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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: 10B 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

2/11/2017



Physics requirement

 General Requirements

Higgs 4
- Stable, Systematic Control
B HermICIty qq Strategy: make all the possible
- Homogenous gg’ measurements in each

different channel and combine

the result!

« A Higgs factory:

- See Higgs S
- Distinguish the Higgs Signal from the SMV\Q&YZYZ
backgrounds R
- Distinguish the Higgs generation/decay mode e * ngggﬁn
Final state

« A Z/factory factory

- Tag different flavors — particle id (charged P
id)

2/11/2017 3



PFA Oriented concept: A preliminary
design

Dedicated ToF
Or
ECAL Layer with TDC
Equipped Chips

delta(T) ~ 50 ps

To balance the efficiency &
Purity of time measurement...

Tracker, TPC:R=18m

2/11/2017 4



Reference concept for CEPC CDR

PFA Oriented Design (Reference: ALEPH, SiD & ILD). TPC + Si-W ECAL + GRPC HCAL

Geometry optimized at Physics benchmarks
Smaller B Field (3.5 — 3T), Thinner HCAL (48 — 40Layers), ECAL based ToF (50 ps),
MDI/Yoke System, etc.

Result based on CEPC-v1(~ ILD), CEPC-v4 (~Optimized), Dedicated geometry sample
2/11/2017 S



Benchmark measurements

Higgs A Lepton & Momentum

resolution: Br=6.7%

Flavor Tagging & JER:
Br=14%

qq, Composition of
99 Jet/MET, lepton: Br = 4%

Jet Clustering: Br = 50%

Photon/ECAL: Br = 0.2%

MM, YY

1T

qqH, H->inv. MET & NP:
SM Br=0.1%

WW, ZZ,

> EW, Br(tau->X) @ Z pole:
| vV qq Z boson Separation

decay
Final state

2/11/2017



Parameters

CEPC v1 Optimized Comments
(~ ILD) (Preliminary)
Track Radius 1.8 m >=1.8m Requested by Br(H->uu) measurement
B Field 35T 3T Requested by MDI
ToF - 50 ps Requested by pi-Kaon separation at Z pole

ECAL Thickness 84 mm 84(90) mm | 84 mm is optimized on Br(H->yy) at 250 GeV,;
90mm for bhabha event at 350 GeV

ECAL Cell Size 5 mm 10 — 20 mm Passive cooling request ~ 20 mm. 10 mm
should be highly appreciated for EW
measurements — need further evaluation

ECAL NLayer 30 20-30 Depends on the Silicon Sensor thickness
HCAL Thickness 1.3 m 1m -
HCAL NLayer 48 40 Optimized on Higgs event at 250 GeV;

Margin might be reserved for 350 GeV.

2/11/2017 7
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Kaon

10g; I 10¢ I
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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)

2/11/2017 More detail in My Talk: 10
https://agenda.linearcollider.org/event/7645/contributions/40113/attachments/32184/48846/TPC-CEPC-2.pdf



Photon

8(Brxc)/Brxo vs SE/E

300 — 3;35:_
I % ;‘_/A,/l/r
: 530:.//.’/[
B :6’ : —*— ete— wwH H— yy
- e e
o 2007 5/Mean = 1.66% : !
= L - S ceame
< L . P 20 B + combination result; f Ldt=5 ab”
< I @ simplified geometry i
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: 10;/_/)’_/
0_ P R R S R TR VORI e 70|.1' | '0.|12' | ‘0.|14‘ ' ‘0.‘16| | IO.‘18| | 'o.‘z
0 50 100 1 50 Photon E resolution
Mass [GeV]

Relative Accuracy: ~ 8.5%

Inhomogeneity degrades the resolution significantly.
Physics requirement: constant term < 1%
Detector geometry defects degrades the mass resolution to 2.2% (after correction);

2/11/2017
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Tau

DRUID, RunNum = 0, EventNum = 5423

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

;&\R
Cone Based Algorithm!'

Para. Optimization
e Two catalogues:
- Leptonic environments: i.e, llT1(ZZ/ZH), vwt1(ZZ/ZH/\WW), Z—T1T;
- Jet environments: i.e, ZZ/ZH—qqrtt, WW—qQqvT;
2/11/2017

See Dan's presentation for more details
https.//agenda.linearcollider.org/event/7645/contributions/40070/ 12



g(Ht1) measurement: preliminary

300 —
I —u— Tagged data
— S+B Fit
----- signal
B bkg
200 — P,
= |, SMIM ~ 2.7%
100 - ¢
f
Fo
0 pe===®=" | =2
-5 0
logw(D02+Z02)
o ZH—oMuTT

« Extremely Efficient Event Selection

« Signal efficiency of 93% - entire SM
background reduced by 5 orders of

magnitude
2/11/2017

Entries

15000 - "' ~+ Tageed data
PR T sig
P bkg
o

10000 | !
Sp/p ~1.7%

4
0 pemseres® | |
logw(D02+Z02)
ZH—qQqTT

Cone based tau finding algorithm,
Compromise the efficiency & purity

Signal efficiency of 51%

VTX system, and the understanding of background, 3
is also crucial for this measurement



Jets

 Boson Mass Resolution: Separate W, Z and Higgs in hadronic decay mode

- Essential for Higgs measurement

« Separate Higgs from Z/W (relatively easy)
* Separate H—-ZZ/WW events (challenging)
- Appreciated in Triplet Gauge Boson Coupling measurements

« Separate WW (Signal) from ZZ, ISR return Z, etc.

» Jet Clustering & Single jet response

- To understand the Degrading induced by Jet Clustering, Matching, etc

- Search for the most suited jet clustering algorithm (Presumably channel
dependent) — Understand the Corresponding Systematic

2/11/2017
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CEPC Preliminary

Separation

VS =250 GeV
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Impact of Jet Clustering: Significant
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Jet energy Scale

e'e—=2Z—-vvqq CEPC Preliminary VS =250 GeV e'e -ZZ—-vvqq CEPC Preliminary VS = 250 GeV
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Jet Energy Resolution
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Jet energy scale and resolution in the CMS experiment in pp collisions at 8 TeV
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Flavor Tagging

 LCFIPlus Package

° Typ|Ca| Performance at P light background P ¢ background
L 05 M
Z pole sample: <l ol

- B-tagging: e ==
eff/purity = 80%/90% | ..

1 1 1 1 1 1 1 1 1 | 1 L 1 1 L 1 1
4 0.6 0.8 1 ?).4 0.6 08 1

- C-tagging:

eff/purity = 60%/60% e, e

\} i .
light background \ Z | b background

« Geometry Dependence 05
of the Performance = _ =
evaluated v S
%.4 B 0.|6 — e‘. 0.8 . 1 I %.4 ‘I I{Llﬁ “ el' 08 B 1 |

See Gang's presentation for more details

https.//agenda.linearcollider.org/event/7645/contributions/40124/ 19
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25 GeV

Entries/0.

Entries

PFA Oriented Reconstruction

Reconstructed Higgs Mass from vwH event, wi/wo cleaning
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1es
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Example Working Points & Performance for
Object identification (Preliminary)

Efficiency

Purity

Mis-id Probability
from Main
Background

99.5 - 99.9% at Higgs

Leptons 99.5-99.9% | Runs(c.m.s=240GeV), | P(n* - leptons) <1%
Energy dependent
99.5 - 99.9% at Higgs
Photons* 99.3 -99.9% Runs P(Neutron— y) =1-5%
Energy Dependent
90 - 99% at Z pole Runs
Charged Kaons** 86 - 99% (cm.s =91.2GeV, Track | P(r* - K¥)=03-1.1%
Momentum 2- 20 GeV)
P(uds = b)=1%
b-jets 80% 90% at Z pole runs
(Z - qq) P(c->b)=10%
P(uds = c)=5%
c-jets 60% 60% at Z pole runs

P(b—-c)=15%

Photon*: only considering neutron

background and using ToF information

Kaon**: Performance Highly depend on DAQ & Geometry
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Br(H->WW) @ 10mm/20mm Cell size

Liao libo, H-WW~*—lvqq, Z—l

5“ = CEPC }‘reliminar}« 800 _ ......................... ........................... CEPC Prellminary

— Signal o — cepc vl :
40 — Higgs Background | — E30L ElOmm H48L H10mm |
— L7 Background 600 f—E30L E20mmH48LH20mm --------------- ------------------------

Entries/(1.2 Ge\-’!cz)
Entries/(1 GeV/c?)
=
[—}

[—]

200

. . -. i : r - | i . 1 - ; 4 - i sl 0 L 1 I 1 Il | ] 1 1 1 l Il | | | 1 | .I B
00 20 40 60 80 lﬂﬂ 120 0 | 20 40 60 80 |100 120
M (GeV/e) My, (GeV/c?)

Inv

Br(H—-WW) via vwH, H-WW*—lvqq
No lose in the object level efficiency: JER degraded, ~ 5/10% at 10/20 mm

Over all: event reco. efficiency varies ~1%
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Conclusion

« The PFA oriented detector & reconstruction: well established at the CEPC

» Reference detector + Arbor

- High efficiency & purity for Lepton, Kaon, Photon reconstruction

- Well established Higgs Signal in Physics benchmarks

The Jet energy resolution

« 2-jets events: efficiently separate W, Z & Higgs: appreciated in TGC & Higgs
properties measurements

« Jetlevel: [JES| < 1%, JER ~ 3-6%

Jet Clustering has significant impact and need to be handled with care
* To do: detailed study on the 4 jets events (ZH, ZZ, WW)

* Requirement to the Calorimeter

- High Granularity + Low Power Consumption + High Homogeneity

2/11/2017 22
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Backup
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Boson Mass Spectrum

e 2-jets Samples (the majority of events with jets at Higgs operation)

Higgs: vvH
Z: vvqq and ISR return events

W: lvqq events

» Physics effects

Intrinsic Width (Z: 2.5 GeV, W: 2 GeV)
Neutrinos, especially those induced by heavy flavors
ISR photons

e*(2) J{©) )
- Interferences* )
F@
« Detector effects
£65)
- Acceptance
e (1) £(6) e (1)

2/11/2017

Geometry defects

Figure 4: The diagrams for the four fermions processes

Polar angle dependence

f3
f@

o)

1(6)
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Inclusive sample

Light jet sample

Light jet
+ visible ISR veto

2/11/2017
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Jets

Visible Final Reconstructed
| Parton: | Fragmentation >‘ State Particles | Detector Responsewf Particles
Quark & Gluons ~ Jet Clustering ~ Jet Clustering

Gendet RecoJet

 Test on vvqq sample with ee-AntiKt algorithms
« Same Jet Clustering Set up applied for MCParticles & Reconstructed Particles

« Matching algorithm based on Min. Angle is applied

2/11/2017 26



Over all Performance

« Efficiency & Purity at Z pole

- Statistically: Pion is roughly 8 times w.r.t Kaon, which is 1.4 times more than Protons

- integrated over 2 — 20 GeV momenta range and the fiducial polar angles

Condition #o(1m-K/K-p) Efficiency Purity
MCTruth dEdx only 3.9/1.5 88% 86%
+ TOF 4.0/3.2 98% 98%

50% degraded dEdx only 2.4/0.9 68% 68%
+ TOF 2.8/2.9 91% 94%

Hand waving objective:
To understand the source of degrading, and control it to be less than 20%.
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Key performance: Separation

Figure 11. Event display of reconstructed di-photon.

Separation power/Crucial Distance:
~ 2*Cell with Cell Size <= Moliere Radius;
~ 1 Cell with Cell Size > 1 Moliere Radius.

2/11/2017

Efficiency

Crutial Distance [mm]

1

=
n

40

20
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|

50
Distance[mm)]

y=2xCell Si
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Impact of Separation: Z->tau tau @ Z pole

Imm Smm 10mm 2lq}mm B
1000 - w0l
I >
o B
‘g‘ S
=) = B o
© 500 =1 0L, oM
2 L e
= L
O 2 3 4 %
Log(Closest Distance) [mm] Log(Closest Distance) [mm]
Cell Size/mm 1 5 10 20
Crucial Dis/mm 4 9 16 37
Percentage of potentially 0.07% 0.4% 1.7% 18.6%

overlap photon

5 -> 20 mm: May severe degrade Tau physics performance
2/11/2017 -> to be investigated 29
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Z->ff, Energy of Z
(SumE of di-fermion)
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Peak at 125GeV: gamma gamma(ll) event



Z->ff, Energy of Z
(SumE of di-fermion)

ALI{e9

Calorimeter for IL
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Parameters

CEPC v1 Optimized Comments
(~ ILD) (Preliminary)
Track Radius 1.8 m >=1.8m Requested by Br(H->uu) measurement
B Field 35T 3T Requested by MDI
ToF - 50 ps Requested by pi-Kaon separation at Z pole

ECAL Thickness 84 mm 84(90) mm | 84 mm is optimized on Br(H->yy) at 250 GeV,;
90mm for bhabha event at 350 GeV

ECAL Cell Size 5 mm 10 — 20 mm Passive cooling request ~ 20 mm. 10 mm
should be highly appreciated for EW
measurements — need further evaluation

ECAL NLayer 30 20-30 Depends on the Silicon Sensor thickness
HCAL Thickness 1.3 m 1m -
HCAL NLayer 48 40 Optimized on Higgs event at 250 GeV;

Margin might be reserved for 350 GeV.

2/11/2017 35




BF(H—>WW)

H—-WW/ZZ: Portal to Higgs width & perfect test bed for detector/reconstruction performance...

Liao libo H_,WW*_,qu Z—ll Expected Number of events with different objects
50— CEPC Preliminary tautau
40 - —— Higgs Background Hvaq
w —— Z.Z Background ovad
- ' eevv
< 301 MUYV
1
= - epw
% 20 | X+ tau .
E _ Extrapolated from ILC results
‘ ‘ Await for tau finder
5 : ‘ ‘ Await for the SM Background simulation

_ Full Simulation

‘ ‘ Preliminary result acquired

Ny di-det (GeV/ cl} ‘ ‘ Unexplored

Inv

« Br(H->WW), Combined accuracy ~ 1.0% from 13 independent full simulation analyses

- 1.45% at lIH, HH-WW*— inc channels, 12 independent channels.

-  ~1.7% at vwvH, H-WW*— 4q channel (Preliminary. ILC extrapolation = 2.3%)
- 2.3% at qqH, H-WW*— 2qlv channel (extrapolated from ILC full simulation)
- Combined: 1.0%

2/14/20High efficiency in event reconstruction 36



Validation: Arbor Branch Length

E [—
E .
Lo L]
~ 104 = AR R A0
= B Arbor Branches | [ "i”“’g"’-”:: ----- d I
] —— Charged MCParticle | ||| %:
3 || L it
10 sRRL! MCParticle, e* and e
102 - 40GeV Pion \ﬁ
10 g_ a3 I At
E M "_...‘:-':;::: i .‘m: ’ i skl
1ET ;%;
AU AT ok a1 111 0
0 200 400 600 800 1000 1200 1400

Length/mm

Arbor: successfully tag sub-shower structure

Samples: Particle gun event at ILD HCAL (readout granularity 1cm?® & layer thickness 2.65cm)
Length:

Charged MCParticle: spatial distance between generation/end points

Arbor branch: sum of distance between neighbor hits

2/11/2017 37



PFA Reconstruc_tion

5 ,jx«-/f-_—«ép

.\
N ML\ ets Iepton

Particle

Isolation

GG HCAL :
_ -.w ‘, 4

Reqwremets at the CEPC: Reconstruct all the physics

1€ Lison Bernet

2/11/2017

objects (Lepton, Photon, Kaon, Tau, Jet, MET) efficiently & precisely.

38



* g(HTT) measurement: preliminary

e Jets

 Boson Mass Spectrum

e Separation

Jets

Impact of Jet Clustering: Significant

Y

Y

et energy Scale
et Energy Resolution

“"Flavor Tagging

39
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