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MBS B0, FFEZEEE [PRST-AB 17-07]

|VVilson Prize article: From vacuum tubes to lasers and back agaid 13

HETE 10 &R -7 SR OR- 258 70K i IR BE & 952 [PRAB 19-02]
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2
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1 SERH#FER A A BOUBER IS [NIMA 352]
The isochronous storage ring free electron laser
1.1 EARFE
o 3 [FEEESTS B ETROE
V% Kenneth LaMon (FEA#: LBL)

F: BE. BUER

5% https://www.sciencedirect.com/science/article/abs/pii/0168900295900209

1.2 fj#

X8 T8 SR T EE R i ££ 2R B B HE 70 (isochronous storage ring free electron laser,
ISRFEL) b SAAT1E. 2 & RO S FEIRS B R R, B85 KSR
T KA. IR SO AR, m] DA EROEEEC I ] AR dh
ER GO I [E) 93 A1 55 o X IESCHI AT, VEE VOSSR E 2R E TR0
BES AT S, BRI Pt AR PR IR T EOR R . V2 B AR SR MATE 1&, H.
BotH AR S E T E IR ELME A H B BB FROtE T

1.3 SEER AR

o TUMR: fERET ELIESE 5 BT HOCHE SR SN 7T, R AR I A PR
WHE BRI 2. N T SLBUE AN E TR0, AT R s TR
FRBIR AL RES ORERE, RIIL, AR R AR R SN SRR Rk
AHTEREIN (EXTSERT) A BER IR TAER BB T, EAAERBH (H
XTIk ) X BE BN SR . ATLATU , AR S BT, X A IR SE I
PR ESR M S . XIS SCIR T SE IR AR B RO 5T, mE
B
AR, IXRIE SO W ER Sy, Section 2 2% B e Y FL T S HR ST
shicg, Hip, (= ke —wt 5 v = 4aNAvy/y 2RI+ B AR5 X REZ
la| 5 ¢ LARSTHHVIRIE SHAL. B REAFRE T no fEBGZa NIV Issh T %
A Egs. (2.10-2.13),


https://www.sciencedirect.com/science/article/abs/pii/0168900295900209

Mirror

andulator ”i”"’\
( e 4o - = \
\ | :H\\\§\)
T o ement J-\\
-

Fig. 1. Schematic diagram of an isochronous storage ring FEL.

Section 3 7% [&H T RIEMFIAT RIS 152, BEWAIRE, i k46 S5 Re R+
oo AT ARG R, B, kR4 B ROt R E S 2.
THREAEIAFRE R EOR , X a R RS N5 EE 0. A o = a1+ Ay /7.
iza R Egs. (3.3-3.4) 25,

1.4 HE

L (EARARR) AR TR A PME TSR AT IS R LA 22 (U]

S5 3k

[1] D.A.G. Deacon, Basic theory of the isochronous storage ring laser, Phys. Rep. 76,
pp. 349-391(1981), https://doi.org/10.1016/0370-1573(81)90137-X


https://doi.org/10.1016/0370-1573(81)90137-X
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2 WA ETESR [PRE 54]
Longitudinal radiation excitation in an electron storage ring
2.1 EARFE
o K BRSNS
e {E#: Yoshihiko Shoji, Hitoshi Tanaka, Masaru Takao, and Kouichi Soutome (3=
B : Himeji Institute of Technology, HZK)

o R FHIB

o 4f%: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.54.R4556

2.2 R

RXRIESCNIE 1A AR, A 3 B B A I T A ] 20 A T Y 32
Mo RISt B RS PN AN [ P tH R (R 2B R S RE AR, TR B AR EEZE AT AT RE TR A HY
[l AR AT A S AN E A AN A o A8 SR, IXFPELE S | E R AE e o BORHIA
IR Gy OB T o JRTT, AEMESFIPER IR, IX PN S B A K AR 5l
R EFERE KRB o XGRS LI A LR O T, ESEI R i 20
FEIEEPAASIT AR (ARAT) RERIRRT A3 MIXEE 2 3 CRERS 242 —HESE I I
A7 IR B SRR TR R

2.3 TUHRERBIHT A
o GPFTRG —RBEAERIMEEIAD, KPR, REIRNAR SRR

_cln|
Wsg

z

Hrt,p AR T (slip factor)B SR R 35 R w, = \/—;?g—g,’;’g Cos ¢ o
Vinle HIEATHL, o, oc/|nl, B, RERSHE, Y n W/, NRE A I Y
A . S b, e sl mE, oy n 8% o AEF /NI, IX
PEARENEURZER T, AL ae FoRe BEH n=ac — 1/7° R, SR&ISHREREKREN, &% 1/4°,
WA 1~ aco FEALEEBEHEHBEN T, ac USRERIEXR, SRAEEETE,
SHIEXESIESCRINN A, B2 RS ESHE S O EHF XN 4516, 1 NSLS. UVSOR. ALS. Super-ACO.
ESRF. LNLS. SPEAR %,



https://journals.aps.org/pre/abstract/10.1103/PhysRevE.54.R4556

P A TR

RIS & H O, RIVEE RS A AR A A [ HE 72 Y A AR S RE R R, B
A B AR BE 22075 T RE IR O 4 H [R5 AR AT O o BN FITITAT B Al 202 RN LT
KHEAOC ISR 2R, aTREAEEIZIEIN E I E k., Wl BER AEAEIZIE
IR S KDL TR, PR B R b 56945 B T 46w 25111 6E
ORI R 2K T — B AT SIS IR AT 69 4T RERY B B S S R AT R B R AR
fmzz AL 5 A, a] LUG K

AL = Jil/L ﬁ [n(s% +a (s, 2—30)] ds

s At = 2PAL. Hrh, Bz HE T RBIN LR N ASEF. N RN
A3 An (Poisson distribution)

ARG [ EHIBUAE B o BERRIBE AR A ON S o SR, AT
IPPERE A7, IR, T B AR JE AR o = S e 2R A AR JEE
TRk LRI SCI AT . eSO R BT 2B AR n B
LM LIS N X, = AXy + Dy, XA RIEHOY

OF i\ [OE AE AE
e RF JE— _ _ —
EO = ( 1- 2KSTO 0 > ( 1 Eo ) EO n—-1| + EO n EO
br] —olo VA0 s ] (A, - qany

Hip, ks NFEEHRSLE R (damping coefficient), oo MBI EUE A 5o £
B, JXII A FORIAE RSO, T 6 FoR XN T EER T E R
R AL REME AERE A B, bl DAgh— 2240, AT A SR aa IR
IR, A TAEBLHK R

n—1 e’}
X, = A"X, + Z A™D, . = X, = Z A™D,,
m=0 m=0

HEEE, PSR, REAREHUERIE AR s T2, (ERFRENFIIN s 1Y

Kef b Xoo 52 5 o ()52 (variance), N4

, 1+ ()L
Op = 7. 29EN

- (0T



Hrh, o2y = ﬁ (N) <g—2g> NEGRA R A H IARERL (natural energy spread), 1,
SENAE Ba. (7)o TEREE, BT () = e Ty St T ARSI RO
TEARMESIHER T (0 Th) S LT 1RV

bR TRERCZ SN, PRI IR 2 A R AR AT LA
/{SEQ 2
wi)

R, X ERERKAEREEIR TR A E S, TOIEEIR R R AR AL -

2 2

T,min

2.4 HE

XRS5 N T et sl & B 46 K7 (partial momentum compaction factor)
%

#@f% d(Sj)o
VEEAESE] BEq. (19) 5 Eq. (22) BRI L2 0 kb U2
% [

2% 3Rk

[1] Schin Date, Kouichi Soutome, and Ainosuke Ando, Equilibrium bunch length with
RF noises in electron storage rings, NIMA 355, pp. 199-207 (1995), https://www.
sciencedirect.com/science/article/abs/pii/016890029401146X


https://www.sciencedirect.com/science/article/abs/pii/016890029401146X
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Quasi-isochronous storage rings

3.1 EARfFE

o33 BN IRHIBh 5

{E# : David Robin, Etienne Forest, Claudio Pellegrini, and Ali Amiry (3= B4/
LBL)

SR P, BUETE

o 4f%: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.48.2149

3.2 fHHE

XREIE SCHE T HESE IR HL 7 A AR B AR et s 2, BRI, AR
(phase slip factor, n) ARH /NN DLo JXPHE SR % FL 7~ A7 PR SR AR T R L 7o)
AFEIETT, WHREXHENIEE (luminosity) BUR (RS EIRL (brightness) A7
FENH o RXREIE SAETIEIN A AL B T 22 AR 00 T, 45 HY BT R AL REAS e Is T R ERR
FEE (scaling law), JXEEGERREALE ISR —4EG BATEAR 2], 456 SLbrhndas
WG AR UVSOR, HNgER 2 kL 7 BREMAR P LA, #5324

3.3  TTEREAIHT A
o DUk BT WY RS RRSHOCTREE AE N, ESEN I F 7 A PR T AR A MR
INT WA ECRREE 2 . IR ARG AT, W PR IR T i R 3
FIWAKRKER, FEEAETINAB S WHEFERLEE SN
CAT/T,  AU/2r
T AE/E,  AE/E,
Hrp, RPEHE RS T RBIARMRE, S2FhFRERmZE 0 A, H,
n=n(0). MIBFEAIBITHIELS, EWHATFAIUE K Eq. (5), &8 Eta

n=%+771+7725+~~

M) betatron iRy XA AR TTRR W fRT ALk

M= ey + e 0+ -

9
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ISR AR e, 5 ne, THOUNHVHRL 7B )22 TR, 35 ne, RN,
Mep M ZMERNE 1o IL, 2L — M ESRIPE 2R, e, RGN
B B HARTIA @ R H AR ne, R/ R B8 ., AT REIE BB 27
WL, B B RO AR ST N BB 4ERF RUEE . XIS SOE A2
R R T RIRSE TSR, R, BRIz B AH 25 R RSUE R sl DX A o

FRLF1m 3l TR ] LS IR
{¢’ =hnd=h (7)015 + 776252)

5 = 2?20 [sin (¢ + ¢o) — sin ¢y

Xk o7 Y e S

1 5 1 5 eV _
H= 2h77€15 + 3hn525 + 5nE [cos (¢ + ¢o) + ¢ sin ¢y

AT WREWE, o] AR TEERE =MAREE R T RMHZ R
:H\s EI:E nCl/nCQ = 5max ]Zﬁj\a :/H\:EF[

Omax = \/ 2eV [(E — gbo) sin ¢g — cos ¢q

Thne, Eo L\ 2

K (a) BAMESEAIR S BT X TESME A RRTN, kAR
EFAET ERFAE (stable fixed point, SFP) XIS T 554N
R <7T - 2¢0) 5max

=m0 7T 0
KB (D) NEET My /Mer = Omax SFARENIZIG, XTI (o) TH0L, BR A IER
(6T 52 AR (stable fixed point, SFP) B4 I TTIAS
Nex [ Mes

20

RBIX R I E B LR Y —, XA IR R 8 S i /N 4 A 25 L
F IR AR e LA B

o5 <

EMETR G, AE Ny > ne, THOUT, AT LURISIAAH— L A R0

hne eV |cos ¢
vy, =
0 27TEO

4 e, ANREZMEIS, HAR B IT A1 ph BREL (chromaticity, &) AU T, HILA

- Teo
Vsy = Vs
1

10
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FIG. 3. (a) rf-bucket regime. (b) Boundary between rf bucket
and a-bucket regime. (c) a-bucket regime.

K 1: (a) X RF bucket, R4 bucket A4 13); (¢) Fr a-bucket, ZE45 W~ bucket ¥ I
T#5. 11



KT AU NG 7o DB F— AR ey S/, SRR T4 R
R 05 < )+ LB g, FN, TR B

SRAE IERE IR B AT €, A, OF TS BAH T, S IS — AT i 7 R 2k
lo GINHIABRAFEAY ne, BEERTEAZHIRTC Eq. (30).

34 HY
KT HESFIE F - A2 AR 5 — /e 30, AT LA (1,
225 3k
[1] Claudio Pellegrini and David Robin, Quasi-isochronous storage ring, NIMA 301,

pp. 27-36 (1991), https://www.sciencedirect.com/science/article/abs/pii/
0168900291907348
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4 MEEERIEOE, FERLZEY [PRST-AB 17-07]
Wilson Prize article: From vacuum tubes to lasers and back
again
4.1 FEAEFER
o 433: Wilson Prize #i%16 %
{EZ : John Michael Julius Madey (University of Hawaii)
AL HUEAAY

#59% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.17.074901

4.2 HgHE
John Madeyd##% /2 2012 4E 35 52225 (APS) Robert Wilson (#8754 , k%

ji >4 “For the invention and first experimental demonstration of the free electron laser and
important contributions to its conceptual development”, X L& H:T John Madey #{
FR/ A 2856, TEUZ. HEFET 3T F L FHOE SRR B 1960 45 Theodore Maiman
B UGIE S EACTE IO ot , B A 22 R AR ey iy (transformational
impact), JAEET H i A BRI TR ST A . B B F 0 (free electron
laser, FEL) J§T Arthur Leonard Schawlowa'—? Charles Hard Townesau“ﬁﬁéﬁ}/??”%ﬁ%
MR —F B RS, BEORR R A TAURAT . ST KR
MTEH . B2 AR IR RET T X B i 0T S B A L — 2P A

‘4%https://en.wikipedia.org/wiki/John_Madey, ARSI+ T 1964-1965 4F [ N/ FR L 4:p% (California In-
stitute of Technology, Caltech) El, {8+ 1970 £ Stanford K2ZEEe k. John Madey F 2016 E K ffi78 i1t
https://physicstoday.scitation.org/doi/full/10.1063/PT.3.3436

1981 435 DURYIIE ¥ (1/4), 5 Nicolaas Bloembergen (1/4) K Kai M. Siegbahn (1/2) 435, A.L. Schawlow
15 Nicolaas Bloembergen [{#f3%17 4 “for their contribution to the development of laser spectroscopy”, Kai M.

Siegbahn AY#2 37|k “for his contribution to the development of high-resolution electron spectroscopy”’s https:
//www.nobelprize.org/prizes/physics/1981/summary/

51964 4EE VIR (1/2), 5 Nicolay Gennadiyevich Basov(1/4) & Aleksandr Mikhailovich
Prokhorov(1/4) 435, 3R¥iF K “for fundamental work in the field of quantum electronics, which has led to
the construction of oscillators and amplifiers based on the maser-laser principle”s https://www.nobelprize.org/

prizes/physics/1964/summary/

13
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4.3 —Ubjggt
SCEE ARG TR 7
A. 1960 R 698 F AT EHRE Maiman 3788

« Klystron, magnetron, traveling wave tube (TWT) 45 E 25 S0l B 0 g A4 FO#A4E
PFRAE 100 GHz SA— R, #E THz e KEkik . BOENIAZ IR

+ Schawlow 5 Townes () TAE4 TPV, — MRS REABIV L. FE
— SO AT (WA M) B AR FIATAAY stimulated emis-

sion HLf], 2R
— UK GEFEFE transition rate for stimulated emission ) transition rate for

absorption;

— L (BOK) #5811 spontaneous transition rate #AE A, 2/ HiEHRIE
FFER, A REIS RS o 5
— H' T overmoded open resonator, ¥ H05c EAF I [F] I FEARAT SR o

« 1947 4 Vitaly L. Ginzburg 5 545 H A HI 200 FE 0 0 1 LA 6T
DOCAR B AR TR L& (HE, BARSCILE/ER S Hans Motz (1950 4F
) 5 R.M. Phillips (1980 &A%), FENMIN Stanford kK27 5lmixH] General Electric
Research Lab 5 J53H) SLAC,

« Motz 5 Phillips LH iS22 g, BRI 7%, NIMAER
PN TR FEL HIIBE R RE.

o A e —Bt, Madey [HIFEANS S IN TEME Motz 55 Phillips 1 TAEIE, Wi
SUEEALATRY B AR SGE N &, AR MHH (752 RY) WL S A s
TP AT RE

B. v Figbmbsitst

o (EEAERFZAIEERE TIF2 AT HSERNAIR S G (£ New Jersy/Princeton
HESE), ZREIMNEE T 2B (Caltech) it KA M IEE Maiman # {RUESE A
DSEERBOE, EXENZ=E =T, BT BB FHOLEI AT S 6z
Pl

72003 g VURYITRAY (1/3), 5 Alexei A. Abrikosov(1/3) K Anthony J. Leggett(1/3) 4=, #¥iAH

“for pioneering contributions to the theory of superconductors and superfluids” https://www.nobelprize.org/

prizes/physics/2003/summary/

14
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o VEEARHE EAAE Caltech Synchrotron Lab #H{T undergraduate research as-
sistant. FEEIHYJLI TR A Barnes fUUCEE. Yariv i -FH 7%, Walker [
BRI M . BT IR AE Stanford K24t RE, S William
Fairbank, MR

o XERFREJLIK bremsstrahlung (FIECHEST) MU, SAHUBA T NS 1) DI5UE
BHTTETTREE X STRIEMTE y B4, MR 7202 LRI 100 GHz; 2)
SRR & A2 TR A R (TR0 — R k) 37, S0 e T2 ok
S T S A A R R A A PR

o MBS, 2 HERIL, bremsstrahlung HLiFENS 5| BUE W RS T
¥, (S AR RN o 24 I i LR B G [ A5 P FR IS o A2 it
JRFE 1 AN R A R RE TR . TASZ3ET H B HL 7Y bremsstrahlung
Pl VEEFEM S AEIIEE S Oakes & TR E8], £ TFRER SN,
bremsstrahlung #/LH| AT PAGEAR A 561 (33F) Compton UG i FE

o SN (BZ) FITEI#E SIS FE, transition rate gLHENS L HL- £ i
THRELIRY bremsstrahlung MLl (FHXITE . A&l 740w E) K52,
TR, RAXAIEREREE B Maiman PO RRAE HIESLEL?

o VFEAEX—F 1 [mB T ST FEL FLAAIA 1) 77 G A B 2 i 5 K]
BITIE . 4B HPRE £ M undulator radiation | FEL.

o 1970 FARF AT TAER A FFEAE Stanford K221 Richard Pantell FBA , ] H
high-Q - FHAR I REY 5 FE A0 T (1) Compton scattering. =4 HI 15245
Wi, I B g r k| By R R E R . ER WDETERE R stimulated
inverse Compton scattering [ a5 KiK. HEHMA S -EoFo 4, VEEF] R
JE G 5 F PR T (105) Compton scattering 152 Y &3 K152, 4 T H
AU S | A SC T B R0t B RS2 5ne s — % A

— J.M.J. Madey, “Stimulated emission of bremssrahlung in a periodic magnetic

field,”J. Appl. Phys. 42, 1906 (1971) https://aip.scitation.org/doi/10.
1063/1.1660466;

— J.M.J. Madey, “Stimulated emission of radiation in a periodically deflected
electron beam,”U.S. Patent 3,822,410 (2 July 1974) https://patents.google.

NN IR

e P BRAR R A O o T R OERE (M, PECHGT) IR R IR . I, — 1 EREH
5 AR I A X R R AT . KRR SRS )5, AR AR a e e e A SR R R S .
UK AN 22 0= 70 A B EE i AR B TSR S T AR I R AT . VBRSSO AR DS Y Ji % LT
GVERE , Al R R R SRR A Y o VSR S N 5 S A A~ s A B, Sl B BT R EE
11 XSy A SV 7S €T R 6 5 A N e DS L
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Periodic
Laboratory Magnetic
Frame V=[Ce— Field
Lorentz-Contracted
é_ Periodic Field
Electron
Rest < —||<a, —>||‘— lwf"{
Frame ' A
‘ ‘ ‘ — W R = (TW +210)
e
- Backscattered Real Photons
= hw |«
A
Laboratory ‘ ‘ v=Ppc e wmw A _(1+[5) ( W Lo )
F
rame Doppler-Upshifted Emitted
Real Photon

FIG. 1. Wavelength of magnetic bremsstrahlung emitted in a
periodic magnetic field. In the electron rest frame, a stationary
transverse magnetic field with period 4, becomes indistinguish-
able from a traveling plane wave with a period 4,,/y. Photons
backscattered from this Lorentz-contracted field are shifted to a
wavelength longer by 24. by the Compton effect. The back-
scattered rest frame photons are Doppler upshifted by a factor of
(1 4 )y to appear in the laboratory frame as real emitted photons
with wavelength /..
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com/patent/US3822410.
C. e MNAWETHARAKXELHRS Z698 T

o AIATMEIRISUESEZ o, DA B RE AR B s I fE AR Y FE T 2R I/ Stanford
K21y Hansen 5 Ginzton [ High Energy Physics Lab (HEPL) L% A\ #%73
Project M, #i% " #H S-band B LN, HIJEKM SLAC, HA/DEEEE
HEPL JfJ& ~—REs M s asarih . /EE 53] AFOSR S2¥F, JoikfT
/MBS FEL SE3e T, SRR, G 4k2: Rk de FEL 23w miH . 4
iR I AR

— Luis Elias, figitF et = J5K4E UCSB 3¢ )i energy-recovery DC electro-
statics accelerator THz FEL T H .

— Todd Smith, AT RS HFOEF

— John Madey, BOGYIIE. H510A0& .

o XTSI at B Ze i S S5 RAR R i) (10.6 pm), JIESE 1B AARL by JLAS
YRR WEAE 5 R A 88

— L. R. Elias, W. M. Fairbank, J. M. J. Madey, H. A. Schwettman, and T. IL.
Smith, “Observation of stimulated emission of radiation by relativistic electrons

in a spatially periodic magnetic field,”Phys. Rev. Lett. 36, 717 (1976) https:
//journals.aps.org/prl/abstract/10.1103/PhysRevlett.36.717.

o BWIRG 4y FEL LRI H (L5675 8 a ERER] 3.4 pm) X HL1- ARG F Y
SRR, EIA T AR, A
— David Deacon, HARHIHFIEAE.
— Gerry Ramian, H TFEIH,
o RHRG A B S EEI BRI TIOR AR A, AEEDSRTESE T E IS T, e )5 ok
£ MBS
— D. A. G. Deacon, L. R. Elias, J. M. J. Madey, G. J. Ramian, H. A. Schwettman,
and T. I. Smith, “First operation of a free electron laser,”Phys. Rev. Lett. 38,

892 (1977) https://journals.aps.org/prl/abstract/10.1103/PhysReviett.
38.892.

o MALEE—BAEE A EAYBIEL... At the conclusion of these experiments I also oc-

casstonly considered that we had succeeded in these experiments in demonstrating,

CHE AT S GR MI 5 A T RN b B TR
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.36.717
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for the first time in 13.6 billion years and in the first well controlled laboratory
experiments, the operation of the mechanism—stimulated Compton scattering—that
had played such a prominent role in the evolution of the Universe as we presently

understand it.
D. M T AT IHE 3) LR iBEAT

. SR R SIR B2 5 (1977), EEI/EEM Stanford K245F % Duke
AR A HIR, AT 10 48 (1988)H,

o MATATHESGIERI K PriatT, w52 a iim-S HAR A S R TR, SR BEAE Tk
746 (microwave electron gun) A% B 5558, 462 thermionic gun, J5RA
photocathode RF gun.,

o HFHGEE A AT, AT LUE S E SR R, TSR A E
MAIHE S AKX o MHIAE S-band S EEE LT, B4 5 2R EHK EL)
5 ps, WE(EHIRZHA 30 A,

o (EERIBFRNE TAE 40 MoV M T, 509 FEL B2 1990 4%, 725 ik
s, U PASROU A Vanderbilt JTF R FEL /SN2 ik, 4
HEPH R DL A 10 W 33 FA8 D087 18] 2000 4F4 1 Jefferson
Lab FEL ¥

o YHJFE Stanford K2AMMFFTAE Michael Borland@iﬁﬁﬂ’\] IFHAR AR 40 e S
Argonne EZ LI RH, 1EN UV B SASE FEL [SE5G 51T

o JE R GBI F A
o P g H DR B R R O T I O 5 2L RE SRR 4 FEL o

o XU BOTIGA storage ring FEL By, M 55 E ERAFH LURE 52562
&1, i D. Deacon 5 K.E. Robinson 5 A=-5 o HHAY LG A4 [ L6 11k 18]
B RN AR PR T3l 5708 80 A A R ENE . R h AUy S . 1985-1990 4F
HHIE], TR 1R 2] small-signal low gain FEL model #7524 £ 2] high gain model,

YHEIEC, MEEREESY 10 odd years. (013 LARTIA AR 2013 45 1 A 240 USPAS, M2 T Duke 1%
A% FEL 508095 HUR4EE TR, Madey ##%/E Duke K[ FEL 3285 S 4HE director ik 10 . J52K,
RGN Madey X sE8e 28 AR, 1T Madey WA 22 A SR A FEL 525628 35 2 B TBUM 5 B TS M5 3l
., Duke KA 1997 SR FR Madey H{T director BYHRSS . fEABZJRITIH 1K T =il Madey HiIEH FEL 4L
(A E. 7E24I Madey %% Duke K%#HURZ J5, Duke RZENARLLAH FEL Si8G %%, TR
HEFR. BrlE 2002 4551, 45501 Madey LA H

"ELEGANT K. 7B BHIE T I T & 3
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« High gain model ¥ — M FAUH 2 e F0ERE. BAES ISR &
BRI THG WBRE O N LRSS 20T, R R ERS TR TR
KEgHk Kol % FEL khaAab,

o RTREM A 7122802 S22 5A high gain FEL {1 F2, /EEEXL AL
6. IR AR T8 FEL 18, XA FEL W84 (HA8) 2 physically
realistic, U, BRAFOIE SETEMAARNIRR > h, HH, EHHRZE >
IR N SR

 f£ D. Deacon My 138 CEA D KT MM & 7122093 iE. Uhttps://
www . proquest.com/docview/302935915,

o VEEAERX T RJA RKEEEIS A7 S 45 T FEL EE T/REREM, 68

—_

Madey theorem.,

Optical klystron effect by Nikolai Vinokurov,

William Colson £ H#L fp7 A58,

William Colson 5 S.K. Ride Hy&# 5158 5E R EUETT .
David Deacon HJHESEREAE 7R FEL,

Steve Benson B2 BURTRY I A 5y 4R 0 5%

John LaSala 5 Ted Scharlemann E’\]E/ﬁ@high gain FEL oscillator,
Ming Xie (fBIL) (=4 high gain FEL 47 T {F.

Eric Szarmes 5T IR G -7 RIKSIR) FEL Ry a0 1 AT S5 20 T
TFo

10. M\“E%8 FEL”(vacuum FEL) £]“5{k FEL”(gas loaded FEL) (¥, HME
WEJE FEL p9a[31E (tunability). 5 R. Pantell [274 &4
o JUMEE AL LBEE R B I ATAE R R T A
1. Optical guiding #{%: M low gain % high gain [5JEFe «
2. BT 6B FEL,
3. “F& FEL"S*S 4k FEL”HY S5 Mt

© © N o ot W N

E. &4 K ¥ 2 RS !

13 = g 7 ) AR AN N SR AT AT SO TR A B RS (guiding)
141959-2004, A} 1982 4EEEN TRIUK Y. it CUSPEA #it, WL 5114 51T 1984 L5 1989 fFE LT
Stanford k2%, 115 Ifi~}y John Madey. https://physicstoday.scitation.org/doi/pdf/10.1063/1.1996493.
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o The inability of classical macroscopic electrodynamics to fully describe the key ra-
diation mechanism of coherent emission = H {5 T &ML BH /124 1 22 AT 55347
BOA AR SHIE A XD TARI R XS SASE x-ray FEL R At
BARACKE A R o

e The roles of the acceleration-dependent coherent radiation and velocity-dependent
amplification of the harmonic radiation emitted by FELs approaching saturation =
1998 4 Teng Chen HJsLIG /N coherent spontaneous harmonic radiation FJ$}35f)
B IR TS BE . FSTHINMEET zero-point fluctuation [¥] shot noise
£ Poisson statistics 1F2]o XA LAY FEBN -6 A B IO R R o

o The development of optical storage cavities capable of integrating the high peak
power phase coherent pulsed output of phase-locked FEL oscillators = /[T
P XU THROR EREHET, WilF 1980 ARG e ry . Hafr~4
s YT ARG HXRES =45 Ti-sapphire FOEHKAHERIL L. TR
XA TAERERS duty cycle $215, IG5

4.4 Hg

£ 2017 £ EFr E fHHE 7 EOES 1L (38th International FEL conference) A & F
John Madey #(#ZH—LER]{7, A LIZ=Fhttps://accelconf.web.cern.ch/fel2017/

papers/moa0l.pdf, {AHEEIfETE VI/RZE A AERAT RIS
KT FEL AR — 2017 LR, ] AZ7% 2006 S E AR FEL 251, https:

//accelconf.web.cern.ch/f06/TALKS/MOAAUO2 TALK.PDF, T M.E. Couprie H ¥
R/ ZBhttps: //doi.org/10.23730/CYRSP-2018-001. 195,

Pi4F FEL prize 31583 4 #ldyn

1541 M.E. Couprie, Historical Survey of Free Electron Lasers, Proceedings of the CAS-CERN Accelerator
School: Free Electron Lasers and Energy Recovery Linacs, Hamburg, Germany, 31 May-10. https://doi.org/
10.23730/CYRSP-2018-001.195
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Table .1: FEL Prize winners

Year Town Country FEL Prize winners

1988 Jerusalem Israel FEL 10 John Madey

1989 Naples USA FEL11 William Colson

1990 Paris France FEL12 Todd Smith and Luis Elias

1991 Santa Fe USA FEL13 Phillip Sprangle and Nikolai Vinokurov

1992 Kobe Japan FEL14 Robert Phillips

1993 The Hague  The Netherland FEL15 Roger Warren

1994 Stanford USA FEL16 Alberto Renieri and Giuseppe Dattoli

1995 New York USA FEL17 Richard Pantell and George Bekefi

1996 Rome Ttaly FEL18 Charles Brau

1997 Beijing China FEL 19 Kwang-Je Kim

1998  Williamsburg USA FEL 20 John Walsh

1999 Hamburg Germany FEL21 Claudio Pellegrini

2000 Durham USA FEL 22  Stephen V. Benson, Eisuke J. Minehara and George R. Neil

2001 Darmstadt Germany FEL 23 Michel Billardon, Marie-Emmanuelle Couprie
and Jean-Michel Ortega

2002 Argonne USA FEL24 H. Alan Schwettman and Alexander F.G. van der Meer

2003 Tsukuba Japan FEL25 Li-Hua Yu

2004 Trieste Italy FEL26 Hiroyuki Hama and Vladimir Livinenko

2005 Stanford USA FEL27 Avraham Gover

2006 Berlin Germany FEL28 Evgeni Saldin and Jorg Rosbach

2009 Liverpool Great Britain ~ FEL29 Paul Emma and David Dowell

2010 Malmé Sweden FEL30 Sven Reiche

2011 Shanghai China FEL31 Tsumoru Shintake

2012 Nara Japan FEL32 John Galayda

2013 New York USA FEL33 Luca Giannessi and Young Uk Jeong

2014 Basel Switzerland FEL34 William Fawley and Zhirong Huang

2015 Daejeon Korea FEL35 Mikhail Yurkov and Evgeny Schneidmiller

2017 Santa-Fe USA FEL36 Bruce Carlsten, Dinh Nguyen and Richard Sheffield

2019 Hamburg Germany FEL37 Alex Lumpkin and Gennady Stupakov
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PRAB 5i# SR H: RIGT
HHH: 2021/8/2 BB B

5 FTIE 10 WP HFATE I BOE-F 8 A F IR BES ST [PRAB
19-02]
Concept of a laser-plasma-based electron source for sub-10-fs

electron diffraction

5.1 FAER
o D FmEBIAR
o YE#&: J. Faure et al. (EEHA): Universite Paris-Saclay, M2 E K5)
o M BEOTE. Wit

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
19.021302

52 %

BORESCHR L LI T TR FEAIRICT 1045 (95 TAr.
T RAEROC S B TR P40, REASLA 5 MoV 10 AR T 10 T ALK A%
GBI (EERL particle-in-cell (PIC) i, JR7R 1 7 2EICRHS TRAY T A
S8R LKL THRBRIEL, ORH AT LA/ LSS A R . LUAENE 6ot
FOBHE. R SRRSO AL, 3 NMIEE). (0 SR ]
LA 5 B, BRI 15 10 [9TFR, BB TR 2 nm, R4
TR

5.3 TTRREAIHT A

o GPFTAL: AT H] PIC code Calder-Cire Jiiil 18/ KAHOE (S 800 nm, R
K55, fERL 4.1 mJ) FAEREIMAY 5~10 MeV L FARAYATREN: . T HOL-TFE
ARG AR Y H - AR RE AR AR HIO™ B, IR e St 1 DU AN 5 R il
L, TEIC slit AR RRum ARl A2 FL -1 AT ZOR AU AR

o TTHk: HIROG-SEE R AR R R AR BE BN (29 20 %), X SECRATKE
FEEEAS S RSN, AR AR O RE R 2 sl A, (R Ak
Mo slit ®I25 7 99 % LLERYHE-F, BRERIRTIE 7 1% of, SiaS%hE 51
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ARG, AEAEAAIRE] T 3 fs (rms) PR 4 TR AR RIS AL,
TR EBEMA T R slit [9TERE. DARS A =

5.4 LRI RATHE R

Electron (a)
source

O\_ Quads

@

Slit 1

1

I[|] | I I = ] 50 z(cm)

K 2 (a) BSHEELRERRER: (b) RENRALERER, AT 2 =50 cm 4.

Charge a,/70 o, oy o), G, Enx Enx L. L
Distribution (fC) 70 (%) (um)  (um) (mc) (mc) (nm) (nm) (nm) (nm)
Model (uniform) 500 10.3 4.8 0.2 1 0.1 1 1.6 83 e
At sample plane (from 2.8 10.3 0.3 150 200 2x1073 2x107* 15 40 4 2
model)
Input distribution from PIC 770 10.3 1.2 0.1 0.6 0.1 0.6 8 300 e
At sample plane (from PIC) 1.2 10.3 0.3 145 200 2x1073  2x107* 15 50 4 2

A 3 XFEIESCHEM RIS ARIZE 6 1. 2 [T RGBS A 280 GPT
DT EARRIHREAA RS A 56 3« 4 ATXH PIC {5 EAAF2I I L RIS RI IR A 2 4L
i GPT {5 EAFEIHIREAAIRH RIS EL . o XYY tms {H.
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PRAB 5i# SR H: RIGT
H 1 2021/8/10 BB B

6 T AR B A Bk s S AR R AR 7 A Y R L e R L R RO R R
TR Y R & [PRAB 24-08]
High-charge ultrashort electron bunch generation by an en-
ergy chirping cell-attached rf electron gun and its measure-

ment using a transverse deflecting cavity

6.1 FAMFE
o S35 RLFURS PRI
o YE#: Y. Koshiba et al. (EZH[H): Waseda University)
o BRI L. fTHE

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeanms.
24.083401

6.2

R AR B i RO BRI R AT AL DA e i
IR HBORBE R XRIE 28 T — MR I SIS A R LR, R
D e AT AR BORS BN e FZ FE TAR ARG B 3 SR B ER R AL FRAG AR A E
323 £ 13 fs, HififiE 120 pC (~ 7.5 x 10° P HLF) AYFF A AR HL TR AV A
A AT REAT 7, R SRR SE T S R S R Ik R R R A e e 2
ARG

6.3 TERREAIHTA

o QUBTA: VEEAER UG BNL 2 1.6-cell HEFARIEEIE ISR T — AT Rk
WEIEK A (energy chirping cell, ECC), #&AFR ECC-rf 748, 1T ECC ffiHir
SRAEF= A B AR BE, BRCH S3 FRE RHIG TR T, IR —
B fo SRR A A B4 . ECC 1454 5 N A o

o TTHR: 7EICHTMTER. (EE4 SUPERFISH fl GPT &4k 7 ECC fR~F, (A
AR FMIOR T, EREAM TR 2% (). RRe SOl SR e T4
# ECC IHI 74075 MoV, 7 pC, M fs SOl FHINATATHE . ASCET
I TR O PR RUR 5 R ST IR RN T I, (330 7 ek R S L
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1.6 cell ECC drift space
High E
a» > O

low E compressed by
velocity difference

A 4 AR EE A Kok J3E 3 ) Jer

WEAT AR A Ml 2 A AR YL, 52 - PR A N TR A = ) LA A
T HL AR SARFF M RE DR o

} Z=155cm  ——- GPT (Z=155cm) /i
51 § z=223cm e GPT (2=223 cm) &
iy ¢ Z=300cm ---- GPT (Z=300 cm)
o /.:?’
— 4 e
= i:_-'r
-+ 7 i’
[®)] Sl
c s
L 3 i }!/,’;1
- /./ __x',/
e « o
o /)
.g 2 4 ./‘/ f/ {
v & /_/ ..."‘_- ,’J
E 8 A
1 _,-/" L ,/’
,v: :-.’*‘:.- ’:./ .’__,..-' ’{/’.
sgTed T, g
0 10 20 30 40 50

rf Phase [deg]

&1 50 AE = AN Er BT AR IS BV A RO R B, REZeFoR i GPT #5411 100 pC AR
TRIGHEZR.

25 3Rk

[1] K. Sakaue, Y. Koshiba, M. Mizugaki, M. Washio, T. Takatomi, J. Urakawa, and R.
Kuroda, Ultrashort electron bunch generation by an energy chirping cell attached rf
gun, Phys. Rev. ST Accel. Beams. 17, 023401, 2014. https://journals.aps.org/
prab/pdf/10.1103/PhysRevSTAB. 17 .023401
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PRAB &i# SR B
HHH: 2021/8/29 e ZEAR

7 B VA Bk B T S A R AR 7 A B e v 7 R R R B A ]
HERMES R [PRAB 24-08]
High-charge ultrashort electron bunch generation by an en-
ergy chirping cell-attached rf electron gun and its measure-

ment using a transverse deflecting cavity

1 AL
C % BT

o YE#: Y. Koshiba, Y. Tadenuma, S. Otsuka, M. Washio, T. Takatomi, J. Urakawa
and K. Sakaue (EZHH): Waseda University)

o BRI S, BUEM

o ¥ https://doi.org/10.1103/PhysRevAccelBeams.24.083401

7.2 fHE

PR ARAERZ 7 A E EERYER], 0B d R0t B IR B AT/ 2
TR HAB ST BE AR &7 o AR SOR ) — PR IRAY RE AR KR FL 3, I AR [ i 9 s
XPHAACHE T TR MOBEARR 1 &AL 3 m WYEEEG A4 120 pC (~ 7.5 x 10° 4>
HL) s ARHEHJED 323 £ 13 fs BYPRH. WAGE] T IR AT 00, FFRhH M L
o EAUESE T Al B R TR AR DARCRT LA I B 22 SE B E R4 o

7.3 TTHREAIHT A

o TTHR: XRIESCMISE T B A m L (~500 pC) HYE M LT REY S WEBOGEA
% RF 15, BBIRZ5#14F Brookhaven National Laboratory HI{/ER 454 _EdE(T T
— LB KX R AGEAT TR R MOBBAAR S A JE AT DA s E K
2y 4 MeV, 23 [A] FEATRUY R0k 55 . M RE R AMKEE (energy chirping cell, ECC) ¢
J&  IXLERRITE LT3R5 IE A e e R RNk, Pl TS B S I R 4 o ST
GRS T THz 585, 1SRRI AT LUEZEE] <500 fso T BRS 1Y
M, XSO THIERNE TR MR ELE (transverse deflecting cavity, TDC), 4}
MR, I SEE EAS BRI B S A R A A R R 2551, Tk
Bl
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(a) Phase space

200
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GEEIEL

=100

- 200 4300 L
;4300 r. < 1
g 100 & 2
24200 ¥ = 4200
5 3 >
% 4100 / 0 = £ 4100 ‘
T r ]
4000 -100 4000, _
-5 0
T?me [ps] ° Time [ps]
(b) Cavity structure and principle
1.6 cell ECC ’ drift space
High E
ad»

Low E compressed by‘r
velocity difference

FIG. 1. (a) Phase space of the electron bunch generated by the
ECC-rf gun simulated by GPT calculations. The colors show the
energy difference. (b) Cavity structure and principle of operation

of the ECC-rf gun.
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{ Z=155cm  —— GPT (Z=155cm) i
51 & z=223cm - GPT (z=223cm) 4’
iy ¢ Z=300cm --—- GPT (Z=300 cm) ¥
o 7
— 4 b /r.i'
5 5
e // ’
- e ! s
= /'/ s
: . g
e 2' i /‘/_/ /;
wn F P n S
E : : P g ,/";
1 | ,-"".’ . ’r’/
BT R, e
S '“‘*m.';::: . %
0 10 20 30 40 50
rf Phase [deg]
FIG. 7. Measured bunch lengths at three different positions as a

function of the rf-accelerating phase. The dashed lines represent
GPT simulations with a bunch charge of 100 pC.
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o QIHTA: IXRIRSURH T PRI IR GE 1, EAR A 1.6 cell YT B I
IN— NI IEEE, TR ARttt
WK R TTR & S L AR (ECC-rf gun) o IXF AR REGSAE RF AHAZN 25° I, 7

7 3.8 MeV. HififgA 120 pC HIHT-»

AR

160+
140+

=
o N
o O

Charge [pC]

N R
o B

o
o o

RE RN, ORI FL AR MR N

T Y ¢ Charge 4.4
’ s
Ene
Charge : e 4.2
— s
[ ]
. . i E { 4.0
[ ] i} } ]
3.8
Eiﬁ
X t
ii } . 3.6
i!
Energy 3.4
+ . 132
., ]
le e o 3.0
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FIG. 5.

rf Phase [deg]
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PRAB 5i# SR H: RIGT
HHH: 2021/8/22 BB B

8 HT—YEmiE A B EOCR B KA TR e A [PRAB 20-
12]
Sideband instability analysis based on a one-dimensional high-

gain free electron laser model

8.1 HARKE
o G RIS O

o VE&: Cheng-Ying Tsai, Juhao Wu, Chuan Yang, Moohyun Yoon, and Guanqun
Zhou (SLAC)

o AL FIE

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
20.120702

8.2 fHH

—/NEHAS (untapered) S 4G H HHTHOE (free electron laser, FEL) iA %I {0 f]
I, AR DR AU S H R A S8 P RS ¥ . FEL BYFRST DI /8] Lhs
I Gran A8 (undulator tapering) SK4g . it an AL I e B H 0GR
A DA H YA — B A S R 2558, (B TAEERTIEI S8 R, (o R AR
rar ARG B BT RO RS IR, M AT E M (sideband instability)
e FEOX M AR FEEJRINZ — o AR OB 7 w948 B 156 B2 A rT 4l jhn e AN AR E
PSR HT TR R SR BRI T, S —4EEUER T T I AR
S FH B FLF- A e R VBRSO H B AH 16 (Linac Coherent Light
Source, LCLS)o ATUHFFT [ AN [AIUE o i1 A8 46 T O T 38 s AR S YL, &
WA SR e (~10 %) AT LA AN HA1X (post-sturation) Y AN EGE
P

8.3 THRREAIHT A

o GPFTRG: ASCE T IO EUT R T A RENE IR IR A
Fo BIAE G AL AR L PRI D0 N A2 T NIE B A ARMELL T,
I 2 G e Wk 24 P LA s i A AEVE RO, TS i o0 1, BARI
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FARBARANE], HEE S AP,

BRI SCIIE R T B TR0 20 TR, PR 6 & T R B R it
BRI

o DUBR: EETIXRIBSCAYBIS A0 AFE XTI 1 RS [ E w7 /7 % 5942 (A = 0.8
%) FIERATE (A =10 %) =FHE0 P9 FEL JSIRIEEDRE. 0088 S5 RIS 4>
Ao HARSRTF SRS B AT 7R T, A RAE SRl LCLS ROZEE . FiC e 5 AL ¢
Yo (HAT LOLS (U7 5598 i) . Al RERHIE (E AR 4T D Se it B Ry 7 £ /2
Ao

8.4 FaiHAR

—A=0.1% (r=0.1)

“g 1} ~Eq.(22)
£ —A = 20% (r = 20)
L 0.8 -Eq.(23)

}0 20 30 20 50
z (m)

A 6 R DR IECR AT NG NI B 2 (PR ZLETHE 70 7l S 157 55 3 2 R 588 A4 P 7

Do SELLEUER MDA RO RRAFE], REZ e SO HES A 5/ 55 AL 16 L T iy s K HE IR
HIE LA AT 2
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10"

—no taper

t —0.8% taper

—10% taper

10

30 40 50

€ 7: FEL HUIE(EDIZRIEAINRALE 2 BIRE L0608, SRefIiE s B i e dE s b E w5

SIITALATSR AL = FP1E DL
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NIMA i SR ZERH
H - 2021/8/24

9 X Ht4H HETFHOCE G SRl S B A RS HA ESASE
52 [NIMA 583]
Longitudinal impedance and wake from XFEL undulators.

Impact on current-enhanced SASE schemes

9.1 HEAKFR

533 [FPEESTS B R0

{E# : Gianluca Geloni, Evgeni Saldin, Evgeni Schneidmiller, Mikhail Yurkov (3
LAY : DESY)

A IR

#5R% https://www.sciencedirect.com/science/article/abs/pii/S0168900207020001

9.2 ¥

PXRTIESCH 5 I 56HE S X 2% A 1 THOE (cray free clecrton laser, XFEL)
D B N L R SR R T TR I A A TR R . fE
5 28 R SR B LR T S T AR 3R S B PR KU
BUFHOMS R, A > A 5w < wp L Awr NEGHEIERI K SHI,
FABIRGBLBIA AT 1380 0 L iR T Fh 7 K EL R A B 28— B K TR
HIREES. B 2 > 292X, W XFEL 90T . S MBEERM. B4, (3% vacuum
chamber ]S TARGTBROMRIA R T o BORHE S0 1 T 2B F I 5 R 5o 25
PERL IR T LML T R SR M T A e . LN AT LI (e 4

SaA=

IRAFo

XIS A4 M A5 2 B 45 R 5 BT LCLS (Linac Coherent Light
Source) 24N, % B 74 HYTS B IE AT RERUE XS ESASE (current-enhanced
self-amplified spontaneous emission) FEL 75 21950 ZUE A 1145 H I % f SRR Xt
ESASE FEL w] REi ik ]2 52 1o

9.3 TERREBIHT A

o TTHk: RRIESCAE) . ot B RO s R ST R R, HE TR
LRIE o T NGEIIZ TR [Ba. (3)] JThR, M EAEJR 751 1. 4
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P REHASARRE B [Eq. (17)], @HT 2 > 2/, Hr o' YA R, 1£ §3.1 55 §3.2
et SR R — BB, A Eas. (19) 5 (25).

N, B A > N, A Egs. (37) 5 (38). fE Eq. (38) ZJEHKT
XMW R AU o (EASIFICHYE, Eas. (37) 5 (38) AIINES TR
R (space charge, SC) ST A2 4418 (coherent synchrotron radiation,
CSR) WmiHk. F7H., SC 5 CSR HJ formation length A~—#£, (HISEH . SC 1Y
formation length Z4 292X, 1fij CSR Y formation length 224 Ao

LR 2> 22N ENUT , A CELIBET) IIE 08 ] LLE— itk . A Eqgs.
(43) 5 (44)0 XFIECHY §3.5 X3 EIPIME A SR I, A IS E AT .

R SMAAERIY §4 X [Eq. (58)], sSEAEHYL, & MAE Eq. (60). f3211H
Pt BT R AR LS sl -5 25 1R FEAT st Mk ST [Egs. (66), (67))]

Z(UJ) = Zr + 2:Zsc
B SEHR S RERR AT [Egs. (68), (69)]

Z(w) = ZR+iZ[

EETHEAEI R OL FHIZER, 2% §5.1.

XIS #5514 LCLS [ ESASE FEL J7 =AM TS T8 . 1EE A
SR T X e 5 B S T R S mS RS, I AN HEf TR
Al T PR A W% T RES [V REHL (correlated energy spread) HYIGfN. &
B AT 25 M AW e e, SIS B FIREERNZTN 2.4 MeV; IXEIR UG HM
HUENIN 30 MeV, ZERHH, PIFHEALIY energy chirp #9AA[H, Klitt, 7& FEL
FR R B EOAAN R o FERIZEIITB B, ANt 22 BRI REBIG25 AR 25 2R

9.4 BREMIIER Z(w) = Z, + iZ WIRIE

HA] radiation impedance Z, B[ LIE K Z, = Z,, + Z1,, WERIHPTTEL, 9L
PHPTE RS HEH A 0, W Eq. (64). HHFY space charge impedance Zy. FHZAAIPHIT
Tk, H SRR A A e, BRSPS JE N 0.

O RZIE XS E TR Refs. [12]-[14]
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9.5 HE
R, XISk CGS Bl 740, Eq. (22) 5 (23) FEESE.
DATE SR AR de DU, S B o 1o i 5 A S R SR BKIMAS 21 o HE BB RHHT—

RICEBIL HFIERE], A dP(w)/dw o |E(W)]” A AAER. R SCRBUY
JTIEMVFIRAL T — R RENS [R] I SRATSLE8 5 jE B RHATHY J7 3
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H i 2021/8/26

10 M T RPN AL A [PRAB 24-08]
Approximated expressions for the coherent synchrotron ra-

diation effect in various accelerator scenarios

10.1  EARfFHE
o B iR
o E#: Donish Z. Khan and Tor O. Raubenheimer (SLAC)
o A IS BB

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
24.080701

10.2 fHE

XIS LA H LU =g i, AT R RS0V (coherent synchrotron radiation,
CSR) 512 HL v R AT RERCE A M A 222

L B FREENEER, EEREER T, @SSR~ NG = Eq
(13);

2. P RHEANSYN, RKELHEEN T, @SN RSEE7ENEER = Eq.
(18);

3. I sling, 2 AR AT ARG = BEq. (27)

XSO R AR A, ST RESIIREF ELEGANT 252 g,
4487 LCLS-1I CuRF 5 LCLS-II-HE #i7 BC1 5 BC2 fT° CSR 2| E 158 4] REHi 1
s RSHERN, FTe A AE VG .

BORSTE SR IR A RERE R CSR. 50 REMUMNZ: H— YOS HER -
o P AN (R il ron
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10.3 BTk EAIHT

o TUHR: R VR SOXT F T P S A T 1 P A AT P R AR ST Ot
S, IR SCEE R EIR = A 00 N R AT 2 B %

XIS R A E R A, RERSRERYS CSR 51 S0 RERIUHE el Ak 5 BE 3 nZe
HORQUGTT, ARE BRI SRS HAER ST Table T 45 HAY 22 30 H R BVEFIN
ReREAG 45 LSRG B RY AL o

o QUBTE: (RBIE OIS AT TR A B PSS T L T o X 40y R 4
i, e TR

yil
th

10.4 HE
HEE LIRS TS T LML A R R 4
Eq, (6) = PSS =16

Eq. (23) = &, = 0.132
Eq. (28) = x, = 0.525

AN, IXEEESC— N EIEREE] T Y.S. Derbenev et al., DESY-TESLA-FEL-95-05 £
AR E AR 0.22 oA 0.246, TLIXESIESC Eq. (4).

185 pu it #E#7 E. Saldin, E. Schneidmiller, and M. Yurkov, On the coherent radiation of an electron bunch
moving in an arc of a circle, Nucl. Instrum. Methods Phys. Res., Sect. A 398, 373 (1997). https://doi.org/
10.1016/S0168-9002(97) 00822-X

YRR TR T XFEL SR440T.
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PRAB 5i# SR TR

H A 2021/8/30 TR R
11 BhinEas3 s T R R AL PRE X [PRAB 24-08]

Approximated expressions for the coherent synchrotron ra-

diation effect in various accelerator scenarios

11.1 FEAFE

3 [EBERSTS B B FROE
{E# : Donish Z. Khan and Tor O.Raubenheimer(SLAC)
KA TS, BUEA

%59%: https://doi.org/10.1103/PhysRevAccelBeams.24.080701

11.2 #5E

T [E 255 (coherent synchrortron radiation, CSR) FY &2 3% b 2 18 5 2R 1 AU RE

AU A& B EIEC, Anfr it 58 CSR S R AT RERUZ — M oAy . X e
SONEA RIS AZH CSR B aiilik . #SA52 7RSS REERER
o BU R BA IR 880 AR AR S Bk IX =FE 0L T CSR 51 A AR HI 7 IR ERR A
o WP RIAX SR IREHUE Fr ELEGANT BHT2 AR 45 R TIOR3
HE T S A R AN 6 I B BR A S

11.3

BT R BT A

wiik: HETEAH CSR Bl —BO2 EH 200, fifsE s CSR
X AR BAAZ R BN NE . 18 SO IR e AT 1 Rk a4~ 5L
BT MBI S AR AR, SRR PRIAT S kb RS BUrh A E A R4
U AR A Bk =R RSO0 T 9 B 14 BESMIARSPTAIR SR 70, 43
BIRHATI I I IXRP B, JEIR 125 SRR 0 O T B AR A R A A [
PASTHIA R TR, M REAE X 2 2 B RiA gt T e Fifaift . iR RY S
R REEIEZ IR R, HJaf 2 A ARG AR B RERUE A

GUF R IXRIESAEMT SR 2 P A RE R S 2k b g CSR BB, X TS
Y, SIN— 48 R BB RSN X T RASRY, KR LR
RAE BB 2RI S R Mo SRR fRT AL AL B ARV T AR B
AR ARG 1T HA RS I BRI RERER A A TS R LB R R,
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IS AR A e DS e A 1 DO I S B S R RN, TR
AT T =R N HCR A RERUA S ELEGANT BRE R [RIEA7AE— € IRZEH]
JRIA, e 1 eIk rT SR O [R] 35 B LA P R BR A 2 o

OF
— d=0m
— — d=0m — d=lm
=] = =5} | — d=diam =t
=1 i d=02m — d=6fm
o — d=03m — d=lm
= =10} —:=E.4m — d=l0m
— d=035m
=15 . 0 ' : :
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z (mm) Z (mm)
FIG. 2. The drift space CSR’s boundary terms [Eq. (2)] energy
modulation along the bunch’s internal coordinate, z, for various
positions along the drift. Left: The transient wake containing the

zc¢ slippage term. Right: The transient wake containing the zp
slippage term.
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FIG. 5. The CSR rms energy spread for various mitial bunch
lengths traversing a bend of various bend lengths and constant
bend curvature (p = 10 m). Left column: The CSR mms energy
spread from ELEGANT (blue) and Eq. (13) (green). Right:
Log-Log plot of the CSR rms energy spread.

40



NIMA i SR ZERH
H i 2021/8/27

12 LGP0k A2 8 [y BB 30 J) 52 T HiAE LNLS-UVX 434 B H
[INIMA 329]
Second order single particle dynamics in quasi-isochronous

storage rings and its application to the LNLS-UVX ring

12.1 BEAREFEER
o 3 KT
o {E#: Liu Lin, Cylon E.T. Goncalves da Silva (F2H): LNLS, E7H)
o A . BUERL

o 4. https://doi.org/10.1016/0168-9002(93)90916-6

12.2 5

WESF IR A AP AT — R B A MOLIERR A Rz —, ROV RER RS SRR
PERENS PRAIE F - AAE R BB TS (L) 4ERFEE . R, 58 2 s il i B AR Ze ik
SRR T, WORMIIG AR SR, 2 v S A P A A S VP REZE H R AN
SR T HEPERD, R o o A ) R A S R TR S 58 (brightness or
brilliance), X4 N — A FIOLIHERE .

BRI SCSM BT 7 eS8 A7 SRR I SR TN 3 902 A 30 P
?E(momentum compaction factor a = ay + azd + ---) RHZ M, JHE &SRk
51 betatron FESRU . W T BB R IIEAN, 25 pm -t oy S5
FEGA IR AH 25 R BT I ASE X TE] . 5 NAIRETA] betatron %354 S BN AR AE X [RIAY
s, R S e

X TE SR B R i 15 2 A9 2518 M T 278 Campinas ff) LNLS 1.15 GeV
UVX HFREAFIR, W R B A PR SRV R A TS I A

O, KK o ar. () SRR E A KA B &, AR TS5

PO T ARG BT B R R S A . SRR, IR R STt P RE S A
HTWIHIEZ, W ThRER, TR

PRl RN LA o o8, K HE T (slippage factor) Lh n FRk. TR, AT 0 MR
(dispersion function), /2 HHHEF.

2R, AR (fish eye) A L5 .
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12.3  BTEREAIHT

o FRHR: N TAR AR 12N )2 IR LA S o 15 RF SH0E o — T 5 N
TN R A R TR T AR ML, SRS AEER TS SR (negative
dispersion) "ML B . LRI B LR A 7 o T LAE G O L A
CRETIRITE RS IR oo AT LGB AR I, RS2
GAEEE O BT TSR IR, B o0 /N BB 0, as
NG s AN E

a=a;+ad+---
AL
_:a15+@262+...
Lo

o BIFTRG: RRIESCOMES & ax THOUT, B 7 LMERGRRIINRFE X TH] (FK nor-
mal phase space bucket), 5 JEHYARZIERY T EUAEN A1 AH 23 3] Hh HE BT RO RSUE X

[H] (Fr anomalous phase space bucket),

AN, BRFESCIHE T BT betatron SR AL TONAZNIIEIO RN, Book AL
B, A betatron 5

AL
L—:k0+(a1+k1)5+(a2+k2)52+-~~
0

Hrr, k; 5 betatron JRIEA K [ Eqs. (11)]s

SETFRTI betatron 20N S IFTT LLALE T F
~ Moy 5 SRETR, GBS ko K
— Moy 5 SEETR, GBS ko 2.

B — N Lk ie . WA o 5 2R,

12.4 H7p

TRESEE P Aok A PR R AR 25 1) 3 0 22 0% S R o s 4 IR 7, L it it ) LA
GH

H = wy (%52 + %53) + gs/;o [cos (s + @) + (s + ¢) sin )]

RN BRI betatron #R¥GRON . WA

1%
H = s (od + 50° + 520°) o+ oo [cos (b + 6) + (1 + 0) sin ]

YL E AT =AOEIRAZ/N 100 .
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Hr, k>0,

W TS SCFEA AL, H Fig. 4 278 normal bucket 5 anomalous bucket
BN B IR ATE R
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13 b e A A P AR B B 2R B AME T s ia gt [Sci. Rep. 11]
Vacuum ultraviolet coherent undulator radiation from at-

tosecond electron bunches

13.1  EA(FE
o 0K FPARSTS B R TR0

o YE#&: Enrico Brunetti, Bas van der Geer, Maricke de Loos, Kay A. Dewhurst,
Andrzej Kornaszewski, Antoine Maitrallain, Bruno D. Muratori, Hywel L. Owen, S.
Mark Wiggins and Dino A. Jaroszynski (F#4/[#2: University of Strathclyde, 3%
Ez))

o BAL: HUEMR

o %% https://www.nature.com/articles/s41598-021-93640-8

13.2

AHEFTRY (1078 s, 54 as 5 asec)Bd sl TR &t s 280, REGER= 4
T D3 45 202 2 M B 1 7 A T o RSS20 Hh R PR KO A 45 8 AR
TERITFSAEEN (RTRERt. i, SRR . WEWORFEE2ES) RO, 52
PR X LR Y B S5 5REI, XEF rms 50 as S0 0.1 pC HLE. 100-250
MeV HIT-AE BHRERSTE 100-600 nm ¢ KIEFIP 26 (B 10° MHIT R To WRL E
P RS 24 /N W B R 2 2 sl 11 R4, IR A 24 B B A 100
pC HIEE FREAS 4 10" AT

13.3  BTHREAIHT A

o QTR XRIBESCEEN GPT BUERAL, FIH SPECTRA VE NI LR s H
HEES RS A R YE . B EFBPIC {EAMHUA] RSO B 4= 5 sk iy
BRI E, RIFIEA GPT VRN 4L S BAE TS . B1X)
FEMESRATERNTHE, O&BT SRS EFE RN EIR . XRIE3
EHRT FTRD H R A e e B AR AR ST R VE DR . I THRST D RAE R A
MG, B H RIS A TR IR AR L

PR AEOEPNINED, N 1072 s, 52N zs B zsec.
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o Mk XRIESCE el BUETE, BHAANFERKFL T . REH T RSERS
A, Gt R, B sRAT R ERThE . SERITE R ATLVE
2, K (a) RS 5E AT I (b) FRRS SR T PR, JFHA (a)
HIARGTIARR T 2 B b, Wi (off-axis) AP E—EMERS T & (b) MJLFRE
R i Mo

a b
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Figure 1. Electric field of undulator radiation calculated using GPT for an electron beam with 100 MeV energy,
0.1% uncorrelated energy spread, 0.1 mrad divergence, 1 7 mm mrad normalized emittance and 0.1 pC charge.
The r.m.s. bunch duration is (a) 1 fs and (b) 100 as. The observation point is 1 m from the undulator exit.

BETHE AR 7 RE RS AN RER NS B L R A [ — e i, 7 AR A3
Dra EATEERYZE R, EEL AP AT E s X T RO R
rms B FTLVER], AREERKEL T, ST E?MM,A%ﬁkxi,
DRHC PR A A BE % S8 A fa AT AEAH T BER B8 N B FE 0, TR

T T T
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Figure 2. Mean photon energy E and r.m.s. bandwidth (error bars) of coherent undulator radiation produced
by electron beams with energy E, between 100 and 250 MeV, 0.1% uncorrelated energy spread, 0.05 mrad
divergence, 1r mm mrad normalized emittance and r.m.s. bunch duration of 50 as, 100 as and 200 as. Radiation
is observed 1 m from the undulator exit in a 40 mm x 40 mm area and integrated between 0.1 and 6 eV

(100 MeV < E, < 150 MeV), 10 eV (160 MeV < E, < 200 MeV) or 15 eV (210 MeV < E, < 250 MeV). The
shaded area marks the r.m.s bandwidth o of spontaneous emission. Simulations carried out using SPECTRA.
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TG AP RGO BB e iR ST R E S A RE R AR R . FAERERE
WK FE 7 R B e W), HREHKEREE 2 202, IR SRt R 2
Az, Jeifis (left column) 25 & 100 MeV, 1 fs T3, 43841 (right column) 2 &
250 MeV, 100 as HLFHo HIEAT@ A% BRI BEATRM A TE AL, & T2 %RE
100 pC Hfaf ELA 2 [A] FRAAT 80N ) 25

B 7 LLERR IR, XRIE SURF RV T RO B 42 Fi - R AL, A
H FBPIC BB REAS%0, IEN GPT H, (HEXEH R 7R % 2 i FE s 4
SPRREFF IR HRA T e SXRIE SCTARE 2 RAET ISR SR A T (B cEad)
THRRASERRAF R R, XL T H AR e B 1B S LS TR 45 S E /Y o

LT BT D FL - AR AL A B L 28 S M T e B S LA 27 RSB A VB A2 H
n: DNA 3RS B2 (photochemistry). KZ3{E2% (astrochemistry) #1455 o
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Figure 6. Undulator radiation obtained using GPT including space-charge effects for an electron beam with
0.05 mrad divergence, 17 mm mrad normalized emittance, 0.1% slice energy spread, charge between 0.1

and 100 pC and varying linear chirp. Figures (a, ¢, ) show results for 100 MeV energy and 1 fs initial bunch
duration. Figures (b, d, f) show results for 250 MeV energy and 100 as initial bunch duration. Radiation

is calculated 1 m from the undulator exit ina 10 mm x 10 mm area. (a, b) Mean photon energy and r.m.s.
bandwidth (error bars) of undulator radiation integrated between 0.1 and 10 eV. (¢, d) Number of photons with
energy 0.9E; < E < 1.1E;. (e, f) GPT simulations showing the evolution of the bunch duration in vacuum for
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Figure 7. Undulator radiation obtained using GPT including space-charge effects for an electron beam with
varying divergence, 11 mm mrad normalized emittance, 0.1% slice energy spread, 100 pC charge and (a)
100 MeV energy and 1 fs initial r.m.s. bunch duration (b) 250 MeV energy and 100 as initial r.m.s. bunch
duration. Radiation is calculated 1 m from the undulator exit in a 10 mm x 10 mm area.
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