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Overview of Higgs Production and Decay
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* Couplings are probed both in production and decay
* Loop contributions also in many cases sensitive to (potential) BSM effects
* ttH offers direct measurement of top—-Higgs coupling
* High improvement in flavor tagging: BDT -> DNN -> NN
=> Major driver of sensitivity increases
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Cross sections

/ Simplified Template Cross Sections (STXS) — V(> leptons)H \
Multiple non-overlapping phase space regions based on e [— | — | =

production mode of the Higgs boson, kinematics of the process ";
* Reduce theorical uncertainties w
* Common framework for combination of orthogonal decay channels 150
* Defined in stages with increasing granularity 250
* Large pr bins are sensitive for BSM physics search "

\ O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet O-jet 1-jet >2jet

/ Fiducial Cross Section / \\
Cross sections measured in a phase space closely matching detector Full Phase Space
acceptance -

. : . Fiducial
* Avoids extrapolation of results into phase space out of acceptance Phase Space
* More model-independent
* Often extrapolation to full phase space is required to combine analyses k — /
\ Experimentally measured phase space — J
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Interpretations

* BSM physics modify the Higgs couplings
* Deformations are model dependent, but which model?
* Two frameworks are used to parametrize possible BSM physics:

Kappa framework \ / SM Effective Field Theory (SMEFT) \

Coupling of Higgs to p is modified by coupling Wilson coefficients
modifier k,, e \[
2 SM : C(S) C-(6) (6)
Ky = 0p/0y" for production Lomprr = Loy + 0|
= I,/ ;M for decay \ /
K, = 1= SM New physics mass scale Operators obeying symmetries
) ) d=5,7 operators = 0 as they introduce lepton/baryon
For loop induced processes, sometimes use aumber violation
effective modifiers e.g. kzy => Focus on d= 6 operators

Assumes tree-level coupling structure of the SM Allows any coupling that doesn’t violate
symmetries
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Run 2

* VH,H->WW* - 2vev+ Qvjj (ATLAS-CONF-2022-067) - See Back Up

* VBF, H > WW* - evpuv (Phys. Rev. D 108 (2023) 072003)

« ggF, H > WW* - evpv (Eur. Phys. J. C 83 (2023) 774) - See Back Up

* H - yy+c (arXiv:2407.15550 (hep-ex))

* H - Zycombination measurement ATLAS + CMS (Phys. Rev. Lett. 132 (2024) 021803)
* STXS + Fiducial, H = Tt (arXiv:2407.16320)

e VH, H - Tt (Phys. Lett. B 855 (2024) 138817)

* VBFVH, H — bb (arXiv:2402.00426)

* ttH, H — bb (arXiv:2407.10904) —» See Stephano Passaggio’s talk

* VH,H - bb+H — cc (ATLAS-CONF-2024-010) — See Stephano Passaggio’s talk

Run 3

*  H> yy (ATLAS-CONF-2023-03)
* H-ZZ - 4l combined with H— yy (Eur. Phys. J. C 84 (2024) 78)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-067/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003
https://link.springer.com/article/10.1140/epjc/s10052-023-11873-5
https://arxiv.org/abs/2407.15550
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803
https://arxiv.org/abs/2407.16320
https://www.sciencedirect.com/science/article/pii/S0370269324003757?via=ihub
https://arxiv.org/abs/2402.00426
https://arxiv.org/abs/2407.10904
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-003/
https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5

Overview of Recent Results using Run 2 data
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VBF, H>-WW*>evuv

- Data: 139 fb~1, fullATLAS Run 2
* Measurements: Fiducial single + inclusive cross sections, SMEFT interpretation
*  Final states with >= 2 jets are considered

* VBF production —direct probe of Higgs coupling to W/Z bosons

* Simultaneous binned likelihood fit of MVA discriminants in kinematic regions

ATLAS
VBF H— WW* — evuv
fiducial cross-section

m Powheg+Pythia8

A Powheg+Herwig7

»x MGS5+Herwig7

v VBFNLO@LO+Pythia8
x VBFNLO@LO

¢ VBFNLO@NLO

Data Vs =13 TeV, 139 fb™
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Phys. Rev. D 108 (2023) 072003
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Measurements are consistent with the SM
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003

He W 4= C arXiv:2407.15550 (hep-ex)
Data: 139 fb~1, full ATLAS Run 2 = =
Measurement: o in full phase space Lﬂ_r;;J 4500 —
Only accessible second-generation quark Yukawa 2 4000 =
coupling but difficult to probe: = 3500 =

This process has low yield in SM E -
It has an important hadronic background 5 3000 - Signal (pre-fitx5) =
=> use of the clean diphoton decay 2500 ---Resonant background (pre-fity =
mode ‘:_TLAS 1 ---Non-resonant background (pre-fit) J
. : . 2000 1s=13TeV, 140 b — Total background (post-fit) —
Fit: Approach based on Gau§3|an process regression Non-c-tag signal region — Total signal+background (posti) 3
to model the non-resonant diphoton background 1500 S Uncertainty =
1000 =
500 =
0 — 2
First direct constraint on the inclusive H + c cross-section: £ 105F i
E; 1 ~+ + ‘*wa—wvﬁ‘t \H—m*a\*x ‘*ﬁi\h e o «ﬁ*- +v~+ +J
Oy+c=5.21+3.0pb 7] ¥ ¢ 4 ¥ ;**?
£ 095F
=]

120 121 122 123 124 125 126 12?r 128 129 130
my, [GeV]

(osm = 2.9 pb)
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https://arxiv.org/abs/2407.15550

H->Zy combination measurement ATLAS + CMS Fhys. Hev. Lett. 152 (2024) 021803

T

L
Data: 140 fb~! for each experiment, full ATLAS + CMS Run 2 ool ATLASand CMS
Measurement: Combined analysis of the searches performed by r LACRun2 ¢ Data

) C In(1+S/B) weighted —— Signal + background
ATLAS and CMS, o in full phase space ---- Background
Decay occurs via loop diagram => sensitive to several BSM
scenarios that would lead to an increase of the BR

Weighted events / GeV
I
f=]
|

IIIIIIII_ _I]IIIIIIIIIIIIIIIIIII[IJ[T

Final state: Z decays into electron or muon pairs
20+ 201~ , , | : ,
- ATLAS and CMS ] B —
18__ . = 2_—| | | | | | |
[ LHC Run 2 —— ATLAS + CMS . @
161 — cMs ] g o
_ATLAS —- D _2- I L1 1 1 I | L1 i I L4 1 1 I L4 i 1 I L L1 l L1 j 1 I
] 115 120 125 130 135 140 145
mzy [GeV]

-2InA

BR(H~»Zy)=(3.4%1.1)x1073

BR(H>Zy)gy =(1.5+0.1)x 1073

In agreement with SM predictions within 1.90

First evidence of H>Zy!
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803

STXS + FidUCial’ H%T_t arXiv:2407.16320

. _1 L L N L L
Data: 140 fb™ -, FL'IllATLAS Run 2 | ATLAS Hoote 15 = 13 TeV. 140 o7
Measurements: o in full phase space in STXS framework, unfolded ~Tot. WSyst. “Theory p-value = 99%
fiducial differential o in VBF phase space, SMEFT interpretations Tot. (Stat. Syst.)
STXS: Categorized in pfl, nj¢5, m;; regions ooF i 0.4 02 (w015 w0z,
_ +0.17
tver = 0.932¢15 VH i 091 Ga (om om)
+0.17 +.12 +0.12
=> Good agreement with SM VBF b 093 015 (o 0w )
Most precise single measurement of VBF aH | — . 0.77 N (0E 052
8 STATLAS  — S (PowneosPyian ¢ Data.tolsiunc Combined | - 093 i (LuLNny
g :ﬁ=13Te'1u", 140 ™! —----I:.,_“.Ir=+[].T{I?n.+quad.]| Data stat. unc. - , | T T T T T
E 25 :_ smes g = — 0.7 {lin+quad.) _: 0 1 2 3 4 5 6
'%5 o b e 3 (0xB)™*/(oxB)™
T - P S— CP-odd effective coupling
IR S C— . -------- |
1 - ................ -. * e — Fiducial: Binned as function of observables sensitive to SMEFT
05 F ! - effects e.g. Agb;]l-gned
S qpbmmmee o measurement is in good agreement with the SM
2 '1 e I, ....... . Variables used to unfolded the mass distribution are sensible to
E ?..._..._.l._..._..._.'-...-....}....-............+........'_..._..._.|._..._..._§ WIlSOﬂ Coeff|C|entS
5 005 5 g 0 ] 3 ] -0.31< cyy; <0.88 at 95% CL => Best constraint so far!

ﬂd}hs:ig ned [rﬁd]
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https://arxiv.org/abs/2407.16320

VH, H>tt Phys. Lett. B 855 (2024) 138817

Data: 140 fb~1, full ATLAS Run 2 VAL I L LA I
/ . ATLAS Ys =13 TeV, 140 b
Measurements: o in full phase space
Channel: At least 1 t-lepton decaying hadronically + Z> 22 and W > v = Total —Stat VH,H >
Fit to a NN classifiers score distribution + mass-based analysis for cross-
checking Tot. (Stat., Syst.)
R B I B B B L LR R ma e 0.51 «0.44 +0.26
5 Famas U Y bae ZH —e— 1.09 :,144 039 -0.19
P C (s =13TeV, 140 fb" Bl vH H— 1
E - ZH, Ho R
£ 25[Signal region, postfi B Misidentified jets 1.48 *056  (+041 +037
w - . Otner WH r—e—m “*C o500 039 031
20 A urcerainy 14 ]
- 039 +030 +0.
152 _______ Yz Comb. P 1.28 ja_m —n.gg —0315
i TS BT BF AT AP AN AP AP AN BT A

0 1 2 3 4 5 6 7
T
LL"n.l"H

10

u(VH, Ho>tt) = 1.287932

Measurement consistent with SM

=] - -
$23E -
AL . )4 => Limitation by the data sample size
“ o5t . —+ =>|mprovement to see with Run 3
0 01 02 03 04 05 06 07 08 09 1
NN score
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https://www.sciencedirect.com/science/article/pii/S0370269324003757?via=ihub

VBF VH, H~>bb

arXiv:2402.00426
q q

A J

- Data: 140 fb~ 1, fullATLAS Run 2
* Measurements: oin full phase space, kappa

framework q
* Goal: Measure the relative sign of H couplings to
WandZ:A,, = ky /K, s F 7

......
= L]

° Ay, #1->BSM
* Final states: H>bbandZ~> 22 and W-~> 2v
* Two separate analyses:

- Negative 1,,,: works with BSM scenarii 05

"
iy
llllll

.....

Opposite sigh excluded with significance > 50

* Positive 4,,,,: works with SM-like scenario

L I LI I | L DL | | L DL L I L

Observed (expected) upper limiton ois
9.0 (8.7) times the SM value

Measurements consistent with the Standard Model

3 TeV, 36.1-139 b

32 SM pred. A (#1,71)
VBF WH Higgs comb.
® Best Fit @ Best Fit
1o obs. -- 1o exp. == 1a obs.
20 obs. - 2gexp. --2¢ obs.
 5gobs.  5oexp. -- 50 obs.

3 TeV, 140 fb!

L
—0.5 0 0.5 1

-
M
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https://arxiv.org/abs/2402.00426

Overview of Recent Results using Run 3 data
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ATLAS-CONF-2023-03

H->yy

Data: 31.4 fb~! @13.6 TeV (H~yy)
Measurement: Fiducial o, shape analysis using m,,,, distribution
Measurement in fiducial phase space and extrapolation to full phase space yielding

% 16000__ L l_ I. L L '__ E :' T yp Tyt 3
o - ATLAS Preliminary -+ Data 3 & 90F ATLAS Preliminary — SMo (pp—H,my, = 12500 GeV) -
~ 14000:— s = 13.6 TeV, 31.4 ! —Tgtal pdf = :FT 80 5 ¥ Hoyy QCD scale uncertainty E
E 12000_ Hosyy :Slgnal pdf _; b& 4 CombinedH—yy + H—41 ™ Total uncertainty (scale ® PDF+a.,) g
S = Bkg. pdf - 70E B
w 10000— — - ]
8000 ;— —; 60F .
0000F” E 50F E
4000 — — 40 - .
2000 = - .
= = 30F —
U.) : _ ) ) ]
" 200k — s =8TeV, 2035 :
© Vs =13 TeV, 139 ft' E
I 0 10 ; .
8 -200 \s=13.6TeV,31.41 :
_ o O L— cooo b b e b e b ey by T
400 7 8 9 10 11 12 13

s [TeV]

Good agreement with the SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-003/

HeZZe4l combined With HQW Eur. Phys. J. C 84 (2024) 78

- Data:31.4 fb~! @13.6 TeV (H>yy) &29.0 fb~! @13.6 TeV (H>ZZ~4l)
* Measurement: Full phase space o + fiducial & full phase space o in each channel
* Each channel measured in fiducial phase space and extrapolated to full phase space for combination

% 20_|||||||||||| III;I[;;IIIIIII' = 100_-n|---||----|||--|---||-uuu|||nn|||||
- ata — -
O - ATLAS s Higgs (12509 GeV) - = 90k ATLAS — SMo (pp—~H,my=12509GeV) 3
~ 18 __|'J'|_:—3~ 7z* =4l — - T E Y Hoyy A HoZZ 41 QCD scale uncertainty ;
2] p 17130 TeV, 29.0M XX, VW ] & 80F - mm Total uncertainty (scale ® PDF+ =
c 16F W Z-ets, i — o - ¢ CombinedH—yy + H—41 ( D
L% " :_ % Uncertainty _: ?Di_
12} : 60F
10F - 20F
8- . 40
6 - 30F
N N = \s=7TeV, 4515 ]
4F : 20 - Vs=8TeV, 203 f' =
n : 10E Vs =13 TeV, 139 fb’ E
2F s (s =13.6 TeV, 20.0-31.4 fb -
O R L T e e e . 0 IR IS S T N T S T S [ TR N T T NN T S T T N SR SR T TR R TR SUN ST S R SR
110 120 130 140 150 160 7 8 9 10 11 12 13 14
m,, [GeV] Vs [TeV]

Good agreement with the SM at unprecedent COM energy
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https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5

Conclusion

Run 2

* Differential and inclusive cross sections from recent measurements are presented in the ATLAS
experiment in STXS, full and fiducial phase spaces

* Combined measurements are interpreted in the SMEFT and kappa frameworks

* Improved precision compared to Run-1 due to increased statistics and improved analysis methods,

entering precision measurements era

Run 3

* Firstanalyses at 13.6 TeV have been published
* Many more to come in the next years!

= Allresults are consistent with the Standard Model
= Dataset of LHC is expected to increase by a factor of 20 by 2040

Thank you!
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Eur. Phys. J. C 83 (2023) 774

ggF, H>-WW* 2>evpuv

« Data  -» Total Unc. ATLAS

=
L 4000

(0] MggF H EVEF H H sl =01
o W Other H Tt T ey W=t

- Data: 139 fb~ 1, full ATLAS Run 2 S ook, MO e

* Measurements: Fiducial single + double differential o Z M WOV pi=s0 Gev

* Final states with = 1 jets are considered

* Fitis performed to my in each bin of each observable which sensitive to
higher-order corrections (e.g. nlets), PDF (e.g. yy), Higgs couplings in
production (e.g. pﬁ) and decay (e.g. my)

0

. .2 . . .2 E 12¢ E

mT —_ (ET + E'Imlss) - |pT + E;T_"llSS ‘; 1?\H‘*ﬂ\-‘v\w‘ihh»bh-w‘sﬁ-\qﬁhh-.\h-»h--w---n-“%-"f‘ﬁhu.u\ﬂwxq-‘hm-‘i

2 08 =
D N [ R 1 R R R 7 R £

my [GeV]

3 4 : ' e Data ]

% 1.2F 2 Sys. Uncertainty 3

. . = - Powheg+Pythia8 (p=93%) -
Dominant sources of uncertainty: = £ - o Pownegorwig? (r=08%)
. =] E w MadgraphFxFx (p=97%) -

* Jet, muon reconstruction 8 osF =
* 1, WW backgrounds 0.6f- ATLAS e
* Difficulty in modelling Z/y 4 i E
0.2 3

of ‘ R S

8 2;_ T T . T _;

Measurements are consistent with the SM g 01 — o $ kS

g ) 0-30 30-60 I 60-120 I 120-1000 )

P [GeV]
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https://link.springer.com/article/10.1140/epjc/s10052-023-11873-5

Eur. Phys. J. C 83 (2023) 774

ggF, H>-WW* 2>evpuv

Variable Data Statistical [%] MC Statistical [%] Experimental [0] Theory [%]
Vee 14-22 5.3-10 6.9-15 5.9-15
ptt 15-29 6.4—14 8.2-31 6.8-27
pgﬂ 13-28 6.3-13 9.3-28 14-34
Adee 11-39 6.1-18 7.8-22 13-27
Y j0 23-51 12-26 21-54 26-58
cos 6* 11-15 5.8-7.6 8.5-11 8.9-14
pa 8.5-72 6.2—18 10-58 12-27
Mmee 12-25 5.6-11 7.5-15 7.3-20
yee VS Nig 9.0-62 3.9-25 8.0-20 5.0-53
piE vs Nt 9.8-36 4.7-20 1241 9.9-50
p5? vs Niey 9.6-50 5.8-20 10-35 9.4-74
Adee VS Niey 0.6-65 5.6-18 6.8-31 14—74
cos 8* vs Nigt 13-50 6.8-25 7.7-39 8.9-58
mep v Nie 12-152 5.7-44 8.9-58 7.2-82
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https://link.springer.com/article/10.1140/epjc/s10052-023-11873-5

VH, H>bb + H>cc

Eﬂ_l LI L LN B | L L L UL L LI
1 & " | | | ATLAS Internal ]
- Data: 140 fb™ ", full ATLAS Run 2 C V5 =13 TeV, 140 b’
* Measurements: Differential o with STXS framework, kappa - VH, H— bbictT B
interpretation = =
* Validation with VZ, Z>bb or cc 3
* Finalstate: Z> 22 and W~ 2v - ]
o consistent with SM expectations at 90% — =
Best world - 3
H(VH,H»cc)= 1.072% <«— 3 E
. : _ measurement! g E
é , = ATLAS Preliminary VH,H— bb, V- leptons cross-sections = :_ " Observed 95% CL. . S _':
- & 10°E ys=13TeV, 140 fb" ¢ Opbserved  ==Tot.unc. == Statunc. — — - —— Observed 68% CL.  + Observed Bestfit .
m = V=W == Expected DTheo. unc. 3 —15 «-- - Expecied 95% CL. {i:u,t.;]={ﬂ.92,ﬂ.ﬂﬂ} .
- = v=Z . ---- Expecled 68% CL.  + Expected Bestfi .
X_Q 102?-_+ _? _Eﬂ:l i I | I I i IEI i I 1 T ] I i Iplel | iEI I | ) I i i I_'
" 10E . i —-¥— - —4 -3 2 - 0 1 2 3 4
y = - 3 «
1 — ..
¢ E 1 3 Current best limit on k!! .
107 T _I_ —
X T
s 2r 7]
5 TF—EF— I —s—5—%
e O0F1 ¥ 1' -
o -k .
© > 2 2
: T, s, s, 1,5 S 05,2, s, 0, 05, 5,
> > S
()
G

ATLAS-CONF-2024-010
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/

VH, H>OWW?* > 0v0v + Qv ] ] ATLAS-CONF-2022-067

- Data: 139 fb~ 1, fullATLAS Run 2
* Performedin 4 channels
- Different MVA discriminants adapted to background composition are used
* Used inputvariables based on reconstructed objects kinematics
e.g. EMuss, m‘fv,plT0

* Measurements are stats dominated . )
Measurements consistent with SM

—_— 1 T I I I T IIII|""|"'.'|'."'|""I'"'I""I""I""lIIII
= o ATLAS Preliminary e Total
= 0.9~ ATLAS Preliminary - 68%CL N Vs=13TeV, 139 fb™ [ Statistical Unc.
= 0.8 Vs =13 TeV, 139 b — 95% CL ] VH, H — ww* ] Systematic Unc.
i VH, H ww+ ¥ Best fit | SM Prediction
. VH,H— B
% 0.7 — SM 68% CL
X 0.6— + SM ] Total ( Stat., Syst.) SM Unc.
N | +0.32 +0.27 4047 y |
C) 0.5 — WH E" 0.45 Jo3 (o025 015 ) +0.03
0.4 — i
0.3+ _ ZH P 164 T3 (0w Tois ) 2005
0.2 - e B A

0.1 _ VH rﬁi 092 "33 (0%, 103 ) | =002

| | | | | | |
02 -01 0 01 02 03 04 05

Sywn X BRy _ wwe [PD] (6 X By, ww) 1 (60X By )
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-067/

tt H H S b b arXiv:2407.10904
)

o LA L DL L L L L L LA LI BN B
Data: 140 fb~1, full ATLAS Run 2 § 10°LATLAS ¢ Data _:
. . — — -1 ¥ — -
Measurement: Inclusive o in full phase space, STXS weoF :?H—(;;TGV’ 140 1o =:$ E“sm ‘01;’)) s
. L . - b =0. .
Final state: single + dilepton channels - Single-lepton and Dilepton [ ] Background i
Fit: Classification in p¥ bins by a multiclass NN; reconstruction 10° E—Post-fit /// Bkgd. Unc. =
of p¥ and separation signal to background by a MVA E_._I_‘_r'—l_.—I—h .
10'E E
| I I | I | I E E
ATLAS e Tatal Unc.  ® Syst.only [ Stat. only SM + Theory B ]
Vs = 13TeV, 140fb™", mu=125.00Gev Total ( Stat. Syst.) B ]
pi€[0,60) GeV |- — 125 0% 0% Tos - 10°E =
— | I 1 L | 1 L I L 1 I 1 L ‘ 1 1 I L 1 I 1 L I L | I 1 I_
pHe(60,120) GeV [~ e 077 5% ok Tow E; 13 (1, = 1.0 + Brgd e
m N4 = ]
‘0. £034 0. - —TH (b_ = 0.81) + Bkgd roogee :
ot €[120,200) GeV |- i 0.88 ‘04 038 .om 5 1 emeshrBed ]
! © 1759557t 7
pH € (200, 300) GeV |- — 0.77 04 0% oae . R - R g8
pH €[300,450) GeV |- == 027 ‘0% o o . log (S/B)
_ +101
DY € [450,00) GV [~ He—— 063 0& o7 0w - o(ttH) =4112g;" fb
Inclusive |- e 0.81 g7 0N Toe .
| i l | 1 | 1 O'(ttH)SM = 507t§(5) fb
0 1 2 3 4 5 5]
Ot/ oM

Consistent with SM => Test SM in extreme phase-space

ICNFP 2024 Eva Guilloton (U. of Warwick/RAL)


https://arxiv.org/abs/2407.10904
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