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bix-Dimensional Beam-Envelope Equations: An Ultrafast Computational Ap-l

broach for Interactive Modeling of Accelerator Structuresl 5
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IFinite Beams in Reflective Volume Bragg Gratings: Theory and Experimentsl 9
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1 —> beta L2 & [SLAC-AP-85]
A beta mismatch parameter
1.1 EARFE
. ok HE
« % M. Sands (SLAC)
o B BB, B

o ¥ https://www.slac.stanford.edu/pubs/apnotes/slac-ap-085.pdf

XIS SUE ST — B, B beta AL (beta mismatch)” M, FSR ARG
MR RO ARZE . XS il S R eI E) 1S B AR OB (RIS L
MRS XNEA — M, B, BRE WAL (quasi-invariant), FE A IR
ZRAENME, XN M RFAL, MEREEPNME L M S5 . XRIBSOAE
ST AN, FRORBCHAL (mismatch phase) "y, HIRFAELEIT— A AH 23 [A] 1 9 T
¥ (orientation) 4R,

1.3 SEER AR

o BB IXRIRSCE LU RBCAR At AR A, g A S TR AR T AR DL T
HZERE KRB S . 2T Fig. 8, /F&IRELL (H—1L) =S AR Ry
oA TR, ELT Mo AL, A LRRCHE IR LB 2 [ [ A
WP, TRAR SRR ARG, AL, VRE IR RIE SCE i a8 LT R ECAR AL
Y SRR

o ks BERIFRANT . B M 5 o BE AT

! Be+%+\/(ﬁe+%)2—4]

M= —
2

7vbMEGO—i_¢m
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Fig. 8. Geometry of the rationalized phase ellipse and the mismatch parameter M for a beam of

unit emittance.
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2 NYERBSTE: — MU A8 R 3l ) S A B R PR ST
[PR Applied 19-05]
Six-Dimensional Beam-Envelope Equations: An Ultrafast Com-
putational Approach for Interactive Modeling of Accelerator

Structures

2.1 EEARER
o 535 RIS
o E#: M.D. Kelisani, S. Barzegar, P. Craievich, and S. Doebert (F#4[#4: CERN)
o BAL P A

o 4% :https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.
19.054011

2.2 %"

e i WOR AT B AN S DU AR RS A= A9 AE28 (online) AW T Ho HAT, #ATY
RS EP T TIHERCRI R, ARSI RE AT A & EA APk, X
RAVESCER Y — TS s e Y o A I g A A ARl =2 7 ik, RS RS PIC
(particle in cell) AADAYZEARPEAT HLEC . I i AT SRR RYBUETT EBOR, MOITIEIFAS 1
TR PR A 7S A 23 ) 4 AT B IR T o 51N T AR SR AT 0 25 A 7S 2 A 2 [ H e
IR (moment) J5HE. THE T =225 HM SN IRUAGHE ST, FHAEDHT EXAE
FIHR A B2 AU - BRI RN RB BT, # 7 —HE SRR
FIEAM A AMEROTRE, se L TR 5. BRI T S5 18 TR ORAY AR T
RER. T I B 5 AL I A Y 2 AL rh A Aol S AR Y R I o 1 FHRXh oA
JIEAOR T — PB4 )73, TR T RN R R T MR R T H A
A BANMAE GO R EREF A R 2 /D =D HOR R I B R . e, A
PR ST 1 — R T ot B SR s S B A R N S B B Y B E A A . XA
R RIATPEREAT 7 A S It
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vy 0005 pey Ry FE
YoPo

=

Ny o,
+ 200N, = Ge G

dzg 73170
Hrp, EUG T EAR e /R MR (AR A L) 1R Yy, “s"367n 25 [A) FiL A
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3 BRSO B B A hiks e e 552k [JQE 44]
Finite Beams in Reflective Volume Bragg Gratings: Theory

and Experiments

3.1 EAFR
C g e
o YE#: Jonas E. Hellstrom, Bjorn Jacobsson, Valdas Pasiskevicius, and Fredrik Lau-
rell (FZMLF: KTH BERFEAFRE, Jimit)

o KM G, SR

o {f%: https://ieeexplore.ieee.org/abstract/document/4407560

3.2 HHE

XFIESCHE T — D ERR A AR A A A R RS O6 AN S 21 S S A AT R S
(volume Bragg grating) 4. X180 ZE H T 5 ub I PR AR 1 SL 50 45 R . 18
IHIXEEEE R BE T AR RO B LR ISR AR A ST AT R AL B,
IR LERE I B R B A X L O s . )5, IXR I SCE R T IX S5 an ey
Ve =S [a e A g A IR o

3.3 TIRREBIHT A

o GIFTA: XEEE T TE AL (B s Ab) BOCHRBHANG RSN, 8% & T IE
[ N SRR RO A 0 ROT R MBI, A RO IR ROGEREY (TR)) Fedke ot
HABARET FE M AR EEES, DL EXWFF AL FlR 5
FLIF Fig. 1 Wite 477 R A P AME (plane wave decomposition).
AW T2 (coupled mode equation).

o TUmk: RIS EL, n(2) = no + nuf(2), W Bragg F{F ky =
kyr — mK + 26 NHISE N, SRAFPITRE

[V?+ 8%+ 4Bk f(2)] E(r) =0
s, B AGTS M 5k N S A
E(r) = M(r)+ N(r) = M(r>e—z’kM.r . N(r)e*ikN'r

9
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A
A J

(b)

Fig. 1. Illustration of the setup and definitions of coordinates in (a) real space
and (b) momentum space.
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=, TR 2 X 2 Wi, «=mny/\ K = K/cos0 AREEIRIE, 6 KAERRK

fii (wavevector mismatch). T 5 RRAGAE, A LAgE— 25153 R SHEDE AR —L8
Fibt, I power reflectivity

R (5)=:‘thay,0)‘2__ 2 sinh? (v — %)
P [ Min(2,9,0) | k72 cosh? (VK?Z = 52d) — &2

Hrp, RN HRIE A

2)\3 n% 4A\2
AN = 0o = A )
cos Ookp " B\/n% cost 0 + d?

IR 55 B SHEOE R ARANST A JE A AR, FF xR AR
201 AN
Abo = sinfokp  tanfp A\
EREIY
T gL & > sin f
1", g 0

BRETC Section IED 4 T B — ML TREAWIT BB 75, 1581 LUT 463
ST AT T IR G T, BRI R SR R )

M, = i N+ KN

N, = &M — ig'N.
PRSI Section TIT 51 XHSE] M ME ML S0 REINRAIE . B4, J24HHOK
S S 5 SR SO RIS 6 4 BT F I Fig. 2 55 Fig. 3 X%
FRFBOENAK: (1063.3 nm RHIE/NEREP) RS0S4
BEAb. RIS, S ROCHR S A
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Fig. 2. Reflectivity dependence on incidence angle for various beam waists at
grating A. Experiments with s-polarization (filled symbols) and p-polarization
(empty symbols) as well as theoretical simulations for s-polarization (lines) are
illustrated. Crosses indicate the approximate planewave limits using the rule-of-
thumb.

40 * —
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Fig.3. Reflectivity bandwidth dependence on incidence angle for various beam
waists for s-polarization, using grating A. Experiments are presented with sym-
bols and theoretical simulations with lines, while the approximate planewave
limits are presented with crosses.
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Fig. 4. Reflectivity dependence on wavelength for various beam waists at
normal incidence. Experiments are presented with symbols and theoretical
simulations with lines.

’ m

) u

g

; 7

£ 5

> £

g 8,

5] 2

€ 2

2
£
> +
= =% ;s R e
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
transversal distance, u’' [mm] transversal distance, u [mm]
@ ®)

0 z|
5|

. g
g g
> z
£ £t

2 45 4 -05 0 05 1 15 2 45 1 05 0 05 1 15 2

far field angle, %' [mrad] far field angle, y [mrad]
(c) (d)
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16° and the beam waist is 165 fi1m. (a) Near-field reflection (b) Near-field transmission (c) Far-field reflection (d) Far-field transmission.
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4 HHRFEOEH Pl 577 A 48 B R 46 )5 % [TUPMAO033]
A bunch compression method for free electron lasers that

avoids parasitic compression

4.1 FARfEE
o B R A

o V£ S.V. Benson, D.R. Douglas, C.D. Tennant, F.G. Wilson, and D.C. Nguyen
(L JLab)

o KA A

o #E$%: https://accelconf.web.cern.ch/ipac2015/papers/tupma033.pdf

4.2 fHH

JUFArEBARIERE (> JL MeV) B LMK 8N B B HL 70Ot (free electron laser,
FEL) 187 A (RF) %78 £ & 0 (off-crest) sl chicane 9175 414
EREG TR X EE /DA =M

L ARREAR IE f T SO il 256~ A HR 2
2. EFHBUIME IR T 23 1A FLAT 5 | E A AT AR 2 ) G L

3. FHT S AR T R4 5 R PR B 7 2 A R 50T T A
FIR S P RN K

WIS AESTIRPE T BB AT IR EAT Mse > 0 B, Al LA % LB sk
feo IXPOTIERAZ AR

L AR A MR R P IRET 2 S

2. YU 2R (longitudinal space charge, LSC) 51/ H9 A% )k /ST Y FI%
BT 3

3. B Mse > 0 BT al LARC B Lo 5 a7 A2 i B T4 o

S SIS X I 4 77 22 FE45 1 2012 4F 4 i@t JLab UV Demo FELIA:
EET IR AR

M fELE FEL oscillator 1+,
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4.3

BT R B BT A

o BT BT HZMNEAIKS) FEL 3RS, —BOnHE T R RS HK, filg(E

4.4

MR, LA SR n) 25 [ H A 2 (LSC) AT [RZEARET 2. (CSR). RF 3
MR 2, BRLZHBRH RFE %, WA N Mss < 0 ORI ESiss (o
chicane) X WHYTHSE. 2% FE Fig. 1. FRE, HWAKRE LB 18RS ()%

strong CSR emission at full
compression/interaction with
forward- propagating wave-front

EA —)“—)./7-5&5\).

/ A N~
/_\\/ \J U 7 s

chirp while accelerating on modest over- fully upright after
inject rising part of RF waveform mod:st decompression _compression in center final dipole
by1 dipole of chicane dipole(s) (M_>0)
(M >0) (M56<0)
56

Figure 1: Canonical bunch compression in a free-electron laser using negative momentum compaction. Higher energy
machines typically use a two-stage compressor, which still uses chicanes to compress the beam.

BRGSO — Y, B8R RE FHS, A R Mss > 0 (UREES 5
SR AT R4 . T RE I 4 (energy recovery linac, ERL) f) 180°
L BT, Mss > 0, Btk X0 ERL 35804 FEL 2 B AT AL

Folk: RIS SCHIE R 205 RF AR5 I chicane [93) 112t B2, %18 7%
L 54 T R AR AN . RS2 R, SR 225 PUAS dipole FIZ) )
2NN AEE A dipole, FPIRYARH—LE, P dipoles 4708, HLFRY
Bt TR (CURRPFETRAR) . FERG— dipole RYBRIM, & (7538) iA5IRAEIE
i (SURRIKFESH) - Chicane f77EME A TEAY Thee = —2Msg > 08, J:H CSR &5 LSC
ERIE T R S AR R b, RISt LT, SREA BT Mg < 0
J7 R SR TR o

WERBCRH RE T &, UG N Mse > 0 BYRE 4 it R A BEFT R4, AT LA
R ERAGHIE L. 1WA, BT RER B EZNE S (energy recovery linac, ERL)
[ 180° arc fE“HAAENL T, H Mse > 0, {2411 ERL 3K5h1Y FEL 2254 AT
SMIFAL . T34, BEE 180° arc WY Tses HIAF5 R (I SARER), PRI AT LAR &
KB ERBAEL AR 2% T E Fig. 2.

Ve
b

KRV SR o3 fil Batiid 7 A A JLab UV Demo FEL %% 180° arc 1) Mse 43

B> 045 <01E0, WEILRE FEL oscillaor #EIRIGHIZRE, ABUHT T ZAIRLHE

2R3 H chicane [1Y Rse #4513k B AUIE R B
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Figure 2: Compression in a system with negative
momentum compaction (a) with strong CSR can lead to
an incompressible longitudinal distribution, while
compression in a system with positive momentum
compaction (b) leads to a more compact phase space.
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5 AT TSRS T LE MRS et B EM 5 [PRAB 26
05]
Microwave instability threshold from coherent wiggler radia-
tion impedance in storage rings
5.1 FAER
o 3 ZRTERIREUY

o {E#: A. Blednykh, M. Blaskiewicz, R. Lindberg, and D. Zhou (F#4/[#J: BNL)

]

o A L. KU

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
26.051002

52 %

T ARG AN, WA T EVRIBLER, XRIeSCENTHE 7T HlE
ar AT (coherent wiggler radiation, CWR) Xl ANEE P BIE A DTk TXEZ & T =
MONEIFAE T AR SR BT - B =S TRARASRL SPAT IR R AR SR T
PR IXRESCHIR T CWR Wbzl 5, SRR, A5 BB, iR
BRllcHy CWR AR E o N 7 0 Bl A9 78 BT a0 RS Ve SCHE H R FH M1
(detuned) FHEHI#EAR. MHD, IXFIESCRH—FOHTRY &7 ER AR T iR A RO
AN CWR KBS A E FE. X HLF B XL A PR A, 1Z3HE
5 Vlasov-Fokker-Planck FUEUEBARAEIAT B, FFAIA 1A e E4H A 71500
N AR E B

5.3 TTRREAIHT A

o QTR W EAH EE AR A S B A E B i B AR PR T8
Aty B s\, HARIK coasting beam, 41 J. Wu et al., PRST-AB 6,
040701 (2003) Y TAF. JXE IR SCHEIRA AT A A PRR AR R B o Lu B i
HAS R A AR HI 5o X SR T VEP BB, ibgs 3 T EH0T 6%
Y E A2
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STk IXRIE S B R TR B TR T O RATGI AL, B2 & RS BOMAR T IR
FUER (critical photon frequency), MIMTA] LAZAE B~ SR A2 o 5 &
RIS & R AR R RAE . ORI AR AL 0.3 mm. w1l 55
B ke > 2mfo,, #E—LHMISUL LG

XREIBSC Section ILB 25 Hi AL A A7 AT A5 e 9 T % FH BT O AT 22 30 Eq.
(9) 5 (11), 5B d=S ARG TR BN T 1A, 25 T RS IR chamber height
RS S Bl . BT EARYE 0.3-mm Siiafn, He, RESLE A KT
BHAT, WTLVER|, FAESE-PATHET, MBELRES Y, EREIE (X)) KEER

BREE: [, BEERSULD, SECERETER R RIER .
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FIG. 2. Comparison of CWR impedance in free space and
parallel-plates shielding (full chamber height is 15 mm) for the 16
DWs of the backup storage ring cooler. Blue and red lines are real
and imaginary parts of CWR impedance in free space. Green and
magenta lines are real and imaginary parts of CWR impedance in
parallel-plates shielding (Note that the amplitudes of resonance
peaks should go to +oo according to Eq. (11). Because of off-
resonance sampling, the plot shows finite amplitudes).
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FIG. 3. Comparison of CWR wakefield of a 0.3-mm Gaussian
bunch in free space and parallel-plates shielding (full chamber
height is 15 mm) for the 16 DWs of backup storage ring cooler.
Blue and red lines are for free space and parallel-plates shielding,
respectively.
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FIG. 4. Comparison of CWR impedance in free space and
parallel-plates shielding for the 16 DWs of storage ring cooler.
The full chamber height is 60 mm. Blue and red lines are real and
imaginary parts of CWR impedance in free space. Green and
magenta lines are real and imaginary parts of CWR impedance in
parallel-plates shielding (Note that the amplitudes of resonant
peaks should go to +oo according to Eq. (11). Because of off-
resonance sampling, the plot shows finite amplitudes).
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FIG. 5. Comparison of CWR wakefield of a 0.3-mm Gaussian
bunch in free space and parallel-plates shielding for the 16 DWs
of the backup storage ring cooler. The full chamber height is
60 mm. Blue and red lines are for free space and parallel-plates
shielding, respectively.
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%183 Section 11 5 T /48 7 THIEGHIT S B HHR . Section IV /415
RIATERAATUENE DT o RTERAATUENE DT, IXRIESOR B0 G AL

JitE R, HEh
Zy(k) i

ko f()G(A)
Hrt, A=Q/ (cknoy)s f (1) = saibios - JTFEFHH G(A) KR, fHEM
B
) —p?/ A2
G(A) = /Oo dppj j; = V21 +imdAe” T {sgn{lm[A]} + derfi [%} }
BT RIS S RIS, A = Z (k) +iZi(k). G(A) = Gy (A,) +
iG (A)o EHEZ J5 . AT LAKHE(E F i 5 i T 36 220
B Z, B Z;
WSz T v 2
WERE], KEE A€ C IS A NEHR, FUE R It
Gi (A,,) o Zr(k)
G, (A)  Zi(k)

ittt o

%t dipole CSR. B F_F3ififsrbr . AT LAEREI I R A i st

1o 2 3@ (Blemojo.
th( )_ T (g) Gi ZOR1/3)\2/3

X} wiggler CSR, [AJ#EM FH L g oA, vl LIS 2T BIE BT A
; N 87V 2m(E/e)nolo.
) I B

2
o

XESIESC Section IV %1% BNL [ backup storage ring cooler 3518 T/ CWR
M) B AN E PR . 1 VEP solver 133 HE{EZ)N 5 mA, FEAGRTZE
AT 31 mA ik 7D, HZ AN TR e R IS A BH LTI . SH S
PRI Section IV, AL AL

SR ELIRT M. Korostelev, A. Wolski, and A. Thorley, Wake field analysis and modelling of microwave
instability in the ILC damping ring, Nucl. Instrum. Methods Phys. Res., Sect. A 659, 36 (2011). https:
//doi.org/10.1016/j.nima.2011.08.021,

15 Ref. [2] 19£5%

_ An"% (Efe)n|oyo-
]th(A) ~ \/5 ZOR1/3>\2/3
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FIG. 10. Real part of the longitudinal impedance for one DW
with constant and varied period lengths.
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FIG. 11. Imaginary part of the longitudinal impedance for one
DW with constant and varied period lengths.
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FIG. 12. Comparison of CWR wakefields for the DW with
constant and varied period lengths for a 0.3 mm Gaussian bunch

length.
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'4 /\I_E:

KT EPREARIO R, LR TAURRARAT , ISR s 2o o5l
ARSI N FIE, %5 A > dosn =2/%, b F PRI IR
R AT, T AT SRR A Y (AT AR T AR P R R

R OB R SERR S RERR T ST . BB EAR S . 75h, KT TR
PRSI, T2 (1],

S5 3k

[1] D. Zhou, Coherent synchrotron radiation and microwave instability in
Electron Storage Rings, Ph.D. thesis, The Graduate University for Ad-
vanced Studies (2011) https://research.kek. jp/people/dmzhou/publications/
thesis_dmzhou_final.pdf

[2] G. Stupakov and S. Heifets, Beam instability and microbunching due to coherent
synchrotron radiation, Phys. Rev. ST Accel. Beams 5, 054402 (2002). https://
journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.054402
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6 ENKHC
Injection mismatch
6.1 FA{FE
o K A
o VE#: K. Wittenburg (35 H#J: DESY)
o A HIB

o E¥Z:https://indico.cern.ch/event/115334/sessions/5216/attachments/50209/

72205/Exercise mismatch solutions new.pdf

6.2 fHH

FE DRI - s s P A E AR S v LUR S o =38, A6 BHiTEN (off axis
injection) KHC. HUIEKAC (orbit mismatch) DANIEFEZAL o, B, Kiic. LB TR
HKG- S ECR A1 A GG BRI AR B3 2L orbit oscillation, XLEHRY I MRS 24k
BPM frfa 2] HiE LB AT Lo (R R B ARk kicker FT septum ($£471) k24
Eo SR, SEAZERECAAREN BPM Rl 2], X IDH EZHEX 15 bl

6.3 FTHEHR

« Betatron mismatch: X4 ICHE M PHETEN KRB ASEURES . HAD beta-
tron mismatch( A NS X —FRiE) . 5 EKRT filamentation % 42 Ji5 o AT 1]
KGR R — 2SR R (L, 2, B], XL E K118 T B betatron mismatch
51#EH beam Twiss YR o

X ZEi0 # H one-turn map, FHEIE lattice Twiss A g, Bo, Yo, S EZHTE €00
X RAFE MRS B S « Bess ¢ B, HAE TN —RBa F—R AR beam Twiss
HY AT LA 7R A -

Bis1 ¢ 280 8 6,
Qi1 = -CcCc" SC'+S8'C -S89 le%
Yi+1 Cc"? -25'C’ S Yi
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6.4

smooth out,

XD
AR . 0 Fig M4 froR, AT iXREEICHS -2k (10% B 8 WZ),
HAE AL S5 2L filamentation 2 Fif, betatron mismatch 4% S804 0] fH 25
ESe el

% [ betatron mismatch 7 RAFZI AT S50~ JL S (FEE periodic lattice 2

K

Hrr, C M S 4 one-turn fEHFEFEFYITER,
P, FrLAWIZ H lattice Twiss 87K

TERAL TR A lattice

¢ S\ [ cosp+ap-sinu Bo - sin

c s ) —o - sin COSs [t — v - Sin i
LL B BREC), XL 75 (0+ 1) BlEEE (14 1) B beam Twiss HH
RFk Bia

Biv1 = @"COSQ Uy (043 - Bi — 2P + /38%‘) -sin® p+ (oo - B — o) - 2-sin - cos p

M BT FRATAT LAEL 2], d1 mismatch §2{ [ S-oscillation, 41| Fig.M2
7N TAE 20 ENEY B #Ry, HIEEAE 180 #1310 Z Al 1M47% A mismatch [, &

a; = oo, Bi = Po, Vi =0, Twiss SEGRFE N HBAS L ETR -
350 T
300 |- ) A A ﬁ
4 N / A |"\ ."l "'. |'|I
/ \ N \x / & [\ A / - f
B J \ / . [ ! 2
230 {X Vo N N/ \'\, A A . \
\ ;{ N \ / I, ./ IH'.\ / \ i
n . v V iy ) / .
200 \ \ V /
150 | | |
0 5 10 15 20
turn

Fig. M2: B-oscillation amplitudes

* XESEILA T LAE betatron mismatch S (I, B, B £ w4
betatron mismatch £ 53# beam Twiss YRV JEE Xk &4 H K2 one-turn
map, betatron mismatch {5t F1E periodic lattice H1 & F 2 & /5 H) beam
Twiss b BT ixX B EE B phase advance,

Hy

M3 T betatron mismatch 51 AR AFHZS R 98 (6 2 S0 95 )
TERL T
[T RAR
§ filamentation 5ERUG . RIS A2 XFHR
[ B JEE S AR e

SR A
B *HL

EIF):

24



L 3R] beam Twiss (3R, 43R HIIFZ I betatron fRGIRAYHIAE, I HiZ
R A BEEAE lattice BLAY FRI IRl BRI BT AR o

2. AT ZS I filamentation , 5T 53 BRI A 25 im0 A o 1720, 7F transfer
line HEBRZEFR R, filamentation 75251 AT A0S [4).

3. KRG ERIEC, X — IR Sk L2 AE filamentation A2 Ji HBLY, I 22”
T8 PR B A 25 i T A o

Oscillations of beam width due to mismatched injection

—a— "+10% beta-mism."
—e—"+10% alpha-mism."
~.10% aipha-mism.”
Cead - "no mism."
~10% mism. after

1 2 3 4 5 5] T 8 9 10 1
Number of turns after Injection

Figure M4: Oscillations of the beam width due to mismatched injection. Note also the
small difference of the beam width after filamentation.
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7 ENRECAAEES HFERE [FN-458]
Injection Mismatch and Phase Space Dilution
7.1 EAREE
o K A

o YE&: M.J. Syphers (EZEH|#): Fermi National Accelerator Laboratory)

CCIR 170

%% https://s3.cern.ch/inspire-prod-files-3/367cfb6bb69601413d9f8067fcaa8aba

7.2 fHE

XTI RERT T IR SRSt AEAR Mt REE Rt o, EEESTERZ IEAC
betatron JRIERRE AR AT I as RGP . A RBOAT SIS 4 A DLRC,
DDA H B R A S EE RO BEIR . RIURL e R A ZS TRl ep e T AR = B0 i B EAEA 1
F mismateh A R AH 23 ) A B JRE A 52 MV RE B 20X R 18 SCRY T

7.3 BIRREAIHT A
o GUHTA: IXRRE RIS injection mismatch SR A 2 R A 5 A BE

T A2 injection mismatch A H$5 betatron mismatch, Injection mismatch
Al LA A LN =25, Hrb betatron mismatch FHACE % —2%AY amplitude function

mismatch,

1. Injection Position Mismatch: 5[ & F14E £ B B #00 5 #AR kA
f7s, 18 lattice Twiss Z2EUH0 R £ 5 PR IAT UL AL o

2. Dispersion Function Mismatch: #5172 K AFETENN BB E R 5 S &
Sl R A 22 . TR PR BLE LA, Twiss 25047 lattice (ORAEHE B
VL.

3. Amplitude Function Mismatch: 512 % F1ETEAFTH] beam Twiss 2%
55 lattice Twiss A {72, 1M lattice HYERARBIIAT R R4 5 A A VL.

XSS S T X = FPAE B mismatch [FME, A H T ARG AT . F R0
RS (A A 5 AR AL o
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o DTk RIS, AR RFRY lattice FASCHAL R, HAMR2RET S
RHEFHRAA R FFH, ORI SCEHIH— AR (2, Q) SRENAR BRI LA
TR IE SO LR mismatch {75 7

— Injection Position Mismatch:
XFIX—FENL, R lattice Twiss 24 (a, 8) FEOHREL (D, D) B8
E, Bl B1 = By, = ag, Dy = Dy, D} = Dhyo WIER Az Hl Az 2 REHLIE
i lattice BARBIIR Y AL EAIRR AW Z I ALEIH—AEFR T A G = G+AC.

i Figure.l o, XS TR z0, G MR 7 —EME 0, FFHIZMEH
tan 0 = AC/Ax Z5H o RUMIX— (A a] EURIAC ) A B AU B B A —
i Azeq BYIREFFREATHE— 24 S

Figure 1

Determination of Equivalent Mismatch

Through Rotation of Phase Space Axes

Coa

Xeq

¢/ 0o

x/ 0,

— Dispersion Function Mismatch:
FEXFMEIL T, beam Twiss ZENHLHL lattice Twiss SN IT
fil, B By = Ba, 1 = g, w9 = 21,25 = @) AT HEAMSNE p WET Ap HIKL
TR, EAEMIER I TN I (2, 4) = (DAp/p, D' Ap/p) 4ith,
D MRS Bt Ap/p AT S, HAPIENE, Tk
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Sy o2, AL 6 5L

APM7:‘%5
AT, AT ERITETH (12,G) = (Doyd, Aoyd), Hefi A =
BD' + aD. FrLAE N8 fm 2= S 23R uim 22 v LS R -

§=x9— Doyd, n=(—ANoyo

TER AR lattice BRI AWM ZRNE FE D = D1+AD, D'y = D'1+
AD', HIIX G SCEE T O R B SR (equivalent mismatch)ADego

o\ 1/2
ADe = (AD2 + (BAD' + aAD) )

Amplitude Function Mismatch:

XFFIX G0, KA S ORI lattice YA LLICES, B 21 =
Ty = x,xy = vy =2, Dy = Dy, D} = Do FEIH—MWAKR T, M lattice ALY
MR AT R E] LS DN -

oot +c] /207

n(xy, (1) =

2no?

FEFIFE amplitude function mismatch [FHL T, (21,G) 5 (22, &) KR RN
1 =Ty, (1= (o — Praa/Bs) 2+ P12/ P

Bk B lattice MR L HER €0, MMATRAR A of, FIFH 61/07 =

Bafog LA dxydCy/duadCy = Br/ Ba H53 A0 MBI AR AR HEA TR 4015 21 -

—[22+(a1a+B1 (s—az2)/B2)*| B2 /281
27

R, XRSCRAX RS MR 2 T 7 A, HFHXEEFMH T of = 1o
B3 e $REU PR S BRI VRS N ax® + 2ba¢ + ¢?, Hif:

a=1+ (1 —bh/Ba)’ b= (B1/B) (a1 — asBi/B),c = (B1/Ba)”

TEA—AARTN, BEE RIZIAE lattice H(EH, HoA ) AH 28 RGN EA T TER
irLL:

(&

n0<£li', C) =

& =wxcosf + (sinf
n = —xsinf + ( cosd

VEHHERY 0 LMEMR & AXMT0N 0, ZFAAH tan20 = 2b/(a — ¢) %
Hy, HIATLIS e HERCH S R T

ax® + 2bx + (% = AE? 4 Bp?
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¥ a,b, c IWEAMATEARN L RIAT152)
= (81/8) |D + (D* = 1)"]
= (£1/P2) /[D+ D2 1/2}

Hrp, D Sy U e R g D OAE, I HEE RS F.J Decker [
Binag A [1]:
D = (Boy1 + B2 — 20q02) /2

S 3k

[1] F. J. Decker, C. Adolphsen, W.J. Corbett, et al. Dispersion and betatron matching
into the linac[R]. Stanford Linear Accelerator Center, Menlo Park, CA (USA), 1991.
https://www.osti.gov/biblio/5550468
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8 Betatron JKECAMA AR B R SFHIRH % g2 [ISR-TH/69-32]
How does betatron mismatch affect beam size and beam den-
sity?

8.1 HEA(FE

o K Whsh
o {£#: P.M. Hanney and E. Keil (FZ#|#J: CERN)

BE
He

;i

F—PHF};

f%: https://cds.cern.ch/record/955182/files/CM-P00059234 .pdf

8.2 HHH

PR 0B SC betatron mismatch 1A o P R 1L I b 4] of A 5 0
FLA misateh 5 PORE A )2 264 R & 4 lamentation, 283t — BrfE4E
B, SRR 22 4 filamentation (54 B AP A URTRL, AT S8k 41
R ORISR I T LR JLA A

L USRS ERN AR IA (R 1) 4 BE 904, AR 4 & filamentation J& (1955 00 A 252 £1
HFE?
2. p RGN 2 ] B R i i 380 T DAL SR 2 JEE 0 A A A FE R 2

3. Mismatch Xf ISR ffFE = 52214 °

8.3 THRRERBIHT A

o QUFIT: RIS betatron mismatch 3B SC, SCEHHOM TS24 5 5
RV« IXAS1e SO FH I — L ARAR (2, 2") SRFIR matched HRATF A A1 FH 25 (A,
HARIEN o [ betatron 7% H 128 o IAZER . W5 EABRFIE— L ASFRIG 4
W 2% (1], fEmAds (X, X') T, Hill J7 RStk 7Ei8 ) A 25 (R
s -

X2+ (B(8) X' + afs)z)” = B(s)A?
Hrr, A s LT IR FAERAAE . als), B(s) N Twiss 240, 1l E SUFT Ak
b 2’ = BX + aX IR _ERBITTEAL A IH—AL KR (2, 27).
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i Fig.1 fioR, AEH— LR RSN 7R? 1Y matched SR ZS A 20 R
HEFoR . A KSR misatched HAHYAHZS [RIN ffl o0 0 0 =R Rl R/ 2
HItlA R, Hdr 2 > 1 fEX R SCRE P HGE N mismatch parameters

7

.

o TTHk: XIS SCRIE MR ARER (1, ) FIH—fL-FR (2, 2"), 25 matched PR[A]
HH— B 50 A f(r), B2 mismatched 5EHEIHY % E AT EREL F(r, ¢, 2) N (1
EOXHEAY 2 £ E o mismatch parameter):

Fig.1

Flr,p,2) = f {(rz cosp)? + <£ sin 90)2]

BORFICEIRHL . flamentation 2 smooth out B 4N B A LA AL . 7
B A sREL F: ,

1 T

F(T7 Z) - %/0 F<T7(p7 Z>d<)0

* Filamentation i FEAEMH ? = X182 3CFF A0 filamentation B BRGNS FE,
M@ B % filamentation & 4F J5 7E A 23 [RIHE T B9 Hif [ o L IA A9 AR v LU 21, Bl
227 HL SRR S AE S 4 35 1 IE 52 RO A 5% BR B SR 19 e o MO FE R U2 AR AT 1
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phase advance, flfLLUXTEE R FIAE K4 mismatch Jof&5 4 KB ] A AT AR ik
247 SEAIH TR A ZS TR [

UEAb, SRR SCRERLA L T AT R B A AT G, 2), X TTLAEIER P 7E of
B )

a%@:/ F (Va5 ao
R ICIRRAE ISR SR EEERA B AR A 5o 2 B, Hit, ISR 55
¥5 L(z) BUELL:

L(z) = /_+Oo G(x, z)dx

(e 9]

8.4 Hp

>

TR RSP B — 22 A5 LUK E S, Rl 2 HoE )Y mismatch parameter
2 HENPAHN Biag AlF

S5 3k

[1] M. J. Syphers. Injection mismatch and phase space dilution[J]. Fermi-
lab  note FN-458 ~ (1987). https://s3.cern.ch/inspire-prod-files-3/
367cfb6bb69601413d9f8067fcaa8aba
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9 Filamentation )53 #4310 B %L
Beam Distribution Function after Filamentation
9.1 EAXR{FE
o K A
« {£%: T.0. Raubenheimer, F.-J. Decker and J. T. Seeman (L4 #: SLAC)
o RAL: PHIB

o %E¥7E: https://ieeexplore.ieee.org/abstract/document/505858

X AT betatron mismatch 5|2 HY filamentation Ji5 AR A4 A0
PRI o AR LSO AT H Y SR AT e 5SRO A& B TS (emittance) #BERic(RIINS,  3XFP3
AMREUE AW o [FIEF, XA eREUE S RER R 23 [R5 L A T A O B, 01X
AT RE B AR B ZO AL BIHLER R4 R A1 1T I Ir s 228 B — o IX e SR i
1390 A0 R A SLAC B2t M5 R AT 0 An i1 7 T Hh i

9.3 BTk EAIH A

o G A IXESE U EE B betatron mismatch 5|5 filamentation Ji7 [ A4 Ai
PRI TR HAME: lattice H, BRI 4UE(T betatron %35, HAE « MM do/ds = 2
AT LLEE AR A J, o AT IR TR R

2J53(s) cos(1p(s) + @)

B(s) (sin(¥(s) + ¢) + als) cos(¢(s) + ¢))

Hrr, a(s), B(s) hH lattice #ER) Twiss 237, 1¥(s) A phase advance. %5 4]
HJ beam Twiss & o*, 5%, AB4 HRA] beam Twiss 25 AL E « FIFE dv/ds = 2
Al LAZE SRR J* FOAEAL oF E oI R IER

= \/2J*[(* cos p*

= +/2J*/3* (sin ¢* — a cos ¢*)
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FIH ERCAWER, WLEL J 5 J UK ¢ 5 ¢ ZRIIKR:

2
J (ﬁ+(a\/; a\/;))cosgb—{—Q « aﬂ* cos @~ sin ¢ +6*s1n ¢]
Hr,

tanqb:%tangb*—i-(a—a%).

M ERFTLGE . R A lattice ZIERCHY, ABAKEA J = J%, ¢ = ¢"o ILHH,
LAE FH - B AR AR 878 FO SR 0 A PR BSOS S5 A JEARARTE G, LIS ARR AT S JEE 5
THRLFVESRIITERE ().

RS ORI AT, THEH mismatch 512AY filamentation f5 15 #1510 b
Bors, R T A AR S filamentation JEIIEF ETCK,  HILIME BB Ry -
_ [T
J)dJ—/O gyl

Her, J = J/X (¢*) 7 H X (¢*) = asin® ¢* + 2bsin ¢* cos ¢* + ccos? ¢*, Hif:

2
a:%, b:a—a*g, c:%qL(oz\/%—a*\/g)

N TR, IR SCERBANIERIAAE . o PEAN M, I Ha
RS IRV R e e (Be U E R A L) LIRS X (%) AR SE i3]

X (¢*) = A\ cos? (¢* — 0) + Aysin? (¢* — 0)

Hep,
1 - 1
Ma:agcing—fV+4%9=Hm1<C%a—§5 @—@2+%ﬁ

B, IXR BB DM o* 2k 1/¢ —1/X, 345 T LL mismatch parameter
Binag [1] F7RRYE,

€
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Figure. 1. f(x) versus the rms beam size for Bnag = 1.0 (solid),
Bpag = 1.25 (dashes), Bpag = 2.0 (dots), Bnag = 5.0 (dash-dot),
and Bp,, = 50.0 (dashes).
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[1] F. J. Decker, C. Adolphsen, W.J. Corbett, et al. Dispersion and betatron matching
into the linac|[R]. Stanford Linear Accelerator Center, Menlo Park, CA (USA), 1991.
https://www.osti.gov/biblio/5550468
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Figure. 2. Strong non-gaussian tails form a ‘Christmas tree’ like
distribution which indicates that there is a large mismatch of the
beam.
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