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Introduction

Supersymmetry (SUSY) is an extension of the Standard Model (SM)
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R-parity distinguishes between
SM and SUSY particles.

A new fermionic/bosonic supersymmetric
partner to each boson/fermion in the SM with
spin differing by "2 unit is introduced.

The superpartners of the SM Higgs and the
electroweak gauge bosons, known as
electroweakinos, mix to form chargino ¥* and
neutralino ¥° mass eigenstates.

R-parity conservation (RPC): SUSY particles are
produced in pairs and the lightest supersymmetric
particle (LSP) is stable and weakly interacting, thus
a candidate for dark matter.

R-parity violation (RPV): Additional terms in the
Lagrangian potential Wy, allow for RPV
interactions, including the decay of the lightest
neutralino into softer particles.



Introduction

Wide program of SUSY searches in ATLAS with R-parity conserving or violating

models
* Strong see B. Martin’s talk
« 3rd generation
- Electroweak — focus of this talk 104 pp. v = 13 Te, NLOFLL - NNLOsporox +NNLL
— §g —— XX (higgsino)
. aq — X1 X1 (wino)
Electroweak production has a 107 ] — 4’ 273 (wino)
relatively small cross section ek T
compared to strong production £ 1o
Challenging signatures § e

Many uncovered regions in the
exclusion contours

Advanced analysis techniques and 10~ -
large dataset needed to gain sensitivity
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Outline

Covering new results by the ATLAS collaboration!
All results targeting electroweak production of SUSY particles using the full
Run 2 dataset collected at /s = 13 TeV:

 All hadronic [Phys.Rev.D 104, 112010]

« 2 leptons and = 2 jets analysis [CERN-EP-2022-014]

2 leptons and O jets analysis [ATLAS-CONF-2022-006]

« RPV with leptons and many jets [EPJC 81 (2021) 1023]

Other new analyses | won’t have time to cover:
 WW unfolding for 2L0J analysis [ATLAS-CONF-2022-011, backup slide]
« 3 leptons search [Eur. Phys. J. C 81 (2021) 1118, backup slide]
* Long lived particles with large dE/dx [SUSY-2018-42, see M. Proffitt’s talk]



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112010
https://cds.cern.ch/record/2807817
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/
https://link.springer.com/article/10.1140/epjc/s10052-021-09761-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-011
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-011
https://link.springer.com/article/10.1140/epjc/s10052-021-09749-7
https://link.springer.com/article/10.1140/epjc/s10052-021-09749-7
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/

All hadronic

Targeted models:
* Production of heavy charginos/neutralinos in .
different bino/wino/higgsino mass hierarchies.

Signature: Large radius jets for the hadronic decays of W,
Z and Higgs bosons, < 2 b-jets and missing transverse

energy (E&Iss)

Background estimation: Z+jets, W+jets, tt, and Wt
backgrounds normalized to data in Control Regions (CRs).

Signal region (SR): events selected with hard kinematics
using the effective mass of the two leading large radius
jets and EXIS_4Q and 2B2Q SRs to target qqqq and bbqq
final states, respectively.

Events

Significance

[Phys.Rev.D 104, 112010]

Production of light higgsinos decaying into gravitinos (G) in
general gauge mediation (GGM) or decaying into axinos (a)
assuming the SM extension with a QCD axion (new model)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112010

All hadronic
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models for various B(¥5 - Z¥}).

The (H, B) hierarchy well motivated when the
mass of a bino-like 7! is half the Z/H boson
mass and the LSP dark matter can annihilate via

).

the Z/H resonance (

Data compatible with SM — exclusion limits set on
SUSY particles masses at 95% confidence level (CL).

[Phys.Rev.D 104, 112010]

March 2022 ATLAS Preliminary Vs=13 TeV, 36.1-139 f5!
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112010

2 leptons and 2 jets

[CERN-EP-2022-014]

Targeted models: _ _ h/Z
- Production of charginos and Production of neutralinos » s
neutralinos decaying into decaying into a nearly X1 __aZ a
LSP neutralinos. massless gravitino through a
Higgs/Z boson assuming .
» gauge-mediated SUSY ) X1 N G
Signature: 2 Same Flavour breaking (GMSB). b
(SF) leptons, = 2 jets and h/Z
E’{‘rllss. — T T T T T T T T T T T T T T T T T T T T —]
‘g = ATLAS ¢ Data ~= Standard Model 3 OffShell
Background estimation: PIET fetsTev 130t Diboson Other g o -?n’E
Drell-Yann (DY), Z+jets, tt, E B Ziy*+jets Ml Top 3 ond ik
and VZ (with V = W or 2) = regionsg
backgrounds normalized to 10 — target
data in CRs. = get
1 ] increasing
SR: Cut-and-count event ; = ::iSP_LSP
selection to target different g splittings.

SUSY particle masses.



https://cds.cern.ch/record/2807817

2 leptons and 2 jets
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March 2022 ATLAS Prellmlnary
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Excluded branching fractions B(7) - h G)
complement the sensitivity reached by
previous searches and fully exclude the model
for masses between 300 and 800 GeV. 8


https://cds.cern.ch/record/2807817

[ATLAS-CONF-2022-006]

2 leptons and no jets g

Targeted models: : 5 ’< 5
° ( = X1

Production of sleptons (selectrons+smuons) decaying into neutralinos through leptons o

Signature: 2 SF leptons, 0/1 jets and EXISs, ;7\?«, 0
) :

Background estimation: SF events of flavour « /
symmetric backgrounds from Different Flavour (DF) 20
events in data. S 4
SR: Cut-and-count event selection. ?:S 60
Different SRs in m15° to target different SUSY = - - - ExpeciedLinit(s1o,,)

I | m n mpr m I.tt.n S. <% < S Observed Limit (+1 cigfr‘;
particle masses in compressed mass splitting s = (103 New results

40 ATLAS 13 TeV, arXiv:1911.12606
Data compatible with SM prediction. B s sTev, axivtans s :;i?;‘:il'fp
Slepton masses excluded up to 150 GeV at 95% CL 3 B o5, oo limits and
Y ~ ~0 .
for mass Spllttlngs Am(f, Xl) Up tO 50 GeV . ATLAS 13 TeV, arXiv:1908.08215 cover the
ap between

Limits also set for smuons separately! ‘0 ATLAS Preliminary grcleovious
Excluded portions of the region expected to be Vs=13 TeV, 139 fb”, All limits at 95% CL results
compatible with the g — 2 anomaly for small tan o

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1
i 100 120 140 160 180 200 220 240 260
[see backup slide]. mj [GeV] 9



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/

[ATLAS-CONF-2022-006]

2 leptons and no jets

Targeted models:
« Production of charginos decaying into neutralinos through W bosons

Signature: 2 SF or DF leptons, no jets and EMIss,
Very challenging signature
» low signal production cross section
 signal similar to the WW background o wRwWF
« targeting compressed mass splittings

[GeV]

ATLAS Preliminary

. ] _ ST 60 Is=13 TeV, 139 fb”
Background estimation: VV and top (tt and Wt) € All limits at 95% CL
. . - = - - Expected Limit (+10,,,) New results
backgrounds normalized to data in CRs. 5OBE o Onserved Limi (o102 de th
ATLAS 13 TeV, arXiv:1908.08215 zl:ll'EeArgea -? Ve
. . eV, arXiv: . EE
SR: Event selection based on BDTs. Multi-class 10[| T i
T : . , ereluce results and
classification with 4 ouput scores: BD T-signal, g extend the
BDT-VV, BDT-top, BDT-others. 30 _
previous

SR defined for high values of BDT-signal. ATLAS 13 TeV

results for
small chargino
masses.

20

Data compatible with SM prediction
Chargino masses excluded up to 135 GeV at

95% CL for Am(7, #?) upto 100 Gev. Bl Ll
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M) [GeV] 10
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/

[EPJC 81 (2021) 1023]

RPV with leptons and many jets

Targeted models: Production of charginos and neutralinos in RPV models »

, S
Wgpy = AijkLiLjex + 'k Qi Lidg +"A ijk’micdjc d, + m;L;H,

A"351 # 0 allows %7, - tbs and #i — bbs decays

Signature: 1¢ or 2¢ with same charge and high jet multiplicity

First limits on direct production of electroweakinos with
fully hadronic RPV decays since LEP!

Background estimation:
« data driven, based on predicting the high

jet multiplicity (up to 10/15 jets) from the ) T T g T ]
. = [ Higgsino LSP ATLAS ] = - Wino LSP ATLAS
medlum One. E | | | ST [ ppei?i?yz,i:&g —@— Obs. limit 1 93 i PP"%?%? —@— Obs. limit
E 10t ATLAS -®- Data CI’X'_ | i?,z — tbs, ¥’ — bbs = Exp. limit (= 1, 20, ) 13 | 2’2 - tbs, % — bbs = Exp. limit (= 1,20, )
* A NN trained 107 Vs =13TeV, 139 0" Wit vjes o N 4| (s=13Tev, 139" [ Higesino pairproa. - 152y | | 4| Vs=13Tev, 139" [ Wino pair prod. (= 105"
eu+ 5 jets (pr>20 GeV) X 10 o 1 o 107 ¢ o E
. 10° Other s All limits at 95% CL a All limits at 95% CL
using g
) |
distance g
. 5 3 |
correlation 10° ¢ f
training to
ensure T 14 ! I = 5 ]
. . 8 12 | % 10° ]
Invariance = ¢ R i L) L A L L L
un d ern R i i i 200 300 400 200 300 400
—i . 1 2 3 >4 0 ~0
b—jets N m(x,) [GeV] m(x,) [GeV]

| | | | ]
123 41 23 4123 4 12 3 4

. NN, bin
SR: Event selection based on nje¢s.

Electroweakinos with higgsino (wino) masses between
200 (197) GeV and 320 (365) GeV excluded at 95% CL. 11


https://link.springer.com/article/10.1140/epjc/s10052-021-09761-x

Higgsino constraints

Higgsino searches very well motivated

» Higgsino mass connected to the scale of
the electroweak symmetry breaking.

* The naturalness argument requires it to be
around the electroweak scale.

Existing gap between soft lepton searches
and

A search for soft displaced tracks arising
from chargino/neutralino decays into
pions could cover the gap!
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7Tj:

Novel approach using a soft displaced track,
never performed before at LHC.
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. pp — %5, T8, T4 7, 14 X3 (Higgsino)

< Al limits at 95% CL B
N — QObserved limits T
- - Expected limits i

3¢ + Soft 2¢, arXiv:2106.01676, 1911.12606, m()Zg) = m(i?) + 2Am()21i, )Z?)
Disappearing track, arXiv:2201.02472, m(x3) = m(x9)
LEP2 {; excluded

*  Theoretical prediction for pure Higgsino

L
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|||||||||||||||
||||||||||||
|||||||||

Expected exclusion limits
for Run2 and HL-LHC

PRL 124 (2020) 101801

12


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.101801

Conclusions

New set of compelling results published by the ATLAS collaboration.
Tighter constraints set on the masses of SUSY particles.

New signal models considered.
Regions with compressed mass splittings excluded.

No SUSY found yet, the SM is surviving our new ATLAS searches...
Many models and phase space regions not explored yet!

Larger datasets, improved data analysis techniques or even dedicated new searches
needed.

Rung3 is due to start this year — for future discoveries!
-y



Thank you for your attention!
Any questions?
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[SUSY-2018-42]

WW unfolding for 2L0J analysis

Motivation: W background was the main
background process in the 2¢+0jets analysis.

WW background was estimated with a scale factor in
CR-WW, which resulted to be uyy, = 1.25 + 0.11.

Unfolded differential cross section as a
function of A¢ between the two leptons

with largest systematic uncertainty coming from jet
measurements (12%).

& 80 ) Uniodeddata

— " ATLAS Preliminary —— Powheg-Box+Pythia8,k=1.13* ]

- Differences from unity of scaling factors é‘ o5 Vs =13TeV, 139 fb SIPPAER ALY -
suggest mismodelling in the phase space N - Stat. ® Syst. N

© B *with Sherpa+OL gg-» WW, k=1.7 =

targeted by the search. >~ 20 ~
 Fiducial and differential measurement of WW o - Unfolded data .
background. © 15 excess for low ) E

- A¢ values [ . ]

Unfolded fiducial cross section: gy, = 19.2 + 2.6 fb, oF ¢ o —_ E

!
|
|

Unfolded scale factor ulo °'*“? = 1.22 compatible

with the result from 2¢+0jets analysis.

|

Theory / Data
(X}

Validation of the SM in a particularly interesting region
for supersymmetric searches. 7AYo 16


https://link.springer.com/article/10.1140/epjc/s10052-019-7594-6
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/

[Eur. Phys. J. C 81 (2021) 1118]

3 leptons search

Targeted models: Charginos and neutralinos

Signature: Leptonic decays of W, Z and SM

Higgs bosons (Higgs boson decaying into
leptons+X via WW, ZZ, or t1).

Background estimation: WZ background normalized to data in CRs. ¢

SR: Independent optimisation for the on-shell WZ, off-shell WZ, and Wh selections.

— 600 %ok, WZ 7%, Wino/bino(+) m(x;)=m) Wino/bino limits 60 %o% :—~WZ 7 % higgsino mx )=(mG_) + m(x ))/2
> B - - Expected Limit (+ 1o =9 C \ &
g [ AnA8 — Oneaes L'i'"n:n;(:"bi;:’m) setat640 GeVfor 3 |
- S e . Limit on- . O C
~ 500 [ Alllimits at 95% CL —Ob:. L:m:t g;_:h:“ the WZ'med Iated = 50F
ljf C Obs. Limit compressed . . = C ATLAS
E 400 - rasetevecuied | gignal model inthe <3 4F eta oV, 130 1"
N " ~0 ¥ : Al limits at 95% CL
- limit of massless X1 S C L - - Expected Limit (= 10,,,)
B 30— & ! — Observed Limit (+ 1o,,,)
- at 300 GeV for . A — Obs. Limit off-shell
L L r N\ ey Obs. Limit compressed
: mass splittings 088 - LEP excluded
- p ~+ ~0 F- E
s ) between 7 / X3 100
0 : v by v P v b vy by g | 3| ‘ll P I and 70 Close to m ) : _________________ :
F e A M ! ? 900 120 140 160 180 200 220 240 260 280 300
m; . %) [GeV] D
! M) [GeV]

Higgsino limits
combined with the 2¢

analysis targeting
compressed mass
spectra.

72 masses excluded up
to 210 GeV for WZ-
mediated signal models
with a mass splitting of

2—60 GeV.
17


https://link.springer.com/article/10.1140/epjc/s10052-021-09749-7

[SUSY-2018-42]

Long lived particles with large dE/dXx

s

Targeted models: Charginos and sleptons as Long
Lived Particles (LLPs) 2

Signature: isolated tracks with high p; and large
specific ionisation.

Reconstruction of the mass for each track from the p

Bethe-Bloch relation: " _ Preco
I By(dE/dx)co)

Background estimation: mass distribution of > U ATLlASP o o L
. . G, 18001~ reliminary pp =% X, /PP =% X,
SM tracks estimated in CRs close to the SRs. T 1a00). E-13TeV 13010 7 Exclusion limits set
k=1 1400:_ All limits at 95% CL 1 asa function of LLP
Signal region: dE/dx larger than 1.8 MeV N 1 lifetime 7.
g~1cm?. Different SRs in dE/dx to target ok = ,
different LLPs. . o ] LLP| C(?acgglnot mZaSZS_?SV
- —— Observed < excluded up to 2.2 TeV,
Observed data excess with global significance jzz: o el LLP tau masses
3.60 in an high mass inclusive SR — calls for - S F excluded up to 1.07 TeV
further investigation. 200’_"""1' e T 3 at95% CL.

(%) [ns] 18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/

The ATLAS detector .

- . ——
e :
.................... (A — = s
...... \ | p —_ . \
s y = A N
W o S0 - gy AN
25m 4 ‘ . |
| \ ==
W\ ey B ,
| \\\ W = B = Tile calorimeters
Ty \;\ ) LAr hadronic end-cap and
A s , forward calorimeters
______________ Pixel detector
----- Toroid magnets LAr electromagnetic calorimeters
Muon chambaers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
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SUSY search strategy

« Signal regions (SRs) are defined where
the excesses of data would be expected
over the SM if there was a signal present.

SR

« Control regions (CRs) are kinematically
similar to the SRs but with suppressed
signal. They are used to extract data-
driven normalisation factors for dominant
background components using
simultaneous likelihood fit. CRZ [vee=—==

observable 2

* Validation regions (VRs) are used to CR1 |------1
check that background estimates provide

accurate normalisation and shape of the
distributions before unblinding the SRs.

observable 1



ummary of ATLAS searches

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2022 Vs =13TeV
Model Signature  [£dr[fb™) Mass limit Reference
T T T — T T T T —
4. 3% Oep  2-6jets EP™ 139 1.85 m(¥})<400 GeV 2010.14293
8 mono-jet 1-3 jets E} 155 139 G [8% Degen.] 0.9 m(fi)-m(f(?)=5 GeV 2102.10874
S ot Oe,pu 2-6jets EFS 139 |z 23 2010.14293
= z Forbidden 1.15-1.95 m(¥)=1000 GeV 2010.14293
% 28, 3—qqWh, 1ep 2-6 jets 139 |z ] m(¥})<600 GeV 2101.01629
Q 27 g-qa(tOX, ee. i 2jets  EPFS 139 |2 2.2 m(?)<700 GeV CERN-EP-2022-014
B 77, goqqWZ) Oecpu  7-1jets EMS 139 | & 1.97 m(}) <600 GeV 2008.06032
3 SSe.u 6 jets 139 |z 1.15 m(z)-m(¥})=200 GeV 1909.08457
£ 5 g 0-1e,u 3b EPs 798 | % 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 4 1:25; m(z)-m(¥})=300 GeV 1909.08457
biby Oc.u 2b  EP® 139 | B 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
o Dby, bi—bts — bit| Oe,p 60 Ep™ 139 | Forbidden 0.23-1.35 Am(EY,79)=130 GeV, m(¥})=100 GeV 1908.03122
E ko 27 2b Er= 139 by 0.13-0.85 Am(¥3,¥))=130 GeV, m(¥})=0 GeV 2103.08189
§§ i, i) Oleu  >1ljet EMS 139 |# 1.25 m(F)=1GeV 2004.14060,2012.03799
cg A I —> Wbt lep  Bjets/tb EMS 139 |7, Forbidden = 0.65 m(¥})=500 GeV 2012.03799
g 3 i, i >tiby, 711G 127 2jetsNb EMS 139 |7 Forbidden 1.4 m(#1)=800 GeV 2108.07665
= L AR, Hodt /e ek Oe,p 2¢ EMs 364 @ 0.85 m(T))=0GeV 1805.01649
© S Oep  monojet ERs 139 |7 0.55 m(f,&)-m(¥})=5 GeV 2102.10874
f1i1, i =109, Va—Z/h¥) 12eu 1-4b  EMS 139 | § 0.067-1.18 m(¥3)=500 GeV 2006.05880
hh, h-h+Z 3eu 1b EP’sS 139 I3 Forbidden 0.86 m(¥})=360 GeV, (7, )-m(¥})= 40 GeV 2006.05880
YV viawz Multiple ¢/jets Eﬁf“ 139 )?:/)?; 0.96 m(¥})=0, wino-bino 2106.01676,2108.07586
ee, jiu >1ljet  EP*™ 139 | 0.205 m(¥5)-m(¥))=5 GeV, wino-bino 1911.12606
XX viaww 2ep EMs 139 | &7 0.42 m(¥%)=0, wino-bino 1908.08215
XS via Wh Multiple ¢/jets EMss 139 | ¥f/¥y Forbidden 1.06 m(¥)=70 GeV, wino-bino 2004.10894,2108.07586
=3 XX vialy /v 2eu EFs 130 [ 1.0 m(E,7)=0.5(m(¥})+m(E})) 1908.08215
o2 ol 27 ERss 439 | T [fL, TR L] 0603 0.12-0.39 m(EY)=0 1911.06660
S frlig, -0 2ep Olets  Ep> 139 |7 0.7 m(E))=0 1908.08215
ee, jipt >1ljet EP™ 139 |& 0.256 m(?)-m(¥))=10 GeV 1911.12606
HH, H-hG/ZG Oe,p >3b E’K“‘?"‘ 36.1 i 0.13-0.23 0.29-0.88 BR(] — hG)=1 1806.04030
4epu 0jets Ess 139 H 0.55 BR(Y) — ZG)=1 2103.11684
Oeu >2large jets Eﬁ““ 139 | & 0.45-0.93 BR(¥] — ZG)=1 2108.07586
Direct Y1 ¥} prod., long-lived ¥} Disapp. trk  1jet — Ep™ 139 [¥] 0.66 Pure Wino 2201.02472
.8 Xy 0.21 Pure higgsino 2201.02472
1%]
> % Stable g R-hadron pixel dE/dx EMs 139 g 2.05 CERN-EP-2022-029
&SE  Metastable g R-hadron, 3—gqt! pixel dE/dx EP™ 139 |2 k@ =10ns] 2.2 m(¥})=100 GeV CERN-EP-2022-029
S8 i~ Displ. lep EPS 139 |a@ 0.7 (B =0.1ns 2011.07812
~ . i 0.34 7 2011.07812
pixel dE/dx EMs 139 |7 0.36 @ =10ns CERN-EP-2022-029
XX K ze—eet Bepu 139 Pure Wino 2011.10543
YEXT XS — Wwzeeeevy dep Ojets  EFss 139 1.55 m(¥9)=200 GeV 2103.11684
22, 5-qa%0, X — aqq 4-5 large jets 36.1 19 Large 4}, 1804.03568
S 7 il ) S s Multiple 36.1 m(¥7)=200 GeV, bino-like ATLAS-CONF-2018-003
% i, i—bXT, XT — bbs > 4b 139 Forbidden m(¥})=500 GeV 2010.01015
iy, ii—bs 2jets+2b 36.7 1710.07171
hh, hi—-ql 2epu 2b 36.1 0.4-1.45 BR(7 —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(71—q)=100%, cosf,=1 2003.11956
TR, 0y tbs, X{ —bbs 12e,u  >Bjets 139 | 0.2-0.32 Pure higgsino 2106.09609
N N L M | L L L M
* i ; imi -1
Only a selection of the available mass limits on new states or 10 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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All hadronic

SR selection

n(qu) n(qu) n(qu) n(be) n(hbb)

4Q-WW — 9 e = = —
4Q-WZ > 1 > 1 — 3 —0 )
4Q-7Z . =D - - .
4Q-VV e e = — —
- 2B2Q-WZ =1 —1 —1 —0
2B2Q-ZZ . =1 _ _ _
2B2Q-Wh =1 . _ _ _
2B2Q SR 1 2B2Q-zZn —1 — 1 —0 —1
2B2Q-VZ . L = = —
' 2B2Q-Vh _ _ _

4Q SR -
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A” had FOniC [Phys.Rev.D 104, 112010]

SR selection

o T 5
@ o -2
o £33
c

= «[m (J2) [GeV] g & {m (Jaa) [GeV]
Q Q o ~105 e e 1 T e [T e T 2 e
Io! ~105 - .............................. Z z_- 8 g I ZZ l_ Z
% o5 | : 2.8 ~o5 : i !
; 24 ;'
g = 2 3
© © o ~75 |
= 2 3

~65 | Ltww____ 1% T2 ~65 —Wh.1

~65 ~75 ~95 ~105 () [GeV] 70 100 135 m (Unp) [GeV]
Mass of leading jet Mass of the jet containing

exactly two b-tagged track jets
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All hadronic

SR selection

[Phys.Rev.D 104, 112010]

SR(CROL) VR(CR)1L VR(CR)1Y
4Q 2B2Q 4Q 2B2Q 4Q 2B2Q VRTTX

nLarge-R jets >2 22 >2 =]
Niepton =0 =1 =0 =3
pr(¢1) [GeV] £ >30 . >30
M photon .. ce =1 .
n(V g0) =2(=1)  =1(=0)  =2(=1) =1(=0) =2(=1) =1(=0)
20729 =0(=1)  =0(=1)  =0(=1) =0(=1) =0(=1) =0(=1)
n(Jpp) =0 =1 =0 =1 =0 =1 =1
m(J,,) [GeV] - €[70, 135(150)] €[70, 150] " €[70, 150]
nlbn_}ré}atched =0 =0 —0
Mpiet <1 =0 <1
Emiss >300 >200 >50 <200
pr(W) >200 P
PT(}’) . . >200
Mo >1300 >1000(>900) >1000 >900 >1000 >900
min Ag(ETSS, j) >1.0 >1.0 >1.0
m >250 >250 >250
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All hadronic

Mass hierarchies

SRs fitted

[Phys.Rev.D 104, 112010]

Xlight

Xlight

thavy

Xlight

. Xlight
Xheavy

b

Model

Production

Final states

SRs simultaneously fitted

Branching ratio

W, B)

SteF =t=0
X1iX1X1X2

By, B,
B B

WW,WZ,Wh

WW,WZ,Wh,

ZZ,Zh,hh

WW,WZ,Wh,

ZZ,Zh,hh

WW,WZ,Wh,

ZZ,Zh,hh

4Q-VV, 2B2Q-WZ, 2B2Q-Wh

4Q-VV, 2B2Q-VZ, 2B2Q-Vh

4Q-VV, 2B2Q-VZ, 2B2Q-Vh

4Q-VV, 2B2Q-VZ, 2B2Q-Vh

By > wid) =1

B(7Y - Z79) scanned

By > wid) =1

B(73 — Z7?) scanned
B - ZiY) = 1-B(3 > Z7})
Determined from (M,, u, tan f3)

Determined from (M,, u, tan f3)
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All hadronic

Exclusion limits

%) [GeV]

LP_S‘_

m

600

500

400

300

200

100

800
700
600

m(x;) [GeV]

500
400
300
200
100

WW—BB+wwwzwh (W: 37, B:%)

for various B(jy - Zi)

WW(RR)—~BB+XX (W: 77, F: X% B: 7, X=Wiz/h)

ILANLI L L L L L L L L L LY L B L

- ATLAS {s = 13 TeV, 139 fb™!, 95% CL Observed limit ]

BEL, — Z1,)+B(z, — Z1,) = 100% for (, B)

1 I 111 II 1 /I I I 11 1 1 I 111 | I 111 | I 111 | ‘i‘\l 111 I 11 | I 111 | r
300 400 500 600 700 800 900 1000 JJ 00 1200
M) [GeV]

for B(7Y - Z7?) = 50%

R BB+XX (F: 777, B: %, X=W/z/h)

[Phys.Rev.D 104, 112010]

m(7:/%,) [GeV]

T | LI | LI | LI | LI | LI | LI | LI | LI i_

__ A TLAS vg - 13 Tev’ 139 fb_1, A” Ilmlts at 95°/° CL __ ;‘ __I. T I L I LI I LI I LI I LI I LI I LI I LI t
- o o ] 8 600 ATLAS {s =13 TeV, 139 fo!, All limits at 95% CL ]
. _ B(. — Z%.) = 50% 1 & C :
- Expected limit (1 0y,) 2 1 1 = - o BG. — Z%.) = 50% .
- - o sy . szs“ 500 ~°°° Expected limit (+1 0yp) 2 1 7
[~ Observed limit (+10p,60,) 1 € -~ Observed limit (+10poo") ]
S . 400 -
3 E = (A, B) 5
- ] 3001~ —
- E 200 -
- 1 = 100F =
:I I :: 'l = l ~— l n—— l ~— l ~a— l — l :I : EI l = ]: 0:| 1 | 1 r""l 1 /i/l/ [ | [ | | [ | | ‘II L1 | | [ | [ | | [ ] ]:

400 500 600 700 800 900 1000 1100 1200

400 500 600 700 800 900 1000 1100 1200

M) [GeV]

p q
Xheavy Xlight
Xheavy Xlight
p W)z q
q
q
p q
Abeavy Xlight
Xheavy Xlight
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All hadronic

Exclusion limits

’) [GeV]

Z-funnel
2500 e AR AR ARANARRLAMARL AR ARANY
B ATLAS Vs=13 TeV, 139 fb™! Al limits at 95% CL ]
: (AB) mE’)=45.6GeV (Zfunnel)
2000 g ) ]
. gme . Expected exclusion area
B ~ o~ Observed exclusion area -
% 1500 ~ (H, B) R Qh§=0.12 (1>0) - %
0] i = Qh?=0.12 (1<0) ] 0]
92 yo0ok- 4
= 1000 ; » £
500 R =
0.'..|....|....| ............ Peseres s 15 o 8 o i 1
5 10 15 20 25 30 35 40 45 50
tanp
WW— FiFeXX (W: 7570, F: 77 % X=WIZ/h)
__I.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIt
—ATLAS {s =13 TeV, 139 fb™", All limits at 95% CL ]
- ---- Expected limit (£1 04y, tanp =10, u>0 E
F = Observed limit (=1 o5USY) ]
:II"‘."iIIIIIIIIIIIIIIIIIIIIIIIIIIIIEII:I I.‘IIIII]:

400 500 600 700 800 900 1000 1100 1200

(x /%)

) [GeV]

2500

2000}

1500

1000

500

H-funnel
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p q
R RARREEREL R A AN i i s Xheavy -
ATLAS \5=13 TeV, 139 fb™! All limits at 95% CL Xlight
(AB) m(z)=62.5GeV (h-funnel) ] B Nlight
Expected exclusion area E Xheavy
Observed exclusion area : p W/ Z q
E ——— Qh?=0.12 (u>0) ] q
i ~ ~ = Qh?=0.12 (u<0) ]
[+ (H, B) ] q
. ] p q
- @ . X1 -
Frree e e T T T ——ea e e e ] Abeavy Xlight
i It . - Xlight
O - ] Xheavy Xligh
M N R | N | NI NS A A | p
5 10 15 20 25 30 35 40 45 50 b
tanp b
R WW-+XX (F: 7%, W: 37, X=W/Z/h)
__I. T I T 1T 17T I L I LU I T 1T 17T I L I T 1T 17T I L I L t
600 ATLAS {s =13 TeV, 139 fb™", All limits at 95% CL ]
- - tanp = 10, u >0 .
500__ Expected limit (+1 0,,) -
-~ Observed limit (=1 op.c") ]
400~ —
300F -
2001~ -
100~ -
:I 1 I 1 Iv 4 I I /I 11| I 111 1 I | - I 11 1 I I FI 11 1 I 11 1 1 I 11 1 1 ]:

400 500 600 700 800 900 1000 11000 1200

m(%,) [GeV] 27
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All hadronic

SRs fitted

[Phys.Rev.D 104, 112010]

h/Z

Model Production

Final states SRs simultaneously fitted

Branching ratio

(A, &) it 5,
im0

Exclusion limits

AR, 7 —2G or hG (F: 77%.%,)

'OE‘ 1 OO : I T 17T I T T I T T T I T |’ .l I L I T 1 T I T 1 T I T 1 T I T 1 T I T] B
= 9oFE | ATLAS =
O] = | fs=13Tev, 139 b =
T 80F | Alllimits at 95% CL =
015‘_ 70;— . ---- Expected limit (1 Ooxp) —;
@ 60 —— Observed limit (+10joe) =
505 Observed 95% CL =
= i arXiv:2103.11684 (4L, 139fb™) 3
40 g Observed 95% CL =
= { i arXiv:1806.04030 (multi-b, 36.1fb™)
30 e =
10E (H, G) E

: I I. 1 | I 11 1 I 11 1 I |v 1| I 11 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 17

0200 400 600 800 1000 1200 1400 1600 1800 2000

m(x,) [GeV]

ZZ,Zh, hh 4Q-ZZ, 2B2Q-ZZ, 2B2Q-Zh

ZZ,Zh, hh 4Q-ZZ, 2B2Q-ZZ, 2B2Q-Zh
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600

500

400

300

200

100

AF, 7% —28 (F: 7%%)

._I T I T T 11 I L I T T 11 I T T 17T I T T 11 I T T 11 I T T 11 I T T 11 t

—ATLAS Vs =13 TeV, 139 fbo™!, All limits at 95% CL ]

C 0 o= 1000 ]

- ---- Expected limit (+10,,) Blx, > 28)=100% 2

F = Observed limit (=1 05%") ]

- a) A1

:I 1 I 1 I“II/ 1 I 11 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I Il; 11 I 1 1 1 1 I 1 1 1 1 ]:

400 500 600 700 800 900 1000 1100 1200
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m(a) [GeV]

B(79 — ZG) scanned

B(7? - Za) scanned

800
700
600
500
400
300
200
100
0

AF, % —Z4 or ha (H: ¥%.%)
_I T I T T 1T I TT 1T I T T 1T I T T 1T I T T 1T I T T T T I T T 1T I T T 1T I TT 1T l__
o ATLAS s =13 TeV, 139 fo", All limits at 95% CL E
- == B, — Z8) = 100% -~ Expected limit E
g — B(%? — 78) =75% — Observed limit g
- BE — Z8) = 50% ~ o~ E
- Xg B (H , Cl) .
= B(i(1 — Za) = 25% 3
:I 1 I 111 | I 11 4 I 1 1 17 I 111 | I 111 | I L I 1 h I 111 | I 11 1 1 1_-
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m(x ) [GeV]
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All hadronic

SRs fitted

[Phys.Rev.D 104, 112010]

Model Production Final states SRs simultaneously fitted Branching ratio
(W, B) simplified models: (W, B)-SIM
CICI-WW 5w 2 ww 4Q-WW Bt - wi%) =1
CIN2-WZ bsve) wz 4Q-WZ, 2B2Q-WZ Bt - W) = B —» Z7%) = 1
CIN2-Wh eV, Wh 2B2Q-Wh Bri - Wx) = B(z; » h]) =1
Exclusion limits
(W, B)-SIM (C1C1-WW) 7~ WW5 5%, (W, B)-SIM (C1N2-W2) -7~ WZ% %, (W, B)-SIM (C1N2-Wh) %%~ Wh% %,
;450:"I'"'I""I""I'"'I""I""I""I""l:;‘800:""|""I""I""I""I""I""I""I""l_-;800:""|'"'|""|""I""I""I""I""I""t
(3 4002_ ATLAS {s =13 TeV, 139 fo™", Al limits at 95% CL _; & 200 E— TLAS Is =13 TeV, 139 fo!, All limits at 95% CL —E (3 200 E— TLAS Is =13 TeV, 139 fb™", Al limits at 95% CL —E
;;“ 350:_ ~~ 7~ Expected limit (+1 04,) = ‘3’;“ - ---- Expected limit (£1 0y,) . C{;“ - Expected limit (£1 o¢y,) ]
E e Observed limit (x1 652") ~ o~ 1 E 600:_ —— Observed limit (1 oSYS") ~ ~ 1 E 6003_ —— Observed limit (1 o3Y5Y) ~ o~ E
300 :_ theory _: - = theory: n - theory: n
- Observed 95% CL (W ! B ) ] 500 = Observed 95% CL (W ! B ) B 500 F Observed 95% CL ) (W ! B ) =
250 arXiv:1908.08215 (2L0J, 139fb™) = - arXiv:2106.01676 (3L, 139fb™) 3 E arXiv:1909.09226 (1Lbb, 139fb") _ - 3
E ] 400 3 400F e =
200 E - : 5 :
150F- EE e .
100 o 3 200> 1 20 :
501 (N 4 100F 4 100F =
O:IIIIIIIIIIII."I\\IIII‘IIIIIII'IIIIIIIIIIIIIIIIIIF _IIIIII:‘.IIIIIIIIIIIIIIIIIIIIIIIIIIIII‘IIIIIIIIF E .‘II/IIIIIIIIIIIIIIIIIIIIIIIIII\IIII.IIIIIIIF
400 500 600 700 800 900 1000 1100 120! gb

m(x,) [GeV]

0 400 500 600 700 800 900 1000 1100 1201

m(x,/%,) [GeV]

200 400 500 600 700 800 900 1000 1100 1200
(X 1x,) [GeV]
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[CERN-EP-2022-014]

2 |ept0nS and 2 jetS Analysis selection

Region Mjets n;'::g S(E ;‘iss) Mmeg my mr AR x p’T‘
[GeV] [GeV] [GeV] [GeV]
SR-High-EWK =2 <1 (18,21,00) 71-111 60 < m;; <110 >80 AR;; €(0,0.8,1.6) -
VR-High-Sideband-EWK ~ >2 <1 >18  71-111 20< m;; <60Umj; >110 > 80 AR;; < 1.6 =
VR-High-R-EWK =8 =i >18  71-111 mj; > 20 > 80 AR;; > 1.6 -
SR-1J-High-EWK 1 <1 > 12 71-111 60 < m; <110 > 80 - -
VR-1J-High-Sideband-EWK 1 <1 ». 12 71-111 20 < mj, < 60U m; > 110 > 80 - -
SR-(¢bb-EWK = 2 = 2 > 18 71-111 60 < mpp < 150 > 80 - -
VR-({bb-EWK =2 > 2 12-18 71-111 60 < mpp < 150 > 80 - -
SR-Int-EWK > 2 0 (12,15,18) 81-101 60 <m;; <110 > 80 - > 60
VR-Int-EWK >2 0 12-18 81-101 60 <mj; <110 > 80 - < 60
CR-VZ-EWK >2 0 1218  81-101 20< mj; <60Um;; >110 > 80 = =
CR-tt-EWK = 2 >1 9-12 81-101 m;; > 20 > 80 - > 60
Region Rjets n;:'g S(E?iss) mee mx mr2 ARx A¢(P?), e =)
[GeV] [GeV] [GeV]
SR-Low-EWK 2 0 (6,9,12) 81-101 60 <mj; <110 > 80 ARpp < 1 -
VRLow-EWK 2 0  6-12  8I-101 60 < m;; < 110 >80 1<ARy <14 -
SR-Low-2-EWK 2 0 6-9 81-101 60 <m;; <110 < 80 ARpp < 1.6 < 0.6
VR-Low-2-EWK 2 0 6-9 81-101 20 <mjj < 60U m;; >110 <30 ARpr < 1.6 < 0.6
CR-Z-EWK 20 6-9  81-101 20 <m;; <60Um;; >110 > 80 - -
Region njas 0% S(ERS)  me mr py AP, BN
[GeV] [GeV] [GeV]
SR-OffShell-.EWK > 2 0 >9 (12,40,71) > 100 > 100 > 2
VR-OffShel.EWK > 2 0 >9 12-71 80-100 > 100 > 2

CR-DY-EWK >2 0 6-9 12-71 > 100 - - 30
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2 leptons and 2 jets

[CERN-EP-2022-014]

RJR search

Search motivated by the 2.00 and 1.40 excesses in the previous search using 36 fb™1.
Two SRs, using recursive-jigsaw reconstruction (RJR) variables + a new analysis strategy for the

same topology, optimized for full Run 2 dataset.
SRs designated to target Am (7, #2) ~ 100 GeV.

_fg 105 T T T T T T T T T g
c . =
2 ) ATLAS ¢ Data #% Standard Model =
10 {s=13 TeV, 139.0 fb™ B Zjets [ Diboson =
108 Il Top Others -
102 - No more excess in
the 2 RJR search SRs
10
1_' .......................................................... -
8 0 T T T T T e M “““““““ e
< | e O T . S . i
o v, C b, S C S
= Bop R P B Ry Ko Rer
> Mo, %, Tk, \l/kA? oy, 'S =05
() '9,/'9 '9(/0 -./,9 L/,9 (//9 % L '9,/,9
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[ATLAS-CONF-2022-006]

2 leptons and no jets ‘

Data driven background estimation for the slepton search

f\i‘* %
Data events with DF leptons surviving the SR selection (N ) are used to p
predict the Flavour Symmetric Background (FSB) in the SF channel. /

Since electrons and muons have different trigger, reconstruction, isolation and identification
efficiencies, these differences must be taken into account.

The efficiency correction method is applied. The number of expected FSB events in the SF

channel is computed as: 1
p NFSBZO.SX_X(ZXNDF

ee K |:> NFSB=05X(K+1)X(XXN
NESE = 0.5 X k X a X Npp SF ' K bE

where the factor 0.5 assumes that the production rate of the DF events is twice that of the
dimuon and dielectron events.

K and a take into account the difference in reconstruction, identification and trigger efficiencies for

muons and electrons, respectively.

' : trig tri
They are defined as: N  [elristrie
K = a = trig
Nete- €eu 32
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[ATLAS-CONF-2022-006]

2 leptons and no jets

14
N\ 4
Data driven background estimation for the slepton search 5
;- X1
« K and a take into account the difference in D § Q :
reconstruction, identification and trigger efficiencies for )
muons and electrons, respectively.
They are defined as:
N — trig trig % 3: IATL,L\S Prlelimi;1aryI o | a; | Ié%;l
K= /N”i o= % T E {513 Tev, 139 fb" mree P
ete” Eeﬂ E [ Others
« The factor k is extracted from data in a control sample, ” =, YR \ , N
\ . : : N \

obtained relaxing the cuts on pil and parametrised as "

a function of that variable, EXSS significance and
inverting the cut on |cos 8,,| to make it orthogonal to
the SRs.

2 e e s e e e e e e —
3 \k\\\\\\\&\\}\\&&\\\\\\ﬁ&\\\\\\\\\\\\\\\\&\\\‘\\\ """""" 3

ANANNNSNNER AR MR RN AN N

» The factor a is computed from the global efficiencies of
the trigger selection applied in the analysis, evaluated
on a control sample of data triggered with an
independent selection.

(1 (1 (1 (1 (1 (1 (1 (1 (1 (7 (1 (1 (1
15447204 25‘,30)30‘7 <’0)40\%) 00.; 05)05‘770 7 5.1 472041254, 1304 40)40‘%)

[1op., (105 ., (17
O105) > 110)' 017512070 125, ) O715) %120 012575 130

my;’ [GeV]
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2 leptons and no jets

SR selection and yields for the slepton search

Signal region (SR) | SR-0J SR-1J
Mp-tagged jets s
ET"™* significance >7
Rnon-b-tagged jets | = =1
pr’t [GeV] > 140 > 100
p1%2 [GeV] > 20 > 50
mee [GeV] > 11 > 60
P 'tl,'fboost [GCV] <5 -
| cos 67, 2 <01
A¢5,g >2.2 >2.8
A¢p¥1iss,[l > 22 -
Binned SRs

€[100,105)

100 €[105,110)

My [GeV] €[110,115)

€[115,120)

€[120,125)

€[125,130)

€[130,140)

€[140,00)

Events

Significance

40

35

30

25

20
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[ATLAS-CONF-2022-006]

ATLAS Preliminary
Ys=13 TeV, 139 fb’
SR-0J

I|IIII|IIII|IIII|

W
7.

s&* N

¢ Data
FSB
I Others

= SM

FNP

lIIJ

) = (100, 70) GeV _—
) = (150, 100) GeV 3
SR-1J

~ ~0
m(, X,
N ~0
m(, %,

JIIIIIIIIIIIIIIIIIIII|IIII|

/700_702705\77870\77\% 15 (720_7

) <0)

(1 (7
25)25_ 7 30)30_ 7

40)

(1 [1 (1 (1 (7 (7 (1 (7 (1
0) =) " 01055170, 01 7575120, 0-1255- 130 014 0

my3’ [GeV] 34


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/

[ATLAS-CONF-2022-006]

2 leptons and no jets e

Exclusion limits for the slepton search .

~t o~ 0.0 e a0 <0
350 gl r— X, X, gl r— X, X,
> ATLAS Preliminary >
— — _ Expected Limit (+1 : -
o pected LMt (190 \[5-13 TeV, 139 fb™, Al limits at 95% CL 9]
zog_ 300 ~— Observed Limit (+1 G5oo) 6;{ 70
£ | ATLAS 13TeV, arXiv:1911.12606 Z’
[ ATLAS 8 TeV, ariv:1403 5294 4 60
250 - LEP ﬁR excluded — — — Expected Limit (+16,,,)

ATLAS 13 TeV, arXiv:1908.08215 50

Observed Limit (+1 635Y)
.......... leory

200
- ATLAS 13 TeV, arXiv:1911.12606

40
- ATLAS 8 TeV, arXiv:1403.5294

- LEP fi_ excluded

ATLAS 13 TeV, arXiv:1908.08215

150
30

100
20

10

1 1 1 | 1 1 (/A | 1 ; 1
100 150 200 250 300 350 100 120 140 160 180 200 220 240 260
m. [GeV] m-[GeV]
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2 leptons and no |ets
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2 leptons and no jets e

m(x7) [GeV]

Exclusion limits in the phase space region @
relevant for the g-2 anomaly

600

500

400

300

200

100

PP = fif g AL p, [ — KX3, bino LSP

’ AcZZZ:;,
_ X3

)

\

arXiv:1403.5294, Run 1 2¢

arXiv:1911.12606, Run 2 soft 2¢

arXiv:1908.08215, Run 2 2£0J
B CONF-2022-006, Run 2 2¢, Am ~ m(W) _&
[~ e LEP (g excluded y

- a8;"%"+10=(25+0.6)x10"°
[~ (tanB, p[TeV], M, [TeV])

= (60, 0.5, 0.5)
BE= (60, 3.0, 1.0)
BE= (60, 1.0, 1.0)
= (5, 3.0, 1.0)
B= (5, 1.0, 1.0)

& L
~E
&

E ATLAS Preliminary Al limits at 95% CL

= = Expected

- 8-13TeV,20.3-139 fo! B Obseived

it ~0
/ X1
p
/!
March 2022 - pp = fif g AL g [ - X3, bino LSP March 2022
T \ x;‘ -:-All""l""l""l'SUSY'I""I_""I"E
= . . a8 10=(252068)x10° 5\ i ot opor o o
\ [} — ATLAS Preliminary e i g g0 e 3
P
(.2, — 8 _ 13 TeV, 20_3 _139 fb-1 (60, 0.5, 0.5) Emm Observed .
o 3 arXiv:1403.5294, Run 1 2¢ = §§§ ?Zg: 13;
~ 10° arXiv:1911.12606, Run 2 soft 2¢ B ( 5, 30, 1.0) . - =
I>S = arXiv:1908.08215, Run 2 2£0J BE= (5 10, 1.0) Am(iiL X9 >m(F) =
- o —  mmm CONF-2022-006, Run 2 22, Am ~ m(W ‘
- [~ W LEP g excluded N
1.3 B o
g 102
<

N \ W

7

100 200 300 400

500

600 700 800 100 200 300 400 500 600 700 800
m(l.,r) [GeV] m({.,r) [GeV] 37


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/

[ATLAS-CONF-2022-006]

2 leptons and no jets

SR selection and yields for the chargino search
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2 leptons and no jets

Exclusion limits for the chargino search
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RPV with leptons and many jets

SR selection (jet counting analysis). ’

« The highest jet multiplicity considered (N,s;) depends on the
jet pr threshold and the lepton category.

* Inthe 1¢ category it corresponds to 15, 12, 11, 10, and 8 jets
for the different jet py thresholds in increasing order. In the
2¢5¢ category it corresponds to 10, 8, 7, 7, and 6 jets
respectively.

Lepton category Jet multiplicity Analysis regions
14 category 4...7 jets 0b £~,0b £, 0b myy,
1b, 2b, 3b, > 4b
8...> N jets 0b, 1b, 2b, 3b, > 4b
205 category 4..> N2° jets 0b 3¢, Ob, 1b, 2b, 3b,
> 4b
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RPV with leptons and many jets

Jet multiplicity prediction
A data-driven approach is used to estimate the contribution of the
main backgrounds in each jet multiplicity slice.

» Above a certain number of jets, the estimate of the
normalization relies on assuming a functional form to describe
the evolution of the number of background events for
process X as a function of the jet multiplicity 7% (j) = I\Gﬁl/l\ljx.

r%(j) is assumed to be constant, implying a fixed probability
of additional jet radiation, referred to as ‘staircase scaling’
[Ref. 1, 2, 3, 4]. This behaviour has been observed

in W/Z+jets by the ATLAS [Ref. 5, 6] and CMS [Ref. 7]
collaborations.

» For lower jet multiplicities, a different scaling is expected
with r(j)=k/(j+1) where k is a constant, referred to as ‘Poisson
scaling’ [Ref. 8]. The transition point between these scaling
behaviours depends on the jet kinematic selections.

[EPJC 81 (2021) 1023]

p

A combination of the two scalings
is used for the kinematic phase
space relevant for this search.

X\ = ~X X(; X
rY()=cy +er G+c3)
where ¢, c¢{f and ¢ are process-

dependent constants that are
extracted from the data.
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