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• E!" = 2-7 GeV ,

• L= 0.5×1035 cm−2 s−1

• Circumference: Double-ring, 600-800 m

• Crossing angle: 2×30mrad

Parameters of STCF Physics Objectives
• Rich physics with c quark and 𝜏 leptons

• Non-perturbed strong interaction and new exotic

hadronic states

• Studying flavor physics and CP violation physics

• Searching for new physics

Schematic layout of the STCF detector concept

* 23Tau-Charm456STCF789:;<=>?@ABCDEFGHIJKLMNOPQR
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dE/dx 分辨性能. 

探测器响应
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* �jSTCFWX)�������=>lAH|KBCST�c

• ��BCKGlobalPID�c(e/μ/π/K/p) 

° r���1Z[\E����

° ��k�PIDH)

° ��T�ML�g�Transformer…

• 90BC(γ/ KL
0 /n)K�T

° �J� ¡1¢"1IKL
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° ECAL¤¥���bECAL¦E)i§¨©ª«¬­, 

MUD E®"¬­

° ¯�°±²¨³°´µ¶CNN·bECAL¸¹º"H

01]^»¼

基于机器学习的STCF粒子识别算法

PID要求
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Ⅰ
带电粒子的

GlobalPID算法
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准确性随训练量变化图

* xy��K��

• (½¾i

• lhiº¿IÀÁÂÃÄÅ

* xy�e

• ¯�OSCAR 2.5.0�ÆI��

• ÇpParticleGunÈÉMCX01

• ½¾i�ÊË01ÌÍ50000 (eÎ, μÎ, πÎ, KÎ, pÎ)

• p∈(0.2, 2.4 )Gev/c, 𝜃∈(0°, 180°)Dphi ∈(0°, 360°) 

* xy��E

•  hiIθÏºÐDQÑÒÓp/θ*ÔÕÖE×Ø

• ÙÚ:ÛÜ:[� = 8:1:1
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* �F�����KC��A��9NOY_���K ¡C¢£t¤¥¦§¨©ª«¬­

• ÝÞßNTracker/dEdx/RICH/DTOF/ECAL/MUD��ài

• áâN45YwxDãäNwxE�OH*Ô¶�åæçàièéDêëìbackup·í
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• 超参数调优

Best:(7,800)

* ®¯:BDT2°xK±{²³

• îïðñòIª«Éó

• L(�ÍJKIôõH

* =>GridSearchCV´µY²2°x

• ¶\��BC·K]¸V¹º}»y

• max_depth(¼½¾)K¿ÀÁÂ:[200,1200]

• n_estimators(]ÃAix)K¿ÀÁÂ:[3,15]

* Y²2°xÄÅ%

• max_depth: 7

• n_estimators: 800
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* ÆGlobalPID9��BCST0V6ÇÈ7

• PID !":  #$%&'()*
()+*

• ,-./0123'4567, PID !" > 90%
• 89,:/';<67=>

e- 𝜇-

𝜋-

𝐾-

𝑃

ôQz<ö÷�Dop¯�øÁ&ùEPID�gbúûü

ýZ[\¸í
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* cþPID�ÿ;E01]^H)�K/p,π/K,μ/π
• K/π (()* <2% )+

° P < 0.8 Gev/c : PID ,- ~ 97%

° ./01 1.5Gev/c :  PID ,- ~ 95%

• μ/π (()* <2% )+

° PID ,- : > 60%

• K/p (()* <2% )+

° P < 0.4 Gev/c : PID ,- > 80%

° P 23 2Gev/c :  PID ,- > 95%
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Ⅱ
基于CNN的中性
粒子鉴别
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* 90BC�TÉ[ÊMËÅÌÍECALKV�ÎÏÐÑ·ÒgtÓMUDÔ9��

* CNNÆÕÖSTÐ®¯×�ZnØÙÚÛÜÝ�ÝÞK0VZg\ßà

• *!ru��J�"#$"L%&'wx

• ()��H��*�L%()wx

* =>CNNK90BC�TAÇÈWÜ

• +,-��L(�ÍE��)_í

• /��!� t.|MUD��
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* ECALIá6âãä�VA7
• /): 51 0 132 = 6732 
• 1Ã: 3 0 85 + 102 + 136 0 2 = 1938 
• 23l4: 5 0 5 0 28(15 X 0 ) cm 3

* åECAL9KV�ÎÏæç}èé71 x 136Kêë

ÖìÕ

• X-5W�67��
° !"#/ $"#%0-9/61-70&

° '(%10-60&

• Y-5W�CrystalID
• 8�23¦E)i§¨

* 90BCxy��

• γ/KL
0/n

• ParticleGun9È
• 100,000(ÊË"H01)
• P ∈（0D2.0·Gev/c,𝜃 = 90°, 𝜑 = 0°

!"#$%&'ECAL()

𝐾!"*!"#$



15

* !"ECAL#$%&'!()*+,
•"1:

• )*+,>80%

• -./012320%4567KL

•¡1:

• 89:;<01=>

• )*+,> 90%

•KL:

• )*+,> 70%

• -./012320%4567?<

9CZKL�TV¹íÊîï
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• ¯�XGBoostEC-APIyßÉNòÙÚ�Í

• Ap:;<D:p:L=N>XE?@Ip:ABDë

C“Get Started with Analysis in OSCAR”（author�DED

FGDHIJD�<KLD4MDN4J·

* =>9CBC�TKlAH|ðñòóô��RR

* GlobalPIDò¢e:õóðñòöåæ÷øONNXùú9RR

* BDT¨©ZGlobalPID�cd¢eøOSCARðñ9)£û]^ZüýR

基于机器学习的STCF粒子识别算法

Global PID软件包用户手册



2024/8/15 17Yuncong Zhai

RhoJpsi

* MC ��
• Oscar @-: 2.5.0

• 𝑠 = 3.097 GeV

• Exclusive MC : J/𝜑 → 𝜌 𝜋$ → 𝜋% 𝜋&𝛾𝛾

* þÿNO

• ABCD:EF

° N good charge track = 2

° Total charge=0

• ?=CD:GH

° !"#$Eg>25MeV (|cosq|<0.8)  

° %&#$Eg>50MeV (0.86<|cosq|<0.92)

° ∆𝜃(!"#$%truth&'theta()) < 10

° N good neutral track  > 2

• Global PID 
° *+,-.Prob(π)>Prob(𝐾)&Prob(π)>Prob(𝑃)

• IJKL&MNOKL
° χ2 > 200

* op×!6ÇÈ"#7

GlobalPIDðñò£t

~û$%K�TV¹

Mass Mass

OPQR Sd+T JK

Sd+T 24000
U@��&"H�� 14214 59.23%

U>@E��]^:pion 12608 88.70%
U?@E��]^:pion 12522 88.10%
VQ��W]^:pion 11090 78.02%
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* }�&]'\STCF×�AK0V)~Ý��'\½¾lAH|�cKPIDðñ(a

* =>xyz{bc)BDT(=>XGBoost) º}=)*\ºÆSTCFWX9�T��BC

• !"#$%&'()*

• +,-.PID/01234%56789:;<=>?@A

* =>CNNKâ+90BCSTAdÇÈWÜ

* ÇÈ0V�,d-./ÝlAH|¨©óV¹~û$%KBC�TPID0V)mÊMïQÈ×!ZX0R

* 12GlobalPIDðñòV3�T��BC)£\>]^ZüýR

* 45)6ÊMïQÈ4º%

• BCDEFG/HIJTransformerKFLM+NPID78

• OPQRSTUVWXYZ[78(𝑒!𝑒" → 𝜋𝜋X @ 7 GeV Collins\])

• ^_PQ`aGbcdefgh(ij/H

• #$YZ[klmnONNXopV
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l Features

Yuncong Zhai

||-------------------------------------|特征量信息|------------------------------|说明|                                                                                         
ReconstructinParticle                ‘charge’ 重建粒子的电荷

‘momentum.x’
‘momentum.y’ 粒子在xyz方向上的动量
‘momentum.z’

RecRICHLikelihood                 ‘likelihood_e’ 该粒子假设为电子的可能性
‘likelihood_mu’ 该粒子假设为muon的可能性
‘likelihood_k’ 该粒子假设为kaon的可能性
‘likelihood_pi’ 该粒子假设为kaon的可能性
‘likelihood_p’ 该粒子假设为proton的可能性

DTOFPid                                 ‘logL_e’ 粒子分别在五种粒子假设下的可能性
'logL_mu'
'logL_pi'
'logL_k'
'logL_p'

TrackerRecTrack                       ‘helixPar_d0’

‘helixPar_phi’

‘helixPar_cpa’

‘helixPar_z0’

‘helixPar_tanl’

||-----------------------------------|特征量信息|---------------------------|说明|
DEDX                                      'dEdXsepE/MU/PI/K/P'         基于五种粒子假设下的chi2值

RecECALShower                     ‘numHits’ 在ECAL里的击中数目
‘energy’,                                       重建粒子的能量
‘eSeed’ 种子的能量
‘e3x3’ 3*3晶体内的能量沉积
‘e5x5’ 5*5晶体内的能量沉积
‘position.x’ Shower的x坐标
‘position.y’ Shower的y坐标
‘position.z’ Shower的z坐标
‘secondMoment ’ 二阶矩阵
‘LateralMoment ’ 横向矩阵

‘ZernikeMoment{2,0}‘ Zernike2*0矩阵
‘ZernikeMoment{4,2}’ Zernike4*2矩阵

MUDTrack                               ‘theta’ 在极方向上的夹角

‘phi’ 在xy平面上的夹角
‘hitNum’ 在u子探测器里的击中数
‘RPCHitNum’ 在电阻板室（RPC）中的击中
‘PSHitNum’ 在塑料闪烁体探测器上的击中
‘maxHit’ 有最大击中数所在层的击中数

‘maxHitLayer’ 有最多击中数目的层数
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l The signal efficiency of  Proton

Yuncong Zhai
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l DE/dx Sepa. 

Yuncong Zhai

l MUD Sepa. 
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v Based on the selected features, various models are studied and 
tested:

l Boosted decision tree based on XGBoost and LightGBM

l Deep neural network 

l Support vector machine 

v Model optimization is based on a combination of grid search and 
bayasian optimization

BDT (XGBoost) is 
chosen given its 
performance and 
tranparency

max depth: 7
n estimators: 400


