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Heavy flavor study at EIC
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Heavy flavor sensitive to 
the gluon dynamics

arXiv:	2102.08337



EIC simulation study — Wenqing Fan 3
]2 [GeV/cKm

1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

20000

30000

40000

50000

60000

70000

80000

]2 [GeV/cKm
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.40

5000

10000

15000

20000

25000

30000

35000

40000

]2 [GeV/cKm
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.40

2000

4000

6000

8000

10000

]2 [GeV/cKm
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

800

1000

1200

1400

1600

1800

2000

310�

]2 [GeV/cKm
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

100

150

200

250

300

310�

]2 [GeV/cKm
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

30

40

50

60

70

80

90

100

110

310�

no PID
no vertex no vertex

100% PID
no vertex

����
no PID

vertex ��� vertex
no PID

��� vertex
80% PID

D

MK

0

80% PID

Charm reconstruction with exclusive c hadrons

Need	good	vertexing

Need	good	PID	(K/𝞹/p)



EIC simulation study — Wenqing Fan

PID at different rapidity
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RICH	detectors	have	firing	threshold	at	low	momentum
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Low p threshold for RICH detectors
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No	TOF	in	current	Beast	
or	EIC-sPHENIX

No	dE/dx	in	All-Si	
concept

MagneSc	field	can	
affect	the	low	pT	range

Figure	credit:	Wei	Li

EICUG	YR

Deterctor Matrix

Barrel < 6 GeV

Forward < 10 GeV

Backward < 50 GeV
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Detector effects — PID
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Using fast simulation to check the detector effects on D0 
and Λc reconstruction

Detector Matrix (DM) PID: no low p cutoff (can be covered 
by TPC and TOF)

No PID

Particle identification (PID)

DIRC+dRICH: with low p cutoff (1.4T and 3T), including or 
excluding mis-identified particles

Caveat: assume perfect electron ID, ignore muons
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Detector effects — PID
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Fast simulation for DIRC and dRICH

True particle Pion Kaon Proton

p < 0.13 (0.69) prob(𝞹/K/p) = 0.7, 0.2, 0.1 

p < 0.47 (2.46)

prob(𝞹/K/p) = 1, 0, 0

prob(𝞹/K/p) = 0, 0.6, 0.4

p < 0.88 (4.67)
prob(𝞹/K/p) = 0, 1, 0 prob(𝞹/K/p) = 0, 0, 1

p < 6 (50)

If particles can not reach DIRC (pT > 0.19GeV for 1.4T, 
0.40GeV for 3T), can be smaller if put DIRC closer to All-Si

If particles momentum is below the firing threshold for 𝞹/K/p

Veto	mode:	if	track	momentum	above	pion	threshold	but	
not	firing	the	detector,	then	it	cannot	be	pion

probability	assigned	according	to	mul;plicity	of	different	charged	par;cles
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No ID (SG 2.60e+04, BG 3.81e+04, Stat. Err. 0.48%)
DM (SG 2.60e+04, BG 2.64e+03, Stat. Err. 0.32%)
Cutoff (SG 2.56e+04, BG 2.90e+03, Stat. Err. 0.32%)
All ID (SG 2.31e+04, BG 2.02e+03, Stat. Err. 0.33%)

Pythia, e+p @ 10+100 GeV, Min Bias

 [2.0, 4.0) GeV⊆ [-1.0, 1.0), p ⊆ η

D0
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No	PID:	pairing	all	the	charged	
hadron	with	opposite	charge

DM	PID:	pairing	K-𝞹+	or	K+𝞹-

Cutoff:	with	low	p	cutoff,	
pairing	idenSfied	𝞹	with	tracks	
most	likely	to	be	K	(prob(K)>0.5)

All	ID:	with	low	p	cutoff,	only	
pair	idenSfied	parScles

All-Si	for	
tracking,	
DCA	cuts	
applied

=	sqrt(SG+BG)/SG • decrease	with	increasing	SG
• descrease	with	descreasing	BG

Stat.	Err.
=	sqrt(1+BG/SG)/sqrt(SG)
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DM (SG 3.33e+03, BG 1.95e+03, Stat. Err. 1.06%)

Cutoff (SG 3.16e+03, BG 7.13e+03, Stat. Err. 1.57%)

All ID (SG 2.44e+03, BG 1.25e+03, Stat. Err. 1.21%)

Pythia, e+p @ 10+100 GeV, Min Bias

 [2.0, 4.0) GeV⊆ [-1.0, 1.0), p ⊆ η

Λc at mid-rapidity
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No	PID:	pairing	all	the	charged	
hadron	with	opposite	charge

DM	PID:	pairing	K-𝞹+p+	or	K+𝞹-

p-
Cutoff:	with	low	p	cutoff,	

pairing	idenSfied	𝞹	with	tracks	
most	likely	to	be	K	(prob(K)>0.5)	

and	tracks	that	can	be	p	
(prob(p)>0.1)

All	ID:	with	low	p	cutoff,	only	
pair	idenSfied	parScles
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D0
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not	enough	
staSsScs

Low	p	cutoff	using	
DIRC+dRICH	as	PID	
does	not	affect	D0	

significantly

Larger	effect	at	|η|>1

larger	effect	at	low	pT

3T	has	slightly	beder	
precision	comparing	

to	1.4T
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Λc
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not	enough	
staSsScs

Low	p	cutoff	using	
DIRC+dRICH	as	PID		
affect	Λc	significantly

Larger	effect	at	|η|>1

larger	effect	at	low	pT

3T	has	slightly	beder	
precision	comparing	

to	1.4T
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Summary
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Low p cutoff has moderate effect on D0 measurement

Low p cutoff has significant effect on Λc measurement, 
especially at forward/backward rapidity and low pT

TOF detectors can potentially cover the low moment 
range missed by Cherenkov detector


