hoik B kRSN A F P LS (2020 %)

\

TG A A B % BRI 44 Bt R 4T 32 3 ) Physical Review Accel-
erators and Beams (PRAB) H—LEif i FLe1e G T Sk, HET e T B, 2
Bk H PRAB 2020 4F £ A5 889 6 E Y3 2% 2 (American Physical Society, APS) Jiff
F A T B R i e )y T B8 50

K TR RIR T2 BT SR AN TR S S (B A 2 R, R, e 3 2 o0 il 5
55, 2 BB BCRYIE SO, A BRI Ay i ] LUR S A RO R R e 7
FiC e A BRI 4% 4% B A A AR sl RSB PR, ik, S FREEE A RCR IR R (11
B X BB SO A BRI AT ) o FIRAT BB : XTS5 598 SCE AR B A SC L
WL A B S, RS HIRA TR T RS IR LA Y H B A SR IR A
IR s XS 3Re M B R AY A . I B BaZie 30, T LASRATH R SR Bl
BER (PAFIIAIR)

H XA SR TRAT B, HF HIR T URACE, 2T ARSE (1) BT =
WY i F5 15 AT, WG 2 iR I T 3478 ARSI ST AR S 45 R
Zag IS

YH B Sk B SR (Ferh Bk 5) . Z2H516 (Deutsches Elektronen-Synchrotron, DESY). R4a 77 (4ehE}
B, WEpRE). drfd (BRRHECREE, WEFRA) . JiFER (BRI, TLIRE). R=1E (R
KA, WiEwEoeA). FFJRHT (Stanford University, fHEAF5E4).

1



RS B AT

SR

jeytsai@hust.edu.cn

BI5)

55,
oF
=]

v v ’
v

EEEIEEEIEIEIEIE
BBy mpEp”®
EEERE '

[

[

[
=M | I8 N [@] qinweilun1991@gmail.com
RIGTT [ [E] @] [EI] yifangsong@hust.edu.cn
e Bl | [@] [@] aaron_lei@hust.edu.cn
JEFEE 3. I8 m202071684@hust.edu.cn
=R Bl verayy@hust.edu.cn
SRIKHT | zhaoheng@stanford.edu

H %

L

lhEn s R MBI RS K FIR [PRAB 23-01]

ILower limit of the transverse emittance growth in deflecting rf ﬁelds{ 6

WL IR4E S S T R 5845 [PRAB 23-01]

'I‘hree—dimensional effects of coherent synchrotron radiation by electrons id

la bunch compressorl 9
B X gk A i THOB P HOR B R R LIRS 5 [PRAB 23-01]
|1\/Iitigation of microbunching instability in x-ray free electron laser linacsi 11

G E P TS0 B S RS J 2 S EDGE G [PRAB 23-01]

IPostsaturation dynamics and superluminal propagation of a superradiand

Ispike in a free-electron laser ampliﬁet{ 13

SO AR ADE B DELR EE \ SSBOR A A Bt m [PRAB 23-02, 14 53%]

IImpact of laser stacking and photocathode materials on microbunching in-I

Istability in photoinjectorsl 17

SO 4 BRI BIARAE BEX G\ S S B M3 [PRAB 23-02, ifi S

I[mpact of laser stacking and photocathode materials on microbunching in-I

Istability in photoinjectord 21

i DBA JEAi# e MeV A7 AT T8 50 KA 4 PRI A IR [PRL 124]

IBreaking 50 Femtosecond Resolution Barrier in MeV Ultrafast Electron Diﬁ'rac-l
kion with a Double Bend Achromat Compressoﬂ 25




B e A 24 2l o P 5 B9 B I ) P 2 CRD AR i P o [PRL 124]
IFemtosecond Relativistic Electron Beam with Reduced Timing Jitter fron{
tI‘Hz Driven Beam Compressor{ 28

b %FH MWL Fresh-Slice MRIBE M 5it4L [PRAB 23-03]

bimulation analysis and optimization of fresh-slice multistage free-electrod

30
[0 BRE I 2 2 2 F L T HOEHIBERUHT 5 Ak [PRAB 23-03]

bimulation analysis and optimization of fresh-slice multistage free—electrod

33
[LL sk ALY BB T 80 ) 5 [PRAB 23-04]
Bingle—particle dynamics of microbunchiné 35

A2 b 200 2l v T R 4 e ) WD TR0 2 ) S R N B4 ] [PRL 124]

IFemtosecond Compression Dynamics and Timing Jitter Suppression in 4
ITHz-driven Electron Bunch Compressor{ 39

L3 WiHs ik R S50 H BAR T IR 55 R 4 5 2R DA A 55 P il ik I G0 2 S s 8 o 10 24
5 [PRAB 23-05]

boherent synchrotron radiation wake expressions with two bending magnetd

Iand simulation results for a multiturn energy-recovery linad 42

L4 BB 7E R i T SEHLAG—Fi 93 [PRAB 23-05]

ITowards storage rings as quantum computers{ 45

L5 S 3 5 25 B - g S B F O LR T 6 245 4. [PRL 125]

boherent Optical Signatures of Electron Microbunching in Laser-Driven Plasmal

48
L6 g SRR AR REMSH: Viasov S TFHERST [PRAB 23-07]

ILongitudinal and transverse mode coupling instability: Vlasov solvers and
kracking codesi 49

[L7 i RS £ SR SR T ) 4 R M A R % [PRAB 23-07]

boherent synchrotron radiation free longitudinal bunch shaping using trans—l

|Verse deflecting cavities{ 52

18 kAT I A kL Tk B BB B2 35115 [PRAB 23-09]

IResistive—wall wake for nonrelativistic beams revisited 55




L9 AR X A HIFLBE R 55 B FEE S [PRAB 23-09]

IResistive—wall wake for nonrelativistic beams revisited 57

RO ke P i - 14 KPP 8 T RBEE B 5 [PRAB 23-11]

IHadron beam evolution in microbunched electron cooliné 59

R 1 FE £ 65 3 S0 D 7 S0 L 7 07 A 9 50 O T )25 44 [PRAB 23

IExtremely bright coherent synchrotron radiation production in a diﬁ'raction-l

himited storage ring using an angular dispersion-induced microbunching schemel 61

P2 FHT Il bl 2k 7 52 9% P i A A T 1 T RS R A 2 06 [PRAB 23-11]

|Noninvasive THz spectroscopy for bunch current profile reconstructions aﬂ
|1\/IHZ repetition rates{ 63

B3 i A i IS ) OB B I SEAOR LA B [PRAB 23-10]

|1\/Iicrobunching instability characterization via temporally modulated laset{

o
R4 OBk 53 ik i 7R BL [PRAB 23-11]
IElectron bunch evolution in laser-wakefield acceleratiod 70

B5 FATF Bkl A A B DR Ak T BB R [PRAB 23-11]
IFast hybrid particle-in-cell technique for pulsed-power accelerators{ 72

B6 MU/RiY: T NER R BB 4 [PRAB 23-11]

|Wilson Prize article: Transverse phase-space manipulations in electron ac-l

76
R7 B H L T ORI R S 10— R AER [PRAB 23-12]

bimple model for the nonlinear radiation field of a free electron laset{ 78

B8 B ERAE AR AT, 2 ok Y BN ORI R R 2 B [PRAB 23-12]

tI‘heoretical formulation of phase space microbunching instability in the pres—l

lance of intrabeam scattering for single-pass or recirculation accelerators{ 80

RO — A BRI 2 M A R A B T 454 [PRST-AB 16-01]

IFrequency multiplication using coherent radiation of a “snake” beard 82

BO 'RJETE 10 KAMEH o TR AR J7 3 [Structural Dynamics 7, 034301 (2020)]
|1\/Iethod for developing a sub-10 fs ultrafast electron diffraction technologyl 84




BL AU AUNE (Sb) AT T HOEKEE [PRAB 23-12]

IEnhanced seeded free electron laser performance with a “cold” electron bean{ 87

B2 JET R RN 3D 4T EI ARl S AN I A [PRAB 23-13]
ILongitudinal phase space synthesis with tailored 3D-printable dielectric—lined

91
B3 1T [ 1 L SO ] 7R R AE FIREIR- 253834 [PRAB 23-12]

IDelay—detune scan for longitudinal electron beam characterization at free-l
L‘lectron laserd 94

B4 1778 SN A1 R A B M- B & A Rt [PRAB 23-12]

IE‘ast-slow mode coupling instability for coasting beams in the presence oii

hetuning impedancel 97

B5 =HROGURIE % we xR AR LS H 5 R I B [PRAB 22-12]

IEffect of undulators on magnet lattice and emittancel 101

B6 T A B 15 U5 B il 2 B 52 9 1 Fl Fh 3006 1 % R R A e B 5 o A 3 Pt i)
it [PRAB 20-08]

bompact compressive arc and beam switchyard for energy recovery linac-I

hriven ultraviolet free electron lasers{ 104

B7 sKALELIME SRR S (B SAE) 48 e R () R LY [PRST-AB 15-12]

burface impedance formalism for a metallic beam pipe with small corruga-l

107
B8 % 18 S AT AR AU i SR LK T v 25 e 24 S LB A A B [PRAB 19-04]

|Ana1ytical theory of coherent synchrotron radiation wakefield of short bunchesl

|shielded by conducting parallel plateé 110

B [ i1 B R 2 ML T AT AR [Nature Photonics 14, pp.245-249]
ITowards jitter-free ultrafast electron diffraction technologyl 112

10 FATF F—fRfhi 7 FR JGR HokL -3 ) A i AR T U B L P i F i [PRAB 22

bomprehensive comparison of two tracking codes for single-particle dynamic4

Lavaluation of a next-generation storage ring light sourcel 115




PRAB % TR RIGTT
H5: 2021/1/18 HRAMERL SRR

1 w55 R R A K TR [PRAB 23-01]

Lower limit of the transverse emittance growth in deflecting
rf fields

1.1 EAFEE
o 4335 AR LS Rt

{E#: V. Paramonov (INR), K. Floettmann (DESY)

CCIR 10

5§4% https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.014401

1.2 HHH

Panofsky-Wenzel JEHIEIERE RE Z5 4 o 8 R e A2 1 FE 47 70 BB A RS R
ATCAEMEAL B, BT 22 5e i 5 R AL T 1 iz R % 0 PERERY DL IR R 0 X T
AU ) AU RS R Tk, R, SRR e 7 [ 52 FJ RV E - AR B o B 3R 7y
SR AN BAE S 2R R A S G A, ASCUAH RS AR 25
PEALG M ELR, g TRk e — A . AEALE REUh RE S5 7o
PAE o XA TR A REME RE Z5#9rpi) HM-HE Je a8, flin: EIITER
iris-loaded ZEHAIHT FL AT HUR YL BES 450 (LTI

dielectric

conductive
layer

K1 RPER) iris-loaded Z549 (/) Fak LAY U2 B9 [RDE 3 4549 ()


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.014401
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.014401

1.3 TRk S BIHT A

o QTR fE Panofsky-Wenzel & IYELA EgE— 22198 1T INFI #1750 RO e 45
AL R i AR A TIN5 S (LY -22 ) h /A W Py QYT LS (SR ey
SAETE E T SRR R T R A MV ABTSIRIE R R A TR, HRE
T A R TR R

o BTk APRHES T HM-HE 8410 RE S58rR s 1 e B A 5 4
TR S R RO 122 Tk (B4t T FI 2 L 4 B R — B B
ABraes At Ba. @) A1 Ba. @), L% EA RS AR 2T R 10 7
B K S A [Bg. @)

1.4 A3
ekoVo, for o =0
OF = 2 (1)
eky* Voo,  for o =7/2
AEcor 2
_ (ekoV) £ 2)
Az cp, 6
(ekoV)? 2
€, = Dm0, 0,0 (3)

1.5 Panofsky-Wenzel E¥

VR T A PR R ) F = eE + v x B, 258 —BHES L, 345
SEe YN R ST, 1E rigid beam 5 ultrarelativistic beam L0, HREFHEHEE (wake

function)

) L)2
F(z=s—ut)= Fds
—L/2
Panofsky-Wenzel 1IEBHA DL % &
_ 0 —
F,.=—F
V. F, pPRa!

a2 (1) = [2).

2% 3Rk

[1] A.W. Chao, K.H. Mess, M. Tigner, and F. Zimmermann, Handbook of Accelerator
Physics and Engineering, 2nd ed., World Scientific (2013), §3.2.1

PHIAM LS —BUE R L 1A — [ E (.



[2] A.W. Chao, Physics of Collective Beam Instabilities in High Enerqy Accelerators, H,
W N % https://www.slac.stanford.edu/~achao/wileybook.html


https://www.slac.stanford.edu/~achao/wileybook.html

PRAB 5i# SR 2R
H i 2020/12/6

2 HWTE4aST =4 T R P ENAN. [PRAB 23-01]
Three-dimensional effects of coherent synchrotron radiation

by electrons in a bunch compressor

2.1 FAfEE
C SN BRTHNY
o YE#: Yunhai Cai (SLAC) and Yuantao Ding (SLAC)
o A IS BB

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.014402

2.2 fH%

XA TAETE R 7T H i =25 T F 2D R U B 5T . B a3l i iR %
Courant-Snyder ¥E1%5, H curvilinear A4 & (8k Frenet-Serret A4fx &) 1Y Hamiltonian
e BI85, BEIAIYEIC 24 SR ATE curvilinear ABkE RIKE R, TEME AL SE 4 A — A4
FREB IR XM HEM A D), SR BIRUR T B . 18 38R 2009 4F
1t LCLS [sEss b, 1581 —2mgs R, B 1-D CSR ##5 3-D CSR #RU T[] A&
S RGN B — 5

WL LA e R, e
1. CSR a8k, BT RN AL (240.0°) 2 2 53 o

2. 3Rfitt 3-D CSR lrt, Lienard-Wiechert ¥[8 —IHZIE AT, B, EH T EREX
B g — 18 y> 1.

3. P I F BT RS, AT R4 sl S R A % .

2.3 TTHREAIHT A

o wtmk: BIERZGH 3-D CSR IR, Rl Eqs.(7)-(12), Hrfr, AR RS
AR XL IRAEIESCERLA A — DRI A B (B source
particle 2T test particle i), A0 ia i S TEUERZEH TTmk HUAL— 2K


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.014402
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.014402

o BIFTR: O T CSR M BT & SRy Al , 1830 7 CSR A2 RERREL (2K

integrated Green’s function), Hl Eqs.(23)-(25). fid& Eqgs.(29)-(31), AJLAEH CSR
YifE x,y, s &I XL R E N _Fi& T single-pass transport beamline,

2.4 HE

KTiE CSR —4eRR R SOEAT [L]. /b, — 4 CSR AORAEPRIAT T 46 Zh A5

AR EME R NHE A A2 2], R TlIT CSR SRy AR, SRR JTiEE al A2
% [Bl

2% 3k

[1] A.D. Brynes et al., Beyond the limits of 1D coherent synchrotron radiation,

New J. Phys. 20, 073035 (2018), https://iopscience.iop.org/article/10.1088/
1367-2630/aad21d

Rui Li, Curvature-induced bunch self-interaction for an energy-chirped bunch in
magnetic bends, Physical Review Special Topics-Accelerators and Beams 11, 024401
(2008), https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.11.
024401

D. Sagan et al., Eztended one-dimensional method for coherent synchrotron
radiation including shielding, Physical Review Special Topics-Accelerators and
Beams 12, 040703 (2009), https://journals.aps.org/prab/abstract/10.1103/
PhysRevSTAB.12.040703

10


https://iopscience.iop.org/article/10.1088/1367-2630/aad21d
https://iopscience.iop.org/article/10.1088/1367-2630/aad21d
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.11.024401
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.11.024401
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.12.040703
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.12.040703

PRAB 5i# SR 2R
H i 2020/12/6

3 X HE BHRFEDET RO A TR 5 [PRAB 23-01]
Mitigation of microbunching instability in x-ray free electron

laser linacs

3.1 HAER
o S3d ZRTENE
« {E#%: Biaobin Li (NSRL) and Ji Qiang (LBL)
o BA: NG, BUERL

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.014403

3.2 fH%

W IAEE Ji Qiang £ Phys. Rev. Lett. 111, 054801 (2013) #2H —~REME &
BN B Zehnik B H B0t as PRCREI AR E TR T 58 AEELIE RS Liin—1
TR, BELSUER T P RIEEhK R, AR, KRONREVRIE A TEHHTRE
AWELNEH BB FROERREES . XREIESHR BRI B LN ®E R 5 EFE R A
FEdads i — Uk, (124 — B 2 MR s AR dogleg AbfEAE—LEt0 ]
(dispersion leakage), MIMEREE /18 [F-IhFE G . FIRLX ARG R, — g s
2[R A (phase space mixing), 75— 5N 7 ADI A EERL [AiE S Eq. (1) fr
IR)o FERE I Hran AT dogleg AbFF I8 I Y B VUM k0, i1 5 AR R4 s - Y Y
Ak 28 AL ) DY AR AR TE B A i B B ARl achromat, T “VRAEL” T SR A RS 78 IR 4 %
BC1 Hi M [ A& 51 5 5 90 BEH L

3.3 TARREAIHT A

o QTR W, TEELNM RS Liab R A 454 BCL Hrfalin—A VA (&
EAE), JRSE BCL A AR & achromat, AT PUARERZ S, (54
—HE ML Y dogleg AbfFAE LA (dispersion leakage), MIMIHR
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FIG. 1. A schematic layout of a x-ray FEL linac with two
compression stages and the microbunching instability mitigation

scheme.
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FIG. 4. Evolution of the beam slice energy spread along the
longitudinal position when quadrupole in BC1 is turned off
and on.
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PR FUELE— DRI BIENC, BT IS B AR SRR XA 1B SCE BN 7RIk
OBk R AR SO Y R AR AR () S RIZAIAARAR (u) HYTEAS,
MRE. XES 5K 2T cooperation length [, cooperation length
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FIG. 1. Radiation power vs {,u for two different initial
conditions, (a): o = 0.82, (b): 6y = 5. The continuous white
line represents Eq. (1), where the u, position was set to match the
saturation splitting position. The white line represents the peak
position, drifting with velocity v, = 1/3 before saturation, and
splitting for u > u, into the two roots of Eq. (4). The white

15

FIG. 3. Power spectrum (a) and group velocity (b) correspond-
ing to the case of Fig. 1(a) vs u, k. The power P is normalized at
each position in u. The white dashed line in (b) represents the
power contour line, in black in (a), corresponding to the level
~().8. The black dotted and dashed contour lines in (b) delimit

the transitions to exponential regime (v, ~ 1/3) and to post-

dashed line for u > u, is the function ¢, (u). See text for more ~ Saturation (at u ~7-8) where v, > 1.

details.

BRI T A B [Fig. 1(a)], 5KT A B [Fig. 1(b)] Lk, &M EELAHEHA
. SRR, 7 FEL SR (u ~ 6), SeIkireAZLam M (mode), Hid
#5 (leading mode, front mode) S5y H 7 IRAZEAEH, J5imfE (trailing mode,
rear mode) N2 5IHHY. CAMRERBR LIRS 1Y EABRRERY B A
WX ZEIRIERE T Fig. 1(a) (W5, X T Fig. 1(a), AILLER], BEHA
RIEAAIIXIR], SBRKFRY oc B/ (pulse duration oc w™/2), IRk TR 0
(pulse peak power o u?), I ELIBKMERHLIEAN (pulse energy o u¥/2).

OIS WSCOIE TS A HE B A Sec. TII FR4G, S8 2058 7 &5k T
(o¢ < Lefc) LEMIFANE 22206, X4 RB DRk s A ils (E0aeh),
IR RT ) DRk RO A R, B Fig. 1 Ay A se g R i i B 40
SHIRIMBIIMEE, EidilG P 5. B 7Otk 2540, w308 THE
T Fig. 1 A6k ag“R%” (pulse propagation velocity, & X A4 v = d¢/du, 55E
PR vy, = dz/dt ZIAIRYR AR H Eq.(1) SGHK) 48, XT Fig. 1(a), f£ u~2
i, HBRERSE, v =1%] v~ 1/3, Ik iT FEL BORAYSIEETT 5K
THEHESEE. 75, £ FEL R2HAIN, mrmtpfiR s 7, o =1/3
FIE] v = 1o RTEFHEEIE, BT HIHEZE (group velocity) 5 ki gs e
i H % (pulse propagation velocity), i1 [ HULMEZ (centrovelocity) 515 B
#% (information velocity), MR |G . WAV T LK Fig. 1 7
MR 3 177478, 0 B Fig. 3 foRe. M Fig. 3(a) AT UG 2| T3S A 407
(red-shifted) "G (k = (k —ko)/2pseiko); M Fig. 3(b) WA ZIHEH L HELMHIHLR
IFHBEE v AT

14



YEAN, WSO IS T I (C) B0 FRSEIKR S %, AR ERR [(fE u = 15
4. %R Fig. o). WRVRERALAMRK. WATERE, KIERE, RHK
Wik BB 0 A TR 55 P AR TR TS 45 . M Fig. 4 ATLAR
. BERESARS R T OB R LR BRI TAIRAER KZIE 0.5 Sl
Pe O SCEHEER L T AR IR I, F TS0 AR 00 R 8

1L T / " — l T T ‘(b) T n
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16l
— arg(a)
lal taper en sp.

0 n
-5 20
100 I
=0 =
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FIG. 4. Field amplitude normalized to the peak (black line), field phase (green-right scale) and modulus of the bunching factor (dashed-
orange) vs {, are shown (atu = 15). The field phase at the positions (c) and (e) corresponding to the field amplitude minima in the front mode,
isindicated by the green dot and the phase line is in evidence indark green in the regions of phase shifts between the peaks. The e-beam phase
spaces at the positions (a—e) are plotted in the bottom row figures. The green lines in (a—e) represent the separatrices S, =
i\/Z[Re(u) sin(@) + Im(a) cos() + |a|] showing the field phase and the fraction of trapped electrons. The phase of the bunching
factor b ateach positionis indicated by ¢, - 4. = (1.65, 1.15,0.33,1.78, 0.85) respectively (vertical black-dashed lines). The blue-dashed
line represents the field envelope in presence of tapered energy spread, according to the rule given in Eq. (7), with &, = 4%.

2 8T UK R i AT RE R T wa = Erail/ EBrotal -5 ERKIHE LT R BERK
FEANEETIEL 0 = Epear(0¢)/ Epeax(0) s HH, Epear (0) ZFEAETHHL (cold beam
limit) "N A kAR o i R T RO FE AT X R B REAR, AT LA R8I HE s ]
e (time-bandwidth product, TBP). wa 5 7o

Vod
=b

WO JE—HB KT T IREERON T FEL JRIEMAEER I, (U5 "R
FfEOL, R, S oRBENIARIDOR . BERIGHT ¢ A delb il (R FFBeA BT
AKX AR YR RE 0 o
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FIG. 6. Effect of the beam energy spread o, on the relative
energy in the main peak E). (black circles), on the fractional tail
energy w, (black triangles) and on the pulse r.m.s. time
bandwidth product (blue squares). The red symbols represent
the same parameters in presence of tapered energy spread
according to the rule given in Eq. (7), with a, = 4%. The red
dashed line is centered on the range spanned by the local value of
the energy spread during the pulse evolution. This range is
indicated by the horizontal red-arrow.
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PRAB 5i SR =1E
H 1 2020/12/18 ERMBE: BEAR

5 WOGHERAGFAARAT RIS SETE NS HOR A A TR @ iy 52 [PRAB
23-02, ZH1GFi%E
Impact of laser stacking and photocathode materials on mi-

crobunching instability in photoinjectors

5.1 AR
C G M AT
o YE#: S. Bettoni, M. Csatari Divall, et al. (F24|#: Paul Scherrer Institut, PSI)
o AL FUERGU. T

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.024401

5.2 %

FFABOC R B A g D 1 T N S6 IR RS & 0 A PR 2 4K
FIEARZ BIMR 2 5T, BN AL S A R4 I ORI AR E MR B« A SCHIVEEAT]
FIH ASTRA. ELEGANT #HU & BLHOC N s H AL BRI A N AT 0l il
REIAFEMER G ot . il SLI WS 258 E46 | (strong compression) Fi A [HIHH
AR SRR (B DM 2% (fragmentation), HH KRZINHOL 1k
IR, IR ZE R S 0T E—BOFUEW B ES & Ikt R A &
K E 2 FEAa B H R HOE (free electron laser, FEL)o AR (TR R AU S50 IE
W, st W 2 B TRV RO AR (A0 CseTe) R LA AN SO G B A 1 0 ) o o
SRR A FETE IS . NHERBORAE B H A ROE T By R TR BERTRY AT RENE . AT ST
e E A EsE s FEL ERE.

5.3  TTHREAIHT A

o Tk VEEATRIABUERR FPASEL T SO I 2 el MR AT A BEUE P88 2 1 T VS
], BRSSP I AR ik kT o 2B GR %o T 2 e o AT ) 10 A 2 TR
Froese, SRAL TSR 5N 8 55 16 A bk asiond B Y AR [ A 2 ] 9328 Y S 5
E, XSGR AR S M A 58 A RO E E B e R B MEE (TR S I CsoTe
5 M oy P T B B AR TS O MR 5 | AR RCRIAIARENE . i)y FEL BR
HARENERBERTT %
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FIG. 12. Measured longitudinal phase space distribution of an
electron bunch emitted from a copper (top) and a Cs,Te photo-
cathode (bottom) illuminated by the laser profile obtained by
stacking 16 subpulses. In both cases the bunch compression factor
is 6, at the beam energy of 200 MeV. The bunch charge 1s 200 pC
in the case of the Cs,Te cathode, but only 100 pC in the case of the

copper cathode, which suffered from poor quantum efficiency.
Therefore, space-charge effects are smaller in this case.

¢ QU T T SR T FEG T RN R 5 0 LGS,
KRR T ARSI . 958 FEL BOREF R LR T SRR 4
KPR RHHTT i, RO TSR ot T

5.4 SR
SO B RIS B 2 S PR

() TR H BB BHRZT ] ¢ %8 B EC B 1

(b) 8 TR RS (1) RIRFEHIFIEAR (F) Bt

(c) 16 AT RRUSHRERG AT (L) MIRFEAIA (F) M5t L.
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FIG. 7. Top: Response function assumed in the calculations for
different photocathode material response times 7 indicated in the
legend. As a response function of the photocathode we assumed
an exponential time decaying function with time constant equal
to 7. Bottom: Expected electron bunch longitudinal proles at the
photocathode assuming the measured laser prole consisting of
16 stacked subpulses, see Fig. 9.
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FIG. 10. Measured bunch current profiles (top row) and beam
longitudinal phase space (bottom row) at the end of the injector
corresponding to the laser profile shown in Fig. 8 without
compression (left column), and for a compression factor of 6
(middle column), and 12 (right column). The copper cathode is
used to generate the electron bunch.
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FIG. 11. Measured bunch current profiles (top row) and beam
longitudinal phase space (bottom row) at the end of the injector
corresponding to the laser profile shown in Fig. 9 without
compression (left column), and for a compression factor of 6
(middle column), and 12 (right column). The copper cathode is
used to generate the electron bunch.
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PRAB 5i# S b Hid
HHH: 2020/12/21 BB B

6 BOLHESBARFDGCRAS BRGNS RA R 2 R 0 [PRAB
23-02, ]
Impact of laser stacking and photocathode materials on mi-

crobunching instability in photoinjectors

6.1 HAfIH
C G RIS R E

o YE&: S. Bettoni, M. Csatari Divall, R. Ganter, M. Pedrozzi, E. Prat, S. Reiche,
T. Schietinger, A. Trisorio, and C. Vicario (Paul Scherrer Institut), V. Goryashko
(Uppsala University)

o KA S, HUEAY

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.024401

6.2

ARILE S EARL AR I, eR A AT E M (microbunching instability, MBI) il
ETROCHEZSEAR (laser stacking technique) 55 4di FF % Ml 7 B [ G BHAR AT R B i HELT
WOt (free-electron laser, FEL) 5AHIVERE T e AGSCEEH 5 FH Mg b i [R] A K156
FAAR AL AT LA R O GHE S AR A R B S, A T4 M FEL & MhRe.
AT ECREI AR B T ROGAR Y MBI B 2 5k, g s H H A n] gE 2= PR H
H HL OB TR REFD SRS, OB nigs (laser heater, LH).

6.3  TERRERAIHT A

POLHE B BRI AR [R]_E3ES LA Bl Bl 2R g /), S ST kT
AT BE AT o SRTTTZ R A AL St 2 S EEO G B _E A — Lo A . AEDCTE AR
FRRELX, F AR 2 BN SR 2 (R FEAT T (RO HE B R AR R P Tgs Py A4
kb Sk A RS B R D, B BRI 0 S AT R
il E R R 5l (675 MBI #8800k, £ FEL PERER: LTI ™ 5T

o wrik: AEFHBERSCBIRATRI, AERRACRIAUEG BT . SRR
JRIP P RS, A MBL R e R TFHOETA T BRI, A2 P i
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JERAATEL UL+ fs) BUIEHL T, HESHEARAKIEGKE) FEL SGFEA#s. 1L
A 7 I [R) T AR A B b 4 (CsoTe) B, SBEAMR 72 YO JE R RE iE i A
FeRRHI A AR -, NI MBT 5974205, &SR P thoh, BLR
HIS T T MBI B2 28— R4 fiE < J5 19 MBI, & IAE B inidigs -+ MBI
EE M [ 25 (8] AR (longitudinal space charge effects, LSC) Bk, #H TR
25} (coherent synchrotron radiation, CSR) Xf#i s WA 10% HIFZM0 .

o GIFTRG EAMESGA M ELEGANT ASTRA ffllitie 17 LH AN, LH XHg

PO MBI IHIVER AR MHILZN, RPN, A LH SEXERH] MBI,
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FIG. 4. Simulated spectral gain at the exit of the first bunch FIG. 5. Expected degradation of the FEL power (saturation
compressor assuming different values for the uncorrelated energy power normalized to the case without laser heater) as a function
spread AE/E, induced by the laser heater. The curve from the of the relative uncorrelated energy spread induced by the laser
analytical model from Fig. 3 (no laser heater) is overlaid for heater, calculated for the SwissFEL Aramis line at 0.1 nm photon
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FIG. 6. Simulated longitudinal phase space (time ¢ and
energy E) of the electron beam after compression assuming
for the generation at the photocathode a laser longitudinal profile
consisting of 8 stacked subpulses. A compression factor of 12 is
applied. From top left to bottom right the assumed subpulse
durations are 100 fs, 300 fs, 400 fs, and 600 fs. The total charge
is 200 pC and the total pulse duration is 10 ps (FWHM) for
all cases.

AELAKG iy 7 BT TR E B ARZR MRS AN N AT A5, T2 A I X503 s 3l e 12
At MBL RS20, RIS A XA FEH TE e & H— &Rt
ORI AT At ks =2 — MERIEFERY T 1A o

o M Fig. 6 AILUE AR 1% B GIE A RE R E], A fri b e & g N 5e
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[1] Huang Z., Borland M., Emma P. et al., Suppression of microbunching instability in the
linac coherent light source, Physical Review Special Topics-Accelerators and Beams
7, 074401 (2004), https://1link.aps.org/doi/10.1103/PhysRevSTAB.7.074401
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FIG. 7. Top: Response function assumed in the calculations for
different photocathode material response times 7 indicated in the
legend. As a response function of the photocathode we assumed
an exponential time decaying function with ame constant equal
to 7. Bottom: Expected electron bunch longitudinal proles at the
photocathode assuming the measured laser prole consisting of
16 stacked subpulses, see Fig. 9.
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H35: 2020/12/21 HRIMETA: SRR

7 @i DBA E4idsAE MeV @R AT R 50 AN ] 43 H¥
KRR [PRL 124]
Breaking 50 Femtosecond Resolution Barrier in MeV Ultra-
fast Electron Diffraction with a Double Bend Achromat Com-

pressor

7.1 EEARER
o S GRS LS R
« {E#: Fengfeng Qi (SJTU), Zhuoran Ma (SJTU)et al. (FZEHIK: FIACHASF)
o FA: S

o HE¥7:https://journals.aps.org/prl/abstract/10.1103/PhysRevLlett.124.134803

7.2

Ze Ol SR R T —Fp AT DBA(Double Bend Achromat) [ L5 46 77
2, RS PR IR B B AR KATIS [E B8l 7R 0728, oGRS FAe
PRI MeV i 2 (1 HL 7o 52 21 28 [A] FAA U I VE - ARG AR 2 ) HR 2 A2 TE Y RE et
B (chirp). 7 DBA i, AL RE RS E T (HH LR RE BRI HE )
SEEERATHE, SRR B _E L R, SER AN R
Ui o IX—RUNRIRE R U T AME R A O RE R 5 R B ®A TR R B 8. AR SRR
Tt DBA 00T LI LRI KATHTRIANSZ RE S0EE B sh i . AERO6LR
B THz %55, DBA Y4—1> 20 £C [ FEF SR A A FORITA RS [F)4} 50 43 71 46 2
729 fs (FWHM) 122 fs (FWHM). %707 DO F A7 5 9 I 18] 2 PR 2
TFE] 50 fs (FWHM), MIATLATEMILM 2160 Ay M RIS sl s, dF A
SHERRIR S AR E RN, S5 FRA AR A KR 55 UG 5 AT LA
Uil s

7.3 TETREAIHT A

o OUFT: HAETE AP M TR TATS ) DBA SR R4 SR —, H—
/> DBA JE45 52 /245 KAERI (¥ UED #£8 [ 1), 5 KAERI UED 1y
1o P T T Al e R P > AR AN R AR SO A B A~ ARk S . PRI
SRS T AR B R AT AR B 4 o

25


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.134803

i

1

1

E E 1 THz 2

v [ L ' >, D2 s2

L, =z N Z vy z ! I D

\ | DBA I I
o b ) 0 mmemmmmm———- = Sample /
( ) ( ) ( ) P1 OAP Streaking P2

4] 2: 3T DBA FREAE L . SGEIRST TG A2 1) T A AE DBA (B REZ ) )T
%o MBS (OAP) H5 P KHF 22 bk b R AR R AL b, R LRI IRk 8l 3
MRZEE ST (S1 M S2) AT EHDEATR/AN, PASOERE (PL A0 P2) T EDE AR A 734 o
M DBA A1%] DBA Hi[, fRJa 2IFEa AT 7 RO A2 R 0 50E (a)s (b)s () g

o ke WIS R T — AR B AT B SRR R 1 S P 4
J7 %, SHET R R4 THz [E4E3800 77 240 e . 07 0T LU A7 #h £l RF
b A A AN TR . ARIEILA M KAERT AIZIE I 50055
ST DBA JES7 A0 HR B TP FLT LUK E M 50 fs LU He L 70741
IS

7.4 LEER

100
=
o
— =
£ [
T S 500
E 2
= E
~ =
Zz
0
20 40 o0 80 100 -40 =20 0 20 40
Shot number Time of arrival (fs)
100
2
—Lcﬂ o~
3 &
5 i)
2 £
= =
= -
=z
10 20 30 40 30 1000 2000 3000
Bunch length (fs) Time (s)

& 3: ffif DBA #1584 E46. (a) 1& THz fmfascil (A1 10 KA FHFE (542 90 &
WHD) BN NS 100 & R EARHSEAE  (temporal profile) o Ggit 1 i%4E 1000 YR A& &1
HL PR EARTR] (b) I TAREEEKTEE (o). WREKEMELENTE (d) iRPEE.

26



25 3Rk

[1] Hyun Woo Kim, Nikolay A. Vinokurov, et al., Towards jitter-free ultrafast electron
diffraction technology, Nature Photonics, 14(4):1-5, 2020. https://www.nature.com/
articles/s41566-019-0566-4
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8 H A %% B Bl 3R 1A i 45 2 L S B A ARG ST Tl B 2 1) TR AR S 1tk FL
H [PRL 124]
Femtosecond Relativistic Electron Beam with Reduced Tim-

ing Jitter from THz Driven Beam Compressor
8.1 EA{FE
o 435 AR LS Rt
o {E#: Lingrong Zhao, Heng Tang et. al (EZHA): FIEACIHAKE)
o A Sy

o 4% :https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.054802

8.2 %

AT S8 R THz kiSRS e (dielectric tube) R FHXT &P
FRIVRAIFFRRARIT BB 716 IS A A 1) THz BRI e F SR AE
I E TR —EERE, HFRAE THz fkfig e Pk = ], A R
I EIRES R 8 N e VR ATIE I S0 SE B T AR A B 130 fs 2 28 fs HELERUR, [H
N, EFEIEESIM 97 fs 38/ N2 T 36 fs,

800 nm 90% o 50% Energy
laser X ——
50% Y f
z P2
THz 1 THz 2
Pulse U PR ]
stacker : Ti’ﬂe.
1 E1 B2 -2
I:EZ Time-1
Phoétl):cathode k1) . K2
gun B1 D1 D2 Energy

OAP2 P1 spectrometer

& 4: THz JKSHHEXT IS PR RS SLIe 28 B . A — AN L THz 1 ki E4E 3.0 MeV HLF
R, S KPR THz 2 ikl & o THz fik b i g5 sh #1554 (off-axis parabolic mirrors,
OAP) REFINH E (D1 A1 D2) k.
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9 KT HAMBTHEOE Fresh-Slice B H{H /M 514k [PRAB 23-
03]
Simulation analysis and optimization of fresh-slice multistage

free-electron lasers

9.1 FARMEE
o I RN IA

o E#: Zhaoheng Guo (£JKHT), Marc W. Guetg, Yuantao Ding, Agostino Marinelli,
Juhao Wu, Zhirong Huang, and Alberto A. Lutman (SLAC)

o KA SR RGREO T S BUE

o %%4%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.23.
031304

9.2 HHH

1E SLAC B9 i H P06 HLEs LCLS E, F T fresh-slice FYBRGHOAA A B L1
FEAEIEE Y E T 100GW 1M B BB FROEIKk R FEASCH, FRAOTE SERR
ARG M AT fresh-slice FUHYSLIGEAR , FFATMHOCAA R T LA o Fresh-slice #1191
DT RRIH—24 8 dechirper R4 25 H 1 B2 3 AE L 1 SR B9 N0 7= A — A A B )
Tl (R IR I R E N K A28k ) Ml mepds (dipole kick) o £ R kicker
A LU IF R AR DT R i . IF BAESX—BARUE 6.

ARSCRYEAERANE B T S2 50 Za i oR Tk RE R IR0 B8 FE AN SIS 15 2
PR EMEAIA TR B 1 5T bk (B SO RIS TR 95 B8 S5 L, AR S 3 R e ik el
Fro FATNE T ZHT fresh-slice BIXNRUREAESRIE . FEH20E T — RS INE g A
DAL i 7 3

9.3 TERRERBIHT A

o GUFTRG: ARSCIRZIOER I A i E IS AU EAILRY 0 T H R AT fresh-slice
PiXo Fresh-slice BxURYROO AR . EML dechirper j7 24—~ I [EJ 4R A ] 17 1
A, RS EEAMAAEM A5 betatron 723, HITIX A betatron FREIFERLT-I)
A1 A [F AL EAT AN R B IR IS A AL, XA AT AT AT 3 i 5 kicker SIORE
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FIG. 10. (a)—(c) XFEL pulses in the frequency domain at the exit of the first, second, and third undulator sections. (d)—(f) XFEL pulses
in the time domain at the exit of the first, second, and third undulator sections. (g)-(i) Phase space distributions of the electron bunch at
the exit of the first, second, and third undulator sections.

— IAERSR 45 A R DUA R0 S 2 7 AR B B O [ op e B9 5 3% AT
52 FAPALH— dechirper, F4f dechirper BUEAA—H T 2 5 y J71A
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Y beta function JE55 /NN E « H T ILAL BB ) B9 R P38 /)N, — dechirper
A =42/ mismatching ROV AR, HH—> dechirper 7] LAF=4E—ANE
g s, B4R FEL Bkobm] MET 2.5 fs.
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HIH: 2020/12/15 HRIMETL: SRR

10 FreEd)h M 2 % H B RO 51k [PRAB 23-03]
Simulation analysis and optimization of fresh-slice multi-

stage free-electron lasers

10.1  BEAAEE
o 0K FPARSTS B R TR0

o E#: Zhaoheng Guo (£JKHT), Marc W. Guetg, Yuantao Ding, Agostino Marinelli,
Juhao Wu, Zhirong Huang, and Alberto A. Lutman (SLAC)

o JAL: HIE G

o %Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeans.23.
031304

10.2 5

BTt Y] 7 B 2 G080k TARRGEC, F AR AR B R A AV X B i f
3 (x-ray free-electron laser, XFEL) B4 1E LCLS il IhaEH . Xk SCEXT 2 ZGEt] /
(fresh-slice multistage) XFEL 25 H |21 AT FF 48 H ot 771k o R A& B A A 25
fi (time-dependent transverse kick) H B 8 MR 2542 (passive corrugated structures)
A, I AE R PUE TR T R AR IERE R BE T R AR SR A A R ) R &
oo ARCHIBHUEIN 1 LCLS BYSEERE5 IR, FF4a HY 1 SE5a R i il e 21 59 ik b i el A
itk o SCEAT T B I A Ry v REAFAE R IAIRET, 42— B oAy i B L FH A A2
T =451 3 «ibpy XFEL kit

10.3 KR

Z W T, FrsEO) R BRI R DR A IR EE 6] F R AR D R 20k, B
PR REAS LI -

o W LUHMEER DI R KOt

o A LMERERAOERI U
FEARSCHRBIRYTT 28, 8 — i B MR A s R i 5 | N IR 1) S, 28—
SN IR R SR AT R AP AR R TR A, BR T AR R I R 5 X
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I, B EA VIR FE i iR 2 A SR AR, AL AE LCLS F S5 H R FH 1 A2 3 L A W Bk
MR EEA A EE VAR O o

Linac Coherent Light Source Undulator beam line

-------

d ird dump
section c section  XTCAV gipoie

Spectrometer

—1

€'to beam dump

Dogleg 2 u1 u2 u3

FIG. 1. The LCLS layout for fresh-slice three-stage XFEL pulse generation. Linac sections accelerate the electrons. The X-band
transverse deflecting cavity (XTCAV) diagnoses the longitudinal phase space after the undulator beam line. L1X is the X-band linearizer
cavity. BCI and BC2 are the two bunch compressors. Dechirper and undulator sections are located downstream of the second dogleg.

10.4  wIdk Al H A
Tk

o L5 T A BN ZE A 2 JE L AR DI ORI TR A R, (R E0E
RIX A AR T IR L A (B o

o fEH T B BN S AR OB A A A SR T BN R S R 2 2 A R R
M, AT - (] e 2 AR SRR e o o BRIt AR T S B MR 25 A T TR B,
AR RE B HI PR o

o AT 2O R TP B E S ER KO Ao
o PRHUCRTBRIMIFEL Y, FREHI M N Twiss ZE09T7 %, I PIARAL
IR Az L AT R AR ARUAE- Fof i) i e R A FR R A
10.5 SLixXz

SCrP R R AL HE T BURE SRR LCLS R ELM. ARETHIEANSESR
W FEL FEE D, JXREET AR Al ) 735 2 R KR LB RS I iYL
TR SLBRIN H BTSN S 2 A, B RO
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PRAB 5i# SR 2R
H#: 2020/12/13

11 ORP R 3 172 k58 [PRAB 23-04]

Single-particle dynamics of microbunching

11.1 EAR{EFER
C N BTN
e E#: X.J. Deng, A. W. Chao, J. Feikes, W. H. Huang, M. Ries, and C.X. Tang
(FEHH: JHEKYEH Metrology Light Source, MLS)

o FA: HR. BUER

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.044002

11.2 g5

2010 £ D. Ratner 5 A.W. Chao £ H SR A (steady-state microbunch-
ing, SSMB) #L [ FTLAFRR = 4m (CF3y) i B [k fFPRel s = &S
(continuous-wave, CW) #=] BUMFHESHIR. XRIE ST T LRI BRL 18l J12%
RO, WAy FHRTMUR  AELeltE B3 46 A1 ettt 5 AEGeh A [m)- A 7 RS G U,
A, R SCH TR E RIS SR T SSMB LIS IR, X Eegs B =S - T4
AT =4 (coherent harmonic generation, CHG). H[F] /7% (bunch slicing).
RHEE4E (bunch compression).  H HH TH0OE (free-electron laser, FEL) &4 Bk it
HESEI IR (quasi-isochronous ring) 1811560 & PN IAAEZS R AT i 450 S ]l
A—EHRRE L.

11.3  STERERBIHT

« Teit: A48 M. Sands SLAC-121 [2] i, ffesRehpy 2 sl A A2 S 77
IR, HA g &I ARAHTEE N1 (global phase slippage factor)o SR TESONEE
REERI PRI IN A R B 2 B e L, I A AR L B R, s st
R H TR (~ pm 50 nm) Bl AR R AT RO, Rl b 4 A
TEJAHBHALI RS R 1 (partial phase slippage factor) i feARH EZL. AN

IR W SRRV I P AR Ao
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W T 7 2 D

(s, 50) = Cio /Sj (%ES) B 7%) @

Hrp, s, BWEALE, s; AR E, Co MEFE, D, NOHEREL p
NER SRR, v N2 B RER. AT IIESC Sec. 111IB.

o GUFTRG: IBSUERRRA, 222 HAP Wi 55—, 130 R TARZerE s o it 4
FTH 0 (6) = g+ 016+ o8+ T ROREIBER BT IR AMT (Sec. 1V).
Hrp sy THESAT, IR, EIEXRE R MEIE LT AR AR
W E4E A -, MIa] R AR R M S Bl SRR R 7, .

5 0.2

0.15

0.1

o
(3]

0.05

o

Current (arb. units)
§
Bunching factor

0
1 2 0 5

zlA z/ A zlA zl A Harmonic number

(=)

-
N
o

FIG. 5. The longitudinal phase-space evolution, final current distribution and bunching factor when () = a8 is used for
microbunching in CHG or HGHG, as modeled by Eq. (15).

5L AT T BRI 4 T AR S AL R W AE (beam second moments) f113
. A QAL SIEEIE . I TS (Sec. V.B), (HHEE.

11.4 HE

LT SSMB AU F IR S LG P T PR 1) RERISHI (REF) Jan4
DIOE Rl AL, JhtH=sRr) RE bucket HIAEAL A microbucket, bucket %
RLYNT 6 MG 2) RO F PR LT OREMEZ cigar beam, 1452 pancake

beam,

rf bucket Microbucket
—
Electron storage ring
Radiator ) Pipc X N, Peon & NZ
N [
Bunch Microbunch

FIG. 1. Schematic layout of SSMB (left) and its operating principle in comparison to a traditional storage ring (right).

SREL MR BIE Y Rss(s; — So)o
S5 Rses Thees Usces o
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SSMB 156 5t 77 5 b SRS 0 P T BORLAR S, AT SRR A 0 F 7
ATESA TR — Wl A AR TR T, AR STE R B MR RRZE (DI KZ) ~ 10" Hz,
terahertz, THz) % EUV(H KAZ LA nm). a2 RS T . AT oE
SEEE SSMB MY 77 24— BT msnERE£7E (longitudinal strong focusing, LSF) 5
AR AOR A (reversible seeding SSMB), snE W &, SSMB 5 FEL HyIX

Quasi-isochronous ring

Strong focusing module

( Modulation Laser Modulation )

Enhancement cavity

Usual ring

Reversible seeding module

Microbunching

Usual beam outside W
reversible module W

/w )
( Modulation Laser Reverse

modulation

Enhancement cavity

FIG. 2. Schematic layouts of longitudinal strong focusing
SSMB (top) and reversible seeding SSMB (bottom).

K 6: b B LSF 5eBl SSMB, Hip, iR E{EBE D AR Z AL TR K (microbunched) R
A, R modulator HERAE NG SEER AL, AnfaIsE R DU Ek . & BT reversible seeding
SSMB, Hrh, HFHREEE T 1E seeding module B, HEHTT R E SERME AR AFIX
A1, FH modulator RG] HL T HAE radiator HrHARATRERHYER K

BIET, FEL (P REESE R )q . H (U1F) GERL N, B -5 A306 5ok
WS B FRECT G, SSMB HHLy SRS 76— [l AR AT S 2y il BT B R L2200
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[1] D. F. Ratner and A. W. Chao, Steady-State Microbunching in a Storage Ring for
Generating Coherent Radiation, Phys. Rev. Lett. 105, 154801 (2010)

[2] M. Sands, The physics of electron storage rings: An introduction, SLAC Technical Re-
port No. SLAC-121, 1970, https://www.slac.stanford.edu/pubs/slacreports/
reports02/slac-r-121.pdf.
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H35: 2020/12/11 HRIMETA: SRR

12 Kb 2590 Bl Lo s 4 i YRR R 4 3 ) 22 S T B3] [PRL
124]
Femtosecond Compression Dynamics and Timing Jitter Sup-

pression in a THz-driven Electron Bunch Compressor

12.1  EAFE
o I ARER S R
o {E#: E. C. Snively (SLAC), M. A. K. Othman (SLAC), et. al
o BRI BERGU. Lk

o 4% :https://journals.aps.org/prl/abstract/10.1103/PhysRevLlett.124.054801

12.2 5

W AR P FEAE A A TR (100 fs DAN) FEAR 2 I ge SisA B 240 11, il
FEREET A LIRS R ARG BORIBI 48, A SORIR 78— T HXTe -
A (2.5 MeV) I RARZL YRS AR 4R SLw o A SCHIVEZ AT AT AT (parallel
plate waveguide, PPWG) HIZSHYRBUA L B 15 ASE BRI R4 . 4 )L £C HY 2R
) rms RACHSEE] 39 fs (E4RLE 2.7) 5 [AIFF, T E4e)™ AR A RE B RO HL 7o
ORER A DUSABR Y, FEF R A RATIS IR B 7, 2 31 fs (rms) o IXPJT
T AR 20 R LA A0 228 i i T A bR P A S 58 7 ) R [ 5 2

(a) THz source 1 THz source 2
¥(b) .
OAP _ \ i
mirror mirror © @ % @3 ,
ebeam © @ drift ®  drift
« J

slit
i_’ co rip\:\é(s;sor OAP detector
Y z P mirror

70 K2R B AR A R4 7 S0 A
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12.3 BTk EAIH A

o wrik: FRAL T OKBR LIRS R A XTI T AR A SRR S R, AR S (X
keV EATHL TR AERMIAH T2 A (md) HZERY 800 nm FOBKM =4 T 1
pd FEAA R THz kgt (~ 0.05% $eiiei) . FEEMESEI 7 K24 3K 8l Y BRI 4
PEAN, AREATER AT SR T 27 5%, DR S R KB 24 45 7 1 2 58 A0
FEG R BT AR fh B, KL R4 e B S R Bt R BRI 2%

o OUFTA: SIXEATRC SR T exponential tapering fYIT, T R "THz 1)
PAK 2 s M 22 s i H Y s SR AR — M JE 8% (short) AYBTE, 18I A
L SRR A D AR 2R DL SR R i b, DAL D B A5 N TR AR AR
P, TR S5 50 AR A 4 AR o

(a)

e beam

clearance hole

GaP crystal
’ e bgsm tunnel

A 8: SFATHN S tapering (a) RUEEEEEH (b): (c)-(d) SEHFEL.

12.4  SERER

WICE B EIR AT S EON IR, REGER IS SO RG AR AR L. ()
1 (c) NHERARIEG, 7350878 T THz KSR AT I PRGSO, T R
WA (b) Al (d) FFET7R. (e-f) SR 1000 A 48 SR A 1 AR SR o (g-h) 1000
A EGE G IR A PGB TR R AR o (i) 1000 A ESE R A2 AR 2 F#Hh . (k-1)
1000 A~ T4 J FL-7 AR 2K A1 330 o
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13 MBS ARG T F RS RS RE XU KL B2 Pk E
ZmE b i E4R [PRAB 23-05]
Coherent synchrotron radiation wake expressions with two
bending magnets and simulation results for a multiturn energy-

recovery linac

13.1 EAEFER
. 53 HMBMEZRT SN
« /E#: W. Lou (CLASSE) and G.H. Hoffstactter (CLASSE)
o AL L. BUEL

o Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeanms.23.
054404

13.2 HE

AR FEASERT T EZZHRS (CSR) FMERD N . 55— B0k BAE
ME) CSR B\ — P E M i R e e 2 A S i ki R, Hh R TREMN
BRI R 2 . BTt E S AT EAS Bmad BHUSZREAR
T — 2tk . ISCHISE B 4 1 4E CBETA, RIEEZ/K BNL GE &R B Zehnid &
(Cornell BNL Energy-Recovery-Linac Test Accelerator, CBETA) HiAgfi B4R, FEXFh
IR PR R AR /N, Ry B B ., CBETA 24— 1M EA /S
TR ] 8 75 AL 1B (fixed-field alternating gradient, FFA) PR % [ AE R 7]
WEZmmEss (ERL). {7HEAHREN CSR 52 AR, miX Ak G L E Hd
fr i A S E PR B I T AR5 S AN . ks CSR A8 A AT REJT 35 QN3 N B =5 1
JrE AN PR A B 55 IEAE R T2 H o

13.3  BEHREAIHT A

ARG SO AR —He g gk iy CSR A ESRTRL (1) 4R 2] T Wkigekd, 50k
[ ARRA =SSN VTR -V 4) SN AN LN IE R VAN RV Sk o M Re R A S i
HAH A (forward bending) fIfH )2 (reverse bending) B T-1E#, 15 CSR I1EFIEHT M
MEHEEEY Ko BrHIe 5 RAENIm TG00 T REIRAL 2 fR] SRR B R AR
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DRk s VEE AR IR HE R )T . T Bmad X SLFR CBETA K&t T E., 4
il CSR WL HIER1E s HIRERE dBloss/ds TR0 S ARG ERBEZR R Y
CSR AU TR, AT DAL IR F SR i e e A 1 ph 2 5 5267 CBETA R4
ez [ TCEARRF—3, TR i gk R Re A 3 K B B N 5 3L i CBETA
RaMZws, (e R E Bl . e ChpyF2g ), B/ \fp CSR
s, BEARIZIB IR Table 1T 5 Table 111,

g
= 10
v —10]
"
<
~ =20
o
z
= =30
. # 2-bend theory (in a band) ra 1—bend th d-.._
_ s 2-bend theory (inadrif) | | 7 Amben teory{.mah-e.n]
—40 e Bmad simulation 1-bend theory I{Ihﬂdﬂﬁ}l. ]

FIG. 21. The CSR energy loss in the first six magnets of the
CBETA FA section. The top bar shows the layout of the
beamline. The red and blue solid curves come from the two-
bend theory, and the magenta and cyan dashed curves come from
the one-bend theory. For s < 0.255 m the solid and dashed
curves overlap. The black dots are from Bmad simulation.

o BIFTR: ATEE PR CEBTA BB S WA, 4 CSR AR bR 2N
P, BRSNS A IS TR E RN, XTI R A = 2 L
Pk R geny CSR IR T 2% . SCrhadxt CSR XL A2 RIS BT 1
BT I 7820 CSR A=A N CSR S IHT T35
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FIG. 25. The z - ¢ distribution after each of the 8 LINAC
passes for CBETA 1-turn with various ). Note that the two rows
of plots have a different vertical scale.

13.4 HE
WICHRRIPAL 2R Eq. (60) BN
2 2
a' = —BRC (—sinf, cosb,0)

FH., Eq. (66) T J5“which agrees with Eq. (36) in [1)”5 A “which agrees with Eq. (32)
in [1]% PAEBAMEIEE 518 301EE William Lou #fiA.

25 3Rk

[1] E. L. Saldin, E. A. Schneidmiller, and M. V. Yurkov, On the coherent radiation of an
electron bunch moving in an arc of a circle, Nucl.Instrum. Methods Phys. Res., Sect.
A 398 (1997) 373-394.
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14 fEFIMEARFHEAE —FS3 [PRAB 23-05]

Towards storage rings as quantum computers

14.1  EARFE
. ok HE
o {E#: K. A. Brown (BNL) and T. Roser (BNL)
o A HIB

o 4E¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.054701

14.2 HHE

XS VE SCERTT T B I s i A P N BT S — PP S BT & R it
Ul A HImESE AL IS B (fon trap) 248, XD RGEH, Al LE X
HEFIENELAITT AR (computational basis state), &7 R FFr LA & # ARz
o WX ERMME T RIPIRE, a4 iigh I (classical crystalline beam)ﬁ’éiﬁﬁ
W2 i (ultracold crystalline beam, B8 3CHFK ion Coulomb Crystal)Eo

14.3  BiwkEBIH S

o TUHR: RIS SUNBIRAR I A IME N BT RARI SR, T2 85 Lt
B, ARSI AT AT R I — e TSI I 2
B, SERTIABAT R 26l 18 H AT R TR, T IR AL
A=, FAESBLBSRE . — By, — LN ST R R R
[ (scalable), BIl. REASHIMAMLIEAIFBARBA KUY AT (qubie)izst. I

TR R I LA BRE. S5 AUS B R R A SRR o IR A — AR TR I AR AR
ARTCIERG NS o

SIXAMEIL T, B T AT I BORL T I OB ShRIE K, RE R IR ILZE R 45 A 1 S0 (external quan-
tum/eigen mode, U1, FAE—4ELS XA FUCMES)) HHEE (internal quantum/eigen mode, 1, 5ZP/N
BPHIRGIEEh) BT

SBATHRL TR LT (W1, BT), BTZRTEEEHNETIE (quantum excitation) N, £E6E 773
PRSP IR A SR AR A AR R E Y

Qubit FRAEFALIC TR (U Q HebF, I quantum bit 4575), EEEE R TR, 458 BN
HZ 0 1, mTHMBEAMENEH 0 ) 1, EARKNE, ETHMNKY 05 1 ATLIR itE. £ REH, —
ANFREER I, R 0 8 1, RAEE RS, HEFIRLIRINZ 11 0, PIFRSFRNE, FrErAE
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H., 128 (operation) If[A], €& H qubit SEHUFEERIIE, 5T A0 T 1A
(decoherence time), HEJ, B 1B (ion trap) KRG 2NN . BAV/ENET
HHENE DR —F BT & IS B TFRFRAL, AR T R BRAE I Y
Y FEREIRAE AN s X2 B I A B 2 PR L 1, i A B A B R
HEAR . HEia ALY (nuclear magnet resonance, NMR) 2%, {HH
TR EZRIR. XIS AR R T

o GPFTRL WIVEE SR TR PR SHPUR 2 (circular RE quadrupole) /E41IGHE
FE— B TR IR N SEI R T EAR T 5. WP A T E AR
AEFF2E SRR At R A FEIEL (lattice periodicity). betatron
tune. JHEREE (Vo) BEEGE T o FEK, WERAFH 2 A ENEHE,
WA 58 ERY (timing) 51A] 25 (synchronization). fEf# 7 FRFRANR] A ][]
TE R T4 (entangled state, H[J internal quantum state 5 external quantum
state ELREOCHK). FEHUT A EEEER S @IS T EE T Mg,
"Be'. Lit, fH{FIAMIEKSN 1 m, HXREHGAE] 1077,

14.4 AP ARSRART RTINS 445 WA — LA & 1]

AR, YO8 A IR IERS TP R AR A5 I, (PR LRk 2 EUX R, R
PR T G 6 H S AN ST R (1, SRR A UML) FLA AN,
B PR T — R PUE7 s B HIRAS . RGN R &5 T A A — R oA, #Ehn
AR LR 1-Dy 2-Dy HFE 3-D IR TR . B 1980 AR, —L8mf5Y
Wl e s A HR AR XA S ORI IR 5 ST Sl DA TG 45 R i 3 5T
SRR KRR T BT 28 [A] F ey 2 52K 73R (space-charge-dominated beam) H) 3] )%
) g m HE AL (luminosity) F AT RETERF5T

BRI SR TR B LU NI S5 F e TEE, XD R B

o FEAFIRHYANT SR EE EATAr (alternating gradient) [, Ff Hiz{TFE below transi-
tionld, AT R TR TR ER T, 25 B EE S 1R
W

T &N (a coherent superposition state). X5 ¥ M HBTMA TR PGS RERGE N, WAIERS
0), 1), RICBREFLMEEMZS [v) = a|0) + B]1) (K, o, 8 HEE, WL o + 817 = 1), EARKME—
A qubite IXFPEEFIRAFTLUR HHEA, W1 5-30KF spin up 5k spin down; SURRMAS, QB F/KFAR AL TR B )
Wo LALFEEFFIBEM H https://zh.wikipedia.org/zh-cn /& 111 &H.

VR, XEANREST, NSRS

PHERE IR, E L EE SR T (momentum compaction factor) S ove (45 BRI RS Y Rse BEAZML),
RIS T (slippage factor) 9 7 = e — /7% 2 SHEAEN! (transition energy) J v = 1/yas, M4E A
vy < ver 0, FR below transition; X4k T-REGE v > e 0T, MIFR above transition. ¥ 7HAHZS A 8) 12217 below
transition 45 above transition HJ N[5
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o GEGERREER SRR I (periodicity) 2 /A TE A MM (2 5 y)betatron
tune [ 2v/2 {5, AT 4 (s g . 534 TR R B T4 R 75 TR %4 (phonon
mode) 5REER 55 R M A2 L3R

X4 R B 12 B I SR T N R MG W G, BUETHE R NR BT
5181712 (molecular dynamics) F5i4bl. bEHEIFEE], 255 Al LAY — M BORES, 1E
g LU= 4: 1-Dy 2-Dy £2 3-D 25 RSN 7o YR P BRI, A—
Aeef (1-D chain)s MEERNEG. WA A > 06206 {/min(3,v2 — 92) (FUh. € R
IRRLF AP AR RS ) B, M RSSO A =45
o S RIS P TIA 2 R LA (lattice) 1 TFRONN; I AR LR AR S HY IR
3fj (vibration) FJfE-FELE A THE (R, E%ﬂ;‘ziﬁn)@, B lattice heating, FARTG4E
AR, MBI RO s = 4EAE1, —H 742 (electron cooling) BG4 AN (laser
cooling) FJ LAARUEHyA ZR YN AR B 22 K2 1 Ko A AR RS, 29 100 K,
R T ZREL AL, — RN (intrabeam scattering, 1BS) 2806 Al LAk [ 7%
L ABE Y RAZIL S AR, AR 2. I IR R R (synchro-betatron
resonance) RN, L EAEEULH BN SRS IE (coupling RF cavity) 7] AFE{H =4
B, AR R A RAL A SR, B AIRCRARZR M. — S 7%, s
¥ (tapered cooling), {3EERFFEH,

2% 3Rk

[1] A.W. Chao, K.H. Mess, M. Tigner, and F. Zimmermann, Handbook of Accelerator
Physics and Engineering, 2nd ed., World Scientific (2013), §2.7.5

Pov2 RIBCREEEALE, 4 BEETRAZDSHNZIE, REHEMINSEL .
VU 3 B AR L AL hR R IR ELRR B, B ST AR X RE R, TT LA R T S R A R I
_2 (%
T [K] = [ <p0> B0 [eV]
€u [m - rad]

(Bu) [m]
Hef, u=2,y, Ero BRFRITFHEEE, kp = 8.62 x 107° eV/K EH/RIL S H KL

Ti. K] = 2 Eyo [eV]
Aoy
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PRL 5% TR
H5: 2021/1/18 HRIMETA: SRR

15 OB Eh B A s 4 B s ORI 6 2RE [PRL 125]
Coherent Optical Signatures of Electron Microbunching in

Laser-Driven Plasma Accelerators

15.1 BEAREFE
o K ML HHY
o {E#: A.H. Lumpkin (FNAL), M. LaBerge (UTA), D. W. Rule, R. Zgadzaj (UTA),
A. Hannasch (UTA), O. Zarini (HZDR&TUD), B. Bowers (UTA), A. Irman (HZDR),

J. P. Couperus Cabadag (HZDR), A. Debus (HZDR), A. Kohler (HZDR&TUD), U.
Schramm (HZDR&TUD), and M. C. Downer (UTA)

o ¥ https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.014801

15.2 5

NI 2 BEJR S AR R 2 AR B T, RO TR, (046 B B
3 (free-electron laser, FEL) FIAHT Y27 8k 4E 5T (coherent optical transition radiation,
COTR). Ja&AE FEL FIHOEIKEN S & R a8 (laser-driven plasma accelerators,
LPAs) H#AMELE]. /£ FEL fil LPAs th, COTR #A] LASRAE 7 I R LA
LPAs &R Z@E R ey, {1 betatron x 261 (betatron x-ray spectroscopy)-
EHRUER I & (pepper-pot measurements) s HA FEF A2 W 775 TCIE15 2] LPAs Hflii
RHEE, ASCHEIRMEN COTR SRTHE LPAs FRGGHRFER HL1- R AT A 5

15.3  wsk Al H A

ASCHE T S g ] LPAs 124 200 MeV AR AT FL 50 A2 AU 6 A8 ST
T (coherent optical transition radiation interferometry, COTRI). 5 COTRI £ tH
b, SR L AR SR A 0 B IO RS MCARGR AR 3 mrad VT 9 £, AR5k COTR
G n] LUE B A AR ARG B2/ INT 3 pmee e S0 IHUARICR AT L AR A A [ ) —
RS EEZ) A 0.4 mm mrad.

o TUHR: M LPAs iR By oAl . Ho= 2y COTR AR T OTR K 10°
fifo FFE 7 COTRI 4540, H K COTRL. COTR G AIHER COTR fEH
e BT LPAso e B SR AL AT 70 B ORI AT A U B2 EE B AR 22/
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c€)

10 mrad
0 0.65 n)/um? (b)
m
0 0.2 nl/psr (a)and (c)

FIG. 4. (a) COTR angular distribution pattern for shot with
vertical dark band due to interference of two beamlets. (b) y-
polarized NF image on same shot, showing two double-lobed
patterns. (c) COTRI image reconstructed from two-beamlet
model. Color legend applies to all panels.

PRAB &i& SR R
H#: 2020/12/5

16 Y SRS AR : Viasov i 5hi 1 R F [PRAB
23-07]
Longitudinal and transverse mode coupling instability: Vlasov

solvers and tracking codes
16.1 FEAFE
o K EREIMERS SX AL
. VB E

o AL BS. BUEIY

Metral (CERN) and M. Migliorati (INFN)

o ¥ https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.071001

16.2 I

I N g SRRSO B SE ) DA B E SR % Viasov TR sl b BRI IR e |
P RANR T8 Viasov I R BN S0 A0 AL, RIS S LA TR A RE
MR ARG AAEAE R, o T R BR AP 2 SR 20k 5 e e
Wpfhiid s IXRIE IR T BIRE Viasov J7ik, HSRIFE 1) AT TR R0
% 5 2) BEANE BRI SRR & A RUE TR . SR T, AR R Y
Vlasov {57 J& T H T 715 K1Y potential well distortiono H7 - HRESADRE 5 I 1 A
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¥ TR fER30H, VEF 3 TR BRSO P HE O 25 2R S — A s ORI
TR IR W 2 (5 BB 5

16.3  TTHEREAIHT A

XPREF IR SR B AR T BOT R BRI REE s TAE i HHErR . AR5
IATLENER AT 2 S H B E Y . XA CERN AYHEZE b1 RI25 i ds (Super
Proton Synchrotron, SPS) JAFAHZ4, FIHMAEEAAIE K Viasov 51 BRI
LR AR RIS SRR & A RE . KT RIS SRR & A RENE, W]
Lz ] (§6.3~§6.7).

o ik VEEIT A T WA Vlasov #£/F7, Fro~N GALACTIC 5 GALACLIC (Hrpy T F£on
transverse, L 3278 longitudinal), 435l A ) SO\ AR & A FUETE . iX
RS A RS 2 R BIATUENE . PP E 55+ RLC f2 (broadband
resonator model, BBR, @ ~ 1), fHXHPEL A MH TIRZ R R (mode
frequency shift) 5 A FaE S K% (instability growth rate), 451X} &2 402 1 S5
SREH . VEEAER SIS T 85 Viasov 1521945 505 B TR BRI L 1Y

+
2

Re(Q/Qso)
Re(Q/Qso)

— l E— 0 S — E
00.0 02 04 06 0.8 1.0 1.2 14x10t 00 02 04 06 08 10 1.2 1.4x10%
Particles per bunch Particles per bunch

FIG. 12. Comparisons of the real part of the normalized mode-frequency shift between SBSC code and GALACLIC (black dots in the
right-hand side) with the BBR impedance.

Re(AQ/Qs0)
Re(AQ/Qs0)

4 o 2 4 6 8x1011
Particles per bunch Particles per bunch

FIG. 15. Comparison of the real part of the normalized mode-frequency shift between PyHEADTAIL and GALACTIC (black dots in the
right-hand side) with the transverse BBR impedance.

50



o GIFTAL: BIRE I ARLF BRERACUAR 7 PYHEADTAIL P& (HI2 T EXH
MR EFASADLTR Yy th 4 Rt 2D R AL B A RESR UM R O P 3 . AR FR H— TR
P2 mode frequency shift 5 instability growth rate f 772

0.5 <
*  PyHEADTAIL “
04| * GALACTIC .
S 03 .
g .
o]
2 02
E -,
E o u.. O
< 0.1 .-‘l -o - .
0.0 ol .
-0.1
0 2 4 6 8 10x10!

Particles per bunch

FIG. 16. Growth rates of the transverse mode coupling insta-
bility as a function of the bunch intensity given by PYHEADTAIL
and GALACTIC (black dots). Observe that GALACTIC gives the
growth rates of several unstable modes.

16.4 HYE
Ref. [2] MZ5E4F CERN FF& (0 HE MR R R I .

25 3Rk

[1] A.W. Chao, Physics of Collective Beam Instabilities in High Enerqy Accelerators, H,
Fh N3 https://www.slac.stanford.edu/~achao/wileybook.html

effects, Proceedings of

https://inspirehep.net/files/

Code collective

Sweden

2] K. Li et development  for
HB2016, Malmo, (WEAM3XO01),
O0a7eebe828868dac53b24d7b204cf291

al.,

o1


https://www.slac.stanford.edu/~achao/wileybook.html
https://inspirehep.net/files/0a7ee5e828868dac53b24d7b204cf291
https://inspirehep.net/files/0a7ee5e828868dac53b24d7b204cf291

PRAB 5i# S b Hid
HHH: 2021/1/9 BB B

17 ) IR A i SEERAS 32 A T ) 2B R S B A R %4 [PRAB
23-07]
Coherent synchrotron radiation free longitudinal bunch shap-

ing using transverse deflecting cavities

171 HARMER
o I ARER S R

o {E# : Gwanghui Ha, John G. Power, Jiahang Shao, Manoel Conde, and Chunguang
Jing (FEEHH#Y: Argonne National Laboratory, ANL)

o JAL: UL, BUEFH

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.072803

17.2 fHE

NI PR ARV H bR A 4E R R ] BT i RN, RER A28 (fy e RS SR)
BB SRMILAREETE 7%, BT SRR 150, B8 25 o AT F Ay i A 35 0
I e R, RIIA T T RS REIE il s FL T s R A o RS T — R T
R % 1% (transverse deflecting cavity, TDC) W B #7715, G T SRR N X 3%
TS RR S, DA 24 AR AT o
17.3  TTEREAIHT A

TDC R A =4

Lol TR y M B RS o SRR 2 SRIGEK , AL
Bt o 5 2 BN

2. (EFIRE A (mask) XA LI EETY o
3. (MG 2o PF R R A e v

CIRFR R AR, FIASA TR Hsh, iSRRI AL S HUAT A L R 08 i 3, 2 A FL L
JSZ AT LAZ G o
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1 2 3
el = »
G >
—
FIG. 1. Conceptual drawing to show the principle of TDC-based shaping. Rectangular boxes represent an electron bunch along the z
direction. Colors correspond to electron density. Yellow arrows show the direction of horizontal momentum (x').

o ik BT TDC WEIL T ERRMEAET , MRS RERIIE IR, I T8
P PHURGE . REATIXLEIRG], & e R Al LA AR S R e b in ik &
EE] R — 47K

« QA BRT 2TDC+1Q (Q, quadrupole) RYHEFE TS, B3CEN 47T 3TDC M
3TDC+2Q YEEIL T 3o B TR BN BB, I8 n] LUE T RERE DRI (chirp), IF
R BB S GPT JoR 712 chirp HIREST, MR T AN A AR /R
FERETT o BEANEXT R A ERE ] 2Rt AT 1A

[3%)
[}

- |(a) —~ |(b)
=
10 3, 3,
™, = b=
. _ 1 E
0= N T @] O
. S 0 0
- S~ e 20 <10 0 10 20 20 <10 0 10 20
'g S e times (ps) times (ps)
o 107 s 4 4
© . - |(c) = [(d)
:d ~
Al
L AN T2 E 2
e ——ra . § E
AY
= = =3TDC . ] ]
----- 3TDC+2Q h 0 0
30 L . 20 -10 0 10 20 200 <10 0 10 20
0.5 1.5 25 3.5 45 times (ps) times (ps)

Ay e
Ky (m™), -tl (m) FIG. 6. Start-to-end simulation results for arbitrary shaping

using a 60-nC bunch. Each panel shows the longitudinal profile
FIG. 5. Change in chirp (Rgs) as a function of cavity kick after shaping: (a) doorstep, (b) reverse triangle, (¢) comblike
strength (k) for a 2TDC 4 1Q and a 3TDC configuration and  bunch, and (d) comblike bunch with a higher frequency. The
focal length of the first quadrupole (f)) for a 3TDC+2Q  transmitted charges are 22, 18, 12, and 23 nC, respectively.
configuration. Negative time corresponds to the head of the bunch.

174 HE

o TN [E ARG B S AR TE I R TN ) - A AR S A R BT E M (mi-
crobunching instability, MBI) IR IR IG W Hl BRI T TDC HEEIE 7415 2
(R il P N A) _EARAH L. (H MBI BV FR 470 46 V8 HIJ8 T 6 AR sl 2 ) 23 )
T 5 N A [ AR 22, TDC 132011 18 A S 1 SR B ek ) B oA i
ANFELEI o X FIASEI R UG 38 i MBI 2 5 RE I REA B AL A R T

o ATREAISEIN] : FRIR(E M R A N 17 2 A BRI i AR AR LGB (BRI SR —
AT B TR « 5 2 REGESR, 7RI R R 2 S R A R R
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A x
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- "N
z H z
1

AR

Az(x)

FIG. 2. Conceptual drawing to show shaping quality degrada-
tion due to nonzero emittance.

TR T AT R MAIE 2 136 31 AR AMR S, BT %41 M (emittance exchange,
EEX) (RIE i F a8 Mk KU E A T R 2 A BT R .

o4



PRAB 5i# SR 2R
H#: 2020/12/25

18 AEtfmAH xS ey ROk R Pt RE B 71 5 [PRAB 23-09]

Resistive-wall wake for nonrelativistic beams revisited

18.1 HAfFHE
- 2K By HTHE
« /% Gennady Stupakov (SLAC)
o AL FID

o 4E¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.094401

18.2 IHE

PRI SCEFAE AL 1 AE A ATATE B2 (round pipe) o, AR S AR IR HURL 5 AU
BHHTEE (vesistive wall) B&itE, A, o < c HULAYIISHIAL, [AREIAL, ROSR Hif
R SCE, IRSCA R R THEH S F. Zimmermann 55 K. Oide ({4
S ([We XIS — DAL, OhIER Maxwell J5FRALfR H RGBT 1208 2 25 8]
VR ok, A& T R9AZBHPTRE S Y TTmk e BT X, X IE SO B Tt 251
PN TE " AU 2R A S A e " 00 T A 26 —8 AR — B 9
250, WIS FPEA QU RARRHE R« BE . TROZIEH wb/cBy BIR/NRE, B2
o5 WHEDGE. A4h, ORI SOF ARG TERS R R 2L (Green function) ARERIE— 4]
BAE v < c I, 76 2 < OCKE L) MRS o H AR Hl,

18.3  TTHREAIHT A

o TEHR: B SCSG R EINAT T SR AR T A B, AR AR R TSR B
BRI A RSB RIS, RISHZE 0 # co, FJf] Leontovich j1 5
ST AR HOG 2R S 51 5 R, JEEMs e TR, W ¢ = 0(F] 0 — oo)

O HBE . FESHERHETE LT (v =c,v =00), £ 2 < 0 &b, MTHEMLE, BHLIANE. FHiL, 7 2=0
b, A —ABEER (jump) f.

"HEREARKTR (7,6, 2) I, Leontovich I REFAI Gk E. = —(Bo(HH, ¢ 5 skin depth HX) 5 Eg = (B..
AR, Br 718302 L.D. Landau and E.M. Lifshitz F5)J)2# 2 S QAR @] IS X G130
FHi ARG L G. Stupakov and G. Penn, Classical Mechanics and Electromagnetism in Accelerator Physics,
Springer (Chapter 12),

95
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v — oo, Al LARHELARL BB A TR R IR 45 2R

539h, BOREIESOBIE (1] 28 PIABIT, 5 B0R IR SRR S L
BEAS, TR, e (I BBt ER RE R R U5

o BIHTRG DAV IE SOE BT

L 25 7 BUEBHBUEEDTRR A a8 S, BIEET Maxwell J5 FRZHAT 21 Y 1% ik
KA AR oIk, JFH, R TFHIAE 0 — oo B, Wiz T, Xff
AFE T I EA T R RS  (coherent synchrotron radiation, CSR) 251,

2. KXRIESCEMSRAERRTTIT 4G, Wk () S22 i Bl . Hrr, FHPORE
i, ARSHURN S PR BOE A (BOZ M IR 7). XAy S ok
AR ERAEREIEOL N R CSR BHBTEAL.

18.4 H¥

BB —F, XSO MRAFEPTEE ST H A&, Wi (%) 7 A g 2
SHPTEERI PP TT 0. KRR B HPTR PR EME—/, TTE2 M. RIHBATHED
&2 (point-charge wake) —Mar G M, AT (source point) #2127 11 (observation
point B test point) B A&H. K, M A RBSES CHMERES M N(s) Hid "%
17 (convolution) #1F, 13EIE KBNS EREL BT W(s) = [7 w(s —
sA(s")ds" (Hrr, P9 B BR AT DU a5 Rt — 220 . FRPTp AR 1
DI T R AR FRAIR R OS5 i, XmBATA Z) = —E./elv.

25 3Rk

[1] Frank Zimmermann and Katsunobu Oide, Resistive-wall wake and impedance for
nonultrarelativistic beams, Phys. Rev. ST Accel. Beams 7, 044201 (2004), https:
//journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.7.044201

o6


https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.7.044201
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.7.044201

PRAB 5i# SRR T 4R
HHH: 2020/12/28 BB B

19 XFHERXS PR P EE R A58 [PRAB 23-09]

Resistive-wall wake for nonrelativistic beams revisited

19.1 HEAFR
o 43 MRETEZRFBh )
« {f#: Gennady Stupakov(SLAC)
. L FRIE

o %E4%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.23.
094401

19.2 5

RSO EATH I S B U B TR B A 5 T A
1B BARMOR SRR 22 e 5 T R S R BB A —fekia =, PR i ek
IRt 16541025 (007 SCRBLARET. L REOB e T 2 R B0
PR R4 A IR M7 A SR e L LA s S L TR
R MM OB AE T . PO KSR, B T4 T N T g
AR AR AR Do ARSI R S A g #7904, I IE T Zimmermann
A1 Oide Z Fij#E12 X [Phys. Rev. Accel. Beams 7, 044201 (2004)] "PAIZEIE -

19.3  TTHEREGIHT A

VEE N A R AR DA SO A AL & 1ok B HFHEER 2, 3B 62 1 25 1A
FLARTRON 2 MR, AR T A S BRI AT B Y o AL R SR i BRG]
LA RO 512 A BHL BT A8 SO RE N FRAE S (RTHE S 38 T055°K) 00 IO LATHER |
AR T BT BT B Rk

o THk: RSO A FE B BE ST T B E S, HE SRR AR U . B T A
RJERIHEAE 26 N 7S RO SRS R, R’ A SUR T S AR 15 DL Ay e
RN A BHT A 2 HE T 20E T AR R e oL, ARde s 7 AR e .
R EE AT R HERRTC SR BT i o B 2R e R A SR A R et 1 —
i 4 R
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W [V/(mC m)]

FIG. 1.

o BIFT:

Wy [V((mC m mm)]
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=200

-250

-300

(b)

P T

h

._4‘ L

._2.

0 2 4
zla,

SNS longitudinal (a) and transverse (b) RW bunch wakes. On each plot there are two lines that go on top of each other: one line
is calculated with a nonrelativistic formulas (8) and (21) and the other one with Eqgs. (16) and (23), respectively.

ASORFETR R AR . BB 728 v(5I e 2% A

THRK) NEFEINE— A BRAERG I RE T, RO ™ A2 AR R A2 1) e 3 22 AL 17

B, EDMLBZBR 1AL RS AL 2L IR 7RISR AR

W||b2}r4

1.0

0.8

0.6

0.4

0.2

0.0

PN I IS A A |

Ll

FIG. 2. The longitudinal wake of a point charge for three
different values of the parameter v: (1) v = 0.1, (2) v = 0.5, and
(3) v = 1. The red dashed line shows the limit » = 0 when the
wake is equal to zero in front of the charge (z < 0) and then
jumps to the value 4/b* at z = 0%,
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PRAB 5i# SR 2R
H#: 2020/12/12

20 BRI L A AR BERGEERTSE [PRAB 23-11]

Hadron beam evolution in microbunched electron cooling

20.1 HEAFER
o K Hhsh iy
« {E%: P. Baxevanis (SLAC) and G. Stupakov (SLAC)
o B LG, CPMMTEUEE

o 4E¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.111001

20.2 IHE

TR P L %20 (microbunched electron cooling, MBEC) 22— T8, &
KATRER FHAE S RESR T B - B TN o X TARRRELIE B A5, i —2E (9
A1) 3, WHSE T SR IN R RE RS ) A& S FE S A R . (HU2, AR AT SR T4

A AIRAYTT R, BoA 7% &K (long term) B/~ARYRNT. N T 2% [EIX ARV, 70
W T-HINREE) (synchrotron motion) ATk, IfHZ% & MBEC BY4 # 5 i 3R
HI AR N HUS (intrabeam scattering, IBS) 2 o HIANIXLERN 2 5, HRIEICELRS
FUH T B4R A SO 558 748 MBEC MK R R ERIB) 15

20.3  TTHREAIHT A

o TR XL EE RN TR, JBT R T —. NEIH /77 (Kinectic equa-
tion) H %, RIHIN TAESH T MEBC fOSRebHeT Z(k), 457 MEBC Hi#1%
ST RS EOR . AT R FIE S5, XA TAEK 3R TS
Bk, I H % MBEC [958 D, SHEFHP IR ST (intrabeam scat-
tering, TBS) 2% Dipso 4MHa7R T MEBC ¥ 8RS0 TR RS 9% R (Fig.
3), HARBLH, £ J >4 5T . XA2R G504 Fig. 4(45 F )
FIE) F RO o T RIBE BT 169, T S (o S i B, TR SRR (beam
halo) %,

18X MEF L. T phase space bucket X T-HUL“BEE,

99
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o GUFTAE: XA TARESSE THA MEBC 5 IBS (3B 7 f )5 [Eq. (20) 5
Eq. (27). HUH PDF [—fgi¥=]. FIH MATLAB Mg PDF solver, FrisAt
(iterative) J7H:, REGSARH IR THINAMIZ 40T . TERX BRIHZ A5 R 40
(z,m) = (6, J) BIVERI - REAS e, I B BERUANSEI8 IR I 405 BB Fu(J, 1)

20.4 HYE

TOR AT HL ¥ (microbunched electron cooling, MBEC) f H# T Y.S. Derbenev
e 1992 R HA— DI T T4 (coherent electron cooling, CeC), 53K V.N.
Litvinenko and Y.S. Derbenev £ 2009 43X M AL A AT A 0 FFuE—2E )ik 1], 581
RN B R HLA, Fr DUR IR PEAS (A0, 3G REAL. RHHES) UE TR
ATHIRAS . R4 Liouville jEH, AnSRARZ LR T AR AEHL, PB4 ARG AR
#r, BRIAEFTAK Liouville JEFRAYSERIRG o & 2HLAIHLEFT A Liouville 2R, £ MEBC
gt CeC WLHIBHRH Z 7T, HLB AN 58114 ZIHLH A

o HL7¥5H (electron cooling)

o BHEALA A (stochastic cooling)

o WOEYEAD (laser cooling)

o BTALLH (ionization cooling)

NI IS 2] XS AT RS AR, (HEX T ERE# T (41 > 100 GeV proton),
BN — RS BOR AR (B EICeRAE ). IE43EE BNL 5 JLab [ H -5 F RHELIT
HfEE TR RV SR R A 7%, LA CeC B MBEC XIHANA AT IV
He KHRMF, CeC i TTRET HHHFROE (free-electron laser, FEL) AL, ¥
75 1 MEBC N2 ET 25 (8] &0V, (longitudinal space charge, LSC) S2AGf A ]

RN, IBEBE -
2% 3k

—

1] V. N. Litvinenko and Y. S. Derbenev, Coherent Electron Cooling, Phys. Rev. Lett.
102, 114801 (2009), G. Stupakov and M. S. Zolotorev, Comment on “Coherent Elec-
tron Cooling”, Phys. Rev. Lett. 110, 269503 (2013), Vladimir N. Litvinenko and
Yaroslav S. Derbenev, A Reply to the Comment, Phys. Rev. Lett. 110, 269504 (2013)

[2] Handbook of accelerator physics and engineering, 2nd ed., edited by A. W. Chao, K.
H. Mess, M. Tigner, and F. Zimmermann (World Scientific, Singapore, 2013), §2.7
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21 A S | B AR AR AT b AR, PRt 4 2 7 A A v 2 JE A - )
ST [PRAB 23-11]
Extremely bright coherent synchrotron radiation produc-
tion in a diffraction-limited storage ring using an angular

dispersion-induced microbunching scheme

21.1 HEAER
o 53 RS T THOE
« {E#: Changliang Li, Chao Feng, and Bocheng Jiang (S=ZEHLA: R Y ERRF
FERT LS E k)
o I BB

o 4E¥F:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.110701

21.2 HE

X EEARSHOCIALRET S, REr BN SselEs T HPRI SR EZENH
Fro XRIECHRH— D%, FIMHOCS B RIEB A, EOiEimes | BUER K
FHE5 (angular-dispersion-induced microbunching, ADM), FEAK A& 5 AT S A2 FR Aif 15
IR AR S e S TR 2R T o 3.5 GeV A F IR & S 2 20 pmerad, Ji4< 900
m, /] multibend achromat i#&it. RE B8 X G2k, HEMFERL 10 kHz, 7EEE]
2.3 x 10?* photons s~'mm~?mrad~2(0.1% bandwidth)~" BYFEF [F] 5E45T

21.3  TTHREAHT AR

o QR ADM HLHI B R, FEEIER FRE B, 3] modulator (M)
ZH SWObZ A A (AT IHT). AT AT Sec. 11,

o TTHk: BT ADM b, WICHIRLSH TGRS, BT A5
&bz, B, ISR R LA RIS . R
IR 2 H US54 Table 11, ¥ ADM #7302 J5, @it radiator (R) HiY6H)
R S5EEEF M GENESIS it+%)5, T Fig. 12 7R,
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Laser @ 260 nm

¢ beam

EUV

FIG. 1. Layout of the ADM scheme.

x107° x107° x107°
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0 500 1000 0O 500 1000 % 500 1000
s (nm) s (nm) s (nm)

FIG. 2. Simulated longitudinal phase-space evolution of the electron beam: (a) initial phase space; (b) phase space at the exit of
modulator M; (c) phase space at the entrance of radiator R.

21.4 HYE

P B0R 2R TRURE AR BET AR ETERARSX ADM 7 SERREREAIR A PEA
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PRAB % TR B
H15: 2020/12/8 HRIMETL: SRR

22 T JROb 2% B 5 0 2 R AT R 9 4 A B S Y R BEL A FORORR 25 063
[PRAB 23-11]
Noninvasive THz spectroscopy for bunch current profile re-

constructions at MHz repetition rates

22.1 EEARfFE
o 2 AL

o YE#: Nils Maris Lockmann, Christopher Gerth, Bernhard Schmidt, and Stephan
Wesch (DESY)

o R SLEG

o %Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.23.
112801

22.2 fy

SEF G S HARN X S tH THOE (Xoray free-clectron laser, XFEL) 4
T DA 6 A e 50 R A ek o . SR AR LR 3 S A ML 43 1
VIR Z BT RIS B B . A GeV (1) HI TR 95 M TS SR 95
ST TR U 2 A 1 1 T O B A o7 P 78 )

XSS THET 0.7 3] 58 THz BIAHFATSH RS 1% 22 1) A WM R g AR/
£t W 10 o7 L= et SO Ui 2 1R o7 1 2 9 5 R s R L EUVA =B R G = O Sl S =T U
i e S DI e 5 SRVEA T T . SEBG B R SEI T 4F XFEL Hisf TRy R E s A
IR 2% B A2 A% R A R HR R SR A Y IR 9 A o
22.3 JEH

A

22.4 FE

XFEL EA 4k = 56 w554 () 70 skome s IO Rk 1740 B 6t T\ SASE1/SASES
% SASE2 s A T RES /R [ B (RIS R 4R B T RS — K)o 120 %6
T XFEL EA MR KR, St o (ELd), Py pLs g s .
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FIG. 1. Spectral energy density of CDR for several electron
beam energies relative to CTR. For CDR, a 32 mm wide screen
with an aperture of 5 mm (diameter) was assumed.

& 9: ML TART GRS (CTR), AR TATH RS (CDR) B &R BAT i
Wro FEFARAGRERBGE, X s i RS o A — > B TR 3 0 v ] A 1S
PR AR AT AR IR 7, AR e e I A R SR 1 PR AR FE R A o XS T O P )
DR EEWICR B, X T XFEL 14GeV [R5, CDR a4 YR #EM £ 100 THz
LAE, IR A] AT REAS 8 21 RV U RY 70

130MeV 700 MeV 24GeV Tpg 17.5GeV
gun 3" harm.
- T
; . , ; " Hamn SASEL
Ly linac lump 84
¢
ng,

CDR beamline
and spectrometer

FIG. 2. Layout of the EuXFEL (not to scale). The CRD beamline and spectrometer are located upstream of two kicker-septa
arrangements which are used to deflect bunches either to the beam dump upstream of the undulators or the SASE2 undulators.

i 10: XFEL 11 J5
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B E LR TR, R 45 18 fa e A 1Y radiator Pk ATETRET
A B A 25 T (L LT AR TR 7

screen station
with mover

v

|

‘\

electron beam
direction
spectrometer

FIG. 4. 3D model of the experimental setup for CDR spec-
troscopy. The electron beam coming from the right passes
through the screen station (green) where it emits CDR. The
CDR is guided by four gold-coated mirrors (M1-M4) through the
CDR beamline (blue) down into the spectrometer (red).

B 11: s

22.5 ZEHL

PRMIERT A AT, RS R S R T E W, H— X P
RF B AR AT 7 EEN &, 5 ET R R 455 (transverse deflecting structure,
TDS) [T 7ot t, TR, Tass s TDS Jittss Buradeuty: =
AR PR I T AR o o BT R A T T P
TR A RETRIE, EHR R DGR A B RE kb mdes g &~ (FT1,
FT2) BB AREHCE, AFE A B R AR 1.5 fs (FT1) #1 0.8 fs (FT2),

22.6  HTHREAIHT A

RS SCEAM A T A ARRE AR T LOZ A IR IR b 24 PR Fe 371 LI 20 A B 3 =7 7
%, M TR, KBRS, FFHASERTLGAR] fs, & MR A7 189K iR
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FIG. 9. Top: measured form factors as the average over 20 rf
pulses for two different compression settings and the form factor
of the reconstructed current profiles (lines). Bottom: recon-
structed current profiles compared to the TDS profiles (green)
convoluted (blue/red, solid) and not convoluted (bluefred,
dashed) with the TDS time resolution.
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W%,

FRTE R
o ARBHEEGEL, AT LA TAEL I
o 1323T 14 GeV {YFL-f CDR 4B HUTEIERHE . CDR BEEEAIE AR fs 2¢5]
o RMT RN + BRI TR TR ALK

o BB AT RY AR AT AR

22.7 kKX
22.7.1 KR EK

B Sse R BN WU FLASH S Bt B0, (HR4E FLASH B 1
GV T, CDR FEAHMBITERENT (25105000 Fig. 1), SAEL0H4H
%, PILICHET CDR 4, TR T CTR A7k FII AT CTR M
WIS, Bk FLASH 4B 2@ MR, (X MIRHAE FLASH t HU2 oftliztr. )
RS RS, S RARWRNE R 500, IR T3 B sy
SR8 T SR A

22.7.2 fE& scaling

BIRXN TR B RIAR, ABRARAE B HE T ARRE R R H AT EHAb
TR AR S A XFEL B s Rt 8 GeV (LCLS-II fl SHINE), ] LAk
MIXATE, AL PR AT TR ST X S ENEE ., hTroRaE R
BRA ., EHEIX TR LASE i o

22.7.3 M

XM R VB T AGR A BUmt 5], R attractive (YRS G HlaR~2 A
TEXTHIREL SASE PERERIILAC . AHEL T M el —4E MR e, X — 5 AT AR
RMNIZR/MRZ -
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PRAB 5i# S b Hid
HHH: 2020/12/11 BB B

23 @A) FIEOR R RSO P R RCR A A TR [PRAB 23-10]
Microbunching instability characterization via temporally

modulated laser pulses

23.1 BAMES
o S ARRHEME SR TR

o E¥&: A.D. Brynes (ASTeC, Cockeroft Institute and University of Liverpool), I.
Akkermans (ASML), E. Allaria (Elettra-Sincrotrone Trieste), L. Badano (Elettra-
Sincrotrone Trieste), S. Brussaard (Elettra-Sincrotrone Trieste), M. Danailov (Elettra-
Sincrotrone Trieste), A. Demidovich (Elettra-Sincrotrone Trieste), G. De Ninno
(Elettra-Sincrotrone Trieste), L. Giannessi (Elettra-Sincrotrone Trieste), N. S. Mirian
(Elettra-Sincrotrone Trieste), G. Penco (Elettra-Sincrotrone Trieste), G. Perosa
(Elettra-Sincrotrone Trieste and University of Trieste), P. Rebernik Ribi¢ (Elettra-
Sincrotrone Trieste), E. Roussel (CNRS), L. Setija (ASML), P. Smorenburg (ASML),
S. Spampinati (Elettra-Sincrotrone Trieste), C. Spezzani (Elettra-Sincrotrone Tri-
este), M. Trovo (Elettra-Sincrotrone Trieste), P. H. Williams (ASTeC and Cockeroft
Institute), A. Wolski (Cockcroft Institute and University of Liverpool) and S. Di

Mitri (Elettra-Sincrotrone Trieste and University of Trieste)
o R SR BUERN

o %% https://link.aps.org/doi/10.1103/PhysRevAccelBeams.23.104401

23.2 IHE

H B TR0E (free-electron lasers, FELs) & 52 AR A, T HORME A T
AR (coherent synchrotron radiation, CSR) mi& 2\ )25 [E]Hif7 (longitudinal space
charge, LSC) Bl G5, ARATTREBROR, Y] 7 RE &t oA R HL I o34 (19 A2
o, BRI A I S AR PR S A R A R AT E s IR 18 Sl i LA R
WA A4, BH5E 7 BCL. BC2 #1 BC14+BC2 =FA[E E45 7=, A
[] B R A RE B B0 PG &0 T4 Fermi FEL fH06 A -HR A 520 1
Hb, XS IR EE S BT AN ARSI, 25 ER A I AR B S RE A% AR A B Y AN Y FEL Y
TR SLIG 4 XA FELs (93 Fsf r AR AE B .
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23.3 BTk ERAIH A

PR b s F B A AL R R SO G R, 0 L8 i 8 T A 5 e e F T A FE
TARRYBER ML o ME R SBTEE A  E AR BTG o TR 2 B A7
M5 A B SLI A AT LA & A 2 A R R 301 SRR AL RO 2 i A A
(EESHL BAUSEE AL, AERRE R XA, RN 25 IR S AR A RE AU T %
DU AR 22 WA s B RO G P RE RN, AR 2 TR P RS A AT BN f2 o S48
TR R A B Sk R0 _EAN 20, (HAE SR P e (e FRL s A8 o] Jo] 30173 T L A — 28
FEOUH BC2 RITEOLT . U1 BE A FESE B (B A, (E P AR AR A A IR A Y
&t

o Tl ZEAUE BOL (OSSR, FMEEE GBI e, SRR B A2,
PR RS T KR, AR LR AN T . 7E0UE BC2 IR LT
) 22k A 5 S T P R R TR . ATE ST elegant AUl
TR R A AR O — A LB . 7 LU N S 0 ek X T
(454 T T A E 152 5 TR S AT S P ehaf Bk P AR )
A2 FERR AL T HERE.

o BIFTR: —RIIHT A AEYIR R AEE R H AT B A S . A Y (AR ]
gt By s, ARIR IR 2R AR, A B ERGE I ROk o
£ Fermi FEL RSEHE, (s FIAAIR 88 B AR 59 AT ROROERk o, iEBOCnAZR iy
RED AR ORI RERA S I SR PO R E RIS I S8 X TR A]
AR Bt A VB R R A 2 TRl L
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PRAB 5i SR =1E
H . 2020/12/11 SRR FER

24 WOCRBSE K B HEAL [PRAB 23-11]

Electron bunch evolution in laser-wakefield acceleration

24.1 EEARfFE
o 2 AR WS 5

« {E#: D.E. Cardenas (MPQ), S. Chou (MPQ), E. Wallin (UmU), J. Xu (MPQ), L.
Hofmann (MPQ), A. Buck (MPQ), K.Schmid (MPQ), D.E. Rivas (MPQ), B. Shen
(CAS), A. Gonoskov (GU), M. Marklund (GU) and L. Veisz (MPQ)

o 4% https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.112803

24.2 HE

VEEXROG R MIE (laser wakefield accelerator, LWFA) Hr i A (i B IEAT
T ARG H ek I . AL R A AR 5 sy 8 fs WOBHIHOEE NS B (LWS-20)
FRAERARE. ARSI, 3T MeV MEFARE FE T NIROE S R . VEE 1
W 7RSSR HRK R, YK (dephasing) 2R LWFA H+HPERER) T2 22
Kz JFHAM TIE{ERER N 6 ~ 20 MeV, KAHKE N 57 ~ 300 pm [ HLRL 525 1H
K FREEBEIL, RHSZ RIFILE NI Z K%L

24.3  TTHREAIHT AL

o wik: YEEFIADEBEG AT 20 (LWS-20) RYBREHOE (10T 8 fs, FHURIE 5 fs)
BHTHOG R L ACHE AL BRI &, W A FEROE A DR
TRSEEAC V&R HIARR 2 BRG] 552 LWFA Hr AP Ry 2 22
2, et 7 A S R RE R A A R A 1 EL Al S A A e B N T
FARJER Y25 IR RS AEEAEIR 3P AR 7 SR 2 R =4k PIC (particle
in cell) [FEFRFFRIZ

o GBI FUAMET 10 fs FUROEE O LWFA rR 7 AR K RE R MR RERCSR
RTINS, FRFEH 17— R IR RiNA FE -1 RSO RE S YU R AL

L
a La
E,(L,) = / ee(x)dx + Ey, = eLye (1 — ) + B
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FIG. 5. Evolution of the electron bunch at 144 x 10'° em™ driven by sub-5-fs laser pulses for 12 different injection positions.
(a) Peak energy of the measured (black squares) and PIC simulated (gray filled circles) electron spectra, and parabolic fit (continuous red
line) from Eq. (2); (b) electron bunch charge; (c) measured (black squares) and PIC simulated (gray filled circles) relative energy spread;
(d) beam divergence (black squares) and 635y, mrad fit (continuous line) from Eq. (2) as a function of the acceleration length. Error
bars comespond to the standard deviation of about 50 shots per injection position. Horzontal error bars from (a) apply as well to (b)—d).

Hep, B, BN e 7 R EE R A A RER . ee(x) BRUCHMA T E T
AR LRI 7 SRR R AR s BUSRR . eo RIS — R 7 R 2
FPEYME, BRI F2R injection position(WLiZi83C Fig. 3), Lo AMNEKE, Lg HE
R

24.4 i

fEARZerE LWEA v, AT HABRE, RGOSR G55 4R et LWFA HL7 3R
PERERI T ZEA R Ly AR RE RS A JBE ) 5% AR T A 2R PR BRI UL 50 AELER
BE— PR TR BCORRE R, 7 R AN 14 U B Y o
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PRAB 5i# SRR T 4R
HIH: 2020/12/17 BB B

25  FT Rk ShEIE S B PUE IR SR B ER [PRAB 23-11]
Fast hybrid particle-in-cell technique for pulsed-power accel-

erators

25.1 EEARfFE
o 3 FRIPIHEINLEL . SRS

o E# : D.R. Welch (Voss Scientific), N. Bennett (Sandia National Laboratories), T.C.
Genoni(Voss Scientific),C.Thomas(Voss Scientific),D.V. Rose(Voss Scientific)

o FA: PR, BUEA

o %Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeans.23.
110401

25.2 gE

B A RO A4l (Hybrid-implicit particle-in-cell, Hybrid-implicit PIC) #3714
AEAR K 25 [AVFHES ] RUBE_EASS A s B (kinetic) MR (fluid) &5 g5+ ACRSHIE
R AR A I 25 G 00 T A F A USSR S v Bl
PIC 7ML~ FE AR Bl Bl 5 7 O T 8 A 2 TR DU R SRt 4R AT sl B~ 3K A i
W2 RIBhZERS . MR ARAS BN RIEE o XD nides . APl )5 KOl 2
LRI A B, TN 2 52 B A ) 555 B AR BR A o — Mo 9 e UK REAE R
JREATR 5 FEASR AR 1B D0 NS EIE B HOR. T 38 R, FIXS T4 PIC £OR, AILA
HE AT S R YN RN 28 [ RS o AR 14— TR 3] Z-pinch Sazk iy BRAR AN
HEEHHR G PIC SORMISE B AT 433 (current shunting) Y584 FRELIR G
B o SREC— R VIS 3 IR A P OB U S Host AR A 77 H+1%
W AN S RV AT T XL 5 )1 i iR 2 S EUER B Z-pinch T Z BTHIH
o, MIMEAR B RE . EEBFT T P ISE R A R DI (power flow) A8, 1f:
FHIWHE 7231 2R G SVERFUARRI BN R, FHHeiX =F7 Z T AR EE.
BB AR, W LA E P RERSTHE I, A B T RN R T s s o

25.3  TTRRERAIHT N

AR TR A A A A

LR THIRESRTTE, R ZHARTER
BB = MO IRAE Rk TR A b

.
2
BEATREIOL, PLBC TATEEE R, HPHe =My &
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HUttEPERE. oy, ShRESA NIRRT B DA T S B 2t B 2 sh AT 42 Ja B e RE L

¥ (KL R I RE R i T EhRERI(E) , TRT A FIA AR ARRE = 2 B IR B iAok v~ (R 1
ERE T RE AR T ZhRERUME) -

o Trik: ASCREH TIRAREUR FREIEYE, SEATTAL. ERELAE PR AL

W DR RGP A AL RY AR IR R B R 70 .  REAE FE R AN 2[RV RT N [ )RUBE_EASE AL

W Rl 12 A S T ACRAS I 2R e A7 B A VPO S5 s A B
FAPR PO TR A9 I ME RE »

(a)

_ = = —
3 . Kinetic ]
£ 1.5x107 | multifluid g
[ t
E 1.0x107 [ PMH
3 } Fld e, kinion
§ 5.0¢10° | B
- 0.0x10"‘: e e 1
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Time (ns)

(b) i
— ™
= 1.5x10% P
= /

c , \

L 1.0x100 / Kinetic

3 / Multifluid s

g S0dv /" PMH i\
- Fld e, kin ion Lo

~ 0.0x10° i

0 20 40 &0 80 100
Time {ns})

FIG. 6. The (a) load current calculated at z =6 cm and
(b) loss current (difference between total current entering the
MITLs and the load current) from four simulations (kinetic,
multifluid, PMH, and fluid e with PMH ions) using the
geometry in Fig. 4 are shown.

o BT ARSCEE ARk IR I A R, SRR AR AL (PIC) Bk
XIS )2 AR AR a5 R AL AT 1TSS i T3 A A
PRPTR T FORMIA S B AN IE G, S5 R Y RN, SR 3
FRE AN G, 15 BT R R SR AR A g

25.4 HYE

B2 (kinetics) HFST Y2 RGERL 176 28 [ SR BT o A2 A5 N L P ()
fiz, kinetic theory G #EENF A B+, HiX58)/1% (dynamic theory, T EHFEA
AP EEL L) TCIEX S, WA A GO B IR A I B 2R Tk
fHZ) 4% kinetic theory N “ZhEL~", ZhHA A RIARIA A SR 2 h R R
(Bl W S RS YRk B B TR, SRR T 20 =4k AL bR 23 H]
AR, SIE2EIEE 2R 6 4EA0ARPR- S 23 BRI (2 BT AR L 8 23 R SR
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FIG. 7. The electron density is plotted 120 ns into the four 2D
inner MITL simulations. The plot shows results from (a) all
kinetic particles, (b) the multifluid particles, (c) all PMH with
fluid particles transitioning to kinetic above 50 keV, and (d) fluid
electrons with PMH ions. All these simulations have dynamic
time steps such that m Ar < 9.
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& SR RN R AR AT AR EA T 1 B BRI DI G AT (LU AL bR 2
[FVERAAS ), T HIE AT LAY 2] 6N 4E=S[H].
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PRAB 5i# S b Hid
HHH: 2020/12/18 BB B

26 EUREMZ: A IES TR A 2 R [PRAB 23-11]
Wilson Prize article: Transverse phase-space manipulations

in electron accelerators

26.1 EARFEE
o Jrs: HABMZR LE (review articles)
o E#: Bruce E. Carlsten (Los Alamos National Laboratory, LANL)
o B S

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.114801

26.2 fHH

1% Bruce E. Carlsten p x5 AR (ERTIEI0 STt pEre ¥ /rib e, e
MBI ARG SIT4A AR A =S IR P B A S5 S A e, FFE R/ XL
PRI TR, SCRRR A M T T RS, FEXTE (symplectic)
k3¢ (non-symplectic) HH23 [R5 Ja IR TR ERIZEAT T H)— MR

26.3 o1k S AHT

fE i A 2 RN RY H A2 FRRA ST, SR4E/R (Liouville) @ FRFE H HYAHZSRIA
FEAE P o SRR AT RN AT IRARRY . BRSO AT L AT ARG &
ST EEAME R PRI 23 IR AT 09 BR T B AR 2 T (twist) 5 RS A SR AT 4380 & S
JEREG, HASCRAER I

o DTHk: IZA AL, RYTEAMEZME—— PRz is M A A R E . K
S EEAMEAULAFHATOE FIE AR RE R R ATE ), I8 AR F R85 X ik

H H B FROGAF RER s TR S
ORI AN R [ o R P S AT G B e o R I, PR BT DAAE S M A S B 7 R T https:
/ /ww . aps . org/programs/honors/prizes/wilson. cfn &, ¥ HfG 1R K IR A (SAcHEESE M) Y

Ernest D. Courant (1987 £E£). HBiZRH1ZEIATER IR~ KA P EZ (Lee C. Teng, 2007 4£) 5@ 1> (Alexan-
der Wu Chao, 2018 ),
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¢
P 1 A R A 2 LA 5 RS AR IAT 3050 K A JEE A KR T

26.4 HY

A& T A A 25 R AN A FEAME RN T I 4R, BRI IR R IR AHOCRY
VSIS

RGBT LA B RS - R BRI R IR sh i A 7 = AR 20 4
SE s AT R AR E L g R X ST H A r RO B X ARG R
R AE L LA HH A B T ARSI ] (steady-state microbunching, SSMB) [
Hr—AURE A I = A I A7 2R ey BN B S (continuous-wave mode, CW) H.
=R DR AR XA — 5 _EIR AR AR A S B 1RO B R 33
HALYEARE, EIRLE A ZRINR AL (longitudinal strong focusing), [AIL, %
U e, i ZAuiE.
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PRAB 5i# SR 2R
H#: 2020/12/14

27  AHHETFHEOCIES R — R R [PRAB 23-12]
Simple model for the nonlinear radiation field of a free elec-

tron laser

27.1 FHAFR
o 43K ARG S B TR0
« {£#: Erik Hemsing (SLAC)
o BAL HENG. BUERS

o 4fF%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.23.
120703

27.2 HHE
RIS SCUERT A] Dodd #1 FH9E 2kt Duffing J5 8
A" —aA+ A =0

Hrf, A A scaled radiation field amplitude, «,3 > 0 5 detuning = 0 fHRHIE R
o XA Duffing JyBA MM, KT 0= 01500, AT

3 I L S
A(Z)—\/;SGCh [7(2—23)]725—\/51 ‘bo’Q

Hrr, z 2 scaled undulator coordinate, z, ARG, by MATIGHESEA T (bunching
factor).

BB, BT 6 # 0 500, AT LLA] Jacobi elliptic function /R, X4
Duffling JyRERERS A H b1 F B0 N 2 R AR A X [ R sl 5, Al LT
BTSRRI B T2

27.3  TIEREAIHT N

o TrHk: WM Bonifacio £ collective-variable description 45, fE3E
2o X B (SRARIARIX ), FREAMBHIL (nfe ) ~ (n}) (e7) 5 (e7#) ~
(e7) (e7) SHEAMITMUA LIS WX T8, X B Py L 4 2
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7w, Wit — WS . 5, Duffing FREFARAEX LG H I
LR SRR R — D = ms i, a2 oz) = A(2)e® 1R
B, 55X o(z) FERAT LR (R o(2) o 2) J7, A1 EIEA Duffing Jy#2 Bl
ZiR.

o GUETAL: IR AT BERSIE AL 45 th N ZRAE X TR 1 3 R LA AN X TR A A A G
J¥ z, FFHAHEY detune ZHIKR AR, W) 2(6) LME FEL 04, MRHC 2 —
A EERAII E Lo 301, MZEH T IR SRR A 7RISR & RBI 2(0, [bo|) o

274 HE

— T FEL JEiafsh 17 F BB i 50k = FHEZE: 1) Ginzburg-Landau J5#%;
2) logistic J#&; 3) Duffling J7#2. AIVEE R 3). XML CEANLHIN KT FEL 5
WRIZI 2 sE R 1)) FEAES, SAEtrh e LRER:
L XIS H ATz [ E HY undulator parameter K, Bl K'(2) = #5745
2. XN FEL %8 W RE N single-pass high-gain FEL, X low-gain FEL,
1 FEL oscillator, & F ;

3. IXES CHY T B T B4 04, Bih time-independent FEL, SCHEEIAY spectrum
A detuning spectrum, 5 radiation spectrum F§EASE. B, 0P AW &
sideband. synchrotron motion {2 time-dependent R/ o
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PRAB 5i# SR 2R
H#: 2020/12/15

28  BAK SR NE AR, 5 SR N UM SOV MR A TR 2 Bt [PRAB
23-12]
Theoretical formulation of phase space microbunching insta-
bility in the presence of intrabeam scattering for single-pass

or recirculation accelerators

28.1 EARFEL
o 3 MXHE LR T8
o YE#: Cheng-Ying Tsai (£5# 81, HUST), Weilun Qin (1, DESY), Kuanjun
Fan (#7524 HUST), Xiaofan Wang (B FL, SINAP), Juhao Wu (5L, SLAC),
and Guanqun Zhou (J&jEHf, SLAC) (FEEMH: HEPRECR)

o SRR TR, RO

o {f¥%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.23.
124401

28.2 JHH

RORFIAFE WA R Gt S E I s = Tl ds et h—E RN EA
PRl R ARt 2o 2, SRINEUH (intrabeam scattering, IBS) 2500 A£4% 15 5%
TR B AR — DR ZRAR I 3 12230 A8, sl E MR B B e i as i
WAHRAEREN R — B4R, BT REERTREN g, kg
BT E I IS EF IR S B P A TEIR A 4 . RN B O A RS R EM . X5
WIS R R T AR R T 2R N R SN I RCR BT E IR . o T Sy A R P B
ROV HIRORIAT B 177, M Vlasov-Fokker-Planck J7#20R, 456 A EE S SR AN EE
MESIEMHT RO . H#EFIFRIZLMEI R Viasov-Fokker-Planck 77 -5 %] b 1) BEE
(friction) 54 #% (diffusion) FRE. FHAS [ HH %5 -5 e H R ) B JEG FY Y8 7 RE AT LA
5 —HE MR G RS TR XSO T RS N B — R P g8 1 T i
WA, Gt 2Tt s R Sk BRI R 25 SR A, 193 — 30k

28.3  TTHRBRAIHT A

o TR K5ORS R R BB E M BT FU BN A 2. % T LR
HFERIE R TSR . X SO T PRI A0TSR S 2
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AT (Sec. TV.D).

o GIFTA: WA, MTRERESN ) F 02 T Viasov JiRE, 20 1 AEHT I HL
xﬁ(ﬁ” ZZD%W HA WOV B AR TR 254851 (incoherent synchrotron radiation, ISR) .
VB SO UK R N HCHT RO F T Viasov-Fokker-Planck (VEP) J5#&, MIIIA
ﬁ?ﬁﬁ?ﬁl? FEPEHIRHESE . VEP JrREr 9 SR EER O 4 i G. Stupakov £E [1]
153, AHE MW HT ECHO B3 o FEEREUNZE B IRAEIX e U HE AT 2.
BEAL, AEAERSRE S. Di Mitri ¢ A 2] A RRYHET HL# 4 FERMI FEL 52
15 P BRI RN O RO AOE B BIE R T, IEROA B HY S R
PR o T F AEIEEM NI A5 HUR A T B BB S £ £

28.4 HvE

R IE S0 Y EIEHEZL S B e RE R I HLBSAT R BRI R B X80 Mt
S (bR S O N YA SR ) A Ll SR RN WA E P S R S R AR (R S A T W

2% 3k

[1] G. Stupakov, Effect of Coulomb collisions on echo-enabled harmonic generation
(EEHG), Proceedings of FEL2011 (Shanghai, China, 2011), MOPB20, pages 49 -
52, https://accelconf.web.cern.ch/FEL2011/papers/mopb20.pdf.

[2] S. Di Mitri, G. Perosa, A. Brynes, I. Setija, S. Spampinati, P.H. Williams, A. Wol-
ski, E. Allaria, S. Brussaard, L. Giannessi, G. Penco, P.R. Rebernik, and M. Trovo,

Experimental evidence of intrabeam scattering in a free-electron laser driver, New J.
Phys. 22, 083053 (2020).
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PRAB 5i# SR 2R
H i 2020/12/7

29  — PRI IE A B R AR B BIR S EE A T 4R 3 [PRST-AB 16-
01]
Frequency multiplication using coherent radiation of a “snake”

beam

29.1 FEAfEE

o 43 [FPRRATS B O
« {£#: G. Stupakov (SLAC)
o BT PP

o HE¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.16.010702

29.2 HEE

PR —ME R A E e TR, i )E . AT LA AESIR A
WS, XPRRIRIE ST BT A 4 FX 8 snake bam,
29.3  BIHREAIHT A

o GUFT: AU snake beam (N EZLALSR) P M TS, XL LBCARIIH
Kifie, E4NEXMRERIEBATRATER. Hib, Sk EXHiE el

%ﬁ/‘f_\:f\o
Undulator
Y X
A
7
i ? i
290.4 %

\’_‘E:
X SCR AR AT T N EA— Mk, B, #8251 A. Hofmann Z#LZE(E, M EHLF
MRS A 5 spectral intensity AT P(w,n) A&, BH T RKAVEES HZE K fE form
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factor F(w,n) HERE. 340, % JEHL5 A AT BT RO It AT — etk
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UED Si% SR H: RIGT
H3#1: 2020/12/26 ERME TR B

30 RJEW 10 RFMEPHETFRATHEARR A [Structural Dynamics
7, 034301 (2020)]
Method for developing a sub-10 fs ultrafast electron diffrac-
tion technology

30.1 FAFR
o I ARER S R

o YE#: Hyun Woo Kim, In Hyung Baek et al. (FZEH|H#J: Korea Atomic Energy
Research Institute, KAERI)

o BAL: HUEMA

o %% https://doi.org/10.1063/4.0000012

30.2

FIH X G2l B RN SAN 7 A0 70— R R sh fsaad R A2k 518 T A
B 2R TR E TR A Jg . AR T — W%E— SEAMUET 10 fs YIS TR) 3 R
HPRE-FATH (UED) Bk 1EE BT KAERI 5206 S48 2 Jif i TAE R 17— H]
SPUC I F AR 90° S EIH M EST MR O AURSE, SRR #RES] T 31 fs [1].
% UED RGURAT 1 25 fs BREICERVNT 10 fs fURSEPHSD, FRfOREF T 0.6 pC /Y
s AEAR SO, REAEZ BT RS AL b, o T Is I AR A AR X
ININBERLIEAT (energy filter) AR T AHZS [ FR AL im0 AU FLv~, AATATH 72K A
REEESEE] 10 fs LUN o il BB, VR R 1 R oA o B n] DABEAE S 6.2
fs (rms)o ZEIRFH], BERTIIIEAY T IE H— M ARACEE HE 7 AR A I B AR B £
AREE A AT Lo

30.3  TIEREAIHT A

o GBI BE BRI AR BB R, AR BUR RRIAL BN slit M P
Il D HL AR AR AN BE R, AR PRAIE FELAT R 8 T T B AT S SRS O kA |, i —
AR A TR BRI R PR

o ks OhEt—aRME %‘——"”ﬂﬁ =R B UED R AL 7 —FP2% )7 %
HTR T IRESDTE (ASTRA), ASCMHATR . BEREIEE 0 BOLTE M GLE
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Energy filter

m— \
: R
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............... +___%@gﬁ:gi

H |
\h// Pump pulse

P 15: AR R X i RE S B AR By AR 10 WD HE R AT

Sample

A JTHIE T RERE IS A R AT RO T 1, a] AR B SE B ST T

]
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g 3
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%
M
e
2

€ 16: 500 £C [y oA L RERGINA (), (c), A1 (d)] Al [(e)-(h)] A=A RIRG T HLES

HLZh
o FERERUIEAHLINTHEZED [o~B ) (b) RIMSIREZSIAD (F) ROOTELE R, MMHRIBIL A

RIEIEGAHE T I [(a), (o) M1 (d)] BGOSR BT RE AR, FHOL (d) For
E G . RERIBNA S IR BTG 0.1 pCL ARMALHTREHCEE N 6.2 fs (rms).
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25 3Rk

[1] Hyun Woo Kim, Nikolay A. Vinokurov, et al., Towards jitter-free ultrafast electron
diffraction technology, Nature Photonics, 14 (4):1-5, 2020. https://www.nature.
com/articles/s41566-019-0566-4
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PRAB 5i# SR 2R
H#: 2020/12/29

31 R A HTAMEHE (Oh) MF B BT EHOREE [PRAB 23-12]
Enhanced seeded free electron laser performance with a “cold”

electron beam

31.1 FEAFR
o 0K FPARSTS B R TR0

o /E&: G. Penco, G. Perosa, E. Allaria, S. Di Mitri, E. Ferrari, L. Giannessi, S.
Spampinati, C. Spezzani, and M. Veronese (F E4/[#): FERMI Elettra-Sincrotrone)

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.120704

31.2 HyE

TEZKF] Trieste () FERMI 2 —H:F 58 a5 3 7= 2E ML (high-gain harmonic
generation, HGHG) HJ4MNFF H B HL 0% (free electron laser, FEL) 3%, fE/=4:5¢
AT (BEE SR BRI R X S0, X2 FEL ZREESK 7RI (D
Fo) B — (G R B K2 1 . WEE IR 700 ~ 800 ARl HGHG HlHI#is sk F
/NIRRT RERK (slice energy spread). 1@ fLLAE FERMI FEL jzA 71 H A5G
WIEAB S EAMER RS, HiiCLHBEEIZ 107° B TRu A e, mET
2018 FLAFT FERMI FEL HOGRAMHOE R 5 HAMN#E e G Bt s, XE
SCRMACIE B RIRROE R 5 (AT HEA L Sec. 1T BURTHIEY) S4EAE XSGR B A
FUE MR E MBI, HRTREB IR EAEA TR ZEROG I EES (laser heater, LH) HY
TR, AR 1 & SR Tums P RERIZY 1075, IE(EHLIRZ) 700 ~ 800 A
E RS PRI H g A Z AR AT S ME o KT PR A I
RES~ A= AE (mJ) 19 FEL fkofaEi, HEHIEEIFRIAF] 10 GW. M T2 ailEfE
9513 2 15 YOl (K% 16-20 nm), HAT FERMI FEL i217H) HGHG #x, wJLA
IRENE 25 YOEBA R (PKZY 10 nm),

TR, R BRI AR
XTI GeV [ linac FEL, —fak £ L7500 | fE#Zy 107,

87


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.120704
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.120704

31.3  BimRERAIHT A

o QIFTS: XEE SRR IE FERMI FEL X FEL - SRR A HI S206 285 SR 404
fiERE, BRI ZEEE . HAT FERMI FEL g% AR DI Fr BERAY 2R, RERIK
A HE UV 8 X 42k FEL fUHE-7FRAVRERUR 17— PR BRI E5EFF
AEM, IR ST XFEL 5 A9 B REERL J7i%, B RE (4%
JiE, HAHERAMEN 100 keVo #28 FERMI FEL fH 7B, 29 1 GeV, 107°
DIF RERUEARE ZLRE D 7E 10 keV HURERZE . WIS RE (WAL #FREST. 18C
KTk i FEL 2Rl 2 il & " (optical klystron, OK), i X}
Bgrae L EHEL Res 5 FEL JRPS ke = 2 /A BOMEL, [ REHBHEN 7 2R
IR RERL op = E/Rsckyo T EEEII SR Ree HROGINMGARHIGER, Hll FEL
JikaRE e, AT IR AR A AR E PR A7 AE

220

= - : :
2
201 8 1 —emLH=2, 200 ¥ Poak Curent=0.8kA
208 LH=1 pd - Peak Gurrent=1.1kA
H LH=0.4 1 < 1801 Peak Current=1.3kA d
Sos —e—LH off 2 T
EREIEN = 160 1
i E |
5 |2 8 140t -
2 e 5
§ |Eo P 120t
g 10 z o 5
3 2 100f
2 g -
w g 807 K
5 [y gy &
& B g
0% ¥
, . 90600000 0-0-0-0-0-0-0-0 20
°% 50 100 150 0 05 1 15 2
Ry, [1m] Laser Heater energy (1))
FIG. 1. FEL pulse energy at 31.9 nm versus the dispersive FIG. 2. Measured time-slice energy spread obtained from
section Rsg, for different values of the laser heater energy. Inset Eq. (1) applying the FEL versus Rsq scan as reported in Fig. 1.
reports, for comparison, the FEL normalized pulse energy at The error bars refer to a confidence interval of 68% in evaluating
32.1 nm versus Rsq from previous experiments [33]. the optimum value of Rss.

B 17 ZEEERIE RO G KR, FEL JRPRERAE Rse ~ 140 pm BT LOAZIRA(E. BE
HWOCHI#GIT, FEL KiPRER /N HIEERER AR/ NY Rse Wit . U] RAYRERUE N
T B oshE I BN (overheating) o —AFULT . fHetE FEL ki 68 5 MIZ2 AEHOLIN
PGB TR N E S RE R, (AR SCEE IR E, % H AT FERMI FEL i217500, A
TEROE AR B B8 2] 5 FEL kgt 4B OK &8, 7EAR HL7 SRIE(E FIR
HARBOCh G RE R BT, ARSI Eq. (1) #ENRY AR DA RERL.

o TiHk: BT LALSEIRSE IR, XL SORE T SRR AR IR & FEL fikrh A H AT
TR IR R Y B FE T RO AR ORI AR E M o AT T AZ 2518 5C Sec. 111
A 5 &2 7 Brdi o

31.4 HE
RV SRR LI R T AT F SRR A 8 22 R B IR AN e 8 . 125, WO
IR I 2 BN R FRITHRICR AT E I, HR X R a7, WOLIAGE AL
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FIG. 4. FEL performance versus laser heater for a standard
electron beam in 2018 (a,b,c) and for the current one (d,e,f). FEL
intensity (blue curve) and laser heater intensity (red curve) (a,d)
are plotted as a function of the LH attenuator angle. FEL spectra
versus LH attenuator angle are reported in (b,e) in false color
scale (normalized for the maximum intensity value). Few spectra
for the standard case (c¢) and for the actual case (f) have been
randomly selected for the minimum value of the LH (~0.2 pl).

] 18: ACEE 2018 fERY, B WA EHOEINRESRE Y, 75309 FEL Fkobaeit, wTLAUEE],
£ 3 pJ B LLAEEfE FEL fkibiest. A EZ A FERMI FEL % &EER T, AR
JEHIERRE T, WIS FEL fkabfEE . T LUEF&E FEL kb e & ARG < 4
o
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o b, Wothn#ay (86, Ml BOEHEG ) & al U ERG BE2R1, f~
AT I A AR ST A0 BIOR R A L 7 2R S T O R B o
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PRAB % TR B
H19: 2020/12/22 HRIMETL: SRR

32 HETESERBA 3D +THIA B4 Bt F R AE S 5 % [PRAB
23-13]
Longitudinal phase space synthesis with tailored 3D-printable

dielectric-lined waveguides

32.1 EAREFR
o K HEIMETTE
o {E#: F. Mayet, R. Assmann, and F. Lemery (DESY)
C T R SR

o HEf%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeans.23.
121302

32.2 JHH

AR AE 2 [R50 T AE BE A & BRI X S B T H0E (xray free-
electron laser, XFEL) M REFETTAR/Z B R BHELH) o AR —FPfa B ZIhRERY 1%,
HE S ERIR A P S (dielectric-lined waveguide, DLW) F=4: 1 3L = 1
e (semiarbitrarily shape) 4 FL P ORI 28 A 36 SCAH B BRI AF 25 1
% (longitudinal phase space shaper, LPSS). SCERAHX /AL R4 4l
TR BRG]+ SCE RS HE M 3D FTEIMUBEAT I T A A REPE IR T ENAR FR LA
Rt NG T A 23 TR QAT 52 Wi — e O PERE

32.3 JikEER

SCRER TR A E, BB S B R 2 M0 M R R IR (R
R SIRE) BHTAR, LIEEHERREHIZ R H i

BB R TR, SR S4B T 10 BEA I R SH.
L) RPN R RIS (vegion of interest, ROL) Lt LAY 45

PR FE 2 244 L R LB A B SO 5 PR AR, — A B A SEBRA 617
SR PRI E WA e e B, B TR RL S, (93ATT LASTBURT A 251 ROT
R F b LA B LR 2 BA TR ST LM —
L 3D TELET I T

(EBIETHE T — MR SRR R LRI BI T AT ISR RERI R
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FIG. 8. LPSS optimization results for input LPSs based on the ARES working points shown in Table II. The optimization goal was to
achieve R = 1 across the full 66 ROI (top row), as well as a centered 26 ROI (bottom row). From left to right: WP1, WP2, WP3. Each
plot shows the LPS before and after the LPSS interaction. The color and thickness visualize the current profile. The gray shaded areas
correspond to the 2, 4 and 66 regions respectively. The head of the bunch is on the left (negative z values). Below the main plot, the
geometry of the final segmented DLW is visualized, with the orange line corresponding to the inner radius and the blue line to the outer
radius.
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32.4  TIHRERAIHT A
FHOH

o T INE ST T BRI A A BB BT LR, iR m B Bt ]
Flizhky (corrugated structure) B3 FH T AWML (dechirper). = iRIEIIESE . A
AR HZEE BT, RN _E R PASSIM T R R S Y

o SR 3D ATHY, AT DASEBURCR] A PR il VE S e, S ELR e BARTR KAl LA & @
W, BRI R EIERCR
32.5 KWK

K B ZE X F AU 25 (R B 2 ST SR ) — P IEAL, AR MeV 5 GeV [
Inid g B P TR IE . A SCHIUTIRBON AL, (EBIRLLEIL , I vl REfF
FER PR B ok, HARGRIL -

o HPRIEMEZE, HAEH IS BAOET R A R S TR TR ERTR SRR E
FE N A SRR AT . 53— T TR RRE M L 2 i X — 45
HITERE -

o AP EHHIE T SRR EE, RERTURE EYIE, XA R B A
HEEWRA—EZOR, TR HTE R 32 21— E IR

93



PRAB % TR B
H35: 2020/12/29 HRIMETL: SRR

33 T Bl EOEH R L ACRAE Y IEIR- KK 34 [PRAB 23-
12]
Delay-detune scan for longitudinal electron beam character-

ization at free-electron lasers

33.1 EHAEER
. S LN

o {EZ&: Svitozar Serkez, Gianluca Geloni (XFEL), Marc Guetg, Vitali Kocharyan,
Shan Liu, and Evgeni Saldin (DESY)

- ORE S

o %Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeanms.23.
122801

33.2 yE

15 H &S B BOKHLE (self-amplified spontaneous emission, SASE) #F, A
2t T AT H R HOL (free-electron laser, FEL) -7 A AE R WA H BT T 509
LR EE R o IX— TR — DR 4R 4344 FEL 3% 8 0 UL G a8 KR P B
Hgas RIBR AR o 8 A5 R 4 a TP B IR FIRE 0 Bz ar B R, AT ARS8
G AR D ROR 7 PR B B TR RO e i ad o I, IX— 4 BB B HR TH I R4
HAEST H AR IR P M R RS . ORI TR E I Tz HRa2 W o)
RS A T B R B, A LU T2 i 7 AR A IR Rt (tilt) o

33.3 TikEER

Wi L, FEIR-L1H (delay-detune, DD) SRR ZLM P 22 5L, Hor, HIFORY
Y T e Y A T e 9 35 e TR A SR M IR A A ) Rse EATRTY T SRIE R LA 28 —
Bty KBTI, R BN, @i ER T 2 s, AT S RN
2 EAE T, PR T S 1 i) MU S —F AR i S, S A B S kad
RONRF& FEL R R MREGAT Bt D AIHOR o (I SR & H T RO AR S bk i 6E
& BIAr LA I AR A FE T AR RE B A RS R

S PSSR B R, EEE N
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U1 (K1) [wg] Magnetic Chicane U2 (K2) [wg + dw) Intensity
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Green function amplificationin U1l the electron beam the radiation from U1

FIG. 1. Schematic of the proposed diagnostics method: an electron beam with linear energy chirp emits frequency-chirped radiation.
The electron beam is delayed with a chicane. The resonance condition between beam and radiation can be retrieved by detuning the K
parameter of the second undulator.

K 19: s Rs A

o i DD HIEERA Lt Al LS AR A Ze it R S RIS
o ARLIERIRER AR, Al REZ G DD SR RAY R I .

o FEARFSIEHIHI SRR, R RPURESIEIRAY L, X Zede it T iaaT
SEEERY B AHSAE R, FFEXS VAW EURS, AT LUH FENE S bk e o (HI2, T3
B LN WABCR AR LA DR RT LA 2 [ RERY B ARG H S, TRTIT Bk o A sl Ai A RE M
—TfiAE

o WSRGES T PUERIE T RERR . X SERRE AT LR FE TR R [ R R

33.4  TTERBLAIHT
AR A
o R EMHRAE GEREH) ¥R E 40 (ER-20E) . — ] LIRS

L ARBE R AWE S, o5 0Ty Je 1 B AR SIS I8 Sk B X — 7 32 RO 3
Tu R

33.5 KWK

FEBRZ A2 IR FB (. Bz aema AR ) HITROL . SOt pg il
JTE P MRS A2 W5 S Rl 2R X G2 B R 72 (self-seeding) FEL
HIAARE AR, R TARKRIVER .

FEFER /NS AR B RO SR AT SE i IR 4 e RS I3, K B A 280 1 ko
RERE RS TR, A& T CER 2T
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FIG. 2. False-color representations of FEL intensity as a function of chicane delay and the downstream undulator detune for the
following cases: (a) experimental result with an overcompressed electron beam; (b) experimental result a nominal beam compression;
(c) simulation result with a model using a model 5 gm-long flat-top electron beam with linear energy chirp of 8y /y = 2 x 107 over one
femtosecond; (d) simulation result using a model 5 gm-long flat-top electron beam with quadratic energy chirp of §y/y = 9.2 x 107>
over one femtosecond squared. The bottom subplots display an amplified radiation intensity as a function of chicane delay and the
downstream undulator detune, except for subfigure a, where for better clarity circles represent the actual measurements while the
colormesh is an interpolation result. The top subplots show the marginal distribution (sum) of the colormesh over the undulator detune
for each chicane delay along with and its fit by Gaussian function (a,b) and straight line (c,d), normalized to 1 at 6s = 0. The maximum
colormesh value is also normalized to 1.
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34 FELELCISPLBUT 43 R A O HAB MR & A Rz [PRAB 23-12)
Fast-slow mode coupling instability for coasting beams in

the presence of detuning impedance

34.1 EARFR
o B iR
o E#: N. Biancacci, E. Metral, and M. Migliorati (F%4|#J: CERN)
o A IS BB

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.124402

34.2 HHE
KRB ORI T JGHLT (detuning impedance) B ALY (destabilizing effect)B,

HT— e CERN Fi 7R Ni#E#s (proton synchrotron, PS) FRL - BR EEARALL -
SLEINGR . FESRFENRE 1.4 GeV IUIEANGER, Y4

o BOAJGERRBIRT, SEIMEETT A (y) ARG ARUENE (transverse mode coupling
instability, TMCI) H/KSEA7 T () $RB;
o FAERUETHPUN, BRI (v) BB G ATUE R L EEE T (y) P
sz, EREFZCEITR, AEREMEPIR, TMCL B30 FIiaig . 1 HfExX
R, XIS BT — DR B R E AL, B, 53R A (coasting beam) 7 f& {1 FH

BB T RO A R e RN S T 18 - Mol B 4 0% (fast-slow mode
coupling)

PR SUEGTR TR BL T (test particle) AR B (08 SN A IMNEGL, AE T8 R d IR T
(source particle) Xz FAYHEFIFHST (driving impedance),

23X B destabilizing [fi A3/ unstable, &Ky il PR 25 R A RErE. slig i, Kk —
FRAEAE IR S BT AL I AN I — B AR o

SRR T EAE LT (riEE) AR,

PR S EIS R, T U REIR SR TMCL, YA P A S S RIS .
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34.3  BIRRERAIHT A

o QTR XEIRSCEE T — D REAE [ I 25 e R PH T S & S SK S PH TS i R Y 22
B FEIRRI . SCHE— b N Ry W, it I, SRR 7 (test particle)
SIERIF (source particle, 3Kz} test particle) FR ) HE—4EE—MUr L,

2

2
q _ q° [ OW, ow,
E,=—=W,(7,v) ;‘Fy=——< . .

y

VT c\ oy C

y=0

2
y) =G Wy W)
§=0

M EXFTLAE H, WY 2k s b (y = 0) Bz (774 B T REAEEAS
FES L RTERE 1Y) B, i Wt SRR T T B B R A S B A ANz
R (R, SR BUEAE DR E) o A TR0RL L5 et b B 0 kL 7 —
B DAL R0 AR T B 2200 o

o ks RIS IR TGS ST, LEBSUT Eq. (9) 5 (20) [0 504 R
unF]

.. QU . riv
ii(s, £) + why(s,1) = ———=D(so + vt )25 (92)

YMo
2
. N e
§(s,t) +wiy(s,t) = —vaCQJZS “(0)y(s,t)

Hr1, D(s,t) = d(s,t)p(s) = L/ Wns/R) Gk Futysgh, B, —Fi4E (dipole
moment)o R y(s,t) oc e/(@-mwolt=nso/Bl = wr PIE - 3K S RH T AT AE- S SCKR AR
AR v FRERENE, MRS POUE BORAB M RES v IR mE (&
ZgeH(0) HI51%0)

% JE IR LS IBHYTRERH ST (resistive-wall impedance) I, ERSLIHEFHTOLE AL
SPRPIME T y FIRGIERMmE AQ o 1/vw (Hrf, w ZHESUIR). H
XMW AQ ATREAR AR, B, JX RS SO BRI BI Eobr 1 IR BRI
PyHEADTAIL FyZ5 R, e85 PR rTRERV I G . 58— EuaiR, ek
AR SARER T DI B TE BRI St B — BT B R B S PR R &
Pliile N Fig. 3 5 6 2RI SEHIAYILAL, Fig. 4 5 5 NZAEREE A7 L
FIH Eq. (24) 53475 B E P S RBOE S I 2RI HHL

34.4 HE

EE, XRIEXBATHe MK S E T s TMCL &bk, e SET e
FAESIE AR . X —J7 R By TMCL ISy, B, i B G AR E . K
TIPS TR T R TMCL BREY R, HRne A e, — I RERIRE
FERPIA TR Gl (chromaticity) AF[SEL N T RIGE L, XRIESCHATHER
x,y MERIAE, FERBA 2,y /Y betatron tune WHIE—FERIE, 2N 7B HLEL

98



x-plane theory
6004 ! « x-plane simulation
y-plane theory
o « y-plane simulation
€ 400 1
3 -
>, .
[
200 - .
0 . . , —
0.6100
x-plane theory
« x-plane simulation
0.6075 1 y-plane theory
« y-plane simulation
< .
2 0.6050 -
3 -
0.6025 o — -
0.6000 == . : : :
0 2 4 6 8 10
Intensity / 103 [charges]
FIG.3. PyHEADTAIL simulations (with dots) compared to theory FIG. 6.

[16] for driving impedance only (with full lines) for the horizontal
(blue) and the vertical (red) planes. The rise time of the most
unstable mode is shown at the top while the normalized frequency
shift is shown at the bottom.
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2
X
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FIG. 4. At the top, the rise time of the most unstable mode
(m.u.m.) in the horizontal plane is shown respectively with (red
line) and without (dashed blue line) coupling of fast and slow
waves. At the bottom, the frequency normalized to the revolution
frequency of the m.u.m. with and without coupling is shown
together with the normalized frequency shift of the fast (dashed
gray line) and slow (full gray line) waves corresponding
respectively ton =6 and n = 7.
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PYHEADTAIL simulations (with dots) compared to theory
accounting for coupling between fast and slow waves (with full
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rise time, at the top, and the normalized frequency shift, at the
bottom, are shown.
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FIG. 5. Same as Fig. 4 for the vertical plane.




S EE IR SR IR A RER 22 5. Oh, HETERI AT PRI, I HIB0H 25 R RE
Ao B2 BB ZS AT AT F5 ZAE BT Viasov T
KT TMCI it 5 RG RS (feedback) YR IAE CERN BE5EHI— 45 1A), FlHs
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35 =GB G RN RELSE RAEREN [PRAB 22-12]

Effect of undulators on magnet lattice and emittance

35.1 FEAfFR
o R ARGOEFE ARISHT

o {E#: Victor Smaluk, Yongjun Li, Yoshiteru Hidaka, Toshiya Tanabe, Oleg Chubar,
Lutz Wiegart, Alexei Blednykh, Belkacem Bacha, and Timur Shaftan (Brookhaven
National Laboratory, BNL)

o KA SR HEUERGU

o HE¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
22.124001

35.2

TEAT S va i S 52 5256 25 Y [ R R 2 58 56 JR-1T (National Synchrotron Light Source-

I, BNL) 2 H fir i _Eisf iy s B R PR ADEEE —, B 2014 FREANET. H
BT, NSLS-TI fig fZERrh 34 20 MaEATTHE (insertion device, ID) 223 H i, A6 =/~FH
Je 4% (damping wiggler, DW) 5 17 M as (undulator). JXEEFH A\ JTTIEXTE 724
PR R A A — ) E R I o KT X B3l N PE IO 500 . A TT R Ja B i #H) H
VAR BRAE TEH: (PRt 2SI TR AR Y ) D677 B USRS, i AR R A
S RERI RIS . RS 3 RE L RLF T A T8 X 94254028 (Coherent
Hard X-ray beamline, CHX) $'& _E[IZWITlH:, 20 nlillin 7 =R BA g

1. FEATCHTC, N FR bare lattice;
2. (UEM e R, TG
3. 2H0 20 M@ AT

MR ZR (T4t 20 MEATTARITE L) 580, MiFERREIAE] 0.76 nm K95
NRHEIEGT . B T RSTEESN, XRIESGESEH T RSO (streak camera) &
REIEAIIE (energy loss) SREAN (energy spread). SEuG-H Y 45 -S4 - BREFASHUUL fift A
WA A SR — 2

~
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35.3

35.4

BT R Bl BT A

G IR IR D B B AR BRI IR 2 Ak
TR, AT LT MEATERE. 24T NSLSTT 22 A 17 1
i (G HFR R, AL TR BRI CATF I R, If ELARasImL
T SR

KT HRATLS RN, He3RE CHX SR e (in-vacuum undulator, ITVU)
WP X SRR A (58 7 Wi, Y TREESY 131 keV), b X HH&d
CHX sZ4RE B A, FERER S T2 16.9 m L7400, Bk
AR PRAERE S SRR b 5 282 50 nm JEELZ (chromium, Cr) $94,
I B ARG B AR B A R B, 8IS SRW PRl g g,
NER TG AR R B A L 7 PR A HO RS ) A 5 o 5 SR T 1A

KT RERIRR R, R 2 SUHBLIE e A R AT DN R 0 A S FRBAL (bunch cen-
troid) HRAMSIH], L Ap, = (tea — ter)wie FRIFEL IR EIH) = R BRI AR
FARLZE . PRI T b Al B A MR A U o, Hirbr, Uy S22 AR ST RE R 1K
U 2B TR AR RS fE R IR (B &R 56 -

KT REFY M, v LUEE UL, R E A& N EA N5 — D 73R .
TP ITERAH CHX K& Fas (CHX IVU), FFEE5MNAESE A R
A, 405 W Section TV.C,

HE

ST RS MR 5% [ Rz,

S 3k

[1] A.W. Chao, K.H. Mess, M. Tigner, and F. Zimmermann, Handbook of Accelerator
Physics and Engineering, 2nd ed., World Scientific (2013), §3.1.4

4% (beryllium, Be) I “AERMIAS:, Hh34122Y 50 pm, JUT 14224 350 pm.
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220 0T T T elqun‘tmnl(B)‘ " ')/2[

t —— ELEGANT | _ 5x
: ¥ CHX measurement gx - Cq
18F % Pinhole measurement | 12 — [4

. X
= 1671 1
g - -2
S a0\ | 1 s j P ds
w” \

I, = jnxp‘3(1+2p2le)ds
L, =[p7 (B +20mn +yn’)ds

U U +U
Ap =sin” —%—sin” —0—1L

rf rf

1 2
U, = greEeysz(i—’:) L

U0 (keV)

equation (2)

300 1 ——ELEGANT
% measurement
200 L . L T
PRXRADFTULES IS g0
ES—acgo S S = o o = = a1l ol
EzE2RLBRERAREERERERAE
Ao FFFFFFFFFFFFF
Fr o+
921 ———
M 2[
* O-E —_ C ’J/ 3
0.09 - - -
E 120, +1, +1
p—_ 2 4x 4y
= 008 /e —
] / 55 hC ~13
%ol | ¢ =" _.383x10" m
[ . j q E
i
/ equation (4) 3 2 \/g
) ——— ELEGANT €
006F |/ ¢ CHX measurement 2019 ,
* $ CHX measurement 2018 .
¢ streak-camera measurement O-E =00 hrfeVrf cos (Ps
OOS L I L L L L I L L L L L I L L L L - 0 t
R R
E55566855838885484888 £ 2noE
eee+++++++++++++

Kl 21 bR KA RS E R FE s Ry Re el RIE A REECEI . HBEIN AR
g, Hep, I, RZMEEEES TS (synchrotron radiation integral)o I EHH 5 —1>
iR, RIS A 20 NMEA T, 2019 fE9EE R I 2018 fEE e THEIINEE K, X2
BT CHX &R %es (in-vacuum undulator, IVU) ZX HEFRAR AL B 185 il
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36 LT HEE MW E LA s B 5540 B B W SO B R R4S etk
MBS R AR [PRAB 20-08]
Compact compressive arc and beam switchyard for energy

recovery linac-driven ultraviolet free electron lasers

36.1 FAfFR
o PR AGOEE AHISH

o E&: J.A.G. Akkermans, S. Di Mitri, D. Douglas, and 1. D. Setija (ZEZA| 4
ASML)

o KA LT HUER

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
20.080705

36.2 yE

LS A RE R IEEA IR AR IK Sy = o H 0% (free-electron laser,
FEL) 782285 TV I RIS M. BT EIE A Il SR R~ 52 2t
RIS T MR BT, EORE R . B, LIRS (lasing) Bifk)e
— B R R4 o KA E4a B AH TR 2485t (coherent synchrotron radiation, CSR) %%
NWERE T FEL Ay H IR, £ H#IE CSR BIRZE TR, 5 8E@E R B2
W2k 248 (beam diagnostic line). XFEIECHEHZ 1 GeV T A A H HBCK A &
5T (SASE) L ERIRE MO (EUV FEL), S BEEAAL 12 m, RKEZHH
ZRZ) 20 m <o XA SCA TR T HILER R

36.3  TTHRERAHT A

o Dtik: XREEIRSCR ASML R ATV — Rl A BTt Ry n
A BORAER S IMR B (13.5 nm) [T [A] Tolk B Y2 A6 2. B 10 Sl (i
W 5 e B ORI EOR, IR ESRA G A A, AL, BLER i gt
WIS H & XA BATEET SASE FEL #/FRCRFE BT, KT H R
5 EUV FEL #%2%0, Wie 3¢ Table I,
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o G BETREE R HL&N#EES (energy recovery linac, ERL) [9i%it, Hr
P> 180° AL Brs T H i /& UL E 7 RGN R AE 2= IR A G4 . BRI C
TEER T H Al BB AT (A0 SRRV A TR B, %36 S0 4(an N ) $R
TRt Re gl CSR S LB — A S AN HEE G . FEPAE,
TR B 18 A AR AT TR R TR e B H A %o SR 4 ) A 28 )
1520 (CSR kick), FILAVEE], &g =gk (16, 17, 18) 1Y CSR R X H 4]
M LEETIE 15 > ZAREERY CSR W K152« N I H A EINE A 4 e i BL
AR 22280 (beam Twiss parameters) 34, SR GG 1L B4 & B H TTALET,
IH—A &5 FEIG AT HH AR R A G2 2508 R o
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FIG. 4. Left: particle transverse displacement in the horizontal phase space due to CSR energy kicks in the FODO-compressive arc
dipoles of Fig. 2. The numbers correspond to CSR kicks at the eighteen consecutive dipoles. Right: normalized projected horizontal
emittance growth as a function of Twiss parameters at the end of the beam line, calculated with the CSR kick model. Compressive arc
and beam parameters used for this study are listed in Table I.
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37 OREFAIRIEESCR I s (BEAERIA) BB ARE R R E ST [PRST-
AB 15-12]
Surface impedance formalism for a metallic beam pipe with

small corrugations

37.1 EAFR
C gk WESRS
o {E#&: G. Stupakov (SLAC) and K.L.F. Bane (SLAC)
o BT PP

o 4§¥%: https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.15.124401

37.2 yE

VER = AR 25 R T A — R e B i P ROE R E NS BRI (de-chirper) Ay
TTRZ—, R RIIE . AR s R AR E BER R R TR RS DG . X5
W SORMRT A ISR gl (AR R) &)@ AR BERSR R FLTT, JHE e —2
FAFEOLT . XA BT Al AR A sSE RO SR A R ¢ 530 RE 1
Y () JZARE o XRIE SR e — T SRR €, p SRMINE. GORPEER LTS
RAHERMGETT . B8, RXRIESCHE T — MRG0, I, BT R S5eiRi e
B AR BESS RN IERACR SRR L, 0Bl 3R T (€) MARFEIA - (loss factor,

K'loss) ﬁ%o 9
LW
C:th(ﬁl—ﬂ),lilosszﬁ

oA B ARR IS M RERFE , w RBEPIIER , ¢ Rk, a SRR IS T L 12
FRIEHE 5 R field-matching 77 HesR Ao (aRIss 5%,

37.3 TRk ERAIHT A

o TUHR: IXRSIE SRS — ROV TAEIT LI AR, R, SRAR R PR S5CR
Sl R AR EE R . W RS S TR U, 2, Bl 3l R A AR AR

B HIEUETT B KNTC, 2% %8 M Ref. [24].
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Sl R AT R ENEIAR, IR — oA T 285 P s AN By 70
#r (I3CHHAY Appendix A £ C), 15HERFHIRY R

o OUBTR RERAR A IPEARCIR e S0 AR B P A P ) TR T AL el AN R A e, o
HEL AR e AR A TR (A T 7 ) o

y B c y
p-g PR
: D »
h i — ’
g § u

A G

FIG. 2. Corrugated surface and the equivalent dielectric-magnetic layer that replaces it in the effective boundary condition.

23: B30 Sec. T IR IBLGH— MBS, H u=9/p 51—-¢' = ¢o/hEy. Ht1, Eo
B E e EAERRIEA Y o B 2F

X B S 1) T R —1A] RO AT A MR R 3 AR, LS 17— 2
ek, A
L GRRIESEEIIN (GA) FHS /N T B R R G, B, p <A, A
i, A= \/2m,
2. BPRPEETHAIRG (DhI) JAH S IR L Ie/ N T B2 e ) < AR B f
&, [, p,h < be
3. PR LG €, p BRI BRI AR I 1 2 AP Jr i R L 5
Ao
K RARE 2 LT A I FR R (Rl — AR )RR 38 R AR ¢, TR T ik
P (Laplace) Jr% [TERL, 1830 Eq. (7) B R4

Po P _

o2 "oy =

JURTEERTIN R IR o IXFEIESCE AR A AR (conformal mapping) 7%, 152
Mrfo XTS5, Wi Al LOF A MATLAB A# R PDE solver,

2% 3k

[1] Gennady Stupakov, Using pipe with corrugated walls for a subterahertz free electron
laser, Phys. Rev. ST Accel. Beams 18, 030709 (2015), https://journals.aps.org/
prab/pdf/10.1103/PhysRevSTAB. 18.030709
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B C
F_ D
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A G X

FIG. 3. The domain of solution of Eq. (7) is bounded by the red
line (the letters along the line establish the correspondence with
the area ABCDFG depicted in Fig. 2). Also shown is the local
coordinate system x, y with the origin located at point A.

[2] Karl Bane and Gennady Stupakov, Using surface impedance for calculating wakefields
in flat geometry, Phys. Rev. ST Accel. Beams 18, 034401 (2015), https://journals.

02

0.0

)

00 02 04 06 08 1.0

2x/p

FIG. 4. Equipotential lines (blue) in a half cell of the
corrugations.

aps.org/prab/pdf/10.1103/PhysRevSTAB. 18.034401

[3] Karl Bane, Gennady Stupakov, and Igor Zagorodnov, Analytical formulas for short
bunch wakes in a flat dechirper, Phys. Rev. ST Accel. Beams 19, 084401 (2016),
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.084401
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38  H B IR-PATHR D MR, B S R LR T ) 28 4 5 e 5 BB B A A
it [PRAB 19-04]
Analytical theory of coherent synchrotron radiation wake-

field of short bunches shielded by conducting parallel plates

38.1 HAfFH
o 4335 HPISREY. AP mES S E b ER00
o {E#: Gennady Stupakov (SLAC) and Demin Zhou (KEK)
o A BB SHUEAY

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
19.044402

38.2 fyE

XIS SO T — 25 8 AR AT AR5 MOS8 R B A T R 2B #8 5F (coherent
synchrotron radiation, CSR) f—MI1E. FriyEeApe 7RIS LR LR, I
REAS RN EE R e SRAR- AR T USROS, B9 6 R AT AH T [l 25 SR 4t R 37 S5 R BT AT DA
SR 2R B B(s) - B(s") LT 7(s,s") FIMHLRERGT IXRIBXHEE T =1
T

1. 534725 (kink);
2. EEmrk (bending magnet) ;
3. AMLS TR KRR (viggler)Bd,

PRI B R SRR AR L T R 7y 7kl o s,

38.3  TTEREAIHT
o QPFTRG: —HaES CSR R EEHITH A 275N
L. FIH Lienard-Wiechert d7ai#h, JZ2c BZeB LAYFEMET (FRHEEAL”, renor-

malization);

298 SR L T AR R IS S TR K > 1, SO T %% (undulator, K < 1) AR41EH]
SO YR CSRZ, 4T %3019 Ref. [19] 5F Ref. [22, 23],
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2. FIMIbR S R RALREL o(r,t), A(r,t), ATEHEEEWL", [F20T 1-D R
G341 5 2 SURTATIRBERS R AB LT, AEJRRL T (source particle) FoFRFET
MR T~ (test particle B, observation particle) B, FA3 & Ho

PR IR AT R IXRIE SRS RT3, A TETHEHE S I AT S (B -

DUk BR T AR PR B R =R O T RYIT AR, R SGAS T T A
AR RAE CSR BEHTAT, Sghunh:
A S AT ISV T,

B ik [ s /[1 _6( ﬁ(S )] ik[er(s,8")—(s—s)]
= g/_oods/_oods (5.5

% R PP IR BRSO Y . A

= 2”’“2/ ds/ ds’ HY (m(s 5)\/1 ((21”;1) > ) [1—B(s) - B(s))] e+

d 1= ) /) —i(z—z')(%) +ik{c7'(z,z/)—[s(z)—s/(z')]}

Z—Z

g HY R Hankel BAC AR T W MEE. ko> 15 kp > 1.
75 WAL Sec. I, Egs. (25) £ (29) [HTE.
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39 mHERSIABYE AR [Nature Photonics 14, pp.245-
249]

Towards jitter-free ultrafast electron diffraction technology

39.1 FEARFR
o S AL WS R
o YE#: Hyun Woo Kim (KAERI), Nikolay A. Vinokurov (BINP) et al.

o ¥ https://doi.org/10.1038/s41566-019-0566-4

39.2 yE

BT ZH- 28 (pump-probe) J7 12 HY SL 50 75 AW MK P AR 5T 4% [F] 22 (synchro-
nization). ASLJEIR [ MU AP TATR RIS BRI T, RIS T EHUGA
W AR 90° [T 22258k (achromatic bend), 1] RATEREARR FE A A 1 [R] Ao 44 21
AR ARSI EE KPP (sub-fs) gy, PRI _LIEBRAEIH R R e 2 g8kl
I KRR 2E S SR M AR, i iHR2] 7 0.6 pC BYHLFAHURK N 25 fs, FAI[A]
PLahhy 7.8 fs, JaEECF EEAZ MR TR 18I AL (bismuth film) HYGHEUL S8
5, A ZEE E AL ge M b KL (instrument response function) Ay 31 fs,

39.3  TTRRERAIHT

o QURTAL: B4R H S P 0 BCS k EE De  A7  e E rP HFRI ARKAR
B[RS, 53— AR T S N HAE Bl K22 UED 255 | double-
bend achromat (DBA) JE45 Bt [1]. 5 KEARI UED A F [F] s 09 w4~ —
WRARR, RIS KA DBA Fh i I A~ ARk IS, TR 22 45230
TR AN R ATRS (R REEh I R4 .

o Trik: SRR IR IR T O AUS PR PR AT TR B T R R ]
JEMBTARS BB rIATIE . ARIECHU B A 528, 2Bt R [R]85
LA 31 fs, HREIFATEAAR] T pC MR FEIZBITRYEAS B, 3%/
YR TS SR I BE L I AT B 25 RERUE KA L7, AT AR &8 70 Loy
L sub-10 fs HURS TR HFRAT T % [2)
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BRI (d) FEm AL B AR AL R . (e-g) ££ (b-d) 2% FUX R A& ATHS [ RTHL
REERDHS R AR, ORI RNRERILEEIE . FEREE, fEREN A (no. 2) HIE
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39.4 SLHEER
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[1] Fengfeng Qi, Zhuoran Ma et al., Breaking 50 Femtosecond Resolution Barrier in MeV
Ultrafast Electron Diffraction with a Double Bend Achromat Compressor. Physical
Review Letter, 124(13):134803, 2020. » Sise4it [1

[2] Hyun Woo Kim, In Hyung Baek et al., Method for developing a sub-10 fs ultrafast
electron diffraction technology, Structural Dynamics, 7:034301, 2020. » 5352414 @
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40 T T ARG OCIE BB 3h ) 2243 B B P RORE 7 BRI P
ki [PRAB 22-11]
Comprehensive comparison of two tracking codes for single-
particle dynamics evaluation of a next-generation storage

ring light source

40.1 FAfEHE
o B KRR BRI K

o E#: Michael Borland, Yipeng Sun, and Xiaobiao Huang (& 4##4: Argonne
National Laboratory, ANL)

o RAL: HUEMAY

o 4E¥F:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
22.114601

40.2 s

T 2B HHAH (multi-bend achromat, MBA) f#5RELEIVEN T —RF 2L
O (B AFER) JEIRRY ST ERIT MR H Rt Ry e XSl a3 T B AR AR i 5
TR T NBRRX IR THREAS A ), TRIER W, 22 /DRI F Ry T & B2
Frieie i i HEREE M E R . ££ APS Upgrade (APS-U) I H % i H H Y& ELEGANT,
WIRDT R T — 283 M B RE . filt, 73— D HEF Accelerator Toolbox (AT) i
BT AERMERE, FEAEN T RS ELEGANT 15 Myl Fh B i #1238 £E 4511k
AR BN 12230 E . BTt RE S A A& /E 058k (combined-function bending
magnet with straight geometry@) S-S FEMRD ) g 5 (quadrupole
magnets with improved fringe field effects). A APS-U 4|, A&k ELEGANT 5
AT HHESR, SEMREFH—2CE, Kol APS-U T H 1y i D2 At 3 2 mT &g

40.3  TTHEREAIHT A

VEN R D RS GTR Y i A I A I T REAR KRR BB T B A 265 KR
dynamic acceptance (DA) 5 Z 5 K[ local momentum acceptance (LMA), —#K#IH

SUG S 25 AR 25 I 454, JB T sector dipole 257,
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Bt sen ., SR MBUESERE X DA & LMA #H7ife. UeE, T 255
R (multi-bend achromat, MBA) AR ESAINEN T RFEEHRST (M FER) SLIRY
BT IR B ATRYHEIR. HEEAESGH = RO, XA ERE B2 W IT
(lattice cell/unit), RV, 5 “ARERAH Bz . BLARBEMIE . T PYAR R 2R £ BB 1
R, (R IE (chromaticity correction) ST B Ekimferd. o mise g 2ty
TRH 2, AR AL R, A B AR MR 22 B D) IR R IR 22
R By ST AR Ll 3 02220 E

MBA V8N —RIAZEEST (B0 SR IT, R e
&tk (longitudinal gradient dipole/bend, LGB)+ 74 VUK 2k T RERILHA T RE S22k
RS ARk (anti-bend B reverse bend). BLAh, HZGHIERLAL, RHEHX
KB A s, 2 T —RFEPES () IR ER R —o XL
PREREESRT H T BEA R 7 BRES AR P iR I ZE BT D RE . IX R 1R SRR EIAE 2009 FHY
— AR T HBCS I B A B A S A 2Rk 13 )7 T H Y 251-2nd Nonlinear Beam
Dynamics Workshop@o

o ik PUERIE, 2% TR

TABLEIL. New single particle dynamics features in ELEGANT and AT. (Note that the KQUAD and KSEXT elements
have been standard in elegant for many years.)

Type ELEGANT AT Comments

Drift EDRIFT LaDrift Exact drift space

Dipole CCBEND BndStrMPoleSymplectic4Pass Straight dipole
Quadrupole KQUAD StrMPoleSymplectic4 NPass w/quadrupole fringe field
Sextupole KSEXT StrMPoleSymplectic4 NPass Using exact drift

40.4 HE

APS-U HHHIE 40 MR MBA BT, FIK 11306 m. 43 (BHERATRNED)
B 5 A (i) PRER 3 ML sector BHEL 2 MATIBBIES . 2 MLATY
Bk, 3 AR, BAREZEI, (B F A k.

5 LGB HHRAYHIE R T It

o The five-segment longitudinal gradient dipoles are straight-pole magnets, but are
modeled at present as a series of CSBEND elements with edge angles that reflect
the actual path of the beam across the segment boundaries. » H FiEALL ) /51 o

P—HFAIR A MBA (hybrid-MBA) ({33 15T 1T LUA R AR kSR
33https://www.diamond.ac.uk/Home/Events/2009/NBD_workshop.html
SHXE 3 A sector BEKIH A —MWIEFCEEBTG BRI, B, A1
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e The longitudinal gradient dipoles are particularly challenging, in part because the
field between the segments does not drop to zero, contrary to what is assumed
here. In addition, because these are straight magnets with finite pole widths, there
are sextupole terms in the body of the magnets and sextupole-like terms in the
exterior and interior fringes. Owing to the curved trajectory of the beam through
the straight magnet, these terms result in focusing effects that are not in the present
model. Inclusion of these effects is the subject of ongoing work based on computed
3D field maps. The planned approach will use CCBEND elements for each segment,
with body and edge sextupole terms included and with transverse offsets that reflect

the trajectory of the beam through the straight magnet.

o The soft-edge effects on dipoles can be ignored, and have also assumed that the
longitudinal gradient dipoles can be modeled as a series of flat-field elements with
the CSBEND approach.

o FEach longitudinal gradient dipole consists of five sections, where each section nomi-
nally has a constant dipole field. As discussed above, owing to the lack of transverse
gradients, the sections are modeled as sector dipoles, with the edge focusing effects
at the transitions between the sections properly described by the entrance and exit
angles. Future work will improve on this simple model by incorporating the fact
that these dipoles are in fact built from five straight segments, with both edge and

body multipole content.

ELEGANT #2577 LAfEhttps: //www.aps.anl.gov/Accelerator-Operations-Physics/
Software#elegant %, {4 /] F/fthttps://ops.aps.anl.gov/manuals/elegant latest/
elegant.html. AT F£/F 1] LAffhttp://atcollab.sourceforge.net/ %,
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