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Introduction

® ~ 9 million Higgs bosons in ATLAS Run 2 dataset
- ATLAS has launched extensive measurement programs to study the Higgs boson

Decay mode Targeted production processes L [fb™!] o ]
R wgF. VBF,WH. ZH.fH.1H 139 ® Best sensitivity can be achieved by
e+ tH (multilepton) - 36.1 - Latest ATLAS Higgs combination: Nature
H— WW ggF, VBF 139 607, 52 (2022)
) WH,ZH 36.1 ) ’
{tH +tH (multilepton)  36.1 - Measurement using H—=yy+4£2: JHEP 05
H— Zy inclusive 139 (2023) 028
= ob e e © Any deviations from the predicted
L properties by the SM are a smoking
i gun for New Physics!
H— 11 geF, VBF, WH + ZH,17H + tH 139
ftH + tH (multilepton)  36.1 * Interpretation of ATLAS Higgs
H — upu ooF +1H +tH,VBF + WH + ZH 139 combination under effective field theory
H o o WH+ZH 130 and BSM models: arXiv:2402.05742
H — invisible VB 139 ® HH combination on Thursday
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Nature 607, 52 (2022)

The global Higgs signal strength

® Global signal strength measured
with respect to the SM prediction
U = (o/0SM) x (B/BSM)

- Production process (0) and decay
mode (B) not distinguished

ATLAS —— Total
— (5-13TeV,36.1-139fb"
My = 125.00 GeV, y | <25
- Pgy = 39%

—21In A

« Assume all channels scale the same

® p-value for the SM Higgs is 39%,

N W b~ 01 OO0 N O
NRREREREREEEES

® Systematic uncertainty reduced
by 2x from Run 1 ATLAS+CMS 1

result X N T KRR TR

1 =1.05+0.06 = 1.05 + 0.03 (stat.) + 0.03 (exp.) = 0.04 (sig. th.) = 0.02 (bkg. th.)
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Nature 607, 52 (2022)

Per production and decay mode measurement

@ All major Higgs productions observed: © Gauge and 3rd gen. Yukawa observed:
» ggF (VBF) precision is 7% (12%)  B(bb) precision better than 15% (7o

+ WH (ZH) significance is 5.80 (5.00) significance)
- WW/ Tt/ ZZ/ yy precision 10—12%

* B(uu) and B(Zy) 2.00 and 2.30 significance

 {tH + tH significance is 6.40
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Production process Decay mode

When measuring production processes assume that decays are SM-like and vice-versa
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Nature 607, 52 (2022)
Production and decay simultaneously measurement

® Production modes and branching ratios measured also simultaneously
® Already down to 10% precision in a few individual ggF channels

© Many channels still dominated by the statistical uncertainty— room for
big improvements in Run 3!

ATLAS Run 2 }ed Data (Total uncertainty) [ Syst. uncertainty | SM prediction
| I | | | | | | | _I5 (I) ? 1I0 | | | I
tH Hi4—
A | 14 HEZH | H—— —
ttH B3 —%H
ggF+bbH % 5 . ) .
VBF . . . =
WH k¥ A —5— —%—
22 o &
ZH I$l —FZ— e
| ] | | | | | ] ] | | | L1 1
0 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 0O 1 2 3 4
bb ww TT ZZ vY 2%

¢ X B normalized to SM prediction
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Nature 607, 52 (2022)

K framework

2 _ SM
. . . . . . . Kp — Gp/o-p

® Used to determine the Higgs coupling to individual particle p 2 =T, /TM
(affecting both production o and decay ) p p/-p

 Modified for the total Higgs width: Kn = Kn(Kb, Kw, Kr, Kz, Kc, Ks,Ky, Binvis., Bund.)

® Three models with progressively fewer assumptions studied:
1) Single modifier for vector bosons and single modifier for fermion couplings
2) Coupling modifiers for W, Z, t, b, ¢, T, y treated independently, loop processes resolved
3) Same as 2) with coupling modifiers for non-SM

[ [ K -
particles in loop processes d # :
Ky o ATLAS Run 2
Kt i L-Ti_-ﬁ' Leptons Quarks i
i ve v vl v] c BN
§ T | ] ® == EEl
C L served best fit ] > E E L |
1.15 ATLAS Run2 I Observed 68% CL = S % E —— oy 1995 005
- Observed 95% CL ] S = F «,is afree parameter K oo ﬂ--- -
1.10F AL SM prediction - ELL|§ 107 SMp edictio = i -
- ] L F 1 Ku| o I
1.05 - 102k - i B —e— 8,,-8,-0SM p-value (61%
: " " : .. “o S o By 0.8, 20,y 1 (61%)
1.00 :_ ¥ —: B Ve | Vi | Ve || Y [T i —— SM prediction I
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Nature 607, 52 (2022)
Simplified template cross sections (STXS) framework

® Signal cross sections measured in specific kinematic phase spaces.

ATLAS Run?2
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. ) ] _ JHEP 05 (2023) 028
Differential cross section in H to yy+4/

® Higgs production cross sections measured also in finer bins and
variables beyond STXS

« Combined H—yy and H—4£ production cross section measurement

E il [ [ [ [ I [ [ ] = 292 [ I I [ [ [ ]
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Compatibility p-value 49%  20%  23% 69% 80% 37%
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arXiv:2402.05742

Interpretation within SMEFT with STXS

© SMEFT: extension of SM by adding higher-dimensional operators built

upon SM fields N N
Ci ]
Lsmerr = Lsm + Z 20 + Z 2Lo® 4.

L 7
Wilson coefficient Operator Wilson coefficient Operator
- . 103 (L1 - _
© Warsaw basis used: complete set of G
o €0q (OT*y,0)(qTy*q)

b bp ~cp
feG GGy 3

d=6 operators, assuming A =1 TeV © e @oweurr

(3,8)

CHDD (H'D*H)" (H'D,H) C?? (Qo'T*YuQ)(qor'Ty"q)
(EN)} = i = =i
1] 1] . CHG H'H GAVGA;IV cqq (Go'yuq) (o 7q)
@ TO p fI avo u r SC h e m e . CHB H*H;"VB"" e (Fyut) (@y*u)
caw H'H W], W™ Cru (TT%y,ut) @T“y*u)
1 T . ) - B
- First two generation quarks treated crws HICH W, B ‘ua S
H CHLI (H'i D, H)ry*1h) Cta (@T%yut)(dTy"d)
SI m I Iarly C21,22 (Hfi(B,,H)(l_zyf‘lz) Cgu (0y,.Q) ity u)
: CH13 Hi D H) syl “0u (0T, Q) @T*y*u)
- All lepton generations separately G @B B @n)dra)
2 (Hi DLH) Ty 1) €O (0T, Q)(dT*y*d)
- 204 CP-even operators, 50 related to Gm B 3 @) v
. . . . CHe,11 (H'iD ,H) @y e)) e (@T7,q)@Ty"1)
Higgs measurement considered in this e By T
. Crto s T B (B CeH22 ( )(_282 )
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.(_) -
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CHb (H'i'D . H)(by"b) cu1,1221 (ryul2) (y*h)

SUSY 2024 Rui Zhang Higgs combination and interpretation 9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-17/

arXiv:2402.05742

Parameterisation

FH—)X + FH—)X FH—)
i, k', H->X _ _ik’ H-X _ ik’ ik’ SM int BSM
(0XB)smerr = Tsmerr X Bsmerr = (0' sM | int *’ X H | H {|pH

1—‘SM 1|_ int SM

ik’ ik’

 Linear term: interference between dim-6 operators o _ v 4o TESM _ N\ poin
.,—ZA. Cj — —ZB.Z cjc
and SM oo T osm f3y
FH—)X Hox l-'H—)X Hox
° I - 1 lnHt—)X - ZA.; Cj ?{Sivl,x = Z Bjrl cjcCl
Quadric term: pure BSM term, product of two dim-6 rt&* 4 a4
rH - I H
operators = YA M= Y B,
SM J SM J.l>j
rH _ ;ré{M_)XA}T - BrH _ ;rgM_)XBJIle_’X
J ; ré{M—)X Jl ; ré—IM—)X

© Measurements are re-parameterised in terms of Wilson coefficients

(1+ %} (A;."'”" + AT.‘H*X) cj+0 (A%
\ /

J
1+ 3(a7BK L ATHPX ) s (AT ATH-X oo w5 [ BTEK + BYH-X e, o o(A=%)
' j J N l Jel Jl=2j\ 71 jl Jel

j J J
1 + Z(AFH)CJ + (BI:‘IIJ)CJ'CI + O(A—6)
j\J j=j\ J

linear model: (o-xB)g’I(‘,I’g\g’éNLo X

1+ A™c;+0 (A7)
j

Quadric model: (oxB)g; oxnro °
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Impact from the modified basis
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® Impact of coefficients of the basis on the STXS regions
 Linear model (filled histograms); Linear+quadric model (open histogram)

® Uncertainties on corresponding regions is shown in the top panel
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Reorganise coefficients

® Converting Warsaw basis coefficients to fit basis coefficients
- 19 directions based on the principal component analysis and physics motivations
 The rest directions are fixed to 0 in fitting
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Constraints on SMEFT - linear model
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Constraints on SMEFT - quadric model

® Most operators have more stringent constraints than linear models as
the linear+quadric impact is larger than linear one

® Impact from quad term can be big in some operators due to double

ATLAS
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I (9] —
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2 102¢ 10 §
£ g S |
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& i
1073 | 32
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S 4
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S5 2f
) g N . t Fit
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§E |
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BSM interpretation

® Interpreted under 4 benchmarks of 2HDM and 7 of MSSM + hMSSM

® Can also be done through the results of EFT which is a low-energy
approximation of high energy scale UV-complete model

® A direct interpretation and EFT-based approach are compared and
show reasonable agreement

- The EFT-based approach has weaker constraint than direct interpretation in Type-
|, due to the missing of dim-8 operators
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Summary

® A detailed check of the SM prediction from the combination of the
measurements in the k and the STXS framework

» All results are in excellent agreement with the SM prediction

® Results are interpreted under EFT & BSM

® The linear and linear+quadric model are used for the interpretation on
STXS measurements

* No significant deviation from SM is observed

Exciting future ahead with the
upcoming Run 3 dataset!
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Impact of rotated SMEFT operators on H—-yy and H—Z2Z
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