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« The Higgs mechanism: there is a field that fills out the
Universe and interacts with other particles

o strength of interaction = particle mass E ‘

* The Higgs boson: excitation of the Higgs field
o was the last piece of the Standard Model to be discovered in 2012 [

o unique properties (like spin 0) not shared by any other particles

QUARKS @ LEPTONS BOSONS @ HIGGS BOSON

Higgs boson frozen in the Universe
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"Higgs isn't everything. It's the only thing.”

Just the right amount of Higgs boson for us to exist!
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https://indico.cern.ch/event/1493037/contributions/6577980/attachments/3123233/5538855/HiggsatLP2025.pdf
https://indico.cern.ch/event/1493037/contributions/6577980/attachments/3123233/5538855/HiggsatLP2025.pdf

Higgs production and decay measurements: test of SM

s[> RN L P ]
. . . . EQ ATLAS Run 2
* Higgs mechanism in the SM has the Higgs : E L
mass as a free parameter oy gl * e e e |
€ -

o measurements of Higgs production and decay rates
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—> 125 GeVis perfect: can measure all channels!
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https://www.nature.com/articles/s41586-022-04893-w

Outline

* Since Higgs was discovered in 2012,
many of its properties have been

measured

o inclusive and differential production cross .
* In this talk:

o Rare processes (tH, H2>uy, H>2y)

sections

o couplings to other particles
o Higgs production measurements

o spin, mass

: : : o Higgs width
* This presentation will focus on most | |
o Higgs CP properties

recent results and provide a summary i Juct
o di-Higgs production

New Trends in HEP, Batumi 2025



tH (1)

* Production of Higgs in association with
a single top quark (Run 2, 140/fb)
o arXiv:2508.14695

Direct probe of top-Higgs coupling

N Signal selection: boosted decision trees
Sensitive to both top-Higgs coupling

. . ) ) D ' T T ti rtainty: M li
magnitude and its sign (relative to WH ominant systematic uncertainty: MC modeling

coupling) o B B | B T o hen.  mw mar
H— bb channel .::W 0ot -le({)#x akes Post-Fit o:h:‘rwm /. Uncertainty
. . 1001 Post-Fit other 77 Uncertainty | [
Strategy: combination of three | | ok acme PT—— -
I
orthogonal channels _- m@_ﬁ -= —i
. 400
o 1-lepton: one e/pu+23 b-tagged jets: 10f :
20p [
probe H>bb i, ! Ll |
£ 1.01 211
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o 3leptons: probe H>WW*, Z7*, 1t


https://arxiv.org/abs/2508.14695
https://arxiv.org/abs/2508.14695

tH (2)

Inverted top ATLAS is =13 TeV, 140 b’
* Results: coupling — o

(tot) (stat)

o M =8.1%x26(stat.) = 2.0 (syst.) pLSS a7 “8 w3
o observed (expected) limit on tH production: oL o0 8
139(61) xSM 107 +0.5
H— bb -@- 0.7 L7 -0.5
o uncertainty dominated by available statistics e PR
Combined -@- 12 L6 0.4
L A S I I 0T 2 A TTe e 10 12 14 16 18
SM ATLAS /s =13 TeV, 140 fo Best-fit (k1)
— tot. tH t
—— stat.
. (Lc_’st) (jft) Single top production allows to measure the
2LSS —e— T s sign of tH coupling (relative to WH coupling)
3L - e - 66 5o e
co 58 s Inverted coupling (sign(k,)=-1) is in better
H-bb) 7 T Coe agreement with data, but both SM and
Combined e g1 13 26 inverted coupling hypotheses are consistent
S R SR AP with data

100 10 20 30 40 50

Best-fit u
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H>pp (1)

« Evidence for the dimuon decay of the Higgs boson (Run 3, 165/fb)
o arXiv:2507.03595

- ATLAS ¢ Da ]
. . . . 1200 _ 4 —— Total pdf -]
A test of Higgs coupling to second generation fermions ool B eTey.test  Sonalpdt

---- Background pdf E

© Inclusive, In(1+S/B) weighted

Rare process (SM branching 2x1074), large SM background

Weighted events / 2 GeV

 Strategy: five general selections, 23

categories |
o ttH: pyp + 21 b-jet (all other: b-jet veto) E%
58 of
o VH 4—|epton,3—|epton:pp+additiona|e/p 110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

o VH 2-lepton: yu + large MET

o VBF, ggF: pu + small MET Additional signal selection: NN (ttH), BDT (the rest)
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https://arxiv.org/abs/2507.03595
https://arxiv.org/abs/2507.03595

H->pp (2)

T T T T | T T T T | T T T T | T T T T | T T T T
ATLAS Run2:Ys=13TeV,140fb"  Run3:Vs=13.6 TeV, 165fb"
H— uu —e— Total Stat. @@ Syst. | SM Total S S
® Resu |ts - | ota tat.  Syst.
Run 3 ttH categories —|_— 1.3 +35 (£34,+1.1)
o Observed (expected) excess of events over RundVHcalegories  —— —SSmSSS——— 31£43 (£41,£13)
. Run 3 VBF categories —— 03+09 (09, +0.2)
the baCkground' 340 (250) Run 3 2-jet categories ‘ = 33+£13 (£1.2,+£06)
o Best fit signal strength (combined Run 2 + Run 3 1-jet categories == 13412 (£12,%04)
3) }J . 1 4+O 4 Run 3 0-jet categories I—-— 20+13 (£1.2,+£0.5)
' D Combined Run 2 —— 12406 (+06, g7 )
o Equivalent B(H2>uu) = (3.0£0.9)x10-4 Combined Run 3 .: 16406 (100, +0.2)
Combined Run 2 + Run 3 14 +04 (£04, £0.1)
| | | | | | 1 | 1 I 1 | | | | | | | | I 1 1 1 1 |

-10 -5 0 5 10 15

Signal strength

Uncertainties are dominated by statistics
(systematic uncertainties are 5% of the total)

Result consistent with SM

New Trends in HEP, Batumi 2025




H->2Zy (1)

« Search for the Higgs boson decay to
a Z boson and a photon (Run 3, 165/tb)

O

Loop-induced production, branching

1.54x10-3 similar to H>vy

Observation of H>Zy is a sensitive probe

of SM and its extensions

T

TLAS
Vs =13 TeV, 140 fb
{s=13.6 TeV, 165fb"
H— Zy all categories
In(1 +SGB/BGB) weighted sum
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Event selection strategy: search for Zy=>lly
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https://arxiv.org/abs/2507.12598
https://arxiv.org/abs/2507.12598

H>2y(2)

e Results:

o Observed (expected) excess of events over
the background: 2.50 (1.90)

o Best fit signal strength (combined Run 2 +
3):u=1.3+0.6-0.5

8_ T T T T l T T T T | T T T T T T T T T T T T | T T T T _]

E - ATLAS - - Run2 ]
N 7E Vs=13TeV, 140 b’ =
- Vs=136Tev,165f" 77 Run3 ]

6:_ H — Zy, observed — Combination

5 -

4t RAR =

3F =

2 —

Ie CE

0:| I | 11 1S J. 1S b | b’l”l 1 | [ T | | [ |:

1 0 1 2 3 4 . 5

N

ATLAS [ ] Stat. error —&— Total error
V5=13TeV, 140 fbo~!, \/s = 13.6 TeV, 165 fo! S Systemor T SM
Total Stat. Syst.
| Rum3lepton  —— P — N 6078, 8% 18
Run3 VBFT o 12493 498 8%
Run3 VBFL —o— -37:%8 43 %2
Run3 HRelpT-eeT —ro—i 2533 139 188
Run3 HRelpT-eel F—— 12:33 3% 43
Run3 HRelpT-ppT —o—1| 2658 3% 03
Run3 HRelpT-puL 0645 4% 32
Run3 LRelpT-eeT l_ﬁ' 0933 3¢ 12
Run3 LRelpT-eeM —e— 1.5:3% 33 13
Run3 LRelpT-eel } : ° : | -0.8:33 8§ 2%
Run3 LRelpT-puT ——e— 23133 38 B3
Run3 LRelpT-puM o 353F 33 19
Run3 LRelpT-ypuL — P— -11.5:23 3 51
Run2 Comb. o 2049 33 B3
Run3 Comb. 09:57 B4 8%
| Run2+3Comb. IF ________________ 1398 98 2
s = 40 0 T 1 T T =
Signal strength

Uncertainty is dominated by statistics

Main sources of systematic uncertainty:
spurious signal (due to choice of
background shape) and theory modelin



Events

ggF+VBF HOWW* (1) ,

W g W
: / H Vv H
* Measurement of gluon-gluon fusion and v
vector-boson fusion Higgs production x- 7 F wr vaE ¢ W
: : 99
section using H>WW*->|vlv decays (Run
2. 140/b) Improvements over earlier analysis: adding
ee, uu to ey; DNN-based S/B discrimination;
© _ | SMEFT interpretation
preselection: [*]- b-veto: get rid of
o | ttbar  / ,
CEresee | et open | ] ] ATLAS Standard Template cross-section
4.0 . Vs =13TeV, 140fb™"

Howw ey Categorization: split the production modes

Pre-fit . . . . . . .
Njet=2: enriched X into exclusive kinematic fiducial regions

Data

with VBF L St une relevant for theory interpretations
Oter
ftiwt
mm WWw(QCD)
i Results are presented as total cross-sections

. Zlyr - eeluy . .
wseeniediepon AN iN STXS categories
mmm Other VV(V)
— 70 x ggF H
700 x VBF H

4 25
Number of jets


https://arxiv.org/abs/2504.07686
https://arxiv.org/abs/2504.07686
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392

9gF+VBF H>WW+ (2)

]

! ATLAS — a0l
%1-8 — /S5—13TeV, 140 b 9% 0L
£1 5 L H— WW* = vy *  Besti 4
9 T p-value = 28% T+ sm ]
) L
wid - =
;>n C ] co [x10%]
121 7
r ] Cy [x'10"'1]
e -]
C ] C2
08 = 7
C ] Cs
06 |- =
r ] Cq
040 v e e e by
9 10 11 12 13 14 15 16
OggF % BH_sww-[pb]
total cross-
section

. ResuItS' total cross-section

0 Gy X BIHDWWH)=12.4+1.3-1

ATLAS ——- SM prediction

Vs =13TeV, 140fb~! M Observed
H- WW* - fvlv lei  Expected

A=1TeV
95% confidence level

! 0.005:33¢ 000013822

ATLAS

——-- SM prediction
Vs =13TeV, 140fb! M Observed
H - WW* - fulv lei Expected
A=1TeV

95% confidence level

1 0.005:2912 0.000:39%

0.02:32 0.0:3%

-0.75%%  0.043

0235 0.0%3

i
L L
- 1l
H 2
) L 16 [x107]
- I 0.1:3% 003
1 |}
CHG
1
——i 0435 0.0:33
1
1
je—— — 1249 0038 CHw
1
1 -
A 04 04 Crv
1 1 L 1 1 1
-5 0 5 10 15 20 25 -3

Value of Wilson coefficient

SMEFT interpretation: CP-conserving
scenario, d=6 WCs in rotated basis

O OygpX B(H%WW*):O79+O1 3-0.16 pb

e Overall improvement w.r.t the previous result using the same data
(evpv only): 11% overall, up to 36% in large p;™ STXS categories

« SMEFT interpretation compatible with SM prediction

New Trends in HEP, Batumi 2025
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VH, HOWW* (1) W

* Measurement of associated VH production
using H>WW?*->|vlv decays: Run 2, 140/tb

o arXiv:2503.19420 .

W*

o LI T I T ! l T | T | i 30_ T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
g 700: ATLAS ® Data & Uncertainty b r ATLAS ® Data & Uncertainty
. © F Vs=13TeV, 140 fb™' WH ZH = _y '
Previous ATLAS measurement was for 36.1/tb S eoop \omoTen 0T My W - L
@ e wwe Wz 1 - VH H— ww* W Mis-id. tiviz
B § 5002_ (F?opspzjilte-slgn 2¢ SR B ww Other W 20; 4¢ 1A.SFOS SR VY B other H
4 D0k vwy [ Misid. | Postiit (] 5x 24
F M A, M other H ] 15}
300=X— ¢ [soxwH [Js0xzH A :
E - 1 10f
2000 o . r
100’ g _i
0 0
} _ v ; 1.4 2
opposite g 12 1.5
T : g & 1 1
sign 2| 0 : :
9 g & 1 05 . -
QO‘U'IIIJ|ILll|lJlI|llIIllllLlJIlllJ’ E o v v v by o by oy LTy s sy 0 g
0 0.5 1 1.5 2 2.5 3 20 40 60 80 100 120
OS 2| Ap,, [rad] 4| My e, [GEV]

S/B separation: ANN (OS2I, 31), RNN (S521), BDT (4l)

Dominant backgrounds: ttbar (OS2]) - attack

q g

New Trends in HEP, Baturni 2025 with b-veto, dibosons (31/41)


https://arxiv.org/abs/2503.19420
https://arxiv.org/abs/2503.19420

O 7y X By ., ww- [Pb]

VH, HHOWW* (2)

1 T T T T T T 1 T | = 1 0°F T T T T 7777
o, C . Total
09 — ATLAS — 68% CL ] § C j lﬁTl{;qu\/ 140 16! S(t)afistical Unc. :
0.8 | Vs=13TeV, 140 fb™ —95%CL S e ' fo=TaToV. 1 P
: ’ . + Best fit T i % iy | oo Unp. Likelihood
0.7 VH, H —» WW SM 68% GL ] CQI 102 - | prvalue =15% SM Prediction |
’ x | ATLAS ; Total
06— + SM — o - =13 TeV. 140 fb" —_— ] ota ( Stat., Syst.) smunc|
0.5 — ] T VH H - Vl;W* 7 ¢vH, 0 < pY < 75 GeV 0.0 105 (3%, 03 )izoos
lv,|<25 i = ¢VvH, 75 < p¥ < 150 GeV 09 ‘os (0%, 03 )§i0.04
0.4 — — 10 — v +07 +0.6 404 1
s I Data (total uncertainy) ] ?vH, pr 2 150 GeV 0.5 Jo5 (Zos» o3 )Ei0-04
03 = - _ _ 1 ¢H0<pl<75Gev 26 (710, T34 )isom
0oL n = Systematic uncertainty B v 5 10 09 404 .|
. o o S oredistion | ¢¢H,75 < pl< 150 GeVv i 19 702 (08, o3 )izoos
01 - e [ ] conerz 150 cev e 0278 (%, U)o
0 | | | | | | l | | E | | | qqH, 60 < m; <120 GeV | 1.2 t}f (1 g:g ) g:é ) i +0.03
-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0 75 150 250 o0 -2 4 6 8
Oy X By, ww- [PD] v py [GeV] (0 X By, ww) 1 (0 X By, gy
total cross- do/dpy STXS measurement

section

Results:
o oyyxB(H2WW*)=0.44+0.10-0.09(stat)+0.06-0.05(syst) pb
o wyp=0.92+0.21-0.20(stat)+0.13-0.12(syst)

o differential cross-sections in p;Y and STXS categories

New Trends in HEP, Batumi 2025
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Higgs combination (1)

* Combined measurements of Higgs boson production and decay: Run 2, 140/tb
o ATLAS-CONF-2025-006

Combination of all ATLAS inclusive cross section measurements Overall accuracy: 5%
WH, ZH, ttH uncertainties are reduced by 30%, 20%, 40% dorminant!
respectively compared to the previous combination / '

* Result: p=1.023 £ 0.028 (stat.) +0.026 —0.025 (exp.) +0.039 —0.036 (sig. th.) £ 0.012 (bg. th.)

8 C I T T T T T T T T T " T T T " T T T T [ T T T T 'I _] T I T T | T 1 T I LI I T 1T 7T | T T T | T T I LI | ] T T

- ?TLAS Preliminary Total Unc. ] ATLAS Preliminary e Total | stat.
7 Vs=13TeV, 36.1-140 fo’ Remove Only Background Theory Unc. Vs=13TeV, 36.1-140fb" 1

E my =125.09 GeV, <25 Remove Only Signal Theory Unc. E m,, = 125.09 GeV, v, |<25 B3 Syst. | SM Ove ra | | t h eo ry unce rta N ty
6 p_ =68% e istical- : = =979 [

= b, Sttt oy U S Toal S Syt SMune is larger than both the
55— E ggF+bbH .F.; 105 07 (.ooe, +oos) +0.058 experimental Systematic
- NN —o vo12 +0.09 E .

g I HE= 10 B w55 0020 uncertainty and the
3 = WH 086 ars (or, °0) i 0020 Lot :

] i o (st ) statistical uncertainty
2 = ZH = 100 218 (so1s, '0P) i 40037
L] e —Jio ttH-+tH I—g—i 097 U135 (ioee, *01%) +0.087

: I 1 1 1 1 ‘ 1 1 1 1 “‘ “' 1 1 1 1 1 1 1 1 I : 1 I 1 11 I 11 1 I 1 | 1 I 1 11 I 1 1 1 I 11 1 ‘ 1 11 I : 11 I 1
0%.9 0.95 1 1.05 1.1 1.15 06 08 1 12 14 16 18 2 22

u

Cross-section normalized to SM value
New Trends in HEP, Batumi 2025


http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634

Higgs combination (2)

 Results are interpreted in terms of Higgs couplings
in the k framework

o includes partial Run 3 result for H>pp

o x2 improvementin charm coupling, 10-20%
improvement in other couplings

/

fermionic
coupling

L1.25F

1.20F
1.15
1.10
1.05
1.00
0.95
0.90
0.85

[T T | LI |

- ATLAS Preliminary
— {s=13TeV, 36.1- 140 fb™'
my = 125.09 GeV, | yH| <25

T | T 1T | LI T 17T | T 1T 7 | LU |

% Observed best fit

2L Standard Model
[ Observed 68% CL
Observed 95% CL
Expected 68% CL
Expected 95% CL

o
=

l|III|III|II\|III|J

1.00 1.02 1.04 1.06 1.08
Oup|lﬂg/ Ky

(@)

my
Kvvev
—

or

107"

m
vev

Kg

o 14
Model 1: two o
1

independent couplings
toVandF

Model 2: independent
couplingstoW, Z, t, b, c,

T, U

Coupling modifiers: k; = ;;—;W

i

y;is Higgs coupling to particle i

ATLAS Prellmlnary

O II\III|

Run2:V{s=13 TeV, 36.1- 1401
Run 3: s = 13.6 TeV, 165 fb™"'
my=125.09 GeV, |y, | <25
$ Run2:x, =&,

¥ Run 2: k, = free param.

¢ Run 2 + Run 3: x; = &,
SM prediction

~
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Deviation from 1
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Higgs width with H*>WW/H>WW* (1) q

w
« Measurement of off-shell Higgs production using ::}> {i: H<
H*>WW-=>lvlv decays: Run 2, 140/tb o
o arXiv:2504.07710 >
Higgs width ~4 MeV, can't measure it directly L
(need a muon collider), but it can be ) =5,

measured indirectly by comparing on-shell
and off-shell Higgs production (Phys. Rev. D

M Other VV(V)
Misidentified Leptons
Other H

g - (H - )WWj

. gy (H - )WwW

88, 054024) i :j I ] [ | | ‘ Uncertainty
E “l 1l TR e B B 0 x—--L—nF" et e
on-shell S%gﬁ off-shell % ;: | * I++|+ i l ~ ﬂ \ ll il _E,‘Z’Cznt:fﬁziii
v = I XHp =0 o gf?gé > Hp I 2 T T T e S T T e
H §§w§a§§§a§é&§§§n§5miéé;ﬁ%i;:§§séégiiagi§§§_iﬁég=§§gm&%iE§=§§M§e§§g§§§§ag§§ﬁ
V3¢ bin ranges [GeV]
H*>WW has |arger statistics than H*>ZZ. Can't reconstruct H|ggg mass, do —
May differ from H*>ZZ in presence of BSM the likelihood fit to a proxy (V)

Destructive interference: presence of H* results in deficit of events compared to background-
only, leads to a non-monotonic event yield vs pogqhe: likelihood fit is non-trivial!

New Trends in HEP, Batumi 2025


https://arxiv.org/abs/2504.07710
https://arxiv.org/abs/2504.07710
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054024
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054024

Higgs width W|th H*>WW/H>WW* (2)

E-]Q_ ' ' ' T 16 T T L A L
w @ ATLAS -e Expected (68% CL) ?‘ 14 ATLAS K E
c”:LO10__ {s = 13 TeV, 140 fo! -- Expected (95% CL) 5= 13TeV, 140 b K :
SM o WWs iy --- Observed (68% CL) - 120 W s ol =
.o 8- _ o — - 7! i
pl’edlCtIOﬂ C . g't\)/lserved (95 /o CL) . 10 __: Rgg=1, Ryy=T1 .’:l_‘: =
6 - - N ! - Expected A E
- - ! .- Expected stat-only ’
A 7 6 — Observed -
PN e e 495%
O_ : 2 : -‘::._ _,-—""I—.—-—"_‘_‘_-__,_'.\.’.‘--‘_-'----:.’.j _____________ _: 68%
- T o o o R I Rt e L f ©
0 2 4 6 g . 10 07 1 2 3 4 5
uoff-shell KH — FH /FEIM

* Results: observed (expected)

O Pofrshe=0.3+0.9-0.3 (1.0+2.3-1.0), CL95 upper limit: 3.4(4.4)
= previous ATLAS result: 17.2(21.3)

o combined with on-shell H>WW?*, the result can be interpreted in terms
of the nggS width: I_H/I_HSM:Hoﬁc—shell/pon—shell
= assuming ;°M=4.1 MeV, I,=0.9+3.4-0.9 (4.1+8.3-3.8) MeV

New Trends in HEP, Batumi 2025



CP measurement in H>tt (1)

* Probing the Higgs boson CP properties in
VBF H=>tt (Run 2, 140/1b)
o arXiv:2506.19395

In the SM, Higgs is CP-even (scalar): if observed otherwise,
it's an indication of new physics

: : “7 Uncertainty
VBF inclusive 1, (T,

I~
. . . Q ATLAS ¢ Data [l VBF H (d=0.014)
The CP nature of Higgs can be derived by measuring S | f=ratev o' Mzow  WOnes
I . 1 . . oSt Misidentified --- d=0
mean value of the "Optimal Observable” (ratio of matrix 2 VBFHow 015 md0s
>
(IN]

_¢
<

elements) that can be evaluated using Higgs and forward
jets kinematics

The CP violating effect is parameterized in the Warsaw
(Cow) and HISZ (d) EFT bases

_L
<

10

1||||

 Strategy: combine three channels:

. s
D1.25¢ ]
S 1 SR o R
Uep™ Tieps Tiep™ Thadr Thad T Thad S IABAGAA A A

S 0% 701 02 03 04 05 06 07 08 09 1
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CP measurement in H>tt (2)

e Results: no deviation from SM
o constraints on d: [-0.012, 0.044]
o constraints on Cpyy: [-0.24, 0.83]

The observed limits on these

operators are among the most
stringent so far, greatly improve

previous 36/fb results

First 95% CL constraints on
observed parameters

Consistent with other ATLAS
and CMS measurements
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d (lin. + quad.)
d (lin. only)
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¢y (lin. only)
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ATLAS te4 Observed 95% CL interval
V5 = 13 TeV, 140 fo- ! Expected 95 % CL interval
VBF H — 17
A=1TeV
Best Fit 95% CL interval
H—o— (x 10) 0.014 [-0.012,0.044]
o] (x 10) 0.011 [-0.012,0.034]
——a—q 0.26 [-0.24,0.83]
—————| 0.21 [-0.23,0.70]
S
Parameter value
T 3 1 SpT T T =
—CnmbinedExpecled—; 2' 4,5;— ATLAS — Combined Expected_i
— Combine erve = = V5=13 TeV, 140 fb! — Combine serves =
Combined Obs dE q 4E VBF Hos 1t Combined Ob: dE
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HH%bbvv (1 ) First result on di-Higgs production!

e Study of Higgs pair production in the HH->bbyy final state: Run 2+Part. Run3,

308/tb

. This bump is single H, not HH! N
o arXiv:2507.03495 B \ !

/ N Kt

100

= e T T T = = B B T | | 3 R

m = — = —
© 500~ ATLAS * Batasm g 500— ATLAS ¢ Data -
) - : - - HH (SM -
o - Vs=13TeV, 140 fb" - Sing(|e_ H} . E {s=13.6TeV, 168 fb" - Sing(i |-|) .
o 400 HH-bbyy ¥y +bb — 400— HH-—bbyy yy+£'J'B —
§ C Run 2 pre-selection mmyyH T C  Run 3 pre-selection Ny 7
& C B Data-driven yj 7 C mm Data-driven 7
300— Data-driven jj = — 3001 Data-driven j  —]
1 i Lﬂﬁ (&;Ste;;l.)ungb - b 4 2 MC sstat. unc. .
'y —_— X n T — HH (SM) x 50 m

2004 ¢ ¢ 3 ""*'.1»4,,1 ( 3 -H
r PR S . 3
E _

0
B 12F 12k ‘ ' ' -
< 1‘+‘.'++++ byt +++++++ 5 13—44—*—*—%4—0—,—*—}—*—*—{—{—’—&—*—'
s T ) - ]
§ ost bty TS ¢ bty VBF: g,,=11%
110 120 130 140 150 160 110 120 130 140 150 160
my, [GeV] my, [GeV]

Preselection: 105<m,, <160 GeV, two b-tagged (g,=85%) jets

Simultaneous profile LH fit to m,, in high mass (m*,,,,,>350 GeV) and low mass (m*,,,,,<350 GeV,
regions
m*bbw=mbbw—(mbb—1 25 GeV)—(mW—1 25 GeV)
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HH->bbyy (2)

5 T T I T T T T T T T T T T T T I T T T T T T T T
45F- ATLAS ¢ Data
4E Vs=13/13.6TeV, 140/ 168 " ****** Cont. background

HH — bbyy
3 log(1+Sg,/ B) weighted sum

Sum of weights / 2.5 GeV
w
o

------ Total background
= Signal + background

+1.4
l‘l'|.||.| = O'9-1.1

. ..+|‘I

o8,

1 I 1 1 1
110 120 130

_'—
6; 111 IIIII[IIIIlIIII|IIII|lIII|IIIIIIlII|IIII|IIII
o

40
m,, [GeV]

* Results: observed (expected)
- I‘JHH:OQ—l_] 4‘1 1 (1 +1 3'1 O)
— CL95 limit: py,<3.8

x2 improvement compared to 140/tb result

Constraints on coupling modifiers Ky, Koy
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ATLAS
Vs =13/13.6TeV, 140/ 168 fb~!
HH - bbyy
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---- Expected limit (Uyy = 0)
Expected limit (uyy = 0) 20
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Summary

* Since the Higgs discovery in 2012, studying its
properties with increasing precision remains focus
of the physics programs of the LHC experiments

o revealing the mechanics of the SM

o looking for hints of deviations from the SM

* Many Higgs measurements are already done

o so far, the results are consistent with the SM predictions

o successful Run 3 data taking opens possibility to
improve results

 Exciting times to work on Higgs measurements!

New Trends in HEP, Batumi 2025

N

(8)]

o
[T

- ATLAS {s=136TeV
- Online Luminosity
200 .LHC Delivered

L DATLAS Recorded

Delivered: 264 fb™
Recorded: 249 fb™!

o
o

Total Integrated Luminosity [foT]

[0)}
o

300 22 0 P00 22 (022 g 2R 02 1 B 0
Month in Year

uoneiqes vz




	Slide 1: ATLAS results on Higgs Physics and Electroweak Symmetry Breaking
	Slide 2: The Higgs boson
	Slide 3: Higgs production and decay measurements: test of SM
	Slide 4: Outline
	Slide 5: tH (1)
	Slide 6: tH (2)
	Slide 7: Hμμ (1)
	Slide 8: Hμμ (2)
	Slide 9: HZγ (1)
	Slide 10: HZγ (2)
	Slide 11: ggF+VBF HWW* (1)
	Slide 12: ggF+VBF HWW* (2)
	Slide 13: VH, HWW* (1)
	Slide 14: VH, HWW* (2)
	Slide 15: Higgs combination (1)
	Slide 16: Higgs combination (2)
	Slide 17
	Slide 18
	Slide 19: CP measurement in Hττ (1)
	Slide 20: CP measurement in Hττ (2)
	Slide 21: HHbbγγ (1)
	Slide 22: HHbbγγ (2)
	Slide 23: Summary

