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New	metastable	particles	in	BSM

• New	long-lived	particles	in	many	BSM	scenarios
• SUSY		

with	heavy	squarks
gauge-mediation
R-parity	violating

• Neutral	Naturalness

• Hidden-valley	models	
• Composite	Higgs	models
• Dark	matter	models
• Models	with	sterile	neutrinos

• If																												,	they	decay	inside	detectors.

→	Produce	Displaced	Vertices	(DVs)

Searches	for	new	long-lived	particles	at	the	LHC
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• Vertices	are	reconstructed	with	the	precise	tracking	of	the	
charged	particles.

We	concentrate	on	the	case	where	a	number	of	charged	
particles	are	emitted	from	displaced	vertices.

→	our	result	is	in	good	agreement	with	the	ATLAS	results.

Validation
• To	validate	our	modeling	of	impact-parameter	resolutions	and	the	vertex	

reconstruction	:

• Generate	47,000	minimum-bias	event	MC	samples
• Reconstruct	the	position	of	primary	vertices	in	minimum-bias	events	

using	our	procedure

Extending	the	reach	with	DVs
• How	and	how	well	the	reach	for	the	new	physics	can	be	extended	by	using	the	

information	about	the	DVs	?

• We	are	interested	in	the	case	where	the	metastable	
particles	are	
a) pair	produced
b) decaying	into	SM	colored	particles	 (as	well	as	possibly	other	

particles).

• As	an	illustration,	consider	metastable	gluino search
bino LSP	@	100	GeV,		gluino @	a	few	TeV,	heavy	squarks
and	higgsino
four	high	p_T jets	+	MET

Gluino search	with	DVs
• Vertexing method

Signal: We	assume		BR(	gluino →	1st gen.	quarks	+	LSP	)	=	100	%		for	simplicity.
MG5	+	PYHTIA	→	Delphes (fast	detector	simulation)	→	50,000	events	for	each	mass	and

• No	hard	particles	except	those	from	ISR	at	the	interaction	
point

→We	use	|rDV1-rDV2|as	a	discriminating	variable.

• About	MC	samples:

BG: We	consider	only	BG	vertices	mis-reconstructed	as	displaced	ones	due	to	the	resolution	
of	track	impact	parameters.
We	approximate	the	BG	event	samples	which	pass	the	kinematical	selection	cuts	by	the	
signal	event	samples	with	 and	containing	only	b-quarks	(+	LSPs).
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Background

Discovery	reach	and	exclusion	limit	can	be	extended	with	DVs

Lifetime	measurement

Conclusions

• Exclusion	limit	with	luminosity	
of	13.3	fb-1
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• The	future	prospect
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• We	impose	|rDV1-rDV2|	>	rcut in	addition	to	kinematical	cuts

Complementary

metastable	particle

• Event	samples	are	binned	according	to	|rDV1-rDV2|.

• A	gluino with																																					can	be	distinguished	from	
a	promptly	decaying	one	with	the	2σ	(5σ)	significance	with	
L	=	3000	fb-1.														

L	=	300	fb-1

L	=	3000	fb-1

• Measurement	of	the		lifetime	is	of	crucial	importance	to	
understand	the	nature	of	new	physics.

c⌧g̃ & 30 (50) µm

• The	decay	length	can	be	measured	with	an	O(1)	accuracy	at	
the	high-luminosity	LHC	for	a	gluino with																												
μm .

c⌧g̃ ⇠ O(100)

→We	may	probe	the	squark mass	scale.

• A metastable	gluino with																						 μm can	be	measured	with	an	O(1)	accuracy	at	
the	high-luminosity	LHC.											

c⌧g̃ ⇠ O(100)

• We	study	the	reconstruction	of	DVs	originating	from	the	decay	of	new	metastable	
particles	with	sub-millimeter	decay	length.			

• We	show	that	the	new	DV	cut	may	be	utilized	to	improve	the	potential	of	the	gluino
searches	for	a	gluino with																													μm.c⌧g̃ & O(100)

• The	targets	of	the	existing	DV	searches	have	
been	mainly																										.	c⌧ & 10 cm

• Metastable	particles	with	a	sub-millimeter	decay	
length	have	been	beyond	the	reach	of	these	
searches.

→	They	have	been	regarded	as	promptly-decaying	particles.	

Exceptionally,	recently	the	CMS	considered	R-parity	
violating	SUSY	model	with	sub-millimeter	decay	
length	to	which	“ordinary”	search	strategies	does	
not	apply. 1610.05133[hep-ex]

→	We	focus	on	these	sub-millimeter	DVs	and	discuss	how	far	we	can	go	beyond	the
reach	of	these	existing	searches	with	the	information	of	DVs.
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minimizes	a	vertex	total	χ2

• Experimental	studies	show	that	primary	vertices	can	be	reconstructed	quite	well	with	
the	resolution	of	O(10)	μm at	the	LHC.

• Charged	tracks	are	reconstructed	by	the	
inner	tracking	detectors.
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Tracking	and	vertex	reconstruction	at	the	LHC

c⌧ . O(1) m

• High	resolution	inner	tacking	
detectors	at	the	LHC:

σ(track)	〜 O(10)	μm at	the	LHC	

→	Not	try	to	determine	the	position	of	the	interaction	point
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