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⚫ UPC introduction : γ + A collider

⚫ Motivation : Gluon structure with coherent J/ψ
➢ Cross-section of coherent J/ψ in Au +Au collision at STAR.

➢ Photon energy ambiguity.

⚫ Data processing
➢ Signal reconstruction with different rapidity and neutron multiplicity
➢ Efficiency extraction.

⚫ Summary 
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➢  Coherent: average gluon distribution in nucleus.

➢  Incoherent: sub-nucleon fluctuation.

Coherent : nuclear keeps intact Incoherent : nuclear breaks up



➢ Coherent J/𝜓 production measurement in UPC isobaric collisions will 

     provide a direct way to study gluon structure dependence of collision system.

Advantage of the isobaric(44
96𝑅𝑢, 40

96𝑍𝑟)collision: smaller collision system.
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➢ Barrel ElectroMagnetic Calorimeter 

• 𝑒± trigger

• Particle identification with deposited 

energy

• Acceptance: |η| < 1; 0 ≤ φ < 2π

➢ Time Of Flight Detector

• Time of flight

• Particle identification

• Acceptance: |η| < 1; 0 ≤ φ < 2π  

➢ Time Projection Chamber

• Tracking reconstruction

• Momentum and energy loss

• Acceptance: |η| < 1.5; 0 ≤ φ < 2π 

TOFTPCBEMC



Fit function:

Crystal ball (signal) + Exponential (Background)

Include: Coherent + Incoherent + 𝑄𝐸𝐷𝛾𝛾 → 𝑒+𝑒− + 𝝍 2𝑆 feeddown

Not considered in the reportWhat we need!
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0.5 ≤ 𝑦 < 1.00.2 ≤ 𝑦 < 0.50 ≤ 𝑦 < 0.2

𝑦 < 1

𝛾𝛾: Obtained through the template of the background

       mass region.

Inco:
𝑑𝜎

𝑑𝑝𝑇
= 𝑐1 ∗ 𝑝𝑇(1 +

𝑐2

𝑛
𝑝𝑇

2 )−𝑛

Coh: Obtained by subtracting the 𝛾𝛾 and Inco.
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~95% large x

~60% large x

➢ obtain the proportion of the J/ψ cross-section produced by high-momentum photons

     and low-momentum gluons (or vice versa).
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➢ Nuclei may exchange soft photon(s) caused the nuclear dissociation. It’s occurrence

     probability is related to the distance from the nucleus.

➢ Neutron multiplicity(N) can help to describe the impact parameter(b).

➢ The photon flux is also related to the distance from the nucleus

Another process

𝑁 𝑘 = න 𝑑2𝑁 𝑘, , 𝑏 𝑃0ℎ𝑎𝑑 𝑏 𝑃1 𝑏 𝑃2 𝑏 , 𝑃𝑖(𝑏) ∝ 1/𝑏2
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➢ Measuring the cross-section with different neutron multiplicity(0N0N,0NXN,

     XNXN) can help to solve this question.
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➢ Cross-sections as function as rapidity with 
      different neutron multiplicity and the ratio
      of incoherent compared to coherent in
      Au + Au collision was measured to help solve
      the “Photon energy ambiguity”.

|y|



𝑍𝐷𝐶 𝑐𝑜𝑢𝑛𝑡𝑠 > 15 → 𝑋𝑁

➢ We chose a neutron multiplicity of 15 as the boundary between 0N and XN.
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XNXN

0NXN

0N0N

𝑦 < 1

𝑦 < 1𝑦 < 1

➢ Because of the low statistics, we may just focus on the 𝑦 < 1 in XNXN cross-section.
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Coherent J/ψ

➢ Using the MC (without embedding the daq files) to get the TPC reconstruction Efficiency(left).

➢ Using the data-driven to extract the BEMC-tracking match efficiency(right).

Monte Carlo Data-drivenMethod:



⚫ Raw 𝑀𝑒𝑒 spectrum, and raw 𝑝𝑇 spectrum with  different rapidity in the 

    isobar system has been measured, also the distribution with different

    neutron multiplicity was measured.

⚫ Using the MC to extract the TPC reconstruction efficiency, and the 

    data-driven to extract the BEMC-tracking match efficiency.

Summary:
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Outlook:
⚫ Efficiency.
➢ BEMC trigger eff.

➢ EID efficiency.

⚫
𝑑𝜎

𝑑𝑦
distribution.

➢
𝑑𝜎

𝑑𝑦
 with different neutron multiplicity.



⚫ Raw 𝑀𝑒𝑒 spectrum, and raw 𝑝𝑇 spectrum with  different rapidity in the 

    isobar system has been measured, also the distribution with different

    neutron multiplicity was measured.

⚫ Using the MC to extract the TPC reconstruction efficiency, and the 

    data-driven to extract the BEMC-tracking match efficiency.

Summary:
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Outlook:
⚫ Efficiency.
➢ BEMC trigger eff.

➢ EID efficiency.

⚫
𝑑𝜎

𝑑𝑦
distribution.

➢
𝑑𝜎

𝑑𝑦
 with different neutron multiplicity.

Thanks!
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PID cut:



Track quality cut:

⚫ 𝑛𝐻𝑖𝑡𝑠𝐹𝑖𝑡 >  15
⚫ 𝑛𝐻𝑖𝑡𝑑𝐸𝑑𝑥 >  11
⚫ |η|<1

⚫Match BEMC Cluster(in BEMC match eff)

𝜀𝑇𝑃𝐶 = 
𝑁𝑅𝐶𝐽/ψ (𝑛𝐻𝑖𝑡𝑠𝐹𝑖𝑡>15&&𝑛𝐻𝑖𝑡𝑑𝐸𝑑𝑥>11&& η <1)

𝑁𝑀𝐶𝐽/ψ
( η <1)

➢ Not include the vertex finder efficiency.
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Notice:

➢ We use the MC (without embedding the daq files) to get the TPC reconstruction Efficiency.

➢ Consider the vertex finder efficiency with the embedding.

Coherent J/ψ Incoherent J/ψ

QED(𝛾𝛾 → 𝑒+𝑒−)
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Selections:
⚫ Common: 𝑛𝐻𝑖𝑡𝐹𝑖𝑡 ≥ 15 , 𝑛𝐻𝑖𝑡𝑑𝐸𝑑𝑥 ≥ 11 , |𝑉𝑧| < 100𝑐𝑚.

χ𝑒𝑒
2 = 𝑛𝑠𝑖𝑔𝑒𝑚𝑎𝑒1

2 + 𝑛𝑠𝑖𝑔𝑒𝑚𝑎𝑒2
2 < 10 && χ𝑒𝑒

2  < χ𝜋𝜋
2 ,

                        𝑑𝑑𝑡𝑜𝑓 𝑐𝑢𝑡: |𝑑𝑑𝑡𝑜𝑓| < 0.4𝑛𝑠, vertex exactly 2 tracks TOF matched.

Dataset:

➢ 10,11,14 AuAu200GeV “UPC_main” :
       2 ≤ 𝑡𝑜𝑓𝑚𝑢𝑙𝑡 ≤ 6 , ZDC E/W N ≥ 1 , BBC E/W no signal

Raw BEMC match eff: 𝜀𝐵𝐸𝑀𝐶 = 
𝑁(𝑇𝑂𝐹+𝐵𝐸𝑀𝐶)

 𝑁(𝑇𝑂𝐹)

no BEMC bias

Method: 𝑑𝑎𝑡𝑎 − 𝑑𝑟𝑖𝑣𝑒𝑛
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⚫ Raw BEMC-Track match efficiency of 𝑝𝑇 > 1 GeV electron candidates By dataset

     without BEMC bias.

⚫ Obtain the average efficiency using unequal precision measurements.

⚫ The BEMC match efficiency has the 

      𝑝𝑇-track dependence(or 𝑚𝑒𝑒 dependence).
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