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Higgs differential measurements and
EFT interpretation in ATLAS

- G. Callea on behalf of the ATLAS collaboration
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Introduction

Since its discovery, extensive studies on the Higgs properties have been carried out and used as a
probe for the BSM scenario

The Nature paper (Nature 607, 52 (2022)) gives a fantastic overview of the ATLAS measurements,
most of which were performed with the full Run2 dataset

Decay mode Targeted production processes £ [fb™!] Ref. Fits deployed in =) 1 02 - - g 1 E 3
H— ooF, VBF, WH, ZH, (tH,tH 139 [311 Al o E E = Ewr— 3
&4 £ e ATLAS Run 2 7 s r - ATLAS Run 2 7
H—Z7Z ogF, VBF, WH + ZH,1tH +tH 139 28] Al o L _ = r .
tiH +tH (multilepton)  36.1 [391  All but fit of kinematics g 10 ] 8’1 0—1 = —
& E 3 = E —a— 3
H—-Ww ¢eF, VBF 139 [29] Al » E E 3] E ]
WH,ZH 361 [30]  All but fit of kinematics 2 C —= ] S L = 4
#tH + tH (multilepton)  36.1 [39] All but fit of kinematics 6 - = 5 2 |
—& 10°e 3
H— Zy inclusive 139 [32]  All but fit of kinematics 15_ —— T, 4 E 3
E ) s 3 F ) .
H > bB WH.ZH 139 133.34] Al F ¥ Data (Total uncertainty) g2 B [ ¥ Data (Total uncertainty) —==— % u
VBE 126 [35] Al L ) - 103 ) -
GHeH 139 Bel Al Ul D Syst. uncertainty N - D Syst. uncertainty E
inclusive 139 [371 Only for fit of kinematics 10 E & SM prediction — E Esm prediction da J
H- 17 ¢¢F, VBF, WH + ZH,1tH +tH 139 [381 Al £ % % } | 1 } } } } }
tTH + tH (multilepton) ~ 36.1 [39]  All but fit of kinematics % 1.5~ —10 % 1 2__ ?5 ] 3
r E :Zl <L 22 J
H — ppt geF +17H + tH,VBF + WH + ZH 139 [40] Al but fit of kinematics SR - % % 10 2 % do
o = o L % ]
H—cé WH+ZH 139 [41] Only for free-floating k. "a r T E ﬁ 0.8 & Z 2} 1
H — invisible VBE 139 [42] & models with B, & B, T 0.5 : ‘ . : =4-10 t . : . : : .
U Sinv. F+bbH  VBF WH ZH ttH tH 7T
ZH 139 [431 & models with By & Biny 99r+ bbb ww 2z v zy M

Production process Decay mode


https://www.nature.com/articles/s41586-022-04893-w

Cross-section measurements & k-framework

e Fiducial and differential measurements: Done in specific phase-space regions. Shape
information can be exploited for a range of further interpretations

e Simplified template cross-section (STXS). Performed in prescribed bins per production mode,
kinematic regions defined by the Higgs and associated W, Z or jets

® kappa-framework: set of coupling strength modifiers to express modification with respect to
SM predictions and probe possible BSM
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H—ZZ (4l) and H— vyvy - Fiducial and total cross section

Excellent signal resolution but low event counts, individually -> Combination using Run2 data
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e Total Higgs production cross section measured with unprecedented precision of 7%
e Differential cross-section as a function of p,. measured with 20-30% (60%) precision up to 300
GeV (350-650 GeV)


https://link.springer.com/article/10.1007/JHEP05(2023)028

H_*ZZ (4|) and H—+ vy JHEP 05 (2023) 028

The pTH distribution is sensitive to modification of Yukawa couplings with the b- and c-quarks:

e Resulting in changes to overall cross section and shape of the pTH distribution
e Affecting the H—ZZ and H—+yvy branching ratios with the changes in the Higgs decay width
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H—ZZ (4l) and H— yvy at 13.6 TeV - here we go again

New early Run3 combination - first measurement at the new centre-of-mass energy
Eur. Phys. J. C 84 (2024) 78
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Individual and combined results comparable with the SM predictions

o(pp—H) = 58.2 £ 8.7 fb vs o(pp— H)g,, = 59.9 % 2.6 b
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(ggF and VBF) H—WW - differential cross section

Higher branching ratio but worse resolution
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Eur. Phys. J. C 83

ggF H—WW - double differential cross section “=*

Six double differential cross sections as a function of kinematic variables (sensitive to the
production kinematics) and jet multiplicity (up to one jet, sensitive to the decay kinematics)
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Compatibility with the data expressed with p-values. Good agreement with the SM expectations
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VBF H—WW - fiducial cross section o

Cross section overestimated by 15-28% by the predictions at
NLO or at LO with parton shower, although compatible at the
level of ~16. Fixed-order calculation of VBFNLO@LO JAMSPARIARRAI AARRRAMS ANl AN NRRRRARS
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(ggF+VBF) H—WW - STXS measurement

Phys. Rev. D 108 (2023) 032005
Measured cross section in ggF (VBF) production mode probes couplings to heavy quarks (W and
Z). Performed in different jet multiplicity regions
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Both ggF and VBF cross sections multiplied by the branching ratio are in agreement with the SM
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EFT interpretation AX2402.05742

Can reflect the effect from a wide class of BSM theories and provide a common language to
describe the BSM effect in all the Higgs analyses
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EFT interpretation of combined STXS measurements

arXiv:2402.05742
Fit basis expressed in terms of single Warsaw basis coefficients ¢, and in terms of linear

combinations (e) of coefficients to achieve both fit stability and fit-barameter interpretability

ATLAS

V/s=13TeV, 139 fb~', m, = 125.09 GeV SMEFT A =1 TeV
1 . WH -y
08 H— 2y H H H
. B oo Good agreement with SM, obs. uncertainties
cg H—2ZZ* -4
g3 o4 . o <
] H — bb
| s are generally smaller than the exp. ones
g H—= pp
S = - = ATLAS
L 99/
§ Hver /s =13 TeV, 139 fo~ ', m,, = 125.09 GeV SMEFT A =1 TeV
X OwH
w Oz4 10! Linear+quad. (obs.) 0'32;-
e = Linear+quad. (exp.) ]
tH > . by
2 Blinclusive £ 10° 1 §
s 2
1 032 _ g 2
< p 2 S 10 32 3
£ 10 1 g 3 @
g e = 3
g = g 1o 10 §
S 10 32 2 E a
3 3 %)
b= 3 10~ 32
g 102 0 g
£ o —
s 3 4 P = 98.2%
108 l 32 S
Bz
. ©
T Pow = 94.5% g-{‘rz:, 2 .
g 2 g ® BestFit
sE sE ] —68%CL
8 2 S3 080 ¢ 10 1 90— 10101011019 2 o
B i i T & & 1 - 95 % CL
2% j ® BestFit L o L
3 O o N
=8 —68%CL £ &
z2 041 *{‘+ ‘*‘+ 4*‘{ *+ w95%CL 0§ O —2
L0 s E
° N a £
£ & >
gg 2 "
£E & :
@, S @ oso S7,0000G  L,050% % VXY &7
5 % 0%%7 5 Wwal X% 2\;/%?%?%? 3&7§&¢}%& % %Z/
g 3 g 5,050 S OGS S s, s, Ll PINCING N & e
S, a2 ¥ KU BB K (SR w7 B % % % 2

Q.
A s7Ss

12


https://arxiv.org/abs/2402.05742

EFT based on differential measurements arXiv:2402.05742
Differential distributions (fiducial cross sections and STXS) provide more information on the final
state kinematics, giving additional constraint power to Wilson coefficients

Constraints on the anomalous Higgs coupling to gluons and top quarks set from the observed pTH
spectra in the H—ZZ— 4l and H—+yy channels
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VBF H—WW - EFT interpretation o R

Wilson coefficients obtained from different differential distributions. Fitted one-at-a-time
Stringent constraints set to many EFT parameters, especially when the quadratic

term is added (sensitive to neglected contributions of higher-dimensional operators in the EFT
expansion) N
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003

Summary

Lots of exciting differential measurements and EFT interpretations

Measurements of the production mode cross sections, STXS, fiducial differential cross sections
reparametrised in terms of SMEFT and provided new constraints on the Wilson coefficients

First measurement at 13.6 TeV, more will be published in the near future

Looking forward to seeing the new measurements and producing updated EFT interpretation
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EFT interpretation of STXS measurements

Linear model ik

Tint ZA i
[H-X ' ]" -

ik’ + int
& H—-X
ik H—X ik H-X int,(N)LO Tsm
(0XB)gmirr (XB)mNN)NLO X (l toiw ) x i rle_)X rH-X
+ it —_ 3 .
SM,(N)LO e FH—»X E Aj Cj
PH-X SM ¥

1+ZA Cj

ik’ H-X
(0XB)gp omNLO X

b
1+3 (A7 + A7) ¢; 40 (A7)

(xB)LKHSX o ,
SM,((N)N)NLO I+ ZAJF-HCJ' 10 (A
J

rH—»XAlfH”x
r# _ Z !
o Z FH—»X

Quadratic model

rH-X FH—X
ik, H—X iK' H—X i A -1):>~Bf’ Bk
WKy —_ Ti k! 7.k’ Jtzy
(@xB)suprr -~ = (OXB)sviaonneol| ! + ZA i+ Z By By, ‘/") e xAT o 1 3 8oy
J J L

J Jlzj

ik HoX
(0XB)sm((NNNLO °

o HoX P _— .
1+ z(/\/_'-‘/ + Al )(-- + 3 (A Lk 'H—'X)( il + Sjas; (B“""I + B'/.IH—’X)C,T, +0(A6)

A_'}H) cj+ ( )‘1/"1 +o(a)

13)

1+

J

1+ZA‘.T"'WC') X 71 1m Z )
J J I Cj
( 5 l+§Aj Cj

oK
E;'Skl\’/[ = Z BJII Yejer
Osm  jilzj
H—-X
Y _ Z Br”HXC,C
rH—=X - Jl jet
SM ey
BSM
Z Bj, cjcr,
Jlzj
H—-X
ZrH—»X r
T2 _
le - ZFH—)X :

17



EFT interpretation of STXS measurements

Eigenvectors obtained from the expected measurements accounting for the observed values of

nuisance parameters, ranked by eigenvalue and truncated to eigenvalues A. = 0.01
ATLAS /s=13TeV, 139 b’
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EFT interpretation of STXS measurements

Definition of the fit basis coefficients ¢' in terms of the Warsaw basis coefficients ¢
ATLAS /s=13TeV, 139 fb!
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EFT interpretation of STXS measurements
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EFT interpretation of STXS measurements

Constraints from the quadratic terms are significantly stronger. These arise from the relatively weak
impact of the BSM-SM interference term on the cross-section compared to the quadratic BSM

terms in specific production or decay modes

ATLAS
V5 =13 TeV, 139 b=, my, = 125.09 GeV SMEFT A = 1 TeV
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H->ZZ (41) and H->yy - Fiducial cross section

Lepton and jet definitions

Leptons

Jets

Dressed leptons not originating from hadron or T decays
pr > 5GeV, |n| <2.7
pr >30GeV, |y| < 4.4

Photon and jet definitions

Lepton selection and pairing

Lepton kinematics
Leading pair (m13)
Subleading pair (m34)

pr threshold for three leading leptons: > 20, 15, 10 GeV
SFOC lepton pair with smallest |mz — mge|
Remaining SFOC lepton pair with smallest [mz — m¢¢| as nominal

Photons

Jets

Photons not originating from hadron decays
pr > 15GeV, |n| < 1.37 or 1.52 < |n| < 2.37
EX°(AR < 0.2, pr > 1 GeV, charged) < 0.05 Et
pr > 30GeV, |y| <4.4

Event selection

Event selection

Mass requirements
Lepton separation
Lepton/Jet separation
J /¢ veto

Mass window

50 GeV< mp < 106 GeV and 12 GeV< m34 < 115 GeV
AR(E,’, fj) > 0.1

AR(¢;, jet) > 0.1

m(t;, €;) > 5 GeV for all SFOC lepton pairs

105 GeV< myp < 160 GeV

If extra lepton with pt > 12 GeV  Quadruplet with largest ggF matrix element value

Photon kinematics
Mass window

pr threshold for two leading photons: p!

105 GeV < m,,, < 160 GeV

2 > 035myy; o3 » 0250y
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Acceptance

Acceptance
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EFT based on differential measurements

evll = 0.999¢56 - 0.035¢,6 — 0.003¢,,
evl2l = 0.035¢c46 +0.978¢,6 +0.205¢, 4,
evl = —0.005¢yG - 0.205¢,6 +0.979¢; 4.

arXiv:2402.05742

24


https://arxiv.org/abs/2402.05742

