed with MG5, fastnlo, directly from theory papers

* Combine all sources of uncertainty in quadrature (stat., syst., th.)

Theory predictions: MG5 (SMEFTsim & SMEFTatNLO)
. LO, parton-level, linear dependence in (a, Gz, M,) scheme

* Tree-level + 1-loop gluon fusion Higgs production

- a;: Effects from production, decays, total width

* No theory error from EFT, assume SM error dominant
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fitmaker  https:/gitlab.com/kenmimasu/fitrepo
TNE COAE iy vorstonw oxamie oteoooks mprogres
Main analysis: linearised least-squares fit
X2(Ci) = (F— i@(Cy)" V(7 — i(Cy)) pa(Ci) = poM + HoiC
sestiit ¢ = (HTV-IH) " HIV-L(7 - M) = F1@
F=H'V'H , g=H'V({7-a")

Fisher information

»

F-1=U Covariance matrix of least-squares estimator

Va\

(x2,» C,U) fully characterise likelihood

Implemented as part
 |Individual, profiled/marginalised bounds & correlations of the fitmaker

» Principal component analysis (eigensystem of F) framework

Also nested sampling routine for general likelihnoods
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https://gitlab.com/kenmimasu/fitrepo

T h fitmaker  https:/gitlab.com/kenmimasu/fitrepo
e C O e public-friendly version w/ example notebooks in progress

Database of input measurements encoded Iin . json format

e \alues, errors, metadata, ...

Python-class based definition of theoretical models

* Predictions for observables can be hard-coded

e ...0rread-in froma . json file

uis  =10.98%07 usst =1+435.8Cy; —0.122C
—0.959C,; — 0.121Cy + ...

"observable_name": "mu_ggqF_H_ZZ 13",
"measurement_name": - "mu_ggF _H_ZZ CMS_Run2",
“CDS": -"http://cds.cern.ch/record/2706103",
“"reportnumber": - "CMS-PAS-HIG-19-005",
“DOI": - ™",

"date":-"2020/01/10",

"experiment": -"CERN:LHC -Run-2, -CMS",

"observable": -"ggF©9)",
"params":- [-"CHG", - "CuH", -"CuG", -"CHbox" -],
“"constant:-1.0,
"linear":-[-35.8
"quadratic": [
[-321.0,--1.095, -8.45 . 08¢
1.095,:0.00371, --0.02925, ‘0.0
- el B R

"description™: -"Higgs -boson-signal-strength-for

"value":-0.98,
"uncertainty": - {
"tot":-[-0.12,-0.11-]
},
"uncertainty_sigma":-1,
“"th_flat": -true

s . 08"

"lambda_gen":

} }
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https://gitlab.com/kenmimasu/fitrepo

[G. Durieux, C. Degrande, F. Maltoni, KM, C. Zhang, E. Vryonidou; arXiv:2008.11743]

Loops & SMEFT: active field in recent years

« Non-universal K-factors in EFT space < new information at NLO
« Loop-induced sensitivity (e.g. gg¢ — H)

« Control theoretical uncertainties

* Experimental interest in higher precision for SMEFT analyses/interpretations

Challenge: many processes x many operators
o« LO = NLO = more cross-talk/operators/complexity

* Automated tools for fixed-order/NLO+PS are essential to the LHC programme

Solution: SMEFT@NLO

 UFO model for MadGraph5 aMC@NLO
* Process-independent implementation: SMEFT in top-specific flavor limit
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http.//feynrules.irmp.ucl.ac.be/wiki/SMEF TatNL O

Standard Model Effective Theory at One-Loop in QCD

Céline Degrande, Gauthier Durieux, Fabio Maltoni, Ken Mimasu, Eleni Vryonidou & Cen Zhang, ~»arXiv:2008.11743

The implementation is based on the Warsaw basis of dimension-six SMEFT operators, after canonical normalization. Electroweak input parameters
are taken to be Gg, Mz, M. The CKM matrix is approximated as a unit matrix, and a U(2)q x U(2)y x U(3)q x (U(1) X U(l)e)3 flavor symmetry is

enforced. It forbids all fermion masses and Yukawa couplings except that only of the top quark. The model therefore implements the five-flavor
scheme for PDFs.

A new coupling order, NP=2 , is assigned to SMEFT interactions. The cutoff scale Lambda takes a default value of 1 TeV~2 and can be modified
along with the Wilson coefficients in the param card . Operators definitions, normalisations and coefficient names in the UFO model are specified
in definitions.pdf .. The notations and normalizations of top-quark operator coefficients comply with the LHC TOP WG standards of

1802.07237. Note however that the flavor symmetry enforced here is slightly more restrictive than the baseline assumption there (see the
dim6top page for more information). This model has been validated at tree level against the dimé6top implementation (see ~»1906.12310 and
the =» comparison details).

Current implementation

UFO model: SMEFTatNLO_v1.0.tar.gz

The current implementation imposes CP conservation. In the quark sector, it focuses primarily on top-quark interactions. The light-quark current
operator, qqHDH, uuHDH, ddHDH, with coefficients cpg3i , cpgMi , cpu, cpd are however included. The triple-gluon operator, with coefficient
cG , is currently not available (see the loop-capable GGG implementation). Vertices including more than four scalars or four leptons are not
included. Scalar and tensor QQ11 operators, with coefficients ctl1s3, ctlT3 , and cbls3 , break our flavor symmetry assumption and are not
available for one-loop computations. Top-quark flavor-changing interactions, not compatible with the imposed flavor symmetry, are not included
(see the loop-capable =* TopFCNC implementation).

Unlike prescribed by the LHC TOP WG, the top quark chromomagnetic-dipole operator coefficient ctG is normalized with a factor of the strong
coupling, gs. This normalization factor temporarily ensures compatibility with the 2.X.X series of MadGraph5_aMC@NLO but may be dropped in

MG5_aMC>import model SMEFTatNLO
MG5_aMC>generate pp >t t~ NP=2 [QCD]
MG5_aMC>output

MG5_aMC>launch
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http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

See also: [ATLAS-CONF-2020-053]

SMEFT@NLO In STXS

Gluon fusion Simplified Template Cross Sections bins

 LO inthe SM is one-loop
e Tree-EFT x loop-SM + loop-EFT x loop-SM interference terms
* Heavy top limit is OK for O-jet, breaks down at high-pr

2 jet 2 jet
0 jet 1 jet 0<m;<350GeV  0<pl<200GeV high-pr

STXS 1.1
ggF prediction

CHG x 1072
Cic X 0.2

EEERN
o
(0]

AN S A xR g L7 LT g7
< < Q X N N ; ; X
RANVANIVANICA N AN VAR
> A S P 5 O ®
N VYD
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Results roadmap

1. Flavor universal: EWPO + diboson + Higgs
2. Top only: EWPO + top

Interlude: Top-Higgs interplay
3. Top-specific : EWPO + diboson + Higgs + top

EWPO: OHWBa OHDa Olla Ogga Ogga OHe, Og()la Og()la OHda OH'u,

5
U(3) Bosonic: OHE] ] OHG , OHW ) OHB ) OW ) OG,
* Yukawa: O;g, Oun, Opa, O,
a 1
U(2)2 X U(3)3 : O§-I)Q ] O%)Q , OHt ) OtG ) OtW y OtB . + @G

31 38 18 .8 8 8 8 8
O3, 038, O, 0%, 02y, 05, OF,, OF,.
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Individual limits: U(3)

0.05

0.04;
0.03;
0.02;
0.01;
0.00;
—0.011
—0.021
—0.031
—0.041

—0.05

2018 data: [Ellis et al.;, JHEP 06 (2018) 146]

SU(3)°: EWPO + Diboson + Higgs

I 2018 data  IH 2020 data o/ 1 i ial. ~ (LTEV)?
E— = No Zjj 95%CL individual; C; A2
# f il ! ||| { m w0
EWPO EBosonic
Im Q = ;g'\ ;_7'\ ] ;?,Io- g'c- ko) ': I>< Q) = rl:o
: 5§ ° T T T T d d &8 & ¢
@) — o n O
o o o h
(| — — o
—

CH wB

23
O T
O




/]| for triple gauge coupling

q q >

o

O

. =

EW Zjj Z T
q (a) q

Aq@; distribution sensitive to
linear Cy, contributions

Wilson Includes 95% confidence interval [TeV™>] p-value (SM)
coefficient | Mggl|? Expected Observed
cw /A? no [-0.30, 0.30] [-0.19, 0.41] 45.9%
yes [-0.31, 0.29] [-0.19, 0.41] 43.2%
éw | A? no [-0.12, 0.12] [-0.11, 0.14] 82.0%
yes [-0.12, 0.12] [-0.11, 0.14] 81.8%
cawg/ N no [-2.45, 2.45] [-3.78, 1.13] 29.0%
yes [-3.11, 2.10] [-6.31, 1.01] 25.0%
cawn/N° no [—1.06, 1.06] [0.23, 2.34] 1.7%
yes [—1.06, 1.06] [0.23, 2.35] 1.6%
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0.3

0.0

[ATLAS, CERN-EP-2020-045]

ATLAS Simulation

Vs =13TeV, EW Zjj-lljj

| Mas|? 2Re(MgyMds)  —|Mads|* + 2Re(MgyMas)
[cw /AZ=02Tev 2] i
a 5
1
: — ]
P l—|__ _'—l

Cw/N>=0.2TeV 2

i

(cws / A2 =1.8 TeV—2

T /
I |
I I
1
i i ]
I i !
I I
i i
I I
i I
i i
I i
L L
- i i
Chws / A2 =1.8 TeV—2 : :
i I i
I I I
I i i —
i i I
i I I
— L g—
] 1 ]
i I i
I I I .
i i i
i I I
I i I
I i i
I I i
L L L
OKhonhho—~oOoNOOOOODhOoOOoOOODDoOoOoOLODONIDOODN OO S
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[ S N Sopw LN NTOLOqadad~rS ~S~aadaad®
ST 00 0 NGO OOJFg®AFTOSOS S B S . D - s
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Top-only: top + EWPO individual

Top operators: EWPO + top EW + tt + ttX

10 — ;
8_-n_otf M ttRun1l&2 §
6-‘- tt.Run 1. M ttRun 1 &2 + Asym.
21 b ! Lo
oy e ey g
: 95%CL individual; ¢; 1TEV)’
1 1BOs: Yuk. {Top 2F | | | _ Top4F A |
o3 oajt..’
— (C;=0.01

o T 9 =
O J O S

« Some tension in tf data

 Asymmetries help to improve agreement
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SMEFIT [Hartland et al.; JHEP 04 (2019) 100]
SFitter [Brivio et al.; JHEP 02 (2020) 131]

Top-only: breakdown

See also dedicated top fits:

t; vs. tg uvs.d

Individual:
all others = 0

tt Run 1
tt Run 2
ttV Run 1
ttV + ttH Run 2
tt asymmetries
1 Combined
L1 Marginalised

tt asymmetries constrain orthogonal direction to cross section

Large marginalisation effects: many similar operators

1tV & ttH help to close the space

1Tev? S_15)  significant— effect
e ~ (5 —=15) significan N effects

Marginalised linear sensitivity: Cyg
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Top-only: top + EWPO marginalised
10 : ; :
g ? | tf Run 1 M tTRun1&2 + Asym. ||
. w tERUN1&2 M no EWPO
of || o “} ATLE i H ft ++ ’* T “ “ :
2f 1t :
4 : 5 i
-6 —t
-8 95%CL marginalised; C,-w a
Bos. i Yuk. i Top 2F :Top 4F A
OTETE b e sy & 5 & e =g o3
) @) @) ‘(_)I ‘6’2 Q @] @) rz)o ra)o O
. kgL ;
102 , , a
—_ g T —C,-=0.01’
> 100 i -
()] AR e
= 10%f e
<[lg10-1] l
102 L
m = T 2 "o %o 03
« C,y: ttH bound alone is quite weak . EWPO closes Zbb coupling direction
« C,: Strong constraint but tension with SM  Impact of asymmetries in 4F
* Neutral top couplings poorly constrained « Somewhat low scales (validity?)
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~enss Top-Higgs interplay

ttH
g 2D individual constraints
Bl Combined * All others setto O

r_3 Marginalised

. ggF/ttH complementarity for (Cyg, Cy)

« H+jets STXS & 1V not yet competitive

. Strong impact of #f evident for (C,, Cp;)

« Tension with SM ~ 2o

e Significant correlations remain

* Large marginalisation effects (including 4F)

-0.02 -0.01 0.00 0.01 0.02 -10 -5 0 5 10

10F 10F

What is the concrete
impact of 4F7?

Co

'
w
iz

Triple-gluon %@“

K
o
:

-0.02 -0.01 0.00 0.01 0.02 -10 -5 0 5 10 -2

C HG C tH CtG

Point-like % Yukawa >> Dipole >\w
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Marginalised 4 F | m p a Ct

Marginalised 95% C. L.
Higgs data (no ttH)

Figgs data Fit to "Higgs-only’ subspace

Higgs & Top data
Higgs & Top data (+4F)

+ SM CHI:I’ CHG’ CHW’ CHB’ Cﬂ—], CbH’ CT ) CﬂH
+ C & Cg

- . . . q * Allow a closed fit to Higgs data only

"7 .0.04 -0.02 0.00 0.02 0.04

. Emphasises impact of ttH & tt

Now add in ¢f 4F operators

3,8 1,8 8 8 8 8
+ Co8,C8.C . CS . Ch C

q°> ~tuw’

8
Ctd

-0.04 -0.02 0.00 0.02 0.04 _4}25 20 -15 -10 -5 0 5 10 15

e Relatively mild impact

| « Preferred tf phase space
s different

Triple-gluon

AF : high m,;
e L _ S " "« Able to constrain them
Point-like % Yukawa >> Dipole >\qu independently
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I Top operators: EWPO+top (incl. ttH)

dual

VI

d

e SU(3)°: EWPO+Diboson+Higgs

1N

EWPO

80 ,-01
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0.03]
0.021
0.011
0.00] ++

—0.011

—0.021
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Full fit
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Bosonic Yukawa . Top 2F Top 4F

| |
( : r re | at I O n S . . +0.6/+0.6 +0.4 +32|+0.6/+0.6 0 +0.4 . . +42|+34 +18 4100
. +0.2/+0.2 +0.3 /0.4 +28 (0] -2, . +1.3 +35|+1.7 +100

+2.5+2.5 +1.7 +21+2.6/+2.6+0.2 0 |+0.1/+0.3/+12 +0.8+0.2 +35 +30 +100 +18

BlOCk dlagOﬂa| : +0.7 +0.7/+0.6 +1.1 10.5+9.6 +0.4 +13 4. 425 411 +48 +3.0 +16+100 +1.7
CorrelathnS W/th/n : +1.0 +1.3/4+1.2 +2.1 f1.5 +25 +58+2.9 +7.4 +100+16+35

. +0.1+0.5/+0.5 +0.1 +16 +0.5+0.5 O +0.3 +0.1 +14 +2.2 +2.6/+0.2|+16 +93+100 +30+34
4 )
SeCtOr . +0.1 +0.2|+0.2 +0.1 +18|+0.2+0.2 O +0.4 0 |+16 +1.5 +2.7+0.2/ +17 +100 +93 +35+42

+0.2+1.2/+1.2/+0.3 +0.5 +1.3+1.2+0.3|+5.5+1.5/+0.4/+2.3 +57 +1.1 +100 +7.4+3.0 +1.3

. . . +0.4/+0.1+0.1+0.1] O +0.1 +11/+0.1+0.1 O +0.1 +0.1+7.7 +1.4 +100 +17 +16 +48|+0.2
Block off-diagonal:

(0] +0.3 0.1+0.6/+0.1/+0.1 +1.5 +6.3|+0.8+2.5+100 +1.1/+0.2+0.2 +0.8 +0.2

Correlatlons among . +0.2+0.2+0.2/+0.1 +0.1 +5.3+0.2+0.3+0.1 +2.6 +49 +7.0+18+100+2.5 +2.7+2.6+2.9 +11
1 ) +5.6/+8.1 +14:19.7 +9.4 +114+100+18|+0.8 +58 +25
sectors

+4.4 +13|+13 +4.6/+21: §11|+3.9 +11§ H+100+11 +7.0+6.3+1.4 +1.5[+2.2 +2.8

+2.6/+2.2|+2.2/+1.0 +2.0+1.9+0.3/+11:+2.8/+0.8/+4.8 lOﬂ +57 +12 +4.2 +2.3

EWPO & top +2.0/+11 F44| +67 +9.3 +100 +11 +9.4 +49|+1.5+7.7 +16 +14 +13 +12
+40 +0.5/+39 +43|+43 +20 +1.2 +41/+38|+10 +24 +4.9+100 +4.8 +0.14+2.3 0 4+0.1 +0.3
~uncorrelated

6.6 +0.6+1.7+6.7 +6.7 +1.3 +1.1+6.6/+6.3/+0.8/+0.2+4.0+100+4.9 +0.8 +0.4 +0.1 O
+11 +0.7/+3.0/+11|+11 +1.7 +17 +9.8/+11 (+1.2 +100+4.0 +24 +9.3+2.8 +2.6 +0.1+1.5+0.4+0.3 +0.4/ O

EWPO_H |ggs +1.4 +0.4+40.6  +1.0}+1.5 +100  +0.2 +11 +5.5 +25 +28

+3.9/+13 +9.4+9.6| +14 +2.0 +8.4/+8.5+100 +1.2|+0.8 +10 +0.3 +0.1 0 +0.3] O (0] +0.2 (0]

‘ ‘ ‘ +14 +3.1 +98 +98 +26 gy +2.3+93+100+8.5 +11 +6.3 +38 +1.9 +0.3/+0.1/+0.1:+1.2/+0.2/+0.5 +2.6 +0.6
HB> ~HW> ~H[

+14 +3.0/+97 +98 SPAY -77 +2.0+100 +93 |+8.4 +9.8+6.6|+41 . +0.2|+0.1/+0.1+1.3/+0.2/+0.5 +2.6 +0.6

& YU kawa . +1.3 +1.4/+1.5 +0.8/+2.3 +100+2.0+2.3 +1.1 SESR0 +5.3/+0.6 +11 +18 +16 +9.6|+21 +32

with EWPO
+20 +19 +32 +100 +40 +1.0 +21 +14 +0.1 +2.141.1 +0.3

. . . . 222 |28 +6.5+100 +2.3/+26(+26|+2.0 +1.7+1.3]+1.2 +4.6 +0.1+0.3 +0.5+0.1+0.1 ardl.7/ +0.4
Higgs precision

. . +14+100+6.5 +32:+32 +0.8 +0.6 +11 +13 +8.1 0 +1.2+0.6 +0.2
rlval | I n g |_E P +57 +100 +14 Spdleli==E) 7 +14+0.4 +20/+2.0+1.0/+13 |+5.6/+0.1 +0.1:+0.3 +1.3|+0.7 +0.2
+1OO +13/+12+100+100 sl -76 +1.5/+98|+98 |+9.6 +11 +6.7 +43 +2.2 +0.2 0 |+0.1+1.2/+0.2/+0.5 +2.5 +0.6
+99 +7.4 +11+100+100 +22 Bk +1.4/ +97|+98 |+9.4 +11 +6.7 +43 +2.2 +0.2 +0.1+1.2+0.2|+0.5 S ) +0.6

TO p_H Iggs +2.7 +12+100+11 +12|+57|+6.7 +20 +3.0/+3.1/+13 +3.0/+1.7 +39 +2.6/+4.4 +0.2 +0.4+0.2 +0.1/+1.0/+0.7

C C C +100+12 +7.4 +13 +9.8 +1.3/+14|+14|+3.9 +0.7/+0.6+0.5 +0.4 +0.1 +0.6 +0.2
HG? G7 Z'H +26 | +42 +76 +59 Hm +1.4 +20|+17 +2.4/+1.1 +0.4

Wlth 4': 15 +2.7/ +99 +100 +2.2/+98/+98 +8.5 +11 +6.6 +40 . +0.2+0.1+0.1+1.2+0.2+0.5
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BSM implications

SMEFT-UV connection is model dependent by construction

* Implications on heavy new physics & validity of EFT is a posteriori
* Depends on sensitivity & energy scale probed by data
* Bottom-up philosophy: new physics scale unknown

. . . c \? | |
arbitrary dimensionful parameter =5 coupling/mass scale of new physics

A2 T M2
constraint: ¢c/A2< X

Non-pert. Difficult to address in a general way

e Joday we are probing TeV scale new physics
e Hierarchies in sensitivity EWPO > Higgs > top (EW)
* Moderate-to-strong coupling scenarios most safe

e Generic NP in loops looks challenging for the LHC
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rrrrr

BSM implications

rer=1

102y 4 T T

[TeV]

N
e

CoH

@ X O T T
SO0 Jd

Che
Chw

Individual/marginalised = optimistic/pessimistic
 Real models should lie somewhere in between

* |ess underlying parameters - more correlations
* Need to ‘re-run’ the fits to infer on underlying model parameters
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Single field extensions

Name | Spin | SU(3) | SU(2) | U(1) Param. Name | Spin | SU(3) | SU(2) | U(1) | Param.
S 0 1 1 0 (Mg, Kks) Aq % 1 2 —% (Ma,,AA,)
Sy 0 1 1 1 (MSI ,ysl) Aj % 1 2 _% (MA:; 3)\A3)
Scalars @ 0 1 2 1| (My,Zg cos B) ) z 1 3 0 (Mx,Ay) VLL
= 0 1 3 0 (Mz,kz=) 2 : 1 3 -1 | (Mg, )y)
=1 0 1 3 1 (M=, ,k=,) U % 3 1 % (My,A\v)
/| B 1 1 1 0 (Mp,gh) D : 3 1 —% | (Mp,Ap)
W’ By 1 1 1 1 (M31 ,931) Q1 % 3 2 % (MQU)‘Ql)
W 1 1 3 0 (MW’QE/) Qs % 3 2 _% (MQs’)\Qs) VLQ
Wi 1 1 3 1 (MW1 ’ngI ) Q7 % 3 2 % (MQ7 ’)\Q7)
VLL N % 1 1 0 (Mn,AN) 1y % 3 3 '—% (Mry, A1y )
E 1 1 1 -1 (Mg, \E) T, ! 3 3 2| (Mry21)
VLQ| T L 3 1 : (Mr,st) B | 1 3 2 Lol (Mrp,sy)

Considered single field extensions of the SM

» Complete tree-level matching dictionary is known  [de Blas et al.; JHEP 03 (2018) 109]
* Interpret in terms of simplified 1 & 2 parameter versions of the models
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See also: [Dawson et al.; PRD 102 (2020) 5, 055012]

One parameter models

Model | Cup | Cy Ciy, Chi | CHe |CHO | Cru | Cim | Con
S 3
S 1
1 3 Yr
)Y is ig 4
_ 1 _ 3 Yr
2 116 116 8
v E
1 _1 Yr
E 4 a . 2
Ay 3 b
1 -
As —3 v
_1 _Yr | _y | _wm
B, 1 2 2 2 2
= —2 5 Yr Ye | Ub
_1 _1 _Yr | ¥ | _%
@ —Yr | —Yt | —Yb
{B,B,} —3 =y |~ | — W
{Qla Q7} Yt
1 1
Model || C}, | Chq | (Ciig)33 | (Cho)33 | Cru | CHa | Cim | Com
_1 1 1 1 Yt
S e e B :
_1 _1 _1 _1 Yb
D 1 1 1 2 2
Q 1 Yb
5 - 2 2
Q7 2 =
1 | _3 _ 1 _3 Yt Yb
Ty 16 16 16 16 4 8
T —1 [ 3 1 3 vt U
2 16 16 162 162 8 . 4
1 M 1M M
T 292 | 32 Yt
41
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One parameter models

M(A=1) Mass limits (in TeV) AM = 1TeV)

N . . D2 < 3.8 x 1072 1.60
W, - | 135,17 < 8.6 x 1072 1.60
= , k2 <11x107*(TeV?) 1.6 0
S - . : : lys,|? < 1.6 x 1072 1.20
T - (sh)? < 0.04
S - K% < 1.7(TeV?)
As - | . Aag)? < 2.9 x 1072
Qs - |Aqs|? < 0.24
g - | | As|? < 4.5 x 1072
T, - | Az, |? < 0.099
E - . - | IAg|? < 2.2 x 1072
U - . |A\v]? < 7.2 x 1072
¢ | Zgcos 8 < 0.995
0,07 - 1A@.0-|° < 0.88
0; - ' |Ag,|* < 0.14
D- , | IAp|? < 3.8 x 1072
BB, - 9Bp, < 0.92
B, - _ ] , ‘ 195, 1% < 6.9 x 1073
T, _ Az, |? < 0.22
5, - _ , ‘ As, |2 < 2.7 x 102
A, - ) , | Aa, > < 1.7 x 1072
. T . . T .
0 2 - 6 8 10 12
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Iree-level patterns

Similar particles often generate similar operator patterns

. e.g. Massive vector bosons By, Wy: Cyq = C\y = i%CHD

e Study pattern-inspired subspaces

Boson-specific: (Cyp, Cyo, Cig)
Lepton-specific: (C'ye, CSI}?’), Cp)
Quark-specific: (Cgy, CHd, Cg(’lg), Cim)

Top-specific: ((C 33)33, (C 53)33, Cua, Cor, Cir, CHt)
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BOSOI’] SpeCifiC: Curp Cups i

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
CHBox
2 3
CHBox
CHD marginalised R 01&073 CHBox = CHD =0
S: C — C - O . _2r ] 4,-2
tH—=HD == B: City = ——5Chisox; Chp = =5 Chiox
—— B&B;: Crpox =Citn, Cup =0 B B
— . — — ) (1 +ry)? . -
®: CHeox=Cup =0 W:Cyy =2 T332 CuBox; CHp = Een - CHBox
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Boson specific

"o N SN /\
E0.0 E
U U 0.000
\_/ W
-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 _0'0-1&020 -0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020
CHBox CHBox
Cnp marginalised Crp = — 2CHpox —— Bq: Chp= — 2Chox = — 2Cy
Cup= —4Chxpox —— = Cup= —4Chpox= — 2Cty
Chp = 2CHpox —— Wi Chyp = 2Chpox = 2Ciy
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Pull-ology

Brute force: fit to all combinations of n-coefficients
#=561 #=5984

102 , 102 ; ,
] 2 parameters ] i 3 parameters
] 1

_ 2 2
P = \/)(SM_)(ﬁt

wn
[
o 102 1
. E M Only tt ops. :
» Agnostic search for g = No tf ops.
improved fit w.rt SM 8 == o
H*
NP hints could show
up in this way 100 e e e e 107

10% 5 7 10° 3
: 4 parameters

|
i 5 parameters

* Advantage of fast,
linear fit method

104 E

* Highlights tension in
tt data

102 3

# Combinations

[y
o
()

10! E

* No conclusive NP
. 100 -
hints so far... Tt

100 4
0 1 2

#=46/36 Pull #=278256
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Conclusions

Presented first EWPO, Higgs, Diboson & Top fit in SMEFT

* Include leading contributions from top operators in ggk
e Jop & Higgs sector are starting to talk to each other

. tt 4 fermion operators don’t appear to spoil naive picture of interplay

Analytic, linear analysis has many benefits
« Simple likelihood described by best fit+correlations, PCA exact
* Easy to interpret/combine with other likelihoods

* Fast: repeat for subsets, BSM interpretations

& Drawbacks

* Potentially important quadratic effects, especially in top data

* (Gaussian priors only, not really appropriate for th. errors
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Outlook

Much more to be done

* Explore the likelihood further

« Compare results to a quadratic fit to test validity
« SMEFT theory errors?

* Explore impact of new observables: VBS, VVV, rare top modes

Impact of loops
* Top operators in loops: Higgs decays + EWPO

e NLO corrections

BSM implications
* (Go beyond 1 particle benchmarks towards realistic models

* Are there compelling top/Higgs scenarios that admit a valid EFT interpretation
with LHC data”
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Bonus: di-Higgs in SM

10t}

100 R b .......;.;,/.f ................................................................. ]
- — Osc, g =10 E

Otp, rtp =1
Odg¢, ragp =1
— Oy, rpc =100

0 e S0 5 6 5 i 15
_ 3 | =
0§b T (?TH) N 101_ BM (Umjx) _
O, = (Q0,, Tt H G T e
0,, = (H'H)(QtH) a
O, = 0,(H'H)0"(H'H) S
— A
0,c = (H'H)G'"G
10000 400 600 800 1000
MuyH [GeV]
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Data: EWPO & Diboson

EW precision observables Nobs
Precision electroweak measurements on the Z resonance. 12
Lz, 004, RY, A%, As(SLD), Ay(Pt), R), R? A%y, A%y, Ay & A,

Combination of CDF and DO W-Boson Mass Measurements

LHC run 1 W boson mass measurement by ATLAS

Diboson LEP & LHC Nobs
W W~ angular distribution measurements at LEP II. 8
W W~ total cross section measurements at L3 in the fvfv, lvqq & qqqq 24
final states for 8 energies

W™ W~ total cross section measurements at OPAL in the fvfv, fvqq & 21
qqqq final states for 7 energies

W W~ total cross section measurements at ALEPH in the vfv, fvqq 21
& gqqq final states for 8 energies

ATLAS W+ W~ differential cross section in the evur channel, %, 1
pr > 120 GeV overflow bin 1

ATLAS W+ W~ fiducial differential cross section in the ervur channel, 14
&

ATLAS W Z fiducial differential cross section in the £+#~¢*v channel, 7
fg

CMS W+ Z normalised fiducial differential cross section in the £T¢=¢*y 11
channel, %d‘%

ATLAS Zjj fiducial differential cross section in the ¢~ channel, #;ﬂ 12
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Data: Higgs

LHC Run 1 Higgs Nobs

ATLAS and CMS LHC Run 1 combination of Higgs signal strengths. 21
Production: ggF, VBF, ZH, WH & ttH
Decay: vy, ZZ, WHW—, 7t7— & bb

ATLAS inclusive Z~ signal strength measurement 1

LHC Run 2 Higgs (new) Nobs

ATLAS combination of signal strengths and stage 1.0 STXS in H — 4/ 16/19|25
including ratios of branching fractions to vy, WW*, 757~ & bb
Signal strengths|coarse STXS bins| fine STXS bins

CMS LHC combination of Higgs signal strengths. 23
Production: ggF', VBF, ZH, WH & ttH
Decay: vy, ZZ, WHW—, 7t7=,bb & ptp~
CMS stage 1.0 STXS measurements for H — 7. 13|7
13 parameter fit | 7 parameter fit
CMS stage 1.0 STXS measurements for H — 777~ 9
CMS stage 1.1 STXS measurements for H — 4/ 19

CMS differential cross section measurements of inclusive Higgs produc- 56

tion in the WW?* — fvfv final state.

do | do
dnjee dpy

ATLAS H — Z~ signal strength.
ATLAS H — putp~ signal strength.

K. Mimasu - Uppsala seminar - 21/04/2021 52 Top, Higgs, Diboson & EW fit to the SMEFT



Data: Tevatron, LHC

Run 1 & 2 top

Tevatron & Run 1 top | Nobs I Ref. || Run 2 top Nobs I Ref. |
Tevatron combination of differential tt forward-backward asymmetry, 4 [7] CMS tf differential distributions in the dilepton channel. 6 [46,
Arp(myg). din 50]
A;FLAS tt differential distributions in the dilepton channel. 6 [31] || CMS t# differential distributions in the £+jets channel. 10 [53]
aa_ da
dmu; - _dm“'
A;FLAS tt q‘iaﬂ'erentialddistribut:ons in the £-+jets channel. 7|5/8/5 [24] ATLAS measurement of differential tt charge asymmetry, Ac(my;). 5 [55])
o a o

dm,; | dfy,;l | dp!’ | dly:|" ATLAS titW & ttZ cross section measurements. oy |04i2 2 [58]
C‘E\'IS tt dlfzerentla.l (tiilstrlbutldons in the f+_]ets channel. 7| 10'8 |10 [25, CMS ttW & ttZ cross section measurements. THiw Io-tzz lll [48]
B | = | T,:r' | I 34| CMS ttZ differential distributions. 4|4 [60]
CMS measurement of differential tt charge asymmetry, Ac(my) in the 3 [33] E‘i%v o
dilepton channel. _ ATLAS tiy differential distribution. 11 [62]
ATLAS inclusive measurement tt charge asymmetry, Ac(mq) in the 1 [32] do
dilepton channel dp?

- = M t of differential ti d ch tios for t- 56
ATLAS & CMS combination of differential tt charge asymmetry, 6 [38] CM3 mea'suremen © erentia .cross seciians and charge ratlos for Sl [56]

. . channel single-top quark production.
Ag(my;), in the £+ jets channel. der R, (T
CMS tt double differential distributions in the dilepton channel. 16]16 [18, dp . ; | ¢ (p”“_)
do do do . i i i
el iz — | T | . |16]16 35| CMS measu;‘zement of t-channel single-top and anti-top cross sections. 4 [42]
ATLAS & CMS Run 1 combination of W-boson helicity fractions in top 3 [40] 9t, O, Ty & Be. . . .
decay. fo, f1.& fr CMS measurement of the t-channel single-top and anti-top cross sections. 1111 [45])
ATLAS measurement of W-boson helicity fractions in top decay. 3 [30] ||-2¢ log| 911t | Be.
fos fr& fr C‘I:'IS t-channdil single-top differential distributions. 4/4 [44]
o

CMS measurement of W-boson helicity fractions in top decay. 3 [29] dpT_, I dlyer|
for fr& fr ATLAS tW cross section measurement. 1 [43]
ATLAS ttW & ttZ cross section measurements. oy |0viz 2 [23] CMS tZ cross section measurement. 1 [47]
CMS ttW & ttZ cross section measurements. o4y |04z 2 [26] || CMS tW cross section measurement. 1 [52]
ATLAS ti~ cross section measurement in the /4 jets channel. 1 [36] ATLAS tZ cross section measurement. 1 [49]
CMS tty cross section measurement in the £+ jets channel. 1 [37] CMS tZ (Z — £+£~) cross section measurement 1 [54]
{\E LAS t-il’la.nnel six;gle-top Ziifferentia,l distributions. 4l4j4]5 [39] || ATLAS four-top search in the multi-lepton and same-sign dilepton chan- 1 (63]
aor | ar | dwq | dn nels.
CMS s-channel single-top cross section measurement. 1 [28] || ATLAS four-top search in the single-lepton and opposite-sign dilepton 1 [51)
CMS t-channel single-top differential distributions. 6 |6 [19] || channels.
#'{1_; | #ﬁl CMS four-top search in the multi-lepton and same-sign dilepton chan- 1 [61]
CMS measurement of the t-channel single-top and anti-top cross sections. 11/1]1 [20] nels.
ot |og|oeri| Re. CMS four-top search in the single-lepton and opposite-sign dilepton 1 [59]
ATLAS s-channel single-top cross section measurement. 1 [27) cha.nnels._
CMS tW cross section measurement. 1 [21] || CMS #ébb cross section measurement in the all-jet channel. 1 [57]
ATLAS tW cross section measurement in the single lepton channel. 1 [41] || CMS ttbb cross section measurement in the dilepton channel. 1 [64]
ATLAS tW cross section measurement in the dilepton channel. 1 [22]
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-Isher information breakdown

C; || EWPO

LEP WW

Run 1 SS
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23]
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72%
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100
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c® | 99

100

100
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cy) || 99
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see also [ATLAS-CONF-2020-053]

Removing C,

With Without

15F ' [ " 15
10} 10 -
b Marginalised 95% C. L. 5 - Marginalised 95% C. L.
of Higgs data (no ttH) o Higgs data (no ttH)
T | Higgs data z Higgs data
O ° Higgs & Top data © - Higgs & Top data
-10¢ " Higgs & Top data (+4F) -10 1 " Higgs & Top data (+4F)
_15F + SM 15 1 + SM
20F 220 A
25 0w 0.00 0.02 0.04 25 _0.'0'4““ 002 .00 00a ooa
3

77.0.04 -0.02 0.00 0.02 0.04 25 20 -15 -10 -5 0 5 10 15 T T J J J T T T T
-0.04 -0.02 0.00 0.02 0.04 -20 -10 0 10

CHG CtH
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95%CL marginalised; C;
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