Rb measurement at CEPC MC Level
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Introduction

* R, :the relative decay width of Z into b quarks

I'(Z — bb)
I'(Z — had)

* Based on the CEPC MC samples: Zbb, Zcc, Zuds
— Produced from FSClasser ~110k events

* By using the Double tagging method



Introduction Double Tagging Method

The two jets are divided into two hemispheres

Double tagging method :
— The ratio of one jet tagged as b jet
— The ratio of both jets tagged as b jets

N
ZNt = Rp ep+ Reec + (1 — Ry — Re)éyas
had
Vi _ ? 2 1— R, — R.)e2
N CoRpep + CeRee: + Cyuqs( b ¢)Euds
had

\ C. — €2jet—tagged
b =T 2
(511 et—tagged)

* The Rygs »R:» &yds »€c, Cps Cq» Cuqs are gotten
from MC samples

* The N¢, Ngt, Nyp,q are gotten from DATA samples



Rb method Double Tagging Method

Get From
Mixed MC N
2N = Rbgb + RCEC + (1 - Rb - RC)gudS
had
Nee £ iop_
= CoRuef + CeR € + Cuas(1 = Ry = R)elys | €, = —2Letagged
had (gljet— tagged)

e LEP measurement 0.21594 +0.00066

— Syst error : ~0.2%
* Major systematics is hemisphere tag correlations

 CEPC
— Expected Syst error (0.02%)

* hemisphere tag correlations depends on b tagging efficiency

* with a high b-tagging efficiency above 80% and rejection of charm
and light jet above 90%



Rb method Double Tagging Method

Get From
' N
Mixed MC : — Rbgb + chc + (1 - Rb - Rc)guds
2N paq
Ny E ot
N ] CbRbglzzv + CCRCEE + Cuds(l _ Rb _ Rc)gﬁds Cb = 2jet-tagged >
had (gljet— tagged)
Ny
=Ryely + R.el. + (1 — Ry — R.)el, 4 jetl Btag work point |

Nhaa

N¢

=Rygp, + R/, + (1 —Ry — R.)€ 45 jet2 Btag work point J
Nhaa
Ntt
— I I _ - I
N, = CpRpe'p&p + CcReE . + Cuas(1 — Ry — Ro)elgs€uas
a
_ gzjet—tagged
Cp = ]
EpEp




B-tagging method

* The default algorithm is based on the LCFIPlus: combines more

than 60 discriminant variables to calculate the b jet probability
by BDT method

* B-tagging method for hemisphere 1:

—Calculating the b jet probability based on the number of
vertex

* B-tagging method for hemisphere 2:

—Calculating the b jet probability based on the number of
lepton(we set >=1 lepton)



B-tagging method

B-tagging method for hemisphere 1:

—Calculating the b jet probability based on the

number Of vertex b jet eff|C|ency and C, Ilghtjet reJectlon

- LR R LT T T i
05— ] f_ é
- — Zbb & E
04— ] e ———— =
- — Zce bl = B
D.Bj ] Pl = | :— é
- — Zuds £ =
oo l— B or - =
= - — Zbb eff =
- oa— —]
01— | - — Zooc 1-eff =
o H a5 =
E e 5 = — Zuds 1-eff .
Dﬂ:— 0[‘1-:':0';\‘;?_04 DE DG D? DE D;{Ji ﬂ-‘ ......
Bjet prob “>0.6 >0.7 >0. 8 >O 9 >O 95 >O 99

| Prob>0.6 | Prob>07 | Prob>08 | Prob>09 |>095 __|>0.99

Zbb_eff 0.8202 0.7915 0.7593 0.7144 0.6722 0.5336
Zcc_Rej: 0.9437 0.9666 0.9817 0.9920 0.9957 0.9990
Zll_Rej 0.9941 0.9961 0.9973 0.9985 0.9990 0.9995


http://www.baidu.com/link?url=7cpLHMJFZQagnZY1nCUaJzZHz7wM3imIokAXSH4fdpnKqlLWt4A3prBWQfZ9XC-ATwB7ngmw3bn-Yi2QX8aK2fNCh9cT6TwT7dGklTWj8D_

B-tagging method

e B-tagging method for hemisphere 2:

—Calculating the b jet probability based on the
number of lepton

E TTT I TTTT TTTT TTTT TTTT TTT I_
04 — ]
0.35— 1

c — Zbb i
03 =+
= — Zcog 4
02— 4

= — Zuds

015 -4

0.1 =

0.05—-

L i

= -"h_

{'.I 01 0.2 0.3 0.4 ﬂ5 {16 DT 0.8 09 1

Bjet rob

-
95 99

Zcc_Rej: 0.9921 0.9955 0.9978 0.9994 0.9997 0.9999
Zll_Rej 0.9991 0.9995 0.9998 0.9999 1.000 1.000


http://www.baidu.com/link?url=7cpLHMJFZQagnZY1nCUaJzZHz7wM3imIokAXSH4fdpnKqlLWt4A3prBWQfZ9XC-ATwB7ngmw3bn-Yi2QX8aK2fNCh9cT6TwT7dGklTWj8D_

Correlation Factor
zbb

. €2jet—tagged

C. =
b €Ib€]b

hemisphere 1 | : Prob>0.6 >0.7 >0.8 >0.9 >0.95 >0.99

hemisphere 2 J :Prob>0.6 >0.7 >0.8 >0.9 >0.95 >0.99

h 6 1 1 ] ] I ] ] 1 T I T T 1 1 I T 1 T T I 1 T 1 1 I T 1 T T
[ [~ 1038 1.047 1.056 1.070 1077 1130
o L i
(@) [~ 1.024 1.028 1.033 1.087 1.043 1088 |
c R -
= 4= i
— B ]
g IR 1L 1017 1.020 1.024 1.028 1063 |
3 — —
N 1013 1034 |
1.004 1018 |
0.893 1002 |
| ]
5 6

Working point |
Correlation Factors ~ 1
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__ Rbmethod

1/0 test

jetl Btag work point I

jet2 Btag work point J

N
t — Rbg"b + REEIC + (1 — Rb - Rc)Efuds
Nhada
N
t _ Ryey, + R.¢.+ (1 — Ry — R.)€ 46
Nhaa
N
2 CopRpe'pep + CcReE'ce e + Cuas(1 — Ry — Re)€uasuas
Nhaa
_ EZjet—tagged
b = €&y

Following this procedure, we can meausere the R,, g,

We set Rb=0.2, Rb=0.4, Rb=0.6 as the Input Rb to mix the ‘DATA’

The Z hadronic pseudo’DATA’ is mixed by MC samples: Zbb sample, Zcc sample, ZIl sample
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Method

Input Rb=0.2, 0.4, 0.6.
Btag work points: Prob>0.6, >0.70, >0.80, >0.90, >0.95, >0.99 >0.95,>0.99

Output Rb

put

Rb Out

put

Rb Out
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1/0 test

Output g,
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Method Effectofe, , g, andC,

Input theory Rb=0.2158, Btag Prob work points: Prob>0.6, >0.70, >0.80, >0.90,
>0.95,>0.99

/O test with e, £10%, € 4, £10%, C, £10%

(Measured Rb-0.2158)/0.2158

Prob>0.6 Prob>0.70 Prob>0.80 Prob>0.90 Prob>0.95 Prob>0.99

g, +10% 0.55% 0.34% 0.19% 0.09% 0.05% 0.01%
€,4s T10% | 0.21% 0.14% 0.10% 0.06% 0.04% 0.02%
C, =10% 10.12% 10.09% 10.08% 10.06% 10.06% 10.05%
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_ Plan

» Both the B-tagging efficiency for Z->bb and rejection for Z->cc, Z->uds
are good for method

» The double tagging method procedure works well as shown in 1/0 test
» The b tagging correlation factors ~ 1
» Next step :

* Increase the statistic to reduce the effect frome_, g, and C,

 Study on the systematic errors such as the gluon splitting, charm
physics modeling
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the measured Rb and effb in DATA are different from the Input Truth Rb and effb at Prob>0.9

TheR,, &., Cp» Ce»

Cuas 15 got by MC samples: Zbb sample2, Zcc sample2, Zllsample2

So if DATA samplel# sample2, whichmeansthe MCR,., &., Cy,» C.» (.45 isdifferent
from the ‘DATA’

The difference as a Ratio: Eff in ‘DATA’/ Eff in

MC
1.2

1.1
1
0.9
08
0.7
0.6
0.5
04
03

H

o

65 7 75 8 85 9 95

—
o

1

&p difference between DATA and MC are
very small

&. and g, 4, differencesare big at Prob>0.9:
* which may come from the very low
statistics after B-tagging
* which will lead to the differencein the
1O test
Euds effectis very small, as The Zll rejction
at four work point are ~100%

1.1F

1B

0.9fF
oal — Zbb eff
- — Zcc 1-ef
0.7
E — ZIl 1-ef
7\ T R R SN R SRR PR IR ] IR ] PR T P |7
0-6g 6.5 7 75 8 8.5 9 9.5 10
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Input Rb=0.3

I I N NN N ' N 0.8 cal e b v b by bwwn by vn b a baa
5.5 rd 7.5 8 8.5 =9 2.5 10 -0.80.780.7e0. 7. 720.70.680.660.640.620.6

S R R L NS AN LAY RN AR o

ch DATA Sample— ZeeE Sample A
0.64
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Dz:llIIi||IIiI|||illIIiIIIIiIIIIiIIIIiIIII: - _|Ii|IIiI||illlilIIiIIIiIIIiIIIiIIIiIII:

6 65 ¥ 7F¥5 8 85 9 95 10 “0.80.780.7€D.740.720.70.680.660.640.620.6

We can see the differences of measured Rb and effb between DATA and MC are smaller
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Input Rb=0.5
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Input Rb=0.7
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