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1 - The ATLAS experiment at the LHC
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1 - The ATLAS experiment at the LHC

% Large Hadron Collider (LHC)

lanneau LH&du, =
27 km,de‘circonférence s

% Proton collider (and heavy ion)
> s=13.6TeV
> Collision rate = 40 MHz

% Localisation : Geneva
> 4 collision points
m LHCDb, Alice, CMS et ATLAS!

€@ LHC/HL-LHCPlan ¢ HiLymi y

;m‘de circonférence

LT, 0.
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1 - The ATLAS experiment at the LHC

*

K/ K/
0’0 0’0

A Toroidal LHC ApparatuS (ATLAS)

General purpose detector
Composed of layers of sub-dectectors :

> Tracker : position, charge, momentum

>  Calorimeter (electromagnetic and hadronic) : energy, position
> Muon spectrometer : Momentum, position

Muon detector

Electromagnetic
calorimeters

Solenoid

Barrel toroid

Hadronic calorimeters
Inner detector

End-cap toroid

Beam axis

weakly interactive particle like neutrinos are
not directly detected
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

Standard Model (SM) is working very
well 26.8% Dark

Elad-lg
| NGIS
But... some questions remain... : Seets
mmm Matter,

dark matter, dark energy, gravity...

Need to look beyond !

direct searches — T Indirect searches

New resonances Precision measurement of SM
E‘ 53003:_ A_TLAS Prel}mma_“, 4 Data 3 processes
._ k 15=13TeV, 120%0 — Fit 3
£ 4600.’/; ----- Background é

e.g.
Higgs boson , _ o |
s i i i , My interest in final state with two leptons
dlscovery 2 E ‘ =

g 1mf 3
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* AIM

Discovery

: 4
4

fa

Precise measurements of resonance properties

Validation of Theoretical Models

1 2

Exclusion

Constraints Th

eoretical Models

Exploration of New Physics
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* From inclusive to exclusive search

%  Theoretical motivation :
> New Z' gauge boson in BSM theories.
[ | Additional SU(2) or U(1) gauge symmetry.
] TeV scale.

ATLAS

EXPERIMENT m_ee=4.06TeV

Run Number: 336852, Event Number: 1440436043

Date: 2017-09-29 11:44:35 CEST
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* From inclusive to exclusive search

— 5
©
o 45 ATLAS Vs =13 TeV, 139 fb™
e 0-width resonance
3 3 ;
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< Inclusive search : pp -> €€ S 2H: - 8 g
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* From inclusive to exclusive search

% My focus : Exclusive search : pp -> €€ + X
> Reduce SM backgrounds + better sensitivity
> Channels investigated at LAPP :
[ | X = dark matter particles (Z’+MET channel)

- ','\\ beam _
ot \ \\ \ — pipe
\,\,\\ \\ngﬁi? —
- , N », viunderlying
7= —@;@p&&" il event

3 j' H]
H‘ | ‘\

VIR

{
QY
2

_event—— TREIN
b%amr e é//’ V/‘?l;
pipe /i /
//,//
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* From inclusive to exclusive search

% My focus : Exclusive search : pp -> €€ + X
> Reduce SM backgrounds + better sensitivity
> Channels investigated at LAPP :
m X =dark matter particles (Z+MET channel) T
_——ph

underlying
event

ATLAS detector

pipe
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* From inclusive to exclusive search

< My focus : Exclusive search : pp -> €€ + X
> Reduce SM backgrounds + better sensitivity
> Channels investigated at LAPP :
m X =dark matter particles (Z+MET channel)
m X =2 back-to-back jets (VBF channel)

q q

VBF Process

q q

forward jets
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* Z+MET benchmark signal models Dark Higgs:
% 2 signal models
% 6 parameters per model :
> 3 couplings: gq, gl and gD
> 3 masses
% Z mass: 200 - 1000 GeV
% Dark sector particles masses :
Dark Higgs Light Vector
Light dark-sector ~ m, =5 GeV my, =35 GeV
my, = 125 GeV  my, =m,, + mz + 25 GeV
Heavy dark-sector m, =35 GeV my, =mgz [2
My, = Mz my, =2mz
https://arxiv.org/pdf/1504.01386.pdf
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

% Analysis strateqy

Search in the dilepton invariant mass spectrum resonances with the run 2 dataset

%  Selections to look for interesting events :
> 2 identified oppositely charged leptons (electrons or muons)
> Large missing transverse energy ( > 55 GeV)
> b-jet veto
>
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

% Analysis strateqy

Search in the dilepton invariant mass spectrum resonances with the run 2 dataset

% Test compatibility between SM processes and data
> |dentified the dominant backgrounds

> Same task as trying to find all the ingredients of a special Préfou oo .
Ying J P Special ingredient ?

butter

%  Special Préfou
o Cooked during 2015-2018
o at180°C
o stable oven condition

bread

garlic
4
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

% Analysis strateqy

Search in the dilepton invariant mass spectrum resonances with the run 2 dataset

% Test compatibility between SM processes and data
> |dentified the dominant backgrounds
>  Same task as trying to find all the ingredients of a special Préfou

'Eu?é}

BSM process ?

%  Signal-like sample
o Collect during 2015-2018 (Run2)
o atVs=13TeV
o stable beam condition

o\wﬁ’c?

1=
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

% Analysis strateqy

%  Generated signal samples for Z' mass spreading from 200 GeV to 1 TeV.
> Add selection on m_IlI > 180 GeV
> Using MC samples every 100 GeV + morphed samples to have a continuous scan
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association

with missing transverse energy

% Analysis strateqy

% Signal Region (SR) :
> Signal enriched region
|

%  Control Region (CR):

search for an excess over the SM backgrounds.

>  Region use to improve the modeling of a background.

m SR-like selection
m Pure

% Validation Region (VRs):

>  Regions use to validate the background estimation

m SR-like selection
m Pure
— difficult task !

CR-Diboson

______

_________________

.................

_________________

Miey (GeV]
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association

with missing transverse energy

»* Statistical Model

< Profile Likelihood function

> Use to estimate the parameter of interests while taking into account uncertainty introduced by

nuisance parameters.
Gaussian function

Parameter of interest (strength of the signal, scale uses to propagate
factors of each background) the NPi in the
data / Prediction of signal events in bin i model.
\_‘ — - - — —_— - f
L0, k) = [ [ P(n:]Si(0, k) + B;(6,k)) x [] G (6;)
i N j
Prediction of background events in the bin i.
Poisson distribution
Nuisance o
(systematics)
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association

with missing transverse energy

* Results

% Background modeling :
> Z->ll CR and VR post fit result in the electron channel

% v ' " v . b (3 ! T 5 > loﬂ T . T r r T r T T _I
9 40 ATLAS Preliminary -+4-Data : 3 _F ATLAS Preliminary +-Data
3 [ (5=13Tev, 14010 Dzy 1 2 1°F 5= 13Tev, 140 b oz ]
§ 10°f CR-Z [C] Diboson 1 5 10k VR-Z W Top 1
& Electron channel W Top 1 @ Electron channel [C]Diboson
Cl FNP 3 10° [:] FNP 1
7 Uncertainty 2
10? y 1 107 / Uncertainty ] 1
10° 1 10
10
10?
10 102
10° 10°E, : :
2 o
n 1.05] & 125 + T I .
E o ; < cm.’ ,* ki sy, tﬁi* + T y
g 09 % 0.75
0.9 3 9 os - - -
%107 2x10° 3x10°  4x10° 10°
M. [GeV]
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

> ¥ Al L L Y T
* M 8 10° ATLAS Preliminary Signals: Light-vector  «¢-Data
E 8 {s=13Tev, 140 w! light dark-sector B
€ 10°) SRL:S<E; <8, 0bjets *==- m(Z)=300 GeV' [ rocon
L% Electronchannel - m(Z')=500 GeV 2y
10° i .- m(Z)=700 GeV
[CJrne

77 Uncertainty

% Signal region post fit :

Data !/ Bkg
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* Results

% Signal region fit :

CR-Z CR-Top (eu) CR-Diboson SR-binl SR-bin2 SR-bin3
Observed 125359 45003 1161 6508 2340 801
Total Background 125360 + 350 45010+ 210 1158 + 33 6490 £ 80 2370 £ 40 786 + 20
Drell-Yan 118700 + 800 62.7+2.0 60 +4 1100 = 140 58+4 149 + 0.7
Top 2420 + 180 40 600 = 500 47+5 3180 £210 145090 379 + 26
Diboson 2780 + 140 3400 + 170 1036 + 34 1880 + 90 750 + 35 350 + 15
Fakes 1500 + 600 900 + 400 155+2.5 330+ 180 11070 41 £ 26
LVM LDS, mz: = 245 GeV 00 00 00 1+8 1+7 1+7

Very good agreement with
the Standard Model
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* Results

% Signal region fit :

CR-Z CR-Top (eu) CR-Diboson SR-binl SR-bin2 SR-bin3
| Observed 125359 45003 1161 6508 2340 801 |
i Total Background 125360 + 350 45010 + 210 1158 + 33 6490 + 80 2370 + 40 786 + 20 i
Drell-Yan 118700 + 800 62.7+2.0 60 +4 1100 + 140 58+4 149 + 0.7
Top 2420 + 180 40 600 + 500 47+5 3180+ 210 1450+ 90 379 + 26
Diboson 2780 + 140 3400 + 170 1036 + 34 1880 + 90 750 + 35 350+ 15
Fakes 1500 + 600 900 + 400 15.5+2.5 330+ 180 110+70 41 + 26
LVM LDS, mz: = 245 GeV 0+0 0+0 0+0 1+8 147 1+7

Very good agreement with
the Standard Model
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* Results

% Local significance

T
Y —— Electron channel 3
fs = 13 Tev, 140 fb” ~ Muon channel E
Light-vector - light dark-sector —— Dilepton channel 1

Local significance [o]
N W s O

— No excess above 3o

2x10° 3x10° 4xi02 — l 10°
m,. [GeV]
background only hypothesis
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association
with missing transverse energy

* Results

% Limits on the Z' cross-section as a function of mZ’

(Wt IE I d

= 3 reliminal = EXpecs

§ i rooeon B . . -
5 B e ity =i None of the simulated signal points using
X 10 --. ' e neon a0 y .

2 10 - = Pnyia; 000 — a Z'll coupling of gl = 0.01 are excluded
] -- eory, gi-0.0l

&

1

®
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T . :

[~ ATLAS Preliminary ExPeC:eg s

L [ Expected +
Vs=13TeV, 140 fo*

o Expected + 26

.12[— Light-vector - light dark-sector E' Obr.:.erved

C Electron channel, 95% CL

o
o
IS

Lepton coupling
o
=

[

2107 AR 10 507 T T 0:: Lepton coupling limits
Ll 3 ——Jpp extracted from the
004 cross-section limits
0.02F N
2G -102 3 I102 4 ‘102 5 -102 10°
m, [GeV]
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3 - Conclusion
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3 - Conclusion

Y/
0’0

A search for a new leptonically decaying neutral vector boson in association with missing

transverse energy in proton—proton collisions at Vs=13 TeV with the ATLAS detector has
been presented.

% No excess found over the SM backgrounds
> New limits set (cross-section and coupling)
m  An order of magnitude better than the inclusive search!

BSM
physics ‘

the rest
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SR SELECTION

Variable SR-bin1 SR-bin2 SR-bin 3
Be 5-8 B-18 =12
Emss [GeV] > 55 - -
Num. b-jets (85% WP) 0 0 0
my; [GeV] > 180 > 180 > 180

2L
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SR BKGS ESTIMATIONS

SR-bin 1 SR-bin 2 SR-bin 3

ee Hu ee pu ee Hu

Z/y* > € 145% 18.6% 14% 45% 04% 3.5%
Z/yv* > 1t 08% 0.5% 1.1%  0.6% 1.9%  0.8%
V+y 18% 20% 06% 06% 09% 0.5%

tt 442% 41.2% 53.0% 529% 39.0% 42.9%
Single-top 10.3%  9.7% 14.0% 13.0% 14.7% 12.6%
VV = €lvy 263% 25.5% 27.2% 25.3% 38.0% 33.9%
VV (other) 2.1% 2.5% 2.6% 3.1% 5.1% 5.8%
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BINNING

10g (xmax) ks 10g (xmin)
Npins .

binwidth =
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Emis.\.sig

T

miss
miss, sig |pT
r2(1 — p2.)
IR T T

oL is the longitudinal component of pLT is the correlation factor

the total transverse momentum between the parallel and
resolution for all objects in perpendicular components of the
the even transverse momentum resolution

for each object
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CONTROL REGION SELECTION

CR-Z CR-Top CR-Diboson SRs
Channel ee, U eu ee, Uu ee, Uu
my [GeV] > 180 > 180 |70, 95] > 180
Num. b-jets 0 - 0 0
B ve 1-3 5-8 = 12 5-8,8-12, > 12

b
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CONTROL REGION PURITY

Channel Z+jets  Top  Diboson Fakes

CR-Z ee 93.7% 2.1% 2.1% 2.0%
UM 955% 2.2% 2.2% 0.2%

CR-Top e 0.1%  90.9% 7.4% 1.6%
CR-Diboson ee 58%  42%  871.3%  2.7%
UL 6.1% 5.6%  87.5%  0.8%
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VALIDATION REGION SELECTION

VR-Z VR-Top VR-Diboson SRs
Channel ee, U e ee, U ee, uu
my; [GeV] > 180 > 180 95-120 > 180
Num. b-jets 0 0 0 0
By T 35  >8 > 8 3i88-17, =12

T

22
[ Tom Cavaliere - LAPP JRJC 24/10/2023 |




