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Introduction

« After the discovery of the Higgs boson by ATLAS and CMS, the measurement of its properties has been a priority.

« Coupling between the Higgs boson and particles defined by the particle’s mass and type. Three types of couplings to
massive particles:

Yukawa couplings to fermions

/ \\ //
______ ‘\ /v\
3m%, N RN
.« o . . = \
* Precision measurements of couplings are crucial: 93H vev \ // \\

. : : 3m%
+ Test of spontaneous symmetry-breaking mechanism (gauge couplings). Jayg = 5

vev

« Test for Standard Model (SM) predictions in the Higgs sector (Yukawa interacions and self-interaction).
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« All major Higgs boson production and decay modes observed during Run 2. -y ]
Evidence for rare decays (second generation couplings, Zy) emerging. 1095y E
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Combining Run 2 data g 10
« Combining statistical power of different decay 5 10
signatures — key to achieve sensitive cross- S

section/branching ratio measurements. 1
* Fundamental to test precisely the SM. 10"
% 1.5
« Global signal strength (1 = o /o gMm): § 1
o 0.5
u=1.05x0.00 =
= 1.05+£0.03£0.03+£0.04£0.02
(stat.) (exp.) (sig.th.) (bkg. th.)
tH
« Different sensitivities to the Higgs production ttH
modes from different decay processes. ggF+bbH
Excellent overall agreement with the SM. VEE
WH
ZH

Nature 607, pages 52-59 (2022)

Nature 607, pages 52-59 (2022)
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Combining Run 2 data

) 1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80

VNIVERSITAT I® VALENCIA | Higgs boson coupling measurements in ATLAS | Antonio J.

- Coupling measurements

Coupling fit performed within K framework: k modifiers affect coupling strength without altering kinematic distributions.

o;xB(H - f) =

2
K%K
L7 fU;-SMXBSM(H > f)
K?

2

H

Different models tested with progressively fewer assumptions:

a) Modifiers for fermions (K ) and
bosons (Kv/)

ATLAS Run?2

4= Observed best fit
[ Observed 68% CL
Observed 95% CL

¥ SM prediction

b) Independent couplings for
W, Z,t,b,c, T and u
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Combining Run 2 data

« Simplified template cross-sections (STXS):

Phase space partitioned using kinematic
properties of the Higgs boson (and
associated objects like jets or vector
bosons).

Designed to:

Optimize sensitivity to BSM effects.

Keep theory uncertainties under
control.

Minimize model dependence.

* Simultaneous measurement of 36 phase space
regions.

* Good agreement with the SM prediction, p-
value of 94%.
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Interpretations in SMEFT

Combined STXS results interpreted in SM

arXiv:2402.05742

SMEFT A =1 TeV

. ATLAS
effective field theory. V8 =13 TeV, 139 fb~', m,, = 125.09 GeV
. . o . 10" ¢ I Linear (obs.) :
e Higher-dimensional operators built upon SM O Linearsquad. (obs)
fields, scaled by Wilson-coefficients. g 17
@
S5 10
» Wilson coefficient ks
& @b © . &6 @ 8 402
LSMEPT:LSM_I_ZEOi +ZFOJ S R g
i j 7

A
o
b

H
T T

Full set of Wilson coefficients of d = 6 operators
cannot be constrained simultaneously:

N
L

Large number of degrees of freedom.

Parameter value scaled
by symmetrized uncertainty (¢’/o)

Degeneracies in the impact of operators.

* Principal component analysis performed to 55 9% %Q%ggg Y
. e PINCINe”
choose rotated basis. S 7S

Oy, O, O, O O, 0L, % %
WYY W %l 3

Linear term: interference between d = 6 operators and SM.
: Pure BSM, product of two d = 6 operators.
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https://arxiv.org/abs/2402.05742

Relative sign of the W and Z couplings with VBF WH production

 VBF W H production provides unique sensitivity to Ay > = Ky /K z. Destructive interference predicted by the SM.

Enhanced production for Ay, > < 0. Combinations have measured |Ay = |.

 Two separate analyses targeting VBF W H — jjevbb, either BSM (A}, » < 0) or SM signal with dedicated regions to

normalize main backgrounds (tt, tW and W +jets).

¢ Results compatible with SM and background-only hypothesis. Non-SM allowed region excluded with > 50.

« Observed (expected) upper limit on VBF WH cross-section: 9.0 (8.7) SM prediction at 95% CL.

arXiv:2402.00426
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Boosted VH production in fully hadronic ggbb final states

Phys. Rev. Lett. 132 (2024) 131802

« First measurement of boosted (high pt) Higgs
production with VH — qgbb. Sensitivity to BSM
effects.

e Requiring 2 large-R jets in signal enriched region:
one passing H — bb tagging, other W/Z tagging.

» Data driven estimation of major (>90%) multijet
background and Z +jets normalization.

* Production cross section measured inclusively and
in p¥ ranges using the Higgs candidate mass.

Hinc = 1.478:9  1.70 obs. (1.20 exp)

E 600 ATLAS VH — qqbb ¢ data EVH OtherHiggs
©w - fs=13TeV, 137" Post-fit Vijets vV top
£ [ [Cmultijets ./, Uncertainty
g 500 H ; H < wH
2 li i SR:250 < p!! <450 GeV SR: 450 <P <650 GeV SR:p!! > 650 GeV
400 %fi
300 i
200 f P
100 [
s 0 En non fin n s I nn ; P | S :
I oF ,
g 40 == 10
o 20 E ; +}iﬂ+ +5057 * }- +
| SO it it
_g,, :48 3 , + + : —50§— ; ; _10
g 100 150 700 150
“ mif [GeV]
Kinematic region Observed p Observed o [fb] Expected o [fb]
250 < pi < 450 GeV, |yy| <2  0.81232 it 57.0
450 < pf < 650 GeV, |lyy| <2 0.4717 il 5.9
pa > 650 GeV, |lyy| < 2 e iy 63" <a3) 1.2
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STXS measurementsin H - 1T

« New results expanding previous STXS H — Tt measurements (JHEP 08 (2022) 175) in VBF and tt H phase space,
keeping previous strategy for ggH (Boost) and VH.

* Events selected with two T candidates. Three channels depending on T decay mode: Ty,,qThad, TiepThad, TeTp-

- Additional selections to split events in ggH, VBF, VH and tt H categories. Further selections to target STXS regions.

ATLAS Simulation Preliminary _ _ _
fS — 13 TeV, 140 o’ H — 1t ATLAS-CONF-2024-007
> ttH, p!f = 300, Window T I [ o1 1 | I T 1 | T T T T T o1 T 14 8
S ttH, p¥ > 300, Sideband|_ 0.1 30 5
O ttH, 200 < p! < 300, Window B 0.1 1.7 0.1 _ ;
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S VBF_0, m, 21500, p¥ 2 200[ 23 17 01 01 01 08 16 7 o
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D vBF 0, 1000 < m; < 1500, pt > 200[ 4.1 23 03 0.1 0.2 07 i - 0.9 i &
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C  vBF_1,350 =my < 700, p* = 200 1.0 0.1 0.1 0.4 3.4 0.6
VBF_0, 350 < my < 700, pf > 200 0.1 o [ 17 o7 o2 o7 68 07 i
VBF_1.m; = 1500, pf <200 0.1 0.1 1.4 . 0.9
VBF_0,m 21500, pf <200[” 0.4 03 0.1 0.1 35 01 0.3 7 10
VBF_1, 1000 < m; < 1500, pt! < 200 0.1 0.1 1.7 39 0.6 ]
VBF_0, 1000 = m; < 1500, p <200 1.0 06 0.4 0.2 7.6 0.2 0.2 36 0.4 7]
VBF_1, 700 = m < 1000, ptf < 200 : 0.2 02 0.2 40 44 1.9 05 i 5
VBF_0, 700 = m; < 1000, pf <200| 1.6 1.1 0.6 04 PoEN o2 34 1.2 0.3 _
VBF_1, 350 =my < 700.p <200 (0.4 0.2 0.2 T4 2.0 0.4
VBF_0, 350 < my < 700, p} < 200 [ 6.1 | 21 | 26 | 07 | 0.4 E 1.5 | 01 | | 04 | ] | | | ] ]
Niets): =1 1 =2 >0 >0 22 22 >2 22 :
p(H) [GeV]: [60,120]  [120,200]  [200,300] [300, [ [0,200] , : [0, 200] [200, o< | [0, 200] [200,300] [300, <[
m, [GeV]: [0, 350] [0, 350] [350, <[ ; [60, 120],[350,700] [700,1000][1000,1500][1500,==[ [350, 700] [700,1000][1000,1500] [1500.c=] ,
gluon fusion + gg — Z(— qg)H V(— qq)H VBF ttH

VNIVERSITAT I® VALENCIA | Higgs boson coupling measurements in ATLAS | Antonio J. Gomez Delegido | LHCP 2024 STXS Binning Page 10


https://link.springer.com/article/10.1007/JHEP08(2022)175
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/

STXS measurementsin H - 1T

ATLAS-CONF-2024-007
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* Mass reconstructed using Missing Mass & L ATLAS F',r‘e;ir;i'n;r'y'
Calculator (Nucl. Instrum. Meth. A 654 8 gl VS = 13TeV, 14010
(2011) 481). £ [ VBF.1my>1000Gev

H . . - Post-Fit

* pT reconstruction using novel NN 80~
exploiting EF'°% and TT variables. i

 VBF BDT using information from jets, T =
and EF'%%. Enhance separation betwen [

VBF andggH/Z — TT. -
« Multiclass BDT used in tt H to separate I
ttH fromttand Z — TT. =
0
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Z > TT g Ll
* Main background. P
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Illlllllllllll

e

Ctinlle,

Jlllllllllll[llililllili

template shape). -
o Z — 00 modified through T
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normalization.
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Data-driven estimations
computing transfer
factors in regions
enhanced in misidentified
backgrounds.

and other backgrounds
Estimated with MC.
Top normalization
extracted from data.
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STXS measurementsin H —- 1T N

N
« Fits across different regions with different free floating ATLAS-CONF-2024-007
UL LA L L B L BN LI LA L B L
parameters: ATLAS Preliminary  H—tt Vs =13 TeV, 140 fb"
« 1 Parameter-of-interest (POI) fit to extract overall — Tot. — Stat. p-value = 99%
signal strength with respect to SM. Tot. (Stat. Syst. )
+0.32 +0.15 +0.28
ggH Fe 094 o7 (015 022 )
* 4 POl fit to measure different production processes 003 O (012 w0z
separately. Good agreement wih SM, p-value of 99%. VBF el 015 eI 00
. +0.63 +0.53 +0.35
» VBF production VH He ] 091 L6 ( 051 033 )
 Slightly better precision with respect to last .01, 1087 4052
L ) L ttH - - - 0.77 992 ( 077 050 )
publication due to improved categorization. |
« ttH production Combined = 0.93 037 (006 oo )
. . . . R IR BT T RS R B
» Refined multivariate analysis approach leads to 0 | o 3 4 5 5

~ o i
25% improvement. ) /(O_XB)SM
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STXS measurementsin H - 1T ATAS DA R

LI LI I L LI LI I L L ||

ATLAS Preliminary H-tt Vs=13TeV, 140 b

=Tot. l§Syst.  Theory p-value = 6%

* Fits across different regions with different free " Tot. (Stat. Syst.)
. gg—H, 1-jet, 120< p':<200 |-.-| 035 L6 ( loga7  oas )

floating parameters: | w8 w082 072
gg—H, > 1-et, 60<p! < 120 poeeed 050 “og (o052 072 )
« 18 POI fit corresponding to different STXS gg-H, > 2-et, m <350, 1205 p¥ < 200 ..._. 0.53 ‘075 (049 087
regions- gg—H, 224et, m 2350, p!' < 200 L pmmmme 509 3% (% B
o . o 0.99 0¥ (w02 w027

» Better precision in VBF phase space for 9g->H. 200 =}/ < 300 o3 3% (o oz
higher p# and/or m;; due to reduced gg-H, pl 2300 o 151 0% (%o ‘0w )
SM backgrounds. qa->Hag’ 2 24et, 60<m, <120 ot 094 & (‘5 0%)
. qq'—Hqq', = 2-jet, 350 <m_< 700, p" < 200 =, -0.96 137 (9% e

* Reasonable agreement with SM ) ' o

. H H '— ', = 2-jef <m < M < } -0.24 ] -

prediction with p-value of 6%. aqHad: = et 700:< m, <1000, Py <200 N o (000 055 )

- +0.61 +0.50 +0.35
_ qa—Haq, > 2-jet, 1000 <m < 1500, Pt < 200 el 1.68 455 ( 047 020 )
Lt H results statistically limited. Upper ot 2t m 1500 g <200 & 042 0% (om -am

limits at 95% CL derived for tt H in STXS
framework.

. H 1.1 +0.87 +0.75 +0.44
qq'—Hqqg', = 2-jet, 350 =m_< 700, P, 2 200 fzo] -1.16 —0.81 ( —0.55 -0.59 )
n

+0.73 +0.67 +0.28
0.98 -0.63 ( -0.59 -0.23 )

+0.56 +0.52 +0.20
1.40 -0.50 { —0.47 -0.18 )

qq'—Hagq', = 2-jet, 700 < m < 1000, p': =200
u

+0.39 +0.35 +0.18
1.29 -0.34 { -0.32 -0.13 )

+1.75 +1.54 +0.84
2.15 -1.52 { -1.33

H"'_.
qq'—Hqqg', = 2-jet, 1000 < m < 1500, p':r‘ =200 ‘...|
] |

. . ; H
qq'—Hqqg', = 2-jet, mu = 1500, P, =200 |.|

ttH, p* < 200 ——

_2 23 +1.26 +1.12 +0.58

ttH, 200 < p': <300 fr—nef -1.13 079 —oso )

ttH, p¥ 2300 —E— 358 G5 (2% ‘ok)
T IIIIiIIIIJ.!IIIIIIIlIIIII
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ATLAS-CONF-2024-007

STXS measurements iIn H — TT s “Fosrdoy |~ 1w T =
P o5 L VS =13TeV,140fb~! Uncertainty Misidentified —
T — il L
* Fits across different regions with different free 205_ E
floating parameters: il E
10 ~
« 18 POl fit corresponding to different STXS 1 2
regions. :
0 T T T T T
» Better precision in VBF phase space for s ‘2 o } " 4 i
higher p{! and/or m; due to reduced £ ol ‘ ]

Window Sideband Window Sideband Window Sideband
SM baCkgroundS. pt(H) < 200 GeV 200 GeV < pt(H) <300 GeV  pt(H) > 300 GeV

* Reasonable agreement with SM
Limits on tiH STXS Bins

prediction with p-value of 6%. ATLAS = Preliminary __ {0,

-1
Vs =13 TeV, 140 b -+« Expected (SM prediction)
fess Expected 1o

« tt H results statistically limited. Upper ot < 200 GeV P | Expected £ 20

limits at 95% CL derived for tt H in STXS e 5
framework. 5,42 (obs)

200 < p!' < 300 GeV | :

3.61 (exp)
4.63 (SM prediction) '
2.21 (obs)

£L00-¥C0C-ANOD-SV1LV

p;‘ > 300 GeV

5.40 (exp)
6.46 (SM prediction) '
9.20 (obs)

1 I L 1 1 ' 1 1 L ‘ 1 1 1 ‘ 1 L 1 I 1 1 1 I L
2 4 B 8 10 12
95% CL upper limit on tiH (oxB)™**/(axB)*"
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Searches for rare Higgs boson decays

* Probing the coupling of the Higgs boson to second-generation fermions:
- H-pp
* Large Drell-Yan background. Events sorted targeting different production modes. Fit to m,,,,.
« Observed (expected) significance over background-only hypothesisis 2. 00 (1.70) formg = 125.09 GeV.
- H-cc

e VH, H - cc. Challenging search, where c-tagging efficiency (27%) is crucial. Simultaneous fit on m. in various
categories.

» Observed (expected) upper limit on signal strength of 26 (31) times the SM prediction at 95% CL.

.-
> 700_!!"'IIII|IIII|"II|I'II|lll'|lll'|'lll|l"'|""_ j | T T T | T T T T T T | T T T | T T T
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Conclusions

* Presented a selection of ATLAS results. Very good ¢
agreement with SM.

* Precision era. Coupling measurements with
uncertainties < 10%.

* Main couplings exploited to explore extreme and
challenging phase space regions.

» Continuous effort to measure rare decays and extend
coupling measurements to second-generation fermions.
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Additional material



Coupling modifiers and STXS measurements
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STXS Cross section [pb] SM prediction [pb]
gg — H., 0-jet, pH < 10 Gev 5.8+ 1.3(*4 (srar)*0-7 (syst.)) 6.6+0.9
gg — H,0-jet, 10 < p{? <200 GeV 25.4:27_'_76(1:1.8(stat.)ﬁ:g (syst.)) 206 +1.5
gg — H, l-jet, pH < 60 GeV 5.2+ 1.7(x1.3(stat.) £ 1.1(syst.)) 6.5+0.9
gg — H., l-jet, 60 < pH <120 GeV 5.57 13 (£1.0(stat.) 07 (syst.)) 45+0.6
gg — H, l-jet, 120 < pH <200 GeV 0.73*0:30 (+0.25(stat.)*3- 16 (syst.)) 0.75+0.13
gg — H, > 2-jet, mj; <350 GeV, pIIZI < 120 GeV 1.2+ 1.4(x1.2(stat.) £0.7(syst.)) 3.0+0.6
88 — H, > 2-et, mj; < 350 GeV, 120 < pH <200 Gev 0.9 + 0.4(+0.4(stat.) +0.2(syst.)) 0.94+£0.22
gg — H, > 2-jet, mj; > 350 GeV, pH <200 GeV 0.9 +0.7(x0.6(stat.) +0.3(syst.)) 0.88 +0.21
gg — H,200 < pf <300 Gev 0.66*0-18 (*0-13 (stat.) *{-0% (syst.)) 0.46 +0.10
gg — H,300 < pHl < 450 Gev 0.08 +0.05(*0-% (srat.) +0.02(syst.)) 0.106 +0.027
gg— H, pfl >450GeV 003610020 (20058 (star.)*0-008 (syst.)) 0.018 + 0.005
qq — Hqq, < ljet 0.6"2-9 (*1-3 (stat.) £ 0.6(syst.)) 2.16 +0.06
qq — Hqq. > 2-jet, mj; < 350 GeV, V H -enriched 0.3410-20 (*0-B (stat.) X1 (syst.)) 0.510 0.016
qq — Hqq, >2-jet, m;; < 350 GeV, V BF -enriched 1871 (*L 0 (star ) 103 (syst.)) 0.735+0.019
aq — Hqq. > 2-jet, 350 < mj; < 700 GeV, py < 200 GeV 0.49*0-20 (*0-23 (star ) *{-13 (syst.)) 0.535+0.013
qq — Hqq. > 2-jet, 700 < m;; < 1000 GeV, pf! < 200 GeV 0.3010-14 (*5-12(star ) 2308 (syst.)) 0.256 = 0.007
qq — Hqq. > 2-jet, 1000 < mj; < 1500 GeV, p5! < 200 GeV 0.3070-10 (500 (star )*9:03 (syst.)) 0.224 = 0.006
qq — Hqq. > 2-jet, mj; > 1500 GeV, pf! < 200 GeV 0.26t(())'_(())’;(10.07(stal.)tg:g§ (syst.)) 0.216 + 0.006
qq — Hqq. > 2-jet, 350 < mj; < 1000 GeV, p > 200 GeV 0.04 + 0.05(*):03 (star.) X002 (syst.)) 0.0737 +£0.0017

qq — Hqq. > 2-jet, mj; > 1000 GeV, p > 200 GeV

0.086t?)'_?)2221 (10.019(3‘[&[.)tg:g(l)ll)(syst.))

0.0732 £ 0.0019

qq — Hlv, py <75GeV 0.707039 (+0.2% (star ) *3% (syst.)) 0.215 = 0.008
gq — Hlv,75 < p¥ < 150 GeV 0.0St?)'_(l);(tg:(l)é(stat.)jg:gf(syst.)) 0.134 +0.005
qq — Hlv, 150 < pY <250 GeV 0.039*0-01% (£0.013 (st at ) *0-013 (syst.)) 0.0412 +0.0017
qq — H1v, 250 < py’ <400 GeV 0.011 +0.004(*)- 004 (star.) £0.002(syst.))  0.0100 +0.0004
aq — Hlv, pY > 400 Gev 0003300008 (+0-0017 (stat.) X001 (syst.))  0.00214 +0.00011
gg/qq — HIl, py <150 GeV 0.08 £ O.IICE:gz (stat.)jg:gg(syst.)) 0.198 +0.007
8g/qq — HIL, 150 < pY <250 GeV 0.035+0-011 (+0.009 (517 )+0-007 (gys51.)) 0.032 £ 0.004

88/qq — HIL,250 < p7‘~/ < 400 GeV

—0.010 *-0.008 0.006
0.0074+().()()29 C().()OZS (Smt.)to.oom (syst.))

0.0072 + 0.0008

—0.0027 *-0.0024 0.0012
gg/qq — HIL, pY. > 400 GeV 0.0004+0.6012 (+0.0019 (star.)*0-0007 (syst.))  0.00126 +0.00010
tiH, p¥ < 60 Gev 0.09*0:0% (X005 (stat ) 7503 (syst.)) 0.118 +0.016
TH, 60 < pf <120 GeV 0134009 (*0:02 (stat ) X003 (syst.)) 0.178 = 0.020
tTH, 120 < pl! < 200 Gev 0.05 £ 0.06(+0.05(stat.) +0.03(syst.)) 0.126 £ 0.015
tTH, 200 < pH <300 Gev 0.052+0-030 (+0.026 (o4 7y 40015 (o g1 ) 0.053 +0.007

8
£7H, 300 < pH <450 Gev

tiH, p > 450 Gev

—0.027 -0.024 0.012

0.0050-012 (£0.010(szat.) +0.006(syst.))

0.000 = 0.008(*3-9% (stat.) +0.005(syst.))

0.0190 £ 0.0031
0.0054 = 0.0010

tH

O.St(())'é(:1:0.3(stat.)tg'_% (syst.))

+0.005
0'085—0.()1 1
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STXS measurements
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Interpretations in SMEFT

arXiv:2402.05742
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Interpretations in SMEFT

ATLAS /s=13TeV, 139!
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Relative sign of the W and Z couplings with VBF WH production

arXiv:2402.00426

| Negative dyz Positive Ay z

arXiv:2402.00426
Variable Description SR~ SR} SRy o
My Invariant mass of the two b-jets (bb system). € (105,145)GeV € (105, 145)GeV € (105, 145) GeV
AR, AR between the two b-jets. <12 <16 <12
pLE pr of the bb system. > 250 GeV > 100 GeV > 180 GeV
my; Invariant mass of the VBF jets. - > 600 GeV > 1000 GeV
Ayi; Rapidity separation of the VBF jets. > 4.4 > 3.0 >3.0
Invariant f th d eith
mi variant mass of the W and either > 260 GeV > 260 GeV > 260 GeV
P b-jet that is closest to 172.7 GeV.
IYwis =Yl h ~ -V is th
Ewbhp By 2 W TwWbh (3j7) is the <03 <0.3 <03
rapidity of the Wbb (VBF-jet) system.
AG(WDB, j]) Azir_nuthal separation betwtsen the B B o7
Wbb system and the VBF-jet system.
Aveto Number of nontagged, non-VBF jets B - —0

jets

with pr > 25GeV and || < 2.5.

kit 0.88 +030 0.96 +02!

kw 118 Ha 1.25 %,

ks 0.32 B2 0:31 %7

2= o] Opeed, -0.027 10022 0.9 *2

SR™ SRit)ose SREght
tt 42 +19 172 £35 15.0 + 5.8
W+jets 26 =13 84 +32 141 = 7.6
Wit 46+ 7.0 8 13 0.8 £ 15
Other background 54+ 1.6 162 + 4.2 30 £ 1.5
Total background 77.7+ 8.6 219 =13 329 = 5.8
VBF WH, pre-fit 285 +45 4.15+ 0.56 230+ 0.62
VBF WH, post-fit —& 217 4 £17 22 £ 58
Data | 70 | 274 37
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Relative sign of the W and Z couplings with VBF WH production

Negative Ay Positive Ay

Uncertainty source Au Uncertainty source Au

¢ modelling +0.033 W+jets modelling +1.9
Jet energy resolution +0.017 tt modelling +1.8
Wt modelling +0.013 Jet energy resolution +1.3
Jet energy scale +0.011 Jet energy scale +0.8
Signal modelling +0.007 MC statistical uncertainty +0.8
W+jets modelling +0.006 Other background modelling £0.5
MC statistical uncertainty +0.005 Signal modelling +0.4
Jet vertex tagging +0.003 Wt modelling )3
Flavor tagging +0.002 ET™ scale and trigger efficiency +0.3
ET"™ scale and trigger efficiency +0.001 Flavor tagging +0.1
Luminosity and pileup reweighting +0.001 Luminosity and pileup reweighting +0.1
Other background modelling +0.001 Jet vertex tagging +0.1
Lepton scale and efficiency <0.001 Lepton scale and efficiency <0.1
Total systematic +0.045 Total systematic £33
Normalization factors +0.016 Normalization factors +14
Total statistical +0.032 Total statistical +2.5
Total uncertainty +0.055 Total uncertainty +4.1

arXiv:2402.00426

VNIVERSITAT I® VALENCIA | Higgs boson coupling measurements in ATLAS | Antonio J. Gomez Delegido | LHCP 2024 Page 23


https://arxiv.org/abs/2402.00426

Boosted VH production in fully hadronic ggbb final states

Uncertainty source o

Signal modeling f?,;%,g

MC statistical uncertainty fg:}g Pass v tagger (50% WP) Fail v tagger (50% \WP)
Instrumental (pileup, luminosity) f?,j?,éﬁ pass v tagger (207 WP)
Large-R jet tg:ﬁ _ ﬁ
Top-quark modeling 1-8:% Pass Xbb tagoer (60% WP) <R

Other theory modeling F e VR

H — bb tagging o

Multijet estimate (TF uncertainty) fg:ij iR agger (CaplaE o=

Multijet modeling (TF vs. BDT) 1512

Total systematic uncertainty fg:g?
Signal statistical uncertainty Thh
Z+jets normalization fgéﬁ
Total statistical uncertainty f?,j‘é%
Total uncertainty féﬁgﬁ
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Cross-section at 13.6 TeVwith H - ZZ and H — py

Inclusive Higgs boson production measured in yy and ZZ* — 42 channels using 31.4 fb-! and 29 fb-! of data from Run 3
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Data - Bkg.

200f,

pp collisions.

Fiducial cross-sections measurements extracted via fit to recontructed invariant mass spectra.

Individual measurements are extrapolated to full phase space and combined. First ATLAS Higgs production cross section
measurement in Run 3, compatible with SM prediction of 59.9 + 2.6 pb.

Eur. Phys. J. C 84 (2024) 78

o(pp - H) =58.2+7.5 (stat.) £4.2 (syst.) pb

ATLAS

H-yy

Vs=13.6 TeV, 31.4 fo’

-¢-Data
— Total pdf
— Signal pdf
--- Bkg. pdf

II|III|III|III|II[|IIIII1I|

Events/2 GeV

20
18
16
14
12
10

o N B~ O

Eur. Phys. J. C 84 (2024) 78

— 77 = 4l
Vs=13.6 TeV,29.0fb™

110 120 130

¢ Data
[ Higgs (125.09 GeV)
.
XX, VWV
Bl Z+jets, tt
%% Uncertainty

III\II|III|III|\Illl\lllllllllllllll

- ——— -

140 150 160

m,, [GeV]
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ATLAS

YH—-yy A H->ZZ*—4]
¢ CombinedH—yy + H—4l

— SMo (pp—>H,my, = 125.09 GeV)
QCD scale uncertainty
mm Total uncertainty (scale ® PDF+a)

o

Vs=7TeV, 451"
Vs=8TeV, 20.3f5'
Vs =13 TeV, 139 f5'
Vs=13.6TeV, 29.0-31.4 ft5'

13 14
Vs[TeV]

I
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STXS measurementsin H - 1T

TeTu

TlepTh ad

EThad ‘ HThad

Thad Thad

Preselection
Object counting

pr cut

1D,
Isolation,
and e-veto

Charge product

Kinematics

b-veto

miss
Et

Leading jet

Angular

Coll. app. /s

H#ofe=1 #of p=1, # of Tyaavis

e/p : pr cut 10GeV to 27.3 GeV

e/p: Medium
e: Loose, p: Tight

Opposite charge

me > my — 25 GeV
30 < my, < 100GeV

# of b-jets =0
DL1r 85% WP

ERIsS 90 GeV

pr > 40 GeV

ARy, <20, |, < 15

01<x; <1.0,01l <2, <10

=0

#ofe/p=1  of Thaqyis = 1

e/p : pr cut 21 GeV to 27.3GeV,
Thad-vis: PT > 30 GeV

e/ Medium, 7,4 vie: Medium

e: Loose, u: Tight

1-prong Thad-vis:

eleBDT e-veto

Opposite charge

mr < 70 GeV

# of b-jets = 0
DL1r 85% WP

EBs 5 90 GeV

pr > 40 GeV

AREThad-vw < 2.5, IAT]EThad-vis

0l <z <14,01l<zy, <12

< 1.5

# Of 6/[14 - 07 # Of Thad-vis — 2

Thad-vis' P > 40,30 GeV

Thadovis: Medinum

Opposite charge

# of b-jets =0
DL1r 70% WP

not applied in t4{0L)H — Ty,34 Thad
ER' > 20GeV

pr > 70GeV, |n| < 3.2

0.6 < AR < 2.5

Thad-vis Thad-vis

IAUThad-visThad-visl <L5

0.1 <z < 14,01l <z, <14
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STXS measurementsin H - 1T

VBF inclusive

sub-leading jet py > 30 GeV

(o) x 7(71) <0
lepton centrality: visible decay products of the 7 leptons between VBF jets

VH inclusive

60 GeV < m;; < 120 GeV
sub-leading jet pp > 30 GeV

tt(OE)H — Thad Thad

# of jets > 6 and # of b-jets > 1
or # of jets > 5 and # of b-jets > 2

Boost inclusive

Not VBF inclusive
Not VH inclusive
pr(H) > 100 GeV
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STXS measurementsin H - 1T

Variable VBF ttH multiclass
Invariant mass of the two leading jets °
pr(iJ) .
Product of 5 of the two leading jets .
Sub-leading jet pr ®
Jet properties 7 of the 5 leading jets o
Scalar sum of all jets pp s
Scalar sum of all b-tagged jets pr 8
Best W-candidate dijet invariant mass °
Best t-quark-candidate three-jet invariant mass s
A¢ between the two leading jets
An between the two leading jets
Angular Minimum AR between two jets ®
distances Minimum AR between a b-tagged jet and a Ty,4 vis ®
|An(r,7)] ‘
AR(T,7) o
pr(77) ®
T prop. Sub-leading T pr ®
Leading 7 »
H cand. plus pp(Hjj) o
jets system
E%liss Missing transverse momentum E%liss ®
Smallest A¢ (7, EF™®) e
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STXS measurementsin H - 1T

ttH, ptf = 300, Window
ttH, pt! = 300, Sideband

ttH, 200 < p! < 300, Sideband
tH, p < 200, Sideband
VBF_0, m; = 1500, p}/ = 200

VBF_0, 1000 < m; < 1500, p! = 200
VBF_1, 700 = m; < 1000, pif > 200
VBF_0, 700 <m; < 1000, p{ = 200

VBF _1, 350 <m; < 700, p§ = 200
VBF_0, 350 <m; < 700, p§ =200
VBF_1, m; = 1500, pf < 200

Reconstructed Category

VBF_0, m; > 1500, p!{ < 200

VBF_1, 1000 < m; < 1500, pf < 200
VBF_0, 1000 < my; < 1500, pY < 200

VBF_1, 700 < m; < 1000, pt < 200|

VBF_0, 700 =my; < 1000, p."I! <200

VBF_1, 350 < m; < 700, p < 200 i

VBF_0, 350 < m; < 700, p < 200

N(jets):
pT(H} [GeV]: [60, 120]
m, [GeV]: [0, 350]

ATLAS Simulation Preliminary

¥s=13TeV,140fb", H > 11

ftH, 200 <t < 300, Window |
ttH, ptf < 200, Window |
VBF_1, m; = 1500, p5 = 200

VBF_1, 1000 < m; < 1500, p = 200 [~

[ | | I 29 | 77
9.2
i 27
3.0
[ 03 1.2 0.3
2.1 57
10.6 7.9
" 6.2 2.8
- 184 104
[ 0.2 11.8 35
- 0.2 0.2 12.1
[ 0.2 184 2.0
0.6 o5 [JEEEN &3
0.3 0.3
2.4 15 0.9 0.8
[ 02 0.4 0.4
3.1 1.8 1.1 0.7
[ 0s 0.6 0.5 53 15 0.3 il
4.7 3.1 1.8 1.1 3.7 0.2 0.1 0.9 0.1 0.2 Tl
[ 1.4 0.6 0.2 0.6 5.1 1.0 0.1 ]
83 | 42 | 35 | 1.0 | : 20 | 01 | | 06 | l I | 01 | l
5 1 =2 =0 =0 =2 | =2 I =2 =2 :
[120,200]  [200,300] [300,=[ [0,200] | : [0, 200] (200, = , [0.200] [200,300] [300, <[
[0, 350] [350, «=[ | [60, 120] ,[350,700] [700,1000][1000,1500][1500 ==[ [350, 700] [700,1000][1000,1500] [1500,x=[ ,

gluon fusion + gg — Z(— qq)H

V(- qq)H VBF ttH
STXS Binning
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STXS measurementsin H - 1T

ATLAS Preliminary Vs=13 TeV, 140 fb", Ho1t
I

1
. . . gg—H, 200 <p" < 300 T 1 17 1T T T 1T 1T 1T T"1
« 18 POl fit corresponding to different ag>H, B 300
STXS regions. gg—H, 1-jet, 120<p! < 200 [o
. . gg—H, = 1-jet, 605p$e:120
» Better precision in VBF phase space 0g—+H. 2 2-et, m_ <350, 120< pl* < 200
. . H — . —
for higher p& and/or m jj dueto gg—>H, > 2-jet, m 350, ' < 200 {003008-0050.0803 | o4
d d SM back d qq'—Haq', = 2-jet, 60=m, <120 £5 12.0.07 0.01-0.13-0330.17
reauce acKgrounas. qq—Hag', = 2-jet, 350 < m_ <700, p:'«:EGO 0.07 0.010.04 0.07 0.23 ar 0.2
) qq'—Hag', = 2-jet, 700 < m_ < 1000, p" < 200 [0.05 0.01 0.04 0.05 0.20 N
) - .. [} T 2 | — =
VBF cross-sections at lower mJ J 9q'—=Haq, = 2-et, 1000 <m, <1500, p:'fcﬁﬁﬂ' 0.03 -0.020.02 0.04 0.10-0.34-0.050.35 0.05 0
H M i i i H = ] —
and pT < 200 GeV sllghtly below qq—>qu::_>2Jet, m, = 1500, p.ﬂ <200 0.04 0.00 0.010.05 0.16.0.38-0.070.37 0.33 0.05 N | 9o
- qq'—Haq', = 2-jet, 350 =m_ < 700, p_ =200 (0.24-0.100.00 -0.00-0.000.08 0.04-0.080.03-0.03-0.01
SM predition : i 7 - —
’ qq'—=Haq’, 2 2-jet, 700 <m, <1000, p, =200 10.12-0.14-0.00-0.01-0.03-0.020.03 0.05-0.050.07 0.01-0.1 | 04
. Significant VBE-like ggH (ggH+2 jet th—?*HQQ':E E_jet.' 100'.0 =m, <1500, PE 2200 10.11-0.130.02 0.00-0.020.02 0.02 0.03 0.02 0.02 0.04 0.09-0.1
. . . qq'—Haqq', = 2-jet, m, 21500, p; =200 }0.07-0.120.00 0.00-0.03-0.01 0.01 0.01-0.000.12-0.030.03 0.10-0.0 08
pl’OdUCtIOI’] Wlth m”>35o GeV, ftH, pfr'-:2{}0 0.00-0.01 0.01-0.02-0.00-0.03-0.01 0.03 0.02 0.02 0.01-0.010.01 0.01 0.00
pTH<200 GeV) contribution in ttH, 200 < p!! < 300 [0.04-0.000.00-0.02 0.01-0.01-0.01-0.00.0.01-0.01-0.00 0.01 0.00 0.00-0.00-0.1 0.8
: ttH, p" =300 [0.000.04:0.00:0.01,0.01,0.00 0.00;0.00;0.00;0.00;0.00,0.00,0.01,0.01,0.01 0.06 (0.
reconstructed level categories 'Pr M sl ] s M e s i ! ] ] s 1
. . - EEEE-EEEEEER
targeting VBF signal. ®® 4 -8 U - I VIR IS
VoAl W VoW L) W A W VoAl AL AL Al W VoAl
. . . - ::an-I o T T T = IS T T T T =T T =T =
* — Anti-correlation in the VYWY oYusgsssssss YT
t s TNcNBSBEREREFEEgE
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STXS measurementsin H - TT ks

Evanis ! Bin

Daa—Bkg

Events / Bin

Data—Bkg
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STXS measurementsin H - 1T

ATLAS Simulation Preliminary
¥s=13TeV, 140", H - 1t

Reconstructed Category

ttH, pff =300, Window [ | [ | 01 1 | | | | | | | | I | o1 T 1.1 ]
ttH, p > 300, Sideband | _ 01 _|
ttH, 200 < p! < 300, Window |~ 0.1 1.7 04
tH, 200 < p! < 300, Sideband [~ 0.2 _
ttH, p! < 200, Window | 3.0 0.1 —
ttH, pf < 200, Sideband | 0.6 —
VBF_1, m; > 1500, pfl > 200 [~ 0.5 0.4 0.1 1.0 1.3 21.7 ]
VBF_0, m; > 1500, pf! > 200 23 Ly 0.1 0.1 0.1 0.8 1.8 14.8 -
VBF_1, 1000 < m; < 1500, pz =200 1.0 0.4 0.7 1.0 i1323 0.8 il
VBF_0, 1000 < my < 1500, p > 200 4.1 2.3 0.3 0.1 0.2 0.7 1.7 11.9 0.9 _
VBF_1, 700 < m; < 1000, p; > 200] 1.5 0.4 0.5 0.7 8.5 0.9 =
VBF_0, 700 < m; < 1000, pi! > 200 [~ 5.1 2.3 0.3 0.1 0.2 0.6 1.1 8.0 0.8 _
VBF_1, 350 <m; < 700, py > 200 [ 1.0 0.1 0.1 0.4 34 0.6 -
VBF_0, 350 <m; < 700, p;. > 200[ 0.1 0.1 9.1 1.7 0.7 0.2 0.7 6.8 0.7 -
VBF_1, m; = 1500, py < 200| 0.1 0.1 1.4 3.8 31.9 0.9 _
VBF_0, m; >1500, p < 200[ 0.4 0.3 0.1 0.1 3.5 0.1 2.0 10.4 0.3 _
VBF_1, 1000 < my; < 1500, p < 200~ 0.1 0.1 13 3.9 22.6 1.2 0.6 i
VBF_0, 1000 < m; < 1500, pi! <200 1.0 0.6 0.4 0.2 7.6 0.2 0.2 3.6 17.2 1.1 0.4 i
VBF_1, 700 < m; < 1000, p <200[ 0.2 0.2 0.2 4.0 44 243 1.9 0.5 i
VBF_0, 700 <m; < 1000, pf < 200[ 1.8 1.1 0.6 0.4 10.3 0.2 34 14.7 1.2 0.3 -
VBF_1, 350 <mj < 700, pf < 200[ 0.4 0.2 0.2 7.4 29.0 2.0 0.4 -
VBF_0, 350 <m; < 700, pf < 200[ 6.1 3.1 2.6 0.7 27.7 0.4 30.7 15 0.1 0.4 _
VH_1[~ 1.8 0.5 7.1 5.8 2.6 35.7 0.3 0.1 _
vi_o|li63ie 97 [E20M 5140 125 1.5 BN 06 0.3 0.3 0.2 0.3 0.1 0.1 0.2 0.7 0.3 15 .
boost_3, pz =300 9.7 NG5S 1.0 5.9 2.0 121 1.0 0.1 0.4 _]
boost_2, 200 <pf!<300[_ 14.6 : 199.3 [RFES 4.5 2.4 22 0.6 0.4 0.5 13.9 3.6 2.1 22 0.5 0.8 0.1 _
boost 1,120 <pf <200, Nes 22| 30.8 _ 23.9 . 28.6 35.8 39 185 2.9 1.4 0.6 1.8 0.4 0.1 1.7 0.2 -
boost 1, 120 <py' < 200, Nies = 1 222. 171 20.0 4.4 1.9 3.0 2.1 2.5 36 0.3 0.2 0.3 0.5 .
boost 0, 100 < pr < 120, Nes 22 3.2 21.1 79 L 4.2 0.5 0.3 0.1 0.5 _

boost 0, 100 <p7 < 120, Nes = 1 382 | 44 | | | 19 ] 10 ]| 14 ] 09 | 09 | 12 | | l | | | |

Niets): =1 1 >3 >0 >0 =8 22 >2 >2 :
p,(H) [GeV]: [60, 120] [120,200]  [200, 300] [300,[ [0, 200] | : [0, 200] [200, oo ; [0,200] [200, 300] [300, <[
m, [GeV]: [0, 350] [0, 350] [350, =[ , [60, 120] ,[350,700] [700,1000][1000,1500][1500,-<[ [350, 700] [700,1000][1000.1500][1500,e[ ,
gluon fusion + gg — Z(— qq)H V(— qq)H VBF ttH

STXS Binning
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Reconstructed Category

STXS measurementsin H - 1T

ATLAS Simulation Preliminary
fs=13TeV,140fb", H > 1t

1tH, p = 300, Window [ I I 29 [ 7.7 | I 16 | I 1 | I | o1 | I 03 :
ttH, p¥f > 300, Sideband [~ 9.2 4.1 :
ttH, 200 < pf < 300, Window | _ o7 6.7 4
ttH, 200 < p! < 300, Sideband| _ 3.0 3.4 9
ttH, p!f < 200, Window [~ 0.3 1.2 0.3 1.4 0.7 0.7 i
ttH, p!! < 200, Sideband|[_ 07 .
VBF_1, m; = 1500, pff = 200~ o 1.7 4.0 =
VBF_0, m; = 1500, pf! = 200 10.6 79 35 3
VBF_1, 1000 < mj < 1500, pY = 200 [ 6.2 2.8 0.6 0.2 .
VBF_0, 1000 < m; < 1500, pg =200 18.4 10.4 0.6 0.8 0.2 0.4 53 =l
VBF_1, 700 <my < 1000, py' = 200 [ 0.2 35 07 4.0 ! 6.9 i
VBF_0, 700 < m; < 1000, pr =200 _ 0.2 0.2 121 0.8 0.8 31 4.4 0.2 0.1 ]
VBF_1, 350 <m; < 700, pif > 200 0.2 2.0 7.2 0.5 -
VBF_0, 350 =m; < 700, PE 2200) 0.6 0.5 8.3 0.8 3.5 0.3 0.2 0.1 il
VBF_1, m; > 1500, pif < 200[~ 0.3 0.3 0.1 23 il
VBF_0, m; 21500, py <200] 2.4 1.5 0.9 0.8 0.7 0.4 0.3 0.3 1B 0.1 _
VBF_1, 1000 < m; < 1500, pj < 200~ 0.2 0.4 0.4 13.0 2.0 0.2 .
VBF_0, 1000 = m; < 1500, py < 200] 3.1 1.8 1.1 0.7 0.6 0.5 11.1 0.2 14 0.1 0.1 |
VBF_1, 700 = m; < 1000, Py 2001 0.6 0.6 0.5 12.4 67.5 0.1 1.5 0.3 |
VBF_0, 700 =y < 1000, py < 200] 4.7 3.1 1.8 1.1 10.0 0.1 0.9 01 0.2 =
VBF_1, 350 <m; < 700, p! < 200[ 1.1 0.6 0.2 0.6 72.9 1.0 01 il 30
VBF_0, 350 =m; < 700, py < 200] 8.3 42 35 1.0 0.1 0.6 0.1 il
VH 1~ 34 0.9 A 0.1 0.2 05 0.2 .
VH_0|T 2007 32 5 0.2 0.2 5 20
boost_3, pz =300 1 6.8 24 1.3 1 0.1 0.1 04 _
boost 2, 200 <p; <300| 5.3 3 .6 0.9 0.8 0.2 0.2 0.2 5.0 1.3 0.8 0.8 0.2 0.3 i
boost_1, 120 <pf <200, Nies 2] 9, fia) .5 .6 1.2 5.5 0.9 0.4 0.2 0.5 0.1 0.5 ] 10
boost_1, 120 < pl < 200, Nes = 1= 12. 0.4 5.4 1.4 0.6 1.0 0.7 0.8 1.1 0.1 0.2 5
boost_0, 100 <Y < 120, Nes = 2 TS 226 8.4 1.1 45 0.6 0.3 0.1 05 i
boost_0, 100 < p7 < 120, Nigis = 1 |GER 28 1 ] | 12 | o6 | 09 | o6 | 06 | 08 | ] ] | | | ]
Niets): =1 1 >2 >0 >0 sa | s . >2 22 :
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m, [GeV]: [0, 350] [0, 350] [350, =[ | [60, 120] ,[350,700] [700,1000][1000,1500][1500,=[ [350, 700] [700,1000][1000,1500][1500 <[ ,
gluon fusion + gg — Z(— qq)H V(- qq)H VBF ttH

STXS Binning
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STXS measurementsin H - 1T
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STXS measurementsin H - 1T
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STXS measurementsin H - 1T
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Searches for rare Higgs boson decays Phys Lett. B 812 (2021) 135960

S (0[] R —
& - ATLAS - Data = ATLAS Vs=13TeV, 139 fb" H - up
600 = 1 — Total pdf —
& = Vs =13 TeV, 139 fb —Signa?pdf - e Total Stat. [ Syst. | SM Total Stat. Syst.
[2] . ]
£  500F H — pu, In(1 + S/B) weighted .- Bkg. pdf —=
L%J 4005_ _E VH and ttH categories | —e— ] 5.0 £35 ( £33, £1.1)
O - -
% 300 — ggF 0O-jet categories —@— 04 16 ( +15, £0.3)
> = -
g 2005_ = ggF 1-jet categories —e—ij 24 +12 (£1.2, £0.3)
100 —
- ] ggF 2-jet categories o -06 £1.2 ( £1.2, £0.3)
) | | I l I | I | | |
&f VBF categories - 1.8 £1.0 ( £1.0, £0.2)
§ ol A S - | Combined R 12 £06 (£06, 'g7)
i i i i , i i i i Ly v by v by e by o by ey by oy
110 115 120 125 130 135 140 145 150 155 160 -10 -5 0 5 10 15 20
my, [GeV] Signal strength
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https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub

Searches for rare Higgs boson decays

Eur. Phys. J. C 82 (2022) 717

L L N DA S WL AT WL N N
ATLAS VH,H—>cE Vs=13 TeV, 139 fb’
—Total — Stat. (Tot.) ( Stat., Syst.)
oL —H—e—t— -8 5 (Y3, i)
1L ————e——— -16 i§§ (“a, 35)
2L e — -4 32 (i]S, j; )
Comb. i 9 B (f, 12)
| 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
60 40 20 0 20 40 60 80 100 120
“VH,H% cC

Source of uncertainty HVH(cE) HVW(cq) MVZ(ce)
Total 15.3 0.24 0.48
Statistical 10.0 0.11 0.32
Systematic 11.5 0.21 0.36
Statistical uncertainties
Signal normalisation 7.8 0.05 0.23
Other normalisations 5.1 0.09 0.22
Theoretical and modelling uncertainties
VH(— ¢¢) 2.1 < 0.01 0.01
Z +jets 7.0 0.05 0.17
Top quark 3:9 0.13 0.09
W+ jets 3.0 0.05 0.11
Diboson 1.0 0.09 0.12
VH(— bb) 0.8 < 0.01 0.01
Multi-jet 1.0 0.03 0.02
Simulation samples size 4.2 0.09 0.13
Experimental uncertainties
Jets 2.8 0.06 0.13
Leptons 0.5 0.01 0.01
B 0.2 0.01 0.01
Pile-up and luminosity 0.3 0.01 0.01
c-jets 1.6 0.05 0.16
o TER— b-jets 1.1 0.01 0.03
EEING light-jets 0.4 0.01 0.06
T-jets 0.3 0.01 0.04
Trinthiofi o AR correction 3.3 0.03 0.10
ruth-tiavour tageing Residual non-closure 1.7 0.03 0.10
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https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3

