


Heavy flavor study at EIC

<+ Heavy flavor sensitive to
the gluon dynamics

p/A p'IA*
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arXiv: 2102.08337

e Inclusive heavy-flavor hadron production in unpolarized e+p/A collisions to constrain gluon (nuclear) parton
distribution functions (PDFs) in nucleons and nuclei, especially in the large Bjorken-z (zp) region (zp 2 0.1).

PN

e Heavy-flavor hadron pair (e.g. D+D) production to constrain gluon transverse momentum dependent (TMD)
PDFs in both unpolarized and transversely-polarized experiments.

e Heavy-flavor hadron double spin asymmetry (Ay) measurement to constrain the gluon helicity distributions

(Ag/g).

e Heavy-flavor hadrochemistry (abundance between different heavy-flavor hadron states) studies to better under-
stand heavy-quark hadronization as well as the impact of cold nuclear matter effects in e+A collisions.
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Charm reconstruction with exclusive ¢ hadrons |
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PID at different rapidity
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Central Arm Range (GeV/c)
Technology e-7r t-K
r: 0-2 0-3
g—f (Cluster Count) 0-107?? 0-15
DIRC 0.00048-1 | 047-6
TOF (LGAD) 0-1 0.00-5
HBD 0.0150-4.17 | N/A

Small angle detectors

Electron Arm Range (GeV/c) Hadron Arm Range (GeV/¢)
Technology e-n m-K Technology e-71 m-K
dRICH (aerogel) 0.0025 -5 2.46-16 CsI RICH 0.0150 - 20 | 14.75 - 50

. ;FCI;H (gas)u 88(1;;12 1;5: '6600 dRICH (aerogel) | 0.0025-5 | 2.46-16
(overall) 025 - 0 dRICH (gas) 0.0127-18 | 12.34 - 60
HBD 0.0150 -4.17 -

dRICH (overall) | 0.0025-18 | 2.46-60

mRICH 0.0025-2 | 2.00-6
TOF (LAPPD 4m, 5ps) 0-3 0.00 - 16 TOF (LGAD) 0-1 0.00 -5

TOF (LAPPD 3m, 10ps) | 0- 1.8 0.00 - 10 TOF (LAPPD4m 5ps) | 0-25 | 0.00-16
TRD 1.0 =270.0 TRD 1.0 -270.0 -

RICH detectors have firing threshold at low momentum |
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Low p threshold for RICH detectors

. N
EICUG YR
Threshold (GeV/c)

2 radiator index e T K p

Detercior pabiix quartz (DIRC) | 1.473 | 0.00048 | 0.13 | 0.47 | 0.88

Barrel <6 GeV aerogel (mRICH) | 1.03 | 0.00207 | 0.57 | 2.00 | 3.80
e <10 GeV aerogel (dARICH) | 1.02 | 0.00245 | 0.69 | 2.46 | 4.67
CoFs (ARICH) | 1.0008 | 0.01277 | 3.49 | 12.34 | 23.45

Backward < 50 Gev CF, (gRICH) | 1.00056 | 0.01527 | 4.17 | 14.75 | 28.03

p (GeV/c)

Table 11.23: Table of Cherenkov thresholds for various media.

o : - e it
e R e e S S X H G S e St vt

e

T

RN

No TOF in current Beast
- or EIC-sPHENIX

~ PYTHIA e(18) + p(275)

e e S

| IIllI

No dE/dx in All-Si
10 concept

T e
Eisioeiatooetta
T e

Magnetic field can
' affect the low prrange

YT

Sy

O e SN s T T T
R R et
B e

EIC simulation study — Wenqing Fan

T -
iR
LhEEmEEIIET



e
B HHEHHREHHARHH U i R R e R R e

Effect on DY and D*

Pythia, e+p @ 10+100 GeV, Min Bias Pythia, e+p @ 10+100 GeV, Min Bias
E + 0 E * (
Py n* from D Py K from D ot \/ K-

150 150

100 100

50 50

107" 1 10 107"
p [GeV/c]

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

— 200 + -
e n= from D* T v V{

DO %~ g /K separation

DIRC acceptance — 90cm
o (solid: 1.4T, dash: 3T)

100

50

pr>0.3xBxR/2
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| Effects on Ac

4
3
: Pythia, e+p @ 10+100 GeV, Min Bias Pythia, e+p @ 10+100 GeV, Min Bias
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Detector effects — PID

<= Using fast simulation to check the detector effects on DO
and Ac reconstruction

< Particle identification (PID)

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

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

<= Caveat: assume perfect electron 1D, ignore muons
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Detector effects — PID

< Fast simulation for DIRC and dRICH

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

e e

e b

<= |If particles momentum is below the firing threshold for m/K/p

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

|

—

| i
|
|
1gi

R eiareshsaseatass s B Lo A Ie  eoat e T anes s e

S

True particle Pion Kaon / Proton

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

LRSS

v
p <0.47 (2.46) prob(rt/K/p) = 0, O.f, 0.4

Thsias

e T TS

TR EISRREAT
EiEeeet

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

prob(rt/K/p) =0, 1, 0 | prob(rfK/p) = 0, 0, 1
p <6 (50)

\
probability assigned according to multiplicity of different charged particles
EIC simulation study — Wenqjing Fan 9




Stat. Err. = sqrt(SG+BG)/SG e decrease with increasing SG
= sqrt(1+BG/SG)/sqrt(SG) e descrease with descreasing BG

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

n €[-1.0, 1.0), p £ [2.0, 4.0) GeV

Counts

—— 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%)

10000 — 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%)

All-Si for
tracking,
DCA cuts
applied

5000

16 18 > 2.2

mKﬂ:

No PID: pairing all the charged
hadron with opposite charge

DM PID: pairing K'r* or K*rr

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

All ID: with low p cutoff, only
pair identified particles
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A

DY at mid-rapidity

Stat. Err. = sqrt(SG+BG)/SG e decrease with increasing SG
= sqrt(1+BG/SG)/sqrt(SG) e descrease with descreasing BG

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

on
§ n C[-1.0, 1.0), p C [2.0, 4.0) GeV
3 i
@) —— 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%) Stat' Err’ Improves from NO PID
10000 — —— Cutoff (SG 2.56e+04, BG 2.90e+03, Stat. Err. 0.32%) to with PID
L All' ID (SG 2.31e+04, BG 2.02e+03, Stat. Err. 0.33%)
: | Stat. Err. become worse from
_ DM PID to PID with low p
5000 cutoff, however the effect is not
significant
0
mec
':“u‘%
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A

DO at forward-rapidity
o &
Stat. Err. = sqrt(SG+BG)/SG e decrease with increasing SG
= sqrt(1+BG/SG)/sqrt(SG) e descrease with descreasing BG
Pythia, e+p @ 10+100 GeV ,\Min Bias
-fé) n €[1.0, 3.0), p € [2.0, 4.0) GeV
35000
@) - —— No ID (SG 7.36e+03, BG 8.42e+04, Stat. Err. 2.01%) .
| —— DM (SG 7.36e+03, BG 4.80e+03, Stat. Err. 0.73%) Stat' Err' Improves from NO PID
| —— Cutoff (SG 7.30e+03, BG 4.90e+03, Stat. Err. 0.74%) to With P|D
L All' ID (SG 6.25e+03, BG 3.94e+03, Stat. Err. 0.79%)
10000
i Stat. Err. become worse from
DM PID to PID with low p
cutoff, however the effect is not
5000 significant
0
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A

DY at backward-rapidity

. *
Stat. Err. = sqrt(SG+BG)/SG e decrease with increasing SG
= sqrt(1+BG/SG)/sqrt(SG) e descrease with descreasing BG
Pythia, e+p @ 10+100 GeV \Min Bias
on —
§ 1500 n C[-3.0,-1.0), p_ C[2.0, 4.0) GeV
3 i
@) - ——No ID (SG 3.21e+03, BG 9.02e+03, Stat. Err. 1.68%) .
| —— DM (SG 3.21e+03, BG 6.04e+02, Stat. Err. 0.94%) Stat' Err' Improves from NO PID
—— Cutoff (SG 3.17e+03, BG 6.25e+02, Stat. Err. 0.95%) to With P|D
- —— AllID (SG 2.66e+03, BG 5.43e+02, Stat. Err. 1.04%)
1000
. Stat. Err. become worse from
DM PID to PID with low p
500 I cutoff, however the effect is not
N ll‘ U L] [ L]
i significant
0 | | | ‘
1.6 2.2
mec
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Ac at mid-rapidity

o
Pythia, e+p @ 10+100 GeV, Min Bias
L3000
§ | nCF10,1.0)p C[20,4.0) Gev No PID: pairing all the charged
O ~ — DM (SG 3.33¢+03, BG 1.95¢+03, Stat. Err. 1.06%) hadron with opposite charge
. —— Cutoff (SG 3.16e+03, BG 7.13e+03, Stat. Err. 1.57%)
~ —— AllID (SG 2.44e+03, BG 1.25e+03, Stat. Er. 1.21%) DM PID: pairing K'rt*p+ or K*'mr
2000 |- -
R Cutoff: with low p cutoff,
i pairing identified T with tracks
1000 B 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 identified particles
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Ac at mid-rapidity
¢
Pythia, e+p @ 10+100 GeV, Min Bias
‘23000 __ n C[-1.0, 1.0), p C [2.0, 4.0) GeV
o
O ~ — 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%) comb' bkg tOO blg When NO
~ —— AllID (SG 2.44e+03, BG 1.25e+03, Stat. Err. 1.21%) PID
2000 —
- Stat. Err. become worse from
: DM PID to PID with low p
1000 - cutoff, ~50% effect in forward-
- rapidity
| i
| | | | | | | | | j | | | | | | | | | | j%
% 2 2.25 2.3 2.35 2.4 ;
Mo 1}
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Ac at forward-rapidity

¢ ¢
Pythia, e+p @ 10+100 GeV, Min Bias
(2]
T - 1 C[1.0,3.0), p C[2.0, 4.0) GeV
§2000 B
| —— DM (SG 1.04e+03, BG 2.11e+03, Stat. Err. 2.62%) S
- —— Cutoff (SG 9.58e+02, BG 1.26e+04, Stat. Err. 5.94%) Comb. bkg too big when NO
1500 | —— AllID (SG 3.50e+02, BG 8.52+02, Stat. Err. 4.84%) PID
! Stat. Err. become worse from
1000 DM PID to PID with low p
cutoff, ~200% effect in forward-
rapidity
500 | !
}'1;
i
F
3 .
- .
| Lj‘t
.
i
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Ac at backward-rapidity

Counts

200

100

3

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

- n €[-3.0,-1.0), p_ €[2.0, 4.0) GeV
T

| —— DM (SG 4.66e+02, BG 8.90e+01, Stat. Err. 2.47%) =
Comb. bkg too big when NO
- —— Cutoff (SG 4.24e+02, BG 1.30e+03, Stat. Err. 4.78%)

~ —AllID (SG 9.90e+01, BG 1.70e+01, Stat. Err. 5.31%) PID

Stat. Err. become worse from
DM PID to PID with low p
cutoff, ~200% effect in

il!!"-“-lf.dl backward-rapidity
i o i AN s B L 1S el i e P
2.3 2.35 2.4
mKnp
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Effect of magnetic field

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

1500
n C[1.0,3.0), p C[0.2, 2.0) GeV

Counts

147 (SG 1.056+03, BG 1.136+04, Stat. Err. 5.16%) 1.4T to 3T

- —— 3T (SG 8.51e+02, BG 3.90e+03, Stat. Err. 3.95%) e SG drops because of the
1000~ acceptance

PN e BG drops because of a better
i e [ ) i momentum resolution

500 [ du B (narrower signal region) and
fewer low pr tracks

| | | | | | | | | | | | | | | | | | |
%.2 2.25 2.3 2.35 2.4

Knp
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Pythia, e+p @ 10+100 GeV, Min Bias
-3.0<n<-1.0 -1.0<n<1.0 1.0<n<3.0
1.85_ T T T T T T _:E_”IIIIII”II”II”II”I”_E_ T T T T T R
N
—|-c L)
A Low p cutoff using
8 DIRC+dRICH as PID
® does not affect D°
significantly
. :
£ < | Larger effect at |n|>1
& o
5 S
@ larger effect at low pr
S | 3T has slightly better
A recision comparin
not enough 3 P P &
statistics 3 to 1.4T
NoID DM Cutoff AIIID NoID DM Cutoff AIIID NolID DM Cutoff AIIID 19 ¥ ik
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Pythia, e+p @ 10+100 GeV, Min Bias

v 3.0 <n <10 , -1.0<n<1.0
s f| Low p cutoff using
<{| DIRC+dRICH as PID
| affect A, significantly |
= 30 _g %&
g . = | Larger effectat |[n|>1 |
= & it
i 20 5 .
E 15 % r‘?
B 1o larger effectatlow pr | |
5
> | 3T has slightly better
o recision comparin
: not enough 3 P Sl
.5 statistics 8 o8
10 &
5

NoID DM Cutoff AllIID NoID DM Cutoff AllIID NoID DM Cutoff AIlID 20 “
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DY kinematics

|OW X Pythia, e+p @ 10+100 GeV, Min Bias hlgh X

1e-02 < x < 1e-01

% Ry = f(x, Q7)If7(x, Q%)

) E.C. Aschenauer et al, 1708.01527
A 2
£ O, 18 Vs =31.6-89.4 GeV
"""""""""""" ¥ A 16 Q% =1.69 GeV*
/} L BN BN BN
o
(o)
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Charged particle multiplicity

Count

similar p* p-now

more e- than et
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Pythia, e+p @ 10+100 GeV, Min Bias Pythia, e+p @ 10+100 GeV, Min Bias
% —— event with ¢/c % S - i —— event with c/c j
i — eventwihbb | S 10°F —— eventwithb/b =
E —— event withoutclb 3 = —— eventwithoutc/b
| n | <3 _ N 10° ¢ =
<N, > =0.50 (0.52) 3 105 - <N_,>=2.72 (2.78) ]
= <N,o->=0.60 (0.65) 3 <N_.> = 3.85 (3.96)
Charm en ri Ched Once F <NK*"> =0.23 (0.27) 7 104 ; <Nn4.,> =1.78 (1.92) ;
require >= 1 muon : e f L .
: - = solid line: -
(losing ~90% evts) - dash line: + 102 b .
= - 10¢ E
i L 1] 1 I | ]

10 15 0 10 20

. Pythia, e+p @ 10+100 GeV, Min Bias Pythia, e+p @ 10+100 GeV, ias ythia, e+p @ 10+100 GeV, Min Bias
= — -— — | - 8 — —
g —— event with c/c E 5 = —— event with?\ 5 10 3 —— event with c/c 3
L event with b/b ] 8 r- —— event with b/b N 8 - —— event with b/b h
Z event withoutclb 3 £ —— eventwithoutc/b 3 S —— eventwithoutc/b 3
1057 - = - ¢ E -
% <Np.m> =0.16 (0.20) % E F-- <N,.»>=1.10(0.10) E N <NM.“,> =0.06 (0.05) 3
- S <N_>=0.11(0.29) = L <N,.>=1.22(0.22) L <N,>=0.16 (0.15)
E <N>=0.14 (0.17) 3 <N_.>=1.03 (0.03) ] <N .>=0.00 (0.00)
10 E = E 10° £ E
L T I . - 1 10 £ E
1 [ \ L] [ L] 1 [ \ L
0 5 10 0 10 5 10
sz Ne* Nuz
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