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1 WU &R G A7 IR R T-38 Zh AT A
Analytic Solution of Particle Motion in A Double RF System

1.1 HARER
o o3 dRgkiEE
e« {E%: JY. Liuct al., (ML 1UB)
o A BB, B

o FE$%: https://cds.cern.ch/record/1120213/files/p221.pdf

R IE SO & TS B RS UR S s shEAAT A%  FS
T SRR AL A AR R RS SR AR T SRR Sl I S RS SR e SOR F TE U Bl i
VEH - AR, A7 R 8903l 5 R S8R (parametric resonances), #5771k
R E " (resonance strength) FURAIMN . XEIRICAHTEE R, XLESHILIRAG 5>
. (bifurcation) HUHERERICHENIA B IOEHEN L. HoSh, VoM RER S T FE
B R BUAAR GER) 81 754

1.3 SEER AR

o BTG R SCIRFE R InE G, R S R AR e sh A T ARAT U5 T4
I BIE 2 — o REIXR I SRS TS R EA AR R ¢
Hoth i ik B B A — et

o DTBR: IXFRVE SO B FE 4R, Section 2 25 [EAU 32 165 I I e 2 B BLSR
PNARG, (BFATE FEE R IE A ALk RS« B TIX RIS SCUAMENT 715, 1E
Section 2.1+ 2.2 Je2f YA FH 23 (R O FEAERME . 8 4EH & (action). synchrotron
tunell, 2SS, 5%, Section 2.3 L HE4 o L 4R ZS AR/ NI /N IR
M v AL f Ab 25

YRR XRIESCR ARG v ATCIEEEISY tune, Qs ARG UEBIER tune.
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XRGTE SO Section 3 I 4R 25 REIE IR I f UGN A3 112, Se AR AL T
P
H = 1V552 + vy [(1 — cos @) — g(l — €0820)| + avpyo cos Vy,H

o RE e fm 22 AA PR A% A F B A LA MR (9, 0) — (0, J) BT, A

H=E(J)+ avy, Z |9 (J)] [cos (N — v + xn) + cos (N + 1,0 + X)) (1)

Her, g, A ILIE)E” (resonance strength) PRA%L.

FSIN—AZREH RN R (v, J) — (v, 1), NI Ao S
[ TE R R
(H) =E(I) — %nl + avy, |gn(1)] cos nry

AR5 I TEJAH 2% Y 1

AH =avy, |gn| cos (ny + 2v,0) + avyy, E lgel {cos {67 + (é - 1) Um0
n
#n,0>1

¢ 4 4
+Xxe— —Xn| tcos [ly+ | =+ 1) vl +xe— —Xn
n n n

B, SCHHIEDE AL, BRI [ A

I.:M:O = nyp=Im, (1=0,1,2,...)

. O(H m /
A= _L =0 = Qs (]Fp) — % =+ avy, |gn (IFP)| =0

JErB LR DX (MR ) A9 TR AR AT R Bl 3508
1/2
AT ~ 4 [—”ma;g”u”]
I
AT LLESER, T LOT i il S AL S 2 S BRI BRI A A 23 )
HI4FPE. Section 3.2 25 LIRS L UARAT 2R, 7

4@ ( )l 1+1/2
Z S
Vs 1 + q2l+1

o141 =

Section 3.3 Z5HH/EH T J DIELREE RN, A
2041

Rz "o 32Q, — q T
J_QWQS /ﬂ5d¢ Z ol = Vs E(l—l—qzul) o8 [(2€+1)2K]

n=—oo




Section 3.4 NZ BT EEITE, 10T BB & R ke 5 1 25 SRAEAH 23 [A] LA Poincare
AR LI, 401 AR

Oni1 = Op + 276, + 27V,,a COS 2NV,

Opi1 = Op — 270 (SIN Gpy1 — rsin2¢,41) — Ady,

Section 3.5 T8 | —Fh H & M HAR FE IR K S EILYR (secondary parametric res-
onances). f@iEAZ, (EEFHE .

Section 4 T8 YR IEHE IS R IIH], R EehE B i n] 5 Ak

1
H = 211352 + vs (1 + esiny,,0) [(1 — cos @) — g(l — 08 2¢)
= (l+ecosv,b)E — %eyséz COS Uy, 0
AT, XRSIR SO TR R, A
1 " 2 _—iny o -
Guld) = o | P — 3 o)

_AKQ? q/? [ﬁSin TR onm <n7ru0)] nm

—— + — Cos
mw? 1—qn sin% K 2K

ML ZE A, Section 4.2 f (¢, J) #5 (v, 1), A
H=F-— V—m[ - levs |G| cosny + AH(1,7,0)
RGBT =TS IR 0 T BR R, fa— WU R R IUH

AH =€e[E(I) — QsI] cosvpy,b — %eys |G| cos (ny + 2v,,0)
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0>2 040

14 14
+ cos {Ev—k (— + 1> Um0 + Xe — —XnH
n n

TSRS, JeEMEE R, MR &

nypp = Im, (1=0,1,2,3...)

Uy 1
QS (]Fp> — 7 :t §€V5 |G;Z (]Fp)| = 0

B i, Section 4.3 NEE i BUHE T, A4 0T BR324 R W 5 1Y 45 S AE A 23 1) LA
Poincare ANZINATEAZIL, 5 AL
¢n+1 = ¢n + 27TV867L

Oni1 = Op — 2715 (1 + €s8in 270y, [Sin @1 — 780 2¢0,11] — Aoy,
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2 YR A R e R R R S e e

Radiation from a quasi-periodically modulated electron beam
2.1 EAREFEE
33 RRPRATS B i EHOE

fE#: M. G. Kong and A. Vourdas (University of Liverpool)

CCIR 170

4% https://iopscience.iop.org/article/10.1209/epl/i1997-00530-3/pdf

2.2

XA Ve SCE B T IR RIS — AR RS ) P AR AR SR o 294 ) 090 1
HIPIRAN IR 5205 S 4L SR AN wi F wao BATIXRHIR I FE 7 AR HR ST 28
SR wo # wi # wae GRFEM], ORISR H TR R EOR HIX = R Z R
FHEAEM, FLRR SR ] LA 2 R HATCR A AT B

2.3 TEHREAIHT A

o QPFTRG: BAVEE UG, XIS SO 2 B AR S A2 BAR A RS BT
HAR GBI AT RERYZ5 2R o VR BOR B BY FE - BN A RHMIRRERL 7, R AT EE

A B, MARRERMZEL R, HAEIEEE.

o ks BULPBG S dr, PREAE BB R B BURER S, TRER Bk e
RGO DRG], 8 B ae i AR IXRTE SO BORL R A
S RIAARITIG . 258 Bl ar ZiA

2
ﬁz = 6z0 - Z Rm sin (wmt + (bm)
m=1

—~
[\
~—

2
EmD .
td = to + + E 2—0 Sin ((A)mto + gbm)
20

6200 m—1

2l B e e, TR

Woawas sin(AkL/2) . AkL
Ay = — fy+ 2o
! Yoo Ak [ T
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R AHEARBE SRR AT 5 K

(A — O (wL) sin(AkL/2)

Y0B:0 \ 2¢)  AkL/2

5 f (wota)

Hrp, GRHBRNTH

1 [T/
t;) = lim — Im(F)d¢
f (wotq) Tblinoo T, /Tb/2 m(F)dtg

-~ )

2
F =exp i (wotq + AkL/2)] = exp [z (wgto + 0y + Z Ap sin (wpt + qu))]

m=1

ZHOIE, RRIEIAFE) TRARGIR . XRIeSOaFRb Ml HEGE I ik pt e — Rk
IR HE TR A AR TR . R itk o SBIRIAF AR 52 A5 5 R 20k
wi M wy I, BATIXA IR G TR SRR S =R wo # wi # wee R
WY, X S B AR A R B X =R A EAE ], EAR SRR AT
AR BIIRAULATREE S . KT EIRMAIE, A% RGeS0 AL,



Optics Express §i SRR ZR
H 41 2024/5/23

3 FETUHr S A Tk e SR ) S RD SOk o B = AR [OE 27
Generation of picosecond pulses with variable temporal pro-
files and linear polarization by coherent pulse stacking in a

birefringent crystal shaper

3.1 FARfEE
o R FOLBIR

o {E# : Fangming Liu, Senlin Huang, Shangyu Si, Gang Zhao, Kexin Liu, and Shukui
Zhang (FZAM: JEHTRY)

o KA B SUEE

o %7 https://doi.org/10.1364/0E.27.001467

3.2 ¥

R SR MR T FR Ok BIY R G0 A LA I KD BO Bk A3
HAT A )0 A ) 7 5 o IX LA R AR I T) 2 Al R AR X BR A S58B4, AR A5 b
Pt AR FRIREE S0 A o BFFE R, iR o il SR AR, I SR R B AR R E A
AEFEIRAY, AT LA I SEELRK IR B i S R A s e e v

A IR W 52 5 AN R BC LR 22 b AR 2B~ TR (H XS 8 SO Y B
TNV AN T REFTRINL S, bean, TR T RTE RO fkif S A0
. B RIZE AT R KP4 o IXRS B SOA TR H T — PP I SUEIE Y [T (double-pass
temporal shaping), 1% /7 5¢ R KRB Fr s B9 S AR -

3.3 TEREAIHT A

o GPFTAL RXRIESCRI T —FUSTHIBOLI L 248 (2% M Fig. 1), REMEAE
JEEALNENAC Y SRDBOCRK v A, LGN R [ oA m] MRS SR TS, B
AEAEN A E BeAh, AR R R B S R E AR AL IERS . REAS SLLEEIE
iR B R M R ARE M IX RIS SURE T AR R e 7 o0 iE T
RIGHOCHASTE R Pt EEGR I HEM DR . e, XIS T
A SEARRGEER R EEACE (275 N Fig. 6), 1 7 SRR S AR 2
MTTFEARG T 3T R GRS S 28 MR A
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2 ;
Sech , Gaussian,

Output pulse
Flattop s

Parabolic

Fig. 1. The optical layout of the multiple birefringent crystal shaper used for pulse shaping in

Polarizer

#2 sawtooth

this paper. @ is the angle between the optical axis of the -t crystal and the polarization
direction of the input polarizer #1. ¢ is the crystal phase delay of the n-th crystal.

o wrik: XRIESCRIA 8 4~ YVO, fiifiH 532 nm HOBHKR, A ShAIE LN
3.3 mm. (IS PHEEEE AR, AR AER . T Fig. 2 AR
GEE, Hrh, BRI EHE 247

Probe pulse SFG
M4 '__ Crystal
M7 j Detector
M3 WB | Lens
e I >
Pulse A &
Compressor T [ Transport

Main pulse
M1

M2 Delay Line

M5 M6

Fig. 2. Optical layout of the experimental setup including a cross correlator for pulse temporal
profile measurement. M1: dichroic mirror, M2~M7:high reflectors, W: half-wave plate, P:
polarizer (a variable beam splitter is formed by the combination of W and P).

IXRHTE SCHY - EE o B 5 -

— IR T 2R KTIEAR, R4 (Parabolic). Tl (Flattop). H[ETE
(Elliptical)s =¥ (Triangular) fI4E AT (Sawtooth-I, Sawtooth-1I), SZE62E
RIS SREARHA . 8 DA S ARHIIER: /A Table 1 £5H.
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Table 1. Calculated erystal rotation angle corrections A® for different output pulse
shapes, where \g — 9 _[1y il +90°] - All the crystals in the shaper are a—cut YVO,
n o, rumed N

with identical thickness of 3.3mm and phase delay set to « rad. The input pulse profile is
a Sech? distribution, with 6.5ps FWHM pulse width and 532nm wavelength.

Crystal sequence
w
A® (Deg) 1 2 3 4 5 6 7 8
Different
shapes
Parabolic 1.8 -2.05 1.05 —0.75 0.75 -1.05 2.05 -1.8
Flattop -1 0.4 -4.05 5.45 -5.45 4.05 -0.4 1
Elliptical 1.65 =21 2 -1.52 1.52 -2 2.1 -1.65
Triangular 0.4 -1.7 -1.3 32 -32 1.3 1.7 —0.4
Sawtooth-I 1.4 -4.4 -1.2 =27 =25 -1 -1.3 2.2
Sawtooth-II =22 1.3 1 2.5 2.7 1.2 44 -1.4

SRR 25 R 2% T B Fig. 3.

— LN T EAZ 20% B TR

— AR RIS N 0.1°C, AR R S A A AL TR 22 0.00567

— X% 532 nm [ROE, TEMAE (YVO,) RIEAZ) 36° C A REME S A 7 4E
R, 2,

XSO ELR . 2 T AUEINETHES (double pass shaper), 5 ERIH 772 A
b, BUAEMOE A AOGEIE S, LR T AR SR, Ml R i et
k. FEREETS% FE Fig. 6.
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Fig. 3. Results of both the measured (blue lines) and the calculated (red solid lines,
corresponding crystal rotation angle corrections are listed in Table 1) pulse profiles after the
shaper, (a) Parabolic, (b) Flattop, (¢) Elliptical, (d) Triangular, (¢) Sawtooth-I, (f) Sawtooth-II.
Black dashed curves are theoretically calculated 8 + 1 replica pulses. Green dash-dotted lines
are the ideal parabolic and elliptical shapes. Birefringent elements in the shaper are identical.

See detailed description in the text.
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2 "
Sech , Gaussian,

input pulse
Elliptical

Polarizer

Output pulse Parabolic

Fig. 6. The optical layout of an efficient double pass birefringent crystal shaper. @” is the
angle between the optical axis of the n-th crystal and the polarization direction of the input
polarizer. @ is the crystal phase delay of the n-th crystal. ® , representing the angle between
the fast or slow axis of the QWR and the polarization direction of the input polarizer, is 0° for
this double pass shaper.
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4 BT SURPLN W] R OB 25 8OG K i HR B9 & [OC 501]
Measurement of tunable terahertz drive laser pulse train gen-

eration using streak camera

4.1 FEAEFER
o I FOLEOR

{EZ4: Yunkun Zhao, Cheng Li, Jigang Wang, Zhigang He, and Baogen Sun (3%
B A E R R 7 1 5 ) 20 R S0 =)

o HE¥E: https://doi.org/10.1016/j.optcom.2021.127365

4.2 fi%

FIATEKHEZZ (terahertz, THz, 10'? Hz) BEMEAGHOGHK A AT T3K36 R
S (RE) HLFAR, I AE ORI o R s 7 THz FRAT ) 4. 1X
Fa eSO =T R IR AR 648 (3-stage polarization-beam-splitter) F KT HES F15¢
SUEHL, RIS ARG T 8 MUK ik H o 5340, IR IE S0
7 HA 12,00 9.8 1 6.3 SFb (picosecond, ps, 1072 s) [AIFGHY AT I THz fikifH Y
PR, AR AR S0 0.089. 0.103 1 0.148 THze 2P SERGIESL, F T
PRA D SCER Ik ITE S RS SUENIIN G R G0 AR AT THz WOEhki B2 nr {7 AT
ARl

4.3 TIREBIHT A

o BUBTAD RXRIESCR AT = JUm IR ot as Ak ok A O R ) THz 91
ek R, BT S T TR RN B TUBA R AT RIF AL S, O THz 3
ek E YA AR AL T — RIS .

o TRk =ZmIRAOG A KT HES JT AN Fig. 2 451,

SR RGURERNIE Fig. 5 45
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Pulse Stacker

Original pulse

S PSPS PSP

PBS,

Fig. 2. Principle configuration of the 3-stage pulse-stacking optical system (M, ~M,,: reflectors; PBS, ~PBSg: polarization beam splitters; PR, ~PRg: polarization rotators; ODL; ~ODLj:
optical delay lines).

Data acquisition and processing subsystem

Computer

Pulse stacking
optical subsystem

Original
Laser pulse

Source I\
=

Image acquisition interface

Timing Subsystem

1.0 kHz

L | Clock Divider 5.0Hz
1 /200

Fig. 5. Experimental measurement system for tunable THz pulse-train generation.
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XRSVE OS2 R Eh A i T TR G THz OBk Ak, B35 7 8 Mt
fhkit, 2% N Fig. 8. WA, AL HIG 7 AR Kb R B T B ZInE0EH
R R AR R R R, 275 Fig. 9. diilliE S5 R REAS Ak AN ] Jhirek B B
XF R B, Hein: 12.0 ps [AIf@XS Y 0.089 THz AR, 9.8 ps XM
0.103 THz, 6.3 ps X 0.148 THz, Syt 2BAUACAITA T KRR 2 kb 51 ) BB A0
R T E IR

08

06+

044

Normalized Amplitude (a.u.)

02

0 20 40 60 80 100 120
Time (ps)

(a) large interpulse separation, 7 =12.0 ps

1.0

08

06

04

Normalized Amplitude (a.u.)

02

T T T T
0 20 40 60 a0 100 120
Time (ps)

(b) middle interpulse separation, 7 =9.8 ps

08

06

Normalized Amplitude (a.u.)

02

00 T T T T T T
0 20 40 60 80 100 120
Time (ps)

(c) small interpulse separation, 7 = 6.3 ps

Fig. 8. Generation of THz laser pulse trains under different time intervals ((a) 12.0 ps of large interpulse separation; (b) 9.8 ps of middle interpulse separation; (c) 6.3 ps of small
interpulse separation).
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Fig. 9. Data-analysis of the experimental results at different interpulse spacings.
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5 FLANEOCHK ks S RIE LS 5 [PRST-AB 12]
Theoretical and experimental study of passive spatiotemporal

shaping of picosecond laser pulses

5.1 FEAER
o 43 BOLEOR
o {E#: A. K. Sharma, T. Tsang, and T. Rao (FEH#J: BNL)
o A B, LG

o %E¥7: https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.12.033501

5.2 %

XRIE OB M SEIE PR 1 125 (continuous-wave, CW) i KM HOE K
BB BN S RGP 255, I LAKSh S se )8 & R RE BRI B i 4 (energy recovery
linear accelerator, ERL) FJYGRHMN . 77 200 AT HT AL (birefringent crystal) %% H,
TR RIBKTAR, RISk AT 6 R G0 AP TS [ AT R Ao i8I Sc8l 17—
B R G, B TROE KT EE R 9 KAL) 6B X R8RSR T RISL S
B _EARSE T R A BRI (A R P HERR B AR . SLe 25 R SIS T EY & Rt

5.3 TTHREAIHT A

o QUBR: B SCHRL T RO B B AR TR, R B S
M B B RO BO I RS T o 30038 6 FF ST 4 SR Bk o6
TR, [ A6 B A TG A A e 28 EL R O b A
Jizte RN AT G I, ARSI R = A ETOER.

o RIS TSR R RT3, BRSO A AR L SR
B RS IR RO TR (4, BRI ZEDTSR R, (P E i
FRIH . FRTFHEH (o-ray B ordinary ray) 5E 9 4 (c-ray 5 extraordinary
ray), EATEL T GIRI I

— SRR AR IR R R ST . AT R
oy TR MF o b, LRI RS, IS ARE &R
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— AR BEMIOC SR EY e MA AT, A EH LIRS HOLH
HIATE R ne FERATERR . e JERIERE T IR0 2 RUA S A IR S 4R i A 2
fdr, XFPBLRFROA EF (walk-off) o

FERUT ST AT, U2 ARE AR A BEAST R S A B, w] DA g o T
Hirid: —5 o JPPAT, 55— e MPAT. X HERE LA [ RO 3 AL AR
M SFECE N Z RO XA L 22 B TR ZRAL , T LA SRR DS AR o

(a)
optic axis
o-ray -
Plane containing —d —
Plane of the optic axis c
Lo fa+d
incidence e ot

Signal (arb. units)

Time (ps)
0.4 T T T T T T T T T

Intensity (arb. units)

=0 40 30 20 10 0 10 20 30 40 =0
Time (ps)

FIG. 1. (Color) (a) Left: Schematic diagram illustrating input and output pulse polarization and right: schematic diagram illustrating
relevant angles, path length L, and L, for o and e rays for @-cut birefringent crystal. (b) Schematic depicting a sequence of eight
replica pulses with alternate orthogonal polarizations. The optic axis is shown by thin lines on the surface of each crystal. The
polarization of the laser pulse is depicted by the double arrow shown in each crystal. The notation S, P represents s-polarization and
p-polarization, respectively. Polarizations a and b depict the linear polarizations oriented at +45°, and —45° relative to the y axis of
the Cartesian coordinate system. (c) Simulated temporal pulse shapes from eight replica pulses of identical polarization with zero chirp
(red line), linear chirp with a spectral phase of 17.5 ps?/rad® (green line), and 22 ps®/rad? (blue line). All replica pulses are separated
by a temporal delay of 15 ps. The intensity of eight replica pulses (scaled by half for clarity) is also depicted (black line). (d) Simulated
temporal pulse and the intensity of eight replica pulses. The differential static phase between interfering pulses is set at 0 (magenta
line), /2 (black line), 0 and /2 at alternate positions (green line).
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A Fig. 1 25 e SCRRT R 5T S AR B FE AR R BRI AR, - AR SR FH T 5
ARG A TS Al A R AT R T

o ks SR AEARROIR G de e AR RIS 10 ps (FWHM), 8L I [RIEEFE
Ja . AP TROEI PR FWHM $3220] 8282 53 ps, _EFHRIT IR VY 10
pso P TRUBK AL - TR X B 3 BE R 0 2 9% (rms), FRBEIV R Akt AR EF
FRPEERIRS ENE . ] T =1 YVO, Bfrhtdba, JEE555000 24 mm, 12 mm,
6 mm, XL AR AT 5 A PR IHEIS S 1.1 ps/mme SRR AR R A
J&, RTEASEEUbk b 2 R RSO 22, AT Bl e 2k AR . SEAREEIR AR 1E 532
nm FOEHUOBAC N ERE, A ARERANE 5 A T IO RS T, IR IR LR
EAEH 6.5 mm (FWHM). ££ 10 cm 2L B8P 5 BOEARER LR HINZY 7% (1ms),
2% 1 Fig. 6o T 9 m AL GERYSEEIRGI N2 10% (rms), 2% T & Fig. 7o

dxz=10.38 mm dz=10
tilt = 9 mrad

FIG. 6. (Color) Spatial beam profile at 10 and 45 cm away from the 77 shaper at different alignment conditions: (a) ZEMAX simulation;
(b) corresponding experimental profiles.
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Input heam size : 4.7 mm

Z=9cm
(with relay)

tume

Intensity (arb. units)

(=]

FIG. 7. (Color) Spatial beam profiles at 10 cm away from the 7
shaper with beam expander positioned: (a) before the pulse
stacker; (b) after the pulse stacker; (c) same as (b) but image
relayed to ~9 m; (d) reconstructed beam envelope of the spa-
tiotemporal shaped beer-can light pulse profile.

KT X754 2 (misalignment) , HRIFMIEZER, SRR FF AR ZEWABA SR BIR
5 9 mrad FDERBE AR £0.38 mm. ] A\EHR BRI 2N £60 pm, PeE T
BRI TR R 2E o PREER T AL SER Y RIB iR 25 N A Y £25 prad.
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NIMA S SRR 2N
FHH: 2024/4/26 e ZEAR

6 i C i BASAR BB AT ARSI A [NIMA 1010]
Design and low-power RF test of a C-band cryogenic RF gun

6.1 FA{FE

G335 HIR

{E#& : Cheng Wang, Jianhao Tan, Zihan Zhu, Xiaoxia Huang, Lin Wang, Wencheng
Fang, Zhentang Zhao (SEEA A : 3N FHYIFLAT)

KA R, S

HEH%: https://doi.org/10.1016/j.nima.2021.165488

6.2 fHH

EAENE A Toe il a4 1 N — S e OGRS, #ln B i 30k
(free-electron laser, FEL), #MtH 7A1H] (ultrafast electron diffraction, UED) FI#E L H
T B (ultrafast electron microscopy, UEM) &5, TS 2w £ AR A B 1462 —Ff
AT AR A e AR AT e A8 20 KRS, C B e 6 IR
BT B AR A7 T LR 2124 200 MV /mo JX GBS H— MR C W BOGHR 7t 1%
HPR, AR T RIS RSB, FLAEE T S-cell ORISR0 ML T4
BT 5L0 . RIR N SIS B ST AT E— 2 X — TR RE B e SEhrg
VEH BRSBTS 5.

6.3  TTERAIAIHT A

C OIFTAG BUEET (20 K)y C BB THMIEAMTAIIT, 64 THO TR
AP S SR T IR

o Tk HE

— AR C PWBOCHIEANS AR EN S5 BRI C B FIRZOLRATA
UFRE BRI R AR LU AIRRERL. R HEET ASTRA {2 H bridt
fERh, AT LCPEARAIRE A AT L, AR S5 R N Fig. 2 foR:

FESIAIA TR, ZORORRENT R IR 10°, £ C 3B (5712 MHz) Hy,
R EE/NT 5 pso X ANGRIR AT (RIGA TR 2 [ FELAT AR Y = S A )
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Fig. 2. Optimal solution of transverse emittance and bunch length from the cryogenic
injector in which the driven laser is 5 ps with a population of 150 in the 100th
generation.

RARIRIT 1 Qpancake = TeoR*Ep 251, Hir, By 3RS A, IR
fEFH/NT 5 ps HYSKEHHOE. Fi0 3 ps A1 2 ps, (X HAIAE 2 ps FARAT
13 ps —FERYRA IR A ST RE, (HAT SRR, Al Fig. 4 Fros. (HAE,
WRIEDIARIZECE . 2 ps SEHHOCHIKIT AT T 3 ps B H 504 25 MG i
EFEIE, T ELYI R I & S AR AR AN &)

S IR B B R AR NI, IR N R SRk E
BAE, s WRARAS . TR ME . SR B R LR, R
100 kHz/Ko {E2, SRR EHIE AR A e RZERy . [,
JEFFARRE = T H0R & R 2L (coupling coefficient). FERUFE. dhBTIAEL 53 B
BHAT (shunt impedance) ZEA840 . 1T ELAEAR R T 5 I 2 5 R S A R AR

(anomalous skin effect, ASE).

FI CST BEATO E T, ol LUK BREEE TR R 293 K 2] 20 K, JZAKR
O EORIT 17 x 107° FE{IRE) 12.2 x 107°, (FEERAE Fig. 7 frx. Zid
DiE, AEFR TR BE-FAEME N 5692.9 MHz,

TR AT, EEIOOEESD BRI (fatness), EE AT
R KRB (adjacent mode amplitude, AMA) FIH A0 (A8 51
W ERIBREELL) Mkt HPAGRYESL BRYUE AMA, KAIFIE AL Nt e
Yo fii o REESERITE Fig. 8 fon, MALFRIZEINE Table 2 iR,
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Fig. 4. Optimal solution of transverse emittance and bunch length from the cryogenic
injector in which the driven laser is 2~ 3 ps with a population of 150 in the 100th

generation.
9 4
5 X 10 6 X 10 12
Equivalent (with ASE)

g 15 == = =Conductivity without ASE 5 1
> L
2 g4 0.8
o Q [\a)
g 1 £
S o3 0.6
= 0.5
50.
S 2 0.4

0 1 0.2

0 100 200 300 0 100 200 300
Temperature (K) Temperature (K)

Fig. 7. Variation in the RF properties with temperature, simulated by CST. The equivalent conductivity (with ASE) and the ideal conductivity (without ASE) are shown on the
left. The Q factor and coupling efficient calculated with the equivalent conductivity (with ASE) are presented on the right.
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(a) cross section of the 2.6-cell gun
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(b) Variation in the mode separation and maximum electric field on the wall with the iris size. Both
the iris size and tb should be enlarged

Fig. 8. Optimization of the RF gun.

- Hu:

1. N5 Table 1 5 HRIRBN 1T ESEL
2. N Table 2 RZE AL IEHTH THE2EL
3. NH Fig. 12 {KIRAKRE LI AT BT
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Table 1
Parameters for beam dynamics optimization.

Drive laser pulse <5 ps

Bunch charge 500 pC
Thermal emittance 0.5 pm/mm
Gun phase® —40° ~ 10°
TW section 1 entrance phase® -30° ~ 30°
TW section 1 entrance position 04m~2m
TW section 2 entrance phase® -30° ~ 30°
Distance between TW sections 19m~ 23 m
Solenoid strength 0T ~04T

aWith respect to maximum energy gain.

Table 2

Optimized 2.6 cell gun.
Condition Room Cryogenic
F, 5,692.9 MHz 5712 MHz
Emax/Ec 0.917
0, 9850 54,000
Shunt impedance 6.285 MQ 34.455 MQ
AMA (cathode cell) 0.0289 0.0094
AMA (full cell 1) 0.0074 0.0024
AMA (full cell 2) 0.0226 0.0073
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Fig. 12. Variation in the RF properties with temperature. The second-stage cooling head reaches a steady state at 870 min. The frequency increases to 5711.68 MHz, § rises to
1.17, and Q, significantly increases.
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APL &i# SRR 2N
HHH: 2024/4/27 e ZEAR

7 e LR A AT S R AR ] 43 R [NIMA 1010]
Ultrafast time-resolved electron diffraction with megavolt elec-

tron beams
7.1 REAREFR
A PR TATH SR

{E#: J.B. Hastings, F.M. Rudakov, D.H. Dowell, J.F. Schmerge, J.D. Cardoza,
J.M. Castro, S.M. Gierman, H. Loos, and P.M. Weber (FE#f/[#J: SLAC)

HE4%: https://doi.org/10.1063/1.2372697

7.2 fHHE

X1 SO R IR T-RE R I R B AT ET (ultrafast electron diffraction,
UED) gt & g ez —, AH— PO e E o I, R TR bR a5
PR ROGIETH-H PR BIATE L85 . IXRIESUREIR 7% 160 nm FEEAR (Al foil) 3k
R HIATH RS, XA E R M IET SLAC B4 ~4E0 5.4 MeV HL 73]
132 BUBDTEM LI Z5 R — SR W 7 B AT g T LLAE] 100 fs {2

7.3 BTHAAIGIHT A

o BIFT: GE S BB AR A MeV BB AR AT, FFIAZEIZ) 500 fs (rms)
OB R R AR, Il HERTE DR FE AT 5T 100 fs RS ) o 3 2 T LASEERRY o

o Tk XTESEHY 30 keV RIS TR B AE 1B S0, A8 TA) AT SR A )
SRH B RE A BRI TR R e 28, SR EIRMEIRT 1 pse O TR
K, AR AR (BEARHEAT RL) SREMR S TR AT, B2k =
T E T B TR SR LAARAS T 2 F5oR (E M LL Y R

KT NR B RATHS ], LR A B RS B TN A g 5 s/, fE ] GHz
SHG ARG B AR T4k MeV BRI LSA:
1. RATRE R A 5 23k 5-6 MeV,
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2. HdAIEE] 100 MV /m, SXEIRE AR AN SRS E A TG 2 LK
3. VEFE A R~ A AL, AT RALE A B AR R R T ROL K «

SEEG T A FE RN 1.6-cell, ARy 2.856 GHz, MIEEREE N 104 MV /m,
HE 1t AR PR ATRE B 5.4 MeVo S HTRYRUG IS N 263 nm, ik BEN 2
ps (FWHM). HPREFATH S50 5.4 MeV REIZSH0E HET FORInE Ry 30
MeV S SRR 2] A2 ERalli 5.4 MeV 153, S a9 BAARSEn
¢ Table 1 7

TABLE I. Estimated electron beam parameters from an S-band photocath-
ode rf gun used in the experiment.

Parameter Value Units
Charge 2.9 pC
Energy 54 MeV
rms energy spread 6 keV
rms pulse length 560 fs
Longitudinal emittance 25 keV ps
Normalized emittance 0.85 m
Geometric emittance 0.075 pLm
Minimum rms divergence 45 prad
Solenoid field 1.7 kG
Gun gradient 104 MV/m
Laser gun phase 40 degrees

2B FL 721, FFEFARHUAEAL (Pulnix TM7EX analog camera) #E74X
PoREE, BRME 1) FRERL A 0.01-0.10 fi b FEREASIUAR 7 GPT X4 #t &
ST R, JBEE T BB R PRI TR0 B SLEE,  SEIR RN 25 SR
& Fig. 2 ffroRo

SERMIRAU R R 22 2 IR DA P 1) PR 7 SR AR 2 TR A AN TR, R 2 T BRI T4
ARG —E WiREE s WOCIRET A &) 5 o B R A B R 1R
JRREARAL, [RIR, h TRAGES R BRI R, FE R N SR O B 2B R L T
Mo AR, T 500 fs {9 L SR PRAIE FE AT B EA T FROR B2 I ATRY . IF
H 5 Ly AT SR e e ARSI 1 P T A ) FR BE 28O, ATTIA 2 100 £
FRIE TE) 7 3t 2 ] ASEERAY o
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FIG. 2. (Color online) Diffraction pattern of 160 nm aluminum foil ob-
served with single electron pulse of =500 fs rms duration and beam energy
of 5.4 MeV (solid line) and simulated pattern (dashed line). Inset: Pie slices
of the observed and simulated patterns.
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Rev. Sci. Instrum. i SR 250
H - 2024/4/28 WaE: FEAR

8 SLAC [Ezhmdids i s ik i IRE B 155+ [RSI 86]
Mega-electron-volt ultrafast electron diffraction at SLAC Na-

tional Accelerator Laboratory

8.1 HAFR
o S35 HMHLFATETEE
o YF#: S.P. Weathersby et al. (FZH1#4: SLAC)
o B G

o HE¥E: http://dx.doi.org/10.1063/1.4926994

8.2 ¥

R TR EDE — R T AR R A R A AT A T T A,
5 X S E HHEFHOE (x-ray free-electron laser) i B4 L E. BEA KFPIKTE K &
SETERERHE M F AR AT DAR 7R I I A A = R RN S S R 4. N T AET
— AR AT AR, SEE SLAC H SN0 o SL85 % M J i e i A4t (Ultrafast
Electron Diffraction, UED) F1i24# (Ultrafast Electron Microscopy, UEM) FJHF5E .

VENEE—Br B, 3 7R IR UED RGesleiil il Pt S AR B S ) =
Ko RGAE 120 Hz EESRAHEMAIEI . KR4 T SLAC MeV UED RGEH]
CHITERE, B 5 25 A 50§53 (reciprocal space resolution). I R} )##3 LUK TAEAR
FETE

8.3  THRAAIBIHT A

o BIFTR: JRR THEL 100 fs By MeV UED AAR, X4 B A [A] 0 B A8 2 25 i)
DHERAT T 9047 o

ks TSI 100 sub-fs MAMHER. FFA TSGR SHHUR SR BRI HOLIT
RIS 5%, UG UED A[LIE 120 Ha AT ATA0R T TAF . 9800 R
AR

— SLAC-UED 4%}, SLAC ##%¥ UED & Fig. 1 i, Hrb, SHiRS
MR FHAL BOCS RS E s E Fig. 2 . HRIBOE RS
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NESSF kHz, GERN 5 m), (EHZLAMICEHACREIR Y 10% A SN
Wothkah: WOLTRRARE R IA AL B ETESS RN E Fig. 3 firn. KA
FEAEHIT AR, QI IBLETER T4 86°, W FRROEEA bkl 5
I, TE/NASHAT, TGN ERBER/ NN 400 pm OG5 ANZ) 20
fs (rms) AUZNRISIE]JRE B . TS 2000 iR FEL - AR A o

diagnostic  sample
cross chamber

rf gun solenoid
near detector far detector

..............................................

FIG. 1. Schematic of the MeV UED beam line at SLAC’s ASTA facility.

— BB AP SESEEDPEE — IR s PR — ATLMERTH
AT, BETT R LASE AR ) 5 B SREEAAE (Lo SRS LA AR s = 278 &
SC, A, 0 NFERREIRTEUN . A I ERER R HOTEAT B R

MG I Y 23 1) FLAT A8 S BT MG, S RIS, s 2
WETT LUE SUH )
T €y,

As = ——

Ae O

Hrf, A NHEAMHEEWHAC, 6 ARAAACEHE, op AFEHALE rms
KA o A R E S 5 AR S s 0 98Ra15E Table 2 fiR.

— IR PR, UED QY[R3 F5 ] LUE SCh

T= \/73+T§h+T%OA+T\2/M

Hrr, o BEESHOCHIIKTE , mon EARWOCHIIKEE . Troa AALHAIERET K
MY BNEIERFED . moa N EERBCI. AR AR 4 3 DL HOE S 43
FIZE, K FECRET 50 fs 1Y AT AR . RAESRI LG, a L
15256 B I ) 4 W2 0h 105+ 27 fso JE IR e m it st AT R A = 45, I
SR AL X ST TR B 7 =R SR AR AT T o

— AR LI o AR ORI ) T2 S S TR i A B L S AT A Y
A —E, (AT SIN WA TIR RS, 8 S B 2R BB e AR U Y
L] LAl AT AT >R o

13 Table 1 fi4% 1 SLAC-UED Wdlar 24 & Fig. 7 MIZ5 2T I SL 52400/
Xof IS AT S P A
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£ 79.604 a) rf amplitude fluctuation 1.9x10™ rms
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FIG. 2. The (a) amplitude and (b) phase fluctuations of the rf field in the gun,
and (c) the time error between the laser and the low-level rf system.
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FIG. 3. ((al) and (a2)) Centroid stabilities of the UV laser on the virtual cathode screen are 1.66 gm rms and 0.53 pm rms, corresponding to 4.2% and 1.4% of

the rms spot size in x and y directions, respectively. ((b1) and (b2)) Centroid stabilities of the electron beam on the diagnostic screen (z =55.8 cm) are 0.63 um
rms and 1.78 pm rms, corresponding to 1.1% and 3.0% of the rms spot size in x and y directions, respectively.
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TABLE II. The bunch charge Q, probe size o, normalized beam emittance
€., and s-resolution As with different collimator sizes.

Collimator

diameter (pm) Q (fC) O x (um) €, (nm-rad) As (A )

500 61 86 18 0.054
200 11 47 7.1 0.039
100 14 29 2.1 0.019

TABLE I. Typical machine and beam parameters of the MeV UED system.

Parameters Values
Repetition rate 120 Hz
Gun gradient 79.5 MV/m
Launching phase 10°
Solenoid strength 0.314 kG-m
UV spot size, rms 40 um
UV pulse duration, FWHM 60 fs
UV energy stability, rms 2.5%
Initial beam charge 75 fC
Intrinsic emittance 0.5 mrad
Collimator diameter 500 pm
(z=55.8 cm)

At the sample (z=1.16 m)

Beam charge 60 fC
Beam size (diameter) 400 gm
Normalized emittance 18 nm-rad
Bunch length, rms 102 fs
Kinetic beam energy 3.68 MeV
Relative energy spread, rms 6.6x1074
IR pump spot size (diameter) 1.5 mm
IR pump pulse duration, FWHM 60 fs
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FIG. 7. Diffraction patterns of (a) single crystal gold and (b) N> samples recorded in the gas phase MeV UED configuration.
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Hywi TR 5
HI5: 2024/4/30 HRIMETA: SRR

9 (EADEHR RF B8 A2 iR 1P B - AT TCRD B AT S By
it [JKPS 48]
MPotential of Femtosecond Electron Diffraction Using Near-

Relativistic Electrons from a Photocathode RF Electron Gun

9.1 FARMEE
o K HREFATHIEE

o YE#&:X.J. Wang, D. Xiang, T.K. Kim, and H. Thee (3 E4/[#4 : Brookhaven National
Laboratory)

o %7 https://inspirehep.net/literature/740965

9.2 ¥

SR (RF) SEEAAN H 7RG 18 4% FH R SK S H H H 7306 (free-electron laser, FEL)
FEAE LN BE) X A TR . XIS SR M RE SGRAR A 487 A2 A9 H
FRETFT LARAVERET R, =R BEN A 22 AT E 5, H e S RN (A 5 H
SRS B o AR bR V8 SR — 20 ) B S IR I ) RUE H -0 5 Y B B S o
K. S ERHEFRMEN, ERREAE SIS SRS RE /7] P-4
R PR AT e A B R P [ S Y P 7 AR AT TR TR Ay 2 ) A 285 7 % R AT ) 5527 Wi i 2 [
%o FFH., ARPBIRE RHXT IR R R a] DA R0 NI TR0 AN ILED ,  MITTHE S AR
HIITE 6. SR1M, BERLA 2 MeV HYMEXTIEHER 7, XM A9 H A B B (de
Broglie wavelength) H R B 746 30 keV 1 HE 715 2w K — D0 2
i, AT RIAT R RS (Bragg angle) t2s/N—"DE0E 2, IF H SR BIHAAEAHL (intrinsic
divergence) fH, K< SENTHEFEHTET WA« IXRTESCHIREUZR BT, MORIIEIHY
TS IR FR S FRAR BT R 2 AT LASKEBLRY , R, (DG BAARE AR RE HF46
BEATRE R F AT E — RS A T o b, T FATERT R T R~ 2R DA 7 ) s et
IXANREPE AT DL R SOHEAS 2 AR AT A AR

9.3 TTERAIAIHT A

o QIFTR: XRIBSCY R MeV B A AT S S —, 20 T MeV
FER AT A RO R, RN ATH A BN R RS ATS ERE R A 2L
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(KR EpAR
vtk I (Thompson scattering) #RIANE X STEATHIIE TR, J7

AU (Rutherford scattering) #IAI/Z FE-FATH AYEZA K IR BB &+
L AR

- X BT
La: _ Z 6is7"i’

- TR

Le — E Zjezst _ E etsTi
J i

Hrp, s =|s| ABhEAE# (momentum transfer) pREL, Z; HET j BJE T
B Ry 5 vy pRUONE AR R TR

X QAR S T VAR N - R A e, f RS 5 W LR
VEJR P AZ AN 7 R 20 A0 B9 (o B AR o X TSN 20 1 Y FLT 35 B A 3R AR, B
Z MRS, FOVERIBETEIR L X HZE0m AN AN, X T
PAFMHRIRE S, P ATH ]l LN SE , IR BRI

TR AT IR R B B OB SE . TR AR T A R R
THROCRE R A B AR Bh a0 AT LA JA] B /)Nl 5 2 BC T $ AT 5 L
EUE LR i, I T RIEE, X ROCHTE 7R E TR E DA 200 pm
EHPIRESRST, R R AR M 30 keV NI 1 MeV DAL, 53 & AL 0T
ATLMEZ 100 fs DA .

i HIE A ST BEA T PR AL AT AN OURT LU AR T 100 fs A HE 7RI
1117 L7 A F e Bt FEL - R AT AT LAZEIE BRI AR Al . ROKEETH 1 RE S O R R]
FEE, IR, FEFSIARGEAN T EINE R, 3K T S R4 A o

T SEBRAGATE L8, 2 MeV HLF-H 30 keV HIL A4 22 =i K g/ T 10 3%,
A AT SR I/ N T 100 £ o (HZ, 2 MeV HLFIYECRIE R T 30 keV HLFAH, M
MyREN TIX—EFE . BhAh, 2 MeV BIATS R 2SI 4R B AR /N TE R, (HEE
&, AT LU SRR 2RE fh B BE BRI . KT, BRI IS IS BOR A & 5
JERR N T, X REATI RSO, Rl RR RO R T I
5o I0EATHTEFEA (recorded diffraction pattern) RDP; FEAEATHEFEA (ideal
diffraction pattern) IDP. TEIT18Z Bi#EAT LA MRIX:

L b S R B R S RIS TT R

38



2. AFJT NS RIFE S, _ERY AT
3. e AR, RDP 2 BA B AR 2 A Ry IDP.
FTUL BB, AT R LS

r:)\(k:2+€2+m2)1/2

L/ao

Hrfr, ao MRS GFSEEES, L AFEa ARG BE B, A T RIS P K,
k,m, € 2y Miller 1550, N Fig. 4 NATHIFEBREAIE Fr

Fig. 4. (a) IDP of polycrystalline Al and the RDP for rms
beam divergence of (b) 0.05 mrad and (c) 0.1 mrad.

138 IDP Z HiF5 i) RDP $H{ TG, IXREILCRH T Richardson-Lucy &%
XT RDP 7T G X B T I, Boa i 4tk sas Bk . XT1& Fig. 4
(¥ (c) 4T 100 YA 10000 RiEA, 55 FE Fig. 5 fii7s, Fig. 5 52 100 ik
110000 VARG IDP 25 RS H, — 4Rk 2l it L5 pR AT . 45 SBAF G il
SEAR e 25 R R TN RO R A PR B HORAE S B0

i MeV SN FAERR T2 SEANTH BUGAI SN, I8A —Lepkhk, tan: i
A—E: (lateral incoherence). i EFEA—2 1 (chromatic incoherence). B} [E]£}5)
(timing jitter) Z[A)fH.

— WA A —EhE TR BREE R F, i 2 MeV HL AR 13 em
HMLCE, 52 100 pm (TSR SFARS T 0.96 A7 o AR AT 5 E %
BRI TUOE 0.96 A SR P H AT I RER B oS SRR
B B8 JEE A AT S B 1R 5

73— AR IR BRI R AR T, R 5 DR 3l et
WBEEAT LU As = (4m/X) sin(a/2) = 2ma/X Forx, HA, o NRTIRAIE
B BB LBRER A, N NIEAT P RS X ME BN RO BT ]
MFARRE, R IAAR T A TF 1 AT LA™ A2 i R AT 1 SR e KA TR S
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Fig. 5. Restored IDP (a) after 100 iterations, (b) after
10000 iterations. (c) a comparison of the 1-D curve between
the IDP and that restored after 10000 iterations.
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SR B T RS R, (3 BER T (chromatic co-
herence length, Xe) & SOWICHERERE R AN [KIHES . AGCIE « SIEHI S
BERT. NN An B ERTTR Y

Xo =n./(2- An) = (\/2) - (\AN) = (\/2) - (E/AE)
Hrf1, n, KHITHIRERE. (RPN TS S SIS 0 A7 S P R Bt
RTINS B IR T ST RE

R TR T AT PR S, I BT LI (i
TR, PR L ok B R B A R . AR E)
EE IR T RO RS2 I DR S P I R 3. e
AR BT IR T DA

¢ [AE
Aty o — (22
" C’YQ(E)

Horp, y SHMRHEE T, OARBIRERIEER, 52 A RE R (E.
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Nature Communications §{ SR 2250
H#1: 2024/5/1 BN ZEAR

10 TR ET AT EBRTHE [Nat. Comm. 4]

High-coherence picosecond electron bunches from cold atoms

10.1  EAAFEE
o P HEE-FATHIEEE

o YE#: A.J. McCulloch, D.V. Sheludko, M. Junker, and R.E. Scholten (%44
University of Melbourne)

o B IR, R

o 45F%: https://doi.org/10.1038/ncomms2699

10.2 fHE

TS (ultrafast electron diffraction, UED) AJ DAFENV S FP Bt [E] RE LS
TR 5 FERIBI 15, RS2t B A2 N R 5. &R
FE IR TR A T IO A BRI 2y R P P AT ST AT IE . WO J 7 G B AT LA™~
AR EE TR R, AR IXA AR F A G R T A F AT A SR SR TR
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Figure 1| CAES. (a) Schematic representation of the experimental setup’. A shaped 110-fs laser pulse is used to excite a pepper-pot distribution of
atoms in the x-y plane, which are subsequently photoionized by a 5-ns laser pulse focused using a cylindrical lens to select a source plane. The electrons
are accelerated for 2.5cm by a 40 kVm —! electric field, expand under free propagation for 21.5cm and are imaged using a phosphor-coupled
microchannel plate (MCP) detector. (b) Simplified energy-level structure of rubidium. (€) MCP voltage (front ground plane) as electron pulses are
detected, for femtosecond excitation (red) tf%,, =260 ps and for microsecond excitation (blue) <75, = 3.7 ns.
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Figure 4 | Measured CAES emittance. The radial emittance is plotted as a function of excess ionization energy (given by equation (1)), beginning
with the onset of electron production at the saddle-point energy E,, = —15.2meV, for picosecond (blue) and nanosecond (green) bunches. Each point
represents the mean of 50 single-shot measurements with one s.d. error bars combined from the statistical deviation of the 50 shots and systematic
uncertainties. Below —5meV, the ionization efficiency is poor, reflected in the large error bars. In region i, the atoms are excited to a Rydberg state
and field ionized. In region ii, just above the field-free threshold, we see rapid growth in emittance for femtosecond excitation. The dashed lines are
theoretical emittance plots calculated from equation (6) (see Methods).
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Observation of THz surface waves escaping from metal grat-

ings through a dielectric substrate
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] 1: (a) Schematic of the experimental setup at SANKEN, Osaka University. (b) Photographs
of the hybrid grating with a wedge-shaped dielectric substrate. (c¢) The beam profile detected
at the grating position.
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¥ 2: (a) Interferogram of the measured THz waves. (b) Corresponding measured and simulated

THz spectra, with an inset showing the spectra in a logarithmic form.
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Local Enhancement of Terahertz Waves in Structured Met-

als
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Fig. 1. Single slit perforated in thin metal film. A TM-polarized light is
incident upon the slit.
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capacitance) , WA EEII A Beap = D28 HA Quna F42 BB LN HLAT
27 ' Fig. 2.

©

(b)

Fig. 3. () Definition of the A-zone. (b) Concept of capacitive enhancement.
Charges accumulated at the edges induce electric fields. The capacitance of the
system in (a) can be defined by “A-zone capacitance.”
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Fig. 6. (a) Configuration of slot antenna in a PEC plate. (b) FDTD-calculated

electric field profile near the 20 ppm x 150 pm x 10 pm (a x b x h) slot antenna
at | THz.
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Manipulation and diagnosis of femtosecond relativistic elec-

tron bunch using terahertz-driven resonators
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Schematic of the MeV electron beam manipulation and diagnosis system.
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(a) Bunch length and (b) transverse beam size as functions of position (z).
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Comparison of bunch imprintings (a) with compression but without streaking, (b) after com-

pression and streaking, and (c) without compression but only streaking.
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