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A B S T R A C T

The design study on the proton RFQ , the pre-accelerator of the 1—GeV linac 

the Japanese Hadron Fac ility , is proceeding at INS in  collaboration w ith K E K .  The 

R F Q  w ill accelerate 20—m A  protons or H~ ions from  0.05 up to 3 M eV  through a

2.7 m. The R F Q ’s performance, examined w ith a sim ulation code PA R M T EQ , and 

ations on the cavity design are reported.
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1 . Introduction

Fo r the pre-accelerator of the 1 一GeV proton linac chain in  the Japanese Hadron 

Fac ility , a four vane R F Q  structure has been adopted because of its compactness and well 

established technology. The R F Q ’s performance requested by the ion source and the d r ift  tube 

linac (DTL) fo llow ing the R F Q  are as follows: the operating frequency is 432 M Hz, same as 

that of the DTL; the energy range is 0.05 through 3 MeV; the normalized emittance is 1.5 

7Г mm-mrad; the beam current is 20 mA. A  beam dynam ics design has resulted in  an 2.7-m 

long RFQ , sa tisfy ing the required performance. A s  th is R F Q  is quite long, 3.9 in  electrical 

length L/k (L is vane length, and Я free—space wave length), the cavity must be fabricated 

at a very h igh accuracy, or else the fie ld tun ing and the mode sepration w ill be d ifficu lt. 

To exam ine the feasib ility  of the long RFQ , a fu ll-sca le  cold model is planned to be fabricated, 

and the design work is proceeding in  collaboration of INS and K E K .

2. Beam Dynam ics Design

Vane parameters y ie ld ing an RFQ , w ith the performance described above and w ith a 

length as short as possible, were found out after search w ith computer codes G E N R F Q  and 

P A R M T EQ . The former generates vane parameters for each cell, and the latter receives them 

and simulates particle motion through an RFQ . The resulting parameters and performance 

of the R F Q  are summarized in  Table 1.

The transm ission efficiency is 94% for a 20—m A  input beam. The efficiency decreases 

for higher currents, and the lim it in g  value of the output current is about 30 mA. A t  the exit 

of the RFQ , the 90% normalized emittance is about 1.3 Ж mm*mrad for an input beam of 

20 m A  in  current and 1.5 7Г m m -m rad in  100% normalized emittance. The output emittance is



T a b e l 1 . Design parameters of the 432-MHz proton RFQ.

(ex =16.1 7Г mm-mrad) 
(ey = 1 4 4  7Г mm*mrad) 
(fu ll width)
(fu ll width, А Г / Г  -  ±1%)

(305 cells)
(e =145  7Г mm*mrad)
(Es，max = 36.1 M V /m )

(constant over the vane length)

(constant over the vane length)

Frequency (/) 432 M H z
K ine tic  energy (T) 0.05 — 3.01 M eV
Vane length (L) 269 cm
Normalized emittance (En ) 1.5 жm m-m rad
K ilp a tr ic k  factor (fк) 1.8
Intervane voltage (V) 90 k V
Mean bore radius (r0) 0.340 cm
M in im um  bore radius (amin) 0.236 cm
M arg in  of bore radius (атіп/аь€•am) 1.25
M axim um  modulation (mmax) 1.83
Focusing strength (B) 4.0
M axim um  defocusing strength (Aゎ） -0.078
Transm ission efficiency (0 -m A input) 98%

(10—m A  input) 98%
(20—m A input) 94%
(30—m A input) 84%

Output beam emittance (20—m A input)
(90% emittance) 1.29 7Г mm • mrad

£Ny (90% emittance) 1.16 7Г mm • mrad
phase spread ±15°
energy spread 士 a03 M eV

sm all enough for the fo llow ing D T L  w ith  a normalized acceptance of about 10 7Г mm*mrad. 

The energy spread of the output beam is 土 1%, su ffic iently  sm all for the DTL , and the phase 

spread is ± 1 5 ' The phase spread at the input of the D T L  is narrower than 土 45。 if the 

R F Q —D T L  distance is shorter than 1 m; in  th is case, no rebuncher is necessary. If quadrupole 

magnets w ill be inserted for perfect emittance matching between the linacs, a rebuncher is 

necessary. The scheme of the linac connection deserves further investigation.

3. Cavity Design

The cross sectional shape of the R F Q  is designed using a computer code SU PERFISH . 

Though the fin a l design has not been fixed, the estimated cavity diameter is about 18 cm, 

and the cavity w a ll loss is about 700 kW , assum ing a Q -value 60% of an ideal value. As 

the duty factor w ill be 3%, the averaged loss power is about 20 kW. The cavity must be 

accordingly cooled w ith  water.

In order to atta in  a good field d istribution and suppress the harm fu l TE110 mode, 

accurate vane m ounting in  the cavity is an important issue, particu la rly  to this long RFQ . 

According to a theory, the allowable error is proportional to ( L /Я) % where L  is vane length, 

and Я free—space wave length. The electrical length L/k of the 432—M H z R F Q  is 3.9. Th is 

is quite a large value; it is reported that field tuning was a hard work at the Los A lam os 

425-MHz ATS  RFQ , s im ila r to our R F Q  in  geometrical size: L  = 2.89 m  and L/k =

mA)
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m A)
mA)

0
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4 丄 і，2,з> At INS we have ever constructed a 100—MHz and 7.25-m long RFQ, TALL.4〉 The

jL/又一value is 2.4, and the measured alignm ent error is 土 30 fim. If th is error is scaled down 

in  proportional to ( L /Я) the allowable error for our R F Q  is ±11 Д т .  Th is value seems 

d ifficu lt to be realized; even if  possible, the fabrication cost w ill be very high. It is hence 

reasonable to fabricate a cold model, w ith which we could find a vane—m ounting method 

m in im iz ing  the error, 土 30 Д т  or less, and a field stabilization technique.

Vane coupling rings (V C R ’s), shorting opposing vanes, are effectual devices to enhance 

the quadrupole mode and to suppress the unwanted dipole mode. The V C R  method was 

invented and developed at LB L , and is now employed in  several R F Q ’s, includ ing the ATS  

RFQ .5,6,7) Contrary  to the above merit, loca lly  increased inter vane capacitance brings about 

some problems: the long itud ina l field d istribution has local m axim a at V C R  positions, 

several-percent increase in  amplitude; the resonant frequency shifts down, em perically 3 〜 5 

M H z  per r ing  pair. Another problem is water cooling: water channels for vane cooling must 

detour V C R ’s, and direct cooling of V C R s  is almost impossible. Because of these disadvantages, 

V C R ’s m ight not be used in  our RFQ . (The 433-MHz and 2.2-m long R F Q  at Kyo to  has 

no V C R .8)) V C R s w ill be examined in  the cold model in  case that they are indispensable.

4. Concluding Remarks

A n  R F Q  structure satisfy ing the required performance has been worked out through 

the beam dynam ics design. A s  there s till remain some exatnination on beam m atching 

between the RFQ , the ion source, and the DTL , the design presented here is not a f in a l one, 

but no drastic change is expected. Because of the long electrical length, the most im portant 

issue in  th is R F Q  w ork is accurate vane mounting; th is is essential to stabilize the electro

magnetic field. A  cold model w ith  the same size as the real machine is to be fabricated 

for studies on technical items: accurate vane mounting, fie ld tuning, mode separation, vane 

coupling rings, a loop coupler(s) for power feed etc”
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