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Microwave instability in electron storage rings

1.1 EREFER
o BFK ZRTEMEN
o VF#&: A. Mosnier (CEA Saclay, %FHFr-REWFICIZ R 2 SHRSBR)
o AL ELR. BUEITE

o HE¥Z:https://wuw.sciencedirect.com/science/article/abs/pii/S01689002990083237
via%3Dihub

1.2 fHH

P AR 2 P TR G BR PP — i TR B SR R R R, 7 7E SRR I L)
SEUHRRGENE . XS AZ I Sacherer J7 ik MR, 4 ATARBE (radial) S8
i (azimuthal mode), HAR R (R & SEMB A REE . 760 THEEE, seief
SIBT B FEASAS R (stationary solution), FF{EULARIIETY LIt 1ERENE (stability)
R 755 FEHBRIREAS (potential well distortion, PWD) [{IEAAARAGHERY L, M7 AR 2
R/ R R & SR MR R, 57T Oide-Yokoya % Jfy“step function

technique”s

KRBT SOLEIL (7 2R H 7 AR S A SE i BT 28, 80K T AR
BEN R RE MRS 5o IR SE A BT (Fedn: 30 GHz), Ml & F2L
HIRIBAFRE M T R AR & A R SE i BET (Fedn: 11 GHz), f2[AH
AREET AL Toh, XHMIHEDL, REA A2 AFAE beamlets, A28 beamlet
Z I (diffusion) 808 AT AR R MERE sawtooth instability. X8 SCIESC
a2 e T A7/ harmonic cavity 500N IR FRUE S 22 R .

1.3 TEER AR

o BIFTRG XRIRSCARGHZ PO FRE AR A B H22d B, e Ky BT
BEE 2N 5 GHz £ 30 GHzo HLF SRS TR R ~ o b SREETE
FRLEANBLAIAR R RRAE TR B 1122478
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Fig. 2. (Left) Normalized net accelerating voltage ¢ — V,(g) (solid line) and charge distribution (dashed line) for a beam current of 5 mA.
(Right) Constant-H contours in the phase space (q, p).
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Fig. 1. Charge distributions for different beam currents (30 GHz  Fig. 3. Normalized synchrotron frequency ,/w,, as a function
resonator). of /2J for different bunch current of 5 mA (30 GHz resonator).
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Fig. 5. (Left) Normalized net voltage g — V,(g) (solid line) and charge distribution (dashed line). (Right) Constant-H contours in phase
space (g, p) at 5 mA.
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Fig. 13. Density plot of the highest growth rate modes in the physical phase space (t/s., £/5.) at a beam current of 6 mA (Vlasov method).
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Fig. 15. Density plot of the unstable mode in the phase space (g = t/a,, p = &/c, at 6 mA (left-hand side, 250 turns) and at 10 mA
(right-hand side, 2500 turns).

FE, FEMAHMRABAD UG O, AN RIS Y 5] 25 3% 32 A 15 B 2 1Y s/ N 35,
2G-S 98 NER A o B AR AAG T T = AU 008 2 T, X2 R A TR A 47 2
9 beamlets fi5, {EHHZSARE N E) 1% FE . 2 beamlet(Fig. 20 h5{l
[ beamlet) AR HY dipole 475, HHZRIMULS separatrix B ifr 4745 F4 55 8
quadrupole #z7%. A, HILT sawtooth instability



4 [ Jm—
1.6
i 15
S 14
- 13
% D: +\I|!| 1.2
~ 1.1
1
!
1 .HlHiH e : e s turn
”“IH|”|“|”|“|'|'|“ ”I”“-mm“ “' - G o810 5|1ua 1o|10a 1510° 20 10°

Fig. 19. Energy spread widening as a function of the number of

0-.‘..1;‘,.lu.,l...,l....l....l.;..l._I(mA) turns.

0.05 -

Im(Q)

. 2 . l" il .|--|,‘;;_
L H HE g gull!llu'illli“’l i
K .. o 3 ".-:l: !t.
-0.05 |- -

01 |

) |- STSTEPI EPEFErETE IS S AP S e
0 1 2 3 4 5 6 7

50 75 100 125 150 175 200
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Fig. 20. Density plot of the dipole mode at a beam current of
(m = 1-6). 6 mA (Vlasov method).
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Fig. 21. Density plot of the unstable distribution in the physical phase space (z/o, £/g,) at a beam current of 7mA and at different times.

¢/g,) at a beam current of 6 mA (tracking results, at turns 150, 200, 250, 300).

Fig. 22. Density plot in the phase space (g = 7/o., p
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Fig. 30. Density plots of the most unstable distributions in the phase space of polar coordinates (/2J, ¢) at a beam current of 15 mA
(Vlasov method).
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New aspects of longitudinal instabilities in electron storage
rings
2.1 EARFE
o R ZRTERIREUY

o Y& A. Blednykh, B. Bacha, G. Bassi, W. Cheng, O. Chubar, A. Derbenev, R.
Lindberg, M. Rakitin, V. Smaluk, M. Zhernenkov, Yu-chen Karen Chen-Wiegart
and L. Wiegart (EZH#): BNL)

o BRI LK. HUHITE

o %7 https://www.nature.com/articles/s41598-018-30306-y

2.2

ROV SCHR H IR 1IR3 L H 7 A A 1) SRRSO B R T T S
MEER (B S RPN SEERUEE RN, BEE SR M i, R ATRE
AU A TR A . XSGR ZE A S5 FEA — 2. FEE BRI FE i
i, PR RERCS IR A K R AR SR a/ ME S oME, Hir, Jaates/MEHET s
PAFRENE

2.3 TEkEAIHT A

o QURTAL: TRHIFARRE TR B F ok A BRI SRRSO O BT e Bl FROR A
HIE N, REATREROT oA i B R e B, BEAE SR iR in, KA
RERLS IR R R AFAE iR i/ MBS R AE, Hohr, R/ MEH IR T = B
ArEN.

ST B BIHT RUAE T FL RS ERIX ) X LA = X )

1. the low-intensity, or single-particle dynamics regime, where intensity-dependent

effects are negligible
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2. the medium-intensity, or bunch-lengthening regime, where the dynamics is
characterized by a stationary distribution with a constant energy spread and

intensity-dependent bunch length

3. he high-intensity, or microwave instability regime, where both energy spread

and bunch length exhibit a time and intensity-dependent behavior.

— G R AR LAk, Viasov-Fokker-Planck J7 £ B

ov 0 0 0 ov
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KT LU B et 7=

U (q,p,75 1) = Wo (¢, p; Io) + Wy (g, p; Io) 7
VEREE], XA (S MR ZS FAME Uy SR R T, A
%o XEAY Wo VN T4 MR, TR kiR Haissinski 772155,

o TUMR: XIS G BUEEAL S LRI, S8 T R0E AN TR E 1 A R A B H
OIS O REIE o S50 e I 45 SR A5 I S5 s o R385 synchrotron
light monitor (SLM) &l Sl i W N]2# i in-vacuum undulator (IVU) radia-
tion photon energy spectrum il ZUERAUNET1EE BATIT A HIKAE Viasov-
Fokker-Planck 7R EEREF (SPACE), 4115 7] =% Gabriele Bassi, Alexei Bled-
nykh, and Victor Smaluk, Self-consistent simulations and analysis of the coupled-
bunch instability for arbitrary multibunch configurations. Phys. Rev. Accel.
Beams 19, 024401 (2016). https://journals.aps.org/prab/abstract/10.1103/
PhysRevAccelBeams.19.024401, Hrf, BHFN HEUES M GAAL 7 E55], %
T GdfidL R ER, "[Z7% http://www.gdfidl.de/.

LARsELfE SPACE e Jy Y St O BRI AR O MM ZE R, s Bl B o P FEL A A
in, R RERCS AR RS R Sy ME S oK E. SRR RN (2%
Zie 3 Figs. 1 5 2, MAAAE] 2.
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Figure 3. Indirect measurements of o as a function of I, at different Vy;; obtained from the SLM data for the
3DW lattice. The error-bars are similar to those shown in Fig. 2, but have been omitted here for clarity.
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Collective dynamics of “small-world” networks
3.1 EAER
o 33 ZRLFERARBUY
o YE#: Duncan J. Watts and Steven H. Strogatz (Cornell)
o BA BB, BUEIHA

o %E¥7: https://www.nature.com/articles/30918

TR SC S AT R TR R TR S A, Zadimar e, 4
HETEH

1998 4F, — R34 A /M TN 24 B4R 5 1127 (Collective dynamics of “small-world”
networks) [ X EF & FT Nature, EREEH/MEFZ EAERL, IF5R T kB4
SR AR BRI B AR RSSO X A Y SRR T o IXAIE SN b
FESCT /N2, B Y 4 Jep i ORI SR il e A T BT, I LR AR IR S AR
TEHHIB TR R o AEE IR B AT AR AL B e R AR, il e IX — B A A )
PAESOR L e S SYVA S

3.3 TTEREAIHT A

o GUBTAL IXRIESCE AR Y/ NI B AR, AR FR Watts-Strogatz 451
i-ﬂ( -S ARL), MEEE ERE ST /NIEF L, XASRL A 42 SRR OR R e A T
FERRAT . FER e S IS AT R BT B

o DiRk: Watts F1 Strogatz £ H B/NHEF LA, BB LA TR ZE (regular
networks, p = 0) FIFEHLMZE (random or disorder networks, p = 1) Z[A], BEZRILH
SRR 25 ) S SRR, SURBEHLIN 25— FE Y il 2 [RIA7AE 4427 (short cuts).,

3https://zhuanlan.zhihu.com/p/121618056
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2@ T n FIRMIZEEY T /AL, b SRR SRS, w] LAZE ]
IR E Lo LAT B Fig. 1 s ZAMIENG], A n =20k = 4 BRI RIZE
T RS2 R B 4 D RAHEREIE e (H S Y W2 AN 25X 280 o
T /& Watts H1 Strogatz 5] AFEHLIE, FFrsTE T IEREIERNT o AERLIN o 25 1) B2 il
b, N ESIED A TERNEEEA . BEENERAANE . T RSB £ T 1)
Y R ABARELIT G . I RO A AL 1S AT RUERERIER N p. HibE S
Bl AT RUAEIE, MOERRFEA . IR Fig. 1 HEIE, A —NELNE
WrERE o SRR 5 [0 il g i A =0 i el R T s, 1 R ok 4
ARETNIFATRIFER IR E. 2 p =0 B, JEMRIIRIZAAE . 24 0 <p < 1 I, JEARI
P24 g /N R 28 2 p = 1 I, BRI 283 A N BEAL 4% o W28 Y 4 s
TERRIAAEAE, 20 3 RS2 BURHE R 12 K2 (characteristic path length)L(p) #l1
B ZREL (clustering coefficient)C(p) Ak o
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Increasing randomness

Figure 1 Random rewiring procedure for interpolating between a regular ring
lattice and a random network, without altering the number of vertices or edges in
the graph. We start with a ring of n vertices, each connected to its k nearest
neighbours by undirected edges. (For clarity, n = 20 and k = 4 in the schematic
examples shown here, but much largern and k are used in the rest of this Letter.)
We choose a vertex and the edge that connects it to its nearest neighbour in a
clockwise sense. With probability p, we reconnect this edge to a vertex chosen
uniformly at random over the entire ring, with duplicate edges forbidden; other-
wise we |leave the edge in place. We repeat this process by moving clockwise
around the ring, considering each vertex in turn until one lap is completed. Next,
we consider the edges that connect vertices to their second-nearest neighbours
clockwise. As before, we randomly rewire each of these edges with probability p,
and continue this process, circulating around the ring and proceeding outward to
more distant neighbours after each lap, until each edge in the original lattice has
been considered once. (As there are nk /2 edges in the entire graph, the rewiring
process stops after k/2 laps.) Three realizations of this process are shown, for
differentvalues of p. Forp = 0, the original ring is unchanged; as p increases, the
graph becomes increasingly disordered until for p = 1, all edges are rewired
randomly. One of our main results is that for intermediate values of p, the graph is
a small-world network: highly clustered like a regular graph, yet with small
characteristic path length, like a random graph. (See Fig. 2.)
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RERW C 2, BEERATRA k5l WXk FAEREN TR (B4 Z0H
2 W REAFAERV AN 2R BN k(K —1)/2, bR A7 AL R ER LA 2 AT REAFAERY
WA R BUE, € SONIXA T RIRE R A R RER B EE
SCNMZEHIRER I o RRYIREERE, [ 1 WA 2% 5l IR AL 7 7 Y S
FHIE. EALSMZET, A RREREOR, WX RRENAAETRZ A, k2
YA A A D

R, MFE TR AR PR SR R BRI R p R
Fo WA Fig. 2 fron. EHRIEHRRIET X 20 DML (n = 20,k = 4) F
BEATLI 28 AR P TG . Horh L(0),C(0) 20 A2 B I 26 R B A IO 2R
ERE L(p), Clp) 705X R P BN p B AYRAMEB AR L REEREL.
L = L(p)/L(0),C = C(p)/C(0) 2 LABIIR R W 25 AR XS A A Bfa st AT 0 —4

VEH BRI R RUE R B EAZ T2 B8/ MER M. T IRIEREYLEZ 1E
BR, FEWE n o> k> hn(n) > 1. WEET, IRELH, 4 p — 0 K,
L~n/2k,C~3/4; X p— 10, L~ Ladom ~ In(n)/In(k),C = Crandom ~ k/no
HH, Lyandom E XN RECN n, BEECH k HIBENLN 2 BRI RS RS, JD
p=1MH L; Crandom EXT Lrandom FIL, Bl p =11 Co

PO ORI . R4 2R, LBl n ZRME3E I, FEMLIZE SR E2405y, L [l
n IXTEOIE K o XX ARAEE DL AT 2 1 ATTiR LA ZREEE R UK W 25 5 AE
A RIERER, RERBUNO MR R ERE N SATT, £ p 0T 0 Fl
LR —BXEN, LT Landom B, C(p) LR T Crandomo X L(p) 2RIAE
INER N R 252 D B K3 D B A2 (long-range edges Bi short cuts) AL
o RKAEBEFRT T S IERE K /NT Leandomoe 24 p IR/, G54
LR L 2= AR AR s AR et i, B T B2 gy i, I8 2S5 I 21y
R R
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Figure 2 Characteristic path length L(p) and clustering coefficient C(p) for the
family of randomly rewired graphs described in Fig. 1. Here L is defined as the
number of edges in the shortest path between two vertices, averaged over all
pairs of vertices. The clustering coefficient C(p) is defined as follows. Suppose
that a vertex v has k, neighbours; then at most k,(k, — 1)/2 edges can exist
between them (this occurs when every neighbour of v is connected to every other
neighbour of v). Let C, denote the fraction of these allowable edges that actually
exist. Define C as the average of C, over all v. For friendship networks, these
statistics have intuitive meanings: L is the average number of friendships in the
shortest chain connecting two people; C, reflects the extent to which friends of v
are also friends of each other; and thus C measures the cliquishness of a typical
friendship circle. The data shown in the figure are averages over 20 random
realizations of the rewiring process described in Fig. 1, and have been normalized
by the values L (0), C(0) for a regular lattice. All the graphs haven = 1,000 vertices
and an average degree of k = 10 edges per vertex. We note that a logarithmic
horizontal scale has been used to resolve the rapid drop inL(p), corresponding to
the onset of the small-world phenomenon. During this drop, C(p) remains almost
constant at its value for the regular lattice, indicating that the transition to a small
world is almost undetectable at the local level.
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2T, #90E— IR D T I AR AT R, X O PR S BB i
AL, = p R/NRJEHE C(p) TR LRFE AL, (B2 L(p) kAN BOEHA /)
MR AR R AR B . AL EIER IR, gREN L
AN [R] A EE 2 1] 268 1 i AN T R A0 idb AT 1 g b, T IE 13X —

3.4 HE

FEXX I SCHY 21, AR I 0t 52 6] 2 AU B AL R A G R 3 /s 17 /N 5L 2%
HIEh A b, T AN IE . B RIZE R U T /A B R, /M R AR 4
ST I P I 15 B PIL Pl e e A TR A O P TR+ 360, B S /D SRR 55 v e e
e BTSSRI 1 AT L R L R 5 BT AT 5T AR A o IX 18 SRS
RSB 2A BT T (p) FHE N 28 SR 2 R AL, AR IRTERCLERENLA . AU EE
Sl rPIRE E B AR NES AL Tl [0 8RR L iR 3R 90 2% 4 45 A 2 5 Wi £ B 49 14 Tk JEE T
RERE o IXRIESCrP R ML I B e i, BT LA B ) 3l 1) 22 i 32 A N B S A 2 A
SR ECAN I FERE JEE R 5 D B
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PRL 5 FERR : AR
H#: 2023/6/4

4 PR MR R EEE [PRL 84]
Mean-Field Solution of the Small-World Network Model

4.1 HAFER

- K HE

fEZ#: M. E. J. Newman, C. Moore, and D. J. Watts (Santa Fe Institute)
R IS, BEIE

HE% https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.84.3201

4.2 FHE
/N G 55 A TR e o R 5 28 ) () — P BELASERY ,  [ ISE ELA HUAS 5 BE AL 1 1)
Fifko X B PERIRERLY BN EHER (short cuts) FY—4EME ilo X EEHEFR KR
TR AR ERKE . XEIE HFEE AR S S oA P4 (mean-field
solution). TEA RS T Fall oA /AN H $E42 IR 538 (exact solution) o
4.3 sTRREAHT A
o QTR

o DTk
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-

RO
RSB
FIG. 1. (a) A small-world graph of 24 sites with k = 3 and
four shortcuts. (b) The continuum version of the same graph.
The bold lines denote the portion of the graph which is within
distance r of the point at the top denoted by the arrow. In
this case there are four filled segments, or “clusters,” around
the perimeter of the graph, or equivalently four gaps between
clusters.
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FIG. 2. The average path length as a fraction of system size on
a k = 1 small-world graph, plotted against the average number
L/§¢ of shortcuts. The circles are numerical measurements for
the discrete model and the solid line is the analytic solution for
the continuum model, Eq. (20). The error bars on the numerical
measurements are smaller than the points. Lower inset: the
same data replotted on log-log scales, showing the convergence
of the numerical and analytic results in the limit of large L/&.
Upper inset: the average path length on small-world graphs with
L = 10°, for values of ¢ from 0.01 up to 1 (circles) and the
analytic solution, Eq. (19) (dotted line).
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Physica $i SRR ZR
H45: 2023/6/5

5 M Kuramoto %| Crawford: HERMEIRT 00 RIS M2
[Physica D 143]

From Kuramoto to Crawford: exploring the onset of synchro-

nization in populations of coupled oscillators

5.1 FEAAFR

o 2 HE
o {E#: Steven H. Strogatz (Cornell K2%)
o AL PR, [HIER

o ¥ https://wuw.sciencedirect.com/science/article/pii/S0167278900000944

5.2 %

Kuramoto H8 FRFHA KRR BAAMWRIRER) . BARPEMEU RIS IR
T RS LGRS N EER, REEMMHA (phase transition), #2HIR+
KAEH KA (spontaneously synchronize), HEHR MR T KT ILBIRA) 7>
X (bifurcation) 73Afr, RI(EZ14 HAPRE A5 TR B AFAEREY o 3K 18 3R]t
2 25 FERT Kuramoto BIRIRYATFTRERE , A& M5 R MR 20, BRI 2 5
Kuramoto §J TAF—E#|HIL Crawford Y TAF. WEHIERE —5ED. BELNN
R, WM TECAEYS A ot shleahg, o e R B R L,

5.3 Tk EAIHT A

o TTHk: XRIEIC §2 AR TR R BRI T Kuramoto MR BERE, §3 NS 2% 450
HISEANZY o SRR R BT i Wiener JFJ, FIHESZMRUY, JERICHM
2, fiE 2 Winfree, REERFELHIHEE A REREIRFE RS, e
TAFERYFELR TR R RIEEER AT, PR Sa5 I IR, Kuramoto
ST AR JEI RO, MRS, BOR TR ESER S . N MR
M —4Eis g iR n LA S O

N

Jj=1
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N

Horr, SCEAERIREC D [ fa] SRR O] LS K

K
Fij (9] — 92) = N sin (QJ — Ql)

. KX
Qi:wi—i-ﬁjzlsin(@j—&), Z:L,N

BRI ER L RFRAY, B g(w) = g(—w).

N T RGN, & P2 (order parameter) A
1 N
W } : i0;
TN — ¢

Hrp, r BN coherenceo X B RE SCIEH AU A H A€ SR BE IR 18] 7 (m
HERET)o XTI N MHEIRY . XHEN 0 AT Fig. 1 o2 WH LT
KIS

Fig. 1. Geometric interpretation of the order parameter (3.2). The phases 6 ; are plotted on the unit circle. Their centroid is given by the complex
number re'¥ , shown as an arrow.

o b E R, N DMREE IR TR LA, 1532

0;=w; + Krsin(¢y—60;), i=1,...,N

MIXERTEVER], 58 i MR T2 BME I SRR, ZHRRRR (V- 1) MRy
Mk Krsin (Y —0;)0 XAHL TP R0 SREHE K AT —BEN, R
ZRINIEE TR, MR HEzE) r < 10 GG HRE K & T —BIEN,
AGRIAMTIRE, N MRFIBEIFAAERMSFE r — roo WTTHE Fig. 2 f7R.

Fig. 2. Schematic illustration of the typical evolution of r(f) seen in numerical simulations of the Kuramoto model (3.1).
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Mo YIS AIEE, Y K < K, B, Ff zero branch; X4 K > K, I, Ff bifurcation
branch., Kuramoto 251 7 K. 5 r.; Mirollo 5 Strogatz Z5H} T zero branch 2 g
PERJIERT ;s Crawford MEXT 53Rt Xk i) Kuramoto 251 K. 5 7
gER

i 2 16 I
c = , TR
mg(0) TK2\ —g"(0)

b, g = K,

l“ ________

rOCI
0
K. K

Fig. 3. Dependence of the steady-state coherence ro on the coupling strength K.

%F Kuramoto BIEL(5 {7 FEVFZ [ARIAR AR R AT, ol BRGEth i, AR N
MEAIR TG RIS, 2%%83C §6. HRT, —S¥ SRR RETIES:
Kuramoto #7 |-, B, #RFEEGEREME [ p(0,t,w)dd = 1, IR, &
BT AL

@__g +K/27r/oo in(el—e) (Qlt /) (/)d 46’
ot~ o [P\ LS PR DGR

ZRE AT RO, A .

p0<07w) = %
FENERAR Y, IXEMEFRN coasting beam U Bl HATE M7 i LA Gt 25 ik
P(QJZ w) = % + 677('97 t’w> > ;E\:EF[» 7](9,75700) = C(taw)eie+ C.C. +77h'0't'(97taw) ) 25_%

2% §8. W, REERSEEET AR, EXH

Ac = —iwe + g/oo c(t,w') g (W) dw'
T3 (spectrum) G138 RGN T FIE R B RS 5 5 T BIER Y B0 - 11
TEIER, AT MRy

Ac = iwye
I, BERERS AE . & T EER, B ot w) = b(w)e, T A BRI 255,

AN RHAETT R
K /"O 9(w)
2 ) A
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HAERRIGOUY . M n] LIS
1

1= 5 C7Tg(0)

548 Kuramoto 734 —3. b, XML g(w) = 1/2y, HKF N WS N

2y
A =ycot [ ==
o (K)

LA B el EAREE D, R EERS, WEONESE, SR ERE T Fig 4 Efn
firo HETEIER . B A R B0, ld Fig. 4 Fir.

ImA ImA

continuous )
discrete

spectrum \ / spectrum

Re A Re A

(a) K>K, (b) K<K,
Fig. 4. Spectrum of the linear operator (8.4) that governs the linear stability of the incoherent state po = 1/2x . (a) For K > K¢, the incoherent state

is unstable, thanks to the discrete eigenvalue A >0. This eigenvalue pops out of the continuous spectrum at K = K. (b) For K < K, the discrete
spectrum is empty and the incoherent state is neutrally stable.

N KB INIE Ko B, (EE S NI A 45 N 28" Rkl e 2k
HTIEAS A, FRAERUERANT A T H 7 r 3880/~ SRR S BIE e
(Landau damping) f# AR 2HIKR. #EH, RXRIEXL §9 L IHEFENIE
PBHIEHS . REMAETERR. A I AATE

5.4 Hp

1& Youtube |5 —Bi3T Y. Kuramoto ¥iy il #2140 1075 fF4
Kuramoto [—22 )7, {HIS5Z%,

“https://wuw.youtube.com/watch?v=1ac4TxWyBOg
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NIMA i SR G ESIE
HHH: 2023/6/6 BB B

6 1= R E A betatron JHECT A KRR [NIMA 595]

Emittance dilution due to the betatron mismatch in high-
intensity hadron accelerators

6.1 FEA{FE
o 0 Hsh

Y& J.Y. Tang (FPEFABE=REVI ERAT5EHT)

CCIR 10

HE4% https://www.sciencedirect.com/science/article/abs/pii/S0168900208011601

6.2

i as & A1 (accelerator complex) W& B4 2 [AIFY betatron mismatch &
FE WAL 5. mismatch A1 F Alamentation X4 SECE SRR (diluted
emittance)o {Hjg, fE5 5 I, mismatch A2 IIRARKFR BRI T, iX
R AR ZEAE O ARG rms B9 FEREKRIRRE. B ST ERAMBEI Bk, I
HIXAERFE T s s i AR AR G I B O BB, X SRR 1A = i B 5 i
O S R S EE AR RE R 5 rms SR A T B o IR SR P4 HY RYAIE
W, rms K5 AR X ARG R B o A # e A R A IF BXF TG 45 43
i S AR An, e TR 4R B AT, FF2aH T BUERN LS R

6.3  TIRREAIHT A

o QIHTA: H betatron mismatch FEI LG AP FIEXW TR, iR 102
I FoR lattice FITEANRA], o f1 8 £~ Courant-Snyder Z4{:

cainted L [ B1 BN B B
0 2(@*(“ ﬁf% &+BJ
BRI SCEEAR T rms K5 RETT S L TCIRAH AT LA E Y . e T

e SR SR I R . Y7 SR AL TR, AU, X2 R betatron
mismatch YA RS TS A GBS T rms KA EHEEGZ .
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DURR: HI betatron mismatch FEHYE A ST R FRRE AT LA Fig. 1 Hig = filE 2
N, Hrp EL E2 1 E3 435378 matched Al mismatch SIS & 5
E4 Sy 53 A 457 I ARG R 4 (A L o

Fig. 1. Emittance dilution due to the betatron mismatch. E1: ellipse for the
matched beam; E2: ellipse for the mismatched beam; E3: ellipse for the diluted
emittance; E4: ellipse for the non-diluted part when the distribution is uniform.

Y
15 - f\\
L= X/
& 3 “: _:': J .*j
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/0 5 I/ ’..- .'_
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./ //
i A st A 8 ..""‘ 5
-15 -10°.7 /5.0 0 A7 10 15
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\ t i
J 15
2L

Fig. 2. Filamentation effect in the early stage in the presence of nonlinear forces.
Dashed line outlines the filamented part of the distribution; the outer and inner
ellipses are E3 and E4 in Fig. 1.

1 filamentation 2. (M Fig.2) 7 AERJHTIMAIRY betatron FHIHAE—EF 5 &
HOE KRR LG EE, RUORAPRHA R A B3 . 3X R SCES 7 betatron
mismatch FEAVS ST ERRERIHES , I HDAT T SRR

1= =g+ Ve
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B S Y
‘7 (@*ﬁﬁ& (C“? 51“1) )
4 4 S EER L T betatron mismatch S R4 R RE (G B X 5

rms 5 FERS AT DUBEA AN R o H B2 A mismatch RFRU/NUTFILT (-1 < 1),
BRI ERIRRE R DAY, H rms K& 5 EE AR 2 T LAZRE 1 o

55 oR A o3 A a8 2 2% e 40 Y R I A A DA R, SR I s R R B 3 A
B ke X SCEMM T =FOARSA R A0 Sl Ay 5 oA M 4oy
53K 7~ betatron mismatch {500 N YRR . 24 betatron mismatch % 4EHf,
filamentation W 2 FRERL 750 A1, T AZEARBE i B 5 ) /MR oA 1A o9 A 2 AR A5 7
Hio Figd JBI/R TAE Bk =Fh oA FHOBUEZS R, Hrb T AT I 433124 mismatch F
matched {4 T Courant—Snyder AAgHE (RIAJEE-1F A REFR AR AT
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i,

& 1: Fig.d: FEXIS AL AT OLT . FREE BRI A A FEARIR], TOAE gl A s o
AFAX RN R IE IR T (€ < 2) BHOLT . fle e s, HEAARFRRZ.
PR s TR RE U 7 o I L i e Rl A D R R e = TP (T -G AP I A T =R

HIARMSIFIARE K0S Eq.(6) —2.
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PRL 5% SRS S
H15: 2023/6/6 HRIMETA: SRR

7 EE TR T R RSSO 5 R Y S E R K [PRL 110]
Cancellation of Coherent Synchrotron Radiation Kicks with

Optics Balance

7.1 FEARER
72 TS (CSR)

{EZ :+ S.Di Mitri, M. Cornacchia and S.Spampinati (3 #4424 : Elettra-Sincrotrone
Trieste)

$: I

7.2 fHE

FEBCHE T At e 5 B ORI L e o, e/ MR ) B JRE R 2 R B
TR ST (CSR) S22 UL EERI A — BN R AR, Bl 7—
i o AR A A B I FE LR FR AR A SR ARIH X R R IR T3 o IR UL T AR A
Courant-Snyder (C-S) ZEH LGN ERKZAIRYIKRR, FFEE RS FOLER CSR
) — BT SRS BRI T R

7.3 TTHREAIHT A

o QTR X OCERET 2 44E FERMIQElettra H B - HOGES HHHIICS ZIH A EL
4 (double bend achromatic system) HUWELRIHHIEI ) CSR SEHY & 5 LK
HTESE (1], W C-S HR 7 AN T dogleg JHAEL RS b, MR RE T
WG X FRANE] CSR kicks BYJRIA o AT 45 R AV e 2 R i R IB KA
RAE R FRET R BT PEAL RIS Hd T AR PRE SR R A5 1% 1 IXT
oA BRI A RN R S e N B EE s, MR IRAK B ik
AR o

o ik: WNERR, IXRESCES ER FERMI 9 A0H @ AURSE (AFR Spreader) H
PSR A RUS 2 i gs (f75k MDBA) 2%, 451> MDBA L4512 £k
BT, H nominal WEMGR T XIFRAY B 1 o LASEEA — ARk IR A AR AL A A

To

32

54 https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.014801


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.014801

FIG. 1. The FERMI Spreader (not to scale). The design optics
gives a betatron phase advance of 7 in the bending plane
between two consecutive dipoles. There are quadrupoles be-
tween the dipoles (not shown here).

R CE I C-S Tk Tk, AR I ARAR A 20 = 0,25 = 0, FEL)N
— TR CSR kick Z 5, WA TR AL TR -

Tr = \/2X15J154 - \/2J151>
o 2Xsh 20
A7 o
Hrep, 2J; = ya? 4 2040 4 B HAE @ MEEASER ARSI (invariant), FH
; 2
X15_Ji) %+ <a1\/§—a5\/g> + a5 (o1 + o)
B
X |as (oq + ag) — 20y 5 24 20 5
1 4

AR MR B A L I  Jr N

.

XS BT R A AT AL, JHFR CSR kicks FY 5 8] B SR AR £ 4002 i Y
AHEFEARXSFR DBA LRy 0 TH CBUBLA PR IETE 24 A A 8 A - _E U 2
RKITHY C-S ZHEIXIFRYE . 7550, LRI ISR 2 . P H BB A
HIMHALERT N (2n + 1), Horp n OB WRBER SR L5 MR IETHI 2 Je —Fh At
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7.4

RN RS Bk, WS B = 584 CSR MM S80I —1b rms & &1
e, JFH B TS

Hi0? X

€

Hefr, 201 = Hi0%, 05 cqp = (0%), € DARZALEN LA RS

R SRR BRI A 2] T S A TARERRY dogleg JH LS 14
Hr, EIZIEOUT ., SE2dKiH CSR kicks RYMALHFTZ 2nm, FFHERZR-FHIAE

N 2 2
2Jp = 2J; [(1 - \/%) + (Oéi\/%‘f‘&f\/gz;) ]

Hrp, TR f M4 23 RIE dogleg Y EREE MR PR “ ARk AE T RBZ RIIZE
AREER R m RGBT 2 B I AT . R, RRESEAe
X PRI G2 g A REFE M CSR kicks FYARTE: (W98 A BT 14 22 A O FE A
FEHTN ), SEbR B IUR AT A — R RG] 1

HE

R, AR CERNHEST, £ RERRIAE 8 1 o #gUNEEE.

2% 3Rk

[1] FERMIQ@Elettra  Conceptual — Design  Reports  https://www.elettra.eu/

lightsources/fermi/fermi-machine/fermicdr/all.html

34


https://www.elettra.eu/lightsources/fermi/fermi-machine/fermicdr/all.html
https://www.elettra.eu/lightsources/fermi/fermi-machine/fermicdr/all.html

NIMA S SRR 2N
HHH: 2023/6/6 e ZEAR

8 FTYUI A MM HRAR = 5 R 3h /)% [NIMA 937]
Low-energy high-brightness electron beam dynamics based on

slice beam matrix method

8.1 HAMFE
o P INEGRIL TR

o /E#: Cheng-Ying Tsai , Kuanjun Fan, Guangyao Feng, Juhao Wu, Guanqun Zhou,
Yuan Hui Wu (FEAH: R RE)

o AL FIL

o HE¥E:https://wuw.sciencedirect.com/science/article/pii/S0168900219306679

8.2 fiH%

e SR T U1 R AR T B S AROR AE R oy AR T AR T Hh 2 ] FEAT K
AR SR N2 N b DA a7 e W Ny e DR D W i S s N [ TR e e (e G RPN 2 A
s R AT T TG, ZJRETRIIR X AEFERIGA R U 7 A RO AL R
R T A [ AOZI ) 25 [ AT FRARE B AN B 28 T YR 2 [ B SR, FFLAEE S, T
IR AGERE R AT AR (BSCR B S RIS AR) RS2 T B A IXRIE
G (a unit cell) #FHEM 1.5-cell R RGPS ARAEFE T ASTRA
R B BT 1 LEBR RS 2R

8.3 TIRREAIHT A

o BUFTRL: IXRTE SO BURE - Y RS ST HA R XS R FE S AL S O S . (R
) MR, rT LA A RS s TR (RIREE ) LA
KR BRI BE F AR S A5 BT ST RO R I A A A . 2 IR 25 8 22
TS TR RN 423 TSR SR RGN R U 7 (A28 ok i i 7 A 1 23 i) F
PPRONL) 2 B AR YT R XS AT OS2, DAEEST. 1 AR P 2 i) R AT SO, A AR
B AT T AR AR PR U R TR PR R B AR (B HE AR g o R A
DIRRIAR A DI R ALK A . It B DI AR LI S 2 U A 508 &
ST EERYAEAE o
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(a) = (b) solid: slice beam matrix
2 = dashed: ASTRA
€
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1 solid: slice beam matrix
dashed: ASTRA
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s (m)
12 0.4
1ol © d
st /1 = oo mmmmmm ===
REE —
Q6
o — & = det(sMlKy 172
c>x 4 x XX
% — 5 (islice st ;
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2 —50x¢,n dashed: ASTRA
0
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s (m) s (m)

B 2: (1) AREMERE, () WRELEE (v,2) BEIE, (F) i 2 SR e ss
SRS (2,2), () o

o TR RS SCEESL T U0 R SRR 2 M 7 32 o0 A AR P A 1) A 2 ) 0 A RTAE T

S 2RI AR A e R e vl LA THARL, I AU R 5 14 m] AR G s n Ho At i) 4 24
BN (B, SR RITTESE) o
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(b) solid: slice beam matrix
2t dashed: ASTRA
£
E1s
x
¢
1 solid: slice heam matrix 1
dashed: ASTRA
0.5 . !
0 0.1 0.2 0.3
s (m)
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1ol ©
T /S | 2| T
2
o6 ]
o — " = ety
c % 4 X x,x/ 1
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X solid: slice beam matrix
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K 3: (1.5-cell HHAAE 71, 100 pC)(a) BEIAIACFREIJIAR (rtms) RERSFRT s BURKEL, WA 3
BT M EERAKE T —2G (b) BERZKEATR (rms) RIATBUE R T s REG () ik
FERT s WeREL, ZNH— RS, RBENNAEIH— A G, W AT EIARIR T
FhRE A KV A S R RE R T v s (A)RMS SRETCE R T s HYRREL FRLL SiZ U R A
iR, B2 ASTRA 455,
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PRAB 5i# S G ESIE
H 1 2023/6/10 BB B

9 78 B A AW 4 500 kT € Bl B b A T 1R 20 R S 5 R A K S
K [PRAB 26 05]
Suppression of the coherent synchrotron radiation induced
emittance growth in a double-bend achromat with bunch com-

pression

9.1 HAKEHE
o 32 T EZEHEST (CSR)

o {E# : Chengyi Zhang (University of Chinese Academy of Sciences), Yi Jiao (Univer-
sity of Chinese Academy of Sciences), Weihang Liu (Chinese Academy of Sciences)
and Cheng-Ying Tsai (Huazhong University of Science and Technology)

o B TS, R

o 4f¥%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.26.
050701

9.2

X SO BT S AE R AR A OBCS B i (DBA) FR e+ =] 25 6 4
(CSR) FEAY AT FERIIX— A, &85 T CSR point-kick #78, 158] 7 IHER CSR
MY BRI A o X SCE T R A PR 1R dE 4 AR A DBA 361t HBAAAARSH A
B[R] S 3 A ) R A o EL ARk TRl e A A AR G R o 1K
F SO LLBATAN A S /1 JE AN kR DBA S, GEBAARIE A R a5, AT LA
EAEINGH CSR 5 R A AT BRI

9.3 TTEREAIHTA

o QIFTR: AR RIS, XHPd CSR 58 A S IS KR e £
AT ZBrsE [1, 2]. 28T, T EARERKBWAREIREL, AL AT
W NAFE R K #E CSR 200 (net CSR effect), FrLLd R A B4 40 CSR 5]
I A I K B Bk . X SCENAE R AT, Hsid £ —4E CSR 2
CHIMEZE N 454 CSR point-kick #5% [B] FIFR51THE /7% (integration calculation
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method) ], FRfF 7 AEEARMEAR) DBA thifEr CSR R — e

BRI BRSTR H T — 921 arc compressor IR H47 NI
Petrem I EZe gy (ERL) FIEEfEFAmE s -HIHEE CSR ST arc trans-
fer line F#E

DUk X SCE R AT =B
— FRLM AR R4
— SR AEXE AR A CSR py—4Effy, JFH CSR UM RIS /AT (LR
TR D IRIBAT R By A i =S [l
— ERM R4S FE, ¥ CSR TR A L A5 .

TERIX 1. F, magnetic compressor H1 s 7B AN rms KA LRI R R A (F
PR 0 FoR A AL
0.5 R Oy (1 + hRQ;S)

b, SR R4 T 20 R AWK (chirp)h FI—Br g\ m iR & Ry, 46 K1
%O~ 1/‘1+hR§;f .

R 2. T, —4k CSR BIRUFETHE CSR BN % e T M mhm iy, HEE
Derbenev ratio k = o,/ <J§/3pl/3> < 1, ZHRARAE . H, o, BRHAN
B RST, p BB SR X TP R A ESE 0L N A /N R & S R
HLFoR, B A L IR

R 3., RAESM CSR Z [AHk - H BAEM (particle-field interaction)
e UAEEPE, CSR &N %% ERETAGLHER 2 1 Twiss 24808, B
i 2 E AR, AN BRI RE, o] DA 4zl

CSR point-kick FARRAL T —FifE (2, 2) 4P CSR SR AR5 EHCHY
Jrik, ARG, W2 PR ARk (B S B ER 0 F p) I
CSR 51X T 28R A 19 AL bRl 72 7T LLS — AR 2k 000y point-kick
TR AL :

Ty p*3k[0 cos(0/2) — 2sin(0/2)]

X, = —

), sin(0/2) (26 + p'/30k)
Hrr, 0 =0; +dcsro 0 AIGREIRIRZE . dosr & CSR LEALHNZL L5 Y RE
e, TEZE BRI 0 T p B ARERIS . HSH kp'/20. 1R
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L
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kick1(k,) kick2(k,)
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Ll:‘ 01 - ol sz: 02
E Mch E

FIG. 1. Schematic of a DBA and the physical model for the
CSR point-kick analysis in the DBA. The lattice section between
Bl and B2 containing, e.g., quadrupoles, sextupoles, and drifts,
etc. are not specifically specified. As an example, the green,
orange, and red rectangles marked using dashed boxes show a
possible design with three quadrupoles. M,,. represents the
transfer matrix from the center of B1 to the center of B2.

EREES HRAEEXS DBA SR T REDR - BTE EREXT BL A B2 1y
TSR EDR, TR R AR PR R ESR (RIS A gk (Al AR AR A
RIHTEER) o

FEAN, KRR T RIS CSR I, i T WA ik
BRI, R b ] T BE AN J7 BRIl CSR. 3| 2 i AL Ay
%. T Fig. 2 il Fig. z S THEARR 02 (55 A TSRS A T g F o
HOUESE R, Hi, ¢ = e—j TR PK figimat point-kick BORAAGHLER, Thx
R R/ AR LA MR B A%, T F b NIIFER ¢ Fl roy PO
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10 T =5 B R A A2 W) L Kapchinskij-Viadimirskij 43+
FiAIs R [PRL 117]

Generalized Kapchinskij-Vladimirskij Distribution and Beam

Matrix for Phase-Space Manipulations of High-Intensity Beams

10.1 FEAFE
o R HmBh
o YE#: Moses Chung (Ulsan National Institute of Science and Technology), Hong
Qin(Princeton University), Ronald C. Davidson (Princeton University), Lars Groen-

ing (GSI Helmholtzzentrum fur Schwerionenforschung GmbH), and Chen Xiao (GSI

Helmholtzzentrum fur Schwerionenforschung GmbH)

o BRI WP

o % :https://journals.aps.org/prl/abstract/10.1103/PhysRevLlett.117.224801

10.2 g

FEARRE & bR £R 25 My rh 31 HUL 1~ Courant-Snyder A2 il i€ Kapchinskij-
Vladimirskij (KV) oA fEid 25 LA B2 o M i i SR AP As e MR aris ok
Pri SR A TS SR o SR, o 50 SR P ) i T B PH A B A T | N SR 5 R R AR ]
2SRl IXRESCEXT KV SR T 7w, Hrp B pra gt (SMaml 2 ml )
WG T KAREIE AT emittance partition, RXESHRZAR A AIERIERYEAZIER . B
) S KV AR AT LR e B A48 &) RO BE A AR R Y 2t B 77

10.3  wTdkEAIHT A

o BIHTR R OCERT - IREMER S RGER KV Y L] BE0T T A mRHET, A
THRZARRLR A 1 e 5 B AR AT [ A 2 (R R AR BT A B B AR o AR L Courant-
Snyder AAH (CS AR HUFAAE, R SCERIT AR KV BRGS0 R 45
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Space charge effect in an accelerated beam
11.1 FEAFE
o 33 ZRLFERARBUY
. {f#: G. Stupakov and Z. Huang (SLAC)
o RAL BFLBHIEGY

o %E¥Z: https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.11.014401
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B B AR R VR TR 1 2 R AR 5 PR AT P RE R F L1 R 2 (A y xS
W) o AEIXR SCEHIERT 7T s B R A A7 AL — DAY 23 (] FEL Ay R0,
(IEWT E/y, B E Ahddy). X5 F1H380 1% (electrodynamics) ZibfH1* H 711
HLRY 0t i (electromagnetic mass of the electron)” A fHFIAVHEIR, ‘B 4E+R; 1 KT ShHEFTR
AREREZ IR~ VBB ARSI 748 (RE e-gun) P AERCREITP IR T X374
HYAR A HEHL (energy spread).
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Hift, a = dv/dt, n(z,y, ) WREEHIEACER PR, 0..n = 0n’(,y, 2)/02%
FEFAPIE t = 2 =0, BRI ARS8 n(z,y,2).

ZJa e T E R AR InEs . MR v PR R a = (¢/(7)°B) 155,
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12 H CST B HA B MR EREME) THz Smith-Purcell #§
&f [NIMB 355]
CST simulations of THz Smith - Purcell radiation from a

lamellar grating with vacuum gaps

12.1 HEAREER
o 4325: Smith-Purcell g5}

o {E#&: K. Lekomtsev (High Energy Accelerator Research Organization, KEK), P.
Karataev (John Adams Institute at Royal Holloway University of London, JAI),
A.A. Tishchenko (National Research Nuclear University MEPhI), and J. Urakawa
(KEK)

o RAL: A

o HE¥E:https://wuw.sciencedirect.com/science/article/pii/S0168583X15001810

12.2 g%

X A BN AR (Computer Simulation Technology, CST) ¥ LAF
% (Particle In Cell, PIC) sRffgsiTE K H EA BRI RREMAY Smith—Purcell
Fa5) (Smith Purcell radiation, SPR). 2 JERALLER S} 43 AT Y it Ze 5 TLAR AT 5T R 5 318
(Resonant Diffraction Radiation theory) 15817 T AR SRIEHEAT T TTFE M
F& X153 B FEIT 0 B 7 AR IR RO/ A TR BE RN SPROSREE AT B2 e it & T
SPR 38 S8 IR PRI S IR R C R, IS8R A R BRI T SL 30 0t 58 1E 4T
X

12.3  BEkEBIHT A
o TTHR: XRTESCH CST Bl 1l AR BRI R VO eiiy SPR., S eitay feten
YL IR A IE T e LU e R M A8 R A e E LT Figs. 1-3.
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Probe: E(t) A)

electron":_ wl

bunch
h I ._> w2 . s

z
df T Iy
grating

Calculation domain filled with vacuum P y

Fig. 1. Top view of the geometry. The beam propagates along the +z direction. Fig. 2. Side view of the geometry. Fig. 3. Front view of the geometry. The beam propagates in the +z direction.

Table 1

Grating and bunch parameters.
Parameter Value
Bunch energy (y) 5-40
Bunch charge 0.1 nC
Bunch longitudinal size, RMS width (o) 0.1 mm

Bunch transverse size, RMS width (Gtransv)
Radiation frequency/wavelength
Grating material

Point-like or Gtransv
450-700 GHz/0.43-0.67 mm
Perfect electric conductor

Number of strips 20

Strip width (w1) 0.2 mm
Grating period (p) 0.4 mm
Grating width (w2) 10 mm
Strip depth (d) 0.04-1 mm
Impact parameter (h) 0.3-0.7 mm

RIS E CST KPRy SPR AIFLRATHARST LIS 2R SPR #EATXIEE, H
., B RERITE DU IR 2 /s T30, I R BIARRY AR XTHAT 20T w5k 4]
Fig. 4. Fig. 5 [YRZR, Hrf, Fig. 4 EERAEMN L SHISZAHR MY, Fig. 5
FRAUUA 2 EE BV E B 2R T8 . X AT RESZ: H T30 0 AR Y e 22 B S S AU Y T LT B
RAYIRZE

BUERAU, BERR A AT FERGT, RO R d IR v J91e
2 A5 Theta Al Phi ARSI b oK FR DA A S

ZJE s RSO L TR E Y IAS R 3 S BRI E OL, 43 A T 500 GHz, 600
GHz #1 700 GHz "1 SPR AEGHARE, Y450 B L] S SPR. A0
W BT, X SCEEADGIINA T SPR SR ESE R, SPR. Y58 3 B GAHHA
WA, RBIEL A2, 2% 14 Fig. 11,
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Fig. 4. Polar distribution of SPR. Phi = 0 and Theta is in the range (90; 150)°. The
following parameters were used: Oyansy iS point-like; §=16; d=0.1 mm;

h=0.7 mm.
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Fig. 5. Azimuthal distribution of SPR. Theta=119.87°. (n = —1 diffraction order)
and Theta is in the range (—60; 60)°. The following parameters were used: Giansy is

point-like; y = 16; d = 0.1 mm; h = 0.7 mm.
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Fig. 11. SPR intensity dependence on grating depth. Parameters: Phi=0; Theta
correspond to the peak of SPR distribution (n= —1); Ouansy = 0.3 mm; 7=16;

h=0.5 mm.
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[INIMA 943]
An alternative view of coherent synchrotron radiation in-
duced microbunching development in multibend recircula-

tion arcs

13.1 EAFE
o 3 TS (CSR). WEAATEN (microbunching instability)
o {E#: Cheng-Ying Tsai (Huazhong University of Science and Technology)
o AL BR

o HE¥7: https://wuw.sciencedirect.com/science/article/abs/pii/S0168900219310423

13.2 HE

X N FEWGT CSR FEIIMERE AN 28t 2 BB AEPAIN (milti-bend recircula-
tion arc) AR AT F12E 52, Hrp 2 8000 AR AUBCR. (microbunching amplifi-
cation) P IER R o IXA SCEH A T — M-I Vasov solver, ££ Huang A1 Kim
(2002) $2H 1Y stage gain MEAIYEAL E (1), A2 THRYE stage order SRAHIA CSR 2R
AR JEHI 7 —FUL . Stage order RENEAEFH LRI RIIA R A S0 A RIS 45 AR
lattice optics R HHER A A& J B2 M HEA T2 P HIE S B bUES o XA SCEEZS EHY multi-bend
arcs HAZRBUKI B ERAE, MTadF 24 >R recirulation arc 314, CSR
TR ARG 25 N /S YUK (six-stage amplification) THEK: .

13.3  wdkEAIHT A

 SIBTA: £ Huang fI Kim DLRTHY AR [}, B205EIHRE T — 0T T T
three-dipole chicane FYfEZRAIE 4 N1 A9 230 MR, XTS84 A9 o7k 5 2
SRIRT 15 8 2 R LR R E R IR (two stage amplification)o SR SCFAELR
Fxt R A R Y 2 WU B R, DU B EE— P BIA T stage gain
amplification FYHE&. XTI LEH &R Z S H0EIAIN, 0T H T RERRECHE
M 3(5 4) BN 7L A EEEZ . AT A XN KT REEAE A FTRE stages HY
ORI, X SRR H B2 IRR YR stage gain BESEHIEAMA, Hif
ERAAELLT P 0T -
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L RN THE CSR T ELRYRER AR UL stage gain B AR L2 RAGHA
LAKARfr iR A4~ Bk Be i) CSR B 2 o

2. RECKH stage gain BESITHIILE, stage gain J7{A S AT AEAH AR B 46 K
AT, XA ERIRELEIN optics X RERE A 25 AR IRET T A P FIE B
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Fig. 2. Lattice and transport functions for 1.3 GeV high-energy transport arcs with (a), (c) large momentum compaction function Ry, (Example 1) and (b), (d) small momentum
compaction function Ry, (Example 2).
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Fig. 3. CSR gain spectra G (4) as a function of the initial modulation wavelength
for the Example 1 (top) and Example 2 (bottom) lattices. The iterative solutions are
obtained using Eq. (12). ELEGANT tracking results were obtained for initial modulation
amplitudes 0.05% (top) and 0.8% (bottom), and 70-million macroparticles were used
in the tracking simulation.

Fig. 4. Direct solution of CSR gain functions G(s) for the Example 1 (top) and Example
2 (bottom) lattices.
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Fig. 5. Comparison of |d'¥| for the two 1.3 GeV high-energy transport arcs. The red
squares and blue triangles denote Examples 1 and 2, respectively. The vertical axis
represents a log scale. Note that |d'/| for Example 1 are at least three orders of
magnitude larger than those for Example 2.
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Fig. 6. The individual staged gains [Eq. (16)] at the exits of a beamline as a function of beam currents for Example 1 (a) and Example 2 (b), and as a function of the stage index
for Example 1 (c) and Example 2 (d). Here the modulation wavelength is fixed for Example 1 at i =36.82 pm and for Example 2 at A= 19 pm.

[ 9: Fig.6(a,b) W, fELFHFEN stage order F500F, G BEZRALT 1, #4000 Mo T
SE RPN R, G K2 stage order HUMMN. [0 stage gain RAL diy) BT
RETR AL YE I [Fig 6(c,d)]. 455201, R1 1 ARG 2 (£ stage orders 43514 6 1 7.

2% 3Rk

[1] Huang, Zhirong, and Kwang-Je Kim, “Formulas for coherent synchrotron radiation
microbunching in a bunch compressor chicane.” Physical Review Special Topics-
Accelerators and Beams 5.7 (2002): 074401. https://journals.aps.org/prab/
abstract/10.1103/PhysRevSTAB.5.074401

57


https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.074401
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.074401

NAPAC i SRR 2N
HHH: 2023/6/28 e ZEAR

14 NYREARAR R MR Y AT 5 Tk B HL A R 5 B RORE - SR A% e rh Y
MHAH [WEPLS12]
A semi-analytical approach to six-dimensional path-dependent
transport matrices with application to high-brightness charged-

particle beam transport

14.1 EAREFE
o K ZRFEIIS AR AR
o /E#: Cheng-Ying Tsai and Kuanjun Fan
o AL PRAIEL

o ¥ http://accelconf.web.cern.ch/napac2019/papers/weplsi2.pdf

14.2 HE

R RN TS e AR Bl ) A PR A BA R s i A BE Y S B P R
FIFSE (moment) FIASKAF T 2 AT IRBN )77, F5 L@ SRR HIL AR, JE
A drift-kick 8% X SCERAG N, = U B SO T R B AT R, BRI
LIRS (solenoid with fringe fields). tE[AWFEHE (transverse deflecting cavity) F1
RFEPREE (beam slit)o HHTIXLETTHIABA — M EIERIFA 15 BRI, X SCE
Seiil E BT B s sl R, FF N SR A BUE D MT B A SR AR FE M ) 6 % 6 (&4
FEEAE R B AR AR R B o TXEEARR T SR AR VR PR AR g FEDRT VS 1 AR L o i =
AN IS AR AT B AT T IR R, Jf SR BR RS IR T T AR X
S A R DR A% i PSR AT A P T 5 2 B R 7 R AR B SRR MR A

#E: IXRIESCHIAE AR AE NAPAC 2009 2380 o X B 332 A9 18 SN AR it
Zlio

14.3  BTHREBIHT A

o BUFTR: IXRESCERESL T IREE MR J M AR Pk 4 1) S A2 AR P ) - i
A o o e SCE ] ZE [ 1INk s RS R BRI el T R, i SRR A

o8


http://accelconf.web.cern.ch/napac2019/papers/wepls12.pdf

FUDFIR ] sigma 5515, 2 JE158) 17 SL80 5 AFR R N & A NSRS L4 e
M =

Re Re Im Im
TL ML,ll ML,12 -Mn —Mph, L
/ Re Re Im Im /
Ty _ ML,21 ML,22 _ML,21 _ML,22 Ty
Im Im Re Re
YL ML,ll ML,12 ML,11 ML,12 yr
/ Im Im Re Re /
Yo |, ML,21 ML,22 ML,21 ML,QQ YL s
/\l:'jﬁ
dMp1 v
= Mp 21
ds
dMp1o v
= My 99
ds
k) / N
=—=S (S)ML,H - ZlS(S)MLQl
ds 2
) / -
ds - —58 (S)MLJQ — ZS(S)ML’QQ

Hrp, S(s) = eBs(s)/ymBe = By(s)/[Bp]. [Bp| NN, Bs(s) NINHEG)

Z AT TR A e e B AR R A R, X SO S B B R T R R 16

o7 B G50 IT S AEAS B R AL S AR M . B4 16 DR RIE A T LAS
Z§6>< 16R§?xf1(3) = Z{6><1(S)

b, RIS (s) SIS HoRt o

zZw 0 0

g o 28580 o 0

16x16 0 0 Zﬁ;u) 0
0 0 0z

T
1-4 1)y (2) ¢ (3) (4
s, 2000 = [XBXOXDXG)]

FIH Zig e BT, Tl (s) BRI LUEE], AFLART L@ S RIS, (s) 355
PRSI M AR

BJEATE] T REE (slit) 1Y sigma FEFE, AT PRAEIFHY sigma JEFEA] i F 5

99



2o

*mx 0 Oik0 jk
o (s7) = V(X;, X;) = i, | = O +; Ukkf [axF (ar) — bpFi (by)]
OO
+ Zgzk {Z Ojq — " jk ) [(Frg (ar; ag) — Fieq (ar, by))

k=1 qF#k
= (Fro (br, an) = Fhaq (bk; ba))] }

/\EI:"
b—{bx} b—{bg}
FiaX.Y) = [ [ X X X aX X
a—{apta—{aq} Jo
Hrp, a=(-D,/2,—00,—D,/2, —00, —00, —0) ,b = (D,/2,00, D, /2, 00,00, 00)

o DTk TR SCE R T A 1R R A A R R AN BRI TR
TIB A R T R e AR R RS I B R R X AR A R T
J, BrEU RS N A R

14.4  FRBUEE RS L

60



0.51 4
= (a) 3 (b)
E o5 —— ] E 2
bx — semi-analytical calculation “x
ASTRA 5
0.49 ' 0 :
0 0.05 0.1 0 0.05 0.1
R s (m) s s (m)
T 1 S 10
S () £ (d)
E o £
E N/ |Es
é -1 T 0
bx -2 * x 0 .
0 0.05 01 & O 0.05 0.1
s (m) s (m)

Figure 3: (a) Transverse rms beam size as a function of s; (b) transverse rms beam divergence
as a function of s; (c) transverse x —y’ correlation as a function of s; (d) transverse emittances
as a function of s. Here the black solid lines are obtained from our semi-analytical models
and green dashed lines from ASTRA. In ASTRA, we use the ordinary phase space coordinate
instead of the canonical one. Therefore one can see the change of the transverse horizontal
emittance in Fig. 3(d). The red line in Fig. 3(d) refers to the transverse 4-D emittance, which

is conserved along s.
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Figure 7: Dependence on the magnetic deflecting field for (a) beam size and; (b) beam emit-
tance; (¢) bunch length; (d) the relative energy spread, at the exit of the TDS. The numerical
setup follows those in Fig. 5. The initial beam size is assumed 0.16 mm, with the initial trans-
verse normalized emittance 0.1 gm. The black lines are obtained from our semi-analytical
model, the blue lines from the analytical formulas by van Rens et al. [43], and the red dots
from particle tracking simulation ELEGANT.
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Figure 8: Evolution of beam properties through two square slits (placed at s = 0.1 and 0.2

m with the full width 0.6 and 0.1 mm, respectively), including (a) the transverse beam size;

(b) the transverse normalized emittance; (¢) the transverse (x — xz')correlation; and (d) the

longitudinal bunch length. The inset in (d) shows the zoom-in of the black solid line. The

small increase of the bunch length is due to scrapping of the central portion of the beam. The

black lines are from our semi-analytical model and the red dashed lines from ELEGANT.
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