Differential Jet Performance

Pei-Zhu Lai

NCU (Taiwan)
On the behalf of the CEPC Collaboration

Online mini-workshop, National Central University (NCU), Chung-li Taiwan
July 23,2020




Jets at the Higgs Signal

Higgstrahlung(ZH) BR Pizza # of jets|Probability

Higgs
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70% qq

8.23%
~ 97% with Jets
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Dominant

B Up to 97% of Higgstrahlung(ZH) final-states are associated to jets.

B |ets are also critical for many EWV precision measurements.
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Jets at the Higgs Signal

Higgstrahlung(zH) BR Pizza # Of jets | Probability 1/3 of ZH events

® Major SM Higgs decay mode.
® One color singlet could be
93 29 73% |dentlfed (Z or nggs boson)

Higgs

WW,ZZ

2/ 3 of ZH events
o . ® ZH—qqqq is dominant.
e a |z ® Wrong jet pairing is a major
uncertainty.
(Potential huge impact)

B 2/3 of ZH events need dedicated color=singlet identification (Z, W, H,
y*) — Via jet clustering and pairing.

B Jet clustering is also essential for differential & EWV precision measurements
(e.g. TGCs).
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Physical Benchmarks

1/3 of ZH events
® Major SM Higgs decay mode.
® One color singlet could be identified.
(Z or nggs boson)

# of jets|Probability

29.73%

2/ 3 of ZH events

® ZH—qgqgqq is dominant.
® Wrong jet pairing is a major uncertainty.

(Potential huge impact)

B 2/3 of ZH events need dedicated color=singlet identification (Z, W, H,
y*) = Via jet clustering and pairing.

B Jet clustering is also essential for differential & EWV precision measurements
(e.g. TGCs).
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Physical Benchmarks

I /3 of ZH events

Ma]or SM nggs decay mode.
nglet could be identified.

# of jets|Probability

29.73%
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® ZH—qgqgqq is dominant.
® Wrong jet pairing is a major uncertainty.

(Potential huge impact)

B 2/3 of ZH events need dedicated color=singlet identification (Z, W, H,
y*) = Via jet clustering and pairing.

B Jet clustering is also essential for differential & EWV precision measurements
(e.g. TGCs).
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Physical Benchmarks

I /3 of ZH events

Ma]or SM nggs decay mode.
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® ZH—qgqgqq is dominant.
® Wrong jet pairing is a major uncertainty.

(Potential huge impact)

B 2/3 of ZH events need dedicated color=singlet identification (Z, W, H,
y*) = Via jet clustering and pairing

B Jet clustering is also essential - |

(e.g. TGCs). I
BMZ: )e-l-, eV\eY” ahc\ ahgu\av

di§§evential vesponse
Pei-Zhu Lai (NCU, Taiwan) 6 ECAL MiniWS, July 23,2020



Physical Benchmarks

I /3 of ZH events

Ma]or SM nggs decay mode.
nglet could be identified.

# of jets|Probability
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%Ml Massive boSovxs
2/ 3 of ZH EVeNtS ‘nvariant wass vesolutions

823% ® ZH—@gqqq is dominant.
® Wrong jet pairing is a major uncertainty.

®M3: t of jet identification &

thrust based algorithm (Potential huge impact)

B 2/3 of ZH events need dedicated color=singlet identification (Z, W, H,
y*) = Via jet clustering and pairing

B Jet clustering is also essential - |

(e.g. TGCs). I
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Physical Benchmarks

I /3 of ZH events

Ma]or SM nggs decay mode.
nglet could be identified.

# of jets|Probability

2 29.73%

BMI: Massive bosowns
wwariant wass vesolutions
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BMI: Massive Boson Mass Resolution

240 GeV
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B W-, Z-, and Higgs-boson dijet masses are well separated at CEPC.

B /- and W-boson could be separated = 20.
B Higgs Boson Mass Resolution = 3.8% is reached the CEPC baseline.
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Physical Benchmarks

2/3 of ZH events

® ZH—qgqgqq is dominant.
® Wrong jet pairing is a major uncertainty.

B Jet clustering is also essential fof |
(e.g. TGCs).

W precision measurements_J

BMZ: Jet energy and anqular
differential response
Pei-Zhu Lai (NCU, Taiwan) 10 ECAL MiniWS, July 23,2020



Matching Recojet & Genjet

Poor Matching Good Matching

CEPC ZZ—vvqq (240 GeV) CEPC ZZ—vvqq (240 GeV)
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B Two matching methods are studied:

l.  Matching energetic Recojet to minimum AR GenJet.

ll. Minimum combination AR (= \/Aez + A¢?) of RecoJet and GenJet. (Adopted)
N 1
Matching Efficiency = SR04
N -
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Matching Recojet & GenJjet

ZZ—vvqq (240 GeV) ZZaqqqq (240 GeV)
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B Two matching methods are studied:

l.  Matching energetic Recojet to minimum AR GenJet.

ll. Minimum combination AR (= \/Aez + A¢?) of RecoJet and GenJet. (Adopted)
i, 1
Matching Efficiency = A;:OA
-3
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Quantify the Performance

B Double-sided crystal ball (DBCB) function is used to extract energy

resolution/scale; Gaussian is used to extracted angular (6, ¢) resolution/scale.

Jet Energy Resolution (JER)

Jet Energy Scale (JES)

ZZ—vvqq (240 GeV)
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Jet Angular Scale (JAS)
ZZ—vvqq (240 GeV)
e e L
- CEPC ~— MC -

6000 — Gaussian
. jAS _-1.00<c0s6,<-0.90 ]
5000 Z’éﬁl\ .
4000F —
: \
3000 | \XQ%—_
2000 -
1000} =
% | | | | | | | | | | | | | | | | | | | %
—0.02 -0.01 0 0.01 0.02

(q)Reco ] q)Gen)

Angular Difference : ¢p, 070t — PCenies

ECAL MiniWs, July 23,2020



BM3: jER & JES (Reco Gen)

(240 GeV) 240 GeV) 240 GeV
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B |ER is around 4.5% in barrel region; JES is around 1%.

B The difference between 2 and 4 jets final-state is controlled within 1% level.
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BM3: JES Calibration

WW-uvqq (240 GeV)
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o | | 1

0

Challenge
but
Important!

m Multi-differential JES calibration (cos6, energy, flavor tagging).

B Preliminary VW-boson mass uncertainty already at very small level.

B Further control the systematic using differential information?
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BM3: JAR (Reco-Gen)
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B JAR is around 1% in barrel region; JAS is independent of ¢.

B The difference between 2 and 4 jets final-state is controlled within 1% level.
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BM3: JAS (Reco Gen)
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W JAS(0) is controlled to be near 0.02% and JAS(¢) is around 0.04%.
B RMS of JAS(0) and JAS(¢) is around 10-5.
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Compare to CMS & ATLAS at LHC

CEPC ZZ—vvqq (240 GeV) CEPC ZZ—vvqq (240 GeV)
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B JER at CEPC is better than CMS as it should be; 3-4 times better in the
same pT region.

B JAR(¢) at CEPC is better than ATLAS as it should be; 1.0-1.6 times

better in the same pT region.

B Free from: QCD Background, Underlying Event, Pile Up. B Benefit from: PFA (Arbor), Fine-segments of Calorimeter
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Physical Benchmarks

# of jets|Probability

29.73%

8.23%

®M3: 4 of jet dentification &
thvust based algovithw
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BM2: Thrust Jet Clustering Method

nt: Thrust axis

Particles

N

N Trial axis
Zi ‘ Pi | /

Pi or Pj: Momentum of each particle

T = max

Separate the particles into two jets

A unit vector ( sin@Xxcos¢, sinfxsin@, cosé )

B Thrust is one kind of event-shape variable.

B The nature of the clustering idea for the single boson to 2-jet events.
|. Boosting the system back to the rest frame.
2. Find out a vector in the 6 and ¢ phase space with highest momentum

flux.
3. Divide the system into 2 hemispheres with the thrust axis, and each
identified as a jet. (Only applicable to 2 jets event)
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BM3: JER (ee-kt—Thrust)
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B The improvement brought from thrust based algorithm is significant at high

energy region (Ej > 60 GeV) and central detector region (|cos6j| < 0.6).

B Improvement comes from boosted object separation in thrust based algorithm.

Pei-Zhu Lai (NCU, Taiwan)
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BM3: JAR (ee-kt—Thrust)
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B Both of jet 8 and ¢ angular resolution are degraded by thrust method around [0%.
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sSummary(l/2)

B Jets are crucial for the CEPC Higgs physics and EW physics
© 97% of ZH events involve jets

< 1/3 of ZH events come from only single Z or Higgs boson.

© 2/3 of ZH events have more than one boson (e.g. ZH—gqqq)

— Need color singlet identification algorithm.

Higgstrahlung(ZH) BR Pizza

# of jets |Probability

Higgs
1/3
0% aq - N
2/3
8.23%
wWw,zZ| 449G 49%  ~ 97% with Jets

24%
2 L flqg 4

6% TT,UU, ? et 9%
CC| vU ‘ qq y 4

10% 20% 70%
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Summary(2/2)

I. BMR <4% (3.8%) Iis critical. Achieved at the CEPC baseline
* W, Z, Higgs boson can be efficiently separated at both semi-leptonic & full
hadronic final-state.
* Exploit Z-boson di-jet recoil mass to distinguish the ZH from ZZ process
(main background).

Il. Jet energy resolution ~ 3-5% & Jet angular resolution ~ |%.
* All of the dominant jet processes have been studies.

l1l.2-jet final-states could be identified with efficiencyXpurity =
88.4%.
* Have designed a dedicatedly algorithm, thrust based algorithm.

* |ER is improved ~10% in |cosf;| < 0.6; JAR is degraded ~|07%.
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Thank for your attention



Back up
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should be.

— Better collision environment and dedicatedly designed PFA and detector.
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BMI: Massive Boson Mass Resolution
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B The separation of Z- and W-boson at CEPC is better than ATLAS as it



Higgs Prod

uction at CEPC

Threshold — 300 _
ol Scan . o I i — ol ~ CEPCCDR |
_4Pole o 250[- | 77 tusion. :
- | CEPC CDR g - |
_____________________ St 200}
150 |
i I
[ I
100 [ !
§ : i S:B=
§ § S0 I e*e’—>vvH(WW fusion) 11 1 :(IOO ~ IOOO)
i .
g _ | -
() . S S —— e
« 200 250 300 350 400
10°2 s [GeV]
Process Cross section(fb) Events in 5.6 ab-!
ete-—ZH 196.2 .10 x 10¢
. e"'e-—}ye;eH 6.19 3.47 x 104
| | AV, | e*te—e*e'H 0.28 1.57 x 103
10— | 1 1 [ | | [ L 181 |
100 200 300 400 Total 203.7 .14 x 10¢
/s (GeV)

B Observables: Higgs mass, 0(ZH), event rate (0(ZH, vvH) x Br(H— X)), Diff.
— Absolute Higgs width, branching ratio, couplings
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Objects Definition

B MCPs represents initial parton of MC quark. The original state of quark.

B Genjets are all MC particles grouped with ct > Icm except neutrinos

through exclusive ee-kt jet clustering algorithm.

B Recojets are grouped with the particle flow objects by exclusive ee-k

jet clustering algorithm.

o« At
ﬁ'\‘o\)‘:)\\)"\o
of CO“%QS
wfgch‘ PFO
1912 (Arbor)

kT %\
/ /

Gen Jet Reco Jet

e Jet is clustered by exclusive ee-kt algorithm.
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Physical Benchmarks

(Potential huge impact)

BM4: Sepavation of ww zZZ
and ZH — aqqq §nal state
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o
: ZZ ZH to 4- jet Separation
(240 GeV) (240 GeV)
0.12F App~ ] n 0.12F | | n
- CEPC EWW > qaqd ] - cEPC EWW —qqad
0.1 GenJet L 122 >qq ] 0.1- Recoet e
- [ ]zH >qaaq - - [ ]ZzH >qaaq -
= 0.08 1 3 0.08- |
S i 1 O i ]
10 [ 10 i ]
2 0.06p S 0.06- .
=) i =) i
< 0.04F < 0.04;
0.02 0.02f
O_I I I T s i O_ [ I i
60 80 100 120 140 160 60 80 100 120 140 160

Mgen (GeV) Genj et MReco (GeV) Recoj et

Sample \ Assignment(%) WW 27 ZH Sample \ Assignment(%)
\AANA 63.24 18.95 17.81 WW 64.98 19.07 15.94
y44 16.09 57.89 26.02 Y44 26.51 50.54 22.96
ZH 9.99 13.84 76.17 ZH 20.29 2293 56.77

B The Efficiency x Purity of ZH identification is reached |18% in the 5 ab-! statistic.
B The statistical uncertainty of ZH to full hadronic final-state could achieve
0.25% after considering the major bkg, WW and ZZ.
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Higgs Production @ Hadron Collider

S
700000}
[ t/b
‘00000
g
ggF VBF WH/ZH ttH
Gluon-gluon Fusion Vector boson fusion Associated vector boson Associated top-quark pair
fusion production
2 | T T T | T T T | T T T | T T T | T T T |§
—10°F V5= =
.8_ —  pp — H(N3LO QCD + NLO EW) S= 1 3 TeV 25
+ f &
T
T 10 E
Q .
o ~ Pp —qqH (NNLO QCD + NLO EW) ]
b | _|

- pp — WH (NNLO QCD + NLO EW)
1 pp — ZH (NNLO QCD + NLO EW)
C  pp — ttH (NLO QCD + NLO EW)

1— | | | | | | | | | | | | | | | | | | | —I

120 122 124 126 128 130
M, [GeV]
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Higgs Production @ Lepton Collider

Pei-Zhu Lai (NCU, Taiwan)

ete™H
Z Fusion

v,Uu,H
WV fusion
g; 300_' ' L 'IT' { T ]
o | i — e CEPC CDR |
- — WW fusion
250 I ZZ fusion ]
i |
i |
200
5 |
' |
150j I
B |
i |
100_— I -
5 |
. |
- |
S0 : ete’ »>vvH(WW fusion) |
- I ]
: 2 |
| 1

200

550 300 350
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400
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Associated vector boson
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SM Production @ Lepton Collider

Process Cross section Eventsin 5.6 ab™*
Higgs boson production, cross section in fb
ete” - ZH 196.2 1.10 x 10°
ete” = v .U H 6.19 3.47 x 10*
ete” > ZH 0.28 1.57 x 10°
Total 203.7 1.14 x 10°
Background production, cross section in pb
ete” — ete' () (Bhabha) 930 5.2 x 107
ete” — qq(v) 54.1 3.0 x 10%
ete” = utp~ () [or 777 ()] 5.3 3.0 x 107
ete” > WW 16.7 9.4 x 107
ete” > ZZ 1.1 6.2 x 10°
ete” > ete ZZ 4.54 2.5 x 107
ete” —etvW= /e W™ 5.09 2.6 x 107

Z =T 10%
/ — vv: 20%
Z — qq: 70%

Pei-Zhu Lai (NCU, Taiwan)

W — Cuv: 30%
W — qg: 70%

34

ECAL MiniWs, July 23,2020



Higgs Decay Modes

Decay mode

Branching ratio

Relative uncertainty (%)

H — bb 57.7% (+32,-33)
H — ce 2.91% (+12, -12)
H — gg 8.57% (+10, -10)
H— 771" 6.32% (+5.7,-5.7)
H— utp 2.19 x1074 (+6.0, -5.9)
H— WW* 215% (+4.3, -4.2)
H— Z7* 2.64% (+4.3,-4.2)
H — vy 2.28 x1073 (+5.0, -4.9)
H— Z 1,53 x 103 (+9.0, -8.8)
Ty 4.07 MeV (+4.0, -4.0)
s 1= T T "8
© 5
%10-1 &‘ 7z _;
T — D :
_%0-2;_ _
T r ]
1086900 120 140 160 180 200
" M, [GeV]
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Physics Object Performances

m Leptons: Above 2 GeV, the reconstruction efficiency > 99.5% with
misidentification rate < 1%; A relative mass resolution 0.19% of
H—-uu".

m Photons: Above 5 GeV, the reconstruction efficiency ~ 100% with no
misidentification rate from hadronic jet; A relative mass resolution 2.5% of

H — yy

B 7-leptons: The reconstruction efficiency ~80% with a purity ~90%
measured from ZH — t7q9g event at \/E = 240 GeV.

m Jet flavor tagging: The b-tagging efficiency/purity of 80%/90% and c-
tagging efficiency/purity 60%/60% are extracted from Z — gg at Z-pole.

m K*: K/ separation 2¢ with proposed ToF, achieving the accumulated
efficiency/purity of 95%/95% for kaons ID in Z — gg from momentum
2~20 GeV.
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BM3: JER (Reco-Gen)

ZZ—vvqq (240 GeV) ZZ—vvqq (240 GeV)

[T T T°1 | L | T T L T T L | L | 1] [T T T°1 | L | T T L T T L | L | T T_]

0.08- CEPC = 0.08\ CEPC -

B e uds quarks B e uds quarks

S 0_07:_ b quarks _: S 0_07:_ \ b quarks _:

5 L A A ¢ quarks 1 5 o ¢ quarks :

s C . 1o : i

3 0.06- - 8 0.06 —

o i 1 0 i i

> - A 1 > - -

) - o 1 O - -

o 0.05F -1 o 0.05( N
- c

LU I s 1 I i

) | [ ) | ) | _

3 0.04- A ga o, 1 2 .04 N

Z ° ¢ AT Z i

- o | - _|

0,03:— excluding v's in GendJet —: 0.03:— including Vv's in GendJet —:

11 1 1 | L 111 | I | L 111 | I | L 111 | L 111 | [ 11 1 1 | L 111 | I | | I | | I | | I | | L 111 | | 1]

30 40 50 60 70 80 90 30 40 50 60 70 80 90
Eso, (GeV) Eso, (GeV)

B |JER depends on the jet flavors since the semi-leptonic decay of heavy flavor jet.
— Consistent JER when excluding neutrinos in Genjets
B For light-flavor jets with higher energy (Ej~90), JER could reach 3.4%.
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BM3: JES Symmetry (Reco-Gen)

(240 GeV) (240 GeV)

I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I I I I I I | I I I |
004 CEPC A WW%u_volﬁ A WWAq_ﬁq_ﬁ | 004 CEPC i
- ZZ —vwWqq ZZ —>qqqq - - .
i W ZH —»vvqq [ ZH —qqqq | ] |
o 0.02 - 9 0.02+ —
S i /-\ 1 8 i i
) - A 1D - A
g g ] _ _
> o @A'ﬁﬁ@ ﬁ&p"A‘ﬂ S o g 252 2
- - ! g | - B |
I _ | AN A A _
o A i ixcie s u e A-
S 0.02- 4 5002 + - + - .
i | A A WW-ouvqq A A WW-qqqq |
- 4 - ® 0 Z2Z »5vwqq O O ZZ —-qqqq -
—0.041- - —0.04- = ®mzH Hwqg 0 0 ZH >qdqq

] | ] ] ] ] | ] ] ] ] ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] |

—1 -0.5 0) 0.5 1 0 0.2 0.4 0.6 0.8 1

COSOen | cosBg,, |

B The results show very nice agreement between cosf > 0 and cosf <0
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Double-sided Crystal Ball Function

( n 2 =\ 71 =
ni 1= [ 7 X—X X —X
—1 e — — || — < -
1| 1| o
_ _Lx=%)?2 X— X
f(X|a1,a2,n1,n2,x, O-) — { e 2(x0_x) - a’l < < Cvz
o
ny \ - _lmi? [ ny x+x\ "’ X—X
2 ) e [ | - o <
L\ a2 | o o
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Minimum Matching Method

B Only [.28% of events have dR < 0.4 between Lead Recojet to more than 2
Genlets; 1.79% for Sub-leading one; 0.7% for Third one.
B When #(ARReco-Gen<0.4) > 2, matched Genlet is decided by |AE/E|.

Recolet Genlet Recolet Genlet

Leading Leading
Sub-leadin ‘ /
Leading / - B =~ Sub-leading

| Trailing | Trailing
Pick up Pick up
the AR minimum pair “ the AR minimum pair
Re - ) enJe Recolet - GenJet

T~ Third ——~ Trailing
\ o " \
| Trailing | » Trailing
Pick up Pick up
ﬁ the AR minimum pair “ the AR minimum pair

Pei-Zhu Lai (NCU, Taiwan) 40 ECAL MiniWS, July 23,2020



BMI: Massive Boson Mass Resolution

Before Cleaned (240 Gev) 0.07 After Cleaned (240 Gev)
: I | I I I | I I I | I I I | I I I | I I I : . __l | I I I | I I I | I I I | I I I | I I |__
0.05- CEPC ZZ - wqq - CEPC ZZ — vvqq (ud) Cleaned -
T WW — pvaq 0.06- WW — uvaq (ud) Cleaned |
i ZH — vvaq - ZH — vvgg Cleaned .
0.04)- 1 o 005- =
B \,"4 - ) - \""4 y 4 i
0 : 1 O 0.04— 7
2 0.03- 4 o Tt ]
; ) 1 o - -
> : 1 = oo03" -
i 1 5 - -
0.02_— ] < B i
i i 0.02- ]
001 - 0.01- -
u ] L ] ] ] ] ] ] : ] ] | ] ] il | | | ] il ] :
0 60 80 100 120 140 160 0 60 80 100 120 140 160
m; (GeV) m; (GeV)

B W-, Z-, and Higgs-boson dijet masses are well separated at CEPC.
B After cleaned, Z- and W-boson could be separated = 20.
B Higgs Boson Mass Resolution = 3.8% is reached the CEPC baseline.

Cleaned: Select the light flavor jet event with low energy ISR, low energy neutrino inside jet, and within |cos6| < 0.85.
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BM3: JER, JAR(0), and JAR(¢) Cover Fraction

Operation mode Process JER(%) JAR(0) (%) JAR(¢) (%)
7 ete- = Z = qq 57.6 52.5 44.7
ete- = Zy = qqy 56.2 51.0 47.9
ete- > WW - Lvqq 49.1 46.7 46.9
ete- > WW — qqqq 58.2 50.9 49.9
H ete- = ZZ - viqq 56.4 48.3 40.6
ete = ZZ - qGqq 61.4 47.9 48.3
ete- > ZH = w(qqorgg) 625 44.1 48.5
ete- & ZH = qq(qq or gg) _ 63.3 43.5 44.8
ZZovveg_ ___ (240CeV) ~60% ~50% ~50%
500003_ CEPC MC b N
- Left:0.103 7 Gaussian covered
I o O PBCE Cover Fraction: = ——
g - Right: 0.333 N
330000} . . .
g | B The cover fraction is close to a
20000 E Gaussian distribution, 68%.
10000/~ - — Well-controlled tail
%6 04 02 0 02 04 06
(EReco i EGen) / EGen
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BM3: JER, JAR(0), and JAR(¢) Cover Fraction

- |Z.Z—.S'. clzlslps:llvrel/inlvi;?arly (240 GeV) >T103 — 2zsl ClEII?CIPrIeIill‘niliarly (240 GoV) >T1 03 — zzsl c:lEl?clPrle/iflnirlrarly (240 GoV)
sooo0r 1, | o 1 e :
- —_ DBCB E — Gaussian | — Gaussian
m40000:_ Left: 0.103 1 200 Left: 0.207 1 o 150 Left: 0.245 B
) L Center: 0.564 o - Center: 0.483 ) - Center: 0.406
8 " Right: 0.333 g " Right: 0.310 g  Right: 0.349
<30000- -4 < 150f = [
8 s : 8 100}
S20000F 1 £ 1o00f £
: : 50}
10000}~ . 50 . :
:|g/~/|1*~»'_ O:|||||I|||.I....I...||: O_|||||I||||I....I....I:
—%.6 -04 -02 O 0.2 04 0.6 -0.02 -0.01 0 0.01 0.02 -0.02 -0.01 0 0.01 0.02
(EReco i EGe”) / EGen (GRGCO ) eGen) (q)Reco i q)Gen)
Operation mode Process JER(%) JAR(0)(%) JAR(¢p)(%)
7 ere- > Z > q 57.6  52.5 44.7
ere - Zy = qay 56.2  51.0 47.9
ere- > WW - uvqq 49.1  46.7 46.9
ere- & WW — qqqq 58.2 50.9 49.9
H ere- = ZZ = vuqq 56.4  48.3 40.6
ete- = ZZ - qqqq 61.4 47.9 48.3
ete- =+ ZH = vw(qqorgg) 62.5 44 .1 48.5
ete- =& ZH = qq(qq or gg) 63.3 43.5 44.8
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BM2: Preliminary Number of Jet Identification

TMVA response for classifier: BDT

Ssighal =~ T T T T T T T N
{71 Background s

(1/N) dN/dx
(3]

0.81—

4 and 6-jets

C de -
: 1S 0.6}—
3= s B
; —
o 3 04| —— efficiency
E _é —— purity
5 13 %% — efficiencyx purity
0 po 2 " I 1 1 e g
_0-4 _0-2 0 0'2 0'4 0 i 1 1 | 1 1 1 I 1 1 L l 1 1 1 | 1 1 1 1
BDT response -0.4 -0.2 0 0.2 o 4

signal : 2 quarks, the of BDT

Samples
ete™ = qg (2 jets)
Z7Z - qqqq (4 jets)
WTW~ = qgqqg (4 jets)
ZH — qqqq (4 jets)

Signal  Efficiency X purity

2 jets

ZH — qgH — qqqqqq (6 jets) 6 jets

20 event-shape variables are combined with the

multi-variate analysis to separate 2, 4, and 6 jets final-states.
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Heavy Jet Mass

1 N
M? = () P)
0 2

1 N
M2 — ( Pi)z
RO Z

Jet Broadening

1 N
BI=
N
22]':1 |P]| i=1
1
B

2= N
2Zj:1 |P]| i=1

Jet Transition variable, y23, ya45, Yo7

ee-kt jet clustering algorithm

dy; = 2min(E7, EZ)(1 — costy)

Pei-Zhu Lai (NCU, Taiwan)

ZlPl-XnTl,(PanT)>O

N
Y AP xnp|,(P;xng) <0

Event Shape Variables

C and D Parameter

pab_ iPﬁP}’
N
POl i b

C — 3(/1122 + /11/13 + 22/13)

D — 2721/12/13

Energy-Energy Correlation

EiEj
EEC = Z Jda —26(c05)( — cost))
Otor i 9,
Pl.) x P2.
likelihood = 2 (P1) :

\/ Y (P1,x P2) x 3 (P2, X P2,)
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20 Variables

# of charge lepton

EEC 6

#ofy

EEC 4

# of charge hadron

EEC 2

# of neutro hadron

C parameter

Ey

D parameter

ECharge hadron

Heavy Mass

ENeutro hadron

Max Broaden

Ey

Total Broaden

ECharge hadron

Thrust

ENeutro hadron

Y23, Y45, Y67

Correlation Matrix (signal)

Linear correlation coefficients in %

BM2: Number of Jet Identification

numchgLight
numCama

numChgHad _5

numNeuHad
avGama

avNeuHad
EnGama 42

EnNeuHad
MCPy6
MCPy4
MCPy2

AAAAAAAAAAAAAAAAAAAAAAA

avChgHad Ff;;;;;;g;_;;

A L L T

EnChgHad [

.....
O R T R R R R T

AAAA..---nn:-nnn:uuu;unn:u-u -------

, A
NG o5+ Sasnanian
.......... = T o
----- OV Ivin30000a 015119 T0re e Qe mmm
3

100
'|80

—60

—40

B Event-shape variables basic multi-variable analysis to separate 2, 4, and 6

jets final-state.
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BM3: Thrust Jet Clustering Method

ee-kt Thrust
1CEPC ZZ—vvqq (240 GeV) 1CEPC ZZ—vvqq (240 GeV) 4
i 5 . ] 3 i "-"_ﬁ.'ﬁ" . | T §1O
. B 1 =10° c B 1,
8 0.5_ I = 8 0.5_ ] §1O
i | e p
= L I B
2 0 2100 = 5 O =102 £
C ] c c B | c
S ' ] w5 =
S S i i
Q@ il Q@ - ]
= - S :
» -0.5 -1 10 » —0.5- - 10
A l -
iy sl SR — L
e e 1
—1 —0.5 0 0.5 1 —1 —0.5 0 0.5 1
Leading AE;.., en Leading AE.. . cen

B |dentify the 2 jets event with (efficiency x purity) = 88.4%

— The thrust jet clustering method
B After “cleaned" selection, the thrust method has suppressed the tail significantly

— Expected to have improvement on jet energy and angular response.

Cleaned: Select the light flavor jet event with low energy ISR, low energy neutrino inside jet, and within |cos6f| < 0.85.
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Energy Matching

CEPCPre//m/nar 240 GeV)

efe—>2Z2Z—-vvqq

iR i
[ =.-_. - . _-'"E E
> 1 =103
2 0.2 = 1
gm O " n
D_0 ol o = 10°
O PN T .
S04k
3061 10

|
o
0

11 08060402002040608 1

Leading AO [GeV]

1

Reco-Gen

Pei-Zhu Lai (NCU, Taiwan)

Matching Impact

AR Matching

1Ge2#omad  CEPCPreliminary (240 GeV)
e R T T
0.8 --'-.._ : ._Ir-l ! .-.' t ':_: L 4
~y : . . -EETLE 1 =10
% 0.6 'f_ .J J"I.IJ'- i .!]::.._'.' _—: ;
= 0.4 ..ﬁi."' Fo GICERTEAE
G F- ll" : ety =1 =108
§ 0.23, ._'. ' - .:.':__: 5 8
< oM ' £
< ¥ 5 uCJ
8—02".4'“..-.1?_. 10
2—04 et
3-0.6 10
0.8
110805604020 0.204060.8 1 !
Leading A6, gen [GEV]

Both after being applied the cleaned selection
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Jet Energy Resolution
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E ZH —»vvqq A WWauqu s
. A
L A -
I v
. A A ]
C A ¢ n“ -
. " i
SRV TS 2 YW R
:I | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | I:
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Jet Energy Resolution
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BM3: JER (ee-kt—Thrust)

(240 GeV)
_I | I I I I | I I I I I I I I | I I I I | I
- CEPC Thrust -
- Z—qq ¢ ZZ —»vwqq |
E ZH —->vvqq A WW-uvqq E
s ‘-
- . ¢
- ‘& A lb‘ -
N st - S
:I | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | I:

—1 -0.5 0) 0.5 1
COSO,,

B /H and Z-pole processes are improved ~10% in |cosf| <0.5, while ZZ and
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BM4: WW & ZZ to 4-|et Separatlon
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BM4: WW & ZZ to 4-jet Separatio
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ZH Full Hadronic Statistical Uncertainty

B According to the final results, the following estimation could be declared:
The identified efficiency of ZH signal is 60% with background, 20% ZZ and 10% WW.
The cross section of ZZ is 5 times amount than ZH, 10 times from WW.

Efficiency XS

WW 1 O% 1 O — 1 OO Purlty

77 20% 5 —» 100 —» 007200

= 30%
ZH 60% 1 —» 60

# of ZH = 500,000 in the 5 ab-1
—> 500,000 x 18% = 150,000 could be identified

- 60% x 30% =

1/sqrt(150,000) = 0.25%




Kinematic Summary Plots(Parton level)
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E as a Function of the Polar Angle
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Leading JER & JES
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Sub-leading JER & JES
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