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Introduction
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• Why Eic?

• Electro-magnetic probe for nuclear structure

• Cleaner DIS background than HI collision

• Why EicC?

• High luminosity and unique kinematic coverage

• Why heavy flavor?

• 𝛾𝑔 → 𝑐 ҧ𝑐: Sensitive to gluon distribution



Introduction
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• Both hadronization in vacuum and nucleus 
medium is complex and poorly understood.
• In the recent ALICE results, the 

baryon-to-meson ratio deviated from 
the results of pp, 𝑒+𝑒− and ep in the 
past.

• Both parton energy loss and the hadron 
absorption model, two theories with 
different scales, can well describe the 
suppression of light hadrons.

• Our poor understanding of hadronization 
can be improved with precise measurement 
of heavy flavor production at Electron-ion 
collider in China (EicC).

Phys. Rev. C 89, 034911

Nuclear Physics A 740 (2004) 211–245
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Available particles and their corresponding energy, polarization, luminosity and integrated luminosity at EicC
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Detectors
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Front. Phys. 16, 64701 (2021)

ITS3, pixel size 10 𝜇𝑚
𝜂 < 3

p-going Barrel e-going

Silicon 5 5 5

MPGD 1 4 0

https://gitee.com/aiqiang-guo/EicC_Mvd_DP



Simulation Setup

Detector Geometry

Geant4  Simulation

Detector Performance
Events from Generators

Physics Projections



Detector Parameters
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𝜼 [−3.5,1] (−1,1] 1,3.5

𝒑𝒎𝒂𝒙
4 𝐺𝑒𝑉 6 𝐺𝑒𝑉 15 𝐺𝑒𝑉

𝑝ℎ𝑎𝑑𝑟𝑜𝑛 > 0.3𝐺𝑒𝑉/𝑐

• eID Acceptance(3 𝜎 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛)

• 𝑝𝑒 > 0.35𝐺𝑒𝑉/𝑐, 𝑝𝑒 < 20𝐺𝑒𝑉/𝑐
• PID Acceptance (𝜋\K\p) (3 𝜎 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛)

𝑉𝑥[𝑐𝑚]

• Tracking Detectors & Vertex Detectors

• Latest resolutions applied:
https://gitee.com/aiqiang-guo/EicC_Mvd_DP
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• Pythiae6.428 𝐿𝑖𝑛𝑡 = 8.06 𝑓𝑏−1

EicC run for 16 month

Generator and Reconstruction
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• Event Generator

• 𝑒 3.5 𝐺𝑒𝑉 𝑝(20 𝐺𝑒𝑉)

• 1 𝐺𝑒𝑉2 < 𝑄2 < 200 𝐺𝑒𝑉2



𝐷0/𝐷0 Reconstruction
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Cuts have been scanned 

recursively from left to right.

• 𝐷𝑒𝑐𝑎𝑦𝐿𝑋𝑌
𝐷0

 is noneffective 

because 𝑝𝑇 of  most 𝐷0 

are lower than 1 𝐺𝑒𝑉/𝑐.

Applied Cut:

• 𝐷𝐶𝐴𝜋𝐾 < 110 𝜇𝑚
• 𝑐𝑜𝑠𝜃𝑋𝑌 > −0.75



𝐷0/𝐷0 𝑅𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛
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• no PID: all combination between opposite 

charge particles

• with PID: perfect PID at acceptance and 

abandoned if  out of  acceptance

• Vertex: topological cut applied to suppress 

background
“no PID” and “with PID”: Det_v0

“PID+Vertex”: Det_v3 

𝐿𝑖𝑛𝑡 = 8.02𝑓𝑏−1

1𝐺𝑒𝑉2 < 𝑄2 < 100𝐺𝑒𝑉2

0.1 < 𝑦 < 0.85



Λ𝑐
+/−

𝑅𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛
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• The peak of  Λ𝑐 mass spectrum is broader 

than that of  𝐷0 and non-gaussian.

• Histogram fit is applied.
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Baryon-to-meson Ratio vs 𝑝𝑇
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• Fragmentation functions are thought to 

be universal.

• An enhancement of  Λ𝑐
+/𝐷0 in pp 

system are found by ALICE in p+p at 

𝑠 = 5 𝑇𝑒𝑉 and 𝑠 = 7 𝑇𝑒𝑉.

• Fragmentation can be well studied at 

wide kinematics region, especially at 

mid-rapidity, because of  the high 

luminosity.

JHEP 04, 108, arXiv:1712.09581
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Baryon-to-meson Ratio vs multiplicity
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• EicC 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.

• Track multiplicity are in truth 

level(efficiency~1 applied).

• Particles from Λ𝑐
+ and 𝐷0 candidates are 

removed from multiplicity counting.

ATHENA from: ATHENA detector proposal



Double Ratio of 𝐷0
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• Double Ratio

𝑅𝐴
ℎ =

𝑁𝑒𝐴
ℎ 𝑧, 𝑥, 𝑄2 /𝑁𝑒𝐴

𝑒𝐷𝐼𝑆(𝑥, 𝑄2)

𝑁𝑒𝑝
ℎ 𝑧, 𝑥, 𝑄2 /𝑁𝑒𝑝

𝑒𝐷𝐼𝑆(𝑥, 𝑄2)

• Number of  DIS electron divided to cancel 

the initial state effects

𝑧𝑧: ℎ𝑎𝑑𝑟𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑣𝑖𝑟𝑡𝑢𝑎𝑙
𝑝ℎ𝑜𝑡𝑜𝑛 𝑎𝑡 𝑡ℎ𝑒 𝑡𝑎𝑟𝑔𝑒𝑡 𝑟𝑒𝑠𝑡 𝑓𝑟𝑎𝑚𝑒

• Measurements at low 𝜈 and 𝑄2 regions

• Study nuclear matter effects at wider 

kinematic region.



New Configuration From Yuming

Det_v3_10_10_HMB Det_v3_10_10_MMB Det_v3_10_10_LMB

Det_v3_10_25_HMB Det_v3_10_25_MMB Det_v3_10_25_LMB

Det_v3_15_10_HMB Det_v3_15_10_MMB Det_v3_15_10_LMB

Det_v3_15_25_HMB Det_v3_15_25_MMB Det_v3_15_25_LMB

Det_v3_20_10_HMB Det_v3_20_10_MMB Det_v3_20_10_LMB

Det_v3_20_25_HMB Det_v3_20_25_MMB Det_v3_20_25_LMB
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Pitch Size     

Low/Middle/High Materiel Budget 

In Green Box: To be studied



Results Without Any Cut
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Without Any Cut

• Size2 is more important to the 

shape than Size1.

• The material budget will 

compromise the momentum 

resolution.

• When the material budget is 

low, the resolution of  signal  is 

almost equal to 48.5 𝑀𝑒𝑉/𝑐2.

• Significance isn’t sensitive to 

pitch size. Actually, it becomes 

a little smaller as the pitch size 

decreases.



Topological Cut Comparison(Signal)
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• Pitch sizes and material 

budget seem to have little 

effect to the topological 

distribution.



TMVA
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Cut Scan TMVA

1
0
x

1
0
 L

M
B

1
0
x

1
0
 H

M
B

10x10 LMB 10x10 HMB

Cut Scan 𝑠/ 𝑠 + 𝑏 = 92.5 𝑠/ 𝑠 + 𝑏 = 70.6

TMVA 𝑠/ 𝑠 + 𝑏 = 90.5 𝑠/ 𝑠 + 𝑏 = 68

TMVA can’t improve the 

performance. It may be 

caused by poor training.



Conclusion

• Heavy flavor physics with the latest detector performance parameters is simulated for 

EicC. 

• Several Projections are done including:

• 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

• Baryon-to-meson Ratio: Hadronization in vacuum at different collision system  

• 𝐷0 double ratio vs. z: a complementary to EIC-US, wider kinematic region to 

study the nuclear medium of  nuclear effect on hadronization



Thank you for attention!
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BACKUP
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pythiaeRHIC tune
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Color Reconnection
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QCD-CR

PYTHIA 8 online manual

s10052-015-3674-4 (springer.com)

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
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