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CEPC TIMELINE C i ST

el CEPC Planning and Schedule
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20129 2015.3 2018.11 2023.12 2025.6 2027 15" five year plan (2026-2030)
proposed Pre-CDR CDR Acc. TDR Det. TDR EDR Start of construction

CEPC EDR Phase: 2024-2027

» CEPC Accelerator EDR starts with 35 T
WGs in 2024, to be completed in 2027 R 15" FY 16" FY

» CEPC Reference Detector TDR will be = -
released by June, 2025

CEPC Praject Timealins WOT DI MEM BEME GGG NG NOR i BEDD SN M JER) 3004 NOE MR DT

Srepane for mass producion of davions though SFG

Accoolerabor

» CEPC proposal will be submitted to
Chinese government for approval in 2025 m—
» Upon approval, establish at least two :
international experiment collaborations -

> CEPC construction starts during the 15" em—
five year plan (2026-2030, e.g. 2027) BE  Fomm somotun tunssou g

» CEPC construction complete around

2035, at the end of the 16t five year D|El|’1 EEEEEE————————————————————————
2 CEPC Marseille
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https://indico.in2p3.fr/event/20053/contributions/137811/attachments/83881/124983/2024-CPPM-CEPC-Overview.pdf

CEPC PLANS

Y CEPC Operation Plan
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Total Events

*

Higgs is the top priority, the CEPC will commence its operation with a focus on Higgs.

** Detector solenoid field is 2 Tesla during Z operation, 3 Tesla for all other energies.

*** Calculated using 3,600 hours per year for data collection ( ~250 days with 60% efficiency).

April 25, 2024

50 8.3 2.2 21.6 4.3 x 106
30 5 1.3 13 2.6 x 108
50 192%* 50 100 4.1 x 1012

91 2
30 115%* 30 60 2.5 x 1012
50 26.7 6.9 6.9 2.1 x 108

160 1
30 16 4.2 4.2 1.3 x 108
50 0.8 0.2 1.0 0.6 x 10°

360 5
30 0.5 0.13 0.65 0.4 x 10°

100 km tunnel to optimize tt stage
(no geographical constraint)
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CEPC Conceptual Detector Designs ®
(Baseline Design) BEaconcat. ||
Magnet Particle Flow Approach 2T Magnet (also proposed for FCC-ee)

(3T/2T) Yoke + Muon (RPC or ui-RWELL)

Preshower (u-RWELL)

LumiCal

Yoke + Muon (u-RWELL)

PFAECAL

Si Pixel Vertex The 4" Concept

SIT TPC SE
FTD ETD

PFA HCAL
Partially Yoke

Magnet (3T/2T)

FST concept PID (DC+ToF)
(Full Silicon Tracker)
Crystal ECAL

Silicon Tracker
& (Transverse bar)

April 25, 2024 Institute of Experimental Particle Physics (ETP)



FUTURE

CIRCULAR ;\!(IT

CO L LI D E R Karlsruhe Institute of Technology
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red is raw, blue corrected for Mg = 50 GeV for S — 17

oy with 25, K=, KOs id Hadronic events (two tagged jets)
0.8 - ... PchargefipWithfz.F;;-..F:i{.;.};‘. E LA I B R LR
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N W ______________________________________________________________________________
I‘IDDI | 150 200
00— T T y ™ M., [GeV]
® Quark tagging (u, d, ¢, s, b and g) -> ® Tau reconstruction -> coplanarity,
Jet origin ID based on ML, CEPC 70% efficiency on ty, 13, 75,7, T;7;, ILC
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https://indico.in2p3.fr/event/20053/contributions/137887/attachments/83880/124982/Manqi-Jet%20Origin%20id%20&%20Impact%20-%20Marseille-3.pdf
https://indico.in2p3.fr/event/20053/contributions/137871/attachments/83868/124966/zarnecki_exscalar_cepc2024_v2.pdf
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CUT ON TRACKS

23
1%

Events

] 10'®
® Selecting excatly two reconstructed

tracks (besides two leptons, no
photons, no jets) eliminates almost all 10"

1016

hadronic backgrounds 10"

® Signal is not too much reduced o
® We need fewer additional cuts to get 110;
even higher significance o
0
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FCCAnalyses: FCC-ee Simulation (Delphes)

||||||||||||||||||||||||||||||||||||||||||||||||
s =91.0 GeV

L=90ab”
e'e >N ,v.N  —lv

Two same flavor leptons, no photons and jets

UP=4e-8, M, =10 GeV []Z - ud ]
—— UP-1.33¢-9, M =20 GeV [1Z - ss -
—— UP=2.86e-12, M, =30 GeV [Z —cc —

U?=2.86e-7, M, =30 GeV Iz - bb —
—— U=5e-12, M, =40 Ge [1Z—ee =
—— U’=4e-12, M, =50 Ge Iy -
—— U’-6.67¢-8, M_-60 G Mz ]

—— U’=4e-8, M, =60 GeV
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Total number of reco tracks
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FCCAnalyses: FCC-ee Simulation (Delphes)

}2 231III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III:

_ 2 102F ) .

1. Invariant mass: M(¢,¢') < 80 GeV -> S [ [5=91CeV. L=180ab =

. L C e'e >N, ,v.N  —lv .

no signal events after that S o ateta M 0 Gev Ezoe =

- U D e g m:ow

2. Missing momentum: pr ,iss > 11.5 GeV 105 E iz sora byoso oo =:; .

for SF and priss > 7 GeV for DF - Mzocc

— [ ]1Z—ud —

3. Lepton momentum: p < 40 GeV only 10°E BJz—ssf)

for SF 105‘_ [ e -

4. Angle between the leptons: cosf > 10° —~

(—0.8) 1 =

- .. S i

— —3 _ |

chos.en by optimizing N and based on 10 =

previous ones 106 -
0O 10 20 30 40 50 60 70 80 90 100

SF selection + 2 tracks Reco_invMass
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FCCAnalyses: FCC-ee Simulation (Delphes)

}2 231III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
_ 2 10%F ;
1. Invariant mass: M(£,¢') < 80 GelV S [ [5=91CeV. L=180ab
L - e'e = N,,v, Nte — v
. . - UP=2.86e-12, M = e —ee
2. Missing momentum: pypiss > 11.5 GeV  10°E o8 iy oL
. - — —— U*=4e-12, M =50 GeV e
for SF and pr s > 7 GeV for DF -> 105 E T i raaa oo ooy =;bb

excludes Zuu

12 [0z —cc E

10 [ ]1Z—ud —

3. Lepton momentum: p < 40 GeV only 10° E;jjs =
for SF . [ <o =

10 =

4. Angle between the leptons: cosf > 10° —~
(—0.8) 1 -
chosen by optimizing \/%_b and based on 1078 -
previous ones 108 .

0 5 10 15 20 25 30 35 40 45 50
SF selection + 2 tracks  RecoMissingEnergy_pt
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FCCAnalyses: FCC-ee Simulation (Delphes)

_‘g1023:_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII__

o — /s =91GeV, L=180ab —

1. Invariant mass: M(£,¢") < 80 GeV G 1 ee SN, v N, o v N
. . 1018 e U*=2.86e-12, M, =30 GeV []Z > ee I

2. Missing momentum: priss > 11.5 GeV ;:gfij‘m“{gg’gfj’ =§—>uu =
’ 15[ = » My~ — 1T ]

for SF and pr s > 7 GeV for DF 107 E — U-2.8608, 80 Gev Mzt
1012:: []z—=cc ::

[ ]1Z—ud —]

3. Lepton momentum: p < 40 GeV only N Clzos
for SF -> reduced Zee 1075 Moy

10° % =

4. Angle between the leptons: cosf > =
(_0-8) 103 E

1 =

. S —

chos_en by optimizing — and based on - -
previous ones =
10°° —

0 5 10 15 20 25 30 35 40 45 50
SF selection + 2 tracks  RecoMissingEnergy_p
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FCCAnalyses: FCC-ee Simulation (Delphes)

_‘g 1023__|| I | T | T | I'TT | T | T | T | T | T | I II_:

o — s =91 GeV, L=180ab "’ —

1. Invariant mass: M(¢,¢') < 80 GeV 010 e L, v N, o i =
1018 e U*=2.86e-12, M, =30 GeV []Z > ee I

2. Missing momentum: py,iss > 11.5 GeV - UReeT, 1,30 Ge Heowm
/ 15[ - N — 1T ]

for SF and pr s > 7 GeV for DF 107 E — U-2.8608, 80 Gev Mzt
1012:: []z—=cc ::

3. Lepton momentum: p < 40 GeV only E R
for SF 10 Dowv -

10° e -

4. Angle between the leptons: cosf >
(—0.8) -> reduced Ztt

S
S+b

chosen by optimizing and based on

previous ones

1 08 06 04 02 0 02 04 06 08 1
SF selection + 2 tracks Reco_cos

April 25, 2024 - Sofia Giappichini Institute of Experimental Particle Physics (ETP)
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Same Flavor — Normal Hierarchy Same Flavor — Inverted Hierarchy
5.0 5.0
4.5 4.5 S F:
4.0 4.0 . . /
Invariant mass: 15 < M(¢,¢") < 80 GeV
30 3.0

Missing energy: ME > 10 GeV

N
w

Signi ficance
U
~
n

Signi ficance

PN

Lepton momentum: p < 42 GeV
Cosine of the angle between the
N | [ leptons: cosf > (—0.8)
0 30 40 AI.\V’S(OGCV) 60 70 80 20 30 40 ‘]\ S(OG V) 60 70 80 . . ]
Di fferent Flavor — Normal Hierarchy Di fferent Flavor — Inverted Hierarchy 5. MISSIng theta. 0'2 < MEB < 3

1.2 4:5 - / 4:5 . DF:

L w : . 1. Invariant mass: 15 < M(¢,¢') < 80 GeV
" “: 2. Missing energy: 10 < ME < 43 GeV
- 0.6 ' E = ' E

CE "= 3. Lepton momentum: p < 39 GeV

4, Cosine of the angle between the

" y leptons: cosf > (—0.8)
20 30 40 AI'\‘ ’ S(OGev) 60 70 80 20 30 40 AI.\.’ S(()Ge V) 60 70 80
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Same Flavor — Normal Hierarchy Same Flavor — Inverted Hierarchy
5.0 te=7 5.0
@ Cuts on tracks -> significance is improved
4.0 4.0 e e .
. @ Sensitivity to 10 GeV (and lower) HNLs
30 8 30 8 H H H
- B AR is better than cosf in this case
255, N 2.5 %
2.0 ;‘5’ o 2.0 c%’
- .- FCCAnalyses: FCC-ee Simulation (Delphes)
1.0 0.5 1 1.0 E 1 023 7\\ T ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT | TTTT | TTTT | TT IL
0s 0s S & s=91GeV,L=180ab -
m 10 L e = N,v.N —lv _:
10 20 30 40 50 60 70 80 = 10 20 30 40 50 60 70 80 0 180 UP=2.86e-12, M, =30 GeV []Z—ee ]
My, (GeV) My, (GeV) 10 C UP=2.860-7, M, =30 GeV Bz —
Di fferent Flavor — Normal Hierarchy Different Flavor — Inverted Hierarchy 50 Ui=de-12, M, =50 GeV Bz =
o7 . o7 . 107 = — u2-2.860-8, M,~80 GeV B euvv 5
12 B vy 3
45 | 45 10 il s
4.0 4.0 1 09 E =
35 2.0 35 :: ::
30 8 30 8 10° E -
£ s = =
,§ ~ 1.5 S 3 Fa .
2.5 &..: S 2.5 &.} 1 0 - —]
g < = —
2.0 c}? 2.0 o% = —
1.0 1 —
15 15 —
10 05| 1.0 1078 ::
0.5 0.5 5 =
- 010 1 0 | - ‘ Ll ‘ L1l | L1l | L1l | L1l J:
10 20 30 40 50 60 70 80 ‘ 10 20 30 40 50 60 70 80 ) 5 6 7 8 9 10
My, (GeV) My, (GeV) Reco_DR
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Same Flavor — Normal Hierarchy Same Flavor — Inverted Hierarchy
« @ Decay length: L_xy>0.04 (excludes euvv
. . andZee)

W
=]

N
w
Signi ficance

® |[mproves normal hierarchy (red),
inverted is worse (blue)

N
w
Signi ficance

2.0 2.0
15 15 . .
FCCAnalyses: FCC-ee Simulation (Delphes)
1.0 1.0 [4)] TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT
2108 \ | | | | \ \ \ \ [t
G b o 1021i 5=91GeV, L=180 ab —
L Cee =N ,v.N —iv =
0.0 0.0 ’ ’ B
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10'8 - LP=2.86e-12, M, =30 GeV [z —ee =
My, (GeV) My, (GeV) - U=2.86e-7, M, =30 GeV Wz - ]
Di fferent Flavor — Normal Hierarchy Different Flavor — Inverted Hierarchy 1 01 50 UP=de-12, M,=50 GeV Mz -« =
le-7 oo le-7 5o [ —— U=2.86e-8, M, =80 GeV [ epvy i
/ 12 B = i
121 45 | 45 10 il 3
"? 4.0 4.0 = —
i . 9
10 107 T
35 2.0 35 F 1
0.8 1 30 8 30 8 L —
g s = =
S =1 — —
s S & 15 S q =
o 258, B 255 10° = _
0.6 é g = —
2.0 t?) 2.0 03' = —
1.0 15 —
0.4 1 15 15 E —
3 3
56 | 1.0 10 =
0.2 ]
05 05 _ =
107° =
L1l ‘ Ll ‘ Ll || ‘ L] ‘ L1l | |
0.0 s 0.0
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 3 6 7 8 9 10
My, (GeV) My, (GeV) Reco DR
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Normal Hierarchy Inverted Hierarchy
le=7 . o 5.0 le—7 = = o = o = 5.0
45 45
2.5 -
4.0 4.0
3.5 2.0 3.5
30 8 a 30 8
5 g
(] [\
- S S 1.5 9
5 2.5 &, > 25 &,
= s = S
2.0 &,3; 2.0 &,3;
1.0
1.5 15
1.0 1.0
0.5 -
0.5 05
0.0 0.0
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
My, (GeV) My, (GeV)

® Combined same and different flavor events
® Two tracks and cuts

16 April 25, 2024 - Sofia Giappichini Institute of Experimental Particle Physics (ETP)
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Normal Hierarchy Inverted Hierarchy

le-7 5.0 le-7 = = o = o = 5.0

45 45
a0 4.0
35 55
30 9 30 9
"5 "5
¢ o
B 25 i ) 25 S
=) s =Y =
= s = g
2.0 &,S; 2.0 -UE;
15 15
1.0 1.0
0.5 0.5
0.0 0.0
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

MN, (GeV) MN, (GeV)

® Combined same and different flavor events
® Two tracks and cuts including Ly,

17 April 25, 2024 - Sofia Giappichini Institute of Experimental Particle Physics (ETP)
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® Got number of primary and secondary tracks
® Most of the signals have one PT and one ST
® Reco decay lenght is always at least 1 mm even for prompt signals

® Using beam spot constraint on dv fitting reduces considerably the
backgrounds’ decay length and a bit the signals’

18 April 25, 2024 - Sofia Giappichini Institute of Experimental Particle Physics (ETP)
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DECAY LENGHT

FCCAnalyses: FCC-ee Simulation (Delphes)

1023—IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII—
22 _
10 F s-91.0Gev -
— L =90ab”’ -
1019——6*6‘—)N,2v,N12—)Hv —
= Two same flavor leptons, no photons and jets —
10" U=4e-8, M, =10 GeV [1Z - ud _
— —— U=1.33e-9, M, =20 GeV [0Z—ss —
= —— UP=2.86e-12, M, =30 GeV [z —>ce —
10 U*=2.86e-7, M, =30 GeV Iz - bb =
il U’=5e-12, M, =40 GeV []Z—ee N
10" e U=4e-12, M, =50 GeV Iz - pp 7

10*

10 EE
102 0L | ‘ =
10*?%“:7?77{'.|....|....|....|....|....|...?

0 100 200 300 400 500 600 700 800 900 1000
Reco Ly, [mm]

100% background samples,
Vertexfitter on lepton tracks for DV (2)

April 25, 2024 - Sofia Giappichini
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FCCAnalyses: FCC-ee Simulation (Delphes)

1023III|III|III|III|III|III|III|III|III|III
o Vs =91GeV, L=180ab
10 e'e » N, v, N , = llv
1018 U?=2.86e-12, M, =30 GeV Bz
U’=2.86e-7, M, =30 GeV [ Z - bb

—— UP=5e-12, M, =50 GeV
—— U=4e-10, M, =80 GeV

e TN, L

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Reco Ly, [mm]

100% background samples, vertexfitter on
lepton tracks for DV (2 + beam spot)
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Same Flavor — Normal Hierarchy

logU*

10

10!

=
=]
"o

107

20 30 40 50 60 70 80
M Nr ( G(’V')

Different Flavor — Normal Hierarchy

logU?

20

10!

Signi ficance

=
o
9

10
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Signi ficance

logU?

logU?

Same Flavor — Inverted Hierarchy

30 40 50 60 70 80
MP\": (GEV)

Different Flavor — Inverted Hierarchy

10 20 30 40 50 60 70 80

My, (GeV)

10*

10°

Signi ficance

-
o
~

10°

10

—
<

._.
S
2

Signi ficance

10

® Two tracks selection with full cuts,
vertex fitting without bsc

® Additional cut on Ly,,, ~ 3mm to
have no backgrounds

FCC-ee Simulation (Delphes

N
107" ;5
102
10°° L, Vs=91.0Tev
10" | =150ab"
+ -
- 104 e’e >Nv,N—>eev
A
107 - s=0.05
- 5=0.01
B 107 . .
" Theoretical prediction:
10 S 107 4 signal events
E = = = 1 signal event

10 arXiv: 2203.05502

60 70 80
m,, [GeV]
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NUMBER OF EVENTS

or — Inverted Hie

10"

Signi ficance

10!

40 50
My, (GeV)
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logU?

logl*

Differe

nt Flavor

}l.,_-ll'N, (G€ V)

— Inverted Hiera

rchy

10"

10

=
o
N

[
Signi ficance

Signi ficance
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® Two tracks selection, vertex fitting
with bsc

® Ly, >17mm (Z77) excludes all
backgrounds

® Similar results with less cuts

® Two tracks selection, vertex fitting
with bsc

8 Ly, > L7mm(Zr7) excludes all
backgrounds

® Similar results with less cuts

Institute of Experimental Particle Physics (ETP)



FUTURE PLANS O e IT

® Add at least one set of intermediate signal samples in the high
significance region to have better resolution

® Undertsand how to assign a signifiance value for background-free
events, including some statistical uncertainty on the assumption

22 April 25, 2024 - Sofia Giappichini Institute of Experimental Particle Physics (ETP)
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