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Figure 2: Longitudinal magnetic field on the axis and typ-
ical electron trajectories in the gun region at an energy of
2.5keV and a current of 0.1 A.
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Adiabatic Expansion of an Electron Beam

LIQUID-HELIUM FREE
SUPERCONDUCTING ELECTRON COOLER
AT THE STORAGE RING TARN II LI
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NF

Y

Y SELAA

(a) 'Voltage Jump'
A

(b) 'Addition of External Force'

2 WA ORI F
Al
“Beam
ﬁ@ds=g@
dt
s _ oy 42 4P
dt ' 2aR dt
Ap, 1 AD
P, 2nR Bp

3 FERNNEERE (Induction accelerator)
O)Jﬁgo



IR —REBR X | TIUCERERL TR
HEBLEIEEEZRERTHLE—LRMES N
HEND —FEON—F NOVIEEETH S [2],
TR OB(RCHB TS, 1 ORER(E
HIET BRI DM, WD —ETH2HENRD 5N,
RO P ORI & FRITRE DN TEMT S
DT, FOREHGERIIZRAND 5, > T, hz
—EELEES., HORRKEZEST SO
GEOMEEE RE S URKISE T T2 08NS
DEEEFNLDRELD DIKRD, SRR Lz
A 0.5 mm BEQERMRE ERZHO T, WE
fH0.3X0.6m’>. BARSE 1.3 T. H&Aramping
speed 22 T/s, E& 6ton T. BREBFHHZE
BOBHNOBEREMEORENTEEEEZEZ 515
[3]. 72B. BHEERIIEMNEE TOHR—EITR
HEIBEBREEET >TSS, K41 TARNI
WCERB XN AINEEBEOEEEZHET 5. H
B ZOHEBEFE S EREBMTONS Z &S
TWnwa,

FEANNEE B IR H ORE Y Tl b—t—
BHOBOMEBHELTBIRAIN TS L, BW
E—ABD H UICHRH OTEEMEIEE N, ERRINE
ORBERIEN LISAMUC B H B EEZ 5N 5,

S0

[1] 'Electron Cooling Experiments at INS' T.Tanabe,
K.Noda, T.Honma, M.Kodaira, K.Chida. T.Watanabe,
A Noda, S.Watanabe, A.Mizobuchi, M.Yoshizawa,
T.Katayama, H.Muto and A.Ando, Nucl. Instrum. and
Meth. A367 (1991) 7.

[2] 'An Induction Accelerator for the Heidelberg Test
Storage Ring TSR' Ch. Ellert, D.Habs, E.Jaeschke,
T.Kambara, M.Music, D.Schwalm, P.Sigray and
A Wolf, MPIH-V31-1991.

[3] K.Noda, NIRS Technical Report (unpublished).
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HSOMEE™ FLE— #0220 FEBAS BlL—et e B gEpR” TEEEC
PN VA i)
SHACNS, "KEKHE., SWEF. “SEFLA, HEETA

DFA A OFEREEER & TRE SN2 k7
DR TFINF—ZR/E TS Z &I K> THREEDIR
EOF v RO D ENTES,
ZDO L&D IRRlENE 1993 £ TARN Itfrbihiz®
ONBRADERTH - 72[1], TOERTII—FD
7 A —HE B % % position sensitive detector
THIETSEVWIBDTH oM, ZOHESHETF v
SRIVIR—DDGEILEMRRIERE 52 50, B
DF % R THhNEHEITIEENS 2 HE LTz
fERERD, 4 CCD ZHWTHENE LYo
FEBORFOZRITOMBZRET S E NI, K
DIERERRIESE (2] Z28UELTWS, ZND5EAK
UL, BEEMEERE S O branching ratio X D £
DEBENEEND T &5,

BlE U THFA1A4> HeH OEEMEERE 2%
AB, BETHEOKE. PHOHeH TN TES
N, ZOHFIREETRHRNDTLIR)VF— KER
(Kinetic Energy Release®lg) Z# - T3 <ICHe
EHWHBET S, KER X He ® HOWHT )V
F— (FERBEIZRIVF—) KEo>TEDS, L
72735 T KER ZHliETEIUL He & H O X
NWHE—OREAD ZENTE, TORKREEDRIEI
ESnSEIGTENENENS L (branching
ratio) DRETE S,

Detector
A7

1 MBS HRHERIT O Kinematics,

Yield (arb. uint)

K 1IHEOFREZ27RT, BT & HeH O&IRES
7 (BFHEAF) O—HTHeH I TE., ML~
ERETHE He EHIZ 2 %)VF—KER 2#->
TEDELNGRRA BT RIIHEEINS, ZOHE
MHEs LTI He & HORRBAMNEBEIZLS S, D
MEE D &T5& DFELRTORBAEICES
TRET 50, FOBRKMETDEOR TS X b5,

D,..=Lv KER/E, * 1t

ZZTC E,dHH A4 OETFHZODIR
WF—, pn FREEETHS, LN > TD w2
HETHZ ECE>TKER RES, #2FL. &
FHRABEIRTRSBEROEZT 22 TNHD T,
MBI T OFAEIL line source &7 D EBED <
7 MIVIER 2 DX D eBIZies,

0.8
06 .
04 3
02k .
01 ﬂ

0:.41...5...1.‘.[..,.4,*
0 2 4 6 8 10 12

Distance on detector (mm)

B2 R FREIOEREZBERE LERES LT
fRBERI T AT M,

RIZ He EH OMHEs ETOMBORES %K
3RT, MHEE &L T MCP (Micro Channel
Plate) Zf W%, MCP {222 L 7=k FIL&E T 118
INE COERICENMAEE O EL
TEREN S, #XENSHEHT I TP XD
N L 2 X T £ K% CCD (Charge Coupled
Device) I ASWRAVRIFD 2 KITEH LOALEMN
HEXNS, CCD 51 A% 128 X128 pixcel TX
E— Ri& 400 frame/s EWHEHED O % AT
B0, FHERIFIEH - EFW rate TR TL 50



Ty HATADT—F DR DAA EEHEIKD D
ETHAENHSBNE I THHENDD, £D
72 PM tube CHEETHEMAEE) THREMICHEL
ZRHL, —EOER MCP ONA 7 2 2 R TR
HHEDOFENE T S,

CCD OHAELTOETAESIE M4WRT &
HIWCVME P RAF AL TUEBENS, ETFE
BiX, £, framegrabber \Z K-> TNy 7T 5%
PREBODBRWERTVINVGEFRERIN. AT
J— 28T 50 RARERT — Y R EMR LI
CPU (MVMELIBT) T INB, IhoDTF—4F
I% Workstation IC& > TE =Y —B L UFEL W
FRThN%, 28, VME XX CAMAC &Eb#E
INTWT, TTTCCDNDIYAIVITEFSND
<6EN5,

CCD A A S & HWZRIFOBHTMITBIEAD
AREMENE W, EXRE—LAT T 71 IVOEH
FIZBIRATE S,

MCP  Phosphor screen

'E CCD
it | i camera
+4kV

HYV switch

U Trig. box
-2kV
TTL trig. pulse
Meas. gate pulse

3 RITrAlR L RE
/
S
7

SESE

[1] 'Origin of Low-Energy Component and Isotope
Effect on Dissociative Recombinations of HeH' and
HeD" T.Tanabe, IKatayama, N.Inoue, K. .Chida,
Y.Arakaki, T Watanabe, M.Yoshizawa, M.Saito,
Y.Haruyama, K.Hosono, T.Honma, K.Noda, S.Ohtani
andH.Takagi, Phys. Rev. A49 (1994) R1531.

[2] 'A system for Coulomb explosion imaging of
small molecules at the Weizmann Institute', D.Kella,
M. Algranati, H.Feldman, O.Heber, H.Kovner, E.Malkin,
E.Miklazky, R.Naaman, D.Zajfman, J.Zajfman, and
Z.Vager, Nucl. Instr. Meth. in Physics Research A329
(1993) 440.
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[1] E.Esarey et al., Nucl. Instr. Meth. A331 (1993) 545.
(2] Z.Huang and R.D.Ruth, SLAC-PUB-7556 (1997).

[3] M.Fujita, FAf5.
[4] H.Hama, FAfE.

[5] M.Fujita, et al., Nucl. Instr. Meth. A358 (1995) 524-527.
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Laser synchrotron radiation formula

E. Esarey et al. NIM A 331 (1993) 545
The photon energy: E,[keV]=1.9x107E? /A,

The radiation peak power: P,[W]=4.25x107(L, /Z,)A;'E} P,
The spectral flux: F[photons/s]|=8.4x10"°(L, /Z,)I, B, (Aw/w,)
The spectral brightness:

Tt vt e

b 0
(Aw/w, )+ (dw/w,)
The total natural spectral width: 2 e
2 2 2
(80/0,), =|(w/o,); +(Eofo,); + (dofo,), ]
E,[MeV]: the electron beam energy 7 ,[A]: the electron beam current
1, : the elctron beam radius ¢, : the normalized beam emittance
%y : the laser spot radius 7L [um] incident laser wavelength
L, : Laser pulse length Z. =mr} [A,: Rayleigh length
I [GW] incident laser power (6E/E ) . . intrinsic beam energy spread
(Bofo,), =1 /1, (Bofo,), =[5 (Sofw,), =2(5E/E,),

— (1,121, (8fo, +(60/0,),)




X ray generatlon via Thomson scattermg

X -ray radlatmn frequency generated via Thomson scattermg

in the laser undulator field
_ 27*(1—cosg) o

0

Ox = 1+a./2

Y : Lorentz factor of electrons
@, : Incident laser frequency

a, = 0.85x107°I'"*[W/cm® |A,[ um]

¢ : Interaction angle
a,: Laser field strength

a; <<1
00° Thomson scattering: w, =270,
Backward Thomson scattering @, = 4y,

Radiation spectrum is correlated to the angular distribution.

w=0w,1-76%)

X-ray pulse length and the number of photons

90° Thomson scattering \/ — .
. 0,0 +0 +0O
X-ray pulse length: o, =t L
| Yo Jol+ol+ol+o.
2z X w L
0,0 |um] : transverse and longitudinal electron beam sizes
[um] : transverse and longitudinal laser beam sizes

The number of photons per pulse:
Ap = 113N, J[J]A,[pum] Aw

J(of +o:)ol +0’ +ol +0l) ©

N, : the mumber of electrons per pulse J: laser pulse energy

Backward Thomson scattering
X-ray pulse length: 0, =0
. y p g X z \ Ne.][J] ACO
The number of photons per pulse: An=4Xx10
| Z [um] o

Z, =1y [A, : Rayleigh length
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NG HF, B BEC, SE B, LH R, g b
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1 B#
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IV Y VADERERTONEZV, FIT, SQUID (8
BEETTHE) 2RV ERENOBREBEE=Y —
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THIDIBEEETHOTEAY -V E2T% ), €—
L ERi & SQUID i pick up coil %8 U THRAMIESL
T3, COFEATHWITE VY — ABFHICHT 5681
Brh, HBMHE., BEHICL 2T ICHT 2 BERE
bOLRVDT, FERRIIBR (%, FE D5 S pick up
coil DFEEE B, a7 DHEHBRIKS, 72, pickup
coil & input coil DEIIZ P TV ARIBALTE 7V 2AD%
BORYBEICL o - EAIESTRERICE B I E%E
Bl FPHEENRS,
EROBY 14V AXDETVEERL, 7AP 2T
720 VITROVAC 2 7 \ZBEBEMR T 4 ¥ — V& W/ pick
up coil ZHWT, 143D+ TV AZEFALIEEIC2~ 3
nA ORRE R 1572,

HBHPR S -V F

pick up coil

| smem—"
]
/

L]

SQuID

.
®58
®102

Fig. 1 7AMNTHERHLZFYET 1 —D 1D,

2 EFNERVWAEER

FANTHEALLEROH 1/4 A XDET VD ]
D% Fig. 1 IRT, HEIE SQUID BT v 7K, B
BEMEA Y —NVF, pick up coill *HHE TS, A4~
F—2DfbDICBBEEREY—VFOTLHICERE
17— VEEBERZ T 17— vOEBIZHNSER
12X o THES NLB azimuthal 2R IC & > TBEERE
V=V FOEBMIERMEFIIRNS . BAY—IVFOE
RIZX D, azimuthal ZBESIEETAZ LR (HBEY —
VEDOREBICA D Z EHNTE BN, MMOMSEIZHE CRE
ENB, BRY—VF OPERIZA o 7= azimuthal 2B
1% pick up coil I X DR S 1, SQUID EREIZ & > TH
EFEEIND, BEEERIIIAARAZ v PIZAR, #fK He
iﬂ%&?%ﬁ%ﬁ&??’:o

Ay

Pro-
i
‘ thier Integrater

pick up coil g "
LN

Fig. 2 DC SQUID OREET v » E# DR

EERTHW DC SQUID DR v 7 A OME %
Fig. 2 W2RY, SQUID U ¥ ity v 7/ #BENFENT
VB, WiEWHET ERIET 5, feedback B I; T
LTSQUID YV Y7 2BEIE, L Hcay 7 LT
W5, input coil, SQUID BN — 7 feedback coil IZ&
FERAELTWVE, E— LB L2HNID L ¥ — IV FAE
BRI TE D, COBRORILICLD I, & I 0fEik
SQUID AN — 7 # BV EP L VEG L L2 PO R
b3 %, DI, 0% feedback EHD MK DEENZE
L LTRIZET %, LNEALIIH T S feedback LD
MOBEDE

M;
Iyry = (M;, Myi + My, Li) + My, N2

Np-1p~I,,-1'f (1)

Z 2T M;, it input coil & SQUID Y Y7 OHEA V¥ 7
% v A (5nH). M;;id feedback coil & input coil DAHE
Av¥ 7% A (6 nH), My it feedback coil & SQUID
VYT OMEA VY 25 v A (2.2 pH). L;id input coil D
HOA ¥ 2% A (200 nH), N, pick up coil D% —
V¥ vy feedback T, 1,4 pick up coil 1 ¥ =D
HOA V¥ 7% A Tpickup coll DEHCA V¥ 2 4 VA



Lyt Ly =1, N2OBERLDH 5, A (1) 1’
_ JM,',./W},‘
LP = L, 7};——-‘ (2)
DIFIZRKER & %, 3 (2) 1Y —AEH & SQUID D&

SRR EPRRICEDEGTH 5,

BREZBEERAY -V OBRMIZBKST—2T
BHolze L L. pick up coil DATH & ¥ — Y EIKLE
LTwW5, FINEMET(HltaChl Metals, FT-3L, FT-3M)
v 7ENMT 7 A (VITROVAC 6025- F)\ ;1:4_‘\0):17’ 12 4
¥ — &z pick up coil FAVTEREDITHIZL S
A EZ AT, PIE S NAREE% Table 1 10" T, Th
%@Edﬁ@)#%#ﬁbfﬁ%naﬁta< —H¥ 5,
ERDBEMD a7 2 FH LB I ETELIRS
BEDPIH/NSI VO, BBRSEMbO 27 L TR
EVRLTHb, THEBEROITIZONWTIX 4, 17, T1,
95 ¥ — VIZ#\ 7z pick up coil #BYELRED Y — VK
mﬁﬁ%ﬁ«to;(n#%®+ﬁﬁtﬂmﬁ%Fg3
IR, 5&(2) POEBEINAREDY — YT, BED

BE 71 Y~ VITROVAC 27 DA 0.76 ¥ — T
5,
Table 1
aAT7HIC L BRREDE Y,
a7 OB E JREE

VITROVAC 6025-F 0.55 mV/nA - kQ
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Acceleration Rate 3 1.94MV/m
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TIT-IH (48MHZ).

IH-slruclure
65-85MHz

TIT-IHQ (100MHz)
o_ ol

TIT-IH (96MHz)

-\Nﬁae 27MHz

&=
~
c 40
E 108M1H
Alvarez
e
=
l&} 54MHz
20}
10 1 i i 1 1 | B O | .
1 2 4 6 8 10 15
B (%)

Figl Elfective shunt impedance of the IH structure and other acceleration struclures.

Table -1 Parameters of Injector IH Linac

Acceleration Particle (g/A)
Input Eenergy

Output Energy

Operation Frequency
Synchronous Phase
Number of Cell

Cavity Length

Avelage Cavity Diameter
Focusing Sequence(APF)

Transverse Acceptance

Longitudinal Acceptance
Transmission

Acceleration Voltage
Acceleration Rate
Effective Shunt Impedance
RF Power

p,He,C* =1/3
T0keV/amu
3MeV/amu
95MHz
-45°,0°,45°

34

288 cm

80 cm
-45°,0°,45°

5577 mm ° mrad
30°

66(50) % by Buncher
335 kV/Gap

3 MV/m

350 MQ/m

120 kW
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Design Parameter of High Gradient IH Linac

Charge to Mass Ratio
Input Energy

Output Energy

Operation Frequency

~ Synchronous Phase
Number of Cell

Cavity Length

Focusing Sequence(APF)
Transverse Acceptance
Longitudinal Acceptance
Acceleration Voltage
Electric Field between Drifttubes
Acceleration Rate
Effective Shunt Impedance

g/A 21/16
219keV/amu
600keV/amu
81MHz
-90,-30,30,30, -30,-30,30,30,-30 -
18
1120mm
-30,30,30, -30,-30, = - -
113 z mm ° mrad
50°
310~549kV/Gap
27MV/m
5.5MV/m
204M Q/m
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Experiment and Calculation of Temperature
in a beam-induced plasma driven by intense beams

Target Experiment Calculation
Power 1.4kW 1.4kW ' 14kW 140kW
T T T T v T

He 0.12eV 20us 0.1eV Sus  0.22eV 2us  0.8eV
Ne 1.1eV 20us 0.26eV Sus  1.08eV 2us  3.2eV
Kr 0.9 eV 20us 0.54eV Sus  2.3eV 2us  8.2eV

Caluculation: One-dimensinal Hydrodynamical-model

Target: 1 atom

T: Confinement Time

D L—Y—AFENSDERELE — L INEA]

2) 2~3 FLNTHEBETENETI -0y XD

1TW &F %) 51 0] g8

(Do MW

4$eV
27 eV
79 eV

3) BEAAFUMET T ATE 100eV BEICT S 2 N0 fE
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FIG. 1. Layout of the laser ion source.
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Experimental results for Ne Taget
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¥
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h of Ne Target Ne Target

T (eV)

000

Ne spectrum at 760 torr taget gas pressure.

20 40
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RO 100
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Plasma tempcrature as a function of time Time-resoleved cmission intensity.

Future Plan

@Lasér Ion Source (New Pulse Ion Source)

181T326+,181Ta12+’ 1011~1012p/10 ow A
@Energy up by HG-IH Linac (3) SRing
"219keV/u—600keV/u gney —

(Very difficult for radiation-shielding law)

Irradiation Power

170

?Ne’V/u
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Experimental set-up RLNR-TIT %%l

CCD Camera

Streak Camera

Focus Lens

Electrostatic _
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Taget Chamber

Gas Injection

Focusing Double Q.M

w ‘thi‘calr Fiber —D
Monochromator Y i :
', Streak Camera’, CCD Camera
Gas Target

TAEBRBNO ¥ — L8 FIXBU) 55u %1k

Space

Time

e 12 s/
Photograph of Target Chamber Kr
E—LIZFV¥—HE
141 kWicm? Quartz Tube BFEREEMNICBIT 3 RIE
_________ 8 Target R(cm) R(cm) P(MW/cm3)
BMiE RRE
He 2.48 1.88 4.7E-2

Polyesta fifm 10 \" Ne 0.74 0.72 0.16

(C1oHg0, Gas pressure 1 atm Kr 0.37 0.33 0.40

126~-167 1 g/cm2 ’

Diffusion pump (1200 L/s) M. 1.2 umdDMaylarE@iEH D760

torrDREBEMICHITZETH D,
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Layout of the Intense Heavy Ion Linac System at TIT { E% h
' So!enod Einzel Gate Ei'ce'fg"s‘aﬁc Optical fiber e
Hexapoe e fens valve Monochro CCD

magnet mator camera

Target chamber

Streak camera

Gas injection Extractor

2.45 GHz ECR TIT-RFQ
ion source 1000mm

|<a . |
L

station
CCD camera

Fine-focusing system

Parameters of the TIT-RFQ

Charge-to-mass ratio =1/16
Operating frequency (MHz) 80.9
Input energy (keV/amu) 5
Output energy (keV/amu) 220
Duty factor (%) 10
Q factor . 10635
Expected beam transmission (%)
0 mA input 91.8
10 mA input 68.4
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FIG. 1. Scheme of a éoolin‘g insertion in a storage ring.
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