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1 EEHIAE E R T HOE ARG [NTMA 475]
Quasilinear theory of high-gain FEL saturation

1.1 EAREE

2K [FBRRATS A B E0E

fE#: N.A. Vinokurov, Z. Huang, O.A. Shevchenko, and K.-J. Kim (FEZA| 1)
BINP)

AL TS

F5F% https://www.sciencedirect.com/science/article/pii/S016890020101525X

1.2 HHH

XPEARE R A BY T BB A M PPl s 8 2a B i B0 RGRE . IXRITE 3G
M Maxwell-Vlasov JyRERGHELAIENTEL, 158 H B H T HOCH ATt

1.3 STER AR
o GPFTAG X RBCEITHE S G 5 B RO M FR EOE R N AT X ]
H AR, WG Maxwell-Vlasov J7RERHELMELTL, BIF5E H BT FHOLHIE
FEFE -
o DTik: IXEASERIAGHELIEITLLE H T S RO ST A AR (8 A HO0 T
RIS & A7 AR B AT A I O PR DL T SR VRS SN Plerce 2%, AP
Aw < po HEMUL, AEEAHELIE ISR T LUT BB :
— fEAT e A TCR RSN () AR AR
— PR f(,n, ) WSRO o WRMIESRE. A

F@b,n, &) = > faln,&)e™

BT U EWAMRES, ARR RIS (8 Viasov) JrfE

of ~ of iy OF
52—%nga——2Re(Ae )55-_0
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HEANEFIE IO AT 5 IN AR S S (L2 AR A Je (A8
L RFES NS IR
1.4 HE

R I SRR BLRENS ) BEA FRUCHE I ORI A UETE L B/AME 5 (i) X
55 (WMD) DX o Al LA A 7 BRSO 56 IR FATUBGALE o

PEALRYHELMEAL (D E Lt /HR BOR I ARG, 2
ZIErUZ% (1] B9 §4.4.

HEFN
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[1] Kwang-Je Kim, Zhirong Huang, and R. Lindberg, Synchrotron Radiation and Free-
Electron Lasers: Principles of Coherent X-Ray Generation, Cambridge University
Press (2017)
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2 AHBTHCRIFENICRERAR (M) WIA? [NIMA 528]
FELSs, nice toys or efficient tools?
2.1 EAFE
o 33 HHTHEFHDL
o E#&: A.F.G. van der Meer (FOM Institute for Plasma Physics, fij==)
o FA: HYE

HE4% https://www.sciencedirect.com/science/article/pii/B9780444517272500109

2.2 "

H RO Mg AElARE, IS RRREZS I a2 5 Rk
e UG, (23E B R TROCR B B R S G ERMEAE T AR R R S B TR Y
B BRI T 245 BEagnd 25 4, MTFaX i~ TARREE
SR AR RIS EE R 10 a7 FELIX /Eo0 P s py 250 Bl 8
P ROGaH A A R AR BC R AR (A ) i T .

2.3 TGIEREAIHT A

o TUHR: IXRIE SO FELIX AFNHRZIAN (mid-IR) 5Lt (far-IR) H 48, &
ZEHACERE 2B SR . FELIX SR E R B BT Fig. 1, 240 Table 1.
FELIX 286 K ER] LI AW S relaxation 5 spectroscopy. B+ JHF UK
JEHIR AR, W Fig. 2(&). Fig. 3 (Ji) far-IR FEL Jikif{F4 probe BT,
m Fig. 4. Ja& R TIHWEFLE, W Fig. 5 5 Fig. 6,

XA IEICAE Section 4 MRARERE BRI HY 8 SCEC S = ROGIR RSP E L
HIE B2 H 20-25 RS, MR LA 40 8RN BI, —H2777 i 500 FiE 3o
HER N ST AN Z R (RS RSN E 72Y 15 45) . PIFREERY™ H
MRHLEAZ . HRE, HHEFROCRERREZAR (M) TR, #E
2, METHNESCECE . sTikAE JLF-m] LLZIE Y o

KRR IESCAE Section 5 23], 72755 H i RO HHRER R . A RES H
R EM L IARBTME . AELZLIMEREL, SO AR A ES 1. AR
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Fig. 1. General layout of FELIX showing the two beamlines for far- and mid-infrared generation.

Table 1

Characteristic parameters of FELIX

Tuning range

Rapid tuning
Micropulse rep. rate
Macropulse rep. rate
Micropulse energy
Micropulse power
Macropulse duration
Bandwidth (adjustable)
Polarization

Beam quality

Beam hours
Unscheduled downtime

3-250 um (330040cm ")
>1 octave in a minute

1 ns, 40 ns, single pulse
up to 10 Hz

1-50uJ

up to 100 MW

4-8 us

0.4-6% (transform limited)
>99%

near diffraction limit

> 3000

<5%
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£ 100 f% FELIX (% HpkoPrest, R Fig. 7.
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Fig. 7. General layout of the FELICE cavity including two intra-cavity setups: for IR-REMPI and IR-MPD experiments a high-
resolution FTICR mass spectrometer and a molecular beam machine.
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5T FELICE S #4140, mTL&% ().

2% 3Rk

[1] B.L. Militsyn et al., FELICE—the free electron laser for intra-cavity experi-
ments, NIMA 507 (2003) pp.494-497. https://www.sciencedirect.com/science/
article/pii/S0168900203009033
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3 MBI R E B FLPUIE S [PRE 47]

Coupling impedance of beam pipes of general cross section
3.1 EARFE
0P B, HbUTE

{EZ : Robert L. Gluckstern, Johannes van Zeijts, and Bruno Zotter (FZ A f): U.
of Maryland)

Feml: T

%54%: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.47.656

3.2 fHHE

X IESCHE S T L EERE 1) S AR BT A THE 2% e m A e kL R S
EREREIA. SRR RN NS T BB E R _E DI M#s i, Hoa] DL Sk i
5 TR AR TR B FURAEIR TR, 5 & TR A A A
SRR, SRR DT R RS AT D

3.3 TUEREAIH A

o QTR IXRIESCE SLHPTIY, SR BB E T2 AT EEST, HIK5R

1 [ :
Z”(k):—I—O / dzE,e’*

1
———— [aVE.J’
| o]

L
=——— QdSE.H;
’[0|2f 1s

Z .
~ oL+ (L) 74 aS | Hy,

b B, B LG ST IEEIRI J. = Io0(y) exp(—jk2) [6 (x — 21) — 8 (2 + 21)]


https://journals.aps.org/pre/abstract/10.1103/PhysRevE.47.656

A 1] —#) (dipole) FHPT, A

1 < 9OFE, .
7 _ Tz _jkz
x(k) 2k1yxq /_OO dz ox ¢

1

L
- E.H}
4ka?|Io|? f{ds il

Z .
- T+ DE2) fas|m.p
1

DL EACTE R TIAN S ERE V X E = —jupH 52HREHR J = V x H — jweE,
A, ATLLETE Leontovich RS kb B S B LI S/, A

E. =~ —ké(1+ j)ZoH,/2
DURR: AR IO BT 2 SCRTRA, SR ) e ) BB B oK i < Je i BE SR T
TR A IR R Hoso 3XASRARETT LAE— 2515 Fa 37 Kebn B PR ARG, TS
ZoHs = By, = —exp(—jk2)V @ (z,y)
Horp, SRigALERBO AN A T R A7
Vie(z,y) = —Zolod (v — 21) 0 (y — y1)
IXFHIESCHY Section IV 5 Section V' JASRIEIN_E " ZAEFTATIRE . 5995075 FEAEMIE

AFR (Sec. IV) HE AR (Sec. V) 1F0L, BEFASGBEMAA @ TRt TE,
X8 ARk BRI EL Tschebyscheff polynomial.

A TARE @ )5, rTLORIGETT, XHEMwEm, AIhm e

Zy(k)  (1+4)0
e~ o Colwo)

Hrpr, ny=kL/27

Go () = sinh ug /02” [ Q3(v)dv

2 sinh? ug + sin® v} 12

cos 2mu
cosh 2mug

Qo(v) =1+2) (1"

R Zip(k)  L(1+7)0
120 B 27rb5’] Gz (o)




Hrp

sinh® w77 2 (v)dv = cos(2m + 1)v
Gu (un) = 1 | e Qulv) =23 (-1 @m+1)
AmJo [sinh?ug + sin? ] 2 mzzo cosh(2m + 1)ug

y J7 1A FHHTEAL .

XA, A BT
Zy (k) (1+ﬁ§%(9)

TLhZQ - 2b a

=

o0 o0

1 1
(M) = TS \ - -
o) = ; cosh?(nm/2)) ; cosh?(nm\/2)
odd odd

LA BT

Z() n 2mh?

Zio(k) _ L+ )5 . (9)

Hrp

A = |2 e 3D e
() = & TN oy
8 o= sinh®(nmw/2)) “— cosh®(n7)/2)

y J7 IR
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FIG. 1. Numerical values of Go(q), G1z(q), and G14(g) for FIG. 2. Numerical values of Fo(q), Fiz(g), and Fi,(g) for
the elliptical pipe as a function of the “nome” ¢ = (a—b)/(a+  the rectangular case as a function of ¢ = (1 - A)/(1 + ) =
b). (a=b)/(a+1b).
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/OO 22dz B 2
o cosh?z 12

/"O 2dz 7P
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RRRIESURJETHE THEEE O, SRR B AR - PATHRE DL -

3.4 HE

RSV SORMU BT E SCA BT (U] BRI e B BE Y AL B PR A 2 o 1X A2
REXET S M S BT S R R B =0, B

»

Z)

S5 3Rk

[1] A.W. Chao, Physics of Collective Beam Instabilities in High Energy Accelerators,
John Wiley & Sons (1993). https://www.slac.stanford.edu/~achao/wileybook.
html
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4 (W22) JEBIBRGLMM S TR A T E iR
Unstable Solutions of Nonautonomous Linear Differential Equa-

tions
4.1 HEAREFER
C s HE
o E#: Kresimir Josic and Robert Rosenbaum (University of Houston)

° %’é@

cF

\

=S

o %¥7: https://epubs.siam.org/doi/abs/10.1137/060677057

4.2 fi%
T o’ = Atz XK (W) ERRsII RS, Al HRIEEARECEIRER TR
TEVERY SR SR ARFI A RIE o AENECB], — M ga 3R A(t), HEASEHON S RRHAIE

(L R AR GEXT B A4 tH PR () BERS RN SE . IXRIESCa H — M EE S LR
FRE, FREIRHESCERYTIESS H AT RERUHE) TR

4.3 TTEREAIHT A

o TTEk: BRGNS SR M T RRARE AT IR IR T H & (FA) B (au-
tonomous) ZHRGE, Ml o' = Av, HAGREMEZORIEM A FRHLEEAER
PRSI 22T 2R, X (2) ARBRZi RS, J o' = Az, DL
ZEIFA SRR

o GPFTRG: XT (IAR) ARERsh I RSE, Eid e A(t) X RAYARIERRAEE
U RAEEE O PSR —IE— USRS, SR RES R BN A RUE M. B, e
EE B OIS, (o pR A 2 (1) DAARRUERF . TRILL, IXRIe St J LRy B
WA T AR AR

WICEARER Ny, JetiE— BIRMEME A(to), Fenli, TEXRIBSCHIERA FEN
FREMIERE, T —8G B. B, IXRIRSCEMSE B il B Mzh)1%, £
¥ §2.1 55 §2.2,

12
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ST AR, RS SO B R 5 B Ik, ]
R(t,w) = '€ = [COSW) —sin(wt) ] G(w) = [ ’ _w]

sin(wt)  cos(wt)

A

M §3 &5, A
unstable autonomous = unstable non-autonomous

o S

stable non-autonomous = stable autonomous

R, IXRIESC §4.3 FREST H) R G 2 B AT ] o

RXRIRSCER B, Tl AR IR A RS B st TR AR
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5 PO FAT L Rk MERR AR [JAP 99]
Analytic model of electron pulse propagation in ultrafast elec-

tron diffraction experiments

5.1 FEARfER
« 2 WHHE RIS (UED)
o YE#: AM. Michalik and J.E. Sipe
o R FED

o %% https://aip.scitation.org/doi/10.1063/1.2178855

5.2 %

R TFATH (ultrafast electron diffraction) 23K sl AR SEASHE 5 Y FR AL, 22 00 72
M B A RER LI AR —o UED SRR SEEG AT DA = B, B —
KO RK I A SE HEBAAR & S — BRI SR MR AR RS 5=
FMTHERE HRHEFo RN B — L M O &RE 7 N MHEFIEs)
HART AR, XL 1 Is BRI IA 25 1F 25 08 O 0 AT BR AR E o BEIX — R, SR B
AT LU X 2 IX AR BB T T2, (HRAEAE AT AL T &, i )
IHAEH T

X SCERR I T — P 0 AT AL (mean-feild analytic model) Sfft 58t FEL 7
PTER S5 R s T H ik A 1 o HEFR B — S @ B X 0F 5 LN = A B I () 22 46 Y
SHCRRAE Tk, REZE O &KL — AT HE R, (EAF] APRER A
SRAELAZE kb8 J128. RS N REUERHL (N-body numerical simulation) [194%
RN HARE— 2k A RZR UED W7 kih sl i AR A0T 2, IR
Ut UED S5ty TH .

5.3 BTHREAIHT A

o QUFTA ZOCEEM A AL RET ST UED FR iRk &8 . 55— A2 F4 it
L, BRMTREL f(r, pit) ERGEFE A 7 iR, 88 A2 EA LAY
RV AR SR 2R e T PR AT AATEAL 0 A1 PR R
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MHEES I EAER (% V(r) BA N DRFRLm RS (G, 215 pi)
(Rash R % I IERA ST EL fo(x, pit) = Yo, 8 [ri(t) — ] 6 [pa(t) — p]
M TTAS Z132 500 RSPl A ) 6 £ T 7 -

dri(t) _ pi(t)

dpz r;(1)]
Z (91‘Z ’

@fp(r,p;t)__p 6fD(r,p;t) 6fD(r,p;t) 9 I v I
rema o T o mXﬂﬁwV@rﬁﬂmmﬂ

m

X BRI IR R R (fo(r, ps t) fp (7, 95 1)) = (fo(r,pit) (fp (v, P51))
CIRDSCEPURDYE S+

of (xr,p;t)

R | Lt
e NRIZOCEMIR I E S oA, I EBIN T LR R R R 28 (kA
SRR o7, PRZIEEE KPR v, RSBGPS R R SIRE
I ) AL ATEREL, FyE BRI PR rTLAMSGZA PR S R T IR AT
DAERBGXEE S, (155040 AERT LD I 22 /F Gissh T B E . et R
%%,%ﬁﬁﬁ%ﬁﬁm%%MW% I H 2R PO AR IR AL R, 555
XTI AR DR YA B 2 — ML, LRI A1 BRBE B LB 2 )2 2 30
I

dO'Z' . 2
it m"
dvi 1 V2 Ne?
i (772‘ + —Z> + GWLi(g)’
dni _ _ 2im:
dt  mo;’
(RS DL . EIRTTREFT LIRS e AT i 25 5 . RIME % B2 14k
A, W HFH TR E R RS EUESE R, I EMHERT N ARSUEARIAE R
W .
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OTyz(t) = 0252/7%2 + bT,z,

vr2(t) = ct/m,

br,.
- t2/m2+br./c
DUk X SCESEH T PR L (mean-feild analytic model), %45
& UED Hp Bk % 4 (Rl — MR I A 0L, AT DABC s AR AN H SR AR LAZE H ik
. GEALERZ UED HF kb sl @0 %, JFalfE et UED
SRS T H . ARG THE T ERR I R TUOFI5 | A SMInER ) F
FR R o
R BB LS R -
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FIG. 1. {Color online) No Cou time (ns)

b interaction. Relative emor between mo-
ments calculated from the Ga odel and N-body simulation. Note in

(c) that 7+ 3"/ is a constant

FIG. 2. {Color online) With Coulomb interaction. Relative error between
moments calculated from the Gaussian model and N-body simulation.
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FIG. 5. (Color online) Velocity distribution (x component) for a chosen

number of bins throughout the electron pulse for (a) r=005 ns, (b} ¢ el - " i erri . = 3 .
= FIG. 6. (Color online) Welocity distribution (2 component) for a chosen
= 3 -} =2 ~hos: ins li r axis. wil . ) v
_l"_]_"‘" and (c) f'_"s 1. The: chosen !"m _“c a the x s, with the 2 number of hins throughout the electron pulse for (a) r=0.5ns, (b} ¢
position shows i fhe lepend. The Genpies moded prodicts. 1/mygy =10 ns, and ic) r=2.5 ns. The chosen bins lic on the 7 axis. with the 2
=541 pm/ns for t=05n0s, 1/myyg=120pm/m for s=10ns, md position shown in the legend. The Gaussian model predicts 1/m E
Limy =134 gm/ns for r=2.5 ns. A Gaussian fit is plotted for each set of " —.
vy # P =72 pm/ns for =05 ns, Iimy5.=33 pgm/ns for r=1.0 ns, and 1/my g

hinned electrons. The fitted widths vary with position with average values of
{a) 56.1 pm/ns£13% at 0.5 ns, (b) 33.8 pm/ns+13% at 1.0 ns, and (c)
17.3 pmfns=4% at 1.5 ns.

=1.2 pm/ns for =25 ns. A Gaussian fit is plotted for each set of binned
electrons. The fitted widths vary with position with the average values of (a)
144 pm/ns£9% at 05ms, (b) 131 gm/ns+11% at 10 ns, and (c)
126 pmins+4% at 2.5 ns.

5.4 HE

AR SCEY R IHE T L7 2R 00 O LB RE B2 A% Bl R 32 21144 29 18 % B9 it I 1
TR, FE R RN MBI R R 5 — MR R e AR M 5Ly
RErh 25\ — T

17



JAP STk SRS S
H15: 2022/12/8 HRIMETA: SRR

6 EPHFATHELE: B REFERER [JAP 104]
Theory of ultrafast electron diffraction: The role of the elec-

tron bunch properties

6.1 JEAFR
o K BPRHEFATS (UED)
o YE&: AM. Michalik, E.Ya. Sherman, and J.E. Sipe
o AL FHIB

o %% https://aip.scitation.org/doi/10.1063/1.2973157

6.2

FETREL TS (ultrafast electron diffraction) /2 YRZNHEMFELASHE P FANL 2T
HIA AREH L BOR 2 —. UED SRR S2aG a) LAACH 1 =4y Bedlk . 28—~
RO KT MG FR AN A S — € B AU 15 58 AR MR 7 1 HARHLHE: =1
SERTHIR B HARKI o AR SCRRE RTIE S =P B

ZOCEAE Y TR R AT S G A L R B O T T BT R
WL ARSCRRA BN A 7 AR A9 28 S0 A RS AT AR 2 0 A A SR B (8 B
AU AL, HEF HATHHE S RYSRE, FERHEA A RS EOHN R A7 5 8 e ) 5
Mo IZSCERRAE T RERANGNEA TS RE, FFRHe 1 X e REAEATST B S e Y
I

6.3 TR EAIHT A
o QU

— U BB T HORL TR AT AL, 2 R N TR KB
L RIS B P A AR S RO O T =TT el . 3T N i
AT AN

d*r’ ipr’'/h T / /
W(u,p;t) = / (27rh)3ep Tr [pn" (w+1'/2,1) x¢ (u—1r'/2,1)]

18


https://aip.scitation.org/doi/10.1063/1.2973157

Lrf oy 72 N R ERAE, d(ut) RERAEAME v IFE ¢ WETISHE
T IR DA 2 B ST S R

&

P [ PpdPd f / ' 0 (I jwwn
/dpEW(u,p,t)—/ B0k Tr [pn) (r+U/2,t)w(r+U/27tﬂa im €
h

=Tr [prT(u, t) <%V) Y(u,t) + h.c. } = j(u,t)
X HEAFH B RUL, — BN ITREEE] W, pst) IEHISh 57 T
{HAE UED 23, W aAERAHREFE SRR Z , IR TS LA
i, P Z B EG F A LZIEA T htEid, B RE2HSEEIT
SYRIERE: 1 SCEA A IX N ARE S I RITC R, XS AT LA 2 U is 5)
Jite

oW (u, p; OW (u, p; 2 . (ho O

% = —% : % + 7 sin <—— : —) V(w)W (u, p;t)
AR TSCE A L WO AR L AR O AT e, N TR RSA
Wigner pR%YL

W (u,p;t) = / @w—%tl)tq’eip'u,/h (w—'/2|p(t)|u+u'/2)

/ (;W}P;;Seip,'“/h <p + P//Qyp(t)‘p . p//2>

AT _EHDTRE A Wigner sREMN 5 /24N, AT LGB R 2 EHAF p
USRI N AN 1 RIAE) b1~ [l U 2 AR Rl (R T %, X AliA5
AT AR B T4 TR 2T TR (AL B P I, S g (1) 4%
345

H
Pout —O“'p(t}C

}

S
m !

p(t<o) ——— pin

t:f<g t=0 t:t

FIG. 3. A schematic view of the asymptotic-in and asymptotic-out scattering
states. The free electron Hamiltonian is defined as Hy=P*/2m.

Pout = Po T Phol T Pdifr,
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oy po $3d 7 AR K A HUN RYRTHHE S BTk pnot T T2 EoTmk, FONE
AR T AR BN TR THUH T Z B T e B, pai I8 T TS DTHR,
RO B TR HET -5 B SR TR R B ¢ AL SR A dOQ A
Jria e EREEFOR N D(rt), 5 p AlEL T(r ) 68 =89, Hip D(r, ¢)aie
AR SRS S o

728 - j(r,t)d2 = T (r, t)dS

— ZCERT G RE, SR 7T D, t)ar AR08, 4% Fraunhofer
RLAT . AN @A) Fresnel BUApHT, B AYTFIE ] LIGE] AR S AnLs

R
.62 )
RJ oscp — & < 17
h r
Rjgoscp Rj
= 1.
h 70 0sc <
3
mp P, . . o 5
Laise(r, E) ~ (rh)? / didlG(pl, pm) f (pt < pm) x f*(pr < pl)

BT PAE i R, IEEFXT R, Fraunhofer fiT8F 4544 2. HAb, HAR
AT T IR L B R e, Bl — Bi 1 @ /E UED S rpfd
B, H 0l = A« 1 KRR XFHUAG UED JUE5H, A%t
Mok — B < 1SR R < 1 pm, Hrp ROZMIF S EIRE SRR 780
Bio AT EARI A FUO R AN ST F AR R I AR s (BRI LA
iR (AniZie 3 Fig. 5), SRR R EATREIC KT 1 pme T AGIR
FIR/NZYDA 100 g, At IS A SR AR 9 S B A 1 2 i S o i
Ml — U < 1o MJR#EHY Fresnel MG R4 R, A EMR
IRl RAE% EE] Wigner BEUNIH LRI EIEZ )G, LS XTIk
{5, X Hufdi75 Fresnel MMy 255 B ILhR HRATHHE S B KA M IE
e, IFE AT PUR IR Y K/ M AE M BRI 1 WL X HCH 5 5 ok -

3
% / dindiG (pl, prin)
% Z e—ip(f—ﬁl)-Rj/ﬁeim(f,Rj)/ﬁfj (pt + pin)

J
% ZeZp(fi)-Rk/ﬁe—im(ka)/hf;(pf_ - pi),

k

L aige(r, E) ~

o TTHk: EASCES T UED Seserp i A9 A7 RGeS IE ) — Rk £E1%
F SCERYJTIET, AR RE  FL AR A S A A FARAL S5 T 4EA% 20 R AL
MSRIR, St T IE & SRR S8 A HIATH Z B I 04T, 5 T RSECIATAHE
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SR, a7 ATEFRER R AEE N T2 5 MIAREUNRY Fraun-
hofer R4, LANSEIE A Fresnel opAfr, %= An@ H TR B IR (A
) BRI RIER . S BRTHNME 5 HSRAEAST 2R TR B R IR A b (A 454
MIZHEFOR . BB HIRME T ANBARAY R0 7 52 OS2 B AT ST 181 52 00 WA o

FON, GICEMEEREM, T/ R/ NIPIAR, AT 502 B R g 1
XEF R, A hr AU AR T AN H r R MR S 2R B, Hrh ek B X
AAMEARZEAE 0T SCP RIS AN ZEUE Mg rg et fiin,
W B A T [ ARORST Aur BUSEINTIIE/ N IXFERGBABUT T3 UED Sege i
HIAN R FE TR A E 5 o R A A AR 2

SCE—EEHUAE S R

L2H £ AN/ a

- || Nhad N (a)
= gk Lj !\’/f \ Aup = 0.05 mm|
= -

= Ll —-7 Vi Y
2 08 - Ay = 0.1 mm

; L
— 06
N |
LT'Z. 04 i
o ® L ’ =
=
— l}Z_— ok ‘ Iilm -
, Tl
rEII.S 1.2

arb. units]

Il

0.4

0.2

I(rs, E)

FIG. 14. (Color online) A sample numerical calculation of the diffracted
signal using the final expression for I'(f, E) (53) and a Gaussian model for
the Wigner distribution with an electron energy of 50 keV (A=0.055 A).
Main plots: (a) Ap,=p/500 and L,;=17 A. The targets are linear clusters,
32 unit cells in length, unit cell 4 A. (b) Apy=p/250 and Ly=17 A. The
targets are square clusters, 3232 unit cells, unit cell 4 A. Insets: Apy
=p/500, narrow peak Ly=35 A, wider peak Ly=17 A All other parameters
are the same except the target radius is | wm in size. The local bunch
spread Ap{?-’ﬁ’p:h-"ZnL;- and the diffraction-limited Bragg spot width
(-fi:'f N, are of the same order of magnitude and both significantly to the

rag

width of the peaks in the insets.

6.4 H7p
FEAE RSETHIHe S, BT AR A s s, 25 T ATHME S 7R
PIBMEITSE, FFt—PHd TARSENER IR 7 ST RRIZ5E -
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PRAB &i# SR 2N
HH: 2022/12/12 B ZEAR

7 HRPUEE /R UE A REMECR A B [PRAB 20-10]
Generation of a femtosecond electron microbunch train from

a photocathode using twofold Michelson interferometer

7.1 EAREE
5335 WOLHIRL R
{E#&: M. Shevelev, A. Aryshev, N. Terunuma, and J. Urakawa

R S

55 4% https: / /journals.aps.org/prab/abstract /10.1103/PhysRevAccel Beams.20.103401

7.2 fHE

ULEESR M E S B R NI BT AT FE N SRR Tl I L AR A o Horp— 7
BT | AR R R 7R 5 5 IROE AT E BRI . XS04 T 2T
BRIE S A (TisSa) HWOLAHI SO RGERYITHRINL . IR 1R Y T 58 X ERDE
Fgen] L= AR DA BATEESE P AR ) R ROERK e BRILZAh, X8 SCE X E R
Y ARG sE AT AL 4 (CsoTe) - AVCHI ™ A HL TR AT (electron microbunch
train) FYFE/R TS . SERHROR AT T RLAY I R FRAL SR A AR IR B R DAE i 7
TR AT FR ) E B2

7.3 TRRERAIHT N

o AIFTR IXEIRSCHIVEE R P Bk b 2 TR T B IR mT LA AR B e AR IR AT AR
HIEOE K R R, SR BV /RT3 (Michelson interferometer, fajfg MI) 3f:
29 REHDCIEIR Bk 7728 28 (k HEE0) Moblikah s ASCHO T AL
AT IR T S AR SISO Bk b B O I TE) 20 A, B ORUE 1 v 7R b AR
(twofold MI) =4 | YA KFMBOBRK R T SC38 T 1 A A1 2 18] I TR AR

o DUBR: JEAARITOT AR OB A (Ti:Sa) kG e AL MKt I i A7 S e
FTWABE 2 PR, 2SRRI AR UK AR (regenerative amplifier) FIBCA AR
Rkt BRI (nd) S22 (ml), BORJE Pk el R 2] i, A
SCRE ML BT P AR R AT U RO T 266 nm 6T E4FIR6 2 T Y 1]
AL, P DA B O SGE R I R AL PR A o SEgAE LUCK A HE ERk(T,
] Ce:YAG (SBHISLERAMRAT) Fhas Xt s #EAT X o
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