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Introduction

 Interpretation of measurements of Higgs boson production and decay rates and differential cross
sections with Run 2 data, arXiv:2402.05742.

e STXS-0": only distinguishes inclusive production processes.
e STXS-1.2: partition production processes in kinematic regions.

Decay channel  Binning SMEFT Production mode L [fb!]

Hoyy STXS-1.2 v ggF, VBE, VH, ttH, tH 139
Differential p v

H- 774l STXS-1.2 v ZZ - 4I: ggF, VBF, VH, ttH+tH 139
Differential pr” v

Hot STXS-1.2 v ggFE, VBE, VH, ttH, tH 139
differential vV 139

H-WW STXS-1.2 v ggF, VBF 139

H-bb STXS-1.2 v VH, ttH+tH, VBEF, inclusive (boosted) 139, 126 (VBF)

H-Zy STXS-0" v inclusive 139

H - pp STXS-0° v ggF+ttH+tH, VBF+VH 139

* H - 1t differential results from another stand-alone publication arXiv:2407.16320.


https://arxiv.org/abs/2402.05742
https://arxiv.org/abs/2407.16320

Interpretation based on SMEFT
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e ¢;— Wilson coefficients withd =6 withd =8

* Only d = 6 operators are considered, impact of d = 8 operators might be non-negligible.

* SMEFT cross section relative to SM expectation:

OEFT
p_— 1 +ZAlcl +leBUcl\(iJ
y .
Arise from interference between the SM Arise from BSM processes,
and the BSM processes, suppressed by A~ suppressed by A™

* A, Bj: calculated using MC.
e STXS and differential measurements are reparameterised in terms of the impact of EFT operators.
* Constraints measured on the corresponding Wilson coefficients (Warsaw basis).



STXS measurement
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Expected impact of SMEFT operators

tS Cerr22, Cen33, Con: Yukawa coupling modifiers of H — pu, H - 11, H - bb, cpy also
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affects the total Higgs boson width.

t increase as a function of prV.
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cx: mainly affect ggF and ttH production.

Coefficients cug, Cic,

Expected impact of SMEFT operators

Cuw, Cs, Cow: affect branching ratio of H - yy and H - Zy.
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Expected impact of SMEFT operators

u
Hg

cr.‘.‘

Crt, Cri33®, Chess: mainly constrained by VH(H - bb) decay channel.

(1), CHd,

* Coefficients ¢y, Crq

C.Hd:

e Coefficients coq"?, co®Y, co®, co®, cu®, cc: affect ttH and tH production modes.
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* Coefficient cu11®, cmi22®, Cii21, cuo: overall scale factor across different production and decay modes.

Expected impact of SMEFT operators

mainly constrained by H — ZZ" - 41 decay.

* Coefficients CHl,ll(l), CHI,22(1), CHe,22, CHe,11, CHDD, CHQ(3)
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Interpretation based on SMEFT

Interpretation based on EFT: obtain constraints on the Wilson coefficients ¢; through a maximum
likelihood analysis of the Higgs boson STXS measurements.

 Difficult to constrain all ¢; simultaneously.

 Solution: a new fit basis expressed in terms of linear combinations of c¢; (eigenvector e').

* To determine this new basis
* Vsixs: the SM-based expected covariance matrix from the STXS measurement of {p**}.
* V-lsrxs is obtained, rotated to SMEFT basis {c;}

-1 _ pT ~1
VoMEFT = P{:’,k’,X}—»{j} Varxs Pk X)—>())

expected Jacobian matrix P x)_ ) obtained from simulation, assuming Wilson coefficients not 0.
* Vsmerr: the Fisher information matrix of its linearized SMEFT model re-parameterization.
* The information matrix yields the eigenvectors e'’.



Sensitivity estimate: information matrix
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observed values of NPs, ranked by eigenvalue A, Gexp. = 1/VA .




Definition of fit basis

e Definition of the fit basis coefficients in terms of the Warsaw basis Wilson coefficients.
* Achieves both fit stability and fit-parameter interpretability.
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SMEFT result

SMEFT linear model: A~ terms not included, SMEFT linear+quadratic: including A™ terms.
* Linear+quadratic p-value: corresponding to 98.2%, improvement compared to previous result (59%).

* Stronger constraints with ATLAS
: + v/s=13TeV, 139 fb~1, m, = 125.09 GeV SMEFT A =1 TeV
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H - yy and H - ZZ differential cross section

Expected impact of the SMEFT operators on the fiducial differential distributions of pr"* and p:*, in
H - yy and H - ZZ — 41 decays respectively.

* Wilson coefficients of SMEFT operators sensitive to H - yy and H - 4l: Cug, CiG, Cit

* Impossible to constrain all three Wilson coefficients simultaneously, define a new fit basis:
evl!l = 0.999¢G - 0.035¢,6 — 0.003¢, 4,
eyl?l = 0.035¢cyc +0.978¢c,; + 0.205¢, 4,
evl®l = —0.005¢ G - 0.205¢,6 +0.979¢, 1.
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H - yy and H - ZZ results

Observed 68% CL intervals on

the fit basis ev!’,

 evt!: almost aligned cue; evi?!: close to ci; ev®: close to ca.

* Result obtained using SMEFT linear model, with STXS (blue) or fiducial pr differential cross-section

measurements (green).

e STXS: only H - yy and H - 4l included.

ATLAS ® Best Fit

—_— 58 % CL
_ —1
Vs =13TeV, 139 b Differential H — v + H — 41
SMEFT A =1 TeV ——STXS H = yy+H — 4l

3-parameter fit (Observed)

1000 x ev!l
ev[2] —ty—
eV[S] I I i I_. I
—6 —4 —2 0 2 4

Parameter Value
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H - 1t STXS measurement

e STXS and fiducial differential cross section measurement in H — 1t decay, Run 2 data 140 fb",

arXiv:2407.16320.

* Production modes: all modes were measured, particular focus on VBF (~ 83% signal events).

ggF
VH
VBF
ttH

Combined

L L L LI BB B AL R AL
ATLAS Hott V(s=13TeV, 140 fb"
—Tot. JiSyst. ©.Theory p-value = 99%
1:; (S;]fz sj::) Production mode oy X B(H — 771) [pb]
. 094 027 (015 022 SM prediction | Measurement
—— 0.91 ‘0 (oo 03 ) goF | 277 +0.09 2.6+ 09
0.93 'o17 ( +012 4012 ) VH | 0.117 = 0.003 0.11 £ 0.07
L ot VBF | 0.220 £ 0.005 | 0.20 & 0.04
o 0.77 %5 (o7 0%0) tiH | 0.031 £0.003 | 0.02 +0.03
- N 083 0 (0 e |
PR P | M R L P I L
0 1 2 3 5 6
(oxB)™*%/(oxB)™M

measured values of ogxBR(H - 17) relative to the SM expectations
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https://arxiv.org/abs/2407.16320

H - 11 differential cross section

* Kinematic variables of VBF Higgs boson production sensitive to BSM effects:

ApSE" AGTE" vs pH [GeV]
Binl | [-7m,—7/2] Aqb;;gned <0& p¥ < 200
Bin2 | [-x/2,0] A¢jf“e“ >0 & pH <200
Bin3 | [0,7/2] Aqu.f“ed <0& pH > 200
Bin 4 [7/2, 7] Aqulfned >0& p¥ > 200

 Signed angle of the two jets in transverse plane: A@¢;*¢", provides sensitivity to the charge (C) and
Parity (P) of the Higgs boson.

e A¢;s™! as a function of pr.

17



H - 1t differential cross section

* Measured differential cross sections for Ag;e"d Ag;ed vs prt

* Overall good agreement between measured cross sections and SM predictions. Per-bin precision is

* Experimental precision dominated by statistical uncertainties in most of the bins.

sianed [fhy/rad]

doYd A0S

)i

Pred. / Data

typically 25%-50%.

T T T T T T
2.4 -

— T
Data, total unc.

B Powheg+Pythia8

= i
= ATLAS =
2.2 E V5=13 TeV. 140 fo! Data stat. unc. A Powheg+Herwig7
= ’ v MadGraph5+Pythiag BEEE ggH+VH-+ttH —
1.8 —
1.6 - —
= X =
14— —
125 —
= ! -
0.8— —
0.6— —
0.4 —
= i A ! j ! ! j i 3
156 y 3
1 E | ! * =
E | | 3
055 E
-3 ) - 0 1 3

> o

<
[2]
Q
>
@
Q
e
Q
=

1l

do"YdA¢S™ [fb/rad]

Pred. / Data

—_
D

1.4

1.2

0.8
0.6
0.4

0.2

1.5

0.5

ATLAS
Vs=13 TeV, 140 fb™

T
—— Data,

pH<200 GeV

T
total unc.

Data stat. unc.
v MadGraph5+Pythia8 BEEE ggH+VH+tH

p">200 GeV

I
I

T
B Powheg+Pythia8

A Powheg+Herwig7

! *

L —E— 4
III|IIII IIII|III

2 0 Tt/2
A(D;lgned [rad]

-n72

0 /2 g
A¢;'9”e [rad]
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H - Tt interpretation of diff. xs measurement in EFT

Expected and observed 95% CL intervals for each of the six considered Wilson coefficients.

* Wilson coefficients: cuw, Cus, Crws, Cxw, Cus, Crws. Each coefficient is fitted individually.
* both the linear and linear + quadratic models are considered.

I T 1T | T 17T | T T 17T I T T T T | T 17T | T 17T | T 171 | T 17T | T T T | 1T T T | T 1T | T 177
ATLAS ATLAS
r =13 TeV, 140 fb1 EXp Lin. EXp Lin.+Quad. r =13 TeV, 140 fb1 EXp Lin. EXp Lin.+Quad.
signed signed
H-tr, Aq’,-,- -~ Obs. Lin.  —®- Obs. Lin.+Quad. H-1r, A¢jjg Vs P: -~ Obs. Lin.  -® Obs. Lin.+Quad.
95% CL interval 95% CL interval
kel Fed
Chw kol Cri kel
Chis I y Chi i
—— I ° i
Chws ——— Chive ——
: SMEFT model CPV SMEFT model
| | I | | | | | I | ! | | | | I I | | I | [ | | [ | | [ | l | | I I | | | I |

-30 -20 -10 0 10 20 30 -15 -10 -5 0 5 10 15

Parameter Value Parameter Value

Correspond to CP-even operators, Correspond to CP-odd operators,
Ag;siered distribution is used A vs prf! distribution is used



Conclusion
 SMEFT interpretations of the combined ATLAS measurements of Higgs boson STXS.

* Linear model and linear+quadratic model results provided.

* The effects of operators suppressed by A™ terms can significantly affect constraints on
Wilson coefficients for a mass scale of A =1 TeV.

* Fiducial differential cross-section measurements for H - yy, H - ZZ - 4l.

 Significantly weaker constraints on top-gluon coupling compared to STXS measurement.
* Fiducial differential cross-section measurements for VBF H - TT.

* Provides also sensitivity to CP-odd EFT operators.

* No significant deviations from the SM are observed.
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Backup

Rotate of fit basis.

¢ ={cenn} VU ¢’ ={cenn}V

{CEHBE} U {C€H33} U

A3 3
(e} U {eh,} U
{ﬂ'bH} U {cbu} U

: : [ [2]
{cnG.cig-cimt Y — {eggF,egEF,eggF} U

- . . [1] [21 [3]
{cuB.cuw.cuwp.cip. crw} U - {EHH, Zy* Hyy.Zy* EHT'}’Z]’} U

(3)
{':.Hua L(Jfa CHd- £H." 33?
| 2 3 4
{'.HI:E.HE",,331 i‘Li,Bj,CHh] U — {E[Zf-!j".r [Zf-!j'a E[E'f-!fa [ ] } U

. (1.8) (3.1) (8) (8) _.(8) _(B)
{cq, 1Coy *€0q *€1q *€ouCtu +Cra »
LB (8 () () () (1) (1)
€0d*“0q *“0q *CruC1q>CQu “Qu
(3) (3)
{CHD-: Hfl]" HpgaﬂH,IEZI}U — {Eglﬂh}u

{.:m Ve CHe2sC (3) U}} —  {e
H!l']l:- HI’ZE’ Hell-Y He, 22- HDD! HQ'J- HQ' HIil .

[1]

pU — {EIIH" nH’ nH} U



Backup

22

P
ir ©0O
5 &R
238
[neL] (2//V) 8lBoS pegoid .|
%. N o o
o — ™ — ™
_ T T 1T 17T T 1 17T T 1T 17T T 1 T 71 L
>
@
o
=
T
[
W
=
w
>
Q]
. S S
~ 5
= R\
% I
et I
g
] -
5 Llggoo
= 3
@) o 23
(SO
Bz
>l &85
S R it
= — —
- bk ©
g <
u 1:___,, L 0_::,_ 1 1_::,_ L 2_::,, L -
o 2 2 o o o
+ (0/,0) furenaoun paziawwAs Aq
M (0) Aureieoun pazuewwis pa[eds anjen Jsjoweled
[«P]
o
o=
|
F
m
wn



Backup

Uncertainty breakdown of SMEFT linear model result.

ATLAS
v/s=13TeV, 139 fo=1, my = 125.09 GeV SMEFT A =1TeV
1 : : : : : [ systematic
0.8 | : 1 [statistical
c S 06| : : : i : : .
; 9 . . . B B
<)
2
3 |
o
>
% B bkg. theory
% o Dsig. theory
8 .ﬁ Dexperimental
~§
= |
7)
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tanf

Backup

Comparison of EFT approach and UV-complete approach.

* Comparison of the constraints from the approaches based on

* The K, constraint is included in the Type-I model interpretation.

101}

10°}

W
10—0.3 -0.2

the k- and EFT-frameworks in the tanf3, cos(f-a) plane.

Type-I model

ATLAS -—-— EFT Exp. 95% CL (with cy)
VE =13TeV, 36.1 - 139 fo-1 = EFT Obs. 95% CL (with cy)

——— K Exp. 95% CL (with k)
My =125.09 Gev Kk Obs. 95% CL (with ky)
2HDM Type-| --~- SM-like coupling

tanf

10t —

10°

Lepton-specific model

ATLAS --- EFT Exp. 95% CL
VS =13TeV, 36.1 - 139 fo-t = EFT Obs. 95% CL

—125.09 GeV --= K Exp. 95% CL
My =125.09 Ge K Obs. 95% CL

2HDM Type Lepton-Specific --- gMm-like coupling

03
cos(B —a)

tanf

tanf

Type-II model

ATLAS —--- EFT Exp. 95% CL
VS =13TeV, 36.1 - 139 fp=1 [EE EFT Obs. 95% CL
mp = 125.00 GeV -=- K Exp.95%CL
h=1eo K Obs. 95% CL
10t 2HDM Type-lI -=-=- SM-like coupling
1
4
0% //// i
-
0703 —02 o1
ATLAS —--- EFT Exp. 95% CL
V5 =13 TeV, 36.1 - 139 o~ =1 EFT Obs. 95% CL
My =125.09 GeV T KB 9% CL
h=1e9 K Obs. 95% CL
10! 2HDM Type Flipped --- SM-like coupling
A
’; R
100 ,
1z 7 7707 5 2 2 2 Z Z
10 -0.3 . . . . 0.3

cos(B—a)
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Backup

H — 1t Wilson coefficients and EFT operators.

CP-even
Operator O\~ | H'HW" W"*" | H'HB,,,B*" | H't"HW" B*”
Wilson coeflicient CHW CHB CHWB
CP-odd
Operator O\~ | H'HW" W™ | H'HB,,,B*" | H't"HW" B*
Wilson coefficient Cyw Cyp CHWB

https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/PAPERS/HIGG-2022-07/
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Backup

H - 1t fiducial differential cross section particle level event selection.

TeTu ‘ Tlep Thad | Thad Thad

Per Channel
Object counting

prcut

Kinematics

Angular

X1 and X2

Ne=1,Ny=1, Nz, =0 Neju =1, Noyy, = 1 Netu =0, Noyyy, = 2
e/u : prcut 10to 27.3 GeV e/u: prcut 27.0to 27.3 GeV,
Tyuth: PT > 30GeV Teuh: PT > 40,30GeV

m! > mz — 25GeV mr < 70 GeV

30 < mgy, < 100 GeV
ARgpy < 2.0, |Aney| < 1.5 | ARpgpny < 2.5, |ANe 2y | < 1.5 0.6 < ARzt < 2.5
| AT 2yt | < 1.5

0.1 <x1<1.0,01l <x2<10 |01 <x;1 <14,01<x2<12 |01<x1<14,01<x<14

Common selection

leading jet pt > 40 GeV, sub-leading jet pt > 30 GeV
EIS > 20 GeV
Opposite charge of t-decay products
mijj = 600 GeV, |AT]J‘J‘| > 3.4, PT(]J) > 30GeV
n(jo) xn(j1) <0
lepton centrality: visible decay products of the 7-leptons between VBF jets
pr(Hjj) < 50GeV
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