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Abstact

Severd kinds of lattice structure have been designé and
examinal for the JHF synchrotorons The high(ar imagi-

nary)-y; lattice has been usel as the 50 GeV main ring to

avoid bean loss at the transitian crossing We have studied
the feasibility to apply this schene to the 3 GeV booster
as a flexibk momentun compactia lattice Thes rings

have wide tunablilities and flexibilitie s of the linear optics.
The possibility of increasig the extraction energy of the
booste to 6 GeV has bea investigated.

1 INTRODUCTION

The Japa Hadra Facility(JHF) consiss of the 50 GeV
main ring, the 3 GeV booste and the 200 MeV linac. Be-
cau® the bean intensiy of the main ring is extremey high
(2x10'*ppp), alow bean lossisrequired In orde to avoid
bean loss at the transition crossing we have employel the
imaginary~; lattice which does not have atransition en-
ergy.

The 3 GeV booste isarapid cycle synchrotrm of which
repetitian rate is 25 Hz. It will be constructd in the ex-
isting KEK-PS main ring tunne| which gives geometrical
constraints The detailed descriptio of the “referene de-
sigrn’ of the 3 GeV booste which contess of 28 normal
FODO cells is found in [1]. Here we presem the “alter-
naive desigri whose bast concep is the sane as tha of
the main ring lattice, which has aflexible momentun com-
pactin factar.

As onre of the upgrac plans the possibility of 6 GeV
booste is al described Thisis for the cae if the booster
shoutl be able to accelerat the bean up to for instance
6 GeV in orde to increag the bean power.

All of thes machina shout be able to handk very high
bean intensif. In orde to avoid a spa® charg induced
resonancea locd phag advane shoutl be away from 90
degreep]. The optics code SAD is utilized to optimize the
parametesand to do the particle tracking[3].

2 JHF 50 GEV MAI N RING

The momentum compactia factora is describé as
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wherey, is the transiticn gamma,n(s) is the dispersion
function, p(s) is the locd radius of curvature at the posi-
tion s, C isthe circumferene of thering, R isthe average
radius of the ring andv,, isthe horizontd tune The factor
a,, 1sgiven by
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where¢ = - [ z4ds. Inan ordinay FODO lattice,
then 6 tem (DC componentis dominant Suppose
the arc sectiors consis of k£ periodic structure (referred
as “modules”). If the horizonta tune is chosa so tha the
denominatoin the equation 2 is negaive ard its absolute
value is quite smal anday, has the finite value somelow,
then = k temm cances$ the DC component To makeay,
finite, 8 or p shout be modulatel properl [4]. We prefer
p modulation to # modulation becaus the 8 modulation
causslargebeansize Thereforgone obtan smalla (high
~¢) Or negative a(imaginary~;) lattice.

We construt the moduke using 3 FODO cells which
have one missirg berd cel in orde to makep modula-
tion as shown in Figure 1. The moduk has four families
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Figure 1: Bean optics functions of the moduk in arc
section of the JHF 50 GeV main ring. B%/*:solid line,
'/2:dashel line.



of quadrupoles(to focusirg ard two defocusing as tun-
ing knobs The main ring has the four-fold symmety. The
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Figure 2: Bean optics functiors of one superperid of the
JHF 50 GeV main ring.

90-degree arc consiss of 6 modules The long straight
sectin has 4 FODO cells of which horizontd and verti-
cd pha® advances are 27 and r respedely. Thus the
bean opticsinthearcisnat disturbel by theinsertion The
lattice parametes of the main ring are shown in Table 1.
The maximum values of both horizontd and verticd beta

Circumference 1445m
superperiodicity 4

(Va, vy) (21.8,154)
(€ar&y) (-27,-21)
Momentun compactio factor -0.001
Max. field of B magnets 1.9T
Max field grad of Q magnets  20T/m

Table 1. Lattice parametesof the 50 GeV main ring

functions when the momentun compactia facta is varied
are shown in Figure 3. The momentun compactia fac-

80 80

A horizontal
s vertical

60

4 horizontal
vertical .

60

vy A
40 40 Vv o
I aast
I
XKLL 4 A S

maximum beta functions (m)
maximum beta functions (m)

20 20

0 0
3 -2 -1 0 1 2 3 3 2 -1 0 1 2 3

momentum compaction factor (MCF) (x 10%) momentum compaction factor (MCF) (x 10°)

Figure 3: Maximum beta in the arc(lef) and straigh sec-
tion(right) vs momentun compactiao facta.

tor is adjustabé from -0.002 to 0.00L without significant
increag of the bet functions Also we examinel the max-
imum dispersim when« is varied as shown in Figure 4.
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Figure 4: Maximum dispersim in the arc(lef) and straight
section(righf vs momentum compactia facta.

Therefore the maximum bean size does not chang very
mud if we vary the momentun compactio facta.

3 JHF3GEV BOOSTER

The lattice desig of the 3 GeV booste has been carried
out unde strict geometrichconstrains tha thering should
be fitted into the KEK-PS main ring tunnel The transi-
tion enagy is highe than the extraction enegy of 3 GeV
even in the referene design which consiss of ordinary 28
FODO cells However, intermsof longitudind phag space
matchirg betwea the booste and the main ring the flexi-
bility of the pha® slippag factorn = o — % is help-
ful. Thus thefeasibility of flexible momentun compaction
(FMC) lattice is investigated The idea which is used for
the main ring can realiz the FMC lattice One moduk is
mack of 2 normd FODO cells at this time. One superpe-
riod shown in Figure 5 consiss of three modules as an arc
and one FODO cel as a straiglt section The superperiod-
icity of the ring is 4. The main parametes of the 3 GeV
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Figure5: FMC lattice for the 3 GeV booste.

booste are shown in Table 2. Using three knobs which are
two focusirg and one defocusig quadrupcd magnetsthe
momentun compactiom factar can be adjuste from almost
zemo to 0.009 But the nomind value is choseé to 0.006
in orde to eliminate the secom orde effects which come
fromthe(Ap/p)?. Also flexibility of thetuneis examined.



Circumference 341.2m
superperiodicity 4

(Va, vy) (7.8,57)
(€xr &) (-10.3-8.2)
Momentun compactio factor 0.006
Ve 12.9
Max. field of B magnets 0.95T
Max. field grad of Q magnets 9T/m

Table 2: Lattice parametesof the 3 GeV booster(FM lat-
tice).

We can vary the tunes by abou 2 in both horizontad and
verticd directiors keepirg the stabk linear optics.

Dueto the geometrichreasontheinjection point should
be located in one of the missirg berd straight sectiors of
which lenghis5.05m In orde to redue the spae chage
effects the pha® spae painting is dore during the beam
injection Eight bump magnes usal for horizontd phase
spae painting can be installed in one missirg berd straight
section.

The fag bean extraction has been examined as well.
Two consecute 6 m long straigh sectiors are available
for kicker magnes and septum magnets.

If the booste extraction energy goes up to 6 GeV with
the sane bean intensiyy and the sane repetitian rate the
bean power becomshighe by facta of 2. Therequired rf
voltage becomstwice as mud as tha for the 3 GeV ring.
But the recern developmen of the rf cavities which pro-
videthefield gradien of 50kV/m[5] realizesthisupgrading
path We nedl totally 15m spae for them One can imag-
inetha theinjection enery also increaseto 400 MeV. The
upgrade lattice has been designe considerirg foll owings.

e The transiticm gamma shoul be suficiently higher
than7.4.

e Thelengh of the straigh sectiors are long enoud for
the 400 MeV injection and the 6 GeV extraction.

e Thefield strengh and gradiert of the magnes should
be reasonalyl low.

e Thering shou be fitted to the tunnel.

We have modified the FMC lattice of the 3 GeV booste.
The missirg berd straight sectiorsare fille d with the bend-
ing magnes except for the cente moduk of the arc. Fig-
ure 6 shows the modified FMC lattice for 6 GeV booste.
Theseconl haff cel fromthe both endsare haff filed to get
bette fitting to the tunnel The lengh of QMs is extended
from 0.5m to 1m. That is why the field gradien is rather
small Numbe of knobsis still four. The sufficiently high
transition gamnaof 12.9¢ = 0.006) is obtained The hor-
izontd ard verticd tunes can be varied 6.7 - 75and 5.2 -
6.4 respedtely. The field strengh of BMsare 1.3 T and
the field gradien of QMs are less than 8 T/m. The length
of the drift spae in the straigh sectim is 7.5m We can
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Figure 6: FMC lattice for the 6 GeV booste.

usetwo conseclutre drift spa@for the injection and the ex-
traction of the beam The tunnd fitting of 6 GeV lattice
becomsbette becaue the BMs are distributed uniformly
compare with the 3 GeV FMC ring. The lattice parame-
ters of the 6 GeV booste are shown in Table 3.

Circumference 341.2m
superperiodicity 4

(Ve vy) (6.8,58)
(gz: gy) ('98, '5.4)
Momentun compactio factor 0.006
Yt 12.9
Max. field of Bmagnets 1.3T
Max. field grad. ofQmagnets  8T/m

Table 3: Lattice parametegof the 6 GeV booste.

4 CONCLUSIONS

The 50 GeV main ring has bean designe using FMC lat-
tice. It hastheimaginay transitiongamnaof 32;. The mo-
mentun compactia factar can be adjustel flexibly. Using
similar lattice structure the 3 GeV booste has been also
designe so tha the pha® slippag facta can be varied.
We can vary the momentum compactio facta from ~ 0 to
0.009 The 6 GeV booste as an upgrack option has been
designed It has the suficiently high transition gamma of
12.9.
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