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Abstract electrical field on axis in a cavity is described as a sine
or cosine curve, to find the minimum phase slip is to find
The Neutron Science ProjecN$P) at Japan Atomic the sections which have the same maximum phase slip
Energy Research Institute (JAERI) calls for an 8MW cwderived from the equations (1), and tBes of each
and pulsed proton linac. The current JAERI desigsection which has the least maximum phase slip.
proposes a superconducting proton linac for the energg=B," )", B=B, B,/ B (k=2,...,n-1)

range from 100MeV to 1.5GeV. Here, the present linad3,=B,, (B,/B)" (k=2,...,n)

structure and the beam simulation are described. where
n:No. of sections 3,,.. 8,:boundaries of sections,

1. INTRODUCTION Bgl,..,Bgn:gegmetricaI veloc.ity of the cavity ip the sections.
In real design, some adjustmentsBafections ang, are

The NSP at JAERI has been proposed for the research ab jeq hecause the electrical field on axis in the end cell

nuclear transmutation technology and basic science with very different from a sine or cosine curve for the

a spallation neutron source [1]. The project calls for 8,y age electrical field from the cavity to the beam pipe.
8 MW proton linac which accelerates 5.3mA average-

current cw and pulsed beams up to 1.5GeV. 2.2 Beam Dynamics Parameters
. The_superconductlng (SC) rf-cavity structure is th‘f:or the design of the linac structure, the beam dynamics
main option for the energy part from 100MeV to 1.5GeV . o
: parameters of the cavity have to be prepared. Cavities of
because by using the SC structure, less power

IS . . :

consumed in cw operation than by using a normaevera[ig with 5 cells are designed using the electro-

conducting (NC) structure. The less risk of beam loss for10.453-110.496t7{0.5497{0.60417{0.6650.732f{ 0.805 | {Bg=0.886}T—

the larger bore size of the SC structure is also expecte '%% ' o0 20 7 %% U8 Jom 1[3538 ey
At present, the SC linac is composed of 8| 20 20jA 24jA 24jA 32 | 48 | 96Cavities

B sections. Each section has identical 5-cell cavitiege _s4m

optimized for a geometrical velocit, described in Figure 16;1(;“[‘1]&0 structure

Figure 1 with surface peak field (Epeak) of 16MV/m. N .

9 b (Epeak) Table 1. Basic SC linac parameters

The total number of cavities is 284, and the length of the
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SC linac is 690m. The lattice type is the doubkd®) lon H, H
focusing with 2 cavities per lattice. The quadru oI,FrequenCy 600 MHz
9 . P . . q. . p Energy 100 to 1,500 MeV
magnet gradients are determined with the equartmon.ﬁinall Beam power 3 MW :
condition and the matched envelope equations fJ'Pulsed peak beam current 30 MA
minimum emittance growth [2]. The transverse an 'CW beam current 53 mA
longitudinal emittance growth in the simulation withouf ~q)s per cavity 5
any errors are both 1% as described Table 1. TPg,yities per lattice 2
performance of the SC linac with the RF amplitude arnoyadrupole Iice type Doublet (FDO) focusing
phase variations and the quadrupole magne&ynchronous phase -30 degrees
misalignment was also studied in this proceeding. Surface peak field (Epeak) 16 MV/m
Eacc 2.4 t0 8.0 MV/m
2. DESIGN FRAMEWORK Number off sections 8
Number of cavities 284

2.1 B sections angB, of cavities Length 690 m
The procedure for the determinifigsections and thg, ng:ga?g:;eei?v. per 23 :g ;i(szggecggrgzg
of_ cavities is derived in the view of the b_unch phase sl M ong. phase adv. per 48 10 11(zero currena,)
with respect to the RF phase in the cavity. Because ANBeriod [degree] 27 t0 6 (space charg(-;)
type of cavity is used in & section for some economical[ 5/ 5 g/, 0.6, 0.6
reasons, the velocity of bunch is not always synchrono§rans. rms Emit.(no error) | @400 to 0.0404t cm-mrad
to the RF in the cavity and the phase slips occur. If the ong. rms Enit. (no error) | 0421 to 0.425tMeV-deg
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magnetic field-solver codeSUPERFISH and MAFIA to
obtain fitting functions for the beam dynamics
parameters which depend d&) from 0.428 to 0.923.
The derived fitting functions are the electrical field on
axis, the surface Epeak/average fielg) (Ehe cell length,
and the R/Q of the cavity. The transit time factors of
cavity and cell are derived from the fitting function for
the electrical field.

The comparatively larger bore of the cavity results
in a leakage electrical field to the beam pipe and the
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Figure 3. The study @ sections

leakage field may influence to the longitudinal bearsame as those of the reference. Linacs with 5 & 9
dynamics. Here, some part of the beam pipe is treatedsastions are studied under the following conditions.

a virtual cell.

1)
2.3 The lattice

The present lattice type is the doublEDQ) focusing (2)
with 2 cavities per lattice as described in Figure 2.
Because the output beam from this linac is injected into
the storage ring, the longitudinal emittance growth is
strictly restricted. The quadrupole magnet gradients ¢8)
this linac are determined with the equipartitioned
condition and the matched envelope equations for
minimum transverse and longitudinal emittance growth
[2. The transverse wave numbers under thet)
equipartitioned condition, which give the quadrupole
magnet gradients, are derived from the matched
envelope equations with the transverse and longitudinal

B sections, beam dynamics parameters and lattice
are determined with the procedure written in the
previous subsection.

The number of cavities per klystron is set to 4. One
of 4 cavities under a klystron has the surface Epeak
16MV/m and the 4 cavities are fed with the same RF
power.

The phase slips make the phase condition worse in
the end cell and the virtual cell. The synchronous
phases are determined to make the longitudinal rms
emittance almost the same as that of the reference.
The length of the quadrupole magnets in the fast
section is set to 35cm and that of other sections is
set to 30cm for an Hloss rate under im at 5cm
from the beam axis.

emittances, the beam current, and the longitudinal wavéde result of the study described in Figure 3 shows that
number [3]. the length and emittance of the linacs with over 8

The quadrupole magnet gradients are restricted Iffysections are almost the same as those of the reference.
the neutralization of Hbeams by magnetic stripping [4]. At present, the linac with B sections described in Table
For example, the magnet strength of 4.2T gives the & is selected as the main option. The linac witf3 8
loss rate of 1&m at 1.5GeV. The length of the magnesections has 284 cavities and the length of 690m. The
is determined from the restriction. magnet gradients are 3.6 to 5.5 T/m low enough for the
given H loss rate. The wave numbers transit smoothly
at the edge of the section as described in [3].

To obtain the linac structure design, the reference of
linac structure is prepared. The reference has each 5-cell 3. BEAM SIMULATION
cavity synchronous to the velocity of input bunch withrhe simulation result using the modified PARMILA
the surface Epeak of 16MV/m. The synchronous phagede without any errors is shown in Figure 4. The beam
of the reference linac is set to —30 degrees. The numkgjirent is set to 90mA(=30m¢8) because there is 3
of cavities becomes 281 so that the reference ha 281 times frequency jump between the DTL and the SC linac.
sections. The length of the reference becomes 680m. The transverse rms beamsizes are 1.6 to 3.1mm. They

The number off sections is determined to makedecrease first and then increase a little with periodical
the rms emittance and the length of the linac almost theyscillation and betatron oscillation for some mismatches.
/ N ‘ The longitudinal rms beam size decreases from 3.1 to

1.1mm with oscillation in the first part because of some

mismatches. The transverse and longitudinal rms
emittances at the input to the SC linac (100MeV) were
set to 0.0400 mtcm-mrad and 0.421mtMeV-deg,
respectively. The corresponding rms transverse and
longitudinal emittances at 1.5 GeV were 0.0404m-
-~ mrad and 0.425m MeV-deg, respectively. The 1%
growth of the rms emittance is as a result of the
equipartitioned condition.

The performance of the linac with the RF variations

2.4 The linac structure design
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Figure 2. The lattice structure




Table 2. Results with RF amplitude and phase errors [4] Jason J.A, et al., ‘NEUTRALIZATION OF HBEAMS

BY MAGNETIC STRIPPING’, IEEE TRANS. ON Nucl.

Amplitude/phase Long. rmse growth | Bunch center Sci, NS-28, 2704, 1981.
errors output energy|
Ave. Max. E_ 032
spread(i) §F 028
+1.0%#1.0deg. | 1% 2% 0.8Mev | gg 924 WWWWWWWW
+2.0%#2.0deg. 2% 9% 1.9MeV | < 7 o164  TwenwRWRm TR P O
+3.0%43.0deg. |  12% 35% 3.3MeV 0 300 600 900 1200 1500

WMeV]
Table 3. Results of 20 simulations with a set of error:

Trans. rms growth Ave. 4%, Max. 8%

Y rms(geam
size[cm]
o
N
S

0.32
0.283 .II

0.20

0.164 i

0 0 — —
Long. rmse growth Ave. 2%, Max. 5% 300 600 900 1200 1500

o

Bunch center displacement fronAve. 5.21mm,
axis Max 8.39mm

WMeV]
Bunch center output energy sprea@.8MeV(1o)

rms beam
size[cm]
OO0
PR
[Sil=td et
i

and quadrupole magnet displacement was studied. T‘he -

T T T T T 1
errors were taken from a uniform distribution within the 0 300 GOV(\)I[M \/]900 1200 1500
specified limits. Twenty simulation runs were done i 0. 045

each case. From Table 2, the amplitude and the ph S 0.04 W

£ £0.03

errors must be within £1.0% and *1.0degree, g
F £0.038"

respectively for theAE/E at output withint0.2%. For 300 600 900 1200 1500
+0.10, £0.20, and+0.30mm quadrupole displacement, = 0.44 WMeV]

the bunch shifts were 5.08, 8.37, and 13.77mm #& 01% A
>

average and 6.59, 12.13, and 26.57mm in maximurg,g 841

o

respectively. For #0.10, +0.15, and #0.25degrees = = 0.40+—

T T T T T T T T T T !
quadrupole magnet roll errors, the transverse emittance_ 0 300 600 900 1200 1500
growth were 2, 4, and 8% in average, and 4, 6, and 159 12 WiMeV]
in maximum, respectively. From these results, the:E 08 WMMWWWWWWWVW\/
following set of error tolerances that include RF Z- g6
; ot i T T T T T T T T T T T '
ar_npll_tude a_nd _ phase var_latlons, and magnet 0 300 600 900 1200 1500
misalignment in displacement, tilt and roll was chosen. WMeV]
*RF amplitude/phase erroes].0%#41.0deg. Figure 4. Rms beam sizes, emittances, and the relation
*Quadrupole magnet displacement ertd,10mm between them for 90mA current without any errors
*Quadrupole magnet tilt/roll errors0.25deg£0.15deg. WITHOUT ANY ERRORS WITH ERRORS
The results described in Table 3 do not show any 0.0006]| Xplrad 0.0006] XPlredl
significant effect to the linac and the storage ring. The i o
typical output phase-space distributions with and without 0.0000 0.0000
errors are shown in Figure 5. The distribution has a little -0.0002 " -0.0002
more particles on the edge and the centroid of the beam- o o
bunch is slightly shifted compared with the error-free -15-1.0-050.0 0.5 1.0 1.5 -1.5-1.0-0.50.0 0.5 1.0 L5
X[em] X[em]
case. 0.0006{ Yplrad] 0.0006¢ YPlradl
0.0004 0.0004] -l
4. CONCLUSION 0.0002 o 0.0002] " *
. . . . . . 0.0000 0.0000
The present SC linac withBsections is designed in the 0000 0000
view of the bunch phase slip with respect to the RF -0.0004 -0.0004
phase in the cavity and the lattice under the -0.0006 § -0.0006 i
. . . . . . . -1.5-1.0-0.50.0 0.5 1.0 1.5 -1.5-1.0-0.50.0 0.5 1.0 1.5
equipartitioned condition. This linac is an effective Yiem] Y[em]
. . . W[MeV] W[MeV]
option for its shorter length and lower emittance growth. 1502 ool
1501 1501
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