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Free-electron-laser gain degradation and electron-beam qual-
ity
1.1 EARfFEE
o 4335 BHIFEFHDL
« VE&: W.B. Colson, J. C. Callardo, and P. M. Bosco
o AL HIR

o %E¥Z: https://journals.aps.org/pra/abstract/10.1103/PhysRevA.34.4875

1.2 fij#

o RAHIIE H R TROLE R I AR S Mg e —. BB TROE RS
DA H R % Lorentz-Maxwell J7REH I ik A, AT ARYEL TR /T LIS
— T RESE , Hr R TR (A e ) AR MEEZA RE . T I T RE, 31X
R s U LMORRITE OO, 184w SRR IERY R R o IR FRIE DL, 2R 1L
N E KRS AERIE R IRIE O, IR A R A R A 22 TR MK

1.3 TTRRERAIHT A

o GIHTR: R SUBOIAES Y (weak field) 1HHLT, FIAHIEARIEARE Lorentz-
Maxwell J7FE2H, MG E]— R0 7 RO E ST i, KA A (A Eg
MR AT DMERLE E o XA V8 SO AR I 2 Al b 1 o o T R P 6o 5 39 2 Y 52
] o

o Tifik: M Lorentz-Maxwell JyRE4H (XFRIETHRE) iR
da

—=—i(e™)
d? d
d_Tg = % = |al cos(¢ + ¢)

TR, BMOVIE, BAL Lorentz-Maxwell J7 220 FE+ R S Z S Y RE
RBAASAR, EHTEY. By, K@, /MhsH, HEERTRES MY


https://journals.aps.org/pra/abstract/10.1103/PhysRevA.34.4875

X WERAF ARG WS IAVEN 25 R BERBCERA, MBI HOR NN

d

a=—ﬂ¢? ‘)
d2
d_Tg = |a|n? cos(C + ¢)

Ht, n=1- 35

TESSHIEBL R, |a| <, EARBIIARIA A AR AN, BT (e7) = 0, AR
A TR RS O — R T R

T)=ay+ z% /OT ds /OS dq (exp [—ivi(s — q)]) x (s — q)a(q)

XV SCER b 1 LA A TR A e B A RO . B

1. on-resonance, cold beam f (v;) = 0 (v;) = {KHFR. SHFTH N N ESH
BT Egs. (8, 9)

2. off-resonance (detune), cold beam f (v;) = & (v; — vo) = KHTRIE M T IR 55
27%512383C Egs. (11), RIZAATNY Madey EFE

3. off-resonance (detune), Gaussian beam energy spread f (v;) = eXp[i(lii/;f:O)Q/%Q]
= ARG T Eq. (13)

4. off-resonance (detune), exponential-function beam angular spread f (v;) =
for v; <wg f (v;) =0 for v; > vy = RIS TTHE Eq. (15)

exp[—(vo—v;)/og]
o9
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Experimental and numerical study of short pulse effects in
FELs

2.1 EARFE
72 HHERETHEDE

{E# :S. Khodyachykh, M. Brunken, H. Genz, C. Hessler, A. Richter, and V. Asgekar
(FEHH): Technische Universitat Darmstadt)

KA S BUEA

5% https://www.sciencedirect.com/science/article/abs/pii/S0168900204010605#
|

2.2

X TE SO LIE SEVERANIT I8 T B B FOEIR %A (free electron laser oscilla-
tor, FELO) #AEFEM kb s 112t # e X BAG“ SE ik b He i 2 4 Pl K 0, 5
WAL N FHS B DL IX e SCE /MBS 8 55« Bk I3 R AT o A S5 L
R T MR (ZEAMEIEBE) I T RORIR(EAE stable focusl[X H 5 limit eyclex
[EF B Do SEEG S5 RSB ERIILE A RIFa—8t . ok, BUERRLUATIN T —iR i
period-doubling [X[f],

FELO HYIREIXEIRYE NuAr /oo 5 Lejo. (HH, Lo = A\ /4np) 250 LAE AN
Fig. 1 ByMHE (phase diagram),

2.3 BEHREAIHT A

o G AL XV SCRI X EE S SR8 25 5 (S-DALINAC, FELIX 43 Bl AEAR K H )
a 15 b X ) SRR, MR T FELO £ stable focus (S-DALINAC)
5 limit cycle (FELIX) 3] /7280 2

' IHRE LB Yk (subpulse) 7k
? BB BT S5 2 Al (sideband) o
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Fig. 1. Phase diagram [7] for different regimes of operation of
an FEL oscillator. The quantities Ny4 and o, are the slippage
distance and the electron bunch length, respectively, and L, =
A/4rnp. Lines corresponding to three different cavity desyn-
chronizations separate three different regimes of operation
namely stable focus, limit-cycle and chaotic regimes. The points
a, b and ¢ correspond to three cases studied in the present

paper.
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Fig. 6. Typical development of the laser intensity measured
within the macropulse at the S-DALINAC. The pulsed electron
beam had an energy of 31.04 MeV, a pulse length of 4 ms and a
repetition rate of 31 Hz.
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Fig. 8. Average macropulse power as a function of cavity
desynchronization measured at the S-DALINAC (circles)
compared with the results of the simulation (solid line).
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Fig. 7. Small signal gain as a function of the cavity
desynchronization. Open circles represent the experimental
results obtained at the Darmstadt FEL with the beam
parameters listed in the caption of Fig. 6. The solid curve is a
fit to the data from the simulation.
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Fig. 9. Spectral distribution of the laser radiation measured at
the S-DALINAC (dashed line) and the results of simulations
(solid line).
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Fig. 10. A sample of a time-resolved spectral distribution
measured at FELIX (top). The zero position on the time-scale
corresponds to the beginning of the electron macropulse. The
electron beam was switched off after 7 us. The development of
the intensity (middle) is obtained by integration of the time-
resolved spectrum over the entire wavelength region. The
spectral distribution averaged over time (bottom) is antisym-
metric with a long tail at the longer wavelength side which
together with the oscillation in the intensity points to the limit-
cycle regime.



WRIEE AL/ Ao HRIEBRNT, AL/N, = —0.75, RELTIEHN: 4
AL/)\. = —0.5 B}, %7 Hahn-Lee #E[ [ period-2 regime; 24 AL/A,. =0 B, &
ZEdk NRMUIRAS, S8k, E2M A RE . ARG S, S5 AH,
Fig. 13(c)e XHEEEEFIF b T b, A B

2.4 HE
KR8 Section 3 R FAR L SO B Ja 7 AE R RHAL AL A) LA, RS
o FELO #fF. iXBefhiidse5] 5 Saldin —43 [1], B

AN, X RS SCREIXST low-gain FELO, — 1% i 48 5t S A R~ K 1
R IR AT G S8 554 o X1 T high-gain FELO, 12 Pl i - A5 ST e [ A
B (s SRR AR ROR) A NI BLL AT RS 22 H = ZE DR -

S5 3k

[1] E.L. Saldin, E.A. Schneidmiller, M.V. Yurkov, The Physics of Free Electron Lasers,
Springer, Berlin, 2000
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Fig. 13. Different regimes of the FEL operation obtained
numerically with the parameters corresponding to the point (c)
in Fig. 1. For three different values of cavity desynchronization
(i) AL/A = —0.75 the limit-cycle regime (a), (ii) AL/L = —0.5
period-two regime (b), and (iii) AL/A = 0 chaotic behavior (c),
are observed.
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Nonlinear short-pulse propagation in a free-electron laser
3.1 EARFE
4335 H R R0E

{E# : Sang June Hahn and Jae Koo Lee (Pohang Institute of Science and Technol-
ogy, POSTECH)

o A . HUEITE

o 4f%: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.48.2162

3.2 fHHE

B TE S SR AR — 4. B2 Maxwell-Lorentz J7F22H, 5187 H F1 H RO IK
PRARLEME AR S 1%, OB B RIS B . SR R SR 5 R T (cav-
ity detuning), J¥AIEIRFEAMT IR S TR S 65 I 28k (spiking) SRR K
Vo St A SRR A T, LSRR A0 3h 12 ) 5 AL M FEBL (nonlinear,
dissipative) RG5> X (bifurcation) SRR A BH W, BhH154HE BRI A
Logn/ L I, Hrh, Lo FIEBAKIE, Lo A1E—AR ¥ 3558 8K B higE
e,

RIE SRS, | A ERZH: D NERIERIESE, S AEBESE, K s
WZE FIHX =125, sefext B i F otk 4y (FELO) REAENRIRIEIX R

IR A S (iU

3.3 TUHEREAIH A

o QTR BURZEE H RO RG] 508 = EMTIX A 2R B A A
SR FSAS (steady state) DX[A)s ARATHT 7 HUHR S =0 X (0] PR 7 BYFRET
SRR X ) o IXRR B SCEM NN R HL 7 AR A S U P A X B BRE, 40 B TBOK
ar A SR A S 0 T B LR By R A R . 1R SCER I 4A UMK (phase
diagram), AHFR Hahn-Lee fH[& .

SR AEKRIE SO, Loyn ANRFZERG R AR, Toyn NUZIRFE IR R o —EH T, Lyn > Lso
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XEe gl = A~ E 241 (branching parameters) :
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- 5= é_z yg{%%%ﬁ’ ;E\:IZFI’ Ls = Nu)\T jﬂﬁ'@fﬁ}g\ Le jﬂ%?ﬂi&)g
— K = 2= JliEstss, Hip, L= 4’>;”p A cooperation length

M =A2% sEx B ROtk 4 (FELO) REAEA RIRAE X R 3h

PAE i LA i puY
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FIG. 12. Phase diagram. Symboled points are determined
by the simulation. The curves are made by simple data fit-
tings. Filled symbols represent Hopf bifurcation points and
open symbols represent period-doubling bifurcation points.
Rectangle, D = —0.5; circle, D = —1.0; and triangle,
D = -2.0.

o otik: TR SE AR TR 5 T REOR, SRS A A BT
HRERARE, HUIL, WA S i IS A s A, FLARST A K
e RS St S . RAR TARZMERERUR S AT . SRAEAEBUR
P RN AT REERE , AR RARGNEIE AR | (8 IS BT AT 2 AR T TR o

XREE L Section 1T —JF 4k B AR U EENLA], Hrbd2 2] Bonifacio J ALK
FIN—TEECERIN e~ ARSI LIlIA MRS LR, EREE .
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FIG. 3. Spike velocity and scaled synchrotron slippage
length as a function of wiggler distance. The four figures on
the top are the radiation pulse profiles at the specific positions
(a: 10 m, &: 13 m, ¢: 17 m, and d: 20 m).

SR BT R B A R RS OB 0L, R Fig. 4 (1
YEOL = 0). [tk SRS SCMERR IS R FE MR R A R 1 e s 4
P HOB IR R 122

TR 0L < 0. SWatmlkoh SHOETREHERE, 2% Fig. 5.
Fig. 5(a) Jy chaotic X[, Figs. 5(b,c) Jy limit cycle [X . ARkl
ik

#1¢4 limit cycle oscillation (LCO) i, XA SCEEIR RS RIS N

Loyn
~ Pl

T

13



0.8
a8

(a)

0.6

0.4

Power (GW)

0.0 02

(b)

(c)

e

30

k)

4]

Q 50 100

¥ (&)

]

50 1o L] 50 100

y (&) y (A}
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1 < 0.8 = stable focus region

0.8 < u < 1.5 = limit cycle region

1.5 < p < 2 = period-doubling region

i > 2 = chaotic region

Hrfr, p=1ZAZXN Hopf 73 X s

16



NIMA i SR . ZEAR
H#: 2022/10/4

4 73R H R T RO RS R T ORA R A REE [NIMA 492]

4.1

4.2

Pulse propagation in storage ring free electron laser devices

and longitudinal instabilities

2N EYS

2K [FPRRATS A B HEE0E

{E# : R. Bartolini, G. Dattoli, L. Giannessi, L. Mezi (ENEA)
R B, B

5545 https://www.sciencedirect.com/science/article/abs/pii/S0168900202010288

S
RIS SOT e —Fh B Y6 HURE A28 B A 7 BOCHRURR o 2R %5 1& 1 /I IM A

S ROk eI, KRB P RO AR EAEH] iR B RO X I R
FAEATEMER I — 2R,

4.3

AIHT RS TR

QU ST AAFER A L T HOBI 1 T SRS 3h 12 S — B LA R R Iy

"

1 BT o TP (REAL ) SHOCHBKC R HR i (rate equations).,
G

2. BT MR (single macroparticle)dg i 3h 1y 2 5 [ i H W0 77,
L

ek XA Section 2 A4 T R H HIH FHOEH 2K TiEE1 T 2 Bas. (1,2)

115 Baqs. (3-6)] SRSHHEM TR Bq. (9), ARG 1 55 oL

eV T T
€nil =€, + ERF Zn — 2;671 + 2004/ ;r + Vi, (zn) + VEEL (20)

Zn4+1 —=%Zn — &cLen+1

A H AL AL
R TR R
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Fig. 1. Laser pulse dimensionless intensity vs. time for different values of the cavity detuning parameter @ (corresponding to different
cavity shortening). Dimensionless intensity (I /) vs. time at (a) # = 0 (6L = 0 pm) pulsed regime; (b) 6 = 0.1 (6L = 0.13 um) quasi-
stable output; (c) @ = 0.6 (6L = 0.79 um) pulsed regime; and at (d) @ = 1.0 (6L = 1.32 pm) quasi-stable output at reduced power levels.
The FEL parameters are listed in Table 1.

AR AR e N AL T R A O BB IRV I, SR izt T B
L THOEREE . 1 Fig. 3(ac) Fik. B Fig. 3(b.d) JH TR (quasi-
stationary) JRZ%.

AR SORE IS T — AT X 6L = 0, % FEL TR, M5
BIAFENEIEA, I T RATER, FEL AR EAHREHm HmSTs, W
Fig. 4 N

2 0L >0 i}, FEL f74E HREWBRAFAFEX ], 0 Fig. 5 foR.
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Fig. 3. Laser pulse centroid position vs. time for the same parameter as in Fig. 1.
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Fig. 4. e-Beam parameters and laser pulse temporal characteristics in the presence of longitudinal instability of sawtooth type: (a) e-
beam centroid motion, (b) e-beam r.m.s. bunch length, (c) dimensionless intensity (I/1) and (d) laser pulse centroid position vs. time.
The FEL parameters are listed in Table 1 with a damping time reduced by a factor 10. The impedance parameter R = 1 KQ, ky = 0.5
and dimensionless current [11] I = eNwoR/QVy 029 = 30. The cavity detuning is set to 0 = 0 (6L = O0pm). When the laser is on the
sawtooth instablity is switched off; as the laser pulse slip over the e-beam the instability may rise again switching off the laser.
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Fig. 5. Same as Fig. 4 with the cavity detuning set to 6 =0.2 (6L = 0.26um). The slip of the laser pulse over the e-beam is
compensated by the cavity detuning and the laser output is stable.
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Interplay between electron beam instabilities and storage ring

FEL dynamics

5.1 FEARER

335 RS S B B0

E#& : R. Bartolini, G. Dattoli, L. Giannessi, M. Marsi, L. Mezi, M. Migliorati, M
Trovo, R.P. Walker (F#EA/#): ENEA)

S P D

5% https://www.sciencedirect.com/science/article/abs/pii/S0168900202012378

52 %

IR SO B AE7E LT SR H T8R4 (potential well distortion, PWD) S0
PSR T T B SR DA 4 O X B 7 PR ol T OISAT IR, JR5 i i 2
o R, HAEETHIS BN LR 51 ELETTRA (19555 Rz

5.3 Bl FR

o QT MEEIRE B TIOEsh 1% (storage ring free electron laser, SR FEL) #J
DLid it —2H B i 7 B R -3 ) SO s R G T R, &R d G
Dattoli 2 \HE . SR G AT AR AT H e Super-ACOBSZIG 2 (1255
e ELETTRA SRFEL HSEIG 4 RMIAFAAZE 7o X IR SN Z B b i
B 75 &S B A AR, R, X 1E SO eI A Bk A2 N AR 2 5 B 45
R

o TURR: XRIRSCIIE RUAE IR B B ROG Y F R B 3 8 R PR AR
FEME: B DA TREN SR AENE, B T E LS R AL LA, Y
WOCHIV S, B R TREEIH R, TR A TRE N (sawtooth
instability, STT). & FEL 5 STT fy5¢ HAFH Al 8 i BOE I R 1 s 5 7
(rate equation) 5 H T HRHAAF2EMEAY Volterra F143 J7#e, MIMZEH Boussard £&

Sf2 T34 Orsay.,
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PRI B BUA

A5 & FEL, AT, SPATZASHY HE 7RO e fa AT BELE S - U 8O AN
PUBHAE] o SR AP AAAE FEL B, FEL ARGENE S SEAERIATRERUE In-5 g H
HIR TR (F ToRE R ). 4777 PWD I, REECSRKBSTMHZES, &
FIi 2 B G M. XL A R S B R H 2 IR A Sh A

BRI SCARER PWD 177 3% AR FIRE A SCARIOZESL . SERH AL 5 th fdE PWD
R AI HL SRR S R A2 R AR R B

(Z) - (2)-a-0
(Z) - [ee(2) ]

Hrp, 158G 20 1558, AR a3 E e HAH

af i FETE T 0

FEL #850  H# 37 (rate equation) Z5H, PJoUEH— LIRS IRE « = I /1,5 11
1 .
Tnp1 = (1 =n) (G (r,) +1) 2y

) 0365 1 \° Bz,
O-z' n +
’ N\2B81+06) 2

Hrt, 8=0.532,G (2,) = 32,5 (2,) B (2,) , B (2,) = 15057, B (1n) = 5 =

T L7u2(0)32 R(5)

HE
R E SCR R A 7 AR — R A, TR E5 A LA BEA RIS R i AR
Fid R, 25 IR R LA R B YR BOAREE R, (B BE
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Climate change is physics

6.1 JEARfFE
. ok HE
o 1E#: Gabriele C. Hegerl (University of Edinburgh)
o HM: HE

o %E¥E: https://www.nature.com/articles/s43247-022-00342-8.pdf

RISV ER A HERRY 2L 5, BT 2021 23 DRI A = TR T — 1

CIESHIR

2021 34 D ﬁ?%f@?%ﬂfi%ﬁ’\jﬁﬁhﬁ)\ (Klaus Hasselmann 5 Syukuro Manabe)
BRGSO B ER B AL« IR Z R S Dk, MRS AR 2R A
FI2ETM S WS o TXLE TAEBR Y A BT H R IR & AUl (B07EL) 2 T Ak 1Y
— AR K VRV B2 % P RAE R AR A B2 A5 & YIRS, iAE
FUEE S R — D Reia A Y )

6.3 AlH A S Fk

o DTHR: IXFIRSCRR B R I R AR A R (variability) A9V, 4G (A]
R (weather) 240 T ECI RIAY U5 (climate) 2846 IR RUEH U R 58
PRSI 2 BRI R (R H) RN EE 4 RER 2L . Hasselmann
I BEAL AR AT (stochastic climate models) FH R H: 28 GEA% TN B4 I ] KT A,
AR . T FE BB TR = QU ASARIR B A g, TR E AR, B
W BN RS, IR, (2, MR A e R 458 5S4 1%L
P ATY 2 — S, QAR L AR TE BT 1 Bk D2 A0 B ST, ol s L P M BR B AL B 2 55

72021 A VRIS S AR R T — 4 T B R SRR ELHOER (Syukuro Manabe) FIf#E £}
Koo g gE/R % (Klaus Hasselmann), 75242 PROAFIBEEZIRAMEDY (Giorgio Parisi), LAFRR (/£ ER
SRR AR G T A A IF R e
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B2 I IEFR S AR B TE A A 2 S 55 LAY, Hasselmann 45 Hans von Storch
G NBE— 2B PR E R R RN SRR T WA (pattern)” 225, Ff 4%
AT inverse covariance matrix of climate variability [ MRSE A FR15 5 WERGAH R
I o AR B () Horp 2 — A HE 1 (vertical) MZR, UESEXIRZWRIL (tropospheric
warming) 57 E14 ] (stratospheric cooling) R 25

HERR G2 BRIk, Sk B A URASIT R St i o2 R R (statistically
significant), H H A& R EOR BRI C 22 TCAEM (unequiv-

ocal) 4518,

BUAE R P fi A AR = SR LA LA T 1) Y [ 7
— how the climate system works
— how the climate system varies

— how the climate system evolved over time

— how increases in greenhouse gases may affect the climate system

6.4 H¥

AR (palacoclimatic) AR — R F SR “MRE 1L 22 R WU BRI
TBASTTR] — B SR PR AL (38 HUJRIA, FF HL, 3R R T RER RN IR] B [a] R
BE, SRR s Rl AWl AEishas.
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