hoik B R H PP LGk (2022 4 6 A)

TR AT IR K, FRATIUA [F e B AR s g Ak ) AR Fe M A 1) Physical Re-
view Accelerators and Beams (PRAB) B80T S5, 8 (HART) St klikE
PRAB ] EZen9iT), Satsr 3k Py2r (American Physical Society, APS) J N #H
BiT|eGE % PRST-AB. Elsevier fU#Z¥HL- 5K Nuclear Instruments and Methods (NIM)
SRS R REVE MDA 7 AR 5. SR LTS UG 3 1 A SR IR SNSRI FR

W LS T H W EE G KA, £ http://faculty.hust.edu.cn/jcytsai/zh_
CN/article/2191806/content/1551.htm#tarticle A LAFE R Ff9 G332 R . BT BAKCE,
SIRIVFZ T AU (IE)o ARTR T FIRANARFRIE AUl WA m, &
A NS e HR U Y AT RERF 58 1
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1 RS A m O =851 [PRA 44]
Three-mode treatment of a high-gain steady-state free-electron

laser
1.1 EAR{EFER
3 [EBERSTS B B FROE

{E# : C. Maroli, N. Sterpi, M. Vasconi, and R. Bonifacio (F#4/#2: Universita di
Milano)

$: I

54%: https://journals.aps.org/pra/abstract/10.1103/PhysRevA.44.5206

1.2 f%

RIS ARSI T AL M 3 Sork [X A9 B 9 25 FE AT ) b FEL T80 (free
electron laser, FEL) fzh)#id . a4, fEZbety 3k &m IXARE S AR LA =11
AeHE” (normal mode) FYTEA RN TEANEIX ], 1X =N IR A s HAEH . FFH.,
=AM RINFREUE I TaECEI. FRAIRG I ELNEX R, X =S . 1ETE
LX), FeECR IS ARG AR A E . EERE0GN, I HIG N gt
DX AR BT = 5.

BCRTI S0 A TE AT BIRGBAL IR . AR IR o 44 O S (2N +1)
O FRAIIARAILE . SRR RO 55— T (AT R I —BChE o (0RO R 20
SR = A E B R &

1.3 Sk BB

o GIFTRG: RBP4 FEL BN 8IHTTT 2. ME& boREeZrt
DXRIH DA = IEA A AERMEIXTA], =N IESCRON TR, I, o8 Rmy et R
Uto ZeMEIXIRIN FEL 3727w DU A M ik o X 18 SCHE X A IE AT
WS, BRI, 5 N + ) RO RRAI L, =R A
BRI


https://journals.aps.org/pra/abstract/10.1103/PhysRevA.44.5206

o« DTMR: XRIESON 2N + )R B A

dé

a Py, ,
i (Aei _ %,
dz (Ae ! +C‘C') - dz?

% = (e) +idA

TGN =G EERATE (collective variables), T LLE pli— 1 =[5 T &
X, A

Y

A"(z) —idA"(z) —iA(Z) =0
R TR AR AT LV U TR = AR (1B S, A
3
A(z) = Z a,e " kr?
r=1

TELMER A, XA (1), B o, (r = 1,2,3) Wi, s Amss. MRS
HE NSRRI ], X AR () ARAEMST o SKESI SO — M T a,
Bk TR, A

HEEH o 5 a(2) BIXH.
WAL, ¥ A(z) BN BRI, T ar(2) NRERAERTE. SFEXILXT 2 35 Pk,
H

. B

3
Z kyal(2)e % =0
r=1

3
D kay(z)e ™ = —A"(2) +iA(2)

r=1

XA 6 = 00 H a, HIAATLE detune [R5 B ar(0).
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I, (U5 A, HEAE S RE A ORR. A o 5 B 2N +1)
IR, VSRS AEE 2 Hk, . ATLES], fELMEXE, X=1E
S BA SCEAE M FRE, =B TEEUE I FRBC=I  FRAiRy I
S RATA R RIE L 5, FEEOL IS AR T e BUg 1<, I B
IR LM IX AR R IR = A

la (2)1% | (a) =«
r

1.0 [

0.0 L

'5,-(5”

107"

1072

1073

FIG. 1. (a) |@,(Z)|* as a function of the dimensionless longitu-
dinal coordinate Z for r=1 (dotted line), » =2 (dashed line),
r =3 (solid line). Also shown is the numerical solution of Egs.
(1)-(3) for the field intensity | A(Z)|*> (dot-dashed line). (b)

|@,(Z)| vs Z (log scale) for r=1 (dotted line), r=2 (dashed line),
r=13 (solid line).

L a, O O AU . K, SRRERSAEE] o, 1030 STRIEL (r = 1,2,3).
FESCIRBNI (driving term) Ay

o(z) = —1A"(2) — A(2)

5



M(2N + 1) FRALFT NS SRR B, Al LIRS
o(z) = —iA"(z) — A(Z)
=i(p’e™) + A*(z) (7).
HUG, A @ Y73 AR AT
— MR (collective scheme): 72§ EaCaEA 088 — 00, H— i

H—I. 155

d.(2) = Z [ysiar(2)as(z)ay(z) — 2 Z kra,(Z)ai(z)a(2)a, (2)a,(2)

r,s,t=1 r,s,t,u,v=1

Hr,
Lot = — (kr + kt) (kr + k: + kt) .

— %% (iterative scheme): ZHgE FXEE AL E—Tl, HF—E 0 BEXGL
I, 155

Oi(2) = Y Avan(2)as(2)a(z)

r,8,t=1
Hr,
2 (ke + k) 2 2 1 2 2
Apgp = 2 (1= Gy ) — _ _
T kkek? (1= ko) K2k (kr+kt)+k;t2 (ky + k)2 Foki2k 1282 ikl

N Figure 3 55 Figure 5 H#rHIEF U EWFECUEREIVRS 2N +1) 1
SRR 2RER . TLVER], SRAGEA B — .

14 HE

X SR A — w0 DHE T AR 2 B Tk ARTE RO R . IR T e R
Ginzburg-Landau 7R 4 FEL JEEMBI520 TAE, BR 17 SA% 8 =L TH
FIRE G, SRS KRB DRI oh, JRERIBIGR fT AN a3 24 pumping
mode & a1, az MRV FEROZ IO T8RS KA



0.0

3’ (2) C (b)

FIG. 3. (a) |@,(Z2)+a@,(Z)+a,(Z)|? vs Z as obtained from Eqgs.
(16) and (19) (solid line) and | 4(Z)|? vs Z as obtained from Eqgs.
(1)=(3) (dot-dashed line). (b) Derivatives of the phases ¢(Z) of

the previous two fields.



1A(z) 12

1.0 L

0.0 L

FIG. 5. |@,(Z)+a@,(Z)+a;(Z)|* vs Z as obtained from Eq. (28)
(solid line) in the iterative scheme and | 4(Z)|? vs Z as obtained
from Eqgs. (1)-(3) (dot-dashed line).
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2 Rkt R TFEOCRG ST S SBENIE [PRE 51]

Transient regime and superradiance in a short-pulse free-

electron-laser oscillator

2.1 EAREER
o 4335 HHIFEFHDL
o E#: Nicola Piovella (Service de Physique et Technique Nucleaire, %)
o M FIp

o ¥ https://journals.aps.org/pre/abstract/10.1103/PhysRevE.51.5147

2.2

XSO KIE a5 B HHEFHOE (free electron laser, FEL) #7472 L F AT
INFHEB KBTI AR JERE AT 5 iR T AR e DX TR A 4 A e S
B ROt a5 o AEARRMEIX I IRIETC ARG LT, At n] ALAHE SR ST 5 HH R
(self-similar solution) ffif, W ISMITF KRG Sk Sk E B osE
LN

2.3 TTHREAIHT A

o BT XRIRSCREIR AT i ot B B FROEs A R Y R 2R AR 5
R BOCIR G e sh A B, Jess At IX R ST A il T e e S8R YT
JEBAELANE X R RS A AR JT AR 30 IR 2 AR 0 M X G ik
Drar AR AN, X RIE ST, SRR ERA A AR XA 2 B
TROLIRGEIEIL T, W A SRRAd . &, Bkt E i E- 30 H
FRLE SR ST (superradiant) 37— HERMEIZ A

o« sk Jo FEL BEATREI R, B~ IH— e

0A (21722) —i0(z1,22
g = f ) ()
2
m;,zz) = — [A (21, 22) €71 4 coc. }
023

Hr, 2, 20 NG w5 AR _ERYJS— LA


https://journals.aps.org/pre/abstract/10.1103/PhysRevE.51.5147

TR st RSB B R Goidt S S R H0E i AR 7 L
AFTY (22— 6) = r AV (20)

Hep, 6 = 2AL/ L. WA ERET IR (T RE 86275 DAY IHIE (cavity detun-
ing)o fE&MIXH], LAE FEL J7REZH ARSI T LA N

At 8 kH 2kt 4(n)
0 (20 8) = rAY zmrz %H>/ (22— 7 AP (e)
HAr, o K. HEEERE n GBS 7, MRS r~1-5, Ik
A ZED TR LS i e, A
0A (z9,7) B (5&4 (22,7)
or 029

S a) = ion [ e 2 =€) AT
BB ATEE L (0 = 0) TEOUN . AT LMSEIZett X g, A

o m, 2m
—ar } : vy
A (22, 7') :Aoe /2 W
m=0 ) '

>~ (AO /2\/37T) (2/y)Y/3eB/DVBH)(y/2) ~im/12—a /2

fE AR &R XA, 5 EAAONRSS FEL J7R24L, ATLMS 2LV MERIH) FEL ki
it

8A(22,7')_5(3A(Z277)+9A(z2,r)zan<€XP[ i0 (22, )D

or 622 2
00 _
8(;;77—) = — {A (22’7_) eXp |:/L€ (Z277—>:| + C.C. }
2

FENEIX R S IR Lt X, FRaT 5 e 2o FIENN A Fig. 1 5 Fig. 40 Xt
TARENE XA, L8R FEL BAT R0 HRelUEmt, REZ N BRI AT
fifeo MEAT AR LA B R 2 Bk e AR Lttt X R 10 i B @ s e, R
LM X TRl BAT B AE (U7

Az, 7) = 0T AL(y)

5(2’2,7') =01(y)

T2 i
) —i
aay A=)
2
_Cfi;; = — [Alewl + c.c. }
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INTENSITY
o
X
Q
|
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o
o
| 5}

] ox1 o"# ;
0.0 T ! J 0.0 0.5 1.0 1.5 2.0
00 05 10 15 20 25 ’ ’

Z
z 2
2
. X X g FIG. 4. Nonlinear regime: intensity |A|? vs z; for 7 = 1 and
. 2 - € n y 2
z flzG 'al._ :;1;1 e:r—regu::é ::teils(x)t();llA] by ZzbforE-r —8300, T = 4000 (continuous line), compared with the self-similar
T ETRe T o = 0.01, as given by Eq. (8). solution (12) (dashed line) with A;(0) = 5.75 x 10™%; the

other parameters are the same as in Fig. 1.

0.2

0.15

0.1

ENERGY
EEEEE RN

0.05

0 250 500 750 1000
pass number

0,0- LIS S S S B B S B B B S B S A N
0 10 20 30 40 50

pass number

FIG. 2. Linear regime: Energy £ (a) and gain G (b) vs pass
number 7, for & = 0.01, from a multipass numerical simula-
tion (continuous line) and from Egs. (10) and (11) (dashed
line); the other parameters are the same as in Fig. 1.

11



B ARG dr TR ERST M, BEE RS IR s de A AR A T Fig. 20 W]
IGER, RB&HMMNTaEt, £ 7 < 30 X S5E8EMERRER, HEEHHEN
> 1 A4

N T BRI R R R A B AR ST I P 0, XRIE SOR AR I (E
KRN EREIB RS TR (Fig. 3 REZR), FFHEH BB iR, w LA,
FHEBEFFEIEXR WRIZIE 7 > 760, $EH717 AT e 8 55 S o

100
) ]
S 7 S
=~ is =
S . -
E 50': E
< - i
e -
B e
g 25 &
.
0= rrr T 1T T T 10
0 1000 2000 3000 4000

pass number

FIG. 3. Nonlinear regime: peak amplitude |A|pear (con-
tinuous line) and peak position 2zpeax (dashed line) vs pass
number 7 from the numerical multipass simulation, with the
same parameters as in Fig. 1 and without losses, » = 1. For
T < 760 (vertical line) the system is still in the linear regime.
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3 ket H HHRFHEDLIRG S RN ELS [PRE 52]

Analytical theory of short-pulse free-electron laser oscillators
3.1 EARfFE
33 BHFEFROE

{EZ4: N. Piovella, P. Chaix, G. Shvets, and D.A. Jaroszynski (EZAH|F: Service
de Physique et Technique Nucleaire, % [H)

o KA FL

o 4f%: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.52.5470

RIS A 7 JERk i B TR0 (free electron laser, FEL) ki an R 1t
AL KPR A2 F AR T AR AT A RS I . RHEE TR ML (R i H iy A9
eIk dr, EAREIE G G AN, HREBCRHGEIIRI 1 > 1/ N, 1§ 0UA BT 1XREIE
SCA AR kR B i RO IR A TR IR A 2RI XA S AR et IX R AR
D[R], 13 2—2HAMERE, A LR SR ERAEARIE 5 B RE P o FEARIY s iU N I AR 5 A
ME(EA PRI (supermode) o FEARLNEIXTR], filiid FR 4T 1 v] LA I XX L A AR 3
It

XTFH—M (single-supermode) T UEN, 24 E A5 Ginzburg-Landau J7 2
— R, AT AREA RO SR ST R . XIS OE B RIS IR S S
(cavity detuning) LIRS EAFE (cavity loss) XTI 23 B B H-FHROCRI M. £
INETEEOLT, PR B ARSI, SRR S R R A B BB U L
RS TR 5 A R AT FLAeT P T TR b

YT LM (multi-supermode) JTUEN, FHEL limit cycle(fFRER) 5 period
doubling (W5 A BH) PG, AT LM#RE N 2 M2 R EA S 45 R o M5 AR 1B B
PRERE— 2L N2 e, BUE RIS T RESEEK, AT H IR

Xt g 520406 8 B0t FELIX(Free-Electron Laser for Infrared
eXperiments) SCIG A5 R IS 1B
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3.3 TIRREAIHT A
o GPFTAG XIS SCHEE A FEL BAT R
0A(u, )

o~ Jox(u){exp[—ib(u, £)])
Pt~ piu©
apgg ) A, €) explif(u, )] + cc. }
WG SO SO RECER R, AN IE TR e i 7
A E =) =) v [ (a0,

PR R HUBE n IESASR 7 A, B4l FEL ki ae 7 iz

aA({gf—, T) _ VaAé§£7 7—) + %A(&, 7—) = 77<exp[—’l(§(§,7')]>

. 29(52 T A ) explif(, 1) + ce. )

XTI A, RIE RIS A S8R B R XAl O Tt R T iR
AT, SIS R AR

A, B = (exp(—if)), P = (pexp(—if)),Q = (p), S = (")

7 AL AT LME R AT R

0A 0A «

0B

= — P

o~ !
%—?——A—z’SB—2zQP+2iQQB
oQ .

8_5__[AB + cc. |

a8 .

8_5__2[AP + c.c. |

FELNEXTH], Q ~ 0,5 ~ 0, M= AMEMERTTR)E, rTEMGEIEA RGO
MEARHRALE, W =GR, EREIRIE G S AU Fig. 1 45K 1]
DIER], X/, BRI L . S, R, St
bo, B R TR — A B ot
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0.2

(a)

>~ 0.15—
-“""‘-\
—_—
= n=1
'© 01—
<)

0.05—/ N=

N=
00 I I 1 | | | 1 | [ T
0.0 0.05 0.1

FIG. 1. (a) Linear gain, Gn/vy = 2Reun and (b) lin-
ear phase shift, ¢, = Impy, for the first three supermodes,
n = 1,2,3, vs cavity detuning v = 26L/Lsgo.
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o TUHR:
FEARLNE ICTR], X 2B RO B R AR & o X s O
A HEATY Ginzburg-Landau J7RE—FERUE, AT HSRAGA AT B9R8CR S 1A
H#E (Section V), 7587 [&IE RSO0 I XHITEE &5 B i A HOCH M. A5/
PG OLT . L REA ARG R A RS Rk A & A REC U

tt
1 Ly

= 8T N, =f aglL,
FRSN DY S IR AT LA T IR L

Ps ~ ,OPe Lb 2 ~ 62Cf awF g@ i
oL, eoAZr \ 1+ a2 mc?ay

X T2 G RUEN . BB limit cycle 5 period doubling 215, W] LARRE A
R M BT R R YIS S BREE — BN JE U
MG ATRESERR, MM RTINS . 4] 27 Section VI, 1AL

Ui

34 HE
XEI SIS TR K S BB RKEN R R A
Ay < 02 < Nyh,
HREAHERA (SSMB) Jr &RSA AR, H
0. < A < Ny,

BEAL, IX B RPN H RO G &, TR IB KL BT SR -7 3P
SRR o
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4 REIREXPFE T LR [TUPOPTO042]

Future ring photon source at Jefferson Lab
4.1 FEAFER
2K [FBRRATS A B E0E

YE4: Y. Zhang, S.V. Benson, J. Guo, A. Hutton, G.-T. Park, R.A. Rimmer, F.
Lin and V.S. Morozov (FEA#): Jefferson Lab)

o L i

o ¥ https://ipac2022.vrws.de/

4.2 fHE

Jefferson Lab {EE:TFHRT 12 GeV A RIEI# G ek muae i nBasr, ki
H—F X P T e XA TR R T — RIS A I T R 4
915 X G E H R TEOE. JFE RS MR (XFELO) HRBHRIER. Bk T
R AR OB BT APS-U #1241, XFELO Il [v RT3 T SASE KiztAg XFEL
R SR T XA IR T S H R B R AT, il
F— RGBT

4.3 TTHREAIHT AR

o QIFS: XIS SHRH—FEIIET XFELO [(956IEMEA, RERSTEIRIE i ge
Rt X BHOETRR 4. EF H AT JLab ) SRF BH&INE S8 515 W %4
EIRIEZEL, 25 T RER S H AR S AR MR PR o

o tik: FEE Fig. 1 Z5H%T HAT CEBAF RERIAPNINARREA ZAFH — 120
FAEAF AL RS o AR 2R 2 T e B T XFELO JE IR IE/E N B 2
AT BRERFAREES 2 BE XM GaERE, B s FELO
B4 X 2, BRI R RS A 22 . — BRI ORI BN
REARUE I XFELO R PR BT i f 7o e T2 BT RE R PRI A Y
BT, AMREIERHE A, BT RYR ] S 5T B2y A R H T
AP . R, B —2 X 2 il 2805 B 4dniday FEL .

PTHENFFARLLRAE nC 5 sub-nC SZUAMH R TN sub-pC K2
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Incoherent SR
beamlines

axperimental
station

XFELO b'eamlines kickar

SRF linac
CEBAF

SRF linac

Incoherent SR
beamlines

XFELO beamlinas

To dump  injector experimental

stations

Figure 1: A future ring photon source in Jefferson Lab.

NEREGH H AT T

XFELO #iH &%,

Table 1: Ring Design Parameters

28 GUTHH T RS RS T R ARAR T 5 25 4 4

Electron energy GeV 5.7 7.9
Ring circumference m ~1265  ~1514
Bunches in ring 39 21
Bunch repetition rate MHz 9.24 4.16
Bunch spacing pus/m  0.11/32  0.24/72
Bunches replaced per turn 2 2
Ratio of b.eam .stored time 0.28%  0.42%
and damping time

Beam average current mA 3.51 1.28
Beam average power MW 20 10

Table 2: Parameters of CEBAF for XFELO Injection

Table 3: XFELO Beam Parameters and Performance

Electron energy GeV 5.7 7.9
Wavelength A 1.6 0.84
Photon energy keV 7.74 14.7
Bunch charge pC 380 310
Bunch length, RMS ps 0.25 0.25
Peak current A 645 527
Emittance (i to €) pmrad 03-1.1 037-13
Energy spread (i to e) 10+ 03-5 05-32
FEL gain 46-64 12-0.54
Peak radiation power GW 6.1 6.9
Ave. radiation power kW 33.4 16.9
Peak brightness 103 Un 1.6 1.1
Average brightness 102 Un 8.9 2.8
Spectrum purity 107 4.6 1.7

Where Un stands for ph/s/0.1%BW/mm?/mrad’

Table 4: Incoherent SR Generated by XFELO Bunches

Electron energy GeV 5.7 7.9 Electron energy GeV 5.7 7.9
Bunch repetition rate MHz 0.462 0416  Peak brightness 10% Un 1 2.8
Bunch spacing us/m  2.2/649  2.4/721  Average brightness 10 Un 0.53 0.57
Beam average current mA 0.176 0.128 Pulse length fs 250 250
Beam average power MW 1 1 Pulse repetition rate MHz 9.24 4.16

Undulator m 3.6 3.6

4.4 HY

LL CEBAF JlEflifiit, fR2="Tt40510:

o BT ST ERTEASG, RERRAE nC 8l subnC g
o TEAGRHNINUAE A AT 2RI 48 B

T EAE SOV AR A M LR & 2 25 R R (HMBA) %1t

« CEBAF BHE
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5 s KA NS RN [PRL 121]
First Six Dimensional Phase Space Measurement of an Accel-

erator Beam
5.1 FEAEE
o 43 AN

o {E#: Brandon Cathey, Sarah Cousineau, Alexander Aleksandrov, and Alexander
Zhukov (EZAA: HANPEKY)

C O S

o HE¥E:https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.064804
5.2 H5E

T VB U YR 2 HA O 7 T s e SR VA P 7S 2 R 2 ) AT BR800 S B 2 2R . 5

I ETF IR (Spallation Neutron Source, SNS) H il F- 5 (Beam Test Facility,

BTF), wEE BN, AR AR R i A MEL 2 1 K (correlation) 43Af o i
WHUERHL, &I SIS 23 (/) VR A A %

5.3 FRGEINA
o R A A A A AR T
f6 = fm (J],.ZU,) fy (y7y,) fz(w,gp)
(R, BB S ST . RTBEAT 2 OIS B e 2
WA . TR RIS A A 2 1AM SR A I T AR &
LU 5 S FIAZ B4R 55— FIFK 2R3 (full projection)
1D f(a) = [ fula.)iz
2D ()= [ filabd)ds

19
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5B R E 4% 5% (partial projection)
1D: pla / fo (a,¥ = vy, %) dT

2D plat) = [ folabd =) de

NHULSK B Dy se g s R T SOy 2 HE AL slits, Hrp, IJPWE/\E'J
it slits ZHA%, R ETNADY A slit, pl eSS RE WMiEZ

Energy vs Horizontal Momentum at the Beam Core

0.06

0.04

0.02

0.00

—0.02

Energy Spread (MeV)

-0.04

—0.004 -0.002 0.000 0.002 0.004

Horizontal Momentum (rad)

FIG. 3. A partial projection plot of the energy spread w against
the horizontal momentum x’.

Energy Profile from Full and Partial Projections

16 0.025 }
14 / ‘I\».
_ 0.020 [\
ni12 |
c / \l | ﬂ'wll
210 / 0.015
g L
o8 J \ Iﬂl ;I"\
v \ F
o | 0.010 .
E 6 | |uH.‘.nJ'._'| |‘
(W] 4 fl ) \ |
| \ 0.005 P, |
2 [ \ Vol AT
\ | e |
0 / \ 0.000 ] i
-0.10  -0.05 0.00 0.05 010 -010  -0.05 0.00 0.05 0.10
Energy Spread [MeV] Energy Spread [MeV]

FIG. 4. Results from a 5D scan. The left plot shows the total
projection of the energy spectrum. The right shows different 1D
partial projections of energy with three different horizontal
momentums. The blue curve’s x’ is about 0.2 mrad, the yellow’s
is about 0.7 mrad, and the green’s is about 1 mrad.
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FIG. 7. Two plots of the partial projection of the energy spread
w against the vertical momentum y for a 100 mA (left) and a
10 mA (right) simulated beam transport.

FARADAY
CuUP

FIG. 1. A diagram showing the principle behind a full six dimensional emittance scan.
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