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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

06/27/18 Welcome Jianming!



Higgs @ CEPC
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' | \] rusion _——1 Higgs boson production, cross section in b
wlg_ - e+e— S 7H 212 1.06 % 106
. z N _ -
Bl / [ fusion o ete™ — vinH 6.72 3.36 x 104
? | | ete” —wete ™ H 0.63 3.15 x 103
50 1050 130 200 70 BDiD 350 400 Total 219 1.10 x 106

| \/:[cexl] S/B ~ 1100 - 1000

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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A Arbor AU ZTBMG TR

Generators (Whizard & Pythia)
Physics Physics
Mgde|s parafneters Data format & management
(LCIO & Marlin)
Digitization
Parton Physics Object gluzations
: Tracking
//// Pythla High-level
WUV econstructio
. _ — __ Fast Reconstructed
MCParticle Simulation - otz
MokkaPlus
G4-Simulatio Arbor (Core PFA)

Simulated _
Detector Hits Tracks & calorimeter hits

Jet Clustering (FastJet)

Jet Flavor Tagging (LCFIPLus)

gl

- + Detector Hits

CEPC-S|MU-2017-OO1, MILC EA'ﬁ:IE}Ftﬁ EFF AR EMHGEITE,

>

CEPC-SIMU-2017-002,

(DocDB id-167, 168, 173) X | ILC BT B
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CEPC-v1, reference detector for the
CEPC PreCDR studies

‘

Higgs

qaq,

i MM, YY

WW, 727,
Zy

k . ] VY aq Z boson

decay

Supports most of the CEPC physics analysis till now;
Summarized into the CEPC PreCDR.

To be summarized in Higgs white paper, in final polishing stage
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Feasibility & Optimized Parameters

Feasibility analysis: TPC is valid for CEPC

CEPC v1 APODIS Comments
(~ILD) (Optimized)
Track Radius 1.8 m >=1.8m Requested by Br(H->di muon) 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->di photon) at 250
GeV; 90mm for bhabha event at 350 GeV
ECAL Cell Size 5 mm 10 mm Passive cooling request ~ 20 mm. 10 mm
should be highly appreciated for EW
measurements — need further evaluation
ECAL NLayer 30 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.

06/27/18
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CDR EZ&#Mlgs APODIS
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Efficiency

Tracking
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logl0(ELike)
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BDT method using 4 classes of 24 input discrimination variables.
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Lepton

- electron
= muon
: pion
1 | R
1 10 10°
Energy

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
Z— W j Ldt=5ab"
—4— CEPC Simulation
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—— Signal
Background
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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
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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)

o CEPC-DocDB-id: 172
06/27/18 Welcome Jianming!  https://arxiv.org/abs/1803.05134 12
Eur. Phys. J. C (2018) 78:464



Photon

8(Brxo)/Brxo vs SE/E
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0 50 100 150 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%/2.6% (CEPC-v1/APQODIS);

http://iopscience.iop.org/article/10.1088/1748-0221/13/03/P03010

06/27/18 Welcome Jianming! CEPC-DocDB-id (149, 169) 13
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Tau

DRUID, RunNum = 0, EventNum = 5423

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

» N
Cone Based Algorlthm'
Para. Optimization
Two catalogues:

Leptonic environments: i.e, ITT1(ZZ/ZH), wi1t1(ZZIZH/\WW), Z—T11

- Jet environments: i.e, ZZ/ZH—qqrtt, WW—qqvT
06/27/18

Ph.D thesis: D. Yu, reconstruction of leptonic objects at e+e- Higgs factory
Welcome J ianming!
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g(HTT) measurement

- CEPC Prellmmarv : CEPC Preliminary|
150 +—Tagged-data - —4— Tagged data -
—S+BFit 21010]0) AR — -
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c C i )
S o o]0 Em—.. S
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50 i T

I 500 i
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* ZH—oppr « ZH—qqrr

« Extremely Efficient Event Selection « Cone based tau finding algorithm,

G o the offici 2 oot
« Signal efficiency of 93% - entire SM ompromise the efriciency & purity

background reduced by 5 orders of « Signal efficiency of 51%

magnitude
06/27/18 Welcome Jianming! 15



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

06/27/18 Welcome Jianming! 16



Massive Boson Separation

A.U./0.5 GeV
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Impact of Jet Clustering: Significant
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ROOTFit
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Jet energy Scale
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Jet Energy Resolution

e'e»ZZ—-vvqq CEPCPreliminarylLeading (250 GeV) e'e»ZZ—vvqq CEPCPreliminarySubleading (250 GeV)
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CMS Reference: CMS-JME-13-004,

Jet energy scale and resolution in the CMS experiment in pp collisions at 8 TeV
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Flavor Tagging

 LCFIPlus Package
* Typical Performance at  ; | lightbackground
Z pole sample: o

- B-tagging: e
eff/ourity = 80%/90%  , -

- C-tagging:

effjpurity = 60%/60% | ]

1 light background \ 2 b background
05 Y 05

« Geometry Dependence *
of the Performance == _ =
evaluated - v
%.4 B 0.i6 — e‘. 0.8 . 1 I %.4 ‘I Iﬂ.iﬁ “ el' 08 B 1

https.//agenda.linearcollider.org/event/7645/contributions/40124/
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0.1

Higgs Signal at APODIS

* Tracks - Leptons & Photons

240Gev

m,,, [GeV]

- VHigas Hi /s = 240 GeV 300__
vvHiggs,Higgs— g et '

- Mean 125 0.02+ =
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0 3 200~
o ~ i
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» ) 0
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50

! Iy
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H—yy at CEPC-v4/Simplified geometry

CEPC-RECO-2018-002

CEPC-Docid 174, 175

06/27/18

need careful geometry corrections
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Asymmetric tails in CEPC-v4 induced by geometry defects



Arbor: photon reconstruction

Evs 0 (no gamma conversion) cve©
Ew;—+ f {_J[ +
soi o ‘ == ::;; ++ +
o 264680 06 ~i20 40 1o 2 20 e0 00 40 180 180
’* E vs ¢ ovs ¢
N L B
1“ ‘ “;_ |+ {+ +E 1{ : +| : I{} 4
ar |
= V M M rwu'li fm w

ECAL Barrel of ILD/CEPC_v1

o Angular Correlation of EM Shower energy response -
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Arbor: photon reconstruction

M., without geometry correction M, with & & ¢ correction
c 2 c -
a fullinit_barrel @50 fullphi_barrel
50 a0 .
'E FU” Mean 120.6 € Fu" Mean 1245
Foo avs  a211| 00 J- RMS  3.17
350 _ FaSt fastinit_barrel 350 == FaSt i fastphi_barrel
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300 RMS 2.372 300 E RMS 2372
250 250
)
150f- 150F
100 - 100F-
50 — 50
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H to gluons: total visible mass

200 — . — 4 200 ——— e — o
: 40 —20
150|- » 150|- °
% : 30 %‘
= 100l ” = 100
2 - 20 8
g [ =
B 15
50|~ 50
i 5
0_ 1 , 1 , | 0 "I T T T '
0 0.5 1 - 2 0 1
Jet CosTheta [rad] Iogm( Pt_neutrino [GeV])
Table 1. Event selection efficiency for Higgs boson exclusive decay at CEPC with \/3 =240 GeV.
10?
i 1y di_gluon bb o Wiw* 17"
Total 45000 48000 48000 45000 46000 47000. 45000
Pt ISR<1GeV 95.52% 95.14% 05.37% 95.27% 95.19% 95.22% 0
Pt neutrino < 1GeV 89.35% 39.00% 66.30% 3.41% 41.42%
\costheta\ <085 67.27% 28.58% 49.23% 37.03% 40.91%
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A.U./0.8 GeV
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A.U./0.8 GeV

Higgs to W

W, ZZ

i T I 1 T T 1 I I i | I 1 I T I T | I I I T T I T
- Vs =240 GeV i Vs = 240 GeV
0.03 yvH, H — WW* N vwH, H — ZZ*
- . 0.04
i ) Z — Vis,Z *— Vis
a WW#* — i L] ’
i > [ 1Z. — Vis, Z*— Invis
Al WW* — qqlv 1 & WZ — Invis, Z*— Vis
0.02]~ o BZ — Invis, Z*— Invis
i WW#* — Ivly i o
: 1 50.02 1
L . <
0.01+ —
0 L Ll T I I R T | 0 1 I | ! 1
0 90 100 150 0 50 100 150
Myisipie [GEV] Myisivle [GEV]
Table 2. Benchmark resolutions (o/Mean) of reconstructed Higgs boson mass, comparing to LHC results.
Higgs— pp Higgs— v7. Higgs—bb
CEPC (APODIS) 0.20% 2.59%! 3.63%
06/27/18 LHC (CMS, ATLAS) ~2% [19, 20] ~1.5% [21, 22] ~10% [23, 24]

! primary result without geometry based correction and fine-tuned calibration. https://arxiv.org/abs/1806.04992



Benchmark Higgs Analysis

We are preparing Higgs white paper in preparation

Zhenxing Chen & Yacine Haddad
r CEPC Preliminary CEPC Preliminary g YZD: Higgs
| 2y | Lai=5ab? 1.‘='r:J.lm-!-n' v |
3000~ : 1500 310
[ —4— CEPC Shinlat bon * CEFC Simulation § r qq H qq\
S F — B Fit - 5 — Sl it w r ag
o L Sigaal ] —— signal I
u L Buckgroend L= Hackground Wv 1 |
- 0.9% < 1000 1.5% ‘ _ |
7 | $ " | gﬂ# 1},
ER! T b | L
E | B A\ o ‘ + Tt t“ R HH, VY
= LMY _— | l\ ;5 500 I|Il ||||I HJ;“ 11 ! ' ,
T
o\ e, [\ [
} L [\ i WW, 27
0 L ’I'_ o = = u_j \\\""—-——__—_ [ ‘ i N ) Z‘Y '
120 125 MI-"I-I'I;i’-“GcVJ 135 140 120 125 Fe_l:‘"‘ ) 135 140 0 121 12 13 124 15 126 127 18 3,2:! G|V30 >
. J I
el Mrecal GeV1 o I w aq  Zboson
decay
0(ZH) measurements Br(H—pp)
PreCDR (Jan | Now (Aug 2016)
219 2015)
Liao libo, H—WW*—lvgq, Z—l ‘ ‘ ‘ o@H) 051% 0.50%
50 CEPC Preliminary [ CEPC Preliminary 300 EPC. Proliminary 51% .50%
— Signal 6000 W Fusions | L=5 ab* 4 Taggeddata o(ZH)*Br(H—bb) 0.28% 0.21%
— S+B Fi
40 — Higgs Background | —%- CEPC Simulation si;nal . ] 0(2ZH)"Br(H—cc) 21% 2.5%
; — 7.7 Background > : _ f;:vFFi;sm F - bhg | o(ZH)"Br(H—gg) 1.6% 1.2%
E 3 Sa000- — DiBedgoms S 200 o(ZH)*Br(H—WW) 1.5% 1.0%
a o @ i 7 G(ZH)*Br(H —»22) 4.3% 4.3%
E » £ § 1 o(ZH)*Br(H—) 1.2% 1.0%
E g W or ] a(ZH)*Br(H—vy) 9.0% 9.0%
s 2000 100
i L L ] a(ZH)y*Br(H —Zy) - ~4 ¢
- ] G(ZH)*Br(H—pp) 17% 12%
o i AN LI, ol I ] o(vH)*Br(H—bb) 2.8% 2.8%
0 0 4 6 80 100 120 ] 50 100 150 0 = : R L Higgs Mass/MeV 5.9 5.0
ME (Gey/eh) M [GeV] Iogw(PuII) a(ZH)*Br(H—inv) 95%. CL = 1.4e-3 1.4e-3
Br(H—eelemu) - 1.7e-4/1.2e-4
Br(H—bbxx) <10 3.0e4
Br(H—-WW) o(vvH)*Br(H—bb) Br(H—TT)

06/27/18 Most operated with CEPC-v1 @ 250 GeV (PreCDR set up)
Several key benchmarks are re-performed in APODIS
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Issues to be addressed

« Tracking

- Dedx/material effect correction (induces 0(100) MeV bias in Higgs mass at in
H->mumu) ( 20, 30, 20 )

- Development, Performance analysis & Integration of CEPC tracking (Arbor &
Conformal & ...) ( 50, 90, 90 )

- PFA

- Cluster energy estimator development
* Photon (EM Shower) Geometry dependent energy correction ( 50, 90, 20 )
« HAD? (40, 50, 50)
- Usage of Timing information... ( 60, 90, 80 )
- Optimization of HCAL geometry ( 50, 60, 70 )
e LeptonID & P ID: Urgency, Importance, Difficulties
- Integration & Usage of Timing information ( 60, 80, 20 )

06/27/18 Welcome Jianming! 30



Issues to be addressed

« Composited object finder: CORAL (finding Pi0, Kshort, Lambda, J/Psi, ...)

- Framework is ready... and lots of performance study and optimization awaits
(40, 90, 50)

e Jets
- Jet Clustering: finding the color singlet? ( 40, 90, 90 )
- Distinguish between 2 jet, 3 jet, 4jet, 5jet, 6jet events.... ( 80, 80, 60 )

« Mila's analysis (ZH->6 jets) gives a very good example
« Jet Flavor Tagging (90, 99, 80)

Urgency, Importance, Difficulties

- The efficiency of reconstruct 2™ Vertex in Z->cc events is ONLY 20%!!!

e Separation of gluon to quark jets? ( 50, 50, 50 )

« Usage of Deep learning at reconstruction... ( 30, 90, 50 )

...Lots Lots of Detector Optimization & Integration....

06/27/18 Welcome Jianming! 31



Entries/2GeV

An Analysis Example (Dan): g(Hrr) at qqH

g ' ' ——T—T—T3 3000 . . .
F - CEPC Prellmlnaryf | CEPC Preliminary | CEPC Preliminary|
0° I N S;i 7 . Zg(i% ] - — sig i i —4 Tagged data |
E r— = =TT Qu-R-Tt
E ( uu)y— ( ; — ZH(Z— ee/uw/to)- 2000 i - Qe B-Fit
B 7z others ] [ R | N R STEEH sig
M 5 i 22 i L bkg
al: 1 >2000 i -
O others ‘__1 500
O 1 o
A f -
g E | ..
= i >1000 1 e
< L B f =
LLI1000 i | }JHJ i
. 500} o S—
0 50 100 150 200 250 0 | 50 - 100 I 150 | 200 | 250 0=
Mgo[GeV] M '[GeV]

Cone based tau finding: di-tau system

The other particles are define as the di-jet

system: to distinguish the qqrtTt background

Isolated tracks are intensionally defined as

tau candidate: be distinguished by the VTX

06/27/18 Welcome Jianming!

m
ii ji-recaoil
Signal: Z(qq)H(TT) 91.2 125
Z(t1)H(qq) 125 91.2
77 91.2 91.2
Ph.D thesis of D. Yu
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An Optimization example (Zhigang & Dan): g(Hrr)
at yuH

upH . .
upHtt inclusive bkg ZZ WwW singleW singleZ 2f
total generated 2292 33557 5711445 44180832 15361538 7809747 418595861
after preselection 2246 32894 122674 223691 0 86568 1075886
N7k (A/B) <6
& Npp(A/B) <7 2219 1039 2559 352 0 9397 25583
BDT>0.78 2135 885 484 24 0 157 161
efficiency 93.15% 2.63% <0.01% <0.01% <0.01% <0.01% <0.01%

ER= s F L -
g4 . g 5 a ;
s r 8 I i i i
ot L2 " = —0.6
R e i \

0? O? n — purity 0.4

i 1 LT e e x purity -

2 20 ) 0.6+ 0.2

o : 3 : |

_4:\\II|\II\‘HI|\IW\\ ‘\\ﬁl Iep p‘n‘Q\\\\ _4:III\‘\\\\‘\III‘I\\\‘Hﬁ]T\\\‘II\Ill\\\‘\ll\ O T‘ L ‘ L ‘ L ‘ L | L ‘ L ‘ L ‘I

h puII for Ieadiné]jtrack6 R 0 ! 2 "puﬁ" for Igadingtracks '%-2 0.3 0.4 O'SE 0.6 0.7 0.8 O-—(B)

signal
situations best baseline worst WorSt: ALICEITS p_arameter _
. Best: 2 times more aggressive w.r.t baseline
€-purity 0.77%0.01 0.71=0.01 0.68+0.01 In inner Radius, Material & resolution

Conclusion: in this benchmark channel, VTX is sensitive but not crucial
06/27/18 Welcome Jianming! 33



VTX Optimization (Zhigang & Dan): g(Hbb) & g(Hcc)

e e “'-~-.f'\'---\
""""" s T el
A o
d “‘
-'_‘iﬂ —scenario A = —scenario A
Vo5 . Vo5 .
— ---scenario B - ----scenario B
scenario C scenario C
0 0
esig_C esig_(‘. 1
(a) b background (b) g background
Table 2. Reference geometries Table 6. ¢ - p comparison for all three benchmarks.
Scenario A (Aggressive)  Scenario B (Baseline) ~ Scenario C (Conservative) Benchmark Scenario A Scenario B Scenario C
Material per layer/X 0.075 0.15 Br(H - c0) 0.133+0.002 0.095+0.001 0.078+0.001
Spatial resolution/ um 14-3 28-6 Br(H - bb) 0.925+0.001 0.914+0.001 0.900+0.001
Ry, /mm § 16 Br(H-t%17) 0.77+£0.01 0.71£0.01 0.68+0.01
06/27/18 Welcome Jianming! 34



But c-tagging??

1 | S——
------- e ——
Y N\
—scenario A = —scenario A
S . Yo.5— .
---scenario B \ — --—-scenario B
scenario C scenario C
0 0
esig_C 1 esig_(‘. 1
(b) g background

(a) b background

Figure 2. The ROC curve of c-tagging at different scenarios for b background (a) and g background (b).
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But c-tagging??

= #
%A —scenario A 2 —scenario A K \
Vo5 Yo5— '
- ----scenario B — ~scenario B
....... Scenario c o Scenal'i() C
0 0
= 1

Figt ging at differ

06/27/18 Welcome Jianming!



A RAR

AR {)}”& S BREE TS RTmI HA C BUER RSS
B -8 PFA, tau BSE Pd B 2EN
m

% : )-l"1ﬁ-|- ﬂﬁﬂﬁﬁ . T.IE'g'lF , u#:‘ I]}R EEEJJIJ tﬁ]ﬂ" PFA

B % BT 8% gt
06/27/18 B4 %Eﬁ:ﬂﬁ B A

\&



Summary

 The Particle Flow oriented detector is well established and serves as the baseline
detector for the CEPC CDR studies

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

Mature software/reconstruction tool/team

 APODIS, Optimized for the CEPC collision environments

Significantly reduced B-Field (15%), #readout channels (75% in ECAL) & HCAL
layer-thickness (20%) & cost (15%/30% w.r.t CEPC-v1/ILD)

Same Higgs performance & enhanced Pid Performance

lterate with hardware studies

e Todo:

06/27/18

Physics study, especially flavor tagging & EW measurements (1 leptons)

Towards the TDR, Integration, Sub detector modeling, Systematic Studies

Welcome Jianming!
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Summary

* My personal suggestion for the physics analysts

Understand profoundly your key object(s), final states, and distributions

Take reference to the performance study of APODIS, if that's not consistent with
what you observed in both Signal/Background — try to understand what
happened before you process further

Join the reconstruction development and made your own object!

 Contacts

06/27/18

Chengdong, Yin: For the Detector Geometry

Xianghu, Dan, Hang, Yongfeng: sample production status, sample (Bkgrd
validation), and software usage

Gang: For massive production request, flavor tagging and analysis framework
Yaquan: ...If you got crazy with statistics/analysis skills...

Manaqi: ...when you don't know who else you can contact...

Welcome Jianming! 39
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C' El PC S fo) ﬂ'wa re Guides  Releases  Packages  News  Gitlab

N
- % I]ﬂl; j:k ? Luccieel Install CEPC Software e

Estim: read tes + Request docs chan;
Installation and Quick Start < E quest d han

This page will guide you on fully in: £ the local s in GitLab

Quick Sta -
machine.

Install CEPCEnv

Fil
o
o

Content on this page:

CEPCEnv is a tool used for managing the installation and Install CEPCEnv
environment of CEPC s re. In order to install CEl ftware, the
CEPCEnv toolkit should be installed first. Install CEPCEnv with the

b E ? R followir
E b " SD (Sim-Rec Software Chain)

Software Architecture

ﬁﬁ ;/-' ‘\ﬁ /E / —— ? rmance Change [CEPCENV_DIR] to where you want to i
A % 5 C R is 0 el C be installed in the current
N [ya] Arels Barmas CEPCENV_DIR is omitted, CEPCEnv will
Jli W, o A U . Fe——

& Prototype Test

://cepcsoft. ihep.ac.cn/package/cepcenv/sc

Setup CEPC
The setup scr setup.sh and setup.csh could be found in the - -

requently Askec
Computing directory after the installation. They are or the initialization of

cepcenv. command.

http://cepcsoft.inep.ac.cn/
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backup

Welcome Jianming!
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Benchmark detector for CDR: APODIS

(A PFA Oriented Detector for HiggS factory. a.k.a CEPC_v4)
.V v

“

_ iy

2015
PreCDR

01/12 A CCEPP@IHEP 26



Table 9 Cut Flow of MC sample for ggH — 77 selection on signal and inclusive SM backgrounds

qqH ZH
qgqHtt inclusive inclusive 7 wWw singleW singleZ 2f
bkg bkg
total generated 45597 678158 357249 5711445 44180832 17361538 7809747 418595861
(scaledtoSab™")
I'st preselection 45465 677854 310245 5039286 42425195 1267564 1398362 148401031
2nd preselection 45145 174650 226059 293306 12452091 125735 117306 547402
N+ >0,N,- >0 24674 7342 33721 93955 723989 33887 54386 103642
20GeV < M+ 24284 6290 32344 88245 597480 24927 36039 56615
< 120GeV
70GeV < My 22937 2103 4887 65625 21718 738 1893 556
<110GeV
Rec
100GeV < My 22703 2045 4524 23789 13154 315 306 193
<170GeV
efficiency 49.97% 0.31% 1.26% 0.41% 0.04% <0.01% <0.01% <0.01%
06/27/18 Welcome Jianming! 43



Benchmark measurements

Higgs

Lepton & Momentum

resolution: Br=6.7%

Flavor Tagging & JER:
Br=14%

qq, Composition of
g9 Jet/MET, lepton: Br = 4%

Jet Clustering: Br = 50%

Photon/ECAL: Br = 0.2%

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

MM, YY
T

WW, ZZ,

P - N
qq Z boson EW, Br(tau->X) @ Z pole:

decay
Final state
06/27/18 Welcome Jianming! 44
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Key SOFT ingredients

S

/ Physics Objectives: N\
/ Precise measurement of Higgs, |
" Z, W, top measurements, |

_\_\\\\ New Physics Hunting... %

01/12/2017

_ / Hardware
Physics / Sub Detector
Potential R&D
Sensor,
" Granularity -
electronic,
Mechanism,
. DAQ,
Develop Design | Integration,
Software tool & Tameiar
Reconstruction G
Algorithms S y AN d /
CCEPP@IHEP 3




http://cepcdoc.ihep.ac.cn

Search Results

[ DocDB Home | [ New ] [ Search ] [ Last 20 Days ] [ List Authors ] [ List Topics ] [ List Events ] [ Help ]

CEPC DocDB-doc- Last
# Title Author(s) Topic(s) Updated

176-v1 Fast simulation of the CEPC detector with Delphes Gang LI Simulation: Full/Fast Simulation 17 May 2018
Software
Journal Publications

175-v2 Higgs Signal Reconstruction at CEPC-v4 Baseline Detector when CEPC Operate at 240GeV YongFeng Zhu Software 13 May 2018
Higgs Physics

174-v1 Higgs Signal Reconstruction at CEPC-v4 Baseline Detector for the CEPC CDR Hang Zhao Simulation: Full/Fast Simulation 10 Apr 2018
Higgs Physics

173-v1 Detector Geometry in Model CEPC IDEA Yin Xu Implementation into Full 27 Mar 2018
Simulation
Software Framework
General of CEPC

172-v1 Performance study of particle identification at the CEPC using TPC dE/dx information fenfen An TPC 15 Mar 2018
Physics at CEPC

171-v1 Reconstruction of physics objects at the Circular Electron Positron Collider with Arbor Mangi RUAN Physics at CEPC 06 Mar 2018
General

170-v1 Optimization for CEPC vertex Zhigang Wu VTX 10 Jan 2018

169-v1 PFA Oriented ECAL Optimization for the CEPC Hang Zhao Simulation: Full/Fast Simulation 27 Dec 2017
Calo

166-v3 Jet Energy Deposition Studies with CEPC Electromagnetic Calorimeter, Hadronic Calorimeter and Muon Jifeng Hu et al. Calo 14 Nov 2017

Detector Muon

Reconstruction
Higgs Physics
General of CEPC

168-v1 Mannual of the CEPC software Gang LI Software 02 Nov 2017

167-vl Full Simulation Software at CEPC Chengdong Fu Software 23 Oct 2017

165-v1 Physics Impact of the Solid Angle Coverage at CEPC Peizhu Lai Detector Design 17 Oct 2017
Physic Analysis

164-v1 Jet Reconstruction at CEPC Peizhu Lai Detector Design 17 Oct 2017
Physic Analysis
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http://cepcsoft.inep.ac.cn/

CEPC Software

Introduction
Installation and Quick Start

Quick Start

CEPC Software on CVMFS
Docker Image

CERGERV.
SDRAM (Sim-Rec Software Chain)
Software Architecture
Performance
Analysis Examples
DAQ & Prototype Test

Computing

06/27/18

Releases Packages News GitLab

Install CEPC Software

Estimated reading time: 3 minutes

This page will guide you on fully installing CEPC software on the local
machine.

Install CEPCEnv

CEPCEnv is a tool used for managing the installation and
environment of CEPC software. In order to install CEPC software, the
CEPCEnv toolkit should be installed first. Install CEPCEnv with the
following command:

curl —sSL http://cepcsoft.ihep.ac.cn/package/cepcenv/sc

Change [CEPCENV_DIR] to where you want to install. If
CEPCENV_DIR is omitted, CEPCEnv will be installed in the current

directory.

The setup scripts setup.sh and setup.csh could be found in the
directory after the installation. They are used for the initialization of

cepcenv command.

Edit this page
Request docs changes
Issues in GitLab
® ¢
Content on this page:
Install CEPCEnv
Initialize CEPCEnv
Install CEPC Software
Requirements
Available CEPC Software Versions
Install CEPC Software
Configure CEPC Software Root
Setup CEPC Software Environment

Frequently Asked Questions

5 commands & youggt fhegangsoft installed on an SL6 machine 47




CEPC Higgs Analyses

PreCDR (Jan 2015) | Now (Aug 2016)
a(ZH) 0.51% 0.50%
o(ZH)*Br(H—bb) 0.28% 0.21%
o(ZH)*Br(H—-cc) 2.1% [ 2.5% |
o(ZH)*Br(H—gg) 1.6% ] 1.3% i
o(ZH)*Br(H—-WW) 1.5% 1.0%
o(ZH)*Br(H—Z2Z) 4.3% 4.3%
o(ZH)*Br(H—vyy) 9.0% 9.0%
o(ZH)*Br(H—pup) 17% 17%
Higgs Mass/MeV ! 50
a(ZH)*Br(H—inv) 95%. CL=1.4e-3 1.4e-3
Br(H—ee/emu) = 1.7e-4/1.2e-4
Br(H—bbyx) <103 3.0e-4

Higgs Physics @ CEPC-v1: event rate measurements almost fully covered
(mostly with old reconstruction...)

Higgs
qq,
a9
HH, YY
T
WW, ZZ,
Zy
|
I vV qaq Z boson
decay
Final state
06/27/18

Welcome Jianming!
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Higgs measurement at e+e- & pp

Precision of Higgs couplingmeasurement (Contrained Fit)

e+e- cross sections

pp cross section

S

events / secfor ¢

1 . 10° u
: # 100 [ oyt ——— 10"
k = LHC300/3000 o' " . g 10 £ Teva;tron :LHC: Sfc i
- = CEPC250 GeV at 5 ab™ wiwo HL-LHC v E PR =T :: )
: - 57 1B R
105 11— AR : —10'5
’-9— 01: J\..f / -W’ﬁo
m ! o ) —asxu’ ‘:_":::' w0 T
g % Siugle Z E i 10"
f\: el S 5 100
Q 10"
@ 10'2 10% S % 10° ot
i 10*
1 {5x10° 10°
10_3 e e 107 w;.-\ -Il L ID ::"
s[eev] | Vs (TeV)
Yield efficiency Comments
Run 1: 10° High Productivity & High background, Relative
LHC ~0(10®) Measurements, Limited access to width, exotic ratio,
Run 2/HL: 1078 etc, Direct access to g(ttH), and even g(HHH)
CEPC 106 .....0(1 ) Clean environment & Absolute measurement,
Percentage level accuracy of Higgs width & Couplings
06/27/18 Welcome Jianming! 49



DEA Simulation & Validation

CEPC NOTE
CEPC_TLS_SIM 2018_001

INFN R

March 27, 2018 | e,
Istitute Nazionale di Fisica Nucleare Nankai University i\ r
-
<
Figure 4: SVX Figure 5: CDCH
Detector Geometry in Model CEPC_IDEA
Yin Xu
HitPosX:HitPosY HitPosX:HitPosY:HitPosZ
ZDOO-
1500
1000
500
Abstract i
~500)
Geant4 Based full simulation is indispensable for the CEPC physics analyses and de-
tector optimization studies. So we integrated IDEA detector geometry into the simulation o
framework — Mokka [1]. This note introduces the IDEA model and how to develop with ~1500
Moblba savms alwinls svamnlas aus alon aduan ol o
2000-1500-1000 500 © 500 1000 1500 2000 10800 ™ 508508

HitPosY




Implemented into Simulation

Momentum resolution vs Theta

Pt resolution vs Theta
—— e Dual-readout calorimeter description for CepC/FCCee simulation sw:
109 |+ A;ZEZI a 10% e 2 AQZE: 4
‘1 ﬁ’ - ~
| t e s e
= E- e st e e .'«""T"
T e P
Il L
o o2 cos(0) wsls:‘
Phi resolution vs Theta Theta resolution vs Theta
i ek - I i I b
10— S — " 100 Gev ot 10— ! 100 Gev
- s '_"':"‘f'vt‘i»""""”ﬁ"—'"': . o E f"""f:-é-i..‘f:t?"*‘-o‘“».‘«‘*‘Ew‘»"“‘:"".-Q»E’"-'.‘i'i‘a."ér'o“,—w'-"“"’*
BNV N e S P D A Y D P e a) full coverage
i e e e e s e e e b) projective geometry
L T S R F R TR Y olu':a ; L e ¢ e T T o,sw

Both Wire Chamber & Dual readout Calorimeter have been implemented;

Need Validation, Digitization & Dedicated Analysis to Study the performance at jet and
Physics event level

06/27/18 Welcome Jianming! 51



TPC Usage

» Feasibility not limited by
- Voxel occupancy (1E-4 - 1E-6)
- IBF & lon Charge Distortion
 Dedx: TPC +50 ps ToF: a full range pi-kaon separation at Z pole operation

« Tech. Difficulties to be further studied
- Complex, unstable field maps

- Stability & Homogeneity of Amplification/DAQ system, temperature/pressure
monitoring & corrections

- Radiation background: Working Gas selection is essential

* Neutron Flux + Working gas with hydrogens
« Delta Ray Noise
« Gamma Ray Noise
» Be iterated with Hardware/Electronic Design & Test beam studies
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Feasibility of TPC at Z pole

[ Hit Profile of 9000 Z->qq events

1800

1600

1400

1200

1000

800

600

400

200

HV Plane E,dcap
I R VT TP T
L = R OO
mmmm\mm\Hmmwmwmmuw (AR AAH R A
LA AL uwmwwkw L
\HH‘H\H\“\H\H“\HHHH\HWW‘HHHH\‘ | H\m\muu\mwHm\mm\\muwumm\\
Hm‘mm‘mm‘muuummuu‘mumm‘u‘ H‘m‘m\m‘m\mmu‘mm‘mm\Hmm\m‘\ :
L

Trajeckory of Tragki -

& Primary lon
A mmmummumumm\Hmmummmmm
AR AR AR AR AR AR AR AR AR AR AR AR RN e

IP Trajectory of the xemn

\J

Back Flow lons =
Track Image formed
by Back Flow lon

« 600 lon Disks induced from Z->qq events at 2E34cm™s

* Voxel occupancy & Charge distortion from lon Back Flow (IBF)

 Cooperation with CEA & LCTPC

06/27/18

Welcome Jianming!
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TPC Feasibllity

§-104_E| ' I

| IIIIILI_I_I:

%107

5,

distortion /
3,
|T|'| |IIIII|T| ||III|'|T| IIIII|T|| TTTT
//

r/m

0

—
o

|_|_|,| IIIIIILII |

r k=10 L=200 v=5

e k=5 L=200 v=5 (Fre-ee nominal)

0.6 1 0—1 E — ::ﬁ tj}vﬁ:;:[ac gP[éCniil \::;r;}u‘nm IBF control} a

0- 4 - ] 0—2 I L L L L I L 1 L 1 I L L L L I
0 0.5 1 1.5 2 400 500 600 700
z/m r/ mm

e Conclusion (JINST_12_P07005, CEPC-DocDB-id-147):

- Voxel occupancy ~ (10*-4 — 10”-6) level, safe
- Safe for CEPC If the ion back flow be controlled to per mille level (k = 5) -

» The charge distortion at ILD TPC would be one order of magnitude then the intrinsic resolution
(L = 2E34 cm™s™)

« TPC usage is not limited by the Physics Hits;

« Beam background needs further investigation (a priori not the dominant source at Z pole)
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R&D on the IBF control
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Br(H->WW) @ 10mm/20mm Cell size

Liao libo, H-WW~*—lvqq, Z—l

50 s CEPC Prelimi,nar}« 800 _ ......................... ........................... CEPC Prellminary
—— Signal - — cepc vl : : _
I'_‘.‘—._ —_ 600 I D Y1) G TG T | i s 9711 (S & © | ¢ s ........................
o | —— 77 Background 3 i E30L E20mm H48L H20mm
e = L ' '
(& &) :
i = 400
- =
j. N
- S
= 200
0 . ;.'-.. i : 1M . * 'J T AN 0 Il I I 1 1 1 ] 1 Ill l l 1 | l | [l 1 .I ’
0 20 40 60 80 100 120 0 | 20 40 60 , 80 |100 120
M (Gev/c?) My, (GeV/c?)

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%

06/27/18 Welcome Jianming! 56



Count

PFA Oriented Reconstruction
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Example Working Points & Performance for
Object identification (Preliminary)

Mis-id Probability

Efficiency Purity from Main
Background
99.5 -99.9% at Higgs
Leptons 99.5-99.9% | Runs(c.m.s =240 GeV), | 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*)=0.3 - 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%
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CEPC.: absolute Higgs measurements

Zhenxing Chen & Yacine Haddad A
r CEPC Preliminary CEPC Preliminary g YZD: Higgs
| 2y | Lai=5ab? 1.‘='r:J.lm-!-n' v |
3000~ : 1500 310
[ —4— CEPC Shinlat bon * CEFC Simulation § r qu qq\
= r — 5+B Fil - — el il W r gg
o L Sigaal ] —— signal I
u L Buckgroend L= Hackground Wv 1
bl 0.9% < 1000 1.5% ‘ '
T | s o LR
B f & kA [T q:w':«
E L : L : + Y ol b =
s S s00 N a R ! HH, VY
I _ / \ : g
7o [\ i WW, 77
0 )15: e "—j - \\_E"_f— Fos o W AT Zy
2 M™ [GeV 5 120 pns_ B 13 140 b 2w o m m m mm W -
ol GEV] MeS [GeV] s oY i " 2 boson
decay
0(ZH) measurements Br(H—pp)
PreCDR (Jan | Now (Aug 2016)
a9 X 2015)
Liao libo, H—WW*—lvqq, Z—l o@H) 051% 0.50%
50 CEPC Preliminary [ CEPC Preliminary 300 EPC.Preliminary 2 ’ .
— Signal 6000 W Fusions | L=5 ab* - . gagg;g data | o(ZH)*Br(H—bb) 0.28% 0.21%
40 — Higgs Background | —%- CEPC Simulation I :si;nal“ ] 0(2ZH)"Br(H—cc) 21% 2.5%
o — 77 Background > | = fvaFk ; F - bhg i o(ZH)"Br(H—gg) 1.6% 1.2%
z 3 S40001 — ZBackgrounds S 200 o(ZH)*Br(H—WW) 1.5% 1.0%
& S * R ] o(ZH)*Br(H —ZZ) 4.3% 4.3%
E » £ § I 1 o(ZH)*Br(H—) 1.2% 1.0%
I 5 000 w w00l ] a(ZH)*Br(H—yy) 9.0% 9.0%
= B - I | a(ZH)*Br(H—Zy) - ~4 o
- . o(ZH)*Br(H—pp) 17% 12%
o ] MR S, o I ) ] o(vwH)*Br(H—bb) 2.8% 2.8%
0 0 4 6 80 100 120 ] 50 100 150 0 : “i5 : 5 L Higgs Mass/MeV 5.9 5.0
M& (Gevie) M [GeV] log, (Pul) a(ZH)*Br(H—inv) 95%. CL = 1.4e-3 1.4e-3
Br(H—eelemu) = 1.7e-4/1.2e-4
Br(H—bbxx) <10® 3.0e4
Br(H—>WW) a(vH)*Br(H—bb) Br(H—1T)
06/27/18 Welcome Jianming! 59




Tracker Radius: the optimized value

 Detector cost is sensitive to tracker radius, however, | recommend TPC
radius >= 1.8m:

- Better separation & JER

Expected Accuracy of 6(XH)*Br(H->up)

- Better dEdx 5 5 I"'22
Sk
- Better (H->di muon) Tast Doz
measurement E
350 CMS 3ab™
| 255 ATLAS 3ab”
i -
of B
| ke
F

e e W ww W G 15 '1!2”'1{4' | I1!6| | '1!8' | ; 22 24 26 28 3
Rrpc/m
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Detectors for the CDR

« APODIS (Baseline)

- A PFA Oriented Detector for HIggS factory
(Reference: ALEPH, SiD and ILD)

- Low material tracker + ultrahigh granularity
calorimeter (serve also as ToF) + large Solenoid

- Dedicated MDI (Ongoing)

- Fully implemented into Geant 4 simulation and full
reconstruction

- Optimized versus Physics Benchmarks
« |IDEA (Alternative)

- Wire Chamber + Dual Readout based:
implementing into full simulation

e Multiple detectors & New ideas are welcome!
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CEPC-v1
CEPC-v4

0.4
0.3
0.2
0.1

62
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* UL Arbor AOKITTBMG IR

« CEPC-v1, reference detector for the CEPC
PreCDR studies

» Feasibility & Optimized Parameters
* CDR EZ#rIIgE APODIS
* Lepton

e Kaon

* Photon
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* UL Arbor AOKITTBMG IR

« CEPC-v1, reference detector for the CEPC
PreCDR studies

» Feasibility & Optimized Parameters
* CDR EZ#rIIgE APODIS
* Lepton

e Kaon

* Photon
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 Benchmark Higgs Analaysis

 An Analysis Example: g(HTT1) at qqH

* An Optimization Example: g(HTtT1) at yuH
 |ssues to be solved at performance

* BIAFRAR

e Summary

e Summary
* Advertise

Welcome Jianming!
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