
Extending	the	LHC	Reach	for	New	Physics	
with	Sub-Millimeter	Displaced	Vertices

Hayato Ito		(University	of	Tokyo)
in	collaboration	with

Osamu	Jinnouchi,	Takeo	Moroi,	Natsumi Nagata,	and	
Hidetoshi	Otono

Ref:	Phys.Lett.	B771	(2017)	568-575 (arXiv:	1702.08613	[hep-ph])

Summer	Camp	on	ILC	2017
July	22nd,	2017



1.	Introduction



New	metastable	particles	in	many	BSM	scenarios
SUSY		

with	heavy	squarks
gauge-mediation
R-parity	violation

Neutral	Naturalness Models	with	sterile	neutrinos
Dark	matter	models

Composite	Higgs	models

Hidden-valley	models	

If	𝑐𝜏 ≲ 𝒪(1)	m,	they	decay	inside	detectors	
after	flying	over	macroscopic	length.

→	Displaced	Vertices	(DVs)

p p

metastable	particles
DV1

DV2

Interaction	Point

The	decay	length	𝑐𝜏 (𝜏:	mean	life)	is	crucial	for	collider	phenomenology.

𝑐𝜏≫𝒪(1)	m	 “stable”
𝑐𝜏 ≲ 𝒪(1)	m metastable
𝑐𝜏≪ 𝒪(1)	m “promptly	decaying”



Existing	DV	searches

the	targets →		mainly	𝒄𝝉 ≳	10	cm

→	In	most	cases,	sub-millimeter	𝒸𝜏
has	been	regarded	as	𝒸𝜏 =	0

→	We	focus	on	sub-millimeter	DVs.

Exceptionally,	CMS	recently	considered	
1	mm	in	their	R-parity	violating	SUSY	
search.	 [PRD95,012009	(2017)]

How	precisely	are	vertex	positions	
reconstructed	at	the	LHC	?

𝜎(Primary	Vertex	position)	≲ 𝒪(100)	𝜇m
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Today	I	will	talk	about	how	well	the	LHC	reach	for	new	physics	
can	be	extended	by	looking	at	the	sub-millimeter	DV	signatures.	



2.	Vertxing at	the	LHC



• Vertices	are	reconstructed	as	the	best	fit	point	
from	a	set	of	charged	tracks.

• Charged	tracks	are	reconstructed	
by	the	inner	tracking	detectors.

• At	the	LHC,	

σ(tracking)〜 𝒪(10-100)	μm

Vertex	reconstruction	at	the	LHC	〜 A	quick	review	〜

IBL	(r	=	33	mm)

1st Pixel	layer	
(r	=	51	mm)

2nd Pixel	layer	
(r	=	89	mm)

3rd Pixel	layer	
(r	=	123	mm)

Beam-pipe
(r	=	24	mm)p p

→	Tracking	resolution	is	crucial	for	vertex	reconstruction



We	adopt	a	simple	model	of	tracking	and	vertex	reconstruction.

To	validate	our	MC	simulation,	we	reconstruct	the	position	of	primary	vertex	in	
minimal	bias	events	and	compare	its	resolution	with	the	ATLAS	result.

→	Our	results	are	in	good	agreement	with	the	ATLAS	ones

Tracking	in	our	MC	simulation
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In	order	to	study	vertex	reconstruction,	the	effect	of	tracking	resolution	should	
be	included	in	MC	simulation.



3.	Extending	the	LHC	reach	
with	DVs



How	and	how	well	can	the	reach	for	new	physics	be	extended	by	
measuring	DVs	?

We	are	interested	in	the	case	where	metastable	particles	are

a)	pair	produced
b)	decaying	into	SM	colored	particles	(as	well	as	possibly	other	particles).

p p

metastable	particles DV1

DV2

Interaction	Point



As	an	illustration,	consider	metastable	gluino search

bino LSP	@	100	GeV,		gluino	@	a	few	TeV,	
heavy	squarks and	higgsinos

q

q

q̄

q̄

|rDV1-rDV2|

Heavy	squarks → gluino becomes	metastable

Assumption:

←	No	hard	particles	at	the	interaction	point	

Use	|rDV1-rDV2|	as	a	discriminating	variable.

MC	simulation:
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Adopt	a	pairing	which	minimizes	a	vertex	total	𝜒2

Algorithm	for	vertex	reconstruction
We	do	not	know	which	two	jets	are	derived	
from	the	same	gluino.
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Background

Signal	with	𝓬𝝉𝒈. = 100	𝝁m

BG

→	We	can	discriminate	signal	from	BG	if	𝓬𝝉𝒈. ≳ 100	𝝁m.

|rDV1-rDV2|	distribution		(from	our	MC	simulation)



1.		Exclusion	limit	with	L	=	13.3	fb-1 2.		The	future	discovery	reach
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Results (Exclusion	limit	and	discovery	reach)

Impose	both	kinematical	and	DV	cuts

Adopt	the	SR	of	Meff-4j-2600	
(defined	in	ATLAS-CONF-2016-078)

Kinematical	cut:

(rcut is	set	to	the	value	which	
gives	the	best	performance.)	

require	|rDV1-rDV2|	>	rcut
DV	cut:



• 𝒸𝜏23 can	be	measured	with	the	accuracy	
of	𝒪(1)	when	𝒸𝜏23~ 𝒪(100)	𝜇m.

• 𝒸𝜏23 ≳	50	𝜇m can	be	distinguished	from	
𝒸𝜏23 =	0	with	the	5sigma	significance.
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Results	(Lifetime	measurement)

Lifetime	measurement:

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

→We	may	probe	squarks which	is	too	heavy	to	be	produced	directly.

Important	to	probe	the	new	physics c⌧g̃ / (mq̃)
4ex.				 for	metastable	gluino

Expected	sensitivity:
(𝑚23 =	2.2	TeV,	L	=	3000	fb-1)



4.	Conclusions



• We	consider	metastable	particles	which	produce	sub-millimeter	
DVs	and	discuss	how	well	the	LHC	reach	for	new	physics	can	be	
extended	with	the	information	of	DVs	.

• We	show	that	the	exclusion	limit	and	discovery	reach	of	metastable	
gluino can	be	extended	with	the	DV	information	if	𝒸𝜏23 ≳
𝒪 100 	𝜇m.

• We	also	show	that	the	lifetime	of	metastable	gluino can	be	
measured	if	a	large	amount	of	data	is	available.

Conclusions


