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Abstract

This paper reports|attice design studies of alow energy booster
a Indiana University Cyclotron Facility (IUCF). This booster
will be used as an injector, which is named as Cooler Injector
Synchrotron (CIS), for the existing lUCF Cooler ring. ThelUCF
CIS will be able to accelerate high-intensity polarized protons
or deutrons coming from a RFQ linac from 7 MeV (6 MeV) to
200 MeV (105 MeV). The beam bunch then will be extracted
and injected into the Cooler ring for further acceleration. The
finalized lattice design for the CIS has four superperiods. Each
period is composed of a drift space and a dipole magnet which
has 90° bending angleand 12° edge angle at both ends. The cir-
cumference of the CISis 17.364 meters, one fifth of that of the
Cooler ring. Thedesigned horizontal and vertical tunesare 1.463
and 0.779, respectively. Possible effects from the employment
of trim quadrupol es, which will be located between dipoles, are
al so discussed.

[. Introduction

The Cooler Injector Synchrotron (CIS) at Indiana University
Cyclotron Fecility (IUCF) was jointly found by Nationa Sci-
ence Foundation (NSF) and IndianaUniversityin 1994 [3]. The
CISwill bereplacing the currently running cyclotrons, which are
used tofill the Cooler at IUCF, to increase the beam intensity of
the Cooler ring. The CISis designed to accelerate 7 MeV high-
intensity polarized protons (or 6 MeV for deutrons) exited from
a RFQ linac to 200 MeV (105 MeV). The beam bunch is then
injected to the Cooler storage ring for further acceleration [2].
The CISwill be a zero gradient synchrotron with a superperiod
of four. Each period consists of a draft space and a dipole mag-
net. In order to find the best |attice design for the CIS, namely,
to locate agood working pointintune diagram, i.e. thetunesare
not too close to any possiblelinear, nonlinear and spin resonance
lines, and at the same time to enhance the injection efficiency at
atolerable emittance, and to limit the construction costs of the
machine without | osing the proposed beam performance, anum-
ber of lattice designs have been considered, discussed and com-
pared. Finaly acompromised lattice design is reached with the
circumference as one fifth of the Cooler ring. The lattice param-
etersarelistedin Tablel. The genera layout of the CISisshown
inFigure1.

I1. CISLattice Design

For such a simple lattice without any quadrupoles, only a
limited parameters ¢, the edge angle, and L, the length of the
dipoles can be adjusted. Scanning over ¢. and /. of the dipoles,
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Figure. 1. The general layout of the Indiana University Cyclotron Facility
Cooler Injector Synchrotron at IUCF

Tablel
IUCF CIS lattice parameters

Parameters Symbol  Values
Circumference(m) 17.364
Horizonta tune Qs 1.4633
Vertica tune Q. 0.7788
Dipoles:
Length(m) L 20
Edge angle 0. 12°
Bending radius(m) p 1.273
Transition Energy N 1271
Betax: Maximum(m) B 4.373
Minimum(m) 0.996
Betay: Maximum(m) By 3.786
Minimum(m) 3.380
Dispersion D,
Maximum(m) 1.759
Minimum(m) 1.617
Chromaticity(x) Cy -0.529
Chromaticity(z) C, -0.156




Figure. 2. Tune Diagram of the Cooler Injector Synchrotron of IUCF. Where
O stands for 8. changingfrom 12° to 26° for L = 1.7m, A for 6. from 6° to
24° for L = 1.8m, x for 8. from6° to 22° for L. = 1.9 mand O for 8. from
12° to 26° for L = 2.0 m. Step between two pointsis 2°

a number of possiblelattice designs were obtained using MAD
program [1].

A. Tunediagram

Tunechanges duetothevariationsof edgeangled. and dipole
length L areplottedintune diagram as shownin Figure 2, where
betatron resonances and the spintune at injectionenergy are aso
shown. In particular, theworking pointis marked by asymbol e,
where the horizontal and the vertica tunes are 1.463 and 0.779,
respectively.

B. Betatron Function

When scanning over the edge angle and the length of dipoles,
lattice functionsare a so changed due to the variations of the ef-
fective focusing forces in both planes. Figure 3 shows the lat-
tice function distributionsof 5,., 5. and D, (horizontal disper-
sion function) at the working point. We notethat 5, ~ 3.5 m
and 3, =~ 1.0 m at theinjection stripper location.

C. Digpersion Function and Chromaticity

Momentum spread
could result in closed orbit changes through the dispersion so as
to cause emittance growth during the injection. Ata D, ~ 1.5
m, the emittance growth due to energy loss at the stripper thick-
ness of 4;.g/cm? istolerable. The final momentum spread of the
injected beam is about 2 x 10~3. Thus the chromaticity of the
machine dose not cause large tune spread. The effects of thedis-
persion and the chromaticities on the variations of 4. and L are
also studied. It becomes clear that the chromaticities of the CIS
|attice are small, we do not need to worry them.

D. Momentum Compaction Factor «

To avoid passing transition energy problem, we aso need to
keep tracking the changes of themomentum compaction factor «
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Figure. 3. TheClSlattice function distributionsfor L = 2.0 m, . = 12°
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Figure. 4. Momentum Compaction Factor « variation with respect to . and
6. with the same parameters used in Figure 2

(o = 1/~%) when other parameters are adjusted. Figure4 shows
the change of o with 6, and L.

[11. The CIS Lattice With Trim Quadrupoles

In order to havetheflexibility of adjusting betatron tunes, four
trim quadrupoleswill be used. However, we do have the options
of using two or four trim quads. with their positionsadjustable.

A. Tune Diagram

Figure 5 shows the tuning range of the CIS with these trim
quads.. In the case of two trim quads., machineis stable for the
vertical tune below 1.0, which showsin Figure 5 as /As below
thelineof ), = 1. Inthecase of four asymmetrical quads. with
superperiod of two, thereis a vertical tune gap due to the inte-
ger resonance. Within this gap, the vertical motion is unstable
as shown in Figure 6. The corresponding | attice function distri-
butionsare shownin Figure 7.



Figure. 5. Tune diagram for the CIS with trim quads.. Where O stands for
the lattice without trim quads., A for the lattice with two trim quads. and all
others having four trim quads. with their locations adjusted with respect to the
the dipoles
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Figure. 6. Maximum vertical betatron functionsfor the CIS with trim quads.
Where the notations and conditions are as same as that we used for Figure 5

B. Momentum compaction factor «

Figure 8 displaysthe variation of momentum compaction fac-
tor «v. It turnsout that « does not change very much for different
strengths of the quadrupoles. It, however, offers possibilities of
transition crossing lattices. In the case of two trim quads., mo-
mentum compaction o changes sign at the quadrupole strength
between 7.68 and 7.8. Thisleadsto apossibleimaginary v lat-

tice (o = 1/42).

V. Conclusion

In conclusion, we have studied the CIS lattice by varying pa-
rameters, such as circumference, the dipolelength, the edge an-
gle, thetrim quads. positionand strength. Wefound that the CIS
lattice parameters, which arelisted in Table |, will meet our pro-
posed requirementsfor the beam performance. Withtheemploy-
ment of trim quadrupoles, the machine possesses flexibility for
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Figure. 7. Lattice functionsfor the CIS with trim quads. for four trim quads
and each quadrupoleis 20 cm away from the dipole.
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Figure. 8. Momentum compaction factor « for the CISwith Where the nota-
tions and conditions are as same as that we used for Figure 5

betatron tune adjustments. Furthermore, vz can be also varied
by thetrim quadrupoles. Thus, the CISwill become an interest-
ing machine for accel erator physics studiessuch astransitionen-
ergy crossing and imaginary v latticein longitudina beam dy-
namics studies.
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