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CER Outline

B Introduction
B Strategy
B Event selections
B Results
- The total jet energy resolution and scale (Reco-Gen, Gen-MCP, Reco-MCP)
- JER/JES depend on angel and energy (Reco-Gen, Gen-MCP, Reco-MCP)
Compare the results with CMS and ALEPH
Boson mass resolution in di-jet final state

B Summary



@ G Introduction

B Jet reconstruction plays an important role in particle physics. To study
the performance of the jet reconstruction in CEPC, we look at the
simulation which contains MC particle(MCP), particle jet(Gen jet), and

energy depositions in calorimeters(Reco jet).

MCP Gen jet

Parton level

ee Kkt

Particle Jet Energy depositions
In calorimeters
Ref. [2]



cepl Introduction

Difficulties in jet reconstruction
Poor clustering
> Neutrinos cannot be detected
The detector responses(i.e. energy threshold)

Wrong measurement leads to wrong physical results.
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G2l Introduction

B Double-sided crystal ball(DBCB) function are used to extract energy resolution.

B The bin size of histogram is 0.5%.
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&l Strategy

B The jet energy resolution and scale(JER/JES) in ee->ZZ->vvqq process have
been studied.

B The JER/JES relation between each simulation stage(Reco-Gen, Gen-MCP,
Reco-MCP).

B Angular and energy dependence of JER/JES.

B To exclude the influence of jet clustering algorithm, matching reco jet and MC

particle by AR < 0.1.
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ezl Event Selection

JER/JES(Reco-Gen) JER/JES(Gen-MCP)

Gen jet theta < 3.1 v v

AR(Reco-MCP) < 0.1 v X
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Leading, Gen-MCP Leading, Reco-Gen Leading, Reco-MCP
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The jet clustering bring a significant uncertainty.
Pei-Zhu Lai (NCU, Taiwan) 8 CEPC Workshop, Nov 06~08, 2017
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Leading JER & JES

Gen-MCP Reco-Gen Reco-MCP
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B JER/JES between reco jet and MCP would MCP

combine the effects of two previous stages. Parton level

Particle Jet Energy depositions
in calorimeters
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Sub-leading JER & JES

Gen-MCP Reco-Gen Reco-MCP
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B JER/JES between reco jet and MCP would MCP

combine the effects of two previous stages. Parton level

Particle Jet Energy depositions
in calorimeters
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The jet clustering is independently on direction.
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Both JER/JES are slightly depend on Eta.
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JER & JES(Reco-MCP)
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CER) Co ¢ with CMS at LHC
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B Our JER is better than CMS.

B Heavy flavors have a little poor JER.

B Different matching criteria only improve JER a little bit. Ref. [3]
el.



Compare with ALEPH at LEP
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B The separation of Z and W at CEPC is much better than ATLAS, because we have

better jet energy resolution
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@/ 2o Boson Mass Resolution
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The Z, W, and Higgs bosons can be well separated in CEPC.
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CER Summary(1/2)

Gen-MCP Reco-Gen
JER JES JER JES
Type Lead | Sub-Lead | Lead | Sub-Lead Type Lead | Sub-Lead | Lead | Sub-Lead
Barrel 1% 2% 0 0 Barrel 3.5% 4.5% 1% 0
Endcaps 1% 2% 0 0 Endcaps 4% 5% 1.5% 0.5%
En>60GeV 1% 2% 0 0 En>60GeV 4%  4.5% 1% 1.5%
Reco-MCP

JER JES

Type Lead |Sub-Lead | Lead | Sub-Lead
Barrel 4.5% 6% 1% 0

Endcaps 5% 6.5% 1.5% 0.5%
En>60 GeV 5% 6% 0.5% 1.5%

ee kt
Particle Jet Energy depositions
in calorimeters
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Summary(2/2)

B After comparison, the CEPC detector has excellent jet energy resolution.

B 7, W, Higgs boson mass can be well separated in CEPC.

B The jet clustering brings a significant or even leading uncertainty.

B Study the performance of different jet clustering algorithms and try to find out

the best one for CEPC.

B Apply the best one to multi-jet processes (ee->ZH->4b) to promote precision.

ece->7ZH->4b
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.......

19



Thank for your attention



Back up



writog

CER Reference

1] CMS-Physics-Technical-Design-Report-2006-001
2] http://cms.web.cern.ch/tags/particle-jet
3] CMS-JME-13-004, CERN-PH-EP “Jet energy scale and resolution in the CMS

experiment in pp collisions at 8 TeV”
[4] https://goo.gl/ZvTvoy // ALEPH
[S] CERN-PH-2015-194

22



CEPE Motivation
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Compare the Results Whether with dR Cut (Reco-Gen)
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Compare the Results Whether with dR Cut (Gen-MCP)
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Compare the Results Whether with dR Cut (Reco-MCP)
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Angular Distribution of Gen and Reco
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The Distribution of Unequal Eta Bin
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The Distribution of Unequal Phi Bin
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The Distribution of Unequal Theta Bin
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The Distribution of Unequal Reco Energy Bin
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The Distribution of Unequal Gen Energy Bin
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The Distribution of Unequal MCP Energy Bin
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Summary

Gen-MCP
JER

Sub-Lead | Lead |Sub-Lead
Eta 1% Stable 2% Stable 0 Stable 0 Stable

Phi 1% Stable 2% Stable 0 Stable 0 Stable
Theta 1% Stable 2% Stable 0 Stable 0 Stable
Reco 1.5-0.5% \, 4.5-2% \, 0 Stable 0 Stable
Gen 2-1%\, 5-2.5% \, 0 Stable 0 Stable
MCP 1.5-1%\, 4-2% \, 0 Stable 0 Stable

Reco-MCP

Sub-Lead

Eta 4.5-3.5-4.5 5.5-4.5-55 1.5-1-1.5 1-0-1 Eta 5.5-4.5-5.5 7.5-6-7.5 1.5-1-1.5 0.5-0-0.5
Phi 4% Stable 5% Stable 1.5 Stable 0.5 Stable Phi 5% Stable 6.5% Stable 1.5 Stable 0.5 Stable

Theta 4.5-3.5-4.5 5.5-45-55 1.5-1-1.5 1.5-1-1.5 Theta 5.5-4.5-5.5 7.5-6-7.5 1.5-1-1.5 0.5-0-0.5
Reco 4-45% 6.545%\s 052% _J -15-15%_7 Reco 6-5% \, 10-6% \s -1.5-25% _J -7-1.5% _J
Gen 4-35% 6.5-4% \, 1.5% Stable 0-0.5% _7 Gen 6-5% 13-6.5% \s 1.5% Stable -6.5-0.5% _J
MCP 4-43% 6.5-4.5% \, 1.5% Stable 0-0.5% _J MCP  5-5.3% 10-6% \,  1.5% Stable -1.5-0.5% _J
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czrl Summary

B Gen-MCP
JES is about “Zero” and stable in both angular and energy bin.
JER is stable as the function of the angular. Leading is 1% and Sub-leading is 2%.

- For leading JER is 1.5-0.5% as the function of the energy of reco jet and for sub-
leading JER is 4.5-2%.

B Reco-Gen
Both JER/JES are independent of the Phi.
In the barrel region, leading JER is 3.5% and sub-leading JER is 4.5%. Leading
JES is about 1%. Sub-leading JES is about zero.
In the 60-100 GeV region, leading and sub-leading JER is 4%, JES is 1.5%.

B Reco-MCP
Both JER/JES are stable as the function of the Phi.
- In the barrel region, leading JER is 4.5%, JES is 1%; sub-leading JER is 6%, JES

is zero.

In the 60-100 GeV region, leading and sub-leading JER is 5%, JES is 1%.
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G JER & JES(AR<O0.1)
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The Eta Bin Leading JER & JES with dR Cut (Reco-Gen)

e'e—2Z—vvqq CEPC PreliminaryLeading (250 GeV) e'e—»2Z—vvqq CEPCPreliminaryLeading (250 Ge V) e*e—»2ZZ—vvqq CEPC PreliminaryLeading (250 GeV)

(o]
5000 __MC ............... .............. ﬁ ......... - 3"50%Eté'%'-"7"04 ..... _ 10000 _ _____________ o _________ - '1-f04<Eta<-0 59 ] 818000 _ ............... .............. ﬂ ............ ......... 0--59<Eta<0 00 ...... —

. MC o - . IVIC
- Gau33|an i { | alphat_cB=0.8322 £0.0064 |7 ~ B

L DBCB alpha2_CB = 1.530 + 0.013

B Gaussmn alphal_CB = 0.8718 + 0.0066
-4 ®?16000}— - iagueelall SR | R 4

_._ DBCB i | alpha2_CB = 1.5193 + 0.0079

GaUSSIan alphal_CB = 0.908 + 0.011 .

- _._ DBCB alpha2_CB = 1.432 +0.014 —

Entries / 0.005
Entries / 0.005

4000 - RSN S R ES— 1 : _ z z z z z z
L i | mean_CB = 0.01475 +0.00023 |_| 8000 [t 17| mean_CB = 0.01613 £0.00015 | | 14000 b e e (2% B i~| mean_CB = 0.01315 + 0.00014 -
| n1_CB = 5.10 £ 0.12 | L i | m_cB= 5.177 + 0.081 _ - i | n1_cB= 4.048 £ 0.045

n2_CB = 2.995  0.055 { | n2_cB= 2.637 + 0.038 7] B i | n2_cB= 2,616 +0.025

3000 --------------- <<<<<<<<<<<<<<< ------------- N 6000 | = U S ] L

| sigma_CB = 0.04403 * 0.00029 || | sigma_CB = 0.04167 + 0.00020 | | 1 0000 L .............. ............... , ............ ............. sigma_CB = 0.03944 + 0.00016 -

- |l xemar=9235/394 A | xemdr=206.66/394 e x%hdf 390.19/394
- C - FT 8000 . . .
2000 ------------- <<<<<<<<<<<<<<< ------------ --------------- <<<<<<<<<<<<<<< »»»»»»»»»»»»»» ---------- — 4000 —- .............. ............... ............... ............. ............... ............... ............... ......... ]

| 6000

1000 =l D egele ] 4000
i i L _ 2000

IIIIIIII JLlIIIIIIII IIIIIIII IIIIIJIIIILL _IIIIIIII IIIIIIIIIIII_

0—1 08 06 04 02 0 02 04 06 08 1 0—1 08 06 04 02 0 02 04 06 08 1 0—1 08 06 04 02 0 02 04 06 08 1
Ereco - Ecen/ E Ereco - Ecen/ E Ereco - Ecen/ E

Reco Gen Gen Reco Gen Reco Gen Gen
e'e—=2Z—vvqq CEPC PreliminaryLeading (250 GeV) e*e—»2Z—vvqq CEPCPreliminaryLeading (250 GeV) ete-»2Z—vvqq CEPC PreliminaryLeading (250 GeV)

L() [T TT T TT T T T T T T T T T T T T T T 17T LO FT T1 T T T T T T T TT T T T T T T T T T T3 L{) T T T T T T TT T T T T T T T T T T T T T T T
S I I I I I I I I I 3 i I I I I I I I I I 3 B I I I I I I I I I
Q 55000 - Mb l . 0.00<Eta<0.59 1 S S MC ; . 0.59<Eta<1.04 - 035000 I MC i . 1.04<Fta<3.50 ]
o _—-— e , ............... o _—-— VI - | o T ot | V4 O SRR I T
-~ L : Gaussmn i | alpha1_CB = 0.895 +0.010 - \30000 - Gaussmn : { | alphal_CB= 0.8946 +0.0053 |4 ~ B H Géusmén H i | alphal_CB = 0.9222 +0.0033 ||
»n i _z : . ' 4 o - . I 1 @ T : : : N
q:) L _,_ DECB alpha2_CB = 1.512 +0.012 _ q:_) - DBCB alpha2_CB = 1.5504 + 0.0062 | q:) - _,_ DBCB alpha2_CB = 1.5187 +0.0054 |
c -] ) 1 E25000 e o [ E 30000 e e ) 1
L|J20000 L e o R mean_CB = 0.01206 +0.00016 | LL] | i | mean_CB = 0.01324 +0.00010 | | LLI L : : : : I i | mean_CB = 0.013527 + 0.000070|_|
: n1_CB = 3.716 +0.046 : : n1_CB = 3.832 +0.032 : 25000 :_ ...................................................................................... n1_CB = 3.823 +0.024 E
: | | | | | | n2ca= 2621 x0.026 : 20000 .............. ............... ............... ............. ! n2 CB = 2548 £ 0.018 1 B nZ CB = 2645 0018 i
15000 __ """"" """""""" """""""" """""" sigma_CB = 0.03830 + 0.00025 i B sigma_CB = 0.03865 + 0.00012 | | 20000 b sigma_CB = 0.039406 + 0.000082 |
i Xz/néjfz 13550.98/?394 ] 15000 I .............. ............... ............. ....... ./ndf. ..... 808 17/394 ] B Xz/néff: 78‘52,51 /.;‘3’94 7]
_— - I : : : : f i 15000 = S S
10000 - ............... ............... ............ ............... ............... .............. .......... ] L | - z : .
| : : : : i : : : : | 10000 O S ST ST PPTTOC UORPUTTTS oo N O SO UURUTRUPIE SOPUPPPI — : :
| i B ] 10000 R S S S S —
5000 -l ] 5000: e § - -
- : : : : : : : : : : - h - 5000 :_ ........................................................................................ Go bac kt
Ll 1 I Ll I I Ll I | I 1| I_ _I Ll I | - I I | - I | - I 1l I_ _I Ll I | - I I | - I | - I |

—
|
pa—
|
(@]
o
|
o
D
|
O
N
N
o
A

0 0
+1,,40.8; 0.6~04 +0.2,,0-~,02 04 06 0.8 1 -1 -0.8 -0.6 -04 —0.&1 0O 02 04 06 0.8
E -E / EGen E - EGen / EGen

Reco Gen Reco



The Eta Bin Sub-leading JER & JES with dR Cut (Reco-Gen)
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The Phi Bin Leading JER & JES with dR Cut (Reco-Gen)
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The Phi Bin Sub-leading JER & JES with dR Cut (Reco-Gen)
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The Theta Bin Leading JER & JES with dR Cut (Reco-Gen)
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The Theta Bin Sub-leading JER & JES with dR Cut (Reco-Gen)
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The Reco Bin Leading JER & JES with dR Cut (Reco-Gen)
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The Reco Bin Sub-leading JER & JES with dR Cut (Reco-Gen)
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The Gen Bin Leading JER & JES with dR Cut (Reco-Gen)
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The Gen Bin Sub-leading JER & JES with dR Cut (Reco-Gen)
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The MCP Bin Leading JER & JES with dR Cut (Reco-Gen)
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The MCP Bin Sub-leading JER & JES with dR Cut (Reco-Gen)
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