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RMS90 using sliding window for 90% to fit.

Different behavior in ~60-90GeV.

DSCB

0.08}-

Icos(0)_truthl < 0.7
Input: 491400 .. . CEPC Ref-TDR:25.1.0
~ Output: 263259 E240:ZH—>vvbb
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JER
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3000

2000

1000

E=70 GeV Asymmetry in left side

DSCB Fit
E-E_70~80
[Mean = 0.0108 = 0.0004

| Sigma = 0.0485 =+ 0.0006
[ x%/ndf = 6.69

[ TR B Loy

CEPC Ref-TDR:25.1.0
E240:ZH—>vvce

ee->qq process. Choose to use
sample without JER to avoid the
impact of ee->Z->qq.

—%.SI I ‘-0.4 -0.2

0 0.2 0.4 0.6

ee->//Z->vvqqQ process.
Comparable with ZH->vvqq.
Need more statistics.
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DSCB Fit - data80

Data Set data80

= ean = 0. = 0.
 Sigma = 0.0562 =+ 0.0007
[ y2/ndf = 3.20

-3 CEPC Ref-TDR:25.1.0
E240:ZH—vvbb

DSCB

- Icos(6)_truthl < 0.7
—Input: 9600
Output: 3245

CEPC Ref-TDR:25.1.0
E240:2zz_slOnu_up
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Photon scan
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Photon scale has two pattern:

1. Generally flat on theta/phi.

2. Bad result on crack between modules.
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2D scan for integral
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* One 2D scan for single photon on

theta/phi is undertaking in latest 15mm

layout in barrel.

e To study the integral impact of crack

region for resolution & scale.
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CEPCSW & BMR

([ J
* Latest update on Reco PFA. CEPC rer-T0R 240 GeV
: S0 0012000 fjie - Z(aa)H(invi
* Showing bettwe performance for BMR. 2 oo 61 2020048 T Smuttor
: Fit

 Software group will release a new one ” R=4.61%

401
-> Before the end of this month. o L

Y a— 0.0 0.1 0z

(Mys° = MU YMES" [GeV]

CEPC rer-7DR 240 GeV

2] i
§ % u=-000£0.00 ||ee—Z(qa)H(invi)
2 |

75} |
sol New: BMR=4.36%
25

0%52 0.1 0.0 o1 02

(Mreee — M)/ M [GeV]

vis vis
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https://code.ihep.ac.cn/guofangyi/cepcsw-release/-/tree/CyberPFA-6.0.3

Invisible study

* With endcap calorimeter, now CEPC
TDR with complete knowledge for
missing Mass/Energy/MET system.

->other analysis relying on MET can join.

* Missing_E, Missing_mass can be used
rather than MET.(which in LHC Pz is
unknown)

* Under study which variable to use.
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12501

Events
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JOI

* Current result
* Truth-Reco matching eff

* Input variable
* TDR-CDR Compare

* Scaling Law
* Overtraining

* Application
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Current Best JOI CEP)

M11 CEPC_RefTDR, 2025/02/20

0.7
o -yl 0.168 0.038 0.036 0.002 0.005 0.005 0.003 0.005 0.003 0.028

o - 0.181 gewpvl 0.042 0.032 0.001 0.007 0.002 0.002 0.000 0.002 0.019

This result is done in:
Length: 40. Batchsize: 40

Total sample size: 980W

* Train: Test: Validation=8:1:1

w - 0.005 0.002 0.018 0.027 feEsNEN 0.072 0.040 0.101 0.097 0.057 0.078

0.4

w - 0.001 0.004 0.024 0.030 0.101 0.139 0.048 0.067 0.102 0.090

s - 0.002 0.004 0.034 0.021 0.063 0.111 0.327 0.064 0.108 0.144 0.121 0.3 ° With Overtraining issue- (EpOCh #2
s - 0.010 0.002 0.016 0.028 0.162 0.032 0.054 0.296 0.204 0.073 0.123 gives beSt reSUIt' FOlIOWing Worse;)

True

-0.2
- - 0.002 0.002 0.011 0.034 0.127 0.060 0.101 0.202 0.253 0.088 0.120 o U n d e r t u n I ng B ut Wlt h ~89% bta ggl n g
]

o - 0.009 0.003 0.024 0.023 0.102 0.094 0.211 0.076 0.117 0.229 0.111 -0.1 eff.
o - 0.024 0.023 0.040 0.030 0.110 0.074 0.081 0.081 0.074 0.087

| | l | | | | ] 1 | i -0.0

b b c C s 5 u a d d G

Predicted
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Current JOI
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Flip Probability

Tagging Efficiency for Each Quark
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Efficiency

Metric Value
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Tagging Efficiency for Each Flavour
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with correct gluon 1.0
J8 0.7318 0.0341 0.0261 0.0038 0.0028 0.0018 0.0026 0.002 0.0013 0.0206 __.___’_""*""
i * Kt k0 i
effﬂavor tagg|ng Wlth l ' K ’ KL/S ld.
b 0.7444 0.0026 0.0037 0.0025 0.0018 0.0015 0.0021 0.0205 ——.———‘_""*""
- * gt g0
08 a Pcharge f||p Wlth £ ’ K f KL/S |d.
-
c 4 0.0145 0.0362 0.03 0.0252 00084 0.009 0.0163 0.0524
& 00144 0.7369 0.0088 0.0253 0.0162 0.0086 0.0522
54 0.0033 0.0027 00217 0.0286 0.0795 0.0632 0.0418 0.0973 0.6 A
()
S & 00023 0.0035 0.0203 0.0817 0.0268 0.0441 0.0589 0.0976
_
l—
u 400023 00034 00213 00116 0.0415 0.1299 0.0529 0.0845 0.1633 0.1138 0.4
§400031 00028 00113 00211 0.1305 0.0411 0.0603 0.3556 0.1841 0.0754 0.1147
d 1 0.0029 0.0028 00129 00208 0.1086 0.0899 0.0831 0.21 02806 0.0719 0.1165
g | 0.0024 0.0034 00204 00132 00904 0.1087 02285 0.0758 0.0821 0.258 0.1171
g {00214 00225 00343 0034 00748 00753 0065 00642 0052 005
T I_ T I_ T I_ T I_ T I_
b b c c s s u u d d g 00 T T T T T
Predicted b C S u d
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Truth Matching Eff o

/

/cefs/higgs/zhangkl/CEPCSW/Analysis/JetOrigin/src

e Current CEPCSW do not have reliable truth link between reco PFO and mc truth.

e Use DeltaR and DeltaE to match.
* Currently, for each charged track, eff >90%
e Fail case:

* All stable truth particle already matched with additional track;
* Track with small energy (like, <0.5GeV)
* Other under tuning issue.



° ° JetOrigin INFO Jet ID: 5 Energy: 61.7988 : 58.3185
JetOrigin INFO Eta: -08.751861: B.8989377 Phi: 0.384387: 0.8581178 Mass: 28.5455
e u g I I l a C I I l I n O JetOrigin INO Px:  39.1934 : 57.7834 Py:  15.854 : 3.36203
JetOrigin INFO Pz: -34.8682: 5.27683 Pt: 42.2785 : 57.8811
JetOrigin INFO Cos(B): -B.636258: 8.8986879
JetOrigin INFO DeltaE: 6.8595414 DeltaPx: -6.321719 DeltaPy: 3.71562 DeltaPz: -7.61532
JetOrigin INFO DeltaEta:-6.842799 DeltaPhi:0.326269 DeltaR: 6.983748
JetOrigin INFO Jet Nparticles: 21 Matched Truth: 18
JetOrigin INFO Jet Ymergel: 8.566634 Jet Ymerge2: 6.8735972 Jet Ymerge3: 8.8288442
JetOrigin INFO
JetOrigin INFO 1: -2212 : 0.487163 : -8.352629 : -1.27141 : 1.69871
JetOrigin INFO 1: 321 : 1.53739 : 6.6882302 : -08.996941 : 1.8997
] JetOrigin INFO 1: 211 : -B.24231 : 0.302205 : -B.174232 : 08.447678
JetOrigin INFO Matched with truth particle Energy: 0.321898: 0.316204 MCIndex: 167 JetOrigin INFO 1: -211 * £.9491332 : -0.26939 = -0.328194 : 0.448745
j:tgzg;: s g:zz:::z::gﬁ:ﬂtﬂ SO JetOrigin INFO 1: 211+ 3.27854 : -8.223893 : -3.31824 : 4.67217
JetOrigin INFO (r'ecn-truth)/truth P)(; ,3:9433“47 Jet[lrlgln INFO 1: -211 = 0.323664 : -B8.165926 : -8.638264 : B.747504
JetOrigin INFO (reco-truth)/truth Py: -8.186302 JetOrigin INFO 1: -211 = B.628152 : -0.174853 : -B.86@565 : 1.084189
jetgr%g{m i:ig %rem_tru::%:mtn : 7858332?23879 (reco-truth)/truth Phi: 8.06943658 (reco-truth)/truth DeltaR: 0.88943886 Jetlrigin MFD Tz 21 = 6.673880 = 6681363 = -0.217963 = 1. 13775
eturigin reco-tru ru a: —ub. reco-tru ru 1: - reco-tru ru eltak: - P . . . a o .
JetOrigin INFO PFO Px: B.198272 PFO Py: -8.8273829 PFO Pz: -.191523 PFO E: 0.310204 UEELE i LIl 217 £ odbhesd 2 LU 8 ShBelisl] & LAl
JetOrigin INFO E_Ecal: 8 E_Hcal: B ESize: B HSize: B .]et[lrlgln INFO 1: -211 : 08.732942 : 6.8837761 : -B.456162 : 6.878513
JetOrigin INFO D8:  -0.8924448 78:  -8.8011889 DBerr: 6.808154263 Z@err: 8.88247836 JetOrigin INFO 1: 211 : -6.329223 : -0.127718 : -0.008528008 : 6.379746
Jewr%g%” INFO Dphi: -8.52123 Deta: -8.8987253 DeltaR: 8.538497 JetOrigin INFO 1: -321 : 8.174421 : 0.8122814 : 0.563088 : 0.768949
iiﬁﬂ?iﬂi: Ny e S orereet ] JetOrigin INFO 1: -211 = 0.383103 : -8.305514 = -B.668659 : 6.8343
Jet0rigin INFD Tracke 1 Teath: | JetOrigin INFO 1: 211 : B.267358 : -6.8305565 : -0.26852 : B.321898
JetOrigin INFO S E_Ecal: -inf S E_Heal: -inf S ESize: @ S HSize: @ JetOrigin INFO 1: 211 : 8.738673 : -B.379369 : -1.67961 : 1.36438
JetOrigin INFO C Dphi: -3.60986 C E:  -1.85753 C Pt: -3.18872 C relE: -9.76728 C relPt: -10.853 JetOrigin INFO 1: =211 : B.658582 : B.841361 = -8.331626 = 1.12742
JetOrigin INFO € 26: -1.83412 C DB: -2.92486 C Dlerr: -1.48587 C Z8err: —1.30362 Jot0rii INFD 8 211 = B6T4515 = 6.651413 - 0.6748459 - B.953932
. . gin : : 8. : 0. : 0. : B.
JetDd INFO id: 626570 167
o0e o ' JetOrigin INFO 1: -2212 = 1.30374 = 1.44285 : -D.48827 : 2.21366
generatorStatus : 1 JetOrigin INFO B: 211 : 6.310803 : 0.204493 : -8.08155254 : 6.397664
simulatorStatus : @ JetOrigin INFO 1: 2212 = 6.78552 : 5.50281 : -4.1895 : 9.6787
i?;;g? éw JetOrigin INFO 1: -211 = B.75547 : 1.83915 : -0.636641 = 1.44861
Poee . 519957 JetOrigin INFO 1: 211 : 0.349126 : -9.8286927 : -B.15275 : 0.486361
vertex : 88 0 JetOrigin INFO 8: -211 : B.133132 : -0.0164989 : 8.486927 : B8.523843
endpoint : 69.2728 -21.2372 -69.6248 JetOrigin INFO @: -211 : 0.8187888 : B.168162 : 0.774489 : 0.808495
monentun : 9207358 -6.8365565 -0. 20052 JetOrigin INFO 1: 211 : -9.285032 : 0.8804629 : 0.384115 : 0.446859
momentumAtEndpoint : B8 -6 -6 e
opin : 00 0 JetOrigin INFO 1: -321 & 8.14517 : -3.69627 : 9.87354 : 9.81183
colorFlow : 8 8 JetOrigin INFO B: 211 : 6.0201625 : 6.80335537 : 0.285279 : 0.318248
parents : c68708c168 JetOrigin INFO 1: 211 @ -2.55145 = 2.10182 : -2.2987 : 4.02381
daughters : JetOrigin INFO 1: -211 = -08.319855 : -8.169639 : 1.18457 : 1.2463
JetOrigin INFO @: 211 : -B.8383393 : 0.8552844 : 8.110699 : B8.188623
JetOrigin INFO 1: =11 : 8.0257235 : 6.4499 : 6.182313 : 6.486117
JetOrigin INFO 1: -321 : B.543428 : -0.204375 : 1.92704 : 2.87225
JetOrigin INFO 1: 321 & -11.7738 = 4.9272 : -9.18983 : 15.6886
JetOrigin INFO 1: -211 = -8.94387 : 0.426599 : -1.60987 : 1.45334
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Input variable distribution

-] r _
< 0.071 -
: ] TDR: /cefs/higgs/zhangkl/JOl/datasets0224
s E CDR: /cefs/higgs/zhangkl/Al/datasets/zhuyf higgs125
0051 —ooR ] Full comparison will be ready in Wednesday.
0_04:_ —cc, TDR _:
- — gg, TOR .
0.03 —uw, TR : .3142 +£5.46265
B ss, TDR . : .1757 £5.33673
0.02 ——dd TDR : .3898 =6.298u1
001E E N charged track for TDR. : .4786 +5.38694
i | So now choose length 40. + 11.201 £5.41545
0 4 2 2 : .3787 +£5.3928
log10(E FW) [GeV]
=) . m R T-Y S
< B b < B i
004? *_ 014 ]
I 0.12; f
0.03 r ]
- 0.1 —bb, TDR |
B nB0 —cc, TDR ]
0.027 0'08; =il H —gg, TDR 7:
" 0061 1 H HA0N, —uu, TDR ]
r 1 1 H LI ss, TDR 7
001— 004? i 1 -; —dd, TDR 7;
i 0.02| H il HHH”HH -
07 - aomm L R P N 7-7 ==z ] OLH.EH Bogns | 1
0 20 40 60 80 100 120 140 0 10 20 30 40 50
Energy [GeV] NChargedTracks
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Scaling Law CEP

* Trying use new small size sample for training/testing. 420000 : 50000

[2025-02-24 ©2:35:50,058] INFO: Processed 420000 [3 es in total (avg. speed 634.2 es/s)
[2025-02-24 02:35:50,058] INFO: Train AvglLoss: 0.57868, AvgAcc: 0.79346
[2025-02-24 02:35:50,059] INFO: Train class distribution:
[(0, 38122), (1, 38131), (2, 38500), (3, 38496), (4, 38507), (5, 38u489), (6, 38312), (7, 38304), (8, 37711), (9, 37819), (16, 37609)]

[2025-02-24 02:47:02,547] INFO: Processed 50000 [§ es in total (avg. speed 2342.1 es/s)
[2025-02-24 02:47:02,547] INFO: Evaluation class distribution:
[(0, 4u452), (1, uus58), (2, uuu7), (3, u4u72), (4, u357), (5, 4360), (6, uus1), (7, 4u70), (8, u398), (9, uu1e), (10, 5725)]

» 1/20 size of full set. Giving b-eff ~0.6 (best 0.7)

* Even though small amount size giving enough result.

e Overtraining issue is studying with small size sample for rapid response. (~10mins for 1
epoch).

2025/2/24 Kaili 15



A p p I I Cat I O n /cefs/higgs/zhangkl/Al/JOI/higgs/pred_0224.root

* For test sample 100k, category and score given.

label_b score_label_b
htemp htemp

90000 E_ Entries 100121 C Entries 100121

= Mean 0.08938 80000 Mean 0.1044

E Std Dev  0.2853 StdDev  0.2867
80000 —

= 70000
70000 —

E 60000
60000 —

= 50000
50000 —

= 40000
40000 —

E 30000
30000 —

E 20000
20000 —
100005 10000

E | I | Lol oo 0 I e

0 02 04 06 08 1 12 14 16 18 2 — —

label_b 0 0.2 0.4 0.6 0.8 1

score_label_b

* With onnx model, for each candidate, score given.
e B tagging score can be: score_b/(score_b+score c+......11)

2025/2/24 Kaili

=i pred_0224 roat
E|_"'P Evants;1

----- .ﬁ jet_costheta
----- & jet_nparicles
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Machine Learnings on Jets

* P-CNN

e Particle Flow Network

e CEPC@Xiaotian :
e LundNet

e ParticleNet
 Arxiv:1902.08570

8
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https://scipost.org/10.21468/SciPostPhys.7.1.014
https://arxiv.org/abs/1810.05165
https://arxiv.org/abs/2410.04465v2
https://doi.org/10.1007/jhep03(2021)052
https://github.com/hqucms/ParticleNet

ParticleTransformer

* Platforms:

* Application on CEPC: )
* Tutorial on CEPC:

* Inputs from CEPCsoft: /cefs/higgs/zhangkl/Al/datasets
* Inputs from LHC, /cefs/higgs/zhangkl/Al/jetclass
* Require higgsgpu group. Request on

* Follow the tutorial, build the env if you are interested.

W
q
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https://arxiv.org/abs/2202.03772
https://github.com/jet-universe/particle_transformer
https://github.com/hqucms/weaver-core
https://arxiv.org/abs/2309.13231
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.221802
https://github.com/ZHUYFgit/CEPC-Jet-Origin-Identification
https://zenodo.org/records/6619768
https://ccsinfo.ihep.ac.cn/

ParticleTransformer @ CEPC

https://github.com/ZHUYFgit/CEPC-Jet-Origin-ldentification

* Variable list in M11origin.cc

* Under development to CEPCSW

* Unit as one jet: 4 momentum, M11 id information......

* Train in Weaver:
e Submit jobs on IHEP:
e Qutput: Pred.root:

* Application:

JetClass_full.yaml
train_JetClass.sh
Label and score for each jets.

onnx format

&

AN
N\



Inputs for JOI

Jet->Event;

PFO->Component;
Length: 200
Label: M11

* Current training use truth
PID information, in
application reco PID will be
used.

2025/2/24

/cefs/higgs/zhangkl/CEPCSW/Analysis/JetOrigin/src

PFO point distance

PFO Vector variable

PFO feature variable

Kaili

Var

Ap(pfo,]jet)
An(pfo,Jet)
(px, py, pz, E)

PFO PPFO
Pt 10g P]et
PFO

PFO
Et lOg E]et

AR(pfo,]Jet)
N _charge, N_chargeflip
DO, Z0, DOerr, ZOerr

N_Ecluster, N_Hcluster
E_ecal, E_hcal
PID

5?@ ,

Delta Phi, pfo to jet
Delta Eta, pfo to jet

4 momentum of PFO

Pfo pt and relative pt

Pfo E and relative E

Delta R, pfo to jet
Charge of PFO

(if with track)
impact parameters

Truth PID type

21



Variable convention cCEPE

* Feature variable, Transformer prefer normal distribution with mean ~0, range (-
1,1) with cut edge maximum(-5,5).

* (4-momentum vector variable not included)
 Normalization functions like Tanh() used.
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