hoik B R PP LGk (2023 4 5 A)

TR AT IR K, FRATIUA [F e B AR s g Ak ) AR Fe M A 1) Physical Re-
view Accelerators and Beams (PRAB) B80T S5, 8 (HART) St klikE
PRAB ] EZen9iT), Satsr 3k Py2r (American Physical Society, APS) J N #H
BiT|eGE % PRST-AB. Elsevier fU#Z¥HL- 5K Nuclear Instruments and Methods (NIM)
SRS R REVE MDA 7 AR 5. SR LTS UG 3 1 A SR IR SNSRI FR
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1 ESRELNESN RS TEEE ST [JSR 29]
Conceptual design of the Hybrid Ring with superconducting

linac

1.1 EARfFEE
o 0K FPARSTS B R TR0

o & : K. Harada, N. Funamori, N. Yamamoto, Y. Shimosaki, M. Shimada, T.
Miyajima, K. Umemori, H. Sakai, N. Nakamura, S. Sakanaka, Y. Kobayashi, T.
Honda, S. Nozawa, H. Nakao, Y. Niwa, D. Wakabayashi, K. Amemiya and N.

Igarashi (FEH ) KEK)
C M it

o HE¥E: https://scripts.iucr.org/cgi-bin/paper?S1600577521012753

1.2 fij#

RREBIGAH —ME T S ELNER KSR SR (hybrid ring) #&1%1f,
Tl B S HY R 2P AR SO, v P B RE A SEBE RO, [RI H J i Y S 45 T B~
o EXMREIT, BA B E 8 168 (7R R 4] (storage ring bunch, SR),
oA F - L s A R P D [ BB I R AT (single-pass bunch, SP). X1 SR 5
SP M4 Ry X 2k, S FT LK pump-probe, (/& probe-probe JE 4.

1.3 TTERBAIHT N

o GIFI: S ETESEELINESISIHRE I (hybrid ring) #E&0E, HF
HIF e AT S 00 A%

o TTHk: XEIESCHY Section I ARGFHuHFLH T [E B4R S EIRI IR IR, FFH AR
(A AR FE 2R i B 22 570 NS — AT R B HR S o B AR 71, B85
RIFIEF FH FE R ATE, I 3ET FODO i H8 FE -5 R 1) JUART & 56 5K 2
£ 100 nm rad HZ¢. HHTPUEMDEH @R (lux) AEEHR. 2] 78 =R, 5IA
DBA (double-bend achromat) JH€AHUX T, R L G EESE] 1-10 nm rad, K7 —
BEABORD . WIS LSRGy 52 B (brightness) A8 H bR, feERiseA L HY
FEASHY lattice cell %11, —HEZ2FrdEE MBA (multi-bend achromat) B4, FAE


https://scripts.iucr.org/cgi-bin/paper?S1600577521012753

S VUARIE] R S EIR P AR A & 5 R ZAE 0.1 nm rad 52400 I LUE ARG 25 [A]
T (spatial coherence) A=+ HFr.

ARSI N Fig. 1o LS EANESEENG, — A0 R
AR, BN SRR, — w8 WAVEN R 2L ) SP A

Typical RF and bunch structure of LINAC

n.n_n.n_,
1 ms x 10 Hz (duty 1%)

- — >

1 nC x 10000 bunches

Hybrid Ring
Single Pass Beam
with
Storage Beam

y Dump
(Dumi ) (Future option: Energy Recovery) (RTL)v
Gun / o

Superconducting LINAC (Future option: Undulator for XFEL)

Figure 1
Concept of the Hybrid Ring with superconducting LINAC.

x 1 SRS ELNESNZEG
Table 1

Tentative parameters of superconducting LINAC.

Parameter Value

Electron beam
Energy (GeV) 3

BAL SR 5 SP WU A —FER e, (EE BRCR EEIR A PR AR E AR A

Averaged current (mA) 0.1
Bunch charge (nC) 1
Normalized emittance (mm mrad) 0.6
Natural emittance (nm rad) 0.1
Bunch length (fs) 50
Energy spread (%) 0.50
Superconducting LINAC
RF frequency (GHz) 1.3
Accelerating gradient (MV m™") 30
Number of nine-cell accelerating tubes 96
Number of cryomodules 12
Macro pulse repetition rate (Hz) 10
RF pulse length (ms) 1
RF flat-top length (ms) 0.6
Bunch numbers/pulse 10000
Bunch repetition frequency within pulse (MHz) 18
RF load (2 K) for cryosystem (W/module) 8
Static loss (2 K) for cryosystem (W/module) 8
Total capacity (2 K) of cryosystem (W) 200



R, AP AT ZAR . 2, FUREE RO T 4R AR
AR, BORIFH SIS PE . AR, ISR A AR AR R B 5
JE4E A AMRFFAASENE . A, HUAE AR 16 4 cell 1, A 10 4 cell N5
HETT, FRAEM o ALE % B RSPk (reverse bend) LAREAL (A1A]) forl. 3
2 MIRG IR 24

Table 2

Tentative parameters of the Hybrid Ring.

Parameter Normal ring  Isochronous  Hybrid ring
Energy (GeV) 3 3 3
Circumference (m) 350 350 350

Lattice DDBA DDBA DDBA
Number of normal cell 16 0 6

Number of isochronous cell 0 16 10

RF voltage (MV) 3.6 - 3.6

RF frequency (MHz) 500.0 - 500.0
Bucket height (%) 4.70 - 7.30
Energy loss (MeV/turn) 0.62 0.83 0.75
Momentum compaction 426 x 107*  0.00 1.59 x 107*
Betatron tune, v, /v, 28.17/9.23 28.17/9.23 28.17/9.23
Damping time, x/y/z (ms) 8.12/1.12/6.93  3.23/8.43/21.7 4.17/9.30/12.1
Storage current (mA) 500 - 500
Natural emittance (nm rad) 1.15 0.55 0.66
Energy spread 8.42 x 1074 1.80 x 1077 1.26 x 10
Natural bunch length (ps) 9.64 - 8.84

N Fig.3 45 SR(E) 5 SP(LL6) RAELR SRS G A & 4 . Fig.
4 IR G IS — IR B 12 fLiR. it T PF (Photon Factory) [
Double-DBA (DDBA) #it»

1.4 Hp

— A, BN A IKEHY B RO AR SR P R AR A
EEGIRIN A D RABARH 28 P & o XIS H—FR &t BEASEETAL I
FUER (R GG R AR (SP 5 SR) BOReIE. SRR EASEE -
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Emittance [nmrad] Bunch length [ps]

0 50 100 150 200
Longitudinal position [m]
Figure 3

RMS bunch length and RMS emittance of the SP bunch with a charge of
1 nC in the isochronous cells.

12 —e— Hybrid ring —e— Normal ring

Dynamic aperture [mm]

Momentum deviation [%]

Figure 4

Dynamic apertures at the center of the long straight section. Solid and
dashed lines indicate horizontal and vertical dynamic apertures,
respectively.
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2.1

2.2

f MR A R s it - AH 25 TR G5 A -5 AR S5 R T ) 25 4 S S 3300 Y
—fpPE [PRST-AB 17-01]

Microbunching instability in storage rings: Link between phase-
space structure and terahertz coherent synchrotron radiation

radio-frequency spectra

2 YN EPS)
22 AR HHRE TR

YE2 : E. Roussel, C. Evain, C. Szwaj, and S. Bielawski (F#H/[#4: University of
Lille. H/RAS:, %H)

A FIE. BUEAY

5% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.17.010701
DS

HREAEERT, Z M TR ZE4EST (coherent synchrotron radiation, CSR) §ZHw, 24 H 1

AR MBS AR RRE R IS EE Y (microstructure) K Tl&hHkE
IFTRIRYTEAL , SEge e U — B 2 R N AR 2 e TR M E I 20K (mm) FHEK,
L _E PATTIH S I RS2 Xty A Bt A A P AR T ) B AR T [ A A AR

B AR, ¢ = Acsr peak /02, ZAARIPAAEE I 5K A 5 24

FHT [ 2 5 G AT 1 48 97 % . 31 H L SOLEIL 5 UVSOR-II B4 a4 45 G ik (50 =
HOP, R S EERAS B PG (E, 15284

2.3

T R B AT A

QT H A R AHE S X 1B SCE I BUE R fiF Viasov-Fokker-Planck (VFP)
I 0 0 0 0 0
—ﬂcgf’ 0 pa—“g + a_;; (q—1Eys) = 268—p (pf + a—;j)
I HAE MRS, 5 BT RGN R R SR A e . Sk RSO, 4
HAEFHRZ CSR M T, M= HMEWRIKA ¢ SEETFERMAZE TR B


https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.17.010701

SIS AL R 2R R, A

ACSR peak
O

Her, o, NHRAEKE.
ok BETIXRIESUEE R TAE, SRR AR AR RN A == H) B 4
s VEP JrfE

of(q,p,7) Of  Of d of
o Pa,t 8_<q Iwa>—2€a_<pf p)

Hif, 7 = wit ARESRGNEA—LE. f SR, p = S i
0= 7 W WAREFILER By DGR 1= §eoehs W AL,
e= L. CSR MG TATHSEE FHEAEL A HILARE, TUs% (.

HR4E SOLEIL 5 UVSOR-II fy£%%, it VFP iH8, {8185 e b
SN ZS 504 . Al Fig. 2 Fﬁm

(@)

o
>
E‘} e
[0}

©
2 r o
E -
i

@=53°
o
>
2 -
]
o ol
2 o4
o
o)
[vd
®=10°
Longitudinal position q Angular position 6

FIG. 2 (color online). Angle ¢ calculated from the Eq. (6) (in
red) superposed to the numerical phase space (in grey scale). (a)
and (b) SOLEIL case and (c) and (d) UVSOR II case. (a) and
(c) Cartesian (g, p) coordinates and (b) and (d) polar (r,0)
coordinates (same parameters as Fig. 1).



RARIRLELE R, XIS H— MR AT, i RIS AR R A S5 K ZZ
TR FRSTATE IR & B, SBKA ¢ SMERRSIRGIECE, A
_2nfs
T
A, £, NGB ERZ R Ter w5, TGRSR ST R SR

AEXT ., A

__ ACSR peak

Oz
85 1

fm/\CSR peak = 27Tf50z

N Fig. 3 AMHZSHEFZ IR R

S A e h= W = A 2SS DU =1 2 el 1IN 1 SRS 2 B2 e s 2 i e N |
INFIAH 2SR EE A R Bk A o B TdBE, XU 2R BR T M =S A ai A S5 A
[l A R ST M (EA

2% 3Rk

[1] E. Roussel, Spatio-temporal dynamics of relativistic electron bunches during the mi-
crobunching instability: study of the Synchrotron SOLEIL and UVSOR storage rings,
University Lillel - Sciences et Technologies, 2014. https://theses.hal.science/
tel-01112910/document
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FIG. 3. Schematic representation of an electron-bunch phase
space with a modulation located at a distance o, from the bunch
center. The distance A is associated to the projection on the
horizontal axis (in unit of meters) of the arclength corresponding
to one modulation period of the phase space. The distance 4 is
generally associated to a coherent emission, and thus can be
measured experimentally.

CSR spectrum (arb. unit)

Wavenumber (cm'1)

CSR spectrum (arb. unit)

0 I : 1 | | I 1 |
1 15 2 25 3 35 4 45 5
Wavenumber (cm™)

FIG. 4. Average THz CSR spectrum (Pcsr (v, 7)) in the case of
(a) SOLEIL and (b) UVSOR-IL Vertical lines indicate Acsr peak
(same parameters as in Fig. 1).
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3 EEFIEINR S S5 [NIMA 258]
Longitudinal dynamics in storage rings
3.1 EARfFE
o K A

{E#: Eugene P. Colton (LANL)

CCIR 170

5% https://www.sciencedirect.com/science/article/abs/pii/016890028790934X

3.2 ¥

IR SGHE S T AP AL T RI DN Ra sl i Re, Horr, 2508 1 AR 23 (A FE A X
7, AL EAEFRENTE , fuke B BN IAE Sk, HEA A FRR. 204 0 FH A L
N ZSTRIAAR DN o, W, Mg 1 3XE B2 A 25 ] FE AT I o /NI A 2R 1R O, 28
SCT R Twiss 280, Z R UIT R sh A2 RO RERE . 258 TR TR 2 ML
ARG bucket 7). IXFIE R FEEITIE A KIEE RF AIEDL.

3.3 TUEREAIH A

o BUIBTRL: MBI 9L D) oA oAk Twiss B Courant-Snyder f&iiFE. X
WX NRZANEB 157, SRFEATTHE LT YN Twiss 28T, 45 1B el & 4
FEFE (Wedt) wopae teoh, XL b il T AR S [ AR, A 77 SUERS
B

o TTHk: B (IEW) MZERARA o, W = 547, Hh, Q = /R NEHATAIE. H
NP ESI Pg e

do hnQecW

dt  pcR
dW eV | .
= o (sin ¢ — sin ¢;)

T RAENL, B 6, =0, FR v <are LATAEEHG 2SR A U AR N SRR
Vi, AR V(L —r)e EIE, HIA=EmHAS A


https://www.sciencedirect.com/science/article/abs/pii/016890028790934X

Hrp, L oA mE sy ame, )
A Lo
V.= /EZ dz = eﬁcRa— Im (—)
0z

n

Her, Im (2) = QL — 24, il

dw eV .
i gsmqb(l — )
B V5 V(L —r), H RF S523H AR50 otwk, He
__ eBcR @ Ze
Vsing 0z A

Hep, G = hnfQe/(2pcR),

HIZ BT R AT LA T B A e it A7

eV

¢
H(¢, W) =GW?— ﬁ/o (1 — ) sinydy

4 ¢ fE—5 RE MXTHIMALI L/ N B SAE i, Rl LR S S e Blid 3 2

Ze]
10) M ) M- cosf + agsin B sin )
%74 f_ %74 i_ B —s sin 6 cos ) — o sinf 774 i

KT ARSI O, YN T R Ze b L AT 5 ik
¢r = @i + aW;
Wi = Wi + boy

Hrr, q= MR b= VA1 —r), VR, XA AN r A b o LA REF

pcR

cavity JNHLy, 2 Rl A A& R P AT LA

() (L)

I AT AR, FEZS R AT UM 2 M T, Twiss 280NN By = Bo/V1—7s
Vs :Vs(]\/l_rs ;H\:EF',
1/2
BSO — 97 [_nfrfcj|

pcReV

5 1 —eVnh 1/2
0 6| 2nE

12



T R FEETRE (6L A2 RO L 4452 (=) M B el A SR
BRI o s REWL o W S50 4 TRIERAMTRECA(2) = % (& - 7).
KN TR 2 AT . A T P AR 72

. 12R%Npc Ze\,
P = Im = 1=y =0
AT HRAHZ bucket 5347 M(2) = Jf cos® 5. WHRMIIE, HATILAEAIE.

PRI SUR AL T BN RE BYTEOL, AR FH SR R
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4 fEFIORRIRG LR 20 [NIM 177]
Phenomenological analysis of current limits in storage rings
4.1 FEARER
D AR
Vg4 C. Pellegrini and M. Sands ((EZH44: BNL)

CCIR 170

5% https://www.sciencedirect.com/science/article/abs/pii/0029554X80905327

4.2 %

RSO IR 1AM AP REEUE M AP R i B IR, E8% 8 S SR BE. RF
cavity. {55 M85 | BRI HEMRUR . 2 T 4RGSO S RRA R o IR RSB B
s, REREAEIBTT: ARG REE s HISIBL, RO ELE (Landau
damping) M. FETIRFAHr, IXRIE S i RS i M) A 258
SRS XL B _EFRAG AT

4.3 TUEREAIH A

o QUBTR IXETE SR R I SRR BT ST, 2R A B A B P R 2
HBEAEER, RAREislT BB (M) FFR S i XA B o T
WA . —EsEl e s sy .

o ik BTEREDN . XRIE I A A I R A R A
RS XHEALA R LR A Eo, L =MIR: wo = /R (Hh, R il
FFINSRREGA12) s wp = /L (., L ARK) weo = ¢/d (i, d AGRE
BERE IR RS o

M E . FHPTHE LR = 4Lk

— T Ean AR = SR R BRI A Z Y, X
W B TEH

PRI SRR, RSB
S RE K LI R AT 5 0 . LRI B AR AT R -1 = 2 () 7o 51

14
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=t

CirARRE ) = SECLRERBARUEN, AL e .

— FHRHEE = XS LA EPE TS B0, A ZIEATT.

PR IR A SRR BN R I Fig. 1, YRS, XER v iy 2, R Z).
HEALHIRRGTAT LA 877 RLC BRIERTR .

Zw»_(m)<w%o+@ﬁ—wmaﬂ
w Weo (w/wco)2 + Q2 [1 — (w/wco)z}2

\

Z“."w

Re(Zlia‘wl

Weo

Fig. 1. Broadband longitudinal impedance.

tImBHB TR LU TS Panofsky-Wenzel JEHRG . HWAMZIE LU, 4GH Z) Frdt s

LA
Zr (mwy) =~ 2d—};—Z” (;;Lwo)

55 i) PR A8 1] BELATE

Z 1 1
Zr(space charge) = RV_S (? - ﬁ)

LUF e, L LR R0

NHHEE BB TR K TR IRE . w < weo MIRETA-S YA BB AT LA 3t
B ARGESE o X w > weo HIREA-SINRFATT, RETTRIAR I, 5300
AR H B E B 2
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4.4 Hg: AR

XAl unbunched beam, &

7 AEN?
R e —

SR A unbunched beam, A ov < Av, HrF, Av HERHF H EH betatron tune
spread, —%Z) 1072, Ah,

AT LATRSE 1B {E FRLIA o

6[0ZTR
oy =
2mvgk

DA g B iyl B 7-ER 7, BIDA unbunched beam AFE 4T

LAF 1718 bunched beam, FEEEXFHFfif /73R, XA bunched beam, £

AE\?
el, (ZH/n)eff < aF <7)

¥

—— bwo

Hr, p,, 24 bunch form factor, m = 1 7R~ dipole mode, m = 2 7~ quadrupole mode.

XA ]« bunched beam, A ov < Av, H, Av HRF H &1 betatron tune spread,

—fR2 1072, Juh, A8
eIpeakZJ_effR

271’V/3E

2R ([ Z R(1 1
@ﬁ—ﬁ(mﬁﬁ+%¥(¥ 7)
X bunched beam, W{ESIEEABFHER, EREFLIEE (BE) B, BmEar

BE(ED, HEIAREC) TR S IE A AR I, BREIVEREA TSN TR SRR, T2
PR ECR AU . 0 T SR BB, — % AR IS RF KR 15

ov =

Hrr,

“ZIE SR Ba. (9)o 5ATIESC HEVIZN Eg. (9).
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5 AR BIBOK B KA T B 2E [ 2P 48 S SC Rl [PRL 89
Observation of Broadband Self-Amplified Spontaneous Co-

herent Terahertz Synchrotron Radiation in a Storage Ring

5.1 HEAfFE
o 3 AT HHHE TR

o VE¥&: J. M. Byrd, W. P. Leemans, A. Loftsdottir, B. Marcelis, Michael C. Martin,
W. R. McKinney, F. Sannibale, T. Scarvie, and C. Steier (EZH[#J: Lawrence
Berkeley National Laboratory)

o HE¥i:https://journals.aps.org/prl/abstract/10.1103/PhysRevLlett.89.224801

5.2 %

I VARV 2 R P R ST (A IR O S MBS B e 21 A5 22 K BB TR 2D FR ) Z 5K
ORI TE MBI R B IMZ IR R o SRTT, IX D AFUE R A e 2 B . X
B W HET LBL (Lawrence Berkeley National Laboratory) S25G 251 ALS (Advanced
Light Source) 73, iR AT A0 468 5T T BRI E M R TKEL G 1y S0
W, SESNEA—E.

5.3  TTRRERAIHT

o BUFTR: XEIRSCR IR T T R PRS- SHeRA s A sl TEZ —, &
2 AR T A AR AT S EUROR AN E 1 2K 5 Y S 6 F

o TTHk: IXRSIRICINARY stable CSR $RAYZ T KA RENE BIER . RIATA H Y
ARG ST A B E R F R B R AR R 44 unstable CSR.
ARAE SIS IR, X5 ALS ffi /72800 CSR AVRRUGENE . HURMT R (EZ)Y 27-31
mA. W Fig. 1 for, FEBEHTT (28.8 mA), B 7 HIUREERZ I, B
J§— K2y 10 ms BREIIEL . B 2K 50 psec HY_EFHES 500 psec By
i, W T HRAE ST (bolometer) FYMEINLAT )52
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5.4

/E\:EF[,CY:

04+ Ia) 10.5 mA —
031 —
02 —
0.1 —
0.0 MMMMW

0.1 i

02 1 I I I
04

031 =

021 -
0.1 —
0.0 —

0.1 -

Bolometer Signal (V)

02 ! I I !

0.2 | 1 1
0 20 40 60 80 10C

Time (msec)

FIG. 1 (color online). Bolometer signal measured demon-
strating bursting above threshold at three current values.
Between 27 and 31 mA the bursts develop a periodic behavior.
Above this current they appear more chaotic.

g ...
e
ow

o pues
Intensity (arb. units)

100, - - N - Bunch current (mA) -

Normalized intensity (arb. units)

Wave number (cm™)

FIG. 2 (color online). Average frequency spectrum of bursts
as a function of current. Inset: the integrated signal shows a
quadratic dependence of the signal.

100 &

£

E

g " 9 E

a @D

& A
&

1k o MAAMﬁA‘

A po s BB

Total current (mA)

FIG. 3 (color online). 1.6 K bolometer signal as a function of
total current for single and multibunch operation. The multi-
bunch beam current is distributed into 300 bunches. The dashed
line is a linear fit to the multibunch signal.

A Fig. 2 0 FF 20 A2 09 ZR 0K A AP R AT e ek b RO  nT LR 2 B8 AR,
TR ATRERI N 100 1%, Fa R RN AFAEAH T A5 Fig. 2 45 B R £ 5
AR RS e R S R AT RIS . RELEIT T K R

XV SCET XS AR AR AT FEAREYE L (0-20 mA) L7 A AE L

(1.2-2.0 GeV) #1741

X
i, FEPERR. L5 b, FIEFTAAE N SR —JERIR AR, 5
R S R A 15 (2 DAL 3 B AR LI AR, TR e AR AR 5 AR R B4 L o

A Fig. 4 25 Hi S8t S e e .

HE
R SCR R B E 2 N

1
Ib>A

3/2 9/2

a’? 5

[ (i

eVig

)2:| 1/4 p11/6Js3/2 \2/3

1.37 x 1073, h = 328, fy = 1.5233 MHz, V;f = 1.3 MV, J, = 1/75. A =

(moecC3)'? j273rg. €, = 3.832 x 10713 m. p WREHE K. 1T ALS FRUAA
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e 2.0 mm threshold
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12 1.4 1.6 L8 2.0

Energy (GeV)

FIG. 4 (color online). Bursting threshold as a function of
electron beam energy at 3.2 and 2 mm wavelengths. Data are
shown as points. Calculated threshold using nominal ALS
parameters at 3.2 and 2 mm wavelengths are shown as dashed
lines.

RIS RIRSE, R, EsUsMeE o/ UEENT

1/3 1/3
11/6 _ <pSC + o > PscPn (P + 11pge) i
5 o2+ 1107,

P

Hrfr, p, AEIMAEL (4.96 m), p N SFHEEL (1.46 m).
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H35: 2023/05/01 HRIMETA: SRR

6 BE R AR E RS [PRE 54]
Microwave instability beyond threshold

6.1 FARFE
o S ZRTEARY
« {E#%: S.A. Heifets (SLAC)
o JH: EE

o %7 https://journals.aps.org/pre/abstract/10.1103/PhysRevE.54.2889

J. Haissinski ©280F5T 1 AP RENEBIELL L, Hi Haissinski fifd (RS
AT ENE (U AFFEERIA. ANERENE AT RE B Mgy BVERAS, X T # IR A
AREM I AL (separatrix) FHHTRL 047 X IESGIEN] T Fokker-Planck J7 214
FAET — M SRR R ARATZ Haissinski iR H BB (free energy) WHAT T L, FFk
DUBr I f# A Haissinski f# 2 [R5 Bk (relaxation oscillation) SZRIGERY, 1 H-A54E
SRS B PR A FETE (sawtooth instability) A K.

6.3 TERREAIHTA

o QIFTR: PEIAAEENE (swatooth instability) B T B ER FHCKT Np 1Y
TEOAFAE P A . ARSI RIBCAE, REE R 2B R, A RG] fE
XA R B B A% 9R 7% (relaxation oscillation), B¢ A HEM I — MR
R (adiabatically drift) 25— M. X % ERALEIAT LS
H T AR 2t SLIR T = AR B AR 2 F VRIS A Ko X SCRE R — L0 A8V EE 7 Shon-
feld [2] F1 Melle [3] Fy1E 30 RUEXFT ERAHIA — AR E 2 RHEA (full time
evolution), HHEHALLEFRN T AT ER Y IRLNME B )7 —L88fig. Rk, %
MLl-S 2ttt Viasov R & B AN o

W, AREMIT R T4l Viasov 2, %77 Fi 2 M Fokker-Planck J7F#
H—FRIE, EAT/NY f(z,pt) = p(z,p,t) — pu(,p), FFRME AR AN
(RAEAALIR) o XL H T — TR ITRE , Z TR ST /N B G 5 7 R A2 1) ARAE
1, HZAH T MR, SRR N G R, A A2 g
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AR W Y CEEES SV g S

X SRR, A RRUE ME R BE R ST R T ELRME (quasilinear) J73%, %7
55 BT IR R R E IO B YA A RN, (feedback effect), TR Sz 135t
ARES S IEAFRE M. 8, KA (growing mode) FEL T — MHrAHETRRAS
fiffo X SCEEAEWELME UL AR 0] T BT RS AR IR A BB 5 1 bR
B plx,p,t) = polx,p,t) + fz,p,t), FHAXHA A& B A E AT 2208 A1 s
AP . T, Fokker-Planck JyRlG45 Hw D J7 2 -

O ) = [ D222 1,207 i 7y
g—{ +{H (po), f} + {Uw(f), po} = 0.

Hrp, H(f) &WE BRI S R f HHEREEIR. Bl — I rferp iy
T ERBEAGRAE R TUBCP I E . 58 AR T LU o, p 2R
g ¢, J WIENAE R, LMERS H (po) = H(J).

Rk SR BRI, E LTI (azimuthal harmonics) fo, ()

_ 9o Unn(J)
—0J w(J) — (/m)’

FL0,8) = ful D)0 f(J)

i, w(J) = dH(J)/d]. 258 Un(]) = f;l—(be"m‘”mUw(f), BHTRENL Q=

™
m (wy + Ym) SEERSFIRERBRIAECR R, FHFH m > 0 25H w(J) > 0. AR v <0,
2K R E AT E -

WEAh, XTI, e Hy po(J) KM LA

dpo 0 J 9po 9 Uw(f)
iy me+7djpo(=])] t57 29 f}-
UGG — IR T A A1 R S I58bY :

OUw(f) o _ 2% [Un(D 0p0 sy
0% (W(J) = wr)* +13, 07 |

W] LS HUREL D eI IEES & . IR, 8 R AR R AT B T A2
B MENEEIR, ARUE R AT RERRUE . L] RERE k. JATM . IEAFAE TS /h—
MATRENE . 2 v — O B, A0 BRECAT LUK E 5 T4 o 0 A1 BRI 8 TE X T
TR TARI LIS B — AR R SE IR : A2 J = J, 48, 9po/dT o< v — 0o

f=
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XS HE R Y Van-Kampen JDIHR, X CERSE 7% (K8
SEARAR) B R AR O o

X SCEEABRGSAFAE — DU VA IR PRI A 7 LA, X RZRYAICR N Qo 3XFh
PR AT AR A2 R A oL BRSSP0 w(J) =~ Q/n fy3LHR
R R RER IR AE 73 FEL (separatrix) HYo AR 1Yz 3 4 RN AR A Y
IR R o SX R SCRE AR B R A B RIAE . Hrp Rk A RS, IF
SCRFAE IS FRAARIX SN 1o IZALRIIE T BB JE AR IRES o

ROk SCREX MR U S N T /INRIES] RIS AL TR Y I D0 AL e LA A5 R AR AL
AN, ESINT WA, A A DAV E R BT shiR & e AN R E LRE
HHZE ke (AT )

1

e=2Va ()], 5=l

2 AM
H:H_Z’ q::l:\/ ‘ [1— k2sin®*(na/2)].

:‘12
TR, BB THE wr = w (Jr) = Q/n BFERIRNAFAE— T RIE Jo 3T > 1R
BERA AR, AT RENIEE; M0 <k <1 Wiash@ TR, T
g, J > J M J < Jp 3 RIRERG R ETTATN TR 295 TR Fig. 15 2,

8o N=33.0
S —~
Q o e
x4 S
o RS
st st atae: e e
S 3] W i s
pg et e
L e o T,
2 LA 1Ay atase
-
iy
s Mgfff{,”'b 3555
1 eSS
0 04:: G
: A5 =
0.0 ﬂ/z’fi!l/g#a s 4
0 02 e IS 3
. 2=
e 0 % ?
S 0 !
"o 75 .

FIG. 1. RMS (52) for the resonance solution.

DUHR . 122 R — A2, A PHARIRES PN BB ZZ Izl o SRTTIX
S RN RGO BN, N K RAERAWBED R, PSS =AU A
EHTRGHANEEEM. 4T B3R A LA Fokker-Planck J7 R 4#iA
X R, LiRMRZ B X RE B (spontaneously breaking symmetry)
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0 I |

Function R, (p)

FIG. 2. R,,,(J,,/J,) as a function of J, for n=2 and n=3.

R ZMRHEE T M EIIRES, RS BUESARE R A AR Q /YT 6L
FRSTC ) 0 B2 R AR SRR 5 R A S S B S 2 B a5 ISl i e
f6o FERERZALRR (rotating frame) H, ILIRAFZAGAHE . EIHIGHT ¢, J i, 4N
RAEEPCEN w(J) =~ Q/n BRI, WX T (modified) AYZFIRAN n
T AE I R B AL o

X SCEIE R WA KRR AR AR OO . HARAE AT RE A L Haissinski A BARAY
H R, B HRER R/ MEM BIG A ST LRff e M1 Q RIZH FriRA FHIER
HIE AT Haissinski f#HY rms GERL. 7551, WA Thfig 20 53 S ) e 4t
AR LR A, (HETIR 2RI A SR a8 Ko T — R ARt sh 112
SUFAET AR, B DU DR 25 RO 3BFIR 42 (potential well distortion,
PWD) FAR A ZEEEN . o] PURI AU LR RIR IR AR 2 [ A A ELA
M RESEU AL E S L HBIR. EXFMEICT . BEfiaRAAL 22 M H f Ay 2
IR (filament) , F A RAHIEN A2 I0# (dynamic heating) , 75 ZE A IX M
HERY rms RERCERF S X IR

ASTCH)— LB HMEHZE RN T
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FIG. 4. Difference of free energies A® and lines corresponding
to the condition of self-consistency Eq. (42) for modes n=2.3 and
different Ny .

800 —

600 —

400 —

200 [
10 20 30 40 50x101°

FIG. 5. Contour line @'(N,¥)=0 in the plane V', Ny.
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| | | |
0 5 10 15 20 25x1010

N

FIG. 6. Dependence of @' on N for different temperatures T
and fixed rf voltage =350 MV.

25 3Rk
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PRAB % i il
H35: 2023/05/09 HRIMETL: SRR

T FEXE BRI G i B A A T R 2P0k g R A S BOR S K —
B4k [PRAB 17-06]
Generic conditions for suppressing the coherent synchrotron

radiation induced emittance growth in a two-dipole achromat

7.1 FEEARER
o K RFOLE AT FEPAES (CSR)

o {F#: Yi Jiao, Xiaohao Cui, Xiyang Huang, and Gang Xu (FEAH44: P EFFFE
= AEY A 5T AIr)

o A IS BUEAAY

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.17.060701

7.2 fHE

TR (CSR) B MLE 58 T IS P s o 2, HFH S S35
WA REBIG AT ) & 5 FEARFE (transverse emittance dilution). 75477 24 AL
KRR A A PRI B A LA, X HE 7 SR 2 ST PR AR ) SRS W 42
i, PRI R ) CSR A SR A a2 R B2

FERPEAE TGN AR TT (achromatic cells) Hri T CSR 51 Y A& S FERAC A 5
HAWR, 52 R AR (R-matrix) F1 Courant-Snyder 4347k (C-S 43473%) . iXf X
BB PR TR T T — B s CUE R AT S . X SCEIE A IE S Y AT
Jiik, RIS T AE P ME RS A R B M A AR T IR CSR S 30 & 5T
Tk (emittance excitation) Hy—MEFA o RUE IX i SCERHY 34T UG FH T2tk X, [HEE
F CSR IR T RE R 2 525 A 0 RSS20 1/3 W7 p* BB
FfiEit ELEGANT BPER , 2425 g —4E CSR BRI, Mzt ik S
SAEAEINR A 5T FERG R T TR SR 3. AL, X SCEE R, 5 CSR kick DURCZEH]
JEAPEREAL , IEIE S AT 75 B A T LA & ST IR AR BE AR A 7K
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7.3 TTHRSAIHT A

RSB R FHRA A6 (manipulation of beam optics) 1977 kI CSR 4
SEHIN. Eor— T SR A R BT R betatron 6 R 40 2538 21 A
FAEALH R 48 (transport system) _FREAIIEEENTFREA SR 1% CSR kick, SRR A
Vo 3%07VEAT LRI Courant-Snyder SMTHREIFRIGY, 34 914 Gl FE 4 1 15 Sk AT
C-S B4 (Twiss Z40) A% (o 55—Fhj7 o Rm b s A 44 5 B/ o e
bR CSR kick HHUCHESRE: /MY CSR S50 & ST [2], R CSR kick DU #:.
BT LIGESE R A e 4 B0 s BT CSR BUREHEAT S0 (2]

o GBI BTAE CSR kick ITACIEHT, CSR kick ARAE R MHORUATTHHERER .
IR AP, A RR AR fugs 5 CSR kick FHICFECHR A/ MU AT E
B TR, SRR SCE X R A AR BR T 2 f IME B MF U T CSR
1L A S T S — AR B S X R FEREAT C-S ikt 7 R Lk
B

1st dipole 2nd dipole
Ly = p16; Ly = pr0s

(@)

M- r-—-—:-u--

i
1
]
E Quad. section
.1

CSR kick 1 CSR kick 2

R

Section between 1 and 2

FIG. 1. Schematic layout of a two-dipole achromat (a) and
physical model for the two-dimensional point-kick analysis of the
CSR effect in a two-dipole achromat (b). The points 1 and 2 indicate
the centers of the first and the second dipole, respectively.

(1) BT d(esr) o< Ly/p™® HIFHRIE, 4 R FEMESHETEEY RE THA AR
BHE R RERGIHE R, H §(es) ShfE LAk CSR 5IEAVRE
RWZE. Ly 5 p 20BN “ARER AL 7 A SR A S e 12 2T T
CSR 51iEHY rms AEAL ABms 5 Ly 1 p~>% SUEL, FFEAT A IXASHTR
B 0(cst) = kLo /p* SREMEAL CSR RN, Horhr, kAU TSR E R BT Q 11
R 0.0 7N, M ELEGANT BPEEH, IXFRARIEH T 6 A 1° 21 12°
LAK p 1 2] 150 m BY5EHl. 275 T Fig. 2.
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x10" x10"
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w = A
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£ P A w0 £ 0=4 deg. A "
4 % p=5m Alewo Q|| © oecen A « ¥
- p=20m A %0 . - X 8=8deq. A * *
5 2 % p=60m AT ED K 8 21| O e=10deq. A o ¥ o ob
5 O p=80m AT EDOx a * =12 dey o # o
o % p=100 a0 x d e AT % 0B X
= p=100m Ay O x ) A =15 deg. A * o % X
g A p=150m A g O % = A ﬁﬁ EID x X
c Ay O X c A o x X ~ 0
& Aagx 5 A tﬁDD X X A0 0"
g 48~ RN B a2elof,x” Lo
2 4] u] X ~00"
;- 488 ok *EETo00 | g |, exBe8 k000
< 500 £ 0 X %5 C
& a8 ?ﬁ%ﬁﬁ%ﬂgo g (380 $ 5000000000009
o ola el ) . o obao 80090 f . . . . .
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9 (degree) 173 (10 173)

p - (m

FIG.2. Variation of the CSR-induced rms energy spread in a dipole with & (left) and p'/? (right), respectively, obtained by ELEGANT
simulations with @ = 100 pC and &, = 30 pm.

(2) BT & H2RBSEOCR, U AERR R AR AT LU TR SR R S 12
RS HE M B O HUBE Y CSR . AN, IR SCREA A AR 2 1A (P
TR HIDZIH]) { beamline VO PMEEARFEITALEE, FAR A betatron 1
RO ATA] C-S ZHCREIR "B Z AU B R FEFE, DA AR otk
ST EARRDE AR

(3) #£ C-S pAriZidiatt By — Ak CSR UM A point-kick A8, Fl ]2 A6
LM CSR SRR AST R B AT R . (2, 2”) “ZEFI. XP B
TR CSR N SR F RN point-kick, FFEAT LT ILAMEIR: HIE,
kick &AAF BRI Hk, CSR kick &S WATEE, 9B b Al k
B Ba. BOFHIRERHRZE A ZIEER) . EAEZE ARSI kp'/0.

R CEEIHE L ER s, 5 TR R AR SR RS 5/ LR P A
R BMH By CSR KB AT R R ISR Mo IR SCRIASRWT, Xt
THreHiRY CSR point-kick 8, C-S AT R HEFE 1T

o Hk: IXRSCEL T ALMIRE M HRR CSR kick By—BZe . HF HiZa G H
T HAEE SRS A AR S SR O A B . XL R T Ff
BT iR GBS SIH B i CSR S 2R AT RERE
X CE S ELEGANT BOUEHIE 1A A A tF . BUERIR 4 RaE I, 4275
JEFEEAN CSR Y — MR AG I OL T . A5 BER A4 AT LA 2RI Y
2 (n.c.CSR. tr. CSR HI d.s.CSR 203l 5878 M krh CSR By ARZLE 2 5
TGRS CSR MR TR BUP ) CSR RBY). Ib4h, IXRSCEIRHE
if ELEGANT X} frfe th i 26 405 HAR PR 7% (CSR kick DERCIENDESAFH1T5)
BT T HOR . BUEEAREN, SHAMMWMITEMAL, AR CER AT,
CSR FELAY A ST EEHH AT LAGRAFFAE AR 7K P
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The emittance growth in presence of the effects

of n.c. CSR, tr. CSR, and d.s. CSR in a two-dipole achromat

TABLE L

(3 m, 8),

(2,1) and (By, )

c2c

with r=r*, M, .(2,1)

obtained by ELEGANT simulations.

Relative
emittance

Final
normalized

Initial

normalized
emittance €,) emittance €,¢

growth
/_"18” / £,0
1.5x 1073

(mm.rad)

(mm.rad)

CSR effects
n.c. CSR

2.0030
2.0056
2.0119

28 % 1073
595x 1073

2
2

n.c. CSR + tr.CSR
n.c. CSR + tr.CSR

+d.s.CSR

0.2 - - - T 0.2 T - -
O (By eg) = (3 m, 8), ELEGANT simulation o O (B og) = (3 m, 8), ELEGANT simulation
018} o (B ag) = (3 m, 9), ELEGANT simulation 0.18f 0 (B o) = (3m, 9), ELEGANT simulation
=== (B &) = (3 m, 8), analytical prediction ._-
016 [ == (8, o) = (3m, 9). analytical prediction H 0.161
]
]
0.14 _—.. 0.14F
Or
= !
T 012} = 042}
= . / E
£ ' } :
ERA T AN ] £ oy o
=3 —— I Mn
4 oo} \ of & 0.08}
\ H / o
006} 3 K i 0.06+ o
\ ] 4
o, L o
0.04 [ DN of 0.04f o
¢
D/. & J \hw o o
0.02 s Y ’ ;ﬂ\ 0.02} o =
~uh - O 5 o o
T o B 8 8
0 0
0 05 1 1.5 2 4] 0.5 1 15 2
,,
M, (2, )IM, (2,1) s

FIG. 3. Variation of the emittance growth Ag, due to CSR with r (in units of »*) and M, (2, 1) [in units of M7, (2, 1)] for the cases
with initial C-S parameters (ff, ;) of (3 m, 8) and (3 m, 9) in a two-dipole achromat, obtained by ELEGANT simulations. The dashed
lines are the analytical prediction from Egs. (2.13) and (2.18) with k., = 0.0012 m~"3 and with a shift of the minimum Ae,,.
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TABLE II. Parameters of the electron beam and of the DBA
used in the ELEGANT simulations.

Parameter Value Unit
Bunch charge 500 pC
Beam energy 1000 MeV
Energy spread 0.05 %
Beam normalized emittance 2 pum - rad
Bunch length 30 pum
Dipole bending radius 7 m
Dipole bending angle 3 degrees

1081945,/ e/

FIG. 4. Variation of the relative emittance growth Ae,, /¢, after
passage through a DBA with f, and «, obtained by ELEGANT
simulations, with (lower plot) and without (upper plot) consid-
ering the effect of d.s. CSR. The white solid, white dotted, and
black solid lines represent the solutions f 1, fy,. and By aich-
respectively.

30



10 b ' Io Farpn;nl. [Bn. aOJI:fEOm__O.{)
o Near point, (Bo, fxc] =(0.8m, 10)
o CSR-canoeI,{Bn. ao): (1.261 m, 10)

q
3 000
000000000000000000

40 30 20 100 10 20 30 40
|Ap-=| (degree)

FIG.5. Variation of the relative emittance growth Ag, /¢, after

passage through two identical DBAs with the phase advance of

the quadrupole section between two DBAs, Au, obtained by
ELEGANT simulations.

7‘4 /\'_E:

B ERR . AEIXRSCE R AT BRI E R AR A RTER . R, XA
B HAEEREE T BA/NY Ree HIEHI RS X TR WHAKRIEL o R G R
U, RSB

25 3Rk
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8 27 R SRR A% oy el FEO EA DI rh R T IR 28 R 5 BOM AR SR Y
%1 [PRAB 20-02]
Conditions for coherent-synchrotron-radiation-induced micr-
obunching suppression in multibend beam transport or recir-

culation arcs

8.1 FAfFHE
o 2 AL MRS (CSR)

o YE#: C.-Y. Tsai (Virginia Polytechnic Institute and State University), S. Di Mitri
(Elettra-Sincrotrone Trieste), D. Douglas (Jefferson Laboratory), R.Li (Virginia
Polytechnic Institute and State University and Jefferson Laboratory), and C. Ten-

nant (Jefferson Laboratory)
o B HE. BUEEU

o %% https://link.aps.org/pdf/10.1103/PhysRevAccelBeams.20.024401

8.2 %

IX S SCEENAE transport or recirculation arcs FRHIEIAH T E2EEST (CSR) 542 A94H
AR PR T S5 ELBIES %S0 () HhFF A RT Viasov solver i
177 MR AR AT M E 2 B o 7 R B R 38 AR 25 A B R AIRRE L (~100 MeV)
FIERER (~1 GeV) recirculation arcs, LI HEERERH] compressor arcs. iXfs CFEH]
BRACH, AR 5 A RS S SCH ) T B AU25 (microbunching gain).
XS SCEIAUER T, Bk CSRGER ARG 2 0 R A FE S BRI, I A B THERAS
[i] nominal HEi R R beamline %11 X L5 45 5B A B RENS [ B 5 7E 1 6l
CSR ISR R AR L5 T B T

8.3 TIRREAIHT A

XS SCEE MRS T et A Viasov JTRE, 3% 5 FRAE single-pass H (& R4
3 T CSR SE IR /AT EMERFLE AR ZARUBIR TG R K SR KA
R/NTE DL, Bl coasting beam UT{llo 1EZMEAL Viasov J7FEALEEHT, CSR R #E A A
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KRR 2 ) A /US54 complex bunching factor iy beamline JEALHY /7 FEH]
LA il AR R TR -
b(k;s) = bo(k;s) +1 /S ds'AK (s,s") b (k; s")
0
Hr, ¢ 378 CSR WlREARAENNLE, s RAARMZF] energy kick HIf7E; bunching
factor b(k; ) Fil bo(k: s) 48 BUBERE SCARBNRIABL BN A 1A OGN = Akt s
Ao FEL N FRAE TR AT IR AR A RE AR R

o QIFTRL: XIT transport arcs, DAHREH T UM ZORINE] CSR 51 ESHY A& 5T 1S
K, IFH B RT3 AR CSR SRR e [ 5,
IR L7 SR T BT AR T B2 ar LA, IXLEHLas TR Ay AR B IE
WHEMR /N ERXF SR, EERME T —HR o SR ImES A2 (JL12)
JUH) R ares it CSR 5IEAIMER AR . R ks SCEE R & BT
recirculating accelerator P28 FE 451 1T LA AL single-pass 1% i1 multidipole
2R A =

Hi CSR SEIY SR A AT LUEE I 3 B E P e (Landau damping) sf##%> beam-
line FYFEXTS 30 R 45 K% (momentum compaction function) A HE/NEIFEATHIE
R R EEW TS, 5INT — D 3RAE beamline #ZR L CSR UM Y
ZH0 €, IFREE AR ELNE PR AT ¢ SRR Twiss UK R K
XA SCEE fi 2% &Y beamline 11 Fig. 1 ffioR.

/3

max {R;’;S} ﬁAL

£ =

B s 52 f;
“ (sequence of linear elements)

L, Ly

FIG. 1. Illustration of a two-dipole system. The in-between
section can be a general transport section (see context for
definition of notations).

o TURR: R SCEAE] THIE] CSR GERAM B E . BRI T i i RN
R SRPAFRY NI R A Ko AR, R SCETHE TR R SRS
IPOFE S CSR SR AR A5 28 E P —ARERRY Rag, Rao, Rse (Fig. 1),
Ry QU TR R B R Twiss ZHMHNZE Y. Fig. 2 JER TIHERT
(Rig = Ros = 0) MIEEHT (s = 0) THOLHYELAY Reg™ 4708, MEHRLIBI B A
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. BN B REUR IR . IR ESBCERIN, o RERYIEFA X
1% Reg ™™ PR, 1AL, Fig. 2 PRPR@ESR I, £ Yo ~ m(aldLHEAT)
WA /N Rg™™

(a) |K56(51—*52)], small j (2.5 m) (b) |R56(s1—52)], large 5 (30 m) 0.10
6 6

4 4

W (rad) ¢ (rad)

2 2

=5 0 5 =5 0
© [Rse(s1—~s2)], small & (0.01) (d)

5
o
|Rs56(s1—52)], large « (5.0) ! 0.08
6
6

| 0.06
1

W (rad) i (rad) 0.04

2

0.02

0 : 0 X a . 2
0 10 20 30 0 10 20 30
£ (m) B (m) 0

|R<. | pattern for an achromatic and isochronous unit, Rjs = Rys = Rss = 0. (Top) R5. (e, ) for (a) small and (b) large #
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TABLE I. Selected beam parameters used in HERA arcs.

Name HERA vl HERA v2 Unit
Beam energy 1.3 1.3 GeV
Peak current 65 65 A
Slice rms energy spread 123 x 107> 1.23x 107
Normalized emittance 0.3 0.3 pum
Chirp 0 0 m™!
Compression factor 1 1

P 3.6 3.6 m
AL 40 20 m
max{Rsq¢(s' — s)} 0.52 0.13 m
Gf.mﬂx 250 1

Aopt 40 20 um
'3 477.8 75.2 m

1500 s CSR 1.05
-s.s.+tr.+drif. CSR
1000t —s.8.+tr.+drif. CSR+LSG 1 . -
o o V
-s.5. CSR
500} 0.95 S-S
—-s.s.+tr.+drif. CSR
—s.s.+tr.+drif. CSR+LSC
00 50 100 150 200 0'90 50 100 150 200
A (um) X (um)

Bl 1 W2 [RBIE CSR 848 1Y 238 22 Sl sk W] HERA v1 4555 %] CSR ZR KA
Wi, DE(EIE 25 ~ 250, T HERA v2 HpfR R aa (R FFAE 1 22 (RIBCARERARR) « AT,
N T EAE Vlasov 94558, Xk CEREH T ELEGANT XS R4 #4777 #ifl. ELEGANT
B 455 Viasov solver ' n I — 2t o
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Beam focusing in reflection from flat chirped mirrors
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dp 2 1k2\ k,
5= ‘p:—(k—ko———x)—
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dk, 2k ) k
d*p 2 3 k2
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