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1 YMeRRESBESHEN FEL BRI 220 [JSR 28]

Superradiant Cherenkov-wakefield radiation as THz source

for FEL facilities
1.1 ERER
3 [FRZEREST S A B TROE

% Klaus Floettmann, Francois Lemery, Martin Dohlus, Michaela Marx, Vasili
Tsakanov and Mikayel Ivanyan (F=24/[#): DESY)

S P D

o HE¥E: https://scripts.iucr.org/cgi-bin/paper?S1600577520014058

1.2 f%

EILAERA T HEER/NNEREE, BTREER, R TS AR B A
THz e BURATRE I FELEMR YRR I 55 52 B S5 SRR S R BR G, XS E
BRI R RO R RS o AE(RPUREES A, H 2Bl i), ml A
&Y REAH TSI X T HEEIIR, HIMEEIEE R LR & 2 Mok b
o SNRRYIFE S EAE T R ICIRIA B S IR . R, BT T R= 05 A
I BEar ket HIPRACH R R A IS 77

KRR T RUZ S DT — e, FFe SN LB E . b, X
RS T — A SEI RS REE . DPRAIK IS B RIE B R, HEBUESS Rt
7T HeA i Viasov KSR ARET i H O BOEES AR L RGE 2 AR S inh oA A 350
FEIX IR SCHA LT

1.3 DRk e BIHT A

o QUHTE: fE—28 X B2 5 70 (x-ray free-electron laser, XFEL) JE & H1, £
TS5 BRI AR 2E (THz) F@5F, FONAE THz BEBTEEN (BUL meV 1
JGFRERL), B FRERE X P BT T A IR B AR AT, R YT RIAR
R AR AT S ir s il 5 B g X AR A 52 AR IR, A2 XFEL
W T THz FE0-X SR S50 Frae i & 1d THz SGIRIY G2 — T2
KIgEHR. HuifE—L XFEL 328 O &, KANTEARMER, 1: DESY
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P

Figure 1

Possible radiator configurations are, for example, round tubes (a), and curved (b) or flat (c) parallel plate waveguides (PPWG). Parallel plate waveguides
offer a tuning possibility via the distance of the plates but suffer from a reduced mode confinement as compared with the geometrical simple round tubes.
While the outer structure of the radiator is a highly conducting metal, the inner coating can be a thin dielectric layer or a metal with low conductivity (d),
but also patches of a dielectric material (e), regular geometrical structures like corrugations in a metal (f) or simply a rough metal surface (g). The last
three cases are examples of meta-materials, because the radiation characteristics are described by an effective permittivity.

RYEH PRk, b THz fE5HHTR E48: 0.1 ~ 30 THz, XfMJkiHEER 3 mJ ~
0.03 pJ, 5 X FHLRYHS I ZR SR HIAE 20 fs o

o DTER: X TRUZREER, BIXWNZ ARG BT, SNE B SAR, E T k| > 1,
IENENERRE S E A K|
~1
2014 2 oth (dy)

wk.r? ri€ok,

Z(k) =i
Hrf, k. =w/c

k= k(1= ¢ —ie")"? =ik (¢ —1+i")"/?
Heft, e =6 (¢ +ic") ¢, ¢ NNENTSHK MINZEESAESIRZ, 51

A LA Drude R, GE SRR €0 [1 + i (00/eokc)]

Xk a2, FIH coth (k,dy) = (1/kedy) + (kpdi/3) JEIT, L FHBT
PR LAE sl el S84 RLC BT A

R
1+iQ (45)

Horpr, X e @ a i, XA SE TN T & Fig. 2 45t

Zy(k) =




General Dielectric Bimetalic

permittivity condition &1 = &g (6 +i") -1 £ = (1 + zm)
£0
. 2 e -1)+e"” 2 ¢ 2
i .2
resonance condition kg " (& = ”2 s di e —1 rdy
V32 V32  (¢-1) V32
shunt i R -
Shook inpedemon wridk3e” A [ T4 2T+ & 2mry [s™1 4]
2 " =1 ] W =1
bandwidth Ay dikge"eA[¢7" + ] els'+4] ¢ c[s™' +4]
Qﬁﬂ Varr &-1 V3mr
(e —1)% 4 & 1 eoke
parameter A e = —
e {t_’ - l) + " € g
(fﬂ.‘. 2 2 dﬂn‘ ] tf[U:)Z{}
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. . Zﬂ(.‘ ZQC Zg.f.'
loss factor K_| —m —m —m
. 2 4dy (£ -1) 4dy
group velocity 5, 1 o = 1 ~
Figure 2

Resonance parameters for the general permittivity case and approxima-
tions for the dielectric and the bimetallic case. For details see text.
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Simulation of a Vlasov antenna with 300 GHz central frequency. The tube
has a radius of 450 pm, a layer thickness of 100 pm, and ¢’ = 3.8 (fused
silica). The cut angle has been varied between 25° and 65°. Lower left:
perpendicular to the plane component of the Poynting flux through a
plane perpendicular to forward direction. The Poynting flux is calculated
by a far-field to near-field transformation into the plane with minimal
r.m.s. dimensions of the pattern; k is the wavenumber. Lower right: vector
components of the electric field in the far zone for e, = x'(sinf/6) e, +
y/(sin@/6) e, + cos O e, with 6 = (x? + y'?)'/*. The real and imaginary parts

are shown in blue and red.
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Calculation and optimization of laser acceleration in vacuum
2.1 EAREFEE
o 33 HE

{EZ: 7. Huang, G. Stupakov, and M. Zolotorev (ZEZH[f): SLAC)

CCIR 170

2.2 HiiE

R VE SRS 1 R AT SR BOE b1k B S e R T R S i . X183 i —
MOFTHI AT T %, T AEREZ I ERET RO SR R4 T A2 i RE F A #
FUTROEINE , R T 5 R T R R IR 25, B AR AR A [ fL e, R
AL RE R A, ARG AR BOCAE. BERUR/NEUMBOCRMEETE AR . A,
BT T XA 5 A FRBIRIRE R et o

2.3 TGIEREAIHT A

o BT R SCEE FREIE B9 — AR AR - BERCTIEERE - AR A
WAFoR, T EZ ROt SRt T A R RE R Sci . I 20
WOCHAENLE, BB Ay. XRIESCOIFT RUNES & RE R FIEE G ST 4R
SPERIE . MMHHEROE- KA RE IS &, AR RO AT T R R AT 7 1
Yy, ARREITRIY, WK XL .

o TTEk: HIEEERITIS

B4 I
O [ gk +/de-E:—/S-ndS
815 v 87T v S

AT Fig. 1 380E, UM i FFs [ dt, WL A N HRL7-E

zﬁlfzz—l/‘ dt/rS-ndS
—00 S

Am.

4% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.7.011302
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S

FIG. 1. (Color) Layout of a vacuum laser acceleration experi-
ment. A perfectly conducting screen with a round hole of radius
a is located at z = 0. Initially, a particle and a laser pulse are at
position 1 outside of the volume V.
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= §E§27r/0 rdrw—g exp (—w—8> 32E§w0
ATLACEE], WOLTTAERSLER, BOLARBIRST wo MIZ B L2 o K2,
HAAGOLT, fEibana

A maLx:4
o V2 Po

X1 TW Ok, AT Ayax & 60 & 30.66 MeV HYRER 1t
2. WO E R TEMoo SRR R Lo dIT0ANE, AEML

o?
AUee = 26E0w0— {1 — exp (——2>}
« ag

Hep, Wi a0 GEERIEL, A

P a?
A max""36 el )
w30y o (i)

YRR AR AL I, G R AR IR S . — Mk, AR
1) BE Ot I (laser fluence, Fr) & Fy, &~ 024U /wi, HAr, Uy HHOE
INJGHER (flash energy)o X Sz FbEli il f7 Fh e BOE, A

Fy, ~ 2 J/cm?

125 RESEHOCAFEATRRIARTIR T, BT RAERGRE R

AUpee 7.5 X 1073 ymc?
n YV2AL/T
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~ —GeV/m
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2.4 HE

XIS — IR RN T Lawson-Woodward sEFE, AEZHOIGIHE— A
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3 Smith-Purcell HHHF#EH/MESHi%: [PRST-AB 10]

Small signal gain of a Smith-Purcell free electron laser

3.1 EAFER
o S FPERATS A HETR0E
o {£#: G.F. Mkrtchian (Yerevan State University, 5 B [ 37 k2%, 2B T)
o BT OHLS. A

o ¥ https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.10.080701

3.2 HHE

XSS O BHEAT D EAEH 774 Smith-Purcell B i H 706 T /70 1 Ab
WA R e T AR PTAE RS (impedance matrix) ffife. 472 T HIEH Maxwell-
fluid J7FE4H . WL, 152 7 TM BREE0TRE, TR a7k
(evanescent mode) HAEHE (radiation mode), 4 Smith-Purcell H i H UG &
MRS RE B 25 TR 1, SR TG B SR ST G, &4 H L RO IR
o

3.3 wTEREAIHT A

o QTR IXESTE R A TS Maxwell-fluid 7 FR4HHAT 047, 5 LA % Maxwell-Vlasov
TIRRARA AR, (B

o DTBR: XRIC SR T RIE R B, (S . £5 Introduction ¥4, W4T
KT Smith-Purcell H iy HLFHOGAYEE BE ey B, S A R B A AN [H] 5
s, FARBIA R —FEAY L ERR E . tblin: L. Schachter and A. Ron 15 237t
oc I RIVIEIRBIRI AR S, (HEE T XA SOER BT, IS bl o
K.-J. Kim and S.-B. Song 15 2I|fJIg& %5 o Ib1/2, AN Smith-Purcell H A HFH0OE
W T A RE R RS G R IE 1, AR RE T SRR E, &AW
B RO SRR SUEE BT WA —2. H.L. Andrews S A\HY534r ]
25t Smith-Purcell 5 i FE T HOGH REAAAER B, REGE T4 HIUAIRY . BIF
EBEAE . I8 —8ET PIC BUEUERUSE K. hRX S SEEE R, &
MAL—F, FUNA—E,
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WA A A

FIG. 1. The configuration of the Smith-Purcell FEL. The elec-
tron beam moves at a distance d parallel to the grating surface in
the z direction. The grooves, oriented in the y direction, repeat
periodically with the grating period g. The electron beam thick-
ness is d. The grating surface is at x = 0.
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I RS LR SO R E 2 DL E DR EERT SRR AR Lo X Smith-Purcell
Fas, AWM BN AR T AR, PRI . RREACIR, DA B SCIR R AR
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3.4

Heb, p2 =9 — (25)°, H T WIRRIGE RS 5, D8 TIT 5 IV afLAE
/Fi'?x./)ﬁiﬁ’]t[:%?%ﬁdﬂﬁﬂ%ﬁf A

o0

Z ((Z1y = 0L1) = E5 (Zus + 1)) ES =0

J=—00

HEE, XHEM J 5 L8R Zuy FOVMEPUER (impedance matrix), [A24
HPr R BRR & X 1T 5 1V 53 5 B 5 #%

111 - cq3 2y (I
EN)(0)= Y = I (0)
J=—00

BHOTE PR R AR B I R S RIASENE . O TSR LA, 58
det [(ZLJ — 6LJ) — EJ (ZLJ + 5LJ)] =0

oA Smith-Purcell B i FHOCHIQEOTRE, TRE TR I wk) BRERKAFR
Ro gattbfar, HIm— a5k

G =Tm (ko — k)
1/3
V3 (L (1 — e=(2403/20) ¢~ (2kod/ ) M (cBko, ko)
2 \%e*p? Dy (¢Bko, ko)

Hobt, =1 AR, o= 1/2 WG RSB, XA e
THEBMEROYL, ST SEA RS, 0 5 TR
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IXRRTE Y Section TIT 25— 2B RHEZE IR, R &] Fig. 3 45 e il i (o BT FEEX
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FIG. 3. Normalized small signal gain versus the beam current
per meter in the y direction. The solid line corresponds to
numerical solution of the dispersion relation Eq. (45), while
the dashed line corresponds to approximate solution Eq. (56).
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FIG. 4. Normalized small signal gain for magnetized electron
beam. The solid line corresponds to numerical solution of the
dispersion relation Eq. (45) for magnetized electron beam, while
the dashed line corresponds to PIC simulations [18].
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4 T HHEHBET P [Photonics Insights 2]

Coherent free-electron light sources

4.1 REAEFE
o 4335 FRPERATS B HHETH0E
« /E#: Dongdong Zhang, Yushan Zeng, Ye Tian, and Ruxin Li (F:3EH44: EFE}
FlE EIEGERE B U FT )

o HE¥E: http://dx.doi.org/10.3788/PI.2023.R07

DU A5 0 H https: //mp.weixin.qq. com/s/YQKFTNjzeYWP79T 2XK4GQ,

4.2 fHHE

RRIESCEEE T H A AT R EDCIREOR I A IR, E R4 T SR
TR BT SRR, XEREEN., X E BB TET RN AR, DL
w ARG BMESN X B2k, P ALER A TR ATE R & R A B R 2R

4.3 TIRREBIHT A

o DTk HHEFESE DA BV EE R AR, At BRI, &
TYHE. EMNFEFE SIS A . B s R
FTLAGE R 19 H2S R B I SO M0 H T HOCH & AP — 2R 51
WEFSHEN T e R 7 AT B i - R ST AT A OB LB gt 25
R ZZ IR o

AR, HE BB ERDCEORR AR, X i BB AW 22 H HH N, b
Bk 7B H T RIS AR RS OGS E A
KB f RO A M HIEE . R ORI E A B S
ST Z AR T RE R fe . fEAR, MR H Tk A 2o B R ARt 7
ANFE RMEAEGRE EOE DA G AT A5 M s BEAAE T
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5  EIRE R 5% BEOGTE N A B 6 L AR i) o
Direct measurement of photocathode time response in a high-

brightness photoinjector

5.1 HEAfFE
o 3 JEHI. A

o YE¥&: Gregor Loisch, Ye Chen, Christian Koschitzki, Houjun Qian, Matthias Gross,
Adrian Hannah, Andreas Hoffmann, Davit Kalantaryan, Mikhail Krasilnikov, Sven
Lederer,Xiangkun Li, Osip Lishilin, David Melkumyan, Laura Monaco, Raffael

Niemczyk, Anne Oppelt, Daniele Sertore, Frank Stephan, Reza Valizadeh, Grygorii
Vashchenko, and Tobias Weilbach (F#4/#): DESY)

o AL SR, B

o {§F%: https://doi.org/10.1063/5.0078927

5.2 %

HLFOE IR NS I A6 APRHIAE e Bl s AR 2 0 78 W 42t T Bos
SEFEHTH T o USRI 21, B S TREAS LA B4 A4 B AT A2 FL ey
HIR A ST TR o DGR B SR BEAE R 2 — @ PTIR BI Y f/ NE T IR K AR 34001
HEBAAR R, X & U SO DG T RN R 28 B IR E Y, 427 A — MR LT
K GTEREL (electron emission function).

X Ve SCHE H— o HE O U 6D 5 Z Y DG AR I () e b N 8 7, 5808 1 LA
AW FEHIB R 9 PER fhG o T IEAER AR (CsoTe) A BT TIRIE, K
[ RN () (184441) fs &8 (253458) fs, <)@ HMRI ] _EFRA (93£17) fso LAIXLE
ZERONEER) CsoTe KATHIZR R 2715 (Monte Carlo) Bl 17 OEEAMAT R 1
M5 S

5.3 TTHREAIHT A

o SUHTREAITTER: A RERBOCH 7, WH IR, FXTTEE e H
B, RO R ReR S Oy B _EERE), R R, RE s
FTE RIS BR TR, SEBIARAY SCBETE b 0 A SHROE kb A FE 3R BUH 2R
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O, A = FRAT 3 B s ) PR, S BRI IR T, &
BRGNS (e 7 S []) R o

KRV SO EH T — R T o P10 0 A 0 0 5 50 9 B T B e e %
SRR P2 BRI T Y S N R ot 1 R 5 A T (P B
eI B IR FIAESR o S PR A YEMEEA (transient-grating technique) {3
eI ARy (113£7) fs (RMS ), B FISRBIHAT Cs, Te
S VB 0 60 5 AR B A A5 15 4 TR W A (93) s 2 S
MR A (184£41) fs & (253+58) fs.

LSS T
SR R S 18 M e B RO TR T, Wk A
ZLEZS 8

o AR mZATRIHILE RO IR B I B RR, FEASR RS RN R AT RERCA

RN 1 1 ot AT sl o 3 AT
o HREER:
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6 iy HURE R 1A 1] BE A o B & A e [APL 111]
Non-destructive measurement and monitoring of separation

of charged particle micro-bunches

6.1 FAfEE
o 3 R

o YE¥ :H. Zhang, .V. Konoplev, A.J. Lancaster, H. Harrison, G. Doucas, A. Aryshev,
M. Shevelev, N. Terunuma, and J. Urakawa (FZH: 4-EK2E)

o AL BN SR

o 44%: http://dx.doi.org/10.1063/1.4996180

6.2

WA, BRI B T RfE BRIk, Al IR0 5. R A IR
PR BN AR ) TR B T HE R AR M A5 o BEE KD TOL AR A, EEEMOLIA
W= AR A BN H e (B2, X TRCRE RIEERYIC I I 2802 — Pkl X
CERER TR e 5081 X By Egt T Iin A SL8e . iz segeid
B R ST A (B R B o A St M R A R B B SRR S R B W& Rt Hom
R e SCATTIE T AR 25 Ry T RE

6.3 TTEREAIHT A

o QUFTRL: X SCIER T B ROR B _EAZ R A B9 FH T Smith-Purcell
5T (coherent Smith-Purcell radiation,cSPr) {55 AYMRAE A4 1] LA S W 434 R
Al IR B S

d*T /(dwdS?) o< (d* I,/ (dwdS)) (N, — 1) N|F(w)|?

Hep, T OAHRER, L AR HFRIEER, Fw) @1 HAJRIREF, HIERE
Pl T O R e, B M AR RYTRIEEAR N At AR 540

[FW) = |F(w)]* Gulw, At)

Her, |Fiw)| AEAERERTERIE T, G (wi, At) = Sr0reddB i s
MR, XM SCEE T R R AR N 2SR5 5 M6 (multi-bunch signal

23


http://dx.doi.org/10.1063/1.4996180
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A¢/wrpo QIR NHE-FRIR A S I 27R A, AR B AL A SR P P s g o AR 55
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7 AT EEREIE S REOCK e [NIMA 829

Laser pulse shaping for high gradient accelerators

7.1 EARGER
. 2 HE
o & : F. Villa, M.P. Anania, M. Bellaveglia, F. Bisesto, E. Chiadroni, A. Cianchi
, A. Curcio, M. Galletti, D. Di Giovenale, G. Di Pirro, M. Ferrario, G. Gatti, M.

Moreno, M. Petrarca, R. Pompili, and C. Vaccarezza
o B Bl SR

o HEH%: https://doi.org/10.1016/j.nima.2016.01.010

7.2

TEVF 2 i R I T Z8 9, BB 75 SIS TR TR, SR 2
TRk R AR B e AR AT I o 28 T L F - RO TR A R S TR RIAR AR &
OFRE, X LR AT LA HOE bk ER SRS SRR rh O BN 2R o IXRIE SO T
£ Sparc_lab FI{ F 1) 2 R BIEANRAE RS DX A 2250 m] LAz il 22 A AT ()
Z NI A A g R AT TR A1 B 1 2 BE AR A

7.3 TTHREAIHT A
o GPFTR: R CEE LA T A2 ROk
Loy n AU SR AGRTT 20 A Jikah, AR K R IR PR E -

H
2. AR (HWP) MM dkn g (PBS) HISSZRAG ke, 2
T R T AARMEARAT 22 kb R PR o

o wtik: Sparc lab H5R ] 266 nm BOGK, EELCRON 10 Hz, kb BEEy 100 fs
(FWHM). 9ok 1 2] 5 4~ BBO @54 22 R0k 2E T I el rgi st
FAAI . SRS TASRIANIR HL 1 =S R A, AR R g Hrp— 4R b
I BBO GhfAC, BT HL T RIS, e B B TRL AN O ik i TR
SR FHAE 2 M I A P TR e e O = S SR A TR, P ROR AR T B B A5 3 LA
LB 50301, SRIAMEEETN 1 ps HIRE A . )5, FERVAE Bk~ 5 4
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Fig. 2. Scheme of train of 2 pulses generated by a interferometric-like configura-
tion. HWP: half wave plate, PBS: polarizing beam splitter.
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Fig. 8. Top: crosscorrelation of 5 laser pulses configurations.The red configuration (A) has one small pulse followed by 4 pulses with the same amplitude, where the
misalignment in the orientation of one of the crystal was corrected during linac operation. The black configuration (B) has one small pulse followed by 4 pulses ramped in

amplitude in a 7-5-3-1 ratio. Bottom: electron longitudinal phase spaces of the two configurations.
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