hoik B R A PP LGk (2021 4 5 A)

TR AT IR K, FRATIUA [F e B AR s g Ak ) AR Fe M A 1) Physical Re-
view Accelerators and Beams (PRAB) B80T S5, 8 (HART) St klikE
PRAB ] EZen9iT), Satsr 3k Py2r (American Physical Society, APS) J N #H
BiT|eGE % PRST-AB. Elsevier fU#Z¥HL- 5K Nuclear Instruments and Methods (NIM)
SRS R REVE MDA 7 AR 5. SR LTS UG 3 1 A SR IR SNSRI FR

W LS T H W EE G KA, £ http://faculty.hust.edu.cn/jcytsai/zh_
CN/article/2191806/content/1551.htm#tarticle A LAFE R Ff9 G332 R . BT BAKCE,
SIRIVFZ T AU (IE)o ARTR T FIRANARFRIE AUl WA m, &
A NS e HR U Y AT RERF 58 1

A (2021 48 5 F) Skl masit i T

RS SRR BT

gorg [0 B B B B B W) jevtsaiohust.educn
= [77] ginweilun1991@gmail.com
RIGTT [@] [H] [@] yifangsong@hust.edu.cn
K e @ zhangchengyi@ihep.ac.cn

RAGTT R R T S R A SRR s R R IR A

1


http://faculty.hust.edu.cn/jcytsai/zh_CN/article/2191806/content/1551.htm#article
http://faculty.hust.edu.cn/jcytsai/zh_CN/article/2191806/content/1551.htm#article

H %

L

T L TR T35 10 U DA A B 4418 [PRST-AB 11-08]

IHigh—power beam-based coherently enhanced THz radiation source] 3

ST RS HOR AL I B D) 34 5 [TPAC2016 TUXBO1]

IHigh Power Radiation Sources Using the Steady-State Microbunching Mech-|

5

A AEARAE T M T AR BRI X il 7 R HOK A b T SO A9 [arXiv]
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1 T B AR T HE AR B S SRR 6 25 5 SR [PRST-AB 11-08]
High-power beam-based coherently enhanced THz radiation

source
1.1 EAREFR
LN A e

YEZ: Yuelin Li (Z=ER#K), Yin-E Sun (#MEH), Kwang-Je Kim (4:5655) (ML
#: ANL)

I AR

54 https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.11.080701

1.2 f%

SRS AR — A A Smith-Purcell SR5P5E . A0S 74 TR, Bk
BRI AL ST SKEEE S IO B AR =2, IS 8 MoV 4 s A ik
PP BT B ST R, BRI FTRZ0 N 1 mA [ F R A B R R
BT (watt) AUKHRE R, EEHERLN 1 MHz,

1.3 TTRRERAIHT A

o GUFA: XA SCRARANE B RHR BT ik g = AL 1 S A e e R,
BT XA A 15 T 3R F R S S LR ST R S T R B DA M I (e
& HETYET) WEEG. DR T RO AR AR & a7 %, K2R T
R (conversion efficiency), —MyHIIRALT 1 Wo BT AR EA T4 1
Kf2EHRE, WD RNAME ST 1 kW, et s il X it SR
H 75T, AR Z N 1% 2 8%, Hiiti HEAF 100 2 600 W .

FERBITRIAZN 1.6 m K, v

o TTHk: IXEIRICHEM] GPT 5 ASTRA Al THAR A 2047 A 2R AT R g A el i Y
Zhfp A, FREPAE 8 MeV ML AR AT AR OL T, 25 0] AT X R A A
THERI RN B A IR T (coherence factor) Yeon HIZIES Eq. (2) T
TE s BRI N TSI BI  ocon & 1, BRI, SR T A+ B AR HT R R E
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FIG. 2. (Color) Schematic of the proposed Smith-Purcell radiation scheme for high-power THz radiation source.

7% SE A3 ] FLAr RO P, AR TR BE AR T T i @ 20, (HJ2 , H5E Smith-Purcell
TSR AMLZ Q W, T2 Qoeon BRAE HIL, FEHIIN Q i Aias Al FE AT
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FIG. 5. (Color) Coherence factor at different radiation frequency

as a function of the total beam charge. FIG. 6. (Color) Total radiation power as a function of the beam

center-grating distance with a beam scraper height D in um
measured from the grating surface.
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2 ETRABCEENUE R =R (IPAC2016 TUXBO1]
High Power Radiation Sources Using the Steady-State Mi-

crobunching Mechanism

2.1 EAREFER

335 RS S B B0

{E#: Alex Chao, Eduardo Granados, Xiaobiao Huang, Daniel Ratner, Hao-Wen
Luo (FZH144: SLAC)

FR: HE

B¥¥%: https://accelconf.web.cern.ch/ipac2016/papers/tuxb01.pdf

2.2 fH%

X Ve SN T R SOR ] (steady-state microbunching, SSMB) #lifil. 77 %
et sitL. SELA EE R 73R (storage ring) JEJR AT HAMEar H i HL 73
Jt (free electron laser, FEL) $& B MEREY 72 S 51095 Lo SR ERIF4H Ak SLB SSMB
JUAMBIE JT 58 S SR AN T AT o ARASUR AT R AL G 5L Sk 2R S (RF)
T A AR AR A ALHIZR L, XAET R, %4 RF R A< 4 DL 4 b
THOEH K. EARCRENUEARY & FEL 18, B, %aEREAZ 5 FEL g
TN (energy heating) i 72 A EIALA Y P> A AR N

LA () B REDE SR, TTREA A TR
2. fERCRIA ERAE R AR TR BRI, D REARFRAGE -

TERETAEAF AR E EE A (high repetition rate) K¢ T, Z5GAH THEGHE aa I8 TH T E
(W A<) Mg, FRSMEARPMGEITE 45 (CFE) DIRIRR T Relt . XRIE3CE & T
RN A, BIZE40 (infrared, IR). IREAN (deep ultraviolet, DUV). #5450
(extreme ultraviolet, EUV), Jf45 HIAIL KB T 24U TR IV HI AR RE . 7381, I8
Pt 17 RS HOR AL R LAY

PG, WG HKEARKT FEL M K¥ (gain length).
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2.3

2.4

BT R B BT A

DRk - X IR SR IPAC2016 25l B3, /v43 1 SSMB #liil. KT SSMB J5 %242
HAIZHHL, ATLAM Table 1 A H o JERE, M7 25 SUEH X =42 P2 DR ) 4 g
I, HAPE D0 P IR T f Nbunch Neon » HHR, f WHFRKITEE A Nyuncn
BRI A (DT TR R — N) Neow NAE—HTRENHE
K FHC (DTRAE TR 73— N)o QSRS IR, W Nounen = Neons 1M
H P o< fNEpeno WXIAT ZFhSCEL SSMB 1y 5%, A& HH B (modulator)

bunch |microbunch
fIGHz] | length | length | Npunch |Ncoh

Conv.storring | 0.3 1 mm 1ot |1

Supcond. FEL | 1 Imm | <1pm | 10° | 107

SSMB 3x10° <1lpm | 10° | 10°
Table 1: Comparison of SSMB with conventional storage
ring and FEL.

LRSI (radiator), (HZI FRAFHIRATFIE 5, 0710 Wit SCRAE. XREIR
VEENFET NN I L (longitudinal strong focusing, LSF) Ay 77 & HiiAiZ T
H—fezgI NG Courant-Snyder 240, SEG Al f7PREE L a -HHY 9N 5l
FI2ERAEBH AT AR . KT LSF 7R, WIS R i A R 2
4551 (coherent synchrotron radiation, CSR) (W« FHHTEE (resistive wall) L«
WHUST (intrabeam scattering, 1BS). Ff-IOGEKSE, FEER I AV IR
BRI 1 MW BRSNS, XT=AERE, 404 it 2805 e
I th 24k

HE

)

B SR TR (IR 46 A DU AR R 2B Ha SR A A7 BB T, 5Bl SSMIB i 47 ARG

MRS 5 ac (low a. or quasi-isochronisity) FRFHES B N H 2



IR DUV EUV
Ey beam energy 400 400 400 MeV
C ring circumference 50 50 50 m
ac mom. comp. factor 18.4 8.8 0.27 106
Vin modulator voltage —-0.42 1| -0.75 —0.51 MV
Ny, electrons/microbunch 14.6 2.2 0.04 10°
Ip ave. beam current 2.05 0.41 1.02 A
Adcsr  CSR pot. well distort. 2.5 2.3 2.4 10~
TRW resist.wall growth time | 0.28 1.4 0.67 ms
7s5.ps  1BS diffusion time 48 51 80 ms
L. modulator length 2.1 2.0 2.0 m
K modulator strength 18 12 4.2
Aum mod.undulator period 9.6 6.5 2.2 cm
Am seed laser wavelength 12.9 4.0 0.176 pm
Pyoreq  laser stored power 1 1 1 MW
Poeed ave. seed laser power | 1 | kW
h harmonic number 11 17 13
L, radiator length 0.86 2.0 2.5 m
K, radiator strength 8 4.6 1.2
Aur rad. undulator period 4.3 2.5 1.0 cm
Ay SSMB rad.wavelength | 1.18 0.24 0.0137 | pum
F filling factor 38% 16% 93%
P, SSMB rad.power/tool | 4.2 1.4 1.12 kW

Table 2: Three strong focusing SSMBs for IR, DUV, EUV.
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3 AT RFREEIRBINE X b R E O B b 1308
HIHE [arXiv]
Characterization of soft X-ray echo-enabled harmonic gener-
ation free-electron laser pulses in the presence of incoherent

electron beam energy modulations

3.1 FAMEE
o K FRAESTS B TR0

o YE¥: N. S. Mirian, G. Perosa, E. Hemsing, E. Allaria, L. Badano, P. Cinquegrana,
M. B. Danailov, G. De Ninno, L. Giannessi, G. Penco, S. Spampinati, C. Spezzani,
E. Roussel, P. R. Ribic, M. Trovo, M.Veronese, and S. Di Mitri (F#AH|f): DESY,
)

ISR N

o 4fFE: https://arxiv.org/pdf/2106.04161

3.2 ¥

[e] 75 U RS OR H H HL 0% (echo-enabled harmonic generation free-electron laser,
EEHG FEL) &Mk M4 X B0 hknh iy 7 22—, M HA R 550
(UV) B E Sk 4 (frequency up conversion) %%, #R1M, T EEHG FEL
T3 ST H O Y A REAN SRR A AT E e, H RTRE R 2 HH IS B8 (broadening)
522 (distortion) J& T RHIY (FEMHTEAET) RERE RS2 XRIE 3 H— 1 hE
A AR AT E A T REBON PRI (bunching spectrum) SEMRAYECARRL, Hr b & i
THRAZ I INE B S EEHG %4 B BACR BIAUENE (microbunching instability, MBI)
371 B 5 FERMI EEHG FEL RSs3G5 50—, S FRERVEEAE 130 & 210 eV
il RIAE EEHG ot B o B 503 | 9 75 B s 25 A Ok 2 FEL
i 1% 52 % (spectral brightness) FEAIGHY 2 K. FEL it 3% HY ) #B RO AE AT Lo
PR B R 5 25— chicane FREYIAGIEOE K RE R A PATHCE o IXRRTE SR
MREEAE EEHG FEL R8T REOS R L0 5 BE1 75555 (user experiments) 5K
SEME R BAC EEHG FEL By — R 7 5 o

SEARETEKE (water window) BTSN AGH THRST, Z97E8 X B4, BT AEhE 282 & 533 eV, EiHLEEK
4.4 % 2.34 nm A,



https://arxiv.org/pdf/2106.04161

3.3 TBrHREAIHT A
57 EEHG 771 FEL SRR R B I~

electron
beam

P.=P+A1(z)sin(k.:z)*4ps(2),

Z2=z+B1P/ky
P=P+A2(z,) sin(ky:Zs)+Apa(z+),

2,72,+B,P ol

FIG. 1. Main components of the EEHG scheme: first modulator (M1), strong first dispersive section (DS1), second modulator
(M2), weaker second dispersive section (DS2). Equations refer to quantities of the electron beam longitudinal phase space
introduced in chA In particular, Apy 2 is the incoherent energy modulation (see cq@) and by, 2 is the incoherent bunching
factor (see ch}A After DS2, the nano-bunched electron beam travels into the radiator (R) and emits coherent and powerful
light pulse.

o TUHER: XA IESCHY BB S A L AR AT B EEHG 28— modulator
255 /> modulator H [T1A0E 4 BRI % S R m A SIS R, R T i
Mrig TE. 7ok, iHES R 54 FERMI FEL [S23G 45 Wk T R L. Wk
B 5 R B o PR BB P RSP A 4 T 25 81 (coberent
synchrotron radiation, CSR) 52\ [A%5[a]Hifif (longitudinal space charge, LSC) %%
W o

o ARG XEISSCENS B S N AE EEHG J7 ZAH B WIERGIROE (EEA st
seed 5 2nd seed) A HIHRIE S HIAR AL, 51 AR LT ARG A FH 2 7] 9 A7 1 ik
HBEAHEZ (instantaneous bunching frequency k). 7387 HXTEGEBE [bpm (k)2
T Section ILA %2 IL.C B JBAEA MBLFHL T, WG R ATHESR
PRI F-HI R Wil o

BBIERA % MBI 50 R EEEIR T2 05, RGeS AR 16
3¢ Eq. (13)], {88125 s B ae s,

34 HE

TR Ve SRS FH U0 7 BEAK (slice energy spread), T HAEAET-REH M (inco-
herent energy modulation), it A 5-¥k. FE18 3 Section IL.D 4b, fajfgrit Hit H% &

SRR SRR

10



WS 0y, Wi CSR. LSC 5 IBS (intrabeam scattering), 57E Section ILA %
C A SR BRI, @i EARER .

11
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4 (R ZIEIRAECTEN ST E R R T [PRAB 24-05]
Generation of high-frequency bunched electrons from pho-

toinjector with a multiring photocathode

4.1 FEAEFER
72 R BANEAT

% : Fu-Han Chao, Chia-Hsiang Chen, Ping-Jung Chou, and Yen-Chieh Huang
(FEAHH: NTHU)

FA Wt BUEE

54% https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeanms.
24.052801

4.2 HH%E

FERKRERTCTR ., R H LT oI JE RO B KA FERILE 0 2 ATkt e
KPR B AR T o (LT AERTE ASE M £ 56T (multiring photo-
cathode) % 57 B 11RO F T A I 642 WA 50 ) 45 ) P 7o
AT LUELAAE 2 (petahertz, PHa, 101 Ha) 451553 B B Bty 90 o s BE V9 20
(hollow) HIF-sK. [FIRY . BXRTISCHYRETISFN . (i i o B A2 0 P T KT
FEAHENEA IR T B TR SO TG4 10 41 T4

4.3  TIRREBIHT A

o BUBFEC RIE SO TR TF2 A AR R 1B R Boha% (PHz) 191
TR, LIk BUV R X Sl 5o B et e s o 17 4k
KEIH ARSI o R0 A R R ER T B MM 10 i B A N\ B B el
RS X, I S I BRIINE AR S B R 7 A B S R AT S 2%
BHRRZS DT oA, 7Pk BUV R X TS i im g g 7 — Fh B4

o ik ASCAEERI(EE TR T 23074 RO G aa AT eI T . #eTy
T 235 FEL T SRAE D B A A TR0 i A2 AT N e H T AR A8 o I (i A% B 70 A, AR

SR TRT 1 fs (URSHEIE. ST sub-pm % 50 nm 23 EIKE
MINERE R

12
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TR LB T AR AR AN T (bunching factor) [YELEHES, H LA 1200
L A AR AR S AR 0 B S D B R, e AT S AT (T
JTHL, SRR SCT T 2 HRGERRIEE . BRTE S0 T FE AR s 2 19 2 S A i R
SO, LS T SRR AN BRI BER AR O B A R . TREJT I, 5 A B
AN B A Z IR R B R R B TG EIGETE . DAL SR E A

4.4 H7p

Cathode wafer @

. Emission ring
(a)
Mask
A
/ T
Cathode wafer
(b)
Xu Electron
Elect 3
:{;;011 ring N Head
A wz e
d Tail
(d

K 12 FERER:(a) Z2HREE; (b) 238 mask; (c) BAMAHE 545 (d) B H4b
T
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5 ELZNNiE g R A e i B R R S K [NIMA 178]
Beam emittance growth caused by transverse deflecting fields

in a linear accelerator
5.1 BEARER
o« N ZRTENF

{E# : Alexander W.Chao, Burton Richter, Chi-Yuan Yao (F#4/#): SLAC)

CCIR 10

#59% https://www.sciencedirect.com/science/article/abs/pii/0029554X80908514

5.2 %

XE— PR TRA B (beam breakup, BBU) BYZ LS. 404 T AE S REFE 1~
B, FEé’éﬁﬁ@%ﬁ%?%ﬁ%ﬁﬁﬁ%%ﬁﬁEEQLEHE/J%HTEJo WO &
TWFMEHIL, coasting beam 5 uniformly accelerated beam, T 72k R 1ia3h 7
FEIEEAE (perturbation method) FEMRARMT K AR, 15EIFYLE RN H T 41 ) SLAC
Single Pass Collider,

5.3 BTRREAIHT A

o DUk IXE IR T RN R BBU fEES TAE, (e RE 7 B4 hmdgs-H
A 2858 <6 J A B A B ) R 0 B 5 B B S o 93BT B R 25 HE B O 4
PP . FAN, FE Section 4 1] Table 1 Z5H T AL coasting beam 5 uniformly
accelerated beam I JL/MESCHIEL RN L, MEVER Bq. (25) FRIGREALIN el R
AE 3% I Table 1 ffCH.

KA HRA BBU (99047, T AREFARME (2) R 2 B/ N
S PG fE L > 1 RO, IR TA R AR RO . eSO
Section 3 U T 2IHYEE, MO, REWK IR R «(2, L) /£H
LA AN s RAFHRRN e, 2% Eq. (16).

SO R4 R SRR R T TR 2 R AR DR SOR (luminosity) (RIFEIF T (reduction

factor).

15
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o GPFTRL: SRR AN BBU #issh /iR, B Eq. (2), XWX 17 —Ffm]

DIFRASfRAT i 7712, RIRSMRER %0 (Green’s function method), &7 Egs. (6,7)

[ %} constant energy| Bf Eqs. (19,20) [linear acceleration]., X5k GRIETFZL
5347 BBU [ A gkal, [EREEH T2 5K F BBU,

5.4 HE

*TF Eq. (16) pH#ES, SEZBr B T H5E N (method of steepest descents),

KTRAFH (BBU) #UERYEE— L3, w25 (1] 1Y §3.2, GE&Z TN
2 %>l o

S 3k

[1] A.W. Chao, Physics of Collective Beam Instabilities in High Energy Accelerators, H,
Fht N3 https://www.slac.stanford.edu/~achao/wileybook.html
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6 ELAARFRH A ] L Y B S L [arXiv]
Wake fields and impedance of space charge in Cartesian co-

ordinate system

6.1 FARMFE
5% RH. MEFE
o YE#: Demin Zhou (fHfE K, KEK) and Yuancun Nie (& Jtf¢, WHU)
o FHL: PEIE

o 45FE: https://arxiv.org/pdf/2101.04369.pdf

6.2 HiH%

X E A H T EEMAAAR, SRR ISR 2 i ) . B s = AR B
W, RIS a iy, DA 3 AR S R AU U T (mode expansion method). &5
B AP SEA, P AR BOY SR A A, HEREE TR T (source
particle) 5K T (test particle) BN E Ak FT pl AT T B IOASPRER AL, 7T LA
S AR IS R S REE. SRR O T TR L = 2R ]
fr A b 7 BREEASURR 57— 7 (B 7

6.3  TTHREAIHTA

o TTHR: 5T DIER R EGEIR 1Y A R 2 B A A B S N R BB A [Eq.
(23)]. A Buler-Maclaurin 203, #3H7EH B3R ES [Eq. (30)]
SHPATIEA [Eq. (29)]. #5458 HEA KRB E R0 A0 gk 25 [ AT R
SpT, & mia . -3 BEMBERBE. )5, fE Section VI FI FHZ A FHHT
SHAEINCR Eq. (24), #S TH#AMADT, 15%]5 Bassetti-Erskine H-H{f
H (beam-beam interaction) NFRAIER IR SREF MBI 215 2] 744
) 2 [E] FELAT B 3 A Ko

o QIR DMEHE SR ) B HPT L AL A FRAY A6 bn R T, IXARie
SCREUE A A AR TR o e R, BT A T B S &, (H2
SEARER N B, B RIAAKS KA L TS M. AT AR A, — & wake function, 7EIBSCHILL

w KRy X THARMSAHRE], TR0 wakefield, (EESCHA W IR X TRHBUEALLAELR, fEXRIE
H, M Z R AR ARG, o2 RATEIIEEST: X T EA A RE, WA 2 FoR.

17
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LT SR 1 — PR e A T B . 0 A A — AR B R R G
FUAHXS I L, M sine. cosine PREUNZRMEH S, A Cy, Cy, Sz, Sy, W Eq. (13) T
J55E o JBIESRARLE Lorentz gauge 554 FEHIFEF K Helmholtz A, & J5F24H, 1T LA
B3 A, Bt B, B ttaeas]. R, X RN EAU A AR, XX
RSSO A — A0 e — SRR AT LA Sec. TN JYZESRIE. XRS5 SCH A
JUA KB ERRBREL [y, By, B, WA T 7RSI B4R B3R (round
beam). P-H A (flat beam) ZAEN FIWIHHEN . SELAMISH LS, il Xk
A Y23 A LT A RS M

6.4 HE

eSS BB, WA BT SRR, RN L8 T (RAE R

REENEL (R E E PN EPI NN A

18
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H15: 2021/6/21 HRIMETA: SRR

7 /D R TOREOE kIR Zh B GV T B BRI imE S [NJP
23]
GVm ! on-chip particle accelerator driven by few-cycle fem-
tosecond laser pulse
7.1 BEAEER
o K FAUINETT
o VF#: LiSun et ol (FEA: ERFEDESEEE, FEBEY)
D EE. BRI

$%: https://iopscience.iop.org/article/10.1088/1367-2630/ac03ct

BE
He

f\:‘-(-%{:?

7.2

BEUA S imd e B e =k i s — B N SURIRE SR B AR . A Bt
Hies (dielectric laser accelerator, DLA) J&SZEiX— H AR —F ] RERYIESE . S8, BT
AP 2RI BRI, A HY DLA ARMEEESIA 1 GV/m IR . BT iseok
FE5T (inverse Cherekov radiation) &8, ASCHEH LA BB BROGK XS DLA
W75, 2T R BE WD T s OB 58 BENIEO G &L, g 1 Ay SEELAY s
BB A, ASCHAOTERAE TR 5, HAEMRER R el IR P
RETE I 2 i, DAHELE b (on-chip) Ri-f s g i .

7.3 TEREAIHT A

o QIR AER PO ndE A (DLA) — B EET380 Smith-Purcell 5 (inverse
Smith—Purcell dielectric laser accelerator, ISP-DLA), 1% J7 & H T AORIHE 0] & 7%
HARBIOBIER, S TS ElERe g 2, WZ0f FH 22 R RO IO Bk, T ikt
WOCHE LIS 2] S IR . ASCHRH Y DLA E ¥ Cherenkov radiation(ICR-
DLA) J5 % (W R, B0 REAREC N g, Rt a] HY R3O0 G RESEATIN
HER R LA E R m A ik 2e, AMZ T RAE TSI E 2544 )7 b 28 5
SEHL

o ks ASGHEE T ERAE T ICR-DLA JI#ARAEFE AU R4 I8 1 echnk
JT5E, R P MNEREEE . HEAN, 41X HRsE ICR-DLA XFHEE fE 14

19
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€ 3: ICR-DLA /i, Hp ik sl (acc) ARG (dec) 50531 FH B ERTHEE (bt o

TRF R . AT T AN FR ICR-DLA(UL FI&T) . (5 FRIIZ BT AT LA
il FEL 7 AR A B i %
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PRL Si SRR . AR
H#: 2021/6/27

8 ) I th 6 B G 1) vt 5 0 1 B Wi ) RE EL AR = A AR i RE X 3 B
At 75 [PRL 126]
Generation of Ultrarelativistic Monoenergetic Electron Bunches
via a Synergistic Interaction of Longitudinal Electric and Mag-

netic Fields of a Twisted Laser

8.1 FAfFHE
o 2 FOLIKE A I

o YE#: Yin Shi, David Blackman, Dan Stutman, and Alexey Arefiev (A7 :
UCSD)

o RAL: HUEMAY

o HE¥i:https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.234801

8.2 ¥

R S it = e R 7 R A Y P TSR R0 4 — AT
I (twisted laser) 8T —2E 8 7454 (plasma mirror) FZ4ERRIRET . BA [ =1
B TR0 G RENS = AL AT il XU A 9N A F 3 S G B IR Z5 1 o IX R e U 5T 3R
b T HIZIEZ A, X BRI EE R AR R AR A R EE A . X T 6.8 PW
(PW = 10" W) BBt MisJEHEFREiAE] 1.6 GeV, FHXTRERL 5.5%, HEAHKE
Z) 320 as (as = 107 s), HWHHZ) 60 pC (pC = 10712 C), RAFBEFZ 102" m—3, f#
IR 20 mrad., 3 A o B AT A PRSIV A 0 9 Pl R a0 R Bl v 7 o
L5 SR 5 AT Y () P 7 RE TR MY i ELAHIG TIE . TR L85 SRZ5 B R 40 FLAR OB IK Sl i i
arfeftie 3.

8.3  TTHREAIHT AL
o Tifik:

ORI FEHFLT EPOCH 5 Smileio
LU A [F) A6 B 9% 2% (transverse-gradient undulator, TGU),
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TR, IXRIESCPRIGNR AR ©, AN 2 5 yo

WG LR 102 W /em?® S RISRARE HE N AHREWOETENE , RISot S a1 (fE—
MROEWATEE 24 3 EAFE IS B H 7 RE SO et F R Lk RE R, R

. €E)\L
4o = 2TM,.C? =1
KR IECBUERITHOE IR 6.8 PW, A HIRIEX T o) ~ 12.8, 5 ™ ~
5.1x 10 V/m, BP** ~ 170 kT. FEABOLLIN 20 fs &, FTRHUCCHFAN, H
A ne=1.8x10*" m™? PEFEFIR, MK Ao = 0.8 pm.

95 225t CPA (chirped pulse amplification, W) HoA WO IR BEFRAA
TR T o IR I8 22 542 B 38 % (focal-spot velocity) 53w )% AT (twisting
wave front) PEMBSCALROL AT (THTF) SRR, (EROEFRIG IR0
e WOLHR S PRI BAEH F R BN, HIRERISCHE o v By = csinfE]
(Erh, 0 AN AR R RO ), X O — R RCRAAAERR . — 2877 284
EILRE R A A= TN, RIRERE S oc vy By =~ ccos OE) .

BRI SR T T HEOCS A, %83 Bas. (1-3), Hosft, |0 ol
¥R (twist index),

Ve SR 2B R AR e i 1A I RE T, B SR S R AR AL BT

AR R 2R R RE TR 23

o GPFTRL: EHE S RO IES R BRT, BB B AT B E DL, REIAEIIE
WK, WAL AR RS M 28 (transverse confinement). f HIEOGRERS A= 17E T
XIS E A A B SR IR EE . W TR AR S Hh O SO T8 S TR S
N, RO ANE I8N Y T o) = 12.8, B ~ 5.1 x 10 V/m,
B ~ 170 kT MR I T %558 B) 520 By X 1R R 5. Al
DIER], WS By, MR (B1) Fra5mgaofi. B oRE AT CiFsn)
LR, FNE, BPRARESEEPREEA ne > 2n. KR, NHL
B S T i 2 i oK A ER ) R RE AT

8.4 HE

KT MBOET RIS, Al A2 &g 3 [1]. Exawatt (EW) Oy
10" W, Zettawatt (ZW) & 102! W,
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FIG. 1. Electron injection into a reflected laser beam with
twisted wave fronts in 3D PIC simulations with (a) and without
(b) B, in the electron equations of motion. The density is shown
on a log scale at r =9 fs. The blue, red, and green contours
denote n, = 0.1n., 0.5n,, and n., where n_ is the critical density.
The profiles of longitudinal electric E| /£, and magnetic B) /B,
fields on the axis are shown in (c), where Eq = By = m,cw/|e|.

At =320as| 2

— 6@ 5 e
Tooal =
E 0 11 =
LI 916918 92 2
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\-TJ _
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90 92 94 96
xr / A()

= 3t —w/ By

= —w/o By

=

S

P ‘

= Ae, =85MeV

ﬁ 1r »10 -
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= 0 AR ‘
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FIG. 2. Accelerated electron bunches at 1 = 249 fs. (a) Linear

density A,, obtained by integrating 72, over r < 1.5 pm (blue line,
left axis), and the longitudinal electric field —F£| (red line, right
axis) at r = (. The shading marks the accelerating phase for the
electrons. The inset shows the third bunch. (b) The energy
spectrtum dN/de, in the third bunch for electrons with
r < 1.5 ym. The black curve is from the simulation with B, =
0 in the electron equations of motion. It was multiplied by 10 to
aid the comparison.

KT M THOE-F B TUEMRAELT particle in cell (PIC) BJTIREI, ATLIZ%

IXRETE LY Refs. [38,40].

25 3k

[1] T. Tajima and G. Mourou, Zettawatt-exawatt lasers and their applications in
ultrastrong-field physics, Phys. Rev. ST Accel. Beams 5, 031301 (2002), https:
//journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.031301

24


https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.031301
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.031301

PRAB % TR : KL
H15: 2021/6/26 HRIMETL: SRR

9 HA IR 2 65 e B HAH T [F] 2D 48 S 250 P 20 Y3 45 TBA
WREHE [PRAB 24-06]
Quasi-isochronous triple-bend achromat with periodic stable

optics and negligible coherent-synchrotron-radiation effects

9.1 HAFR

9% MBI SR THRIH Y

M 2 S8 (FIREMIELAT. IHEP). 4ORSI (SEhRHEAS:, HUST)
H: TG HUHRHY

5547 https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
24.060701

9.2

(e E IR A, T SR AR AL e R o RUAT RE B ORF5 AR Y 7= i o (H
15 2 B SR i AL s m B, F PR Y i o 2 A T TR 2P 48 5 (coherent syn-
chrotron radiation, CSR) W LA K FE A DN L (longitudinal dispersion, Rsg) AR o X
TRAEZ UGBS (multi-pass) FIEHIEL, R AE FATFBIH AT (achromat) # 1t
W SRR RAR AR R o IR B SO =S A ARk ly . HBAA R s
BRALH) TBA (triple-bend achromat) JHEHUEHMEBLIAT 05T, JFHEH, 45— B
TR AR AL [ma1, mar(mTY)] = (=2,0) I, CSR 51 A ST EERG LR
(KRB 22 =1 o A ) B B A g ] I AT, BB M RTHI I GROR FUANESE P (microbunching
instability, MBI) . B REN, 2 XM TBA it HamIH—{k
SR A ARG IR 3 A1 AT SR I DR o

9.3 TERREAIHT A
o TTk: IXRIESCE SR AR M A ik A T TBA S5y SRR
SFME Rse = 0 (ZMEACtmiE e 7ik) LAR CSR 5 DR A TSGR 25
(CSR kick model 7347)o FFAEJCARESM (ITr(M)| < 2) Frifi g i KA N R FTIX
PHRRERAI SRR, FFERE] T R el R S R BURUE ME S RIS B
ZIIENA . KINZCR B 2 A i (singularity) , fEAEBUZSC I, B bR
BRI O BRI A BT, BRAEIZASN B ML Rse LK CSR S MA ST
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9.4

Cross point A
20/ —Rs6=0 3

—Ae, =0

miq1

FIG. 2. The stable area (shaded) and the requirements of n1,, as
a function of m; derived from the imposed constraint of Rs; = 0
(green line) and Ag, = 0 (red line). The cross points are marked
(blue square).

BARKHREG /N RN, &5—. TR ARk Z EIIHIRS (phase advance) $IT m (X
J& CSR 3[#2f) MBI filsIz et —. W ).

QIR A IXRIE SR s T AR b, (EH 2 Bk R % (Multi-
Objective Particle Swarm Optimization, MOPSO) X} Frix i+ AR m] GEfa B HY
TBA ittt a7 70, IIAE AR — I PN A BT Ree FY IR, AT REREAAR AR
SN AT (A0 Tsee~ Usoos 7)o FHAAUZERLN], XIm Mgk a @ o710
Wa, BMEXS THET BRI AR 2 (2R RUE AR BEEBCR ~ 1%) 15
RO IF) A 2 [ P 15 B A U R

A, TSR IR ARE S, AT 2 TBA BT BRIEN, HARK.
BT — 10 A S B L REAS BN B O e, HAALLZ I MBI B85 A Ko

Vord
=u

KT SCERIEEIE AT AR RN Twiss 2RI BEMASE A, mf UZ X8

IR A-Co

S5 3Rk

[1] C.-Y. Tsai, S. Di Mitri, D. Douglas, R. Li, and C. Tennant, Conditions for coherent-

synchrotron-radiation-induced microbunching suppression in multibend beam trans-
port or recirculation arcs, Phys. Rev. Accel. Beams 20, 024401 (2017), https:
//journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.20.024401
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FIG. 3. (a) The horizontal beta function at the start point of the TBA, /. (b) The value of R4 (the solid line shows Rs; = 0). (¢) The
value of CSR-induced emittance growth (the chain-dotted line shows Ae, = 0). (d) The value of the phase advance between the adjacent
dipoles (the dotted line shows Ay = ).
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Exit of Case high-order

0.02 0.02 isochronous 0.02 isochronous 250
(a) (b) ()
0.01 0.01 0.01
o 0 0 0 200
-0.01 -0.01 -0.01
0.02 0.02 0.02 g 150
<1000 -500 0 500 1000 -1000 -500 O 500 1000  -1000 -500 0 500 1000
2(jum)
0.04 0.04 0.04
100
(d) (e) U]
0.02 0.02 0.02
) 0 0 0 50
-0.02 -0.02 -0.02
-0.04 -0.04 -0.04
-50 0 50 -50 0 50 -50 0 50
=(pum)

FIG. 8. Longitudinal phase space distribution of the bunch at the entrance of the TBA (left), the exit of Case 1st order isochronous
(middle), and Case high-order isochronous (right), using conventional tf beam parameters [top row, (a), (b) and (c)] and LPA beam
parameters [bottom row, (d), (e) and (f)]. The colorbar shows the particle density.

27



"E\ %107
g 3.3 (b)
— —_—
% é 32
B ]
Q LN
2
Q. 3 btk il Rl il R el b o el e
o 0 10 20 30 40 50
s(m)
1.14
= 10t (d)
5 Gl.]l]
E s 1.06
w
olealendeole LU S LB L e
0 10 20 30 40 50 0 20 40 60 80 100
s(m) A(pm)

FIG. 11. Simulation results of five TBA cells: (a) optics functions; (b) the bunch length; (¢) normalized transverse emittance; (d) the
MBI gain.
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PRAB 5i# SR H: RIGT
HHH: 2021/6/28 BB B

10 X HRAIA R RE S AR il & [PRAB 24-06]
Accurate measurement of uncorrelated energy spread in elec-

tron beam

10.1  BEAAEE
o B ZRTEIA R

o VE#: Sergey Tomin, Igor Zagorodnov, Winfried Decking, Nina Golubeva, and
Matthias Scholz (EZEA#: DESY)

o SRR BEMTE. Lk

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.064201

10.2 5

BRI SOt T 42 Bk XFEL” (European XFEL)E 78 \ BRI Brh 250 pC HIfT It
REHI DI REAL (slice energy spread), S FH A R T VA EE TR R #2544 (trans-
verse deflecting structure, TDS) J5 20U 1I% 1T

1 A E R AE = N T, # B ER TDS HERDPRFREE I F], 1E 6
keV REBLATIIE Y rms 1RZ/NF 0.3 keV,

2. REFACRAE R ARG, o AL Z0F2 2, FFRERE rms 322
FEALE] 0.1 keV LLT

D5 35 BRI e 60 & ARG AL A S R AT B AR Bl 0 2 Y U E A Ik o AR IR

SCrb e 2 A DI A RERI L AT E A (8 AR R A FLfar &0 200 pC Y SwissFEL
FRIU R BERIRERAL =1

10.3  wTfkEAIHT A

o BTG RXRIESCH) TARECD TRk XFEL R BRI RERL. ANH TR
H SwissFEL i AR RE S D) REARAY T &, W FEL 4 B Ry TDS
BT 5, I AR RE S Y B F 2R i) TDS ML B JT A A IE A

R — A A
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(BInASCR R TDS FUEAIARGRAE S L Y) . X B S R AR
ZANZEB e FIXX— A, ASCR T EUERGRER . 434l TDS Hk5 Mk
Bt D (8 Ru) HJT3E, AR T S2br I RS 200, AR & 1 ISR

o TRk XRIESCENNAE FEL 42 B BRI BERRAY T 50T 1 B HE S AT F e
Uk, FFETXTEN FEL SEEFEH T ie 75 IX R SCR BT S5 TR E
RRSEHAT T OTE M, AR AESORIE IS S ST 1y Ay el Ak, il
EREE

10.4  AEHLI & R B R 45 2R
ASCBGEXT TDS Bl VRIS D ARG LRRE TR AR on 2084
—AE, B
0'12\/[ = AV + va2
0'12\/[ = AD + BDD2
LRSS — AR PR IEE O EL Do JEHIH TDS HUE Vo 85 kb itss TDS HE
fEESE Vo G D, Wil BT, HEIRE Av W Ap, WG A

AERL op N:

Ey
op = —+\/Ap— A
FE DO D 1%
75 75
-]
B
70 74 -
—_ ] —_
= 65 =
T L
55 70 T
50%- 69
0.6 0.8 1 1.2 04 05 06 07 08
D [m] VIMV]

A 5: ZelEa iR ZZ I R AR E RS AR OEE D NSRRI TEE on. AEH
RELI RO L RNAR TDS S V EH T ERRDI S on. B0 RELE I EUEM
ERNIPA-/REE

10.5 &AL

 space charge ZERXASE SCHR IS HEI % 17
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> VEEAEDT R & T S Y, (RS2 AEJF Se R B . Fr LA A 82
[ FELT RA B 32 A SE PR S A ZE Rl o AR AR ZE AT 2B Eq. 3)] B T
RER=ASKIR, 2RI PR KN ETACRIER T LA TDS 51K
REHION PRBE RS Y Tk o iy S 00 2220 2 TR EEL AT R X e 7 32 B T RE S K

SN (ESCP AT RE R 52, H 2200 25 [R] FEAT RN I % 2 S BT B AR 2 LS
SR A W 22 o

o [AIFEMTTIER M RENSE T UED SRR YI A gERC AL A 250 pC 3
JUA £C, BEEEM 150 MeV [%%1] 3 MeV,

> O CAEE AL R, correlated energy spread FEFEM| G _E slice widening, Kl it
FZ 77 R slice T2 zero energy chirp. I, WISAE UED HgESLHL (5]
FILALSLE ) zero energy chirp, FFPIN AL ) A REBCT RESLE .
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PRAB 5i# SR 2R
H#: 2021/6/29

11 ) ARG B P ik () 20 gk s o [ e A A2 98 53 2 4 -5 2 ) R g 2350
M EARFEM: [PRAB 24-06]
Description of beam instabilities in synchrotrons with wake-
fields and space charge forces using the circulant matrix

model

111 EEARfEE
o 2 ZRTHEEN

o {E#: X. Buffat, E. Métral, E. Gottlob, C. Hogh, A. Oeftiger, and T. Pieloni (F
Bk CERN)

ISR N

o 4E¥F:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.060101

11.2 fHE

X 18 SCHE Hh— T B 08 R I SRR ARUE PE BB, R R ER RS (circulant
matrix) J7i%, AR DA [F AR R 2 (A FE ] (space charge) R0 SR ER T84
RO . BSHER RN S S TARD A, 57 CERN SPS (Super
Proton Synchrotron) [F]25 s e b S8 45 SR EME TR, FT Ihi%iE (pseudoospec-
trum) FSMT . 7EAKSSAMAT (waterbag distribution) SRR YA A T SR I HI
GAE—FRATIEIE S HOK (transient amplification) fE#E, B, 317122586 AR RA A A
JEFHIEE (unstable eigenvalue) HIEHL T, 3R REAEAEE AR (AT ] 2% X180
[ Appendix B)o 25 H EET SCRAE BLRY S o AU, A2 (A4 (radial mode) 3
R R A A FaEME (transverse mode coupling instability, TMCI).

11.3  TTEREGIHT A

5 REPIAS (8 ) SRRl AR ELE2 N (interplay) M AR BOAMRL T IIis & 26
AR BRI IS . H RSl sz i — D A2, MRS A eE T IR (B2 R 25
() FEL(p R HE AT $2 Tt o AE— L83 TAEPS 2R FERY 258, RIS 2SR HE Ar L T

SRR Hi AR ZS IR P — IR (ring), BAKC#E LB Eq. (15).
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Tl hE S
Al RET

#H TMCI 2k, B BRI A 4N FaE (absolute instability),
(convective instability) 5] REAFAE. {H &

R, AEsR =S A AT IR, TMCI §

I (Wg X Fig. 1)

EXHRAEE
, FMRPEXRL T~ (two particles approach, 2PA)
%%B’ZTFD%MH%%TE I HLMEE 5ATRE X ]

o BIFTR: XRIR SRR — %*fﬁﬁﬁfilﬂ%ﬂ*” FROEPNERET7 3 . FA R I A2
Hir S B I ERIR B 127
AR AR T DR (slicing)

S RPN €5 3 (1IN SN &% i | NE N E e

<[]
*[A]
RIS MR, 2P N, (number
of rings) 5 N, (number of slices) %553 1A EE K EH—MHETXF) A 77 2089
AR -BIMBIM, 4075 il LAZ2518 3CHY Ref. [17],

XX L] R A R AR 2SRl T
6/0'5

-' Z/Uz

FIG. 2.

—

Illustration of the discretization of the longitudinal
phase space in slices and rings within the CMM
=1

» AT AR R — AR

SR AR AT LU AR R A S
LEYI R N AR R, EEUR (ZetEtl) 4

SR AT e SR I BIRTIX
2 [ PR 50 2 )RR, BT

Ty — Tp, Tp — T + Z (A )
Hep, (Azj ) W Eq. (11,12)

RIEI A S AE s, B R AETE LT R PR R

(Q,B?QS) = ]INT ® PN

%@ R(Qs)
Hrfr, ® % Kronecker product, T AHEAZHE (identity matrix)
(permutation matrix).

Py, G
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R B I P Tor, = el Lol oy g5 U 5 R 0
F 3 127 G T X3 R ST

« TR RO, T Fig. 3(a) FRUA R, (UAARE AL
RIS : Fig. 3(b) FomFRMAZMB AT S RGHISL (b, R EER).
R B R AT AR S5 5 R R SR I (R . WTLU ),
R BRI RSN 7 AQsc/Qu ~ 5 I, TMCT B KRS (LTI

5
S
<
>3]
-5 . .
0 20 40 60
AQsc [Qs]
(a)
5
S
S -
g
— =5
2 1
)
S o
£
% —1 ' -
= 0 20 40 60
AQsc [Qs]
(b)

FIG. 3. Evolution of the complex tune shifts of the coherent
modes as a function of the normalized space charge tune shift for
an airbag distribution, without wakefields (above) and with
wakefields featuring fixed wakefield strength corresponding to
a normalized intensity of 20 (below). In the absence of wake-
fields, all tunes are purely real. Otherwise, to ease the identi-
fication of the modes in the plots of the real and imaginary tune
shifts, the dots are color coded identically according to the
imaginary part. (a) Without wake elds (b) With wakefields.

[ e s R ey 5 R S A ] Fig. 4 B9SER. FLBORUR AR A [ 265
[XRIESC Fig. 1], rTLVER], X BT IRPRAE TS FE 0 20 M BOA (R B 5 2 R
TR L N 5 R B RUAFUEE B A B0 102 MO I AR IR A 2 7K AR
VKRR P SE ARG, DA £, Re, Qu SYBISRAEEHRAR. BAHT (shunt impedance) 5 IR T-o Qr & 1, fr7o =
1 Hef ek
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TR, X PP AT TCIETE A2 AR R &
1.75

225 1.50 _
wv w
S 1.259
[} —
o 15 g
N 0.75 E
g 10 0.50 %
5 =
S 5 0.25
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AOsc [Qs]
3.5

225 3.0
2
g 20 2.5
= X
315 208
N 1506
2 10 1.0
s > 0.5

05 0.0

AOsc [Qs

(b)

FIG. 4. Maximum tune shift (above) and the Kreiss constant
(below) obtained for an airbag distribution for various strength of
space charge forces and wakefields. The Kreiss constant becomes
infinite for configurations featuring unstable eigenvalues which is
marked by a white area. (a) Maximum tune shift (b) Kreiss
constant.

FEZE VRIS, FH Dh A AT

i, A _LEE Fig. 5 ITENL. PAE 2 HrEE
AKX AP ST RE

1

(sensitivity).
4614 % 2 (Kreiss matrix theorem),

TN, XIS SCREE T
7.5
7.0
= 6. 0‘5
S{ 0.10 555
75-' 5.0 !
4.5
4.0
0. 00 3.5
RE(AQ) [Os
(a)
7.5
7.0
0"" 6.5 ’J
= 6.0
g 0.10 555
g 50!
4,5
4.0
0. 00 3.5
RE(AO) [Os
(b)

FIG. 5. Pseudospectrum of the one turn matrix with weak
(above) and strong (below) space charge forces, both being above
the decoupling of the original TMCI by space charge. The
normalized intensity is 20. (a) AQg- = 60, (b) AQgc = 500,.

MHEAE— ERREMEE T, HRHMEE S
25 B AE A TRUE RHIEE , alPR U
&R ASARERCR, ATUARIH Kreiss
5N Kreiss F40 K, 4 RFEIEN,

K =1, WHEAREIEK, WERAESBR: YREMVEN, £ = oo, f7E

NG

HLE. 2 K > 1 EVARIER, REFAETSHECR. L Fig. 4(b)

FONMEAFZEURIL N Ko Figure 5 N HE— 22 A G PR FEX FNFAMSE € HYMRINL o

K18 R a A CERN SPS SERTHHSR S0, 45 X B ISR 18 TMCIL AN
B T RO AR 0 AR A% RV IJFQ% ERZHE T Fig. 100 FH& T
PIFPASIE] lattice optics, Fig. 10(a) & Q26, H TAELEZHN M ~ 28 + 2, Fig.
10(b) 2y Q20, HTAESNLAN 235 ~ 8+ 2, BIsh HIRsHE (drlvmg) SR

(detuning), FJLAHEF, 2 [A HLAT R —EREE_EXT TMCT AFRE MR . SOR
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A%t CERN SPS L g Ay — L@V THE (AE Fig. 10 1), 8 X IR
p e PEN N RN YA

114 HE
BRI SCHY Appendix A %t T (RFRERE M H OO

KT R R 23 [A] HLer AU 3 i Y Sk Fe AR E 1 Y 22 T BURE IR g 734
AUZ% [U]e KRTAAEIERE IR TR A RENER A, /T UZ% [2].

2% 3k

[1] Yong Ho Chin, Alexander Wu Chao, and Michael M. Blaskiewicz, Two particle
model for studying the effects of space-charge force on strong head-tail instabilities,
Phys. Rev. Accel. Beams 19, 014201 (2016), https://journals.aps.org/prab/
abstract/10.1103/PhysRevAccelBeams.19.014201
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FIG. 10. Maximum growth rate obtained for a Gaussian
distribution in configurations corresponding to an experiment
conducted at the SPS with two different optics labeled Q26
(above) and Q20 (below) [8]. The result of the CMM without
space charge forces but with either only the detuning wakefields
or both the detuning and driving wakefields are shown with blue
and green curves respectively. They were obtained with 80 slices
and 40 rings. The red lines and shaded areas represent the
configuration featuring both driving and detuning wakefields as
well as space charge forces, with a range given by the uncertainty

on the transverse and longitudinal emittances. They were ob-
tained with 140 slices and 60 rings. (a) Q26 (b) Q20.
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