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INTRODUCTION

The lattice for the Low Energy Booster (LEB), described in the CDR! and shown in Fig. 1, has
an outstanding advantage in that it has a high transition gamma. Because of this, we can avoid
passing through transition in order to minimize beam loss and dilution of longitudinal emittance.
But the price paid for raising the transition energy is a high maximum dispersion of 10 meters. In
particular, the dispersion values in the long straight sections where the rf cavities, injection, and
extraction would be arranged are too large — 5~10 meters — instead of the vanishing dispersion

conventionally accepted as optimal.

Position (m)

FIG. 1. The CDR lattice for the LEB.

Can we find a lattice for the LEB with both high gamma and small dispersion, including a
zero-dispersion in the long straight section? Such lattices are possible. A typical lattice is shown

in Fig. 2; the parameters are listed in Table L.

L



"ddT 243 0§ 0/l TN UL T OId

(W) HLINIT Hlbd

............. U mmm o.mv o.m_m 0°02 o.ﬁ_: 0°0
\). \\/ ' : ,.AW./,. ) . \\/ﬂ . \;/ y \/ ./ .\/. |
iNTOA AR A A A
SANAVAVAVA \.\ VAVAVAVAVATALS
R A VR VA R Y L .w.\ \;
~ | \ /-\
/
@ \a a® a© ® @ ) a
A g glg gl Aadlesiass
L V)

U
(F ) 0

CARELS!



TABLE I. Low Energy Booster Parameters

CDR .
{Possible Modified Lattice)

Injection momentum 122GeV/c 1.22GeV/c
Extraction momentum B0GeV/c 8.0GeV/c
Circumnference 2496m 3H18m
Number of bunches 52 71
Protons/bunch 1.0x1010 1.0x1010
Circulating current 9 mA 9mA
Normalized transverse emittance (rms) .75 mm-1mrad 0.75 mm.mrad
Longitudinal emittance (rms area/n) 0.0016 eV-s 0.0016 eV-s
Horizontal tune 439 10.83
Vertical tune 4.41 842
Transition gamma 105 9.17
Natural chromaticity

{H) -5.2 -12.6

(V) -4.9 -10.8
Lattice type FODO FODO
Superperiodicity 5 3
Maximum beta (arcs) 215m 240m
maximum dispersion 10.1m 10m
Number of dipoles 30 48 (B) 24 (BB}
Dipole length 45m 225m 1.125m
Dipole field (max) 124 7T 1.24 T 1.24T
Number of standard quadrupoles 40 84
Standard quad length 03m 05Sm
Standard quad strength (max) 184 T/m 205T/m
rf frequency (injection) 495 MHz 49.5 MHz
rf frequency (extraction) 62.0 MHz 62.0 MHz
rf voltage 350kV 350 kV




ESTIMATE OF THE THRESHOLDS OF SINGLE-BUNCH INSTABILITIES

Among the single-bunch instabilities, the dangerous ones are the transverse mode-coupling,
transverse microwave, longitudinal microwave, and longitudinal coupling instabilities. We can

calculate the thresholds of the instabilities.

1. Transverse Mode-Coupling Instability
This instability arises when the real frequency shift of any mode becomes equal to the
synchrotron frequency. Assuming that the largest shift is due to mode u = 0, thelimitonZ, is?
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for a Gaussian bunch. In Eq. (1),  is the frequency-slip factor, n = ¥2- 1;2, EEE is the rms energy
spread of the beam, B is the average betatron function, and I is the average single-bunch current.
For our case of LEB, when Y — ¥, 1| decreases rapidly, so (Z1 )i reaches its minimum at

extraction. Using E = 8.06 GeV,—B= 10m,I=2mA,
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457x10% (CDR) 448x10°3 (CDR)
| - ]

539x104 (PML) 166 x103 (PML)

584 MQ/m (CDR)
in Eq. (1), we get for the threshold (Z )i = {
255 MQ/m (PML)

Assuming Z )| = %%,b=0.04m,R=40m(CDR),andR=55m(PMT..),wegetthethresholdof
Z,

n r
{ 117Q (CDR)

37Q (PML)



2. Transverse Microwave Instability

This instability has a rise time faster than the synchrotron period and is driven by distur-
bances of wavelengths much shorter than the bunch length. According to Bane and Ruth,3 the

impedance limit is

(2)

Noting &; = 6z/c, and 6, ;= e, we get
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Assuming wy is given by the cut-off frequency of the beam tube

oy= 222 =287 G,

e =16x103eV-5,B= .993,T3 = 10 m, we get the threshold of the transverse microwave instability

IZ ( )I _ 41 MQ/m (CDR)
L%ln =1 15Ma/m  @®ML)

2R
Using the relational formula Z) = -'g'-'-, we get the threshold for transverse microwave
g 2 n ge

instability

z_ll 820Q (CDR)
nln |218Q (PML)

3. Longitudinal Microwave Instability

According to Keil and Schneli?>
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where F is a form factor, for a Gaussian bunch F = 2r, I, the peak current, and I the average current.

Thus

E
zu| e n @ @
n I ’

(5}

The results are

Zy

- {for eV = 80 KeV)

320 (CDR)
th | 14Q (PML)

{ 46Q (CDR)
= (foreVp=350KeV) .

20Q (PML)

4. Longitudinal Mode-Coupling Instability

The longitudinal mode-coupling instability occurs when two modes meet as the real
frequencies shift. The stability limit for z%iﬁ given by?

z, PR O P @ { 180Q (CDR)
n I

78Q (PML)

ESTIMATION OF LINEAR SPACE-CHARGE TUNE SHIFT

The linear space-charge tune shifts at injection for the CDR have been calculated by Furman
and Peterson.® We can now estimate the linear space-charge tune shifts for PML. According to
Furman and Peterson,

roNg CB
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Avy = - (6)
Where B and ¥ are normal relativisitic factors, 7g = 1.536 x 10718 m the classical radius of the proton,
Np =1 %1010 the number of particles per bunch, C the circumference of the ring, B the average beta-
function, 0 and & the transverse rms bunch widths averaged over the ring, and ¢z the rms bunch
length in the lab frame.



The formula for Avy is similar to Eq. (6) (with & +->G). The rms widths are given by

a;=\/ﬁe+1?(5})2 ,5=VBe . @

€
where ﬁi is the averaged square of the dispersion function and e =E$ is the ernittance (we assume
€x=€y=¢€).

For PML of the LEB, n2 is very small, about 0.2 m2, so 2 (%Fl)2 << Be. Therefore,

G=VE-5 .

and the tune shifts become
Avg = vy = — QB S (@)
= 4am\2n B ey o
where
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For PML, we hope to keep eV the same as the CDR in order to maintain the number of rf cavities.
If we assume eV = 350 KeV at injection, and @; = 0, we get Avy = Avy = -0.25.

LONGITUDINAL ACCEPTANCE AT INJECTION FOR LEB

According to Bovet,? the bucket half height is

eVp E

A=\ 4

Y(ps) B (10)

where V{ is the total accelerating voltage around the ring, & the harmonic number, 1 the frequency
split factor , and Y (g5} the special function shown in Ref. 7.
For the LEB, when ¥ — 74, 1| decreases rapidly, so AE reaches its minimum at injection. The

momentum spread of the beam, o, is given by®
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Here C is the circumference of the ring. The energy spread of the beam, o, is given by of = fccy,

with ¢ the velocity of light.

The data are as given below

Case Longitudinal Acceptance | Energy Spread AE
AE (MeV) ot (MeV) og

Vo=200kV 2.53 0.80 3.16
CDR

Vo=350kV 335 0.92 3.64
PML Vo=200kV 214 0.73 293

Vo=350kV 2.83 0.84 3.37

DISCUSSION

1.

An alternative LEB lattice has been designed. It has a circumference of 342 m
instead of the 250 m in the CDR. The linear optics, however, are believed to be
much improved from the CDR.

It appears that the thresholds of single bunch instabilities are high. It is not very
difficult to keep the | z—fl of the LEB at about 10 Q. If l%‘fl could be no more
than 14 Q, the single bunch instabilities are not of serious concern.

The linear space-charge tune shift is larger than that of the CDR. This effect will
have to be studied further by particle tracking.

We suggest that the accelerating voltage around the ring be kept at 350 kV from
injection to extraction in order to increase both the longitudinal acceptance at
injection and the thresholds of beam instabilities at extraction. The particle
ramping time then increases according to the ratio CE(J-' where Cp is the circumference
of the CDR LEB and C is the circurmnference of the PML LEB.
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