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Circular Electron Positron Collider (CEPC)

@ Proposed by the Chinese particle physics community in 2012 to
explore the aforementioned physics program

@ Double-ring collider with electron and positron beams circulated in
opposite directions in separate beam pipes, with two interaction
points (IPs)

@ Four different modes: Higgs, Z, W and tt

@ Higgs factory for precision measurements and searches for BSM
physics

Outline for this talk
o Trigger overall design
@ Simulation and performance

e Future and summary
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Physical Event Rate

@ Higgs mode (240GeV) bunch crossing rate: ~1.34 MHz CEPC Physics & Detector CDR

e Higgs boson production rate: ~0.017 Hz
e gq rate: ~5 Hz

@ Z mode (91GeV) bunch crossing rate: 12/39.4 MHz
e Visible Z: 10/40 kHz 10°

10"

—
L

10

10"

TR
) —
1

Les o

1

| ;
. . F 8T
@ Very low physical event rates compared to the bunch crossing rate E e b
s gt —— %
@ Trigger: remove as much background as possible, and keep physical ‘5’103; ] :é
events as more as possible ; 3 /‘%W%
E i *
Higgs | 7 | w | tt E ‘ =
SR power per beam (MW) 50 10¢ ]
[Bunch number 446 13104 2162 58 £ P 4 ot
T 3462 231 1385 2700.0 L 15>
unch spacing (3) (:15) ) 6) (<117) : |
Train gap (%) 54 9 10 53 Y 100 200 300 200
[Luminosity per IP (10 cm™ s71) 8.3 192 26.7 0.8 (s (GeV)

CEPC Accelerator TDR

Boping Chen (Hf CEPC workshop, Jun. 17, 2025


https://arxiv.org/abs/2312.14363
https://arxiv.org/abs/1811.10545

TDAQ overall design

@ Electronics framework schema

@ Full data transmission from Front-End

Elec
@ Connect trigger with Back-End Elec CEPC Reference Detector
: ,
@ More detail was presented by W. Wei. P Fe e Seon, 1
A Fast signal
. |e—
@ Trigger strategy | e s | Control
— |
@ Baseline option: hardware trigger(L1) + J ﬂ E I @ I [Daimfiow |_
high level trigger(HLT) D Ao Sy
@ L1: Calorimeter and Muon detector (presented Level-1Trigger |—— Detector Control
in this talk) System [ High Level Trigger | [ Online Analysis | Sys'em,
@ L1: may be able to use vertex, tracker and even Data Flow
TPC (30 us time window), to be studied
@ L1 trigger rate: Higgs: O(10k) Hz; Z: O(100k) [ |
Hz
@ HLT: Full detector information (to be studied) ‘ Experiment Control System ‘
@ HLT trigger rate: Higgs: O(1k) Hz; Z: 20kHz T e Rl
o Other option: fl_l” software trigger Trigger and Data Acquisition System

@ More complicated algorithm, may be helpful for
new physics

@ DAQ will be introduced by X. Ji
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Hardware trigger design

o Trigger primitive(TP)

extracted from BEE

@ Local detector trigger:

cluster and tracking

o Global trigger: Fast
trigger(FT) and L1

generation on demand
e TCDS (Trigger Clock

Distribution System)

@ Distribute clock and fast control

signals to BEE
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Tracker trigger
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sub-trg sub-trg sub-trg
Global CAL Global CAL Global

E-SUM Track Muon trg

orbit signa/  TCDS/TTC +——| Global Trigger Logic

FT/L1 Fast Trigger Logic ‘

*VTX trigger primitive based on outermost four layers
TCDS to BEE:FT/L1, CLK, BCO, orbit signal

BEE to TCDS: Error. Full CEPC L1 Trigger structure
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Common trigger board

@ Developed a series of xTCA boards

e Started the design of an ATCA common trigger board for

CEPC
@ Common Trigger board function list

ATCA standard

Virtex Ultrascale Plus FPGA

Optical channel: 10-25 Gbps/ch
Channel number:36-48 channels
Optical Ethernet port: 40-100GbE
DDR4 for mass data buffering:16GB
SoC module for board management
IPMC module for Power management
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HLT design

@ Event selection and data reduction

@ Distributed Computing ]

® Advanced Software Tools 2 Event || Real-time Phys. Rol |]]

@ Real-Time Constraints QO buildi Calib. & ali Ski find

@ Detector Limitations (pile-up) = urcing j§ ~a’in. < a’ign. im incer

@ Performance vs. cost-effective = B »

CPU =

@ Implement feature Server 3

@ Feature Extraction N ‘g

@ Track Seed Finding g

@ Lightweight PID g

@ Calibration g HLT Unit

@ Physics Skim/ROI = |

@ Need R&D a compatible and Real-time

high-efficiency interface software for offline A| algorithm_

algorithm.

@ Accelerated by GPUs and FPGAs in
addition to CPUs

Boping Chen (Hf CEPC workshop, Jun. 17, 2025



MC Simulation at Higgs mode

Signal
e ee —/H

o Z— ee, pp, 7T, VV
o H— bb, WW, 77, cc, ZZ, v, Zv, pp...

e ee — qq, WW, ZZ...

e Optional signal, diphoton: ee — eeyy ( vy — bb, vy — cc)
Background

@ Beam induced background

@ Detector noise and other background(to be studied)
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MC Simulation: beam induced background

@ Single Beam

e Touschek Scattering
o Beam Gas Scattering(Elastic/inelastic) ~ A. Natochii
o Beam Thermal Photon Scattering & ) z Injected
e Synchrotron Radiation a4

@ Luminosity Related p\?mu B

T b Machis

° Bearns.trahlung . P apa;n:;z
o Radiative Bhabha Scattermg Photon BG Beam Loss BG Injection BG

@ Combine 10 bunch crossings into one event:
safety factor 10

@ More detail will be presented by H. Shi tomorrow
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Calorimeter trigger primitive

@ Basic module for EM Calorimeter
(ECal): ~1.5x1.5x40cm®

e Cluster modules into
2 .

40x40cm*® supercell as trigger ( e i

input Photodetectors (eg. FPMT, SiPM.Y "

o 15(Z)x32(¢) in Z-¢ plane {L

@ Basic module for HCal: Barrel-Box
(240/280/320 x 646mm?)

Crystal Scintilla'fr (eg. BGO, LYSO..)

e Combine two in ¢ and split
into two in Z

e 20(Z)x32(¢) in Z-¢ plane
(~match ECal)

Upper cover plate
PTFE gasket

ASIC chip

PCB plate

Glass scintillator

Lower cover plate
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Barrel energy distribution

Z(vv)H(yy) Z(vv)H(bb) Beam background

ECal Barrel ECal Barrel ECal Barrel

pads
pads

o Large energy
deposition(> 10 GeV)
for signal (photon, and
Jet)

@ Very tiny energy T o o e e e R
deposition(<0.5 GeV) e e ik
for beam background,
mostly from pair
production

pads
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Maximum energy distribution

S CEPC Ref-TDR > CEPC Ref-TDR
@ Maximum energy distribution §104 — Beam background Emﬂ, —Beam background]
S A A |12 WYY
@ Beam induced background contributes ém _ yvbb it | vwbb ]
little(<1GeV) on calorimeter, except ECal Endcap @ 1 a
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@ A baseline set of energy threshold i L N‘Lﬂ M
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ECal Barrel >0.38 GeV O s —Beam background] ©1o —Beam background
or HCal Barrel >0.05 GeV 8'103 —VWyy S —VWyy ]
2 vl 1 2 vl
or ECal Endcap >7.7 GeV 5 vubb 510 vbb ]
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Efficiency vs. Calo. energy threshold

@ Threshold value can be modified for different physics > 1 ]
requirement 5
©0.8 1
@ A group of sets is tested based on the baseline set, by 5

o
o2}

multiplying a “threshold factor” to all the four thresholds

@ Only the ZH production with an efficiency below 99%, the 0.4¢ :;g:;:%) ]
di-photon processes and background are shown 0.oF —=—Z(w)H(WW lep) 1
. Z(W)H(ZZ lep)
@ Signal processes are affected if the final state contains only of -2 Beam Background

neutrinos and muon 08 0.9 T 11 12
Threshold factor
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Muon Barrel Hit Muon Endcap Hit

“I
@ Bottom: beam background

\ % ZODOW m
-4000(— \ / -4000—
e Black hits: hits for all 2000 events \? g
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@ Top: signal Z(vv)H(uu) OH%

~2000—

e Color hits: hits for single events X 2
Muon Barrel Hit Muon Endcap Hit
@ Count number of muon hit inside a small $ : K,
cone(baseline radius) oo ol
e Barrel: dR<0.05 oot ‘ e
e Endcap: dR<0.01 o , “’h
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Number of hit distribution

@ Baseline cut for the number of hit:

e Barrel>1
e Endcap with radius > 1m: >1

@ Background efficiency: 1.6%
@ Z(vv)H(up) efficiency: 99.8%; uu efficiency: 97.9%

_ _CEPCRef-TDR _ | . _CEPC Ref-TDR__ | _ _CEPCRef-TDR _ |
21.27 . ?(.1.27 : 31.27 :
i+ — Beam background 1+ — Beam background 1+ — Beam background |

08 — ZOH(YY) 08 — Z(OH(YY) osh — ZOH(YY)

0.6 ] 0.6 ] 0.6 ]
0.4 ] 0.4 ] 0.4f ]
0.2 ] 0.2 ] 0.2F ]

T VI O % e A U
Muon Barrel hit number Muon Endcap hit number (r>1m) Muon Endcap hit number (r<1m)
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L1 global efficiency for baseline selection & HLT

o L1 global trigger efficiency

e >99% for most of the physical processes
o <5% for beam background

Higgs mode Efficiency(%) Z mode Efficiency(%)
Higgs production >99 qq >99.9

qq 99.8 whp >99.9

whpo 99.4 Thro 99.5

Thro 96 Bhabha >99.9
Bhabha 99.8

Beam Background Beam Background

Background event rate Veto efficiency(7c) Background event rate Veto efficiency(%c)
46.9 kHz 96.5 108 kHz 99.1

o Offline tracking reconstruction are test for HLT:
e <20% of background events contains 1 track
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@ More simulation and research need to be done

Signal background mixing
Cosmic ray study
Electronic noise

o Trigger algorithm study

Hardware algorithm: fast track reconstruction, calorimeter cluster, Muon track...
Software algorithm: track trigger, event size compress(for TPC, Calorimeter), PID...
ML(BDT, DNN, CNN--)

Trigger for BSM

@ Hardware firmware simulation
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@ Optimized and detailed baseline technical design of Trigger system
o LI4+HLT

@ The L1 trigger system design a general-purpose processing board

@ Baseline L1 trigger algorithm achieved very good efficiency for the current simulation
result

o Further R&D study need to be done for both simulation and algorithm
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Backup
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Physical event rate

@ Top priority for Higgs and Z production

_ Higgs mode processes Cross section (fb) Event rate (Hz)
@ Low priority for vy events (hadronic final state, bb,  Fusical events top prioity) .
Higgs production 203.7 1.7x10
CE) Two Fermions processes (exclude Bhabha) 6.4 x 10* 53
Four Fermions processes 1.9 x 10* 1.6
Bhabha 1.0 x 10° 80
@ Event rate: ZH: ~500Hz; Z: 10kHz Diphoton process (low priority)
vy — bb 1.6 x 106 136
H vy > ce 2.1 x 106 173
o Data rate before trigger o o oo
. 5 = p 2.1 % 10° 17210
e 600 GB/s for Higgs mode o 23 % 10° 193
° SeVera l T B/ S for Z mOd € Z mode processes Cross section (fb) Event rate (Hz)
121MW 50 MW
Operation phase 1 i1 m Physical events (top priority)
Condition Higgs Z (121MW) W  Z (50 MW) tt qq 3.1 % 107 7970 29181
1.5 x 108 400 1462
Non-empty bunch crossing rate(MHz) ~ 1.34 12 6.5 394 0.17 h obd 06 1452
Luminosity (10 /em?/s) 83 26 26.7 95.2 0.8 Bhabha 6.6 x 10° 1714 6277
. —2
Physical event rate (kHz) 0.5 10 1.1 40 5.7x10 Diphoton process (low priority)
L1 triger rate (kHz) 50 120 65 400 2 Yy — bb 2.7 x 10° 71 260
DAQ readout rate (Gbyte/s) 49.0 72.8 - 555 - VY = cE 5.1 % 10° 132 482
HLT rate (kHz) 1 20 2 80 1 7 g 3.5 x 10: 9014 33006
Raw event size (kbyte) 14535 801.1 1500 2042 1000 s e %6 12
DAQ storage rate (Gbyte/s) L5 16 3 163 1 noTT 63x10 o 9%
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Endcap energy distribution

ECal Endcap ECal Endcap ECal Endcap
2 Gev w GeV "
2000 7o 2000 7 2000}
@ Similar to Barrel for + o o I 0
signa o N
o Relatively large energy ‘ M = _— ﬂ

L L T T T T ]
3000 2000 -1000 0 1000 2000 3000 3000 2000 1000 0 1000 2000 3000 =300 2000 1000 0 1000 2000 3000
Xaxis X axis Xaxis

depOSItlon (N5 Gev) fOr HCal Endcap HCal Endcap HCal Endcap

g cgec g

beam background £ f
o Use supercell energy as ™%
input £ -
1000~ oo
0.03

3000
X
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Efficiency for baseline L1 Calo threshold

@ The baseline threshold is chosen to show the efficiency

@ Efficiency > 99% for most of the physical process

@ Higher energy threshold doesn't affect the physical processes much, but reduce the background <1%

Process Efficiency(%c) Process Efficiency(%c) Process Efficiency(%c)
Higgs production -
Z(wi)H () >99.9 Z(wiH(yZ) 99.9 Z(vi)H(bb) >99.9
ZwinH(p i) 97.9 Zwi)H(rrr7) 99.6 Zwi)H(WTW ™) >99.9
Z(wiZ(W+W)lep 99.5 ZwiH(ZZ) >99.9 Z(wi)H(Z Z)lep 99.2
Two Fermions Higgs mode Z mode Higgs mode Z mode Higgs mode Z mode
qq 99.8 >99.9 php~ 94.9 >99.9 Thro 95.8 99.5
Bhabha 99.8 >99.9
Di-photon process Higgs mode Z mode Higgs mode Z mode Higgs mode Z mode
Yy — bb 88.8 99.6 Yy = ce 84.6 97.3 ¥y = qq 533 70.6
e e 15.4 25.8 Ny = 1hrT 514 78.5
Background Veto efficiency

Higgs mode Z mode
Beam Background 98.2 99.1
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@ Trajectory of charge particle: helix
@ Circle in xy plane
@ Trigonometric function in xz(yz) plane

@ Equation in the cylindrical coordinate (r z):

5 =sin(¢ — ¢o),z= tan\ - s

Assuming IP at origin

k: curvature of the helix

¢g: azimuth angle of the track at the IP

i helix angle

s: helix arc length from the IP to the hit
o s= R0 =2R(¢ — o)
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@ Left: one ZH— vvup event

@ Right: one beam background event

layers

@ Use outermost four layers for track
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Left: one ZH— vvpup event

Right: one beam background event

Less hits than vertex

Combine Vertex(outermost 4 layers)/ITK/OTK for

track
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Transform 3D spatial coordinates(cylindrical coordinate r¢z) into

parameter space

Each hit in 3D space corresponds to a curve in the parameter space

Get track candidate parameters with most number of hits
Assuming large track pr(pr>2GeV)

° Small angle approximation:
TR Q— P,z tan\ - r

0<Kk<0.0025,—T<po<m,—TT<ALT
50 bins for each parameters
Background efficiency(one bunch crossing/event): 1.2%

Z(vv)H(pp) efficiency: 93.5%; Z(vv)H(bb) efficiency: 99.5%
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Hough transform

@ Use only ITK+OTK (>2 ITK hits && >0 OTK hits)

o Use 10x
e Barrel(or)Endcap: Bkg: 100%;
o Only Barrel: Bkg: 100%;
o Use 1x
o Barrel(or)Endcap: Bkg: 100%; Z(vv)H(up): 96%; Z(vv)H(bb): >99
o Only Barrel: Bkg: 100%; Z(vv)H(up): 89.5%; Z(vv)H(bb): 98
@ Use Vextex 4 layers+ITK+OTK (>2 VXD hits && >2 ITK hits && >0 OTK hits)

o Use 10x
o Barrel(or)Endcap: Bkg: 100%;
e Only Barrel: Bkg: 29.5%;
o Use 1x
e Barrel(or)Endcap: Bkg: 1.2%; Z(vv)H(pp): 93.5%; Z(vv)H(bb): >99
o Only Barrel: Bkg: 0.3%; Z(vv)H(pp): 88.0%; Z(vv)H(bb): 97.5
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