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●Hypothesized	par-cles	with	magne,c	charge	
●Their	existence	would	help	explain	charge	
quan,za,on	
●Symmetry	in	the	Maxwell	equa-ons	
	





•  Dirac monopoles are expected to rapidly lose 
energy in the electromagnetic calorimeter (ECAL) 
with little associated radiation.  

•  Ionization dominates the monopole energy loss and 
the monopole energy is deposited in a compact 
transverse ECAL strips with little or no energy in the 
hadronic calorimeter.  

•  The cluster shape tracks the monopole through the 
ECAL crystals. 

How	can	we	detect	Monopole?	

The main component of CMS to detect and measure the energies of electron, photon and 
charged particles is the Electromagnetic Calorimeter (ECAL). 
 
 The CMS ECAL consists of 75848 lead tungstate (PbWO4) crystals, organized into barrel and 
two endcap detectors and providing coverage to pseudorapidity  ∣𝜂∣ = 3.0. Two silicon preshower 
detectors are placed in the front of the endcaps ,covering the range 1.65 < ∣𝜂∣ < 2.6. 
Scintillation light emitted by the lead tungstate crystals is converted to electrical signals by photo-
detectors glued to the face of the crystals. 



Challenge:Monopole	Signature	
vs.	Spike		

Monopole	can	look	like	a	
SPIKE!	
•  Monopole	 energy	 can	 be	 only	

contained	 in	 only	 one	 crystal	 and	we	
need	 to	 know	 how	 many	 monopole	
can	be	killed	by	the	spike	killer.	
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Analysis	Strategy		
1-	Monopole	Monte	Carlo	Genera,on	and	
Simula,on.	
Using	MG5_aMC_v2_3_3	 to	 generate	 events	 and	
with	 central	 produc-on	 (with	 a	 special	 model	 for	
monopole)	
	
The	 interac-on	 of	 the	 generated	 par-cles	 in	 the	
CMS	detector	is	simulated	with	GEANT4.		
	
Par,cle	 Iden,fica,on	 (PID)	 code	 is	 translated	 to	
±411100	and	GEANT4	can	recognizes	the	par-cle	as	
a	 magne-c	 monopole	 and	 treats	 it	 as	 a	 par-cle	
having	 the	 fundamental	magne-c	charge	g	and	no	
electric	charge.	
	
	Monopole	masses	ranging	from	500	to	4000	GeV,	
with	spin	0	and	spin	half	have	been	simulated	for	
13	TeV.	
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2-	Monopole’s	Code		(TrackCombiner)		
	

		

13	TeV	
	(without	trackcombiner)			

8	TeV	
	(with	trackcombiner)				

For	Monopole:	No.	of	
saturated	strips	=	Total	

no.	of	strips		
No.	of	Sat.	strips/Total	

No.	of	Strips	≈	1		
	

Monopoles	bend	in	R-Z	plane,	which	makes	tracking	not	prac-cal	to	iden-fy	Monopole	
tracks.	
Run1	 team	had	 developed	 an	 algorithm	 (Track	 Combiner)	 that	 finds	monopole	 tracks	 by	
combining	mul-ple	straight	tracks	into	a	single	curved	track.	The	Track	Combiner	algorithm	
combines	track	segments	from	the	standard	tracking	algorithm	into	sets	of	track	segments	
that	could	have	come	from	the	same	par-cle	
	

TrackCombiner	
code	is	working	
only	with	RECO	

format	



3-	Monopole	Iden,fica,on	

1-	CMSSW_8_X_X	
2-	SuperCluster	informa,on	with	new	collec,ons	(cleaned	and	unclean	spike	killer)	
should	be	added.	
3-	Photon	Trigger	and	MET	trigger	

13	TeV	(Run	2)	



Run1’s	results	(not	published)	

8	 TeV’s	 results	 from	 the	 full	 data	
sample	showing	signal	and	background	
regions.	 The	 red	 numbers	 are	 the	
predicted	 background	 counts	 in	 each	
region,	 and	 the	black	 numbers	 are	 the	
observed	numbers		
No	Monopole	found	
	

CMS-PAS-EXO-14-005	

Analysis	stopped	a\er	issues	discovered	in	
trigger	efficiency	determina-on/people	
leaving	



Trigger	Study					



Future	Plan	
	
1-	Comple-ng	the	Ntuple	to	use	the	monopole	track	combiner	
code	and	other	collec-ons.	
2-	Analyzing	the	2016	data	(blinded)	and	op-mizing	the	selec-ons	
3-	Comple-ng	the	study	of	the	trigger	systema-cs	,	including	for	
2017	data.		
4-	Checking	the	systema-c	of	the	simula-on	with	respect	to	the	
monopole	physics	model.	
5-Comple-ng	the	analysis.		
	



Backup	
	



The	track	le\	my	a	magne-c	monopole	travelling	through	the	tracking	chamber	would	be	mul-ple	
orders	of	magnitude	ionized	than	a	normal	track,	satura-ng	dE/dX	measurement.	
	
The	par-cle	would	experience	a	force	along	the	magne-c	field,	causing	the	track	to	curve	toward	the	
posi-ve	or	nega-ve	Z	direc-on.	
	
A	monopole	track	would	be	easily	dis-nguishable	from	an	ordinary	track.	However,	because	of	the	
curvature	 in	 Z,	 the	 standard	 tracking	 algorithm	 is	 extremely	 inefficient	 at	 iden-fying	 monopole	
tracks.	We	have	developed	an	algorithm	that	finds	monopole	tracks	 	by	combining	mul-ple	straight	
tracks	into	a	single	curved	track.		
	

Track	Combining	:	The	Track	Combiner	algorithm	combines	track	segments	
from	the	standard	tracking	algorithm	into	sets	of	track	segments	that	could	have	
come	 from	 the	 same	 (possibly	 magne-cally	 charged)	 par-cle.	 Star-ng	 with	 a	
par-cular	 segment,	 it	 scans	 through	all	other	segments	 in	 the	event	 that	have	
not	yet	been	assigned	to	a	set.	Tracks	with	pT	<	5	GeV	are	ignored.	A	segment	is	
assigned	to	this	set	 if	 its	 tracking	hits	sa-sfy	 two	separate	fits	when	combined	
with	the	other	tracking	hits	in	the	set		
	

2-	Monopole	TrackCombiner	



Thank you !


