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Intfroduction

» The Standard Model works well but has uncovered points:
« Strong CP problem
« Dark matter candidates

« Baryon asymmetry in the universe
* (g-2)u anomaly

« An extended Higgs sector can solve some of these problems:

» Two-Higgs-doublet model (2HDM) and modifications:
+ —_
« 2HDM+scalar boson § (2HDM+3S) h H H™H A
* Next-to-2HDM (N2HDM) \CP—even Charged CP—ode
* General 2HDM with dropped Z, symmetry (g2HDM) - NMSS M ~
+ —_
» Next-to-minimal supersymmetric model (NMSSM) HiHy Hz  H™H A1 A4z
CP-even Charged CP-odd

Blois 2024 — 23 October 2024 E. Cherepanova




In this talk
» Only full Run-2 ATLAS analyses:

>Search for low mass X = yy, arxiv:2407.07546 )
> Low mass
resonances
»Search for H = aa = 4y, Eur. Phys. J. C 84 (2024) 742 y
»Search for heavy H - mulii-1L + b-Jets, JHEP 12 (2023) 081 )
High mass
resonances

»Search for X - 4l + MET /jets, arxiv:2401.04742
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https://arxiv.org/abs/2407.07546
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1007/JHEP12(2023)081
https://arxiv.org/abs/2401.04742

Search for low mass X - yy
arXiv:240/7.07546
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https://arxiv.org/abs/2407.07546

Low mass X — yy: Intfroduction

« Looking for spin-0 resonances in the 66 1o 110 GeV mass range with 2
photons in the final state

« Benchmark models: 2HDM, N2HDM, NMSSM

* SpiN-0 boson can:
« Act as a scalar parther of dark matter
 Be an axion and explain baryon asymmetry

« TWO approaches:
 Model-Independent search for X Only ggF production
 Model-Dependent search for low-mass Higgs boson

Production modes:
ggF.VBF, ttH, WH, ZH

* Main backgrounds:
« Continuum background: non-resonant yy, vj, jj

« Resonant Drell-Yan (DY): Z - ee } j and e misidentified as y
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Low mass X — yy: Analysis strategy

For each photon, Ey/m,, > 22/58 =~ 0.38 - to guarantee

exponentially falling background (m,, = 58 GeV chosen
to maximize signal efficiency)

Pass the e/y ambiguity BDT criteria

3 event categories depending on conversion of each
photon in the pair

Further categorization in the Model-Dependent search
with the category BDT*

Signal m,,, is modelled using a double-sided Crystal-Ball
(DSCB)

Data-driven estimation of backgrounds:

« Confinuum bkg: 2D side-band method
 DY: modelled with DSCB

Final fit to the m,,, spectra
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Low mass X — yy: Results

Local p-value
L L B L B L

95% CL upper I|m|’r on gl dxBR(X - yy)

o 5 120 IR B I B
MOdeHndepeﬂdeﬂT (_35 1 — E - ATLAS — Observed limit ]
. . !E- E : %} 100__ f:LiTﬁZ,lc\?;bI ----- Expected limit ]
° LCIrgeST deviation for a S X 80: All limits at 95% CL [ Expected £ 1o ]
— 1 m — _
mass 71.8 GeV 10 3 3 X - [ ] Expected + 20 ]
(local significance 2.2a) | co E
: . . 0% ATLAS _ E
« Fiducial cross section - {5 - 13 TeV, 140 " Observed
. . B X-vy, ' = NWA
limits set between e i
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Local p-value 95% CL upper limit on axXBR(X = yy)
Model-Dependent g [T g ST
. . Z_ E . E 1605_ fs=13Tev, 1a0t7 Expected limit _—
« Largest deviation for @ E I ME AT o s
mOSS 95.4 Gev - 10_1§ E QQI zzz— DExpectedi&s __
o E

(local significance 1.70)

« Total cross section limits
set between
8-53fb
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Search for H - aa — 4y
Eur. Phys. J. C 84 (2024) 742
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https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0

H - aa - 4y: Introduction
« Looking for the decay of anomalous

Higgs boson into two axion-like
particles (ALPs) with 4 photons

In final state

e Benchmark model: NMSSM

« ALPs can explain anomalous
magnetic moment of muon (g -2)u

* Probing the m,, - ¢,,,, parameter

space:

* 100 MeV < m, < 60 GeV
* 107> TeV™'< ¢y, <1TeV™!

+ Decay length 7, o« A%/ (mc31|caw|2)
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https://arxiv.org/abs/1708.00443

H - aa - 4y: Analysis strategy

Signal regions:

« Defined by requiring m]

LosoN Mass
Split per m, bins

Long-lived search: 107 < ¢qyy, < 0.1 TeV ™1
Prompt search: 0.1 < cgyy < 1TeV ™!

Data-driven background
estimate

m;-.° sidebands are used
for background

estimation

Backgrounds: h — yy,
multi-photon QCD
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H — aa — 4y: Results
» Upper limits on B(H = aa = 4y) at 95% CL for ¢,y = 107> and ¢,y =1

« NoO significant excesses

« Largest deviation in range 10 GeV < m, <

Long-lived search

F 10
T - ATLAS
g - /s =13 TeV, 140 fb”
T yp2L Sg%} =C1LO| |
@ i
C L
o -3
E e
o —
o -
o
2/ 1074
ALPswithlower Lot 1 1 1 1 o

— observed
---- expected

[lexp. 1o
exp. + 2
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detector
volume
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H - aa — 4y: Results
* Limits on BR converted into limit on ALP mass and coupling to photons ¢,y
assuming B(a - yy) =1, A=1TeV at 95% CL

« Significantly reduces the allowed parameter space that could explain (g — 2)u

* F ATLAS 3
10'F VS =13T i CMS Light-by-Light
(g =2 oE CMS byl scafering
arXiv:1708.00443 . E ATLAS LbyL E arXiv:1810.04602
T 10 £ Beam dump R |Caem=1_0§ ATLAS Light-by-Light
E 10k ——- Obs. limit |CEff| = 0.1 - scatfering
Beamdump < " F (9-2), f arXiv:2008.05355
experiments G 10 F 3
and supernova i ]
SN1987a :
arXiv:1509.00476 3

m,[GeV]
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https://arxiv.org/abs/1708.00443
https://arxiv.org/abs/1810.04602
https://arxiv.org/abs/2008.05355
https://arxiv.org/abs/1509.00476

Search for heavy H - multi-L + b-jets
JHEP 12 (2023) 081
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https://link.springer.com/article/10.1007/JHEP12(2023)081

H —» multi-1 + b-jets: Intfroduction
« Looking for a heavy scalar that decays with same-sign top, 3-top, 4-top final states

ss’r’r Tt tttg tt

g H f’tq pg H Pt Y
—— —— - Ptq H Ptt
t t Ptt -
A
t 9

« Benchmark models:

« General 2HDM without Z, symmetry with coupling to tops (g2HDM)
« R-parity-violating SUSY (not covered in this talk)

q

* g2HDM:
« Allows flavor changing neutral Higgs without affecting the alignment limit of the
SM Higgs
« Can address electroweak baryogenesis, strong CP problem, flavor problem
 Was not tested at the LHC before
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H — multi-l + b-jets: Analysis stratedy

c 1 - -
* ] 7 SRS % 0.9 ::iﬂgoséw,a 32213 TeV, 139 o™ .:taCKQround ts:n 2:
1F1 : . = 08 - —tttq —
« A DNN classifies event into 5 orthogonal regions & o;fst @ w ttq tt

* Then splits according to the lepton mulfiplicity
and charge

* Ireducible backgrounds:

_ : R
e ttW Mmalized to dat
ttW normalized to data QDBDBDD NS DD NS DB N
VWO N N N N NN LN N
AN AN N AN NN AN AN AN AN

 VV+HF, ttZ/y*+LF modelling corrected in
dedicated CRs

« Material conversion estimated in 2 CRs

« Reducible backgrounds :
« Fake leptons estimated via template method
« Charge-flip electrons rate measured in data

ATLAS Simulation
m,, = 400 GeV, Vs=13 TeV, 139 fb”’
p,=0.4,p,=0.2,p =0.2 Wittt

sstt  tiq ttt tttq

sstt

Signal fraction

. Z 0+ 1+ o+ o+ L+ o+ o+ %
USIng — ee + 1+ 0+ 0+ 0+ 0+ o+ +
N D N O N O N N 0 0O N N 0 0 N N
D O DD DN DO N PO N PO
: Jd A A PN & N
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H — multi-1 + b-jets: Results

« Post-fit (and pre-fit) event yields with expected signal

my = 900 GeV and couplings p;s = 0.6, p;. = 0.0, psy,

Signal regions

1.1

Conftrol regions
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H — multi-l + b-jets: Results

« Observed significance for a heavy « Observed and expected exclusion
scalar with my = 900 GeV as a function of imit at 95% CL for coupling values
The COUp|Iﬂg VCI|UeS ptt' ptC' ptu ptt — 04‘, ptC — 02, ptu — 02
normalized to their sum.

E‘ | | | | | | | | | | | | | | | | I | | | | | I l
P! 2iPi=1 3 = = ATLAS —— Prediction ]
ATLAS > & 1oL 's=13Tev, 1391 —— Observed limit |
(s=13 TeV, 139 fb” : & F 95%C.L.limits ;Expecteg Imit
—25 £ _ xpected limit £1c =
My = 900 GeV 5 S\ 92HDM Expected limit 26 -
Highest : 1 First collider limits
observed 8 . | .
significance i for g2HDM! :
\ 10—1 E_
p,=04,p =0.2,p =0.2
10—2 | | | | | | | | | | | | | | | | | | | | | | | | | |
200 400 600 800 1000 1200 1400

0
P! 2iPsi =1 P! XiPsi=1 my [GeV]

Limits with other coupling values in backups
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Search for X — 41 + MET/jets
arXiv:2401.04742

Blois 2024 — 23 October 2024 E. Cherepanova

18


https://arxiv.org/abs/2401.04742

X — 4l + MET/jets: Infroduction

Looking for heavy resonances with 4 leptons (e or u) + missing
transverse momenta (MET, E7**°) or jets in the final state

Benchmark models:
« 2HDM+S = scalar S can be a dark matter candidate
- consistent with baryogenesis scenario

Masses of the bosons:
* 390 < mgp < 1300 GeV
« 320 <my < 1300 GeV
¢ 220 < my < 1000 GeV

« mg = 160 GeV ’ /7y
}/{J/K%m’
_A_ o+
Main backgrounds: NG -
. qf - 77 (~84.6%) P b
e gg > ZZ (~11.7%) g /-
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X — 41 + MET /jets: Analysis strategy
my; > 200 GelV Signal region R— SH - 40+E™ and A — ZH — 4(+ X
SR1 Njets = 0 p%f > 20 GeV E%niss significance >2.0
3 lepton channels: 4u, 4e, 2u2e SR2 Mpjes =0 [ [ i’ > 10GeV [ EP™ significance > 3.5
0 SR3 5= 7 | pFf < 10GeV | 2.5 < ET™ significance < 3.5
« Two same flavor and opposite sign A5 7H S Al + X
pairs gﬁg " T2 m;; —mz| < 20 GeV
. Np-jets = 0 Im;; —mz| > 20 GeV
« Mass of lepton pair ~mass of Z SRG T
« Combined in the final fif SR7 M jers = 1
Cut based optimization of regions = ——— .
2 0-25:'?_TLAS Simulation | 5 ;f/l'LAfSSTIm\L/JIatlon l ?tmulated data ]
Linear interpolation to e e - os0.20Gov ; I et 056 |
. > [ ; ] 3 Prob = 0.52 7
generate signal shapes = ot - é :
I 107k
between generated mass o1
: 102F
plOﬂeS (mR; mH) and (mA;mH) 0.05f
I 10_35—
20- 3 10E
Background modelled with 2% . - -
empirical function* Tosf s
. %35 240 245 250 255 260 0:_10200 3(I)0 4(I)0 560 6(I)O 760 8(I)0 9(I)0 10I00 11I00 1200
*more in backup m,, [GeV] My [GeV]
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X — 41l + MET/jets: Results

Observed

Upper limits at 95% CL

No significant deviation
from the SM

R — SH — 41 + E"™*:
» Observed: 6.8-119.2fb
» Expected: 7.7 -70.3 fb

A—-7ZH - 4l + X;

> Observed: 2.1 —32.3 fb
» Expected: 2.9 — 18.8 fb
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ATLAS
\/s=13TeV, 139fb™ _
Observed 95% CL. upper limits

mg =160 GeV
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Expected

ATLAS
\/s=13TeV, 139fo™ _
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mg =160 GeV ]
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Summary and conclusions

* Plenty of possibilities for new physics in the extended Higgs sector

 Many inferesting searches for anomalous or additional Higgs bosons
are performed by ATLAS

« Could not cover all the work that has been done recently. Check out
these results t - H*b,H* —» ¢cb, t - gX,X — bb, Model independent W*H —
WEWEIW* - 1Fvitvjj, a —» pu in top quark pair events, High mass Zy, H - Za,a - yy

* No significant deviation from the SM has been observed so tfar
* More results with full Run-2 are to be expected

« Some of the analyses will continue in Run-3 and at the HL-LHC
- more production and decay channels

»Stay tuned!
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Low mass X — yy: Analysis s’rra’regy

* Event categorization with the

category BDT:

T T T T T T T T T T T T T T T T T T

Category Selection Requirement

Model-Independent categories

uu 2 unconverted photons
UC 1 converted photon and 1 unconverted photon
CC 2 converted photons

o)
o N ]
S- C VALTL;ASSTeV — Signal (m =60,80,100,120 GeV)
% 0.25 -y Conversion Inclusive Continuum 7y + i + j E
o 0.2 BDT 14 -- ZIy* > ee .
6 N ' ]
S C T |
= 015 "1 BDT2 P BDOTS3 N
© C - - .
L - . . -
01— Vo —_I_ : N
0.05F 1 : =
0 L . 1 1 1 1 1 1 1 1 T_ -I 1 h -.-; -I | a

-0.4 -0.2 0 0.2 0.4 O 6

Category BDT score

Model-Dependent categories

UUl UU and category BDT score < —0.2
UU3 UU and category BDT score [-0.2,0)
Uu3 UU and category BDT score >= 0
UCl1 UC and category BDT score < —0.2
ucC2 UC and category BDT score [0.2,0)
uC3 UC and category BDT score >=0
CC1 CC and category BDT score < —0.2
CC3 CC and category BDT score [-0.2,0)
CC3 CC and category BDT score >= 0

The expected number of signal events, fractions of each
Higgs boson production modes and the number of
background events per GeV at my,, = 90 GeV

SM-like Higgs boson (mpg = 90 GeV) Background
BDT Category Total ggF VBF WH ZH ttH Total DY
[%]  [%] [%] [%] [%]  [GeV™'] [GeV™']
1 741  97.1 12 1.0 06 0.1 18877 2179
2 942 934 29 21 12 04 14014 713
3 1187 724 135 6.7 40 34 6522 294
Total 2870 8577 68 3.7 22 1.6 39413 3186
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H - aa - 4y: Analysis strategy

At least 2 photons

Di-photon triggers
EY %% > 35 GeV

EYSublead 5 95 Gev

Photon reco categories:

4S: at least 1 tight ID y, all remaining loose 1D
3S: 3 tightID y

2M: 2 merged y, no additional loose ID y
1M1S: exactly 1 merged and 1 loose ID y

2S: 2 tight ID y, no additional loose ID y

4S,: at least 3 tight ID y, all remaining loose 1D

Blois 2024 — 23 October 2024

Model Parameters

Signal Region Definition

Long-lived ALP Search: Cyy, < 0.1

2M, IM1S and 2S Categories

0.1 GeV < m, < 3.5GeV

115 GeV < mireso < 130 GeV

3S Category

4S Category

3.5GeV <m, <10 GeV

mv

0 GeV < miy° < 10 GeV

105 GeV < m™®° < 130 GeV | 120 GeV < mfc°

mnv

< 130 GeV

0 GeV < my° < 12 GeV

10 GeV < m, <25 GeV

mv

6 GeV < miy° < 26 GeV

100 GeV < m™® < 125 GeV | 120 GeV < m™®

mnv

< 130 GeV

8 GeV < my®° < 28 GeV

25 GeV < m,, < 40 GeV

100 GeV < m™° < 125 GeV | 120 GeV < m™=°
20 GeV < m®® < 40 GeV | 23 GeV < m™*

< 130 GeV
< 43 GeV

40 GeV < m, < 62 GeV

90 GeV < m=® < 115 GeV | 120 GeV < mi*°
30 GeV < m;° < 65 GeV 38 GeV < m;°

< 130 GeV
< 65 GeV

Prompt ALP Search: 0.1 < Cy,,, <1

4§, Category

5GeV < m, <25 GeV

120 GeV < m™° < 130 GeV

my — me°| < 1 GeV
a a

25 GeV < m, < 40 GeV

120 GeV < m;*° < 130 GeV
|mg —my°| <2 GeV

40 GeV < m, < 50 GeV

120 GeV < m=*° < 130 GeV
|mg —my°| < 3 GeV

50 GeV < m, < 55 GeV

120 GeV < mi° < 130 GeV
|mg —m°| <5 GeV

55 GeV < m, < 62 GeV

120 GeV < mi:*° < 130 GeV
|mg —my°| < 8 GeV
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H — aa — 4y: Results
 Number of data and estimated background events in
the signal region of the most sensitive categories

_,@ r - 1+ 1+t + T+ + "1+ " 1T 1T °r 1T 11T 17 1T 1T 1711
GC) 107 ATLAS !
R . Data
Lﬁ Ys=13 TeV, 140 fb :

o« 10° | Bkg. Estimate and Uncertainty
(@) . =
o ; long-lived ! prompt Hoyy =
o 10 . =
-g . =
! =
s 10 . —=
Z | =
10° I =
> : =
10 " =
10 ® ® =

1 TR I TR e SRR P 0 0 X i
107 L1 1 1 N T A T A T O O I I O O |
232§ ggegeesezrrTeegidI gegessdgsessyrTeesaasssees
- (=) 9 Cu\)l (=} 9 CL‘\)I U)& U)n. (DD. mn. wn. (Du_ U)‘l wn_ mn_ (DD_ (/)0_ a o
< < < < < < < < <t < <
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Upper limit on B(H — aa —4y)

H - aa — 4y: Results Prompt search

. U pper |ImITS On o T | T T T T I T T T T T T T T T T T T I T T T T _ O 08X1I OI_;il T | T T T T I IIr.]l I4IS|pI ICIOITleIIgIOI | T T T T I
¥ 10" 1z 008 =
- - T = ATLAS — observed I 1 - ATLAS — observed 3
B (H aa 4)/) OT 95% @ C Vs =13 TeV, 140 fb™ ---- expected N @ 0'07:_ s=13TeV, 140 fb" ---- expected =
1 _ B C,.,=1 I exp. + 1o 7 - C,, = 1.0 (prompt decays) I exp. + 1o e
CL for different ALP T 102} 95% CL limits ep.t20 o T 008 959 Gl iimits exp.£26
photon coupling values & ] @ 0050 E
o (@] c .
M = -3 | = 0.04 —_
(long-lived search) E 107 = E F :
5 1 5 003 —
L] L] L] % [~ | & E E
* NO significant excesses 5 o+t 1 5 oo E
- 0.01F
1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | : 1 1 1
0 10 20 30 40 50 60 % 10 20 30 40 50 60
. m, [GeV] m, [GeV]
Long-lived search
10—1__ T T T T T T I__ ; 10—1__I L I__ /?-'\‘ 10—1__ I T I I__
= ATLAS — observed 3 vT E ATLAS — observed 3 ? = ATLAS — observed 3
C Vs =13 TeV, 140 fo ---- expected 1 o C Vs =13 TeV, 140 fo ---- expected 1 w C Vs=13TeV, 140 fo' ---- expected .
i Cyyy = 0.01 I exp. £ 1o 7 C,F i Cayy = 51 0* I exp. £ 1o 7 C,F i Cayy = 10° [ exp. £ 1o 7
102 95% CL limits exp. 20 5§ _ 10%g 95% CL limits exp. 20 5§ _ 10%g 95% CL limits exp. £26 3
; 1 @ - i @ - ]
- _ c - _ c - _
3 o i3 2 a3
10 ER-I 1 E 0 3
C ] > C ] o C i
- - o - - o - -
Q. [oX
1074 = E S 10 = E o 10* = E
L 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | i 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | i 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

m, [GeV] m, [GeV] m, [GeV]
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H — multi-l + b-jets: Analysis stratedy

» Description of the loose Inclusive
(“L"), medium inclusive ("M"),
medium exclusive ("*M.,"”), and
tight (“T") lepton definitions.

* Event selection summary:

« OS-SF is opposite sign charge
and same flavor leptons

« CAT == DNN category

u

Lepton categorization L | M | Mex T L | M I My T

Isolation Yes Yes

Non-prompt lepton BDT WP No Tight | Tight-not- | VeryTight No Tight | Tight-not- | VeryTight
VeryTight VeryTight

Identification Loose Tight Loose Medium

Electron charge-misassignment veto No Yes Not applicable

Electron conversion candidate veto No Yes (except e*) Not applicable

Transverse impact parameter <5 <3

significance |do|/oq,

Longitudinal impact parameter < 0.5mm

|zo sin 6]

Lepton category 2SS 3¢ 4¢

N (T, T) with > 1 p%0% | (L, T, M) with > 1 p%0% ||
Lepton definition (L,L,L,L)

Lepton pr [GeV ]

OS—SF [GeV ]
|mOS SF_myz| [GeV ]
Njets
Np—jets

(T, M) with > 2 b77%

(20, 20)

(10, 20, 20)

>2

>1 b60% ” >2 b77%

(L, M, M) with > 2 p77%

> 12
> 10

(10, 10, 10, 10)

Region split

(sstt, ttq, ttt, tttq, tttt) X (Q*F,077)

(ttt, tttq, tttt) X (QF, Q7)

Blois 2024 — 23 October 2024 E. Cher

Region naming

2¢SS ++ CAT sstt
2(SS ++ CAT ttq

2¢SS ++ CAT ttt

2SS ++ CAT tttq
2€SS ++ CAT tttt
2(SS —— CAT sstt
2(SS —— CAT ttq
2(SS —— CAT ttt

2¢SS —— CAT tttq
2(SS —— CAT tttt

3¢ ++ CAT ttt
3¢ ++ CAT tttq
3¢ ++ CAT tttt
3¢ —— CAT ttt
3¢ —— CAT titq
3¢ —— CAT tttt

4¢
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oxBR [pb]

H — multi-1 + b-jets: Results
« Observed and expected exclusion limit at 95% CL for different values of
fhe couplings pt. Prc: Pru

| T T 17T | |||||||| | |||||||| | LI | T T 17T | S l T T T | T T T | T | T T T | T T T 5‘ 3 | T T T I T T T | T T T T T T | T T T | T T T T T
] ATLAS - =3 | ATLAS - 12 10°e ATLAS - =
= —— Prediction = —— Prediction E —— Prediction 3
E (s=13TeV, 139 b — Observed mit 3@ gL VS=13TeV, 139 b — Observedlimit | [ Vs=13TeV, 139 o — Observed limit -
- 95%C.L.limts e Expected limit 18 - 95%C.Llimts e Expected limit e JPL 9 CLiimis e Expected limit
i [ Expected limit 16 7 C [ Expected limit 1o ] = [ Expected limit £16 3
- 92HDM Expected limit +26 | A\ 92HDM Expected limit +2 ] —\g2HDM Expected limit +26 3
10" = i
0 10k
1E
1072 ;
= C 10_1 E
i pﬁ=1, ptu=0, ptc=0 - pn=0, ptu=0.2, ptc=0.2 E pu=0.6, ptu=1 A, ptc=0
1 0_3 | L 111 | | I I I | | 111 1 | 11 1 | 111 | 1 1 | 1l 11 1 | 1 0—2 | | 1 | | | | | | | | | | | 1 Il | 1 1 1 | | | | | | 1 0—2 T 1 | Il I I | 1 | 1 | 1 | | | | | | | | | | Il | | | 1
400 500 600 700 800 900 1000 110 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400

my [GeV] my, [GeV] my, [GeV]

» Observed and expected exclusion Iimit at 95% CL for different values of
fhe couplings pit, Pec. Pru
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X — 4l + MET /jets: Analysis strategy

« Background modelled with empirical function for 200 < m4;< 1200 GeV':

10

102 E ' ' ' ' ‘ ' ' ' '
F ATLAS Simulation + Simulated data

(2] E v T T T T T T T T 49
f(mae) = H(mg — mye) fi(mag) C1 + H(mge — mg) fo(mae) Co, § | ATLAS Simulation } Simulated data S
o [4/s=13TeV — Fit 1 @ [Vs=13Tev — Fit .
10 Fqq —» ZZ — 4¢ Statistical Uncertainty 3 1qq > 27— 4¢ Statistical Uncertainty
oA X?ndf=0.96 ] SRz X3ndf=1.11 1
2 3 Prob=052 7  1o-10 Prob =0.32
al-m4g+a2-m4t, i ] g E
fi(mae) = ’ 10k
1 +exp (%) : 102
3 i
by (Bo+bs-in(2sL)) 107 10
ma¢ mag nc i
falmge) = (1-—| -|— , 10
nc nc £ 4
i 10
3 10 3 10 :
Cl = 1 , C2 = 1 . § 5F é 5
f1(mo) fa(mo) 5 Oy T 2 0 L e T e L —
s 5¢ § -5
L [0
200 300 400 500 600 700 800 900 1000 1100 1200 200 300 400 500 600 700 800 900 1000 1100 1200
my,[GeV] my, [GeV]

f1 models the ZZ threshold around 2 - m,

f> models the high mass tail
Transition between f; and f, performed by the Heaviside step function H(x) around m,

my is fixed to 260 GeV (qq —» ZZ ), 240 GeV (gg - ZZ ), 250 GeV(VVV) and 230 GeV (other

backgrounds)
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X — 4l + MET /jets: Results

« Observed and expected my,; distributions

a % [ ATLAS ; } Data ] o 10°F A\[TLAS 1 { Data 3 > 10°F y’LAS 1 } Data 3
(O] 2 \/s=13TeV, 139fb™ _ 0] Fv/s=13TeV, 139fb~ E 0] Fv/s=13TeV, 139fb~ ]
e~ E ’ A = E| ’ : - F ’ : - ]
o 1FE YT Ers [J(ma,m) = (500, 300) GeV 3 4 N SHo 4 E1 [me, my) = (500,300) GeV ] Pt N SH o ach P [J(mz, my) = (500, 300) GeV :
e~ © [ SR1 — Background ] w© 10k SR2 — Background ] w© 10 SR3 — Background
@ L % Uncertainty & F % Uncertainty & % Uncertainty
2 10 4 2 2
] ¢ ] 5 5
= [ ] > >
+ m i 1 i i i
~ i [T SR1 SR2 SR3 |
T 107'F 5 ]
| | _
T 107 | 3 ]
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- i j j - 1 02 E j j - 102 = j j j ! j j j j j -
E R TeV, 1391b™" t pata ] E ; \A}ILAS TeV, 139fb™" t pata ] E /\‘/ILAS TeV, 139 1o t pata
2| v/s=13TeV, 139fb~ _ -, [ Vs=13TeV, 139fb™ _ ] [ vVs=13TeV, 139fb™ _ ]
>< o 107N [J(ma, mi) = (510,380) GeV 3 S i [ J(ma my) = (510,380) GeV o DT [ J(ma, my) = (510,380) GeV ]
© I SR1 — Background 1 0 10 E SR2 — Background E 0 — Background i
—|— E 10 Lt 7% Uncertainty ] E i % Uncertainty E % Uncertainty E
~ § F § 1 e § 1
< " SR1 ] SR2 P SR3
1 E b ] ]
T ul Lot :
: 107 E E
N i o |
— a a
@ @ @
e 1F 3 e 1F E e 1 E
& & &
< £ o 1 £ of 4 £ of ]
5 s 5 ]
o 2 - 5 -
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