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1 TR0 S i AR BAE B E OW
First observation of laser-beam interaction in a dipole magnet
1.1 FARFE
o 2 [FPRATS A BB TROE
o VF&: Jiawei Yan et al. (FEMY: iGN HWEERT . EiEEETER)
o B BERAU. L

o {ff%: https://arxiv.org/abs/2012.05452

1.2 fij#

Ve —AHOBIR, B HHBFRUE (free-electron laser, FEL) ARt B A5
(angstrom-femtosecond) %3 [A)-I [R] 43 By =2 8 X B ekt B BB FROLE R
H) FE AT R FAZ 0 55 AR I8 FL - RAE B e P I S AR . g dn i B 2T 7 1)
AR AR e IRV SR T I — 0 AU — S FR Al AR IO FE A
HAER, He, 40-keV R 266-nm AR T § B HL 7 SRR A E 5050 B 3 o
XA BE S AT AR I SRAE N B B F OB IR AR SR B (44.33 nm) 185
257 E (high gain harmonic generation, HGHG) LT ik H#OE

1.3 Sk BAH

o BUFTRG XRITE SN SRR NS BUEAAN LS H T — P FHBOEAE chicane ) 2H
—EBE R ARSCEAER (RERDEH) . TR 5 B R SR 7 AR R
AT PRSI

o TURk: SRTELEG RN HE T ROR A RE R A GITRIER ik, KRB XZRTHTS
VA (1.

2% 3Rk

[1] Chao Feng, Tong Zhang, Jianhui Chen, Haixiao Deng, Meng Zhang, Xingtao Wang,
Bo Liu, Taihe Lan, Dong Wang, and Zhentang Zhao, Measurement of the average
local energy spread of electron beam via coherent harmonic generation, Phys. Rev.
ST Accel. Beams 14, 090701 (2011)


https://arxiv.org/abs/2012.05452
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FIG. 3. Performance of the laser-beam interaction in the dipole magnet. (a) Longitudinal phase space of the electron beam
after the interaction. The red dashed line represents the central energy of the electron beam. Beam head is on the left. (b)
Measured coherent radiation intensity and fitted curves after the electron beam passes through the first chicane under different

laser pulse energies. (c) Relationship between the energy modulation amplitude induced by the 38.10 pJ seed laser and the
initial slice energy spread.
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02]
Self-consistent simulations and analysis of the coupled-bunch

instability for arbitrary multibunch configurations

2.1 EAER
o 335 RIS
o E#: Gabriele Bassi, Alexei Blednykh, and Victor Smaluk (F#4/[#J: BNL)
oSN G S

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
19.024401

2.2 ¥

XS —FralE. BEHTHERKEREY (long-range wakefield). 22 AT EE(A
OV T, I B 2 AR R B8 56 NSLS-IT (National Synchrotron Light Source
IT) T H BN A SR A R G R BIARSE R Y . XSO IR A B A LB —
TR SPACE (self-consistent parallel algorithm for collective effects)ao i /\ﬁ
JyRefs FRAVE S 0 R A 5 PR ET R (bunch-to-bunch). S A A (intrabunch) j53)
HEWR R AR Bl A, lan

o HTEMAIRRAESREH (non-uniform filling pattern), A ZHYHRA]L R
£ (chromatic head-tail) X H & R A Fa & 14 B2 5

o MmO PRI (passive higher harmonic cavity, passive HHC) X} B9 [k &
RIS )27 HIRE R o

[FIT, BT XAEENBETT S — R EN LT It a5 Rk i e e . TR
HF I AR A (for a beam with arbitrary filling pattern), 7] DAM—¢H A1 Viasov

IEMZRT, XA HERRFRA OASIS, K85 PBO Lab A RARIFES, WILEXER LG, MM
SPACE, fH/Z, 2018 /5 X HHIM—M 2K SPACE 19FEf7, Hkit4 CeC (coherent electron cooling) i F2MH
—4~ PIC {1 EREF.
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ARG TR () Rl e oM R AE R (cigenvalue
spectrum) [—"MEETTTE, HET Gerschgorin [FEHE (circle theorem), FEAS LI X FE
BRI RHEEE AL, XTI 5 R B A G 00 N I A it 7 — MR A 2L
1775

2.3 TGIHREAIHT A

o Bk BRI R KR R MUY — % R % A (multi-bunch) 5 % 4
(multi-turn) (240 T (multi-particle) $(EEIN%, MWK EHBEA RN (time
domain) 77 ECEH TR AR AR, R H S E T B R A 3SR
DI HL, B PEER. IR, MRS RIS EIA T, W AR
SEEN SR . DT BRI SR H SR I SR L4

— FIH passive HHC X251 2 Bl IR & R E A RUEEM IR s 112204 . 1k
i, RURH] (point bunch) BIRIRPARESS HI Al FELE A, RN/ A BT BS54
EifraE HHC IS AR AT RERE MRS 5 PRI A FEUE T

— AEEEGTP AR R B SRR & KA ENE

RIS — 8, B Sec. 11, ik anfuiyd SPACE &y RyEETE. 5 i
43 Sec. IIL, HigSCRINMR, W22 AR IP AR B IR & A TE T B
Wt H=wn Sec. IV Z5H T UAPIF R G R EE 2, WA
#15, 539128 two-bunch case 55 three-bunch case, BT SPIA-SLhRf] 1,
A TR B 4 &) R 5 B B AR 24 &) AR S

o BTG

— HATSER. (R R B A AR A B A S L (R
mehoBrom (LB Bl A AR — A OIHAUR (TR R I 1
AR RS BT T LU 5 1 i PR W 2SO (A O 65, 7
BORBIET . Egs. (49) 5 (70) %%
— NP Gerschgorin [ 7EHE, RERSHCHON 14 KO2s RO (B 2
Bro MFIDMFALE (B, EMSMGTTZ N MIZ IR . A7 A
R
30 B S b — T o — N, SO AT ) betatron frequency wg B2\ synchrotron fre-
quency ws IRFGARIRES . WA R0 SR AN I K (4 24 PS5 B[R] RUBE T A8 - R I SR AE SR A4S 3h (1 5K T 0k

# (growth/damping rate).




2.4 kT SPACE

BT X1 o 77 S A RE - Fr o SPACE, T Vlasov-Fokker-Planck (VEP)
R, RIS m AERBAHERSG U (e, pe 7, 6;1) REHES R0 TR e L, fE
5 53 A AR S RKAE B R SRR A S 2 R IR R ENE . AT RICR B B M DR
H, ABREG N, AR T R4l M A VEP iR, BT SPACE
B, R ) LAEI 25 7E 6 x 6 transfer map 733, BUEFI )71 (symplec-
tic integrator) 15 2] o # [ B2\ 1] B2 37 T LId sk fufi FHAR 3 P A A AT AR, B0 N2 4

BUESRAE VEP J5FErp, B pd# % ) BCH (Baker-Campbell-Hausdorff) /32,
Hrr, At =Ty NEEEE. GRS A «,p, 7,0, Slidaitas. B
Wi Ly [Eqs. (11-14)], ffidid Fokker-Planck 87~ Lpp [Eqs. (15,16)], f/aA 2S84
M#EF Lo [Egs. (17,18)]

AR AR N S A7 AR, ARV TR energy kick (2% Sec. ILC, £

WICRHRE R H B HIBAH IR 4T T HERE & R IUEYE R 7, 40 R % E SOLEIL
SL2E R. Nagaoka 258 AT 41 MBTRACK, TLAZS#Z18 0 Refs. [4,5,10],

W

%3k

[1] B. Zotter and F. Sacherer, CERN Report No. 77-13, 1977, http://cds.cern.ch/
record/118362/files/CERN-77-13.pdf

[2] R. D. Kohaupt, Report No. DESY-85-139, 1985, https://inspirehep.net/
literature/221613

[3] J. S. Berg, Ph.D. thesis, Stanford University, 1996, https://www.slac.stanford.
edu/pubs/slacreports/reports06/slac-r-478.pdf

“JER. SPACE AR rIERRHLL (particle tracking) B, MR TV VFP ¥, sRARXSShH
FITRE AR T 1) EEAHA R AR 2) BRI R B R . SPACE B TR -
sz:ﬁﬂ:/l\ﬂiﬁ(]i%*j¥?& Nm (/E\:l_h, m = 0> 17 7M - 1)
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3.1

3.2

Single-Shot Femtosecond Electron Diffraction with Laser-Accelerated
Electrons: Experimental Demonstration of Electron Pulse

Compression

2 YN Y5
s HEHXICE
{E# : Shigeki Tokita et al. (FEH|H): Kyoto University FAIKY:, HA)

HE4% https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.215004

S
RO R SR 1 OB IR 5 R A G (BR) ik sSese . i 883

10" W/em® [y KEPBOGKf, 7 SRR 212 350 keV, HAEIEH L (momentum
spread) £ 0.01, HE L @AMk IR £ (magnetic pulse compressord) 44117 HC/E R B
HLFJRZ) 50 em AEHEAFFIY 500 fso jX—HLFRB IR P AR R 5 Au(001) SR
MATET R, 1T TR T SR AR T PR FEL AT+ ) 2 ) LA

3.3

BT R B AT

PR IZ AR, Ll SR RO AR ST R O (polyethylene) <A FF A ,
ERGEE J x B il (L] hnise il R A R F TR B B B RO A RE T
(100 keV-1 MeV)o XA —RERACS slit ZHAAE REUeREds . RERTTEREIAE
350 keV _EFAYH 7 ARBEN G LER R AT SE BOR AT S . A BRI BATT = al LR
A

DUk 3% AR E ORI R4 M RE B P e A T P AT se ey, IR 3
JCA BB ) E B SRR IR T RSSO . SIS AE SR S8R R TR T T
% (2,8, 4, B, AEAREH AN RIS 5 T i S 1 PR AT AR R 9
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3.4 HEEBENERBSEEER
S5k

1]

2]

W. L. Kruer and Kent Estabrook, J x B heating by very intense laser light, Physics
of Fluids, 28, 430-432, 1985, https://doi.org/10.1063/1.865171

Hyun Woo Kim, Nikolay A. Vinokurov, et al., Towards jitter-free ultrafast electron
diffraction technology. Nature Photonics, 14(4):1-5, 2020, https://www.nature.com/
articles/s41566-019-0566-4

Qi, Fengfeng and Ma, Zhuoran et al., Breaking 50 Femtosecond Resolution Barrier in
MeV Ultrafast Electron Diffraction with a Double Bend Achromat Compressor. Phys.
Rev. Lett., 124, 13, 2020, https://1link.aps.org/doi/10.1103/PhysRevLett.124.
134803

Hyun Woo Kim, In Hyung Baek, Junho Shin, Sunjeong Park, Hyeon Sang Bark, Key
Young Oang, Kyu-Ha Jang, Kitae Lee, Nikolay Vinokurov, and Young Uk Jeong,
Method for developing a sub-10 fs ultrafast electron diffraction technology, Structural
Dynamics 7, 034301, 2020, https://doi.org/10.1063/4.0000012

X. Yang, W. Wan et al, Toward monochromated sub-nanometer UEM
and femtosecond UED. Sci Rep 10, 16171, 2020, https://doi.org/10.1038/
s41598-020-73168-z

—FPFI FH L (achromatic) fRE SR AR LEADZL I YN Bl 48 R G5
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4 [ R ORI Y62 P [PRL 126]
Optical Modulation of Electron Beams in Free Space
4.1 FEARFR
o 33 AR F

o YE#: F. Javier Garcia de Abajo and Andrea Konecna (F#4#): The Barcelona
Institute of Science and Technology, PHIEZ)

o KW L

o 4% :https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.123901

4.2 HHE

R IE SO S5 R TIE AT 2 e AL B 2500 (free space) HY, AIREEFE TR (3
AEZY 60 keV) HHUGHER 1A R (tailored) WOGIRIFSCEAEM » BN, A HE
B PR SO R A T o S P2 28 (semiclassical) 3100 1
TR BAT AT, AT AL

1. £ 3w, B Res HRAE IR AERG 2= (aberration correction), fE
R AR SRR

2. I FH =2 Bt s i f gt (stimulated elastic Compton scattering) [ 5 %2 il ¢
Yy, W] DALE H 5 SRR [ A AN In— AL o 8 A AL 19 KNS E D6 193
TRV E L Ia sl R R R Lo

TR R SCE 2 EB N AE Hl 6B B LA _E PR I, Irfd 2ot . Bl oA &
P 7 WA B R ERT LR BB RIESK, NS 74 B | 2 [ A B0
A 7

4.3 TIRREBIHT A

o DUk KRR SO A b7 B Divac 7% Schrodinger
IR R T M RO AR R TR E 112 A BT

TIXEARHIR . R AL

B E I B A P TR EL AT

ML SRR TR 324 S P P -

O LA R A S WG SO R
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], Bl 1) BEMBIE; 2) B —ZEn i (o 50 y) RALIA . JHI R a0
R TWOCRIRTAR IR . EEARIECT AT, IXRIRSCHERY FE T ARBNHE 60 keV,
MTBREMGIE, (hEFHENROETZE 400 MW % T8 E R AR AL ], 752
HIOE IR N 40 MW,

o AT EEBZEEH, FHEFIBOCHHEE AR (I hraER), HEEREAH
TWELH (W0, WFIATILR), FIHOCT R b 25
PRI RRR . antb—3k, R KIIROEEIHEERUL ponderomotive force, XJHLF-H

BT
e-beam N (a) . (b)
1 parabolic
y R mirror
condenser | “
o [ SLM
OFEM il
objec t%_ﬁ\i a5 ‘
S
T
—
sample —_— Zf l : _
P(x,y, z) Pl @)

FIG. 1. Optical free-space electron modulator (OFEM). (a) The
proposed element is placed in the electron microscope column
right before the objective lens. (b) The OFEM incorporates a
parabolic mirror that focuses light with a high numerical aperture
on a vacuum region that intersects the electron beam. The electric
field distribution at the optical focal spot is patterned by using a far-
field spatial light modulator (SLM). (c) A phase is imprinted on the
electron wave function, whose dependence on transverse coor-
dinates R is proportional to the field intensity integrated along z.

AR RS

SE TG HE NACE P~ SR TR0 AR A2 B /S [R] 20 A 4 82 10 R R A [ LR 2 BE o A
Bl R A5 B (AR 1) o

4.4 H7p

RRIE ST K IR 2 LR TIRRE TR R 7 58, I, R U (biprism)
X IR AT AN AL R Do B4R 5~ (magnetic pseudo-monopole) 74 B A1 gl A

HL RS
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z (um) s (A)

-10 0 10 & -10 0 10
["‘ \(E\L) g ( ,’\ N FIG.2. 1D electron focus shaping. We plot the OFEM -imprinted
I~ . VAR electron phase [(a),(c),(e)] and the corresponding wave function at
0 & / P P g
— > T~ 50 66@(5;(5 - the focal plane [(b),(d),(f)]. Dashed curves in (a),(b) and red curves
_S 2 L/ ~ s — A\ ;' in (c)—(f) correspond to ideal target profiles, while solid curves in
= e - \y (a),(b) and blue curves in (c)(f) stand for the result obtained by
.E_ ;g" X introducing optical diffraction in the OFEM illumination. We
= 2 (c) Z‘a’ (d) consider a linear phase variation (a) leading to single-peak wave
‘-9_’ Mn n ﬁ ‘qv; functions (b), as well as more complex phase patterns (c),(e)
o Mn «ﬂﬂ ﬁ foet producing symmetric (d) and antisymmetric (f) double-peak wave
& 0 wuul‘” "Uuu 2 functions. We take a ratio of the objective-lens semiaperture to the
-& N 5 0 JA) JAY light wavelength R /4y = 12.5. The in-plane OFEM and focal
= -2 SV \y \Y v coordinates x and x; are normalized to R, and the projected
f‘é = electron Abbe wavelength 4,, = 4,/NA, respectively, where 4, =
= (e) g (f) 21/ q, is the electron wavelength and NA = R, /(z, — z, ) is the
g‘ 2 H = microscope numerical aperture. The electron probability density
= 0 M n n 20 Y, A ly|* is shown as color-matching thick-light curves in (b),(d),(f).
MN" 'HU“! £ Upper horizontal scales correspond to 60 keV electrons,
o Ry = 10 ym, and NA = 0.01.
_2 M % max ?
A 0 1B 2 0 2
m/Rmax mf//\eJ_

FEL A [ P AL ] — M) S —Fkh Dirac-Kapitza R0, FISRIEEFEHNHOES ¥
A EAEMRERE . XA AR H RO o, R, kAR TS
YCHTRE A ARET A B8O, 49 R AB R G IR U -
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5 ) FH i s e e Sk B Sl 3 M e ) R A [ SR A 5t ) [PRL 126]
Transverse Beam Emittance Measurement by Undulator Ra-

diation Power Noise

5.1 AR
o G RIS TR0

o {F#: Thar Lobach, Sergei Nagaitsev, Valeri Lebedev, Aleksandr Romanov, Giulio
Stancari, Alexander Valishev, Aliaksei Halavanau, Zhirong Huang, and Kwang-Je
Kim (EZH#): University of Chicago)

o AL NG, S

o HE¥7:https://journals.aps.org/prl/abstract/10.1103/PhysRevLlett.126.134802

5.2 fHHE

T e 18 SCRI DA AR T[] 25 HR e 25 S AT 400, AAITAS 380 F - SR 7 i B T
FEAE AR, BB EAEA T IR 25 4R A DR A BB AL R 55 PR 7 PR AT B9 7S 2 A 25 TR oA A K
ESNI A GiBu W=l E | 2 = W = P2 22 150 i b <O AV I W o 40 2 7 i M SR S L S U SN e 1 ol
T, HHEFHRONEH A B AR, ROUE — 2 BORM, B4, BB
DAIER S 0 0 A T A R ST S e R A MB EE  « ieSC It TOTA s s
B, R AT ERINZ IR SES (R T [F 2P 5 S ) RER A I A 40
W7, 23 30e e JEAE T )25 4 S DR R AR HE AT KA (round beam, €, = ¢, = €) 5w
KM (flat beam, €, > ¢,) IS E. EHATEENA, TEFN LSRR CES R
1% (synchrotron light beam size monitor, SLM) Xt 3R] v 77 A1 & 5 & B2 AT 7
o

5.3 TTHREAIHT A

o BB R — I R G R REALIEREA T — LE MR SRR, XA 2
BHUKCAE G, A, A (thermal noise) XFHEHEHAL kp YL
FERZSE T, X R B RO IR i M (shot noise B Schottky noise) X HLfif
T e ORISR XV SCHT S 58 HEL 7 AR AR A A S R, 2t AH R
R H TR A S R P ) W 7 S BB AL R DA S et ) — o 4 xR PAT A S 2 A 1

e 2 2 oK R S = 1 — S/ MR IG5 2, JEFR A Integrable Optics Test Accelerator,
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ko

WA (BEU, TG T AT PIRRE OCR IR ar 2 B0 E X TR

L. FEALESOR JE B H FE 7 AOB R B 12450 Wi AN 2 BEORL 4 S AT AR A7
T ANk, FTRIRVECE M 22 dy B 20 Y A 255 T Th A R R R g
2. MHTHEERYEH M /50 LSRR ST €0y FHATEUR

o DUHR: [RZBERESTDhAGRMR I ER (18]) FHNE RS R R, Bl (W) o iy
(B) FEF & I RPER S RE A 404 . BRI IR 62U 5 22 (variance) HJ
LS A

var (V) = (W = W))?) = () + )

Her, —REYEENETEEE M, U SHZ280EK, 1, KA

SR 2EL RRPRRAHE. DUl ROE IR BeRsE, [

2

d*w
M=M (beam parameters; m; detector aperture & efﬁciency)
w

T RS TR S WG . A RAHEA R, X RIS IR 2
k. 2% M.

(a) ©rs : A channel
Focused InGaAs Photo- ¢ hann
e Aif(t (A — /
Dark box kdaton|B-| ghioto: |- corent f(t) c;_:;:::; £(A; — A ) F ()
e Focusing Lens radiation diode integrator L channel

Undulator ‘ (A + A F()

A HEN
= - 2.3ns 10.0ns 31.4ns
Dipore DL L
bend

FIG. 1. (a) Layout of I0TA; electrons circulate clockwise. (b) Light path from the undulator to the detector (not to scale). (c) Block
diagram of the detection circuit; i is the IOTA revolution number. The delay in the comb filter equals exactly one IOTA revolution,
133.3 ns. Hence, its A channel provides a signal difference between two consecutive turns.

M3L

NTRIACE I, Ve SR M AR PSS R A3 TR AR 2 Y [R] 25 FR 4T 3 (double spec-
trum) , MHEECERSE M EHEL W M RO . L ERRAT
SHFOREE T

Mt = (1 — i) ﬁ;/dk/d%l/d?@/d%' Pi (', 1 — d2) Li(d1, )L (42, 1)

Tle O-gﬁ <-A/;.e.>2
7) ( ’ ) ]_ - Si‘lglz - 557/;/2 —ikAg (d’lx*4’290)m/*ikAy(Qz’ly*¢2y)yl*k223(d’lx*¢2x)2*k22§(¢1y*¢2y)2
— — x Yy
k (X', 01 — @2 47mx/0y/6
Ti(6v') = > mes(@)Ens () Er, (9 — 1)
s=1,2
W)= Y [k [ @ona(@)éns @)F
s=1,2
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KT UE—BIE M 1yit&, Hit &7 7] LAfE https://github. com/IharLobach/
fur HF)

AR, IR TR SRR I SRR 20 56 T RIS F AU NG E var(N) 5
W), 5 M p—2 (NHEERNTTA ) AR (0, ARERE R R
Ouvys KK 0., REEFIARHEIOCESEEE), MR TREN S E . XREIBEC
X5 IOTA _Lis T mppsi=t, &l

— A% A (round beam, €, ~ ¢, =€) FKFE
— Jm# A (flat beam, e, > €,) &G

HE, EERHAESRE SRS ERBE 7% (synchrotron light beam size monitor,
SLM) X A y J7 0B & 56 B R AN AT AT, BRI, 33X AR S 2%
Wy J7 0 &G B B RXE , 25— B el ST v N B RNAS [F PR ETE
AH, AT REREO T, KT G RE RSO TEGRR var(N) i
TSR PR A A T R, M H 5 H B TR H A

Photoelectron count mean {(\") %107 Photoelectron count mean (\) «107

(@x10° 08 10 12 14 16 18 20 22  (b)x10® 08 10 12 14 16 18 20 22 24

| » Round-beam fluctuations were®® | * Flat-beam flyctuations we "

S 1.0~ var (W) = (A) e o’ S L0[-- var (M) = (V) s

505 g o ARBETE Eosf ceeset”

g T = csesee & © R

(c) (d)

E —_— f

E100 W Esoo- +# } d {* $ 15 _
I g
g £ { + t} H{' FAR! 10E
g 50 i SLMs 250 HML } i i ia SLMs -
= ¢ via fluctuations ¢, via fluctuations B

& | Round-beam (¢, = =0 R e I e h"“m (ez > e )4 ¢, via Touschek lifetime

0711 .5 2.0 2.5 3.0 011 5 20 75 3.0
Beam current (mA) Beam current (mA)

FIG. 2. Panels (a) and (b) show the measured fluctuations for the round and flat beams, respectively. The statistical error of each point
is 2.7 x 10° (not shown). (c) The round-beam mode emittance ¢, determined via SLMs, via undulator radiation fluctuations, and via
Touschek lifetime, assuming the effective momentum acceptance 2.0 x 103, (d) The flat-beam horizontal emittance measurement via
SLMs (left-hand scale), the vertical emittance measurement via fluctuations and via Touschek lifetime (right-hand scale). The SLMs had
a monitor-to-monitor spread of £8 nm (round beam) and 50 nm (horizontal emittance of flat beam); these error bars are not shown.
All emittances are rms, unnormalized.

54 Hp

Ve SR SRR & EIAETE PRAB 1 [l BEASESAT R, A8
LSt T IR S BAh. I TAET S ).
%%k

[1] 1. Lobach, S. Nagaitsev, V. Lebedev, A. Romanov, G. Stancari, A. Valishev, A.

Halavanau, Z. Huang, and K.-J. Kim, companion paper, Measurements of undulator
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radiation power noise and comparison with ab initio calculations, Phys. Rev. Accel.
Beams 24, 040701 (2021), https://journals.aps.org/prab/abstract/10.1103/
PhysRevAccelBeams.24.040701

I. Lobach, V. Lebedev, S. Nagaitsev, A. Romanov, G. Stancari, A. Valishev,
A. Halavanau, Z. Huang, and K.-J. Kim, Statistical properties of spontaneous
synchrotron radiation with arbitrary degree of coherence, Phys. Rev. Accel.
Beams 23, 090703 (2020), https://journals.aps.org/prab/abstract/10.1103/
PhysRevAccelBeams.23.090703
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PRAB % TR B
H3H: 2021/04/12 HRIMETL: SRR

6 A H B HRFHEOEP RO AR e 5 R AL Y. [PRAB 19-
05]
Microbunching-instability-induced sidebands in a seeded free-

electron laser

6.1 AL
o S EBARAHS E R TG

o {E#: Zhen Zhang (SLAC, TUB), Ryan Lindberg (ANL), William M. Fawley, Zhi-
rong Huang, Jacek Krzywinski, Alberto Lutman, Gabriel Marcus and Agostino
Marinelli (SLAC).

o AL HUE G

o 4f¥%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.
050701

6.2

f£ LCLS H i Ly RO R 2 & P30 X BT E B ik 4 AR B L
I SRR R — R A o XA R TOLTRRY Al B, I EA R RER Ll
KB e B g B TP B AR AT N o RS SCEERFIEIX R PR SR, R EET
FEL 3% ar LI SR E MR A AR AH =S B Rl e i BE BB AL, S
BN 1 RE RO BRI R AR AT LAS D S i 2 Ff 7B FEL fRigity, R B9 5
B BEE B e K T G . X SR A B FEL rh oM A =S
IR SIPERR H T RS AR, AT REZESRAE R il A9 i B/ N SR A FR A T RER, BA
A SRRSO BRI DRI T 0 2 J LB AT
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6.3 FpREIR

HOEA ARy FEL JoR S EH AU R
do

az ="
n . 0 il
— =a1e” +age”” +c.c.
dz
d
L=
dz
days . Av
— +i1—as = —b;
dz 2p

Hot, v =1+ Av = wfwn, BT ATS S BIFR AT .
SR RE RO BIRISI A B B T LS B SRS 2 4 77 7

d3a . -
e 38 ~ ia, +iADspuze” " (energy modulation)
z
d3ay dv d?a,
— I——— X iva, +iva B density modulation
dz? 2p dz? ! ( Y )

Hr A F B 53 IZAERIERE A BRI, SRS BRI T2, 7T LS Hdi

SR I RA T HAT R S L Po(2)/Pu(2) B % r B 2 i9AEtk.
REREA S 2 BE B 25 SR AT LAG IR 2 — D7, R4S

P 1 1 V3,

~

P(z2) 9

2 2

— AN BB G RIS TR 5 ELBE 2 5 YT
EEERNR . FESCRNER . %0 T X — A AT i

6.4 Z{EA

At (- -+ 2B

—~
-
SN—

HUARAR ] —4E FEL Ry TN ANIE RE SR IR N 2 A58 5 7 S A A

RATIAEN . TENN A=0.13 #5 FREH 2 A0, JL/MEIILE RN

o SHYERS IR LTS R R G TR
o SEATURRTERE R [A] v it B8 v A0 1 g SEE 1A T B
o BT BB FRIE

o YA T EYRA SR 2 2O
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1.2

0.8 |10

06 I 10"‘ 1

04

02}

Normalized field or Bunching factor

A 3: N[RIRE R VA R B J O S 4 S AT AR 2R IR 1 R 22k

0.25 . :
;=108

o Elz:=90
Z 02 =72
g =51
= [z =36
£ 0.15 Hl:-18
o
o,
¥p]
B 0.1
N
=
£
S 0.05F
Z .

0 g - =

0.4 0.2 0 0.2 0.4

&l 4: HENE 2 19, A=0.13
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6.5 BTk EAIH A
FETTHR

« K EFT FEL GRS AT TR A UEME S SIS RS 25 H
LR BB AR R — T E A

o TR YIRS ER Y G a2 O IR

6.6 LK 7

SCEE A 93 M 25 S SRR SR ARG - B A 25 TR A Y 5K, R 3 1l ) ik
JEEGE/ N AR T RERL. LA LCLS M, ARAHTRERCN 500 keV, ASRELH A & HLALT
1%, SCEL A EUAESROR R PR HIIEETT 200 keV, X245 A EZH H A2
Y o

SCERX T REET BAURE . RS ERIE P < P, B A < 5p. SEFR1H

DU SEIE RIS, ERRES T, R A sTEt Al REFF AR, IX I F— iR
IJJ?_I EZLR Py < P1/10, RXHRRIEOR T B — SR A IR i L ORI 7o Xl
VPR EIE T AR T -
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PRAB 5i# SR 2R
H i 2021/4/15

7 EFERPER RE GRS KA AR e kg [PRAB 21-12]
Theory of coupled-bunch longitudinal instabilities in a storage

ring for arbitrary rf potentials

7.1 EEAEE
o K ZRTIRRENF
o YE#: Ryan R. Lindberg (Argonne National Laboratory)
o A BB, R ERERARA

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
21.124402

7.2 fHE

X SCEFT R A AP B 2 R A SRR E M, BT —4HME Viasov J7
T, @ RS R A AT EME (longitudinal coupled-bunch instabilities, LCBI) ¥,
XAHLRIE H THEEIEA YN RE &, X BRI E A AR AR R Y
SRS RE 8 BT KA NRIE Az 376 B ANEsz 2 1 92t (non-harmonic
motion) TR SCIHEN AR & SRR MK (coupled-bunch growth rate) AT LAl
R — AR RS, MO RANSE N, WG RE KRGV (Zelh) M4
HYRHEAE R AE o XIS [R5 8 T B el T S 8 S AR E It R B R AR 2
Miaghs R BB R, AL OREF IS B F VA

fEff LCBI BeZ e, 1EAMN M, XRIE02E 7 =017, 2518
1. harmonic potential = AN KK FR Vo(z) x 22 8L Ho x Z, HH1 T fy action
2. weakly nonlinear potential = Hy o aZ + bZ?
3. quartic potential = AMIFAE IR R Vo(z) o 24

HH, B—HFre EHE LR AR, IV E DR D B BIRL Y TE
P a2 S H RS TARRE OGRS BN o VRIS A B IX A BRI AR
B ERE, B TR, R R IR EEAURR T elegant X H i IEAE T
APS Upgrade (Advanced Photon Source) i H HJ#H 5 S EOHATIEAS -
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7.3 TTHRSAIHT A

o Uk TR 2 RSO B A B R s e,
WHHIHERBOA K2 o IXRIESC Sec. TR | Z KRB SRARATEHIEHESE . FF
S, Krinsky & J.M. Wang S A RRAR AT & 13K 68 K — B o 19 77
. HA, HiE N

Pm = Z Tmnpn

FHIE RS AT TT20, FEAEOC R SRHMERS det (I - Th,n) = 0 KRHGESR . IEAT,
KR SO LR LAY harmonic potential, fEIXFHMENL T, HEIINHIss)
FARA ws H—EL 4 LCBI [ SELA TR I, 158 —8gsiR. T H
IS0 PUACAE BRGSO (R (T ER 2 A Ja T, TR T 18 SCHE A 3
WHEZL, £ APS Upgrade 280 MG HHITHELE IR, £S5 elegant L. (HIFTEEN
&, VESURICHE RN 2 KA 9 558 (uniform, even) [YFEHC, Xt THEE S5
0L, TR AR, (EXRIESCHIR S A B934T .

o BB REA =

— e Ba. (6) BRI R, o AR TR RS A B L
FOEERIEEL, DT R, RS TR

~ Bq. (21), GEGCRER Ay BT RAE ERATORHEEE, R i
JIFERZE

— DI FEMRA T E AL B4 onset instability growth rate 55 Landau damp-
ing rate 7} JFHEL, JA)E FIINEAE R S FEE KRR growth rate. X MEN Z K
EAERET 22 AR (macroparticle model) Bl /23T harmonic potential [
Vlasov 73 H1, HE5C FZWE T instability growth 5 Landau damping 2 [H]
TR, RSB SR MR RN Viasov 447, FFAES =017
HRpPTe T HEBIRAEC R, WiZ1e S Figs. 2 5 3.

7.4 HP

KA LCBI BRI AR, vJLAZZE (1] i TARRA 2. K TAEEZNHE
23y LCBI 5[#¢HY beam breakup (BBU) 1 L2 J. M. Wang. J. Wu 5 J. Delayen
H N TAE,

P RAIET F. Sacherer ££ 1972 45 J.L. Laclare £ 1985 £Ef) T/, #AJ5 /& 1980-1985 4EMA], J.M. Wang (F
f21H), S. Krinsky, R. Ruth, C. Pelligrini £ A T4,
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[1] S. Krinsky, J.M. Wang, Longitudinal Instabilities with a Non-Harmonic rf Potential,
Part. Accel, 17 (1985) pp.109-139 https://inspirehep.net/literature/222373

[2] J. S. Berg, Coherent modes for multiple non-rigid bunches in a storage ring, Ph.D.
thesis, Stanford University, 1996, SLAC Report No. SLAC-R-478 https://www.
slac.stanford.edu/pubs/slacreports/reports06/slac-r-478.pdf
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UED &% SR H: RIGT
HHH: 2021/4/22 BB B

8 i ] B4 K A e B P B AR CED A e P A
Toward monochromated sub-nanometer UEM and femtosec-

ond UED

8.1 HEARFE
o O BPRHE TR
o YE#: Xi Yang (BNL), Weishi Wan (ShanghaiTech University) et al.
C R (R

o HE¥Z: https://doi.org/10.1038/s41598-020-73168-z

8.2 %

AW IRIR T — R R 7474 (UED) Rt ii v 408 (VEM) RYJRH ¥
R (MeV) B84% (monochromator) FFIZEH T, FHXTRERAT LAAE] 1077, IXPP7ERERT
JE T AR B A (single-shot mode) F1ZREFAL, (accumulation mode) FHESE AT, H
B TR RS R, ARG T 2% (shot-to-shot) REEFFE). FEH AR
T XIS SON AN R RCR T TREUEE, fesalik 13%, ffikeba] 42 130
MHTFo EEBRIRT, N T HT shot-to-shot fETREIENE | EABERIEL, LG
B AR A7 A 2 SRR L BRIV AIEAL, R FEU L5 EE AR IR
b 2 Qi 2 NEESE TR %, 75 MoV S (L (Fy33 1o s h 5280 T — R0 I 1)
BRI S RE R OC B BE  E ZE HRT R S, DASCER BRI it 2 [) B9 e /N
REAH ISR 2 . i TIHAZERTE, ARk A S RE R oG B E I #1380
(timing jitter) A] DACKFEARE] 10 fs BP0 IXFRERAALH) S N A EDIZAN R 5 HER Y
UEM H1 10 "R [R50 UED BB —2 . FIH B RSECS g R TR
XTI SR ZR AT DO HL 7 R BE ) AR A O T SE I o2 e BG4 F T il chicane
HALA R L= WS B4 10 21 160 fs Al AER G KEDBUK IR, X8 7] RE A Y [R) 49 3
AR SR BERT A B KD R
3Fengfeng Qi et al., Breaking 50 Femtosecond Resolution Barrier in MeV Ultrafast Electron Diffraction with

a Double Bend Achromat Compressor, Phys. Rev. Lett. 124, 134803 (2020), https://journals.aps.org/prl/
abstract/10.1103/PhysRevLett.124.134803
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8.3

BT R B BT A

o QUFTA XRIRSCMH RERAL G slit AR, HEAE IR bt im i 2 )

PG RN AT FE AR AR, AR RERIUE 5 R Y FEL 2R, 8 B (XL slit
FHEMANRE R ZEAE 5% YO HL R . W HE - AOE IS B Y chicane 7Y
FAXSHERS ,  RE AT WS 22 ) A 1 PR SRR o A il JE AT A AT B D31 TR ]
P2t — il ik (K22 k) 4 BRI ATE R, MIRA B T
TR 7 R AR o

UK ARSCETIR T — RS T AR BT, RS T R
HER T, AR T & (double-color) " 1“4 £ (multi-color)”HL
TERET M & o X B B S0 T UGB BRI s U, 1 5 B B R
%, HIPTCERECH RPN 2 DR EIN BRI ATEHE S, his UED/UEM (1 [H]
TIPSR TR LR

8.4 MEEBNURKMHLER

Crystal Specimen UEM Lens CCD Camera
Monochromator W
r—==- sanet® T ....-""'"““--“' 1
| : : I'-ffi:'f-f:'::j"'"‘_':::::.-ﬁn—-h-:::,-_t_-;-"--“"--"“--"
| Chicane L . e,
[ | Az = Ry AE/E
! !
! & __# Aperture . —_—
! N7 15 T
] " I BNL-type Gun
I I ~ 1.0
AN €
e ke * 05
00 ——"__ () }
~ s 0.0 0.5 1.0
0% GPT z(m)
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............

(400) (300) (200)

Radial mode o /
g %« iy
°1 Tenslits S

(200)
Radial mode

(300)

6: (75) BERh TaSo-2H £E“XUE I FIOATSIEL. 76 F /7 HOHRIE SR T A Srke ATt (200),
(300) A1 (400) FIFA IR, 45 F B8 T 0B A (BOFILTM), AE/E = 5% HllsEiktE,
S BT DAY 32.25 mm. (£7) B TaSy-2H 760" W T AGHTAHE, Skl A
HL2E g 3%. 78 FTIOAEIR SR T AT Brks TSI (200)+ (300) I (400) FOGIAIRESS. 47 F AR
AR

28



PRE i SR ZERH
H i 2021/4/23

9 FERMTLIENMB AR EN: [PRE 58]

Microwave instability as a coherent light source

9.1 HEARFE
o 3 [FEEESTS B ETROE
o YE#: Jiunn-Ming Wang (F/22BH, Brookhaven National Laboratory)
C R TG

o %% https://journals.aps.org/pre/abstract/10.1103/PhysRevE.58.984

BoRIiE oA R e SURF 15 BNL ) NSLIBgs (rBfot i bbb F4ast 58
TRAEEDE 0T, YT RS RE TR MU R (microwave insta-
bility) SR AR (microbunching instability). 7 51T 34 5% 5% A9 4708k 43
Br. BCRe SR RIS 25— AN RS RS R B0 IR (integro-
differential equation), JX/HIFEH N FALAY B 7oK PO R T8 30 o IXRSIE SRS
SR AL AT TTARAO S, B RS 55 OB, SN B RS- g3 77 AT L
Nl (diagonalized) , Hoth BT (AL FEAE ORI AR E MM KR 16 S0 T
BT, HHEE 750/ o TR AR R e P A PR T2

9.3 TIRREAIHT A

o TiHk: XWX NIBIES T, JLPANEBUEITE . B84 BT I Hr i
ZeM:Ak Vlasov J#e

OV (p+ ae(t —7),€67)
Oe

¥(o.6:0) = W(o.60=0) e [ a8 (94 act~7)i7)
0

MSURF J&E#H Synchrotron Ultraviolet Radiation Facility, &35 [E % F5#E)s (National Institute of Stan-
dards and Technology, NIST) HJ—/~%5 i BRI AR AT 73R, I HFREEZIN 380 MeV. SURF II
21974 FFITRB T, BAEBRL R SURF 111, £%#https://www.nist.gov/laboratories/tools-instruments/
synchrotron-ultraviolet-radiation-facility-surf-iii,

I5NSLS J5i#i>l National Synchrotron Light Source, 23 [F A& va g 30 E 4 SL56 2 (19— =480T (B FREHY
2.8 GeV), 1984 4k, 2014 4FiR%%, HENEfTHE CETHRA NSLS-II (HFRERZ) 3 GeV).

YO0 2, X BT S IR A s 4445 (global path coordinate) T, A& z 445 (local bunch coordinate).
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HA U R HL PR TR 6 L 7SR PSS B T AR € A
T SBHER IR, ¢ MR TIZE (HHRR ). € NRHEE. 6= o
ML BRI T

TG TR A Fa g T, 28414 ¢ (global path coordinate, fEfif f£ 38 A
P£) 5 ¢ (local bunch coordinate) 43 BIFEATH A M REJRIT ¢ — n HE AR
t — Qo ST IR AT [basic equation, Eq. (20)]. H& SBH X FIHIET
coasting beam UL PN TFHLLS H R RIS, WiHH Eq. (21) X 3R R E— 0%k A
ST BREL e [By FEiE] s (E/EXS T bunched beam, XNIEJEAS J EE— 2L 047
IR TR T AL R o AN EITHY T 58 [Be FEJIE] o Section VLA HE— 2B HEHE,
FEFCRIFHPTLN , o Eq. (21) B9 REL (kernel function, K (¢, ¢')) %)% Ty
J&H. 1 Section V.B ¥FRr-1150 71 Eq. (21) XMk, fi#H bunched beam |
O BRI AFETER G ICR Ea. (39). ZTTIREIIE I coasting beam [
RAATE MR AR R

o QU ICIEE R P TAEGEENT . — B SMBF L . XA

L2 5 A IS S A A E PR B AN ASUE P DA, BSR4
5o TR ASE TR AEEA R B T IRAASE T (fast instability), K2
% T ONRIHR GO, (synchrotron motion). iXfE1ECH Sec. TILLA K EAMHES]
XT coasting beam 5 bunched beam 434 [AIEUN, EE 5 HISR HF T e
Sy (WieS Fig. 2) R, S, 18 Sec. IV MIiE— ik
BEIE 54T o

2. — TR EIATREMER, BT (BRI sh1%. XRIRUE 5 MR
25T Z BN ATEE R M TR A A TR I DR F R, Y
N I ER R SEIR A A FL 06 (free electron laser, FEL) BY4HI T, B4
VFIXA LARIE 220" g — " R B SR A FE MR B 0 A S 77 AR R TR S AL 9 2
Mr, (EEEET I HIBHESE.

9.4 H¥E

AR, 2 RBXRIE S (U] SO AT AR 25 e IXRIE SR 1,(t) 72X ¢
PEATREAZ T R TE IR ) A%, B bunching factor b(k). Eq. (20) R3AT R gi8L L
& [ SRR IE R Bq. (B5). XEIESCHRY Egs. (16)-(19) A0 1153 Eq.

YRR — MR, BORIEEACHE (orthonormality) 5524 (completeness). BLRGHEFEAEME—, (LM
%36 (modulation space M) 2—FEH.
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(20)0 XAFET, XRIEON ¢ SRR A, 1A [1) TR s SR ARG HEHE
ﬂﬁ%%ﬁa EIJ Q= _Z.:uo
275 3k

[1] S. Heifets, G. Stupakov and S. Krinsky, Coherent synchrotron radiation instability
in a bunch compressor, PRST-AB 5, 064401 (2002), https://journals.aps.org/
prab/pdf/10.1103/PhysRevSTAB.5.064401
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PRAB &i# SR B
HHH: 2021/4/26 e ZEAR

10 WESZFPIS R E T A AT Smith-Purcell #4517 /MR NI
FIR A K E R [PRAB 24-04]
Coherent Smith-Purcell radiation for minimally invasive bunch

length measurement at the subpicosecond time scale

10.1  EAfFEE
o I AN

o {E#: Philipp Heil, Kurt Aulenbacher, Christoph Matejcek, Simon Friederich, Max
Bruker, and Frank Fichtner (F#4/#4: University Mainz, fi€[H)

o B S BUEA

o 4. https://doi.org/10.1103/PhysRevAccelBeams.24.042803

10.2 #5E

AT T —F L E, fEfgidEd AT Smith-Purcell 85} (Smith-Purcell radiation,
SPR) KA T E/ IMEZAMER L AR EHC M i o iIXDEOR EA R AL Mainz gt [A]
G S ey (Mainz Energy-recovering Superconding Accelerator, MESA) [l &
b TERD T AR R IRARAE 0.6% HTE O NI E R TR AT . AR R TR R
Ek 1 mA S, i R R A R AT RS RS (preparation system), ] RAJik/]s
2 B FELAT 8B R PR A P Y R . AE MESA (IREER % i R iy MU TAERIATR, 7]
LLZ]E) RMS SREHCEEAGA 70 pmo FRERHCREMEL SN, AR 77742 SPR [ $LA
FiRlo

10.3 Bk BBl HT A

o TuMk: fENMEZY MESA BUERER (LT 24t MELBA (MESA low-energy beam
apparatus) HHEEN. [ — PSR BRI A IR A ISAT, N T /MR R A
AR, KT SPR T TR A B . [FAE A b o4 1
R AR Rg, RMEAXOREHIRAIE ST, e i gk R A e RS04
/NS ] FELAT RN R AR A BE Y 52 M o G TR SR AT v e R Gk 1 B 4% 1.3 GHz
BrigglE RGN — ORI RRE RG0S DC B REAC 7R . 10X
W2 AT ELE] 70 £5 pm SRATCSE
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2.6 GHz buncher

1.3 GHz buncher

collimator (movable slit)
pump

differential pumping stage valve

o magnet

FIG. 3. Test apparatus for the injector of MESA. The DC electron beam from the source is chopped by two circularly deflecting rf
cavities and an adjustable slit which cuts out a certain range of rf phases of the beam. Longitudinal compression is achieved with a
system of two buncher cavities. Bunch length measurements are done in the SPR chamber. A quadrupole triplet including correction
dipoles in front of the chamber provides transverse alignment of the beam.
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FIG. 4. Principle of longitudinal bunch compression using two
cavities.
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EEEERIA MAMI o4 Mainz [BIFEN#Es (Mainz Microtron) &R, &1~ 3.5
MeV BEZTEASS S = racetrack microtrons N B %) 855 MeV Hi1-iH s o

o BUBIRL: 2 NEDEHHRIIR A A EvR 1 b, RIAE T AR AR R X R R
MEEAr T — AN REEME . ARG T B R REE A AFERIMUME 2210 /1 BT
fili THz Jesggett . Wil LR IIUEIE 2 -

detector

Winston cone

z—cut quartz window

- C O ) 1A

20cm
FIG. 5. Setup of the experiment. Multiple gratings can be FIG.7. Setup to detect SPR. The electron beam passes several
placed next to the electron beam. The central observation angle is  magnets and is guided through the SPR chamber, in which the
i = { = 0° with an angular spread of £2.1°. The generated THz ~ drum shown in Fig. 6 is mounted. The detector is placed directly
radiation with a power of some pW to 30 nW is observed with a  in front of the vacuum window.
bolometer cooled down to 4.2 K.

10.4 HE

WETT IR RS EE R R H OS] D sog, Wik o, < D, Bl o, ZAAERETK
&, MT RS SR IR 7 Seon REEMT, RN ARGARMED HER B I AL -
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FIG. 16. Calculated SPR power for short bunch lengths at the
smallest available grating period D = 0.75 mm. At a bunch
length of 6, = 10 gm, changes in &, cannot be resolved by the
detection system. The green box indicates the measuring accu-
racy of the detection system of +4.4%.
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PRAB §i SR 2
FHH: 2021/4/28 BB B

11 HGFHZ R A =4 B A A 28 R4 [PRAB 24-03]
Bunch-by-bunch three-dimensional position and charge mea-

surement in a storage ring

111 HARfEE
o I AR WS b

o {E#&: Xingyi Xu, Yongbin Leng, Yimei Zhou, Bo Gao, Jian Chen and Shanshan
Cao (FHU: HHEFREE LR AABR S

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.032802

11.2 #HE

E¥#EJE (Shanghai Synchrotron Radiation Facility, SSRF) B yR¥& 2 T 0] LAJA] 25
S 2 P8 R P = 4 o B RT L A i B  JEE R, AT AR B 1 PR A e kol i AR oz
BHIEES (Beam Position Monitor, BPM) [ [a] B4R B B/ i 1 = 4E 0 i =80 e
RGERM T —EET KL (correlation function) IHHUFTALHAY %, FFHA AL
BPM #5HUES, P RIESE R e HRoR R H PUBK FEAR BRI E S, Ak
Ff (software resampling) FHATTALIR G, AR VY RAE RUIEEE 5 19 22 U A0 R
R E, % ULEC A FR R B A R AR SIS AL, B T SSREF 1R
BB ARITE A I AT R 1 PR A1 Ay 204 M AL 3R o

WEoh. IR 50432 (Principal Component Analysis, PCA) Xzl e R 40t
17 0 HERIEAl . XTI 600 pC AUARH], AR AEIE R 0.3% , Rl B I A
FEE/NT 10 pm, PARFROI R ANERE/NT 0.2 pso ARFIZ I FEE R AN HE R e H]
RN EFIENE R AHENS /177 BRI RE R S5 T M YA L

11.3  TTEREEIHT A

o BB ASCEUCK BRI B R A SO E R G I, B KGR TR A]
— AR E AT S PR A P2 R GE. NI ZHIPDOR B i 50 6 GHz
) e SR 3 7 e LA AR R G A0 A 2 7 28— HHOC BRI AL (correlation function)
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% ST RBE R Z 2RI R R, R 1 AN R [R] 25 I e Rk
ONIE A LI s B2 U BLA T s 1 2P Eie g (600 pC T 0.2 ps)o

o Tk ZTR M TR AT SRR R s A RS R T 2 R
e AR A VR G B 2155 B[R] AASEADLATY 9 v T OROK AR AT ) A9, e NI
RZE. MHINIE AT TR F IR TARMRURIEE AR AR LB 2528 . FFPRAh

TRGMEATERRIERE, %k R GEA v T RIS AR
RS20, Ak TﬂAM%%?#ﬁﬁ%&ﬁmm%

11.4 LB HEABEEEFEEG %

...................................................................................

: Warkstation
r_|=‘| I . TR
n vetor-comparison-method : Iongitudinal 1 i
B phase |
Ld stitghing === =======——y :
oscilloscope i :
" = e _.: response | jmmm————— e 4
" l function{Func) } i ftransverse |
———————————— - 1 o
m resampling E|LEHLJ
ButtonBPM |  f  remmmsss—eee ———
\_ ) amplitude | ! b 1
charge
- e GOSN s Wil
B bunches g SO0 it R i i iae b va iae S on S e L L et e o}
signal

FIG. 7. Measurement scheme and algorithm flow. The oscilloscope direct samples the signal from the BPMs electrodes and fetches the
original waveforms over 7000 tums and more than 500 bunches for once. Data processing based on Numba and Python is done in a
workstation.

AR F RPN AR I R T R AL, AR ERAE (ve-
sampling) 5 AT AREUAE NSRRI IAREAL (@) B AT Wi N7 BRBCHT R SO A AR i
o7 BR B T A 3 DR A 4756 (Lookup Table, LUT), i@ i 455 UG Bl ER 2 A 6 o e i 1
RN B EVCAARNL (o), T IEMFR NSRS M 250 1) H DERCTE (vector matching
method), FIFRAESCEREE. LLAh, BB T 28— R A N7 R 5 AL ZE 1 P
ZRPEARNL (¢r)e —H BMNATIAZ KA L)AL [Eq. (9)]

P = Ptg + Pr + Pe

Ao B Ae w0 2 HZEHRHIE A — R PR R PO i A S 5, TRAHE 5 RY
AR S AT SRR A AL E AT L i [Eq. (18)]

ka—kp — ke +Ekp
ki + kg + ko + kp
ka+kp—kc—kp
ka4 kg + ke + kp

Q=ky (ka—kp—kc+kp)

H[
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Horb, ke M0 ky B0 kg NETELMRITEL ka, kb, ke, kp NHEMIFS

N & A 7 FARE: Bl PCA B3 SE 2 fRE (Singular Value Decomposition,
SVD) AL E S S SRENIE S, A S EAUR AR TR E 5 8=, it
AR B G AR R bR ZE TS 2 AR (M 2 B DN B iR 25 . BRI
T AN RE BE R I TSR 22
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12 hjm) BiiE FLBTH R M RE RTS8 [PRAB 24-01]

Thresholds for loss of Landau damping in longitudinal plane

12.1  EAFE
o I TR

o {E#: Ivan Karpov, Theodoros Argyropoulos, and Elena Shaposhnikova (ZEZA[ ) :
CERN)

o JAL: HNE. BUERHU.

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
24.011002

12.2 55

W Tk = A 2B R P e ALE], BERHJE (Landau damping) 78 BLER [A 5 7 &%
(An K sg a4l LHC, high-luminosity LHC 4§) AYASE MEIsFT A i 2 8 FE A
o XEIWICH M Lebedev #1475 van Kampen 552 AL S 504 B 1E FH 2 805 7H
%% (loss of Landau damping, LLD) I AP EE LY M. 4087 &3, 4R AT RE 5
A4 binomial FEZASHT, X %08 HEEBHPT (BT, ImZ/k = F{H), f£ above transition
TEOLR, Aok LLD ffEdL. X THIRE. Hi— RF RSEMFREF T, TG H
KA LLD BRI IRME SRS Npen (W Eq. (51)]o fEHT 25 SRS EUEK M Lebedev HifETT
Fi. 281 Oide-Yokoya J7i%i FF R B8 LHC I SRIgss R . 5k,
PP T LLD [(R{E S KA e AL R R o

12.3  STERERBIHT

o TTEk: TR TSR A RS RSO, B, HE IR AT E L
P B L2 A5 il S A A AN o SRR B IR AR K8 RE K 5 e 42 AE
B, X REBUIT S EI IR 2B 3R A3 78 (synchrotron frequency spread,
R, /N2 synchrotron frequency) w2 — > REFE AL EHIEPH JESUN R . BE A 1f
i, SREIGH RE ERIES 5 —%EY, ZEHRE —Mitshiki, BAtha L
A — p N [F RIS SR AR . R, I AR R AR, hRE— R AT B
WP JERY » —LEs 1 )7 A4 RF bucket JEAR. FIANEKIEN RF R4:%
BT, BUR LR RS (feedback system) £E )T 5 BUEIRATATE
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2 AHRMAIRZ AT B AR AR AAE synchrotron frequency spread Iz izH]
W, A2, RIEF74E synchrotron frequency spread Xl AFGEIERICH T3
UEH ARy LLD o Wi af LA IS 51N B S840 Y S 05t R G B2 B 1 Y 2 T
RF Rzl AFUE

XS SCR T ERE T Lebedev 4047, A H T — M4 Lebedev 4[4 5 2
[Eq. (33)], AXATAEM—ANEETTR. XIS B TR A H 745
MR E AR, EHTERE. — RF &%, #EE MY (B, ImZ/k = &
H) WEEBNT, TS H &4 LLD B R RIREREE Npyw [ Eq. (51)]. 1€
AR RO . FrA R van Kampen #0E 8 — &S00, R SRz
BB Y R R E R, (—3649) BE van Kampen 152 C, (€, Q) £
i, M RRERE JE & (LLD).

XFF—ROEARIEEGT, A DAl E S YA REHITRN Eq. (50) SRR A5

3 Gu (=)

YT EALL RLC £ Q = 1 BBR (broadband resonator) fH#T, 445G LA EZERL
B2 SR R A58 Ea. (55) 53T Lebedev 15 Oide-Yokoya HH1455 5
[Figs. 6, 7o

XA SEUER AR Lebedev ZE [ 7 HE . £y Oide-Yokoya J7{EHHL . iX
PR AR AT SR AR T 154 MELODY &2 /7HrsEa, AR m] AZEAERE 1 Github J T
PAF) (W Ref. [30])s MELODY -4 Matrix Equations for LOngitudinal DYnamics
caleulations. A-FRRFSRAR Lebedey BT REA I AU TR B, (36), B
SRABLERFE ARG N, 1. SEWE D(,¢) = 0 I ¢ = Gon SXRIAY Npno %
FEJ7 K fif Oide-Yokoya JEFETT#E Eq.(42) B, RESRAEAIE N, B, 12566 T FEXT Y.
HORFER )= | Sepi B max(©u,) — 0 BRHFAE(LHIR TR incoherent
synchrotron frequency {1171 J I R RAEHE B A M0 26 PFo SXFIA 7 MR AL B2
SR 2% A

8Beam Longitudinal Dynamics code
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FIG. 2. Examples of the LLD threshold evaluation (shown by a vertical dashed line) in MELODY using the Lebedev equation (left) and
Oide-Yokoya method (right) for n > 0, InZ/k = 0.07 Q, f. =4 GHz, V, = 6 MV, g = 2, and zero-intensity 74, = 0.82 ns.

PRERZ) 100 [, g el R I A A 17 A 2 ) 5R A1 40 A eR AR 220 RE bucket 1]
R (WRERER D, SN R RN D PEREAE  WARERZ, A NIEEBE: K
K, RO E R IR B0 (diople) s HYH 7 2R #e, Bl synchrotron frequency
ws(E), HAPREW ), FHRRBREE Ny, EHHEWTH ws 5 N, IR R
ATLAVES], Y4 LLD Z4R, HIIW—K"BE (L) 8% (£) F BB (HH)
RUBALAY van Kampen 85, #EHHY van Kampen S XM ) LLD [({H.

1.00 1.00 7

0.99 0.99
% =
3 3
= =~ 5
3 0.98 3 0.98 3
0.97 0.97
025 050 075 1.00 125 1.50 0.25 050 075 1.00 125 1.50
Particles per bunch N, *x 101 Particles per bunch N, x 1011

FIG. 8. The real part of the normalized mode frequency found from macroparticle simulations using BLonD (colors) and from MELODY
(red dotted line) as a function of bunch intensity for a broadband resonator impedance with ImZ/k = 0.07 , Q = 1, f, = 4 GHz (left)
and f, = 8 GHz (right). The maximum incoherent frequency obtained from MELODY is shown with black solid line. The dashed red
lines indicate the LLD intensity thresholds. Calculations done for 7 > 0, V, = 6 MV, u = 2, zero-intensity 7,, = 0.82 ns, and m < 5.

o QPFTA BHETUL, R B2 KR A (W0 Fermilab [¥) Tevatron. BNL
1 RHIC. CERN [y SPS. LHC 45) kTR AL (single-bunch multi-turn) £
DR ERIFSE . e FI 2 20 B M S A 250
A Han, £ LHC jsf7i, S2he BRI &4 LLD B A AGR e T RS
TOMERIPUAS o DA% Sacherer 234 5 IEAS R EER, Had A RR, (UE
coasting beam BRI FH AT 1 H o

41



X IE ORI ITIEST Lebedev 43047, 5B HARIERY Viasov 7%, FIHGEL
BT, 153 Eq. (21) B ME Viasov J7#E. 5, 1E Sec. IILA i
RN S B SRR A Aebr o & RAshR t RIS 2Ry m H Q, H
1, Q€ C HARS (F) BEMAMII A, SiiEs, B3 —HFR Lebedev
JEREJTRE, N Eq. (33), e, BODMERE Gue  Eq. (35). IXAEEREXMILL
FEIB A GRS o XA SCEIRT B T Oide-Yokoya i, 3844 R th 2
—HEMETRE, M Eqs. (42, 43). FAN, XSSO Fig. 8 R AL LLD
Hsh A B van Kampen 55,

IIMFRBL, YR AIRER 0T A binomial FEZSHS, X RIEIEFIEN, REER
£ LLD 9450 (R, 154 BAIE FE 2 R0

1. EO B EFHPT (B, ImZ/k = EfH), above transition;
2. A AP (R, 28 [A)HA7RN ), below transitions

XA ZNFIAR, R T A0 1 R A B2 2T Oide-Yokoya
FEFETRRHITR O, SR A RDE AR — (75 SR IR DI BT LA T4
I =S98, BT AL AR beam pipe, XY cutoff 4% AL F D]
FRA

12.4 HE

FA AV IR AL E L E (instability threshold), Tk 2RF5% LLD (loss of
Landau damping) Wg? FOAME T am T LLD ARt — & SEERERATEE L4, SR
IS B L S Al B instability threshold IS IA AR . (EiE, FRIEAE
&4 LLD UG B TS TR Y Am M IT s T LLD B{ER o] 58 & 4 AR
FUEME

KT TR PRI A R B R BUAAE MR 04T, B 1 IX 18 SCRIHT Y Lebedev J7
K2 AN, TR Sacherer (IESCSCHREY Refs. [9,13]). Hofmann 5 Pedersen (1873C
WHREEAY Ref. [15])s Chin-Satoh-Yokoya [ van Kampen 7% (78 3CSCHk B Refs. [19]).
Oide-Yokoya 7 (18 3k B Refs. [20]) Burov 454 Oide-Yokoya 5 van Kampen j2;
(3B Y Refs. [23, 24]) 25,

RIS tH A R R 230 Egs. (44, 45), FEIGHEED

det [eGX] — eetr(X)

det(I +eX) ~ 1+ etr(X)
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H, X HEETFE, e < 1o B4, f14020UE det, ¥ tr, 5 § BRLUER Jacobi’s
formula B, W, G. Stupakov and G. Penn —3 §3.5,
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