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1 BETHHEBRSEA BT HOURG & TR EEERE [NIMA
308]
Experimental investigation of the operation of a parametric
free-electron laser employing a bending magnet instead of an

undulator

1.1 EXRER
o 2 AP RAS A BETROE
o E#&: A.V. Serov (P.N. Lebedev Physical Institute)
o KA S

o E¥Z:https://www.sciencedirect.com/science/article/abs/pii/016890029190614V

1.2 fj#

XRTE O Ss EIRZIE TR, ARGz 4. 24808 i RO G ar i Al
frife BT R KWEE H T RUGH S 4

1.3 DTRREBIHT A

C QDR R T RO — ML R (undulator), JRREEC
AR I LU M R R SR BT A
K PRI D2 9 1 TR T A7

o TUER: X2 RSERRTE . SRR Fig. 1, 2l —w] S Eas s R
B My, SR BMo 1Y AP EIERIE R AR ER R, 5577
LRSS BN SR BMo Wl LT E IR/ INMER 5, w] D 5
Fewhek, T AREIEIRIE BRI A L0, BLSCEE F R SR E
VRIS o

XERYHEFRERZYN 7 MeV, BN 40 mA, JAERPARST Y FUD IR BER 7T mm.,
U My AEERY, RIS AR ST AT IR I P RO R AR, AL A 5 4 S i A
T EFRE, A Fig. 2 fivn. X HEEE Fig. 2 F 4RI E RN BB 4edE, 2R
FEVE PRI FE SR AT b I B, DROA a5 i B e il = A . INARSRAL e

3
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s J3-——F8 1]
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Fig. 1. The scheme of the expennmental setup. M: microtron;
L: lenses; CR: position correctors; BM and BM,: bending
magnets; M, and M,: mirrors; D: radiation detector.

2. WHERSHANCIHC B AT N, Beh, N h 2 IS LA Fig. 2
%D@%ﬂiﬁa j(é/‘jﬁ 8'10 mim.

I[{arb untts)

Jy

Fig. 2. The dependence of the radiation intensity on the
position of the moving murror of the resonator.

15 AL, mm

HEAN, I EE R AN My ROBURH A ES BMo 2 [RIADETRY, ) AR 7R
RN RS EAE R, s R S A IR TP R E 2. 255 T A Fig.
3o FFAENIEIRIEBABIUAR, S My 5 BMo Z [R]REES RN _EANSE Wi e
CIR7LEE
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Fig. 3. The dependence of the radiation intensity on the
distance between the mirror M, and the bending magnet BM,,.
The beam was injected at angles a=10"2 rad (0) and a=0
rad ( X) to the resonator axis.
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2 HAEMRmMN A/ R [PRX 5]

Dielectric Metamaterials with Toroidal Dipolar Response

2.1 EAER
- K HE

o VE&: Alexey A. Basharin, Maria Kafesaki, Eleftherios N. Economou, Costas M.
Soukoulis, Vassili A. Fedotov, Vassili Savinov, and Nikolay 1. Zheludev (Z= A4
Foundation for Research and Technology Hellas, % /i)

o BA: S Y

o %7 https://journals.aps.org/prx/abstract/10.1103/PhysRevX.5.011036

2.2

B2 T (toroidal multipoles) EARHESAR RITHHERHTIL, T EAN1S R
HIAEXS SR G, AL XRIE SR I IR BT IE — PR RS RI R 4 FE A
B B TR LA 5 SCRPPME BN B fa] BRI AR 5 X1 SR/ X
A B TR AL S A ST 3 B2 BIBOR AR BT HO S, i 22 T — 0 B A
R R R AR o TIPSR Y . IX IR SCHE H RS AT R AT R
ST B SO O 2 AR LA 5

LR N A B Bhttps: //wuw. zhihu. com/question/267627793/answer /3283775455,

2.3 TTHREAIHT A

o QFFTAG 2010 4% Science E—fOCE (U] 4/ H, WIIAWERIRIVEHY, SLIME
ey (toroidal dipole), RIEEIFIIIEIRIAG I NMEMMIE, PRGN A L —
I, i) TIOR3 TAERISACEIT iR IE SR, BA &R
e, AR SISEEEMAN 1. 2% T Fig. 1, 4B (A) M
REEAN T (B)o AR T~ (BCHEMr AR 1) A2 P I AP AT S A o B AR R T
AN 2 A SR ER £/ . PRI £ (toroidal dipole, C) J2& 4ok
HUSEA U . 1 Zel'dovich ££ 1957 SE 5 JEHEH
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https://www.zhihu.com/question/267627793/answer/3283775455

Fig. 1. (A) A pair of charges of op-
posite signs creates an electric (charge)

A 9 B C
dipole p. (B) A current j flowing along p . m .
a loop produces a magnetic dipole m. J
(O Currents flowing on a surface of a
torus along its meridians (poloidal -
currents) generate a toroidal dipole T.
The toroidal dipole @n also be rep- e

resented as a closed loop of mag-
netic dipoles arranged head-to-tail.

RIS SCIHT RO B R H e s PR A 7. Br R RS EIRSEEL, 72
A AP R, R RAOHE . SEBROR N T, 2% T A Fig. 1o

o ik AR DUEET, RS RSN, MRS R ZSIAT AR
MR, HRERK Ml 5ETF. N TG M, rTERIHZEN TR
T, R R SIS 0T A AN

ARSI SR 1 IS _EWFST SRR e B ARL AR R RE LI 3
BLH IS IRPR B AR ML o 3238 SCHOB AR BT S R S FE AR AL 3 A%
FEIE IR Mie BUN N TAE. ZieSCIEM T IRAER) &1 Mie B2 WYL G RERS
T A TR, R b T BRIA B AR 5 |2 Y LR RS T o A AR I 1 ) =
SR o XA AT LR 2 BRI AL AT LiTaOs ik, I HLi T 28
AR M R A2, AT DAL e s e -5

25 3k

[1] T. Kaelberer et al., Toroidal Dipolar Response in a Metamaterial, Science 330, 1510
(2010). https://doi.org/10.1126/science.1197172
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FIG. 1. A fragment of an all-dielectric metamaterial slab
supporting toroidal dipolar excitation. Its metamolecule is com-
posed of four closely spaced infinitely long high-index dielectric
cylinders. The dashed box indicates the unit cell of the meta-
material, which is periodic along the x axis only. Purple arrows
show displacement currents j induced by the vertically polarized
plane wave, red arrows show magnetic dipole moments of the
constituent dielectric cylinders m, and the green arrow represents
the net toroidal dipole moment of the metamolecule T.
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3 EARHE A

3.1

3.2

Introduction to Metamaterials

2 YN EPS)
n3: HE

YE#: M.S. Wartak, K.L. Tsakmakidis, and O. Hess (F#4#[fy: Wilfrid Laurier
University, 15 K)

BAL TS, B

F5FE https://www.ktsakmakidis.com/uploads/files/publications/3-17.pdf

S

R R R T OB AR 28, WA S A DR, AN ENE

TRBEMRRI A 40

3.3

BT R Bl BT

DR FERGEE ALY SN metamaterial, SA—Ff H IR AL A WA HR Y
LEMy . BePAE 1964 4F, M FHREERTE EIRZ X EATBHY FRERRE Y R AR E M e R
V.G. Veselago. B HIFR W f147 5" (doubly negative material) (El e, < 0, pu, < 0)“/¢
F# K} (left-handed material), J52RKE % HEAME—. B2 1996 4, JEE P
2% J.B. Pendry ERZAA T HAEL, DUR IS aHESIfaE A kL, a4
S H FHRHE O B i = A o iR AL A FIRHESI R 2 3 (1) PR ISR IE
(split-ring resonator, SRR) j=4: g SR 25,

AR RO R T AR T BT AR, TR R,
A LSS A F TR U s A FRAREL 1A B0 T S S AT o, AL T N R
PR EAT SR, IRTAREA A JXEAT TS H G5 FRE AT o AT DA AR R A Ay
2R 0 SRR e WS p FEAKREL BRI AR SRS BT R 4h
AR, EESHBGEMEA S ISP 2Kk Bk. K2 B0k A 28
PO FITESE A . (2 RIIVE R RAE R 0 B2


https://www.ktsakmakidis.com/uploads/files/publications/3-17.pdf

FLATIL 55 ARG B R R BV IZ S S R 5%, — IAE 2K Bl K
WR2E s LT AT B AT R TT R RO — AL RS BR H F R BN, O
PR &EH (sub-wavelength structure) o #M AL R — NS AR, £ 2
Gk E 2 AT B s R IF R, N R RGBT INE s R4, RERGE KRR
Ik R G EIR A H AR b, REROR BARAE S A 28BN R IR | TAE, (8
EEMREARREE, =5 HrRESERET. BT N E A2 R T e
KK, IR AT S I e A sh S A OC B AR TR ST o

TR R B SR R S R, e R — LD B H A, e
A H E A R 5

OH

E = — e

V X Hokr
OE
H = cye,—
V x €0€r 5

Horpr, MR e SHXIHSE p ARG

T LR SRR A TA . T AT AR SR i S 2R A R
HERIHEYL, 2 > —iw, A

RIS s AV E s, B(r) = E(k)e*r H(r) = H(k)e™, | V — &k, F
A i i

k x & = wpopH

kxH= —weoe,,é

H B AL, 4 e > 0,0, > 0 B, RISHAIRL, BB B E #n
i BRI A TEN, FRA T 1 6 < 0,p, <0 B, HUEAE, 2
ARG R B R Wi AERRITI, fRAATFEN . FRAFHH

A AT S AT I IR b 2% T, rTLVER], S ne > 0/, RIS
TR, ST B T HT Y Snell B nisindy = nypsinfyo 72 np < 0 Y,
R R €0 < 0, < O, ARYE EHTEAEHTSPRAE L, H ne = —\/6p, <0, 47
BB RS 0, <0, HIEHIIESZE 4.

WER, MRS SR, A ER.

10



L FEREIEAEA A PV BT O o B4R 1 M NGTER, B4k 2 IR OTER, 514k 3 i ne > 0 A5
TMEHN AT IR, 314 4 02 ng < 0 M BHN Y4751 2. Snell EHA n sinby = nosin oo
R EEL, A n2| >n1 > 0,

PR, IR AT S AR SRR SRR e < 0 SR
< 0o LIN RS E IR i 0 FE AR B S 3 2R B S L 4544

Harkt, ALHiE—Aait, HES TEEAR, ha Bt R~ KALE pm L
b, SCEHAR mm YO NI, RO R BRI G A X
Ao —AM B BERFRE AR, SRR ETHFELFE TEREE na 55
W mero FAPAFIEBENYSE J.B. Pendry e AR —FIHESIRY (FRERE) 5
JEE, MR R NGT ISR, ARG i A A HE T B F DR o
2, A gaRe—feEed, AeERs. T2, SN0 ne 5t
WG LR 1o HARE, WA nee ~ 107 e, &7 7 E0RE. LA,
FRUFCE AT DS, AN A AN, BEINT 4 RS RIS E AR A
TEPRK AR

Wy X le

Me

T, ARARIMIABI wy, BUAEREIR T2 6 M BUagl, FEBIRPENEB T . B
EEMRREA 2, BT iR, T ZAE S

H3E 3R R 0 FE R B R, RO AU 26D FE R LS S5 i
AIRAIR RRE BRI Bl B 1 FEIRTE (gyrotropic) MEVEMS RSN, HIR
FERH YU R AR S ARG SRR (52 J.B. Pendry A, A — & HHIHE
Sl S (IRBRRE) <R 0 R PMIEIRIE (split-ring resonator), 44N
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NGF UL EIRZE AT, B 4> SEIAR 0 BP9 F s RS R AR . (R = BR
FEGP RN, BT ARENHERES . BRI RIS IGO0 T A3 s g A 4
TE4EJBIR ENMG HRK . TR RIS, IR HV R FIRSCR et , 4 25k
JrEaitg RLC HiEE , HABARAMS N S A S5 E, w ~ 1/VLC. kit
W KERDT, I SORMEIRIER SR 5N
_ B/ o 1 _ F

B/ o — My 1—1/(w?LC) +iR/(wL)

o, My S RB3oy ZRENEIR T 8] 5 R AR AE . F OB RSk AR
TN RY S . BRI, R ZOMEIRIER RSB0t (B, R, L, C S58Z
H) SRS BT AL . R REAS AL EWUR X R A2 S AU R A9 BT

Hor

B R B AR RS SR R R X TR BEAE ] — BN . BRI,
PRF I AR TTA G, 2 RS 1

IR SCR G I 48 1 L8 H B AR 5 O I AL, 5 ey 5656 58 4245
1k SEIRSURE (187 R B BT R ZEA5 ) . I E AR S AW S 40 A

N
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4 X P BOE S R 5 | B AR A A B e PRI 5T
Study of wakefield-induced beam breakup instability on an

X-band accelerating structure
4.1 FEAEFER
395 KRR

{2+ Jian Gao, Hao Zha, Jiaru Shi, Qiang Gao, Jiaqi Qiu, Chuanjing Wang, and
Huaibi Chen (J54£k2%, db3)

S L S

o {ff%: https://doi.org/10.1109/TNS.2023.3322220

4.2 fi%

X VB SO ERVR ANSE G P T TR AR R AT A X B B s 25 B AR A
Btz) /1% (beam breakup, BBU) AT T #R1 o MRISFFALSASFIRAE T (mode pass-
band) [9ZER, FATAIAERABL (bunching section) (FAEHCMEHAR. AR )
TR, FIERENL, R TR R AP H) S B KL (higher-order modes,
HOMSs) JEARFIAE RN T Z TN R #35, XRIIE 30T HOMs #ET 7 SR
AR, ARSI I iy AN E e . fEm T sider, SL T
18.7 MV/m HIHIAREE . FFSEhEE N 6.1 MeV, $REGF/Hr 7 HOMs 155, /5T
HOMs HYBERAFHL, FEP-AG T E BRI MDA SE e 2 R RSk, WA T
TR ZE A AL A 5T AU T F R A E SRR P ) HOMs AT B (AR AR Y BR
HEER .

LR NAB Ehttps: //mp.weixin.qq. com/s/ApXsJxGuKU7 JqcwEWgPhKA . P &,
WG AT I SO AT REAFAE T 22 4H 1% o

4.3 TTHREAHT AR

o vtik: RRBUZE Y FE BBU AMER RIS JUAEERAHER T, BBU
A RAAENEB H I TRARB . BIAHBR R AR BB AR 2 IH BRI B
HRy BBU, [HZ4ER BBU ARGEGBRIAFUENE, MIMEE SRk .
TV, E IR S BT, THERAER R BRI SR A, 4
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LR HOMs 7. Ieoh, Iy ey nl i JL IR SR 8N, n: A
LR R KRR A L. HAT, BT & H— R iR, TR BOEAT T1E X

R, X PB - B AN i R S5 O S5 A A S s R T 2 31 2 5%
o JRIM, SR RUARIE T 220, YAl fE2 (R ARE F S HORm
Bte LMERIWHE ESAIURTTABIR . 746 HEMy RSB RFTAFE N
HIEI . HAT, AMIEZT T 2 EUES A, Brosrh S L. B2
XA RE R RIS B2 g e A AR A BN RRE TR . AN, X B At
(g S wayiigi

RIS X B By S E AR A AR E M . X SRR B
ARAEAA I B AR AT 2 ST A SE G, Ay B8 s AR A AR E T R L
i, N X B H s At e =% .

X WBEZNES M H 8 MAGREM 15 MImdEEAE M. B8 17— ER s
WHE, WIS EAE . B W m R S S A S . AR
PR h, INESSEC R T I ER R AR, FFEL 2.5 MW RYEIA ST
BNHIBAT o

AR EE R AT

— TR T Sor BYTRE

— f£ So1 FAHM SRR E, RUIEIRPEUE T8 B (HOMs),

— JXLE HOMs HYHARAR S B S5 SRAT DT RC .

— MRECEAEARIN AL ER, AR 2 RS

— TEARR BRI BAM A 19 HOMs JoiEH AL HE .

— B ZEA (BDR) /NT Ak 1074,

— MR AR RZRE RN 6.1 MeV, Bk HIJRE A 200 mA .

— IS 18.7 MV /m.

— i T B3 SR AR BUImE 25 8= 2E 11 2 3% HOMs.

— & THHRRER. B HOMs (F5-FIH A8 & 5T IR I R 741 .

— HOMs $EBGE A 2 12 GHz LA ERSHIE5%4 . R 11 GHz LA
THIE S

— B A R 9.3 GHz ST ZR A& 5i4Eh-0.42 dB.

— TEARMAFEMAAERIE LT, SEHUN[R2E HOMSs 5575 Sus 5 SRI¥E .
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5 BB EIE RS & RE BN SR ARRIT
FEM Simulations of Metamaterial Impact on the Longitudi-

nal Beam-Coupling Impedance of a Rectangular Beam Pipe

5.1 HEARFE
. % RS
o YE#: A. Danisi, M. Grech, A. Masi, R. Losito, N. Sammut (EZH[#): CERN)
o AL

o %E¥7: https://ieeexplore.ieee.org/document/7342504

5.2 %

FERL TR A ZE IR LHC SXFER I S 25 0T, AR —wB o0 RE e = AR ARSI A S o
X IR AT AR A BHPT (beam-coupling impedance) Sefifiide FRAEFHLF, N IZ
/NG BHPT LS S R A O A RE R RCR . IX R IR U ST 16 BA i 3R b
VRSN 7 120 — FOaRAG AR & 1 [RIIE i 2 i bt HLA R U 32 A i — 2R
N ZERERIE (split-ring resonator, SRR) 1Y & B HIIHNFIC. EXIWITEH, F
FAETE T 28 SRR, il BUERDOR S I A AR G BT (5 IS0 i A A
X —WEHTHE, RIS R . 58 ] BE— 2B SRR S A
AR TT LR KB 7 T RN A AT YRR I

WO BIE RIAT R, BN, IR MRBEN BTN B AT
A R BRI E O o
5.3 TTHREAIHT A
o QTR RIS RINEIRIE (SRR) S50 G R A BRI Fi N LT
WHFEAFAE SRR 1R OL N, IR S BHPTHIA S o T4, AR A A R 2
JEIT, I N BB DL AR A9 2t
o Tik: IXRIESCERAETE RN R R B A, R BE AR A 2R
R, H, BikEE NS, SRR RS 22% K.
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Ie
Ia

(a) (b)

Fig. 1.  (a) A Single Split Ring Resonator; width w = 5Smm, ¢ = lmm, d = lmm and gap size g =2mm
(b) An Array of three SRRs

Fig.2 Metamaterial coated waveguide in CST Particle Studio

S8 . R CST BUERE, 118 S 24, Wl Fig. 3. £ 4-4.5 GHz HILEST AR
B, HEIIRES FTTAT REAEIX B N 1R S ZHOTRIEER, [N
WA, e Fig. 4 25, aTLUEE], f£ 4-4.5 GHz [AIRfSE H LR GTAS /IME
BRI THA M SRR (ERSHE 2 REE, PCFEITFASE L.
UM/ MEGE HELAE 0.5-1 GHz [ffifro Bb4h, hnz SRR &)@ EEr it R R
M EATB T BE A %L SRR (192548 B b A .

5.4 HE

WAL AT PRI, BHUZEREN] IR INIIBLN BT N B AT

AT R BRI Do

16



5,,fdB

Longitudinal Impedance / ©

20

25 -

30 I 1 1 1 I ]
2 25 3 3.5 4 4.5 5

Frequency /GHz

Fig.3 Transmission through Waveguide (WG) loaded with Metamaterial
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Fig.4 Variation of the Longitudinal Impedance with Frequency along Waveguide (WG).
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