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What can you expect?

A summary of our knowledge of the interactions of the Higgs boson ...

... and the consequences for physics (at high scales)

(Our) answers to questions such as:

This talk How to build a global couplings measurement?

What are the implications for the
structure of new interactions?

Sagar Addepalli

. , ,
Next talk [link] Can differential measurements help*

Jana Schaarschmidt

. : . o
This session, 10:20 [link] Does the Higgs boson interact with itself:
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https://indico.cern.ch/event/1072533/contributions/4824049/
https://indico.cern.ch/event/1072533/contributions/4767053/

The ATLAS experiment at the LHC

Muon spectrometer: Tracking & vertexing:
Gas tracking detectors in 4 Silicon + drift tubes in
air-core toroid " | — solenoidal field

Sampling

s | ‘ L NN Wi ! “ calorimetry:
\ -+ YN\ AR AR =y S DS . Noble liquid /
\\qt gy 7/ v/ 2NN L NN scintillators
1k IRTIN ‘} |
) | A

Tile calorimeters

| LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiatfion fracker

Semiconductor tracker

Run 2 proton-proton data set (2015-2018):
139 fb-1at 13 TeV centre-of-mass (= 8 million Higgs bosons)
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Overview of recent couplings measurements

Combined analyses of multiple production modes and decay channels

Main production / decay modes;

d d .
constraints on high-scale physics 2nd/ 3rdgen. quark couplings

Higgs couplings VH(—bb/cc) H(—yYy/4€)
combination combination combination
[ATLAS-CONF-2021-053] [CERN-EP-2021-251] [ATLAS-CONF-2022-002]

Philipp Windischhofer


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/

Higgs couplings combination

[ATLAS-CONF-2021-053]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

We already know a lot!
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o x B normalised to SM
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o x B normalised to SM

Philipp Windischhofer



We already know a lot!
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Production-mode cross-sections

T T T | T T T | T T T | T T T | T T T |
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Simplified template cross-sections (STXS)

Fiducial volumes defined w.r.t. kKinematic scale of production process
(but inclusive in Higgs boson decay)

not fully differential; residual acceptance changes /

Simplified model dependence allowed, but reduced

py ~ partonic
centre-of-mass energy

V(— lep.)H

q¢ — Hlv pp — HUL

Philipp Windischhofer



Simplified template cross-sections (STXS)

Fiducial volumes defined w.r.t. Kinematic scale of production process
(but inclusive in Higgs boson decay)

not fully differential; residual acceptance changes /

Simplified model dependence allowed, but reduced

py ~ partonic

VI IeRIH | Centre-of-mass energy

pi < 200 GeV
[ 1
| = 0jets | | = 1ljets |

[ o | VBF + V(— had.)H
EE

m..
Philipp Windischhofer 13

q¢ — Hlv pp — HUL

mj; > 350 GeV ]
i< 200 GeV




Combined STXS measurement

Combined measurement unfolds
cross-sections in 37 kinematic bins
across 4 orders of magnitude

(Decay branching ratio relative to H—ZZ,
see backup)

Probe the tails of kinematic
distributions ...

... analysis advances important!

Philipp Windischhofer
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Combined STXS measurement

Combined measurement unfolds
cross-sections in 37 kinematic bins
across 4 orders of magnitude

(Decay branching ratio relative to H—ZZ,
see backup)

Gluon fusion (ggF)

Largest number of STXS bins

High-pt reach ( pf > 450GeV )
through H—=yy and H—=1tt

H—-yy: [ATLAS-CONF-2020-026]
H—ZZ: [CERN-EP-2020-034]
H—-tt: [CERN-EP-2021-217]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://arxiv.org/abs/2004.03447
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-09/

Combined STXS measurement

Combined measurement unfolds
cross-sections in 37 kinematic bins
across 4 orders of magnitude

(Decay branching ratio relative to H—ZZ,
see backup)

Up to mj ~ 1.5 TeV with STXS
measurement in VBF, H(—WW)

[ATLAS-CONF-2021-014]

Philipp Windischhofer
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Combined STXS measurement

Combined measurement unfolds
cross-sections in 37 kinematic bins
across 4 orders of magnitude

(Decay branching ratio relative to H—ZZ,
see backup)

Combination of V(—lep.)H(bb)
resolved + boosted

H b H b

b b
py <400GeV  p; > 400GeV

Better granularity at high scales
[ATLAS-CONF-2021-051]
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Combined STXS measurement

Combined measurement unfolds
cross-sections in 37 kinematic bins
across 4 orders of magnitude

(Decay branching ratio relative to H—ZZ,
see backup)

Top-associated production

ttH

Finer binning,; higher kinematic reach
( p¥ > 450 GeV ) through ttH(—bb)

tH(—yY): [ATLAS-CONF-2020-026]
ttH(—bb): [CERN-EP-2020-034]

tH
Inclusive bin (from H— YY)

Philipp Windischhofer
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From observables to interpretations

What do these results imply for physics beyond the Standard Model?

-------------------------
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k-framework:
Rescaling of (effective) Higgs boson couplings

T
J Kg KT

8 H H T

2 2
o ~ Ogp K, I' ~T'gK;

Only modifications of absolute rates parametrised

Standard model effective field theory (SMEFT):
Model-independent parametrisation of

low-energy effects of high-energy BSM physics

Differential modifications included

UV-complete theory:
Model-dependent (by construction)
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The Standard Model Effective Field Theory

High-energy physics affects low-energy observables
in a finite (and parametrisable!) number of ways

(6)
&
— L m»(6)
Zsmerr = ZLsm o0 T
i
v y
Mass dimension < 4 Mass dimension 6,

(Assume U(3)° symmetry, Warsaw basis)

Uniquely determined
by symmetry Corrections to SM interactions +

new contact interactions

6) Wilson coefficient
C ' — '
: (= coupling)
00sTXS ™ X
A
- y Scale generating
Interference e e errannnes the interaction
SM x dim. 6 (parametrically separated)
modifies STXS

Philipp Windischhofer
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One-dimensional limits

(only interference
considered)
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One-dimensional limits

(only interference
considered)
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VH(—bb) granularity
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Independent of
event kinematics
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-3 -2 —1 0 1 2 3
2] \_\___\__\__ T T T \_\___\__\_\ T
CHu, Hdl, Hg" °
3 o— -
HW,HB,HWB,HDD,uW ,uB, W
CoH e -
CaH o
[ [ \ \ I L
—-10 -5 0 5 10

Philipp Windischhofer

Parameter Value

Modifications of overall yield

— also captured by k-framework

L]
«®

ATLAS Preliminary
{s=13TeV, 36.1 - 139 fb™

my,; =125.09 GeV, ly | <2.5

K -
Ky -
Ky i
Ky __,__
. -
g -
K, -
Kz, —,_._7
B; B,=B, =0 ——e— 68%CL
_ ano
B, |PSM =33% | 95% CL
0 1 2
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Two-Higgs doublet model (2-HDM)

Two SU(2) doublets with
vacuum expectation values

<(I)1> ~V <(I)2> ~ W

tanﬁ — V2/V1

Mixing
angle
Two neutral A H
(CP-even) |
scalar bosons (/ight’)  (“heavy’)

Prevent flavour-changing
neutral currents at tree-level

— Different ways to couple fermions &
vectors to @, and @,

ltType_I”’ “Type_ll ”’
“Lepton-specific”, “Flipped”

Philipp Windischhofer
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Two-Higgs doublet model (2-HDM)

Two SU(2) doublets with
vacuum expectation values

<q>1> ~ WV <(I)2> ~ V)
tanﬂ — V2/V1
Mixing
angle
Two neutral A H
(CP-even) o ) )
scalar bosons (/ight’)  ("heavy’)

Prevent flavour-changing
neutral currents at tree-level

— Different ways to couple fermions &
vectors to @, and @,

llType_IH’ “Type_ll H’
“Lepton-specific”, “Flipped”

Philipp Windischhofer

tanf

ATLAS Preliminary
Vs =13TeV, 36.1 - 139 b1
my =125.09 GeV, |yH| <25

2HDM Type-I

-- SM
-- Expected 95%CL
—— Observed 95%CL

|1ol_

10° r

1
—1 [ N S
10—1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

cos( — a)

Wilson coefficients
( compatible with SM v\

“Alignment limit” of 2-HDM
cos(f—a) = 0

— Light Higgs becomes
SM-like

27



S

Constraints on xp and xc

H(—yYy/4€) VH(—bb/cc)
combination combination

[ATLAS-CONF-2022-002] [CERN-EP-2021-251]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/

Direct constraints on xp and «c

Direct demonstration of flavour- | kK. - m, b, c
nonuniversality in b-/c-coupling: | k, m, .
H "¢
"\MQ4.5_|"'|"'"""|"'|"""_ .---I-('
Iz | ATLAS .- Expected : b
~ 4;_ (s =13 TeV, 139 fb" Observed B b
:E’ 3.5:_ VH, H — bb/cc — Ik ycl = I, ybl h ’
< : : -
3 __ ] H(—bb/cc) accessible
: | = in V(—lep.)H
o5t : (—lep.)
2F i Simultaneous measurement
1 5f i of VH(—bb) and VH(—cc)
: : I signal strength in
N -
: : resolved topology
0.5F .
ot | N L N Orthogonal b- and c-tagging
s 4 4 = 0 2z 4 6 [CERN-EP-2021-251]

Philipp Windischhofer
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/

Indirect constraints on xp and xc

Modifications of pt spectrum
for different «p, k¢

H(—y¥) /
H - ATLAS Preliminary —— Daw / o
Shape Of pT SPGCtrum 10_\@:13 TeV, 139 fb-1 o Kp=1,k.=1(SM) B

- Kkp=6.1,x,=-0.7 (Best-fitH — yy)
K, =3.3,k. = 8.3 (Best-fit Comb.)
- Kp=10,k;,=1

H—vyy

sensitive to «p,

------- Kp=1,K.=20

(Production mode-inclusive)

—

doyy /dp. 7 [fb/GeV]

Jet emissions probe loop structure;
interference between b / ¢ and top

Bishara et al. [PRL 118, 121801]

—h
(@)
IRRRRL]
20
|1
|
-$
D
Ll

Differential measurements 10°0 5 10 15 20 25 30 35 45 60 80 100120 140170 200
for H(—44) and H(—yy) [ATLAS-CONF-2022-002] P!’ [GeV]
(See Sagar’s talk)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.121801

Comparison of constraints

b, c
H
Kp
Complementarity of direct
and indirect constraints b,c
M B l | | l | | | l | | | l | | | l | | | I | |
. ATLASPreliminary  ---0Obs. 68% CL xSM N
30— Vs=13 TeV, 139 fb™ — Obs. 95% CL +Best-fit _~
- — H—ZZ*—4l+H—yy p' shape - VH(—bb)
o0l VH,H—bb/cCT B + VH(_’CC)
104~ -
0 =
~10{~ —
P | | | I | | | I | | | I | | | I | | | I | 1 | I | ]
204 _2 0 2 4 6 8

[ATL-PHYS-PUB-2022-002] Ky
Philipp Windischhofer 31



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-002/

Summary and outlook

Combination analyses
summarise experimental
knowledge

Higgs couplings combination

Main production modes
and decay channels

STXS _ Physics
measurements iInterpretations

2nd / 3rd gen. Yukawa couplings

Direct
measurement

Differential
spectra

Stay tuned for more data
and more results!

Philipp Windischhofer

IIIF IIIV
KF_V or KV_V

Ke Oor Ky

| ATLAS Preliminary

Vs=13TeV, 36.1 - 139 fb!

Z ..€
et
m,=125.09 GeV, ly 1<25,p_  =19% -®
H SM W

SM Higgs boson

[ | IIIIII‘+‘

g_ Mix" _g
K g m,(m,,) used for quarks ]
; | ,}} } _E
S .
. ty R
107 1 10 10°

Particle mass [GeV]
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J. V. Schiaparelli, 1888 [link]

PrarTe XIX.

BOUTH.

SCHIAPARELLI'S MAP OF MARS, 1888,
With # few names added from his earliec charts,

Backup

During the late 19th and early 20th centuries, it was
erroneously believed that there were “canals” on the planet Mars.

https://en.wikipedia.org/wiki/Martian canal

33


https://en.wikipedia.org/wiki/Planet
https://en.wikipedia.org/wiki/Mars
https://commons.wikimedia.org/wiki/File:Schiaparelli_Mars_Map.jpeg
https://en.wikipedia.org/wiki/Martian_canal

Higgs couplings combination

[ATLAS-CONF-2021-053]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

List of included analyses

Only ttH multilepton measurement
‘ based on partial Run 2 data set

Decay channel Target Production Modes L [fb_l] Ref. Used in combined measurement
H — ~v goF ' VBF, WH,ZH,ttH,tH 139 10] Everywhere
— 77" goF, VBF, WH, ZH, tfH(%E) 139 11 Everywhere
ttH 36.1 19 Everywhere but STXS and SMEFT
% geF', VBF 139 12] Everywhere
H = WW HH  36.1 19]  Everywhere but STXS and SMEFT
[ ggl', VBF, WH, ZH, ttH (ThadaThaa) 139 13 Everywhere
ttH 36.1 19] Everywhere but STXS and SMEFT
WH,ZH 139 [14,15,16] Everywhere
H — bb VBF 126 17] Everywhere
ttH 139 18] Everywhere
H — up goF, VBF,VH,ttH 139 20 Everywhere but STXS and SMEFT
H — Z~ goF VBF,VH ttH 139 21] Everywhere but STXS and SMEFT
H — inv VBF 139 2] Sec. 62 & 6.3

[ATLAS-CONF-2021-053]

Philipp Windischhofer

35


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

Combination methodology

Combined likelihood as product of likelihoods of input measurements
No / negligible overlap in event selections between analyses
(In some cases explicitly removed before combination,
e.g. boosted & resolved VH(—bb))

Coherent signal modelling across all regions

Nuisance parameters correlated where possible

E.g. experimental uncertainties: jet calibration,
lepton reconstruction, luminosity measurement, ...

Philipp Windischhofer
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Inclusive signal strength

u=1.06=*0.06 =1.06 = 0.03 (stat.) = 0.03 (exp.) = 0.04 (s1g . th.) £ 0.02 (bkg . th.)

< 8 _L | | L | L | L L | L |_
< —  ATLAS Preliminary m— Total ]
N 7 — E — 13 TeV. 36.1 - 139 fb_1 Remove Background Theory |
| B a e Remove Signal Theory i
-  m,=125.09 GeV, IyHI <25 . Statistical 7]
61 pg,, = 35% =
o =

45— — —]%
2 .

1E 1 1o
] | ] ]

OO_III

I I | I I L1 1 “‘ "' L 1 1 | I I | L1
9 09 1 105 11 115 1.2
W

Philipp Windischhofer 37



Production mode cross-sections: correlations

Vs=13 TeV, 36.1 - 139 fb™
my, =125.00 GeV, ly | <2.5

S

08X
(o

0.6

_ ATLAS Preliminary
Residual cross-

contamination between
ggF and VBF *

-0.02 0.04

VBF —0.4
—0.2
Oy —0
—-0.2
Increased correlation
Oz — 0.4

after inclusion of H—=tt

0t?H+tH

-
Over
OwH

O 21

—-0.6
—_0.8
— 1
T
x
&

Philipp Windischhofer 38



o X B: correlations

Negative correlations:

cross-contaminations

Positive correlation
from theory
uncertainties

Philipp Windischhofer

Y

VBF
VH

1TH+tH

VBF

1TH+tH

VH

ITH+tH

ZH

fTH+tH
ggF+VBF

VBF+VH

ATLAS Preliminary

{s=13TeV, 36.1 - 139 fb™
m,, =125.09 GeV, IyHI <25

0.01 0.00 0.00 0.09 0.02 o0.01 §0.08 -0.03 0.00 0.00 0.01 0.00 0.01 0.01:-0.01 0.00

0.00 0.00 0.13 0.01 §—0.02 0.23 0.02 0.00 0.01 0.01 0.01 0.01 §—0.01 0.02

-0.06 : : 0.01 0.00 0.01 0.03 0.00 0.00 0.00 0.00

0.06 0.04 0.00 0.00 0.02 0.00:0.00 0.00
e N FTSEES  O ESSSRSS

0.01 0.05 : 0.00 0.00 0.00 0.00 : 0.00 0.01

0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00

0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00

0.02 0.13 : 0.01 0.00 0.01 0.01 0.00 0.01

0.01 0.01 0.01 0.01 0.00 0.00:0.00 0.00
0.08 -0.02 0.02 0.00 :0.04 0.01 0.00 0.00 0.04 0.03 0.01 -0.27 -0.33 -0. O 01 . OOO . OOO . OOO —O 01 . OOO .

*0.01 0.00 : 0.00 0.04 0.00 0.00 0.00 0.10 0.00 . - 0.08 0.01g 0.00 0.00 0.00 0.01:-0.01 0.02

0.00 0.02 0.01 0.00 §—0.0‘| 0.01 0.01 0.00 ;—0.02 0.01 0.01§-0.33 0.08 0.00 0.00 0.00 0.00:0.01 0.00

0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.02 : 0.01 0.01 -0.32 0.01 -0.02 0.00 0.00 0.02 0.00 :-0.00 0.00
001 001 001 000001 000 000 0.00:001 001 001001 000 0.00 O 001 001 000000 000

0.00 0.01 0.03 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 ;0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

0.01 0.01 0.00 0.02 0.01 0.00 0.00 0.01 0.01 0.01 0.00 ;0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00

0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
001 0,01 000 0.00 001 000 0.01 0.00-0.02 0.00 0.00 001 001 0.01 000000 000 000 000 SRIN-050

0.00 0.02 0.00 0.00 50.00 0.01 0.00 0.00 0.01 0.01 0.00 50.00 0.02 0.00 0.00 50.00 0.00 0.00 0.00 §—0.30
& & B = CSRT R
. . . g o)) >
vy 27 Www~ TT bb uu

1 —~

>-\
X
0.8%

0.6
0.4
0.2
0
0.2
0.4
0.6

-0.8
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STXS measurement: fitted parameters

ATLAS Preliminary GRS ST

Vs =13 TeV, 139 fb”
my, =125.09 GeV, ly, | <2.5

Py = 92%
—— Total Stat.
== Syst. I SM
.
Template cross-sections . .
0-jet, p' < 10 GeV b 0.89 % ( Fol18.1010)
. 0—jet,105p*;<200GeV 114 tg::i( +°12’+383)
in H—ZZ decay channel - 57 Som( 132 san)
1-jet, 60 < pH < 120 GeV o 106 +028( 02 :g_]g )
(chosen as reference) worins, |0 mcamey - oss TE4( <83 0%
=z > 2-jet, m; < 350 GeV, p* < 60 GeV — " 047 109 ( 098,707
2 2-jet, m; < 350 GeV, 60 < p’; <120 GeV == 0.25 +0.53( +0.46 ,+0.26)
> 2-jet, m;; < 350 GeV, 120 < p!! < 200 GeV 054 *0d44( 1038 1023,
EX p ] i 2-!et, 350 < m; < 700 ciev, p'! < 200 GeV ———— 2.76 ;iéé ( Egég Eggg )
> 2-jet, ':i/ 2700 GeV, p < 200 GeV —5%—1 0.74 ;ggg ( 13:28 ,:g:?g )
< E . .
observables 0 o 50 o £ ot e 3
-r I ' —0.43( —0.39’—0.16)
py =450 Gov —— e 1 (1)
-I +1.02 +0.40

- [ ———— m—
< 1-jet 1.40 -0.93'-0.35

+1.46 +0.75

I
o

NS 00NN OoN®ND RO o

2 2-jet, m; < 350 GeV, VH veto | [ ——— ——— m— 2.98
2 2-jet, m; < 350 GeV, VH topo —==— 1.00
> 2-jet, 350 <mj; <700 GeV, p <200 GeV === | 0.33
2 2-jet, 700 < m; < 1000 GeV, p <200 GeV —=— 0.95
2 2-jet, 1000 < m;; < 1500 GeV, pT <200 GeV —=— 1.38
> 2-jet, m; > 1500 GeV, p’; <200 GeV == 1.15
> 2-jet, my; > 350 GeV, p/! > 200 GeV e 1.21

qq—Hqq x B,.

P+ L+ 0+ 1+ 1+ 1+ 1+ 1+
00000000000~ ~0O =
NWWWAUIDONE BTG DO =

Production Deca —— 27 (1 0%
75 < py < 150 GeV H—— P
| -0. -0. -0.
qq—HIv x B,. 150 < p¥ < 250 GeV Mr=——un 142 jg.gg( tg'ig,tg";i)
mode channel = e ]
I —U. = U. = V.
v +1.45 +1.22 +0.79
pT2400 Gev == ! 1.91 —1.08( -0.95 0450)
p7‘f<150 GeV ——— 0.21 tg;é( +0.54 ,+g‘5‘g)
150 <250 Gov = e 05 ( @ o)
250 py < 400 GV ——— 128 "0 ( 0% oD%
n I —U. —U. —U.
v +1.28 ; +1.04 +0.74
Decay branching — oo 1% 1 4E)
fracti lative to H—ZZ === o5 3% (2% 102)
raction relative to — o SR AD)
120 < pf! < 200 GeV —— 0.86 *055( 080 +023,
200 <200 G e, ose 'E%( 0 118
3003p;’<450 GeV D—E+ 0.28 tg;g( tggg:ggg)
H ——e . +1.93 144 +1.28
pT24SOGeV -| 0.16 —1.76( t1.24’71.25)
+3.63 +3.35 +1.39
T 2.90 —2.87( —2.73’—0.89)

-6 -4 -2 0 2 4 6 8 10
Parameter normalised to SM value
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STXS measurement: correlation matrix

o s=13TeV, 139 fb’
ATLAS Preliminary m,, = 125.00 GeV, ly | <2.5
’ H -

0.02 0.07 0.11 0.05 0.02 0.01 0.03 0.08 0.01 0.10 0.04 0.05.0.03 0.07 0.08 0.02 0.07 0.12 0.15 0.19.0.09 0.07 0.10 0.11 0.08.0.01 0.11 0.10 0.02:0.05 0.06 0.07 0.08 0.02 0.01.0.03 ;-0.34-0.14-0.35-0.23 1 [ ~

0-jet, p’;’ <10 GeV

0O-jet, 10 < p? <200 GeV |o. 0.180.28 0.18 -0.07-0.040.12 0.14 0.02 0.28 0.14 0.11.L0.02 0.08 0.09 0.11 0.10 0.20 0.20 0.26:0.12 0.1 0.15 0.15 0.11:0.01 0.16 0.14 0A03:0.07 0.09 0.11 0.11 0.03 0.01 :0.02:-0.48—0.21-0.47-0.32 >—

1-jet, p*T’ <60 GeV |o.o7-0. 0.21 0.26-0.190.02 -0.010.03 0.02 0.1 0.08 oo4ro 350.04 0.02 0.02 0.04 0.05 0.06 0.05. oo1 0.02 0.03 0.02 0.02. ooo 0.03 0.02 0.00+ 001 0.02 0.02 0.02 0.00 0.00+ oo1 ro 08-0.03-0.03-0.05

1-jet, 60 = p’; <120 GeV |o.11 0.28 0.21 0.44 -0.01-0.22 0.06 0.07 0.03 0.29 0.19 0.09 -ossoos 0.06 0.10 0.1 0.14 0.14 0. 15-0 07 0.06 0.09 0.08 ooe-ooo 0.09 0.08 0.01 -o 03 0.05 0.06 0.06 0.02 oo1-o 00 -o 26-0.12-0.23-0.20 X
1-jet, 120 = p';,’ <200 GeV [o.05 0.18 0.26 0.44 M 0.02-0.02-0.06 0.04 0.02 0.23 0.17 0.07+0.60 0.04 0.05 0.07 0.08 0.11 0.08 0.09:0.04 0.03 0.05 0.05 0.04+-0.010.06 0.05 0.01:0.02 0.03 0.03 0.03 0.01 0.00.0.00+0.14-0.07-0.09-0.1§ O 8

= 2-jet, m; <350 GeV, p’; <60 GeV [0.02-0.07-0.19-0.01-0.020 M 0.010.07 -0.06 0.00 0.04 0.04 0.02270.03-0,2370.07 0.01 0.00 -0.010.00 70.0230.00 0.00 0.00 0.00 o.oofo.oo -0.01-0.01 01)05—0.01 0.01 0.00 0.01 0.00 o.ooffo.ofo.oo 0.01 0.00 0.03 Q

= 2-jet, m; <350 GeV, 60 = p’;,’ <120 GeV |0.01-0.040.02 -0.22-0.02-0.018&M 0.16 -0.05 0.03 0.13 0.10 o.osfo.oz -0.40-0.18 0.02 -o.os-o.oz-o.oz-o.o{o.oo 0.00 0.00 0.00 o.ooEo.oo -0.010.00 o,oofo.m 0.00 0.01 0.01 0.00 o.oo}-o.m:o.oo 0.01-0.01 0.01

= 2-jet, m; <350 GeV, 120 < p¢ <200 GeV |o.03 0.12 -0.010.06 -0.06 0.07 0.16 -0.010.05 0.25 0.20 0.11%0.04 -0.53-0.28 0.07 -0.02 0.01 0.00 0.0270.03 0.03 0.03 0.03 0.0210.01 0.03 0.03 0.010.02 0.03 0.02 0.04 0.01 0.00%0.00-0.14-0.04-0.07-0.1

= 2-jet, 350 = m; <700 GeV, p"’ <200 GeV |o.08 0.14 0.03 0.07 0.04-0.06-0.05-0.01 0.090.13 0.08 o.oefo.oo -0.020.09 -0.55 0.09 0.09 0.12 0.1250.07 0.06 0.08 0.07 o.osfo.oo 0.08 0.07 0.01 Eo.os 0.05 0.06 0.07 0.02 0.01 }0.09}023-0.10—0.14-0.19 O 6

= 2-jet, m; =700 GeV, p"’ <200 GeV [o.01 0.02 0.02 0.03 0.02 0.00 0.03 0.05 -0.09 .05 0.05 0.03-0.06-0.06 0.00 0.00 -0.53-0.28-0.20 0.01:0.02 0.01 0.00 0.01 0.0050.01 0.01 0.01 0.0010.02 0.02 0.03 0.02 0.01 0.0130.05-0.04-0.010.00 -0.01

200 = pT <300 GeV |o.10 0.28 0.11 0.29 0.23 0.04 0.13 0.25 0.13 0.05 021 0.13}0.23-0.27-0,09 0.07 0.06 0.12 0.12 o,oafo.os 0.08 0.07 0.07 o.osfo.oz 0.08 0.07 0.01 Eo.o4 0.07 0.07 0.07 0.03 0.01 :Lo.o1:uo,aa-o.1o-o.za-o.za

0.03:0.01 0.04 0.04 0.01:0.02 0.03 0.05 0.03 0.02-0.04

pH =450 GeV |0.05 0.11 0.04 0.09 0.07 0.02 0.05 0.1 0.06 0.03 0.13-0.06) .01%0.15-0.05-0.10-0. 11

300 =< p? <450 GeV |o.04 0.14 0.08 0.19 0.17 0.04 0.10 0.20 0.08 0.05 0.21 0.06:-0.20-0.21-0.07 0.04 0.03 0.06 0.06 -0.01.0.04 0.04 0.03 0.03 0.02:0.01 0.04 0.03 0.01:0.03 0.03 0.06 0.04 -0.02 0.0220.02}0.1370.04—0.124).17 O I

=< 1-jet 0.03 -0.02-0.35-0.58-0.60-0.03 0.02 0.04 0.00 -0.06-0.23-0.20-0.0:

0.0210.00 0.02 0.02 0.00.0.01 0.01 0.02 0.02 0.01 0.0010.0370.09-0.03-0.07 1603
= 2-jet, m; <350 GeV, VH veto [0.07 0.08 0.04 0.06 0.04 -0.23-0.40-0.53-0.02-0.06-0.27-0.21-0.100.00 0.22-0.020.09 0.08 0.11 0.1650.05 0.03 0.07 0.06 o.osEo.oo 0.07 0.06 0.01 Eo‘oa 0.03 0.04 0.03 0.02 0.01 -o o1'o 15-0.09-0.11-0.13
= 2-jet, m; <350 GeV, VH topo |o.08 0.09 0.02 0.06 0.05-0.07-0.18-0.28 0.09 0.00 -0.09-0.07 0.00:0.02 0.22 [BEM0.020.05 0.06 0.08 0.15:0.05 0.04 0.07 0.07 0.05+-0.010.08 0.06 0.01:0.02 0.04 0.05 0.05 0.02 0.01+-0.01+-0.18-0.10-0.13-0.21

= 2-jet, 850 = my; <700 GeV, p! <200 GeV Jo.02 0.11 0.02 0.10 0.07 0.01 0.02 0.07 0.5 0.00 0.07 0.04 0.02’-0.07-0.02-0. 0.08.0.09 0.05 0.0250.01 001 0.01 0.01 00150.00 001 001 00050.00 0.01 001 0.01 0.00 0.00;0.01 5—0.0470.02—0.134).03 — O 2
= 2-jet, 700 < m; <1000 GeV, p'; <200 GeV |0.07 0.10 0.04 0.11 0.08 0.00 -0.03-0.02 0.09 ~0.53 0.06 0.03 0.02}0.07 0.09 0.05-0.0 0.07 0.21 0.0750.03 0.03 0.05 0.04 o.os:Lo.m 0.05 0.04 0.0150.01 0.02 0.03 0.03 0.01 0.0050.02}0.12—0.06—0.174).15

x B,

g
I
!

>
2
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SMEFT parametrisation details

Observables are polynomial (6)

I+ a.c.
in Wilson coefficients Ci(6) : / 17q

F(H — f S')SMEFT
[0 XBr(H — 1.5.)|lsmerr _ OsmEFT I'(H = f.8)sm

[6 X BI’(H — 1. S)] o] U'(H)smErT
SM SM ST — |+ Aicl-(6)

Coefficients for linear interference contributions obtained from simulation:

MadGraph + SMEFT@NLO for loop-induced processes (e.g. gg—ZH, H—gg)

MadGraph + SMEFTsim v3 for tree-level processes (LO) y

Use Warsaw basis, H --

{mw, mz, Gr} input scheme, 14
U(3)5 flavour structure, A=1TeV

Philipp Windischhofer

42



All operators at a glance

ATLAS Preliminary O

Vs=13 TeV 1391t ggH GVBF GVH G’[tH

BR

S 1
S5 0.8
0.6
b
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. 5_ CHWB=0.04
= | Cyyy = 0.04 i _
g 05 Y Higgs-gauge
0 s . interactions
N
0.5 - g= -
~>E-- Rel. modification of o x Br
=
1
2_ cHd=0'2
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% Clyy = 02
3 0 - i o L Interactions
—05 E cdH =1
o :
O ¢y=1 L
g 05 Modifications
% 0 ] ] [ . | m_n N = =n 1 | ] I I I I I I I I I I I I I I I I I a_m 1 BN = I_ [ | l [ | to gEW
-0.5
5 Higgs-(fermion)-gauge
=_ cuG=0.2
) i : :
3 05 o Interactions
©
< = .
05 4-fermion
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_1 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L In eraC IOnS
Q. 0. 7. 7 7 Y b Y Y G % S V0 W W o b 44 by by b <k <k, <k <X o0_% b Y, % 0% % R A A%
/@{,02@{ 0‘/@{,0,/5{6’20( gs {:O‘/O{,G“/@<¢ ffo(@/%i% 30% 2\0\:0& ]?o/ Ty Sy O/O/Q/@/‘Z/Of )O/G,}O/@,O) ’3’\ % )@v 0% {5\0’3/%\’3’ VOZ \‘,\o :6\0’3’ ‘%\0'5’70 \:2 g \\:O&O\Yo io\% iO\YO/\ : 6‘0 N ee N @\_4&\. éé\ .
"0 2% % R, %, e A R I S TR S SR A A X AN s
7 Y 2 3 st :77//\\{3 ,o,?»v)d/"v, ” 00 D c”fvo % .
v TR, T 0, % s, o «—— STXS bins
~%s O R N
2% D R
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Acceptance modifications in H—=ZZ*—4l

[
Z
CHW L H— 4l analysis applies cut on
i inv. mass of off-shell Z (ms4)
3
Z*y
M3y N=1TeV [arXiv:2004.03447]
(U _IIII|IIII|IIII|IIII|IIII|IIII|IIII_
ly s 0% ATLASSimulation _
€0.35 H=>22 =4l === Cyy="3.0
g C Vs=13TeV Cpyy="-0.8
g o39g2H Crw=0-8
. . i C g @ e Cyy=3-0
mass-distribution can change significantly £ 0 o5f .
. e Analysis acceptance
in SMEFT (eg caused by CHW) S 0.5 (ma-dependent cut)
° Z '

SM

o
—h
o

\/
Analysis signal acceptance drops!

0.05

.......
T e AT

II‘-H-I" Yo
I T T AN T T A T o e

OO 20 30 40 50 60 70
m,, [GeV]
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https://arxiv.org/abs/2004.03447

Acceptance modifications in H—=ZZ*—4l

N=1TeV [arXiv:2004.03447] . N=1TeV [arXiv:2004.03447]

q) . _I T | T 1T | T T | T T | L | T T | T 1T | T I_ C _I [ | T 1T | T 1T | L | T 1T | T 1T | T 1T | [ I_
= | g ATLAS Simulation ] 2 | ATLAS Simulation :
g O Hozzoal —GP-even : 8 o5l HoZZ'—4l oo -
S {4 Vs=13TeV i a F Vs=13TeV (o -B)/(c - B) -
© [ Acceptance - CP-odd ] S | gg2H-0j-p_  -High M i
p | gg2H-0j-p_ -High 1

S L0 : % ] , (c-B-A)c-B-A) ]
o F SM signal tance - e ' / R
_9 1__ SM=1.0 r" Slg dal acceptia ce__ 8 i \\ W/O/ param i
s : = - I ]
3 f : 2 e \  of /accept. -
= 0.8 - e T \ / )
= - § o i \\ / 4/ :
— ] =z B 2

o 0.6: ] 1_—'SM=1‘0'w:..‘..r--'-‘-* _____ N e g
0.4 - S g
00" b\ J 0.5 W/ param. of acceptance~"

T SMEFT signal acceptance ] i i

_I 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | 111 I_ | | L 111 | L 111 | 1111 | L 111 | L 111 | L 111 | 1 11 1™

04 3" 40 1 2 e 4 3 2 1 0 1 2 3 4

Chw Chiw

Parametrisation of o x Br

Acceptance modification totally
changes trend!

Analysis signal acceptance drops!

SMEFT-modifications to analysis acceptance significant!
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All operators at

a glance

ATLAS Preliminary O 0 (&) 0
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Identify operator
combinations that

can be independently

constrained

«—— STXS bins

46



Principal components

Group together operators with similar effects (on the available data) ...
... drop combinations that cannot be well constrained (on the available data) ...

... and keep the rest o .
“Principal component analysis”

Can “simultaneously” constrain 13 operator combinations
(with manageable correlations)

ATLAS Preliminary /s =13TeV, 139 fb~*

1
ch » qqVH vertex :
& 99 " > Constrained from VH(—bb) o5
CaH — Hbb Yukawa coupling '
2 CeH — Htt Yukawa coupling  Constrained from H(—1t7) 0.6
0 Chi e 04
P~ e — Modifies Gr+ g2
E M ; —0.26 JOETA —0.42 0.2
Yo 4" — qqZH vertex
E Chru,Hd, Hq™ 0.24 —0.37 —09 0
8 Cl[jllV,HB,HWB,HDD,uW,uB,W
w CEJV,HB,HWB,HDD,UW,UB,W
49 CI[-‘;’IJV,HB,HWB,HDD,UW,UB,W
E CI[-:I%,UG,UH
O 2
Q— HG,uG,uH
O Clos Higgs-top

) N \ 3 ) N\ 5
Qo N At @ Qe & o\*““% & A ® O LSy See o S S & Sp o

<«—— Warsaw basis operators ——
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SMEFT constraints: correlations

Philipp Windischhofer

Vs=13 TeV, 139 fb™

ATLAS Preliminary ;) _ 15509 Gev y, I <25

—~
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Other types of 2-HDM

From
slide 27

tanf

ATLAS Preliminary
Vs =13TeV, 36.1-139fb~1

---- SM
---- Expected 95%CL

—— Observed 95%CL

ATLAS Preliminary .
Vs =13TeV, 36.1-139fb~! ---- Expected 95%CL
my =125.09 GeV, |yn| < 2.5 — Observed 95%CL mpy =125.09 GeV, |yn| < 2.5
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S

Constraints on xp and xc

H(—yYy/4€) VH(—bb/cc)
combination combination

[ATLAS-CONF-2022-002] [CERN-EP-2021-251]

o0


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/

Direct constraints on xc

[CERN-EP-2021-251]
o 5_'|""|""|""|'é"b|('l'3')'|"" ]
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Methodology of the interpretation

Inclusive pr spectrum is sensitive to kp and «c

Bishara et al. [PRL 118, 121801]

—
N
T I T

ek
Do
— T

-
-

(1/o daldpr,y)/(1/o daldpy ,)sm

my » PT
~ Kq_2 lOg —2
_ mi m;
0.8F ( \
Light quark Quark loop
coupling modifier dominated by top
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Inputs for interpretation

107"

doy /dp ¥ [fb/GeV]

Differential cross-section measurements in H(—yy) and H(—4¢)
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Complimentary constraints on kp and xc
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