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Status & Overview

« CEPC: 100 km Higgs factory producing also huge statistic of Z, W, and
potentially top quark, aiming at discovering New Physics Beyond the SM

- 2012: Proposed right after the Higgs discovery

- 2015: PreCDR delivered, no showstopper identified

- 2018: CDR released

- 2023: Acc. TDR published, Technology & Design ready for construction
- 2025: Det Ref TDR, Physics White Papers

Off-axis injection _

 Proposed to start construction in ~2027 '

RF station

On-axis Injection /
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Yields ~ Xsec * Lumi * Time
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Physics reach at CEPC via Higgs, etc

Precision of Higgs coupling measurement (kappa0 fit)

240GeV, 20 ab™!|  360GeV, 1 ab~! 1 @ HL-LHC S1/S52
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Flavor white paper

Flavor Physics at CEPC: a General Perspective

Contents
1 Introduction

2 Description of CEPC Facility
2.1 Key Collider Features for Flavor Physics
2.2 Key Detector Features for Flavor Physics
2.3 Simulation Method

3 FCCC Semileptonic and Leptonic -Hadron Decays

4 Rare b-Hadron Decays
4.1 Di-lepton Modes
4.2 Neutrino Modes
4.3 Radiative Modes
4.4 Tests of SM Global Symmetries with Forbidden Modes

5 CP Violation in b-Hadron Decays
6 Charm and Strange Physics

7 7 Physics
7.1 LFV in 7 Decays
7.2 LFU of 7 Decays
7.3 Opportunities with Hadronic 7 Decays

8 Flavor Physics in Z Boson Decays
8.1 LFV and LFU
8.2 Factorization Theorem and Hadron Inner Structure

9 Flavor Physics beyond Z Pole
9.1 Flavor Physics and W Boson Decays
9.2 FCNC Higgs Boson Decays
9.3 FCNC Top Quark Physics

10 Spectroscopy and Exotics

11 Light BSM States from Heavy Flavors
11.1 Lepton Sector
11.2 Quark Sector

12 Detector Performance Requirements
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Updates in 2024

- Benchmark number increased
from ~ 20 to ~ 50, especially with
Jet Origin ID.

- Bs-relevant CKM measurements
- Spectroscope, LFV, LFU

- ect
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Global Impression: tentative

I . redit: Jianfeng Jiang
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See the non-seen: i.e, Bc—tauv, Bs—Phivv
Orders of magnitudes improvements (1 — 2.5 orders...).
Many ongoing study especially towards CKM measurements (i.e. Bs—DK) 8



Jet origin id
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Predicted

11 categories (5 quarks + 5 anti quarks + gluon) identification, realized at Full Simulated di-jet events at
CEPC CDR baseline with Arbor + ParticleNet

Improves Higgs rare/exotic hadronic decay measurements by 3 time — two orders of magnitudes

nmon

Published in PRL. Comment from the referee: "demonstrate the world-leading performance of tagger”, "a
"game changer" and opens new horizons for precision flavor studies at all future experiments.”
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Vcb from semi-leptonic W decay
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Figure 4: The BDT score distribution of signal and backgrounds in: the muon channel
(left) and electron channel (right). The red curve indicates the projected statistical relative

sensitivity estimated from Eq. 4.1 assuming a luminosity of 20 ab™!.

, Contributor: Hao Liang, Lingfeng Li, etc
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Vcb: Systematic controls

Unpol.(5 ab™1) ; — .

Unpol. 20 ab™) B — — |
: | B inclusive
Unpol. (5 ab™ H)+ww exclusive ———— !

Unpol. (20 ab™H)+ww ————
Pol. (0.5ab™!) - _ -

Optimistic
1 ! 1

Pol. (2 ab™!)

Conservative '

e Haoliang & Lingfeng Li: L. . DS . . . ' . . S
Submitted to JHEP 0.038 0.039 0.040 0.041 0.042 0.043

I Vcb|

» Dedicated discussion on systematic, mainly dominated by jet origin id performance
calibration + background yield uncertainties.

* In pace with FCC studies (estimated using full hadronic events).

« Similar method could be applied to Vcs (suggested by IDRC) and Vts (from top
decay), and even Z FCNC (statistical up-limits of 1E-6 to 1E-7, while Calibration &
systematic control need real breakthrough)
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Lepton Flavor Violation

Measurement Current HL-LHC FCC CEPC prelim.
BR(Z —Tp) <65x107°% 1.4x107° 10~° 10~°
BR(Z »7e) <50x107% 1.1x1078 1079

BR(Z — ue) <262x10~7 57x10% 1078-10"10 10~°
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Figure 28: Sensitivity reach for probing the NP scale of the LF'V operators in Eq. (8.1) and 5.x 1076}

Eq. (8.2). Here the current bounds (dark-colored bars) are set by ATLAS [206] (Z — Tp)

B(e1)

and B factories [149] (LFV 7 decays), and the projected sensitivities (light-colored bars) B(ep)
are based on searches for Z — 7y at the CEPC Z pole run with 100 ab™! and 7 — u
transitions at Belle IT with 50 ab™! [8], see Tables 7 and 8. The Wilson coefficients have

been set equal to one uniformly. This plot is taken from Ref. [202] e e DL

Figure 33: Anticipated upper limits on LFV Higgs decays at CEPC, ILC, and LHC.
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» Credit: Lorenzo Calibbi (Left) + Qin qin (right)
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BR(h—Exotics)

Br{Z]

Exotic decays

95% C.L. upper limit on selected Higgs Exotic Decay BR
1
m HL-LHC
m CEPC (20 ab™")

11 CEPC” (20 ab™)

The 95% C L.
upper limit on
selected Higgs
exotic decay BR

-
o
o

—
o
w

-
o
LS

10—5 - v, - - ; e . .
Mg, (bb),tMEr W)+, “’HMEJ, bb*ME? g, Tremg, Oo)pyy Coeey Uy Bo)ry ey Wy Mgy, e Credit: Zhen L|U, Jia

Liu, Xuai Zhuang, etc

10—12% m GigaZ 510_12

10—11i 1712.07237 m Tera Z i1o—11
_10 m HL-LHC _ip

10 i 10

1109 The reach for

10~ 9=

10-¢] i10°® the branching

10-TE 11077 4 £ .

10-¢1 o ratio of various

1075 1073 exotic Z decay
_af -4

1o~} 0 modes

1073¢ 1073

10-2§ 1102

1071} 10"1

i
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Vr(h,T)

Vr(h,T)

Phase Transition in early Universe

Vere (H, @)

The SM:

crossover
Temperature

- drops

How did we
end up here ?

v

(h) =10

Smooth transition

The Higgs field h

New physics:

FOEWPT Temperature drops

The Higgs field h

09/11/2024

Bubble nucleation and ex]

o X BR(h2 - hlhl)

60

cosd = 0.01
100 = 'l' T T 1——r—| T I '|__|'_| T T T T '!_E
E bbju,u W . -
- — ]
10—1 = / i
c/ < ]
1072 [N > i
) 4b (ILC) .
10 E \\ \q\ ----------------------------- 0'—:
= S N mem—— 4b (CEPC) _3
- \‘.‘ ———————— I""-"--v-..__ --------- “f;
4b (FCC-ee) TE=—T 4
10_4 Lo b b Coe e
10 20 30 40 50
mi [(GeV1
10-%
/I/’
107? Oz =2.2%
10 10
B 10 11
g
& o
1013
60y =2.1% 05,y =1.8%
104 A=600 GeV 650 GeV
10 15L — |
107 1073 1072 107! 10°

Credit: Michael Ramse Musolfy, Kepan Xie, etc 15



Dark sector

‘ Portal ’ Effective operator ’\/E [GeV] ‘C[ab_l]‘ Sensitivity of CEPC (HL-LHC) ‘ Figs. ‘ Ref. ‘ ®
Scalar | Agp|H|?S? — scalar mixing sin @ 250 5 invisible S, sin@ ~ 0.03 (0.20 global-fits) 22 |[108] 0.20 EEPLCH c
vexrSter + He. 250 5 covering 100 GeV < mg < 170 GeV 23 | [56]| ~ 0.03 0.02
Fermion H‘}EER + H.c. (dark QCD) 250 5 mg ~ 10 TeV for cTgarkpion € [1,103] cm (Null) 25 |[109] 1072
y®Frlr + Hec. 240 5.6 ¥ € 10711, 1077] (£ 1078 — 1079) 26 [[110]|
A}, (eeJbin + 9pX7"X) 250 5 €~ 1073 for gp = e and m 4/ < 125 GeV (e ~ 0.02 ) |27, 28 [108]
250 5 ¢ ~ 0.1 for my ~ 50 GeV “ 4x107° g
eAuXY"x, (millicharge DM) 91.2 2.6 € ~ 0.02 for my ~ 5 GeV 29 |[111] 1077 4x1077 g
Vector 160 16 € ~ 0.5 for my ~ 10 GeV -8
L ux X" XFuy + SdyXo"* Y xFuy | 912 100 | py,dy ~4 %107 (4 x 10~%)pp for my < 25GeV . 107
—axXY*YO X0 Fpuv + by XyHx0" Fuu 240 20 ax,by ~ 1076 (2 x 1076) GeV~2 for m,, < 80 GeV 2
2z i (L —75)x) ((y"(1—75)6) | 250 5 Ai ~ 2 TeV (my = 0) (Null) 31 |[113] i
EFT e Xurs x by st 250 5 Aa ~ 1.5 TeV (Null) 32 ([111] Scalar portal  Fermion portal Vector portal for DM MDM/EDM
SRR (gme) (71Tx1) + . mixing sin@ yukawaxcoupling fkineti; mli>$ing E.
LA] 240 20 Ai ~ 1 TeV (my = 0) (Null) 33 |[114] o i invisible A
Ui = 1,95, V> Yu Y55 Opw

. _ Decay o e Y 100 , . e
6\\/‘/q' leptons Dark Sector from Z/H - i L
\ 1 j associate production 1'_ ! !
Y  parkquarkq’ : Hq current global fit (LHC) - i E
e ATV 300 ST T C Colliders | 0 ]
’ L i I, —
e Jet-like ; ' 14 TeV, 3ab™" 0.1k o e
Lepton + Jet + MET 7o [mm] _E 10_1 [ ] b E r - ;
@ 60(Zb), 5ab " e i Semenm ™ ]
6g(Zh), 10 ab " 0.0 777 s 5
millicharged DM vector-portal DM EFTDM o ) ' C 613 H-mode ]
¥ 7 BEoy h- mg < 0.5 mg Eo B ]
e - my < 0.5 mg o === Z-mode
gp=e 0.001 . i IS0 senn WW-mode 3
€=0001 C 1 1 ||||||| 1 ||||||| 1 1 ||||||‘_
‘ 0.1 0
102 m, (GeV)
photon mediator Z’ mediator 4-F interaction p 16

 Credit: Jia Liu, etc




LLP, especially with Far detector

===ss neutral displaced EBSM
— charged HSCP dilepton M lepton
~— any charge W quark
photon
W anything
disappearing displaced
track lepton
displaced displaced
dijet photon

displaced
vertex

displaced
conversion

not pictured:
out-of-time decays

5| CEPC Simulation
/5 =240GeV, 20fb!
2
ete” =+ ZH - qf/vv+ X1 + X,
~ 1073 P
. _ BRXow)
§ | Combined withey = Z2E8
T -1 GeV
T )| —+—10Gev
I =50 GeV
% 104 Stats + Syst
=
E s
&
o
& 2
=N
P 40—
=
O s
X
m \M—/
=
2
10-¢

a) ey =0.2

0.001 0.01 0.1 1

Lifetime [ns]
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o X =05 GV 1911.06576
1074 4 i ’
1074
e
" 10734
T
f 1074
bt
L
107 4
104 FD1:D 5 m (dashed), 5.6 ab
3!-‘”:; : D =50 m (dashed), 5.6 ab ™"
_p JFD6: D = 50 m (dashed), 5.6 ab~!
10- 10-° 10-* 10-* 10-% 101 10° 10' 10? 10° 10¢

(er) [m]

LLP Vs | L Sensitivities on parameters
Signal Signature Detector Figs. |Refs.
Type [GeV]|[ab™!] [Assumptions|
Z(or incl.) h(— XX), Br(h = XX) ~10-¢
240 | 20 ND 37 | [80]
X = qffvi [m € (1,50) GeV, 7 € (107, 107}) ns]
Br(h — XX) ~3x 100
ND , 49 | [86]
New scalar [m =05 GeV, er ~5x 1073 m|
particles (X) |Z(— incl.) h(— X X), Br(h =+ XX) ~ 7 x 107°
240 | 5.6 | FD3 49 | [36]
X — incl. [m = 0.5 GeV, er ~ 1 m|
Br(h =+ XX)~5x 1079
LAYCAST 49 |[241]
[m =05 GeV, er ~ 107" m]
Alpp/m: € (2x 1077, 107%) GeV™*
ND i 43 | [86]
[m ~ 40 GeV, Br(Z — $%)) = 1079
RPV-SUSY
Z - 3%, Myg/m% € (1071, 107%) Gev—2
neutralinos 91.2 | 150 FD3 4 ) 50 | [86]
o %7 — incl. [m ~ 40 GeV, Br(Z — {{x}) = 1079
9
MNo/m2 € (Tx 10715 107%) GeV 2
LAYCAST ¥ ) 50 |[241]
[ ~ 40 GeV, Br(Z — 970) = 109
2T S i pta 91 | 150 ND Tal G, < 950 GeV 24 | [85]
Cyrf A e 1073 TV !
ND N 51 |[241)
[Cyz =0, m ~ 2 GeV]|
ALPs (a) va, Cly/A ~ 6 x 1073 TeV—!
91.2 | 150 FD3 51 [[242)
a— vy [Cyz = 0, m ~ 0.3 GeV)]
Coy /A~ 2 %1073 Tev-!
LAYCAST ' 51 |[241)
[Cyz =0, m ~ 0.7 GeV]
Hidden valley Z h(— 7%ad), a(h) x BR(h — 7%x%) ~ 104 pb
) 350 | 1.0 | ND 41 |[243]
particles (n{,) nf, = bb [m € (25,50) GeV, 7 ~ 10% ps|
Dark photons | Z(— qg) h{(— vpyp), Br(h = ypyp) ~ 1075,
250 | 2.0 ND 42 | [83]

(vp)

o =+ 7€ fqq

[m € (5,10) GeV, 7 ~ 10% ps, € € (107°,1077)]

Br(Z = Xix1) =107°  1911.06576

107 4

Xm/mf; [Gev—?

10714 4

. 250 Ge!

FD3: D = 50 m (dashed), 150 ab~1
FD6 : D = 50 m (dashed), 150 ab~"

10-%

10° 10¢

Mg [MeV]

Far detector could enhance & complement the near detector
(main detector) sensitivities;
While the understanding of background is the key issue.

Tianwen@Luoyang

* Credit: Kechen Wang,

Yongchao Zhang, etc




Electroweak white paper

Observable current prgcisim.l CEPC precision (Stat. Unc.) CEPC runs main systematic EWPT: Oblique Parameters
Amy 2.1 MeV [11-15 0.1 MeV (0.005 MeV) Z threshold Epeam 02F ‘ : ‘
A].—‘Z 2.3 MeV ‘11-15 0.025 MeV (0005 MEV) Z threshold Ebeam Current (95%)ssssencnzns = 2 0 s
Amy 9 MeV |16-20. 0.5 MeV (0.35 MeV) WW threshold ¥ Sune (0o %) -
ATy 49 MeV (2023 2.0 MeV (1.8 MeV) WW threshold Epeam
Amy 0.76 GeV |24 0(10) Me tt threshold
AA, 4.9 x 1073 [11,25-29 1.5 x 10~5 (1.5 x107%) Z pole (Z — 77) Stat. Unc.
AA, 0.015 [11,27 3.5 x 1075 (3.0 x 107°) Z pole (Z — pp)  point-to-point Unc.
AA, 4.3 x 103 [11]/25{29] 7.0 x 1075 (1.2 x 1079) Z pole (Z — 77)  tau decay model
AA, 0.02 (11,30 20 x 107% (3 x 1079) Z pole QCD effects
AA, 0.027 [11,30’ 30 x 107° (6 x 1079) Z pole QCD effects
Achad 37 pb [11-15 2 pb (0.05 pb) Z pole lumiosity
SR 0.003 (11,3135 0.0002 (5 x 1079) Z pole gluon splitting
dRY 0.017 |11,31.36-39 0.001 (2 x 1079) Z pole gluon splitting
oR? 0.0012 |11-15 2x 1074 (3 x 1079) Z pole FEbeam 8nd t channel o=
SR, 0.002 [11-15 1x107* (3 x107) Z pole Epeam o2t ‘ . ‘ ]
SR) 0.017 [11-15 1x107* (3 x 107) Z pole Epeam ~0.2 ~0.1 0.0 0.1 0.2
dN, 0.0025 [11,40 2x 1074 (3107 ZH run (vvy) Calo energy scale s
95% CL reach from SMEFT fit
g B e | -
. . . . E +QEO(IEeJ\rf(VQVgYalbh)rESSé’éGeWIﬂab)+HL LHC I E
Reviewing anticipated e ;,”.33;‘.“#?' ehtselotboll] | L) . _
. > 5 ]
Experimental Input, e I | I I E 110
= F L] - | ] ]
g ] idl
And to include updated = - | - ; -
Higgs + top measurements : :
0.1
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Updated result on sin? 6 erf Measurement

Table 2. Sensitivity S of different final state particles.

Table 3. Cross section of process ¢*e” — (' calculated us-

VS/GeV Sot AYE Sof A, SofAj,

Sof Ay, Sof A%, SofAl,

mg the ZFITTER package. Values of the fundamenial paramei-
ers are sel a8 my = 911873 GeV, m, = 1732 GeV, myp = 125 GaV |

70 0224
75 0.530
92 1.644
105 0.269
115 0.035
130 0.027

4396

—
P

435

(2]
N

39

=)

e
i

00
1.993
1.091
0.531

4.403 1.445
5269 2.616
5553 4.201
4.598 1.994
3.958 1.087
3.280 0.320

4.352
5.237
5.549
4.586
3.942

a, = 0118 and my = 80.38 GeV.

VsfGeV  op/mb  oy/mb oy /mb oyfmb e /mb opymb

70 0.039 0032 0066 0031 0058 0038
75 0.039 0.047 0.073 0.046 0.063 0.043

92 1196 5386 4228 5366 4222 5268 Verlfy the RG behaVIOr . US|ng
105 0.075 0.271 0.231 0.271 0.227 0.265 .

1S oMz 01 0122 01s  ous 0132 ~1 month of data takmg

130 0026 0071 0065 0071 D066 0059

Expected statistical uncertainties on sin Gt ef f Measurement.
(Using one-month data collection, ~ 4e12/24 Z events at Z pole)

09/11/2024

e}

10~

10

Statistical Uncertainty

10~

10°¢

Uncertainty of sin’g}; at different energy

pt

; e Submitted to EPJC
i i —n——
= Y A e 2 e vl ]
- A A
- 5 N 75 e i IR T | 1S Sl
— "‘ “,' ")"'_:'- e
B LN ‘* 92 e o 2 dimd el
-.‘. ) o . ‘_r'

_ 5 . A — — .
: L lepton 105 1.0X% 10 2.4%10 14X 10
B N A b 115 19tz | Gadife | B (e
f— ‘\‘*,"‘ C

'y - 130 S0 il || 23 <1l || 51 = (0

1 1 I L L 1 1 I 1 L 1 | 1 1 Il 1 | 1 L 1 1 ‘ 1 1 1 1 I |
70 80 90 100 110 120 130
Energy (GeV)

Tianwen@Luoyang e Credit: Zhenyu Zhao, etc 19



Top + differential measurements

Top quark mass measurements 4-fermion interactions constrained
= , from asymmetries (Xsec, forward-
I§1000_—"§"'—Baseline S e T 5 ..... backward & polarlzatlon) at Z pole
s = | -

L T : Combined Asymmetry Sensitivity Bounds (TeV)
800 o 581 % =y 100
: 90
: 80
600— 70

- 60

= 50

- 40 )

400~ 30 | | |
o 20 |
L 10
110 S SR TR RO S 49 SRS R PR P — — . 0 I I I E E I
= o N \. \\) \b
E Eur.Phys.J.C 83 (2023) 4, 269 e
3(|32 334 336 338 34110 3)12 3‘114 3)16 348 3é0 351)2 3é4
Vs/GeV m Current fit mstat mstat+exp stat+exp+th
|| Optimistic/MeV | Conservative/MeV_|
+ -— -
Statistics 9 9 ésp AT P ?Qq T
Theory = 7 L= 3 vu)a( VL) tq=( 7“ )(@7,Q) )
R ’ 14 OLL=123 (L’Y o L) Lyo® L) Olg = (L’Y oL (Q’Y.ua Q)
s 17 17 OLe = ( byl Oqe = Q’Y“Q) Oyl )
Width 10 10 Ou = 3 (37” ¢) (vt Oru = (LV*L) (quyugu)
Experimental Efficiency 5 44 ) ) : OLa = P’Y“L (7a94)
ST 9 5 *  Credit: Xiaohu Sun, Zhan Li O = (v*€) (FuVugu)
Beam 5 ) (Left), etc; Zhuoni Qian (Right) | o,, = (7¢) (Gu1.40)
LS
Total o = https://indico.ihep.ac.cn/event/22089/contributions/169056/att
ota achments/83388/105766/202410_hz_cepc.pdf
09/11/2024
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QCD: a_ measurement from tau decay

+0.4% 5101 £ 1.4% 5,5 £ 3.3 %oy,

{IS m .I- I[ ia&fﬂf $ Ua_».r @ Otheo I

io—.ﬁiul $ Osys

é . io'.\'fﬂf N E
ALEPH(2014) - i ==t ANy
ALEPH ALEPH Event display CEPC Event display
e Sl 10.1016/j.physrep.2005.06.007 CEPC GNN
Z — 7Hr~ yield 1.3 x 10 2 x 10° Reconstructed Channel Reconstructed Channel
Tracking System  VTX o,y = 5 pim VTX 0,y = 23 ~ 28 um ey W - Ll i 3 ower A =3 7 S

Opr/p%=2x10"°81x 1073 /pr dpr/p-=6x10"* &5 x 10~3/pr h

Odg/de ~ 2.2% GdE/de ~ 4.5% F
hw® rEx?
AE _, _1T% AE _, _ 18% +0.1
ECAL E E/GeV ®1% E E/GeV +1% -

1.0

~ | ——— i~ —=25—
0o (\/m @0.17) mrad 09,6 (\/m +0.25) mrad

Transverse Granularity: 1 x 1 cm?

Transverse Granularity: 3 X 3 cm?

Longitudinal Readout Layers: 24

Longitudinal Readout Layers: 3

a(B) , _ 60% a(B) ., _ 8%
E V/E/GeV E \/E/GeV

Truth Channel
Truth Channel

60

40

Transverse Granularity: 1 x 1 cm?  Transverse Granularity: 20 x 20 cm?, 33 x 33 cm?

3h" 1 3rtn

Longitudinal Readout Layers: 40 Longitudinal Readout Layers: 1

7E
Magnetic field B Tera-Z mode: 2 T, other modes: 3T 1.5T othar ﬂ 9L otmers

« Statistic uncertainty reduced by 2-3 orders of magnitude — systematic & theoretical
uncertain dominants. . .
* Credit: Yuzhi Che
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a, from Energy Energy Correlator (EEC)

 Credit: Zhen Lin,
Submitted to JHEP

do? o EE;:
- Jda: i

ik ARJJ{))

o©
~
a

E3C/E2C

o
)
3}

107 10
Theory Prediction

—e—  Comb. Unc. === Hadron. PYTHIA/Q Hadron. HERWIG/Q
3 Stat. Unc. Theo. Unc.

X

002001 __0__ 001 002
PDG2023ave. | || b—4—d| |

.......................................

z-1p | [Ies

002 001 0 00l 002
Relative Unc. Of ag(my)

2% for 40pb~! (1 minute)

0.4% for 1 fb~1 (0.5 hours)

« Similar to the measurement from tau decay, sub-percentage level statistic

09/11/2024
systematic uncertainty

uncertainty easily achieved, need dedicated study on theoretical &

22



Percentage

20%

18%

15%

12%

B%

5%

2%

0%

-jet: leading c-hadrons & flip rates

Percentage of c hadrons by Whizard & Herwig Charge Flip Rate w of ¢ hadrons by Whizard & Herwig

12%
. 10% .
—e— Percentage by Whizard —e— w by Whizard
—e— Percentage by Herwig —e— w by Herwig
8%
3
6%
A%
2% Ze+ At
- % S Y . . - - B @ S & F= R S
& g9 J g o N R IR R & o £ F 8 S S S A Q‘& ey ,,9“"’\ &
O P O @ o o & N N U N A U G Nl S & B
) < o ¢t oY 9T oY oY g8 o QF  &F PELE S
* 0 0, 0 - Particle Names
Particle Names D*(2007)°— D0 (64.7%) f§ D2(2460)°— Dt
* | -
— DV (35.3%) —D*(2010)+ D1(2430)°—D*(2010)*mt
: - . . = Ds0*(2317)*—Ds*m®
Difference in Percentage of c hadrons between Whizard and Herwig Difference in Charge Flip Rate w of ¢ hadrons between Whizard and Herwig
3.18 2l 2.04
%
223
= 1.56
1.5 153
13 123 122 335 14 g4p 109
. KRR TR 1.26 e
_g; o --- 012 007 .04 1% 003
g o a1 E = 0.76 032
= e WL B 2 068 g6
] K 0.45 .
E -2% é 225 0a3
H i .
8 £ i s
@ b 025 o
[— g ¥
b= c
b5 g
P . . £
{ adronization... a key challenge 3 -
: | H y J 3
o -6% M . 119
T
; e Credit: Hanhua C
redit: mannua Cul
-8%
-2%
833 Rod
T T < & s < s @ M & I R I N I O T T - R R R S S R
Ay & S é"@ 3 > 1@ & tP\\ o L § 45’\ & »”’“\ 6‘9\ & g v b 4—?"& a’"’\ 1"1“ ,1“@ o P o o ¥ & m“bb & i
I G P A L R G CARCEE M & S AL L o o
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Interact with detector R&D: requirements

« BMR performance: 4% as a must, to separate qqH from qqZ bkgrd.

- While improve to 3% could save ~ 0(10%) Luminosity, benefit all measurements
with hadronic final states

* Decent Pid ~ Kaon reco eff & purity > 95%

- dE/dx or dN/dx < 3% in the barrel region + ToF with ~ 50 ps resolution
 Decent Jet origin id: PFA + VTX + Pid.

- EM resolution: ~ 3%/sqrt(E) for B /B_ separation with EM final states (Am ~ 100 MeV)

« Track: dP/P ~ 0.1% for H—di muon, Flavor Physics studies, etc
e Muon Chamber: Muon-id in the fwd + LLP searches.

* Addressed by Ref-TDR studies

 1-1 correspondence reconstruction = confusion free PFA + excellent Pid

Many questions need to be addressed: impact of Beam induced background + event
building
09/11/2024 Tianwen@Luoyang 24



Mapping with Arbor + Al

Visible Reco Trk Clu
> V|V .Well reconstructed
vV Charged w/i no cluster
+ 0 v Charged w/i no track 90.7%
+ + v | X .Charged w/i cluster lost
0 X |V Lost - 2.0%
0 X |V Fake ](_)76;:
0 X |V 2.5%
+ v | X + |Charged 022.3/%
0 v 0 |Neutral
0 v
v 11 d I Well reconstructed 9 types [ Charged w/i cluster lost
=+ 7’ comrespondence [ Well reconstructed others [0 Lost due to mis-ID
V2 - » 1-n Charged w/i no cluster Lost due to acceptance,
Charged w/i no track inefficiency, and merging
Replace HCAL in CDR baseline with a thick GS-HCAL (5A\ — 6A)
~ 95% of the visible energy is mapped to reco-particle with 1-1 correspondency.
~ 90% are well reconstructed: has the right composition of clusters & tracks.
09/11/2024 Tianwen@Luoyang 25



0.07

0.06

0.05

0.04

0.03

A.U./0.5 (GeV)

0.02

0.01

BMR of 2.75% reached

(240 GeV

L

T | T T T | T T T | T T T | T T T | T T T

CEPC [ ]zz - vvqq (ud) Cleaned
[ |WW — uvqq (ud) Cleaned
[ ]ZH — vvgg Cleaned

A.U. /0.5 (GeV)

60 80 100 120 140 160
m; (GeV)

Detector change: BMR 3.7 — 3.4;

Al enhanced reconstruction: 3.4 — 2.8.

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

(240 GeV

—

[ ] ZZ—vvqq Cleaned
[ ] WW—uvqq Cleaned
[ ] ZH—vvgg Cleaned

60

80

CEPC

AL s
100 120
m; (GeV)

140

160

Impact from Beam induced background + impact on objects inside jet reco: to be evaluated.
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3

others

= Mok} 0.000 0.000 0.000 0.000 0.000

710.000 0.000 0.001 0.012 jeR:¥a:} 0.000

Pid in the 'well reconstructed’
particles category

-1+ 0.015 0.000 0.000 0.000
0.000 0.019 eA:¥Fa 0.003 0.000 0.000

0.000 0.001 0.003 A=l:¥¥ 0.011 0.000

0.000 0.000 0.000 0.000 0.000 ek:k:{v

10.000 0.000 0.000 0.000 0.000 0.00

10.000 0.000 0.000 0.000 0.000 0.00

10.000 0.000 0.000 0.000 0.000 0.00

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.008

0.003 0.003 0.000 0.014

(Wii:) 0.068 0.0490.098

0.093 eR:3%8 0.030 |0.058

0.052 0.023 PpR:pR0.112

0.000 0.002 0.001 0.000 0.001 0.032 0.035 0.129 0.010 [LAEIE

plp vy
Predicted

et u': = K*

'well reconstructed'
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Kf n A others
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Trace of M6x6
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g
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= reconstructed particle with no confusion +
both track + cluster for charged reconstructed particle
~ > 90% of total visible energy

Tianwen@Luoyang
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Excellent 1-1 correspondence

prospective: preliminary

1.0
——— = e
efff%avor tagging 51, 52
— e
0.8 S~— Pchatge flip S1, Sz
0.6
0.4
0.2 g
*\"“*.... A= P
\"."‘t*f -
0.0— .
Scenario 1:

09/11/2024

X -3
15 10
B CEPC,w/CHID
Bl CEPC, Better JOI and Refined BMR
= CEPC, Better JOI and Refined BMR using ToF
&
— 1.0
.
)]
Q
o
3
-
O
© 0.5+
LN
m l
0.0 . .

Bss  Byg  Bugd

Lepton + charged Kaons id, default scenario

Scenario 2: Lepton, Charged Kaons, Klong - Kshort,
Neutron — Anti Neutron, Lambda/Lambda-bar

Tianwen@Luoyang

Bsb Bdb Buc

o
[ —60%\E®3%
F 40%/NE® 7%
I —K} using TOF
n using TOF

Bds
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Interact

with detector R&D: benchmarks

Processes @ c.m.s. Domain Anticipated relative accuracies/up @Ref TDR
limit with CDR baseline detector +
TDR Luminosity, with Jol
H—-cc 1.7% 1.6%
H—ss [1] wH @ 240 GeV Higgs 95% up limit of 0.75E-3 95% up limit of 0.70E-3
H-sb [1] 95% up limit of 0.22E-3 95% up limit of 0.20E-3
H-inv [2] qqH Higgs/NP 95% up limit of 0.13% Same
Vcb [3] WW-lvqq @ 240/160 GeV Flavor 0.4% 0.36%
W fusion Xsec [2] vwH @ 360 GeV Higgs 1.1% Same
a. Z-tautau @ 91.2 GeV QCD NAN Theoretical Uncertainty Dominant
CKM angley — 2f8 Z—bb, B-DK @ 91.2 GeV Flavor NAN ~0(0.1-1) degree
Weak mixing angle [4] Z@ 91.2 GeV EW 2.4E-6 using 1 month data (~ 2E11 2) ~ tiny improvement due to VTX
Higgs recoil [5] IIH Higgs om =2.5 MeV Same
60 /o =0.25%/0.4% (wi/wo qqH)
H-bb, gg [2] wH +qqH Higgs bb: 0.14% ->0.13% bb: 0.12%
gg: 0.81% -> 0.65% gg: 0.62%
(wi/wo Jol)
H—di muon [2] qqH Higgs 6.4% Same
H—di photon [2] qqH Higgs
W mass & Width [6] W threshold scan @160 GeV EW 0.7 MeV & 2.4 MeV @ 6 iab Same
Top mass & Width [7] | Top threshold scan @360 GeV EW 9 MeV & 26 MeV @ 100 ifb Same
Bs— vug [8] 91.2 GeV Flavor 0.9% (1.8%@Tera-2) Same, if object recon. ~ CDR
Bc— v [9] 91.2 GeV Flavor 0.35% (0.7%@Tera-Z) Same, if object recon. ~ CDR
BO- 27° [10] 91.2 GeV Flavor NAN 0.3%, need to validate photons finding
Process @ c.m.e Domain Relevant Det. Performance
Z-pp @ 91.2 GeV Z lepton ID, tracking
H—yy qqH Higgs photon ID, EM resolution
Higgs recoil £fH Higgs Lepton ID, track dP/P
H—ss vwH @ 240 GeV Higgs PID, Vertexing, PFA + JOI
Hoinv qqH Higgs/NP PFA, MET
Vcs/Vceb WW-£vqq @ 240/160 GeV Flavor PFA, JOI + PID (lepton, tau)
H-LLP £fH NP TPC, TOF, calo, muon detectors
H-pu qqH Higgs lepton ID, tracking, OTK
Top mass & width Threshold scan @ 360 GeV EW Beam energy
Weak mixing angle Z—-bb @ 91.2 GeV EW i[e]]
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DETECTOR PERFORMANCE

Findings and Observations

The planned performance studies are based on an ambitious list of channels, often with
complex topologies. Most of these benchmarks are aligned with the relevant international
projects in the same area (ILC, FCC...). There are several changes with respect to the CDR,
with the goal to improve performance and take into account the recent h/w updates. Many
studies are redone, and some are still to come. The team has limited human resources, and the
planned list of channels looks a bit too high for a few months of work.

It looks important to clarify whether the strategy is to optimize detector performance or study the
physics reach. Given the limited amount of time it is better to focus on demonstrating that the
reference detector reaches adequate performance for physics. With this aim the list of complex
channels should be reduced (e.g. the b-physics part) and some basic channels (e.g. Z— mumu)
added in. The performance on basic objects (leptons, photons, jets) as a function of energy and
polar angle is an essential part of the TDR. Full analyses and physics reach can be limited to a
restricted list of channels, encompassing Higgs, Z, W and top physics.

Proposed recommendations:

Physics benchmarks: select fewer channels, aimed at demonstrating that the reference
detector reaches adequate performance for physics. Include some simple topology (e.g.
Z—mumu)

Foresee in the TDR results and figures about performance on basic objects (leptons,
photons, jets) as a function of energy and polar angle

Clarify in the TDR the strategy on the measurement of absolute luminosity

Include in the TDR at least a brief description of the plans related to the use of resonant
depolarization for Z and W mass

(longer term) Note down the main points of detector configuration optimisations that can
be further explored versus the presented performance for the RefTDR, given the limited
time available

(longer term) Address the impact of the performance studies on the technology choices?
explain how the various sub-detector will be calibrated with physics processes.

The performance of crystal ECAL on boson mass resolution (Page 20 of “Physics
Benchmarks and Global Performance” talk), and Jet Origin ID (Page 9 of the same talk),
should be simulated in a consistent way. The impact of crystal ECAL on PFA and jet
flavor tagging capability should be estimated.

Recommendation From IDRC
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Editors, Contributors, & Reviewers

Flavor: submit to ArXiv in a few weeks

- Main editors: Lingfeng Li (Brown U), TaoLiu (HKUST), Fengkun Guo (ITP), Lorenzo Calibbi
(Tianjing U), Xunwu Zuo(KIT)

- Contributors: Qiangxin Li (CCNU), Qin Qin (Huazhong S&T), Zhihui Guo (XJTU), etc

- Reviewed by: Soeren Prell (ISU), Andreas Crivellin (Zurich U), Alberto Lusiani (INFN), Haibo Li,
Changzheng Yuan, Caidian LV, etc.

EW: internal review at the end of 2024

- Main editors: Jiayin Gu (Fudan U), Zhijun Liang (IHEP)
- Contributors: Yong Du (TD Lee institutes), Zhuoni Qian (HNU), Hulin Zhang (CCNU), etc

NP: internal review at the end of 2024

- Main editors: Jia Liu (PKU), Xuai Zhuang(IHEP), Liantao Wang(Chicago U), + Yanyan Gao
(Edinburg U), Michael Ramsey-Musolf (TD-Lee)

- Contributors: Zhen Liu (Minnesota U), Jiayin Gu (Fudan U), Kecheng Wang(WUST), Yongzhao
Zhang (SEU), Zhao Li (IHEP), Yu Gao (IHEP), Kepan Xie (SYSU), etc

QCD: Exploring phase, Many ppl involved in discussion:

- Huaxing Zhu (PKU), Meng Xiao (ZJU), Jun Gao (SJTU), Zhao Li (IHEP), Yanqing Ma (PKU),
Haitao Li(SDU), Yuming Wang(Nankai U), Dingyu Shao (Fudan U), etc
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Summary

« CEPC Physics: See the non-seen, boost our horizon by orders of magnitudes

e Clearly... we need 2 phases of CEPC Physics study

* Phase-l: To meet the timeline of next year's project proposal

- White papers: Lots of relevant studies collected, in synergy with international efforts especially
ECFA studies

- Visionary summarization/interpretation is needed

 Phase-ll: to address the critical challenges creatively, including...

- Detector design & Optimization

- Reconstruction algorithm + Al, to pursue 1-1 correspondence, and to integrate into general
software framework

- Dedicated discussion/studies toward

09/11/2024

QCD Phase Transition — Hadronization

High precision calculation.

Synergies with GW, Cosmology & Early Universe, and other frontiers
Calibration of advanced reco, i.e., Jol etc.
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Back up

Tianwen@Luoyang

32



10°

PFO wiHit & non-f* & PID right
[ PFO wiHit & non-f*
[ PFO wiHit
1 PFOall

ei

1.0

505

0.0

10°
1.0

% 0.5

0.0

-3 -2 -1 0
log10(P [GeV])

PFO wiHit & non-f* & PID right
[ PFO wiHit & non-f*

[ PFO wiHit
[ PFOall =
B
TR ereEs
.e °
-3 -2 -1 0 1 2
log10(P [GeV])
PFO wiHit & non-f* & PID right KE

[ PFO wiHit & non-f*

3 PFO wiHit

1 pFOall ‘
&

]

-3 =2 -1 0
log10(P [GeV])

09/11/2024

10°

104

Entries

102

10!

10°
1.0

0.5

0.0

10°
10°
1.0
£ 0.5
0.0 see
-3 -2 -1 0 1 2
log10(P [GeV])
108 PFO wiHit & non-f* & PID right n
[ PFO wiHit & non-f*
10°F =1 PFO wiHit

10°
1.0

£05

PFO wiHit & non-f* & PID right }1t
[ PFO wiHit & non-f=

[ PFO wiHit :
= PFO all LF"'-LL“L
| B
I N
ITLLL
|
e,
o3 e
-3 -2 -1 0 1 2
10g10(P [GeV])
PFO wiHit & non-f* & PID right p/p
[ PFO wiHit & non-f*
1 PFO wiHit
1 PFOall

1 PFOall

0.0

-3 =2

log10(P [GeV])

10°
1.0

05

0.0

PFO wiHit & non-f* & PID right T(:
[ PFO wiHit & non-f*
[ PFO wiHit
1 PFO all
= = e T
.
jssssse ° :
-3 -2 -1 0 1 2
log10(P [GeV])
PFO wiHit & non-f* & PID right Y
[ PFO wiHit & non-f*
3 PFOwiHIt s S
1 PFOall J;“' e
[ 1

10°

100
1.0

£05

0.0

ik -:
¢ --"‘ ..
.
. .
ops
lsesse .
-3 -2 -1 0 1 2
log10(P [GeV])
PFO wiHit & non-f* & PID right n
[ PFO wiHit & non-f*
3 PFO wiHit
3 PFO all r
TIT’:
_H
|
|
’f(r
3 ..::'mh...__
... ._'
. .
.
.. Cans,
-3 =2 -1 0 1 2

log10(P [GeV])

Tianwen@Luoyang

nue

=1

other
hadrons

fO

Multi
Trk

ChWo
Trk

0.000

0.000

0.000

0.000

0.000

0.000

0.121

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.103

0.000

0.000

0.000

0.000

0.000

0.000

0.001

0.000

0.310

0.000

0.000

0.000 0.000

0.000 0.000

0.000 0.000

0.000 0.000

0.040

0.000 0.000 §o¥EEN 0.003

0.000 0.000 0.007 0.250

0.000 0.000

0.000 0.000 0.003 0.079

0.000 0.000 0.003 0.038

0.002 0.016 0.010 0.040

0.000 0.000 0.004 0.029

0.086 0.086 0.000 0.000

0.000 0.000 0.018 0.026

0.000 0.000 0.015 0.054

0.000 0.000 0.001 0.000 0.000

0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.001 0.000 0.000

0.000 0.000 0.062 0.000 0.000

0.005 0.002 0.240 0.016 0.000

0.000

0.015 0.047

0.000

0.086 0.085

0.000

0.014 0.336

0.039 0.050 0.000

0.063 0.020 0.033 0.000
0.000 0.000 0.276 0.000 0.017
0.147 0.011 0.093 0.207 0.000

0.216 0.029 0.035 UGS 0.000

0.000

0.000

0.000

0.000

0.000

0.002

0.005

0.003

0.003

0.009

0.016

0.000

0.497

0.038

u*

n*

K= pip Y K?

n n  other f  Multi
hadrons Trk

Predicted

|dentification of particles
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Many neutral particles
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consists mainly of High
energy Ks and Lambda that
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B-charge flip rate: Bs oscillations

Opposite side

* p charged Leptons with impact param.

* p charged Kaons with impact param.
* p charged pions with impact param.
* p protons with impact param. ?

Bt > Dty p
DO 5 K+ey u-

0 u

u
- d

PROSPECT FOR MEASUREMENT OF CP-VIOLATION PHASES
WITH By DECAYS AT FUTURE 7 FACTORIES

[EPJC 84 (2024) 859]

pt ot

S.Chen', H.Li%, X.Li?, X.Wang?, J.Peng!, M.Ruan®, Mingrui Zhao?
Date: 10/25/24

nstitute for High Energy Physics
2South China Normal University
3China Institute of Atomic Energy

CEPC Workshop 2024

B, » DfK~ orB; » D¥m~

n| S

8

pr o'

p > ntn~

Al g|»
=

Same side
* p charged Kaons with impact param.
* p charged pions with impact param.

Suggested by Roy Aleksan from CEA

« See Mingrui's talk for more details
(https://indico.ihep.ac.cn/event/22089/contributions/1
68047/attachments/83473/105931/slides CEPCwork

shop.pdf)
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Spectroscope: T(bbud)

_ 3.0%
b
et E 251%
2.3%
d 2.09%
- >
Z d 8
3 1.5%
b | b o
T2 <
[ﬁd] 1.06%
b : 0.93%
_ 0.8%
e~ u 064%  589%
0.47%
u 044% 039% 038% 0.35% 0.95% 0.34% 0.34% 0.33% 0.33% 0.33% 0.33%
0.0%
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 all
Number of final photons
Simplified assumptions and parton-level simulations were employed to deduce the in-
clusive decay rates: BR(Z — X + T,) ~ O(107°), BR(Z = X + E,) ~ 5 x 107°, and
BR(Z = X + Q) ~ 1 x 107 at the Z pole [296]. Additionally, BR(Z — X + T[%%,}) ~
O(107°) was also calculated [297]. It’s worth noting that T[%bgq could have a mass lower
uo than the sum of B and B* meson mass, thus it could only decay via weak interaction - as
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V.S. Hadronization models
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Neutrinos, SUSY
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Summary

» Electron Positron Higgs factories: a gigantic boost from LHC

 CEPC physics studies: composed of physics reach/pheno and detector requirement
optimization, aims at White papers to be released according to the project paces

- Community activated, results in multiple new ideas/results
- Good international communication/collaboration
- Lots of raw material available, visionary summarization/interpretation is needed

* Incentives/supports to young people, especially young Pls at China
« Editing help from senior & visionary experts

« Extremely rich physics program results in stringent requirements on the detector
performance, to be addressed by intensive study on detector design, key tech R&D, and
algorithms development

- Significant efforts towards the RDR (reference detector design TDR)
- Manpower/resource is an issue. Especially the service & communication

* New tools, especially Al, could significantly alter the physics study/detector design.
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...In principle...

Z bOSO N FC N C (ZFE\LE?-( SM :'::% Upper limit on

violating Higgs | (statistics only)

and Z decays

* Without considering other at FCC-ee)

process other than
* 1 Tera Z boson

* Confusion matrix based Z->bs 42E-8 2.3e-07
* Using 11x11 confusion matrix as
template, extract signal strength

of FCNC . | 7->bd 1.8E-9 2.5e-07
* Re-use confusion matrix of
Higgs boson (No much

difference according study of
Yongfeng) Z->cu 1.4E-18 6.3e-07

* may not be statistically optimal

* No kinematic cut. No polar N —
angle factors considered ->S - 3e-

...surly the Systematic control & Jol Calibration need breakthrough method...
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Performance requirements

« To reconstruct all kinds of Physics Object

- ldentification & Measurements
- Objects:
* Lepton, Photons, Kaon,
e pi-0, Tau, Lambda, Kshort,
 Heavy flavor hadrons,

o Jets

» Missing energy/momentum
* Exotics...

» Massive Four in Standard Model:
- Z & W: ~70% goes to a pair of jets
- Higgs: ~90% final state with jets (ZH events)
- Top:t—->W+Db

A

J’-a’a"gfgfs‘I

qq Strategy: make all the possible

gg' measurements in each

different channel and combine
the resultl

TT, HM
WW, ZZ,

AR

I w aq Z boson
: . decay
Requirements: Final state

- 1-1 correspondence

Excellent pattern. Reco. & Object id - PID
- Larger acceptance, Excellent intrinsic
resolutions, Extremely stable...
Be addressed by detector design, technology,

and reconstruction algorithm
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Higgs mass resolution [%]

PFA Fast simulation

7/
- §=240GeV vvH,H— gg To be Updated'
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
4 - 635+ Apcept et 0 60 * 2.5 HCAL resolution
0. T ACC Ance TCoNulN <ULy e
- + 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
L i 9.5% 3a Acceptance |Cos8| < 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
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Percentage (%)

-jet: leading b-hadrons & flip rates
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Percentage
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Charge Flip Rate w of s hadrons by Whizard & Herwig
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Performance with different PID scenarios &
H—sSS measurements

1.0 105 10
--.--*----*llll e — Upperlimiton uH—)ss
efffiavor tagging With L=, K=, KE:’S id. — 10X H-—>ss
--.--_._""*"T. 104 W—’qq L CI}
0.81 TSR Bl Z - other b4
"y, o
o Z-ss g
3
_, 10 H - bb/cc/gg =
0.6 (= o
o
S vwWH @ 240 GeV i
n 10? 3
_______ C g
0.4 g o
T —
) 10! £
FE
8
0.2 o
100 o
00 T T T T I 10_1
b c s u d 0.0 0.2 0.4 0.6 0.8 1.0
S

Flavor tagging: type that maximize {L_q+ L _q_bar, L _g} Remark: current jet flavor tagging efficiency &
jet charge flip rates are projections of the
If quark jet: jet charge ~ compare {L_q, L _q_bar} 11-dim arrays produced by Jet origin id
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Detector & Software

Physics
Models

Wh iza rd ‘ #
Parton

_ Pythia
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 MokkaPlus
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Detector Hits
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Parameters

Physics Object

Fast  _ Reconstructed

>

Detector Hits Tracks & calorimeter hits
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Right corner: di-tau mass distribution at qqH events using collinear approximation
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