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AFB: Practice on fit cos spectrum e A

@Han Shuo, Jiawei —

Fitting the costheta distribution

Uncertainty consistent with

e Set costheta function = [0]*(1 + [1]"x + x*x), where [1] =8/3 *A_FB number counting.
e With MCP, fitted [1] = 0.04463 £ 0.00251, so AFB = 0.01674 =+ 0.00094
e Counting AFB = (503202-486798)/(503202+486798) = 0.01657 + 0.00100 For counting experiment:
e Compatible within statistical uncertainty Including energy spread as
e Present it as an alternative method? uncertainty source. 2*10°.

o Statistical uncertainty of each fit is large (only 1M events), so it’s hard to estimate syst. Un.

compared with the counting method Need better understanding
L G _ ] of spectrum shape.
or= || Grog@eo o8 = [, Googgdees? @ " R

400

and cos# is the angle of the outgoing fermion mea- g
sured relative to the incident electron direction. 200/~ My
The experiments determine Agp from fits to the

angular distribution which can be written as 000}
1 do 3 2 aoo:
e ROk (1+cos®6) + App cosd  (10) .
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Debug

M10 ParT_0410TruthiD (Merged)
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Fixed the bug in model application and least

squares.
Now the results consistent.

s
Jet Flavor Jet Flavor

Problem: ParT's input - pf_mask
Used to mark valid and invalid. The wrong
code is all simply filled with 1.

The current best model have not yet
been adopted
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Error:

Original result (5 x 109 events):
Ry, = 22.808 +0.733%
R, = 15.434 + 0.939%

Scaled result (10“ events):
Ry = 22.808 + 0.00518%
R, = 15.434 4+ 0.00664%

Corrected:

Original result Istsq (N_h,pro = 5.0e+06):
R_b =0.21891525 + 0.00125486

R_c =0.17104597 + 0.00174900

Original result solve (N_h,pro = 5.0e+06):
R_b =0.21939958
R_c=0.17284379




ROC Curve -b

104 4

LCFI Plus: 80% b Eff, 2.23% misID to c; (0.05% for ParT)
50% b Eff 0.11% misID to c; (0.02% for ParT)

ROC Curves (One-vs-Rest)
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Background Rejection (1 / FPR)
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Signal Efficiency

Score=0.378
Eff = 95%
Bkg rej =106



Roc curve - ¢
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Background Rejection (1 / FPR)

LCFI Plus:

80% c Eff, 13.58% misID to b; (1% for ParT)
50% c Eff 13.9% misIDto b; (0.1% for ParT)

ROC Curves (One-vs-Rest)
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JOI Conclusion

* JOIl Performance consistent when:

* Test event size @bootstrap method
* Extrapolate to different energy and process

* Specialized to M10 even tagging:

* Which M11 can reduce to M2 like b & not b tagging.

e Btagging WP 95% and bkg 0.01 rejection at ~0.35.

2025/4/28

CEPC TDR Jet Origin ID

1.0
0.9
0.8
0.7
j)
©
-4
206
:
°
&
>0
:
:
®
-
—————— P
¥iszooo____ooiizz=EC Ezzmsion, g
.-"::~‘~~ el ‘-h_-“—:tzt-_\w""’—‘
o
R s S e— . E— >
m = =
— ;
b @ s u d
.
Still sharp.




PID Efficiency*Purity

PID Conclusion B

* In current lepton ID with chi2 method

* Lepton eff well with the WP description while the purity too bad.

* Hardware limitation and high pion ratio

] ' ' ' | ! !
98 920 80 70 60 50 nolep

* Expecting Xgboost method

* With smaller lepton eff, better purity and eff*purity result,

better JOI.

* Also, no lepton WP better than Reco98 WP.
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Hqq JOI
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CEPC TDR Jet Origin ID

CEPC,

Efficiency and Flip Rate
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Residuals A-Baseline

Truth:
Reco70:
Nolep:
Reco98:
NolD:

0.5936
0.5510
0.5494
0.5153
0.4825



Eff with uncertainty from bootstrap
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b 0.946
-0.002+0.002

0.018

C- 0.001+0.001

0.003

S~ _0.000+0.001

Truth

4. . 0003
~0.000+0.001

4. _ 0003
-0.000+0.001

i 0.025
9- 0.002+0.002

0.034
-0.002+0.002

0.854
-0.004+0.003

0.030
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0.024
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0.056
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TruthlID
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0.052 0.027
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-0.004+0.003
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| |
2] NS
Predicted
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-0.004+0.003

0.297
-0.005%0.005
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0.025
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Extrapolate to: E360 n1lnl _bb
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B tagging eff ¥93%
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Extrapolate to: E240 2f qq
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b

bbar -

cbar -

sbar -

Truth

ubar -

dbar -

0.812

0.001

0.001

0.002

0.002

0.001

0.000

0.125

0.001

0.001

0.001

0.001

0.001

0.000

0.022

0.016

0.018

0.007

0.009

0.019

0.000

E240qq_ParT_TruthiD

0.019 0.004 0.003 0.001

0.016

0.008

0.018
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0.009

0.000

0.100

0.047

0.151

0.164
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0.029
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Predicted

0.002

0.025

0.006

0.024

0.093

0.046

0.065

0.215

0.000
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0.001

0.007

0.025
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0.000

[
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0.002

0.001

0.008

0.016

0.090

0.044

0.074

0.191

0.306

0.076

0.000

0.001

0.002
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0.086

0.183

0.072

0.068

0.304

0.000

q» i

0.009

0.010

0.025
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0.058
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0.065

0.062

0.070

0.066

0.000

0.5750
(With no gluon tag)
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E91.2 Zpole b/c/u/d/s

No performance downgrading.

ZPole_ParT_TruthID 0.5938

0.002 0.001 0.002 0.002 0.001 0.001 0.010

(With no gluon tag)

0.001 0.000 0.001 0.011

0.004 0.006 0.014 0.034

0.023 0.014 0.005 0.033

0.071 0.061 0.043 0.076

0.023 0.046 0.070 0.078

Truth

0.041 0.078 0.165 0.098

ubar- 0.002 0.001 0.008 0.019 0.125 0.038 0.048 [ 0.396 0.197 0.066 0.102

d- 0.001 0.001 0.008 0.018 0.106 0.079 0.071 0.213 0.334 0.070 0.099

dbar- 0.001 0.001 0.017 0.007 0.078 0.115 0.234 0.063 0.082 0.301 0.103

g- 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1 1 1 1
© 2 c & 2 & > & > & o
& & & ¥ ¥
Predicted
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10 points-comparision

E91.2-E125-E240 qq
Performance consistent.

JOI can extrapolate to other mass points

and other processes.

2025/4/28

Residuals A-Baseline

Efficiency and Flip Rate
o
w

1.04

0.9 1

0.8

g
o

<o
o

o
IS
f

=
w

o
N

CEPC TDR Jet Origin ID

~@- Hqg_ParT_TruthID
—8— Zqq_ParT_TruthiD
~@— E240qq_ParT_TruthiD

(
&
&
Q

14



Difference in M11 Matrix

Zqq_ParT _TruthID - Baseline Difference
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M11 to M10

Hqgq_ParT_TruthiD

b MRk 0.113 0.019 0.016 0.002 0.001 0.001

bbar -

cbar -
S5 -
=
5 sbar -
=
u-
ubar -
d- 0.001 0.001 0.009 0.016 0.096 0.074 0.072
dbar- 0.001 0.001 0.016 0.009 0.074 0.099 0.233
g- 0.012 0.012 0.028 0.027 0.075 0.075 0.076
© ,o’o'é N 6{3‘ @ ,;o")& N
Predicted
2025/4/28

2
q»_-

0.001

0.001

0.006

0.016

0.081

0.046

0.079

0.202

0.362

0.079

0.067

0.001

0.002

0.014

0.006

0.042

0.076

0.183

0.071

0.071

0.334

0.060

[e7
q»‘_

0.012

0.012

0.030

0.030

0.069

0.070

0.085

0.084

0.086

0.087

0.498

lgnore gluon score and gluon category.

0.6202

Hqgq_ParT_TruthiD

0.114 0.020 0.017 0.003 0.002 0.002

bbar -

cbar -

Truth

sbar -

ubar -

d- 0.002 0.002 0.010 0.018 0.107 0.082 0.082

dbar- 0.001 0.002 0.018 0.010 0.083 0.110 0.251

1 1
Q 2 < 2 = > >
* & Y
Predicted

[

0.003 0.002 0.002

0.002 0.003
0.009 0.018
0.020 0.009
0.091 0.049
0.054 0.085
0.090 0.199
0.219 0.080

0.230 = 0.386 0.081

0.078 0.088 ' 0.358
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M11

CEPC TDR Jet Origin ID

Tiny difference when M11 to M10 in 10 points plot.

Efficiency and Flip Rate
=4 I o o =4 o o |y
w B w o ~ «© o o

e
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P S

—@— Hqg_ParT_TruthiD
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:-;_*--_______M

Residuals A-Baseline
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M10

Residuals A-Baseline

Efficiency and Flip Rate
o o o = =4 o o Loy
w S (] o ~ 5] [t=) o
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CEPC TDR Jet Origin ID

~@- Hqq_ParT_TruthiD
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M10 in E91.2qq9 and E240qq

E240qq_ParT_TruthIiD Zqq_ParT_TruthIiD

0.126 0.022 0.020 0.005 0.004 0.002 0.003 0.002 0.001 b 0.121 0.021 0.014 0.003 0.002 0.002 0.003 0.002 0.001

bbar - 0.001 0.002 bbar - 0.002 0.002 0.001 0.002

0.010 0.020 c- 0.030 0.006 0.008 0.018

cbar - 0.019 0.009 cbar -

0.007 0.027 0.018 0.008

s - 0.098 0.048 s - 0.035 0.083 0.072 0.046
c c
v} v}
3 3
= =

sbar - 0.049 0.093 sbar - 0.083 0.028 0.053 0.080

u- 0.082 0.196 u- 0.001 0.001 0.021 0.009 0.041 0.141 0.462 0.050 0.090 0.184

ubar - 0.203 0.080 ubar - 0.002 0.001 0.009 0.022 0.139 0.045 0.057 0.218 0.079

d- 0.002 0.001 0.010 0.019 0.175 0.108 0.072 0.214 0.323 0.075 d- 0.002 0.001 0.010 0.019 0.118 0.090 0.083 0.234  0.362 0.082

dbar- 0.001 0.002 0.020 0.011 0.100 0.161 0.226 0.075 0.084 0.320 dbar- 0.001 0.002 0.019 0.008 0.088 0.128 0.254 0.075 0.093 0.332

© ‘éﬁ ¢ 5@ @ §¢ < §¢ S gﬁ © ‘éﬁ ¢ 5@ @ §¢ < §¢ S gﬁ
Predicted Predicted
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Difference in M10 Matrix

Zqq_ParT _TruthID - Baseline Difference E240qq_ParT_TruthlID - Baseline Difference
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M11 -> M10 -> M2

* To find the b tagging (b+bbar) WP on score

eff 95 0.378 0.95 0.009 106.6
eff 90 0.895 0.9 0.002 445
eff 80 0.99 0.8 0.001 1422.4
eff 70 0.996 0.7 0 2330.8
eff 60 0.997 0.6 0 3510.9
eff 50 0.998 0.5 0 4754.7
bkg_rej_10 0.015 0.987 0.1 10
bkg_rej_100 0.352 0.952 0.01 100
bkg_rej_1000 0.978 0.846 0.001 998.9
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Roc curve - gsud

104 ROC Curves (One-vs-Rest) 104 ROC Curves (One-vs-Rest)
—— g (AUC = 0.885) | —— 5 (AUC = 0.906)
® eff 95 ! ® eff 95
® eff 90 ! ® eff 90
_ ® eff 80 _ 1 ® eff 80
 10% ® eff 70 Z 10° 4 e eff 70
-y ® eff 60 < i ® eff 60
a) eff 50 a) ! eff 50
5 & bkg_rej 10 8 N & bkg_rej 10
_‘g 107 bkg_rej_100 ‘g 10l bkg_rej_100
2 ¥ bkg_rej_1000 3 \ 4 bkg_rej_1000
z ——=- Random (y = x) z “ —=-- Random (y = x)
8 8 \
g g N
2 10% 4 2 10% 4 S

100 L — ! 100 L — !
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Signal Efficiency Signal Efficiency
Lof ROC Curves (One-vs-Rest) 10% ROC Curves (One-vs-Rest)
— d (AUC = 0.841) ! — u (AUC = 0.852)
o eff 95 | o eff 95
® eff 90 ! ® eff 90
. ® &ff 80 _ ! ® &ff 80
x 10%4 ® eff 70 z 10°4 : ® eff 70
< ® eff 60 < i ® eff 60
) eff 50 2 ! eff 50
& ® bkg_rej 10 s : ® bkg_rej 10
B .
S 1074 bkg_rej_100 8 1074 \ bkg_rej 100
g ' ® bkg_rej 1000 9 ! & bkg_rej_1000
B \ —==- Random (y = x) T “ === Random (y = x)
2 \ 3
2 10% 4 21014

10° T
0.0 0.2 0.4 0.6 0.8 1.0
Signal Efficiency Signal Efficiency

10°
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Temporary WP setting

This WP is under H decay hypothesis and assume equal ratio.

For different environment and ratios, WP shall be different.

B tagging can be ~0.3 for both eff and bkg rejection. (Also 0.5 is fine as for maximum likelihood)
For c\g\u\s\d. May use carefully.

Fpr b, Prefer Eff; For others, prefer purity?

B 0.378 0.95 106.6 0.352 0.952

C 0.047 0.95 5.7 0.763 0.773 100
G 0.067 0.95 2.8 0.781 0.253 100
S 0.088 0.95 2.3 0.651 0.116 100
U 0.096 0.95 2.3 0.611 0.089 100
D 0.019 0.95 2.2 0.559 0.191 100
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PID revisit in ZH: ubar \CEPEC,

/hpcfs/cepc/higgsgpu/zhangkl/JOI_Fulltest/99_2_joi_E248_nnHuu.root

PID Efficiency*Purity

07 Total event: 9332
Total PFO: 293006
PFO per event: 314
Charged tracks: 106892

a4 0.24 0.24 0.23 0.22 0.22 0.20 0.14
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Per channel eff*purity
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Muon WP
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Reco98
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Reco90

Truth vs Reco90 Particle Identification Matrix, Per Event
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Reco80

Truth vs Reco80 Particle Identification Matrix, Per Event
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Reco/0

Truth vs Reco70 Particle Identification Matrix, Per Event
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Reco60

Truth vs Reco60 Particle Identification Matrix, Per Event
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Reco50 RCEr)

Truth vs Reco50 Particle Identification Matrix, Per Event Normalized Truth vs Reco50 PID Matrix
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Reco Nolep

Truth vs Reconolep Particle Identification Matrix, Per Event
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On ZH jet:

/hpcfs/cepc/higgsgpu/zhangkl/JOI_Fulltest/99*.root
120000 jets
b/c/g/u/d/s
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Normalized Truth vs Reco98 PID Matrix Normalized Truth vs Reco90 PID Matrix
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On bb jet:

/hpcfs/cepc/higgsgpu/zhangkl/JOI_Fulltest/99*bb.root

20000 jets
-> Dominant in Hgg environment
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With uncertainty
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Particle ID
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