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1943: Synchrotron 1944: Phase stability
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“I have long hoped for a source of positive particles more energetic

than those emitted from natural radioactive substances.”
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Year | Name Accelerator-Science Contribution to Nobel Prize- Year | Name Accelerator-Science Contribution to Nohel Prize-
| | Winning Research | | search |
1939 | Emest 0. Lawrence Lawrence invented the cyclotron at the University of 1939 | Emest O, Lawrence < invented the cyclotron at the University of

| | Califomian at Berkeley in 1929 [12] | | alifomian at Berkeley in 1929 [12].
1951 John D. Ca oft and Cockeroft and Walton invented ir eponymous 1951 John D. Cockeroft and Cockeroft and Walton invented their eponymous
Emest .8, W linear positive-ion accelerator at the Caven Emest T.5. Walten Tinear positive-ion accelerator at the Caven
d,
1952 | Felix Bloch 1952 | Felix Bloch on at the Crocker Rad n
Laboratory at the University of Califomia a Laboratory at the University of Califormia at
Berkeley in his discovery of the magnetic moment of Berkeley in his discovery of the magnetic moment of
| the neutron in 1940 14 | .m neutron in ]'un|L.A|
1957 Dao Lee and Chen Yang analyzed daa on K mesons (8 and 1) 1957 =
Timents at the Lawrence
ry in 1955 [15]. which supported fory in 1955 | 15], which supported
hat parity is not conserved in that parity is not conserved in
1939 | Frmilio G Sc discovered the antiproton i 1959 | Fmilio G. Scgré and discovered the antiproton i
Owen Chamberlain at ihe Lawrence Rad Owen Chamberlsin 1955 using the Bevairon at e Lavrenee Radition
| Lubm atory [17]. | Labosatory | 17],
1960 | Donald A. Glaser Gilaser tevled his [inst experimental six-inch bubble 1960 | Donald A, Glaser Glwser tesied his first experimental six-inch bubble
chamber in 1955 with high-energy protons produced h high-energy protons produced
by the Tirnokhaven Cosmotron [15] by the Tirookhaven Cosmtron [ 18]
1961 | Robert Tofstadter 1961 | Robert Tlofstadtcr Tiofstadter carried out cloctron-scattering
exporiments on carbon-12 and oxygen-16
using the SLAC linac and therehy made di
on the structure of nucleons | 19]
1963 a Gueppent Mayer Goeppert Mayer analy ed experiments using neuton 1963 it Goeppert Mayer Goeppert Mayer analyzed experiments usi
) beanns produced by the University of Chicago
cyclotron in 1947 to measure the nuclcar binding cyclotron in 1947 to measure the nuclear binding
cncrgics of krypton and xenon [20], which led to her energics of krypton and xenon [20], which led o her
diseoveries on hig mbers m 1948 [21], discoveries on high magic mumbers in 1948 [21]
1967 | Tlans A. Pethe Ticthe analyzed nuclear reactions involving 1967 | Hans A. Bethe Dcthe analyzed nuclear reactions involving
sccelerated protons and other nuclei whereby he scoelennted protons and other nuclei whereby he
discovered in 1939 how energy is produced in stars discovered in 1939 how ¢nergy is produced in stars
[22] 1221
1968 | Luis W. Alvarez Alvarez discovered a large number of resonance 1968 | Luis W. Alvarez Alvarez discovered a large number of resonance
states using his fifteen-meh hydrogen bubble states using his fi
nergy proton beams from the chamber and
| | the Lawrence Radiotion Laboratory [23] | | wrence Radiotion Laboratory [23). |
1976 | Burton Richter and covered the IV particle in 1974 using the 1976 | Burton Richter and d the J*¥ particle in 1974 using the
Samuel €.C t Stanford [24]. and Ting Samuel C.C der at Stanford [24]. and Ting
discovered the J¥ particle indspendently in 1974 discovered the J°F particle independently in 1974
using the Brookhaven Alternating Gradient using the Brookhaven Altemnating Gradient
| | Synchrotron [25] | | | Synchrotron [25], |
1979 | Sheldon L. Glashow, i, and \\'-.mln.uun.\l experiments on 1979 | Sheldon L. Glashow Gl am, and Weinberg cited experiments on
Abdus Salam, and b5 at CERN Abdus and the bombardment of nicle with neutrinos at CERN
Steven Weinberg maton of hei prediction of Steven Weinberg in 1973 [26] mation of their prediction of
127]. weak neutral currents [27].

B 11: EmsEestd 561 25 N IR (courtesy: A. Chao).,
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3.3 sy Electrostatic Accelerators

Pt E ER S Cockeroft-Walton generator J2[E (17K /R Tl A1 4] 78 58
B REFRAT T HE T EHRBR R E A A48 (Cockeroft-Walton generator), Ff-4f
- E] 400keV DAJG R HEHE,

TE 1980 4E 1 J5 S PUAR I 2% 5 B2 wi, CW i Fe A A 2@ R BT 1Mkt
AW R A I S IMV e % .

o . R R mER RS Van De Graff Generator Fl| ] “22 25 BE#Y 3E
PR IE R, B PR IAR IR T DA B b R 1) O Y A LA DA
FrHAE, TR A R . AR - AR s R L A R s R e AR T
1929 4E52T 80 KV 1y, FEHUR PO REASFF L HEER T2 1.5 MV, 1965 4
% Ray Herb it F4 2R AN AT %350 PUSFRA Pelletron (IGHFE B
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VxFE= o
MBI ARRE, BT ERERM S R T gk eAsh, AR
AT DA HL 37 SR ity v 1o SEBR b, RS BT B — S L 3 R T S B
& (V=FE-d). Hiit, nTGsEEAs g k4 iig i T sy ik 1.
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S0y S B 7] = I 9o Wl o A U 7 I o A 0 37 e i e B
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Betatron iy HIk: 8 (beta) JFLNHLF, -tron LEA G TS
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PR Hoar 44 o0 It i Froiess” o Wi 1 insds K2 PA-
tron 45 R, AT A48 B E M #S Cyclotron, [w]25 i
i Synchrotron F1 24 i AN A H WL H 0 43 125 i % 1 K 1] e I3 31 L 4
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TEH 1940 4 Kerst 7GR FHTR2# @ 1515 — & Betatron,
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o) (CRIALEED) Jr Aol Tk m s, S5 M. 1947 455 12m K
PSRN AT 5 I E] 32MeV .

% DTL (IR AL ) MRES 7

IETRIE R SR A & H—— X R, O AE AL B B Ak 2%
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BAEKE R AR E, MARARREIN, ERE KRR, HItE
BRI A B B DR R N T .

[l g gy Cyclotron 7 B FFEREY T 521610 % 07, WA HZZ). 2
AR BN Bk ? XA AT EAE— AL E S A s ),
WU RE S RIS IR T FREAH N AL IR, SRR RS s R R bR
LB R AE K

m%zqu—)w:%:%

[ e i 25 ) SR PR B B FrR , R EE I EER R oDy, ek
CE— AR (BOBRIE) MR, SORAEgm s 5 R B WA K, RZ%M
NGAETH .

W TR A Ernest Lawrence R Ath % B I BE sy, A FE KN
P04 [ T A AR T 2% A onT i SRS o (A M2 B 24 v, 0 o
THEE TR, E2AERARmE .

s}
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el 25: AR g A a2 A R (CREARRTE R [T ) o

a
tors
-ables
3
duction cavity
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~Ferromagnetic
cor

[F2midss Synchrotron e[ fEM#AS T, WAL . HIAIEE
230~ IRATTRT DA B ] fie A BEORL 1~ BE B R HS I 44 K . G372
PRISHLRY, PR, AT 3RAG AL 00 R RIS Bk ) RS IR 17 [l o s sl 3RA5:
KRB . [, BEERBUEI, AR b T s i 8 R i or BeR
e TR B A R e . AR ARAAT e XA TR 7 G SR A SR 37 ) it B I o R
TLRE R A TR, IRBE R BE T AR RS . AIPRBLE PR AL,
AR SEBr EFATH IO R E R i P R Ak, iy e 5 S R L P i
FEREIA RN o S A A I s A B AR

MRS 3Ok

m% =quB —r= q%

0, RS RE B BER TR p — R, WK R R e IR
A o AR HURL T BE RS G R A G I A PRAIEA, TRE R AL, BIS “[F)2
mi#gs” (Synchrotron) . Marcus Oliphant i 41~ —Biil, REFHH#HA T 1H
AN g ) R

Particles should be constrained to move in a circle of constant ra-

dius thus enabling the use of an annular ring of magnetic field--
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& 27: Wideroe 18 o A2 A% Hi, s 2 B 4 fom 3 B

which would be varied in such a way that the radius of curvature
remains constant as the particles gain energy through successive ac-
celerations by an alternating electric field applied between coaxial

hollow electrodes.

Pl Al L (General Electric Co.) 76 EHE4L 40 4R ARG T[] 20
gy, B R AR B SGA . B4 PR SHEIE C S o Bl R EE
WEZEMRTE, AFREIR A TAEF sy by A F %R s, e
HE ST (Synchrotron Radiation).

12 N7 SRR R 2 1B 30 )s = R RS N 1 1 8 = A I P2 | S S G BU AR S E | 2
IR, Bt b, FOTHFEE N REIPRNEE , KRR PR FiCE
—ANEIRIE, KB TR R RIS B IR G A 2 I AR AR N A BE AT
PAT o {HSZER EFRATE AT DARFX AN B AT B2 A S H i, Iz e |
LR, AZRIAIER, BT RGN T , (BFATRT AFE B 4T FlcE i
Pelfs. REMY. BEARWRMSERAS, WO T a 3o i R .

WP REE R R, [R]B]BE A gs —FE, B3 R IMR IR 2 i 29 Hode K BE &
P . AB5 EREEas AR, A BAERSA U1 SO R BLA G, WGt
BORBURRBEAR T o H IR REER BT ROR X TR RS Gk, 2 T B2tk
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Cc
T
&l 29: Alvarez R RZAG TN RE .

R, —fl i ImsL e gEME T 2 T. BEEBRSEARN AR, 8 T EAINHES
WERC SR HEH, MATEFEFIORE T VR B S0k

[FIETFRATA T AR, TR B0, Mg i ARk, JL T
BRENA T RRYE, FRATERT DA ICER v kIR S RER . BT R DA AT
M ES BOEARE THU R, R M A S K R 3

EUR BN F0F5H0 (CERN) & A& FER ISR s B -l M
S LINACA (BEZmdes) F44, Rmwid A PSB (Protron Synchrotron
Booster), [EEI#EA PS (Protron Synchrotron), FiA SPS (Super Protron
Synchrotron), % A LHC (Large Hadron Collider). [&]5 il a5 i) 215k
KK, e JER KBS XHENL LHC K 27 A8, 78 LHC i el
R, WA ESE—ROORBIR (4R . FE 2012 4F4IESE T Higgs
K7 IAEAE, 51906 a0 s RE Y B FE . 2470, CERN FIFK EHRAE LX)
S LR 100 25 BLR R BOGHEAL, TR FH BT 3 ) R Sk

3.6 a5 iy P R

FAR PR TRAT BT A A 32 B A I RE T A AR T A P A BRI A
HUTARENR, AAIARRAEAR D I XA BA L. E5ks b, A — ik
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fr, JURRE “INEE” JRIEm A . SR R T iR A H AR B T
B THIORL T, TREARBE . A2 B2 ETHRIGE T HA T 2R
T, XA S T VP2 20K . X LERIR AR R AT BRI, A2
AT, IHTRUERIE . BRI B SFRA Y B R R SR B
FIOFENE, FERTRATOCE LA X WA AN g 1 B R A

3.6.1 P HFaMEH Longitudinal phase stability

AERAEFI AL FE BN AR, A — Ik 35 5 O A 2
FARTTR . TEEERS BN T, 0 1 AR RS A I B DL IiC A AL (AR« 7E ]
A IS B RN g A — RT3 L B R/ N R 24 BEARUE R — YR
TSI N FL 3 B S R AN R G Y . ANEHE B R P I
H, BB — NS H AR T, AT IS e E R RO R
W B R —A (T DRSS SR AR ) . MRZARGIAR 2 S5

P PR AT I A — MRG0 RR e S8 B B SR VAT S 1) 2 25 )4
AR, SRR A B —E RS BAERA TR, A SR A v
DRSHBR TR, RBFRATIEARARIEDR T (K7 ) RAAXT AR
I, TWikRAHE (R SR TR R B, AR A TR
e SR A o B AT Sk S AT P ] I B AN ] i 4252 i) Sk AR el R Sk, e T
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CERN Accelerators
015

Bl 32: BRNAZ T-BIF9E D A R 25 X L

LAEBREEBIME A ZER, A TKIASTE—E W R G A O B IRER N
TR LI A B T 2 1% = A R AR, SRR TR A . ARG
RORA, PRI RN (SR E) A kAR, 450k BT
M, B A — MRS PRt < SLEBRE S L RIREEAIR” M.

EEFIRAHNFEZ)E, ZNEEIN, AEHERNELE 2 k37 a9k
Frb “RIRT 0YAL T IRAFE S Y mik ARG 8945 ik .

3.6.2 SREMJEM Alternating Focusing

fp Uk TR RN ) IR _E RS E PR A, AR AR s s b, AT
BEATENLH], DAGRUESA AR 1 A A R T A 2T 0T KA
FRIBTE RS EIE T, #A —ERREE R, SRR ) EUT st R EE
&K H, RE RN THE ZAR AR ) B4R — MR/ RST
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LR 7 A8 A ) B A FRL B 35 S B Betatron B SR AR R 112 S A
b AERE /NG, SRR O TR R AR T, RATFRZ
SR . BRI R, FRATLA 1954 4F ¢ E i i R AR
55 G JRBE TmaE 511 Bevatron S, Hig KEERH 6.2 GeV, WS HE
HWAh—J, BEEMALSEE T K. f B LR K. E—i
M5, [TterE Bevatron FIESEHY.

M ERELE 1950 4EH7 )5 A E.D.Courant, M.S.Livingston £l H.S.Schneider
PR AR R AR, S SRR TR ) SRR A R DURR A R AR IE 2 RE TR A )
AR B U R RS R BE  (EAERE T FORTE AR KRBT <R
87 WIETE IR 1) B R  mAh) CHiE” . Courant & AUESE, @i
RREHEA T — R IRAEAT S PURR R, RERS SC IR R AR 1) SR AR AR A 2
TR B, ZEIARZ R SRR . WITATE A28 [F) 20 0 25 ) B e
FATER RN [R5 I 25 i PRI P0E 5 0 _EFRATT AT AV — AN, e B 2
Tz ANARFRATTAE B2y bl W o SR R A Ok, T RR A A TR
TEREAS BRI AR P PR R ) B

TE 1960 4E S 2 A T T 5% R A )F PR AGS(Alternating Gradient Syn-
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Pl 36: 5 SR A S A AR M SR AT B DU AR i R AL AL
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4.1 ZelEACBIEA I I

4.1.1 k5 H Scalars and Vectors

HURA /N R A b i, TR, TR BRI 45

— il m, T fit .

[ P LA KNI ) B B e, PR SR BE . A P e 1
AR,

—EH a, F H E,M %, —fiMikFER, (B TRS (BRETFS),
HERL RS, BRaokh @, F M E, B

y A

y
Ey

4
v

Kl 38 KB LH BAEAAR R PR

e 5

%gmm%~£%%a¢ﬁmwm

AL A+B B+ A

siit: A+ (B+0)=(A+B)+C

Kl iki: s (dot product) HAF (inner product): &55 b

I T S
A-B=|K||B|Cost = AyBy, + AyB, + - --

i 5 IRAH (vector product) « &5 MR, 7 )5 3 H U F-THI T L
AN,
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B, B, B

W AT RE, =AeiRmERATR I 6,5,k
%2= ] AR FRYA TR R SRR R
A—2%+j—kB=it3j—2k, 1% A x BB

4.1.2 M)A 5HiPE Linear equations and matrices
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-2 3 0 =1 1
1 -3 2 10
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X B 5 =2 €T
vy ]\ -2 2 y
it R= )\,
2] kA
5-A -2 |

-2 2-2)
FROHERE M OHFAE D R BT ARFRHRHIE F R (A, A2). WUIAERE M AT PA

HH—A C ffifs:
C~'MC =D

D S SRR R A AR, R RRx FAE

4.2 fEb sy Jo R TR 2 nl i
4.2.1 B, BOERGER Gradient, Divergence, Curl
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.0 .0
V= l% + ]877; + )
BE VoA =2 4 S 0
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%
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VZp=0

We g Ji Fe:
o, 10%
Vo= mom
PHOTRE, B S v i f:
24,_ 199
V¢_a28t

¢ %9 0%
2 — . —di —_ _ —_
Vep =V - -V¢ =divgrad ¢ 92 + 3y + 9.2

///Vv-Kdvz/[SX-ﬁds
]{X.dfz//s(vXX)-ﬁdS

4.3 ik SRz
4.3.1 ZvilidJifedl Maxwell’s Equations

By IR

Y ol 0 S

v~eE:§ﬁ%@$
V-B=0

= a =g o 22z
VxE:—&B%h%%%@EEE

1= 10 =
v x B) = o + = 2B ek

I ¢ ot
L] B B o

107 C 1 C
€ = V= 8.8541878 x 10 Vo
Vs
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1 2

=c
oMo
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4.3.2 WREHHU Kisgh iR

= S El_> 4
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o WG E SR (R

o IR EEITYE (S A IR SEARE)
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o BRI Z [ AR A RN
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reference orbit

Kl 42 AARBIRR 5SS HHIE.

5.2 iR S di
5.2.1 ALk HEREE ST 2 IRk (R 22 )

dp  d(ymv) 5 o L=
7 o e(€+ 7T x B)

Ay HURL T U R R 19 H 2K

)L P =5+ A

5.2.2 AR
S SCHT TR B LB L Y AL R AR
o YAAHTEIITI €
R GE e N R ]
— JKFAEFRHI TN €,
— EEIEE T e,
KT AR B RN (2, Y, 5)
o HAKIT 2=0,y=0,

o KB SEEAERL TR/ MESR Y, /I betatron ki
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transverse plane (x,y)

ideal trajectory

X

43: FIRAR AR

7= To(s) + x€y(s) + yéy,(s)
5.2.3 KlE
WA BLTE F AR RR R P IR

o DA (2,9, ) fENARAR, SEITIEMAEAL, MERFEEAL N

(ps — e/Ys>2 ’

Hy =e® 4 c{ m?c® + W + (P2 — 6141)2 + (py — eAy)2

IH: HAAIRER (7, P)
e HIREARER (2,029, Dys S, Ds)
o AALRHPA s HHAR R

_od)2 3
Hy=— (1 + z> {(H;(I)) —m?? — (py — eAy)° — (py — eAy)z} —eA;

mm (1424

1) 4 L G —enf - -] -

B ASRMARR (2, pasy, pyit, —Ha)
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BRSNS SR
6.0.1 Betatron j&alJift
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A B PR S A T e 2 B
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Horr po NBRAERL B

6.0.2 INEMEZ PR
HERHFE R VxB=03H B, =0

oB 0B
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EE 8142
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o WbTFREHL: A7)
o WFHE (z,y) © AN N B, = Biy By = Biz

DU i kg R S R T B B

40



6.0.4 Hill equation (F/RJiFE)

HEHA ARG YA PR GRS DL R, Betatron J5A% ] DAL Hill J5 7%
Wb LR AR U R R, 2 . dhE p = p0 (JCRER)

2 B 2 42 Bw 2
Tz pte_  Bypo(y 2\ dy_ _Bepo () @
ds*  p? Bp p p) ds? Bp p p

OKF) WS By = Bo B, =0

dx T

ds? te P>

:0—E¢%E%ﬁm”wﬁﬂﬁﬁ%ﬁmtm%%%ﬁ

2 2 2

p2 Bp p =
Bz _ d®y 4 Biy _
d52 + Bp — 0 ds? + Bp — 0

INEE: 2 + Ky (s)r =0 K, = ZF% Y+ Ky(s)y=0K, = :I:g—;
AR, JKFREEE AT BRI RER K, = K,

— NIRRT, T AT T Ab R )

WL AE AR B AN VU AR R R 3B Bl AT SR

K- J5 i)

'+ Ky(s)r =0
i

y'+ Ky(s)y =0
Hrp
Kals) = &+ K1(9)
Ky(s) = —Ki(s)
Ki(s) = ?B;;(p)

o M AR BEHE DUAR B R 1A T SR R s o i SR ARk 25 . 2 IS
BE ) 1 A ) LA

o SIS EOR I RST SRS K R BEAH ¢, AV T 25 1
Ko
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Magnets within an Accelerator Complex
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TR (R RIS 15 R AR AR E X

(from D.Edwards)
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el 78 Hit g ) A 5 ) s B

QL: ik ( ’ > B FEAREIE M = ( e ) i SXTRIY Twiss
T mo1 M2
B
ZH | o | BRI, (HE: oA 3x 3 WHERE, HITEH mar, mio, mar, mao
Y
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[ 79: A7 (IR
12 Gl R ia gl RO B Pl 4 S
pIERG

12.1 faisy dispersion

o R %L (Dispersion function): YEZ WL, T REEAFSER
TR 5 A4 R

Cosf  ppSinf po(1 — Cos?) x
a =| - p% Sinf®  Cosé Sin @ x
) 0 0 1 )
52 sl
o=
Po

Hrr D = po(1 — Cos0) LZHINA, NEOBREL, KVAECHEMN TZE)
J7 R PR A

x =g+ D(s)8
6 =Ap/p

o OEERE D(s) Rk () 17

o DOARTBRAS ISR I A

it (Dispersion)
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Bl 80: EIeR L (LRPERIAME) WA .

d? B 2 B 2
f”txiym(ux) =y Do (1+x>
ds p Bp p p Bp po(1+9) p

Xl AR PRI Ek, BB p = po o GEUDFTERT %R,
p=po+Ap=po(l+3), FRE & MIRMMPr LIS 7SI THNmIE5)
AR CREU™ S )

12.2 fof (chromaticity)

Job, CPRPEREC Ka(s) = T4 A8 Bp = B, R T AE R,

Ki(s) = B(s) = Ap BRI TAES tune
FA TR TAE RO B B A 2l K R AR R i (chromaticity):

Av = €0¢ = —i%K(s)ﬁ(s)ds

i lattice B4 B P E W) AR A H SR G (natural chromaticity ). #E2k
PR BN J12E T, — ey Hill sy K5 PUAR LA — ARk sy . 1Y
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RREITRERRE E SRENI RO L (2522%), ARRAREA 1/p%. TR BUHERI
DR RSEE, 0 ST L TR 1 TR

12.3 Bk Ze iR 2 B Al (close orbit)

Ak B ERUE” bR bR R i B R

TESA IR lattice H (FLANER) , RBEPA SRS S RAH /2%
WA —EOR A B A ?

AB

AO = ——1
S S AR 0K

i) (8)-(2)
x) Af x
<x0>—(I—M)1< 0 )_ 'AG ( Bo Cos v )
x) Al 2Sin7v \ Sin7v — ag Cos v
(ERATEALY) 2 (s) WAL XN RS 2 twiss ZE0CK H:
2(s) = 0/ B(s)Bo Cos(

2 Sin v os(¥(s) —mv)
o VIAHEMIIRTE A AR T R Y7
o HEHLEMEEE?

o PEHUERT AN, A0y
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Location
of error

el 81 (R (AMERFIRAR) IR

13 BB iksr4i: L KEK-DA Jyfil
I

13.1 55k /NVUBRIEIE RS

KEK-DA (KEK Digital Accelerator) J&—&/NUEE TI#ESS. H—14
APAP RS & W8 TR ECR B (RAB A% 2 S — PR ER ] 25 ik
#+ (Rapid Cycling Synchroton) . AURAR (L ETEPAEIR ] 25 ik 25 g
AN SHOTE, RIARTRE T RZ s as i HA Y .

S5

s7 & S4

i A A R S B0 25

i f

S8

BM2 BM3 Qb4

s RS

1 5y Bk

TENBIHA
BM1 -

b\ Qb2  QF Qs

Kl 82: KED-DA #{AAf R i .
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13.2 Jmasdlnk

T »

[R5 3R T o 3 2%

3 4B

&\ T

K 83: KEK-DA )33,

BIR O™k 1) B et R e R (ECRIS), @id e
OB R TT DAY AR RO AN S . BT IRE T 200KV YR EFE N, Bt
ANERZ R (Q/A) MHUAL, TEH I NALARRSIRES A 200 keV., KT
ETEEZ NG, WESELT A LR R TR % IR

IRREfL e CRINERTRIES) RinEm— KM (BHizL) N T
PR 0 A B PR ER ] 2 I A RAL - ISR T RAOR AST , B BL
TIRPIEET . RSO 2 22 FEAE WO Wi & T DN B HOR A R 240
b, ARG T AR A Bl -5 A 23 A] PUE .

BO(BEER. AL Tl . RAE) FEPRIFE A g ER b, T 8
B R A A AL A 2 AR e (RIS 7 AR T (e DA B DU AR Ao T
Bfk), JoMSL RSl Rk B AR R LA, TEEA AL I ERREA B R g
(kicker) PR ABTHGE “B)” FIFHISHHE o MRRAETS 128 b sk r i )
FRERERES, mSIIMEPRAGR B MBS, T S S el Rk A A R B
e [FFER, FEER DRCE TR AL EAR S (BPM) F1EE A i I 25 45 R

LW s .

13.3 AR5 AL WEEMEE SEAIGRDE S 8
4k
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KEK-DA {3 # BRI B, 8 Bl & 8wk (2 + PUil) Ag—#
B o DA AR L R T BN 2 A B R A e R AT A

EOZATAA R AR T AR R, SAT 2R R hoik EAME A
R B 84 th AR Bk Ao v MRS

ATV P A S A B ) v AT S . PR TR T A Bk HAE AT )
AT ey T A L, IR w3 x 3 k. H1H
L) J 7 ELAR I B A0 AR, 3k B ) Mathematica 7SS (JRW] {1/ Matlab,
Python il C++ Z:i4T) . HAKH B RHEREE SCANE

13.4 FUFLR
13.4.1  HAHil:
HET

>}

|
o O =
S =
= o O

H gk ORE)

Cos[VKL] \/% Sin[vVK L] piK(l — Cos[VKL))
mpr=| —VKSin[y/KL|  Cos[vVKL] ﬁ Sin[VKL]
0 0 1

ALam Bk (k)

Cosh[y/Abs[K]|L] m Sinh[\/Abs[K]L] oy (Cosh[/Abs[K]L] — 1)
mpp = | /Abs[K]Sinh[\/Abs[K|L] Cosh[y/Abs[K]L] p\/AlT[I(] Sinh[+/Abs[K]L]
0 0 1

S8

HLATIWEL D : F-D-F 28

el i g E A S AR A R =805 (F-D-F) PARAtATZ [
AN PR (RTRUCALE —MemESk) o R B Ry, Bl i %on
L EXFR
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el 84 A1 2R e i AR TR T A

T SRR b PR kU P RV T S (e ARy [RIRERY, FATRRE T
P ptal sy, SRS PR B BE AL PUAR RSy, S AR T AR F DT
I PR A SR AR SRR IR -

AR RS

lp =0.6313 m
L = 0.0352mid 1T, VAL MRmEEk
Ip =1.2589 m
p=33m
krp =3.618/p
kp =—3.639/p

VE: AR kK (HR: E=ko+k = l% + k1 k RHVURRRERAA LY. K H.
ERTTHLKE:

ldrift = 2.1206 m

(in Mathematica:)

(* Transfer Matrix definition *)
1 L 0
MatrixDrift [L_]:=| 0 1 0 |;
0 0 1
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cos[VKL] L sin[VKL] \/i?(l — cos[VKL])

VK

MatrixBending [K_,L_] := | —vKsin[/KL] Cos [ VK L ] sin[VKL]
0 0 1
MatrixF [K_, L_] :=
Cos[VKL] J=Sin[VKL] i (1 - Cos[VKL)
f\/ESin[\/f L] Cos[\/f L} pﬁSin[\/fL] ;
0 0 1
(* k> 0%)
MatrixD [K_, L_] :=
Cosh[\/Abs[K]L] \/ﬁ Sinh[y/Abs[K]L] ey (Cosh[\/Abs[K]L] - 1)
/Abs[K] Sinh[/Abs[K]L] Cosh[/Abs[K]L] p\/ﬁ Sinh[y/Abs[K]L]

0 0
(* k < 0%)

13.4.2  JIOIVEfEsAE R SOk BE S B B
JAIPE AL kP

(x transfer matriz for focus section, K< 0 *)
MF = MatrixF [k0 + k1F,

FsectionLength]; (¥ compound type, gradient magnetx)
MH = MatrixBending [kO, HsectionLength ];
MD = MatrixD [k0O 4+ k1D,

DsectionLength]; (¥ compound type, gradient magnet+)
Mdrift = MatrixDrift [driftSectionLength |;

(* Transfer matriz for a periodx)
Mperiod = MF . MH . MD . MH . MF . Mdrift;

L 2SN (587 i)

PeriodPhaseAdvance = ArcCos[( Mperiod [[1, 1]] + Mperiod[[2

tune = PeriodPhaseAdvancex8/(2 pi)

13.4.3  JEUIM: Twiss S8 ol B8

Twiss S5 5:
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21]) /215

)



Cos[A¢] + aSin[A¢] B Sin[Ad]
( —~ Sin[Ag] Cos[A¢] — aSin[A¢] >
thus:
Bo =Mperiod[ [ 1, 2] ] / Sin[PeriodPhaseAdvance]
ag = 0.5 (Mperiod|[[1,1]]-Mperiod|[[2,2]]) /Sin[PeriodPhase Advance]
~vo =-Mperiod[[2,1]]/Sin[PeriodPhaseAdvance]
(s

D D
dD | == Mperiod. dD |,{D,dD}
1 1

13.5 FUPEHie: LRl s Al Twiss SEFE (RGIESAF )5
&)
BAAERE AR R P AR

(* Transfer matriz for a periodx)

thus,

Solve

TransferMatrixY [s_] := Piecewise|[{

{MatrixDrift [s — M[[1]]] ,

M[[1]] <= s <M][[2]]}, {MatrixD[—k1F, s — M[[2]]] . MdriftY,
M[[2]] <= s <M[[3]]}, {MatrixDrift[s — M[[3]]] . MFY . MdriftY,
M[[3]] <= s < M][[4]]}, {MatrixF[—k1lD, s — M[[4]] ] . MHY . MFY .
MdriftY ,

M[[4]] <= s <M[[5]]}, {MatrixDrift[s — M[[5]]] . MDY . MHY .
MEY . MdriftY

M[[5]] <= s <M[[6]]}, {MatrixD[—kIF, s — M[[6]]] . MHY . MDY .

MHY . MFY . MdriftY, M[[6]] <= s <= M[[7]]}
bo {sy MI[1]], M[7]]}];

TransferMatrix [s_] :=

B
o Flr s Frab (e (REEk)
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o VRPAIZALE A i R R

13.6 R VHE

#A~ KEK-DA FRey 8 AMAHE 0 JEIHAG I, PR FRAT AR BT 550 B~ 1)
2 GIEIS
x Jjln] Twiss S5

—  B(s)
Twiss Parameters:Horizontal
e — als)
4, ,,,,,,,,,, it S . B e e
5 \——/\ / — (s
2’ ””””” R \Q/ -7
H--------- % < = -
sim
P 1 2 3 4
-2
K 85: x J5Ja) Twiss &%,
R TR 217
x Jj sk B
Dispersion Function:Horizontal
m — D[s]
1.5
1.0 N — D'[s]

0.5
s:m

-0.5]

-1.0
Kl 86: x J7 I EHREL .

y Jili] Twiss S%(

M7, BN AR AR . ARG N 2 P oA B
B o 4T — M B ) AR (fwi%%) FIDOARmEek (RE) TRt &
B RAL S R 2 SO R KAER TR E O (SRR s 1
SR ) o
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Twiss Parameters:Vertical

& 87: v Jy Twiss 3.

HeAh, XFTIIEMEA R, WA INed 2 NS, HaneEs
AE. SR RO mS, WESIAEEAR Twiss ZHOTHEMER B, &
VERAENH ) 252

pHE S

KTt 9T S e

Matlab, Octave, Mathematica

Python, C/C + +

Fortran
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14 SHPEZomdEs: i

SHUIRY PR SR B RN e e el U TR S B e AR AT
MR S5 Je TR ) AU SR ARG SR AL . S T 4 s S5 A A o T
AL, TR T AR A PRIEAR R R G [ Rl P, — Ry
A2 ) 2R 8 BT PR 2R 9 D 42 Wl 10 R 5 g o o) A ) 114 B 23 Rk 7 45
fE B

Britz Sb, SRZMR P E 2 gt . YR A AR HEECR
TZARPEZ RN BN RG, R FIENE TR &

| sosmnmg: |—| |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

P 88: HHA E LR ES1 RS AL

TENEESE ) b, RT3 A E ST A PR 5 5 22 I BR TS M R A . A
T ST R AT B A R R SR L, A RO RS, (H— gL
FAEAR ML ZT, W — SRS Z A T, R 28 5 1
HomERCR B R SRS R — ok B R I SE s, A E
BEERTC. 5 LAY 22 I B O A U T 5 AT I s . RTAA LT
EAEAERIC.

14.1  Frosve i P 3 RV e S 8

BHEPRFE R mE s, RSSO
BHRIZHEC w = 2nf = 2 FWBEC: k= 2r/\, SRISEEIRXER: vpn =

£ =)f= 1/r WIS 0 = 55 = —g, EATh 3770 DhAR K fEhE:
S _ 1E2/ — MSIQ
MHﬁQW%%%w%
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Pl 89: HLAS H AR I T T o

E; =0

’l 90: [ S

v.E=L

€0

V-B=0

. o -

E=—-—B

V x 5

. 19 -

B= ~—_F

V x ol + 55
L1 9% &

E— 5 —E=0
v c? Ot?
.1 9% &

B— ——-=B=0
v c2 Ot?

WALFR R4 E) =0,
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E. = EoJy (ker) e 7%= elt (7)
k

E, = j3=EoJy (ker) e Ih=zelwt (8)
c
.k —jk.z jjw
H, :jZ e EoJy (kor) e Ik=7eiwt 9)

HUE A 5 R A B DL SRR B, R UE AR . sps
TAE— i 3R I T

1

1)

’ 91: DIZE/ReREL

HAMBESNARE, ZRRFERR (J55) M mn s e S & T
AT p e O Eo Y B, (BRIRTERAYN TMOL A5 5 7 H "
(Uph )7 &égﬁ[?é%

w? =k + w2 v = Nf =w/k

Horp we IR T B S, RV AR A = 2.610, b SIRFER
2.

01 7R 4 B0 2 SO A R ARl 2, JHC At S B S 00191 e 32 5 4
JEAE P _E A K R TR TEW

R I S P A RS ) — R AT RE N A . TR, AR TS
) A B B R I O L T — IR O S

A 3 R ARG, 2 w > we , WTEE 2 T LR,

TERUESR VAT, AR gl Toiktedk .

14.2 g d B g A

HREBER vpn > ¢, AT RESWHRALTIREFFEL (B S S5k T
PREF—2) |, AV RN o 3 3 BN Dl e AR g I <P /Y
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# Vph=C
/7w = kc

" dw
Vg =

S A
/‘\th.:(O/kz:Vph
0 kz

B 92: L dErk £ .

TMy, E TMy H

Bl 93: LR 2 b B - o LGS 1 4

J7iE R BEAR R A A B o 45 R v R] B LA Tl DR A s s SR B B
&4

FRE I AT KB S K EZ R X R (RN AEIER), i
BRI RAEE (F1) FERRRRRE I & L X RIVE R .

TBBEE | = \p/2 VLB

- Mode-A 5 Mode-B Xt {5 R H 8143 25 - Mode-A A5 — R 5915 it
JE vpn ~ ¢, AT T

T B BP A — AN 0 B AT R e g AL, AR LR A b
IRTE R T P 3 in 38 R BRARAH R BE I 3. DM BT DIR A 11 e A 51
b RS R ST R T TR UM, 2R YRR N S R k. e
NE 0 BT TR R R T F LR T R A Skt . sRIEH L FER
Ui/ NFLE A 544 2 v

TR E %, Bt g5 vpn ~ ¢

KTIH:

- WA B EE T () - T TR R R Y,) -
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liZa

—

BRKE! &

Vel 95 FE BT Hh N2 A A e R B e S AR 32 - S5 s b7~ PR e

\ U /" AN U /
NN
Vz t\; p >~\\
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open waveguide
dispersion curve

k=2n/L

Bl 9T IMARER Z )5 B A R 22

R
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Ban Bas
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15 S ZRdias: SEPmkLs

A ST AL BT AR 907 SNFRAT L B T AR B AR T ] i B
Ry, BRI AT I A S5 (BT F T P i I S T LT AN A P R
TRV R AER) (T AR AL ) o X T BB vk, T HE
e AR —EA A, BT ESHATE G T . R R TS5
TAEA R R TR

electrons

(vic)*2

protons

“Newton” “Einstein”

0 100 200 300 400 5C
Kinetic Energy [MeV]

Bl 99: 115 B FAEAN R BE R T R

EEan, X5 i 1R TR DARE B B2 73 B2 s mo, proton = 938.3M eV, My, electron =
0.511MeV | FE[IFE B = 0.95 WIIEOLT, BT RERTHRE 2 GeV, M THEEAT
1.1 MeV,

PR T BT, FATHEEFS B SE I A ). S2hR
b BT EE TR, JCHOR RREBOE B AR TR AY X [H], — B s A i
st E AR . S5 A O R T R H I, PR IR 2 R A e
PR S, — AR Rl FE I 2N B R B 1 5 1 I 3] 500KV F] 1MeV
Zefi. EF 20 LS 70 AFAUREEE SR IESS REQ M52, B 5
THEE I AR & TENE RFQ 21, FA 13 nnd R i S F
A IRV R XA RIS S

PR AR AR, MEABRA T BB FEAE AR 7[Rl Rz S L R T <& 2]
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TERL A GEAR LR b, Rl B AT s 24 ) P i T A e S e, )
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Gf, PR PAEZ RN i) ety CREGY), i FIEFTR

HEEAE B PR AR SR k PA— AL 27 BN

TEPI U E R ST, R RO U & B L T — A5 . S IE(E
BEMAIAE A . 39 B R AE AR/ METF A 2 BE AT 2 1) -3 .
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Pl 101 BEHEAAE T 0 RO ER SAN SR BT [ HIARRS .
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(0B, T 8520 BRI« B145), HXTRM AN A TE 2 i LA E TR . R
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TE—AEERR DTL (&SRR . RATOGHE S — AR S B R
e b, JUPBBR T “fh” . Ioh, FEERE T, JATEW
PAIIA DURR Rk (— 80 Ay F A il e DU AR R 2k CSNS-DTL 58 s o P AR A 4k
CERN-LINAC4),

ot
,,,,, CFRE ““'l“
“I‘lﬂﬂ

W iamm TR RTR RIR

& 108: CSNS [f) DTL ZE#3iA R IA .

15.2 Ay mudkisl b 15 550 mdi 45 ikt Le
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22 1: CSNS-DTL [yikitfetnssk

S $efl
TAES% (MHz) 324
HAfER (MeV) 3.0
glHaERE (MeV) 80.1
PR (pA) 3125
ke B (Hz) 25

K TE (ps) 650
A 2 1.625%

o JEbkih, WA (3 GHz).
o BEBEEH 15-40 MV /m.
o T H R GHER T .
FHIZN, SRR gy -
o JEAPREE (BOF) S (BT IAIm) MG
o BRI, b ISR T HLIh SRR AR T
o FPRTIEOR H— AR, FESHHRERL
o RKelikob, SABREN 2- 5 MV/ m.,
o WEHTAFRERNT. BTHET.

X
ics2
2024 4£ 12 A 30 H
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