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Booster efiror tolerance sstutyiniBDR

The transverse offset error of the combined dipoles were scanned with100um (RMS),
300um (RMS), 400um (RMS) and 500um (RMS) to see the tolerance from the view of
beam dynamics, while all the other errors keep same as TDR error table.

The combined dipole magnets were shifted Integrally without inner distortion.
Both dynamic aperture and emittance growth are checked after error correction.
Assume the error is Gaussian distribution, and are truncated at 30 .

Dynamic aperture was tracked by SAD.

Emittance was calculated by both SAD and AT.




Error correction process

DahengJi
Orbit Correction + Horizontal dispersion

V  Response Matrix(RM) Methody links corrector to beam orbit at BPM RMS@ 120G
V  2-level iterationy \/
V  1st Loop: 20%~100% Corrector ®)gelin(lr T 0.142/0.075 0.130/0.073 0.179/0.104 0.169/0.110
V' 2nd Loopx 30%-~80% Singular Value Betabea“”q 0.67/0.17 0.98/0.64 2.571/1.442 4.862/2.663
V  Dispersion correction
v Eneray adjustment by corrector d'SperS'O” 1.3/8.3  8.8/13.332 19.267/11.42 23.445/13.0E
Optics correction (mm)

V. RM+LOCO SUESHERUR | 533/0.008€ 1.241/0.0107 1.271/0.0114 1.280/0.015€
V  Based on 30GeV & 120GeV simulation
V  All quadrupole independent Coupling 0.599 0.57 0.899 1.1
V  Dispersion correction included

Lo} ‘ I ‘ I | | -=§83:$ | | | | | I | | | -=§3332

Coupling and vertical
dispersion correction

V 8 skew quadrupole skew quadrupole magnets E so0
are arranged in the dispersion free section to 600 |
correct coupling
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V  the coupling control target being better than 1% 20}
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Booster DA results@30GeV

A 30 GeV is the most critical energy among other energy modes according to TDR study.
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A Maximum integral transverse offset of whole magnet: 1.5mm (rms: 500um)

D. WangDahengJi




Emitiance growth @ 120GeV

- Coupling design goal: ¢ 1%

Horizontal emittance growth is very small.

Trans. offset of com. Dipole (RM{ 100um 300um 400um 500um
Hor. Emit. growth (%) <0.5 <0.8 <1.5 <2
_ w/o coupling correction 0.59 0.98 1.24 1.30
Coupling (%)
w coupling correction 0.57 0.89 1.08

D. WangDahengJi

Emittance growth at extraction energy should be controlled to make sure the
Injection efficiency to collider ring.

Vertical emittance growth can be controlled by 8 skew quadrupoles and
vertical dispersion correction.



I Booster dipole imass praductiamprepasation infEDR

All the booster dipole magnets including the combined dipoles will be Wen KangzhihuiMu
produced by the automatic fabrication lines in order to reduce the cost.

Three fabrication lines will be required to produce the required 15,000
dipole magnets within 5 years (4 dipole magnets per day).

Production error: combining machining error, assembly error,

welding deformation, lifting deformation N e
esign value
2ot
Quantity | 10832 2017 2017
63 63 63
5640 564|16.04 564-19.14
95]0 95|2.67 95]-3.19
2 2 2
714 791 764
30*40-Al 30*40-Al 30*40-Al
230 230 230
330 330 330
4700 4700 4700

BST-63B: booster pure dipole; BSSBB-SF: dipoleSF combined magnell;
BST-63B-SD: dipoleSD combined magnet.




Production error tolerance analysisofccombineédmagnets

Steel laminations, Inserting plates and End Plates

[OSteel laminations, inserting plates and end plates are ferromagnetic materials. They will
be machined precisely to ensure the original accuracy of the magnet dimensions.

Ospecial attention is paid to the dimensional and form accuracy of the pole face(®) and the
three draw bar slots((2) relative to the upper and lower half-core base surfaces(®).

OThe sides of the inserting plates and end plates are collimated measuring surfaces(@) and
should also be noted.

OTolerance for critical positions: £0.02mm; Tolerance for other positions: *0.05mm

OWwe have manufactured many 1.5 meter long magnets in a single stack.We can use these
experiences to evaluate the production errors of one-third of the half-core:
Length Tolerance=+0.50 mm, 1/2 Gap Tolerance=%0.03 mm,

Y straightness along Z=0.05 mm, X straightness along Z=0.3 mm

O We lacked the experience of assembling and welding together three short ones (1.5m) .

OTherefore, we developed a special welding positioning platform for the process of
combining three components into a single half irunvcure.

1-u ?&"f.’;.'.{é’.‘f.’hg 3

Silicon Steels

T Pl

O Taking one side ZY plane as the reference plane, the upper
and lower cores are positioned close to the reference plane
with the help of cylinders to ensure the straightness.

O The upper and lower iron cores are assembled using 36 sets n
of bolts(72 bolts) , which helps to reduce the variation in gap: n

O Length Tolerance=t 3.0 mm, Gap(Y) Tolerance==*0.08 mm,
X Misalignment Tolerance MAX=1.5 mm

@ The core is encircled by inserting plates and end plates, central and
surrounding draw bars to form a stable support frame structure.

4@ Lifting beams + magnet support frame structure are simulated together
to eval the defor i

# 4 /3 lifting points are arranged along the length of the magnet.

@ The maximum deformations for the 4/3-lifting-point configurations are
20 um and 28 pm, respectively.

@ The magnetic gap changes are 10 um and 15 pm, respectively.

% the cylinder pushes the
upper/lower cores close
to the reference plane.

» Three typical combinations of deformation
» From left to right, the overlapping range of

upper core

Schematic diagram
of four groups of

Wen KangZhihuiMu

OThe welding deformation caused by the three-stage integration is difficult to predict, and
there is no use of physical experiments to get the actual data.

DO After welding, the half-core is fixed to the hanger/holder to enhance the overall structural
strength and to correct any deformation that may have occurred in the Y-direction.

O After comprehensive analysis, the estimated tolerance of the half-core is
Length Tolerance=* 2.0 mm, 1/2 Gap Tolerance=%0.05 mm,
Y straightness along z=0.1 mm, X straightness along z=1.5 mm

- Y +0.05

1- ’“6 central rods ]8

for tightening

4

Welding can cause deformation of the top
and side draw bars, leading to worsened
straightness. However, it does not direc
affect the gap value at the cents

lower cores along the Z
direction after assembly
ranges from 0to 1.5 mm.

The maximum deformation of 2 places, located in the middle
of the adjacent lifting points, was considered to be due to
the slightly larger spacing of the lifting points.

The maximum deformation is in the middle position,
where there is no |ifting point and no plate support

3
- %0.08 mm

PN

the two deformation trends becomes smaller lifting
XMT XMt XmMT lower care T
- Longitudinal 2 sets of lifting, iwuq| Longitudinal 3 sets of Iifting, b
Ifthe straightness of the maximum deformation is 0.020mm Jone|| meximm dformation s 0.026m " s
half-coreis 1.5 mm, the sl
cumulative X | e
misalignment tolerance 1o
between upper and e

The final overall production tolerance, which is the
combined effect of machining error, assembly error, welding
deformation, and lifting deformation, is as follows:

Length Tolerance=*=3.0 mm, Gap(Y) Tolerance=%=0.1 mm,
X Misalignment Tolerance MAX=1.5 mm
Y straightness along z=0.2 mm, X straightness along z=1.5 mm




Prototype status @fthoestercombinedimagnet

A full size combined magnet prototype has been finished last October.

Measurements and experiments were planed based on this prototype.

Tooling &Parts Preparation

- aawm

i
= i
——& I
b | ¥ il 3
P |/ {
= | i

* Refertozhihuia dzQa GF €1 &/ 9t/ al dJy&tEd [AYySE . 22a0SN al3ysSiaz




Summary from magnet system

Wen KangZhihuiMu
. Based on the magnetic design and mechanical design as well as material selection, a
preliminary analysisof the production tolerancefor the CEP®oosterdipole-sextuplecombined

magnetis presented

. The 4.7-meter-long dipole-sextuple combined magnetshad never been fabricated before and

Its manufactureis extremely difficult.

. We are activelyworking on the prototype of the dipole-sextuplecombinedmagnetto verify the

final machiningaccuracy

. The overall production tolerances evaluation will serve as the performance target for the

automatic productionline.

10



Alignment schemefforttheccambineditdipalenn:BDR

' i - Xiaol
The booster dipolsextuple combined magnet alignment ‘aclonghang

will be based on its integratseéxtupolecenter.

Arc deviation

Align the combined magnet to the position where the
Particles trajectory

Integral of thequatrupolamagnetic field along the ,
Sextupole j

particlebds trajectory | S| m&&d Q.

center

o
0.25mm

The combined magnet final alignment error includes
magneffiducialisationerror and magnet installation
alignment error.

combined magnet

A The integratedextupolecenter is moved to outside
The alignment scheme based on mechanical center of the beam inlet/outlet points (offset: ~180 um).

will be adopted

-- Rotating coil magnetic center measurement error is
estimated to be 0.4mm

-- The mechanical structure of a magnet is highly correlated with
the distribution of its magnetic field

11



Summaury from alignment system

Fiducialisation error Xiaolonghang

_ Transversal X/mm Vertical Y/mm | Rollg, /mrad | Pitchq, /mrad Yawq, /mrad

Based on
mechanical 0.071 0.071 0.14 0.011 0.011

center
Based on

magnetic 0.401 0.401 0.14 0.017 0.017

center

Total alignment error

_ Transversal X/mm| Vertical Y/mm | Rollg, /mrad | Pitchq, /mrad Yawq, /mrad

Based on

mechanical 0.1 0.102 0.29 0.019 0.019
center

Based on

magnetic 0.407 0.408 0.29 0.023 0.023

center
12




Mini-Review for CEPC EDR Combined Magnets

The booster combined magnets mm@aview was held on May
29 of 2025, as requested by the CEPC IARC.

-- 7 foreign reviewers (online)
-- 14 Chinese reviewers (esite)

“7_¢@ﬁ%&g%%wm£ﬁ

Institute of High Energy Physics
Chinese Academy of Sciences

Mini-Review for CEPC EDR Combined Magnets

Brochure

Date & Time: Thursday, May 29th, 2025, 3:00 PM Beijing Time (UTC+8)

Format: Online Meeting & Onsite:

Topic: Mini-Review for CEPC EDR Combined Magnets

Meeting ID: 98353925325

Begin Time: 2025-05-29T15:00:00

Meeting URL: https://zoom.us/j/98353925325?pwd=8tp7BHiIM7USOb7ezfpO0px07RtVcl8M.1
Duration: 240 min

Password: 539795

Onsite meeting room: IHEP Main building A419

Review Committee:

No Name Institution Email
. ll\/Iika Mast‘Lzawa . KEK i
(Review committee chair)
2 Helene Mainaud Durand CERN l@cern.ch
3 Sidorin Anatoly JINR
4 Biagini Maria Enrica INFN-LNF fn.it
5 Kazuhito Ohmi KEK
6 Koratzinos Michael CERN _cern.ch
7 Jordi Marcos ALBA ]
8 Jie Gao ITHEP
9 Qinggao Yao IMP 1c.cn
10 Xiaoye He USTC
11 Yuan Chen WHU zdu.cn
12 Jianli Wang IHEP
13 Fusan Chen IHEP
14 Jiuging Wang THEP
15 Gang Xu IHEP-HEPS
16 Lan Dong IHEP
17 Tong Wang [HEP-CSNS
18 Haijing Wang IHEP cn
19 Mei Yang IHEP
20 Yuemei Peng IHEP-HEPS
21 Jianxin Zhou IHEP
13




- Institute of High Energy Physics of Chinese Academy of Sciences

I.  Schedule of Review Meetings

Date & Time: Thursday, May 29th, 2025, 3:00 PM Beijing Time (UTC+8)

Format: Online Meeting & Onsite:

Topic: Mini-Review for CEPC EDR Combined Magnets

Meeting ID: 98353925325

Begin Time: 2025-05-29T15:00:00

Meeting URL: https://zoom.us/j/98353925325?pwd=8tp7BHiM7USOb7ezfpOpx07RtVcI8M. 1
Duration: 240 min

Password: 539795

Onsite meeting room: IHEP Main building A419

Time Content Person Host
15:00-15:05 Project Overview & Opening Remarks Project Leader
Jie Gao
15:05-15:10 Introduction of Review Committees Jie Gao

ﬁEPC booster design and philosophy of combinh

15:10-15:30 Dou Wang
dipole magnets
Design and production tolerance analysis of the Wen Kang,
15:30-16:00
CEPC Booster dipole-sextuple combined magnets Zhihui Mu
Alignment scheme and accuracy analysis of the Mika
16:00-16:30 Xiaolong Wang
CEPC Booster dipole-sextuple combined magnets Masuzawa

16:30-17:00 \CEPC booster error analysis and corrections ) Daheng Ji

17:00-18:40 Q&A and Discussion All Participants

18:40-19:00 Closing Remarks & Group photos Jie Gao

I Mini-Review for CEPC EDR Combined Magnets

II. Review Comments

Follow-up on Review Meeting
Dear Experts,

Following the review meeting, Dou Wang will send the final version of the four talks
to all experts. Please kindly submit your review comments by June 13th to the Review

Committee Chair, Prof. Mika Masuzawa (mika.masuzawa@kek.jp).

The Chair will compile all feedback, append her digital signature, and return the
finalized document to Jie Gao (gaoj@ihep.ac.cn) and Dou Wang (wangd93@ihep.ac.cn) by
June 20th.

Thank you for your attention and cooperation.
Best regards,
Dou Wang

Date: May 29th, 2025

14



Mini-review report

y Institute qu{,gﬁ Energy GPﬁysics QfCﬁine se A cadémy Qf Sciences 3. Recommendations for the Next IARC-EDR Meeting (September 16—19)
The committee suggests that at the next IARC-EDR meeting (16™-19" September) a few talks be

presented:

II. Review comments
» Control methods for the tunnel temperature

1. Introduction * Installation procedures of the Booster magnets beam pipe

The CEPC Booster design includes combined functions dipole-sextupoles. On 29 May 2025, a » Studies of the tolerance to machine errors at all energies, with evaluation of the final emittances and
review of the Booster Combined Magnets was held on-line and in presence at IHEP, as requested by energy spread for injection in the collider
the CEPC [ARC. There were four presentations on the Booster combined dipole scheme and the * Simulation of injection at commissioning and orbit correction.
evaluation of beam dynamics necessary to realize the scheme, combined dipole magnet design,
magnetic field measurements, installation, and alignment. 4. Conclusion

The CEPC Booster Ring will require approximately 15,000 dipole magnets, of which 4,034 will be The CEPC team’s decision to adopt the combined dipole-sextupole scheme was based on careful
of the normal-conducting combined dipole-sextupole type. These magnets are designed to operate consideration of power consumption, manufacturing feasibility, and cost efficiency. Both the Review
under relatively low magnetic fields. In response to technical and economic challenges, the CEPC Committee and the CEPC team acknowledge the importance of continued validation through
team has made remarkable efforts to optimize the power consumption, manufacturing process, and simulation, prototyping, and alignment studies to ensure the scheme’s successful implementation in the
cost efficiency of these magnets, leading to an estimated cost saving of approximately 280 million Booster ring. The Committee commends the CEPC team for their commitment and dedicated technical
CNY. We commend the CEPC team’s dedication in developing and implementing the combined efforts in advancing this technically promising approach.
dipole-sextupole magnet scheme.

Digital signature: Mikio, Mag Jpum

Date: June 23, 2025

2. Presentations

2-1 CEPC booster design and philosophy of combined dipole magnets

The Combined Dipole-Sextupole magnet scheme adopted in the CEPC Booster integrates bending and

chromaticity correction functions into a single magnet, significantly reducing the number of components A Q u I C k res p onse WaS Sen d to th € reVI ew comm IttE €.
and simplifying the lattice structure. This design leads to a more compact and cost-effective accelerator, AI I th erecommen d atIO ns wi I | be ad d reSSGd at th S
with estimated savings of approximately 280 million CNY. The approach also increases the bending N ext me etl N g Of th e I A R C .

15
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First turn Injection Commissioning

DahengJi

Recent simulation studies have been conducted on the initial beam commissioning of the CEPC Booster
I These studies can also serve as a reference for related research on the CEPC storage ring.

Simulation settings:
i Physical aperture: 56mm
I BPM Accuracy and offset: 300um
I Other error settings are the same as those in ordinary error correction simulations.
I The injection beam jitter and beam distribution are taken into account.
i
i

Based on the AT (Accelerator Toolbox) program.
Using the response matrices of orbit, trajectory, working point, and injection beam derived from theoretical models.

A similar correction process has already been applied to the HEPS (High Energy Photon Source)
booster and storage ring.

Multi-turn Trajectory Correction,
Singleturn Trajectory Correction Injection Beam Trajectory Correction

A

) , stored

TBT Optics Correction T

RFE on Tune tuning,
RF Phase tuning



Single-turn and Multi-turn trajectory correction

Multi-turn Trajectory Correction, DahengJi
Singleturn Trajectory Correction  Injection Beam Trajectory Correction

A

} , stored

TBT Optics Correction

RFE on Tune tuning,
RF Phase tuning
A Singleturn trajectory correction:Minimize the trajectory of the beam for the first 5 turns.
A Multi-turn trajectory correction:Average the beam trajectory over more than 5 turns to obtain an
approximate closed orbit and correct it.

i = Horizontal Traj Correction1 m at the injection
I 1

:‘E: 0.8
i B 2 beam over 50 turns.
i - 1, - of the horizontal

c -

o

N ~0.2
- ; c

Turns 17



Injection beam trajectory correction

Multi-turn Trajectory Correction, DahengJi

Singleturn Trajectory Correction  Injection Beam Trajectory Correction

\

} , stored

TBT Optics Correction

RF on Tune tuning,
RF Phase tuning

A Singleturn trajectory correction:Minimize the trajectory of the beam for the first 5 turns.
A Multi-turn trajectory correction:Average the beam trajectory over more than 5 turns to obtain an

approximate closed orbit and correct it.
A Injection beam trajectory correctionCorrect the coordinates of the injection beam at the injection

point to reduce the oscnlatlon of the |n|ected beam.

Injection Correction X8X Correct In]ect Beam Iteratlon

A —==mtreem e e E -1 ng point using the beam over 50 turns.
A - I ] g " n with the average of the horizontal

= duce oscillation.
U 18

-2 0 2 X
. . 0.035 0.0355 0.036 0.0365 0.037 038 0.0385 0.039 0.0395
First Turn Traj X(m) X (mm)STD= 000066055 mm Turns




Injection beam trajectory correction

Multi-turn Trajectory Correction, Dahengli

Singleturn Trajectory Correction  Injection Beam Trajectory Correction
\

} , stored

RF on Tune tuning, TBT Optics Correction

RF Phase tuning

A Singleturn trajectory correction:Minimize the trajectory of the beam for the first 5 turns.

A Multi-turn trajectory correction:Average the beam trajectory over more than 5 turns to obtain an
approximate closed orbit and correct it.

A Injection beam trajectory correctionCorrect the coordinates of the injection beam at the injection
point to reduce the oscillation of the injected beam.

A Tuneadjustment: Calculate (Phase@FT) and adjust the working point using the beam over 10 turns.

A RF parameters adjustmenEvaluate the beam energy variation with the average of the horizontal
trajectory over each turn and adjust the RF parameters to reduce oscillation.

A Optics correctionBased on ICA, PCA.

19
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RF parameters adjustment

Multi-turn Trajectory Correction, DahengJi
Singleturn Trajectory Correction  Injection Beam Trajectory Correction
* /
100 500 1000 10000
\ ] stored
| f "
_Iu_n € tqnlng, TBT Optics Correction
b 1e first 5 turns.
LE. ] nan 5 turns to obtain an
X o
A E on beam at the injection
‘ ng the beam over 50 turns.

1 1) 20 40 60 a0 100 120 140 160 180 200
Turns

A RF parameters adjustmenEvaIuate the beam energy variation with the average of the horizontal
trajectory over each turn and adjust the RF parameters to reduce oscillation.

A Optics correctionBased on ICA, PCA.
20



Particles survive rate

Multi-turn Trajectory Correction, DahengJi
Singleturn Trajectory Correction  Injection Beam Trajectory Correction

A

} ) stored
RF on Tune tuning,

RF Phase tuning TBT Optics Correction
A Results indicate that after correction, approximately 30% of the T T T T
particles survive for more than 10,000 turns.
A BPM Noise 308 Yand 100> Yhas little impact on the
results.
A This can meet the needs of subsequent more detailed
corrections
A The algorithm is still undergoing optimization.
A The research still lacks many details, with some conditions suct
as more detailed physical apertures being updated and iterated 0/

——BPM 100um
——BPM 300um | |

[=2] ~ o] [(=]
o o o o
T T T

Alive Rate (%)
W
o




Caniéant

AEDR progress of CEPC positron damping ring

A DR TDR design status
A Polarized DR study



DR parameters in TDR

A Damping withreversed bending magnet

A 4 (max. 8)bunchstoragestorage time0 (40)ms
A Emittance: 2500 166/75 (97/3)nm.mrad

A Flexibility for extr. emittance

Injection

kicker

kicker

extraction

DR V3.0
Energy(GeV) 11
Circumferencem) 147
Numberof trains 2(4)
Numberof bunchedtian 2
Total current(mA) 12.4(24.8)
Bendingradius(m) 2.87
Dipole strengthB, (T) 1.28
U, (keviturn) 94.6
Dampingtime x/y/z (mg) 11.411.45.7
Phase/cel({degree) 60/60
Momentumcompaction 0.013
Storagdime (my9) 20 (40)
d, (%) 0.0%
€ (mm.mrad) 94.4
injections,, (mm) 4.4
Extracts, (mm) 4.4
& (Mm.mrad) 2500
Eextxy (MM.Mrag 166(97)75(3)
Cinj /eyt (%0) 0.18/0.0%
Energyacceptancéy RF(%0) 1.8
fee (MHZ) 650
Vie (MV) 2.5
Longitudinaltune 0.0387

23



DR optics and error study

T T L N A
N A e I I I e n th " 3 m I w1 I ll}_l['l I CEPC upgrade (September 2018)
F) h a S e / C e I I . 6n 6 O C . CEPC upgrade (September 2015) Windows version 8.51/15 300621 09.41.39
.

- Windows version 8.51715 30006721 09.41.39 07 _ E 10. B. B 0.7 E
A A B—l 28T i o] [ il Los 3= : Ty Hmmnlmmn‘ :Z’g q
Interleavesextupolescheme =1 3 e [ » AN | £2s
g 6. 4 i ' 6: R o3
A 2 sex. families A g /9=0.355 ‘) e :
. o 3 Lo
] M\ oo 2. Lo.0
$-a B=1.28T "] W 1] |
|_| M q %049 4. F) 2. 16, 2002 %50 40. 80. 130. 1602
L] |_|_| 0 i 5/ puc = 0.00000 o 8/ pec = 0.00000 s
CEPC upgra‘de (Seprember 20} 8) u Error Stu dy Table name = TWISS Table name = TWISS
Windows version 8.51/15 30/06/21 09.41.39
b 5- 00 T T T T T T T T T T 0- 600 . .
E 1 B\ Bx D r Parameters Dipole Quadrupole Sextupole ° Orblt Correctlon Only
o~ 4 65 = I 0575 Transverse shift X/Y (um) 100 100 100
r Longitudinal shift Z (jun) 100 150 100 it X Corracton
4.30 - F0.550 [ itabouxy )
T i Tilt about Z (mrad) 0.1 0.2 0.1
395 1 - 0525 Nominal field 1x107 2x10* 3x10*
3.60 - - 0.500 Parameters BPM (10Hz) E
1 i Accuracy (m) 1x10-7 8
325 n - 0475 Tilt (mrad) 10
2 . 9 O A I O 45 O Offset aﬁfra‘lbneam based = 3 .
r alignment (BBA) (mm) 30%10° ® oy $POS (m)
2.55 A - 0.425
1 r Dipole Quadrupole Sextupoles
2.20 - 0.400 5, <3 * BSC,, =50, ;+Smm
4 r B, <3 B,<3 N
1.85 - - 0.375 B, =02 B, <2 Bl
J _— I B, <08 B, <1 B, <> * Energy acceptance:
1.50 . . . : . . : . . : : 0.350 B, <02 B; <1 B.<10 8.38,,=1.5%
0.0 0.50 1.00 1.50 2.00 250 3.00 B <038 B <05 B<3
B, <02 B, <05 B, <10
s(m) By <038 By <05 Bg<3
_ B, <02 B, <05 B, < 10
SE/P”C = 0.00000 By, <08 By, <05 Bo<3

Table name = TWISS
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Alternative design for the DR with polarization

Z. Duan D. Wang

A Produce polarized positron beam for the DRV4.0 unpolarized e+ | polarized e+
purpose of energy calibration @ Z & W< =10 * - Jow & |[Energy(Gey 1.542
- o Circumferencém) 145
- 10 min storage ~20% polarization s o Numberof trains 2(4)
2.350 1 038 Numberof bunchesgfian 1(2)
. . . 2.075 0.36
A Compatible with standard top up operation, o | Totalcurrent(mA) 12.4
1250 0.30 Bendingradius(m) 3.44
A . = 0.0 0.50 1.00 1.50 2.00 2.50
Asymmetric wigglers AT Dipole strengthB, (T) 15
- B :1 8T:5 B o /\ . y 4 CEPC upgrade (September 2018) WIggIerStrengtI’B*‘ (T) 18
+ . = 40 l‘-{i'mfu_u \.‘l ersion 8.51/15 .'6/_!2:/2_2 ‘09.27.07 0.0 _ H
~ coll length=1.5m —~__/ \/ T 375) —— oo : ngsle;celllength(m) 3059
AN . wiggler | 2a0s Uo (keviturn) 199
WiedemannPartic . | -0.008 Dampingtime x/y/z (ms) 7.77/7.778.89
2.5 L -0.010
Accelerator Physi RuE 0012 Momentumcompaction 0.015
RF Edition 20 L0014 - _
L L0016 Storagdime 20ms 10 min
r-0.0I8
LOU.G 050 100 150 200 250 _?.0(50'020 do (%) 0'072
8/ pec = 0.00000 o % (mm-mrad) 138
VAV A injections, (mm) 6
C=145m g (TR T T TR e jjéf; : EXtEaCtSz (m(;;l) 5.7 25!)0 5.6
. i 040 &, (Mmmra
0.35
Asfymmetrlc e Eaxtxy (MM.mrad) 15015 | 138/14
wigglers . o0 g Tdo, (%) 0.18/0.02
’ | Eé’: RF acceptancés) 18
%% 40. S0. 120. muf')‘ o fRF (M H Z) 650
\ /‘/" Ve (MV) 3.95
16 wigglers Longitudinaltune 0.044
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Positron damping/polarizing ring

Z. Duan

Optimization of a dual-purpose design

I Bunches stay ~ 20 msec for regular refill

I Bunches stay ~ 10 min to accumulate > 20% polarization for resonant
depolarization in the Colliders

Cost and benefit comparison between two schemes

I Higher beam energy without asymmetric wigglers
I Lower beam energy with asymmetric wigglers

RTINS NN
bunches stay ~10 min to :
_\ accumulate > 20% polarization, :
Positron damping ring \ for RD E Asymmetric

wigglers

, bunches stay ~ 20 msec
® without gaining beam
/' polarization, for regular refill
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Caniéant

ACEPC timing issue and detector performance




CEPC frequency choice

f (MHz) SHB1  SHB2 Linac. S DR Linac C Booster Collider
Baseline
(thermal 158.89 476.76 2860 650 5720 1300 650
CEPC cathode gun)
Alternative 1, 1, 2860 650 5720 1300 650
(RF gun)

A CEPC: greatest common divisor=130 MHz ===) Min bunch spacing @ rings: 7.6923ns
A Bunch spacing @ Z: 7.69233=23.0769 ns
A FCC: greatest common divisor=400 MH===) Min bunch spacing @ rings: 2.5 ns

F50 2ky33 S I3 GtNBotSYa FyR O2yaARSNIGA2Y&E 02 dziurdliofModeie SOGA 2y JIKAT 2
Physics A Vol. 37, (2022) 2246006.
S —



Bunch structure in Booster

—.—.-'.-
@ ®
tt p,o—O“‘Ow y @
H ¢ e
¢ ®
268 bunches
35 bunches 1
® @
7 C,=100km

C,=100km

0-0-0.
o %,

\\.

1297 bunches 3978 bunches

A Train structure @4
A 51 train
A 78 bunch/train

1

C,=100km

(=

S

o\.‘”.,c’
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Bunch structure in Collider

.ﬂ._.-.-.
tt p,o-O"‘Ow o ) )
9 \.\
268 bunches .
35 bunches # \
® @
N F Co=100km

A Train structure @4

'.'.'.‘0 A 153 train

W /. \\ /.
; 1297 bunches ® 11934 bunches A 78 bunCh/’[I‘aIn
® @
D G i C,=100km j“ T C,=100km
.

0-0-0.
o %,

Q
0-0-0 o.. pe
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TDR Bunch Structures and Circumference

The spacings between adjacent bunches in any
CEPC operation mode are integer numbers of 23.08
ns..

The master CEPC clock will be provided by the
accelerator to the detector system(s), synchronous
to the beam. The CEPC detector system relies on
the clock to sample physics signal at the right time.

It is agreed to have the detector frequency of 43.3
MHz = 130 MHz / 3 = 1 / 23.08 ns, which is
reasonably good from the detector point of view.

The CEPC collider ring have possible 14,442 bunch
positions (14,442 3 23.0769 ns 3 ¢ = 99.914 km).

14,442 =2 33 293 83

aSy3z Dd

5 2y33s - | & [/ dZAZ | O

SR power per beam [MW] 30 30 10 30 30
Bunch number 268 11,934 | 3,978 | 1,297 35
Bunch spacing* [ns] 576.9 23.1 69.2 253.8 | 4523.1 ]

[3 23.08ns ] 25 1 3 11 196
Train gap [%] 54 17 17 1 53
Luminosity/IP [3 1034cm2s1] 5.0 115 38 16 0.5
SR power per beam [MW] 50
Bunch number 446 13,104 | 2,162 58
Bunch spacing* [ns] 346.2 23.1 138.5 2700.0'ﬁ

[323.08 ns ] 15 1 6 117
Train gap [%] 54 9 10 53
Luminosity/IP [310%cm2s] 8.3 192 26.7 0.8

\/

It is important that beam collisions are synchronizedwith a

43.33 MHzclock
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Circumference finetuning and detector performance
improvement

D. Wang, J. Gao, J. C. Wang, X. H. Cui, C. Meng, Y. W. Wahqg,
G. Lei,J. H.Chen, Y. H. Li, W.Wei,J.B.¥#akyY.{ ® { &

C CEPQvill operatein the Higgsandthe LLZ modesin the first 10years

C Thebunchspacingfor the LLZ modeis 3x23.08 ns. If the bunchingspacingfor the Higgsmode is an integer
numberof 3x23.08 ns,e.g. 24x23.08 ns, the detector systemcould benefit more.

C Anestimationof the vertexdetector using65nm CMOSsensorshowsthat the power consumptionper sensor
chip is reducedfrom 310to 165 mW, about 47% reduction Thissignificantlyreducesthe material budget,
henceimprovethe physicgperformance

14,448 = 24 33 73 43

pTTTIPSYE (® oowoo&i)ptpé{

SR power per beam [MW] 30 30 10 30 30 SR power per beam [MW] 50

Bunch number 268 | 11,934 | 3,978 | 1,207 | 35 Bunch number 446 | 13,104 | 2,162 58
Bunch spacing* [ns] 553.85| 23.08 | 69.23 | 184.62 | 3969.23 | | Bunch spacing*[ns] 276.92 | 23.08 | 138.46 | 2584.62
Case 14448 [3 23.08 ns | 24 1 3 8 172 Case 14448 [323.08 ns | 12 1 6 112

*Dou Wang JieGao,JianchuriWang, et. al., The CEPC Clock Issue and Finetuning of the Circumference, http://arxiv.org/abs/2509.19026 3,




Summary

Feasibility evaluation of the combined dipole magnets has been carried out in EDR.
Mini-review finished May 29" of 2025.

So far, based on the evaluation of production error and misalignment error, the
combined dipole scheme can fulfill the requirement of accelerator physics. Experience
will be gradually accumulated through the development of prototype.

The simulation work for first injection has been updated. The simulation results show
that after correction, a beam survival rate of approximately 30% can be achieved after
10,000 turns, which meets the requirements for subsequent routine correction.

The timing issue of CEPC has been studied between the accelerator team and the
detector team. The circumference of CEPC is slightly changed to 99955.418m to
Improve the detector performance.
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Welcome to suggestions and comments!



Back up



To Jo Do Do Io Do

30- 180GeV

30GeV

Plasma injector (alternative)

Damping ring

30 GeVlinacprovides electron and positron beaimsbooster
Top up injection for collider ring ~ 3% current decay

2 RF stations

2 Inj.
(Linacto Booster)

2 Inj.
(Collider to Booster)

4 Ext.
(Booster to Collider)

2 Ext.
(Booster to Dump)

Booster is in the same tunnel as collider ring, above the collider ring, bypass in IRs (same circumference).
Budget for transfer efficienc§0%: 95%for booster 195%for transport lines (inj. to collider).

Beam current threshold in booster is limited by RF system.

Feedback systems (Transverse & longitudinal) are need to damp the instability at low energy.
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