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Figure 1. Quadrupole Field
This shows the magnetic field pattern of a focusing quadrupole mag-
net. The off-axis particle is kicked inward in the horizontal plane and
outward in the vertical plane.
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Figure 2. FODO Lattice
FODO-lattice (QF: focusing quadrupole, QD: defocusing quadru-
pole).
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Illustration of COD

The dotted line shows the central orbit. The flat surface represents
the duct without any potential and the curved surface the focusing
and defocusing magnets with quadratic potential. If the center of the
focusing and defocusing potential is deviated, the central closed or-
bit is distorted like solid curve and this is called COD (closed orbit
distortion).

Figure 3.

FAHTFVF—OFh) LS FLEEOED #X—2 |
HUAREN T S DTH %o

2. R—% bOCIREDORE M
X7 FOhEBICREICE DT RT ThhT 4 Bgha
DERNZFTHH5THY, WEHERESLIRILF—DTN
DAL 7o OREN S ARFICH#ER SN S, UL,
WEFR NI > TE—AT A A%/ NSz LD L
&, N—=x PO VIRBOREEZHERT S C LTS Y
T3 %%, TITid, ERIPBENGHEON—F 1
VIRENP E D L TALEIL 12 H POV THER S,
N—2 P VR REEICT A RAEEBHRS Th
Bo HEWE 1L, RFBIERND D B 5 IS T H
ZF, FNDFEIRT OIRB OIRIE A HEK S & 5 F7 I8
REVWODBRTH 5B, BEPBERINCKEL oo Ik F
13, BAEICEZER 7 F OB Y725 ThEPbNTLE D,
UV 7 —ROXN—=2 F 0 ARBIE AR (1 ROILE) <
FEH QK LTI B EHICHE AR E, —H%IC 3
WHE (6 BEEAIC & > TSN %) BEE CTHNFE
KO® DML L 705, PlIXIREBBAEROSE, K
T3 EAEEIR US> CRL NE%T 5, EFIT/hS
B OBESCIFRIE S Th, MEIK TS LT
BREANTIRIEZHE A SR TLEY, BRI F2R%bh
LDTH B, HLFLER M HERE Y — AOREEUT 7
B CTHRWEBITNCEET 5, TRIVF—DINTWHEE
RCIRE D KIRBOL S IR AT NTLE D, Tho
KRESIDPBHHEZHAETKRS EHBITH /o TLEDN,
HERDPRAEE, THRIVF—DOFNORIEBOHEKIZLES
RO T NDPREFNCKEL 5D TH 5, HIBITH/
5 E CORBOREFER A XA F I v 7T /8—F+ (LF
IWFE—ICR LTI ARINVF =T 72T R/ A) E0DB,
MFNC L TRWE A F 3 v 7T I8—F % R T % 5
U — 2N GERS, BLUEE) OB REFTTh %,
LI A ABEAOER NITRFOLIVF— (F7x



WA 165545 (2003)

bHLHE) TKAHDOT, BEVRTORBET NS <, By
KT ORI REL %D, COTRILFE—ICLLEFRT
O\ (BINZE) ARIEL WS, TRlLFE—DFns
1 BT/ WIS IBIC S O b L i b, £C
T 6 A% AW CRINEDHIEZIT D DTH S, 6
BAORTVVx VEIRMHETHY, Vv 7 OMNMMUTHE
IECAMTIIALE RS, 16> T, 6 MEAIC K 5D
Sl A E o A E RIS L TIER, NHlE Eh 58
Kot L Cld et & 72 0, 4 BBEADOER OB E %
WELTRATLENRTEHDTH b,

ks, U—sRFEER ORI (@SR EVD) IS
HUTEELSH BEHEEND) /DR, E—LADi
IHENCH LT RF 22HIC & » THEEIRGF 261 5,
SEBBOBRIC LY, THRVF—OE R T A% £
PO, TFVF—DERCKTIEINEEZ ED 5, K 36HE
THAHDT, WEEDEL RF AN OF|ERE D% & 75
5o BEBOK Z I BRRREIICTEATE AW - T < SLHThn
BT 23, BRORT (MlAE £ - TRGRT) IS
SLTHEHBEETRT LD &L IfE TV, EBLRIRT
(UM [E > TRZKLF) I L T T&E 5, I
b, RFEIIRNVF—%2H 25 HADERNEFHEOD
Ths (MHZEEHDRME),

3. IERE & MATHNE

KT ONEE % LERIHEODOIIER T2 TiIR v, filz
i, ABKRTFEAFOHEP O IFNIEINCHbLIAENSD
TKRIER TIEB A B 55, 0.1 LB VPICT I
IRIBAINS T o THROLEE &5 L 5i1Ck b, Zhid
I 2% FR ORLFPOIRENIC KT BB T MEE IO B 11 C
BHho 12121, W ZHESTHANZALLHFETHD
T, FARICH > TObE—ARBLAICIT RO, &
2, E—=AT A RePhdDDH A NZALTES D HBEFHEIRE &
TG FHAEIC D\ TaR R B,

TSR, HERE L, ZOHOMORFRIT Hh
THAEHIT SITRERAL TW5b, KFatah+ & xr
WFE—%HS>DT, ZN% RFZEHTHi-o TOAHLERD
%o KR THHOMETTEICHT THINLDT, KT
DAERLDEGED? S FNcmE R v nE, ZOdFh/cm
EOEBELNTVLEL, ETAN, RFZEMC KD
HITHEICROMEICPE T2 Th 5 (Fig. 4 2R), #t
->C, L CZRIVF—%%k->TxN% RF THO B
BafE0RL T, OBy b3 oxER) &
DEALEAW > TIEL WHROEHREZFICHE > T LD
TH b, CNBBEBRD ANZALTH %, RITHKEG

YHETO 6 BIBEOEE, FBRICIIEORTF VY 2L () ©
6 Wi A S VT, ACPEREM RIS L CTHIEXT D,

SETFEBETOAR, BT REBEVRTICOWTHEIIFCE
tl:h\o

6 VN FIIAH SR VO TRES I TER VD TH 5,

247

Px 4 synchrotron radiation

N /_\I-\f'

Py b———— AF'ph

M Pi
Apyt )
§ acceleration
Ps

Figure 4. Radiation Damping

Schematic illustration of the radiation damping. P is the longitudi-
nal momentum and P, the transverse one. Because the photon is
emitted in the forward direction of the particle, the total momentum
of the particle is reduced to pi-Ap,, were Ap,, includes a certain
fraction of the transverse momentum of the particle. By the acceler-
ation at the RF cavity, the longitudinal momentum is increased by
Ap,¢ that does not inlcude the transverse component. Therefore, af-
ter this process, the fraction of the transverse component in the total
momentum of the particle is reduced and the angular divergence of
the beam becomes small.

synchrotron radiation

Figure 5. Radiation Excitation

The radiation excitation of the betatron motion arises from the syn-
chrotron radiation at a location with nonzero dispersion functions.
“AE=0" shows the central orbit of on-momentum particles and
“AE=-u”’ that of off-momentum particles. (The amplitude of the
off-momentum orbit is the dispersion function times AE/E,.) Be-
cause of this difference of the central orbit, after on-momentum par-
ticle emits photon, it begins to oscillate along the off-momentum or-
bit.
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Figure 6. Example of the Achromatic Normal Cell

(i) shows the optical functions of the quarter of the ring of NSLS at
HEFEI, China, (ii) is the geometry of the lattice and (iii) the typical
central orbit of on-momentum and off-momentum particles (magni-
fied). Since the achromatic section includes three bending magnets,
this lattice is called TBA (Triple Bend Achromat).
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