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Abstract

In order to achieve three dimensional crystal beam, laser cooling forces are required not only in the longitudinal
direction, but also in the transverse directions. With the resonance coupling method, transverse temperature is
transmitted into longitudinal direction, and we have already demonstrated the horizontal laser cooling experimentally. In
the present paper, we will describe an approach to extend this result to three dimensional cooling. The vertical cooling
requires that the horizontal oscillation couples with the vertical oscillation. For achieving horizontal-vertical coupling,
the solenoid in electron beam cooling apparatus is utilized with an experiment (v, =2.07, v =1.07). For various
solenoidal magnetic fields from 0 to 100 Gauss, horizontal and vertical betatron tunes are measured by beam transfer
function. For a certain region of the solenoidal magnetic field, these tunes are mixed up each other.
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RS 1.05m
i 1] 38 $ 25.192 kHz
KRR 6
A A *Mg" 40 keV
Jh e i = 280 nm

2. L—H¥—%&H

2.1 S-LSR

S-LSR [T —AMmHA DI Z HIJE LTI S
A EREY) T ThY, BrE—AmEAHOE
F-HAIEE L Mg B — AGHH O L — Y — i E
EWNET D, sk e —20FEBIZIZ) 7 RF
A =B BLUTDO OO EH Tz LWt
57, S-LSR 12N O DA 3 & &GS
TW5,

V<7t

Ngp
Vx v <—54=

X,y 2\/55
T2 TyiEr—VL YR, v, TEB=RLF—,
NplE U 777 4 ZRBEZ R LTV D,

LY —mH IR E ORI O v —F— % B L
AF U EpESE LD, MARERA 4 REILR
bR TW5%, S-LSR TiE *Mg % v TER %17
o TWb, 77 X< A4 Jf CHORIDIS TR X
iz *Mg'iE 40 kv OFEEBEE T XS, ERY
VIWICERE SN TWD L——mHEEIC L 0 B
HEns,

L—W—mH AT AT EA L — % —(532nm),
V> 7B A L—H—(560nm), {5 %4 %5 (280nm) 7>
LR S TWD, ABFFE T Mg @R &
280nm M O 7T 100mW THHEFEBRZ T2 > T\ 5D,
BHINTZE—AE PMT 7235 E CCD I A
WL RFERESND,

2.2 HEmEiEA A

S-LSR TlI~"—=F b Fa—rv, =207, v,
= 1.07 T, HEFEAEEZ O ZRockER b e — A
OEBUTMT TR ZITR > TNDE, X—F ha v
F = — X 1 I F 5 QMl(focus) &
QM2(defocus) DEFET, v r/m by Fa—r
IRV 7 hFa—70RFEBETHE LTI,
S-LSR TIIkG B — AGENIEHA S - E - m A
EEICNBE SN YL A REAEZFIHALTE—2A
BT DK « $REN—% k1 o F o— o O IeniE
GrERRT, YL A KBS 0 225 MD v =
L—ya VXD i & RS O 7o s KME 100
JAETELEHE [6] . K- BRET = — 2 DI
D128 LT,

3. AIE

3.1 R_N—F horFa—HE

g SIcB o N—% harFa—r0 b
BET DI, BFHAEEICNERSAL TS Y
LA ROEREZ 0 2D 40A FTEIELRNE
R—F farFa—rORIEEITR-T-, K2 I8
T HEVEEE OWNEEE R,

2:: S-LSR DB F i S E

ouT

Network Analyzer | -10~-8dBm
Agilent 4395A

RFKO

»  Divider (Horizontal)

=

IN A

Amplifier
+23db

Pickup

-

1
1
1 Beam
L]

X3:E—A NS RARTr—T7 o733 BIED
&

NR—=F tprsFa—IE—A NIV AT 7 —
Ty rvarEllE L TREEND, 3 IZHE
O Z R, WEDOTmEAILLFOMEY Th
24

e  Network Analyzer ® /)% RFKO (ZHIN

o E— AL DOILERFDOBEIRE) A Pickup THIE
e Network Analyzer TH A K 3> RJEWE % I E
QM DOEFRMEEEL S L EITRALNDE A RN
Y ROWBEANT LV IAKEF W\ EGREF R ON—F |
0 Fa— DR EITIR D, £ 2 ITHIEDEEA
T A= HRT,

K2 R_R—F harFa—HEDOFEENRT A—X.

Betatoron Tune (2.07,1.07)
Solenoid Current 0-40 A
QMI Current 12.63 A
QM2 Current 2325 A

-460-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

3.2 KERHMRICE T 2R ERHORIE

FLIERE G2 K 0 KT M O IR B 3 E0 1B T M AR
LTCWAZ EEERT A7, RFKO #HH L T
B — A DK F AN R % T 72 B TERE T M O
HERNET 5, WEFET KOEMCHERINT
W% BPM ZHAWT., SAEFHDEFTE AT ML

T IAY—THiHsrld, £ 3 ICEROFENT
A =B LmT,
23 EREPEICBIT D EEANAT A —F
RFKO Frequency 2.521158MHz
Solenoid Current 0,16 A
QM1 Current 132 A
QM2 Current 23.6 A
4. R

SRt b e — A OB T, Box Tk
mEFERAWE LY —mAIEREIT o T2, K
oo GAEANR—F ha v F a— DI A DD DT
WIZY L A FES &2 W THT 72 » 7= E RS 54 X

WCRT, IR, B Ry MIZENFNKTE, ShiE
N—F harFa—rEZRLTWVWD,

0.08

0.075

Fractional Part of Tune
(=1
(=1
2

0.065

Horizontal Tune @
Vertical Tune
1 1

0.06

0 10 20 30 40
Solenoid Current [A]

R—FZ fharFa—r&vL /4
RNE DA

X 4 : K- - gRiE

7J<3F MEN—F ferFa—FY LA FNE

eI L TRY, BEIRMEA 17-20A OfEEET
ﬁ%ﬂ I AT v T LTSI ENRHERTE D,

ZHUTIKE - SRE T 2 — Dk
LEELTNWD,

X 5. 6 lZFENFNY L /A REFHRD 0. 16A D
EEOE—AMEFMORESHZ R LTEY, k- R
Z A TFNZF I RFKO 2 OFF + ON OIREE DHEIE
ERLTWD, YL /A RERN 16A T, RFKO »
ON OHRENTIX 2.52116 MHz ICE— 27 BRA. LN D,
—J5. YL A REHRHN 0A TiX RFKO 75 ON Dk
mfﬁof%ﬂﬁwt~ ITHEFR T & 72\, RFKO

ié%%if LIREF AN DO BB < T2, =D
@Eﬁl(m BIFAEZOEWNL., YU /A FEERIZX

EREZ >TWNWD D

D AREAREI DM RIE T AR LI 2 L 2R LTV D,

EC Solenoid 0A
-70

RFKO OIN
RFKO OFF
-80
%E -90
:,_E- -100
<
-110 L
A |
-120 L ]
2516 2517 2518 2.519 2.521 2.522
Frequency [MHz]
5:ENETMONCTFE—LEE
(Y VA R&EWE:0A)
EC Solenoid 16A
70 RFKO dN —
RFKO OFF
-80
% -100
<
I |
-110 ! VR
! Wbk & [ | J‘w { o
i\ ‘\‘\‘_‘““iu Il T "“\*;.‘y‘ ! 1
-120 ‘
2.516 2i517 2518 2519 252 2.521 2.522
Frequency [MHz]
6 : PNE T DN FE—LER
(Vv /A RNEH: 16 A)
5. FEBH
ARBFFETIZY v/ A FEEBIC &% B — LK ST
EERE S A HEHES L TND I L AR TE -,

BRI Y T O EITR D &I,
E— A0 T 7 A XD HENIE D B — A DAL
IR Y DY DR EIT/2> T FETH D,

235 3R

[1] A. Noda, M. Tkegami and T. Shirai, “Approach to
ordered structure of the beam at S-LSR”, New J.Phys.
8, 288(2006).

[2] Y. Yuri and H. Okamoto, “Generating Ultralow-
Emittance lon Beams in a Storage Ring”, Phys. Rev.
Lett. 10.1103(2004).

[3] J. Wei, H. Okamoto and A. M. Sessler, Phys. Rev.
Lett. 80 2606(1998).

[4] T. Kihara, H. Okamoto, and Y. Iwashita, Phys. Rev.
E. 59 3594(1999).

[51 Y. Yuri, “Feasibility of beam crystallization in a
cooler storage ring”, Phys. Rev. STAB. (2005)

[6] Y. Yuri and H. Okamoto, Phys. Rev. STAB 8,
114201(2005)

-461-





