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Plasma Based Acceleration (PBA): > 1000 E___
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“«=2: Plasma/Laser wakefield accelerator (PWFA/LWFA)
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» Driver: Conventional Accelerator
- Higher average power  Driver: Ultra intense and ultra short laser
- Higher WP to DB efficiency, DB to - cGelllBllEiy bEaliRi
WB efficiency, Higher repetition rate - Have potential to increase efficiency and
laser’s repetition rate ......



‘..2; Worldwide attentions & great progress in the last 20 years
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Report of the
2021 U.S. Community Study on the
Future of Particle Physics
(Snowmass 2021)

organized by the APS Division of Particles and Fields
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But with a lot of help!! ©
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10 GeV e-/et+ 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



<=3 IHEP-THU-BNU Collaborated team on CPI (since 2017)

Proposed by Prof. Gao and Prof. Lu on 2017.01
First collaborated group meeting on 2017. 03
Till now, 20+ staffs, 5 postdocs, 20+ PhD students
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Key issues for conventional accelerator: Key issues for plasma wakefield accelerator:
(D High charge longitudinal shaped bunch; ® High TR e- PWFA and hosing instability;
@ High current beams combination; ® High repetition rate stable plasma sources
@ Low emittance e+ beamline @ High quality and high efficiency e+ PWFA
@ Final focus system design and optimization Staging / Cascaded acceleration
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Hosing instability, by Prof. Weiming An

TR=2 without ion motion
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e- PWFA and long distance acc. hosing instability

Time = 1000.00 [w‘;l]
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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




“&% Preliminary error tolerance analysis

trailer

= ~ QI offset_x N f_.._ Sl =
driver / =
Offset (x direction) 4 um 12 pym 20 uym 30 ym -
Bunch charge [nC] 1.197 1.197 1.174 1.079 S 200f £
Energy [GeV] 30.01 30.04 30.16 30.37
RMS energy spread 0.43 0.41 0.22 0.72 .Off?etfx 520um 1B
e 10°
€‘ = 3 t=86400(1/wp)
driver trailer af P
30 m"'/ 2 ; 1071
Tilt angle 10 prad 100 prad 1 mrad -~
Bunch charge [nC] 1.197 1.197 0.903 % %
Energy [GeV] 30.01 30.01 30.24 ot ©
RMS energy spread 0.41 0.41 0.65 *r
-t tilt angle =1 mrad

E(c/wp)



e+ PWFA studies

A “perfect” wakefield means:

» Flat longitudinal wakefield, particles at different position experience same Ez

» Transverse wakefield can provide focusing forces to the accelerated particles
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So, the blowout wakefield in uniform plasmas is quite
fit for e- acceleration, while unfit for e+ acceleration
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High efficiency 60%

Low energy spread ~0.5%
Small emittance growth

Need e- driver, e+ trailer and plasma
channel exactly coaxial

Shiyu Zhou, W. Lu et al., CEPC Conceptual Design Report (2018)



e+ PWFA studies
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High Efficiency Uniform Wakefield Acceleration of a Positron Beam Using Stable
Asymmetric Mode in a Hollow Channel Plasma

ylum]

Shiyu Zhou,' Jianfei Hua®,' Weiming An.” Warren B. Mori,” Chan Joshi,” Jie Gao,” and Wei Lu"*
"Department of Engineering Physics, Tringhua Universiry, Beifing 100084, Chinea
cijing Normal University, Beijing 100575, Ching
University of California Los Angeles, Lox Angeles, California Y0095, USA
*Beijing Academy of Quantum Information Sciences, Beijing 100193, China
*Institute of High Encrgy Physics, Chinese Academy of Sciences, Beijing 100049, Ching

(d) (e) (f) 1-6

_50 0 50 X[um] Plasma wokefiel acoeleration in' the blowout regime is particularly promising for high-cnéngy
acceleration of clectron beams because of its potential to simultaneously provide large acceleration
gradients and high energy trunsfer efficiency while maintaining excellent beam quality. However, no
equivalent regime for positron aceeleration in plasma wakes has been discovered 1o date. We show that afier
a short propagation distance, an asymmetric electron beam drives a stable wakefield in a hollow plasma
channel that can be both sccelersting and focusing for a positron beam. A high charge positron bunch
placed at a suitable distance behind the drive bunch can beam-load or flatten the longitudinal wakefield and
enhance the transverse focusing force, leading 1o high eMiciency and narmow energy spread scceleration of
the positrons. Three-dimensional quasistatic particle-in-cell simulations show that an over 30K energy
extraction efficiency from the wake to the positrons and a 1% level energy spread can be simultaneously

M (Received 21 December 2020; revised 17 August 2021; accepted 7 September 2021; published 22 October 2021)

obtained. Further optimization is feasible.

DOL: 10,1 103/PhysRevLeet. 127174801




e+ PWFA studies

e
R

Plasma parameters Positron beam parameters

Density (cm-3) 1.133e15 Charge (nC) 1.1
Inner radius (pum) 158 Energy (GeV) 30.1
Outer radius (um) 711 Normalized emittance 41.6 (x)

Driver  Trailer T, 18.7 (1)
- :
E GeV 30 3
nergy ( ) Acceleration properties
Transverse size (Um) 32 6
Normalized emittance Acceleration length (m) 208
32 16
Length (um) 237 153 '
Energy spread 6:(%) 0 0 2.6
Beam longitudinal '
885

distance (pm)




< e+ PWFA studies--energy spread compression

Magnetic Chicane

| Parameter | Symbol |_Unit | Value _ Symbol | Unit |  Value
Qe+ nC 1.1 Beam Charge Qe nC 1.05

Beam energ E.. GeV 30.1

Beam energy E.. GeV 30.0
O, % 0.68
O, % 0.156
£, mm- mrad 151(x) / 35.1(y)
o mm 0.322(rms) e mmmad %
Peak Current I kA 0.647 76.2 (y)




Linac design for CPI
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E (MeV)
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Y (mm)
L

Normalized emittance ¢,, (mm-mrad) (H/V)

Bunch length (um)

Beam size (um) (H/V)

Charge (nC)
Energy spread

Beam distance (um)

_ perameter | oriver | Trailer | Total_

Energy E (GeV)

11.23 10.94 11.16
20.6/20.2  10.6/10.2 18.8/18.0
339.9 88.9 599.2
192/132  178/97 189/124
3.87 1.19 5.06
1.14% 0.34% 1.5%

170.4 /




Final Focus design for CPI

Energy E [GeV] 11.23 10.94
Normalized emittance ¢, [mm-mrad] (H/V) 20.6/20.2 10.6/10.2 E oo
Target beam size [pm] 3.89 2.75 -0.50
-0.75
Energy spread [%] 1.14 0.34 oo
-0.015 -0.010 -0.005 O.DIOO 0.005 0.010 0.015 -0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
Beta functions at the focal point * [cm] 1.63 Xmm) )
Distance from last quadrupole to the focal point L* [m] 3 . 6x=28.1 um - . oy=3.93 um
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‘Wmi-"'@"q"blc"bﬁl-'dﬁ-ﬂmﬁlul:m% section as in e+ PWFA can be helpful




e+ beamline design for CPI
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* Combined quadrupole + sextupole (permanent magnet)

Beam distribution @ FF (~20um)

* Superconducting wiggler — shorter damping time & smaller equilibrium emittance



UV Laser IR Laser
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Experiment Goal:

1. Decrease the energy spread from 1% to 0.1%

2. Study Hollow channel impact on beam quality

Yipeng, Wu et al., PRL 122 204804 (2019); Dr. Shuang Liu’s PhD Thesis (2020)
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PHYSICAL REVIEW LETTERS 129, 094801 (2022)
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1-2% <> ~ 0.1% @ 10 pC

Table 2. Central energy, bunch charge and energy spread of the bunches at different positions.

LPA exit APD exit PPD exit

490.00 494.92 476.55

Central Energy (MeV) 500.00 495.06 475.79
510.00 494.88 475.54

510.00 507.98 496.54

Bunch Charge (pC) 510.00 509.04 507.78
510.00 507.77 506.01

1.20 2.28 0.55

Energy Spread (%) 1.20 2.11 0.41
1.20 2.04 0.45

2% / 1.2% = 0.1%/0.5% @ 500 pC
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“«=2: Progress on key issues of CIP

Preliminary study/ Detailed and convincing Experiment test /

A7 Conceptual design simulations / designs Prototype
HTR v v x
e- PWFA Beam quality preservation v v X
Error analysis v X X

Biggest uncertainty: lack of experimental test
Need a dedicated PWFA test facility for CPI!

Conv. acc. physics Beam merging v x x
and techniques Instrumentation Vv x x
Timing synchronization v X X

Positron beamline v v x

Plasma dechirper vV v v

Plasms source and Plasma lens X X X
beam manipulation Plasma sources v v x
Staging Vv X X
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E-field overlap to trigger
inner-shell ionization

Driver Pulse

Trigger Pulse

[

S0 = 10°, 100%
11.6 pC/pum

=

=0 = 20°, 100%
5.4 pC/um

[T
o Ltn © Liktn © L1

-0 = 30°, 100% q
3.0 pC/pm

|
=
u

=]
o U

0= 600, 3.8% M

8.7 pC/pm

|
=
u

Px/pz [mrad]

=
o Un

0 = 90°, 3.0%

|
=
u

i o
£16.1 pC/pm "'f‘\’f"“

=]
o U

0 = 150°, 1.5%.
N (a)
15.8 pC/pum

|
=
u

Oy

Energy [MeV]
PPCF 64, 45012 (2022)

“7200 300 600

0] 0 = 120 pC
20
10}
 (g)
0300 800

Energy [MeV]
MRE 7, 054001 (2022)

n [%]

30.0 - » e - i ]
07 dn:
100} .
[ Y ’{
S_OII_Iv I I § DI § N
: ’ 4 Experiments
I * P TS € Simulations
.“ ® ¢ Ourresults
1.0:- "
 eebe
i L J
- R *
¢ o
01L-® . AR 0N 2D
1 10 100 1000
Efaser [J]

PRAB 26, 091303 (2023)




Outlines

m IHEP PBA TF proposals and current status

R Summaries and prospects



CAS program on PWFA (approved in sept. 2023, 90M RMB)

WG1: Key physics WG2: Key technology
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e Test facility based on BEPCII linac design V1.0

~ 661 MeV

Clean room ~200m
Equipment room on 2" floor



1500 K

16000 12500




*  From 2023.09 to 2025.06
« Unique TF for e+ and cascaded PWFA
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L-band e- Gun (> 5 nC): ~ CPI requirement
Beams combination: similar to CPI

High quality e+ beam: NO

® o0

Final Focus: even harder than CPI
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HTR e- acc.: easier than CPI (~CPlI @ SXFEL)
High rep. rate plasma source: > CPI
e+ PWFA acc.: 15t exp. result, < CPI

Cascaded/staging: 15t exp. result, < CPI




) Lab construction and beamline installation is ongoing
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*«=2> Lab construction and beamline installation is ongoing
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“«=2: Test facility based on BEPCII linac

» Conceptual design of CPI has been carried out since 2017

» Simulation studies during the last 5-6 years, no showstoppers till now

» We'll focus on the TF construction in the next 2-3 years

» The new TF is NOT only for PBA, but also for conventional accelerator R&D

» The new TF is NOT only for CPI, but also for a real plasma-based accelerators

Thank you!
B cEPCintomatonalWorkShop@Hangzhow 2024025






