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1 REE MW BN A =5 f8 55 ] LA R8N Y SRAAC L AE [NIMA 948]
Beam matching with space charge in energy recovery linacs
1.1 EAREE
o K A

o 5 : A. Khan, O. Boine-Frankenheim, F. Hug, C. Stoll (FFE#EH#J: Technical
University of Darmstadt, fH[H)

o FA: HR. BUER

o HE¥F:https://wuw.sciencedirect.com/science/article/pii/S01689002193126167

via¥%3Dihub

1.2 %

BCRI SR RE R I 4T 8% (enerey recovery linac, ERL) 1% 125 i Mgl
ROV AR IC L. /£ ERL A, REREEIRRE R TEAL T, 25 R A 18] FL A 80 I ) R
AR S HH (RF) D5 UL BC R 4R AR A i S 0 XSO JBAE RE fnisss
M B, R EZS R ARy N it LB, R S auinfithic. ok
I, 7 R ] FELAT RN S A B8 B R S OB TEGN IR Bl R4 (momentum compaction,
Rse) —1NEEMAM, TCIRENTEERE (isochronous) B IEZERS 1 (non-isochronous) HIf%
frBLo RXRIE SR IR R AR AEFE (beam matrix) Jrik AT 25w ATl )5, k7
FREFRHURE Y ELEGANT i fE— D17, Wi FaEE 5 MeV, JEARY 180°.
2 7.5 m BEERBORT LME NS, tR] DIMEN) a4 B o

1.3 Tk BAHT

o BT RXRIRSCHY BT R T R SR 25 e s [ Fmr A8 R g i fe, s
SR ELs TR [0 RINIZIe S0 Egs. (11) 5 Eq. (21)]e M3RARS F1HTHR
Ouys 06 S5, SAEJLMERIE PR E RS S, WERRE D (HETAEE
R AU Do) DNIRIZI RS Ry S [Egs. (8,9,18)] T2, 1REIRLT
FRE BB R R LA D SRR M BRI o

KA AR - AIESC (L] thoA NS B A, Ho A JE B fevp N it =S
Al PR e A At T LR &


https://www.sciencedirect.com/science/article/pii/S0168900219312616?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900219312616?via%3Dihub

o DTHk: RXRSIEICAH T T MESA BUSEERREEREEEEEATOUME . RIS
X AR A2 I ARAL -

1'4 /\'_E:

RIEIXRRIESC Egs. (1-4) HREIARTRL, SR M) R AT RO UF XS L lattice de-
sign HUBIER, RIAEELES 2SI AR, FER AR EHU0 (centroid) izzh M A ELEREL D
HHRTT R

XV SO 2 g i S i A B T 3R B S T R AR AU HE A THE
B, MREIZIE SCE RN M B S W I — R

S 3k

[1] C.-Y. Tsai, K. Fan, G. Feng, J. Wu, G. Zhou, and Y. H. Wu, Low-energy high- bright-
ness electron beam dynamics based on slice beam matrix method, Nucl. Instru. Meth-
ods A 937, 1-20 (2019), https://www.sciencedirect.com/science/article/pii/
50168900219306679
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WX Tk TR RIGTT
HI5: 2021/7/5 HRIMETA: SRR

2 BOLIEASUR LB 1 kHz, 15 MeV iR AR TR [PRX
11-02]
Laser-Accelerated, Low-Divergence 15-MeV Quasimonoener-

getic Electron Bunches at 1 kHz

2.1 EAER
o K FAUINETT
o YE#: F. Salehi, M. Le, L. Railing, M. Kolesik, and H. M. Milchberg (3= E4/| {4
University of Maryland)
o KA S

o HE¥E:https://journals.aps.org/prx/abstract/10.1103/PhysRevX.11.021055

2.2 ¥

BORSE SRR TE 1 KHe SATHPR B HOC S ISR T 15 MeV HIE ML
BEFE AL, IS 25 pC, AURHUR/N T T mrad. AHGHAEID 5 fs. AERUNT 2.7
) IO S — BRI R LR AU LS . SRR & M R
Sy F AR T HOCH (4 S (aser carrier-envelope phase slip) ORI, X
FEBRH UL (gas jet) RrELRERIRINOE RIS 5L

L ARG B O BE T R B R TE N T

2. IR IR IR kb o X LEEE RG], LA (few-cycle) AYSKBIIK M AT
R B A g ] AN TR B B AR AL AT AE IR 00 T 26 15 b S Y FE A

2.3 TTEREAIHT A

o QIR U ZFERE, BOLRINETCESG 7 H MeV 2] GeV HrgiiyH 1R,
EXSRROL IR EECRIEF AR 10 Hz LUT o IX RIS SR TAESO Tl #ot
FEYnig -4 MeV 512 kHz B S b A 1 2R AR SCIEE LA [ (i 9% O30T
HELT R RRIZ AT N [ ik (circular polarized, CP) USRS, I H 5 e
WBFOLIREE TR ZetE ik (linear polarized, LP) SRAIHOE B & b BT A9 HL
T


https://journals.aps.org/prx/abstract/10.1103/PhysRevX.11.021055

o Hk: XRIESCEEGIE 1RO N MeV 546 kHz BRI S A b
R R A ATiE, BB axX— M A, CP SRShFCEH LT LP 3K3)
WO AR AL RARFT A 57 T BA W R0 Hh, X ROE IS <
PREI TR RAE AL E BT T T RIS, FHS B TAEZ T 2 T AR BB B AR L
R BT 7 22 1 b O FE P PR A 2598

2.4 4R

Vacuum pum He inout
PUMP L ollow core fiber P Output pulseg

___________________________

Chirped mirror
compressor

___________________________

Transverse
probe
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o
o

Beam profile
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Radius (um)

K1 e B A R (a) MHZSI0GET (HCF) MR s e A= 1O 5B IO ik b 3K sl i
e 5425 ) A S S Y R B e MR BR BT Bk ipreb 43 B HH R BRI Bk v T (b) S8 5
FHEAERA (c) SRS ERNTWNL . AES-LFRRER LRI, AEEL (b)) Fn
WObRIN de? SHTRIE ML, LAHEL [(c)] Fm FWHM & EHE. (d), (e) SR TR
HIHEEFIE LANEX g ERUEIORERS . (f) AR~ HCF fitHiyoeng (FiAfER 6 mJ).
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CP IRBH L F AR AER M AT . (d) 0.5 Hz T4k 10 & i CP 3RS0 TR AER .
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3 LA Wl Gar A TS [PRSTAB 3-03]

3.1

3.2

Coherent off-axis undulator radiation from short electron bunches

ERER
5325 [FDRRGT S B B TR0
{E#: C. P. Neuman, W. S. Graves, and P. G. O’Shea (F %444 : Duke University)

PR IR, HUE

H§4% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.3.030701

RS

PR S D I i 05 e A TR S RVERYE L Rl AR T T oo DY AR

SR 3 Y SCHE W i 5 20 A T LA e v e el g
RSO T LRI RS ER, 0PI (top-hat) STEMT4MA, S5 /R ALI Al
L TR AL

3.3

BT R B BT A

BT IXRIR ST BE ae N A IR R Gas . B, JEARArARATRER
ORISR P T, R R B IR
A Aw
Ao = 22 [(1+a2) cosf +27° (1 — cosb)] = 37 (1+ a2 +~°6%)

o, 0 S HEL T A B0 A il O R E T 1) A BT AR A1 JEE (polar angle)o
KRB HIFRR AR RIS, 22 0 < 1 (0 < 5°) i, AR et
PR o T IWIRICHY Section ILBo "FECAXT M AGHRS (A B e HWRAE P Y
RIS AR o

VB — ML ERIESUE LT — AT ORI, AMLEE T W,
W BT RAM A (LT f(w) R

TR s X IESCEN AT IR AT BT S B R Lienard-Wiechert 5% &8> FL 7
HES [Eq. (3)] 19 SRW FEFPEE T, 1588 e JX e gs 1T Ligh b

2 55 2 X AR DA i % S ZARAL (zero-phase crossing) £ 75 A9 2] HL 7SR BEM 7 %%
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¢’ trajectory
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FIG. 2. (Color) Geometry for energy calculations. P is the
point of observation, 7, is the instantaneous position of the
electron, R and /i are the distance and direction, respectively,
from the electron to the point of observation, and d is the
distance from the center of the undulator to the point of
observation.

FTH AR (X)) AR

IR Section TLD Hr, $#REH 2RI E N, 520 EN RER SR
A7 (bunch form factor) FZ¢ AU

VVN6 electrons(w) - Wl electron [Ne + Ne (Ne - 1) f(("-))]

Hrp
) . ) 2
f(w) — ‘jf ddeSy(y>SZ(2)€_Z(w/C)y sin 6+i(w/c)z cos O
X T oA 5T (top hat) 9341, H S, . 55 f(w) 2 BFEIZIB SN Egs. (11,12)
5 TEER], AREE—SHEMSAERRMUT LTI #RR

d*r @
- N,+ N, (N, —1
dwd Ne electrons dwd(2 1 electron [ + ( ) f(UJ)]
ERTED fw) W, 5
dW(w) AW ()
-\ = [N. + N, (N, — 1) f(w)]
dQ Ne electrons dQ 1 electron

Hrp, R4 E ez .

3.4 HE

FERAER S Section I1.C H, MEEGTEE A TS AL (R 40T RE WA 1 S0 (58 81
i%”double spectrum) FJiSFE,
daw [~ &I

= ——dw = 2| A(w)|?d
aQ ~ ), dwdQ™” /0 [Aw) [ dw
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FIG. 4. Spectra for different observation angles. A, =4 cm, N,, = 10,4, = 1,y = 400. (@) 6 = 0°(b) 8 = 0.1°,(c) 6 = 1°,
and (d) 8 = 10°.
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Hef, BUANAT S AR S0 EEBUTER), &5 S BRE.
AN, XA SRR N . FRON near-field effect . ELEATIT = . FEAGR 24 F T2

Wimesht, n 5 R EMAAREM . X PRV Lienard-Wiechert 37H1[0 55— velocity
field A Hf LR N near-field R SURFE, 7FFEH .
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PRAB 5i# S b Hid
HIH: 2021/7/7 BB B

4 BTSSR T ROV, Y ARBE R Ml 4 i 5t [PRSTAB 18-01]
Design of low energy bunch compressors with space charge

effects

4.1 FEAFE
o 2 REEZRL BT

o F#4: A. He, F. Willeke, L. H. Yu, L. Yang, T. Shaftan, G. Wang, Y. Li, and Y.
Hidaka and J. Qiang (F24#): BNL)

NESUEE (N

o HE¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.18.014201

4.2 HgH

BRSO MR E S GG (GO IR R 5~22 MeV) Hi 7
SR A% . AR, HE T — NSO oA T Ry sh 2 ez
TIPSR . T3 R LT S0 I (chirp, ST T il RF I
), RGBT R ESEL AUORBE R HAr s (R85 RA R R AKZ) 150 fs,
FERRBEZ) 30 pm) & AT S5HE TR RN (electron beam slicing project).

4.3 TUHRBAHT A
FEZS [ LT AR E SERY IR LT, ACHLX Sl A 2 (Al A 1 AT REXE A

L. J8HE LY Courant-Snyder 8 pRECH IR BUZ B TR 11 RE L [BE X —HT#2
A EAE LS AR AL . BB ATI S, s S B
g Lo

2. W TSR R 2 A BRI . AN, AR 00 Rog PRS0
IGRE R RB =y RERY FEL 2R ML, T2 1) 2 ] FEL Ay {4 Sk s~ R b B h v 2 v+
REFIR/D, PIILFT BT IERY Rag R4

o TUHR: REINEAREEAI TR

1. B H 7455 (gun section) 5 ESEHEE (compressor section) 73 1T, ¥
M4 H > 1 PR AT AT PR AFAE D 48 i T R F Rl R 40 AT
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2. [RAEIEE O BT, JoR AR BB 2 R AT RN Y A6, BEJE 1R 18
IR A ) R (RIS s (6] B Amr S8R 5 ) S B2 AL, 3?£1i&£k1_1_ﬂﬂ*kﬂﬁ
AR 5 AR R AT o S A AR DR ECRIR, B30 28 ) FAey 280 B 58 21 Tl
W50

3. BH AR S R A S e, (AR RIS (7 20 25
ZHRFREAUL . BREHOCIKIREE . HXT RE ARRIHOCHAL. SREAE SR
VOAR BRI . Ak ) o

B4 B3 B2 Bl
qDZsz 01 gF1
D6 qF6 b5 of5 qfr3 Dr3 Frd 4 qgF4 go3 F3 '8 4
mﬂﬂj Tl . QL “H
e T —h - 4
I 1 I ) | 1 L) L} 1
L L L L. L L Loy LL L Ll L L L L L L L L L
a ¥ & 8§ & ] RoR ROR ] E 3 @ i 689
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[em]

FIG. 4. The lattice configuration of the positive Rss compressor. The green columns indicate the four dipole magnets, the red columns
indicate the quadrupole magnets, and the yellow ones indicate the sextupole magnets. The 0 point corresponds to the starting point of

the photocathode rf gun.

. IR
LA T ARPAER MR R, SO E X T — AR T BT 15
KT H AR SRR TG T, R HT X B B

ZRNKEENS O
ZﬁTﬁ%%I%ﬁ‘ﬁﬂ% W AR 5 450 43 43 TR, ST 45
1353+ 2% T 18 9 2 [0 PR 2050 B Y 58
3. JXHR VR SR JE IR AT A R 21 23 ) P A RS R R 25 i S TR A AR A A 0

4.4 H¥E
TEARREMS UL T A8 Br X ST B AL Ros = — 22

4.5 FEuk

RO B SO 25 R HEAr RN 5 EE R chirp FOARHRJT 502, U2 chirp ARYRUE,
HHAGRBELIER . HARRMER A X R SORAUANZE R H B T,

ST BT AT ACHR 2 I L A
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FIG. 5. The rms beam size and dispersion function from the
first matching quadrupole magnet to the last focusing quadrupole
magnet without space charge effects from OpmiM (top plot)
and with space charge effects from PARMELA (bottom plot). To
calculate the redefined dispersion (the detailed discussion about
the redefined dispersion can be found in Sec. IV A) in the bottom
plot, we select those particles whose energy deviation upstream
of the first matching quadrupole magnet (i.e., gD6) at 110 cm is
in the range 0.7%—0.8%. To calculate the redefined beta functions
(actually, 1t 1s the beam size in the plot) in the bottom plot,
we select those particles whose emittance upstream of the first
matching quadrupole magnet (i.e., gD6) at 110 cm is smaller than
0.1 mm mrad.
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Scientific Report 53 SR RIET
HIH: 2021/7/11 BB B

5 {8 FIOG RS NS A5 2] B W Wik i SRR P B A R R S5 K 3y Sl 7R

Capturing Structural Dynamics in Crystalline Silicon Using

Chirped Electrons from a Laser Wakefield Accelerator

5.1 FEAMER

o 5
(-

G JRLEV DL AP

Z.-H. He et al. (FEAH|#): University of Michigan)

: https://www.nature.com/articles/srep36224

BRI IR SOt 5140 1 Hr— A A X SRy B0, X bhopbas =4
ERIHERE . XTI SCE N 1l RO RS i FE - RO R PRt ik i 22 3 Y B o
gl K (single-crystal silicon nano-membranes) F45 8l 7273547 B[R] 599 B A7 B+ i)
o XIS SIS ITIER T, VEE 1R SR IN R RS _EMgAT 1 RERY fats sl 712, I
T 8 S HE S R AT ST IS B FE - AROCR RIS BE IS [R) AR A BOAT ST R0 . AR IR T Tt
WSS RS2 07 22 I [R50 HE 242 T2 KR vl e

5.3 Tk EAIHT A

o BTG EUCKIOL R INiE Ty S 8 T R AT S, T R A SE
PEAT 100 keV H£CL 10-20% AMHXSRERAYHE 7 A BT REROR, HURH T
ARJEAE 80 ps fity, IRIMAEEAEATE dh Jo (5 I B 1 i e FEL A, L T )
A AL R R S A I B AT IR TR ps Y0 R

* TUHR:

VR SLR B0 IE T BT RO &R R - AT Ryl ATk, I HAT

XHROE S I T SR 2R AR AEROS R ARERRITE DL, F2 I T (A A
IR MR TS, RENARAT T A (220) TSI FESEAY SRR, FFOEHEET

AER/ITN

fIKEE L7/ UED (30-100 keV) BEAT 7 XFHESESR . ARG, 1EE M

TZAE S REX I R PR, TR A R RE 0 PR UM 1.6 keV,
R IZ i e S84 2 By Tok 709 6 ps BRIV RS N B PR, TR o R L e )
TR IRGIE T ps .
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A 4 SIS EUNE . (A 15 mJ WBREABOE KRG IR AR S SRR kR . R
10 mJ. 800 nm FOGCHKMHEREE] T —4 100 pm BYF TR LU AR 7RI
SHEAIEE 400 nm, FELL 1-2 mJ/em? (58 5K E AR TR o NS ROBE 2T, B
THRZ 280 pm FLIERY aperture. 30 nm JFEHYHR S RERE AECEAE R IR 13.5 cm &bo AT
Ui ) R B e 7SR i e AR AR 2 R R R B
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6 ) AR LS 5 VA B ARIURE 3R 3 ) S S YN AR 1 R M R IE Bt 12
[PRAB 19-10]
Caustic-based approach to understanding bunching dynamics

and current spike formation in particle bunches

6.1 FEARfEE
o K RFBIT

o {E#: T.K. Charles, D. M. Paganin, and R. T. Dowd (F##|#J): Australian Syn-

chrotron)
oA I, HOH

o HE¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
19.104402

6.2 HiH%

WK (a) FroafemnMERR ] ISR B 1) 52 U I 4%, SRR b FE 2R,
HIE B IMLIRAE B AR EA — e, — G OB R W T AR B (catastrophe
theory)o fEAIEAF N A RCHIELS, AT (modulation). HRFERIE (spike).
R (horn) £8, W T HHETHOE. BEEENL AT 72 K% 55 I ReR ]
. ORHEIAFaENE (microbunching instability, MBI) &,

XA 18 SCR B Tk A = AR DL ERER BN RO R . AT LA 2 15
R AR 2 S s U AR o AR LR SRR T, PRI Il Y SRl e 7 ade T il
2, MM SECRImMRIE . 4k (caustic line) B (caustic surface) FAIE ML 74 5 R0
WKAH . IXFEVESCHERTY BOX LI B4, RN R ARG E, JER R IR
EAEHURE Y ELEGANT JiFXSe8i g . I8P TiXA TAERI AT RER. A . a0 A A Bk
JITEAEYN R ARG A B A 25 [ 4 (current profile shaping) Bl 7E AR A B4 g % T Han
AT ST AR SR B SR A o

6.3  TTRREAIHT A

o DUk JUD PRI E S AR R IR SO AR BT S EOR TR R , MR Z itk
(dispersive) B, 7E (s, 2) “FIH 4T, Hi, s /& global position along the accelerator,
z #& local longitudinal position with respect to the bunch center, & (FIG. 3) 3
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4 Density of rays= o 1

Density of rays

0
00 01 02 03 04 05 0.6
Position from caustic, o

()

FIG. 1. Optical caustics, which are analogous to electron—
trajectory caustics found in accelerator physics. (a) image of
caustic lines appearing in a coffee cup. (b) illustration of light rays
forming the caustic (red line), and (c) intensity of the rays in the
vicinity of the caustic.
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a) Current horns present in strong bunch .(C) I . .
(a) C . f b ) Fi g? 7in 16 dielectric-lined waveguides for trains of
compression (for an example see Fig. 7.7 in [6]). microbunches for THz radiation generation (for
p an example Fig. 6 in [27]).
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(b) Microbunch.ing instability induced .by CSR in (d) Generation of linearly-ramped current profiles
bunch compression (f(?r cxa:mpIC‘S see Fig. 3 in [12] for plasma wakefield accelerator applications (for
and Fig. 3 in [26]). examples see Fig. 5a in [21] and Fig. 4 in [25]).
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/N ZEAE 4-dipole chicane H [ HL - Hli 45 Le S BT SRR QM , SUFK two-fold cusp.
E 4—dip01€ chicane E{Uﬁ T566 = —3/2R56, U5666 = 2R560

20—

10}~

Energy Spread (%)
L b e o =
P

-10}_

(Final longitudinal position)/c (fs)
o

2.0 9.5 10.0 10.5

(a) (b)
FIG. 3. Electron trajectories through a chicane in s—z plane, showing how the electron trajectories overlap in a caustic at the extreme

values of z (i.e., at the head and the tail of the bunch). (b) Typical phase space distribution and corresponding current profile seen at the
end of a strong bunch compressor [equivalent to s = 9.5 m in (a)].

IXESTE % € bunch compressor chicane 5 dogleg PAFME ML, (% fERERZE 0 35X
HONFR N AL E A, B, 200 T Ry, Rse SFEYSENR o JGA AL RS Rse, Tse6, Usees
MR ELEIE, KA 0 5 2 IR R hy, he, hs WEONREIZ G RE s S5 1
SR T2

TR = MR Rso, Taes, Usoss BRI FHGSERE . M_EHERT LIA Sk (1)
BIZEL, 212%) S TR R A0 5 DU A TR I B Y o

W FHIX R B S AT RGN AR TR, Jofa 2 RAa K 7 1E WA N AR ARPR Y R &R
A
o Sbe
Clz) = ds(z) ds2(z) ds3(z)
Rse=3" + Tse6—g,— + Uses6—g, | S+ Sbe

z

XSS SCAE Section V. A 42 HEFL double horn 4345, SKJ54E Section V.B Y4404 H#E
IR AR EETY . TP —ZMEBiR} (linearly ramped) Y FEEME o 152 216
LR Al BER I overcompression B undercompression, FijZ A U\ﬁﬁaﬂ HAE

7N

j([l]R o

o BUHTR IXREIE SO AR B AT U5 L R LR g i IR ARG AR T AN
—AGHER, A F ARG SIS CRIEIN) (. 75N, Kot s

3P4k ELT Australian XFEL %t
YZBSCHY FHAE A much less likely to form in an overcompressed bunch,
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FIG. 7. Electron trajectories caustics seen forming in 3 scenarios differentiated by the different values of the Rsg, T'seq, and Usggg

encountered. Column (a) shows the double-horned current structure produced at the end of a dispersive region where
Rsg = —10.78 mm, Tsq = 16.35 mm and Usege = —11.38mm. Column (b) shows a single-horn current profile produced with
Rsq = —10.82 mm, Tsq = —41.07 mm and Usgq =040 m, and column (c) shows a current profile produced with
Rss = —11.76 mm, T54 = 16.10 mm and Usgeq = 2.60 m. The top row shows trajectories (blue, thin) with the caustic expressions
[Eq. (8)] (red, thick). The second row of images shows histograms of electron density, calculated at the value of R5, indicated by the gray
vertical line in the top row of images. The third and fourth rows of images were created using ELEGANT, showing the phase space
distribution and current profiles, respectively, where the head of the bunch is on the left-hand side of these figures.
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of

Hrf, X = (z,2",9,9,2,0)s 4

U caustic —TRIBVFAERGH, TP caustic FIFFRE L, A fold, cusp, swal-
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[1] K. L. Brown, A First and Second Order Matrix Theory for the Design of Beam
Transport Systems and Charged Particle Spectrometers, SLAC Report No. 75, 1982.
https://cds.cern.ch/record/283218/files/SLAC-75.pdf

2] D. C. Carey, K. L. Brown, and F. Rothacker, Third order transport:
A Computer program for designing charged particle beam transport sys-
tems, Report No. SLAC-R-95-462, 1995. https://inspirehep.net/files/
9ed6£6c8384d6393£613da250a8b56e8
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7 WOGIKSh A AF IR
Laser-driven electron storage rings
7.1 EAFE
o 3 [FEEESTS B ETROE
o VE%: S. Khan (3H#: TU Dortmund University, f#[H)

o BRI Lk

%57 https://iopscience.iop.org/article/10.1088/1742-6596/1596/1/012025

7.2 fHE

R IR AHL T ML S X BHZIE T 5. ML T, EEIMEEERR, TUE
PEARE T TN B B o A% 55 FL -0k 17 PV P F 4 S B L ABLAE - R K20 1 oK
SPRUERER N e, o, X RUEE Y 2 AE AR 23 (A 4 BF R b, UK bucket, f#¢
TR B EERZ) 1 em 5L 10 ps (10712 sec) HKJERE . VEA— D EIFHIEATT
&, YR A s AR e 5 - RKEDI T RT B0 R M. LHF R /]
51 COy ##%E (continuous wave, CW) 5%, bucket spacing R LLiA#F] 10.6 pm, R[F]
I REFEAE K BRI X8R BOGIK S B HL 7 A 2R~ A A0S R R 1A
SREYIRSYS]E

7.3 TTHREAIHT A

o MR IXRIRICGRE TR HBOCBUREZESIR (RE) TEAR B9 L5~ (7 PR
FRTATE o 255 80 7 - 1 4 5 0 8 1 T R A e i
PRRSY (footprint) B H IR, BOLIKSIETH 77728 H B ET B/ MR E R
ARG RS, M2 ROl R A A 2, HoRET Rl RO,
PRI LA A et A2 PR T TSl btk s S A S P A A T 1B
R R A BATH A5 pump-probe SK86 . — AT RERHOEIKEN LT 17 24
JTEA TIPS

5 A R I P O A

SHEGERAFERA RE BKZ09 0.6 m (R 500 MHz), COz HOBBKITH 10.6 . it S BAGHOE T

i
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Figure 4. Sketch of an electron
storage ring driven by a laser beam
(red) in a ring cavity interacting
with the electrons in four undula-
tors. The dipole and quadrupole
magnets (yellow and green, respec-
tively) are shown for illustration
and do not represent an actual lat-
tice. Other elements like higher-
order magnets, additional RF cavi-
ties, diagnostics, and injection ele-
ments are not shown.

7.4 HE

XAV SO R B B L IO IR Bl 0 7 2R, — DR S B IR A2 F 3T S I
PR (isochronous), HElie E4G AT . —fMESR 1070 SHYEEE/Ne 5T — e 5
PEI IR W, B, AR IR o S/NEGF, 2Bk ST
BESH T EE O, WFREHS SR B 2SI BESRE a2 5 Jr B sl it 4
A7 (partial momentum compaction factor) 5| EAJI A B EM AT, A, FEL2E
TAEGAEATIN o BRSSP R RN 1) 20 At 75 2 ERT R AL

TSR R Ze S, s [ B 5.

2% 3Rk

[1] D.A.G. Deacon D.A.G. and J.M.J. Madey, Isochronous storage-ring laser: A possible
solution to the electron heating problem of recirculating free-electron lasers, Phys.
Rev. Lett. 44, 449 (1980). https://journals.aps.org/prl/abstract/10.1103/
PhysRevLett.44.449

[2] D.A.G. Deacon, Basic theory of the isochronous storage ring, Phys. Rep.
76, 349 (1981). https://www.sciencedirect.com/science/article/abs/pii/
037015738190137X

[3] C. Pellegrini and D. Robin, Quasi-isochronous storage ring, Nucl. Instrum. Methods
A 301, 27 (1991). https://www.sciencedirect.com/science/article/abs/pii/
0168900291907348
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Free-electron lasing at 27 nanometres based on a laser wake-

field accelerator

8.1 FAfFE
o K FRARESTS B TR0

o YEZ: Wentao Wang, Ke Feng, Lintong Ke, Changhai Yu, Yi Xu, Rong Qi, Yu Chen,
Zhiyong Qin, Zhijun Zhang, Ming Fang, Jiaqi Liu, Kangnan Jiang, Hao Wang,
Cheng Wang, Xiaojun Yang, Fenxiang Wu, Yuxin Leng, Jiansheng Liu, Ruxin Li,
Zhizhan Xu (FEZAU : ERFZBE_ B AE BHUMAT 58 )

o ¥ https://www.nature.com/articles/s41586-021-03678-x

8.2 fHH

X BTk H B ARG E YT S R AN S (S H e 2RO sl
KR T2 . HafEA#E X §H A R FROESRIRNIS T (B2, &, M ERTE
TR AR H v SR [ B R T T ot SR A AR X BT B B IO AR 2
B WOtREINEE (laser wakefield accelerator, LWFA) BB HEARRT& G a0
S ZABUR BB R E , FIB N TR ST X G4 i TR 1 —Fhik
o LUXZEhnid e 4 FIRSR S X 514k 3 il P ROEER I — MR T H =4 m
FL 7 i R A 2 o XS 18 SCRI MO B3 = A i o), LSS B934
Jia%08 4 (exponential-gain) JEFEFTI A RST . ARG A RS D KLY H
27 nm, HUEIETEAIIAR] 1010, XSG RS K REREZY 150 nJo 7R %R BN R
B (EsE B WIE), sRIEas200h 100, UESE T s S e 8uN it f2 .

8.3 THEREAIHT A

o DUHR: DAROE-55 B RIS R B g g o IR Eh IR SC B X B4 B B TR0
I EEAETIEN (injection) 5EHIITFE (guiding, transport and focus). FTH
SR g A B FL AR A T I S R AE mm 2L em fHE . S84
SHIME AR, K295 T 10° 5. RER—MAE GeV 2, RERLZI N 1%, Hifa

TR AR 290 100 MV /m. ETHOE-S 8 PR NBEBEZ 8 100 GV /m.,
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Fig. 1| Schematiclayout of LWFA-based freeelectronlaserexperiment. beams from the LWFA for 20 consecutive shots. ¢, d, Measured transverse
a, Undulator beamline with a total length of approximately 12m fromthe gas profiles of the electron beam at the entrance (c) andexit (d) of the undulators.
target for the LWFA tothe X-ray spectrometer. b, Typical spectraofelectron The scale bars are normalized.

B2 10 pCo RS AR~ A2 09 FLF AR IR BR T 40 B B ROGRS
A RS WA 6 TR, B A IR A B AL . X TE SO Y S 4 R
T H KR5S B IR JERE (self-amplified spontaneous emission, SASE), J¢HUA R
REHT R AR 7R 7 (shot noise) JT4f. #ERE/4E FEL 1, ZHRATHAE
BUNT Bk 1% — D 80ag, B 0.1%, K, BT RE BEOERESn# s =45
B GER AT, SRR R — Rk, a0, HRRIFH TR S AR
TCHE YA R B ESR a6 e 5 o

16 e HR AT R B H 2 S286 H0 (SOLEIL /Laboratoire d’Optique Appliquee HJ-&1E
Ui H COXINEL, fEEJVAR k5 DESY &4E01H LAOLA, LBNL [ BELLA
IDEF) RO R EEIKE) B RO B BRI, LIS g AR A &
WM B, MARSEEIE iR

BTSRRI ST AN SR N SR . PEAEIRE R IAIEOE RSN 200 TW,
F 1~5 Hz. BREJFIREZH 3.8 x 10" Wem ™2 (ag = 1.3), Zi7E R A= 4
Mo i JFNI=AE Y L FRETE A 490 MeV, HEHK 0.5%, M2y 30 pC, rms B
2174 0.2 mrad. Z3d quadrupole triplet, FFZE—XFHLfE VU4 (electromagnetic
quadrupole) i FI - FRAERR L% /N R TR R ST

Wt REEE =1 Lo-m . AW 25 mm, #EATAFR 10 mm, Ko = 141,
IR 27.3 nm, FEL 240 (8(FR Pierce 280 N p~ 5 x 1073, —4EIjxH
S La, ~ 0.23 mo JRIOFTEEL) 18 2 20 519 e, Rl S50 185 1 12
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Fig.2|Measurement ofundulator radiation. a, Measured transverse
radiation pattern of atypical pulse on the X-ray CCD cameralocated12m
downstream from the gas target. The scale bar is normalized. b, Shot-to-shot
radiation energy over 270 pulses.c,d, Measured radiation spectra (c) and the
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corresponding electron-beam energy spectra (d) detected by the second
spectrometer located at theexitofthe undulator. e, f, Image (e) and count
profile (f) of the interference pattern generated whenradiation propagates
through twol0-pmslitswith aslitseparationof 40 pm.
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Fig.3|Undulator radiation measurement at27 nm. a, Measured radiation
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9.1 JEARMFE
o K ISR ARECEAEH
o VB e, FOTHM M (EEP: hEREESRRE H R F SRSk

=2

).
o AL KUEML. FIB

o E¥F:https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=
CJFD2006&filename=QJGY200610030&v=k%25mmd2BNoxuBZ},25mmd2FQhRmOTHIWhH j7AY
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9.2
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e EH B [E O LSRR PP SR LA A DX 25987 7 8L 5

9.3 TTERELAIHT A

o TUHR: XRIRSCW MRS EREMMR TN BRI AT, BR
A ) Jo B Y RE 01 R E EHAR R 2 R IR AN L R A B RE D ik
P R R B L ESHR dE /da ffiiht. HZek5 U1 Bohr-Bethe-Bloch 25
H, EEE T, PR KT AR I G Re, BT v KT HFHHIERE
JE, ¥R Al E AR R, PR me, BTN —eo Z SRIOREEYI BT R EL N
N BT AR PR R i -4
_dE _ 2met vz mev? W

dr  (4meg)*mev? 2J2(Z)(1 - B)
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[1] B. Bogdanovitch et al., Formation of bremsstrahlung flow with small divergence at
linac output for planet surface sounding with interplanetary space stations, Parti-
cleAcceleratorConference 1291-1293 (1999). https://accelconf .web.cern.ch/p99/
PAPERS/TUA91 . PDF
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Point-charge wakefield calculations from finite length bunch

wake potentials

10.1 EAR{EFEHR
o 25 B, MfTITE
« YE#: Boris Podobedov (BNL) and Gennady Stupakov (SLAC)
o AL FE. BUERPL

o HE¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB. 16.024401

10.2 fHE

X SCATT R HA (point-charge) B #, il e g LM 5= L1 B,
B AR AT 7% (short-bunch wake potential) & {E—FrAIHT /7% . XFhiTHEITEME D)
T e 23k 3B KRN B, XL n i i 77 sl 2 R E T 58 B —
ML, IR TE SCERAE Y 5 3 1T LUA R Ao AR 5 PR ] s s PRI O B 3T B
T ERE. TSR e T R T T A B 56 T LR R R i
4% collimator 544 IEIRMEZEM . ZeMEinAs JUMm&hia) Pl (ARZetE) Wi L&t ,
AET NSLS-IT 3 iy s B IR IR 25 B 15

10.3  GTHRERAIHT

o Tk TSR KRS % R E MG AR XY L 1
FRARE AR T A (mesh size) BZYCT (6 2-D 854) AT (4
3D 45H) MR L. R SEREEN D 1 AR T W, AR R
B SLAIESR I R T BENLSERRG HRRE . JIE AR A8 5 78 B 7K
R, RIS, AR R AR I T, TSR

el
QU BRI Section 11 AHIE . SRR R RS B T LA S0 T

1. S RS B e SR G R 8o X BB A IR, b LR

S — B T EARAEAS 2 B IE R S B R s AT R R SR REARAT K H AT R o R B R R, VP R AT
BUEIE, A2 AR S MONENE Mt REHE ) 2 — BOR M A . B — @Bk
X HLA AN HR A R T TR SO R I T A, ATREE AT T A e Bl R R O A R
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