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Long-lived	parEcles	at	the	LHC	

•  long-lived	parEcles	(LLPs):	resonances	that	live	long	enough	to	…	
•  …	escape	the	detector	
•  …	decay	in		the	detector,	but	far	enough	from	the	interacEon	
point	that	the	decay	length	can	be	measured	
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•  LLPs	at	the	LHC	necessarily	have	lifeEme	τ		>	~	1ps	
•  characterisEc	of	weak	decays	
•  narrow	resonances	(as	Γ	=	h/τ)	
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Long-lived	parEcles	in	the	Standard	Model	

•  weak	decays	are	backgrounds	for	LLP	searches	

•  LHC	experiments	look	for	parEcles	that	do	not	fit	this	picture	

3	



DetecEon	signatures	at	the	LHC	

stable	massive	charged	
•  large	dE/dx	
•  slow	(large	Eme-of-flight)	
	
see	talk	by	Aniello	Spiezia		

stable	neutral	
•  missing	energy	
	
see	SUSY	and	LHC	DM	talks	

meta-stable	neutral	
•  displaced	vertex/tracks	
•  jets	without	tracks	
	
main	subject	of	this	talk	

meta-stable	charged	
•  disappearing	track	
	
see	talk	by	Toshiaki	Kaji	
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What	makes	a	parEcle	long-lived?	

• many	examples	in	SUSY:	
•  small	couplings:	R-parity	violaEng	couplings,	graviton	LSP	
•  small	mass	spli`ng:	“Next-to-Lightest-SP”	
•  heavy	messenger:	heavy	squarks,	Z-prime		
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small	mass	spli`ng	small	coupling	constant	

heavy	messenger	
helicity	suppression	

•  textbook	formula	for	lifeEme	of	the	charged	pion:	
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One	popular	scenario:	Hidden	Valley	
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•  scenario	got	renewed	interest	because	of	“neutral/uncolored	naturalness”	
•  top	partner	‘coloured’	under	a	different	SU(3)	gauge	group	
•  dark	sector	has	its	own	hadronizaEon/confinement	
•  Higgs	mixes	with	dark	sector	scalar	and	decays	to	dark	sector	parEcles	

(see	e.g.	CurEn	and	Verhaaren,	arXiv:1506.06141;	Craig	e.a.,	arXiv:1501.05310v2,		
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Hidden	Valley	via	a	Higgs	Portal	

•  SM	Higgs	mixes	with	scalar	in	hidden	sector	
meta-stable	
dark	sector	
parEcle	

•  Higgs-like	coupling	
•  kinemaEcs	known	(e.g.	SM	Higgs	producEon)	
•  LLP	decays	preferenEally	to	heavy	fermions	(b,c,τ)	

•  three	parameters:	m(H),	m(πv),	τ(πv)	

•  signature	
•  most	studied:	displaced	jets	
•  alternaEve:	fragmentaEon	in	hidden	sector	à	“emerging	jets”	 7	



LLP	searches	at	the	LHC	

•  wide	program:	see	e.g.	program	of	LHC	LLP	workshops	

•  ATLAS	and	CMS	are	well	suited:	
•  large	luminosity,	efficient	triggers,	excellent	tracking/calorimetry	
•  new	in	run-2:	‘topological	triggers’		

•  LHCb	collects	less	luminosity,	but	is	more	efficient	at	low	mass	and	lifeEme	
•  modest	pT	requirements;	vertex	triggers	at	very	high	rate	

•  common	experimental	issues,	e.g.	backgrounds:	
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Selected	results	

•  ATLAS	at	13	TeV:	
•  neutral	LLP	in	calo	(ATLAS-CONF-2016-103)	
•  displaced	lepton	jets	(ATLAS-CONF-2016-042)	

•  CMS	at	13	TeV,	2.6/t:	
•  displaced	e-mu	pairs	(CMS	PAS-EXO-2016-022)	
•  inclusive	displaced	jets	(CMS	PAS-EXO-2016-003)	

	
	
•  LHCb	at	7/8	TeV:	

•  displaced	vertex	with	muon	(LHCb-PAPER-2016-047)	
•  hidden	valley	pions	decaying	to	di-jets	(LHCb-PAPER-2016-065)	
•  scalar	resonances	in	B⟶Kμμ	(LHCb-PAPER-2016-52)	

9	



b

b

t̃

¯̃t

b

e+

µ�

b̄

t̃

¯̃t

b

µ+

⌧�

b̄

Inclusive	displaced	jets	at	13	TeV	at	CMS	
CMS-PAS-EXO-16-003	

4 5 Background prediction
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Figure 1: Comparison of MC and data distributions for the displaced-jet tagging variables
amax (left), cIP2D

sig (center), and bQ2D (right). The data distributions (circles) are compared to the
expected background distributions from multijet events (squares) and several Jet-Jet bench-
mark models (dotted histograms) of pair-produced long-lived neutral scalar particles with
mX = 700 GeV and different values of ct0. The vertical lines designate the value of requirement
for the nominal displaced-jet tag. The direction of the arrow indicates the values included in
the requirement. All distributions have unit normalization.

.

A signal is searched for by applying the selection described above and counting the number127

of tagged displaced jets, Ntags. In addition to the online and offline requirements described128

in Section 3, the analysis signal region requires Ntags � 2. Efficiencies are reported for all129

interpreted models as a function of the lifetime with fixed mass (Tables 1 and 2) as well as a130

function of mass with fixed lifetime (Tables 3 and 4).131

5 Background prediction132

Background events arise from jets in which one or more displaced tracks are present due to133

either mismeasured tracks or truly displaced tracks such as from a weak decay of a strange,134

charm, or bottom hadron. As the proportion of tracks identified as being displaced is small and135

approximately constant, and two tagging variables use medians of all tracks associated with the136

jet, the likelihood of tagging a non-displaced jet as a displaced jet decreases exponentially with137

Ntracks. Figure 2 shows the fraction of jets that are tagged as displaced jets in data as a function138

of the number of tracks associated with the jet Ntracks. This function is the misidentification139

rate of tagging a prompt jet as displaced (assuming no signal contamination) and is interpreted140

as the probability p(Ntracks) of being tagged. This parameterization allows for an estimation,141

event by event, of the probability of tagging displaced jets.142

To maintain the statistical independence of the events that are used to perform the prediction143

and the events in the signal region, the misidentification rate is measured in a control sample144

defined as events with Ntags  1 (as shown in Figure 2), while the signal region requires Ntags �145

2. Additionally, this limits signal contamination in the misidentification rate. There are 1391146

events with Ntags = 1. The size of the bias introduced by only measuring the misidentification147

rate in events with Ntags  1 is quantifiable. For the nominal tag requirement, the effect of148

removing events with Ntags > 1 on the predicted number of two tag events is negligible (0.4%)149

compared to the statistical uncertainty of the prediction.150

The misidentification rate is used to predict the probability for an event to have Ntags tagged
jets, P(Ntags). For instance, for an event m with three jets j1, j2, and j3, there is one configuration

4	displaced	hadronic	jets	

2	displaced	hadronic	jets	
+	evt.	tau	jets	

signature:	

•  analysis	exploits	“topological	triggers”:	
high-pT	jets	with	≤2	tracks	compaEble	with	
beam-line	
	
•  off-line	selecEon	uses	several	observables	to	
enhance	fracEon	of	displaced	jets,	e.g.	
•  max	of	sum	pT	associated	to	single	PV	
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•  two	models:	
•  “Jet-Jet”:	H	⟶	πVπV	⟶	4	quarks	
•  “B-lepton”:	top	squark	pair	

producEon	with	lepton	number	
violaEng	decays	



Inclusive	displaced	jets	at	13	TeV	at	CMS	
•  events	with	1	‘tagged	jet’	used	to	esEmate	
mistag	probability	as	funcEon	of	#tracks	
à	allows	to	esEmate	per-event	background	

CMS-PAS-EXO-16-003	

•  yield	in	signal	region	in	2.6/t	at	13	TeV:	
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Jet-Jet	model	 B-tau	model	(top	squark)	

•  interpretaEon	in	models:	

•  top	squark	results	are	most	constraining	for	long-lived	stops	to	date	
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•  	finite	region	in	decay	length:	
•  barrel:					2.0	<	Rxy	<	3.6	m	
•  end-cap:	4.2	<	Rz	<	5.4	m	

•  search	tuned	for	LLPs	with	mass	100-150	
GeV,	pair	produced	in	the	decay	of	a	
scalar	of	400-1000	GeV	

ATLAS-CONF-2016-103	

•  model:	heavy	Higgs	mixing	with	dark	sector	scalar	
•  signature:	events	with	≥2	hadronic	jets	without	tracks	

•  	main	backgrounds	
•  mulE-jet	background	
•  cosmics	
•  beam-halo	muons	

•  	main	discriminants	
•  fracEon	of	hadronic	energy	(‘CalRaEo’)	
•  jet	width	
•  proximity	of	high-PT	tracks	to	jet	axis	
•  calo	cluster	Eme	
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Heavy	Higgs	decays	to	track-less	jets	at	ATLAS	



Heavy	Higgs	decays	to	track-less	jets	at	ATLAS	

•  event	yield	in	3.2/;	at	13	TeV:	
•  24	observed		
•  18.0	±	6.3	expected	background	

•  limits	as	funcEon	of	lifeEme	for	different	values	of	mφ	and	mS	
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Hidden	Valley	v-pions	decaying	to	jet	pairs	at	LHCb	

•  model:	Higgs	decay	to	two	LLPs	each	decaying	to	two	fermions	

•  LHCb	signature:	single	displaced	
vertex	with	two	associated	jets	
(LHCb	acceptance	for	all	4	jets	is	
small,	only	few	%)	

LHCb-PAPER-2016-065	

•  analysis	strategy	
•  trigger	on	displaced	vertex	
•  find	two	associated	jets	
•  extract	signal	from	fit	to		

di-jet	mass	in	bins	of	
distance	to	beam	axis	(Rxy)	
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LHCb,	2.0/t,	7,8	TeV	
preliminary	
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Hidden	Valley	v-pions	decaying	to	jet	pairs	at	LHCb	

•  no	excess	above	background	in	
2.0/t	of	7/8	TeV	data	

LHCb-PAPER-2016-065	
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•  place	95%	CL	upper	limits	on	
BR(	H0(125)⟶πVπV,	πV⟶bb	)	for		
25	<	m	<	50	GeV	and	2	<	τ	<	500	ps	

•  most	sensiEve	point	(m=50	GeV,		
t=10	ps)	exclude	BR	>	10	%	

	

compared	to	similar	analyses	
from	ATLAS	(le�)	and	CMS,	LHCb	
is	more	sensiEve	in	region	with	
small	mass	and	lifeEme	

LHCb	

LHCb	
2.0/t,	7,8	TeV	
preliminary	



ATLAS-CONF-2016-042	

Displaced	lepton	jets	at	13	TeV	at	ATLAS	

•  FRVZ(*)	model:	Higgs	decays	to	dark	sector	fermions,	that	radiate	dark	
photons	decaying	to	lepton	pairs	

γd 

H 

fd 2 

fd 2 

γd 

HLSP 

HLSP 

ℓ  + 

ℓ  - 

ℓ  + 

ℓ  - 

dark	sector	fermion	

Higgs	portal	

lightest	stable	dark	parEcle	

collimated	leptons	

photon	portal	

(*)	Falkowski-Ruerman-Volansky-Zupan,	JHEP05(2010)077,	PRL105(2010)241801	

•  search	strategy:	look	for	events	with	2	or	4	jets	consisEng	
of	pairs	of	muons,	electrons	or	pions	without	tracks	
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(see	also	V.	MarEnez	Outschoorn	in	Sunday	session!)	



Displaced	lepton	jets	at	13	TeV	at	ATLAS	

observed	 exp.bkg.	 H(125)	⟶	2	γd	+	X	 H(125)	⟶	4	γd	+	X	
46	 32	±	9	 111	±	2	 96	±	2	

ATLAS-CONF-2016-042	
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•  observed	event	yields	in	3.4/t	compaEble	with	background	

•  results	interpreted	in	FRVZ	model	with	dark	photon	mass	of	400	MeV:	

•  Higgs	branching	fracEon	larger	than	10%	excluded	for	2	<	cτ	<	111	mm		

•  see	paper	for	limits	on	model	with	Higgs	of	800	GeV	

95%CL	limit	on	
BR(H⟶	2(4)	γd+X)		
versus	dark	
photon	lifeFme	

RFVZ	
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Displaced	e-mu	pairs	at	13	TeV	at	CMS	

•  model:	top	squark	pair	producEon	
with	lepton	number	violaEng	
R-parity	violaEon	
•  signature:	displaced,	non-vertexed	
muon-electron	pairs	

CMS-PAS-EXO-16-022	
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•  main	background:	semileptonic	b	and	c	decays	
•  shape	esEmated	using	B-tagged	tag-and-probe	method	
•  yield	esEmated	with	ABCD	method	
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Displaced	e-mu	pairs	at	13	TeV	at	CMS	
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•  event	yield	in	different	signal	regions	in	2.6	t-1	at	13	TeV	

SR	 esEmated	
background	

observed	 expected	stop	
(1cm,700	GeV)		

III	 <	0.020	 0	 7.0	±	0.3	

II	 <	0.50	 0	 4.1	±	0.3	

	I	 <	3.2	 1	 5.2	±	0.4	

•  interpretaEon	in	context	of	stop	pair	producEon,	for	simplified	model	with	
decoupled	squarks	and	gluinos:	

top squark mass [GeV]
200 300 400 500 600 700 800 900

 [c
m

]
τ

to
p 

sq
ua

rk
 c

-210

-110

1

10

210

 2 std. deviation±

 1 std. deviation±

Expected

Observed

 (13 TeV)-12.6 fb

CMS
Preliminary

to
p	
sq
ua
rk
		c
τ	[
cm

]	

top	squark	mass	[GeV]	

exclusion	limit	
at	95%	CL	

•  similar	displaced	di-lepton	
analyses	in	RUN-1	data:	
CMS,	PRL114(215)061801	
ATLAS,PRD92(2015)072004	
	

CMS-PAS-EXO-16-022	
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Figure 3: Reconstructed mass of the LLP candidate from the 8 TeV dataset. The two top
plots correspond to events with candidates selected from the background region of the muon
isolation variable. They are fitted with the sum of two exponential functions. In the bottom
row the candidates from the signal region are fitted including a specific signal shape, added to
the background component. Subfigures a) and c) correspond to the analysis which assumes the
LV38 5 ps signal model, b) and d) are for LV98 10 ps.

3

mχ	=	38	GeV	

Semi-leptonic	LLP	decays	at	LHCb	at	7	and	8	TeV	

•  result:	no	excess	above	background,	at	7	and	8	TeV	
•  interpretaEon	in	various	models,	a.o.	

•  non-resonant	neutralino	producEon	
•  producEon	in	squark	decays	
•  producEon	in	Higgs	decays	(see	right)	

				as	funcEon	of	χ	mass	and	lifeEme	
	
•  at	most	sensiEve	point	(~50GeV,	~10ps)	

reject	BR(H⟶χχ)	>	1%		

LHCb-PAPER-2016-047	
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Figure 6: Expected (open dots with 1� and 2� bands) and observed (full dots) cross-section
times branching fraction upper limits (95% CL) for the processes PC as a function of the LLP
mass; the LLP lifetime ⌧

LLP

is indicated in each plot, m
h

0 = 125 GeV/c2. The results correspond
to the 8 TeV dataset.

13

signal	yield	extracted	from	fit	
to	vertex	invariant	mass		

•  model:	mSUGRA	neutralino	decaying	to	a	lepton	and	2	quarks	
•  signature:	single	displaced	vertex	with	1	muon	

one	example	of	H(125)⟶χχ	limit	

20	



Hidden	sector	𝜒⟶μ+μ-	in	B+⟶K+μ+μ-	at	LHCb	

•  b⟶s	quark	transiEons	give	access	to	new	light	narrow	scalar	resonances	
•  (prompt)	axion	(e.g.	Freytsis,	LigeE	and	Thaler,	arXiv:0911.5355)	
•  (long-lived)	inflaton	(e.g.	Bezrukov	and	Gorbunov,	arXiv:0912.0390)	
via	mixing	with	SM	Higgs	
	
	

LHCb-PAPER-2016-052	
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•  experimental	method:	
•  search	for	narrow	peak	in	μμ	

invariant	mass	in	B⟶Kμμ	decays,	
in	3	different	μμ	lifeEme	bins	

•  normalize	to	106	B⟶J/ψ	K	decays		
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Signal properties

Depending on the coupling to the SM/hidden sector, we can identify
two lifetime regimes: 

detector resolution
�⌧ ⇠ 0.2 ps

�

Long lifetime: Short lifetime:

� Inflaton [JHEP1005(2010)010] � Dark matter mediator [Phys.Lett.B727(2013)]

� Axion(like) [Phys.Rev.D81(2010)034001]

� Displaced vertex
� Almost background free

� Prompt decay
� Contamination from SM background

� Lower reconstruction e�ciency
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Hidden	sector	𝜒⟶μ+μ-	in	B+⟶K+μ+μ-	at	LHCb	
•  no	signal	above	background	
in	3.0/t	of	7/8	TeV	data	
•  obtained	95%	CL	on	
branching	fracEon	as	
funcEon	of	mχ	and	τχ	

white	areas	excluded	
because	of	backgrounds	from	
Ks,	φ(1040),	J/ψ,	ψ(2S)	and	
ψ(4160)	

LHCb-PAPER-2016-052	
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Cosmological constraints

CHARM

•  interpretaEon	in	inflaton	model:	
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		à	most	of	parameter	space	excluded		

•  similar	searches	for	LLPs	in	B	decays:	
χ⟶μμ	in	B⟶K*μμ	(PRL	115,	161802	(2015))	
N⟶μπ	in	B⟶πμμ	(PRL	112,131802	(2014))	
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Summary	

•  long-lived	parEcle	signature	is	well-moEvated	and	gaining	in	popularity	
•  R-parity	violaEng	SUSY,	sterile	neutrinos,	hidden	valleys	…	

•  wide	variety	of	searches	
•  this	talk:	new	results	on	signatures	with	a		‘displaced	vertex’	
•  for	other	signatures,	see	talks	by	Spiezia	and	Kaji			

•  no	discovery	so	far	…	but	we	keep	looking!	

•  next	LHC	LLP	workshop	(CERN,	24-26	April	2017)	
	

•  missing	signatures	
•  triggers	
•  recasEng	
•  …	
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h�ps://indico.cern.ch/event/607314/	



BACKUP	
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Model Signature
∫
L dt[fb−1] Lifetime limit Reference

S
U

S
Y

H
ig

g
s

B
R

=
1

0
%
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ig

g
s
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R

=
5

%
3

0
0

G
e

V
sc

a
la

r
9

0
0

G
e

V
sc

a
la

r
O

th
e

r

RPV χ01 → eeν/eµν/µµν displaced lepton pair 20.3 1504.05162m(g̃) = 1.3 TeV, m(χ01) = 1.0 TeV7-740 mmχ
0
1

lifetime

GGM χ01 → ZG̃ displaced vtx + jets 20.3 1504.05162m(g̃) = 1.1 TeV, m(χ01) = 1.0 TeV6-480 mmχ
0
1

lifetime

AMSB pp → χ±1χ
0
1,χ

+
1 χ
−
1 disappearing track 20.3 1310.3675m(χ±1 ) = 450 GeV0.22-3.0 mχ

±
1

lifetime

AMSB pp → χ±1χ
0
1,χ

+
1 χ
−
1 large pixel dE/dx 18.4 1506.05332m(χ±1 ) = 450 GeV1.31-9.0 mχ

±
1

lifetime

GMSB non-pointing or delayed γ 20.3 1409.5542SPS8 with Λ = 200 TeV0.08-5.4 mχ
0
1

lifetime

Stealth SUSY 2 ID/MS vertices 19.5 1504.03634m(g̃) = 500 GeV0.12-90.6 mS̃ lifetime

Hidden Valley H → πvπv 2 low-EMF trackless jets 20.3 1501.04020m(πv) = 25 GeV0.41-7.57 mπv lifetime

Hidden Valley H → πvπv 2 ID/MS vertices 19.5 1504.03634m(πv) = 25 GeV0.31-25.4 mπv lifetime

FRVZ H → 2γd + X 2 e−, µ−,π−jets 20.3 1409.0746H → 2γd + X , m(γd ) = 400 MeV14-140 mmγd lifetime

FRVZ H → 4γd + X 2 e−, µ−,π−jets 20.3 1409.0746H → 4γd + X , m(γd ) = 400 MeV15-260 mmγd lifetime

Hidden Valley H → πvπv 2 low-EMF trackless jets 20.3 1501.04020m(πv) = 25 GeV0.6-5.0 mπv lifetime

Hidden Valley H → πvπv 2 ID/MS vertices 19.5 1504.03634m(πv) = 25 GeV0.43-18.1 mπv lifetime

FRVZ H → 4γd + X 2 e−, µ−,π−jets 20.3 1409.0746H → 4γd + X , m(γd ) = 400 MeV28-160 mmγd lifetime

Hidden Valley Φ→ πvπv 2 low-EMF trackless jets 20.3 1501.04020σ×BR = 1 pb, m(πv) = 50 GeV0.29-7.9 mπv lifetime

Hidden Valley Φ→ πvπv 2 ID/MS vertices 19.5 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.19-31.9 mπv lifetime

Hidden Valley Φ→ πvπv 2 low-EMF trackless jets 20.3 1501.04020σ×BR = 1 pb, m(πv) = 50 GeV0.15-4.1 mπv lifetime

Hidden Valley Φ→ πvπv 2 ID/MS vertices 19.5 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.11-18.3 mπv lifetime

HV Z ′(1 TeV)→ qvqv 2 ID/MS vertices 20.3 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.1-4.9 mπv lifetime

HV Z ′(2 TeV)→ qvqv 2 ID/MS vertices 20.3 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.1-10.1 mπv lifetime

cτ [m]0.01 0.1 1 10 100
√
s = 8 TeV

ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: July 2015

ATLAS Preliminary∫
L dt = (18.4 - 20.3) fb−1

√
s = 8 TeV

*Only a selection of the available lifetime limits on new states is shown.

h�ps://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoEcsPublicResults	

h�ps://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults	
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 [m]τc
-410 -210 1 210 410 610 810 1010 1210

) = 200 GeV
1
±
χ∼ > 0, m(µ) = 5, β, tan(

1
±
χ∼AMSB 

  (tracker + TOF)-18 TeV, 18.8 fb

) = 800 GeV
1
±
χ∼ > 0, m(µ) = 5, β, tan(

1
±
χ∼AMSB 

  (tracker + TOF)-18 TeV, 18.8 fb

) = 1000 GeVg~cloud model R-hadron, m(

  (stopped particle)-18 TeV, 18.6 fb

) = 200 GeV
1
±
χ∼, m(±π + 

1
0
χ∼ → 

1
±
χ∼, 

1
±
χ∼AMSB 

  (disappearing tracks)-18 TeV, 19.5 fb

) = 500 GeV0
1
χ∼) = 1000 GeV, m(q~RPV SUSY, m(

  (displaced dijets)-18 TeV, 18.5 fb

) = 150 GeV0
1
χ∼) = 1000 GeV, m(q~RPV SUSY, m(

  (displaced dijets)-18 TeV, 18.5 fb

) = 250 GeV
1

0
χ∼, m(γ G~ → 

1
0
χ∼GMSB SPS8, 

  (disp. photon timing)-18 TeV, 19.1 fb

) = 250 GeV
1

0
χ∼, m(γ G~ → 

1
0
χ∼GMSB SPS8, 

  (disp. photon conv.)-18 TeV, 19.7 fb

, m(H) = 125 GeV, m(X) = 20 GeVµµ → XX (10%), X →H 

  (displaced leptons)-18 TeV, 20.5 fb

 ee, m(H) = 125 GeV, m(X) = 20 GeV→ XX (10%), X →H 

  (displaced leptons)-18 TeV, 19.6 fb

) = 420 GeVt~ bl, m(→ t~RPV SUSY, 

  (displaced leptons)-18 TeV, 19.7 fb

CMS long-lived particle searches, lifetime exclusions at 95% CL

h�ps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO	
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jj (CMS EXO-16-007)µµ → LQscalar LQ 
 llbb reinterpretation of→t~ t~Long-lived 

Expected 95% CL upper limit
Observed 95% CL upper limit
CMS EXO-16-022 Observed limit

 (13 TeV)-1            2.7 fbPreliminaryCMS 

jj (CMS EXO-16-007)µµ → LQscalar LQ 
 llbb reinterpretation of→t~ t~Long-lived 

Expected 95% CL upper limit
Observed 95% CL upper limit
CMS EXO-16-022 Observed limit

Example	of	reinterpretaEon	in	CMS:	constraints	on	long-lived	stop	pair	
producEon	from	a	lepto-quark	analysis	

CMS-PAS-EXO-16-007	


