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Introduction
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« Why Eic?

» Electro-magnetic probe for nuclear structure

* Cleaner DIS background than HI collision
 Why Ei1cC?

« High Iuminosity and unique kinematic coverage
 Why heavy flavor?

* yg — cc: Sensitive to gluon distribution



B combination ®  e‘e Bactories
e'e’ Z decays e’p DIS
e'p PHP Y pp LHC
T l l l
2 06 :_ | | | |
S | | | |
Sosk ||| |
% .. Eut Phys. J. € 76,1397 (2016)
2 o
g 5 | | | | | |
& 93F [ | ly | | |
P o
g™t | | | |
ELE |1 11
S b1 [ 1]
p* D° D D' D° DI Al
—~1.0 T T T T
a =
1 - = ALICE, pp, Vs = 5.02 TeV
o (PRD 105, L0O11103 (2022)) :
=~ 08 - = ALICE Preliminary, p-Pb, [Sy, = 5.02 TeV -
—ALICE, pp, = x A x R g (A}) (Preliminary)
+ B factories, e'e’, {s = 10.5 GeV
é +LEP, e'e’, {s=m,
0.6 # |« HERA, ep, DIS n
o HERA, ep, PHP 1
o4 1l arXiv:2207.07590v1 -
o
! < i
02 O T™=p
[ G | q. | 0=
00 | | | |

T
=1
E+

N

Phys Rev C 89, 034911 ~

<z>=0. 326 0.583 ]
<Q%>=1.889~2.595 GeV? —

At

6 8 10 12 14 16 18 20 22
E (GeV)

Nuclear Physics A 740 (2004) 211-245

1.0

0.9

0.6

Both hadronization in vacuum and nucleus
medium is complex and poorly understood.

Our poor understanding of hadronization

In the recent ALICE results, the
baryon-to-meson ratio deviated from
and ep in the

the results of pp, ete™
past.

Both parton energy loss and the hadron
absorption model, two theories with h

different scales, can well describe the

suppression of light hadrons.

can be improved with precise measurement

of heavy flavor production at Electron-ion

collider in China (EicC).



Introduction

Auvailable particles and their corresponding energy, polarization, luminosity and integrated luminosity at EicC

Luminosity at

Particle PEE);E}I:;H:? C(D' é;?;i%y Average polarization the nuEl;eon_llevel Integrat(e fi_llf];niHOSity
(cm™=-s77)
e 3.5 80%
p 20 16.76 70% 2.00 x 1033 50.5
d 12.90 13.48 Yes 8.48 x 1032 21.4
SHet+ 17.21 15.55 Yes 6.29 x 1032 15.9
TLi3 Tt 11.05 12.48 No 9.75 x 1032 24.6
1206+ 12.90 13.48 No 8.35 x 1032 21.1
40Ca20+ 12.90 13.48 No 8.35 x 1032 21.1
197 Ay 79+ 10.35 12.09 No 9.37 x 1032 23.6
208 pp82+ 10.17 11.98 No 9.22 x 1032 23.3

2381792+ 9.98 11.87 No 8.92 x 1032 22.5
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Detectors
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Simulation Setup

Detector Geometry
Geant4 Simulation

Detector Performance
Events from Generators

Physics Projections




Detector Parameters

V. Distribution(nyrs = 7)

g | E 1z ALICE | '+
o ! = b
£ : | | 5 \ Current ITS (data) { ,
W 0.8 fo i ......... § L\ IP M TS i
g I - 0<|T]|<05 % \rn \m 1 05__
~os<i<t | | & { o
] I 1<m|<1.5 § \ TR s
0.4_ ....... - 1-5<m|<2 ......... \ z \\ %EEBB‘&TFF -
- —— 2<|1]|<2.5 r(; % \_\ 0.2\-
02 = 25<m|<3 | “‘%:2-“'“*--“«
- — 3<n|<3.5 1 = o e T e T
Dc-_""i”";'"':i:.""di,""s 0 2 4 5 8 I_m pT(GeV/c) VX[Cm]
P, [GeV/c]
& e « Tracking Detectors & Vertex Detectors
. S . Latest resolutions apphe d:
0{:35;_ ................. EHSO A https://gitee.Com/aiqiang-guo/EiCC_MVd_DP
0.032_ .............................................................. ° eID Acceptance(3 o Separation)
0025;_ ................. ° pe > OIBSGeV/C’pe < ZOGeV/C
[o—a—o—a—a—0—8 : .
0'025_ .............................................................. ° PID Acceptance (n\K\p) (3 O_ Sepa’r'atlon)
g|015:_ ..............................................................
C,Io-‘;_;f....: e : ‘ . -=_ * == e === n [_3'5,1] (_ 1,1] (1’3'5]
e e e
O et e p 4 GeV 6GeV 15 GeV
max
p [GeV/c] P, [GeV/c]

Phadron > 0.3GeV /c 19



Outline

 Reconstruction

11



Generator and Reconstruction

p(A)—» Momentum vs Theta —
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EicC run for 16 month
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D%/DO° Reconstruction
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D%/D® Reconstruction

6 1207 —0.7
0.06 <10 ; - — Significance —
=10 I -
. l "% — Efficiency —00
- (e sol 05
e t T B —— :
B % i L —0.4
o 7 60— — .
0.04 Sl S N - Tus
I l 40 — -
E -|...|...|...|...|.. :_'_ _—0'2
S r 082784 186 188 19 o L. =802fb~0 |
S| Mass[GeW::E] - 1GeV? < Q? < 100GeV %01
Z 0.1 <y<0.85 .
0.02}- no PID o T S S Y -
with PID: S/B=0.060,Significance=13.94 z
i PID+Vertex: S/B=0.215,Significance=21.76 _ . .
i * no PID: all combination between opposite
i charge particles
B O T with PID: perfect PID at acceptance and
1.82 1.84 1.86 1.88 1.9 abandoned if out of acceptance

Mass_, [GeV/c?] v o ane
“no PID” and “with PID”: Det _v0 ertex: topological cut applied to suppress

“PID+Vertex”: Det_v3 baCkground 14



AJCF/ ~ Reconstruction
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* Physics Projections

16



Baryon-to-meson Ratio vs pt
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Baryon-to-meson Ratio vs multiplicity
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0 5
Number of charge tracks(|m|<3, pT>0.2GeV/c)

* Track multiplicity are in truth

level(efficiency~1 applied).

« Particles from A} and D° candidates are

removed from multiplicity counting.

* FEicC can provide measurement at low

multiplicity, a complementary to EIC-US
high multiplicity measurements.
Fragmentation can be well studied,
especially at mid-rapidity, because of the
high luminosity.
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Double Ratio of D°
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New Configuration From Yuming

Det_v3_10_10_HMB

Det_v3_10_25_HMB
Det_v3_15_10_HMB
Det_v3_15_25_HMB
Det_v3_20_10_HMB

Det_v3_20 [23 [HME

\!l

Pitch Size

Det_v3_10_10_MMB
Det_v3_10_25_MMB
Det_v3_15_10_MMB
Det_v3_15_25_MMB
Det_v3_20_10_MMB
Det_v3_20_25_MMB

In Green Box: To be studied

Low/Middle/High Materiel Budget

Det_v3_10_10_LMB
Det_v3_10_25_LMB
Det_v3_15_10_LMB
Det_v3_15_25_1LMB
Det_v3_20_10_LMB
Det_v3_20_25_LMB
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Counts

Counts

Results Without Any Cut
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B -l —10x25LMB T 7]

I 15x25 LMB | —10x10 LMB ]

- i 15x10 LMB + |

B | 20x25 LMB T )

it I ! :

[ 1oy |

i 20x25 LMB Size1[um]xSize2[um] MB

I 20x25 HMB 1 — 10x10 HMB, S/\S+B=60.66, S/B=0.066

I 1 —10x10 LMB, S/VS+B=84.09, S/B=0.126

. 1 —10x25 LMB, S/\S+B=85.67, S/B=0.122

N | 15x25 LMB, S/\S+B=84.87, S/B=0.121

I 1 15x10 LMB, S/VS+B=84.40, S/B=0.126

. . 20x25 LMB, S/\S+B=86.76, S/B=0.123

- 20x25 HMB, S/VS+B=62.32, S/B=0.066
1.84 1.86 1.88 19

mass_ [GeV/c”]

Without Any Cut

Size2 1s more important to the
shape than Sizel.

The material budget will
compromise the momentum
resolution.

When the material budget is
low, the resolution of signal 1is
almost equal to 48.5 MeV /c?.
Significance isn’t sensitive to
pitch size. Actually, it becomes
a little smaller as the pitch size
decreases.
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Topological Cut Comparison(Signal)
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i
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< 3
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0 100 200 301 05 0 05 ] 500 — 100C
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Pitch sizes and material
budget seem to have little
effect to the topological
distribution.
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TMVA

Cut Scan TMVA

50—

R

10x10 LMB
SIVS+B
s/s+B

PR PR BT TRRPEN T IR T TP T N N TN N | AU TNT T UT TrA N TAT T SN R [
b 100 200 300 44 05 0 05 1 10 20 30 40 40— B I

DA m] c0s by Decayl [ fur] et TMVA can’t improve the

o : performance. It may be
i I ool . .
S ef - . : | caused by poor training.
E m [ I
o F a0l f I E 801
P ' ’
= o l ' o
q;'””dd”Iz"-:l"'}ll.é'{l:'d“hc’llII—I{II.E:III{;“IIi}.IEIIII"-'II“'I::I”IIEIUIIIISJ}IIII-#D 60__0'_2"'('}'-‘&2"'0_4
DCA , [um] cos 6, DecayL:: [um] DCA [um]

| 10xI0LMB 10x10 HMB

Cut Scan s/Ns+b =925 s/Ns+b=70.6

TMVA s/Vs+b =90.5 s/Vs+b =68
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Conclusion

* Heavy flavor physics with the latest detector performance parameters 1s simulated for

EicC.

» Several Projections are done including:
* Baryon-to-meson Ratio: Hadronization in vacuum at different collision system

« DY double ratio vs. z: a complementary to EIC-US, wider kinematic region to

study the nuclear medium of nuclear effect on hadronization

* EicC can provide precise measurements on open heavy flavor production and deepen

our understanding of hadronization both in e+p system and in nuclear medium.

24



Thank you for attention!
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BACKUP
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pythiaeRHIC tune

MSEL=2
MSTP(13)=1
MSTP(14)=30
MSTP(15)=0
MSTP(16)=1
MSTP(17)=6
MSTP(18)=3
MSTP(19)=1
MSTP(20)=U
MSTP(32)=8
MSTP(38)=4

MSTP(51)=100u42 ! if p

IMSTP(51)=7
MSTP(52)=2
MSTP(53)=3
MSTP(54)=1
MSTP(55)=5
MSTP(56)=1
MSTP(57)=1
MSTP(58)=5
MSTP(59)=1
MSTP(60)=7
MSTP(61)=2
MSTP(71)=1
MSTP(81)=0
MSTP(82)=1
MSTP(91)=1
MSTP(92)=3
MSTP(93)=1
MSTP(9u)=2
MSTP(101)=1
MSTP(102)=1
MSTP(111)=1

! MSTP 17=¢

! Hermes M!
! Hermes M!

PARP(13)=1
PARP(18)=0.17
PARP(81)=1.9
PARP(89)=1800
PARP(90)=0.16
PARP(91)=0.40
PARP(93)=5.
PARP(97)=6.0
PARP(99)=0.40
PARP(100)=5
PARP(102)=60.
PARP(103)=1.
PARP(104)=0.
PARP(111)=2.
PARP(161)=3.
PARP(162)=24.
PARP(163)=18.
PARP(164)=11.

8

C]
6
8
5

! hermes P

! rms kt D:

! D=1.0, t

PARP(165)=0.47679
PARP(166)=0.67597 ! PARP
! PARP(166)=0.5

I

PARJ(1)=0.100
PARJ(2)=0.300
PARJ(3)=0.4
PARJ(11)=0.5
PARJ(12)=0.
PARJ(21)=0.40
PARJ(32)=1.0
PARJ(33)=0.80
PARJ(41)=0.30
PARJ(42)=0.58
PARJ(U5)=0.5

Now come a

MSTI(12)=1
MSTJI(U5)=5
MSTU(16)=2
MSTU(112)=5
MSTU(113)=5
MSTU(114)=5
I

CKIN(1)=1.
CKIN(2)=-1.
CKIN(3)=0.
CKIN(4)=-1.
CKIN(5)=1.00
CKIN(6)=1.00
CKIN(7)=-16.
CKIN(8)=10.
CKIN(9)=-ue.
CKIN(10)=40.

CKINC11)=-u0.

CKIN(12)=u0.

CKIN(13)=-d0.

CKIN(14)=40.

CKIN(15)=-u0.

CKIN(16)=U0.
CKIN(17)=-1.
CKIN(18)=1.
CKIN(19)=-1.
CKIN(20)=1.

: CKIN(21)=0.

PARJ(170)=0.20 !pt for r

PARP(2)=5. !min CMS er MSTJ(1)=1

PARP(13)=1

MSsTJ(12)=1

PARP(18)=0.17 ! herme: MSTJI(45)=5

CKIN(22)=1.
CKIN(23)=0.
CKINC24)=1.
CKIN(25)=-1.
CKIN(26)=1.
CKIN(27)=-1.
CKIN(28)=1.
CKIN(31)=2.
CKIN(32)=-1.
CKIN(35)=0.

CKIN(32)=-1.
CKIN(35)=6.
CKIN(36)=-1
CKIN(37)=0.
CKIN(38)=-1.
CKIN(39)=4.
CKIN(40)=-1.

CKIN(65)=1.e-09

CKIN(66)=-1.
CKIN(67)=0.
CKIN(68)=-1.

CKIN(77)=2.0

CKIN(78)=-1.
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Color Reconnection

the decay BT = ub — ucW* — (uc)(cs) — (us)(cc) —
KT J/¢ — Ktptw~ [4], where we have used brackets in ~ $10052-015-3674-4 (springer.com)

intermediate states to delineate separate color singlet identi-
ties.

The MPI-based scheme PYTHIA 8 online manual

In this scheme partons are classified by which MPI system they belong to. The colour flow of two such systems can
be fused, and if so the partons of the lower-p T system are added to the strings defined by the higher-pT system in

such a way as to give the smallest total string length. The bulk of these lower-pT partons are gluons, and this is
what the scheme is optimized to handle.

The newer scheme qcp.cr

The newer CR scheme builds on the minimization of the string length as well as the colour rules from QCD. A main
feature of the new model is the introduction of junction structures. These are possible outcomes of the
reconnection in addition to the more common string-string reconnections. The model works by constructing all pair
of dipoles that are allowed to reconnect by QCD colour rules and switching if the new pair has a lower string length.

Junctions are also allowed to be directly produced from three, and in some special cases, four dipoles. This is done
iteratively until no further allowed reconnection lowers the total string length. 28


https://pythia.org/latest-manual/Welcome.html
https://link.springer.com/content/pdf/10.1140/epjc/s10052-015-3674-4

Color Reconnection for Beam Remnants

o
. 51
@ Parton in beam remnant 22
(O Parton going to hard interaction
O Composite object — @®d.:

c)
Figure 10: Examples of the formation of composite objects in a baryon beam remnant: (a)
diquark, (b) baryon and (¢) meson.
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