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Generation of Tunable 10-mJ-Level Terahertz Pulses through
Nonlinear Plasma Wakefield Modulation
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Calculation of coherent synchrotron radiation using mesh

2.1 EAEEFER
- 3 BY. HPUTE
« {E#: T. Agoh and K. Yokoya (KEK)
o AL ELR. BUEITE

o %E¥7: https://doi.org/10.1103/PhysRevSTAB.7.054403
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FIG. 3. (Color) The longitudinal electric field E, at x = y = 0 in transient state without shielding The analytic solution is plotted
with solid lines and the dots are the simulation results. The different colors indicate the tracking length from the entrance of the
magnet: s = 20 cm (black), 40 cm (red), 60 cm (magenta), 80 cm (green), and 100 cm (blue), respectively. The size of the chamber
cross section is w X h = 34 cm X 28 cm.
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FIG. 2. (Color) The longitudinal electric field E, in steady state at x = y = () between infinite parallel plates. Warnock’s formula is
plotted with solid lines. The dots are the simulation results. The different colors show the gap between the two horizontal parallel
plates, h = 1.5 cm (black), 2.5 cm (red), 4 cm (magenta), 6 cm (green), and 8 cm (blue), respectively. The width of the chamber is
w = 50 cm and the length of the magnet is 3 m.
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FIG. 3. (Color) The longitudinal electric field E; at x = y = 0 in transient state without shielding The analytic solution is plotted
with solid lines and the dots are the simulation results. The different colors indicate the tracking length from the entrance of the
magnet: s = 20 cm (black), 40 cm (red), 60 cm (magenta), 80 cm (green), and 100 cm (blue), respectively. The size of the chamber
cross section is w X h = 34 cm X 28 cm.
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Steady fields of coherent synchrotron radiation in a rectan-

gular pipe

3.1 EAXER
. 2 BY. MHbUHE
« VE&: T. Agoh (KEK)
o J: S, KUEITE

o %7 https://doi.org/10.1103/PhysRevSTAB.12.094402
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o, iR SHEPTZ IR RERE THERE P RIPIERIA, AR RIS E BN B
PR x4 — —o0, EHMEAIR 2, — oo, 135 T 1E pillbox FEFI_ETPATHE O T B FHETFR
e PEEXS IV E B FRRGSEATOEE , RIERAC R BE T A U M R I A 56
w HEE b &P REHR. SHEIPENTEE v S5 b L w> h/r B, AL
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—EGe SN, AREERIX R E SO B B9 B RIS ST T, AeiR ER
k > m/min[w, h, p].
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FIG. 6. (Color) Imaginary impedance in the low frequency limit. We assume a thin beam of ultrarelativistic particles,i.e.. A, = 1 and
y = o0. The green line is the asymptotic expression of Eq. (90), and the red dashed line shows Eq. (87). The blue solid line represents
the simulation result using the parabolic equation in the paraxial approximation [11], where we set the magnet length to 1 m and
assume a perfectly conducting pipe. The most realistic case is shown by the blue dashed line which is the impedance in a copper square
pipe, obtained by simulation [12]. The chamber width and the height are w X i = 10 cm X 10 cm, and the bending radius is p =
10 m. The dashed vertical line is the vertical cutoff wave number a, = m/h, and the dot-dashed vertical line is the threshold wave
number ky,. We draw also the CSR impedance in free space: the steady CSR of Eq. (79) is shown by the magenta dashed line and the
transient state [8] by the cyan dashed line. The brown dashed line is the resistive wall impedance [ 18] due to a copper round pipe which
is straight and has a diameter of 10 c¢m. (It is shown that the longitudinal resistive wall wakefield at the center of a square pipe is equal
to the one at the center of a round pipe which is inscribed in the square [12,19].)
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—— Analytical solution (A.8.)
""" A 8. without imaginary poles
==e222 Himulation (L=20m)

wxh=10x10cm, p=10m

Longitudinal field Eg(a) [kV/m]
]
= =
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/0 g imm, Ne=1nd

l

o
L
~

T T T T

-20 18 -10 -6 0 ] 10
(tail) /oy (head)

FIG. 11. The longitudinal field of CSR in a square pipe. The
horizontal axis is the longitudinal position in the Gaussian bunch
in units of the rms bunch length . = 1 mm. The dot-dashed
line is the Gaussian bunch. The bunch charge is g, = +1 nC
(positron), the Lorentz factor is ¢ = o0. The solid line represents
the analytical solution of Eq. (152), the small circles indicate the
simulation result in which we set the magnet length to 20 m so
that the field becomes nearly stationary in a range of |z] < 20c..
The dashed line is the analytical solution of Eq. (152) without K,
of Eq. (155). The chamber cross section is x, = —x; = 5 cm
and & = 10 cm, and the bending radius is p = 10 m.

12



—— square pipe (wXh=56X5¢m)
) wide pipe (wXh=10%5cm)
w4 N seeas parallel plates (h=>5em) B
1 A T free gpace {p=10m)

Longitudinal field Eg(z) [kV/m]
=

-10 Oaussian bunch r
s o,=1mm, Ne=1In{

-1 L e e B L A
-8 -4 -2 0 2 4 [

(tail) 2/0y (head)

FIG. 12. (Color) Comparison of rectangular pipe with parallel
plates. The black solid line represents the field in a rectangular
pipe of w X h =5 cm X 5 cm; the cyan solid line is for a wide
pipe of wX h=10cm X5 cm. They are obtained from
Eq. (152). The small circles show the field between parallel
plates with a spacing & = 5 cm, which is computed by a nu-
merical Fourier transform for Eq. (76). The dashed line is the
longitudinal field in free space, given by Eq. (83). The bunch is
Gaussian with a length o, = 1 mm, and the charge is g, =
+1 nC. The bending radius is p = 10 m, and the Lorentz factor
is y = oo.

damped mode I

10 4
L ogcillatory mode

Longitudinal field Eg(z) [kV/m]

wxh=10x%10ecm

| p=10m L
-10 - g,=1mm, Ne=1InC r
-10 -5 0 5 10

(tail) %/a, (head)
FIG. 13. The longitudinal field of the damped mode (solid line)

and the oscillatory mode (dashed line) for a Gaussian bunch. The
parameters are the same as Fig. 11.
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4 s RSB TRE R LR AR [24-05]
Combined effect of chromaticity and feedback on transverse

head-tail instability

4.1 FERfEFE
o IR BRI RS XA

o E#: Victor Smaluk, Gabriele Bassi, Alexi Blednykh, Aamna Khan (1545 5 i 3
FE| % 5256 28, Brookhaven National Laboratory, BNL)

NES T TN

o %Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.
054401

4.2 HH%E

R R 551 R (short-range wakefield) , 55511 (high-frequency impedance),
) HARAE PR & 1Sk BAAFUE R B, AT TR B BT it i - B A A o o S e AR
BT EIR o AV AIIXMAISE R T, BT s g R Lt w28 £ A5 A ik
E‘J‘]ﬁ%@.ﬁ:ﬂﬁlﬁi (fast chromatic damping). FiEFH/E (Landau damping) SE# IR o 1
AN, LA B [ 5t 248 (beam-based feedback system), FRtE[AFHE %+ (trans-
verse damper), W REFRHXT A AR Y B9 E S HPHIRY o AP FE AT, iR S R Gk
M IR BELJ A REAS A R AL Y (long-range wakefield), BARAFHYT (low-frequency
impedance), FEAVEAATENE, W, FHPTEERESIE SR & RKATAISEME (coupled-
bunch instability). {H/2, X/ RGP e s & 5 Res A &bl R E L BA
FENE, HETHICEL .

RS TE SR R I8 (0 5 Rk R G RE A SL B A E M R 22 B3N o IX A
WIS AR E LB g . B X ENL S F ARSI, ot LA E M
[ SEB6 M ZE S o S LRI T 35T SR A Sk B AR ARUE M B AREURHIE RS AR . 18T
VEB I S E A 290 i S E L 00  [H 4 EJR NSLS-II (National Synchrotron
Light Source-IT) [1sL5G 45 R SHISARI LLE, X TRIE 55 59 8175 8 Rt R G A7

S AL A A PR DRI, RSN [F) A R R 25 8 i 7] betatron JRVGIIRMZER], B € o< Awg/AS, H
th, § = AE/E.
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SR OUT BUAR L K AR RE T Y B R AT R I (LR B2 o

WIXARRIRENEN, BAEEAMNIERERT (€ > 0), TS AFIERE, L2
ANFEUE ) PR AT PR I (R A8 o AP AE SIS , U IRELEE v o U R A RAE Ll ol BT
THOUT (€ <0), WIFAERBARSE, AR RERIG, KL LRAREE.

4.3 TIRREBIHT A

ke IO 5 2L B LAMEF AN R 5 T kR AR L T
o ARG LR B S0 R, FFURHT . B/ A B oty T
S04 AT SR — SR 56 TG B AR

20 1

—o— NSLS-II FB off
—e— NSLS-II FB on
—— Diamond FB off /‘
15 F —#— Diamond FB on *
—=— Soleil FB off / /
4— Soleil FB on
—=— Elettra FB off / /

FIG. 4. Measured single-bunch threshold current as a func-
tion of chromaticity, with and without feedback.

o BUHT B SO HRAE L BAARE ME R RBURAE R G R BLIE AR, Bk ARl
POy RLC JEIREY (WAL Q ~ 1) SRIGHIEBUFALE, Hrh st
Pk A ARG IR A S (mode-frequency shift) , i FEFRALAL IS K B 1%
(growth/damping rate).
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[1] A.W. Chao, Physics of Collective Beam Instabilities in High Energy Accelerators, H,
TN % https://www.slac.stanford.edu/~achao/wileybook.html
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5 JT Laguerre-Gaussian FEJEUOGHNBE ARG X S E h
FHOCHBCRA A TR 2t [PRL 124]
Laguerre-Gaussian Mode Laser Heater for Microbunching In-

stability Suppression in Free-Electron Lasers
5.1 HEAfFE
o K [FBHRATS H B HEE0E

o YE¥: Jingyi Tang, Randy Lemons, Wei Liu, Sharon Vetter, Timothy Maxwell,
Franz-Josef Decker, Alberto Lutman, Jacek Krzywinski, Gabriel Marcus, Stefan
Moeller, Zhirong Huang, Daniel Ratner, and Sergio Carbajo (EZA/[#5: SLAC)

o 4% :https://journals.aps.org/prl/abstract/10.1103/PhysRevLlett.124.134801

52 %

KRB SRR T HRAEAE Laguerre-Gaussian 1515 (LGor) HYROGIIEGERE LCLS
(Linac Coherent Light Source) "X R HI A FaE M (microbunching instability, MBI)
SEBBEFT (soft x-ray self-seeding) # X Ht£k H H H 70O (x-ray free electron laser,
XFEL) RLRERYSZ M HATRUL, SRSV KEIH) MBI X &5 F B R # A 3 B
dhnidias 5 FEL S0 88 i Y2 o IR SEATRENE R — > C A7 28 7] LA L
Jen#ds (laser heater, LH) 5IAN—@HA (AEMHET) REAL. A AE5I AR RERCE N2 it
fASMNIERLJE (Landau damping), B LH 31500 7 sk F ae s At 1
X MBI BYHPHIER, B, wTRAE s LH gy a s o i R A RERL A E
A, HEmEED MBI g # .

BRSSO LOLS BUAHK X G4 R T FEL SR (0 FIE) b, BRESk
EIHIE LGor LH Xt MBI HISRARcH:, 3 5 256 R MF B0 LH . 534b, 38
PHE T ORI LH X4 X §14% T FEL 2GR

“YERE, LH ARSI A R BT Y A T SR A BB M
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FIG. 1. Simplified schematic of start-to-end experimental configuration, from the photoinjector to the SXRSS diagnostic end station

(not drawn to scale).

5.3 TTRREAIHT A

o ik TGRSO RS IR RERUE IR ALY B/ MITERLE . T LH 5800 H
FARAIBER LA RN 17xF MBI il CR . R, ar Lot i LH f9R%
) AT A A L ORI RE UM T A, ghmm s dilxs MBI ANl o 25 ] S ke
M LH 52 T RAERUM M A 4 (parabolic) R, AR LGoy i
SIER AL S AT, N Fig. 2 AT LUA H, BE Etun] DI S5 s
wo
TRt — SRS Loy SAAEA FHOCHE RO T 5] 28 B 7R A RE
HO TS S e AT I 225, P Gaussian R? fitting, 2541 414 (Fig.

3), Hri, R?=1 AL

XHE BT X BI2E (soft x-ray self-seeding, SXRSS) H i H -y HOLR 7>
FrFI T AE es N AR P2 AN (Y (mid-infrared spectrometer, MIR) . MIR
[ coherent signal 1F H TR B YRESRE A7 (bunching factor). B LAGE| 0T &
Fig. 4 FYS2Ea i, A KA O R LR BT i sl iR N+ KRB L
LRI ET LGoy BAYHFRIN 1KLL, 08 LGor f LH GEXS MBI 5 —E
MHEM

N Fig. 5 MEA MBS ER) ELEGANT #&4LJC/F LSRMDLTR, i HABASEAIL
LGy #5& LH, 3FHZ%E4S GENESIS #5415 B g SXRSS FEL #2152 FEL %,
5 R RE AT FL AT
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FIG. 2. Slice energy spread of the ¢ beam after the laser heater as
a function of LGy, laser energy. Total energy spread measured at
135MeV spectrometeris fitted by the black line. The initial energy
spread (with laser heater off) is removed in quadrature to obtain the
red dashed line and the circles. (a)—-(d) Four examples of energy
distributions with (a) 25.1, (b) 30.3, (c) 36.8, and (d) 55.7 keV rms
energy spread and their corresponding Gaussian fits.
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FIG. 3. Gaussian fitting coefficient of determination R> as a
function of induced energy spread at laser heater for LGy, and
Gaussian modes. (a)-(d) Four examples of energy distributions
from transverse Gaussian mode laser heater with (a) 20.5,
(b) 26.7, (c) 30.1, and (d) 37.2 keV rms energy spread and their
corresponding Gaussian fits.
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spread by LGy, transverse mode LH and (b) integrated MIR
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induced energy spread by both the LGy, and Gaussian mode LHs.
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FIG. 5. (a),(b) SXRSS experiment results with LGy, mode LH.
(a) Averaged (blue line) and single shot (red line) SXRSS spectra
centered at 750 eV photon energy and (b) fraction of SXRSS
spectral power as a function of bandwidth for varying LG,
mode energy in the LH. (c) Start-to-end simulation of SXRSS
spectral bandwidth with Gaussian and LG, mode laser heater at
undulator length 23.1 m.
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6 RS E A BTAD Gk o 7= A 5 B [Science 314]
Isolated Single-Cycle Attosecond Pulses
6.1 FA{FE
o 4335 HPEHOE

o /& G. Sansone, E. Benedetti, F. Calegari, C. Vozzi, L. Avaldi, R. Flammini, L.
Poletto, P. Villoresi, C. Altucci, R. Velotta, S. Stagira, S. De Silvestri, M. Nisoli (F*
4 National Laboratory for Ultrafast and Ultraintense Optical Science, CNR
- Consiglio Nazionale delle Ricerche, = AF)

o B S BUEA

o 4% https://science.sciencemag.org/content/314/5798/443/tab-figures-data

6.2 HiH%

XAV SCEOR TR 5 fs (FWHM) [y few-cycle, stable-CEP FYZLAMEHIBOE (th
#7500 nm), 5 polarization gating techniquebgE &, P2AEAST T (1.2
cycle) [ 36—e\/aé/\] 130 B[ (attosecond, as, 10718 s) Sk 75 . BUE T E BonfEL
BT FDSE Rkt N CEP 230 @ /o BIRMEHk A RIS TOT 17— i i, il %
JET o THIEAT SR ks AL (intensity profile) SRBTRY . HUAE N2 AEAS 1ML
V- B R A BT D ik rf HE A7y (electric field) 3K

6.3 FERERAIH A
. Fidk:

LA okt (B Akeh) B9, B 528 M A I ) RUEE A9 0 e

B AR TR . BORS SO SRR P P S 506 2T
% (frequency-resolved optical gating, FROG) #7 A2k & “5¢ 4 B @ f #h ik ah”
(complete reconstruction of attosecond burst) /7% (FROG CRAB), X &
FRFH (BTHD) 79 o G M Ay, REASZRAT X BT R0 fhk 4 ) B i) 5 A 40
G E o

SUNAT %18 S Refs. [10-13],

SUEELERE AN (extreme ultraviolet, XUV) 3B, Hula K494 34.4 nm 5 115 as.
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Fig. 2. (A) Complete experimental
CRAB trace measured in the case of a
300-nm-thick aluminum foil as a
function of the temporal delay be-
tween the attosecond and the streak-
ing IR pulses. Isolated attosecond
pulses were generated by phase-
stabilized, 5-fs pulses with modulated
polarization state. (B) Reconstruction
of the temporal intensity profile and
phase of the attosecond pulses
obtained from the CRAB ftrace after
5 x 10* iterations of the PCGPA
algorithm.
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2. a2 AL $7T K9 non-adiabatic saddle-point J7i%, M HUHTT AT
BRI EE TR AT HREIR S LR A RS BRI — 8, ik
SR R Bk F ) CEP 2 A3ERT

6.4 Hp

TR BB 1 AR, 2T —BS: T FROG I féf s /248

Frequency-resolved optical gating (FROG) is a general method for measuring the
spectral phase of ultrashort laser pulses, which range from subfemtosecond to about a
nanosecond in length. Invented in 1991 by Rick Trebino and Daniel J. Kane, FROG was
the first technique to solve this problem, which is difficult because, ordinarily, to measure
an event in time, a shorter event is required with which to measure it. For example, to
measure a soap bubble popping requires a strobe light with a shorter duration to freeze
the action. Because ultrashort laser pulses are the shortest events ever created, before
FROG, it was thought by many that their complete measurement in time was not possible.
FROG, however, solved the problem by measuring an “auto-spectrogram” of the pulse, in
which the pulse gates itself in a nonlinear-optical medium and the resulting gated piece
of the pulse is then spectrally resolved as a function of the delay between the two pulses.
Retrieval of the pulse from its FROG trace is accomplished by using a two-dimensional

phase-retrieval algorithm.

FROG is currently the standard technique for measuring ultrashort laser pulses, and
also popular, replacing an older method called autocorrelation, which only gave a rough
estimate for the pulse length. FROG is simply a spectrally resolved autocorrelation, which
allows the use of a phase-retrieval algorithm to retrieve the precise pulse intensity profile
and phase vs. time. It can measure both very simple and very complex ultrashort laser
pulses, and it has measured the most complex pulse ever measured without the use of a
reference pulse. Simple versions of FROG exist (with the acronym, GRENOUILLE, the
French word for FROG), utilizing only a few easily aligned optical components. Both
FROG and GRENOUILLE are in common use in research and industrial labs around the

world.

PGP K — PR B AL (carrier-envelope phase, CEP), L ¢g 7K.
W44 JESL, XA SR RE R S AR BN BIARAL, 2 go = 0 B 2m HUEERLAERY

"I A https://en.wikipedia.org/wiki/Frequency-resolved_optical gating
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SRR AR L TR R A I R B FRE

;=0 dy=m/2 O=n =312

TR, 3 SO AR N foro = Sg2e XA fomo Xof I BIFERT SRk i
A (B I AR JE AEATUAR ) — MW A%, PR carrier-envelope offset (CEO),

FOX RSO g, AR @A AT, (B3
e XUV pulse < e-beam or modulated e-beam
e Modulated IR pulse < few-cycle streaking field

e gas & gas?

S H [ https://en.wikipedia.org/wiki/Carrier-envelope_phase
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7 POSIAR TR S [NIMA 870-01]

Dynamics of modulated beams in spectral domain

7.1 HEAER
o S [FPARSTS H RS
o YE#: Nikolai A. Yampolsky (F:Z5HI#J: Los Alamos National Laboratory, 2%[)
ST

o {ff%: http://dx.doi.org/10.1016/j.nima.2017.07.008

RS S T A 23 1 Y oy Tk e e R B 2. 544
MMRZSHEM 2] ¢ = (2, pe, Y, Dy, At, —AE) FEAHFFAR, XEH TN &
b A7 AR B A 23 ) kAR T S R B S R AR . W BEAE k A [RFRUE
Jetig (localized) FYE, L, R LA (GIUE) (RB R E ST FEAOAAE 25 (A1 i IR
A MR PR LA R Bl 1227 8, Bl Viasov J7 %, atFE L AfE
A A k A TR . IXE T T B KK B TE R T B B RO AR
HIT =, 1 HGHG. EEHG %,

7.3 TRRERAIHT N
o GPFTA B REIRIRI, BAKEKNILERNESAE aXiv fifk. 1EEXA

ST R R K (AL T 2 B A =S 1E) I i P R B 3l 12247 e U BRI
Hamiltonian 5 H1 Vlasov 7%

H(G:5) = 5CTH()C = C(s) = Rls, s0)C(50)

% = 0. f(C8) + (VHTTHC = 0= £(Cs) = F [R5, 50)C; 0]

Gt s
gﬂ&w%=/f@wk””%%

OVERE VA B MU A o
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Ak R AE A, Hamiltonian 54 Vlasov J7#E
Hy(k;s) = —%kTJH(s)Jk = k(s) = R (s, s0)k(s0)

%%:&h®$+wmf%k=o:ﬁm@:ﬁpﬂ&WKM

AT LUG AR RCRA R AT (bunching factor) 4y b(k) = fic(k = ksk) 5
o J THIAH B2 M (e 3 T2 SRR 85 58 — — X2, A A ol —
B REL R R A T T4

74 HE
VRIS — RIS (U] SRRt — 2
e S P

[1] N. Yampolsky and B.E. Carlsten, Beam debunching due to ISR-induced energy dif-
fusion, Nuclear Inst. and Methods in Physics Research, A 870 (2017) 156 — 162,
http://dx.doi.org/10.1016/j.nima.2017.06.023
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8 AEMHT RS 5| Be BT B R B R P KRN [NIMA 870-
02]
Beam debunching due to ISR-induced energy diffusion

8.1 EA{FE
o 0K FPARSTS B R TR0

o 1E# : Nikolai A. Yampolsky and Bruce E. Carlsten (3 4/ : Los Alamos National
Laboratory, ZE[H)

o AL FIL

o {ff%: http://dx.doi.org/10.1016/j.nima.2017.06.023

8.2 fiH%

FHA T un-modulated coasting beam, 5 A\ Z8500E 24 23 [ JH Gl 9 FE TR REME 1S
in X S E HHEFHOE (free electron laser, FEL) FYZNRIAH T W42 HiF 2 HI2k
SR IR AT SR R 7 B A 23 [ R LA, XLt (Zetth) (&4 Bt b 2% AN
o Y (HE=REENSH) B R g lm, REHEH TS < B THEHETH
ARSI (incoherent synchrotron radiation, ISR) T RGN, B3E AR L SR A7
/No WM E T AR KA R RER DRI A1 ARSI IS SN K — PR 2% 5
E, FEIR TR . IR SCIBEm RIS AT 289, R 2 A s T S
T PR A R B, R SR R . R B

chicane 5 emittance exchanger,

8.3  TTHREAIH A

o DUER: XFRWSOREE R (U], YEAEN A, oA B AR TR A R A
WORETRER A T AEZ VAR 15 Ol NI R B R o AR B ARM T [F] 25 R A 2800
Bf, JEAR) Viasov ANFEIERH, MBI 77 #E (Boltzmann equation) H %,
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AR

d )
dfic _ Ofc + {fic, Hi} = CP%, O5% = (—ikp P — k3,D) fi

ds O0s
p 54 5kV1+ k% — 3sinh (3sinh ™' (k) 22y
P (k)= — %
95 131 + K2 32
Deff( ) 9 —v1 + k2 + cosh (gsinh_1 (/g)) 55 heeyT
K) = — %

Hrf, k= kphw,,w, = 3¢y /2p. HEF|, 14l Boltzmann 524 A7 friction
P 5 diffusion D BURFZI fie B9S2k, A M i) PR -5 A7 o

IR AT SR N 7 R AR LML R 00 T AT A Rl AT o] B A A AT 2

Hrr, k(s) = R7T(s, s0)k(s0) o

8.4 HE

LESIEY Boltzmann J5 R ELA W £k E ., 1] LIF] FH method of characteristics 3

—

1] N. Yampolsky, Dynamics of modulated beams in spectral domain, Nuclear Inst. and
Methods in Physics Research, A 870 (2017) 163-173, http://dx.doi.org/10.1016/
j.nima.2017.07.008
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9 BT A e 4 B B SN E 25 B HE 25 R B A X [NIMA 999]
Dependency of a compact and analytic gain function for the

linac with multiple bunch compressors on the initial density

modulation

0.1 HARE
o G RIS O

o YE#: Jeong-Wan Park, Yujong Kim, Yong Woon Parc (F#H|F4: Pohang Accel-
erator Laboratory, FH[H)

o A M. HUHITEA

44%: https://doi.org/10.1016/j.nima.2021.165226

°
R

9.2 ¥

R IE SCHES T IR X P28 H dF 30 (free electron laser, FEL) B N# G
HAZ AR R BEOROR AT 2 R %L (gain function) FMRETRIAA. HEFIRAA T
TR A AL M BRSO3 Rt S b RS B — B R TR A
AR A M e, SEREM e A R ET, XE P ARG 65
I IRMEAAR /o HAITEE 9 4 SRR B 7 TR RS, TR RAF TR a1
P e RO, IXRGIR ST IEAE Ree BT H DU THER Rl AR LR 2047
3T PAL-XFEL fyEZhsar P Ml E4edr BCL & BC2 M| O Enr), (E173
HAXHE FEL 3 &R 1

BCl BC2

Fig. 1. Schematic drawing of the linac’s layout and the positions corresponding to the phase space distribution functions used in this paper.

X BB EAR L UL, TR ) R T A 25 TR 40 A B A S RS
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9.3 BTk EAIH A

o TUHER: APTRIRL, HRIIE T RIS A B AR, 38 s R A AN AL T, T
IRAF T LA W IR o X R 1R 38 AR IR SR AT E RN, HOR R
S TR RS R 2 e (I, B) ARk nms s .
R ESHBTRY LL—FE L AR IXRIE U BN R 23 A H 7 (longitudinal
space charge, LSC) EH, FH.LA“F7” (section by section) FZAE A7 #r il
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Fig. 3. Current modulation before BC1 (blue-lines) and after BC1 (orange-lines) for different wavelength of the initial density modulation before BC1 with (a) i = 0.01 mm (b)
A=002 mm (¢) 4=0.05 mm, for p, = 0.01. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. Gain function for BC1 from the theory [Eq. (17)] (orange-line) and from the numerical calculation (blue-line) with p, = 0.01 (a) and p, = 0.05 (b). (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)

3. (LHE) 78 BC1 Y, =MOARIMHIERAE BCL /i (85) S5 () BORETHERIM . (THE)
Bha Ay BERHI ARG R . mT LU ZXAME B0 T BUEE 2t A5~ A PRS2 TR A6 R Ak e o

9.4 Hg

(HR—1RHYE . XRIE SO TARAF TR R S R R i 2, X TR A S
WEIRAHERS, LAs—Mosr 20E T AIRiE . 0

o Imax - Imin
Pind = [max + [min

R RNAEXFPARLAETE DL, BORB R FIRIEA T A — MR E RO (BRI
(A —PEA) o I3 BRI LM E RSt e E L BT e [, B) e T

W EUs IE B2 . B e [, B) R7E T LSC 38Ul ek A A RUE 477 1572 ELEGANT
BRI 2T, TERE 2 RX A6 g 5 enrgy chirp 214 TERAIHIZS M -
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Fig. 6. Current modulation before BC2 (blue-lines) and after BC2 (orange-lines) for different wavelength of the initial density modulation before BC1 of (a) 4 = 0.05 mm, (b)
4 =10.15 mm, and (¢) 4 =0.5 mm, for p, = 0.01. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 7. Gain function for BC2 from the theory [Eq. (36)] (orange-line) and from the numerical calculation (blue-line) with p, =0.01 (a), and p, = 0.05 (b). (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)
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10 FEAFER B BB T [ 2P f S AR etk [PRST-AB 6-06]

Single-mode coherent synchrotron radiation instability

10.1  HAER
o 3 ZRCTRBN )Y
o YE#&: S. Heifets and G. Stupakov (FEH145: SLAC)
o A BS. BUEITHE

o %¥7: https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.6.064401

10.2 g

IR SO LSRR A IX R R SUVEE 1 AR (1], 25 8T A7 2R A T A2
45T (coherent synchrotorn radiation, CSR) 5| #E A A T2 E M 0T o JCHT Y LA %
FEAEH A5 [AIHY CSR Zhy, R, 20 7 <@ BER s, Jf B, PP EAsch &5
7% (continuous spectrum). AFPERCHAMUARERAS (B, 35T 58 B R AL
RUAE) WO, AERMKEN T, Fe% &S mE BN (screening B shielding) {E .
LR JE) = AR DI AR, 5 DEATE R R AT REAE A AR i, TP
BB HLA FHPTAI S (discrete spectrum)o XA 18 S AT AR SRAEIHO T AH TR 2048 55 i
HGR P B A ARE I o FERIMETS LT, B, AFEEMERITT U6 % BAS A B TR) RS
BETXNER BRI SR SETESE T [ 2501, KRB HEE
ARECE L1 7 M B I8 VS o J5 2R AT 1A RRUE A [ IR Ol T B3l )7
(long-term dynamics), F{% & T H T FIAIEE S FHE (radiation damping) 55 19
& (quantum excitation, quantum diffusion) LM . (EIFFEIE, XL XFERTIFL
YA RIS 5 R A, IF30A 2% IE MR [F] 26 9% ¥7%123) (synchrotron oscillation), f
R & T RS S Uk . S22 RN [ PR G 1m sh Y A R AR R B2
TAEA [2] 3.

10.3 Bk BB HT A

o BIFTR SEGREEHTT AT 2O, X BRI R AT T Maxwell-Viasov
JrRE, AR RSSO ARy 047 [B], W Section 1. 57 5h, X 30E
PO T 25 B AEAT PRV L 2 A BE SR BR A BRI PSS CSR N5 | BRI G RSUE 1
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AT B BRI TR ESaE CSR KSR EE & VSR, 25t T LAR
Ao MLUTF RO, & TS

L\
AMm@2%MH¢A@%)(E) (ka)* > 1
0

XA LAl LR R B R

lllllllll]lrllllllIll'IT

1T1T 17

mode

}

<«—

|
Re ZO

lllll]rlfllllllllll‘[

lllllllllllllllllllllll

),

<+
Aw ®

B 5: 24 Awmode > Aw B, S STHIBEE S IESETE . Awmode 12 ERARAS TR E M J5 8 55 1 B
R, Aw AR ZEIEE. T8, XM ERIASELE N N ESESE. =T+
Awmode 5 Aw MIMHE, Z7%1Z 18 Section V.

o TTHR: XIS —EB AL T, M linearized Vlasov J7FEH UG,
% afl € afo

o 109, ot gy =0

N7 A SRS TS, 16 TR £(2,t) SHshE IR E = E
A RIGER, 152N I BT R

_ A & _ A o
L= Zq—q(n,ﬂ) +ie/w+ncq5d6:> a—q(n, ) = do /Q—qc+ncq6+ied€

n

Hrp, A= % (1—8,)x,Q=w+qe, x A loss factor. = /2R H 2 H0E,
AL T BRI, SR EET GRS R B0 TR B R
Wi fE, 57 “cold beam approximation”, Rfl, |AQ| > |nwode|, oEUTFEAE
et

(AQ — v,Aq) (AQ — cAq)* = —mpIvgnw
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PO BT BT DA FEL i 6 R 7 BAbi, Bl F— st =ik
(cubic) J7 2

2 (r4+y)+1=0
H, o= %,y = M" W Fig. 1 2647 Im x vs. y, Bl growth rate

£ detuning YK R FEES, XHEHY p B FEL FY Pierce 24 po

X%miF#%ﬁﬁ CARMEROU T IEAABI T2, Viasov TR PR ZME T e

of _ s0f of

. 2
5@w=—wwuwa%/‘“/i“/%dqm&ﬂwW*W““W“W“”+m-
—00 —00 0
(BB R R T, TS SR TRl e s 1o

& 0A
{fz (%) + ind

=0

d¢  dp
ar Par
HE, XEILAE Bonifacio collective variable, &K E 2M + 1 4~ 7 FEH A 45

= Ae” +c.c.

¥ Section VII $¢ ), BIAHN Fizgdi i FEL 4EF ML, 5 FEL ANEBHTT
BT, IXEBSUBIIMEFIAS = R R ER, B, 5E8 0T 255 B
SHRHE S I A RN « s i R Al AMCE i~

{g—f = <e’i<> + uA

d¢ dp ;
e d —[Aechcc} I'p+k
Her, T FoREs e, (k) =05 (k(r)s(r)) = 2FA% (1 — ') FonJehET

KFRYTCFR AN -

WG IETIE T4 7> 1 I, SRS B —L88 i (asymptotic) fif. 47
Mr&El, CSR 5EHIRUR BIEGUN AUENE R A A BF0E ML, RI, CSR ZplgRst
s, BAMERKREGEEZEE (WTFE). ZIHCNIE, XTI RS R B HAEREMR
(steady-state solution)” K] [FIELAANRESEEE R, RIS 18 SCIM A% FEYh A [F] 2
IR%IB 3N

104 HE

RSSO IE R CSR BT 5164 e LIWFEPT B] ALEAE: AT KA S
F e (localized mode) BHET, HAELHE A 0, 71 CSR BHHT (R 28 B B ARRUY) T BE
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0 I PR B S SR |- 0 r =
0 250 500 750 1000 0
T

250 500 750 1000

FIG. 3. (Color) The absolute value of the amplitude |A(7)| as a
function of 7. Black curve: result of simulation; red curve: 1 - (b) —:
analytical solution of Eq. (42).

APrms
o
a

0.25 | 7

0 : PP TP s B S S S ———
0 250 500 750 1000
T

FIG. 4. (Color) Numerical simulation of the nonlinear regime
of the instability: (a) the average momentum {p); (b) the rms
momentum spread Ap,.. The red line shows the result of the
analytical model.

H R TIHTERE (propagating mode), HBFHEE v, = co FEXFIE LI Section IIT 5
Appendix A $23], X T EREM AP RY AL CSR AT, FHITER ERFH AR
J=i (singularity)@, BRI, B TS R PH T A LR HEZE R &G - Appendix A 45
T — AT SR O R (B (A3)E, 5% Ry Ea. (17) 4
tb, 27—k (1 - 5,) BF, Ui CSR XKL RERZ (propagating mode)
ERNEH, By WIREAR K (EAHRIEEEAEN, B, < 1o

MERFHE R, XV SUBOAAE A PN 1 59 B e AR, X SR S b
ROl M S BB ELARA T (insertion) [FHL, XRIESTMEA Y Mo

FiA, AT T coasting beam approximation, BRI K TREPLRE, &
HE R EIATE . IR, PIeHR RGO ORI SRR B 7
2 (s F B e P S CSR BBURI T F T AR HIBL . RS PR R G, T IO R I R
P T REFATER T I . 07 CSR J SIRBTMIR . 7EEZhst Raerh, — s ATEIELE CSR I S
.
SR, 0 Ba. (A3) ARG 1600 A 180 AQ.
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PRST-AB 5 SR ZERH
H i 2021/5/16

11 fEFF 3R B AT BAREHE 1 [F) P R 5 A B 1t —bunched beam [PRST-
AB 6-08]
Single-mode coherent synchrotron radiation instability of a

bunched beam

11.1 BEARER
C % BTSN
o {E#: S. Heifets (SLAC)
o AL MR, BUAITE

o 4§%: https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.6.080701

11.2 HHE

popesoRss [) M TAE. B R T S A T R RS IEE (syn-
chrotron oscillation). J&H{ 2 HIAA IR AR5 5 57 G ISR L A7 coasting
beam approximation 7 FF 1. WS B0 B ok AT R R A A — B 2
BT, R THOE MRS S U A R . AR R AR R R
GorP R T A RATE (steady-state solution)” [ MM, AR(LEPEK I, 3EH 75 ERFSCH
SN 1%, A R

11.3  STHRekBIHT A

« DUHk: WIS RIS SR coasting beam approximation ffIkL, ML
HREE As T/ NTARUIKEE 0., KLY 2 IRLEAMT . REASIBRIISEI Gk .
IXREIE I Section IV AEBEINAIALRGFIZHIHIL T, 4 Q/A < 1, 155
v = —1 fEECR. B (L) B Ea. (21) %

R e SRS AR RN R [F B R Vi sh s AR el 12, il A ARl 2R
Hr, CSR IR G AT EME R B FAEFaERME (steady-state, stable solution) iH,—
A SERTAY AR (1] JYE & 17 AREid i, (B2 oy Ay s TE] ROEEATS R FRAE— 1
hIA A 2R AN . FR short-range nonlinear dynamics (1 < 7 < 74;)o X THEK
IR REM S, IR E IR GIE ST B2 & %1, F long-range nonlinear
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dynamics (7 > 7a:)o X PARZMEX A A/NEA], JEES Q = ws/n AR

RSO T AR Y (R 2R RY) AR BRI N E R pgEEL, &
GV W PF (micropotential), H HAEARIE 7, HeRBEERE (drift). Sec-
tion V EMEIIE T H 7 ARAEMABHER Zh /2238, (ER P43 Section V 5

175¢

150¢
125¢
100¢

“15 -10 -5 5 10 15
FIG. 2. (Color) The total potential U,,, = ¢*/2 + asin({ — v1)
for vr = (0, /4, w/2,37/4) and a = 10. A particle trapped in

the local minimum remains trapped and moves with the
minimum until it reaches large { = a.

¥k T short-range nonlinear regime 1 < 7 < 74, I ZEH T — 14518, Ri%
FE TN E R IaEh 2 J5 1Y instability growth rate A oc 7%/3 LR ET coasting
beam approximation {5%|f{ instability growth rate 4 o< 7Y% K. I E HAE
short-range nonlinear regime, 4] %5 [8) A0 HI R BITE 5L TR # (chain of
microbunches), KT #E—22 ST EE -

X}T long-range nonlinear regime 7 > 74, HJ31E, VEENEREUETTE . AL
Wah2ta, EA LARFARTEEER, B, XEISSCBIETHEIR S P :

1. Section VI 1%} 1 < 7 < 74, MHT ¢~ qo, FFEM# Eq. (57). Section V [
N E PR E TS . E Section VI FIFRILAY (FE5ERERY) BUE T H T
Section V 45, R, WIUAKIS A=A G [Fig. 8(2)] (2858 L
g micropotential 25, JUAHCAT R4 SLAG RIA B 475

2. Section VII 41%f 7 > 74, ILHH# Eq. (55), Hip V(¢,7) Hi Eq. (7) 5% Eq.
(59) THE. BB )T 225 particle in cell (PIC), FREEHK YT .
1£ long-range nonlinear regime, 5 [A] PN Y FH S [ § AT GEAE I EF 2 B EITE
&, AASRERNE, FOAHBEHNIHASNAFRZDma g%, HAL
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FIG. 5. Results of the tracking of 1000 particles with zero
damping and detuning. Parameters are the same as in Fig. 4.
From top to bottom: n(P), n({), and the phase plane of a bunch,
respectively, at the end of tracking, 7 = 500.
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SRR A T AR 2 R o TRl Hh RO A A 2 1)
%, BIL. fE 7> 7o B, CSR AW 1 <7 < 70, KFRSKHB A,

o QI RETESCAIEONIE T OSR BIB MO SR B R R b, AR %08 T
PR AR GBI THE . TERTEBRT, AR B9 BRI )
GRS, HEATESEE . I, KR s AT IR I S R

11.4 H7E

+ Ref. [I] 141634 CSR i SaiHt. HBE OSR 431 SR R et

o IXRIESCIBIRZNEILRR short-range (7 < 7a,) 5 long-range (7 > 7q,) B AU
HIZh 15

HEREIXRIESCh— 20 o,y BHEOTR R AR IR, W 2 N ¢ = que, t N
T = puto

25 3Rk

[1] S. Heifets and G. Stupakov, Single-mode coherent synchrotron radiation instabil-
ity, Phys. Rev. STAB 6, 064401 (2003), https://journals.aps.org/prab/pdf/
10.1103/PhysRevSTAB.6.064401

M4 separatrix HIFTEFRFR RE cavity 2.
19 Mkt R AL 7 < 1 ABFEREONK
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JAP S TR
H15: 2021/5/16 HRIMETA: SRR

12 JEd RPN [R5 HE MeV 75 B R n] IRAL % 30 1447 R
[JAP 129]
Visualizing lattice dynamic behavior by acquiring a single

time-resolved MeV diffraction image

121 FEARER
o R EPRE TR

o YE#: Xi Yang (BNL), Jing Tao (BNL), Weishi Wan (ShanghaiTech University) et

o RAL: HUEMA

o {f%: https://aip.scitation.org/doi/pdf/10.1063/5.0036619

12.2 %

B3i1 4 % UED (ultrafast electron diffraction) ¥ {5 A SRS & A7 816 & Kk id 2 [H]
B RIEI PRl AR i sh A SRR i A O BR . BT R R BRI , amid
1 FL- ik B PN T S R A e o A il e AT HiA% U (Bragg peak) HYR[AIAZE, A LAS2
SEREH HLEL KT Y S AR B R o SRR I B ) A R 2 B O B, AT LA R
T RGN EETE I A AL S AT 5 5 INBE I R 2240 9 A A) i (time-dependent
transverse kick) SEHfo ATSCHE H— R REAE B AT G AR AR i 2 0~ AR B ) 4
Hex UED B Ittt 1ok, 4 TR RV I ] 93 B, ARSI 4> chicane
(B(FX bunch compressor, Fids), LM A S fbg sl 270 R RE (2031
TR ED) IABIICEC . dE, ARSCEIE AR S S AT O N 05T, IR RS LLd
ARIBLEAA T[] 53 R B ATT 5 GRS AS B 125747 o

12.3  BERREAIHT A

o DURR: SCPAYERR AP R — R A S AT I R, B e I AR
Jifr e ETFSF T 238 20 1) ek o7 S A LA R AR BRI I, B R — Rk
) e AR AR o B A BR A A5t BRI A 7 R AT ST R R B
T X TEARTE 7R Oof BRI YRS ) B9AT G, FEre AT a3 I NRERS
[RIAE PG R 1] st 6 FEURE O BT SR A I RIS SR 0 B 21 BDP (A R A AT e ) Fy
AN AL E R e IR A . R REA A 22.6 fs 43 HE.
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o BT
— N TIEE W HER LLRCRT RIS, ASCHE R P4 chicane SCIZIIRE. {7
THERL_EIFRYSE A chicane JEAE (L a] UZROK) AR S i H -5 Shig s x
VERc. A2 FHEh RIS A chicane, JEOKHR AR EEOR IR R 5% FL I REAS (AN
R3] 2R AT 32 2UAS [F A e AT 93T o

L A A
LaserPul r——- ] -

aserru Se‘w\ﬁ 30 ™ A 1N I FIG. 1. Schematic layout of the single
I time-resolved pump-probe experimen-
S | A : Variable Time Delay tal setup. The 4th harmonic RF cavity
Ny L7 controls the energy chirp of the elec-
1 I tron beam before the sample; the
| - deflecting cavity performs

time-to-position  mapping after the
Polarized Laser Pulse sample. To achieve the best possible
Chicane 2 time resolution, two EM chicanes
Ar=RyAEEgy ™™ y placed before (Chicane 1) and after

- >. ........ i ni 'E? - i (Chicane 2) the sample are responsible

....... for realime tuning and matching the

4™ harmonic RF Cavity Deflecting Cavity electron bunch length to the lattice
Chicane 1  Crystal Specimen CCD Camera dynamic timescale.
Az =Ry AEE

— S BNL-type RF e-gun HiK 2 JFRHISHA chirp, chirp Ik HRH 7
TEREZE R, AT ADRHE T, i AE I 22 R (A 50 B 22 BT LA
SF — — (£21) x 8, BABIAEEIL: 2dsing = n\ T4 HHE T Sl
EEC do NI THEEFRAYSLES, {# ] 4th harmonic RF Cavity £2£t5 BNL-type
RF c-gun 251 [ 1 1 TE3% B B LA B chirp (WA chicane 3556 11) # R IUI22 . 4
REBKIRAIFE < 1074,

> {5 P R T 40 T R L SR R I SR U P (beam-semsitive
soft materials) £ EAMIIFAL . T PIUESE T R FIM 2 WA — B b, R
AR T DU SRS R A I 5 IR AT o 26 1 R BB e o — B e
R T BRI R 16 F TSR G FR AT A0 . ol sk 9 B0 4 i — 1
B, IR A, R T 2]

12.4 H¥

K30 Type-Il 1 Hybrid B PEHE T (BEF Bloch /7 i Hah 112%
AT ES (L))o TISCHHR KA ImpactT {EX SIS0 (LE A T energy chirp [
WATHELEE A beamline.

12.5 AW

ASCEIE R USRI S fh TR 23, HoR il (UZ IS B rIAT A
PUFISESE . NUILRERS AT "B 2R S0 Y Fig. 5 A Fig. 6, (X MIER N T{EG
REHIR Do

o WERAESEISCPR R EEREF () GRAETAT) NGB fis .
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:0 6 M ‘ FIG. 4. Measured lengitudinal distribu-
| | tion (top row) and projected electron
S04 denstty distribution (middle row) for a
202 | temporally modulated electron bunch
E - ! (demonstrated in a previous study)
<00 — Reproduced with permission from Shen
~ et al, Phys. Rev. Left. 107, 204801
0 2 4 6 8 10 12 _ 6 8 10 12 2 4 6 8§ 10 12 (2017, Copyight 2011 American
Time (ps) Physical Society. (a) r=04ps. (b)
o - 7=18ps. (c) r=36ps. (d) By
. (d) B = varying the delay r, the stack plot
0.0, —~ - (colored) at the bottom row shows that
1.0 the modulating pericd can be continu-
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FIG. 5. Time-dependent BDP trajectory on the detector without the pump (a); time-dependent diffraction images after the pump on the detector with pixel size of 1 um (b)
and 5um (c); time-dependent BDP trajectory on the detector with pixel size of 1.m having a temporally modulated electron bunch without the pump (d) and with the

pump (e); and line projection of the intensity (f).
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0.1000 Ideal model

1 pmipix
5 umipix

0.0976 0.1000
0 g

Scattering vector sin8/A (1/A)

0.0952

FIG. 6. Combined post-pump dynamic
of lattice constant variation and BDP

o Scattering vector sin6/\ (1/4)

0946 (c) intensity variation: time-dependent dif-
0 5 10 15 fraction images after the pump on the
Time (ps) detector with pixel size of 5um (a) and

JPPRTTI 1um (b) representing the BDP inten-

1 ﬁizﬁml o 2 55 °°a=”°”°°:‘: : sity and position; results of peak

finding at every time slice in x (c); and
results of intensity integration at every
time slice in x (d).

©-5 pm/pix

Scattering vector sin8/A (1/A)
Intensity (a.u.)

Time (ps) £ 2 Time (ps) L o

o ST AR SR SRPRAE 75K 5 2 R R BRI 41 9
ARIRTTRI AT ARG E LB AR A beamline sREGEFISTE, AHRED)
BRI T T A SO B T A 54 S
FF L. (%6 SR SRR R (2] (B SCHRAY Figd) DUt oF
GG R BTSN 12 o T beamline HEH RIS 1250 MAEL RS
TSI A

o WA —f]1E “The resolution of post-pump dynamics can be further improved us-
ing a real-time longitudinal beam profile monitored via the temporal profile of the
driving laser, similar to phase retrieval with the preknowledge of the beam current
profile. [3, U] #2¢ BT EFUCHIE Ak AT, sFAIEN S FROG HOR
IR

2% 3Rk

[1] J. J. Li et al., Dichotomy in ultrafast atomic dynamics as direct evidence of polaron
formation in manganites, npj Quantum Mater. 1, 16026 (2016).https://www.nature.
com/articles/npjquantmats201626

[2] Yuzhen Shen et al., Tunable few-cycle and multicycle coherent terahertz radiation
from relativistic electrons, Physical review letters 107.20 (2011): 204801.https://
journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.204801

[3] H. N. Chapman et al., Femtosecond diffractive imaging with a soft-x-ray free electron

laser, Nat. Phys. 2, 839-843 (2006).https://www.nature.com/articles/nphys461
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[4] Y. Shechtman et al., Phase retrieval with application to optical imaging, IEEE Sig-
nal Process. Mag. 87, 1053-5888 (2015).https://ieeexplore.ieee.org/abstract/
document /7078985
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13 Courant-Snyder {5 Gouy fHNHIZA 6 [PRA 102]
Equivalence of Gouy and Courant-Snyder phase
13.1 EAFE
o 2 HREE
« VE#: K. Floettmann (EEHLK: DESY)
o AU By

o HE¥Z:https://journals.aps.org/pra/abstract/10.1103/PhysRevA.102.033507

13.2 JHH

WE TR (BRRREAL FL T 2R) A8 Br sl o e (AEREAL FL 73K Y3 d—
B e WA R S B AR, AR R A [A) OR T s g AL A AN 18]
Fho RVEMS. TTES R, 1BRIR RS RNE AR R InE S A2t
AEEY Courant-Snyder PR N H 2O G200, 7T LR ok 75
BOGEA RS, AEOCAR BT IR B A 3h & BB HEH S0 A T SR AR =%
it 1" Conrant-Snyder L Gony LS 94536

13.3  BTHREAIHT A

o TiHk: X RGH A TR LAY Courant-Snyder ¥Eig 522 H g
DLE AR B I B S [H Ui B IX AR B SRR T BRI LT, S Xt
RERMBEIAANE, HEAT. 80 EEASERONE. Eh—ge3s), 2T
Courant-Snyder ¥ HJFHAEER] (phase advance ¢) ] LA Gouy phase HJ—Ff
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A TR R RN T

2
corr

2 2
0%(2) = 0 + —2° & 0*(2) = op (1 + —>
o

2
0
2 Ao 2
betatron function [(z) = 00—(Z> & Rayleigh lengthZp = 00 _ 90
€

emittance € = ¢4 + €2, < beam quality factorM; = M2 + (>

M)\ €

2m+1
B 3
2m+1 W w=2 ok 2k
0-137y = \% €$7y6x7y <:> vay = { } Y =

V2n+1 ) 2 2n + 1
g
2k
d ds <& [d
betatron phase advance ¢ = /—Z & Gouy phase pg = tan ¢ = / © / &
B 14¢? B

Hrp, KXFHES betatron phase advance B, 35 LLUTF

" _ 62 65/ 5/2 2 x=+/TBe"® - dz
br T PAEIeE 2 A S EHTE T A AT Laguerre-Gauss # (A 9F
FHDhEY) 5 Hermite-Gauss 2 (ToAshH) RIS (mode converters)
L AME S S s A AT O TRl TR (BFRIEAL B 73R sl dEREAL 5
HL TR AS#ags (beam adaptors) HYZEAMESE MY

13.4 HE

IXESTE IS0 T SRS TS /28 betatron phase advance BYYIFR G , XS 2E S 16 o

XTI SARIRIG R, AT EAE X 18 S0 betatron phase advance .

ROZ— R EMIn & SR E o0, BOEIEE N LA THE R e S BB HE SR

R MG X Gouy MALAY—FELA . I Gouy FEAZIR T SL AR ARETH)
AR (RFR) P S A IS5 IR, T2 (1],

R IR S0 K FU A S UR B TP (L N R LA, AR RE S B — D IR HE

P S )5 T P THI ] o

ENg g Bk 3 1, B2 7 Courant-Snyder Fig4h, SLIM [2] M (repre-

sentation) BEYEAYALA4S Courant-Snyder BEEWL Ny —Fie i), S 75 (776 5 SLIM X2,
BRSO AA 27
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[1] Simin Feng and Herbert G. Winful, Physical origin of the Gouy phase shift, Optics
Letters Vol. 26, Issue 8, pp. 485-487 (2001), https://doi.org/10.1364/0L.26.
000485

[2] A. Chao, SLIM — a formalism for linear coupled systems, Chinese Physics C, Vol.
33, Issue (S2):115-120 (2009), http://hepnp.ihep.ac.cn/article/doi/10.1088/
1674-1137/33/52/030
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14 ZERMIEZ AT F PR HPL [PRST-AB 8-01]
Impedance description of coherent synchrotron radiation with

account of bunch deformation

14.1  EAFE
- 433 RBY. HEbTE

o E#: Robert Warnock, Ronald Ruth, Marco Venturini, and James A. Ellison (F
FHH: SLAC)

o AL FIL

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.8.014402

14.2 5

SRS A ER R R T R R RS M RSB, AR 5485 (coher-
ent synchrotron radiation, CSR) HJFHtiIA. i LRk THITERBGIHIERN — MR,
SRAFERAAR XS RIBIIVEF ST (collective force) I, FLFARAY (W 2 HIAT) 4M0AE S T
2] (at the present time) JUE . XFHTA SR R AR WIE (rigid bunch) A Bk
S, PR ESRIX M ER 1 S B AR 2 e A o s BESR 2NN R AT, A4
A BIAERS 21 4 (exact) 16 9IEI St J2 ARt 200 539 SO 4 i 7ok A T A
N, SRR AR S BH T ME SRR SRR 3 )12 IXRR I N— B Se B b
1" (complete impedance) FY¥HER Z(n,w), N1 5 RBGRIETTA TG, FRIE5%
FEAT A —MBEPT” (elementary impedance) Z(n).

FEXPIXAHET I SR ET, IXRIE SO T M RE OIS, AN, B
PRFATEIERA, T2t FHUER CSR . IXRIE A I e BT Mg, JEE
CAERIMER I (Imw = v = 0) BYRLIEELT , "SRRI BN — R R CSR 7,

TR KT BEBAE R B A PRI 2, R T RORBEAUR T I S AR LU Ly

GERYEEIRINE TS &
XA B R K RO, IR T IS 5 HL T s IS E

o1
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14.3  BTHREAIHT A

o TR X —RECENAWONFEE LS AR T L RETHE e BT — %
AR [Eq. (12)] AL faiiFs) Eq. (17), Hy KA s (pole) Bty R %A T
Ho WNER_EXT R T FAEAT S @R BEL# L (cutoff) SIURFHEAIHE L w = ape.
AT B E RS SERE AU R . W PR ARG T — 2 S B
R ESR [Eq. (18)]0 fER—EUEMELLT, AU AR (pure imaginary),
SRRERIARFE L (pass) ZEUEIURIG, FEPTIFUGHH SLHS (real part). 51fkiXLE
SEHBEII AT (pole) TEZRT R Y KA TEAS i CSR I HIHER 551

—RIE Y collective force V(0,t) H T

i 1 : —iw ' 1(w—nwo)T
V(0,t) = wo@ Zem@ Z(n,w) {% [z/\n(t)w " +e t/o eilw=rwo) /\n(T)dT:| } dw

NI v =0, RESEIBGRINEE

V(0,t) = wo@ Z ei”(g_wot)Z(n, nwo) Ap,

XFT R A R AT RE AR IE AR . B A A I s

V(0,t) = wo@ Z 0=t 70, nwg) An (1)

XAEMAIER, %8 Eq. (14) 5 Eq. (32) AHEXITIE.

o GIHTR: XA SCMXT Maxwell 77 F22H- 5T (FEf77. FEIR) i#17 Fourier-Laplace
IR ARG, SRS SRS T — BOE AR S 3T (analyticity) FEEHR
W FE— RSB, 28 SRR KRB TT 5 . e AT IR R A
AR, OS2I REAEHE ISR, IR 23R EE ST

14.4 H

B
J X R B SCHR 9 e B LT RO ML & AE A (7 2R CSR 51 BUNRCR AT E MY

ARG —ME%, B unperturbed bunch current ATk V(0,1).
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Exact solution of multi-bunch instabilities for ultra-relativistic

constant energy bunches in particle accelerators

15.1 EA{EFR
o 53 ZRITEIIE
o {E£#: Muhammad Shumail and Valery A Dolgashev (F#if|#4: SLAC)
o AL B, BUEH

o 45F%: https://doi.org/10.1088/1402-4896/ab07e3

15.2 5

FERLF- I A, 220 PR A 4H 3 ) R AT B A T o e Bl 8 PR EE A FRLE 2
Yo 1XEEJR Y v REIE R IR [F) BN A BRI ANRE M, I B0k Rk Al
X 22 R BN B A3 AT AR I g 1 Tk BAS A SN BB . IR SCHE H —FP B8 HY AT
Tk A Z KA ARENE, B, BOg IR B xR RE R, I Hou A A5 5
R 40 (uniform beam-focusing system). X168 SCEARE FE T P I

L FrAERBERER B M5, Twiss 250 B 5

2. MHRHERE R By fFEEE R Twiss 240 B, f7L4% % (k 24 bunch index).
YT —MEN, WIIE RN AZ WA [Egs. (5)-(7)]; MTH G, i
IIEAN AT LAZR IR A sin/cos ZF1 [Bq. (12)]. fi#tTif@EE Mathematica £5-5 5552
AR E SR H A BRISASR T535 F T B AT beam breakup A4, B HENT 2, &M
TZ AR (many-body) RGEHH n DTSRG n — 1 DFARERVET 5347 o
15.3 TRl BIHT A

o DUBR: XRIESCACERIN NIRRT (Zetk) W AERE TR

X"(s) = X'(s) = —aX(s)

Hrpr, a ™K N =M (strictly lower triangular matrix). BT ™#% N =A%
424 nilpotent matrix, KA a” =0 (HH, n NREHESE). 41 TH5IEA

o4
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) —ffi. 9 Eq. (5) 5 (17)., 4 BIGHR_ER BRI ARHTARAY B AE 1 S0
BOAREG H, TRLS M X PR L s R . 20 5 B BRIk A Ba. (1)
5 (14) Wtbke, WLLEEISETRILT e aE S [Figs. 2&3], BB #ER EH
o XPZEBMIT . T MR TR R RIE T2 .

o« GPFTA: A Mathematica SiKRIFTSHHEINRE, Re— BRI Gl AR R 7 i
AW EORIG TR T Bas. (1) 5 (14) BA—dk, X428
JTREEIE T BRI beam breakup AYI0AT. B, HEM) 2, EHTHEWEAR
FHZARARGE n DTSRG n— 1S TARSEAEVERRY T

15.4 He

RIS AREEIRTIH BN E, FOSRBIER a JEFE (R, M JERE,
noxn, Hrp, n R E HUECRIATED) FEECRHIANAE. 12 32 GB A AHN, KA
HAEHE n < 1000 HITEOL. AR5 iR IE 0, An oAl e () 55 A AT ) pE HLAE LT, U
M ZEEERIRIAEO nox 1, AT i AR T H S R R R R

KT, AT 225 I RZAEE R Lo A e ) 21 B 96 5 T s 1 1
oL [

S5 3k

[1] Muhammad Shumail, Exact and fast solution of ultrarelativistic multibunch instabil-
ities in a constant gradient accelerator, available at https://arxiv.org/pdf/2104.
07701 .pdf
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16 FT G s ARTEN A AT S AR 3 15 [19-11]
Off-axis beam dynamics in rf-gun-based electron photoinjec-

tors

16.1 HA{ER
o I3 R ERTIR
o {E#: R. Huang et al. (FZEHH: LBL)
o BRI FE. BUER

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
19.113401

16.2 fHE

FEARZAROUT NI ZE M M 8 5000 FEL AR T A\ i BN rh O 57 F e 3 O PR 2R
Bt AN SZ 2 7 H3E S (back-bombardment) RN FIEZNA,  FAAR FUOT T R00%
(quantum efficiency, QE) ZFHTEFALN, B (off-axis) IBFTHONRAT LA, FEREEN
DU, SRBIEOCH R RS, AEROE AT RTBIAN X0 E QE FB)Y (QE depletion),
EMEH RIS Sa. (£ QE AL RIEAN . iR a] LU b TR fh %
VB, ARITARFGHEL R QE. JRT, A£ BN iatT, m e g 2 R R FH R
 (correlation), Z-FECBEMBE AGT I XRIESHEIA T —Fr %, M AR
TAE L A8 N i A SR TR e A L (4% . JHBRFE et 5 LN RYBERS 22 ALY kicks,
MIMTZEAR AT 2T R, EREESA B LM, T RAERY AR &
HEWRIBATIHOL T HAGHEAE

16.3  GTHERERAIHT A

o DMK NSRRI A B A A S AR RS O [ 43 B A S R G, s TR
AL ARYEHIEAE, IX— AU B S BRI T AR - A R & R
HI ARG FI DA A B2 5 TR kick AE L 32 T AER-FAE SIS buncher
KRR B RYIX— kick, M/ ARG 5 DR A ST R X
SO I 7 ST TR AR IR R T AL, I8 IMPACT-T 4567
WAL 71X SRR S JE RE R o AR A U BE RS2
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16.4 ZARR LR

(EHL TR PRI R SR M SRR re (TR, SR — A EEALHRSE
k)0 ZERL TS HH T30 (i R R s BB, (2 AR 12 rp A0 223
buncher, i 715491 3R AT 1730 5 200 5 04 45 G0 0 26 T BT
T S5 L HH RO buncher H9FRE 535 A BT /A0 8 4 R

d’pr *pr
e (87"82)G trB <8r82)3 =0

KT LI IE T LA AT B o, i B IR R U — A & 5 B A A il 2 mm &
SHTEOLT . BRI A UG KLY 15 Yoo

[} ] N
2 T T T T T T
S 18 i === Horizontal, corrected beam
c ; === \lertical, corrected beam
= E == Horizontal, uncorrected beam
r 1.6 i i .
c E Vertical, uncorrected beam 1
= 14l = Transverse, on-axis beam

—
no

—_

o
o))

©
o

Normalized emittance (
o
0]

o
A

o

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Distance from cathode (m)

B 6: PR IIRIE (REZR) MARKRIE (S52k) THI0 T R IA— (R A A S RET AL, 2 (i
g3 RSP BT 1] o
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17 FATBYBERERSHAT N EEM S B % NE s [PRAB
24-05]
Compact S-band linear accelerator system for ultrafast, ul-

trahigh dose-rate radiotherapy

171 HARMER
o K BITINEAIIE R AT

o {E# : L. Faillace, S. Barone, G. Battistoni, M. Di Francesco, G. Felici, L. Ficcadenti,
G. Franciosini, F. Galante, L. Giuliano, L. Grasso, A. Mostacci, S. Muraro, M.
Pacitti, L. Palumbo, V. Patera, and M. Migliorati (F%4/[#4: Sapienza University,

RORH)
o KA AL SCgE

o HE¥F:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
24.050102

17.2 H5H

MRS R R/ MR, BT (radiotherapy, RT) J2& H A B B HH 4T
(W BT Xy B18:) 1697 MRS 2 VEOR . TR RIT AR B TR AR
FEEOR, TRA] REM A7 B M 4O A PR AP FRZH . AEXFIE LT, F - E I
AR S REH 70 X 4R Gl & s Z MR R BIEES 4) B
AT L. fl, A IR SR R 7 X S SR RE IS e FRl R iR 4
L2 AN ZE RN o XA 0 s WAk A FLASH 0% . At XIS SCHEE TR 1748
— & T FLASHU St A 7 (9 S0 S g Bl pr i e . %% e It O b R A
7T MeV, Bkt HL R R 100 mA o ASOHEIR S BB E SN S 1Y SRR
AR SO S RGO AT AR (dosimetric) U545

YORD, bR SRR (ultra-high dose rate).
20N 2 ~ 4 GHz [ BB -
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17.3 TR EAIHT A

« Bk FERT FLASH BEUFHUNAITH S BBLE SN, AN 4
T SR, R4 AT L S R T2, 580 T
FLASH RIS A& IR RWS 1K OKI%R00K) Wi S<bm i)
%, BT T FLASH B BT 0B

o QTR BT FLASH #s N HUBUHE T I I B hmE (W FED), R
MERAARB eSS BN B B, ERBENRHRT, ST 7 MeV,
Pk s 100 mA FFE A= H o BT YRTT BT 020 R A [A) s S 1o AR AT 3R
ARSI T8 T H AR Ak 2H 42 ) SR 1) RO RIS FH =00 Y [ PMMA (R
IR HTE, polymethylmethacrylate) 857 LRI 77 22,

RF input
waveguide

torois |

’-V

B 7S BB A NNE G

17.4  HE&ME S8

MEGUN I TH IR i FAeiRit. T-STEP I TRIEN 105 H. 528 % (2-D) B4t FLUKA I
TR
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Parameter Simulation Measurement
Electron energy 7 MeV 7 MeV
Beam pulse length 4 pus 4 us
Pulse current 100 mA 100 mA
Rep rate 250 Hz 250 Hz
Dose per pulse, D, 4.9 Gy 5.14 Gy

In-pulse dose rate, D
Average dose rate, (D)

1.22 x 10° Gy/s
1.22 x 10° Gy/s

1.28 x 10° Gy/s
1.28 x 10° Gy/s
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