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Introduction(SUSY)

1SS/3L

Minimal	Supersymmetric	Model

with exact R-parity conservation

R-parity: 𝑃!= (−1)" #$% &'( : Sparticles àodd R-parity; SM-particles àeven R-parity

R-parity conserved:
Sparticles produced in pairs, Lightest Sparticle(LSP) stable as a dark matter candidate

R-parity violated:
New terms added in superpotential: 𝜆!"#, 𝜆!"#$ , 𝜆!"#$$ (lepton/quark superfield coupling)
R-parity violation implies lepton/baryon number violation



Searches with SS/3L final states

2SS/3L

Search	for	electroweak and	strong production
Considering both R-parity conserving and R-parity violating models
Using full of Run2 data in ATLAS experiment √𝑠 = 13 TeV, integrated luminosity of 139 𝒇𝒃!𝟏

SS/3L—EWK (After	the	2nd	EB)

SS/3L—strong (during	Signal	region	optimization)

RPC

RPV

RPV

RPC



Preselection
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Bad	event	cleaning: 
Jet	cleaning, Bad	muon	veto
Primary	vertex	requirement

Pre-selection:	
At	least	two	signal	leptons	
Trigger	and	trigger	match	for	online	and	offline	leptons

Good data/MC agreement for dominant backgrounds (top, WZ, ZZ)

Trigger strategy:
Di-lepton	triggers	and	MET	triggers	(only	for	MET>250	GeV)	



Background Source
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Irreducible background: 
(SM	processes	leading	to prompt	SS	or	3	leptons)

t ̅𝑡𝑊, t ̅𝑡𝑍
ZZ,𝑊± 𝑊±,	WZ	
t(W)Z, t ̅𝑡𝑉𝑉,	3t,	4t, t ̅𝑡𝐻,	VH,	VVV

Reducible	(or	detector)	background:	
Charge-flip →	data-based	approach	estimation
Fake/Non-Prompt:	electrons	and	muons	from	semi-leptonic	decay	of	heavy-flavour	

hadrons	and	light-flavour	jets	being	mis-identified	as	electrons	
à Matrix-Method (MxM): purely	data-driven	approach	used	to	estimate	the	number	

of	fake	leptons	in	regions of	interest.
à MCTemplate method: Monte	Carlo	simulations-based	method	is	available	to	estimate

the	electron	charge	flip	and	fake lepton	backgrounds	in	the	regions	of	interest.
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SS/3L-EWK



Signal regions: Higgsino RPV UDD
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Rpv2L3bM	(N_1	Plots)

𝑊!= 𝜆)*+ )𝐿) )𝐿* )𝐸+,+ 𝜆)*+- )𝐿) )𝐿* )𝐸+, + 𝜆)*+-- -𝑈), -𝐷*, -𝐷+, +𝜖) )𝐿) )𝐿*

RPV	UDD:	𝜆#$#% dominant	under	minimal	flavour violation hypothesis,
and	sufficiently	strong	to	have	prompt	decays.

SRs	are	categorized	by	𝑵𝒃'𝒋𝒆𝒕𝒔,	in	which	more	refined	SRs	are	
defined	for	different	target	mass	points.	
SRs	have	been	well-tuned	and	finalized.

Expected 95% CL upper limits (black dashed line) 



Signal regions: Higgsino bRPV
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𝑊, = 𝜆!"# $𝐿! $𝐿" $𝐸#-+ 𝜆!"#$ $𝐿! $𝑄" (𝐷#- + 𝜆!"#$$ (𝑈!- (𝐷"- (𝐷#- +𝜖! $𝐿! $𝐿"

Motivation: Bilinear	terms	related	to	neutrino	oscillation	
First analysis	of	the	model	using	higgsino	production.

Expected 95% CL upper limits



Signal regions: Wino	WZ(RPC)
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First	search	of	Wino	WZ	with	2	same-sign	leptons	signature.

The	orthogonality	towards	other	analyses	is	ensured	
by	requiring	𝑵𝑪𝒐𝒎𝒍 𝒍 == 𝟐 .
Multi-bin	fit	in	most	SRs	is	found	to	be	helpful	to	
improve	sensitivity.
No	sensitivity	found	in	WZ-offshell	part will	abandon	it

Expected	95%	CL	upper	limits
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SS/3L-strong



Signal regions: RPV lampp331
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SR: Scanning important variables to get large significance
Features: the	requirements	of	jet-pt and	numbers	of	jets.
RPVSR3new seems	to	be	best	candidate	as	final	signal region.

SR	optimization	ongoing

Binned fit performances better



Signal regions:RPV_LQD
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Three	nJets configurations	are	used	respectively
SRs are optimized with the best signal	significance	Z (30%	flat	sys)
Reference	Points:	( .𝑔, .𝑥23)= (1800, 450),	(2000,200)
Compared	different	variables-cut	configurations

Similar	performance	among	all	nJets-region
Large improvement compared with Run1 result
SR	optimization	ongoing



Signal regions: GG-N2-SLN1
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Model parameter assumption:
𝑀 2𝑋43 = 2

4
{𝑀 .𝑔 +𝑀 2𝑋23 }; 𝑀(8𝑙∓/ .𝑣)=	

2
4
{𝑀 2𝑋43 +𝑀 2𝑋23 }

Tried cut-count	and	BDT	method.
Exclusion	of	M 67 reaches	~2.2TeV

Comparison:
à BDT performs better in High LSP and compressed region,

getting more yields in BDT SRs
à Based on BDT, we are trying to do bkg estimation.

Cut_count BDT



Summary(SS/3L-EWK/strong)
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Studied RPC and RPV models with EWK/strong productions
Compared with published result, the results now have large improvement.
For some sparticles, we pushed the exclusion lines ~300Gev further

Many studies ongoing, will publish 2 papers separately for EWK and strong
production next year.



SS/3L
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Backup



Object definitions
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~ Using	EWK	combinations	preselection	
(TWiki)	to	obtain	orthogonality,
~ adding	analysis	preselection	for	better	
sensitivity,	overlap	removal	and	signal	
selection

à Using	latest	CP	group	recommendations:	PFlow jets	and	DL1r	b-jets	tagger

https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/ElectroweakCombinations


Trigger
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Trigger strategy



Charge flip estimation
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Charge	flip(wrong	charge	measurement):
@ due	to	bremsstrahlung	or	low	track	curvature	(links:	1 and	2)

à Opposite-sign events are misidentified as same-sign events
à Highly reduced with the ECIDS tool (link)
à Negligible for muons
à Mainly from dileptonic  background in current SRs

Estimation	Strategy:
*	Re-weight	the	opposite-sign	DATA	events	after	applying	the	same	selection	as	for	the	SS	pairs			

𝜔89→99 = 𝜁2(1- 𝜁4) + 𝜁4(1− 𝜁2)
where	𝜁& is	the	charge	mis-identification	rate,	as	a	function	of	electron	𝜂 and	𝑝'

*	the	charge	flip	rates	in	date	are	obtained	by	
𝜁;<=<= 𝜁>- × 𝑆𝐹

where	 𝜁() are	the	truth	rates	obtained	from	t ̅𝑡 events,	SF	are	the	scale	factors	
provided	by	Egamma group	

https://indico.cern.ch/event/922932/contributions/3877626/attachments/2044784/3432232/ChargeFlipRate_May27.pdf
https://indico.cern.ch/event/924415/contributions/3887915/attachments/2048868/3433602/ChargeFlipRate_Aprin2nd_SFs.pdf


Matrix Method
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è Fake	lepton	rates:	measured	independently	in	six	orthogonal	channels:

à Fakes	contribution	is	estimated	directly	on	the	region	of	interest,	no	extrapolation	from	CR	is	required.
à There	is	no	separation	on	the	different	sources	of	fake	leptons.	
à Contribution	from	charge	flipped	electrons	is	subtracted.

èReal	lepton	rates:
à Measured	in	t ̅𝑡 events	as	a	function	of	lepton	η and	pT
à Leptons	are	selected	as	recommended	by	Egamma	and	
Isolation	and	Fake	Forum	groups.



MCTemplate fit method
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• MC	template	method	(references:	PhD	thesis,	first-wave	SS/3L	INT	note,	talk)				
to	cross-check	the	MxM	estimation	in	the	SRs

Main	motivation	to	use	this	method:	
àMxM	assumes	that	the	lepton	fake	rates	are	the	same	in	control	and	signal	
regions	regardless	of	the	selection	requirements.

à Not	the	case	for	the	MC	template	method,	making	it	a	suitable	cross-check

Method	presentation:	
à A	semi-data	driven	method	using	CRs	enriched	in	fake/non-prompt	and	charge	flip	backgrounds	
à Relies	on	kinematic	distributions	from	MC	simulations	to	extrapolate	the	background	predictions
from	some	(≤	1	b-jets,	==	2	b-jets)	CRs	to	the	SRs	

à Main	assumption:	MC	simulations	describe	the	kinematic	distributions	correctly	and	predict	
accurately	the	rate	of	fake/non-leptons	up	to	a	global	factor (for	each	type	of	fake/non-prompt	
lepton)	independent	of	the	event	kinematics	and	the	process	type	

à Second	assumption:	the	fake	rates	are	uncorrelated	in	events	with	multiple	fake	leptons	
(expected	to	be	negligible)	

https://cds.cern.ch/record/2304531/files/arXiv:1712.08677_2.pdf
https://cds.cern.ch/record/2231789/files/ATL-COM-PHYS-2016-1616.pdf
https://indico.cern.ch/event/557804/contributions/2248811/attachments/1316801/1972934/mcmethod_review.pdf


SS/3L(EWK)
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WZ	normalization	factor



SS/3L(EWK)
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SS/3L(EWK)
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SS/3L
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CR/VR	for	W	Z	and	ttV



SS/3L(EWK)
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Validation	of	background	modelling



SS/3L(EWK)
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SS/3L(strong)
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GG_N2_SLN1:	BDT	lowmass	region



SS/3L(strong)
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SRO	RPC	SS	N2	SLN1



SS/3L(strong)
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SRO	RPC	SS	N2	SLN1



RPV
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https://indico.cern.ch/event/389531/contributions/929493/attachments/1147997/1646586/RPV-status.pdf

https://indico.cern.ch/event/389531/contributions/929493/attachments/1147997/1646586/RPV-status.pdf


RPV
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Variables
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