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fiVE MR T /12#5% [PRA 102)

buantum mechanical formulation of the Busch theoren{ 4

S A T B 0 B 2 i ML I 2l ik [PRAB 23-10]

bingle-shot spatial-temporal electric field measurement of intense terahertzl

bulses from coherent transition radiatiod 6

T AR XML GRS T AR % [PRAB 22-01]

ITerahertz—based subfemtosecond metrology of relativistic electron beamsj 9

S K IO B B TR S BIWOT IR [JAP 124]

IElectron emission by long and short wavelength lasers: Essentials for thel

hesign of plasmonic photocathodes{ 12

i B R A [ — A B 2% Bl [PRAB 24-01]

bingle-shot measurement of transverse second moments using the projectiod

14

W AERERPE TGRSR AN R B B RO A [PRAB 24-02]

bingle shot, nondestructive monitor for longitudinal subpicosecond buncﬂ

broﬁle measurements with femtosecond resolutiod 17

LA GRS AR I B0 ARSI I B B R A T 5l

bingle shot, nondestructive monitor for longitudinal subpicosecond buncﬂ

broﬁle measurements with femtosecond resolutiod 22

T FEL LA 200 R B A B 43R T4 5 55 4% 6 [PRAB 24-01]

IPropagation of partially coherent radiation using Wigner functions{ 24

KRR 42 PRI 528 [PRAB 24-01]

ITHz—driven split ring resonator undulator{ 27

L0 KA 2 ZFF P 5 2% [PRAB 24-01]

tI‘Hz—driven split ring resonator undulator{ 30

L1 P VRSO A AR 2 51 73k [PRAB 24-01]

k}haracterizing ultralow emittance electron beams using structured light ﬁeldé 32

L2 JUREE B L AR BB SE [PRAB 24-02]

bimulation study of first and second harmonic photocathode bimodal gud 35




[L3 s P VI 5 A B 5% [PRL 112]

IExperimental Demonstration of a Tunable Microwave Undulatox{ 38

14 K Nizz) [PRAB 24-01]
I[ntrabunch motiod 41

L5 Hixdie i PR R 5 2% W Lk /)18 [PRAB 24-02]

balculation of the wake due to radiation and space charge forces in relativisticl

45
L6 HL T SROHEN 26 B 70 0ol 28 1 2 B AR T IR 25 S R 30 S K F I I F 58 [PRAB 24

buppression of coherent synchrotron radiation induced emittance growth dur-I

hng electron-beam injection into plasma wakeﬁelds{ 47

L7 ks 4 pR B W T %S [arXiv 1998]
IHow Wigner Functions Transform Under Symplectic Mapsl 51

18 3% F 52 R EALMIEST Viasov-Fokker-Planck Rf#fL/% [PRAB 20-03]
IParallelized Vlasov-Fokker-Planck solver for desktop personal computers] 53

[L9 ) FH 5 A & S0 5P b TR R 1 % S &5 [PRAB 23-02]

IEmittance exchange in electron booster synchrotron by coupling resonancd

56
RO 7 17 e T-RE RO SN T B ph i T HOGRKAE IR [PRL 112]

I[mpact of Non-Gaussian Electron Energy Heating upon the Performance oli
la Seeded Free-Electron Laset{ 60

R 2 AR B i TR 5 R P B 3 ) 22 1 AT 404 [Phys. Plasmas 28]

bemi—analytical analysis of high-brightness microbunched beam dynamicsl

|with collective and intrabeam scattering eﬁ'ectsi 64

D2 1] e 0% B 2 O 5 W -85 B A DA™ A b 20 245 5t [PRAB 22-06]

btrong electron density modulation with a low-power THz source for gener-l

Iating THz superradiant undulator radiatioﬂ 67




PRAB 5i# SR RIGTT
H3H: 2021/1/24 ERAME TR . B

1 g ET )Rk [PRA 102]

Quantum mechanical formulation of the Busch theorem

1.1 BEAER
o 3P AR 2 R
o {E#: K. Floettmann (DESY), D. Karlovets (Tomsk State University)
oK BB

o 45%: https://link.aps.org/doi/10.1103/PhysRevA.102.043517

1.2 f§%

T 1EN M3 (canonical angular momentum) SFH, FEMRLE =2 T HRL
THRAIRLE G IR EhRE A ) (kinetic angular momentum) . ZBIHE 35
A% 35 588 AT AL R Y R RPN ATV E B (Busch theorem)o ARSCHEEN. [ g 7 )4 TF
XA PFERE, e T CImBERIR (quantized votex beam) [y, Hinh A &
WHEM SRR AR N IRZE T h & AR I T A H R G )T . I
Sb, GBI AT RIEE (charge stripping foil) R NIRZAF T, AT LU AR R HE 25 2R o
X PR ECAREBLE S A b T A AR AW E R . A SO LA B A E o —4
FRRYZRBI, FEAITIE T MIRAGL (immersed) BIR ™ 5 FALIRBEARFAI AT, HFiE
H T R T IR = AR HAh A Hb I R Y T e

.

cathode

free vortex
state

/

solenoid

K 1 AT R A


https://link.aps.org/doi/10.1103/PhysRevA.102.043517

1.3 TRk S BIHT A

o BT A VREER BRSO AL BRI B THIRLE Y Je O f s
rpo SOCHIN EREIEE © BYSCR, BEMRZ A S B R R 2R LR A VR e
HNE= iAW

o vtHk: FECIRIEAR AR FIE (chiral) SURETESSARI BT ST IRIFRI M AT, A2
T RN O IR sy B8 9 7 A e s iR e 2L I
FEAITE 1 Az ie A B AR S+ SROT R A AT AT

1.4 A5
IR FEE, R TIRLE P IR BT X R 1 s e
@
rpo = M)
Rz sh sm — B R, 1R
L= th = 1B, = 4O
L=th=2Bo(r?) = = (2)

Hrp (@) N-P-Hmiims, Al

0= { f au) = ¥

Hrp () FoRiE T, My = 4R/]q|Baoe KB EREHE Aharonov-Bohm A

frggit, R
¥ = Wexp {w% < 7{ Adl>} — Pt (4)
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2 JE I A T R S S B R SR OB ZE Bk o e g W IR S I 2 [PRAB
23-10]
Single-shot spatial-temporal electric field measurement of in-

tense terahertz pulses from coherent transition radiation

2.1 EAER
o I ARER S R
o {E#: Qili Tian (THU), Yingchao Du (THU)et al.

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
23.102802

2.2 ¥

FHTJE AR ST (coherent transition radiation, CTR) E M esFl F AR PS8 32
F B — R LR )T i A R HERER CTR & TFBAE H H 306
H - AR AR R R A R B T 2R 5K e (R SCE R, R 1
XTI HLY (electro-optic, EO) {55 2 [AIffAL /7 1Z3H T CTR Hsg I 2 M KLy 5285 .
B TIE(ES RN 42 MV /m {1 KRR 24 ik B F BRI [RIBOY o« S5 5858 0T, Ae i) Huls
B A PR, FESP IR CTR OKBRZZ K A2 A Yo BhAh, FIHIZ T A
AT DA 0 A R R A BRI RIS, AR B RED (fs) o X — Ik R T
KRZZ I [ — =S R g, Ton 1 BB A LR A BT AR/ AE .

2.3 TTHREAIHT A

o QTR H LIS CTR 171522 TP (W1 Martin-Puplett 1 Michelson
TEHAL) G SRS o B2 H A DS I8 (autocorrelation curve) T AN/
WOV, JaE WSR2 % (multi-shot) I EHATHH FEOG S AR R R#R2Z ik, (0
13IX—T71%:32 8 shot-to-shot ANFEMERIF M. AER T —F k& (single-shot)
HE S AR 5 7738 (N, AT AR B SRIS R 22 45 B CTR [ B 3 T Al — 24
R 2S EAe FTIX— 7k, LIS 24 CTR B TR SHMEOE 2 [ AH
SR, KSR LOEE] KR (fs) HE.


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.102802
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.102802

THz field at focal plane

probe laser

< EO crystal
(y-axis view)
i |
L, M

(z-axis view)

K 2: EO ==[AfRAS LR R BIERNE . y B BRI R i =k A] . IR R G
EO fiifte RAMFEEFH LRI 2Z . ertan ot EO dARITRITEOL K, H
FRE O RIS T ALK rh R T 1o AL, SRISROE A [FIERTAANE 24 3 LAAS T ) 1 ik
LA A R iR R 2 LIRS 1 RO L T e B R 2 TR AL R o



o Tk Zai T HBRARDEE A RS )T R BRI k. RANE T
SR T AR FOLE T A R A SR G G RBFIE , FHRA T T L de 45
(SRR — W) AEXERF, 1FEIERR 720758 1R ENER ) # 2
N 75 T B L

0 1 2 3 4 5
X (mm)

B 30 ALk b £E P I B AL B A FRAR 5 S IR IR A M U 2521 o (a) AOBRZE k-5 20
BOLHIE 2 (b) K2 kit STRMBOEZ [AIRY 2 ps IER .
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3 BT AR 25 UL AP RS P s R 42 [PRAB 22-01]
Terahertz-based subfemtosecond metrology of relativistic elec-

tron beams

3.1 EKFR
o S35 HREETHL 2SRk
o YE%: R. K. Li, M. C. Hoffmann (SLAC) et al. (EZELF: SLAC)
o FA S

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
22.012803

3.2 fH%

A, VSRR T MEET IR (single-cycle THz) 2 80E NI 74
RASVENE T AR R R T 75 s R PR AL e ) i e 45/ SEE 1 THz A1
P AAROE G R, 32072 B ) 28 2807 R0 [r) 25 LUK ey FEL 96 B R R 1 R LA
[ Fef S B0 B R e ) A AT B e AR KR 2 1 2k B ) 3 sl v, i i F
FAHTE ARSI B ok TR

3.3 TIRREAIHT A

o QIR A TAEET AR L 7ok (050 MeV) BT, RT3
AR A T AR 7E keV H. MV HH I 73k ph T 3 s 2t
A SEE R 1 T AR, BRI T A, 28 it
W T Moo ACSCRE B ATE AL THz 8L MeV hhEF THRI Y T
iz —. SHMETERRNR, W gsamks [ /1 UCLAR), % TrEamT
RS (parallel plate waveguide, PPWG) 472 L4550 TH b7, 205 7E
R 4959 M BRI R 2 (acceptance).

o Trmk: SEHEL MeV 12 THz Z£40ME R LAz —, NARERME THz AR
TR R AL T — R THOT &, T RV (7.4 prad/fs) FIHETT %
FER—F R Ry, B RROEhkhRE R EE I IRYE THz J7 St B s (29 20
wd)o


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.22.012803
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.22.012803

3.4 SRFEEHEER

THz pulse slit
OAP mirror

T

Y 458

fs rms

0 200 400 600 800 10000 SO 100 150
number of shots count

(@

":::; 8 g -
. =
= KT Sesossconse|
> 4 = i
= S o
7] c =
S 2 3 18p 7 213213
2
£, 6] fs rms
1 n 1 L 1 1 1 1 n 1 1
-1.0 -0.5 0.0 0.5 1.0 0 200 400 600 800 10000 50 100150
angular position, y' (mrad) number of shots count

K 50 BLIROKHR 2% S5 20 UG 8 - S O I TR BE ST B RO A R B SR 58 B8 . (a)-(c) &
N T THz SRS 00 T B HE - RN 4%, ) B ik G 28 o Uil AR R A4 FEL - ki A
MR EREEE, (a)-(c) EAMERAE . (d)-(e) Eam 1000 S H AR EIER 8], g E
NN IS, IHRFEEE N 45.8 fs (rms). (F)-(g) TR EFUT 1000 & HTHRFK K 21.3 +
1.3 fs (rms).

2% 3Rk

[1] L. Zhao, Z. Wang, C. Lu et al., Terahertz streaking of few-femtosecond relativistic
electron beams. Physical Review X, 2018.
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[2] X. L. Shen, E. C. Snively, J. Giner Navarro et al., A THz driven split-ring resonator
based ultrafast relativistic electron streak camera. AIP advances, 9(8):085209, 2019.
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4 FPEKEGREFERBOCTIBR BT R FEMTCHMR [JAP
124]
Electron emission by long and short wavelength lasers: Es-

sentials for the design of plasmonic photocathodes

4.1 FEAREFEHE
o K HR
o E#: Ebrahim Forati and Dan Sievenpiper (F#4|#J: Applied Materials Inc.)
o AL UL, BUERH

o {§¥%: https://aip.scitation.org/doi/10.1063/1.5031882

4.2 HpHE

KRS FEAECHC (LDAMDGIEL, infraved, IR) MRS, /@GR 1%
SRR AR AR MEDL T, 6 FRER IR T OEBAMAT R R £ (work function), (A1,
M7 A BB ZE R, (tunneling) @it 4454 (potential barrier) FZRMAIA Y. IR L
A RER A RN (optical resonance effect), UN45EEMOTIER (plasmonic resonance),
(S ERI B R, R RTE SO e

4.3 TIREBIHTA
o DTk —RERETAEH R TIRIT IR = AR RTRERS LN Y

1. # & 5f (thermal emission), —KFHE T > 1000 K &1 4%, = Richardson-

Laue-Dushman 57
2. kGt (field emission), I IMNNER HEIHN A #2 = Fowler-Nordheim #5
i
3. & H (photoemission), i YEHRLN = Fowler-Dubridge 57!
TR e VB SCSE B B R WA A 025 B B AR, s IR () B A Jrep
B30 Ba. (7)) 5 Jex 1630 Ba. (), 8550, fExmiprsiis i ~, wid

2l 4 2T L FR meta-surface.
SHAPAH— IR, B, MEETHE =R TR STS . IRSHETRITRIMAL NG 3.8% Afi.

12


https://aip.scitation.org/doi/10.1063/1.5031882

BOETCINNYG, JeE B IE AL T4 R . IR A 1 [H I &5 A X PR L
1 —M 35, TR GTF (general thermal field theory), 7EiZ1E X H Ref. [20] A HiF
I A

KT E=FEI, RIE RN 5 3y A58, XR8P R B w5 i (58 -
FLF Fowler-Dubridge H =545 (three-step model), H1, H-FEMBIN ZE
FH A SRR TR RER S T IR X MBI TR BASHEOE (A, UV)
A AR . B, MBS (N, IR) M5, BT IhRE, Wik, &
SRR M2 o VB BT P =D R, R T2 LA B 2L
o TR, R, 27— 183K Eq. (42)]. 57340, IXEERRERR I EOGF
I (single-photon absorption), X223 T (multi-photon absorption) f#iit,
TEWCHY Sec. VI ARG . —BBOEHELE MW /cm? FH0 T, U5 EE
T AT WOERE ST 101 W/em?, W% &2 56 IR,

o BT

L EPXE GTF HIE , X RIE SCAE Sec. T 28 1 Ay sk A1) A gl 1 COMSOL
RO RS LRSS, RRFIH GTE BRI 2T il
B WIS A E AN GTF HIgH R R

2. X SCIIE TR AT 5 AMINLLANEOE RIS B0, BIF T A8 BN 38 18T A 37 4 5
(field enhancement) ZR o 2020 670, R TETAARE IR EE AL Y it oy
L (quality factor, Q) Hft. f£ IR FULRSFEBUCIERIGH &, SHEAGSE
J& (noble metal) A1FHAYSE I 3 1] LLAF] 10-100 £, nf A HIAGH-F H
T H %

4.4 HE
YERARR AR IL S -

L SRS, HE 70 (quantum efficiency, QE) /v, K2y < 0.1 %, {HALM
HL ORI AR, J& G pulse shaping. {HJZ, XA TASTTZ UV il
JEBUA, XS PASAIHOEH 2 EARPAHIHOE (W1, 1064 nm {) Nd:YAG $}
o) GIFARLNERARTE], FARRER R B A . — BRI 2] 1077 Torr,

2. AP FAOEBIMAT R, HA TG (quantum efficiency, QE) &, ALEA[F] 1, (HIF
PEtE . HONISH . BORBS IS (JL+A ps), ZOREERYEZS.

13
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5 FIHBEEEXT KRB AR B B [PRAB 24-01]
Single-shot measurement of transverse second moments using

the projection method

5.1 FAER
o 33 R

o {E#: Gwanghui Ha, John G. Power, Eric E. Wisniewski, Wanming Liu, and Manoel
Conde (FE 4 #): Argonne National Laboratory, ANL)

o SRR HEm. Sk

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.012802

5.2 %

KRR T — TR #5215 (projection method), il 5 A4 [ AH 23 R] 40 A1
(transverse phase space, TPS) S5#& A —[i4H (beam transverse second moments) [{J 75
Ko W ENGL AR, KB G AT RS (ol 450 RAIEHE (skew
quadrupole). — VIR (normal quadrupole)s Z&5EHE, WK E. MR L SR RL
RS OB A28 M (2, 2) FESERBRALIRST AL (o, 9. BT IRER RS
Argonne Wakefield Accelerator (AWA) 35 FSLIG Hrlx] b AS 2 1925 R —E

5.3 TTHREAIHT A

o TUMK: H R0 R AR R T 2N B, G GBI REE (beam
spot size), JEHERGT (optical transition radiation, OTR) M A # A H A (beam
divergence) . H&[AAHAS (A AL, H AT 5 8RBT LAG AP

1. §HFUH (pepper pot or multi-slit mask) = H& , MISFHIE B RA], 55
VMR T A R A SRR R LA, TERE BT (beam halo) 43
Ao WIHE (EHE).
%1 flat beam (e, > ¢,), IREERNFE,

PR MIIEA 255K (20, 20, Yo, y6) s TEMZEIRIIATH (25,27, ys,y7) o WRHIWRGA zo 5 yr KRR,
RPN EELS 20 55 20, ASEBEM vp 5 oo KPGER. 77 HiEIIZIESC Sec. TLA,

14
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YAG B
Scanning Vertical Slit for slit-scan method
YAG A
QUAD B
QUAD A
Accelerating cavity
Electron G
eetron 2 \ NORMAL QUAD
SKEW QUAD (NQ)
Horizontal Slit (SQ)
section +YAGB)
Projectt it + SQ NQ

(Hm'izon

pLECT

FIG. 2. Beam line configuration at the AWA facility used to demonstrate the projection-based diagnostic. The electron beam injector
(electron gun to quad B) generates a variety of different beam conditions for the demonstration. The beam line for this diagnostic
consists of a horizontal slit, skew and normal quads, and YAG B. The vertical slit and YAG A are not part of the projection method beam
line but were added to benchmark the new method with the slit-scan method.

4 4| 4 4
_2 =2 -2 _2 il
=) =) | g I =) |
£ | £ Dl g [ & m
EOf gor i EO il EO I
= = = = |

21 2 1 5 2t H|

(a) (b) (©) (d)
4 4 -4 - 4
-12 -6 0 6 12 -12 -6 0 6 12 -12 -6 0 6 12 -12 -6 0 6 12
X (mm) X (mm) X (mm) X (mm)

4 4 4 4
2t 1 .2 1 2 20
B ) kS B ]
0/_ S0 e | Eo o £ 0f
= = = ]

2t 1 2 1 ) 2t

(e) ® (g (h)
-4 -4 -4 4!
-12 6 0 6 12 -12 -6 0 6 12 -12 6 0 6 12 12 -6 0 6 12
X (mm) X (mm) X (mm) X (mm)

FIG. 5. Comparison of projection-based and slit-scan diagnostics. The top and bottom rows show experimentally measured TPSs
using the slit-scan and projection methods, respectively. Slit scan measured the second moments of the horizontally sliced beam, and the
projection beam line projects this sliced beam for the measurement. From left to right, the columns correspond to quad A gradient
settings of 0.28, 0.36, 0.50, and 0.61 T/m. The quad B gradient is —0.41 T/m.
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2. JZ#r (tomographic) iR = £k, REFEI5E A RAIHZE R AT, H
g, HARGEIZAPMZR, AU R, 0 L& (HHE).

Ve SCRI AR . BUAUR . fE L — s Pag (slit), RZEAE 10%(—
FrEEie) 2 50% (ST REMIE) Ziti. (HiRFEANRFIRE, REBEIE. BREIERNA]
ABENHEAR (magnetized beam), R, o 5y FFRAGERG . XMTRALA, 5
BORBIORTS . B ReaIB A PO 4E A 2= A5 R

o G M, FIHMES —AHVUMEE (skew quad 5 normal quad), FEZJY,
— /I R A 1) R 23 TR AR 2 T R 2
54 Hp
XV G BN BT =TI AL N, 8
1. 2 ERIEHAG : B A5 i o

2. BRI KEdE, a2 R AWA 25 R, WI2EHER B ToeHt
31 (laser profile jitter) i ] AEIRZETE

3. GNIRI DA ORI A 5 BE SN - b9 (L B e 45 6 e e e — A ko
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PRAB 5i# SR 2R
H i 2021/2/16

6.1

6.2

BRI RD S PR A A [ S S D - SR Al & [PRAB
24-02]

Single shot, nondestructive monitor for longitudinal subpi-
cosecond bunch profile measurements with femtosecond res-

olution

2 YN EPS)
I R PR AR

{E2: 1. V. Konoplev, G. Doucas, H. Harrison, A. J. Lancaster, and H. Zhang (&
MY : John Adams Institute (JAT), ZE[H)

S BE AL

4% https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
24.022801

S
TRy IESE . B EUEIR X S H RO SRR E AT, A

TR RGN A A B o SR, ZEAARBRIAE 7 ORI B AP AR 5k #b o 9%
RIBCRIA AT F B2 U IR E 2 P BARE DU, A 17 B AR g e AR
BORIATRS AT REZ HI(H BIFIA R LU Hx:

1.

2.

3.

R AR (single-shot)
AEBEIRTE (non-destructive)
FER AL (non-invasive)

RS EEE S (high repetition rate) 5433
. 1% (small footprint)
. ERES (cost efficiency)

- GRS (reliability)

17
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TR VB SR HH IR B A BN 7 2 0 B~ ARRBEIR R ARR A KD R 1
Ji%, FIHAREF T Smith-Purcell $85f (coherent Smith-Purcell radiation, ¢SPr).
SRS T =R EIHE G, SR E F SR (bunch spectrum) o JAH] T
— BT SEHE (D, blank target), FIRZAFRE T SERATH4E cSPr 4. i
BUEERY S S 2L (frequency sampling points) RIPAEMNIES (optical channels) BYEEL, K5
N FEL Sk A I R A T R R s e o e R 1 2 A AT 5 T S R A ) T
HERRNZE LT oSPr HIARALREIE

6.3 TEEREAIHT A

o DTBR: KEDERR I FRUR AR B T AR T AT 2 B (ultrafast electron diffrac-
tion, UED) FEXEES, (EHFE ARG INESS E M s A a, FoRRE K
I R A S M AR e s s = AR A B R A1 22 o — PR SR G 7 o0 A KEEE T
AN PURR 7%

L ZREUHML (streak camera), 733 AAMERT LASI 200 fs

2. HDBRFE (electro-optical sampling), ¥R AMERT LLE] 60 fs
3. MTHRGT I % 53 M

4. ARG (gas-jet technique)

XRIEETE =ML BT cPRr, KM TS0 6807 558 5T
VEHER ST [F2E4E 5T Cherenkov 38515 H HH 7HOE (free electron laser, FEL)
%, SAE.

FIFH cSPr AE NI PP AR BRI T 22, B B O An e 4 o 0 2 A 4000 5 8 i
B . B RIS TTER T RESR H fL72 (aperture) F=2ERUATH RS M=z 28, H
AT BERR i AE L T A B B g A& B B 95 o X R T SCIE A A LA IR AR Y
s A FIBUE. AT (HkR B = hes) S hisE .

AN, IXEILIOREIR TS THRIH cSPr YRR KF 2 HF A Rl 7 22 N L,
W TR BT B A 1) RS S ) & 5 R AT RERE AR a6 3, BRI, W AE LSS
S 3 1 3 4 R (B RIIT T (beam position monitor, BPM, s
T A SRR AR EHRIICH (charge monitor, CM)s ATHARSHHRIIZE
(coherent diffraction radiation monitor, CDr) 2, HAb, WA IS T B s
HL RGN 0 A B, AHAZEEH (phase reconstruction) B[R], 75 phase-constrained

iterative algorithm #f Kramers-Kronig %,

SRS A B 33 MRIIRS . BRI IS EAIN A E L 25%.
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FIG. 2. The results of the numerical studies of the ¢cSPr using 3D PIC code MAGIC showing: (a) the amplitude of the waveforms of the
signals (E, field component) generated by one-dimensional grating of 0.6 mm period (solid line) and smooth metal plate (dashed line) of
the same geometry (blank target). The inset shows the grating and the contour plot of E, field component at r = 27 ps; (b)—(d) the
contour plots of the electric field components (E. . ;) showing the radiating field of cSPr génemted by the 0.6 mm grating at t = 50 ps.
The contour plots (b), (d) and (e) are observed for the (x, v) cross section at z = 7 mm (middle of the grating). The formation of the side
lobes (field variation along y coordinate) is shown in parts (b) and (d). Part (c) shows the contour plot in the (v, z) plane, i.e., view from

the top. The dashed line on (c) shows the borders of the target.

K 6: 713, smooth target R W SGHAIIGIL, F4

BIPRS00 ARATEHRAT A . FF A U e

b =
H =

ot TRimNEEASH NS
[F2924 50 fso cSPr {3 5T

MRACAAE t =40 ~ 65 fs /ifyo MR LUAH SPr HYFRIFITE-SHR UK (chirp).
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FIG. 3. The cSPr spectrum (a) and reconstructed bunch profile
(b) observed using the average bunch profile cSPr monitor. The
inset to (a) is the photograph of the four-target carousel used in
the average bunch profile ¢SPr monitor with the red arrow
showing the direction of electron beam propagation. In (a) the
dots represent signal intensities at different sampling frequencies
measured using the 1.5 mm grating (triangular marks), 0.25 mm
grating (thombus marks) and 0.05 mm grating (square marks). In
(b) the profile shown by the dashed line was reconstructed by
truncating all the data below 0.5 THz and substituting them with a
Gaussian extrapolation while the profile shown by the solid line
was obtained by using the full set of data.

(2)\

(1)

Fixed
Grating

Gr:

—|V

ating 2

Electron Beam

Detection

Detection
system |

o Incoming
140 Radiation™ |

Detection
Channel

B 7 A PTLCEE], R =N E RO R EE . AR oSPr AR 4

(SN

20



BRI SCRMBIAGIT , HETAERSM 23 GeV 5 8 MeV, REAEMAEME) 3
MoV JHHE . (B — SRS

6.4 HE

FEL 7 oAU AR R SIS AL SR TR 2R Y eSPr B ERALA r] R EEiA I~ . B,
BB F AR AR S AR TR R 1 PR 2, AR BOT (plasmon). — HLETH
ARSI (dn, FRIBIIMIRE 2540) . DU ey e BIGR TaT R Y A sl = Az i ik
RN Y (1) B RS AR e gEE i, RyEEE R, A LA
ML REE TR R

A(0) d= (i — cos 6)

o \p
1, 1/8, B i T TSR eAs s i B A N () 2 Bk -
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PRAB 5i# SR H: RIGT
HHH: 2021/3/6 BB B

7 HA RS PRRA L AR BERD R A 1 e R
Single shot, nondestructive monitor for longitudinal subpi-
cosecond bunch profile measurements with femtosecond res-

olution

7.1 EAER
o I ARER S R

o YE#: 1. V. Konoplev (Univerisity of Oxford), G. Doucas (University of Oxford) et

al.
« I

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.022801

7.2 fHE

fEREDINEA BEETOLIR. X G2 SASE B i 70BN THz fa IR e s,
Xefaty R AT (B IE)) A AR OR B AR . 281, XS TRA KW (fs) o
PR R R AR AT, SRR A BT AT IR L5 282 — ke AL
B 7 RN R A5 B e i . AT Smith-Purcell $84] (cSPr) HOGIEMr, W]
DAARBEIR S — R LA KR o e S i FEUL 1 oR ATRE B B BT IR =4
AN AR, SRR A B — 2B . BRSNS THOLEE R
o MAEFAT Smith-Purcell 485 R IREFIES 15 SARST BRI AR SRS Y
oo ASCGETEAN 28 1% 07 ZTHESRHERARE , 118 T R R AR R0 Ay )
A, FAERJR L T M LA J5 T RERY &SR T T o

7.3 TURRERAIHT N

o BUHTRASGR HAE AT Smith-Purcell f 5 BEATIA A AR AR FEN L, AT Smith-
Purcell 885 B n] DASEBRAERIA RN, HAE A RO A SEoRm il 2 =/ [ 40
SEM BT (W), 1207 R LASEEL AR OR M L B TR
A (s TSRy AR R REATEE) RIS
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o THk: ASCENTE 7K oSPr PR AR I MR, R B R T
RIFT5 oSPr HUSREEAH S, DRHVEERR A AR A I R e 3 Sl o 2R RN 5 5 PR
HEE S ERE. NIAVEE MDA TR SPr RIBACHRE XS SPr RIS 5
BT ITERN AT, At T =T REATESRESES, 9
T ARAE SN MEEIETHE 7T oSPr SR PRI R SE4 A — 2L S FR% &,
I EOIZ R G PE R s B s (BPMs) ATHfr e S o

7.4 cSPr KilER At

(b)

o Incoming
140 Radiation™ |

Fixed
Grating

110

'I Concentrator!
70°

7/
@5@00
%
Detection
Channel

Detector

2
(b)

A 8: (a) 3 SEMIELAY 3D #LIET, FLFIRAVPLE I EZL (1) FoR, B (2) SO TR
YO BRI BIAT . BB (3) KHE 5 M BAREE M 2 IR Bcds (4), HEATEERER (5)
H, AT (6) Wl AT IERRA TR ZRHUE, (55 mdlld: (7) AR (8) 4UmAHaN R
GEllte. (b) cSPr Midlar Ay IR, T F{F 50 SPr (55 1l fm e o o
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PRAB 5i# SR 2R
H i 2021/2/15

8 T FI A% 24 R O IR FB 40 AH TR S B W% #% [PRAB 24-01]
Propagation of partially coherent radiation using Wigner func-
tions

8.1 EA{FE

o 4335 HRRAHMERITE. X G40ty

o {E¥: Boaz Nash, Nicholas Goldring, Jonathan Edelen, Stephen Webb, and Rafael
Celestre (FE M) : RadiaSoft, FE[H)

o AL FIL

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

24.010702
8.2 fhHE
HL 7 T e 2B O[] 25 R O IR B A FR AT HR s A 22 — Bt BOA BE IR 2

AR IXEEI MRS O6 T oR) AT LGB A 23 R0 R FH RS AN eR AR A L fE 4t
FEAT DA FH 57 b P AR R R O B I iR . IR SR TR ST e et oo
PEEEREETTIEIY 1 1 B sl iad B, 2 BT i 484 54587 (convolution)
Fo TS Ot+R) Fi& 7 AL SN (Gaussian radiation, GR) 5
Vw1 (undulator radiation, UR), Hr, Fi& AT AL, FENHESHE SRW
(Synchrotron Radiation Workshop) ${E iR skl 15crsie S0a R Biks ah i
FANIRTE M8 TR 7 AR 2 — el e &— iR ITE, 7RE A T2 TR
778

8.3 THRREAIHT A
o BTG IXRIR SO A I BRSO R A A T A TR AT RO SRR, U
P, 3T By BB BB 2R R AR B A i (EUR X B 4 s B R IR AR AR
B, DS I REE BN DX e 18 SCALER Y B M TR S A I Gt L, TR
By, Hrp, ¢ R J A PkGE (aperture B slit) Hrp, BREE AT LRI AL

TWZIE I Fig. 8.
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FIG. 3. Single slit aperture (a) transmission function and (b) corresponding Wigner filter function.
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1 < -
e < )
1 1
rect(r) = § = = -

\O, ‘ZII| > 5

X BRI L E R S I 2T AR BAR 90 eR 70 A (Wigner function distribu-
tion, WED) [UfiEtfrfi#, WiZie 3 Appeddix D 5 E.

ok XTHEAEH RIS S (GR), /B4R T A Amid A2 a9 WED fgtr i,
I REATARRO R REER D) AR BUR AN R RO LEAR R, Iie S Fig. 4 &
5o TER, HBTEIREIEME =,y FIEHN ARG e Eq. (4)], @HT
L.

Hy

BTN SO R R, TR R FIk:

Eq. (21) A, R Wi(Z) = Wi (M~12). &[] Eq. (22), SCHHEI U
VFRABIEN Uy-10

Section I1.C KJEH] WDF 5 ¥ & Wigner distribution function, v/ WFD, HJI
Wigner function distribution, Section IIT J}15%{#H WFD,

Eq. (38) 5 (39) [H]AY Appendix D /-4 Appendix E,
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« Section IV.A FRED Fig. 9 A EF-51E3CH) Fig. 9 A%

o Eq. (A7) NH—1T f and i represent initial and final, /4 i and f represent initial

and final.

UG ELAE . X T LA 5 AP ORI R SRR 0 M LRSHISG
i

I. V. Bazarov, Synchrotron radiation representation in phase space, Phys. Rev.
ST Accel. Beams 15, 050703 (2012), https://journals.aps.org/prab/pdf/10.
1103/PhysRevSTAB.15.050703

o C. Ferrero, D.-M. Smilgies, C. Riekel, G. Gatta, and P. Daly, Extending the
possibilities in phase space analysis of synchrotron radiation x-ray optics, Appl.
Opt. 47, E116 (2008), https://www.osapublishing.org/ao/abstract.cfm?uri=
ao—-47-22-e116

o T. Tanaka, Numerical methods for characterization of synchrotron radiation based
on the Wigner function method, Phys. Rev. ST Accel. Beams 17, 060702 (2014),
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.17.060702

e I. A. Vartanyants and A. Singer, Coherence properties of hard x-ray synchrotron
sources and x-ray free-electron lasers, New J. Phys. 12, 035004 (2010), https:
//iopscience.iop.org/article/10.1088/1367-2630/12/3/035004/meta
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PRAB 5i# SR 2R
H i 2021/2/14

0 KBNS IR [PRAB 24-01]

THz-driven split ring resonator undulator

9.1 HEAEFR
o 7 KL X B0

e YE#: D. Rohrbach, Z. Ollmann, M. Hayati, C. B. Schroeder, W. P. Leemans, and
T. Feurer (F#AHF4: University of Bern, fH&[H)

o BAL: HUEMA

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeanms.
24.010703

9.2 HH

X 18 SCHE H K 25 3 5 70 2R IR 454 (THz-driven split ring resonator,
SRR) VA% R (29 mm ZE20) WGP ATYERTSE. FIH R BSR4 T
F AL X A Ja P AR AT R . BUEREUZE W], XFT 100 MeV 5 pC 1Y HF K,
2oy 100 mm KAYEH 1 mm SRR B ds, AILUESS 83 eV HGT-, IE{ESEE (peak
brightness) 24>k 10° photons/(sec-mrad*mm? 0.1% BW),

9.3 TERRERBIHT A

o O A HE I KR 2L SR 8l 20 ZLIRTE IR G5 A Ry S R e Ve ) 8, 45 RN
E, Hrb, 7F gap KRG s8N v] DIAE A P35 3% . 2500 undulator /wiggler
3 -

o TUHR: IXRIESCEER AR HEEY M COMSOL [THz SRR undulator [ HL#%
] 5 CST [THz SRR — N EIHRY 5] B4 1 oot SR sh SRtk p LA
KEEYIEL L, P8 T T HEE (100 MeV) HEge (1 GeV) HHFRZ T THz SRR
undulator F=A [N (FEMHT) FEGHEATERE . BRitbz o, 1eSCHEHE — DR, 43
#r T THz #Uk SRR SR (field enhancement), {HSfE%.

TIRETIE SO G AL M4 SRR A AU S B A0 TR A o 25 5
BT SAT: A BRI (dielectric grating) [Ref. [16]). MOEKsH REH %28 [Ref. [17]).
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FIG. 1. Schematic of the THz-driven undulator: The electric
field of the TDP (shown by red arrows) is enhanced inside the gap
of the C-shaped SRRs. An electron bunch (green) propagating in
positive z-direction, as indicated by the green dashed curve, is
periodically deflected in =+y-direction and as a result emits
linearly polarized radiation.
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FIG. 2. (a) Simulated y-component of the electric field at the middle of the SRR gap as a function of the longitudinal position. The
field is normalized to the electric field strength of the TDP and the time is fixed for the maximum field strength. The SRR thickness s is
300 pm and distance d is 555 um. The black dashed curve corresponds to the assumption used in the analytic model Eq. (5). The inset
shows the y-component of the electric field in a xy-slice at the longitudinal position of the gap middle. (b) Fourier spectrum of the
longitudinally varying electric field together with the Fourier components from the analytic model Eq. (6). (c) Simulated time-dependent
field inside the SRR gap exited by a specific TDP. (d) Spectrum of the TDP and the frequency dependent enhancement factor. The solid
curve corresponds to a fit based on Eq. (2).
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s Grar [Ref. [18]]. R TRM Gar [Refs. [19-21]]. RIEFEHOITH Zdw [Refs.
22-24]] %5,

R TR SCH AT M 0 7% J& R e R DR B - S a9 8l 4127, BITE TR incoherent
radiation, LR HINAE HRAATICHIZ
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PRAB 5i# SR H: RIGT
HIH: 2021/2/21 BB B

10 K25 EN 3 R Gy [PRAB 24-01]
THz-driven split ring resonator undulator
10.1  FHAfFE
o 3 [FEEESTS B ETROE
« YE#%: D. Rohrbach, Z. Ollmann et al. (EZHLKI: University of Bern, f#[H)
o FR: FEAGEU

o . https://doi.org/10.1103/PhysRevAccelBeams.24.010703

10.2 g

ARSCHRHS T — R T KR 259K sl 0 SRR g T FERE A 1 5 R T e . IT3EST
T AT I s B S S PE RES BORAR BTG BB AR o Gl BB AL, VRIS
[FIA U A B 70 BLERBEA T T IR LB, FFJoR 17 100 MeV, 5 pC LR, did
100 mm AP Zar (RSN 1 mm) B, w750 83 eV By Gk, ME(EEZ)
A 10" photons/(s mrad® mm? 0.1%).

10.3  Ek Al HT A

o QPFTRL ARSCEIRIEH T A THz 3K3)50 2N BRI 1 4w 4% L B AR AL Sk
Vran P B AT S . VEE BT O 2RI RIS T % a K E#E
B, TR 2R AR FEHE 5 7 2 S0 R DU 25 8 REHL N AT 58 o
VEF B R 73 ) B BRI m A BE . I LA BT B a) R B A4
i (solid angle) " IZE 7 4E S 0 o

o ks PEANIIE T IR e B R AT N BRI LT T A T T e AT R RE
VR AHES B REAT SR BT LIE 80 TH 00 BRI IR e OB HRE o AL, A SCHL R
T BB R Bl pEEA RIS, XS TR SRR, AR
THE 1 2B G Al RE £ R R A0 — L5 s bz FH PR o

10.4 HRIRFISEBHEEFR
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11 FMHRHBEOC RIS E R 7R [PRAB 24-01]

Characterizing ultralow emittance electron beams using struc-
tured light fields

1.1 EAAFE
o K RINTEIBIT A

o /% : Andreas Seidel, Jens Osterhoff, and Matt Zepf (3= #4424 : Friedrich-Schiller-
Universitat, {i[H)

o RAL: HUEMY

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.012803

11.2 #HE

EAESR, —eTT R AT & 5T i T oRB a9y e T B R B e R R
TSN — A H A RO SE R IR, BT LR WA SR 7 A& 5 T 4%
., SARURTE (pepperpot measurement) B FI) A PUAR 2k Bl MR 2R 119 £ S A (focus
scanning) , KHEH GEIAE]H— LS 0.1 mm-mrad FY53HE5 e IR0 3CH H—Fr iy
WK S ER T %, ETMIERCE T 800-nm HOEH (interfering laser beams),
TR LUOE g Zs k), HARK A S8 ponderomotive force Ft HL— 5 A [ FH 2% A1)
PR, ANTTRERE KT SR E (beam waist) 54§ I TH A (single-shot) 5, JfH.4>
PERBES AR H— LS 0.01 2 0.1 mm-mrad 75

11.3  STHREkBIHT A

o QUBA I A SO B T AR S S e A SR SRR A
HI BT 3RM] (beamlet), FIFIMFRIABAFHIEE (0. (25),(2)) 5 0,00, H
i1, j 2 beamlet index), S SR A AN K EE . IXAIESCOUBHLRI I PHEROL
T, OISR, TR Gty — 2 i, E /R R I o B Bl
FR/NAS—11 divergence kick Az’ 5% Ap,, L0t FIHHEHIBIT (Ri2), 5 5 ik H

SiX AR REA B AR A B SR A B i A 55 e LUA— b RS ESRUE &, XF 10 M7 AL HHE TR,

HRTRER 7L 0.002 mm-mrad FY&SE: XF 2 pC TR, HAETEEN L 0.1 mm-mrad (& HE: #F 1 nC
HFoR, HATREAS ™ 4E 0.89 mm-mrad (& 4]
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'/ x FIG. 2. Intensity pattern oi\ e interference of the colliding laser

X [um]

&9

Z
:

N~

d

FIG. 1. (a) Schematic of the measurement setup showing two laser beams crossing under an angle 2 - (90 — ) to form an interference
pattern in the interaction region (Fig. 2). After the laser-electron interaction the imparted momentum modulation evolves into a
transverse density modulation that can be observed on a downstream beam monitor screen and allows the e-beam waist size to be
determined. Inclusion of a magnet behind interaction allows the emittance of monochromatic beam slices to be measured even for beams
with a large projected energy spread. (b) Schematic of the beam momentum distribution at the waist, the interaction point and after free
space propagation (from left to right). (¢) Transverse electron phase space before (solid) and after laser-electron interaction (dashed). The
red line indicates the intensity profile of the two interfering laser beams at the corresponding transverse position x at the interaction
point. The ponderomotive force shifts the transverse momentum of the electrons. For an optimum laser intensity the momentum transfer
is matched to the gradient of the phase space and shifts particles from regions of high laser intensity to regions of low intensity
highlighted by the dashed ellipses.

11.4 HE

W3 Introduction REALHRE]— R HISIRY, RVMTESS S T IR0, ke
W%ﬁﬁﬁﬁﬁ%ﬁ%,%SMMMHMMMOﬁ%ﬂU§%Rd@H@W4&

X SOATE A L Hlgs 51, (UEEUER S W e R R . Hdr, %%
{ERALEFH EPOCH 25 (2%i%8 30 Ref. [18]), 4 Python particle-in-cell (PIC)
T2, Al LAfEhttps://github.com/Michael-Gong/visualization-script-for-LPIjf
5o FEMTFEHFE— BTt ER 1], MREEA M BRI, SRR AR HIXE
TESCHE BRI Ty 226

® BT 22 FROGIREE LU GeV MIE 75K . AnENOGRER SRS, Th ., R IR Iy % LA
WEAEME D, KO =S TR R ir) FE 2R, 43 )5 e A B S 4 SE R SR A 1 & B o b, il e A A
AT 98 EESD (pointing jitter) [AIfH.
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[1] A.W. Chao, K.H. Mess, M. Tigner, and F. Zimmermann, Handbook of Accelerator
Physics and Engineering, 2nd ed., World Scientific (2013)
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12 QOGP A RIS [PRAB 24-02]
Simulation study of first and second harmonic photocathode

bimodal gun

12.1  EAAFE
« 2 HTIR

o {E# :Lin Wang, Yong Jiang, Wencheng Fang, Zhentang Zhao, Sergey V. Shchelkunov,
and Jay L. Hirshfield (2444 : il FHYIEEO S, BRERF)

o RAL: HUEMY

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.020401

12.2 {5

XS RS Y AR AT (ultrafast electron diffraction, UED) 5
T 2 (ultrafast electron microscopy, UEM) 2 & Hxt i) (B B sh R ER , AR XTiX
ST N IR S RN e — A FTRERG 72 R RS (bimodal A5 Bk s
HLF e IXASIESCR TS S-band JEAE (2856 MHz) 5 C-band X% (5712 MHz) HiL 746
W9t 5i%1F, B4 directional coupler 55 mode launcher %11, XLt EA B
HIZEIEZE S ARBIT T4 (crosstalk), J5 28 S 2 REAE . XU BRAR G FL 7
2 RE %t L SR st ioa s (%, WA/ i T AR [ 77 S50
AT 2,

12.3  STHREBIHT A

o TTHR: M TSERATHNE KA SRS B0 20 TAE, 1XR 18 SO A AR DG
PR FEFAE R AT A7, BRIGZEAR (Sec. II), B34 1.6-cell RF FEAYEEIARE T
SRR S AT,

VOBLA SR A

W pb 3l = AR Z5ilt, A thermal emittance. space charge emittance 5 RF emittance.

"?RF amplitude jitter A] LAEiEAE FIiFALAYI% B double-bend achromat (DBA) 4[4, {H RF phase jitter {377
TE. AU T RF WP MR By s Raf B 1, BRI NX S50
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o GUFA: xS VEDM S URMMR I, 40748 Sec. IV.A 5 Sec. IV.B 4
T BB E AR AR B AR IX P R E B P I RO sl T2 6 8. N IR A E X UEM
I AL, Horr, B S-band AL 230°. 1E{EYH 120 MV /m, k4% C-band
Iz 10°. IE{EL7 50 MV /m. 06 UED B[R D250 K K5’ fT

4 1.5
——Single mode
3 = Bimodal mode
s T 1
]
= E-
£ E
w 1 =05
—Single mode
— Bimodal mode
0 0
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 04
z[m] z[m]
(a) (b)
0.15 0.02 -
—Single mode ——Single mode
E ——Bimodal mode 0.015 —— Bimodal mode
hy 0.1 c
© u
£ o 0.01
= 005 “°
K 0.005
0 0 .
0 0.1 0.2 0.3 0.4 0 01 0.2 0.3 0.4
z[m] z [m]
(©) (d)

FIG. 6. Emittance compensation solenoid and beam dynamic
performance along the z axis. (a) Energy gain evolution (b) Bunch

size evolution (¢) Transverse emittance evolution (d) RMS
Energy spread evolution.

RS W TFEE, BEOERIN G - HERIREEIn T I8, Hrfr, B8 S-band
AL 2000 EfEY 120 MV /m, k45 C-band FHA72 50°. WE{HY 40 MV /m.,
R dt/dgwe BEET 0, FoR T ANRIMAL 2 RATHE R ZE 800N, RIZERG S R)

Y.

13@]1@%%[@3@& @ =200 fC, o0, = 0.04 mm, o¢ rwam = 100 fs.
W2 EEN Q = 6 pC, oL = 20 pm, o pwam = 10 ps.
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FIG.7. Slope of flight time as function of injection phases at the
gun exit. (a) The slope of ight time as function of fundamental
mode injection phase dt/d¢ . Agh], = 0 represents the phase of
maximum energy gain. (b) The slope of ight time as function of
harmonic mode injection phase di/degsy. A5, =0 represents
the phase of maximum energy gain.
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13 T Pl G s i B e e s [PRL 112]
Experimental Demonstration of a Tunable Microwave Un-

dulator

13.1 EAR{FR
o 43 [FPRRSTS B i O
o YE¥: Sami Tantawi, Muhammad Shumail, Jeffery Neilson, Gordon Bowden, Chao
Chang, Erik Hemsing, and Michael Dunning (F#4[f): SLAC)
o BRI FUERHL. S

o HE¥E:https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.164802

13.2 fHE

T G E U W Gt KT AR XSS — AR AR ey FR AR A T 5O 1A 3 S AT 3
(T 1 mm) SEESEACAIPOE SIS (ARSI RN o Rl e A i g, il 1k
TR ) o N T S ROXHE PR, X 1R St — RGBT B 4G R 3loie i s (microwave
undulator, MU), At B 52— M#mAREHGT (Thomson scattering) 355, HEAS =4
B A RS ER A TR o X E B SRR IAZ) ) 13.9 mm, X B SE RO 1R T A
0.65 T, AILMEAN T —RUGRIH. 2%, IRAERIRmILE BA TR
JEIE

13.3  BIEREAIHT A

i KRR G S B s AR AR B R TR ST i 2l A

1. 1983, T. Shintake( H A KEK), FRTHEFLIAAR/N, S-band 0/, B % a0
Vg (R R T SR, SRR 0.45 kG

2. 2005, Reutova S A (HUERIED) . FIFREIIES. 74 TEy #. FIFT 300 ke
ST, R Ga KIEMCR 20 con, [HEETR IR a5 s S 1k .

o TURR: YR (MU) BRSNS A B IS N E MU 5
W K AE (XFR FEL parameter af, K parameter) 7] LB FE MU HI B3R a 58

15 AR 1 i PRI 7 e UG (7 5 B T T FEL - SOE I G U
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odd-symmetry

1.09m =41.51 =37 1, =78 1,

path of electron beam

R aannanannannnnnnnmmmm

¢ B(mode maiching simulation)

E (bead pull measurement) E (mode matching simulation)

Amplitude (arb .units)
o
[}
T

20 40 60 80 100 120
Distance along undulator axis (cm)

FIG. 1 (color). Design of the undulator with simulated and measured field profiles. (a) Cut-away view of the undulator cavity. (b) Field

distribution near a coupling port (simulation with HFSS®, a commercial electromagnetic solver by Ansoft). (c) Implementation of two
orthogonal coupling ports. (d) Measured and simulated profiles of the on-axis fields. The inset shows the density plot of the magnitude

of the electric field.

ATRAERE], A UEHR) = 65K, A, aTLAEER], ROE MU Hiy iz BE
[ e S (=R i 6 2 G SR el SR SR SWANEN R N 15 NNk 3 €7 2 R D R4S
RORIE SO B0 TR OL: 1) i KOE, SO i@ it ing . s /2

— | —o0.7
40 —incident
flected 06
---retlecte -
) 30 — u' " " —
= AR 0.5
= P — 0.4
5 20 i | X
= . — 0.3
&
o~ [ ‘II “\ — 0.2
e i — 01
L e e d [ - > 4 .
1 2 ty 3 4
time (us)

FIG. S1. Profiles of RF pulses, incident to and reflected from the undulator, and that of K calculated from

these measurements.

K 2) FIHFFAHT58 5] (seeded coherent harmonic generation, SCHG), 1 A4
PR, st i R s A AR I A R 5 PR R A AT S VA R AR S
Y o
o OUFTRL: BET4ISAE SLAC X T X-band RF REEHVEERE, REMEHEME 0.5 GW H.
BACHF R KBS o X SCRY T RET B (YM0A)) MR [RDE S, R4EAE
O REFIF 2.4-pm (UBOCTE TN o RIS SRR 2 FPEE R 7RI 800 nm ) Tisapphire FOGIEAFIT-.
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= 420 3
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* 660 70.3 MeV <
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FIG. 3 (color). Demonstration of tunable undulator operation.
(a) Spectra for various K. (b) Fundamental wavelength of on-axis
radiation vs K for two beam energies. Each point with an error bar
indicates a mean and standard deviation obtained from 10 to 100
data snapshots. The solid lines are plots obtained from Eq. (4)
where n = 1 and & = 0.

Off-axis angle # (mrad)

0 1 2 3 4
T T I T
14" with seeding
8 L qgh withoutseeding
z
5
£°0
s
=
Zar
Q
£
ol
I L
140 160 180 200 220 240 260 280

Arag (NM)

FIG. 4 (color). SCHG. The spectra with and without seeding
are shown as red and blue plots, respectively. The location of
various harmonics of 2.4-ym bunching are indicated with
arrows (beam energy = 120 MeV, Kqy = 2.76, Agy = 5.5 cm,
Kyu =049, Ay = 1.39 cm).

HE; #5 e TEn A, XTFARREN K 5 A, HE; SCEERE RV HIRI BN
s BORHI R RIAEL AE MU SRS/ N

13.4 H7p

RIS MU 8, HeRZ) 1.2 m, RAA 2 4 FEL i (for 70
MeV, K = 0.6, LA—ZERRLAEE), AIGIEA 2 LIRS0 R (lasing).
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14 HNiEZ [PRAB 24-01]

Intrabunch motion

14.1 FARfE R
o A RMATREN
« {E#: E. Metral (FZ41#: CERN, i)
o B EEAGU

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.014401

14.2 HHE

HIBH T R IR AR T (BEAA) PR A FEE Ml ] LA AL Viasov JrE
I, R SERI R T MG . IR IE AR ST (eigen-system) , AL TRIRAEHAF
MEAE SRR, HRAL(E— O AR R LAY PR A B B AL, SRR AR IR
TS TR HERIEI WA MR R RO CR (BO0%, MRS
MAEe HERSNEZIN AR )o — MAERFURLHARES, ARIRG AR BN H
AR R, AR RGN, B SRR, SR i BAa et (A,
i) i, SO EA tune spread B, ATEONEIR, FFH S EAK S EHEAN E EOR
TR AR G o

— P RERAE R BIATE I EZES R KA RN z3), A LUETS Viasov KA
AT HIRFIEAE SRR AT A . HRTMIE, K TR RN BB 731 (0% &5 A
SRIE RIS BT DL . HETIABOA [R5 R B (B B R U A B ) IR PR A
BB 15 IR CER T P B EARVE I, I BAEAS [E R w8 X R N Y
%, DRSS AT E LS (transverse mode coupling instability, TMCI) A
B, 2% BRI A A

1. below TMCI threshold

2. at TMCI threshold

3. above TMCI threshold

4. after mode decoupling (—/MEAFEIFHAE T (I 1))
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JUR e IR AE T A UETE R BERLES . A S REE R @ Rl r 2, Fhit
— BRI g HORRE -

14.3  STERERAIHT A
o BIFTR: XEIRSGRER T TMCL A G, RilEAI, (2R — 8,
Lt KRR EARR AT TMCT B

o TTER: RXREIESC IR T LR IR, W H TR Viasov Ji AR R AR
588 L BRI YRR AR RN Z2 AR AR IR 52 R BOE 20 (U0 A2, (2 sl Belie
R BREFASADLZE Hh O DN I ARG B A W B 2 AR (1) o A 2L
BIXIR? R NEERXFHIARIANT (D) ARG R RS T2

So

-1

-2
<2

MG IE R (standing wave), PN AT /S [ AE L O 53 S NE A T3
(traveling wave) o JRGIRAEE SR EIRTTR NES, 54 M RmEEa
K, FEAFERIREET, SENEIAEARTER, WHE

14.4 He

RN AT F4E CERN AADHRIIE . IXRIESOREATRH 1 LXA
PR R RERE— A HE M,

L. fESRZS (A H AT RNV F I, REA FIX MR e TMCT AH ¢ 1) S a6 sl A il 25 51
AT, Me A ?
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2. 7% JEHL 12 (electron cloud) RNV AFIL T, AEAT XA RIL R TMCL A2 AY5E
Yo B AU ZE R e AR AT AT, R ANy R 7
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15 MXFE RS RS 52 R EA )i A [PRAB 24-02]
Calculation of the wake due to radiation and space charge

forces in relativistic beams

15.1 FAfER
- 4 B SHEB
« {2 Gennady Stupakov and Jingyi Tang (FZAHLH: SLAC)
o AL HLR. BUE

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
24.020701

15.2 fHE

— M EAR AR TR RAE R JT, UFRAE T 4R (coherent synchrotron
radiation, CSR), #B/2 K —4EZe U o Al o U IR —4ERR] — RGO AR
HAGEUR IR, fERLF LN R NS . b, XA 4ERE 20 T riER
JE4EROY. (compression effect), R, 4ERAIL T EARIT (JCie 24 m)sloh [m) = 45) . H2E
I R (electromagnetic energy) {8 Ik: T-3hRERY ROV, B RTEEA 1Y
=4 CSR (BB [T I A E4a 80, (R BETT AT ENNAEHEE K, FiRR
SERE . XRIE SR — B B R L RS BT, ETHER AN S
FE 2 (integrals for the retarded potentials). JEN] -, XM REGS T E = 4EH 72K
AT, AT RN, IXRER SR —4EE .

15.3  BTHREkAIHT A

o QU FIFHHERS Eq. (2), HREIHESAR 7B EAN CSR B A, B Eq.
(10) 5 Eq. (11). IES5 KA DAL FLE, FIH T method of characteristicss
XA EEGR CSR X R E 8 J124 B 2 AUy, (Hedk G. Bassi [
Refs. [17, 18]),

xRS CSR ZUVARH, RANEHY. WSS, AT +° BRI, R R
JUEIS/NT:A
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o TUER: RT BRSO AR, BB T Eq. (1) WfAIE, A Eq.
(29, 34, 36). X T 4k Ay CSR B, TEEWERK v — 2 HE S+
Hh (main axis) HF. XM FMRIE R = 1,6 = 8m,a; = 0,e = 5nm, o0, =
1074, 0.0 = 1 mm, Ug;o = 0.2 mm, FE, XEEHTE s = 0.85 B KA ESG (over-
compression). HINXHIAXEH T EIAAIIHE TR, MT—HomE, N

0.025
0.000
~0.025F
-0.050
-0.075
s -0.100

-0.125

-0.150

MeVlm)

W (MeV/m)
W (MeV/m)

-0.10F

zlo,

FIG. 3. Plots of the CSR wake along the semi major-axis of the beam, x = z tan ¢, at three locations, (a) s = 0.6 m, (b) s = 0.8 mand
(c) s = 0.99 m, shown by solid lines; for comparison also shown by dashed lines is the CSR wake calculated using the 1D CSR model
with a local value of &,. The green dots show the CSR wakefield calculated with CSRTRACK. In each case the longitudinal coordinate z is

normalized to the local value of o..

BUE LTS @2 AU &S 2 nile, 254 E. Saldin —43p
i FH .
15.4 Hp
KRB SO A space charge, [HERESRAZL, FFHAE Section 1T K EAME 4

T B=1. BN, EEILAE Section VII ZE18 S VUATH] of cause A of course,
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16 HL SRTE NS5 B 1IN0 45 B 5 | B iy RE T [ 25 4 5 2 SF 38 104 1 A 41D
HWF5E [PRAB 24-02]
Suppression of coherent synchrotron radiation induced emit-

tance growth during electron-beam injection into plasma

wakefields

16.1 EAfFE
o K RFOLE FRETRIE

o YE#: S.-Y. Kim, M. Chung, S. Doebert, and E. S. Yoon (F# 4[4 : Ulsan National
Institute of Science and Technology, #[H)

o RAL: HUEMAY

o %Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.
021301

16.2 5

T [F 246 5] (coherent synchrotron radiation, CSR) J&—/F 8 & 4 FEH T R W
FEI YRR o JXN RS S AR T e F A TR AR =S R G (BT ), dE Rk (1Y)
RS B, AL I AR Nz M sl Oy, % T CSR 51 Zy &5t I
Koo WIXSTEMALHKIERE, CSR 5 EH &5 S ANAT LAl 3% Twiss 240k 15
Rl o Hh e B —SeRE R BRI S K 3, AR RS, HEBot# e dm Uy A v
REM SR IE o AR A TRERIEN T, IXRIESEA St # &5 1 1)
XE], 285N HBEA RIS CSR A& GBI S5 0F. AT -7 AR NS5 B PR a4
BRI B, X Ao B, IS NS AN & 5T T2 2] CSR &6
BT LW FECEAKRC (mismatch) , K-SRI &SI 453 55 Bk
I AT LR B (BF, dogleg) J&, XA R SCFI ] particle in cell #2775 400 FL 7 AR AT
B RIEE RN, RIANRBCA GETEA, CSR R Al R T2 11%-32%
HI3%50 KB TG, IF HL 20%-40% HYD Fr & S BEREHG o TE NI 2, IAEHL TR E
e EmE s, EES RS M5 A%ERE CSR W AHZETT L.
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16.3 TR EAIHT

JXEFESCTIE OSR INAUABEN 20, 8 ELEGANT FFF. 4 7R T%8 1
ERIEMY B, il Fourier-Bessel Particle-in-Cell (FBPIC) 2%

o ik SORIESCAE AR AR A ) SO CSR R EHE R 7% (point-
kick model), %145 B F-pk M AT B T A EE AR (0 FI8l), HZ3 dogleg
P 0 BB DT HRT SL . XEIE SO Y dogleg 1541 B 618 — B
ARt S LB N, 25 A9 CSR REFEFRIK 7%, PHEHIRH CSR
S SRR S AR S E TV N TR RE B, R (skisby)
LM AL TR AN, T X L A U AT SRR, it 2

CSR A BEHH T AT AT 2o

TABLE I. Electron beam parameters.

Parameter Value
B Energy’ E 165 MeV
Energy spread, o 0.1%
FIG. 1. Schematic view of an electron-beam transfer line with ~ Charge, QO 100 pC
two plasma sources (not to scale). Note that the transfer line in ~ Bunch length, &, 60 um (200 fs)
this schematic view is not the AWAKE baseline design but a Normalized emiftance e 2 mm mrad
? n

simplified generic variation to study CSR effects.

o BT A

L PHEIF S 1) 0% CSR 2Lt ity 2) % & CSR B8 Kk
PESFAERE DL, X TR dogleg Ji, CSR & SHEIE KA. 437t
[¥ 3% Table IT 5 Table IT1, b, Table IT 5467 Ref. [I] #H poHI 7 %
ghe—8, HEN et L3 Sh, Bl Table IIT HH[) Twiss o B¢ Twiss
B BRI gt B R R 9 5 R BT R A R R B R — B

2. ST EMMEREIART . 51N T @A RIREEL (chromatic amplitude, 1W)ES

[ {0a  adp\® [108)°
W‘V(%‘m) “(5%)

XA R REARERAER AR (X)) RERL, H Twiss 252548 H]
ZESR. Wiy, FORRANARGE R, H Twiss ZRZERAK. X
R SCIRME L dogleg #it, W FETHIR €ne, W (AT LLE B HAMLIME) 5 Twiss
B AR,

T AR

Yzt Fig. 6 B T Tore 16 AR BINEATTLIEL, 24 Twiss o 8 Twiss 8 RAR;, JE2eibd
(g S8 L (VA

20591 i B. Montague #2H.
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TABLE II.

Final normalized emittance from the achromatic

dog-leg transfer line. Before entering the dog-leg transfer line, the
initial beam emittance was 1.936 mm mrad.

Twiss f# (m)
Twiss a (rad)

0.1 0.1
-3.0 0.0

0.1
1.0

0.1
4.0

3.0
0.0

50
0.0

Final ¢,, (mm mrad) 1.936 1.942 1947 1.966 2.093 2.170

Growth ratio (%)

0.00 0.31

057 1.55 8.11 12.09

TABLE 1IIL

Final normalized emittance from the achromatic

dog-leg transfer line. Before entering the dog-leg transfer line, the
initial beam emittance was 1.936 mm mrad. Growth ratio was
calculated with respect to the initial emittance.

Twiss £ (m) 0.1 0.1 0.1 0.1 3.0 5.0
Twiss a (rad) -3.0 0.0 1.0 40 0.0 0.0
Final €,, (mm mrad) 2.478 1.958 1.955 3.099 2.094 2.172
Growth ratio (%) 28.00 1.14 0.98 60.07 8.16 12.19

2.04 T T T T
@
202
o
g
g 27
g
ERK:E:
2
¥ 1.96
1.94 ¢, . . ) .
-2 -1 0 1 2
Twiss « function (rad)
2.5 T T T
—a = —2.0
—a= 10 (b)
2r —a =420 1
< i
= I
=157 1
< i
= ! /
|
1
/—/\
1
1
0.5[ . . i . . J
-3 -2 -1 0 1 2 3
é 107
FIG. 7.

Normalized emittance from the achromatic dog-leg
transfer line (a) and slice Twiss parameters according to the
energy distribution (b) obtained using particle tracking. The
Twiss initial f function is fixed at 0.1 m.
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300

—=-Reference W, from MAD-X
W, obtained using ELEGANT beam phase space]

250

200

150

Chromatic amplitude
=
o

%))
o

o

-2 -1 0 1 2
Twiss a function (rad)

FIG. 8. Chromatic amplitude calculated using Eq. (4) with the
phase space obtained from the ELEGANT simulation. The chro-
matic amplitude evaluated for 6 = 0 is plotted in this figure. For
comparison with the ELEGANT result, the chromatic amplitude
was also computed using MaD-X [37] code.



3. IXESEAE Section IV.E F|H concatenated transfer map 775547 “[5] H7£1
TRt AR I CSR UV 5 EIHEIR (z,2) H=AASEEK, W1
ZIBTL Bas. (7-9)0 HH, M re RRH n MERTTH, 4,4, k, € 5331308
zh, xgl | ok, Sesr HIMEL, dcsr 42 CSR energy kick [[1].

16.4 HY

X8 A JLALEE M T i sector dipole 45 rectangular dipole, HAH| CSR %
K 46 I AR, —%&Eﬂ%%ﬁ%ﬁxﬁ sector dipole Ef reCtangUIar
dipole JE AL H B, H CSR KGRI N IZ AL o , RTINS A BER
BRI .

S 3k

[1] Y. Jiao, X. Cui, X. Huang, and G. Xu, Generic conditions for suppressing the coher-
ent synchrotron radiation induced emittance growth in a two-dipole achromat, Phys.
Rev. ST Accel. Beams 17, 060701 (2014), https://journals.aps.org/prab/pdf/
10.1103/PhysRevSTAB.17.060701

243 Section IV.D KJBAL, the edge focusing of rectangular bending magnet does not contribute to determining

the suppression condition,
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arXiv §if SRR ZR
H#: 2021/2/20

17 BRSNS ST FIO4EH: [arXiv 1998]
How Wigner Functions Transform Under Symplectic Maps
17.1 HEAFE
o 7 R
o E#: Alex J. Dragt and Salman Habib (F#4/[#J: University of Maryland)
o AU B

o . https://arxiv.org/abs/quant-ph/9806056

17.2 I

BASYN R EL (Wigner function) 55X 4E/RpK%L (Liouville function) FEZM: =it
H e — R, B, XITEetE (linear) (B4 S, LA T R RGL

w (2) = w' (M™2), Wi (z) = Wi (U '2)
Hrb, w AXEReR L, W oM R A [ L TiZie 3 Eq. (3.10)],
(B2, 1WAt s FRE G Rr? 25k, W) = Wild'z)
R RS L N ARG, HEA TR Egg . A, m B IEIE B — 0 R
THOL N A REARSE 24, IXRIB S (Fid) 48 T ILDHI -, FRULIHBIAS N R EE h — 0 1)L
PRI, 2o RAE T b B HOG W 1 X 2 7R R & o
17.3  BimkEkBIH A
XS 1998 LI A B A S, THEBAE arXiv b, [HNFIVE — W20
{fo BRI, IXRESC Section IT #5 H—BEE FAREK (Lie algebra) (S A4H. LAF
A EE LA A i 2 S5 i
af & 9f 0
Z dq; Op; ﬂpz 0¢;

f)’9=g. f )g—[f,g],(rfr)zgz[f,[f,g]]

o0

=0

2B K-J. Kim 5.

o1


https://arxiv.org/abs/quant-ph/9806056

A M = e TUs I A BT o (T VW M R AT LIS

A5 fp (Lie transformation) 2.
Section IIT Z5 HH G T RS A R AN N2, I H S X4E/R R E— e E RIS TAEXS
Moo LAUT b2 JU/AE S P B B A 6 1

s g AHEAREE . RAALE
MU FERSERE. B
we W HZERME R
S p AU BEHT
1 N
L= ep= 5 Il EX
j=1

d =M

oIy =Ulul) AR, AR AR
Y = MSMT & =UpU™ FERE HEE LR

0 N P
Y o —wH] R
ow

VAN 9\’ e
' W, H] — o1 [(3_q> H] l(a—p) W +... ZUSaNeRECEL TR
174 HYE

HF BN RN 2, TS % Ref. (1],

S5 3Rk

[1] William B. Case, Wigner functions and Weyl transforms for pedestrians, Am.
J. Phys. 76 (10), October 2008. http://www.stat.physik.uni-potsdam.de/
~pikovsky/teaching/stud_seminar/Wigner function.pdf
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PRAB 5i# SR 2R
H 1 2021/2/20

18 & H TR EEEMAI 4T Viasov-Fokker-Planck Kf#fEy> [PRAB
20-03]
Parallelized Vlasov-Fokker-Planck solver for desktop per-

sonal computers

18.1 FEA(FEE
o R AARENE

o {E#: Patrik Schonfeldt, Miriam Brosi, Markus Schwarz, Johannes L. Steinmann,
and Anke-Susanne Miiller (F= 24| #): Karlsruhe Institute of Technology, KIT)

o BAL: FEMA. Sk

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
20.030704

18.2 I

Vlasov-Fokker-Planck [ (—4) UEM O 42— R B T RAE M AR P
BT IR SUEE TR T 5t &R 7 Inovesa (C/C+4), —FIH
OPENCL KHMTFFITIT %, HATBRANY RINFET . Inovesa fRVF RS ERITH RS
B TR PTERATEE XIS SO TSR EUEREE DU, B EUE
IR ANKA fnigs e & LS R ARERSCT, BT EZ2 S 520 (coherent
synchrotron radiation, CSR) HIRUR B ATE MG SLBe 45 SR L. THARGHREN], F
i CSR. BHHUBAN R F R AR 738 CSR RS M IR, 10l 1 iRfE LA b
) AR [ 8 S AT s 1) DX T

18.3  wEkEAIHT A

o TUHR: IXRIESCTA AR T AUEKAE VEP J BRI B BUE A HER T (inaccuracy) 5
BUETH SRR IR BN, (artifacts)o FIE & BT IEHIMIAR (GATRFH 2 [E] A%
Aq, Ap S{EALETE] 0, 8) AFESEG & NE B T4#{E (interpolation) BEEL
453 (differentiation) j&hk. T ((EHE) AR TAFEMREREENESRS, Fibgii
quadratic interpolation, B Z W f# ] cubic interpolation. P (TFHE) N2 HE
ANKA HEF RSB EUEE R (f) Sinsi il (F) iIHE.
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FIG. 5. Evolution of the energy spread over time (left) and bunch profiles of the simulation run using quadratic interpolation (right) at
the points in time marked by the disks. For the case where cubic interpolation is used (left, solid black line), the energy spread stays at
oy = 1.0lo,,. When using quadratic interpolation (left, dashed blue line), an increase in energy spread can be observed at T = 1T The
right-hand side reveals that this increase is a numerical artifact. The bunch profiles computed during the initial increase of the energy
spread show large ripples with a period length of two grid cells. The earlier and later protiles do not show such structures. This implies
that the increase of energy spread is driven by a numerical instability.
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FIG. 6. Example for a simulated (left) and a measured (right) bursting spectrogram. For the simulated spectrogram the axis is scaled
with a factor of 2zR/C to correct the mismatch due to the isomagnetic approximation. There are small differences, e.g. in the threshold
current and in the frequencies. However, keeping in mind the very simple model, the general structure of the spectrograms matches quite
well: There is an isolated finger pointing down (at f ~ 3 kHz); the fingertip (/ = 0.21 mA) marks the instability threshold. For slightly
higher currents, fluctuations in the lower frequency range (f < 10 kHz) start and the finger broadens. For the highest currents displayed
here, there is a regime showing parallel frequency lines that stay approximately constant with changing current.
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o QIHTE: MEEHE N Inovesa fURGF A T OPENCL HA 146 /735, AT LASE A RUidi
AR RS VEP J7 R AR 1 4 25 [R5 A >R A o
18.4 H¥

Inovesa HYJRACHE AT LA Ehttps: //github. com/Inovesa/Inovesa %, FHinfTHi A
SCRYEAI AT LA225 183 Appendix Bo RZUEKRMF VFP J7RRAYJFEE AT L2258 30 Ref.
21] (SLAC-PUB-8404).,
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PRAB 5i# SR 2R
H i 2021/2/23

19 ) P 25 R A S U S o MR RB R R 5 JE A2 e [PRAB 23-02]
Emittance exchange in electron booster synchrotron by cou-

pling resonance crossing

19.1 BEAREFE
o K RREAGIH
o {E#: J. Kallestrup and M. Aiba (SE#4/l#2): Paul Scherrer Institut, PSI, %)
o BB ORI L5

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
23.020701

19.2 fHE

Hr— A AR B AR SO CIR B TR/ N 17 fLR, NEEiEA (off-axis injec-
tion) Jy ZEHRF 2PN EH AT Z A FZOGIRN T 0T R, AR E DR/
HAEE M HBEREER, 34 SLS (Swiss Light Source) Upgrade TiH , K& HETixXLem
s HY A IR TE G T CESK . TEAAFHY HL T AR B AN SR RE A T RIS, KRB ek
TENSRER X g S 1LavfL12 (machine aperture) YKo H 78 F A 20 ins
Ml y B S R LORE R o T RS /MR 2, BRI, rTLLE 2R S (22) 4t
# (difference resonance crossing) ¢4 z,y Jy RS EE . N @ J5TA 09 &SR . 18
HHIN—REZH (scaling parameter) HRFBALF G5 E (coupling strength) 5 25
J& (crossing speed), JX s V8 SCHRI A T BE A # fY) ft e Bt 25 F 20 B2 el R TR 7
PREFISI, X SOETHE TSRy, B8RS HE (radiation damping) 5 g7
& (quantum excitation), XJHFZW. )T, XIECERM SLS BEREIA SR s i A
x,y BRI AT

19.3  BiwkEBIH A

o QTR BERHA] (round beam) #HAERIAEH—A (FRIEA) [FZPHESHEIRZE —
MEAERARAG IR — PR B EESIHLIR T Hr— AR B R SHEIR H FoR
KSR = AN T — 2 ARG, HARNEU (intrabeam scattering,
IBS) 2¢ 4 H Touschek %y (Touschek lifetime) & 7 #F42. LA =AGIEAY TR
AR (flat beam, €, > €,), WAHE AT EIPR BIHEAER (round beam, €, ~ ¢,),
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AT AR AR R RO 728, mTEUA %A IBS, it | Touschek Z3dn. fH
e, FRARVER OB R R, B T a0 L R A el Ak
BT BUBEIE. PRSI R 28 R Pk

— M AR R R AT LA YR T
1. FIHIRZEE (solenoid). f2[H][HJEfE{E4s (radial damping wiggler), fEfiff {731
Jeyl e A R A AT
2. fEfkIA y JTRSINEE, & o,y TS EERE
3. Mobius 7%,
4. RGTEIETE (emittance sharing) B G IR, | TI9MG . ZHIREA = H
A I A BB SR il AT T 2R
o TUHR: IXREIWSCRIT R EHEAN, &6 U LB TR BEEATTREA
1. f£4 kicker-bump £
2. 2R kicker TEN, B IR KEK-PF $2H, F5EH S T 2ERGER#
AYIE7S
B MEATZREEWT « X183 Bl b IR BSE 7 0 i T AN
RUNERS K S SR 5O, s i R RIS B (crossing speed), SHEE iR
JEC R SHARIEE A H5K. &L T —PHREZS4L (scaling parameter) S
v _ A
o)

Hoib, A = Q- Q, — N WIHRIE (N € N), V = & a0tz
(normalized crossing speed). &G EE (coupling strength) A

¢= _% %Ks Bz(S>ﬁy<S)€7i[¢z(s)*¢y(5)+%A] ds

FON, AT ARG AR i, E AN ZE R

€x.end — €y,0 €2,0 — €xend
R=1- w0

€x,0 — €40 €2,0 — €40

RSB AT & T AR AT S R A BELE I TR RO R IR

19.4 HE

WICRJR G T = A REME IR BB Wb T K B LSS 6 1 (1) S < 35 (2) A >
2.1, Hrf, AN Aaa/|C; (3) ¥ > 30, Hrr, m ARG FHIE I A4
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FIG. 1. Schematic showing the setup for the traditional hori-
zontal off-axis injection. (a) Kicker bump on during injection.
(b) Kicker bump off after injection. The required horizontal
dynamic aperture is given by Eq. (1). Minimizing the horizontal
emittance of the injected beam will greatly reduce the required
aperture. In this figure, the orbit bump height is minimal: it can be
higher if the kicker bump is stronger but not lower.
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FIG. 2. Example of horizontal kicker bump injection into the
SLS 2.0 storage ring. The first 10 turns in the machine is
included. (a) e, = 10 nmrad without emittance exchange.
(b) €, =2 nmrad with emittance exchange. The required aper-
ture s significantly decreased because the injected beam can be
brought closer to the stored beam.
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PRAB 5i# SR 2R
H i 2021/2/24

20 JEETHEFRERON M B B BOERGERT 2 [PRL 112]
Impact of Non-Gaussian Electron Energy Heating upon the

Performance of a Seeded Free-Electron Laser

20.1 EEARfFE
o 0K FPARSTS B R TR0

o YE¥&: E. Ferrari, E. Allaria, W. Fawley, L. Giannessi, Z. Huang, G. Penco, and S.
Spampinati (FEZH#: FERMI Elettra-Sincrotrone Trieste, & AF])

. T K

o HE¥E:https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.114802

20.2

Wotin#gs (laser heater) ZRE e 75 H HHTHOE (high gain free electron laser)
WEPR A EIE . OGBS AR TR DR RERL. RERSHIHI AL
RIAIATENE . X TR LI In# (transverse uniform heating) 1§30, 51EHHE 7IRAE
A LRI AE F T (non-Gaussian) 534 B T MIHIRCR A ATGENE , X
SO SR EARIFBOL IR S 20 FE - AR BE R A X = B 4 1 (high gain harmonic
generation, HGHG) H i1 H7#0t (HGHG FEL) ZURENFZ N, el AR X G Sl
BE. BURTITES . HFAERA LT . 528 I FEL SEERIZ6 OIS
BBV 17 R TACSE LA G A . P25 AR 6 TS (single
stage) FEHEBENTSL T, HOHC FEL 05 (— R L) PRI m > 25 itk oy
%, IAE] 100 eV HPETRER

203 TR OB A
« Stiikts R T LCLS, FERMI FEL FOMOEHIAEHRIFEE R 2 10, 29 0.6 108,
VT A SO BOR R R . R EIE 32.5 nm ()1 K FEL intensity §itlf. -
FEE BRI REET (i) i, TR I T m VIS BA R T by

BT 1.2 GeV HFH e, FERMI [ nominal operation 7£ m < 8,
MLCLS KA 6 puJ TTLLIAEIFE 1.5 A 95k FEL intensity % .
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30
=0=— Exp. Data

—_ === Gaussian distribution
. — As from Eq.(2)
3 — -
5 EEE :
>
F=
-
7]
c
] Co : 1
£ BRI,
5 10Fif i
-1 :
w :
- :

0 N

o 1

LH energy [pd]

FIG. 4 (color online). Comparison between experimental data
(dots) at 4 = 32.5 nm (m = 8) and theoretical predictions of the
FEL intensity as a function of the laser heater energy. In order to
reduce total FEL gain, only three radiators were used; in this
condition, the FEL emitted energy is almost proportional to the
square of the bunching b2 . The dashed curve shows the standard
prediction, Eq. (1) for b2, that assumes a Gaussian energy spread at
undulator entrance, while the filled curve was obtained using Eq. (2)
for b2, and includes non-Gaussian LH heating effects. The machine

parameters during the experiments are summarized in Table 1.
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F NS

by = e_%mZCQ"%IDsz(mA'ySD)SH <mC’A'yHD, 2)
Hrb, om gL C NEAEIN T, ox i LH BIRYYIRERL. Ayy oy LH
SEAIRERREIRIE, Avs S FWESM RO B RE R HIIRIG, D = e,
A NERSPAC, o O LH HOLHA2, o, NFE LH PRYHEFAAAE, Sy LA
(hypergeometric) PR%L, XEAITTEAIL. B EEFSLELER T LG, it
L2 A LH energy BRI —2L, (H22 LH B/ AT 2R EG. KA E
B 75 AR R AT R

20.4 Hp

ORGSO BTSSR AT, SRS LI XEoh TSRO K/ NS
ARV EIBRE ARG FEL $H8RE. (LR LH XA — %
MR SO BT ATEE], T LH X8 FSRAERUI0 WU B L1l
S RRERESE FEL S0 . I BAERINES Aot LH RS — SR,
ST I B TS I BEHG J 55 5 A1 5.

KT RINEE KRR EZ e, 41 FERMI laser heater setup HY4HT A, wJ
DIZ# Ref. [2]. FIEHHH LH B0 (515) AERS B4 hn 52 A i ERLI 56 R

~
3
8

g

g

FERMI
works
here
. (119keV)

linac energy spread (keV)
8
3

100~
ﬂﬂn

10 20

30 40 50 60 70 80 %0
Added energy spread (keV)

Figure 6. Slice energy spread as function of the energy spread added by the LH: at low heating, the instability dominates
and the electron beam energy spread remains large; at large heating, the longitudinal Landau damping dominates and
the final energy spread is proportional to the LH-induced energy spread (each data point is the average over 7 discrete
measurements with the plotted error bars calculated as the standard deviation).

2% 3Rk

[1] Z. Huang, M. Borland, P. Emma, J. Wu, C. Limborg, G. Stupakov, and J. Welch,

Suppression of microbunching instability in the linac coherent light source, Phys.
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Rev. ST Accel. Beams 7, 074401 (2004), https://journals.aps.org/prab/pdf/
10.1103/PhysRevSTAB.7.074401

L. Badano et al., Experimental characterization of the FERMI laser heater and its
impact on the FEL operations, Advances in X-ray Free-Electron Lasers Instrumenta-
tion 111, edited by Sandra G. Biedron Proc. of SPIE Vol. 9512, 951217 (2015), https:
//www.spiedigitallibrary.org/conference-proceedings-of-spie/9512/1/
Experimental-characterization-of-the-FERMI-laser-heater-and-its-impact/
10.1117/12.2182475.short
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H i 2021/2/25

21 SRR AR SR B 3h ) 2 1B 0 A [Phys. Plas-
mas 28|
Semi-analytical analysis of high-brightness microbunched beam

dynamics with collective and intrabeam scattering effects

21.1 EAFR
o 0 ZRTHRIRIIY

o VF#&: Cheng-Ying Tsai (FRF1, HEHRECRY) and Weilun Qin (6, Fail
fEfiE K. /&5 DESY)

o SRR TR, B

o 4. https://aip.scitation.org/doi/10.1063/5.0038246

21.2 JHH

FEAE T BORL R 5 AT 2L U R SR s AR 3l 0 22— M2 0 I3
B, R ENTY s 220 R RS BOAAA  SliAERRF FERMI B9sEe s R 3%
W, AE— LSRR FE ORI A RB /N B 22 R 80 Al REX AR AT (2 5 Y 52
Mo TR RVE SR el A2 B Rt sh oA oA (kinetic analysis) 732 HIRARSE IR %
JiE: 15 2 JEE Al AR P SR A SR P BT ) 3 32280 o il il 2 BT R AT U e R 0 A
e XRIESOMEE T — AR, ZeMEml R ALt BB, LR 2 P
MEARERET o B T M as R SR IR S R — B0, XRS5 RE S TN
ARAR A BEORE R 5 AR T 22 A RO AR GO B A 1R (L FE e A0 S R T R AEFRI{ELFR
TRbRFA . H 5 AR BB S i AR B BRI AR B 7SSO A R AT BRSO, o X785
HIZE IR B RERS F I XA B i O RIS T A A Lefm 2R

21.3  TTRRERAIHT N

o DTEk: XRIRIGESE (U] AR, A BRI R O ARAR T BORL T R,
(HEALE &R N BTN, intrabeam scattering, 1BS) SHF 24 12 (AL &
Ik 25 [ AT, S B ORI A RUE ) ISR G B30 e B AR A R AL
MRATE DL . R A EC A i oK, B RERUG . BERS, RETR U1
RERUE AL E SR AR BTERLE . R, BRI AT ENE 5 R A D) A RE
OB IR E S TR BI 5. R B A, AR AU 5 120 U1 7 6E
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AU REAS T2 AL 2 0% i) BTTE FELJE AR ACR BUASE N, I SERUR BT RE T3
B REBUG I N FHUL AT AT, APAE — IRME R, REGE TS B RO RS A
RREJE B3 B S A E M E S B DR RERUE I IX R SCE 2 X 4~ 1
EMTIL RIS ST 8 N R AEAR R I 2 B D0 I AR [F O SRR 141 2
“FRE s HITE

wo/IBS
1 [ 7 aE col theory
_ . ,Wo/IBS
AEtot”’
w/IBS
AE coll’

w/IBS

—0AE IBS’ theory

w/IBS

O AE 1o’ theory

{ UVAV‘E"E)?, ELEGANT

{ ag"EBgl, ELEGANT

theory

—a

theory

L 1 |_ . wo/IBS
10 . 9 AE coll’

wo/IBS
--0

theory

AE.tot ’ theory

gw/IBS
AE,coll’

w/IBS

AE,IBS’

, theory

{ a\g%”g?, ELEGANT

{ gﬂiﬁt, ELEGANT

theory

—_— theory

A 120 EECOVRIRET 20 A BT DL O EIIA T 40 Ao FERIBIMBILH, L0 B
SRR B ARG T AL (s > 60 m) KD

o GIFTRL: X B EARA] FODO-BC-FODO-BC (HH1, FODO IR focusing-drift-
defocusing-drift, BC F/~ bunch compressor), X&18 S IRZS H IRE HLIR N 1230
JEREEET R . I IR, Al MR R B AR B 2550 B 1R FE i B R g B
R A B XIS g MR volterra iHERFAFINER, & 5 O M
AR IRERHURE T elegant ARISHYZE SR AT 2 Hk T R Y AUE
RT3 2 A 455

65



]
o T T |,
.10 \
OB ® \\: e o o el
5 0
@ ® %, o o
® ® - o o I
1 ® ® "0 Q o) -20
5 10 15 20 25 30 35 40
l, @)

FIG. 11. The difference of SES without and with IBS, o't/ 5° — %% on the inifial
bunch current. The colorbar is in the unit of keV. Both the background contour plot
(from semi-analytical calculation) and the dots (from ELEGANT tracking simulation)

share the same color code. The circle with cross & denotes GXOE/EIS = agﬁi <0
1B IBS A IBS B8
and O oyt — gy > 0. The dashed line is drawn by ol b = Gy
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FIG. 13. Dependence of the threshold current on the total bunch compression fac-
tor. For each Ci, the threshald currents are calculated using the obtained Gy (4, s)
from eight differential initial beam currents from 5to 40 A at the interval of 5 A. Each
dot and the full length of error bar are the average and the standard deviation of

the obtained results. The dashed lines between the dots are added for
visualization.

[1] Cheng-Ying Tsai, Weilun Qin, Kuanjun Fan, Xiaofan Wang, Juhao Wu, and Guan-

qun Zhou, Theoretical formulation of phase space microbunching instability in

the presence of intrabeam scattering for single-pass or recirculation accelerators,
Phys. Rev. Accel. Beams 23, 124401 (2020), https://journals.aps.org/prab/
abstract/10.1103/PhysRevAccelBeams.23.124401
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PRAB 5i# SR 2R
H i 2021/2/27

22 ) AR 2 0 R 35 06 51 B 28 BE TR A= A2 AOhF 25 0k i av
HA5 [PRAB 22-06]
Strong electron density modulation with a low-power THz

source for generating THz superradiant undulator radiation

22.1 HEAFE

o 3 FDAESTS H HETHEOL

« {E#: Gang Zhao, Sheng Zhao, Senlin Huang, and Kexin Liu (FEEH#: JbrTk
)

o JAL: UL, BUEFH

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
22.060701

22.2 HE

KRS H— DI T 2, FIHBARDIE (< 100 kW) BR#EZEZ (THz) BOB1ER
i1 (seed), HIRFEHULAHTE (low emittance). ([ JE & HL (small angular divergence)
HIE T A8, A% (energy modulator) BTG matching section FI37]
AN FAR AL (angular dispersion) SiE 54, 5oL R AR PR G4 TP R e
FEY R, @ RE EHOHE T RIS (JERT) sEROs RERA SRR, X8
SCH AR, (ELEGANT 5 GENESIS) 5t o0 A i s iX A & el A7 45
R, AR 1 kW KBREIHOEThE, 1 & 6 THz S (s K 50 % 300
pm), AT LORBIFER A 12 0.4 Y H 725 FE M 1X MR B3 ] LU SR 4E )L 10
MW iy HH 61 D 2R B AH T35 s e o

22.3  BIHERELAIHT A

o BB S RBOCHSIE FARIDT RS, BTN AEPEE EUV 5 X
UrER AT WOLBREPAERIERBL (< 1 pm)o IXRIESCREA A KL EL
PHRIROC AR KB A B XA T RIREB T RESAGHR AT A S (T AL
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SR LA . PR S B S A T S B Sk 8 BEsR ) R ld

o UMK IXRIESCRI BN T 2047 T P ARAEE MBS B (T ) BRERE T
(bunching factor) HAEA . J5 2 [ B 5 HH S SER AT R R o 18T GENESIS #i4),
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FIG. 1. An electron modulation scheme to generate strong 0 J'L B -
0 1 2 3 4 5

subpicosecond density modulation in relativistic electron beams
with low-power THz seed radiation. B, B,, and By are sector
dipole magnets; Q,, @,, and Q5 are quadrupole magnets.
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IG. 2. Comparison of the bunching factors obtained via
simulation and analytical formula.
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FIG. 3. Longitudinal phase space distribution of the electron beam at the exit of energy modulator (a—c) and dispersion section (d—t).
In (a) and (d), the electrons are grouped into 6 “layers” according to their angular divergence x’ at the entrance of energy modulator, and
electrons in each layer are represented in a different color. (b) and (d) are pseudocolor plots of electron density distribution, while (c) and
(f) are current profiles.
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