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Two programs have been developed simultaneously over the
past several months to study certain aspects of the Collider injector
sequence. Both programs were written for the Microsoft Excel
spreadsheet program, one on an IBM PC, the other on a Macintosh.

The program described first was written to look at the filling
sequence for the Collider. This program uses as input kicker rise
times and the number of times one machine is used to fill the next
machine. The program then calculates harmonic numbers (assuming
a 5 m bunch spacing), injector circumferences, and the fraction of
filled buckets in each machine. One can then study the effects of the
kicker rise times and harmonic numbers on the perceantage of filling.

The second program was written with some of the same
questions in mind. In this program, the circumferences, energies,
and kicker times for the various injectors are the input parameters.
The total number of cycles necessary to fill the next machine and the
number of bunches transmitted to the next machine are calculated.
In addition, the program calculates cycle times for the machines and
therefore a total fill time for the Collider. For this part of the
program, the user must input transition energies for the injectors,
average rates of energy gain for the MEB and HEB, and an allowable
momentum offset for cogging purposes. One can then study the
effects of various lattice designs, repetition rates, and kicker times on
fill fractions and fill times.

The two programs are individually described by the authors on
the following pages.
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Summary

The main factor limiting the filling of the collider to
about 92% is the injection kicker risetimes for the
boosters. The harmonic numbers for the LEB and MEB may
change before the final design for accelerator physics
reasons. The effect of risetimes and harmonic numbers on
percentage of filling can be studied using a spread sheet
program, such as EXCEL. This note summarizes the basic
equations and gives examples of spreadsheet output. The
spreadsheet file, which I call FILSEQ, can also be used for
exploring percentage fill as a function of the number of
turns to fill the booster rings.

Basic Equations

The bunch separation is Sb = 5 meters. The
circumference of a booster ring is Sb*h, where h is the
harmonic number. One must leave a gap in the segquence of
bunches injected into a ring in order to accomodate the
risetime of the injector kicker. The number of missing
bunches I is given by the relation

I = Roundup(Tr*beta*c/Sb)
where Tr is the risetime of the injection kicker, and beta*c
is the velocity of the bunches. Roundup means taking the
next highest integer.

The filling sequence is described by the set of equations
for the harmonic numbers

hL = 1+FL + (IM - 0)

hM = NL*hL + (IH - IM)
hH = NM*hM + (IC ~ IH)
hC = NH*hH + (IA -IC)

where NL is the number of cycles of the LEB needed to fill
the MEB, etc. The differences in parentheses are needed to
compensate for the increasing size of the injector gaps as
one moves up the chain. The quantity FL is the number of
filled buckets in the LEB, and IA is the gap required to
inject into the Collider Abort Systen. Figure 1 jillustrates
the equations for the LEB and the MEB.
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Fig. 1 Filling sequences for LEB and MEB
The drawings are not to scale.

If one substitutes one equation into another the result is

hC = NH*NM*NL*FL + NH*NM* (NL-1)IM + NH(NM-1)IH
+ (NH-1)IC +Ia

The fill factor is the ratio
F = NHANM*NL*FL/hC

If one adds all the eguations together and solves for hC,
the result is

hC = (NH-1)hH + (NM-1)hM + (NL~1)hL + FL + IA.

With hC fixed by the circumference of the collider, this
equation puts a constraint on the other harmonic numbers and
on numbers of cycles to fill each ring.

Since hC, FL and IA are integers, it would be nice if the
N*h products were also integers. If the N’s are not
integers, again it would be nice if they were rational

numbers that can be written
N = n/4,

such that the denominator 4 is a factor of the harmonic
number h. Thus we have the relations

N*h = n/d * h = n*a, where h = d*a.
One can now play numerology games to choose the "most

flexible" harmonic numbers. (See for example SSCL N-716
[July 1989] by Steve Peggs.) This will not be done here.



The kinematic analysis of the rings given the SCDR has
limited accuracy. I have used fairly exact numbers for the
speed of light and the mass of the proton and repeated the
analysis to give momenta, energies, gammas, (1 - beta)’s, et
cetra. These are presented at the top of each spreadsheet.

Spreadsheet Output

Spreadsheet 1 is the "Base Case" corresponding to
assumptions outlined in the SCDR (June 1990), pp 185-7. The
input numbers to the program are those numbers appearing in
the shaded rectangles and are optimistic regarding the
kicker risetimes. Note that NL and NM are rational numbers
(257/36, 17491/6600), but NH is irrational. The denominator

of NL is a divisor of hlL, but the denominator of NM is not a
divisor of hM.

Spreadsheet 2 uses the risetimes given in Table 4.2.4.5-1 on
page 467 of the SCDR (6/90). Note that one must change the
number-of-cycles-to-£fill slightly in order to keep the
harmonic numbers unchanged.

Spreadsheet 3 shows the effect of a very optimistic choice
of risetimes. One can see that little is to be gained by
working hard to decrease the risetimes.

Spreadsheet 4 examines the effect of increasing the harmonic
number of the LEB and MEB while keeping the harmonic number

of the collider fixed. An 8.3% increase in FL results in a

2.3% increase in the fill factor of the collider.

Spreadsheet 5 examines the effect of decreasing the harmonic
number of the LEB and MEB. (For reliability reasons, one
might want to raise the transition-gamma of the LEB to avoid
possible longitudinal emmittance growth at the end of the

acceleration cycle. This could lead to stronger focusing
and a decrease in ring size.)

Spreadsheet 6 is an example of varying NL, NM and NH to see
what effect they have on the circumferences of the rings.
The sizes of the rings should be choosen based on
accelerator physics, not on numerology, hence no conclusions
can be drawn from this sheet, other than that the fill
factor is insensitive to such variations.
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A Spreadsheet Program for Injector Parameters
Development

M. J. Syphers and B. L. Valant
October 30, 1990

Abstract

A spreadsheet program for performing certain calculations related to the development of
injector accelerator parameters is described. The program was written using EXCEL on the
Macintosh. By inputing parameters such as machine circumferences, kicker times, etc., the
program calculates filling sequences, fill fractions, cycle times, and other important injector
quantities.

1 Program Description

The program is written in Microsoft EXCEL and runs on the Macintosh. To run, open the
folder labelled Injectors Spreadsheets and double click on Fill Workspace. This will load the Fill
Spreadsheet and Denom Macro into EXCEL. The spreadsheet has columns for LEB, MEB, HEB,
and Collider; the far right column contains symbols for the quantities in the first column which are
also used in the formulae described below.

The program is initialized with all cells locked except those which are intended to be input
parameters (those shaded in Fig. 1). There is no password for this protection and thus can be
disabled by selecting Unprotect Document under the Options Menu.

Obviously there are many possible scenarios for filling and transfering beam from one injector to
another. This spreadsheet assumes that beam is transfered from one machine to the next by having
a number of cycles with total fills and at most one cycle with a partially filled machine. The number
of cycles is determined by the circumference ratios, the kicker times, and an arbitrary assumption
that a partial-fill cycle would only occur if the machine were at least 33% filled with beam. Of
course, this criterion can easily be changed by the user. The cogging times calculated assume that
the revolution frequency of the lower energy machine is altered by changing the momentum of the
beam by an amount Ap/p, input by the user. The time calculated is the maximum time to cog
based upon the circumference ratio of the two machines.

The next section describes the assumptions and formulae used in the spreadsheet.



2 TFormulae

The following parameters are intended to be input parameters:

e Circumferences.
¢ Energy.

Kicker times — Extraction kicker time for the machine; is also used as the injection kicker time

for the next machine.

¢ Transition Gamma — can be real or imaginary; to input an imaginary 7, simply input the

number as negative (“-24” means “247”).
¢ Momentum offset — used for calculating cogging time.

o Average rate of energy gain — used for calculating ramp times.

Using the symbols found in the far right column of the spreadsheet (Column G), the expressions

used in the spreadsheet cells are:
e h=C/(5m)

o L =Ty v, (v =speed of light)

R.=(C./Cny) — INT(C,/C.—y), where INT(z) is the integer part of z.

o R = the denominator of the reduced fraction C,/C,_;; e.g., if C, = 10890 and C,,_, = 3960,
then C,/Cn_y = 10890/3960 = 11/4 and so R, = 4. This operation is performed by the
“Denom” macro.

s dR=R, - L;/C
dR, if dR>0

1+dR, if dR<0

v~

B { INT(C,/Cay), if dR>0 }
{
B

INT(Cy/Cuct) =1, if dR<0

P

1, «of U>1/3
0, if U<1/3
+

5= P



o b= By, bys+ Puy INT(Us - bpoy)
o n= ;}?-— X where v = E/mc?

¢ (Ti)n =Tuci(Sn-1 ~1)

o (Tu)n = (En — Enny)/(dE/dl),

o (T)n = sy + 22 - (Bas1 — 1)
¢ (T)mes = 3(Ta)mes

(Ti)hes = (Ta)nes

T=Ti+T.+T.+T:

o F=b/h

Total Fill Time = (2Shes — 1) * (Thes + 2.53€¢)

Other Notes

The frequency for the LEB has been initially set to 10 Hz; i.e., Tjy = 0.1 sec.

A cogging time for the LEB is calculated and displayed, assuming one cogs at most half of
one LEB bucket: (T.)ies = (% '?(fPfP)lv)leb'

¢ The total number of bunches delivered from the LEB is determined entirely by the extraction
kicker time: by = INT[hiep{1 — (Li)ies/ Cies)]-

e In calculating a Total Fill Time, a 2.5 sec period is assumed for switching the polarity of the
HEB.
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