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Abstract

A  proton accelerating model w ork ing  at frequency of 50 M H z has been constructed 

to evaluate the overall perform ance of a sp lit coax ia l R F Q  w ith  m odulated vanes. Through 

the beam test, it  is  confirm ed that the accelerating perform ance of the R F Q  alm ost agrees 

w ith  the expected one.

1 . In troduction

A  sp lit coax ia l R F Q  ( S C R FQ  ) has been developed at Institute fo r N uclear Study 

fo r acceleration of the very heavy ions w ith  the charge—to—mass ra tio  larger than 1/60. 

In order to m ake it  easy to in s ta ll fou r vanes in  the RFQ , a m u lti-m odu le cavity structure 

was employed [1〕. A s the firs t step of the development, a cold model w ith  fla t vanes, excited 

in  a frequency range of 37 〜 41 M Hz, was fabricated to investigate experim enta lly the 

m echanical and r f characteristics [2]. Through the experiments, it  was verified that the 

precise vane alignm ent, good m echanical s ta b ility  and the required fie ld  d istribu tion  were 

achieved. Furtherm ore, an equivalent c ircu it ana lysis was developed to exp la in  theoretica lly  

the long itud ina l fie ld  d istribu tion  in  the fundam ental and h igher—harm onics modes and the 

dispersion characteristics of the resonator [3〕.

A s the second step, a proton accelerating model w ork ing  at a frequency of 50 M H z 

was constructed to evaluate the overall perform ance of the m u lti-m odu le sp lit coax ia l R FQ . 

In the beam tests w ith  the low -cu rren t beam, we measured the output energy, the energy 

spread, the transm ission efficiency and the output—beam emittance.

2. P ro ton  A cce le ra ting  M odel

The cold model was converted in to a proton accelerating model by rep lacing the fla t 

vanes w ith  m odulated vanes. The accelerating model, about 2 m in  tota l length and 0.4 

m in  diameter, consists of four-m odu le cavities. The m odulated vanes of about 2 m in  length 

were completed by connecting the short—vane pieces of 20 cm long. The m ateria l of the vanes 

is  a lum inum  alloy, w h ile the cavity cilinders were made of brass. The measured unloaded 

Q—value is 2230, and th is value corresponds to a resonant resistance of 18.3 кП. The vanes 

were aligned w ith  accuracy better than 士 0.1 mm; the azim utha l fie ld  unbalance between

quadrants was less than ±1%.



M a in  vane param eters are sum m arized in  table 1 . The vanes were designed by lay in g  

em phasis on h igh  acceleration rate rather than h igh  beam current. Tota l num ber of cells, 

in c lud ing  ra d ia l m atch ing section of 10 cells, is  168. The injection energy was set at a 

re la tive ly  low  value of 2 keV.

3. Beam Acceleration Test

The beam acceleration test was perform ed under the pulse operation w ith  a repetition 

of 400 pps. The pulse w idth  of the r f is  200 JUs and that of the beam is 100 "s. The layout 

of the test stand is shown in  f i g . 1 . Protons, a few ЦА in  peak current, were produced 

by a compact ion source of E C R  type. The beam, w hich passed through an ion separating 

magnet, was matched to the R F Q  acceptance by means of an einzel—lens doublet, an 

electric-quadrupole trip let, and an einzel-lens singlet. The beam current was measured w ith  

Faraday  cups;

Transm ission was measured as a function of the r f voltage by injecting the beam w ith 

an em ittance as shown in  fig. 2. The resu lt is shown in  fig. 3. Solid points express the ra tio  

of the accelerated—beam current to the input-beam  current. Accelerated-beam  current was 

measured w ith  the Fa raday  cup located downstream  of the analyzer magnet. The open 

circles express the transm ission of the beam includ ing  the unaccelerated particles. Th is

was measured w ith  the Fa raday  cup at the ex it of the RFQ . The transm ission of accelerated 

beam is about 84% at a design voltage and agrees w ith  a calculated one.

The output—beam em ittances were measured by means of an em ittance m onitor, in  

w hich two s lits  were set at a space of 446 mm. The resu lt is  shown in  fig. 4. B y

com paring figs. 2 and 4, it  became clear that the output em ittance is approxim ately equal 

to a calculated one, even though the inpu t em ittance is sm aller than the calculated one.

Output beam energy was measured by means of a m agnetic spectrometer w ith  a

bending angle of 90 degrees. The energy resolution of the spectrometer was ±0.4%, when a s lit  

w idth  was set fo r 士 1 mm. Spectra of output beam energy were measured fo r four values 

of r f  voltage. The obtained energy spectra are shown in  fig. 5. In th is region of the r f 

voltage, the shape of the spectrum  changed hard ly, but the energy spread increased as the 

r f voltage increased. The energy at the peak point of spectrum  was 60 keV  and the energy 

spread at a r f  voltage of 3.05 k V  was about 土 1.8% in  fu ll w idth at h a lf m axim um . They 

alm ost agree w ith  the designed values: 59.6 keV  and 土 2.4% in  fu ll w idth.

5. Concluding Remarks

A s fo r the fie ld  d istribu tion  in  the SCRFQ , there is  no problem. Through the beam 

test, it  was confirm ed that the accelerated beam energy, energy spread, transm ission efficiency

and output beam em ittance agreed approxim ately w ith  the designed values.



References

一  8 0
-20 -10 0 10 

Y (mm)

в projections of the 
Bars show the 
Diitour) and ellipses 
ns.

Fig. 2 Phase—spaa 
input beam, 
experiments (90% c( 
show the calculatio Fig. 5 

beam.

5 10
Magnet Current (A)

Energy spectra of the output

1 2  3 4

Inter- vane Voltage (kV)

Frequency ( /)
Kinetic energy (T)
Normalized emittance (€n) 
Intervane voltage (V)
Focusing strength (B)
Max. defocusing strength (Ль) 
Synchronous phase (<ps)
Max. modulation (mmer)
Number of cells (radial matcher)
Vane length
Mean bore radius (r0)
Min. bore radius (ат ^)
Margin of bore radius (а„йп/аьеат) 
Transmission (0 emA)

(2 emA)
(4 emA)

EMITTANCE MONITOR 

FARADAY CUP

BEAM SLIT 

FARADAY CUP EMITTANCE MONITOR」 
FARADAY CUP

ION SOURCE-

F i g . 1 Layout of a beam test stand.

-1 0  - 5  0 5  10

X (mm)

4 0  

0 20 

E 0 

>-20 

一  4 0
-10 -5 0 5 10

丫 （mm)

Fig. 4 Pnase-space projections ot the 
output beam.

Fig. 3 Transmissions measured as a 
function of the rf voltage.

〔1〕S. A ra i, G S I-Report 83—11 (1983).

〔2〕E. Tojyo et al” Proc. 1986 L in ea r А са  Conf” S LA C —303 (1986) 374 

〔3〕S. A ra i, INS-T-464 (Accelerator-4) (1986).
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