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Wiggler Enhanced Plasma Amplifier for Coherent Electron

Cooling

1.1 EARER
« I3 B MPTE
o YE#: G. Stupakov (SLAC) and A. Zholents (ANL)
o B i

o {f#%: https://accelconf.web.cern.ch/co0l12021/papers/s803.pdf

1.2 fij#

BT ISR B A8 (plasma-cascaded amplifier, PCA) J5 Z2AYAH T HL 1% 4]
(coherent electron cooling, CeC) FEMGHEMAL A B K BENLS E (microwave stochas-
tic cooling) X5 TR B LA A, EA S ET FEL (free electron laser) 7721
CeC HEk#2 A ETHOREIA TR EM R MBEC (microbunched electron cooling), %
T PCA 77 Z M9 AT R 1K)t . PCA Fi| F HEL - o AE BRI MR LR A5 e R el 2
) SR A A 1) R~ P2 AR S B TR IR IR0 . TS EAARE IS B TR R o

RRIE SR M T —F7i%, M —REIRHE Sy, HAZE i E 25 5 Blak chicane,
5 A B IR IR A o A ROR X R 200 B R 5 1R, (H2 X7
ST B IR A I T R RS R R

1.3 DTRREBIHT A

o Trmk: BT RIS E AR (plasma-cascaded amplifier, PCA) J7Z£HHHTH-
%3 (coherent electron cooling, CeC), HHL T A5 B TARIRTG IR KCREE /2 Bahn,
I, X TFEmehi -, TR RAREACSIGEBR . X8OS
FLF AR A% B An(s, 2) SREFIATG An(s, 2) RSN B3 &G, A

dAny 1 .
i _Zk’Y_ZQHOAnk
dA7, R
=((k)A
o = C(k)AM
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1.4

o, . = 7 ng i () = 2 (). KT H EEIEL
AAZ% [, AR R R T AR T IR AR B, T
T = e g,ﬁ@, @@M%ﬁﬁwE@%%zaﬁmmrﬁmo T W

ST A AT IRTME , X AR B AR AT (charged disk Bl slice) 734

BT NGRS TRR . AR N (Ank,;digk) AT LA T
T HRH TR BRI (AN I

. <S,wp>:(_gjj<%s/c> o <wps/c>>

22 sin (wps/c)  cos (wps/c)

Md<3):<(1) i)

— AL (cell) B LLFRIR K
Mcell = Md(gL) . Mw (2(1 - g)Lawp) : Md(gL)

Lrh, g NESEBBA S . A T U EZIR, wtr] ORI -7 A A B0y
Lo o 98 1l R T ) B

\ﬁﬁ

{E)%i}}i G jﬂ Mcell E/‘j %ﬁE{E, m”ﬁu?ﬁ%ﬁ
cell GI = 0
Bt |G AR oA (An, % d@:k) M4 24 (gain)

EEE, R RIEE F RSB Tl EESEN R EESTRRNL, H
1, RRAL 2 R SR ARG NS FNBE, R IAE A A4 A LA R B A
)‘ﬁ%’{&’o

AT XIS R A —F 7, B WEPA (Wiggler Enhanced Plasma Ampli-
fier)o JRELERIH—RAIAHER, HIAZE iR S EE Bal chicane, A2
SRR FIRGAE MG i PCA J7%, M7 RS SF AIRz A G L R
AR R
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The general velocity and current modulation linear transfer
matrix of FEL and control over SASE power in the collective
regime
2.1 EEARER
o 2 FPRATS A BEFR0E
o /E#: Egor Dyunin and Avraham Gover (EZA/#4: Tel-Aviv University, LAfa%))
o REL: PEIp

o HE¥F:https://wuw.sciencedirect.com/science/article/abs/pii/S01689002080062197
via%3Dihub

2.2 %"

LR IE SCE AR LA BRSO IX T A 1] PSR ST S B el PR - BOE A R A PR
@&, B AR B S RS X EeREE T A RO RS E A R
OB (non-radiating section), [A] BRI LAGH o 24048 B 2538845 B (Y FE SR [ FEL A
AR HBOK B A 3T D 22 ] REdE -

2.3 TEkEAIHT A

o QBT X SUEE B B RO E i R R G S M A PR, I A
FEL T~ AR 23 () R A8 o A 5 T ISR 08 1 Jan e 42 ) P 7 SR s AR B
WK B &%t (self-amplified spontaneous emission, SASE) I, MM &1 H
H HELFIO G HH RE TS -

o TR BRI SCAEAE undulator/wiggler HTHL TSRS AR AT s T B iR,
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dJ N
é, - d—j = —iweN(z)
Hott, Byn(2) = y(2) Bpe™, Buo(2) = =550 (2).

FIH Laplace 254t (2 — s)
RENE z FAEMETRE, A

dq(z) HEE HEJ HEV

j(z) — e thez | pIE i3 IV

f/( z) HVE gVI Vv
Hrpr, UM TT RN BRI A %8S

, (RIS Eq. (5). FIFIHIY Laplace 224,

aq(0)
J(0)
V(0)

FHRZEBE, ARy, Wik B s s R Ry

mad (—m i vodiz) V(2) = —el(2)

é, - % = —iweN(z)

FH, ET Laplace & ittt , o] LMSRE/EH S
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PEAS B AR M R N
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V (Lq) 0 i 1%
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=

> ESC<Z) = _%Oj(z)"
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A T A% undulator/wiggler SEAEER B FELLAARIE" 5, T LARFF3AL
dulator Br5 7 B G AL RS, HELHIERE N

Htot = H

H : : H " Ilwigl
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— R, B H OB E . SASE ISR RO A L AR A FEAE TR
KB RS R R . R, A BRI I R B s TS B o A, A
I8/~ SASE T, X8 SCK SASE DRl 5 HF SRg g e i e, A
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TAe

XL L Section 5 & T — 4T AGLS Z2HHIIENL, 45 HIBUEE R A
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Fig. 2. Total radiated power after the second wiggler section as function of the
normalized drift length.
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Fig. 3. Spectral power radiation for zero length of drift section (solid curve) and in
minimum shot-noise radiation (dashed curve).
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Transverse force in a relativistic beam moving along a curved

trajectory

3.1 HAfEE
- 535 BY. MbUTE
« {E%: G. Stupakov (SLAC)
o BRI FE. BUER

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
25.014401

3.2 HHE

W& S AT RE R ARG FE 7 SO R S T AR G BB L o R SR 0 L - SR A AR i ek
B AT A 258 5T 9k R 23 (coherent synchrotron radiation longitudinal wake field)
ko HEr LR T [E ARSI\ n R A A, Bl SRR 00 o —Z4EAE T [ 2D FR ST N A
Yy, Hrp, Hragis y—4EZ iy S8, IXF AT s S B T E LT,
WG AN R o AseEtt,  H TR SCHRON T A0 ) o S F A AR ) 5 ATE A . IXh
WOCIE W An ey i it FEL s i 3l 5 B 5 E L #ALHY (renormalized) #[) J710 H 16
25 R P B e R Y — AR

XP TS, T AR AR R R R A SO TR bR S o IYRIER
S, RIS Tk B BTV F - 2 B S R AR 2 SR . T T % SR
TEOLRY T, RXRETE SOR ] =2 1R 1 FR45 T s e AR OL T, X T BRI FR
(spherically symmetric) 5w~ (Hat) 724K, XL CRYTTES PyCSR3D £X
ERSE R U BT BRI A — St Hh, IXRHESOAZE tHE AR O N HIAH T [R5 5
Yo XL4h R ft— M TR BRI Fe it B o B A SR =4 T A A A
RYRITTE-

3.3 TTEREAIHT A

o TTHk: XRIEIC Section 11 Joif i€ A 4 —4EL AT RIICTA 45 M IR 318 24 77
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BE UL R HIAE Frenet-Serret AAFR R MG W AT HIGFAL . RIREIN H B4 6

AR

TE Frenet-Serret Atbr 2, PN, BHAETFIEshi e LIS

d*z ) AH —ed e
ds? s ymc? + ymc? ( v)
J— . /
AH _ edV _ —e/ds'l 7(s) -7 (s )/\,
ds cot lro(s) — o (8')]

Hrh,k(s) = poc/eBy™ (s)o LIRS R BUIAMERS IR, ERER A0 ¢, ., B,
IR 25 I E2S A BRI R HEE], XERINITRE ¢, B, By 25
FFRZIESCHRY Eas. (1a,1b,2)0 8 7 BEGILACHIIRAE, 7] LUE SC—4~ & #AU AR
[EP)

(8" — ctret)

f:e(—/€¢+Ex_By>
M F L FI5 3 7 #E 0T LS i
dQ_x = —k2x + K AH i
ds? yme? - ymc?
AH_e@V_ A —=7(s)-7(5),
ds — cot e/ds ro(s) — 1o (5')|)\

(8" — ctret)

XHEAEARERR R, A EETEESER R RS AR (transverse steady-
state effective force)
Fy = —2er\

5 0] A2 sy
F,=—Aex), 2<A<4

A1,

W GIN F A A, RNZGE AH = AE + ed HIIRTERE /A
FES NI ¢ BUTHOL, RGP A7 A8 A AR A

N T RPN A HURDE , X RIE SCE T I RE IR TR, AFREIRT AH 7R,
METEERE AE Rz, Bk, BT RAr RS A

d*z ) AE e

er_ E.—B
ds? A R'ymCQ ymc? (. v)
dA

dsg =er-E
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z 1
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EFE TR R R A

RRIESCH A il R R 2Ry R ) FL 5 PyCSR3D H#L, 153 —8EiR.

o GPFTRG: RXRIESOMTESIAN F, BUMARZ, XIS Ry FRIsE R T
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d*x 9 AE e
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A synchrotron-based kilowatt-level radiation source for EUV

lithography
2N EYS
2K [FPRRATS A B HEE0E

{E#: Bocheng Jiang, Chao Feng, Changliang Li, Zhenghe Bai, Weishi Wan, Dao
Xiang, Qiang Gu, Kun Wang, Qinglei Zhang,Dazhang Huang, and Senyu Chen (F*

L BT
SR Wit. BUEIE

#ERE: https://arxiv.org/abs/2110.08987

S
RO IESCET H— A 160 KA 525 B R i A BRI TT SR T BLZAH T R A1

=4 A A EES | 2R EPLE] (angular dispersion induced microbunching),
UH ADM, fEAZIRF R TR A B 257 nm OGRS 78 B TR S B 2 5
JCBARRTIE T . RIS HAN, GBS T rOB 13.5 nm FOARTAREST, fr i o

29 2.5 kW,
4.3 TTEREAIH N

Timk: FETIRAMERH (steady-state microbunching, SSMB) JEFH )45 5 7= A= L
T R O AR 7] (modulation) .  H Fi7 =5 5 A WA Rl 77 28 A2 1A]
SRERAE S AU S . XIS S I T R T B EM e R, T
H AT AR AERZNECT MeV, [RS8 555, 22 100 ms
(25 20 J3 ) A FTRESRBRIOE WA AR REROG . AL, fqE8iit— P EARR
RS RE R R B B R

QTR RIE SR T8 SRS (superconducting wiggler, SW) 54 P
SRR (IR, BRSBTS /I 3R TR

WIS EL XM A ELEGANT 8 T #3130 12 (momentum
aperture, MA) 535 112¢51#2 (dynamic aperture, DA), A4, tB45H 7TET ADM
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Table 1. Beam parameters for equally focused superconducting wiggler

Parameters Value
Beam energy (MeV) 1000
Period length (mm) 60

Peak magnetic field (Tesla) 5.66
Quad Gradient family 1 (T/m) | 13.1
Quad Gradient family 2 (T/m) | 10.3
Pole gap (mm) 10

Figure 1. Schematic view of equally focused wiggler
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Figure 2. Twiss parameters in the wiggler.

JT EHT R T ARAE RS BRI T, AESE 19 YIS BOb A KLy 9% RIS (n
THE).

R IR B, IXRIR SO E E AR (de-modulation) T2 H T
Ts66, T511, Tro2 5 Tr120 AT PHJEPRX R BIRERL (2 1 BIRDRE A RUCER) S
y JTIRVRSEE (29 95 [EIRENS AR 08) RN, DAl B A~ R A B B AR ] LA
ILEZ) 20 kHzo BIAHAFERFA 190 AN HLF- A AT, S B S A AT LA 3.8 MHz,

AT B B R AR St GENESIS 43, 15378 B4 39 g g B K Bk
MEERRZN 3.22 ), FIINER N 1.26 kW, RETBHLE MBI . SR
RPN 3.5 m, e RN 2.5 cm.

4'4 /\,_E:

KT P, 275 20211122-Tsai_CY_comments_BCJ.pptx.

13



3, 5 (m)

35

30+

25+

Table III. Parameters for ADM

Bending angle of By(mrad) 9.5
Length of By (m) 0.3
Laser wave length (nm) 257
Energy modulation amplitude (ogo) 0.6

R56 of dogleg -6.15e-5
Dispersion of dogleg (mm) 6.5
Distance between two bends in dogleg(m) 0.265

—B - ‘_'dv - SUUf’Iy DQuagrupoles -Dipoles |:|Sextupole§

L= A

Figure 6. Beam optics for bypass section.
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Figure 8. Bunching factor for ADM.
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