EFT results in and beyond
Higgs physics at the LHC
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New Physics
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E < ELHC | E > ELHC E

@ Remarkable agreement with SM and ~TeV BSM
exclusion limits motivate SMEFT

@ Capture NP effects at the low energy by
parametrizing them with additional terms

|
PV — (d=6) representing contact interactions

A\

@ Additional terms modify overall cross section of SM
processes as well as kinematics distribution
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https://tikz.net/bsm_tails/

Common framework - SMEFT

@ SMEFT model is the most used and accepted theory [arxiv:2012.11343]

® Respects SM symmetries, constructed using SM operators

£

@ Consider operators up to dim 6, and assume baryon and lepton-number conservation

ATLAS

EXPERIMENT

1
— F ZCaQa

@ Number of parameters depends of flavor assumption, with topU31 relevant for Higgs operators:
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SMEFT model is the most used and accepted theory [arxiv:2012.11343] 1
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Consider operators up to dim 6, and assume baryon and lepton-number conservation
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Respects SM symmetries, constructed using SM operators L
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Number of parameters depends of flavor assumption, with topU31 relevant for Higgs operators:
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EFT analysis strategies

|.Individual measurements
Derive sensitive to EFT observable

- Matrix element based observables
(P x ME) estimated with [MELA] based on

kinematics and angular variables £2

7Dsig(ﬂ)
Psig(ﬂ) + Pa,lt (Q)

Dalt (Q) —

- Optimal observable with [BIT] regression for a
limited set of operators relevant for
considered process; X = kinematics and
angular variables

RX|E) =1+ ) R(X)e;+ Y R (X)ce,
i ij
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ll.Combinations

Input analyses are optimized to SM precision,
model independent measurements considering

up to 64 Wilson coefficients — PCA is used to
identify non-flat directions

Parametrize (differential) cross section (and BR)

o %X B i, H—X O'-i 0.1'
i (cj) = ( )i,H—>X - (1 - Bz’SM)
(0% B)éy IsmMm Ysm
=LA M= B
] ] ]
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https://arxiv.org/pdf/2002.09888
http://www.arxiv.org/abs/2205.12976

CMS,
EFT analysis strategies _—— YAILAS
|.Individual measurements ll.Combinations
Derive sensitive to EF T observable based on Input analyses are optimized to SM precision,
event kinematics and angular variables model independent measurements considering

up to 64 Wilson coefficients — PCA Is used to
identify non-flat directions

- ATLAS STXS + fiducial combination of Higgs
channels [ANA-HIGG-2022-17-PAPER]

- ATLAS H—4l| [ATL-PHYS-PUB-2023-012]

- CMS VH(H—bb) EFT analysis [CMS-
HIG-23-016]

- CMS EFT interpretation in H=>WW MELA

- CMS Higgs differential combination [CMS-
[Eur. Phys. J. C 84 (2024) 779]

HIG-23-013]
- ATLAS Higgs + EWK [ATL-PHYS-PUB-2022-037]
- CMS Higgs + EWK + Top [SMP-24-003]
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https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2911229?ln=en
https://cds.cern.ch/record/2860128/files/ATL-PHYS-PUB-2023-012.pdf
https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0

l. Individual eFT
measurements
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® Analysis considering SMEFT effects in H
production only —limited set of WC

@ Using NN observable in H — 4 lepton channel

= lo Ps
- glO PB +PNI

ONN

® In H—=2/[2v lepton channel:

2
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—>{f miss
pr + ET
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VH(H—Dbb) EFT analysis (CMS) ttkby vasiiie Perovie] ATLAS
CMS-HIG-23-016

Ay W/Z

@ New Run 2 analysis designed to gain
sensitivity to EFT effects specifically extending
STXS parametrization approach to constrain

(3) ~(D - -
CHq, ch, Cyy, Chg and linear combinations of
77 77

Cuws> Cawas Cyp (+ CP-odd) = g5, g4

q

@ Angular information to improve sensitivity to

CP-even vs. CP-odd HVV couplings gQZZ, ng

2

77 0 2 2
g = —2 A2 (SwCHB T CCHW T SwaCHWB)
2
727 27 4 2 2
8 =& = 2A2 (SwCHE T Cwlyw T chwCHWB)

@® InVhCoM
[JPlaneof V-1l @ InllCoM
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https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://indico.cern.ch/event/1391236/timetable/#61-eft-interpretations-in-the

VH(H-)bb) EFT ana|ysis (CMS) talk by Vasilije Perovic]

@ New Run 2 analysis designed to gain
sensitivity to EFT effects specifically extending
STXS parametrization approach to constrain

(3) ~(D - At
ch, CHq, Cyy, Chg and linear combinations of

CMS,/ !

= EXPERIMENT
CMS-HIG-23-016
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\\\ \\
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\
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_(.:MS Simulation Preliminary 138 fb~1 (13 TeV) Meth Od |ea rns

“ | detector-level

98 kinematics and

propagates it to

the output score

— Ll 1/ 2 karound  —--- o .
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5 | — Total EFT H" o
® Angular information to improve sensitivity to 310" Cht
- 77 77  E
CP-even vs. CP-odd HVV couplings g5, g; 2
103+ -
@ Likelihood ratio observable estimated with [BIT] | FIHI,_ E
regression as optimal observable (kinematics + j e
. . s . 102:_ .---"_'_',:':-':::E__I——r“
angular variables used in the training) N =
@ lIterative approach to find an observable that e
. . . 101_—I : , . LT
performs optimally for each Wilson coefficient 6 5 10 15 20

Regression score
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RX|E) =1+ ) R(X)e;+ Y R (X,
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http://www.arxiv.org/abs/2205.12976
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https://indico.cern.ch/event/1391236/timetable/#61-eft-interpretations-in-the
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VH(H—Dbb) EFT analysis (CMS) takby Vasiie Perovic] | - ATLAS

138 fb' (13 TeV)
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@ Negligible loss in the sensitivity from profiling the all parameters due to the optimized analysis
observable

@ Addition of CP-sensitive variables — access to the linear combination of CP-odd SMEFT WC

2
Y4 ~/Z %
_ — 2

2 2. _
84 =8 = A2 (S’wCHB T Culyw +chwCHWB)
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[Eur. Phys. J. C 84 (2024) 779]

@ Use MELA method to construct an observable
sensitive to the modifications to Higgs

production
) VV » VV » |
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https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0
https://indico.cern.ch/event/1391236/timetable/#59-anomalous-couplings-and-cp

H-WW MELA ana|yses (CMS) talk by Federica De Riggi] 2=

5\%\\\ \
) )

ATLAS

EXPERIMENT

[Eur. Phys. J. C 84 (2024) 779]

@ Use MELA method to construct an observable
sensitive to the modifications to Higgs

production
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The output
score IS based
on gen-level
ME, better
suited for
leptonic final
states
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CMS/|
H—-WW MELA analyses (CMS)  (taikby Federica De Riggll 2| ATLAS

YV

[Eur. Phys. J. C 84 (2024) 779]

- CMS 138 fb™' (13 TeV)
u 2 -1
- —— Observed, fix others ‘ai ‘ 0; : a; CMS 1381b (13 TeV)
14_— f ar — 2 S1gh a_ %24 Expected
. Expected, fix others . ZJ |a] ‘ 0 l | —e— Observed | | Best fit 68% CL
121 —— Observed, float others ”,.:;::1""' Cho -0.76  [-4.19, 0.67]
oF T Expected, float others o 5 .2 22 C.ps 042 [044, 0.8
w |
- T da;” = — | 2cug t —5 Cuws + 2~ 5 | “HD
e A S 284 Crw 0.08  [-0.79, 0.51]
E 8 | .'.,..'.. "::‘,;,’" B
< Crws 0.17 [-1.62, 1.05]
C\|I 6_— 77 v2 262 | 1 —
- o =a\ T w7 D o Cig 003  [0.23,0.16]
B w w -
41— 95% CL 2 c -
B 77 2 v 2) 2 HW -0.26  [-0.76, 0.41]
i a, = — 2 SwCHB T CwCHW T SwCwCHWB ) > |
o ) - -0.54 [-1.57, 0.83]
- 08% CL aZZ——Zv—(Sc~—|—cc~—|—scc~) B
0 I R B T R T R R T A2 w~HB WEHW W"W"HWB J CH§ Y -0.08 [-0.23, 0.12]
lllllllllllllllllllllllllllllllIlllllllllllllllll
- 05 ) 0-5 1 4 -3 2 -1 0 1 2 3 4 5

fa3 Parameter value

® Results extracted for HVV anomalous couplings, the most stringent to date

@ Iranslated HVV constraints to SMEFT Higgs and Warsaw basis, all in agreement with the SM.

U-H
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. . . . CMS/!
nggS STXS COmblnatlon 1N ATLAS [talk by Oliver Rieger] :\\ Q:IE-I!TI\%NST

\\\\\

. . [ANA-HIGG-2022-17-PAPER]
® STXS combination + SMEFT ATLAS

Vs =13TeV, 139 fb~1, my = 125.09 GeV SMEFT A =1TeV

interpretation H — yy, H > WW~, O iy o
H—-7ZZ9 H—- 't H—-bb,H— utu-, ?

—~ - 5 >
L z 2,
3 <
H— Zy Bl 11 s
= B
. . . . . 402 110 8
@ Starting with 46 WC identified 15 linear e g
combinations and 4 single coefficients = PN FFF W F -
2 4) - o % f
YL . . '01)’ E E o : :
@ Sensitivity from different channels in the 18 o { - -
. . Q@ i E o BeitFit
combination o4 — %L
20 i y !
ATLAS E% | . i .
1 Vs =13TeV, 139 fb~', my = 125.09 GeV SMEFT A =1 TeV o L n
B B m > 4| _— -
0.8 H— Zy Q i : P : :
:Q —>TT
3§: 0.2 i I:_)W
3 [ & i Boor .
ig e @ Results agree with the SM at 95% CL
S 3553 Ll zH
S 04 5 [ ttH
Q ::is i 0 .
Brcuono @ Interpretation in 2ZHDM and MSSM
»y &6'/ 2% Soi/g@?% X7

- % models by matching SMEFT
Aliya Nigamova | Higgs 2024, Uppsala | 07/11/2024 parameters to 2HDM 17



https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
https://indico.cern.ch/event/1391236/timetable/#55-combined-higgs-boson-measur

CMS

Higgs differential combination in ATLAS = ATLAS

N }\‘\\\ \
) )

[ANA-HIGG-2022-17-PAPER]

_ _ _ _ e | ATLAS
@ Performed the differential combination of akdaNN- - i e —
= i | ' [ _
H — yy and H — 4] measurements 2 ol 0
@ Constraining 3 linear combinations of Wilson =
coefficients
[1] _ _ _ ' 2 p AR O Ton )7 p 7
evi'! = 0.99cys —0.035¢;6 — 0.003¢, g, Q6Q70Q7§%§@ZQ§7§%%7OZQ;€Q 32%%?20\%0%\0 0’0%:(2019‘20*733%%% /;;;0;20%
ev2l = 0.035¢ckc +0.978¢, +0.205¢ KA A 00
: HG 0. tG + 0. tH> p!" [GeV] P [GeV]
ev3l = —0.005¢ 56 — 0.205¢,6 +0.979¢; . _ _ — _
. . . . ATLAS e Best Fit
@ While fiducial measurements is more . 4 =——68%CL
Vs =13 TeV, 139 fo Differential H — H
cen . vy + H — 41
granular than STXS, sensitivity is lower SMEET A = 1 TeV ——STXS H — vy + H — 41

3-parameter fit (Observed)

- Inclusive in Higgs production modes .

1000 x ev!!] —_—
- Demonstrates importance of STXS
ev!?] —o—
ev[3] L1 |11 [ |1

UH - | 6 -4 -2 0 2 4 6
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. . . L Vs,
Higgs differential combination in CMS _— YAILAS

[talk by Massimiliano Galli] [CMS-HIG-23-013]

. . . L CMS Pre//m/nary 138 fb~' (13 TeV)
@ Interpretation of differential combination ™~ * T T T T T T T T T T
Q 103—_J_Y;‘: -
— K O -
- H-oyyH—- WW H - zZ") - 4], 5 T { ;
H — t™t7, H = 77~ (boosted) G107 -
| | | [HoX  pHoX —~ -
X (‘TXB)IH_)X _ Tint |, TBSM 1+ FQ\?X ' THS*X 2
Hi (C/') i H>X 14 i rH 10T
X B)dm Ism  Tsm \14— i :
E— aMC@NLO, NNLOPS
pﬁ (+ studied A¢;; in H — yy and 10 pownee
H ¢ Combination
K i S
H — ZZ") — 41, for CP-odd) used for SMEFT |51 Combinaion Syt ure
interpretation ,
sefF 1T T T T T 1
- Parametrization is derived in fiducial regions 8L o
2 F] T L.l
if,
0

UH
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https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
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Higgs differential combination in CMS

[CMS-HIG-23-013]

CMS Preliminary 138 fb~' (13 TeV)
S
li) Bl c =0.01 Bl c-=1 Ci=(41T)2 ]-
T 10%F -
o
2
Tp)
22
(&)
~
I
<
e 23 33T 3 2 2:°x:959 £ 3
3333333338399
Q Q L e > — ¢ S
T o & c E Q2 EZ i

® 31 operators are considered (including CP-odd)

@ Individual measurements for each ¢; (other fixed ¢; = 0,i#))

UH
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Cug x1073
cyp x1073
cywe x1073
Re(cpy) x1072
Cuyw x1072
Re(cg) x1072
Im(cpy) x10~"
CHbox x 107"
Chg x107
CHq x107"
CHq x10~"
CH| x10~"
Chy x1077

cj’ x10°"
Re(cyg) x107!
Re(cy) x107!
Re(ciw) x107°
cw x1071
Re(Cos)
Im(Cen)
Re(Cen)

CHb

CHD

CHe

(1)
Chi

(1)
CHa

(3)
CHa

Im(cow) x10
Re(wa) x10
Re(cyn) x10

CHt X102

138 b~

ATLAS

EXPERIMENT
(13 TeV)

== Combination 95% CL

== Combination 68% CL
® Combination Best fit

- = Combination expected 95% CL

Parameter value

=== Combination expected 68% CL — e —— —
® Combination expected Best fit
IIIIIIIIIIIIII | Il l | 1 1 | l | 1 1 | 2 O
-10 -5 0 5 10 15


https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf

Higgs differential combination in CMS — YATLAS

) EXPERIMENT
[CMS-HIG-23-013] CMS Preliminary 138 fo-' (13 TeV)
.............. —
== Combination 95% CL
CMS Preliminar 138 fb~' (13 TeV) o Comorngen
-0. 0.26:0.44  0.04 0.02 0.02 0.02JA = 499589.612 e e e
=Vo » Vo 10°5|| 3 Somormimeseai | - g
EV1 . - 0.08-0.15  0.01-0.03 A =118374.210
EV2 0.04-0.01-0.03 -0.010.040.16  0.04-0.060.03 -0.070.02 0.14 0.03 A =106.874
EV3 0.09 0.04 0.01-0.010.03 0.01 0.04.-0.03-0.08 -0.05-0.14-0.010.10 - 0.01 A =8.133 EV; %107 ¥+
EV4 . -0.410.12 -0.01-0.180.41 0.04.0.37 -0.100.16-0.40-0.020.10 0.01-0.01 A =2.133
EV5 0. -0.17-0.070.01 0.01 0.04-0.14 0.10.0.18 0.28 -0.090.04-0.10-0.24  :0.45 A =0.535 EV, x10~ S S=y
EV6 -0.14-0.080.01  -0.060.05-0.15 .0.05 0.190.18-0.02-0.01  -0.140.17-0.04-0.17  0.18-0.05-0.02 A =0.096
EV7 -0. -0.20-0.18-0.02  -0.280.07-0.100.02 0.33 0.07 0.11 0.05 0.10.0.12-0.14 0.26 0.09-0.04 A =0.039 EV, x10-" el o ==
EVS8 . -0.18-0.030.05  0.390.08-0.27  0.31 0.32 0.36 0.32 0.04  -0.12-0.25-0.18-0.230.02 0.28-0.150.18 A = 0.021
EV9 -0.010.02-0.02  0.03-0.05-0.02 -0.010.06  -0.12-0.11-0.08-0.030.02-0.03  0.45 0.30 0.09 0.03-0.01-0.020.04-0.09 A =0.006 4
EV, = =
3333333808388 U¥TURRs338v333333
T E 2 E T E QO © © 2 3 % 3 3
C — C = o — @ o o o EVs e——
@ 31 operators are considered (including CP-odd) EVe e
@ PCA s applied to identify 10 linear combinations that can £V, 10 = =
be constrained simultaneously
EVg x10 e
8
[ | [ ] — 0
@ All results are in agreement with the SM (¢; = 0) at 95%CL
l EVg x10 LI
U'|'| NI B ST RS R R

-15 -10 -5 0 5 10 15
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Higgs differential combination in CMS

Class Operator Wilson coefficient Example process
g
H+HG;‘WG“”V CHG e |
H'HG2, G EHG g
q§ —>——1¢q
H'HB,,B" CHB ZE---. H oo
~ 227 Jlir
H'HB, BM Crip 11
(4) 22 K
£6 X“H . _ q — >— (
H*HW;WW’W CHw WE___. H o
o 5 W H
H HWE, Wik Criw o
. L q — — q
H*UZHW;WB””’ CHWB ’E___. H oo
e Z
H'o'HW!, B CHw 11

@ 2D scans CP-odd vs. CP even Wilson

coefficients

@ All results are in agreement with the

UH

m
(s
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CMS Preliminary 138 fb™' (13 TeV)
O] L N S— | — L 1! T ! o 1 I LA I L
o L. . -
3 0.08h Exp. Comb!nat!on best fit ]
|| ™= Exp. Combination 68%
- Exp. Combination 95%
'| * Combination best fit
0.06 || — Combination 68%
--- Combination 95%
0.041 N
0.021- N
0.00} N
-0.02[- N
-0.04 N
-0.06}- N
-0.08}- 1
L L | L L L ) l L L L . | . ) L L | L ) | L L L L | ) L
-0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01
CHG
0.20 CMS Preliminary 138 fb~! (13 TeV)
? . i U i . 1 - | | ! | ! ! !
§ | ¢ Exp. Combination best fit ]
-| W Exp. Combination 68%
0.15H Exp. Combination 95% |
’ « Combination best fit
— Combination 68%
-| === Combination 95%
0.10 N
0.05f 1
0.001 N
-0.05- -
-0.10} .
-0.15 B ~\\~_~_—___________ ”” ]
_ [ ] ! l l
0'2-?).1 0.0 0.1 0.2 0.3

CHw

CHB

CHwB

4 \\\
.\\\\ \
! s

Compact Muon Solenoid

ATLAS

EXPERIMENT

[CMS-HIG-23-013]

138 fb~' (13 TeV)
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EFT Constraints from Higgs + EWK (ATLAS) - ¥ATLAS

7 AN

[ATL-PHYS-PUB-2022-037]

LHC measurements: EW precision measurements (LEP):
Higgs STXS
Observable Measurement Prediction Ratio
Decay channel Target Production Modes £ [fb™] Ref.
_ [y [MeV] 24952 +23 2495.7 + 1 0.9998 + 0.0010
H — vy gel ., VB, WH,ZH ttH,tH 139 10 R 20.767 + 0.025 20.758 + 0.008 1.0004 + 0.0013
H—ZZ" oo, VBF, WH,ZH, ttH(4¢) 139 11] R§ 0.1721 £ 0.0030  0.17223 £ 0.00003  0.999 + 0.017
H—WW* ggF, VBF 139 12] R% 0.21629 + 0.00066 0.21586 + 0.00003  1.0020 + 0.0031
H— 11 ooF, VBF, WH, ZH , ttH (TyaqThag) 139 13 Ag"f 0.0171 £ 0.0010  0.01718 £ 0.00037  0.995 + 0.062
) WH,ZH 139 (14,15,16] AE’]; 0.0707 £ 0.0035  0.0758 + 0.0012 0.932 + 0.048
H — bb VBF 126 [17] Apy 0.0992 + 0.0016  0.1062 + 0.0016 0.935 + 0.021
HH 139 18] o . [pb] 41488 + 6 41489 + 5 0.99998 + 0.00019
" +
Diboson Input parameters Value Ref.
Process Important phase space requirements Observable L [fb_l] Ref. nn::, [[?}Z\(/]] 9;01222 ;t: 88(1)21 33
pp— evpty my > 55GeV, Pt < 35GeV prad- lep- 36 [19] mp, [GeV] 125.10 + 0.14 43
pp = vl my, € (81,101) GeV my ? 36 [20] m; [GeV] 172.4 £ 0.7 43]
pp = 0000 my, > 180 GeV myo 139 [21] mp [GeV. 4.18 +0.03 43
pp — 007G m;; > 1000 GeV, my, € (81,101) GeV  Ag, 139 [22 me [GeV 1.27 +0.02 43
m, [GeV’ 1.77686 + 0.00012  [43]
Gr [GeV?] 1.1663787 -107>  [43
QCEW 1/137.03599084(21)  [43’
[ATL-PHYS-PUB-2022-037] @s 0.1179+0.0010  [43]
Aa 0.0576 + 0.0008  [45’
UH
1y Aliya Nigamova | Higgs 2024, Uppsala | 07/11/2024 23


https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

/m
&

EFT Constraints from Higgs + EWK (ATLAS)

[ATL-PHYS-PUB-2022-037]

N
\ /S

|
—
—

|

T [ T T
ATLAS Preliminary * Best Fit
N ATLAS Preliminary /s=13TeV, 36.1-139 fb~" 1 \/§=13TeV, 36.1-139 fb—1 — 68 %’ CL
o_.0525 CaH- 0.9 SMEFTA=1TeV  ssesees 95 o/o CL
14962 cuy [4] o8 Linear parameterisation
0.0118 cug [l S Py S
04007 ¢ [1] 0.7 1 CHa
3.3245 ¢y -. 0.6 10 X C[Hil/V, VIt - ® -
1.4800  Cup,am, 1o 0.05 0[2] - - -
0.5 I
0.0325 Clzl;’e: —037 -0.21-0.11 -0.13 0.0¢4 003 HVV, %4
0.3783 cg‘;'?, o.«-om 034 -0 001 0.4 C[I'?{/V Vi T o
11017 &, 015 --0.51 034 -036 0.12 -0.06 0.3 C[4] ' - PN -
4.5588 clz‘q‘,‘,, 0.04 028 o.zr. 016 -0.22 -0.39 . HVV, %4
0.9762 c',;", -w 044 028 016 012 012 004 003 002 002 00! 0.2 c[I-ﬂ/V ve | o - - - -
0.0601 cl"; ﬁ~oz 022 o1 0.1 ’ ‘ Co ) o
4.8986 cﬂ 027 -o.zs -02 -02 | -0.1 -0.08 -0.03-0.02 -0.02 0,01 Q.01 _ _
0.0010 c{}!,v.w .-0,45 0.02 001 |-023 03 001 0.02 -0.02-0.04-0.06 0.01 -0.06 0 1 : 0.04 002 0 : 0.02 : 0.04
0.0044 ¢, o.mm 0.47 027 0.01 001 -0.01 004 |0.02 ~0.1 0[2 ] / - -b- -
0.0068 cﬂ/v_w 029 -02 000 015 003 .-oss 035 -0.05/0.05 0.1 0.12 -002 0.1 _0.2 J%] — = ———-
0.0099 CI:,{,V‘W o.mmou 0.47 o.os.o.n 0.21 -0.05 -.01 001 003 002 003 4q
0.0162 clf}},vw ~0.02-0.02 ~0.06 ~0.09 0.01 -om. 024 -0.17-0.03 0.03 005 -0.54 0.09 -0.54 —03 CW ______ o -
0.0252 clf,, -032-024 017 022 004 001 -0.13 03 . 0.01 -0.14) 0.04 -0.14 a0 —0.4 C[6] — |-
0.0447 cpH},V'w -0.11-0.13 -0.08 -0.08 0.09 0.1 m-fnm 0.09 -0.16 -0.15/ 0,39 -0.06 039 HVV, Vif
0.1078 ¢, v 0.01-0.01 001 -0.03 0.03 007 -0.03 o.oeﬂ-o.m 0.05 0.05 0.1 08 C[,Zil/v’ VI - ——-
0.2410 cﬂ/v.w 006 012 -0.06-0.08 006 -0.14 -003 021 005 -0.18 o.za 01 042 01 -003-001 ~0.6 8] o . o
0.3362 cl,',%_w -0.2 -04 0.03 | 0.43 -0.01-006 -0.1 -041 -0.05 0.02 0.1 -0.01-0.05-0.01 -0.02 _0.7 HVV, %4
0.3679 (:I,_',]',]V_W 017 034 -038 o.zel 0.01-0.05 -0.02/ 033 0.06 -0.03 -0.16 -0.05 0.03 -0.05 0.02 - 0.01 . CbH 1 -
0.6538 cl,:f,l,w -0.01-003 0.08 008 001 -0.05 -0.05 -0.05 0.34 -0.02 -0.05 0.08 MO.N 0.05 0.01 -0.8 ‘ Co ) ‘
1.1302 cﬂ?,{,w 011023 0.14 024 001 -047 0.01 0,04 011 -0.05 -0.3 -0.05 0.1 —0.9 _04 _0.2 0 0.2 0-4
2.1139 CI,',?,{,.W -0.15-0.29 -0.16 -0.28 -om- -0.05 0.02 0.1 023 ~0.14 e L] N 0[2] ‘ ‘ {
o o o o O ¥ oF of gf o O o o of o® o gdg 00‘6: c,d‘* ..ood?,:oo&’\\ 0\\‘\:00&“\‘ 005\.' o 00§ odfc.c,&‘f Gﬁwoﬁv o&‘w ' c.os‘? 06"; o*ew of o»“?\ c;&; c\ﬁs\ﬂ 065 oog 0@' o o 0\“‘& O‘xx‘ o\“oo cﬁ‘? o ot o c.?'&\ c'Qﬁ)c,\*d‘ 0‘*‘9(,@ ot o g 23 /
C[2q2/ - ¢ -
ool o
HVV, Vff
L] ] ] 0[10] — el —
@ Performing PCA on subgroups of WC to remove flat directions & e
HVV, Vff
12] e ——tm — —
. . . . HVV, Vff
— constraints for 22 linear combinations and 6 WC a T
CtOp - ¢ S
CuH,dH,Ho | -
| | | |
@ Many LC benefit from Higgs + EWK combination e S
0[4] T I T .\ T T T | T
po
" IPE T Y U U DR oV ool o Y 2 .U T o, e - - - -
@ Compatible with the SM at 95% CL g .
HVV, Vff
C[14] - —— -
HVV, Vit
CeH N
UH CiH -
. ‘ ‘ ‘ ‘ . ‘
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Higgs + EWK + Top combination in CMS 2 YATLAS

v~ EXPERIMENT

|

[CMS-SMP-24-003]

Analysis Type of measurement Observables used Experimental
likelihood
H — vy Diff. cross sections STXS bins [41] v
Wy Fid. diff. cross sections p% X |qbf| v CMS Preliminary Hybrid fit, 1-by-1 scans 36.3-138 fb™ (13 TeV)
WW Fid. diff. cross sections My v - —es%CcL — es%cL o Bestit
Z —vv Fid. diff. cross sections p% v I
tt Fid. diff. cross sections Mz X 1 -
EWPO Pseudo-observables Ty, o0 4 Ry Re, Ry, A%, X I }
g, Al IRNRR b -
Inclusive jet Fid. diff. cross sections Tet X [yet] x = 0 | } i S111111 4 } (411! l 1 ‘
ttX Direct EFT Yields in regions of interest v ‘< \i. t AR XK SRR AR R X! + + + + ' XERH + t T HBBA
| ‘ b '
®

® Similar measurement from CMS : .
where 64 WC are considered

p
J

fractional contribution f;

NH-yy
Wy
WW

NZ-vv

ot

BEWPO

Bincl. jet

Bitx

@ Achieved by selecting input analysis
to target various groups of WC

- from Higgs sector: H — yyis

selected as the one with highest
STXS granularity

UH
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Compact Muon Solenoid

Higgs + EWK + Top combination in CMS —— XAILAS

[CMS-SMP-24-003]

CMS Preliminary Basis Rotation, without ttX
EVi' (" =0001) | 0.1 030308 01 0301
Ev2 (A" =0.002 -0.20.5 0.4 0.1 . I 1
" -o002) | | CMS Preliminary Hybrid fit 36.3-138 fb™ (13 TeV)
EV3 (;“ 1 =0. 003) L 0.1.0.105 .'0'4 0.1 03 = 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T —
EV4 (2" =0.006) |  -0.4-0.1108 0.3 0.1 -0.1 0.1 0.1 o |- — 68% CL 95% CL e Best fit B
EV5S (A"%=0007) | 01 -0.1-0. 0101030405 01 -05-04 i |
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@ Global PCA s performed to identify 42 linear combinations of WC that can be constrained
simultaneously, 9 of which clearly benefit from including non Higgs channels (EWK and Top

@ The results are in agreement with the SM at the level of 1.7 %

UH

iti Aliya Nigamova | Higgs 2024, Uppsala | 07/11/2024 26



https://cds.cern.ch/record/2911229?ln=en

Higgs + EWK + Top combination in CMS

36.3-138 fb™' (13 TeV)
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Higgs + EWK + Top combination in CMS

CMS Preliminary Fit without ttX, 2, 1-by-1 scans

36.3-138 fb' (13 TeV)
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Q)

MS,
— YATLAS

— EXPERIMENT

Summary

@ ATLAS and CMS both have a reach program of indirect NP searches with SMEFT framework

@ Exploring equally important approaches:

- Optimal observables with individual analyses, e.g. CP-odd vs. CP-even

ATLAS H—4| [ATL-PHYS-PUB-2023-012]
CMS VH(H—Dbb) EFT analysis [CMS-HIG-23-016]

CMS EFT interpretation in H=>WW MELA [Eur. Phys. J. C 84 (2024) 779]

- Global combinations allow to consider O(10) - making interpretations more model-independent
ATLAS STXS + fiducial combination of Higgs channels [ANA-HIGG-2022-17-PAPER]
CMS Higgs differential combination [CMS-HIG-23-013]
ATLAS Higgs + EWK [ATL-PHYS-PUB-2022-037]
CMS Higgs + EWK + Top [SMP-24-003]
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Thank you!
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Higgs STXS combination ATLAS

® STXS combination + SMEFT
interpretation H — yy, H - WTW~,
H—- 77" H— 1%t~ H = bb,
H-u 'y, H-— Zy

@ 2HDM interpretation:
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Higgs + EWK + Top combination in CMS
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Higgs + EWK + Top combination in CMS

MS
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Higgs + EWK + Top hybrid likelihood (CMS) = YATLAS

[CMS-SMP-24-003]
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s
v

The likelihood in this combination is expressed as
L (data; ¢,7) = LZP (T, V) L5™PL (7), 9)

where
LP (¢,7) = ] | Poisson (ni; Ey’f(c“:’)s{(fi) + b,-(l'/’)) AR (10)
i ]

e (-1 (@ -7) v (10 - 7)) .

(11)
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Higgs + EWK + Top asymptotic approximation(CMS) SMS ATLAS
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VH(H—bb) EFT analysis (angular variables) MS ATLAS
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