EXPERIMENT

CMS,
IMPERIAL E“?AT[L\{

Recent Highlights in Differential/
STXS Results for Higgs

George Uttley
On behalf of the ATLAS and CMS collaborations

SM@LHC2025
9t April 2025



Motivation

\

but we have been lucky in
discovering a 125 GeV Higgs
boson

it opens a door to the most
mysterious part of the Standard

-

Model

Gavin Salam — FCC Week 2023
https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf
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https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf
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Overview

-~

ATLAS

EXPERIMENT

Run 2 Analyses

~

ggH + VBF, HOWW*-|vlv
ATL-HIGP-2024-07 (not live)

VH, HSWW* =iy, Ivij @

ATL-HIGG-2023-09

H + 2-jets, H DWW*->evpuv w

CMS-PAS-HIG-24-004
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Run 3 Analysis

H->zz*-4l
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2023-09/
https://cds.cern.ch/record/2929512?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-002/

H+ VBF H>WW?* >V
ATLAS °° 2\

EXPERIMENT

ATL-HIGP-2024-07/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-07/

Events

Data / pred.

Total - bkg.

ATLAS ggH + VBF, H>WW* = |vlv

EXPERIMENT

* Update on Phys. Rev. D 108 (2023) 032005.

* Added same-flavor lepton final states.

* Utilizes a Deep Neural Network (DNN) for signal vs

background classification in all categories.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-07/

ATLAS ggH + VBF, H>WW* = |vlv

EXPERIMENT

and another bin at higher p7

108 (2023) 032005.

* New region - qqH

STXS bins.

ATL-HIGP-2024-07

Phys. Rev. D 108
(2023) 032005.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-07/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005
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ATLAS ggH + VBF, H>WW* = |vlv

EXPERIMENT

8 |

6% - EW | EW qgH »2-ets I EW gqH »2-jets ' EW qgH »2-jets ATLAS Preliminary
B :?th I pH < 200GeV I pH ¢ 200GeV I pH>200GeV f =|/1v:|3/|)- eV,;‘;Ofb‘1
i . . | 1-etl 350 < m; < 700GeV I mj;2700GeV I m;>350GeV - WW* - dviv
 Additional binning of STXS in CP o S0 my ¢ 70 e i my 2 700Ge i my 2 350Ge o Oneon ot - 519
oy . + . - - =917
sensitive variable A¢;;, azimuthal - l l -=- sM
. ]] 41— : : : Crw = -2
angular difference between the [ ! vl Chi = 1
o I . . - 1 1 1
rapidity-ordered leading jets. o | : EE
_ _l
1
1
1
1
1
l

* Very first STXS., measurement!

2oy s x, Zn 2 Zn Tx, Zn 2 Zn a2
. 20 S TNy S, 28 S TN, S, T2, ©
7Yy R Yy Yy
* Results are interpreted in the context Ag; [rad]
of an EFT with CP-violatng
modifications to HVV/Hgg couplings ATLAS Preliminary -—- SM
. . Vs =13TeV, 140fb! M Observed
and good agreement is seen with the H - WW* - vty lei Expected
N=1TeV

SM Higgs boson.

95% confidence level

A 4

Cre [x10*3]f ' 0.005:5505 000055671

| |
NN, { 0.32 0.6
(o] (2=] (=) ' oner O02zE 007
=0jet =1jet > 2jet = 1jet > 2jet
L A I
T v 1
| |

0743 00113

B4

=

E
{-»——0-—————————————

mj; [350, 00]

CHw[

I
I
1
H
~ I
A:plt [0,200] R

. 08 0.9

| CHW[ i —o i -0.2Z55  0.0%59
1

22 [0,200] P [200,00] m3 (350, 700] 3 (700, 0] o [200, 00| _3 _'2 _' ] 0 i é é
]
s @b Fidghle  Sdigehe gy Value of Wilson coefficient

9/23


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-07/

VH, H>WW*=>1vlv, lvjj
ATLAS it <.

EXPERIMENT

ATL-HIGG-2023-09
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2023-09/

OptLas VH, HOWW*=>|vly, Ivjj

EXPERIMENT

* Update on Phys. Lett. B 798 (2019)
134949.

* Now have 2, 3 and 4-lepton channels
and utilize MVA signal discriminators.

* DNNs for 2l & 3l channels,
 BDTs for4l.

* Define many categories targeting both
STXS and differential bins

Reconstructed signal region
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1-SFOS BDT output
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Reconstructed signal region
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ATLAS Simulation
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https://www.sciencedirect.com/science/article/pii/S0370269319306719?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269319306719?via%3Dihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2023-09/

ATLAS VH, H>OWW*=>I|vly,

EXPERIMENT

Vijj

* Both differential results in p}. and in the STXS binning.

« Improved techniques help low pY. differential and STXS bins.

e All results consistent with the SM Higgs boson.
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: | | | 7
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ATL-HIGG-2023-09

p¥ scheme

STXS scheme

VH,0 < pY < 75GeV
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VH, py > 250 GeV
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¢vH and ¢¢H, py > 150 GeV

EW gqH, 60 < m;; < 120 GeV

[

1 T L I
ATLAS Total I
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; 159 Unp. Likelihood Z
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2023-09/

H + 2-jets, H >2WW*—>evuv

CMS-PAS-HIG-24-004
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https://cds.cern.ch/record/2929512?ln=en

1/o dU/dA¢ij

H + 2-jets, H >DWW*—>evuv

e Search for anomalous couplings (AC) in the HVV vertex.

* Differential cross section measurement in the CP AC sensitivity variable Ag;;.

CMS-PAS-HIG-24-004

* Train an Adversarial Deep Neural Network (ADNN), to maintain model independence and provide excellent all-

0.20

0.15

round sensitivity.
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https://cds.cern.ch/record/2929512?ln=en

CMS-PAS-HIG-24-004

H + 2-jets, H >DWW*—>evuv

CMS Preliminary
| | | | | |
— Exp. (POWHEG + JHUGen + Pythia)

138 b1 (13 TeV)

—
o

| | | |
* Perform likelihood-based unfolding to extract the
differential cross section.

do/dAd; [fo]
oo

— ¢ Data Statistical unc. -

VBF ggF i VBF ggF VBF+ggF 1

_ CMS Simulation Preliminary (13 TeV) B CMS Simulation Preliminary (13 TeV) 6 | |
g £ i i
B bin0 B bin 0 | i
o o —_— —
§ bin 1 :{:‘3 bin 1 4 | ® |
bin 2 bin 2 2 __ # i __
bin 3 bin 3 : 1 ) # + + [ :
Q(\Q 0(\\ @‘\\w (\% b\(\Q ,0(\\ v\(\‘v Q(b | ]

Generator-level Generator-level |

* No significant deviations from the standard model were
found.

Ratio to expected
o =N W

* Differential cross sections were used to constrain Wilson
coefficients.

I

ﬂ IIII|IIII IIII|IIII|IIII
I

3

(\}

o

A

(\}

ﬂ IIII|IIII IIII|IIII|IIII

>
2

15/23


https://cds.cern.ch/record/2929512?ln=en

Legacy Run 2 STXS Combination

CMS-PAS-HIG-21-018
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

CMS-PAS-HIG-21-018

Legacy Run 2 STXS Combination

.ot CMS Preliminary 138 fb~! (13 TeV)
* Update on the Nature combination 3 - O Observed — SMprediction -
Nature volume 607, 60—68 (2022), with new l:]-/ i ggH T 68% CL (stat @ syst) 68% CL in SM prediction i
channels and many more interpretations. Mmoo L] 68%CL (syst I
6 - STXS stage 0, |yn| < 2.5, my = 125.38 GeV 3
i psv =0.01 ]
* Channels include H>yy, H>ZZ*->4l, -1 L VBF B
H->WW*->lvlv, H->1tt, H>bb, H>upy, H->Zy. - . V(qa)H E
= W(EV)H ]
B o] Z(2e, w)H ttH tH 7
* Includes interpretations in: 1072 — B > =
* Signal strength modifiers - -
* STXS B ]

* Kappas 107
Pp ST E
* Higgs self couplin [ T Ix wWw i}
. EFng T OE ” E
. _ N oF —r— ]
Analysis Nuisance m 10°F =
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STXS Sta ge 1 . 2 CMS Preliminary 138 fb~" (13 TeV)

=" Compact Muon Solenoid

_ 1 1
o
= 10%F o Observed —— SM prediction E
L ﬂ .
E‘: - T 68% CL (stat @ syst) 68% CL in SM prediction |7
: = [0 68% CL (syst) -
© 102}1 & : : —L
= ggH + gg — Z(q)H q@H | = VBF + qq — V(e@H - @ == - STXS stage 1.2, |yn| <2.5, my = 125.38 GeV ]
[0, B = - Psm = 0.06
_ T f 2= al = s |8 |
o] S ] e 10k JH’ L o] F-1
pr mg; [0, 350] m;; [350, 00] % %
2 [my; 10,350] ] [y 350, 0] | 771” o — ﬁ

10

[T 10,200] ] Hlp [200,00] | ‘% @ %
% % 352 |_:| 109 Ratio to SM @ % @ T

S 1 = B :

Cf = @ H ] = ]

C T 4 ol ] i

107 f i E

[ | | voH | o5 - L | 1

ik i Bbb/BZZ BWW/BZZ Bt/BZZ RBYY/BZZ i
1072

w
B
HESTH
=

@@;
i

o=

i
o
—E

o e
—Ea

* First CMS run 2 STXS combination!

HeH
—E=HH
HoH
—EoE—

Ratio to SM
— N
AAAR MM/~ AARa AR
8]
HEH
S

4 o
1
Other |——
pi> 300 | —H==—
| ‘ L1

=
150 < pY < 250, > 1J f=o—a-H

O I © © O o o o O O O O o o O ’a o|n o o O T OO0 O O O T
: TECYL IR SRR BERRERITRRRIRS N R|ICYER 8 T
[ ] v v T = v v Alv 9 A
Reasonable agreement with the SM. T AR AR R AR AR RS SN B A RO - N o g
> =2 5 o o - QO QO O O O o e e > o o O o a v o o o o
o - v v.O v v = v v v v < v ooV vovoov
I"\_ o o 8 o o o o o o o 0 o Y o o o
e} o - o o O To) A [ Te] v O NN O
- — - A O < ™ ~— ~— o ~—
s TR2ERZ = 8
ARV 1S
* Deviations in the high p¥WH/ZH leptonic o % s
o = =) o)
regions + tH production NS
o
[QV ]
~ A ggH qgH | WHlep ZH lep ttH |tH

18/23


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

=" Compact Muon Solenoid

CMS preliminary
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Legacy Run 2 STXS Combination

CMS Preliminary 138 fb~! (13 TeV)
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=" Compact Muon Solenoid

Legacy Run 2 STXS Combination

CMS Preliminary 138 fb~! (13 TeV)
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Legacy Run 2 STXS Combination

CMS Preliminary

138 fb~' (13 TeV)
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Legacy Run 2 STXS Combination

o CMS Preliminary 138 fb~' (13 TeV)
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Legacy Run 2 STXS Combination
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Legacy Run 2 STXS Combination

~~~" Compact Muon Solenoid

CMS Preliminary 138 fb~! (13 TeV)
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Legacy Run 2 STXS Combination

CMS Preliminary 138 fb~1 (13 TeV)

o Observed | SM expected
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Legacy Run 2 STXS Combination

CMS Preliminary
L L A L B B T
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| SM expected — 95% CL (stat & syst) my = 125.38 GeV Other WC fixed to SM (0)
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138 fb~' (13 TeV)
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" Legacy Run 2 STXS Combination

CMS Preliminary 138 fb~! (13 TeV)

—
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?ATLAS H>Z/7*—>4]

EXPERIMENT

ATLAS Preliminary
- H>ZZ* 4l ly | <25
H -1 SM Prediction
. {s=13.6TeV, 56 fb

== Observed: Stat + Sys

c:Blfb]  (o:B)g,, [fb]

ttH . 18179 17.0%'2
VBF+VH % <162 154 *4 |
(95% CL) a
ggF R 1330725 1270+ 90
Inclusive = 1310127 1400+ 100
o 2 4 6 8 10
c-Bl(cB),,

34/23



