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=9 CEPC Plasma Injector (CPI)

- '.'.":

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

detector

|
_— /

* Minimum magnetic field = 28 Gs
» Field error < 28 Gs*0.1% = 0.028 Gs
 Field reproducibility <29 Gs*0.05% = 0.014 Gs

e The Earth field ~ 0.2-0.5 Gs, the remnant field of silicon
steel lamination ~ 4-6 Gs.

positron ring  electron ring /

SRy source

10 GeV linac + CT coil magnet, or 30 GeV linac + iron-core
magnet ? Both lead to significant cost rise ~ 1 B RMB
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Plasma Based Acceleration (PBA): > 1000 E___

Table-top X/y sources

Drive Beam:

RF cavity: <100MeV/m

LBNL,| 20 cm, F8| GeV
&tl;H‘I" - —

Plasma: 1-100 GeV/m

laser pulse

—v

* e- bunch

proton beam High Energy colliders

HEDP platforms
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Affiliations/institutes on PWFA Study




~&® CPI requirement at CEPC CDR stage

Booster Requirement

Energy (GeV) 45.5
Bunch Charge (nC) 0.78
Bunch length(um) <3000
Energy Spread(%) 0.2  August 2018
en(um-rad) <800 o % .
Bunch Size(um) <2000 s @S, g o’ .
Principles for CPI design V1.0 and V2.0: wines: . qip—— Y Tl e
- Main linac: 10GeV S-band |
ain finac N an Dazhang Li, CPS, September 2019

« 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 ﬁ |
- e+ PWFA need to be cascaded 1.
. e- PWFA with TR ~ 3.5 150IVIeV 4GeV 200MeV  1.1GeV 4GeV 10GeV



1.0 GeV

CPI requirement at CEPC TDR stage

ST TN T EEETEES  principles for CPI design V3.0
E/E..  GeV 30 o : : :
o Hy 100 « Similar linac requirement with design V2.0, and the
NN C . 10 design goal still be 10 GeV > 30 GeV
" Enerayspread (e fe*) . B - Still need L-band RF gun for 10+ nC bunch
€ nm- rad <10 « Not use 30 GeV linac as in TDR baseline due to
o .S + C: lower bunch charge
; <2 ‘ ) :
. Enargystabiey < 2107 - PWFA beam quality meets the requirement of
mm <2 booster but not good enough for collider ring
<3 (H)/3 (V) L
S o « For full energy injection, TR > 3 or even > 5
% <1
a
Driven ._ll =“_- 4nC/12nC
beam Yoy 10GeV 30 GeV .
: o ewear =
Witness .e ,r" . , 4nC
beam
Target 0.4 GeV pl1.2nC 24G 30 GeV
itnes: . @I I -
beam pl

CEPC IARC, 2022.06




&3 CPI e- PWFA for TR ~ 2 (by Dr. Shiyu Zhou)

For a 10GeV driver, beam size k,a, = 0.2,
C:D.?, Cp = 0.8

Final Beam Centroid

CEPC injector’s baseline was changed: 10 GeV > 30 GeV >

10°+F

beam Driver Trailer . 10
plasma density n,(x 10'°cm™3) 0.50334 S
10-1
Driver energy E(GeV) 10 10 : i . ;
Normalized emittance rensformerate
20 10
€,(mm mrad)
Accelerating distance (m) 6.3
Length(um) 350 90 )
_ Trailerenergy E(Gel/) 30.0
e ) — =2 Normalized emittance 10
Charge(nC) 4 1.2 €,(mm mrad)
Energy spread 6:(%) 0 0 Charge(nC) 1.2
Beam distance(um) 180
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Energy E (GeV)

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

Bunch length (um)

Beam size (um) (H/V)

Charge (nC)
Energy spread

Beam distance (um)

Linac desigh and optimization for CPI (by Dr. Cai Meng)

____ perometer | oriver | Traller | Total_

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 /
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Final focus optimization for CPI (by Dr. Yiwel Wang)

| paameer | Driver | Trailer [ o oamm |
Energy E [GeV] 11.23 10.94 " - as
Normalized emittance €, [mm-mrad] (H/V) 20.6/20.2 10.6/10.2 E o E 00
B 028 =02
Target beam size [pm] 3.89 2.75 050 | 04
—0.75 —0.&
Energy spread [2%%] 1.14 0.34 . a8

—0.015 0010 -0.005 OO0 0005 0010 0015 0015 -0010 -DO0OS 0000 0005 0010 001S

Beta functions at the focal point B* [cm] 1.63 s b

Distance from last quadrupole to the focal point L* [m] 3 - i e GY=3.93 um
S S T T T T 05 1 9

E_,, _MT , CCX , , k cCY _.I ~... = .

it o
C I i Y ’ L -1.0 1
,J:_ ,"/I" i A, i s - -..\ :_._P,_. ..__.a‘% ” oy :__r
= | " Vf’f RN /” L ’*].\L e | N i 3 0,05 000 005 010 015 ~0.020 -0.015-0.010-0.005 0.000 0005 0GO10 0015 0020

] . —4 e I “+—1 _1 — - ¥imen)

E : = . . [ - E - -

s my N 1 | Driver's transverse emittance need
3 E further optimization. Plasma matching
T - [ R T e 1éam . _

T RS IS W SO R S 'section as in e+ PWFA can be helpful |




&> e+ PWFA for CPI (by Dr. Shiyu Zhou)

s
-

A “perfect” wakefield means: QEd
3 v < . . S : Time = 1600.00 [1/w,]
» Flat longitudinal wakefield, particles at different position experience same Ez T T I o 0
» Transverse wakeficld can provide focusing forces to the aceelerated particles 1.0~ s
L 41200 2
i t=10(1/w;) PJ"DQO ) £=10{1/ug) s : :
0
" l 3 0L 1 Z§.:2
21 2 > 049 = L a 1 —
9, -1-200 @
L = F___ W _ vt | i i
01 | : 0 ‘ o & 0.0 - —{ | -400 6
-3 X | " - —
-2 P - . I | | -600
: e'ec e £=85 ! = G _I 1 | 11 1 | 1| 1 1 | | | | 1 I_ -B
od —_ posuccvi-s.s ' ' ’ 74 : : , : » 0.3 N 2 5 >
0 3 . 9 12 = 0 3 6 g i X[c/w]
§(c/wp) Slc)
m High efficiency 60%
So, the blowout wakefield in uniform plasmas is quite m Low energy spread ~0.5%
fit for e- acceleration, while unfit for e+ acceleration = Small emittance growth

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



e+ PWFA in TDR: asymmetric beam in hollow channel

400 200 0 Elum] ,-, e e
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PHYSICAL REVIEW LETTERS 127, 174800 (2021

High EMicency Uniform YWakefield Acceleration of o Positron Beam Using Stable
Asymmetric Mode in a Hollow Channel Plasma

Shiva Zhee,' Jionfe Hon A
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e+ PWFA in TDR: asymmetric beam in hollow channel

Plasma parameters Positron beam parameters
Density (cm3) 1.133e15 Charge (nC) 1.1
Inner radius (nm) 158 Energy (GeV) 30.1

Outer radius (um) 711

Beam parameters Driver Trailer
Charge (nC) 6.45 1.1
Energy (GeV) 30 3

Transverse size (um) 32 6

Normalized emittance 41.6 (x)

€, (mm-mrad) 18.7 (y)

Energy spread 6:(%) 0.68
Acceleration properties

Normalized emittance Acceleration length (m) 20.8
32 16
e, (mm-mrad) _ _
Acceleration gradient (GV/m) 1.3
Length (pm) 237 153

Energy spread 6;(%) 0 0

Beam loading efficiency (%) 22.6
Beam longitudinal

885
distance (pm)




0027 | 0.02 |

Magnetic Chicane

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

Beam energ E.. Gev 2L Beam energy Ee. GeV 30.0

O, % 0.68 5

O, /o 0.156
€, mm- mrad 151(x) / 35.1(y)
(o] mm 0.322(rms) £ mm-mrad 131 (x)
I kA 0.647 76.2 (y)



“& e+ beamline and DR design for CPI (by Dr. Dou Wang)

Combined Q+S e+ beamllne and damplng rlng e \RF cavitics BCI BCII BCIII
e Initial energy (MeV) | 400 400.1 405

l_{ . ./’._ \.. }_- L \ '4' I. \‘ : - 4‘.
DRt o) mr H‘L “HH R L l; l oinj (% 0.054 0.367 2.17
- & 3€";)°‘f"f'---'.*.< ,’If ..... u:;,",m'u': 28 0705 N 50 A5 RAI 105405, 1nss X ‘;:::\’.'lwn w8515 AN 10,540 nj ( 0) . . d
m el ey /o ™ aa v '.' \ ﬁ' A amo 2= aosi P 09 3 Initial 6z (mm) 4.4 600 100
. \ [0 40 |\ { 0015 L6 8
N / = LG50 " 'v' .:‘ |' 3 0] 25 > - 07
/rE s \fggler/ | [ 4l ude foe (GH?) 2800 5712|5712
2 Neeo 8 L nem e B \ ! \ % ’ 225 P d cCll b A
12 \/  aAC N/ 0575 23 Pty % foo Jt t B A 2 \oltage(GV) 0.0056 0.12 4.18
) A\ A L0550 204 - -0.0005 1.38 extraction ( .
2 Y 7 X os2s rs ) (Y Py i X : Gradient (MV/m) 20 40 40
P S N | 7/ b o5 o4\ \ / 0005 045 ! -
06 i L \._/ ) E 2 :i; 0.5 1 B Y i ‘\'\"\_//‘"‘ = % “:":I:. ““u.v ) aso Lo ,-3:. .‘,;,u 250 y .-‘,(,\'}""" L (m) 028 3 104
P00 02 04 06 08 Lo 2 A0 o B30 100 150 200 250 70000

s A dee (degree) 89 88 615
Rc. (Mm) 1200 27.6 5.5
Final energy(MeV) | 400.1 405 2400

HMUUUM“Prh{llllllM'l‘i

\ Viwaderws vervion 8.5 [ f).'f‘fl -‘ 24!

- 5.0 1 v 0.8 =
< A : | o7 & Sext (%) 0.367 2.17 1.83
=1 J] [ Los final 6z (um) 600 100 20
’ I’ it “]|“ :,,:l l‘
u 2l
3 T8 L ol :
i,‘, jliig '(: (N i
P (| el ¥ P51 [l b - 0.0 1]
0o - . — .'I ........ 0. = 14 | =
00 5.0 100 I5.0 20.0 25.0 | o
rim) “r .. -
-fsc- ol

* Combined quadrupole + sextupole (permanent magnet) | V! Vi 3.16/3.21

Beam distribution @ FF (~20um)

* Superconducting wiggler — shorter damping time & smaller equilibrium emittance



Driven
beam

Witness
beam

|IARC, 2022.06

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
3 Low emittance e+ beamline (@ High quality and high efficiency e+ PWFA
@ Final focus system design and optimization Staging / Cascaded acceleration
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=2 Key issues studies of CPI ---- need a dedicated TF!!

e
-

Preliminary study/ Detailed and convincing Experiment test /
Conceptual design simulations / designs Prototype

X

Key issues

HTR
e- PWFA Beam quality preservation
Error analysis
High quality practical scheme
e+ PWFA More schemes, HTR etc.
High efficiency
High charge L-band RF Gun
Beam profile preservation
Conv. acc. physics Beam merging
and techniques Instrumentation
Timing synchronization
Positron beamline
Plasma dechirper

Plasms source and Plasma lens
beam manipulation Plasma sources

Staging

X €. X << X X X X X x x <_x <_<_

X X X < X X X X X X X X X X X

LU LRSI <
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QG’J CAS program on PWFA (90M RMB, 2023.10-2028.09)
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CAS program on PWFA: 3 projects, 9 topics, 5 colleagues

WG1: Key physics

e+ Sim.
PWFA PWFA Code

WG2: Key technolo
EsRkesa| y technology

¢ 4 High rep. rate Hidgh Q
Plasma source e- driver probe
RAZIE |
N A

BEPCII

WG3: Appllcatlon

PWFA Staging Plasma
FEL PWFA dump i
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From 2023.09 to 2025.06 (2025.12)
Unique TF for e+ and cascaded PWFA







PBA TF progress ---- re-construction (2024.05-2024.09)




PBA TF progress ---- utility renovation (2024.10-2025.10)




PBA TF progress ---- replace the double girder crane
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m  Proposed experiments in the near future

m  Summaries and prospects
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fe— . |I,, .- ;' : I;E;: /._ _1_.?;". : : |:|.n||.-::l:lI /-_-\ o ~rEaL R :-u'
PWFA-BLZ @l..‘ﬂ:l-‘ ’ TP L--.m -. S . -I:I # H I-II I -I ' _Hls_.ﬂ . | h I I - III 1ty -uw.
lI...__.'I:u‘“_I_ \b b AL Wl L2 'a.:.;.-__ I | II- - 1 ) ) 1 Jf‘\‘ FRITOIT] e B .. | TLaLE DELE
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PWFA-BL1 R
[ mem S T T ' o
i i '.
) o .|_ IICT PR W BFM .Sulenﬂid f Corrector . Dipole I Cuadrupole o Beam dump Ihggsl_k ~ \alve i
Parameters Unit BL-l e- (AM3) | BL-le-(IP1) |BL-l e+ (AM3)| BL-l e+ (IP1) | BL-l e- (IP1, block) | BL-I e+ (IP1, block) | BL-Il e- (IP2) | BL-ll e- (IP1)
Energy GeV 2 2 2 2 2 2 0.15 0.15
Charge pC 2000 2000 100 100 9.4 0.2 5000 1000
bunch length ps 10 1 10 1 ~1 ~1 0.7 1
Geo. emittance | mm-mrad 0.1/0.1 0.1/0.1 0.4/0.4 0.4/0.4 0.011/0.005 0.04/0.02
RMS beam size Hm - 150/150 - 300/300 30/40 54/76 35/22 100/50




drive laser of L-band e-gun (4 m x 1.5 m)




PBA experiment proposals — LWFA e- external injection

s = 0.00[m] 0.0 40 —0.0
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PW Laser + BL2 e- (9.45 pC)
E~16.6 GeV, rms energy spread ~ 7.7%

s = 0.15[m]
p-=5385.61mc Oy Oy =123,1.13 um
10000 20
9000 !' 104
— 8000 - i -
‘é " 2 op—
= 7000 - h = .
& } = -
’
6000 / _10 4
‘ : . : —20 : T :
80 100 120 140 -20 -10 0 10 20
£ [um] X [pm]
Enx = 2.86 mm - mrad £E—x
10 20
5 10 -
i —_
E o g
& x
_5 -
-10 - . .
-20 -10 0 10 20 140
X [pum]
£y = 2.43 mm - mrad -
10 Y 20 §-y
10
'G‘ —_
£ § o —>— *H
& N : 4
710 4
; —20 . .j’.\ .
10 20 80 100 120 140

¥y [um]

£ [um]




=2 PBA experiment proposals — cascaded acceleration

>

time =50 (1/w) || num-5 (K HHEE)

N =2.5000e+14 cm™ || skin depth 0 k;)j,:aasmu,lm C h a rg e_SI i C e_XZ_S = 0 . O 2 [m ]
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driver: maxI=1.5066kA || energy=153.0702MeV ||| witness: maxI=0.20859kA || energy=154.6559MeV
plasma density:3.0000et14 cm™ || driver 0, =-0.6nC | witness 0, =-0.06nC —_— 1 O O O .
=21 1:0

3000 2000 1000 0
§=ct—2z[um]

Stage 1: PWFA @ IP2 Stage 2: PWFA @ IP1

L-band e- gun generate 2 bunches Use 2 GeV e- bunch from BEPCII linac as driver
Trailer is accelerated from 150 MeV to 170MeV Trailer is accelerated from 170 MeV to 310 MeV



“<=%: PBA experiment proposals — PWFA e+ acceleration

hollow channel plasma finite-width channel uniform plasma
o - s = 0.01 [m] 800 46 ‘ ‘ s = 0.01 [m] 200 - - B ‘ s = 0.01 [m] - 800
ol E 8 | i 600 o, e .' L 360 o o e e P 600
400 400 400{ 200 400| 400
200 200 200] i 100 200] %1 200
= g = E g
§ W o = .5.- 0 o = g. 0 0 S
x i x N x N
W e w % w
=200 —200 —200 B & 74 - -100 =200{ o/ -200
-400 -400 ~400 -200 400 -400
g -600 ~aug -300 =600 -600
-800{ ... : S ] —800{ ... : A —800| . : e
2000 1500 1000 500 0 2ol 2000 1500 1000 500 (R 2000 1500 1000 500 B
& [um] & [um] & [um]

Use BL2 e- as driver, and e+ from BL1 as trailer
Try different schemes for better capture efficiency and beam quality



PBA experiment proposals — LWFA e+ external injection

» PW laser + BL1 e+

B e =1 BB -
BL1 e+ 52 BB B — —_— — = m

s = OOO[nﬂu 20
% : ‘ s = 0.00 [cm]
100{ PW laser 20
. 200
i Ry 15
‘:f","" W VAR
10
5 100 e
— £ :“-e,."" A
§. % V;"rr/‘v > 5
< = T o 1 E
w ot
3 0 0 @
b o

-100 ; 3

- ‘ -10
~100 t 2
250 200 150 100 50 0 20 -15
1
& [um] -200
-20
Laser: 18], a0=2.4, w0=60um, t1=25fs 250 200 150 100 50 0

Both e+ energy gain > 1GeV £ lum)

e+:50pC, 2GeV, o, =40um, o,~ lps Laser: 19J, a0=1.1, w0=75um, 1=30fs
Plasma: ~ 1el7cm-3 e+:75pC, 2GeV, o, =40um, o,~ 1ps
Plasma: ~ 5e16+2e16x(r(um)/75)2
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QG’J Organization and Manpower of IHEP PBA study
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“¥: Group photos at project annual meeting (2024 & 2025)
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“<<3» Summaries and prospects

o
-

m Focused on PWFA TF construction in the last 2 years

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

v Beam commission preparation and experiment proposal optimization are ongoing

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

v It's NOT only for plasma acceleration, but also for conventional accelerator R&D

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

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

v Another upgrade after B2U is under consideration (a mini DR will be installed in B2 linac tunnel)
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Thank you and welcome to IHEP



