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Introduction



Introduction of Jet Charge
We already have flavor tagging algorithm, Jet Charge can help find more physics

jet: 60 < m/2: Forward
6 > n/2: Backward f

Ng — Np
Nr + Ng

q jet

App(sin® Oy) =

What is Jet Charge?

e To determine initial jet charge, namely b quark v.s. b quark / c quark v.s. C quark

Application of Jet Charge:

e The precision of A (Forward and Backward Asymmetry) and sin” 0y,

(electroweak mixing angle) measurement
e The precision of CP Violation measurement



Jet Charge at CEPC

High productivity Why CEPC?
e 3x 1071 - 102 Z bosons in 2 years
e bb branching fraction: 15.2%

® 0.152 x 101 - 102 bb

Flavor production at different experiments

Good detector system

e Good VTX reconstruction ™ Tera-Z velle 11 LHCb
e Good PID system b hadrons
Bt 6 x 1010 3 x 10" (50ab~!on Y(45)) 3 x 10
cl - t B° 6 x 10 3 x 10" (50ab~' on Y(45)) 3 x 10*
€an environmen B, 2 x 1010 3% 10° (5ab~lonY(55)) 8 x 10'2
b baryons 1 x 1010 1 x 1043
Different particle flavors A L x 107 1 x 1013
- 2 nb c hadrons
* S HW D° 2 x 101
e sin® 65, Dt o 100
Df 3 x 1010
VIX A 2 % 10"

OO i 3 x 10 5 x 101 (50ab~! on T (4S5))

From CEPC CDR 2018



Jet Charge Algorithm

Final

Jet Charge Algorithm at Truth Level:

leading
* Input: particle
- Information of final leading particles:

» charge Input
> energy

> momentum
Jet

»

Charge

 Qutput:
- The charge of each jet * Output
- Description of Jet Charge
> Misjudgment rate w This is b jet
> effective tagging power and that is b jet

and there's a
11.7% chance

that I'm wrong..
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Samples

Samples:

e WHIZARD
e CEPC Z pole (91.2 GeV) at Truth level

e 20 million Z — bb events:
- easy to select

- high sensitivity for A FB(sin2 Oy) v.s. energy

e 20 million Z — cc events:
- simpler decay behavior

Final particles we consider:
e Jleptons:eTe”, utu"
e Kaons: K™K~

® pionS: 7[+7T_ ° @
8

e protons: ptp~




b quark decay & c quark decay

e Dominant decay:
e bh—o>c+ W
e c—>X+s—->X+K

e W — [+ v (semi-leptonic decay) or W — gq — hadrons(hadronic decay)

X

[l /adrons
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How to develop Jet Charge?

Steps of Jet Charge:
e Use Jet Clustering to divide final leading particles into two jets

e Find the relationship between observables of final leading particles and jet
charge:

For Z — bb samples:
- e, u-, K, n", p"arecloserto b jet
- et ut, KT, nt, p~ are closer to b jet
For Z — cc samples:
- et ut, K-, xt, p* are closer to c jet

- e, u-, K", n~, pTare closer to ¢ jet
e Combine the information of final leading particles of two jets

e Use those observables of final leading particles to measure jet charge

e Use Misjudgment rate w and effective tagging power to describe Jet Charge
11



How to describe Jet Charge?

Misjudgment rate w:

e To describe the probability of the jet charge
_ Number of selected particles that incorrectly reflect the charge flow of b jet to b jet

Q) =
Number of all final leading particles

Efficiency:

e To describe the of Z — bb or Z — ¢ samples:

o Number of selected final leading particles
Efficiency =

Number of all final leading particles

e The selected final leading particles are particles with typical flavor and energy cut
and the charges of two leading particles of each jet are verse

Effective tagging power ETP:

e To consider misjudgment rate w and efficiency to describe the total
performance of Jet Charge

Effective tagging power = Efficiency * (1 —2%* @)?
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Results
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Results of Jet Charge at Truth Level

We find that:

e ForZ — bb samples:

- The lepton and Kaon can deliver better misjudgment rate w than pion and
proton

e For/Z — cc samples:
- The lepton, Kaon and proton can deliver better misjudgment rate w than pion

We categorize the hadronic Z decay events according to the flavors of the
final leading charged particles at each jet

borbjet: (e, 4, K) & ( )
cor Cjet: (e, u, p, K) & ()

We also changed the energy threshold for the final leading charged particles
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Results of Jet Charge at Iruth Level

Misjudgment rate w of 4 categories of particle flavors

b jet(e, u, K) & b jet(r, proton)

b jet(e, u, K) & b jet(e, p, K
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Results of Jet Charge at Iruth Level

Misjudgment rate w of 4 categories of particle flavors

c jet(e, u, p, K) & ¢ jet(e, p, p, K)
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Results of Jet Charge at Iruth Level

Efficiency of 4 categories of particle flavors, total efficiency = 0.519

b jet(e, u, K) & b jet(r, proton)

b jet(e, u, K) & b jet(e, u, K)
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Results of Jet Charge at Iruth Level

Efficiency of 4 categories of particle flavors, total efficiency = 0.577

c jet(e, u, p, K) & ¢ jet(e, p, p, K)
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Results of Jet Charge at Iruth Level

Effective tagging power of 4 categories of particle flavors
total effective tagging power = 0.138

b jet(e, u, K) & b jet(r, proton)

b jet(e, u, K) & b jet(e, u, K)
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Results of Jet Charge at Truth Level

Effective tagging power of 4 categories of particle flavors

total effective tagging power = 0.283

c jet(e, u, p, K) & ¢ jet(e, u, p, K)
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Conclusion

Main results of Jet Charge at Truth level

e ForZ — bb samples:

- Total effective tagging power = 0.138

- The lepton and Kaon can deliver better effective tagging
power

e ForZ — cc samples:

- Total effective tagging power = 0.283

- The lepton, Kaon and proton can deliver better effective
tagging power

e 7 — cC deliver better misjudgment rate w and effective tagging power than Z — bb

Future:
= Jet Charge in typical channel (e.g. Bs, ...)

= Jet Charge at Full Simulation level & Compare Truth level and Full Simulation
level & CEPC detector performance

= Apply Jet Charge to the precision measurement of relative benchmark

21
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Results of Jet Charge at ITruth Level
Percent of final charged leading particles of b jet and b jet

e-,5.7085% e+ 1.936% u+, 1.944% M-, 1.941% e, 1.938% o4, 57055%
W, 5702% e K+ 6.022% K- 6.0095% 1 N pH5.718%

~

K-, 15.784% K+, 15.7825%

T+, 26.0295% n-, 26.024%

\_proton+, 4.338% proton-, 4.3395%

n-, 30.154% \ n+, 30.1755%

| proton-, 2.3835% proton+, 2.372% /

Point:
= The distribution of each charged particle of two jets is asymmetry

= The percent of that the final leading particle of both jet is e, i, K is 13.75%

= The percent of the each flavor of final leading particles varies with energy threshold
23



Results of Jet Charge at Iruth Level

Angle distribution of each flavor of final leading particles
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= Angle distribution of two jets is asymmetry

= The more asymmetrical, the more accurate
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= The lepton and Kaon is more asymmetrical than pion and proton

s Proton behaves different from others
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Results of Jet Charge at Iruth Level

Angle distribution of each flavor of final leading particles
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= Angle distribution of two jets is asymmetry

= The more asymmetrical, the more accurate

= The lepton and Kaon is more asymmetrical than pion and proton
= Kaon behaves different from others
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Results of Jet Charge at Truth Level
(1 —2*w)” of 4 categories of particle flavors

b jet(e, u, K) & b jet(r, proton)

b jet(e, u, K) & b jet(e, u, K)
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Results of Jet Charge at Iruth Level

(1 — 2 * w)” of 4 categories of particle flavors

c jet(e, u, p, K) & ¢ jet(e, p, p, K)
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Results of Jet Charge at Iruth Level

Energy spectrum of final leading nu~ from different decay modes

104 é_ L L e L

; — — u~ decayed from b quark
10° F

f — — U decayed from T quark
10* F
10

log_Energy of final leading p

@ Energy spectrum of final leading i1 from different decay modes is different

> Energy spectrum of final leading i from different decay modes varies with energy
threshold 28



Results of Jet Charge at Iruth Level

Percent of final leading 1~ from different decay modes

b jet m Bbaryons
mB-
m BSOb
d u,c,t b
m BOba
B° w W 30
b u,c,t q
B — B mixing
d W™ b
BO u,c,t u,c,t EO DObar
.5 W+ _‘7 baryonsb:
m BSO
b jet .

@ The purple end final leading 11~ is closer to b jet
w The green part final leading 11~ is neither closer to b jet nor closer to b jet

== The red end final leading |1 is cleser to b jet



Results of Jet Charge at Iruth Level

Percent of final leading u~ from different decay modes v.s. Energy Threshold

Energy (0.8,7.33) Energy (7.33,8.80) Energy (8.80,10.09) Energy (10.09,11.34) Energy (11.34,12.65)

Energy (12.65,14.10) Energy (14.10,15.77) Energy (15.77,17.85) Energy (17.85,20.85) Energy (17.85,38.45)

@ Percent of final leading u~ from different decay modes varies with energy threshold
@ The purple end 11~ (closer to b jet) increase as the energy threshold goes up

= The red end 1t~ (closer to b jet) decrease as the energy threshold goes up
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Results of Jet Charge at Iruth Level

Misjudgment rate o of final leading = from different decay modes v.s. Energy Threshold
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@ p- close to 0 makes u~ closer to b jet, p- close to 1 makes 1~ closer to b Jet
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Results of Jet Charge at Iruth Level

Energy spectrum of final leading K™ from different decay modes
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@ Energy spectrum of final leading K™ from different decay modes is different

& Energy spectrum of final leading K™ from different decay modes varies with energy

threshold
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Results of Jet Charge at ITruth Level
Percent of final leading K™ from different decay modes

mBSObar

b uc 1 d e
— KO
B° — B” mixing | -
K+
d % % b .
m DObar
BY B
mt
b w 5 .
mBSO
.
b jet W Bbaryonsbar 17%
mBO

@ The purple end final leading K™ is closer to b jet
& The green part final leading K is neither closer to b jet nor closer to b jet

@ The red end final leading K™ is aloser to b jet



Results of Jet Charge at ITruth Level
Percent of final leading K™ from different decay modes v.s. Energy Threshold

Energy (0.8,6.18) Energy (6.18,7.21) Energy (7.21,8.07) Energy (8.07,8.92) Energy (8.92,9.81)

Energy (9.81,10.81) Energy (10.81,11.98) Energy (11.98,13.55) Energy (13.55,16.10) Energy (16.10,28.85)

@ Percent of final leading K™ from different decay modes varies with energy threshold
@ The purple end K™ (closer to b jet) increase as the energy threshold goes up

- The red end K™ (closer to b jet) decrease as the energy threshold goes up
34



Results of Jet Charge at Iruth Level

Misjudgment rate w of final leading K™ from different decay modes v.s. Energy

Threshold
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T
p+ = J angle(x,b), p- = J angle(x,b), w = min(p+,p-)
0 IT/2

% p+ close to 1 makes K™ closer to b jet, p+ close to 0 makes K™ closer to b Jet
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)
App(sin” Gy)
Ars has roughly a linear relationship to sin?6w

do 8
1 4+cos?6 + — AL, cos@
Hcos0 . + 3B

Ab,o=§( 28y 84 )( 28v 82 )
B a\ (g2 + D2 \ ()2 + (&h)?
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Sensitivity of A (sin”6,;)

The sensitivity of Ars to sin?6w depends on center-of-mass energy and

particle flavors o AArg
sensitivity = Syp, =
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