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PANDA Experiment

• The Antiproton Annihilations at Darmstadt experiment

• Beam momentum: 1.5 − 15GeV/𝑐 s = 2.14 − 5.47GeV

• Peak luminosity: 2 ⋅ 1032 cm−2s−1

• Spectrometer:
• Target + Forward

• Tracking detector, PID, Calorimeter …

• Physics topics:
• Strong interaction

hadron spectroscopy, charmed hadrons,

double-hypernuclei; nucleon structure …
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PANDA EMC

• Good identification and reconstruction of multi-photon and lepton 
pair channels are of utmost importance for the success of PANDA

• PWO-II: good energy and spatial resolution, fast response, 
radiation hardness, improved light yield for low energy threshold
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PANDA EMC (PWO-II)

• Width ~ 2-3 cm (𝑟𝑚= 2 cm)

• Length ~  20 cm (~ 22 𝑋0)
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𝐓 = −𝟐𝟓°𝐂



Energy Reconstruction

• Cluster: a series of neighbored crystals with energy above the 
designed threshold;

• Seed crystal: the one with the largest deposited energy;

• 𝐄 𝟕 × 𝟕 : energy deposited in 49 crystals around the seed crystal.
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Track

Seed – The most energetic hit

Hit – All points in one crystal
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Energy Distribution

• Asymmetric distribution:

𝑓𝑁𝑜𝑣 𝐸 = 𝐴 ⋅ exp

− ln2 1 + 𝒕
sinh 𝒕 ln 4

𝒕 ln 4
⋅

𝐸 − 𝑬𝟎
𝝈

2𝒕2 −
𝒕2

2

𝝈 is resolution, 𝑬𝟎 is mean value,

𝒕 parameterizes the asymmetric

tail due to the energy lost before

EMC and energy leakage.
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Energy Calibration

• Absolute energy correction
• ADC → Edep → Etruth

• Correct the variations of detector response
• Light yield non-uniformity

• Detection unit uniformity

• Energy leakage

• Electronics

• Calibration sample
• Physics event: 𝜋0 𝜂 → 𝛾𝛾
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Energy Calibration (𝝅𝟎 → 𝜸𝜸)

• Invariant mass of 𝝅𝟎:

• 𝑚𝜋0
2 = 2𝐸𝛾1

𝐸𝛾2
1 − 𝑐𝑜𝑠𝜃𝛾1𝛾2

• Dedicated data sets for Calibration:
• Hit - Crystal ID information

• Cluster - Hits information

• Cluster ID - Seed ID information

• 𝑚𝜋0 = 𝑚 𝛾𝑗𝛾𝑖 = 𝑚𝑖𝑗

( 𝛾𝑖 is the cluster with seed crystal 𝑖 )

• 𝑚𝑖𝑗 is assigned to crystal 𝑖 and 𝑗
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Energy Calibration (𝝅𝟎 → 𝜸𝜸)

• Fit:
• Fit the invariant mass distribution of 𝜋0 candidates

from the prepared date set for each crystal

• 𝑚𝑝𝑒𝑎𝑘 is the MPV from fit

• Correction:

• Calibration constant: 𝐶0 = 𝑚𝜋0
𝑃𝐷𝐺/𝑚𝑝𝑒𝑎𝑘
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• Damping factor: 𝐶1 = 𝐷 ⋅ 𝐶0 − 1 + 1

• Re-clustering: 𝐸𝛾 = ∑𝐶1
𝑖 ⋅ 𝐸ℎ𝑖𝑡

𝑖
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Energy Calibration (𝝅𝟎 → 𝜸𝜸)

• Iteration:
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Energy Calibration (𝝅𝟎 → 𝜸𝜸)

• The calibration algorithm can be 
applied to those inner crystals to 
avoid the energy leakage at the 
edge of the EMC.  

• Test with multi-threads mode:
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Energy Leakage
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Barrel Forward Edge

Barrel Backward Edge



Energy Leakage

• Energy leakage at edge crystal
• Statistics lost – bad resolution

• Shower lost – MPV shift
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Energy Leakage

• Data set: single 𝜸
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𝐜𝐫𝐲𝐬𝐭𝐚𝐥 𝐈𝐃:
𝟑𝟓 → 𝟒𝟑



Energy Leakage

• Correction methods (single 𝜸 5GeV):
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① MPV Shift ② Hyperbola
Shift Factor

outerinner

𝐲 =
𝐩𝟎

𝐱 + 𝐩𝟏
+ 𝐩𝟐



Energy Leakage

• Preliminary result (single 𝜸 5GeV):
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Hyperbola method is 
applied due to its 
better resolution



Energy Leakage (Hyperbola method)

• 𝐄𝐨𝐮𝐭𝐞𝐫/𝐄𝐬𝐞𝐞𝐝 v.s. 𝐄𝐢𝐧𝐧𝐞𝐫/𝐄𝐬𝐞𝐞𝐝

• MPV

• Median
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𝐲 =
𝐩𝟎
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+ 𝐩𝟐



Energy Leakage (Hyperbola method)
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𝐲 =
𝐩𝟎

𝐱 + 𝐩𝟏
+ 𝐩𝟐 Hyperbola parameters vs. 𝐄𝐢𝐧𝐧𝐞𝐫

𝒚 = 𝒄𝟏 ⋅ 𝒆𝒙𝒑 𝒄𝟐 ⋅ 𝒙 + 𝒄𝟑



Energy Leakage (Hyperbola method)

20

MPV



Energy Leakage (Hyperbola method)
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Median



Summary and outlook

• The calibration algorithm has been built by Liu Dong and 
successfully applied to the barrel part of PANDA-EMC;

• A hyperbola method is developed to correct the energy leakage 
problem;

• The hyperbola method will be applied to higher energy;

• The hyperbola method will be applied to the calibration algorithm;

• The calibration algorithm will be applied to the full EMC in the 
target zoom.
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𝒙: 𝑬𝒔𝒆𝒆𝒅， 𝒚: 𝑺𝒆𝒆𝒅𝑰𝑫

𝒙: 𝑬𝒓𝒆𝒄 𝒚: 𝑺𝒆𝒆𝒅𝑰𝑫

𝒙: 𝑬𝒔𝒆𝒆𝒅 𝒚: 𝜽𝑺𝒊𝒎

𝑬𝒔𝒆𝒆𝒅

𝒙: 𝑺𝒆𝒆𝒅𝑰𝑫, 𝒚 = 𝜽𝑺𝒊𝒎

种子晶体重建的还算比较
准确，基本上是初始光子
入射方向上的晶体

初始光子入
射到晶体边
缘

𝑬𝒔𝒆𝒆𝒅 > 𝟎. 𝟖

𝑬𝒔𝒆𝒆𝒅 < 𝟎. 𝟕𝟑

𝒙: 𝑬𝒔𝒆𝒆𝒅
𝒚: 𝑬𝒔𝒆𝒆𝒅𝟑 − 𝑬𝒔𝒆𝒆𝒅

𝒙: 𝑬𝒔𝒆𝒆𝒅
𝒚: 𝑬𝒅𝒊𝒈𝒊𝒑

𝒙: 𝑬𝒔𝒆𝒆𝒅
𝒚: 𝑬𝒅𝒊𝒈𝒊𝒎

𝒙: 𝑬𝒔𝒆𝒆𝒅
𝒚: 𝑬𝒅𝒊𝒈𝒊𝟑𝒎 − 𝑬𝒅𝒊𝒈𝒊𝒎

A B C

P S M

A B C

𝒙: 𝑬𝒔𝒆𝒆𝒅
𝒚: 𝑬𝒅𝒊𝒈𝒊𝟑𝒑 − 𝑬𝒅𝒊𝒈𝒊𝒑

从晶体沉积能量大小来看，
种子晶体重建的也还算比
较准确，基本上是能量沉
积最大的晶体
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𝒙: 𝑬𝒔𝒆𝒆𝒅𝟓 − 𝑬𝒔𝒆𝒆𝒅𝟏 𝒚: 𝜽𝑺𝒊𝒎

A

B
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