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Plasma Injector

10 GeV
Linac

100 km
Booster

10 GeV e-/e+ beam in a 100 km ring

• Minimum magnetic field = 28 Gs

• Field error < 28 Gs*0.1% = 0.028 Gs

• Field reproducibility  < 29 Gs*0.05% = 0.014 Gs

• The Earth field ~ 0.2-0.5 Gs, the remnant field of silicon 

steel lamination ~ 4-6 Gs.

10 GeV linac + CT coil magnet, or 30 GeV linac + iron-core
magnet ? Both lead to significant cost rise ~ 1 B RMB

Collider
Rings

CEPC Plasma Injector (CPI)
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RF cavity：< 100MeV/m Drive Beam:

laser pulse

e- bunch

proton beam

…………

Table-top X/γ sources

High Energy colliders

HEDP platformsPlasma：1-100 GeV/m

SACLA, 750 m, 8 GeVSACLA, 750 m, 8 GeV

LBNL, 20 cm, 7.8 GeV

High power laser facilities (2020)

SLAC

ANL BNL

CERN
LNF

DESY

THU/IHEP

THU/SINAP

Plasma Based Acceleration (PBA): > 1000 Eacc.
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Affiliations/institutes on PWFA Study
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Principles for CPI design V1.0 and V2.0:

• Main linac: 10GeV S-band

• L-band (10+ nC) and S-band (≤5nC) RF guns

• Compressed and then combined (V2.0)

• Combined and then compressed (V1.0)

• Different e+ acc. scheme

• e+ PWFA need to be cascaded

• e- PWFA with TR ~ 3.5
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CPI requirement at CEPC CDR stage
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Principles for CPI design V3.0

• Similar linac requirement with design V2.0, and the

design goal still be 10 GeV → 30 GeV

• Still need L-band RF gun for 10+ nC bunch

• Not use 30 GeV linac as in TDR baseline due to

• S + C: lower bunch charge

• PWFA beam quality meets the requirement of

booster but not good enough for collider ring

• For full energy injection, TR > 3 or even > 5
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CPI requirement at CEPC TDR stage
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CEPC injector’s baseline was changed: 10 GeV → 30 GeV → TR ≥ 2
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CPI e- PWFA for TR ~ 2 (by Dr. Shiyu Zhou)
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Parameter Driver Trailer Total

Energy E (GeV) 11.23 10.94 11.16

Normalized emittance 𝜖𝑛 (mm-mrad) (H/V) 20.6/20.2 10.6/10.2 18.8/18.0

Bunch length (μm) 339.9 88.9 599.2

Beam size (μm) (H/V) 192/132 178/97 189/124

Charge (nC) 3.87 1.19 5.06

Energy spread 1.14% 0.34% 1.5%

Beam distance (μm) 170.4 /
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Linac design and optimization for CPI (by Dr. Cai Meng)
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Driver’s transverse emittance need

further optimization. Plasma matching

section as in e+ PWFA can be helpful
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Final focus optimization for CPI (by Dr. Yiwei Wang)
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So, the blowout wakefield in uniform plasmas is quite

fit for e- acceleration, while unfit for e+ acceleration

◼ High efficiency 60%

◼ Low energy spread ~0.5%

◼ Small emittance growth

◼ Need e- driver, e+ trailer and plasma

channel exactly coaxial
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e+ PWFA for CPI (by Dr. Shiyu Zhou)
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e+ PWFA in TDR: asymmetric beam in hollow channel
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Plasma   parameters

Density (cm-3) 1.133e15

Inner radius (𝛍𝐦) 158

Outer radius (𝛍𝐦) 711

Beam   parameters Driver Trailer

Charge (𝐧𝐂) 6.45 1.1

Energy (GeV) 30 3

Transverse size (μm) 32 6

Normalized emittance 

𝝐𝒏(mm⋅mrad)
32 16

Length (μm) 237 153

Energy spread 𝜹𝑬(%) 0 0

Beam longitudinal

distance (μm)
885

Positron beam parameters

Charge (nC) 1.1

Energy (GeV) 30.1

Normalized emittance

𝝐𝒏 (mm⋅mrad)

41.6 (x)

18.7 (y)

Energy spread 𝜹𝑬(%) 0.68

Acceleration properties

Acceleration length (m) 20.8

Acceleration gradient (GV/m) 1.3

Beam loading efficiency (%) 22.6
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e+ PWFA in TDR: asymmetric beam in hollow channel
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Parameter Symbol Unit Value

Beam charge Qe+ nC 1.1

Beam energy Ee+ GeV 30.1

Energy spread σe % 0.68

Emittance εn mm·mrad 151(x) / 35.1(y)

Bunch length σl mm 0.322(rms)

Peak Current I kA 0.647

Parameter Symbol Unit Value

Beam Charge Qe+ nC 1.05

Beam energy Ee+ GeV 30.0

Energy spread σe % 0.156

Emittance εn mm·mrad
131 (x) 

76.2 (y)
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e+ PWFA in TDR: energy compression
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BCI BCII BCIII

Initial energy (MeV) 400 400.1 405

inj (%) 0.054 0.367 2.17

Initial z (mm) 4.4 600 100

fRF (GHz) 2.860 5.712 5.712

Voltage(GV) 0.0056 0.12 4.18

Gradient (MV/m) 20 40 40

L (m) 0.28 3 104

RF (degree) 89 88 61.5

R56 (mm) 1200 27.6 5.5

Final energy(MeV) 400.1 405 2400

ext (%) 0.367 2.17 1.83

final z (μm) 600 100 20

Beam distribution @ FF (~20μm）

14

e+ beamline and DR design for CPI (by Dr. Dou Wang)
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CPI design V3.0 and key issues for CPI
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Key issues
Preliminary study/
Conceptual design

Detailed and convincing 
simulations / designs

Experiment test /
Prototype

e- PWFA

HTR √ √ ×

Beam quality preservation √ √ ×

Error analysis √ × ×

e+ PWFA

High quality practical scheme √ √ ×

More schemes, HTR etc. √ × ×

High efficiency √ × ×

Conv. acc. physics
and techniques

High charge L-band RF Gun √ × ×

Beam profile preservation √ × ×

Beam merging √ × ×

Instrumentation √ × ×

Timing synchronization √ × ×

Positron beamline √ √ ×

Plasms source and 
beam manipulation

Plasma dechirper √ √ √

Plasma lens × × ×
Plasma sources √ √ ×

Staging √ × ×

Key issues studies of CPI ---- need a dedicated TF!!
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Outlines

◼ Motivation

◼ PBA TF based on BEPCII linac
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◼ Summaries and prospects
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CAS program on PWFA (90M RMB, 2023.10-2028.09)
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CAS program on PWFA: 3 projects, 9 topics, 5 colleagues
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Hall 10 @ IHEP was used for detector calibration
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PBA TF proposal based on BEPCII linac
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Lifting Hatch

• From 2023.09 to 2025.06 (2025.12)

• Unique TF for e+ and cascaded PWFA
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PBA TF progress ---- clear the lab (2023.11-2024.03)

More than 1400 concrete blocks
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PBA TF progress ---- re-construction (2024.05-2024.09)
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PBA TF progress ---- utility renovation (2024.10-2025.10)

24



CEPC WS @ Guangzhou                         IHEP plasma accelerator test facility status                                   2025-11-09

PBA TF progress ---- replace the double girder crane
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PBA TF progress ---- clean room and cooling water system
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PBA TF progress ---- beamline installation in B2 tunnel
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PBA TF progress ---- Current Status
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TF Beamlines design (by Y. W. Wang, C. Meng, H. S. Xu…)
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Light path design of PW laser and RF gun drive laser

31
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PBA experiment proposals —— LWFA e- external injection

PW Laser + BL2 e- (9.45 pC)

E~16.6 GeV，rms energy spread ~ 7.7%
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PBA experiment proposals —— cascaded acceleration

Stage 1: PWFA @ IP2

L-band e- gun generate 2 bunches

Trailer is accelerated from 150 MeV to 170MeV

Stage 2: PWFA @ IP1

Use 2 GeV e- bunch from BEPCII linac as driver

Trailer is accelerated from 170 MeV to 310 MeV
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PBA experiment proposals —— PWFA e+ acceleration

Use BL2 e- as driver, and e+ from BL1 as trailer

Try different schemes for better capture efficiency and beam quality

hollow channel plasma finite-width channel uniform plasma
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Laser: 18J， a0=2.4， w0=60um，τ=25fs

e+: 50pC，2GeV，𝝈𝒓 = 𝟒𝟎𝒖𝒎， 𝝈𝑧 ~ 1ps

Plasma: ~ 1e17cm-3

PBA experiment proposals —— LWFA e+ external injection

Both e+ energy gain > 1GeV
Laser: 19J， a0=1.1， w0=75 um，τ=30fs

e+: 7.5 pC，2GeV，𝝈𝒓 = 𝟒𝟎𝒖𝒎， 𝝈𝑧 ~ 1ps

Plasma: ~ 5e16+2e16×(r(μm)/75)2 
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 Manpower：~130（100+ @ IHEP）；

 Weekly meeting: 59 (2023.10.9-2025.01.13)

Organization and Manpower of IHEP PBA study
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Acc. center Utility

Infrastructure

Management

colleagues
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Group photos at project annual meeting (2024 & 2025)
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Summaries and prospects

◼ Focused on PWFA TF construction in the last 2 years

✓ BL1 will be ready this month, and BL2 is expected to be ready early next year

✓ Beam commission preparation and experiment proposal optimization are ongoing

◼ The delay of CEPC will not diminish the importance of the TF

✓ It’s NOT only for plasma acceleration, but also for conventional accelerator R&D

✓ It’s NOT only for CPI, but also for a real plasma accelerator, or even plasma collider

◼ B2 beam quality (especially e+ quality) and lab space limits the TF performance

✓ Another upgrade after B2U is under consideration (a mini DR will be installed in B2 linac tunnel)



Thank you and welcome to IHEP


