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Abstract 2.1 lon source, HEBT and RFQ

The first beam extraction from the 432-MHz DTL has T¢ volume-productivéon source [3]supplies the H

been carried out in the test stand of KEK. Both MEBT adaam of the maximum 16-mA peak current. The
HEBT were assembled in the beam line for the be@sh g raction voltage of the iosource is 5kV. The LEBT
The DTL hasacceleratedhe 3-MeV H ion ejeptedfrom is composed ofwo solenoid magnets. The RFQ has the
the RFQ up to 5.47 MeOV. Theneasuredratio of the ¢4, vane type structure. It accelerates théohs from 50
beam transmission is 91 %. KeV to 3 MeV. The resonanfrequency ofthe RFQ is
432 MHz. Theaccelerating field othe RFQ isstabilized
1 INTRODUCTION z ing f Q lsstabiliz

by the pi-mode-stabilizing loop. [4]

The low-energy part of the 1-GeV linac for thapanese
Hadron Project (JHP [1]) has been constructedriier to 2 2 MEBT
establish the constructidechniquesandstudy thebeam
properties. (The scheme of the JHRdiferentfrom that ~ The MEBT [5] consists of eight quadrupole
of the JapaneseHadron Facility (JHF [2]) which was €lectromagnets (Q-magnets [6]), a buncterd two
proposed recently as the modified version of the JHP.) steering magnets. All components of the MEBT are

The test linac system consists of theidh source, the aligned onthe same table. Thus, the alignment of the
radio frequency quadrupol(RFQ) linac and the short MEBT has been done by tuning the position of the table.
Alvaretz-type drift-tubelinac (DTL). Thebeam-transport ~ The buncher is a single-cell reentrawtvity. The gap
lines connect them. The high-power test of the DTL wd§ngth is 8.99 mm. The resondrequency and measured
completed insummer of 1994. Thereparation for the Qo value of the buncheare 432 MHz and 21700,
beam study of the DTL wastartedsince 1997 because respectively. The maximunrf-power of 10 kW is

the beam study of the RFQ had been completed. supplied by the solid state power amplifier through the
WX39D coaxial waveguide. The buncher $gt in the
2 SETUP FOR THE BEAM STUDY middle of the MEBT. Two small steering magnets are

The components of our linac systere asfollows: 1) installed between the QD1 and QF2.

the H ion source; 2) théow-energy beam-transport line 2.3 DTL
(LEBT); 3) the radio frequency quadrupdiRFQ) linac; 4)
the medium-energy beam-transpdirie (MEBT); 5) the '
Alvaretz-type drift-tube linac (DTL); 6) thdigh-energy e DTL is about 1.2 m. Aermanenguadrupolemagnet
beam-transportine (HEBT). The layout of thelinac (PQM) is installed ineachDT. The average field gradient

system from the RFQ to the HEBT is shown in figure 1.07 the PQM is 211+ 1.3 T/m, which is about 20 %
stronger than the design field (175 T/m). [7] Tdbserved

Q, value is 43500. It is about 90 % of tlwalculated
value. The Q value is sufficiently high. Theneasured

The DTL has 1&8lrift tubes (DTs). The total length of
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Fig.1 Setp of the DTL beam eperiment
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shunt impedance(Z) is 82 MQ/m. It suggests gpeak RFQ. The rf-powerlevel of the DTL isadjusted to 170
power of 128 kW for the 3-MV/m accelerating field. ThukW by parametersurvey. Figure 2 shows thd-field
rf-power of about 150 kW isrequiredfor the acceleration patterns for the DTL and the buncher

of 10-mA beam. The maximurelectric field onthe drift
tube corresponds to 75% of Kilpatrick’s limit. [8]

The accelerating field is stabilized bthe eight post
couplers. The field distribution stabilized by pasuplers
is sufficiently uniform £ 0.3%) and stable.

The current transformer€CT1, CT2) for the beam
current measurement are installedeschendplate of the
DTL.

2.4 HEBT

The HEBT conS|s_ts of fpur Q-magnets, Iaendmg 3.2 Beam Transmission
magnet [9], a profile monitor, dransverse emittance
monitor and two faraday cups. (W& not use theQD2H Figure 3 shows the output signals from CIrdCT2.
magnet between the bending magneand the profile  The upper ling“A” line) shows the beamurrent at the
monitor.) The bending angle of the bending magnet is htrance othe DTL andthe lower(“B” line) the output
degrees.The momentum distribution isneasured by beam current from DTL. One vertical divisicorresponds
using a set of the bending magnet and the prafid@itor. to the current of 2mA. It shows that the inpuand the
The effective area size tifie profile monitor is 16 mm X output beamcurrentsare 10.7:0.13 and 9.20.13 mA,
16 mm. The beam distribution isead bytungstenwires respectively. Thus, the transmission of the DTL ist94
(0.1 mm in diameter) of 1-mm pitch. % in this stageBecausdhe beamcurrentfrom the ion
The faradaycups (FC1, FC2)measurethe total beam source is 180.9mA andthe transmission of the RFQ is
current. The FC1 works as the beam dungthe FC2 82.5%, theestimated beam curreritom the RFQ is
measures the beam current of the selected momentum. 10.70.7 mA, which consists with the inpubeam
current inthe DTL. The reason fdahe missing beam of
3 MEASUREMENT about 9 % is still unknown. We willcheck the
Because this study is the first beaceleration by the followings in order to find its origin; 1) Transverse
DTL, the averagebeam current isreduced inorder to Mismatching at the DTL entrance due to a 21-% excess in
minimize the beam loss. Then, the pulse length of tiBe strength of the PQM; 2) Alignment of the total
beam isreduced to 5Qusec, whichcorresponds tahe rf-  acceleratingsystem, especially, the Q-magnets of the
pulse length of the RFQ. The repetitioate is 10 Hz. MEBT; 3) a fraction of particles other thanibins.
Thus, theduty factor of the beam i9.05 %. (The
designedduty factor is 3 %.) The rf-pulse length of the
DTL and the buncheare 200 and 140 psec, respectively.
The peak current of the beam, comes from the ion sour
is about 13mA during the study. The coupling constant
the input coupler to the DTL tank has been incrediad
1.0 to 1.25(over coupling) against the beam loading b
rotating the coupling loop before the beam experiment.
The DTL, MEBT and the HEBT were aligned in the
RFQ beam axis by using a laser alignment system.

Fig. 2 Tank rf-field.

A: RF-field in the Buncher
B: Reflection from the DTL
C: RF-field in the DTL
(Abscissa: 5Qusec/div)

3.3Beam Energy

Fig. 3 Current monitor signal.
A: Incident beam into the DTL
.......... B: Output beam from the DTL
Abscissa: 2Qusec/div
Ordinate: 2 mA/div

3.1 Tuning of the Parameters
9 The beam momentum isneasured onthe profile

The main parameters to be tuned are as follows: 1) Thenitor by changing the excitation current of thending
field strength of the Q-magnets of the MEBT; 2) Thenagnet in the HEBT. The beam momentum hasn
level and the phase of rf-field in the buncher; 3) The levehlibrated byusing the beam from the RFQ without the
andthe phase off-field in the DTL; 4) The strength of acceleration irthe DTL since the bearmanergyfrom the
the steering magnetslhese parameters were tuned irRFQ was already measured. The resffitgire 4) include
order to maximize the beam transmission in the DTL arntree kinds ofdata taken by changing the excitation
minimize the momentum spread of the begettedfrom current of the bending magnet. The abscissa isetieegy
the DTL. of the beam. The Gaussian distributiomrve has been

The buncherequiresthe rf-power of 5.6 kW. The rf- fitted to thedata in order teestimate thecentervalue and
power in the RFQ waadjusted toabout 480 kWwhich the width of the kinetic-energgistribution. Theaveraged
is an adequate power level for the standard operation of tentervalue andthe full width at half maximum of the
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fitted curvesare 5.47 and 0.21 MeV, respectively. The
width of the distribution will be checked by the 4 CONCLUSION

simulation. The first experiment of the beaatceleration by the

432-MHz DTL has been successfully performed in the test
stand of KEK. The DTL accelerateshe 3-MeV H ion

6.0 o 1rien ejected fromthe RFQ up to 5.47 MeV. BotMEBT and
L 175.4A HEBT, assembled for the beat®st, worked well. After
- S gégﬁ the survey of the Q-magnet strengihd the rf-pulse
40l Vol - — - 175.4A parameter for the tanks, the transmission of 2L % has

been obtained. The measurement of the beam emittance
will be done soon.
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Fig. 4 Energy distribution of the beam from the DTL.
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Fig. 5 Relative phasalependence of the
beam transmission.
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