hoik B RAF N FIT R TR (202 & 4 R)

TR AT IR K, FRATIUA [F e B AR s g Ak ) AR Fe M A 1) Physical Re-
view Accelerators and Beams (PRAB) HiE /T Ri%. 18 (HART) Stk H
PRAB i FZerV T, HEsr K E B~ 2r (American Physical Society, APS) Ji T HyH
BiT|eGE % PRST-AB. Elsevier fU#Z¥HL- 5K Nuclear Instruments and Methods (NIM)
RS AT BEVS A& 7 TE I S o S R AT 5 BB 3 0 “# A R BB SO TR R
TS T3 TR H W EE G &K A, £ http://faculty.hust.edu.cn/jcytsai/zh_CN/
article/2191806/content/1551.htm#article AJ LARE]H i) S 0k . R T BKE, &
WAV 2T ARG (IF)o ABMRT ZIENARTRIE. @ FIVERUGIEE . scht, AT
I M AT HR U Y AT RERRF 58 T8
A (2024 4F 4 F]) S5REiH R

A SRR BRARTT=
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1 2021 EiFRZ JFWE AP EIRRGIFERIARKE 5
Complex systems in the spotlight: next steps after the 2021
Nobel Prize in Physics

1.1 SEARER
C g HE
o /£ G. Bianconi et al.
o A ZER

o %7 https://iopscience.iop.org/article/10.1088/2632-072X/ac7£f75

WS B E A A5 L Ehttps: //mp.weixin.qq. com/s/qJ910nIygy jA94BZXRSsRg,
2B M-S 1B

1.2 f%

2021 Fi DURPIER 2 HANT] T2 2 REAE B AR EH I EAIEIE - o o 7RI
—EHEMAA L, L FNAHIZET] Journal of Physics: Complexity HY )L Z& %8 Xt
JUA e A — R, ST 5 AR U 4 . % fA BRI
Ro
2021 73 VURYY B 2T T8 E A R G T KI5 T Syukuro Manabe 1
Klaus Hasselmann, 55 —>4% 7 Giorgio Parisi, FFZ AT MRS Z I R % i 1
6P Tk (for groundbreaking contributions to our understanding of complex physical
systems)o JXLERUGRIRZI ML T HRATE R HIR ARG ME R AGH 720 W1 2021 F4
DURBSH RS - “MA1ZEE T W58 IR 8 LA R NS A0 52 M < AB o BE it ]I
BIRHCE T TC Yy ORI BEA L FE Y E i
AR R A LA BAR AL 5

1 ENERES = HRRANE L S EA SN W LRSS
2. ok T ERATHR = B2 AER ok R IR 4.2

3. 2021 A DURAYE S = 2021 ik DURBXS IR RGN 5T ERE (T 4.2



https://iopscience.iop.org/article/10.1088/2632-072X/ac7f75
https://mp.weixin.qq.com/s/qJ910nIygyjA94BZXRSsRg

4. BIRRGN GRS = SRARGEE IR EBN . A, WURENL
PUFEAR DR HECTR IR Wik Y B S5E B B G S 21 ] Wi o 7 2 5 Wi
SORARGERERILEN? 2021 4R35 DURSRIR TR B S 2% RGPk A Ao
58. BEPFIEE 28 ARV EVRIEANEIS ML AV EAE NS 2 REHR 2 58 HIX Ff A L
A A SR SRR 22 T 2

5. BZRVERITIN = 2R AR E BRI 2R 2 —o Mt A X HE? KATRE
LNERZIES IR 2N NN

6. AR A HHRIL = SRR AR . B RS ERT ST LS
GIE7 T o s

7. BJRITFIR = AR 2021 FEIRRGIERKE VURE, AT A HEPE?

T mig Ao e T ok, BBOA P A AR AR A A, IR TRER RIS IE AR
ATNNERARS. B, FRBA L, ASCemRg: 7z Pk, RIfxT
ABLEAE 2 AT 2 R A, X R SO S DR B T BT AR R, 2L
(LA AR R IX A BN, FEIXRIRSCH, XNERRGHE SUER 7 — P EE LN,
Rl BARAS R HIFZ U R AR A AIME I R G XTCI A AN 2 BT 2498
1), BRI S b, EARAGHE L —BEAASCHAE 2B . /65T H 24,
AR, OGNSR E R AR IR EE PR EAREN . W358/ ok
B, X ssIH 7T RERLYE (stochasticity & randommess) FIHEZN: ) AFAE o LAY
Kt XLy HEREL AN AR RGN ) A RSN, AR IR B A BRI .

1.3 JUAigmml
AL 53 AR A AR R R L — U

o Ginestra Bianconi
RPN E —LE PIR Pk, 8T B 28 RGN AL R M AN AR St
W DR KRR Z 4% T FARIER (Syukuro Manabe). 5a55 5 - MG 2E/K & (Klaus
Hasselmann) IR - BIHLP (Giorgio Parisi), DIRAL IR RAIBII,
For VEIX — 35 DUR S AT BY AL S 0 )72 M\ TR 2 i ok A= A5 48 A0 X — 53 ) ) 05

2.
AR, AURBAMSE S SR, HEREMRIAE2BmAHA S X4

BOEARGEY R, TGRS FAIMNE, RO ER T & XU SRS
RGP MALERARAERE , AUREARARE S RO TR A2



] RS AR, R SGE 2BR AR 7%, IXX HIER A ASRAR LB 2L

SORF At R BRAR AT P RS T 15 A LA [ USRS A A AR T A T
(S YA ATNP/S 72 A i B Y o 28 PSR TIDTON; B/ ate 1w S 2= R VS ot
(scale-free) RERIBH KRG 5 FEL R R IR GRS . (EASENZ . Frdayi T
Db R 22 B S ERA IRA R 2 B S o 2 S B B DA B il 93X+
MU RAT IR O A . BRI AT AR 2 ARENE, O 1 IIRAT
TR AL AT ARG O, B2 A MR AT RERS e G AL S sl A9 Bt S 58
PSS Gl SR AR WAL T R 1 R A FR AU 5 A SR SR

AR AR, BAREMAYA S R BE AR 4 B 7 U DI R S i
X ERH 2R PR R T 2 — M RIS AR T ik, e MgRiE. Plare ]
MATEES D FAEDEMMERE, FHX b, BRAESERILHED, EPE—
Bz R R B AR T A DB, EEEAE A
FEMINRE], REZEEE RN, O 7 XL, B2 SR AT
EAEH MR 22tz itk fEMErtErh, IRt beEsh A ke, &
ARG E =M BB 2 KRR, HF BAED 7/ Bl T HEENESE
P&, X a AR NI RET ok T k.

B, AEARK AE, GO R E T HEIM A G, KRR EEE
st 5 BT M B R R 4 (WS AT R BICR) RUERARSS SR

Alex Arenas

12 7Rl BB & B IR BRI R SR 2 R G IR T . K
XFERY B HE L AT LU Al 7K 5EACET (tensorial algebra) Gt MIFEZelE ¥y B
PAS RIS (spectral theory) TMiAF] o

Jacob Biamonte

AT REZ IR A W, ABFRATISRER D — DB M2 1 1738 . IXFFAE UK
HHUSA ML R . #i0, Bianconi-Barabasi #f (Bianconi-Barabasi theory) £
2001 L C LG MR LA (network scaling laws) 53 (0-% [ HTHEESR (Bose-
Einstein condensation) B &3k, WL GEMIE CHEFE T XL, v FEHE
WY E 2 H R A2 5. 2010 4, Perseguers. Lewenstein. Acin
1 Cirac % BLEANL I 24 H By 7808 27 A B A B ER 718 RE R THIR
HRER B 7O A 2, B A B AU TR B R R TR SE AT A o

Lincoln D. Carr
B E RN — AR RV RS 2 [ 456 rT R B R ECA T, B e 2

5



P25 (physical complexity classes), FJggE MHZERE . ST, FREETHEE AR
P97 (computational complexity classes) HFE KRB (HHATAEX EIHEHI PR
SANEAE]) LAY ZRM AR CE R IR AR B Y AR, FRAHMEFRAT]
AR 20 FHAFE R E. NS Z 615

— P LR E /R AT R ERSG

— Z RS ZIREE

— FEAM B2 RS s

— AeEire B R gt

— EUU

— BERIT HA RS TS5 R 23 ] 5

— ZEZFABE AL ;

— ZFEE:

— eI

— B M,

TeiiX+2 477 M E 22 FE G0 Thurner. Hanel F1 Klimek YO GAREE 2
AR, BROTOYIHER= R B R L i A U EGROR P A X AR
Mo XU, XHUR S AMER AR AN : S 2 AT LU AE?

Byungnam Kahng
A SIH I PRECR R R, AL 8 RGBSR, FRHER ARG R, 48
B RSN R 451E

Janos Kertesz
PR H AR R A 2 2 N L F e TR TR B A1 48— S MR AR () i 1) 1 FH 1]
£ o

VR B BRI I B R MER, B, XM REAA Dk
(FIASK), Xt erail. #lFaEiEEmitEi. AL &553h 11225 Stuart
Kauffman 5¢F“fHA8 T GEME” (adjacent possible) FFFGI4: TAE & ixX J5 AR — A~
PR, AEZEGAN X TIXFEN RS, St E A S R L
PAREH, EERT H PR RSS20 e FrE g _ERAFERE RIS
WA AR, Hp A — @A A S R R R R
RSP -



FAMFH 7RG WS E 28 RS RENIH M G R, (HE R Ge LR IL 22
. Tk, MZREN TRMA TERER, OHERREE T 225
M2, ORGSR T RHBE 2B E . RE, FEANARHR, TRk 21
BT A 2 R 287 (WK T 4) B AR ARG, U g B M R
HAHS R AR R U I AL A 521 o

M T ROREE TR RIER, BRI E R ARG EA . 2, AT
BRERY Il o S R R IR S 2 DY SEBURT BRI . Bl DR ERALAT I A B
A AT, AN TR RE MR i) 21 o0 A sUSE B R Y A A 7 5 2T & A
P ERXFEPAEMALERRNERESRGS, SHIEAAZAHEIIR,
XA AR AT W] REXT P AR AT B CE B,

AT MW T HERREA R ENE 85 TN Sl uxd
s Haa P EAPAFEREAR, R0k — . AN (A 8) E R AAe sk
RARIE AT — SR A R R A e B, (B2 0T, i
TR R Z TN o XTT S NBEERI B - —LEEZHIE R A AL EE.
SLORF AR Ak e —, WREIRI AR TR —, RfEshX—dtE, %
T H_ ERAERIRY R, AIFEIR, R I AT REAR R T REVEUNTT &
Jurgen Kurths

A A Z AR PRI A EOR AL FRAE R AR =S Rl LAWY X2 48
& ARG, RERGEZESFIIHIE M, ART SN RN R 5.
X EE RS AR R, Rl 2. g FEPLEAE . BOsssit. dlds
o) ARZMES AL R A o KRR, AT RERS AL A S 20 AEBLSL
FLR B A, BN, WA 2P B IR R LA SR IR N H A
FHEAF XS HBR R G AT A5, A58 W28 23 1] M H SRR A 5 &R oL 7%

Par:
Z,

SN

WRIFRE IR RGER N AENLH R E 2R 2 AT s I Bk . 340, BEE 2
APAREUME RGP GETT, ACERASESRA (5 k) B RO &R %, e
IRV A AR I A 2P . BT, Dbt :

— WA R, BB R R K R, RIS 2R 2 Tt
FRIEERL, SOl AT AR

— KINEERAGERMALRY G 72—, W] I 2 PR} ) o B2 BRI 2
RELE I EAPR . X W0k A BTk (8 2 0HEE) IR Gl



2 AR EA A, A B A A HIDREZ RIAY R R, N 45 454
EBIR AR R RS o
— WSO BAE AT B IR R gE, RIEABMERAZHKE. SEb
M EAEFARSRAY LA Pk e 4 -
« MEHERIRGS SRR S AR AR (S 4ii) ;
« FEEARBAEEHR RS, RRE 2880 A A 0
« R AHELAE T BET I 2 2 R RER T S 4%
— s E MRS N TRRE, RHEEFREEAT %, DU SRRl
— W FER AR AR MER 2R BRI 1%, B H S R R FLSL Bl 2 AR
PARGRE N ZRARIR R 27T, FFONBUR I E R BT 785

o Cristina Masoller
TINH, AR — B RATE R RE B RATA R AR B AR
BRI UG R IR LR (EdE G SRS Zekl v 4
ST B ARMIZE TR SRR B TR, FRATTRR EERIE IR Le A S AT AR SE R
Filgn, anfar A LA M4 (Facebooks WhatsApps Instagram. Twitter 55) {EiF &
VB, P IEBRLEAEFRA AL 2 v A2 s U AR AL O BOET TEIL B (1S iR, AR
HEGTHIE, MAEORE . B REITURSE).

o Adilson E. Motter
ik, BEARE B, A B B BT RHkGE : N1l
A T BB 26 ) AT AR AR AR 3 E Y I SEAEA o AR A — DR U R O AR
FREEASE, S RAGNITEML. FHAERASNMTFEE, TEEAER
Jitk, i H AR R MR . EIXTT T, 7525 IR A B G4 e 5 S Rt
7 B R A0 £ o P B B9 Joi o

SORBLEE T HAE R A I S MRk AR . ST 2 R T E AR RGBT
HORAEVF 2 HABZ R T BT, ARG E 2T AR, A, I
R 2R R B BRI AR @ PR, AT RE A AR R SE. BE
BEIX O A, HTR PR AR E 2l W TIANSA 2RI E B B
2k, FUEHVEHL
o Matjaz Perc
SERBETCACAAE , (B TCAAFAE, RO — HES 7 — R & &= . BEER
MEAF(E. TOIR@WH. g AWss e Basry, BRGNP 74
ARG LR, B PR S, SRR MELUE Lo 1XY
SRR — WIRE MR 2 A A ZRR T AT, A A BA T e iEH S



Ve BB FRVELAR BT 555K SRR RE R BB R 2 1Y) 1
PEFE S ER A, — BT 1, SO0 ST Sk et 7R 5
Filippo Radicchi

FNNEAERF R J Pl Z A BRI R B ROk 2 B R R IR
ARG, B 2R A BT Pk . AR & YA, AR ME B
K 20 FHIBGOR TS B IREE BARA . KT, IR 28R 1 i R ot 2 e
ZRIARE R EF AR RS

Ramakrishna Ramaswamy

FIHAT I, X RGEREERMNT A B ERAGHNHFIAZ R R
GEHI01 7o BN T M AOME SR B2, (HX TR 2. W AR
BT LA 2E, X LA RVRMIERY 70 2R 22 R S8 2 — I EOR Bk A, X2
ARV EE 2 R G5 B R AT Z

Francisco A. Rodrigues

A IR R R SO B R IR AR . BN, ROTATRZ K TSI
ZEEE, LR UE B A BN B A 2 A&, BOC T I RIFI 2 258 B A 4K
PEMR Do N2 (temporal networks) X T 588l J1 57 FEwi A H] b, LNy
e, ST MME—RPBVEC R IR ZXS TR 58 Py d 18] i A ELAE
M ESERTR A Wb Al Do FH—J7 T, 22 M4 HAH BB R 2451
il TRLEM 252 B B LD B IR R AR Y R B — R EAE 2 EE
P-E H PO R RO, R PR PSR R ROV IR E . ez aRgke I, &
HRL Y — A B PR HOR AT AR AT 56 T3 T A SEHERR s . AU F& 23 [H]
e, 7 HL2 1&gk iR

Marta Sales-Pardo

ATy, FRATEEE BB LA AP 25 SR AL IR 254 e AR SR U5 T 4T e
R BIERETRERIRATRY, AE M B MR R AR S
FATHIHE R RS R = PR & XN TERRGERY, AW HE R
& EUF I ER A (AR IRATRE) FRBN R YIRS A A E M XA T5 17 L
TN NANTERELTE, R FAE L rE 72, TR K. &
WRARGR PRI — P2 M AT R RELH (RERSALBIRER) 1)
FORBL I RS, DO R H AT AT A A A O B, PR E S I
TREM R E 2 RPN TR RE T Ao

Maxi San Miguel

TR N =AY 7 T H K

FERERR 720 b, FER AL 22 RURE [ — O A AN e TR LA T A RO AR
FOTTHL, AL TAREM: MTRRARGAT R, WHEEAT 2 HEN? A,
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il AN N TR REBOR RN B R RGAT PRI IR C R 2 — kbl

SRR RE AR B AR E SR U, BOAOE (1) fERRRbE, (i) SA
E-BOR (BAEHLEN) SCEARRY RIS . i, 22t TR, RIONARE
ARt E R4, BlAnAER TR, & BEAPRERILE A H.

ETALRITHL, SRR PSR A AR -

— R ZINRE], BIRARGTTIEW R TR E %, BT —FA R
#EJ530, RS AR A Ty FOR A AL 2

— BRI ERR, 1ES R B AR RE S SN RBLSL AT T % 15
R, WEdETEE .

Stefan Thurner
AR AERRIIPREE - SR B 2R HUHE SR AT LS i b i e — L[] f8T,
A B THURE e R G 220 R R o R BRI 7= 2B 1 AR B

Taha Yasseri

BTN = . RN NE B AAEAK 20 A ROk, A, T
WIS S A HERNHSE AR RS . BT EEMEGEHEA PLEE AR AT
BRE G4 FMIRPK BRI G5 WBEE, IRLARIRATS 2 B8 FARA & 241 2R
e A ASFIHDY A TE AR B AN ZE o AT B REL g AEIX
L2 E MR AR B AR SECR AT TN 25 5, b —SEmTRE 2 JOMENERY, 4
TATIR BN FTL  SAe Al , T — LB R RE @A aa A, Qs BT EL R By SR
ESSIVINGL(EPEITYNIETE = IS RPN & S 2 o U P20 | N T AW N Y S P EY EREPS
BR AL S FOR IR A R AR B o

FES 28 RGN T A NAT IR 7T, ARLE = B Pk BOh @O 2 2 RGe e T4k
SRR H -, B2 AAER T WIS BT i B A S 2 T
BT AT AR IS o B4, @ KadE. A Rp) —HEE, R8s —H
B IR ARG S B RE . SRTT, AT R R 53 A A A 5%
TS RRR AL RGFEER . SERARG05. Rl @B T AR
AR, RSO RIS IR R OCRERR R AR
HAT R sk, HBhIEIA IS, B S S AW R R S BOR R Ge b i
ZORBGHTIE . AT A BRENE R p EHT L SN GE T A 1 2
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2 JEfE4E Smith-Purcell $85f7EA PR S 6T b 78 Fif 30 B 4 5 2L
[OE 14]
Theory of unconventional Smith-Purcell radiation in finite-

size photonic crystals

2.1 FEAER
o PR SRR

o {E# : Tetsuyuki Ochiai (National Institute for Materials Science) and Kazuo Ohtaka
(Chiba University)

o AL HIE. BT

°
R

#4%: https://doi.org/10.1364/0E.14.007378

2.2 ¥

XA B —F R AL 4 Smith-Purcell 551 (unconventional Smith-Purcell
radiation, uSPR) B 6T LIS o WIS K A=A — RN i RS T8 30 J3E Y L7 AR &
AR RS BRI o G 51458 Smith-Purcell #EHIHLHITCOC, 102 BT AER
U FXIR RO, H AR A [ AT IR AN A7 I (evanescent light), HAGTR/INAY 5
WA LR EJLPERT — DM —3midE A\ OG-l R B R T XIS T
uSPR SBT3 BERHUR B OG- RE TR FF AR, TSR BN T4 FRACR AL A 1k
HOGF-ARAR,, uSPR REARBDGF-RETM 4544 -

2.3 TGIRREAIHT A

o GPFTAG XRIRSCHY AT RE T LB IS AR ARLSE Smith-Purcell $851 2]
R, 2 MERCR XTSI . ARG 7 iR S SR ST B R . X
ISR, 3% TAE R AR L R A IETEOE 1 S A RETT S TR AL B Al o

o T BCRIE SR EACHEIE . SR Mic BUMERIG. RITRALIE T A IRk
PRI 2T Mie M, MTTTARRE 24 B A LT SO A7 R S I 7=
A0 uSPR BI% . (34

— HIA T uSPR MfL4E SPR HAFRIZEAE, W . St A S8,

11


https://doi.org/10.1364/OE.14.007378

— M7 T uSPR JGIERE S M SR AR, s B ARG AR
it B AT ESE

— &7~ uSPR JEIEREAIDE T RRY BB S5, TTHZ B A TR (parity) HAL
o

— 51&4¢ SPR ML, uSPR AR AZEPERIBRA] , AT PRI 5% Bl 2T o

H
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PRL 5 FERR : AR
Hi: 2024/4/3

3 —MELHE SIS [PRL 74]
A proposed Mobius accelerator
3.1 HEAREFER
- ok HE
« {£%: Richard Talman (CESR)
o AL HR

o 4% :https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.1590

3.2 fH

{TAT B HI BN I g 0 mT LOE I 5| N —N 2858 (twist)” T TR A i 3 He Ky
B OB, BRSNS . 12T RENE AR A — OB B I I AT K
FOHE H betatron $k¥%. REAITFESATPIRIER (MAE—IX), A RERIFIZAE N AR . X
FRERE s e L S R TR R M BT, fE e M R — % . IXIE AR
BB R RIR IR ASUE M RIS, IE AT o e 8 o 1 HAE X AR, R
(round beam) X T H- A A EAE FH ARG E AT &E o

3.3 TARREAIHT A

o GUFTR RIS (twist) TCHRHE SRR NS F AL N TR AN 5 He S 1 4
FMEASHY IR g B, T (R A A 7K P AN BT [ s iz s, Ll
JERIXS AR E M

o TUHk: IXRIRSCRH TR SCE A FIE NI AS HHETE — PR SRR
Ao WGIAN—AWEE (twist) TTlE, Flin: EHRPIHE (skew quadrupole), fifi
B P AT, HOKCPRIEE R betatron IR¥GAAE KA. FHERN, 94T
PR, Ik B2 A B

RS I A B R I e BN R T AR Ge s 1 -

— AIELRFF KIRMEASEE B R, 4 F AR SE S ARy 1, R Ese
— XHERECE, [BERA] (round beam) MHXTEAE R EE, A5 K- R OAEH R
] o

13


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.1590

— ARAHER A AR, s e ALz,
— AR DT AT ORI M RI AT, Al R 7S AR Ak i B A K

3.4 H7E
R Ve ORI 1 AT 7 35X W Fr iR AN A RO SRR I A BEAT R 20 04, FF45 HT
AN RS A A) s W

M

14



HESi% SRR AR
H: 2024/4/4

4 BN AR IR B )y 5
Beam dynamics in a double RF system
4.1 FARFER
o g3 JRZMEBh )
{E#: A. Hofmann and S. Myers (CERN)

EC NS TANNE

5¥$% :https://cds.cern.ch/record/879237/files/CERN-ISR-TH-RF-80-26.pdf

4.2 fHHE

FEFRRE g PR, AR LGSR GEEA BRI — SR B R G, I
IR IR R IR R Y e 08 LA ST I ARG . B MR i Ol s . B ik
HISHIIA AR DAL RER N Z, ATRAS AR R P IR IR SR 08 o IXH 3 1%
MR AR BB/ R & A FUETERI IIIERLJE (Landau damping).

FERXRGTE SO, R T BUE AN — 23 R AT 7 5 T R BB A IX R R
G RTIEE, WITe T B RGIR ARG IRIEAR] RE bucket JEARFUMRBIR R B
Ja, BTl T R AR ERL TR RS IR Qs 4T
4.3 TTRREAIHT A
o BT IXRIESCEE BT IO B A PR AR B ) 2 R 2 e S — o B
(LSTpENEYEE SIS pA NP7 i

o Hk: ARG TR

7ﬂ¢@:<§ﬂ + 200)

COS @y
Hr, (¢, 0) M A AR
o}
T%@¢J=€QA{V@O—W}WM V(9) = Vi {sin (6 + 65) + ksin (ng + nen)}

Horp, Vo NEJEHRE, kVo AIERJE R, n T AT E AR (— 8
2 50 3), s AN T ENERIRIZE AN 5 REIF] AP HR A RE LIRS s K5 R 128 7 o

15


https://cds.cern.ch/record/879237/files/CERN-ISR-TH-RF-80-26.pdf

T X R & Al RE 08 (6 s EG AHZS 3RS 2% 18 Fig. 1o

XHEE RE AR XIS . BT RSO, PRI RE e 20 A 18 00 =
AR, TR ARIAH S R4 R CR] 5 l

eVoX2 (0, 9s) 02
1(9,0) o exp {_ 2rhnEyo? } eXP (_ 20(%)
X0 B, AR EREL

eV ¢¢s}

) o 27 fre exp { 2rhm Ego?
s

HIF Fig. 1 IR LIES], &8ss, v MG RIE. A -FHR
INIEI AR A A o

A TR A AR A P IRIEAN ], HARG AR A K. Wt oA, A
pat

AN = f(m) A, Ay =2 [ do
P1t

KA RIREAR IR AT AR BANIE Fig. 3 f945
AR A EAR SR P R ] R RE A0 T PR, ARGl 5

av 2
— =0, v -0
de dg?
4B
nkcosng, = —cosp, , n’ksinneg, = — sin ¢,

‘Y%ibi Section 5 Z5H T A RPN/ NT RE SR, —Seh i o gt
2R, BEFBIRGIR Qs HZRDAREE R BBRHIRR. AR
. LLRCRIA N [F AR5 0 A R AL AN /dQ S
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PRE i SR ZERH
H#: 2024/4/5

5 RURB ARG g as i) 2 83LR 5T [PRE 49]
Parametric resonances in synchrotrons with two rf systems
5.1 HAFER
o K ARt
e VE&: S.Y. Lee et al. (EEHLK: TUB)
o B BB, B

o %E¥E: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.49.5717

BRI A GE 2 B RN IESZ AL HI Y, Poincare AAEIRA (surface of section) .
N E BRI o IXLEILYRIE AR E [ A ANEUE [ E R Rl 27 (bifurcation)
AT p SRR AL § AR S BRI IS . R SCEe tH— i s,
THEAA T HHEN AR (autonomous) MR AL IE LI IS LSS F & E £
I

5.3 TTHRSAIHT A
o QBT X IR SONIZIE VRS B RGO 58 [R5 s e i A ER P g ARG 3l )
FIARME I — o XRIBICHIE T =R ER ARG DL, 45 H 1 5
PRART RS g R . ELVHI0E SEBO N, Ry A 2SR ARGt 3 022 4 b
k. BRI HESBUA S BRI, (AT WRLEIRHIA R, (EF B .
o DTHk: JoMRETR K

r

Ho = %Ws? FV(O), V(g) =, (1= cos6) — 11— cosho)
XF I 1 Bk s Bl T R
b =v,0, &= —v,(sing—rsinhe).

HoE, S EHUO XA REEAL , B 1 F ARG IR AR 1. HH, XA
R = U R (R ), R BER AR IRIER A E (A
[l E), thAANERIGIE Q. MK Fig. 1 45 IIRTICHRET, = r =0 1Y,
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RIBAT IR O, EBRZIRIE N v S r > 0 B, RIEEIRRIERE O,
HIRGINFILN Qs

T

|

oo [ I 1 J— I 1 L i i 1 i1 |

0 0.5 1 1.5

E/v,

FIG. 1. The synchrotron tune —C‘L';%J—) and some of its ratio-
nal harmonics for r = %, h = 3 are shown as a function of
“energy.”

BE, EEPIIENASR (6,0) = (&, J) = (x. 1) Ja, SHETCH RARE K
ARG WA

H=EB()— %’”1 + v |gn(I)] cos(ny) + AH(I, x, )

R SR e R T I A i S R I T

Gt AR R e S, HEESH v = 0,1 =0 g, A

sinnygp =0, nQs(Iyp) — Vm £ nvmalg), (I,)| =0

HAEE E 1S (stable fixed point, SFP) [t 14172 R (resonance islands)
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Bl HIRTEEAH

Vin@ |G| v
i ]
Hrb, n HEARHE (resonance order)s —A> n BrAEARXTN. n N8, n DEUEEE
M5 n NARFRER E A (unstable fixed point, UFP), K& Fig. 2 45 H 4 FHIM0%E
A EZEIRGIE ) 0T (v, = 0.5v,), HIHIMERER/N (2.5°) B, K= EEE
LB N1 AR TN I . U AERE B A A A DA B I, A T R 2 4RR,
WA X LRI I 8, AR ARG . S IRIIRER ((RIRAE ») BUE S ek
[ 2RI 3 A HE DRI, g & 2B % (bifurcation) . JKT#F—251018, 4
WAL
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0.00

FIG. 2. The upper part of the figure shows the Poincaré
surfaces of section obtained numerically with following pa-
rameters v, = 0.0008, v,, = 0.5v,, and a = 2.5°, where the
absolute value of v, plays no important dynamical role. The
lower part of the figure shows the close up look of the phase
space map near the origin. The stochasticity near the origin
and the separatrix arises from overlapping resonances. These
resonances can be visualized by drawing a horizontal line at
vm = 0.5v, on Fig. 1, which cut through many resonances.
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PRAB &i# SR 2N
FHH: 2024/4/10 B ZEAR

6 ARIEE =R R R T~ RE R E TR [PRAB 22]
Next generation high brightness electron beams from ultra-

high field cryogenic rf photocathode sources

6.1 FEA{FE
« 2 HTIR

o YEZ&: J. B. Rosenzweig, A. Cahill, V. Dolgashev, C. Emma, A. Fukasawa, R. Li, C.
Limborg, J. Maxson, P. Musumeci, A. Nause, R. Pakter, R. Pompili, R. Roussel,
B. Spataro, and S. Tantawi (FZE4|#): UCLA)

o RA BB, ZRA

o %E¥7E: https://doi.org/10.1103/PhysRevAccelBeams.22.023403

6.2

I AFET R, SR ISR N s T AR R R KR A AR T X
e SCOB X — & RS — R AR IS T T i R B84 T (Eid s
SRR & 53) o IS FEIE(EAE 250 MV/m 1) S JBIE NG, XIS IZ R
SRR T F T IXFTEAGRAE 100-200 pC Hfar N EAT 40 nm-rad JEFE A )
H— &S, @EHTET LCLS fyfl X S28 5 d B 7306 (x-ray free-electron laser,
XFEL)o fERXFMENL T, X8 S0mE ML BT (start-to-end simulation) F4D) f
AN IR YRR LA XFEL S808sl T, HIN RIS FRE AR B S Ecm 2t (8
i 80 keV)o iXFh XFEL Hy5% B/ K2 B IR & S (source emittance) F1E 45 HY
e R S o 72 XFEL B34 e, S 4 i Y PR T i a e G R A BRI

AN, X SCRLER 1AL pC LT P ARSI A S R T 28, 18 1 T KR B4 e
R T A7 (ultrafast electron diffraction, UED) F12# (ultrafast electron microscopy,
UEM) S25G A9 [R] 53 #E AR BR . BRI G N #8 52 BE I T 2248 S 2 i A 1 o e =
T IIARAL B R B PR, AR IRV SOE AT T e AT AR [ A e B AT g — 25
PETHEREI T REIE . (EfE . XRIESCITIe T LARSERRA A8, ALHE AL LAREAR AR
TR SN A AR A RS IXREIRSE T EESIGR B ISR ASKTT
A, EAEHETE R SRR S TR SHIEE A LA A SC B S5 A XFEL 4
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6.3 TTERAIAIHT A

o QIF: XRITESCRAETIGR Tk 250 MV /m B5E NP EASIEE, &
BT T RFHA (cigar-beam) fE =5 FHIAGREN 1%, LAK S B -FIEAER
it (20 K A7) G52 250 MV/m B RS EE . 04T S LLEGERE I AR
GEHI K JEHT 5o

o wik: FRILOPFETEH . B SRAE TSGR, AR TS RTHX R
ISR HAfE 45 K3 N i s e i B, W Fig. 2 fos.

€
2 10
2 44 Hard CuAg#2 Cu@45K
%] \
S . SoftCu /
o
L
> 10
% - Hard Cu
-4 —
_t‘gu 10 \
a 10° Hard
c
Z 10 CuAg#l
E |
% 107 :
£ "Wioo " 200 300 400 500 600 700

Peak surface electric field (MV/m)

FIG. 2. Breakdown probability in per pulse meter of structure
length as a function of peak surface electric field in single cell
X-band accelerating structure tests. The introduction of a harder
alloy (CuAg, two different samples, indicated as #1 and #2)
improves the breakdown as predicted; the effect of operation at
45 deg K is more dramatic, permitting surface electric fields to a
threshold at 500 MV/m (from Ref. [31]).

LEZS R AU 57 (SUFR blowout) ARATN, X TREZR RIS 2410, MOGEAR
PR K AT Qpmax = €0Eosingo - 7R?, Hr, Ey NHIZEERNE, ¢o NIE
MAERL, RONHRE R 2. I, R ERRR Qumax = 1/(Ye): T
BRI, — BRI Qb < 0.2Q, max o

X1 SCEEEN GPT (General Particle Tracer) 2 7 E TR TR B, 1E 250
MV/m B EEEE , LCLS S2 8 A L i H AL AR AT RE B R W 5 o LR
BTZHANT Table I 45H .
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TABLE 1. Parameters for blowout regime beam dynamics

simulation.

Laser pulse length 35 fs FWHM

Laser spot size (cut transverse  Hard edge at 262 um, 1.60
Gaussian) (120 pmrms)

rf gun format 1.45 cell z-mode standing

wave

Peak cathode electric field 250 MV/m

Launch phase 82 degrees

Focusing solenoid 54 kG
(SPARC-type) field

Postacceleration linac average 20 MV/m
field

~ R HE S FAEEINEE] 160 MeV J5 H A HIEE - 100 A, FIRIIG
LCLS # it E—2, HAR P &S ENMET LCLS ki 1.1 mm-mrad. [ HAE
HBUEATE, Himsh b A i :
— P AR AT RE 2 JFOR A%, (E s RIS R 7 A R .
— P AR REER K, WG INA M5 1 & 5 B o

BT AR . R n] LAk — 25 Tt o AR AT A A ) % S5
JEEATT A Fig. 4 Z5H .

22 T T T T T

215 L 4 [ 1.2

Y 1

norm. emittance (x) ]

21 - 0.8

(ww) Xn

0.6

Een (mm nrad)
Il

205 | loa

- 02

20 L 1 L L L

I
0 2 4 6 8 10 12

£ (um) Z(m)

FIG. 4. (left) Longitudinal phase space for 125 pC beam distribution shown in Fig. 3, after 250 MV /m rf photoinjector. (right)
Associated transverse rms beam envelope and normalized emittance evolution.

Blowout R, KR NIANGIHTY LR R RENL 4RI
HARACER (cigar beam) [085 (L. > R), Fa—SEfiR5 T, SApHRorEA e (S

25



JIESAME . FARE ] blowout IRASHI R AT HIEEHR L, 7TLAE R
I, Z_L[ 2 }WN 0.63
YR]  (yR)V?

I, 9

FE SRS KRB EE AR A R SF T, blowout ARASH ARG R A, HAE/N
FUREAIRST T, SR E TR K. O T3 I R AR5, THE IR
PR S FER SO AR I (6 AR ZE, ROl 2 ps, BARIEE(210
N 20pm. i GPT REDEHINIS 2.2m 4b, BEEMR [ = 1.3 A, K4
e, =5 nm — mrad, FKEFZEHXTERAHLZSER) UED FEHRTH T 50 fF.

R ERME RS EAMER A — B ATTBCSBA AT, 2561 AL &
J&, RABEIAENE, SHEE A & 5 2 R T4, OU A6 fE B
BRE, Ey =120 MV/m, RHAKE R 10 ps. HffmM 1 nC 454 0.2 nCo ik
JEHIEME RS T 5 %, (EEA SRS T — MRS Ui )m i & 21
IR EMN 2 = 1.5 m 4524 2 = 2.2 mo KRy HAT iy, SREI AT
TH: blowout 155 i RAR BRI AL A HES BTR A IF O o

K LCLS HY S #BHREE] C PBUAIR ., & E = 240 MV/m /E0 TAEY
8 (SR T S PBHI AR . XAEDL T, TR E IR REFRAT 2 4
AR RS R R Ay bty 4 ST A, [ A B Bt ISR AE(E
1.6-cell S JEAFIEARM FMELERAE C BB S G ] 100 pC 2T, ik
BT 2 =1.1m 4bo WEEHHN 20 A FEHL T AN 55 nm-rad. 5 LA
WAL BT ZEAHEL, C WBUTRAYEEERTIT T 4 ff. FEIXRIRSCEL FHITHE
RHES AT ENURAE AT U R S Bt 1.45-cell = BRI . ZHGRUTT,
FEF T 1o AR

Name Value  Unit
Sband 1.45-cell

IEAE H 1 250 MV /m
CERCIRT 200  pC
WA R 10 ps
FARAR T 820ms)  pm
BRI 43 nm-rad

— ALk A AIE AR R H AR AR UEA ST BE Y S5 44 N 1T A s 2 2 . B
PR (collective effects) /28I T4 f2 T2 FE I FE AT I A oK Hlk . AEHLF-1E
Aes i CACFT FEL 3 e, A 23 A H 7 (longitudinal space charge, LSC)
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A EWRIE TR 45T (coherent synchrotron radiation, CSR) X0V & PR
M S R EE A R W HOEIE (laser heating) KR H Y b RE e FH 21 L
A keV B R AT AR LSC F1 CSR BNV . 2445 100 pC R FfY
AR FHAS AN, HOGIEATCIEANG] 20 CSR -SERTRERUE N, ir LA T i 5%
FESCIRBITE A2 — ki AOUEREYRERLHYIE N, I8A (i S 20y & 0
e BIATABOHBUEENGE 1 CSR RN, HFTR B PRZT45 J7 5 H A 5t AT
L kA B B T ERHYEC o FE1 2 REAT LAIA 2 Pir e Y FEE SR A A [RI I, o 2256
% CSR BRI L EIHK . Hitl, 8l 7 — Pl R4 8 MR A T2, 2 Fh
% H ESASE (enhanced SASE) &, @ik 3E+3% H HHE 7 H0OE (inverse FEL)
R IR A, 2774 pm RERRCRE . XM 2774 7T~ El Fig. 9 s
HIE B FLR T 2 (Rl 10 kA BFNR ARl Ze), [RIFFEERRZIN 1.3 MeV, KT R
565 LCLS B3 Gan firs SEI FEL 1445 75 B9 RERL .

12000

10000 |
8000 |
s 6000 -

4000 |

2000

0 1 I Il 1 1 1 1
0 05 1 15 2 0 5 10 15 20
€ (um) z(m)

FIG. 9. (a) Current profile after microbunching section in ESASE scheme for LCLS parameters. (b) FEL energy for full beam having
microbunch current as in (a), with central wavelength 1.41 A (8.8 keV photons).

M AW R, w] LA BGGR 5 3 B - I N A B PR AT K 58 1 4
KRB R HT ESASE 5 SRARMFHIREE T IRA ST, FIRHR AR XFEL
RIS BT R ] o AESATRE DAY AR, PRAFIRACT BEZ R, ORI
en < Apy/dme XXTTRIFEITRY 42 keV [ MaRIE S$IARARY R XFERH
e BN S22 X 2 FEL ffit 1325

IR T WG BAAR &5 (RIS 56 AR Y & 5 LA 8 LT R R A B . AE
SJEAMA, ATLOE RO RE L, (0 WI S T FAAR Y D) R ORI T A
A ZHE (mean transverse energy, MTE), i E A 300 K i, Yo TREE#in 4 )E
BAAN F S R, RHHRE kT, 2955F 26 meV, /N6 TFRER IS KT I REL
(RfF 100 meV-1 eV 4 TAFIREAE 30 K B, AR EIL, Hakn Fig.
11 25 BARRTH TGS, (Bt FReia i T @ BT R B0, FHAR Y
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FRE (quantum efficiency, QE) B2 d/No

kT, (meV) QE
100

80
60

40

20

-

i [eV] 36 37 38 38 4.

: hv [eV]

3.7 3.8 39 4.
FIG. 11. Photoemission temperature kg7, (left) and quantum efficiency (QE) (right) as a function of photon energy, for atomically
clean Cu [55] according to the relations given in [57,58], using an applied field of 250 MV /m. The scale of the quantum efficiency curve

is such that at zero field, 270 nm photons produce a quantum efficiency of 107>, near what was attained in [90]. The energy at 300 K is
shown by the dotted red line.

PR SRR EINE T, BB SRR, E G BN R, (2 3L
DIRELRIBEAR) MM, HIDREE A Ager [eV] = 0.038y/eLy[MV/m], H
H, B GRS RIINR HY (BIREZS TR AT o AEIXRSIESCHT . FRFEL Y 32
[ Adesr K, 2924 0.59 eV, AT LGB INROE I KR, BRItz oh, 8%
JE I RO I S EERIL G R B E, X Tk AR E R, 1 HIE
BB T RATHIE O IXP RO 2 (% MTE BRHIFE 100 meV DL ko
TR A AR R 8 fs Bkt A BE0) 300 nm, I BT AK A 2 ps,
RS A6 7 RE SR AT TR B AT ZeMEARSCIE . SRR o a] AR SR Ao 25 [ Py 5
GRS S A

S S 4 2 T R PR R PRI B (E(GIEAT MHz SR T, 4@ iy i 3 i 1 e
WY, (anomalous skin effect, ASE) SRAN . EARRME T, Ik
ROV BEHPTAT EL U N Fig. 12 25 H.

FEARIRAN =AU, PRSP B AR, I H B E TR R R s 2 51
Y H ARSI RO ERZLR AP B R, (B SRR L
T IXAMBIEA AL o MR T S A RS, . AR T R BT LA O

Z,(w) = Zy [ﬁ”f (3)] % (1-/3i)

16mc \wp

Horp, w WIS w, NEEB AR v MR . WTLLE R, SRR w?/®
JEIELE o (RN N R HOS AT & RS T 0T

A 0.85, 0.9, 0.95, 1.0 ps SIS AT, UK 0.9 ps H,
B =9 KAl LIZE ik 2] 250 MV/m B35, X SEGTHT, ££ 120 Hz $4F
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FIG. 12. Comparison of the anomalous skin effect surface
resistance in RRR = 400 Cu at 2.856, 5.712, and 11.424 GHz.

TABLE II. Parameters of rf gun and feed system for study in
Fig. 19. The last two entries assume f =9 and 7 = 0.9 usec.

Internal quality factor Q, (300 °K) 13483

Internal quality factor Q, (27 °K) 62425

Input power 50 MW

Normalized shunt impedance R/ Q 136 Q

Peak field at end of rf fill 250 MV /m

Fill time (. =9) 0.9 usec

Energy dissipated/pulse 3.04 (365 W at 120 Hz)
(z =0.9 us)
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WG IR A A 365 W

SRR R R R R SRR T s S B MR AR AR R IR T K
OFREMTISET T 58 B e ST M IS R R S S . DA e i I
SRERTHEE R . (HI2, Sis R B S UDK b BERE e 2 S 20 FRE (dark
current) AYHE AT it 0 A%, TXR] DA AE AR A AR e T L e AR . 5k
AR AN T L ns FORZM .
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Opt. Comm. i TR 5
H15: 2024/4/21 HRIMETA: SRR

7 R HOEEOR R ERCETEEE [Opt. Comm. 284]
Simple electro-optic technique to generate temporally flat-top

laser pulses
7.1 BEAREFEE
G335 WOLIKih Y

fE#&: AK. Sharma, R.K. Patidar, M. Raghuramaiah, P.A. Naik, and P.D. Gupta
(FEHH): Raja Ramanna Centre for Advanced Technology, E[JJF)

o E¥E: https://doi.org/10.1016/j.optcom.2011.05.061

7.2 fHE

XS IE SRR T G S #s — siFRE /K& (Pockels cell) — F=AE e _EF-
Tl (Hat-top) WOGHKMHI T2 e IXF T 5B FE- S NWOGRK I 2 D W~ B FH ] 58 1Y)
Jikr, PSR S 1] b AR SR A P T IO G o [RIAEAR AT LATE o 2502 R ik o S A
RESRIE FEIRFIRE AL AL E IR I 34 o X R TE SCERETE B 9 ns HYFTHHOE
kit 7 ns Bk BROBRK R AR, TR IADEKT S s Q FFOC Nd: BEIE T
YAk e (flash lamp pumped Q-switched Nd:glass laser oscillator). HOGHKk#Hg EFHT
FOT BT FEDOG A B (IS 5e /R &) TRAE . IXRR SC A s R Y 2 ns.

7.3 TTHREAIHT A
o GPFTRG: RGBSR T —FIAE ns B[R] B4 P IOkt AR 5750, Rt
A AR AR ) _E R B A R AR R ABL = A T B I kb T AR o
o TUHR: EOE. W ZMERIRAEOEIk A Pockels cell, {EIASHEOBHK ) 55
JER I(t), A e B tH AL BBt RS EE 08 L(t) 1 Lo(2), Hr

L(t) = I()[1 = T()]T(t) = Tpsin? (g 12(2)
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| r . IOpticaI Delay
\‘ lLine1

| S [ ——— S

I(t)

HV pulse
I (3.4kV)

Polarizer 11 Polarizer
e [P2] _’\ [P3] l’“‘
17 Pockels cell
| L] 2 |
Polarizer
[P1] 7l
|r jIOpticaI Delay
Ground | = = |Line2
J

Fig. 1. Schematic of an electro-optic temporal pulse splitter and passive pulse stacker. An additional polarizer (not shown) oriented at 45° with respect to either polarization, is kept
at the output to achieve uniform polarization of the shaped pulse.

b, T ZREERCIRLH R AL (passive transmission), V(2) 2R E _ERY
AT, Vije @HHXST V() BB . SeBde BN M Fig. 1 Br.

AT P TR A A 2R R A ko Z TRV R SO 7, ks 2 TR 588 E LU ARLSE UM ke
— Al L N I S 5 R, e ] DS BB SR O G R Y B e 5y

Lshapea (t) = L1 (t — 7/2) + kLo (t +7/2) + pV kL (t — 7/2)I5(t + 7/2) cos { Ap(t)}

Horr, Ap(t) AWK HIAEALZE o 1T PO IESSARAL . At A TG
S N E RO R BE 0 7 ns (SRR BE) » ORIk Y I TRIRE AR A5 2 B0 e
HIBE AN R Fig. 2 firs, 2, by v d BT AZER 735074 2.8 ns. 6.3 ns 1 8.4 ns.

2
- a o~
.*g 10 pamrmrmrmm— - g -
5 ! e 1.
> o8 i 5
2 i 4
1 -
< 06 i <
2 04 i >
g i 3 05
& 02 : -
- 1
E i c
0 -
10 5 0 5 10 0
Time (ns)
2 2
2 c ) d
5 15 5 15
g g
. [
S’ 1 -“\,\ ".d’ 5
2 o >
" £
g 05 A a
2 -~ . S
£ .a"’ Sew,, c
0
5 0 5
Time (ns) Time (ns)

Fig. 2. a) Input Gaussian pulse with FWHM pulse width (t,) of 7 ns (solid line) and switching half wave step voltage (dash-dot line). The shaped laser pulses for different temporal
delays (7) between the two equal halves of the input pulse: b) 7=2.8 ns (0.4 t,); ¢) 7=6.3 ns (0.9t,); and d) 7==8.4 ns (1.2 t,). The two halves of the input pulse are also depicted by
dash-dotted lines in Fig. 2b, c and d.

PTG A9 AT B3 A THs b e o v o R Jp e TP EJ T Pockeels cell I B
AR AE o A S B S TR A S AL Y P Ik oo O AR RIARAE 7 T - ik A X
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MARLZ ISP ERF M, BRP R ISR T & Fig. 5 45Hh .

2.5
1 a M b 7 -~"<'>0
= v, N,
H (= 2 """ ree, W,
0 e i 5 S RN
5 : ‘E 15 r /4 /o
= 06 < H e
8 o4l f z
£ - H 2 3n/4
0.2 / 8 05 R
: "~
/ oot = T
o b
-5 0 (2:5 0 5
Time (ns) Time (ns)

Fig. 5. a) High voltage step pulse with rise of 100 ps (dotted line) and 3 ns (solid line); b) The shaped output pulses corresponding to a phase of 0, 77/4, r1/2, 31/2 and m between two
equal halves of the pulses with identical polarization, at a temporal delay of 6.3 ns.

o PR e 57 1 e L AR 1 GHz IR BEde . 245 2RO S KR g #e B an (4]
Fig. 6 fiFF.

Sns
1

Sns

Fig. 6. Experimentally recorded laser pulse shapes: a) input pulse of ~7 ns duration; b) and c) depict two halves of the input pulse after electro-optic pulse splitter; d), e), and f)
depict the temporal profiles of the stacked laser pulse for temporal delays of 9 ns, 8 ns and 6 ns, respectively.
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NIMB &% TR 5
H15: 2024/4/21 HRHEL: FEARA

8 3 [H] B fnf K5 N KA L 3R AT YR T EMAR DG R 2 [NIMB
402]
Influence of space charge effect in femtosecond electron bunch

on coherent transition radiation spectrum

8.1 JEAMFE
o K R

o YE#&: M. Shevelev, A. Aryshev, Y. Honda, N. Terunuma, and J. Urakawa (3]
#: KEK)

o RAL: BEUAISLR

o 457 http://dx.doi.org/10.1016/j.nimb.2017.02.074

8.2 ¥

XS 18 S T BB AR SL 56 SR B 1 S [ FLfef ) (space charge force) fEAHT
JE GRS (coherent transition radiation, CTR) HrXf KFPH T HRAYFZ M. A T A THIFL
N KEK LUCS RF A=A pyJE iR E R RSE, (8 ASTRA #7904 45
RFEHELCKF UV Ot Bk o8 ) 42 58 aT LA/ N2 TR FELAr D B sl ()7 L SR i
SLHG A SRR I Y B IR o

8.3 TIRREAIHT A

o BT EBUEDT BN R e RO G IK R RS X S R R TR, IR s
Al LA CTR A2

. Sk

— FEMERL: o, XRIB SO ASTRA #fbxt KEK LUCK #: BTy,
BEEMFH 266 nm WO, WA EFRBIFERE N 10 MeV., BARITESH
mz—prr.

ST EARRIR e AR RS T, S B0 AR A RST A
[ LR BE R I o DA/ N RSN, A6 4R SR B AR A (fci B FR Y
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Table 1
Parameters of LUCX RF gun and solenoid magnet used for ASTRA simulation,

Parameter Value range

Electric field strength on the cathode, E, 80 MV/m

Maximum magnetic field in solenoid, B, 02-024T

RF gun phase 30 deg

Bunch charge, Q 0 — 200 pC

UV laser spot size on the cathode, o} x d% from 350 x 350 pm?

UV laser pulse duration, ot 40— 200fs

BsE, B RO AT S5 T ROCHK T I 2 A0) . S0tk g in 21
200 fs i}, FEAL RAENEREICE, BARRI0THERINT I Fig. 3 Ao W
S S SRR S EON IR RE G RT3 O e A AN N N AR LD IR PR R L2 6 Gl
Sk R [ 5 B RE A A RS ) 2 ) P 7, AT PRAIE FE - PR AT

— SISy N T HRABUERSUR BRI E, 7 KEK 1) LUCX 288 FRFAMET
PR CTR(coherent transition radiation) X FiRZ5 83T 1IE . SL56 %
TR CTR, HHZ A H A M (zero bias Schottky diode) >fillf &t
RS IR TR HEAS BT AR AR BB SR A R ST, SR R A BAAR 8 7 =06t
FIAESGRAM BB A P [ RSF A TI L, e 245 B R B R S/ VIR AE 12
mm A 13.5 mm 4b, 53F14 345 x 420 pm F1 730 x 760 pmo FHTIE AR S
BT A LN T 580K

d*Werr d*Wrr
dwdS) dwd)

S, kOBWOE, N OUHITAH, S BTG W
RN, TR LA

= [N+ N(N - 1)F(k)]

2
F(k)=F(\0,n,¢) = exp {—4—# <(Uf)2 X (ta;@ — cos ¢(cosmtanf + sinn))

)

/82
Hoefr, AR, 0 WG, n A & ST fif. CTR BGTE AR
RN R RO P o e b A SR B SEBe B0ill 4521] CTR 5%
SR RITERECN y = a+ba, ERXAELRHF o /ANF 1L 3R B CTR {1675
EPIZ2ONISISEE S I ST IVO R, G NI FA k- 2NN RU i R N R € 2/ s/
PEAEUE T AR A TG, 25 IE Fig. 6. & Fig. 7 Fis.
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+ (05)2 sin® ¢ cos®(n — 6) +
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Fig. 3. Longitudinal bunch size as a function of a laser spot size on the cathode
(circle) and a laser pulse duration (diamond) simulated with ASTRA for a case of the
LUCX beam line. Simulation parameters are Q = 25 pC, B, = 0.233 T, E, = 80 MV/m,
RF gun phase =30 deg., z = 1.31 m, g% = 100 fs for case of the dependence on a laser
spot size on the cathode and ot = O'JL, = 0.45 mm for the dependence on a laser

pulse duration.
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Fig. 6. Dependence of CTR power on a bunch charge for the UV telescope lens
relative position 12 mm. The blue circles and red triangles correspond respectively
to measured data and simulation results. Similarly, the blue solid and red dashed
curves correspond to the fit of the experimental and simulation data. Simulation
parameters are B, =0.2335T, oL =100fs, oL =344.91 pm, J’y- =420.50 um,
E,=80MV/m, RF gun phase =30 deg, z=1.31m. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)
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Fig. 7. Dependence of CTR power on a bunch charge for the UV telescope lens
relative position 13.5 mm. The blue circles and red triangles correspond respec-
tively to measured data and simulation results. Similarly, the blue solid and red
dashed curves correspond to the fit of the experimental and simulation data.
Simulation  parameters are B, =0228T, ¢.=100fs, oL=727.42pum,
0'5 =757.21 um, E; = 80 MV/m, RF gun phase =30 deg., z = 1.31 m. (For interpre-
tation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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UV pulse shaping for the photocathode RF gun

9.1 HEARFE

335 WOLEIE

{E# + Lixin Yan, Qiang Du , Yingchao Du , Jianfei Hua , Wenhui Huang , Chuanx-
iang Tang (FEHIM: JFHEKE)

o KA JTEMLR

£
o #§$%: https://doi.org/10.1016/j.nima.2010.02.038

9.2 fHHE

I, A K S A S A 2 25 L T SR P S AR e A . 3
B SO B IR SO A I ST 383 AT R4 (birefringent crystal) ik if
ST I S S A MEOR K AT . FUFIPY - 0-BBO ST LALE & T8 K B 22 51 ik
WA 16 ATk AT 2 AE3E AT THz S0 B RD B T el o BT R T 4
H T REER AL (group delay dispersion), 4 T #EG KRR BRI IR 200, {2
Yk (relay) JRGEXEEIIG Bk A T o i

9.3  wTEREAIHT A

o QIFE: XRIESCRI MY A o-BBO Eh A AT LALE G 38R SNk b A2 16 41
kb AT 7 A 3E A T THz 85 B9 KR f-F fikb e

o TUHR: N TR BRI A, AR AR T VR A I BRI )1,
e AEIE ey, RS (liquid crystal)s 56544 (acousto-optical crystals)
o (HE, RETTEZ M TLAME BARRS K RE =15 0

XS N B T i o-BBO WTHT SR L ANEREETIE o ixX Pk 2 A 190 2
3500 nm HYIESETEHE o] LA D) EE1G HAE S5 6 (extraordinary axis) A LA

IGHHARHOA (imaging relay technique) KL T b SEERIS DG TEIFURSE . FEHOL
WURRDAE U, R RGO TR R o BT (B B
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TREFFEE T ALK R AT 56 (no) HIHESHE (ne) HY Sellmeier
IR S N

0.01873
— - - _ 2
no(A) \/2.7471-+ o7z~ (01354
0.01224
JA) =1 /2.3174 + — 222 0015162
ne(A) V/ N 0.01667

Hrbr, XN PIRIDERYIEIR R RSO € = ct/(no — ne), XF 266 nm kP
FREEZ) 2 mm BB SRR LAEAFHEIR A 1 pso {8 HTARXS T 55l
45° WAL ek, FTEMG 2P IEIR Y 1 ps 9Bkt SRAPYR 2000 16+ 8. 4.
2 mm JEERYERAT LG4 16 T EEEDY 1 ps HIKIFe ARAIIR KA RYEIEEY 0.5
ps, JUMERJE IR+ B R

TN
§‘0.6- 7
SRR RN
0-1() 8 -6 -4 2 0 2 4 6 8 10
time/ps

Fig. 4. THz-rep-rate pulse train formation with 0.5 ps initial pulse by (16, 8, 4, 2)
mm crystal serials.

BBk E R T IR S8 e I EREA—FE, 1158 16 FRFHL R K5I AN1Y
LA RN 3 Table 1 45 H

N T ARG 20 m B AR, NEST A G ERIRTHTRIRE R R, SR TR

Hhgk (imaging relay) FR, {HH 10 JUESEHI &M SR L RBER/ VAT LA
TGP B A% (iris diameter) 1557 o
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Table 1

Parameters of sub-pulses through o-BBO crystals.

Sub-pulse index

GDD (10%*fs?)

Broadening (%)

0000
000e
00€0
ooee
0€e00
oeoe
oeeo
oeee
€000
€00e
eoeo
eoee
€e00
eeoe
€eeo
eeee

1.62
1.58
1.54
1.51
1.47
1.43
1.39
1.36
1.32
1.28
1.24
1.21
1.17
1.13
1.09
1.06

1.60
1.53
1.45
1.39
1.32
1.25
1.19
1.13
1.06
1.01
0.95
0.89
0.84
0.78
0.73
0.68
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Cathode R & D for future light sources
10.1  EAAFEE
o 43 IR

o g4 D.H. Dowell, I. Bazarov, B. Dunham, K. Harkay, C. Hernandez-Garcia, R.
Legg, H. Padmore, T. Rao, J. Smedley, and W. Wan (FZEH[F4: SLAC)

o E$%: https://doi.org/10.1016/j.nima.2010.03.104
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10.3  BEHRAIBIHT A
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BATIHR A E

o mik: BE LU

— SRBHPWOCAIHM T K - AR FIROE R G n] RS TAEVERE o0 =28 < 1 pAs
1 pA ~1mA. >1mA. N THEEEEBR, FEROCRGENBIN R
SEIE A e XERIACRE, SRSIFEOCHI BB MY, (HR AT RYZLID
WO, ZIMMOCIEIE S MM T 2LAMEOE I 25 Y 7 AR SR AN
IR AT REA R REF - IR, dFid S rROe e 2 S EUUH B0
FICHFRIIRETIUR, 2 FEEL AN SN A TR E PO S AR Y 4
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o HAHT, X TIRSIFOCHIRKER TRgE R /b, EEEA: W (sub-ps)
RSN, BOK (pm) ACHIACERRE, FRERYRE R s gl 04

H AT 2R MR RGBS (1 RN WOy IR TY DL = 4%

Wo MTFAM, B 1EiFRC% (quantum efficiency, QE) FI7EH 461

TAEIGEESR AN, AT R BIEAT R 5T AIGHE HR (dark current). H

T R 15 HY T2 R R A BRI A S B (OUFRIEAE 2B, EE T

SR I S F RO A M, FIAAHKEE (surface roughness) DL 25 i

(crystallinity) th73E. 2RI RGE R &SRS Z0E DU Prssiiy 6]

i LCLS A& 5t LR K 1 2 53T HIEREE S U A SR Bk

A

FEIRRIE SO, FOGIIAR R & et R4 B =885, 43 3l

L BT AN B A2 7= 0 A SR o

2. 0 AR B BRI AR LA S B AR B 3 - B0 0 2 H A

3. fEMEEIE NG RGBS TITIE.

FAMREIAR : BN

L X SARBAR, AR Z RS R TR AR (IR J6iE e
N i RS TR SRR L 6T T i R AT Y 0 A M R S RE TR HEATAR
£

2. PNBAM AR AT Sl A J LT 2R B FEL AT e, ] o P 0 v R i B A
7 AR TR AT Y FL AT o

3. EIBUINE S A = A R A, B A R AR B B AR 3 A A
It Hg @R AT AME R SR Em A e R 2. (HE, S8 Iy 1
ROREAG, I EHFFEEINIOCIG . BN E H T4 P43 1 mA
Fe A AR AT

ARIRLA DA IR RS . 353 h

L M AR S5 A o

2. 3T AARAL 2

3. YEREVFA.

B, AILLEM S (scanning electron microscopy, SEM) AN HL 7475+

KA BAMR R 28 s 7] Lhd s X 4ot A6 (X-ray photoemission

spectroscopy, XPS) S WM FHAN A= 4 i FE AT ity 344 s 1 FE & 5 S A

%% (photoemission electron microscopy, PEEM) By 43 #8556 H T-HETE (angle-

resolved photoemission spectroscopy, ARPES) 1521 5 [ 1Y £ 4345 M 152 %]
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SRS AR B GT E

RIS A [T (R 2 T P~ 2540 T2 2 14 32 B B8 (density functional theory
,DFT). DFT w] LA @ ant& i DR %L, FISse iy — Ut AE 10% LAN . 15
RAZGH T PORBER LT W RETY . AEIXDREM . HOGRERIRE 1O R ST
ih45re =B (three-step model) FIRITEEFRUER, HEARE, Hl0:
AR SEbr B2 2 i dhte (FEAIRERAY) . ST, S (111) B2
(texture) tb (110) ML K GHECR /> 30 £, RN, A0SRAEH P W iRAT LA
BEEZHIRE

POR AT RET K G5 E SO BRI RS N — ROk ST, A
KUTAIETCHR, BAL pm/mm(rms), A5

e _ VP2)
o,  mc

Her, o, M1 pe N rms BRI RSB

A BI04 R GTHI 704 i Maxwell-Boltzman 73445, 41

€th,n kBT

Oy mc?

SR AW A0 ST REETIA RN R EL (effective work function) 25 Hi,
BRI R EELAE BRSO, SR RN R, A5 AL

€pen o hw — ¢eff
o, V 3me
X GRS 532 (prompt emission) & HIATEIR &S (delayed

emission)o FESZZIKGIH, KO ERT B PRI RIGER, SRR
ERIREEN
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Hrt, Eg Wl Ea B KfERE (band gap energy) FilF 75 FI354E (clectron
affinity), Eo+Ea %548 HI AR EEL Btk ST &5 T
5K

€semi, n \/hw - EG - EA
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ME, ERALIUEM TGRS 7, Bl XT3 880 nm Ffir Y HOL K
Mo XM TEEEET, TR EWADAAXEA, BRIEMAEERE .
DIMEESAR, N TORFr 8, — BB AR DG FRE R TR R LS E A
— FARRCPERE IR : XA, [E FAT RERY AR B AT 5 o
Q Q
Tbunch = =

47T092c Jthermal WR% Jthermal

RKTINAWHTE Z 25, /2% Table 1.

Table 1
Properties of the SCSS thermionic cathode.

Thermionic Typical temperature, Emission radius Surface current Work function, Thermal emittance
cathodes T (°K), kgT (eV) (mm) density (A/cm?) Pw (eV) (microns/mm(rms))
CeBg Single 1723 K, 0.15 eV 185} 42 2 0.54

crystal

g, T ESEEEIUE, BINRE EmEE AR, EL T
LT T Y e R K AR, SR B R LAE s B B T IR AR . A
BB _E CsBr Al ESHA 57 RCREET 50 24%, HeHTR 7RCR i
Th 350 248, R i BN IR FE AR RS54 o [T, SRR AR
L8l SR A FE AT U >R o PEANME 540 T 3 Table 2 i

Table 2
Properties of metal photocathodes.

Metal cathodes Wavelength & Quantum Vacuum for Work function, Thermal emittance (microns/mm(rms))
energy: Aope (Nm), efficiency 1000 h operation dw (eV)
ho (eV) (electrons per (Torr) Eq. (3) Expt.
photon)
Bare metal
Cu 250, 4.96 14x10~4 109 46 [34] 05 1.0+ 0.1 [39]
1.2 +0.2 [40]
0.9+0.05 [3]
Mg 266, 4.66 64x10"* 1010 3.6 [41] 0.8 0.4+0.1 [41]
Pb 250, 4.96 69x10~* 10-° 4.0 [34] 0.8 ?
Nb 250, 4.96 ~2x107° oS 4.38 [34] 06 ?
Coated metal
CsBr:Cu 250, 4.96 7x1073 10-° ~25 ? ?
CsBr:Nb 250, 4.96 7x10-3 10-° ~25 ? ?

The thermal emittances are computed using the listed photon and work function energies in Eq. (3) and expresses the thermal emittance as the normalized rms emittance
in microns per rms laser size in mm. The known experimental emittances are given with references.

XA, T Table 3 #H T EAIAYE- AN AR HARRY 2
AN ER T B4 R B R P RCR R A S BEAT . 3B R EAT R
TR BRI R B R B -SRI RECN : (Ee+Ea)/2.

FAIR AR
L. s i AR SR E AT 26 R &5
2. AR KoCsSb i ERIBEA 1 mm (g NIAEE, ERERPEIL KV 15
JE, BOEIST ARG ki, — IRl Wa A TR, SR
IS L B0/ T 40 5.
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Table 3

Properties of semiconductor cathodes.

Cathode type Cathode Typical Quantum Vacuum for Gap energy+ Thermal emittance (microns/
wavelength & efficiency 1000 h (Torr) electron affinity, mm(rms))
energy, Jopr (electrons EG+E, (eV)
(nm), (eV) per photon) Eq. (7) Expt.
PEA: Cs,Te 211, 5.88 0.1 1079 35 [42] 12 0.5+0.1[35]
mono-alkali 264, 4.70 - - “ 0.9 0.7 +0.1 [35]
262,4.73 = = " 0.9 1.2+0.1 [43]
Cs3Sb 432, 2.87 0.15 ? 1.6+0.45 [42] 0.7 ?
K3Sb 400, 3.10 0.07 ? 1.1+1.6 [42] 0.5 ?
Na;Sb 330, 3.76 0.02 ? 1.1+2.44 [42] 04 ?
LizSb 295, 4.20 0.0001 ? ? ? ?
PEA: NaKSb 330, 3.76 0.1 10-1° 1+1 [42] 1.1 ?
multi-alkali (Cs)NazKSb 390, 3.18 0.2 10-1° 1+0.55 [42] 15 ?
K,CsSb 543, 2.28 0.1 1010 1+1.1 [42] 0.4 ?
K>CsSb(0) 543, 2.28 0.1 10-1° 1+ < 1.1[42] ~04 ?
NEA GaAs(CsF) 532,233 0.1 ? 14+0.1[42] 0.8 0.44 + 0.01[44)
860, 1.44 0.1 ? 0.2 0.22 + 0.01[44]
GaN(Cs) 260, 4.77 0.1 ? 1.96+2[44] 135 1.35 +0.1[45]
GaAs(1—-x)Px 532,2.33 0.1 ? 1.96+7[44] 0.49 0.44 +0.1[44]
x~0.45 (CsF)
S-1 Ag-0-Cs 900, 1.38 0.01 ? 0.7[42] 0.7 ?

The thermal emittances are computed using the listed photon, gap and electron affinity energies in Eq. (7) and expresses the thermal emittance as the normalized rms
emittance in microns per rms laser size in mm.
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