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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：2009-2020

SLAC

ANL BNL

CERN
LNF

DESY

THU/IHEP

THU/SINAP

Plasma Based Acceleration (PBA): > 1000 Eacc.

Affiliations/institutes on PWFA Study
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Worldwide attentions & great progress in the last 20 years

2016-LBNL, Multi-Stage coupling, 3.5% efficiency



IAS Program on High Energy Physics @ HKUST 2024-01-24

Plasma/Laser wakefield accelerator (PWFA/LWFA)

• Driver: Conventional Accelerator
- Higher average power
- Higher WP to DB efficiency, DB to 

WB efficiency, Higher repetition rate
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• Driver: Ultra intense and ultra short laser
- Real tabletop accelerator
- Have potential to increase efficiency and 

laser’s repetition rate ……
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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) study since 2017
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Proposed by Prof. Gao and Prof. Lu on 2017.01 
First collaborated group meeting on 2017. 03

Till now, IHEP+THU+BNU, 15+ staffs and 20+ PhDs

CEPC Plasma Injector (CPI) study since 2017
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Challenge #1: Staging efficiency
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Staging efficiency (LWFA to 
LWFA ~ 3.5% @ 2016)

AWAKE @ CERN PWFA 
external injection < 1%
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Challenge #2: High repetition rate plasma sources
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Plasma recovery time ~ 63 ns  Max Rep. Rate ~ 10 MHz

D’Arcy et al., Nature 603, 58-62 (2022)

• Have potential but not be proved
• For LWFA, high power laser’s repetition 

rate also need to be improved



IAS Program on High Energy Physics @ HKUST 2024-01-24 11

Challenge #3: positron acceleration

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

xoffset=0.1μm

Shiyu Zhou,W. Lu et al., CEPC Conceptual Design Report (2018)
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Challenge #3: positron acceleration

σx=20μm, σy=10μm

σx=20μm, σy=10μm, xoffset=0.1μm
Gradient~5GeV/m，

Efficiency >30%,

Energy Spread~1.5%

Shiyu Zhou,W. Lu et al., PRL 127 174801 (2020)
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Challenge #4: long distance acc. hosing instability

Hosing instability, by Prof. Weiming An

TR=2 without ion motion TR=2 with ion motion

TR~ 3.5 with ion motion

• In simulation, TR ~ 2 is stable enough
• Hosing instability may lead to emittance 

growth
• BNS damping may mitigate hosing instability, 

ion motion, for example
• Other damping sources exist in a real PBA, 

but not included in the simulations
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Tilt angle 10 μrad 100 μrad 1 mrad
Bunch charge [nC] 1.197 1.197 0.903

Energy [GeV] 30.01 30.01 30.24

RMS energy spread 0.41 0.41 0.65

Offset (x direction) 4 μm 12 μm 20 μm 30 μm
Bunch charge [nC] 1.197 1.197 1.174 1.079

Energy [GeV] 30.01 30.04 30.16 30.37

RMS energy spread 0.43 0.41 0.22 0.72

θ
driver trailer

driver

trailer
offset_x

tilt angle =1 mrad

offset_x =20μm

Challenge #4: long distance acc. hosing instability
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Challenge #4: long distance acc. hosing instability

Real life is tough, but not hopeless
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Challenge #5: Efficiency enhancement  LWFA

By using ~ 120 TW lasers, electron beams with ~400 MeV,
~1% energy and ~1 nC bunch charge are generated

By introducing Bayesian optimization,
the energy transfer efficiency is more
than 20%, even to 30%
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than 20%, even to 30%
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KEY issues for CPI----Lack of experimental studies
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To address all the key issues need (dedicated) TFs
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IHEP proposed PBA TF in the last few years

21

• Linac + PWFA and LPA + Ring, totally complementary
• PBA acts as an injector to conventional accelerator is

a mid-step. In China, it maybe more practical than the
EU or USA colleagues’ choice: a 10 GeV PBA stage

• The ultimate goals are the same: more efficient, more
compact, green PBA colliders in near future

Another proposed TF 
2024-2027, 15m $

2023.12.03 

2024.01.17 



Thank you and welcome to IHEP
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Cost and Power consumption: LC Vs. PBA LC
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• Size:
- LWFA LC << PWFA LC << LC
- But NOT 1000 times smaller due to 

beam deliver section
• Power consumption

- PBA LC < LC, smaller size means 
smaller vacuum, magnet, SC ……

- PWFA LC < LWFA LC, due to higher 
ηwall plugdriver and ηdrivertrailer

- PBA’s estimation is not as accurate as 
conventional LC, and should be 
overestimated / based on future 
technology

• Construction
- PBA’s cost is in a big range due to 

technique uncertainty
- May not be ready in the next 20 yrs

59 km
50 km

1.3 km
14 km


