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2D Correlation Factor

= = MWW
o o oL
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50

Zuds Prob>0.6

2.146
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2D Correlation Factor Zuds Prob>0.7
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2D Correlation Factor Zuds Prob>0.8
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2D Correlation Factor

Zuds Prob>0.9
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2D Correlation Factor
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2D Correlation Factor Zuds Prob>0.99
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Btagging correlation factor

€2jet—tagged

Cb_

(‘Eﬁljet—tagged)2

Cut: deltaR<0.4 for jetl and jet2

Prob >0.6 >0.7

1.015+-0.014 | 1.021+-0.014 1.026+-0.015 1.033+-0.016 | 1.036+-0.016 1.062+-0.019
Zbb

1.008+-0.014 | 1.012+-0.015 1.017+-0.015 1.021+-0.016 | 1.024+-0.017 1.044+-0.019

1.159+-0.085 | 1.173+-0.123 1.452+-0.212 1.980+-0.416 | 2.686+-0.760 0.000
ZCC

1.109+-0.090 | 1.176+-0.134 1.379+-0.222 1.743+-0.417 | 2.155+-0.733 0.000

7.568+-1.477 | 14.35+-3.210 23.86+-6.182 45.76+-13.97 | 73.92+-26.31 203.0+-132.2
zuds

4.467+-1.278 | 6.078+-2.285 11.43+-4.698 15.09+-8.571 | 34.21+-20.49 0.000
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2D B_likelihood

1.2
B-tagProb of Leading Pt Jet
1 I
— 3700 4651 4190 3796 3414 3493 3456 3674 4636 60813
— 307 336 280 226 236 247 209 254 288 3298
0.8—
— 216 290 236 218 200 188 168 192 250 2642
— 229 258 204 207 198 184 203 186 201 2490
0.6— -
— 208 274 232 205 184 192 196 172 208 2450
— 232 299 228 206 178 190 224 191 219 2512
0.4—
— 280 299 248 242 185 211 187 202 232 2564
— 287 311 267 248 235 239 225 214 285 2798
02—
— 304 353 327 281 292 261 218 233 301 3074
— 258 330 280 241 244 210 193 247 273 2936
0 | | | | | | | | | | | | | | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2

B-tagProb of Sub Leading Pt Jet
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Btagging performance

Effency and rejectlon for Zbb,Zcc,ZII

T 1 T 1 | T T 1 | T T 1 | LI B | LI I | T T T 3
Dg :_ ................................................................................................ . be Eff ........................................... _:
0.8 :_ ......................... ............................. .............................. ......... — Zcc 1-eff . ........................ _:

- .  — Zuds 1-eff :
0.7 R ) S— e S —

: L1 1 | L1 1 | L1 1 | I T _|_|_|_|_| :

Prob>0.6 >0.7 >0.8 >09 >0.95 >O 99

BT A T

Zbb_eff  0.7640 0.7294 0.6931 0.6488 0.6097 0.4749
Zcc_Rej:  0.9402 0.9610 0.9755 0.9858 0.9911 0.9978
Zll_Rej 0.9911 0.9941 0.9959 0.9973 0.9981 0.9994



Btagging correlation factor

€2jet—tagged

Cb = >
(Sljet—tagged)
Prob >0.6 >0.7 >0.8 >0.9 >0.95 >0.99
Csbb 1.015+-0.014 | 1.021+-0.014 1.026+-0.015 1.033+-0.016 | 1.036+-0.016 1.062+-0.019
CZCC 1.159+-0.085 | 1.173+-0.123 1.452+-0.212 1.980+-0.416 | 2.686+-0.760 | 0.000
Czuds 7.568+-1.477 | 14.35+-3.210 | 23.86+-6.182 45.76+-13.97 | 73.92+-26.31 203.0+132.2

2jet-tagged eff in Zcc and Zuds

Zcc_2beff:
ZIl_2beff:

Prob >0.6

0.004146
0.0006005

>0.7

0.001787

0.0005004

0.0008722
0.0004003

0.0004003
0.0003289

0.0002145
0.0002574

0.000
7.149e-05
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Btagging correlation factor

* Check the deltaR of jet vs truejet

— TLorentzVector::DletaR

i h1 B
25000 Entries 69940 250001+ h
r Mean 0.1155 C Entries 69940
RMS  0.194 i Mean  0.1169
- - RMS  0.2008
20000 20000
15000 15000
10000} 10000
5000 5000H
G_ (RN |||“ b _‘ L1 1 0_ |\||||| I "l‘_l_ ‘III‘I\_I_‘ 111 1
i 12 14 16 0 0z 04 06 08 1 12 14 16

jetl jet2



Btagging correlation factor

€2jet—tagged

Cb_

(‘Eﬁljet—tagged)2

Cut: deltaR<0.4 for jetl and jet2

Prob >0.6 >0.7

1.015+-0.014 | 1.021+-0.014 1.026+-0.015 1.033+-0.016 | 1.036+-0.016 1.062+-0.019
Zbb

1.008+-0.014 | 1.012+-0.015 1.017+-0.015 1.021+-0.016 | 1.024+-0.017 1.044+-0.019

1.159+-0.085 | 1.173+-0.123 1.452+-0.212 1.980+-0.416 | 2.686+-0.760 0.000
ZCC

1.109+-0.090 | 1.176+-0.134 1.379+-0.222 1.743+-0.417 | 2.155+-0.733 0.000

7.568+-1.477 | 14.35+-3.210 23.86+-6.182 45.76+-13.97 | 73.92+-26.31 203.0+-132.2
zuds

4.467+-1.278 | 6.078+-2.285 11.43+-4.698 15.09+-8.571 | 34.21+-20.49 0.000
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Btagging correlation factor

42



Btagging correlation factor

€2jet—tagged

Cb = >
(Sljet—tagged)
Prob >0.01 >0.02 >0.03 >0.04 >0.05 >0.06

Czcc 0.9999+-0.008 0.9995+--0.008 0.9994+-0.008 0.9998+-0.008 | 1.001+-0.009 0.9997+-0.009

C,ugs | 1.006+-0.008 1.034+-0.010 1.067+-0.012 | 1.097+-0.014 | 1.132+-0.017 | 1.162+-0.019
Prob >0.01 >0.02 >0.03 >0.04 >0.05 >0.06

Eff Zcc 1tag: 0.9835 0.9380 0.8827 0.8289 0.7777 0.7313

Eff Zcc 2tag: 0.9671 0.8794 0.7786 0.6870 0.6051 0.5346

Eff Zuds_1tag: 0.8544 0.6394 0.4911 0.3940 0.3270 0.2801

Eff_Zuds_2tag: 0.7342 0.4225 0.2574 0.1704 0.1210 0.09116
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Rb mEthOd Introduction

Get From
Mixed MC N¢
N  — Rb€b+RC€C+(1—Rb—RC)gudS
had
Ny E it
—— =|CoRpej + CeReel + Cuas(1— Ry = R)ela (), = —2Jet-tagged
nad (Eljet— tagged)
1.015 1.021 1.026 1.033

Following this procedure, we can measured the Ry, , &,

The Z hadronic ‘DATA’ is mixed by MC samples: Zbb samplel, Zcc samplel, ZIll samplel
We set Rb=0.3, Rb=0.5, Rb=0.7 as the Input Rb to mix the ‘DATA’

TheR., €., Cp, Cq.5 C,4s isgotten by MCsamples: Zbb sample2, Zcc sample2,

Zllsample2
So if samplel# sample2, which meansthe MCR., &., Cp> C.» (.45 aredifferent from

the Truth in ‘DATA’
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Btagging performance 10 test

Input Rb=0.3, Four BtagProb work point: Prob>0.6, >0.7, >0.8, >0.9

L I I I B B -0.4 4%

098 v g
0.5

088 b o

0.6 i ]
B e s

07t

078 g

0.2_'"'i""i""i""i""i""_ 0.8 |||i||||i||||i||||i||||i||||i||||i||||
=3 7 5 9 10 11 12 -0.8 -0.75-0.7 -0.65-0.6 -0.55 -0.5-0.45-0.4




Btagging performance 10 test

Input Rb=0.5, Four BtagProb work point: Prob>0.6, >0.7, >0.8, >0.9

D.E_IIII TTTT T TT TTTT T TT T 1T T] '0.4_

0,45 o g3
L R s s ey

B I Ty

R T e T

0.4:||||i||||i||||i||||i||||i||||: 'O.B_IIIiIIIIilIllillllillllillllillllillll
6 7 8 9 10 11 12 -0.8 -0.75 -0.7 -0.65 -0.6 -0.55 -0.5 -0.45 -0.4




 The IO test shows Analysis code worked as expected.

* |ncrease the statistics of ‘DATA’ and MC.

e Study the FSClasser: know well about the procedure at
event reconstruction level.
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the measured Rb and effb in DATA are different from the Input Truth Rb and effb at Prob>0.9

The R, &., Cps C.» Cuqs isgot by MCsamples: Zbb sample2, Zcc sample2, Zllsample2
So if DATA samplel#sample2, whichmeansthe MCR,, ¢., Cp, C.» Cyg4s isdifferent
from the ‘DATA’

The difference as a Ratio: Eff in ‘DATA’/ Effin 1- &p difference between DATAand MCare
MC very small

11T
2. &.and g, 4 differences are big at Prob>0.9:

* which may come from the very low
statistics after Btagging
* which will lead to the difference in the

1.05

ook - 10 test
- 1 3. gyqs effect is very small, as The Zll rejction
08 - at four work point are ~100%
0.75} _ - i
:l 1 1 1 | I — | I - | I | I | 1 111 |: Dg;
076 ? 8 9 10 1 1 12 0.8: : Zbb eff
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e Basicinformation

* Btag performance

e Method
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Bta ggl ng perfO rmance Variable in Zbb,Zcc,ZII

JetBtag Prob a1l the 2jets JetPt

S e = 7000

6000 —

V4%) NN e
T e e TR Sk

0IIIIiIIIIiIIIIiIIIIiIIIIé IIJEIIII

0 10 20 30 40 0 60 70

« The BtagProb are different for Zbb, Zcc and ZII
« Four BtagProb Work Point are used :
« The BtagProb>0.6, BtagProb>0.7, BtagProb>0.8, BtagProb>0.9

- 5 5 I P U DU B I
01 02 03 04 05 06 07 08 09
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Bta ggl ng perfO rmance Variable of jetl, jet2 in Zbb

JetBtag Prob JetPt

LTTTT - TTTT . TTTT . TTTT . TTTT | TTTT | TTTT . TTTT . TTTT . ITTT1] : L L | rrT | L L rrr T4

B ] 3500 SE— S—— — — — —
50000 I e e e e o - -

- 5 3000 :_ .................... .......................... ......................... ........................................

I S . T e _— — et . - - — Jet!
40000 : J : 2500 .................... .......................... ..... . + ......................................
30000 :_ .................. ................. .................. ................. ...................... ,,,,,,,,,,,, _ 2000 = .................... ......................... ................ R

I i i : : -2 — Jjet2

: 1 500 .................... _ |
20000 __ ............................................................................................................................................ _

- | | | | | | | 1000 - .......................... ......................... ....................... ......................... ....................
L e e . sof- &L

: E_‘_._I . | L | L | L | L | R | A | J: 0 I | | I | | I T | | I | | I | i 1 | |

0 01 02 03 04 05 06 07 08 09 1 0 10 20 30 40 50 60

Jetl vs jet2
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Btagging performance

10 test

Input Rb=0.7, Four BtagProb work point: Prob>0.6, >0.7, >0.8, >0.9

D-B_IIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII_

DIE:H||i||||i||||i||||i||||i||||i||||i||||:
6 B85 ¥ ¥5 8 85 9 95 10

-0.6%
-o.szf
-c:-.s4f
-c:-.sef
-o.ﬁaf

-0.7
-0.?2f
-r_:-.?d,f
-r_:-.?ef
-c:-.?af

-0.8
-0.80.7E0.7ED.740.720.70.680.660.640.620.6
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_ Result

We can see the measured Rb and effb in DATA are differen*

~«tTruth Rb and effb

TheR., &., Cps Cg»

‘DATA’

The difference as a Ratio: Eff in ‘T
MC

| 2T .......... -
I . E

= -m :
] i
NN
0.43 ........................ — Zuds . . . : E

E| L1 1 | L1 11 | L1 11 | L1 11 | L 111 | L1 11 | L 111 | L1 1 |E
0% %65 7 75 8 85 9 95 10

Cuas isgot by MCsamplz
So if samplel# sample2, which meansthe M

27, Zcc sample2, Zllsample2

Cyuas is different from the

"¢, difference between DATA and MC are
very small

2. &.and g, 45 difference are very big:
* which may come from the very low
statistics after Btagging
* which will lead to the difference in the
1O test
3. &y4s effect is very small, as The Zll rejction
at four work point are ~100%

1.1F
i

0.9fF
0.8l — Zbb eff

- — Zcc 1-et
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

We redo the 10 test by ‘DATA’ and MC with same Zcc sample
0.4 prr o Go DATASamMples Z0C A rymesngumm

COLEZ e
OB

COLBE e

COL.B8

0T

SO T2 b
---------------------------------------------------------------------- 0. 74
-0.7E [

-0.78

P I O T T T T A I O O A A 0.8 cal e b v b by bwwn by vn b a baa
=3 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 A R A A A AN N A O
~.Zcc DATASamplg= ZecMESample /7
R 064
-0.66

-0.68

-0.7

-0.72

-0.74

0.24 -0.76

0.22 :_ ....... .......... .......... .......... .......... .......... .......... ....... - -0.78

Dz_llllillIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIII_ - IIilIIiIIIillIilIIiIIIiIIIiIIIiIIIiIII_

s 65 7 7.5 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

PR - R L s s — -0.62

et - 3

e o T e T S S T R - -0.64
0.5 [ b — -0.66
OL52 [oebo b b - -0.68

0.5 - r 3 ry -0.7

D.48 f— -------------------------------------------------------------------------- —f -0.72
D.46 f— -------------------------------------------------------------------------- —f -0.74 |
D.44 f— -------------------------------------------------------------------------- —f -0.76
D.42 f— -------------------------------------------------------------------------- —f -0.78 |

0.4_IIII pv v bv vy b b v by v by vl - | N T | N N N T N I B B tradg ol

.8
6.5 7 75 8 85 9 9.5 10 -0.80.780.7eD. 7. 720.70.680.660.640.620.6

o= /ccd

S S s s - —

-0.64
-0.66 |

-0.68

-0.7
-0.72F
-0.74F

e ——— s

-0.78 |

0.4_“||i||||i||||i|||||||||i||||i||||i|||| 0.8 ||i|||||||i|||i|||i|||i|||i|||||||i|||
=3 5.5 7 75 8 85 9 9.5 10 -0.80.780.7ED. 70 . 720.70.620.660.640.620.6




0.72

0.7

0.68

0.66

0.64

0.62

0.6

Input Rb=0.7

_I TTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT
E bl w - - .
:I 111 11 11 1111 1111 1111 1111 1111 11 II_
5] 5.5 7 7.5 8 8.5 =] 9.5 10

-0.62

-0 64

-0.66

-0.68

-0.7

-0.T2

-0. T4

-0.7T6

-0.78 —

-0.8

-0.80.7E0.7eD.740.720.70.680.660.6420.620.6

0.6

6 65 ¥ ¥.5 8 85 9 95 10

-0.62

-0.64
-0.66 [
-0.68 |

-0.7F

-0.72

-0.74

-0.76 |

-0.78

-0.8

-0.80.780.7€0.740.720.70.680.660.640.620.6
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‘DATA’ and MC all are used the same sample

o
=
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o
L
=
!
i

086t

AP 0 S T O :
03———e——s——+— 07
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0.2 f 0.76

DEE:_ ....... .......... .......... .......... .......... .......... .......... ....... _: -0.78

DIE'H||i||||i||||i||||i||||i||||i||||i||||' 0.8 ||i|||il||i|||i|||i|||i|||i|||i|||i|||'
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Rb Qutput
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