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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 dijet final state

B Summary



@ G Introduction

B Higgs mass ~ 125 GeYV, it is possible to build a Circular et+e- Higgs
factory(CEPC), followed by a proton collider (SPPC) in the same
tunnel

B Looking for Hints (from Higgs) at CEPC — direct search at SPPC

(240m)

Low Energy Booster(0.4Km) Proton Linac

P4 (100m) IP3

SppC Collige Ri Perimeter: 50 ~ 100km
r Ring
Circular Electron-Positron Collider(CEPC), Vs = 90 ~250 GeV Ref. [1]
Super Proton-Proton Collider(SPPC), Vs =70 ~140 TeV .
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G2 Introduction

* Higgs factory: 1M Higgs boson

* Absolute measurements of Higgs boson width and couplings

* Searching for exotic Higgs decay modes (New Physics)

* Flavor factory: b, ¢, T, and QCD studies (Highly correlate with jet)

Precision of Higgs couplingmeasurement (Contrained Fit)

1 20
I LHC
HL-LHC o |
= LHC 300/3000 fb™ 18 I CEPC: 1ab-l we=m
I 16 3ab'1 —
- _— m CEPC 250 GeV at 5 ab™" wilwo HL-LHC I Sap™" W=
o - 14
e - L
° S 1
LUl c I
2 g 10
-— O
< e 8+
) o i
o 6
4 IE——
0

LR AT A I >

SN e
R ‘\\ \ LA -'M’Z’ 61//7;”};'4,}?;;
2 ’///, &

I’ /, /

T — ,,//; 2 \E§ :

NN

I\ Ret- 119
& ) AN

777 TN
2N N W

\\
4 / 1y \\\\k\\ \
7450 iy AN
-"-(1 el ‘é}éw.v!&m%ﬁ \!‘Q\a}k




@/ 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), Gen jet, Reco jet.

MCP Gen jet
Parton level Tl
\ S
=N SomTTTmTT ee_kt
\ Particle Jet Reconstructed

e
particles

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) 10 KR x TW Joint Workshop, May 31~June 01, 2018
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c2l Leading JER & JES
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ca2l Sub-leading JER & JES
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Both JER/JES are slightly depend on Eta.
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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.
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@/ CEr Boson Mass Resolution
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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

Ret. [5]
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@/ cepl Massive Boson Separation
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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 The jet clustering brings a significant or even leading uncertainty.

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

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

B These results have been accepted by EPJC.

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

-~ a
l'

.........
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e JER with Difterent dR
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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)

e*e—»2Z—vvqq CEPC PreliminaryLeading (250 GeV) e'e—»2Z—vvqq CEPC Preliminary Subleading (250 GeV)

835000 - L L L L L L L L L L LT 2 SRR

Q e T Q - T

o - S MC g ﬁ : : : i 25000 _%—MC ............... S AR : : HE—

-~ : i | alpha1_CB = 0.9334 + 0.0028 - L : ; . | alphal_cB = 1.0277 £ 0.0025 |_|
n - Gau33|an ; ; . n — Gau33|an : ~

$30000 D— O — — § B 4 3 - : g : : -

= » —-— DBCB : alpha2_CB = 1.6471+0.0057 | = L — DBCB [ | alpha2_CB = 1.8001+0.0055 | _

O | ] c - | 1 i

L . | mean_cB = 0.015277 + 0.000086| | L|J20000 ......................................................... i | mean_CB =-0.001139 +0.00010 | |

25000 ; i Scale—-G 1% i

| | m-cB = 5.0000 +0.0014 § | | n1.CB= 500000 +000053 ||

S|g ma—4 50/ n2_CB = 5.0000 + 0.0015 i n2_CB = 5.0000 + 0.0023 :

d R < 0 1 20000 L 5 sigma_CB = 0.04503 + 0.00011 in 15000 sigma_CB = 0.06081+ 0.00011 | |

L B : 7] : T T T

- x?/ndf 715 09/394 i - X%/ndf = 740.27 /394 ]

15000 __ .......................................................................................................................................... __ |

- - 10000 SRS TSRS NSNS S 5 5 A WSS SS—,——

10000 :_ H O L S SRON _: :

- ] 5000 =

5000:_ ............................................................................................................................................. _: i i i i i i i i i -

_I Ll | L1l | L Ll | L1l | L1 1 | L.l I_ | Ll | | L1 1 | 1.1 I_

—
| o
—

0

-1 -08 06 04 02 0 02 04 06 038 -08 06 04 02 0 02 04 06 08 1
Ereco - EMCP / EMCP E B EMCP / EMCP

e*e—»2Z—vvqq CEPC PreliminaryLeading (250 GeV) e*e—2Z—vvqq CEPC Preliminary Subleading (250 GeV)

Reco

:35000

50000| - MG n _______________ ]

H Géussién i | alpha1_CB = 0.7701+0.0030 |

.......... MC—' : ,_
H Gaussmn i | alpha1_CB = 0.5818 + 0.0035
_._ DBCB alpha2_CB = 1.0960 + 0.0049 | . ; : : : :

..... ——DBCB...if ] | Aoa2 B2 11280 < 00082

=30000

Entries / 0.005
Entries / 0.005

40000 e R SR — ............ il.i| mean_CB = 0.012864 + 0.000078 { | mean_CB = 0.00360 < 0.00013

Scale—1 2% n1_CB = 5.123 +0.033 : 25000 ..... 3ca|e—3 60/ ................ n1_CB= 304 +1.2 i

i | n2_cB = 4.340 +0.031 i | n2_cB = 3.142 £ 0.027

30000 —Slgma— """" ° """""""" sigma_CB = 0.04772 +0.00014 | | 20000 T Slgma 6 4% sigma_CB = 0.06459 + 0.00033 -

X2/ndlf = 1582.80 /394 5 5 5 5 : | y?/ndf = 3632.46 /394
= = - 15000 L R —_— _——

20000k ] B
- rYy 10000 -
$0000 [~ ]
: : : : : i : : : : : 5000 __
_I Ll | | - — l ] :

| | Lol | | | - —

0 0

L1-08 06 04 02 0 02 04 06 08 1 08 1 0.8 46.6,-94) Y0201t 02004 060 0.8\
E EMCP/EMCP E

Reco



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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Each Angular Bin with dR Cut
(Reco-Gen)



The Eta Bin Leading JER & JES with dR Cut (Reco-Gen)
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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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