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Science at CEPC-SPPC

e Tunnel ~100 km

« CEPC (90 - 250 GeV)
- Higgs factory: 1M Higgs boson

» Absolute measurements of Higgs boson width and couplings
« Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: 6E11 Z boson

» Precision test of the SM
 Rare decay
- Flavor factory: b, c, tau and QCD studies

- SPPC (~100 TeV)

- Direct search for new physics

- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

« Heavy ion, e-p collision... Complemen tary

18/11/19 CEPC WS@IHEP



Physics Requirements

Z—?2 jet,
H—2 tau
~5%

Higgs 4

qq Strategy: make all the possible
g9 measurements in each
different channel and combine 1 Z_>2 muon
the result! H—>WW*—>eeW
~1%
0
T, HH
WW, ZZ,
Zy, Yy
I w aq Z boson
decay

Final state

Detector:
To reconstruct all the physics objects with high efficiency, purity & resolution
Homogenous & Stable enough to control the systematic

This talk quantifies the requirement/key questions of Jet reconstruction at CEPC/ILC

18/11/19 CEPC WS@IHEP 3



Qualitative requirement at the CDR

128 EXPERIMENTAL CONDITIONS, PHYSICS REQUIREMENTS AND DETECTOR CONCEPTS

Physics Detector Performance
Measurands

process subsystem requirement

ZH.Z e utu~ mar. o(ZH A(1 /o) —

. j e HTH my. o ! )_ Tracker _5( /pT) =
H— pup BR(H — puFu™) 2x 1076 (GoV) sin®/2 6
H — bb/cc/gg BR(H — bb/cc/gg) Vertex a:qg -

O & p(GeV)xsin3/2 9 ( plll)
ECAL o
H —qq, WW*, ZZ*  BR(H — qq, WW?*, ZZ*) 5/
HCAL 3 ~ 4% at 100 GeV
AFE/E =
H — vy BR(H — 77) ECAL 0 20 /

Table 3.3: Physics processes and key observables used as benchmarks for setting the requirements and
the optimization of the CEPC detector.
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Requirement benchmark analyses

 From Higgs measurements

- Track Momentum: Higgs recoil mass from pyuH; y(H—up).
- Photon: p(H—-vy)
- Hadronic event

» Total visible mass (Characterized by Boson Mass Resolution):
- J(vvH, H—Dbb);
- p(qgH, H—inv);
- u(qqH, H—tautau);

« Jet clustering-matching: ZZ/WW separation

* From other measurements

- Tau factory...
- Flavor & QCD...

18/11/19 CEPC WS@IHEP



Higgs recoll analysis with yuH event

Zhenxing Chen & Yacine Haddad ;050 Physics C Vol. 41, No. 2 (2017) 023003

= IID II T

Entries/(.2 GeV

» Combined precision:
00(ZH)/o(ZH) = 0.5%

8g(HZZ)/g(HZZ) = 0.25%
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Optimization study w.r.t the
TPC/Tracker radius & resolution
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Note: Higgs mass is more accurately measured
From Model-dependent analysis, which is used

In the analysis show in the right side
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U(H—pM) measurement at ggH event

0.3% I I ! ZIHIZICEFI)ﬁ2d19I I ! I I I 1 h
i , £— 0, H—> uu ol
- 5.6 ab™,240GeV / .
0.25 |- ; e

E e

0.1 ¥ baseline accuracy

P r-e| imin a ry ® criticle accuracy

o H=pp

A/l

accuracy

0.05

0 | | |
0.5 1 1.5 2
Tracker Resolution/Baseline Resolution

o

« Degrading the tracking resolution by 2 times leads to a degrading of 40% in
the signal strength measurement
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ECAL resolution benchmark on y(H—-yy)

Fit to m,, disrtibution
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Hadronic event: @ Higgs

SM Higgs

- 0jets: 3%: Z—ll, vv (30%);, H—O0 jets (~10%, 11, uu, vy, yZ/\WW/ZZ—leptonic)

- 2jets: 32% Higgs 4
« Z—qq, H—O0 jets. 70%*10% = 7%
* L=l vy H—>2/ets. 30%*70_% - 21% qq Strategy: make all the possible
o Z-ll, vwv, H-WW/ZZ—semi-leptonic. 3.6% ag measurements in each

_ 4jets: 559, different channel and combine

the result!

« Z—qq, H—-2 jets. 70%*70% = 49%
o Z-ll, v, H-WW/ZZ—4 jets. 30%*15% = 4.5%
6 jets: 11%
WW, ZZ,

« Z—qq, HHWW/ZZ—4 jets. 70%*15% = 11% Rl

T, MM

-
-

I W aq Z boson
97% of the SM Higgsstrahlung Signal has Jets in the final state decay

Final state

1/3 has only 2 jets: include all the SM Higgs decay modes
2/3 need color-singlet identification: grouping the hadronic final sate particles into color-singlets

Jet is important for EW measurements & jet clustering is essential for differential measurements

18/11/19 CEPC WS@IHEP 10



Hadronic event

Multi-jet events, especially the dominant 2-jet events, are critical

- Measurement: TGC, Afb, etc
- Background control
- Calibration & in-situ monitoring
0 jets:
- Di-photon events;
- bhabha, 11, py;
2 jets:
- ee—qq(y) (ISR return & full energy)
- WW/ZZ—semi-leptonic
- Single W/Z events
4 jets:
- WW/ZZ—Full hadronic
- ZH—qg+(bb, cc, gg)

6 jets: ZH—-qqWW*, qqZZ*—Full hadronic

18/11/19
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Performance quantification on the
hadronic event reconstruction

» Visible mass of hadronic system
- ldentify the hadronic system & calculate its visible mass
- At 2-jets event: the visible mass is the mass of the intermediate boson

- At fixed c.m.s. energy, the recoil mass of hadronic system is mostly
determined by the visible mass.

« Jet: via jet clustering, and match to/interpret as parton

- Essential for differential measurements

- Essential for identifying the right combination of jets — the color singlet —
for physics event with jet number > 2

- The jet clustering can induce significant uncertainties

18/11/19 CEPC WS@IHEP 12



Accuracy [%]

Requirement from benchmark analysis:

o(vvH, H—bb)

Boson Mass Resolution: relative mass

10

BMR [%]

20

Accuracy[%]

BMR < 4%

0.8

0.6

0.4

[ PR TR (IR SN SO N [N TN TN N S [N TN SR SO S N
OI ‘10 20 30 40

resolution of vvH, H—gg events

- Free of Jet Clustering

- Be applied directly to the Higgs analyses

—
&
i
o
-
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CEPC Preliminary]

-i
|
|
| .

o(qqH, H—inv)
|

Assuming ]
BR(H—inv) = 10% -

The CEPC baseline reaches 3.8%
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BMRI[%]

Accuracy[%)]
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I | BM‘R[%]
BMR =2% | 4% 6% 8%
o(vvH, H—bb) 2.3% 2.6% 3.0% | 3.4%
o(vvH, H—inv) 0.38% 0.4% 0.5%  0.6%
o(qgH, H—-T1) 0.85% 0.9% 1.0%  1.1%
13




2" Benchmark: qu H—>|nV|S|bIe

 Portal to DM... @ ] Ij‘BMR:w - :
CEPC CDR CEPC CDR

* qggH dominants the precision & rely on the
recoil mass to separate the ZZ bkg

« Essential for qgH analysis, especially
H—non jet final state
'_'-I'I I Ii A L 'I I l' l | ] |
14 | CEPC Preliminary] 0% "B 100 150 % s 100 150
i | - M [GeV] M [GeV]
- (a) (b)
12 I =
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X - 1 1 = 1= .
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&
3 osl |
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0.4 I -
'_._I. ‘ ] I | P
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(c)

If the BMR degrades from 4% to 6/8%: the Higgs invisible measurement degrades by 20/50%
18/11/19 Dan Yu CEPC WS@IHEP 14



Full hadronic WW-ZZ separation

DRUID, RunNum = 0, EventNum = 7 & 4

L] T T T T
CIJPC CDR
J Ldt=5ab"
ZH inclusive
— WW inclusive

— ZZ inclusive
—e'e > qq

/2

Event

PR TR TR [ TN TN TN N TN TR TR [N TN TN S A S S
0 20 40 60 80 100
NTrk Multiplicity

 Low energy jets! (20 — 120 GeV)

« Typical multiplicity ~ 0(100)

o« WW-ZZ Separation: determined by
- Intrinsic boson mass/width

- Jet confusion from color single reconstruction — jet clustering & pairing

- Detector response
18/11/19 CEPC WS@IHEP 15



Jet confusion: the leading term

0.15- B ww
B b 74 L
0.06 0-03'_
> 01 > =
S 3 s |
@ 12 0.04~ 2 0.02|
5 5 5 |
< 7 < <
0.05 L
i (| 0.02 0.01 -
A :
0 I L _l"‘-~-|--‘_..|...<.:f4"}'ﬁ~ ‘\"1\-\ ——t 0 I MR ’ 0 i | .
0 50 100 150 0 50 100 150 0 50 100 150
0.5x(M,, +M,, )/ GeV 0.5x{M;, +M,, |/ GeV 0.5x (M, +M,, )/ GeV
« Separation be characterized by overlapping ratio= »_ min(aj, bj)
bins
. Fl_nal state/MC pa_rtlcles are c_Iustered .IntO Reco/Genjet 5 (M12—Mg)2  (M34—Mp)?
with ee-kt, and paired according to chi2 X = o2

« WW-ZZ Separation at the inclusive sample:
- Intrinsic boson mass/width - lower limit: Overlapping ratio of 13%
-+ Jet confusion — Genjet: Overlapping ratio of 53%

-+ Detector response — Recojet: Overlapping ratio of 58%
18/11/19 CEPC WS@IHEP 16
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Separation requirement on Z—tautau
event at Z pole

«10%F «10%F . .
6000 | 8000 y
10 - 10 - /
- - 10 44000
i 1 . z'-":’j’.
i i iy
Izooo . J,%
T
10" 10" 0
10" 1 10 10° 10" 1 10 10°
E‘H Ey‘l

@) (b)

Fig. 14 The generated 7° distribution as a function of the energies of diphotons from 7#° — ¥y in inclusive Higgs (a) and Z — 77 samples (b). En
is the energy of leading photon. E,; is the energy of sub-leading photon. The red line is the function of Ey; 4 Ej» =30 GeV.

e Separation of tracks from 3 prong decay taus, and photons decayed
from high energy pi-0 (up-to 30 GeV)
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Updates on the requirements w.r.t
the CDR

128 EXPERIMENTAL CONDITIONS, PHYSICS REQUIREMENTS AND DETECTOR CONCEPTS

Physics Detector Performance
Measurands
process subsystem requirement
ZH.Z = ete ity g o(ZH) A(1/pp) = Higgs recoil at yuH: 2*baseline resolution
H syt BR(H — ) Tracker 5 % 105 g 0001 is adequate with current beam energy spread

p(GeV)sin?0  H—pu: 2*baseline leads to 40% degrading

_ - = . .
H — bb/ci/gg BR(H — bb/cc/qq) Vertex . Closer > Lighter > Resolution
> ® m(um)

More accurately: BMR<4%

jet
H = qq, WW*, 2Z*  BR(H = g3, WW*, 22°) - o /B = Color-Singlet identification for events with
HCAL 3 ~ 4% at 100 GeV Number of Jets > 4
H — 4~ BR(H — ) ECAL o / A critical value of 14% statistical term is
ey @01 |dentified with 1% constant term

Table 3.3: Physics processes and key observables used as benchmarks for setting the requirements and
the optimization of the CEPC detector.

Separation:  able to separate photons decayed from 30 GeV pi-0.

Leptons:
|solated, high-energy ones with acceptance: eff*purity > 99%
Inside jet: need further quantification — benchmark analysis

Kaon: need further quantification

18/11/19 CEPC WS@IHEP 19



Summary

« The CEPC detector should precisely identify and measure the key objects. The
qualitative requirements are re-evaluated on the Higgs benchmarks, a minor update
is concluded with respect to the CDR (in blue)

- Tracker: How about degrading the requirement by 100%?

« Adequate at Higgs mass measurement using puH event (recoil)

» Leads to 40% degrading on the y(H—pu) measurement

« A slight degrading, say 30-40% w.r.t the CDR requirement should be OK
- ECAL: Stochastic term of 14% is adequate to 1% constant term

- Jet: BMR < 4% is required & Color-Singlet identification calls for innovative algorithm
development

* The requirement should be evaluated at more benchmarks

- Differential measurement (angular resolution of jet, MET)

- Physics with Z—tautau (at Z pole) requires an efficient separation of photons decayed from
30 GeV pi-0, and 3-prong decay tau

- Object identification in jets: Kaon, lepton, and hadron decay products identification

18/11/19 CEPC WS@IHEP 20
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Two classes of Concepts

* PFA Oriented concept using High Granularity
Calorimeter

- + TPC (ILD-like, Baseline)
-+ Silicon tracking (SiD-like)

 Low Magnet Field Detector Concept (IDEA)

- Wire Chamber + Dual Readout Calorimeter

Particle separation (2 m track)
(cluster conting =80% - dE/dx at 4.2%)

‘ H ‘ « mu/pi dE/dx
3 . sp— mu/pi dN/dx
+e e pifK dEfdx
pi/kanjex | |
o

1

-

#of sigma

Ze @ s e w0 B
#§3 88888888

2

e
H
2
R

cluster counting eficiency g 10.3% .
"F‘” = D 0.3%

or™

https://indico.ihep.ac.cn/event/6618/

https://agenda.infn.it/conferenceOtherViews.py?view=standard&confld=14816
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The Simu-Reco Chain at CEPC

Generators (Whizard & Pythia)
Physics Physics
Mgde|s parafneters Data format & management
(LCIO & Marlin)
Digitization
Parton Physics Object gluzations
_ Trackin
pythia\ High-level 9
FragmentatiV econstructio
. _ — __ Fast Reconstructed
MCParticle Simulation - otz
MokkaPlus
G4-Simulatio Arbor (Core PFA)
Simulated :
Detector Hits Tracks & calorimeter nits Jet Clustering (FastJet)

Jet Flavor Tagging (LCFIPLus)

gl

- + Detector Hits

>

CEPC-SIMU-2017-001,
CEPC-SIMU-2017-002,
(DocDB id-167, 168, 173)
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Efficiency

Tracking
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logl0(ELike)

15 bt

-10 -

+ Electron
Muon

= Pion

-15 -10

BDT method using 4 classes of 24 input discrimination variables.

-5
log10(MuLike)

)

—_
o
A}

o
o

tagged eff(%
> &

©
~

9ok

Lepton

O
N

- electron
— muon

pion

10

Test performance at: Electron = E_likeness > 0.5 ;
Muon = Mu_likeness > 0.5
Single charged reconstructed particle, for E > 2 GeV:
lepton efficiency > 99.5% && Pion mis id rate ~ 1%
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Entries/0.25 GeV

Entries/0.25 GeV

CEPC Preliminary
AT I Ldt=5ab"
—4— CEPC Simulation
4000+ — S+BFit
—— Signal
Background
2000
S
120 125 u*p.'130 135 140
Mrecoil[GeV]
CEPC Preliminary
F Z— e*e’; J-Ldlz.'s'nh'I
1500
| #— CEPC Simulation
——— S+B Fit
—— Signal
Background
1000 -

0
120

125 130

Ml GeV]

135 140

https.//link.springer.com/article/10.1140/epjc/s10052-017-5146-5

CEPC-DocDB-id:148, Eur. Phys. J. C (2017) 77: 591
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Kaon

K/ SRHAT K/m dE/dx
| - — K/n TOF
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Highly appreciated in flavor physics @ CEPC Z pole
TPC dEdx + ToF of 50 ps

At inclusive Z pole sample:

Conservative estimation gives efficiency/purity of 91%/94% (2-20 GeV, 50% degrading +50 ps ToF)
Could be improved to 96%/96% by better detector/DAQ performance (20% degrading + 50 ps ToF)

CEPC-DocDB-id: 172
18/11/19 CEPC WS@IHEP  nhtps://arxiv.org/abs/1803.05134 26
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Clustering

Efficiency

—_
no

Critical energy to separate an evenly decay m: 30 GeV

See Hang Zhao's talk

18/11/19

CEPC WS@IHEP

—
T T T

0.8:
0.6
0.45

0.2!

CEPC CDR

& 1mm x Tmm
& 5mm x 5mm

—— 10mm x 10mm

S

30

40

50

Distance [mm]

27



Photon: resolution
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Before correction

See Yugiao Shen's talk
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Energy Resolution (6/Mean)
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A Higgs mass resolution of
1.7/2.5% is achieved in the
Higgs to di-photon final states
with simplified/baseline
geometry

The geometry defects correction
could be efficiently corrected
(Preliminary)
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Tau

DRUID, RunNum = 0, EventNum = 5423

...Counting #Photon/Track...
...Checking Vertex Impact...

;&\R
Cone Based Algorithm!'

Para. Optimization
Two catalogues:

Leptonic environments: i.e, lIT1(ZZ/ZH), vwit(ZZ/ZH/\WW), Z—TT;

- Jet environments: i.e, ZZ/ZH—qqrtT, WW—QqqvT;
18/11/19

Ph.D thesis: D. Yu, reconstruction of leptonic objects at e+e- Higgs factory
CEPC WS@IHEP
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Tau finding at hadronic events
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TAURUS (Tau ReconstrUction toolS):
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an overall efficiency*purity higher than 70% is achieved for qqrtT, and qqr1v events

See Zhigang Wu's talk

18/11/19 CEPC WS@IHEP



Flavor Tagging

 LCFIPlus Package
* Typical Performance at  ; | lightbackground
Z pole sample: o
- B-tagging: [ T
eff/ourity = 80%/90%  , ... .. .. .| |

- C-tagging:

eff/purity = 60%/60%

light background \ Z | bbackground

e Geometry Dependence s 05
of the Performance S | e
evaluated i =
%.4 — 0.i6 — e‘. 08 . 1 I %.4 B D.iﬁ — EI' 08 E— 1

https.//agenda.linearcollider.org/event/7645/contributions/40124/
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Performance quantification on the
hadronic event reconstruction

» Visible mass of hadronic system
- ldentify the hadronic system & calculate its visible mass
- At 2-jets event: the visible mass is the mass of the intermediate boson

- At fixed c.m.s. energy, the recoil mass of hadronic system is mostly
determined by the visible mass.

« Jet: via jet clustering, and match to/interpret as parton

- Essential for differential measurements

- Essential for identifying the right combination of jets — the color singlet —
for physics event with jet number > 2

- The jet clustering can induce significant uncertainties

18/11/19 CEPC WS@IHEP 32



The performance - requirement
benchmark analyses
« 2 jetfinal state
- o(vvH, H—bb)

- o(qqH, H—inv)
- o(qqH, H—tautau)

« 4 jet final state: ZZ/WWW separation at full hadronic final states

« Jet response: Jet Energy/Angluar Resolution/Scale and impact from jet
clustering algorithms, see Peizhu Lai's presentation yesterday

https://agenda.linearcollider.org/event/8217/contributions/44662/

18/11/19 CEPC WS@IHEP 33


https://agenda.linearcollider.org/event/8217/contributions/44662/

Visible mass of hadronic system

« Quantified by BMR (Boson Mass Resolution): the relative mass resolution on
fully hadronic decay Higgs

At CEPC, the BMR is determined on vvH event, with a standard cleaning
procedure to control the effect of ISR photon, neutrinos generated in Higgs
decay, and detector acceptance

200 [T 200 T 720 200 [
_ 118
, 1150 | RS {16
150 ] 150 ciiiagmh il 150
) M. i o i : 7 14 )
> {40 > B >
g | & 128
= 100 - 30 100 10 =100}
& 20 E | 6 &
50 50 - 50 + 10
I 10 I 4 I
) I 5
0.‘..IH..\....\...‘... 0 0—.‘..IH..\.‘......\...‘ 0 0—\ L PR f | . . . . ] 0
20 -15 =10 -5 0 5 -3 =2 -1 0 1 2 0 0.5 1.0
logIO(PtISR [Gev]) logIO(Ptneutri.uo [Gev]) |Cos(ekt)|

Fig. 4. (color online) Correlation between the reconstructed Higgs boson mass and the sum of the transverse momentum of the ISR
photons (Prsr) (left); the sum of the transverse momentum of the neutrinos generated by the Higgs bosons decay products (Prpeutrino)
(center); and the minimum angle between jets and the beam pipe (|cosfyel) (right). These plots are based on the H — gg events, and
similar conclusions are obtamed with H — bb and cc events. The red lines in the plots are the cut values used for event cleaning.

18/11/19 CEPC WS@IHEP 34



Fi

BMR at the CEPC baseline ~ 3.75%
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Higgs boson mass resolution (sigma/Mean) for different de-

cay at the CEPC with /s = 240 GeV. o . .
cay modes with jets as final state particles, after event cleaning.
g2(%) bb(%) cc(%) WW*(%) ZZ* (%)
H * *
Pt ISR < 1 GeV 9515 9537 9530 9516 9524 PP Hocc &8 H—WW H— 22
Pt_neutrino < 1 GeV 89.33 39.04 66.36 3746 41.39 3.63% 3.82% 3.75% 3.81% 3.74%
|Cos(Theta Jet)| < 0.85 67.30 28.65 4931 - - 9 WS@IHEP 35




Before Cleaned (240 Ge) After Cleaned (240 GoV)
T | I I I || I LIFRL | I I I | [ I I | I I I ] _\ I I I ‘| I T | I I I ‘ | I I ‘ I I I_
- CEPCCDR ' CEPC Preliminary __ - o CEPC Preliminary T
0.06 £ prys. . C (2018) 78: 426 Efwwrej?:q:y 1 0.06: - Ewwi :\‘?q‘;‘:::)“’y :
0050 L Cmoewa | g Oz -wae
o o Tz - wag aad o zA o owadee
> B L | 1 > - L | ’
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To) - | | 1 0 - ]
< 0.03- ; - 2 o03 .
) B 1 1 D i .
< 0.02- 1 < 0.02- 7
0.01~ . 0.01+ .
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B W-, Z-, and Higgs-boson masses in dijet final state can be well separated at CEPC.
B After cleaned, Z- and W-boson could be separated = 2c, and the Higgs Boson Mass

Resolution = 3.8% achieving the CEPC baseline.

Cleaned: Select the light flavor jet event with low energy ISR, low energy neutrino inside jet, and within |cos?| < 0.85.
11
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Jet Energy Resolution
o o
o 2 o 2
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b quarks
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® uds quarks

—_ 25;;1% ® 2.4%

20

B JER also depends on jet flavors.

B For light-flavor jets with high energy and within central region of barrel, JER

could reach 3%.
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Jet Energy Resolution

BM3: JER (Reco-Gen)
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https://agenda.linearcollider.org/event/8217/contributions/44662/
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1% Benchmark: o(vvH, H—bb) ~ Higgs width

G HXX)~T =T _ *Br(H—XX)

H—XX t

I ., : determined by combining:

1%, o(ZH) (~g*(HZZ)), o(ZH, H—ZZ)
(~g*(HZZ)Ir

total )

>
- 2", 0(ZH, H—bb), o(ZH, H->WW), &
o(ZH), o(vwH| _ , H—bb), (bbcan -

be replaced by X) 3
- The 2nd method dominant the
accuracy

« Critical to identify the W fusion events
from the Higgsstrahlung ones with vvH
final state: rely on the recoil mass agains
the Higgs (and the Higgs direction).

18/11/19 CEPC WS@IHEP
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Hao Liang
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o(va H—>bb) Accuracy V.S. BMR
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If the BMR degrades from 4% to 6/8%: the Higgs width measurement degrades by 20/40%

improves to 2%: the width measurement will improve by 15%
18/11/19 CEPC WS@IHEP 39



2" Benchmark: qu H—>|nV|S|bIe

 Portal to DM... @ ] Ij‘BMR:w - :
CEPC CDR CEPC CDR

* qggH dominants the precision & rely on the
recoil mass to separate the ZZ bkg

« Essential for qgH analysis, especially
H—non jet final state
'_'-I'I I Ii A L 'I I l' l | ] |
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(c)

If the BMR degrades from 4% to 6/8%: the Higgs invisible measurement degrades by 20/50%
18/11/19 Dan Yu CEPC WS@IHEP 40



3 Benchmark: g(HTT)
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« TAURUS: di-tau system identification
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* The rest particles are identified as the di-jet: to distinguish the ZZ/ZH background & Improves the
accuracy by more than a factor of 2. BMR < 4% is crucial

» Isolated tracks are intensionally defined as tau candidate: be distinguished by the VTX

« Relative accuracy of 0.9% at 5.6 ab™ integrated luminosity, dominate the combined accuracy (0.8%)

« Changing BMR from 4% to 6/10%, the Accuracy degrades by 10/20%

18/11/19

CEPC WS@IHEP
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Accuracy [%]

Requirement from benchmark analysis:

o(vvH, H—bb)

10

BMR [%]

20

Accuracy[%]

BMR < 4%
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CEPC Preliminary]

o(qqH, H—inv)

Assuming ]
BR(H—inv) = 10% ]

Boson Mass Resolution: relative mass
resolution of vvH, H—gg events

- Free of Jet Clustering

- Be applied directly to the Higgs analyses
The CEPC baseline reaches 3.8%

18/11/19

Accuracy[%)]

BMR([%] | | BMRL%]

BMR =2% | 4% 6% 8%
o(vvH, H—bb) 2.3% 26% 3.0%  3.4%
o(vvH, H—inv) 0.38% 04% 0.5%  0.6%
o(qqH, H—1T) 0.85% 0.9% 1.0%  1.1%
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BMR factorization

« BMR is composed of

- Sub detector responses

* Intrinsic resolutions
e Thresholds
« Acceptance

- Confusions

* QOverlapping between nearby clusters
e Cluster splitting: double counting
« Back scattering, interactions inside tracker

« A fast simulation tool is developed to quantify individual impact

18/11/19 CEPC WS@IHEP
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Higgs mass resolution [%]

PFA Fast simulation (Preliminary)

7 —
- V§=240GeV vH,H— gg
6 B 1: Intrinsic subdetectoy resolytion
B 2: 1+ Photon E > 0.2GeV
. 3! 2+ Charged Pt>0.2GeV
5 . - 19.7%
- 41 3 + Separation confusion u Tracker resolution
- 5! 4+ Neutral Hadron E > 2.0GeV " ECAL resolution
B 273 HCAL luti
4 635+ Acceptatice 1Cost < 6:99 * """ resofution
- + 1.4%  « Photon E > 0.2GeV
| 7% 6 + Charged:Hadron fragments u Charged Pt> 0.2GeV
3_ 8 Full Simulafion Result Neutral Hadron E > 2GeV
B + 9.5% 3a Acceptance |Cos| < 0.99
- + 1 = Charged Hadron Fragmenis
2 i + u Separation Confusion
B B Unidentified
'b_l [ [ [ [ L1l L1l [ [ | 1
1 2 3 4 5 6 7 8 YX. Wang
Effects

Fast simulation reproduces the full simulation results, factorize/quantifies different impacts
Same cleaning condition as in the Full simulation applied

Early phase of modeling/tuning
18/11/19 CEPC WS@IHEP 44



Cluster splitting: the most severe
confusions

DRUID, RunNum = 0, EventNum =0
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3500 10GeV m*
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Time/pattern recognition may help a lot, in identify the charged cluster fragmentations
without arise the threshold for the neutral hadron significantly...
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Full hadronic WW-ZZ separation

DRUID, RunNum = 0, EventNum = 7 & 4

L] T T T T
CIJPC CDR
J Ldt=5ab"
ZH inclusive
— WW inclusive

— ZZ inclusive
—e'e > qq

/2

Event

PR TR TR [ TN TN TN N TN TR TR [N TN TN S A S S
0 20 40 60 80 100
NTrk Multiplicity

 Low energy jets! (20 — 120 GeV)

« Typical multiplicity ~ 0(100)

o« WW-ZZ Separation: determined by
- Intrinsic boson mass/width

- Jet confusion from color single reconstruction — jet clustering & pairing

- Detector response
18/11/19 CEPC WS@IHEP 46



Jet confusion: the leading term

0.15- B ww
B b 74 L
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« Separation be characterized by overlapping ratio= »_ min(aj, bj)
bins
. Fl_nal state/MC pa_rtlcles are c_Iustered .IntO Reco/Genjet 5 (M12—Mg)2  (M34—Mp)?
with ee-kt, and paired according to chi2 X = o2

« WW-ZZ Separation at the inclusive sample:
- Intrinsic boson mass/width - lower limit: Overlapping ratio of 13%
-+ Jet confusion — Genjet: Overlapping ratio of 53%

-+ Detector response — Recojet: Overlapping ratio of 58%
18/11/19 CEPC WS@IHEP 47



Reconstructed mass of the two di-jet system
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Equal mass condition [M12 — M34| < 10 GeV: At the cost of half the statistic,
the overlapping ratio can be reduced from 58%/53% to 40%/27% for the Reco/Genjet
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Separation of full hadronic WW-ZZ event

1
- - ww m— (Gendet, without equal mass condition
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The CEPC Baseline could separate efficiently the WW-ZZ with full hadronic final state.

Critical to develop color singlet reconstruction: improve from the naive Jet clustering & pairing.
Quantified by differential overlapping ratio.

Control of ISR photon/neutrinos from heavy flavor jet is important.
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M(H2) / GeV

§impact of jet-clustering in Higgs self-coupling measurement
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scatter plot of two Higgs masses

WHH cheated

[ 3 vwooio cheated ]
50 100 150 200
M(H1) / GeV

50

vvHH—>
200

vvbbbb mode: (
——r———

BG: ZZH and ZZ7)

100

[ real jet-clustering -
150

WHH no cheat

. WZH o cheat
D wbbbb no cheat

50

M 1 M M "
100

M 1 M " " M
150 200
M(H-l\ INa PV,

it has been studied if a color singlet jet clustering can be

implemented for both signal and BG, Aunn measurement
: improved by 40%, which means 20% dAnnn/A (50) woulc
already be possible at 500 GeV ILC with the H20 scenario

18/11/19

Future lepton colliders:
- an opportunity to understand the process from parton to jet.

- a challenge to jet reconstruction (better detectors, complex final states,
enhanced phase space, background, tighter control over systematics)

Summary

Traditional lepton collider algorithms fail to cope with the background level
expected at future linear (circular?) colliders

Longitudinally invariant algorithms work well... and we understand why

Refurbished e*e” algorithms can be better still:
VLC is currently the most robust algorithm on the market

Non-perturbative corrections are less important than at LEP, but non-trivial
differences between algorithms merit further study

lE'. CEPC workshop, Oxford, April 2019

CEPC WS@IHEP

Marcel Vos (marcel.vos@ific.uv.es) 17
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Flavor Tagging

 LCFIPlus Package
* Typical Performance at  ; | lightbackground
Z pole sample: o
- B-tagging: [ T
eff/ourity = 80%/90%  , ... .. .. .| |

- C-tagging:

eff/purity = 60%/60%

light background \ Z | bbackground

e Geometry Dependence s 05
of the Performance S | e
evaluated i =
%.4 — 0.i6 — e‘. 08 . 1 I %.4 B D.iﬁ — EI' 08 E— 1

https.//agenda.linearcollider.org/event/7645/contributions/40124/
18/11/19 CEPC WS@IHEP 52



AU./0.2GeV

AU./0.4 GeV

Physics Objects

Eur. Phys. J. C (2017) 77: 591

Eur. Phys. J. C (2018) 78:464
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AU./0.8 GeV
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Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level
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Right corner: di-tau mass distribution at qqH events using collinear approximation
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Applied on Higgs physics, et.a

Higgs A
Final
states
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Precision Higgs Physics at CEPC

Initial assessments of Higgs physics potential at the CEPC
based on the white paper (to be submitted)

Chinese Physics C Vol. XX, No. X (201X) 010201
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Summary

 CEPC, a super Higgs/W/Z factory

« Physics Potential

Higgs:
» Absolute determination of Higgs couplings, width...
« 1 order of magnitude improvement w.r.t HL-LHC (Signal Strength)
» Exotic decay: 2-3 orders of magnitude better than HL-LHC

EW: boost by at least 1 order of magnitude

Rich program on Flavor physics

« Performance at the baseline design

18/11/19

High efficiency/accuracy reconstruction of all key physics objects
Clear Higgs signature in all SM Higgs decay modes

Clear distinguish between the Signal and SM backgrounds
Fulfills the physics requirements of the CEPC Higgs operation

CEPC WS@IHEP
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Summary

 CDRin finalization: long to do list towards the TDR

- Physics Potential study:

 Pheno Study & Systematic control

» Higgs Differential measurements

« QCD, Flavor, EW...

 Dedicated discussion on July 1-5", at Peking University of Beijing
- Detector design & optimization:

» Lots of efforts needed, to bridging the CDR design to TDR & construction:
especially the integration & systematic controls

« Multiple IP: new ideas are always welcome
- Software, Reconstruction, Algorithms, Analysis tools...

 You ideas, supports & participations are essential!

18/11/19 CEPC WS@IHEP
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Summary

» Hadronic events are critical

« To disentangle the impact of detector/PFA and jet algorithms (clustering-
matching), we uses BMR and full hadronic WW-ZZ overlapping ratio

 Benchmark analyses shows BMR < 4% is required for the detector/PFA

- The recoil mass of di-jet system is an important observable to separate the
signal from major backgrounds (ZZ, ZH)

- BMR decomposition: At the CEPC baseline reconstruction: mainly limited
by hadronic shower fragmentation, may potentially be improved using time
information - better algorithms — need further quantification...

« Jet algorithms can dominate the uncertainty for the measurement on multi-jet
event: need better algorithms.

- Clear consensus, and need further collaboration with QCD/pheno-theory!...
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Back up: related physics
performance studies
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A test: thrust algorithm (Preliminary)

 Thrust based * VS eekt (the baseline, recommended by
the full hadronic WW/ZZ study): up to 20%

- Boost the hadronic system back improvement in Jet Angular/Energy
to its rest frame Resolution
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Science at CEPC-SPPC

e Tunnel ~100 km

« CEPC (90 - 250 GeV)
- Higgs factory: 1M Higgs boson

» Absolute measurements of Higgs boson width and couplings
« Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: 100M W Boson, 100B — 1 Tera Z boson

» Precision test of the SM
 Rare decay
- Flavor factory: b, c, tau and QCD studies

- SPPC (~100 TeV)

- Direct search for new physics

- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

« Heavy ion, e-p collision... Complemen tary
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Higgs @ CEPC

[ . |
: : L
[ | . | : “; —
IIIII | E .,rl
s = -
1L |||‘F+”— |z S
1ot b 5% 107
2
b
10°
[ : _ ,. Process Cross section Events in 5 ab™!
102 LM S T X 1R - - - -
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Observables: Higgs mass, CP, a(ZH), event rates ( o(ZH, vvH)*Br(H—X) ), Diff. distributions

Derive: Absolute Higgs width, branching ratios, couplings
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Jets @ CEPC
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Physics Requirements

Z—?2 jet,
H—2 tau
~5%

Higgs 4

qq Strategy: make all the possible
g9 measurements in each
different channel and combine 1 Z_>2 muon
the result! H—>WW*—>eeW
~1%
0
T, HH
WW, ZZ,
Zy, Yy
I w aq Z boson
decay

Final state

Detector:
To reconstruct all the physics objects with high efficiency, purity & resolution
Homogenous & Stable enough to control the systematic

This talk quantifies the requirement/key questions of Jet reconstruction at CEPC/ILC
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Two classes of Concepts

* PFA Oriented concept using High Granularity
Calorimeter

- + TPC (ILD-like, Baseline)
-+ Silicon tracking (SiD-like)

 Low Magnet Field Detector Concept (IDEA)

- Wire Chamber + Dual Readout Calorimeter

Particle separation (2 m track)
(cluster conting =80% - dE/dx at 4.2%)

‘ H ‘ « mu/pi dE/dx
3 . sp— mu/pi dN/dx
+e e pifK dEfdx
pi/kanjex | |
o

1

-

#of sigma

Ze @ s e w0 B
#§3 88888888

2

e
H
2
R

cluster counting eficiency g 10.3% .
"F‘” = D 0.3%

or™

https://indico.ihep.ac.cn/event/6618/

https://agenda.infn.it/conferenceOtherViews.py?view=standard&confld=14816
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AU./0.2GeV

AU./0.4 GeV

Physics Objects

Eur. Phys. J. C (2017) 77: 591

Eur. Phys. J. C (2018) 78:464
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Eur. Phys. J. C (2018) 78: 426
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The Simu-Reco Chain at CEPC

Generators (Whizard & Pythia)
Physics Physics
Mgde|s parafneters Data format & management
(LCIO & Marlin)
Digitization
Parton Physics Object gluzations
_ Trackin
pythia\ High-level 9
FragmentatiV econstructio
. _ — __ Fast Reconstructed
MCParticle Simulation - otz
MokkaPlus
G4-Simulatio Arbor (Core PFA)
Simulated :
Detector Hits Tracks & calorimeter nits Jet Clustering (FastJet)

Jet Flavor Tagging (LCFIPLus)

gl

- + Detector Hits

>

CEPC-SIMU-2017-001,
CEPC-SIMU-2017-002,
(DocDB id-167, 168, 173)
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