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Motivation	to	search	for	third	generation	squarks
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à Under	R-parity	conservation	(RPC),	the	Lightest	Supersymmetric	
Particle	(LSP)	is	a	candidate	to	Dark	Matter.	

àWe	consider	the 𝝌"𝟏𝟎	as	LSP	in	this	talk.
à Under	RPC,	sparticles are	pair	produced.			

àWe	consider	in	this	talk	only	direct	production	of	𝒕'𝒕'∗ and	𝒃*𝒃*∗.	

• M(H)	=	125	GeV

• Presence	of	Dark	Matter	in	the	universe

àNatural	Susy	favors light 𝒕' and	𝒃*.
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New	results	on	stop	and	sbottom

• Dedicated	stop	searches:
• SUS-19-009	:	in	the	1	lepton	channel	
• SUS-19-003	:	in	the	2-tau	channel

• Inclusive	searches	in	the	0	lepton	channel	with	
interpretation	for	stop	and	sbottom:
• [SUS-19-005	:	MT2	]
• SUS-19-006	:	H,-.//	
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already	introduced	by	Laurent	Thomas

We	will	concentrate	here	on	signatures	with	
large	transverse	missing	energy.	RPV	and	
stealth	stops	will	be	covered	by	Kin	Ho	Lo.

NEW!

NEW!



Search	in	the	1	lepton	final	state
• Full	Run2	search:	137	fb-1

• Selection:	1	l (e/μ),	Njet≥2,	E,-.//>250	GeV,	MT >150	GeV,	N(soft)b≥1
• New	techniques	to	address	specific	areas:
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SUS-19-009	
NEW!
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 (13 TeV)-1137 fbCMS Preliminary

Search	in	the	1	lepton	final	state

• Standard	analysis:	39	Search	
Regions	(SR)	in	Njet,	M(l,b),	tmod,	
E,-.//,	for	top-categories	(merged,	
resolved,	un-tagged)	or	inclusive.	
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SUS-19-009	
NEW!

• In	the	t	corridor:	Njet>=5,	j1 not	b-
tagged,	low	pT(l),	5	SR	in	E,-.//

• In	the	W	corridor:	same	as	for	the	t	
corridor	but	for	Njet>=3	and	Nsoft b	≥	1

tmod=	ln[min( )]

50

250

pT(l)

Df(l, E,-.//)2

150

1.5

Selection	on	pT(l):
• for		35.9	fb-1
• for	Full	run2

(m(�̃�3),m(	𝜒'35))



Search	in	the	1	lepton	final	state
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SUS-19-009	
NEW!

• Backgrounds:	
• ttbar and	tW with	2l but	1 lepton is	lost	
• W+jets or		ttbar with	1l
• ttZ (or	WZ,	…)	with	Zà 𝜈𝜈
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Search	in	the	1	lepton	final	state
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SUS-19-009	
NEW!
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t• Results:	The	observed	yields	are	
consistent	with	the	 expectations	from	
the	SM	background

Interpretation	for	�̃�3->	t	𝜒'35:	
• Exclusion	up	to	m(�̃�3)	=	1200	GeV	

for	a	massless	𝜒'35.
• Large	gain	at	low	Dm(�̃�3, 𝜒'35)	

when	using	the	W-corridor	SR.



 [GeV]t~ m
200 400 600 800 1000 1200 1400

 [G
eV

]
0 1χ∼

m

0

100

200

300

400

500

600

700

800

4−10

3−10

2−10

1−10

1

10
 (13 TeV)-1137 fbCMS  Preliminary 

1
0χ∼ t → t~ or 

1
0χ∼ ± b W→ 

1
±χ∼ b → t~, t~ t~ →pp 

Approx. NNLO+NNLL exclusion
theoryσ 1 ±Observed 
experimentσ 1 ±Expected 

 = 5 GeV0

1
χ∼

-m±

1
χ∼m

) = 50%
1
0
χ∼ t → t~BR(

95
%

 C
L 

up
pe

r l
im

it 
on

 c
ro

ss
 s

ec
tio

n 
[p

b]

 [GeV]t~ m
200 400 600 800 1000 1200 1400

 [G
eV

]
0 1χ∼

m

0

100

200

300

400

500

600

700

800

4−10

3−10

2−10

1−10

1

10
 (13 TeV)-1137 fbCMS  Preliminary 

1
0χ∼ ± b W→ 

1
±χ∼ b → t~, t~ t~ →pp 

Approx. NNLO+NNLL exclusion
theoryσ 1 ±Observed 
experimentσ 1 ±Expected 

)/20

1
χ∼

 + m
t~ 

 = (m±

1
χ∼m

95
%

 C
L 

up
pe

r l
im

it 
on

 c
ro

ss
 s

ec
tio

n 
[p

b]

Search	in	the	1	lepton	final	state
Other	interpretations	using	the	39	SR	from	the	standard	analysis:
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SUS-19-009	
NEW!
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Search	for	stops	in	di-tau	final	state
• Analysis	based	on	77.2	fb-1

• New	signature:	2	𝜏had,	Nb ≥	1

• Backgrounds:	Fake	tau,	ttbarà𝑏𝑏𝜏𝜏𝜈𝜈,	
DY+jets, other	SM
• Categorisation:	15	SR	in	HT	,	p,-.//,	MT2
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SUS-19-003	
(LHCP)
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 (13 TeV, 2016+2017)-177.2 fbCMS  Preliminary

HT	=	∑ pT�
=>?(|B|CD.F) +	∑ pT�

H

MT2 =	min	 [max	{	M,
D(�⃗�,H3,	�⃗�,.LM	3),	M,

D(�⃗�,HD,	�⃗�,.LM	D)	}]
�⃗�,.LM	3+	�⃗�,.NO	D = �⃗�,-.//

[m(�̃�3),m(	𝜒'35)]
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Search	for	stops	in	di-tau	final	state
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SUS-19-003	
(LHCP)

• Results:	Similar	limits	for	the	
scenarios	with	x=0.25,	0.5,	0.75
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 (13 TeV)-1     137 fbCMS       Preliminary

Inclusive	search	in	multijet events	
with	large	missing	transverse	momentum

See	Laurent	Thomas’	talk	for	more	details
• Full	Run2	search:	137	fb-1

• Selection:	0 l,	Njet ≥	2,	H, = ∑ pT�
=>?(|B|CD.F) 	

>300	GeV,	
H,-.//=|-∑ p,|�

=>?(|B|CQ) 	>300	GeV

• Backgrounds:	
• ttbar and	W+jets
• Z+jets with	Zà nu	nu
• QCD	multijets

• Categorisation:	174	SR
in	Njet,	Nb,	H,,	H,-.//
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SUS-19-006	
NEW!

”Pre-fit”
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Exclusion	up	to	m(�̃�3)	=	1190	GeV									and	m(𝑏R3)	=	1220	GeV
Gain	of	more	than	200	GeV	in	m(squark)	with	full	Run2	with	respect	to	35.9	fb-1

SUS-19-006	
NEW!

Inclusive	search	in	multijet events	
with	large	missing	transverse	momentum
• Results:



A	last	word
No	sign	of	Physics	Beyond	the	Standard	Model	yet,	but	
plenty	of	searches	[*]:

• Looking	for	different	final	states
• Taking	advantage	of	the	full	Run2	luminosity
• Developing	new	ideas,	new	techniques

More	results	to	come.	Stay	tuned….
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[*]	link	to	SUSY	results	:	https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Binning	for	the	1	lepton	stop	search
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SUS-19-009	
NEW!



Binning	for	the	di-tau	stop	search
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SUS-19-003	
(LHCP)



Binning	for	the	inclusive	search	with	H,-.//
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SUS-19-006	
NEW!

Njet:	2–3,	4–5,	6–7,	8–9,	>=	10
Nbjet:	either	0,	1,	2,	≥	3	(for	Njet ≥ 4),	or	0,	1,	≥ 2	(for	Njet =	2–3)

events	with	
H,-.// >	HT
are	rejected

regions	1	and	4	
discarded	for	Njet ≥	8,	
because	of	small	stat	
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Inclusive	search	in	multijet events	
with	the	MT2 variable
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SUS-19-006	
(Moriond)

𝑴𝑻𝟐

defined	on	2	pseudo-jets

See	Laurent	Thomas’	talk	for	more	details

• Full	Run2	search:	137	fb-1

• Selection:	0	l, Njet ≥	1,	H, >	250	GeV,	M,D	>	200	GeV	where	

• Backgrounds:	
• Z+jets with	Zà nu	nu
• ttbar and	W+jets
• QCD	multijets

• Categorisation: 282	SR	in	Njet,	
Nb,	H,,	M,D (orp,

=>? if	Njet =1)



Binning	for	the	inclusive	search	with	MT2
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Additional	binning	in	MT2 for	Njet ≥	2,	MT2	starting	at	200	GeV	for	
HT<1500		and	at	400	GeV	for	HT >	1500	GeV	

For	Njet=1	,	the	binning	is	done		in	p,
=>?,	starting	at	250	GeV	

SUS-19-005
(Moriond)
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Exclusion	up	to	m(�̃�3)	=	1200	GeV				and	m(𝑏R3)	=	1240	GeV

SUS-19-005
(Moriond)Inclusive	search	in	multijet events	

with	the	MT2 variable
• Results:
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