BNL 21997

Bunch Lengthening in SPEAR and Extrapolation to PEP

M. Month

October 1976

NOTICE
f work
s 1 was prepared as an account of w

&m;mo by the United Sn!n:](?a:n;l::: Neither

the Unit Energy

the Un!l:dndstllﬁ nor J Sutes: o

emplo of their contractors,

e rm.‘" M!'hd:m mploy makes any

warranty, express of implied, or asumes any legal

tiability or resp ility for l'Ew

i of e g

= d.hclou:nzc represents that its use would not

INFORMAL REPORT

tus, product of

ACCELERATOR DEPARTMENT

BROOKHAVEN NATIONAL LABORATORTY
ASISOCETA'TED U'NTVERSTTLES, LTNG
Under Contract No. EY-76-C-02-0016 with the

UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



NOTICE

—_— -

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of their
employees, makes any warranty, express a implied, or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness
of any information, apparatus, product or process disclosed, or repre-
sents that its use would not infringe privately owned rights,



PEP-227
SPEAR-198

. M. Month
October 1976

Bunch Lengthening in SPEAR and Extrapo]atioh to PEP

A recent theory of bunch lengthening suggests that it is caused
primarily by the combination of many high—frequency resonators which add
up to produce an effective broad-band resistive impedance. The ultimate
source is thougnht to be such small chamber discontinuities as vacuum
flanges. Since it is the resistive component of the impedance that is
responsible, the bunch lengthening should be directly correlated with the
heat dissipated in these ring elements.

From the theory given by Messerschmid and Month!:>2 the equi1ibriuh
bunch length can be obtained from

G(Z ,n,a,8..) = g

R > Yrims

The quantity g is a scaling parameter which depends on the machine and -
beam parameters but not on the bunch length;

hV cos ¢ k? (1)

I

vith
h the harmonic number of the rf system,
V the peak voltage,
I the dc current,
¢, the rf stable phase angle, and

k(I) a function of current representing the change of
~ synchrotron frequency with current (I in units, mA).

3
We use for k(I):
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The function G depends on the character of the coupling impedance and in
particular on the central mode number, n , related to the frequency by

where f0 is the ring revolution frequency, and the field decay rate para-
meter, A ' '
0

20

with Q the quality factor; a is related to the width of the impedance by

(Af)fwhm = 2af, ,

and ZR is the peak of the resistive part of the impedance; i.e., at fre-

quency fpeak'

The bunch length o is given by

L0 = RO ’

where R is the overall machine radius.
Specifically, the function G is

6 = Zeff(a’erms?

2 -
ne62,c [1+4/7ny8

rms]

Because the impedance source is.a combination of many resonant objects in

the ring, we can expect the "sum" to be dominated by a resistive component.

Thus, neglecting the reactive term and writing a Lorentzian shape for the
impedénce function, we have ‘
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The power loss to these source elements is due to the same impedance
function

= 1,12 ' <

P 512 R (ZR,a, n, € ),

hm rms

where the higher-mode resistance Rhm is given by*

a2 _n262

o
Rem = Zn . e TS
hm R az + (n-n)?
N=-c . 0

We can fit the bunch lengths observed®>® in SPEAR I and II with the

following impedance parameters:

n, = 4000 : fpeak = “511 GHz
a. = 700 (Q=2.9) ((af). = 1.8GHz
I, = 2x10°Q Zo/ny = 50 Q

\
The theory and data point comparisons are given in Fig. 1 for SPEAR I and

Fig. 2 for SPEAR II. Remember that both sets of data are fitted with the
same impedance. Now, as has been pointed out, this impedance also deter-
mines the higher-méde resistance, which is plotted in Fig. 3 and compared
with a few measured ® points in SPEAR II.

To apply the theofy to PEP,7 we must gquess at the impedance. Assuming
that the vacuum chamber in PEP will be of similar design to that in SPEAR,
we simply scale ZR with circumference.

Because PEP is to have three bunches, care must be exercised in using
the above formulae. In Table I are listed some PEP parameters, particu-
larly those which must be modified to take the three-fold bunch periodicity
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into account.

Tab]e~I: PEP Parametefs

'Value for Bunch

Parameter Value Lengthening Analysis
V (peak voltage) 44 44 My
I (dc current) ' 100 100 mA

" h (harmenic number) 2589 863

R (average radius) 345.0 115.0 mo
E (energy) 15 15 GeV
u, (energy. loss/turn) 26.4 26.4 MeV
cos ¢S : 0.89 0.30
Ve © 6.63 x 1072 6.63 x 10~2
Onat 2.4 2.4 cm

The impedance parameters must be scaled from the SPEAR to the PEP
circumference. In Table II these scaled parameters and their values are

given for use in the above formulae which were derived from a one-bunch

analysis. We use

RPEP

RSPEAR

9.2
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Table II: Scaled Impedance Parameters for PEP

Parameter Value Value for Bunch

~ Lengthening Analysis
n, (mode number) 12000 x 3 12000
a (field decay rate ,y5g x 3 2100
parameter)
(quality factor) 2.9 2.9
fpeak (peak frequency) 5.0 5.0 GHZ'
(8f) gy (frequency width) 1.74 1.74 GHz
ZR (peak resistive 1.84 . : 1.84 MQ
impedance) :
erms (bunch length) O/RPEP 30/Rpgp

In Fig. 4 we plot the bunch length function G(ZR;a, no’erms) for the
impedance characterized in Table II, and in Fig. 5 we plot the higher-mode

resistance for the same impedance function. For the PEP parameters we find

g = 304 x 10°. From Fig. 4 it can be seen that the equilibrium bunch
Tength erms = 0.89 mrad, or g = 10.2 cm -- more than four times the natu-
ral bunch length Cnat = 2.4 cm. We find from Fig. 5 that ‘the higher-mode

resistance for the 10.2-cm bunch length is 110 MQ.
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Fig. 3 -- Higher-mode Resistance -- SPEAR
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Fig. 5 -- Higher-mode Resistance -- PEP






