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Higgs self coupling

The A can be measured directly in double

Higgs potential: Higgs boson production processes.
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Double Higgs production

ggF: osm~31.5fDb VBF: osm ~ 1.72 fb

Coupling modifier Kx =MAsm
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diagram interferes destructively
Access to HHVV coupling via Kov
coupling modifier
if Kx> 1 could indicate processes beyond SM. Two extra forward jets, unique
signature
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HH

decay mode &

WW T

Multiple diHiggs production channels:

- 4b — largest BR, huge background

- bbtt — small BR with relatively low background

- bbyy — very small BR, but clean channel with low
background,

- bbll — second largest BR

- ML+ the combination of 9 channels with a small BR

The channels listed above will be discussed in this talk

Combination of the channels provides more precise
results



Effective Field Theory (EFT)

Higgs EFT (HEFT)

» Describes Higgs bosons at low-energy dynamics Coinn T
without assumption of linear realization of EWSB

» The Higgs fields are treated independently
» Effective operators build from Higgs couplings

» Probe for anomalous Higgs behavior

Wilson coefficients: & o
Cih ~ Kt Citnhy Chin ~ K, Cggh, Cggnn -
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HH - 4Db

Event selection: Rep=+(m,;,—1.05-124GeV *+(m,;,—1.05-117 GeV ' =45 GeV
- 4 b-tagged jets T — A—
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Ian (KA=1,KV=1) < 5.4 osm observed

8.1 osm expected

Results
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HH - bbtt

Event selection:

¢ Exactly 2 b-tagged jets

¢ 1 hadronic T and 1 e/p or 2 hadronic 1

¢ ThadThad — pass single-Thad-vis triggers STTs ,pr > 100-180 GeV or Di-thad-vis triggers (DTTs) pr > 40 (30)GeV

¢ TiepThad - pass Single lepton triggers SLT or Lepton-plus-thad-vis (LTTS) pr > 30 GeV

¢ My > 60 GeV using Missing Mass Calculator (arXiv:1802.08168v2)

¢ Signal region split into three categories - ggF Low-mu, (M < 350GeV), ggF High-my,, and VBF

+ Multivariate techniques (BDTs) were used to distinguish signal from background and used as the final
signal/background discriminant.
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HH - bbtt

Results
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HH - bbyy

Event selection:

- 2 photons with 105 GeV < myy < 160 GeV Signal extraction by fitting myy distribution in
- The leading (subleading) photon pr is larger than each category and signal strength allowed
35% (25%) of the mass of the diphoton system. to float
- Exactly 2 b-tagged jets
- No e/u in event = ssijiij‘j;l:m : . :
* Mooy distribution split to low masses (large k), BSM) ,350 Gev o %05 5_13Tev, 140!+ Daa E
boundry, and high masses (small ki, SM) regions g 25 P~ cbrr L o backaround
o 20

* combination of 2 BDT trainings to separate signal from single Higgs
and continuum background

—~
-
AN
o
AN
N—r
(e}
©
HDBS-2021-10 HDBS-2021-10 §
< F T T T T T T T T T T [ T T T g F SR L LR R R O
=3 L ATLAS —— SMHHggF & A ATLAS = z':: HHFQQF ~
- 10k vso . -— HHggF=t0 ] @ 10'E vs_13Tev, 140 1" ==+ HHggF k=10 o .
2 10 £ VS=13TeV, 140 fo-! e HVEE 3 2 g H;—»bﬁe —— SMHH VBF E n
@ E HH-bby HH VBE, k=10 o C v HH VBF, k=10 ] HDBS-2021-10 =
o [ Lowmassregion ... HH VBF, koy=3 w - Highmassregion ... HH VBF, kay=3 B 3 18: A‘TLAS T T T T E -
S 100k Single H | k) 1005_ Single H e S 16 i = o
e E —— yy+ets E S E — vy+jets 1 @ F Vs =13 TeV, 140 fb’ ¢ Data 3 .
-g ¢ Data sidebands = ¢ Data sidebands il 14; =0 innEeg Cont. background (@)
3 % £ ~ el —— Total background —J =
,_(LE i 10" 5 125 High Mass 1 g E ()
& 10f LIL]
8
s 6 >
- o T
! Lpende™ - of .
il ¢ 4 M L M | I T 108EL L TR TR S [ . E =)
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 ox
¢ BDT scorg/ L BDT score/
Divided into 4 categories Divided into 3 categories

Bartlomiej Zabinski, October 23" 2024 , 35" Rencontres de Blois 9


https://link.springer.com/article/10.1007/JHEP01(2024)066
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-10/
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HDBS-2021-10

Results
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https://link.springer.com/article/10.1007/JHEP01(2024)066
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-10/

HH — bbll+ Eq™ss

Event selection:

- two light leptons (e,p) with opposite charge

- two b-tagged jets with pt> 20 GeV and |n| <2.5
-mye SF (15, 75) GeV or DF (15,110) GeV

Signal region split into VBF and ggF sensitives regions
- VBF region - at least two forward jets with max|An| > 4,
pT > 30 GeV, and max(mjj) > 600 GeV

To preselected events, DNN and BDT training were
applied for ggF and VBF regions respectively.

Mo A ee + py Moo A ey + pe
tt CR 1 tt CR
210 Sl mp<z0Gey | 20 %Y my < 250 GeV
Wt CR 1 Wt CR
48 BeN T my > 250 GeV s my > 250 GeV
15 GeV 75 GeV 110 GeV n . 15 GeV 110 GeV my
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HH->bbll+ Emss

HDBS-2019-02

Results
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o [ \ ___ observed F observed ] N
o _ F ' [-6.2, 13.3] @95% CL F T [-0.17, 2.4] @95% CL ] N
GE?A;HH” g9F SR & VBF SR 0 118 (130) 3 v\ expected 3k _ expected 3 8
aa - HHj F ; [-8.1, 15.5] @95% CL F [-0.51,2.7] @95% CL . .
r | r ] n
Gpp — HH 2__ “ 2_ ] >
T e o© ggF SR only 10.7 (16.6) o \ C ] =
Opp it C \ C ] o
1?‘ % 1T -] <
Spp - HH H \ C ] o
P . o ggF SR & VBF SR 9.7 (16.2) L i C . ] E
op - HH B | | ot ||5~*(|) B . | P TTRE M SURP i 0 P P PR B c
10 102 10° 05 1 3 35 L
95% CL upper limit Koy E_;
I
—

Observed: -6.2< K< 13.3
Expected: -8.1< Kx< 15.5

Observed: -0.17< Kov< 2.4

iy < 9.7 Osm observed Expected: -0.51< Kov < 2.7

(16.2 Osm expected)
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HH - ML

The analysis includes 9 channels with leptons
in final state

@
E Legend
g2 £42Tpag 204 2Tpag i
"g channels
S
5
® yy+ML
£ 1 VY+Traa VY+2(f,Thag) 2£SC-+Thag ghannels
z
0 yy+£ 4¢+2b
0 1 2 3 4

Number of light leptons

Multiple events selection concerning different channels.
All channels required no b-jets except 2b4l channel.

The BDT method is applied to preselected events to separate
signal from background events.

The BDT score is divided into three regions in yy+ML channels.
The yy+ML channels use my, distribution to obtain results.
Background modeling using sideband data
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https://link.springer.com/article/10.1007/JHEP08(2024)164
https://link.springer.com/article/10.1007/JHEP08(2024)164
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10} ATLAS = Combined |
L — Combined ML |
I VS =13 TeV, 140 fb! Combined yy+ML |
- HH-ML,yy+ML e Expected 4

8l Expected Observed — Observed -
L 68% CL: oy € [-0.9,3.1] 68% CL: koy € [-1.6,3.7] .
3 95% CL: oy € [-1.9,4.1] 95% CL: Koy € [-2.5,4.6] .

6,— -

4 95% ClL—

2._ -
I 68% CL |

g—d.\.ql.s.\.\_ls\ e |l

Kov
Observed: -2.5< Kov< 4.6
Expected: -1.9< Kov< 4.1
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HH Combination

All presented channels have been combined.
Increased sensitivity by a statistical combination of HH channels

-
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" - 8 T T T T T T T T T T T T T T T T L 8 T T T T T T T T T T T T ¥ 3 T T T T T T T T T H
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- 6 All other k fixed to SM —— Obs.: 95% CL[-1.2,7.2] ] 6 All other k fixed to SM —— Obs.: 95% CL[0.6,1.5] ~
] Obs.  Exp. C —-—- Exp. (SM): 95% CL[-1.6,7.2] ] C —-—- Exp. (SM): 95% CL[0.4,1.6] ] ;')/
bbtt + Efriss|— + 10 14 5 ! ] 5 i \ / i I (;')
. v MR ‘.\ ] o :
Multilepton|— * 17 11 4F 195% Gl 4B '\\‘ l’ 95%CL/ %
i F { ] Eh & i / - o —
bbbbi— * 5.3 8.1 3k / 3 aF % & % / // ¥ <
F ] / I
bbyy—= * 40 e ok . ok LR b / f ] o
. N ] I \\ \‘ ‘ /I '/ —_ .
. N K ; N L] L // o 2
s + >9 83 1‘\‘ 68% CL +] s Sy \ J /4 e8% L] e
' i - . ’a o

Combined— 29 2.4 L . 7

vk by by by e b e By 1y 0_| TR

0 5 10 15 20 25 30 35 40
95% CL upper limit on HH signal strength upy Ky
Observed: -1.2< Kx< 7.2 Observed: 0.6< Kov< 1.5
< . .
Mun < 2.9 Osm observed Expected: -1.6< Ky< 7.2 Expected: 0.4< Koy < 1.6

(2.4 Osm expected)
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HH Combination

Effective Filed Theory coefficient results

Benchmark Model | cyyy  cun CogH CggHH CuHH

SM 1 1 0 0 0
BMI 3.94 094 1/2 13 -1/3
BM2 6.84 061 00 -1/3 1/3
BM3 221 105 172 12 -1/3
BM4 279 061 -1/2 /6  1/3
0 0 BMS5 395 117 1/6  -1/2 -1/3 8
< 10— < 0 BMS6 568 083 —1/2 s 13
3 —— Combined — —— Combined
£ | ATLAS el = [ATLAS = o BM7 ~0.10 094 1/6 -1/6 1 et
QL vE=13TeV, 126—140 fb! — bibp Q| vs=13Tev, 126—140 fo~' — bEbb o
8" HH - bbT*T™ + bbyy + bbbb 5t b 81~ HH - bbT*T~ + bbyy + bbbb - i
[ All other ¢ fixed to SM Yy j [ All other c fixed to SM A, | | | | | &
. Obsensd | Obsemice £10°EATLAS ¢ Observed limit (85% CL)] ] S
or Combined: 6 Combined: f E\/E =13 TeV, 126—140 fb~! o aﬁ:ﬁtgiggiéggﬁs o E C\\l/
689%: Cygnn € [0.17,0.39] 68%. Ctthn € [0.29,0.58] 15: [ HH - bbT* T~ + bbyy + bbbb mmm Expected limit +10 ] ™
ok 95%: Cghn € 1-0.36,0.49] 95% CL| 4 95%' Cuthn € [-0.19,0.70) 95% CL S =1 Expected limit 20 1 “
A -
: 10° = +  Theory pred|ct|on_ ) 4 ..":
I . Iz a A Exp. bbbb 3 O
2r 2 E B e v Exp. bbyy ] —
i 68%GL | 68% GL ]| [ s . & o Exp.bbT'TT | &
L N X - . =9, 8
C\AIlll\ll\ll i PRI B 0 ‘|. NI IR | 102 + * [ v |
) ~0.25 0.25 0.75 ~2080 =025 0 025 050 075 T 125 - . . A 4 L &
Cgghh c i 3 = e ] >
99 tthh - B ° B By E
Observed: -0.38< CygHH < 0.49 I 1
. 107 | | | | | | | |
Expected: -0.36< Cggrr< 0.36 sM 2 3 4 5 6 7
Benchmark point
Observed: -0.19< Ciun< 0.70 BM3, BM4, BM5, and BM7 scenarios can be excluded

Expected: -0.27< Cit< 0.66
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Conclusions [E)

¢ HH searches are one of the most attractive in particle physics
¢ Not offering the unigue channel — a combination of searches are necessary
¢ HH production provides insight into the Higgs mechanism
¢ Good probe for searching processes BSM:
- Heavy resonance searches
- DiHiggs production enhancement
¢ HEFT four benchmark scenarios excluded
¢ New interesting results covering all/partial data collected during LHC RUN3 in
the near future...
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HH+H Combination

The K can be measured through loop correction in single Higgs boson production.
By combining HH and H searches additional constraints can by achieved.
Offers most stringent constraint on K to date.

H
——r— e « 1.4rr—rrrr—rrrrrrrrprrere e
i 101 vtk ! I ] < L ATLAS : l | ea%CLHH+H 1o
~ | vs=13Tev, 126—139 b O i fso} [ VS=13TeV, 126—139 fb™ el [
' o om i 1] O Ao SEe N —
. | —— 68%CLHH
§ HH + H K; only: HH + H ¥ generic 4 © - ——. 95% CLHH o H
6l 95%: K, € [-0.4,6.3] dn 1.2 Yr SM prediction (c/g) 1% \":o-—--— H
. HH + H K, generic: {10 [ 5 Bt 15 Al P
; 95%: Ky € [-1.4,6.1] = 11E ~ 1+ o
al 5% -] i \ q > > q
= e : !} i
; | e /! ] Single H processes:
2_ . ol - ] H—»yy,H—»TT, H—»bb(VH),
5 0.9__. ey I—- H—»bb(VBF),H—)bb(ttH), F>|
ol } NN W | _10 15 20 H->ZZ->4] =
Kx Ka 8
3
Observed: -0.4< Ky< 6.3 K2v =1 for single Higgs, no complete N
Expected: -1.9< K)< 7.6 parametrization NLO EW corrections g
@
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HL-LHC prospects

HL-LHC energy Vs =14 TeV

HH 0°Mggr = 36.7%%%-239%

HH oMyer = 2.17003%_q 9494

Expected integrated luminosity 3000 fb*

Mo syst. unc.

Baseline

Theoretical unc. halved

Run 2 syst. unc.

ATLAS Preliminary — -—- Expected limit
Vs =14 TeV, 3000 fo* [0 Expected limit 10
HH = bbyy + bbt* v~ + bbbb [ Expected limit +20
Projection from Run 2 data

Asimov data (bkg. only)

o5 ver=38.71b Exp

I 0.39
1

0.55

; E: 0.88
H

4
i 1.10
I 1 R |

..
0 0.5 1

[ A R
15 2 25 3
95% CL upper limit on signal strength

ATL-PHYS-PUB-2022-053

Run 2 distribution scaled by factor 1.18 and 1.19 for ggF

and VBF HH signals respectively

H d Vs =14 TeV, 3000 fb-!
HH = bbyy + bbt* T~ + bbbb
Projection from Run 2 data
Asimov data (k) = 1)
=+— Nao syst. unc.
—— Baseline
Theoretical unc. halved
—+— Run 2 syst. unc,

—2AIn(L)

DII!IIIIIIII

S RARSS RAREN RASAS RELEN RERRE RARLE AF ARE RF
ATLAS Preliminary

l-':lIk:illllllilllllllll

ATL-PHYS-PUB-2022-053

=2 0 1 2

Expected significance (o) for baseline scenario is 3.4

8
Ka

and observation is expected while 0 > K) or K> 5.8

Bartlomiej Zabinski, October 23" 2024 , 35" Rencontres de Blois

ATL-PHYS-PUB-2022-053


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/

The ATLAS detector

25m

Tile calorimeters

LAr hadronic end-cap and

, forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Torcid magnets
Solenoid magnet | Transition radiation fracker

Semiconductor tracker

Muon chambers
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Standard Model EFT (SMEFT)

» Includes higher-dimensional operators that capture
unknown effects, beyond current measurement ability.

» Assumes linear electroweak symmetry breaking
(EWSB) with Higgs as the part of doublet

» Probes for the physics beyond SM (heavy

resonances,gauge boson interactions, or deviations in
Higgs.

Wilson coefficients:
Cy ~ Ky, Cho, Cup, Ci, Chis, Cis

Foerr O 2 (979)0 (¢*¢)+%”?(WDM)*(WD%H%(WP
+Hpp ¥ abmtho) + =7 970G}, G

Cic

~ (gL O'#VTHGH L0 tr+h.c.).
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ombination
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Cross-sections

Standard Model Production Cross Section Measurements Status: May 2017
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Effective Filed Theory coefficient results

HDBS-2019-29

SMEFT

Parameter Expected Constraint Observed Constraint
Lower Upper Lower Upper

cy —20 11 —22 11

CHG —0.056 0.049 —0.067 0.060

ChHg —9.3 139 —8.9 14.5

CH —10.0 6.4 —10.7 6.2

G —0.97 0.94 —1.12 1.15

Upper and lower limits on the parameters

SM
BM1
BM2
BM3
BM4
BM5
BM6
BM7

HDBS-2019-29 H E FT

A'TL‘A'sHH' " o Obsened | [ t1o
O Expected 120

Vs=13TeV, 126 fb" #  Theory Prediction

Obs. (Exp.)

. - 170 (230)
o e 290 (200)
o . 360 (250)
[es - 110 (74)
- El 130 (130) —
 oe 110 (95)
e 190 (180) —
oe - 88 (71)
OggF,HH [fb]

BM3,BM5, and BM7 scenarios can be excluded
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Observed:
Expected:

Observed:
Expected:

-0.36< Cyghr< 0.78
-0.42< Cyghri < 0.75

-0.55< Citin < 0.51
-0.46< Cithn< 0.4
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HH - 4Db

Observed Limit —20 1o Expected Limit +1o +20

HeogF 55 44 59 8.2 12.4 19.6
HUVBE 130 70 100 130 190 280

HegF+VBF 54 43 5.8 8.1 12.2 19.1

The observed and expected upper limits on the SM ggF HH production cross-section oggF, SM VBF
HH production cross-section oVBF, and combined SM ggF and VBF HH production cross-section
oggF+VBF at the 95% CL, expressed as multiples of the corresponding SM cross-sections. The
expected values are shown with corresponding one- and two-standard-deviation error bounds, and
they are obtained using a background-only fit to the data. When extracting the limits on oggF+VBF,
the relative contributions of ggF and VBF production to the total cross-section are fixed to the SM
prediction.

Parameter Expected Constraint Observed Constraint

Lower Upper Lower Upper
cy —20 11 —22 11
cuG —0.056 0.049 —0.067 0.060
CHo —9.3 13.9 —8.9 14.5
CiH —10.0 6.4 —10.7 6.2
g —0.97 0.94 —1.12 1.15

The extracted upper and lower limits on the SMEFT parameters to which the analysis is
sensitive. For each parameter, the constraints are provided assuming the other
parameters are fixed to 0. The VBF HH process is ignored for this result.

(1)
Pass trigger class

(6)
(Ipi)r < 65 GeV

Yes

Yes

Yes

(7.VBF)
Xwe > 1.5

VBF Selection

%rXiv:2301.0321

(2)
24 central jets

(5)
VBF Jets
lan;| >3,
m; > 1TeV

Yes

Yes

0

@
24 b-tagged
central jets

Yes

(4)
2 6 central or
forward jets

//)

(7.g8F)
AN < 1.5

(8.VBF)
Xun < 1.6

Yes

(9.VBF)
My > 400 GeV

——> VBFSR
Yes

No

(8. ggF)
Xwe> 1.5

Yes

(9.g8F)
Xun< 1.6

———> geFSR

ggF Selection

A flowchart summarizing the nine selection criteria used for the VBF and ggF analysis
selections. Events must satisfy selection criteria 1-3 in order to be considered for either
analysis signal region. Events failing to satisfy any of the selection criteria 4-6 are considered
for inclusion in the ggF signal region, while those satisfying selection criteria 4-6 are
considered for the VBF signal region.
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HL-LHC prospects
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17.5F Non-resonant HH a 17.5 Non-resonant HH E
b Mo syst. unc. B - Baseline 1
151 Asimov data (kx = 1) =] 15 Asimov (_!ala (ka=1) -:
F —— bbrtr- ] i —— bbr*t- ]
125 Sy . 125 —— bbyy E
E —— bbbb 3 —— bbbb E
10:_ —+— Combined __ 10:_ —e— Combined ]
75 = 7.5
5 = 5
- ----1] 95%
25 — 2.5
ob i T PP P D T TS 0
-2 -1 0 1 2 3 4 5 6 7 -2 -1 0 1 2 3 4 5 6 4
Ka Ka
) r L RS LAY RARAS RARES AAARE RARRN RARRE RF P22 =) SAamsnaas RABRNREEEEEERES RaES nEss nasas pann na
T oof ATLAS Preliminary c = o0 ATLAS Preliminary
8 r VS =14 TeV, 3000 fb-* : a4 VS =14 TeV, 3000 fo-'
17.5~ Non-resonant HH = 17.5F Non-resonant HH
F Theoretical unc. halved B b Run 2 syst. unc.
15 Asimov data (k3 = 1) = 15 Asimov rj‘lala (ka=1)
il —— bbT*7T" B 5 —— bbr*r-
12.5_ —— bbyy ;’ - 12.5] —— bbyy
10-:_ - bbbbl 1 = 1ol bbbb.
F % Combined J ] —+— Combined
7.5F
o
' 959
2.5
L A

Negative log-profile-likelihood as a function of kA evaluated on an Asimov dataset constructed under the SM hypothesis of kA=1, for bbyy, bbt+t- and bbbb
projections, and their combination assuming the four different uncertainty scenarios described in the text. The intersections of the dashed horizontal lines with the
profile likelihood curve define the 68% and 95% confidence intervals, respectively.
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HL-LHC prospects

o ey -
< 10°r ATLAS Preliminary <~ Expected limit (95% CL) = | ATLAS Preliminary - Expected limit (95% CL)
T [ vs=14Tev,3000 " e, L [ vs=14TeV,3000" il
& L HH - bbyy + bbt* T~ + bbbb E Thzz‘:;e:re:;?cl:ﬁinu @ " Projections from Run 2 data T::z pre:z?nlcti_onu
rt u [ B HH — bbbb e
e K Projection from Run 2 data ¥¢ SM prediction 102~ Asimov data (bkg only) ¥r SM prediction
o simov data (bkg. only) E
B . "
102 i
10"
L \ /
: - \
10"+ i M
_JllIIlIJIIIJLIIIII]Ill]]ll]llllllIIlIJI‘ I NS IS N I NS NS R
-2 0 1 2 3 4 5 6 W50 05 1 15 2z 25
Ka Kav
Expected 95% CL limits on the HH cross-section for - . .
diffperent K\ hypotheses at Vs = 14 TeV, 3000 fb-1 at the HL- Expected 95% CL limits on the HH cross-section for different K2V hypotheses

at Vs = 14 TeV, 3000 fb-1 at the HL-LHC with the baseline uncertainty
scenario. The expected cross-section limits assume a complete absence of
HH production. The theory prediction curve represents the situation where all
parameters and couplings are set to their SM values except for k2V. The SM
hypothesis corresponds to k2V=1.

LHC with the baseline uncertainty scenario for combination
with bbyy and bbt+t- channels. The expected cross-section
limits assume a complete absence of HH production. The
theory prediction curve represents the situation where all
parameters and couplings are set to their SM values except
for kKA. The SM hypothesis corresponds to kA=1.
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HH - bbtt

Koy
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HDBS-2019-27
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HH - bbtt

channel: Thad Thad bb channel: ££bb

event
selection

VBF

channel: Tiep Thad bb

event
selection

Yes

=2 extra jets

= 2 extra jets

event
selection

VBF

event
SLT + DLT Saioetion [ CR ]

E STT: single Thad-vis triggers
: DTT: di-Thag-vis triggers
H SLT: single lepton triggers
E LTT: lepton+Thag-vis triggers
9 DLT: di-lepton triggers

: =2 extra jets

ggF-like

categorisation

VBF-like

low-muH
category

] [ low-mun ][ high-mun ][
category category H category

No No
ggF-like categorisation
' BDT '
<350Gev \ 2350 GeV <350 GeV \ 2350 GeV

low-mun
category

high-mux ] [ VBF J
category category

Thad Thad SR Tiep Thad SLT SR
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HH - bbtt

TiepThad Chanmel

migs < 150 GeV M) CR: Anti-lso tE CR: mgy > 150 GeV
1D Sk * + + 1D
Anti-IT SR Template l * FFy; + FF,; Anti-ID

I— FF comb = raaa % FEpg + (1 — ryg) % FFyp
E TrueeT mi-vis Subtracted

LT Fraction of multi-jet
events in the template

Schematic depiction of the combined fake-factor method used to estimate multi-jet
and tt backgrounds with fake-thad-vis in the tlepthad channel. Backgrounds which
are not from events with fake-thad-vis originating from jets are estimated from
simulation and are subtracted from data in all control regions. Events in which an
electron or a muon is misidentified as a thad-vis are also subtracted, but their
contribution is very small. Both sources are indicated by “True-thad-vis subtracted'
in the legend.
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I:l Non-multi-jet. subtracted

Thad Thad Channe]

05, 2 b-tagged jets 55, 1 btagged jet 85, 2 btagged jets
1 SR * ? 1
- -
I'F;
Anti-1D SR Template l + FF1 beta Anti-1D

FiE=FF b=tag * Iy h=tags

Schematic depiction of the fake-factor method to estimate the multi-jet
background with fake-thad-vis in the thadthad channel. Backgrounds that
are not from multi-jet events are simulated and subtracted from data in all
the control regions. This is indicated by "Non-multi-jet subtracted' in the
legend.

ThadThad TlepThad
STTs DTTs SLTs FTTs
No e/u pre>25,27GeV  18GeV< pPr°< SLTs
Two loose Thad-vis p>21,27GeV  15GeV <p7*< SLTs
p;> 100,140, p; >40 (30)GeV one loose Thad-vis
180 (25) GeV P;>30 GeV
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HH - bbtt

Effective Filed Theory coefficient results
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5 10* e
PR |12 o oo R o fogRRSe e = ATLAS o Observed limit (95% CL)
s o — — E s o — —— E El ;ﬁ= 1ggey, 140fb~" o Expected limit (95% CL) -
' E AlLAS 20000 e Xpecte | ' E AlLAS 20000 e Xpecte = - imi
8t s =13TeV, 1400 95“’2 Cl:[-0.42,0.44] 3 8E Vs =13TeV, 140 fb" 954‘;° Cl:[-0.32,0.72] 3 ° B W Expecad l!m!t i (ﬁ
E G s E E i A E Expected limit +20 o
F HH - bbrt ~— Observed k= F HH - bbrt ~— Observed k= S
7 95% CI: [-0.51, 0.58] 1 s 95% CI:[-0.4,0.84] 3 108k | &
6 % 5 ; E 6 ; 3 . N
= Y 3 = s E o
56\ ; E 5 E . o
4 \\ i i / 95% CL3 na i / 95% CL3 ° N
c E F / E 5 . 8
3 3 3 : = ‘
): / g ): ! g 107 e s m B S
3 ; E 3 E o
iE- g o4 68% CL 3 iE- 68% CL 3 ‘ o o o 9
GE‘|.‘.\..“‘f~a.ulu.'r.|‘.,\.‘.|‘..5 GE \/. Ll ] . . . l . . ’ : @)
-06 -04 02 0 02 04 06 1 : 1 1.5 SM 1 5 3 4 5 6 7 >
Caghn Cithh HEFT shape benchmark w
o
HDBS-2019-27 HDBS-2019-27 )
A0 R g
= = = = = =
8 9% amas 0 Expected E § 9% amas 0 e Expected E I
8E 5 =13TeV, 140 o™ 95% CI:[-19.1,86] 8E Vs =13TeV, 140 b’ 95% CI:[-8.5,11.1] Wilson coefficient Observed 95% CI  Expected 95% CI aB
E HH - bbrr ~— Observed 3 E HH - bbrr ~— Observed 3
7E 95% CI: [19.4, 10.0] 3 7E 95% CI: [12.6, 11.8] 3 Cgghh [-0.51,0.58] [-0.42, 0.44]
6 : 3 6 : 3 Cuinh [-0.40, 0.84] [-0.32,0.72]
st _i 5 _i cH [—19.4, 10.0] [~19.1, 8.6]
aF 95% CL3 aF 95% CL3 CHo [-12.6,11.6] [—8.5,11.1]
3= ] 3= 7 ]
oF- = oF- 3 Observed and expected 95% Cls on HEFT and SMEFT Wilson coefficients
ha s 68% CL 3 I} 68% CL 3
qum\v...\w\?"r-u.l-r'r'u'i'l"u"vuL f::;/|/||\\||||\‘||||g Gzluuuulx/ ldul'r||44||\1\‘\\\g
20 -15 .10 -5 0 5 10 15 20 -15 10 10 15
CH cH|:|

Bartlomiej Zabinski, October 23" 2024 , 35" Rencontres de Blois 34


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.032012
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-27/

HH - bbyy

Fraction of events / 40 GeV
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bbyy
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Effective Filed Theory coefficient results
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