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0. INTRODUCLION
This feport is divided into two volumes. Volume I deals mainly
with the use of the programs. VOiume'II presenfs details of the
calculations ahd of the programs that aréinecessary for understandiﬁg
fhé program éoﬁrée listings: Those who are interested mainly in running

the programs and obtainihg results will find the necessary information

in Volumé I. Should further detailed knowledge be required for program

modification, then Volume II can be consulted.

A general description of how we treat the bevatron injection problem »

is found in Section 1. In Sections 2, 3, L4, and 5 details are given

_ pertaining to the running of the injection programs INJECT, PHASE, HINJ;

and of a data storage program TWRITE. These secfions describe the data
input'structure, the necessary control cards, and the output that the .
programs - generate. The Appendices Al, AQ, and A3 contain sample control

card checks,; input data cases, and selected program output.
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1. RF TRAPPING OF THE INJECTED BEAM

I

We wish to study the process of injecting beam into the LBL
Bevatron. To be more precise, we assume that a puise'of beam is
delivered to the bevatron infléctor and we wish.to find out whatvfractLon
of this pulse survives the rf trapping; that is, what fraction‘of this
pulse is trapped when the rf is turned on. We wish'to study this trap-
ping process as varidus injection parameters are varied. For example,
we can'vafy the length of the'injected pulse, the time of injection, the
emitfance of the injected beam, the momentum spread of the injected
beam, the time at which the rf is turned bn, the characteristics of fhe
rf voltage buildup such as its time constant or shape, the rate'of rise
of the magnetic field dufing the‘injeéfign traﬁping précess. The
programs INJECT, PHASE, and HINJ, when used iﬁ the manner described
below; allQW'us.to calculate the accepted beam as these parameters‘afe
systématically‘varied.

- In Order to effectively carry out these calculatinns, the process
of injection has been éeparated into three separate parts and each part R

is separately calculated by one of the progfams. Briefly, we call these

acceptance, rf trapping, and accepted pulse. In the acceptance calculation,

we determine what beam can be accepted into the machine as coasting beam.
This 1s done by the program INJECT. The rf trépping calculation, PHASE,
tells us what beam will be trapped as the rf vbltége is turned on. The

accepted pulse calculation, HINJ, uses the results of these two previous
: calculatiéns to find out what fraction of an injected pulse surviveé the

injection,” rf trapping process. We describe below the rf trapping
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calculation, the accepted beam calculations, the manner in which
these are ﬁsed to calculate the accepted pulse, the paraneters that
caﬁ/sehsibly be varied, and'coﬁclude with a short summary'éf how the
programs are to.be employed.
1.1 RF Trapping

We éssUme, fbr thése‘éaicﬁlationé,'that the azimuthal aﬁd radial
distribution of the coasting beam is known at the time that the rf
voltage is turned on. The'ﬁanner in which this is calculated is described
in'Sections 1.2 and 1.3. Essentially, the beam fills‘the aperture radially
and for all préctical purposes we can aséume avgniform azimuthal distri- |
_buﬁion.v‘our calculafions are limited to the radidl plane; the veftical
motion is.not considered héfé. The coasting beam at rf turn on time
 is defined to be the totaiity of the injected beam_that ﬁas sufvived
at this time. Thus, it is the beam that has not, for whatever reason,
hit the inflector, of the chamber %alls, eté.‘ dne way of characterizing
this beam distribution i;'td'note that for every particle there corresponds
an equilibrium'orbit radius T that can be determined from the particie
~energy and the magnetic field at the time of iﬁjection of the particle,
and that each particle oscillates about its eQuilibrium orbit radius Vith'
a maximum betatron amplitudelxa. .Since the tiﬁe taken to inject'into one
full turn is small, we can assume a uniform beam distribution around the -
machine and we can think of beam'filaments instead .of particles. That is,
we have a filament of beam that has equilibfium orbit r and betatron
amplitude Xg- Therefore, the points in the (r, X85 9) sPace‘can be
thoughtbof as beam density points and wé simply ask the‘questiqn:.Given

& known beam density I = I(r, xB, 6), what fracﬁion of this beam survives
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the rf turn on; that is, what fraction is trapped, and if it is trapped, :
what is its maximum radial excursion during the trapping process?
To answer this qﬁestion, we make some simplifying assumptions. We

assume that during the rf trapping process xg is fixed and we consider 5.

the radial synchrotron oscillations to be independent from the betatron i
oscillations. With these assumptions, we can proceed as follows:
We choose g reference particle that is assumed to have an equilibrium

orbit radius ry, & rotational rate wg = 6, and a total energy E;. . See. g

Figure 1.

|
Figure 1 , ’ |
. . {

Thig particle may possibly not exist as a real physical particle, but
that does not matter. We simply say that if sUch.é partigle existed in
the machine, no matter how it got there, it would be such that it wéuld .
forever'travél around the orbit of constant radius rg with‘rotational
rate wq. This, then,'fixes its energy gain rate to be such that it sfays

i
at a constant radius. We now define ) N

i
=
1
=

AE s
v=9- o (1)
®1 ='mrf"_hnk
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Qhere 0] is the rf phase of a particle of energy B, ¢Svis_the‘rf'phase of the
reference (synchroﬁous) particle, w) measures the error in the rf freéuency.
wyf where we have chosen the_rotational fate of the reference particle as the
standard, and ¥ is the rf phase of the particle of ehefgy E as measured froﬁ
the synchronous phase of the reference particle. We can then use the standard
phause équaﬁions to study the rf trapping process. For our case, these can be

written as

i

d AE_. a4 [y(7) Sinp - A Tg]
it os 2om (v) sing s

It Y= % twl + %gg_g _ﬁf ] -. _ (?)>
For more details abdut the quantitieslin Equation (2), thé reader may
refer to Volume I1I, Section 2 of this reporf.
| For each particle (beam filament) of equilibrium orbit radius r, we
can find Am_m.r -~ rg and thus AE/mS. IWG cﬁn then integrate (2) for various
initial éonditions and find what fraction of any beam filament is accepted.

With this in mind, we look at the Ar, {¥ plane, Figure 2.

NS
[
<y

Pigure 2
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For'a given Ar, we integrate for the initial values

| <Yy =W ,_1#1,2,...;1\1
and find whether the particle is trapped. If the particle (Ar, ) is:
trapped, then we assume fhat'l/N. of the total beam at (Ar, XB) was
accepted‘forthét (Ar,'wi). This corresponds to having a uniform azimutﬁal

distribution of the beam. ' See Figure 3.

total beam fat (Ar, x

B
e S bt > Y
. N
i
Y'F(/beawiat (ar, fﬁ}:wi)"
" l Z . > 7//
- . sl

Figure 3

Extensions to other distributions are, in principle, not difficult should

that be desirable.

If the beam is trapped by the rf for a given (Ar, wi), we then proceed'

to superimpose the maximum betatron amplitude Xg onto Ar, Xmax = Ar + X5
and we ask whether this will physically remain within the chamber. If -
Xnax - Chamber width, then the beam, while theoretically trapped by the rf;

2 ' .
will not, in fact, survive the rf trapping process since it will be lost on

the walls. If it is, however, trapped, then we have that for & given:
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(o, Xg» wi) the quantity 1/B of the beam existing at (Ar, XB) has

: 3 , [ , :
been trapped. We scan the (Aar, XB) plane and accumulate for a given
(Ar, xB) the fractiﬁn of the total beam that is accepted for each point'

in this space. A

.. —t thf( A‘[‘i, Xal)

A 4

xg
Figure 4

Therefore,lif at time t ; 0, the rf turn on time, Qé know the beam density
distribution in the (Am, XB) plane, we can easily calculate the accepted U:v
beam.by muitiplying the values of the trapped bean Rth(Am, XB).times thé 
values of the distribution array RFtO(Ar; xg) . : |
To sﬁmmarize, the rf trapping ﬁrocess has been decbupled from the

rest of thé pfobleﬁ by céiéulating a diséfete set of values in the»(Ar, XB)
plane. These valués, Rf ¢(Ars, Xﬁi) represent the fraction trapped, duringi
the rf trapping process, of the total beam that had the vélues (Arié7331) :
at rf turn bn time. This means that we can; for a given set ?f rf‘tfappingl‘

parameters, calculate the rf trapping array RFys and save it for future use.

1.2 Accepted Beam
Ih this calculation, we wish to determine whether the beam injected
into the - inflector is accepted as coasting beam. At the inflector, we have

a beam that occupies some known area in the radial (x, x’) space and this

' ; : : : l
beam has some known momentum distribution about a central momentum and

is injected into the bevatron at some given time; will it be accepted in
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7

the machine or will it be lost by, for example, hitting the inflector?.
To answer this question, we consider a particle, or equivalently, a

single turn filament, t© be injected with a given equilibrium orbit r

e & .

and a given radial phase space position (x, x/). The equilibrium orbit r

is determined both by the particle energy and the time of injection,
since we are injecting into a rising field. We measure the equilibriﬁm -

orbiﬁ as x, which is the distance of the equilibrium orbit from the

9
outer radius of the inner wall of the inflector. See Figure 5.
equilibrium >de beam
orbit 7 V'

Y

7 2

.

NN

N

ltr"x‘jv. :
inflector ' ' inflector

Figure 5

The particle is characterized by the value of_(x, g', x9). Given a'

three-dimensional space of these variables, we'can, for any point in the

space, ask whether the particle was accepted as coasting beam. We are

principally interested in whether the particles clear the inflector.

&

Since the field rise B is positive during the inJjection, the equilibfium

orbit moves in (x iricreases), and particles with the right (x, x/, x9)

9

values will clear the inflector and be accepted as coasting beam.

Figure 6 shows a particle injected at a time t>0. We have arbitrarily

[ S

chosen the time origin at Xg =.O.
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Inflector

| \i
x9 X | E>XN
. i x /

Figure 6

In order to calculate which (x, x/, x9) points are accepted, we
trace the orbit paths of the particles fof the first few turns. Once
the equilibfiumforbit has sﬁrunk to a sméll enoﬁghvvalue so that r +'xg; 
‘where Xg is the appropriate betatron'amplitude, is less than the inflectof
radius, the partiéle is assumed to be accepted as coastingvbeam. During
this calculation, we check that the particle sféys within the aVaiiéble'
_bhysical'aperture. o

| The equatiOns of motion used to.describe the particlé motion are

given in Volumé II,'Sectioh 1, of this repbrt. We assume that the
vertical and radial motion are independent and deal only with the radial -~
‘motion of the ﬁeam. Because of the sensitivity of the particle to fhe -
_ field irdex value in clearing the inflector, we solve this orbit pfoblemi
| discretely at a number of steps around the circumference and use a |
’measufed average n value corresponding to the radius of the particle.
Thé'time dependence of the magnetic field is simulated by discretely
Shrinking the equilibrium orbit with an appro?fiate pitch.

Our calculations thus tell us what points are‘accépted in ﬁhe

(x, x/, xg) space and what betatron amplitude the éccepted varticles® have.
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Once the beam has been acceptéd, the beam can be linearly translated .. -
to the inside\south7faréday chp usihg a pitch that is determined by
the field rise. This caleculation in effect assumes that there is little .

change in betatron amplitude while moving in. The turn number that

corresponds to this hitting of the soufh faraday cup is saved for future ..

use in calculating beam intensities.

. The calculations; as they are presently carried out, assume that ﬁhév': .

rf voltage is off while we are defermining whether the beam is accépted»
as coasting beam.

1.3 Accepted Pulse

We wish now to use our previous results to determine what funétion.of’ '

”an injeéted pulsé of beam is_t;appéd in the machine. Briefly, whai;we  f
‘must do is map the injécted pulsé into the (x, x/, xg} space, theﬁ?ﬁhe\f
accepted beam cen be translated iﬁﬁo the machihe ﬁnﬁil rf tﬁrn on ﬁime
at which point in time we need to know the beam'distributibn in the. ‘
(ar, q;) épace."Wé tﬁen have our results since‘ﬁe know.from the PHASE
calculation ﬁhat fraction of thé beam in this spacevsurvives,the rf.trafi_;
ping process. | o
We shall firsf‘consider a short pulse of beém’injécted into the
machiﬁéjat an arbitrary time £i° Aﬁ any insﬁant of time, the'beaﬁ.has
é known distribution in the (x, x’) plane and a known momentum distrigutigﬁ
ébout some central momentum pi. By known, we mean that we are expec£éd i;
to supply theéé distributions either as actuai measufed values or as |
‘reasonable approximationé to tﬁe physical gharactériétiCs of the beam. .=

Our beam is completely specified at time t4 by'its distribution in the

(x, x’/, p) space.
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-vAiong thé‘momenﬁum axis, we consider the beam to have a central,
i : , ‘ :
momentum pj and & distribution about this value. Since changes in
momentum are eQﬁivalent to'changes in equilibrium orbit radius, we can

consider this distribution to be a function of Xg- 'See Figure 7.

inflector
total beam
at time t4
“— >
X'9 Pi

Figure 7
ISimilariy;.since a chénge in time is equivalenf'to.é change in magnetic
field:Whiéh is also eqﬁivalent to é change in equilibrium orbit radius,
we‘¢én cﬁnsider,time to bevmeaéured'by.vaiues ofing

biWé can establish a time brigin by taking t‘= 0 to be‘the time at
whicﬁ'a beam with ceﬁtral mdﬁentum Do injected tangent to the inflector
reh@ins on the tanéent circle. See Figure 8.

inflector

N

o, t >0 t40 £ <0

Xg >0 Xg10 Xg <0

. Figure 8

'Thusvx9 = 0 for pgy = cehtral momentum at t = 0.
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Beam injected earlier will see a lower field since B > 0 and will
thue have équilibrium orbits of larger radii. Beum injected later

will have equilibrium orbits of smaller radii. It is immediately

obvious (Figure 9) that we are not limited to the same p; for each t,.
Po P '
]
)
)}

i Po ° P
: - '
) |

.Figure 9
For each P;» ti we have a distributuion jn the (x,x}) plane. The
distribuﬁion can, in principle, be oriented in anj desired manner by a
beam transport system.. In practice,'it will be near the inflector wall.
We. can thus map a short pulse at time fi into thei(i,x',xg) space. See

Figure 10.

~

Figure 10

When our distributions are properly normalized, a point in‘this space
represents the fraction of the totel beam in the short pulse that is at

the given coordinates. We now use the previous éccepted beam calculation

to determine whether this beam is accepted or rejected. If it is accepted,

.
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-

we kﬂow,its maximum betatron oscillation emplitude and we can use the

pitch determined by'B to translate this beam into the machine to a

time t.p which represents the rf turn on time.

inflector

Figuréill”\

If the beam'remains within the available radial aperture during this
translation, this being determined by adding its betatron amplitude.
on to its'equilibrium orbit radius, then we can accumulate this fraction

of beam at the point (Ar, B) in the rf trapping plane. We do this over

. a discrete set of values in the (x, x/, x ) plane to dbtaln in the
: (&r XB) plane a discrete dlstrlbutlon at time t f of the short pulse

'1nJected at time t; with central momentum P;

- We now repeat this process for a series of discrete pulses which
represent a long pulse and thus construct in the (Ar, XB) plane the beam

distribution of a pulse injected over a Finite time. See Figure 12.

vjrbeam pulse

Figure 12
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We can proceed to calculate the fraétion of trapped beam, since for
| f
every pbint in the (Ar, xB) space, - we know what fraction of any beam

that exists there is trapped.-

"It is, of course, assumed here that the distributions are properly . L

normalized to the total injected beam. These and other details pertaining

to this calculation can be found in Volume II, Section 3.1.
l

1.4 Parameter Variation

Corresponding to‘eéch of thé basic calculations discussed above is
a set of parameters that may Be’varied to determine what effect they have
on the trapping ofrthe injécted beam. We deal first with thdsé connected -
with the accepted pulse (HINJ)_calculations, then the accepted beam
(INJECT),land finally the rf trapping (PHASE)..

1.4.1 AbCepﬁed pulse parameters;

For_ﬁhe accepted pulse calculsation, we havevaﬁailabié to us the
timing and the distributions. That is, we can adjust the time at which
the pulse is injecfed (the start of injectioﬁ)'and thevlength of the pulse
(the end of the injection). We can also vary the Central.momentum P4
as a fuhction of time and the distribution around that momentum. Like-

.wise, we can vary the oriéntation, shape ?nd size of the x, x’/ phase
spacé‘diétributioﬁ'and, in principle, this distribution could be a
functiqh of time and momentum.

The approach that was taken in calculations reported in [1] was to | %
coﬁsider each pulse to have the same momentum and x, x’/ disﬁribution énd

"to conceﬁtraté on the effeéts of timing~(withiﬁ physically obtainable.
limits) gnd to investigate the effects of the injécted beam emittance;

by using uniform and Geussian distributions with different orientations,
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and the effects of mqmentumvspread using Gaussian distributions.
1.4.2 Accepted heam paraneters

- Thé principal‘paramete: avdiidble to us here 1s the magnetic field.
251nce the ff:v61tage is considered to be off during these calculations,
we have no §oltage paremeters. The field‘rise B can be.varied along with
the field index values n = n{r). We can: also modify the field locally;
i.e., a field bump'can be introduced. .we, of course, have the pgrticle
energy and charge; they must, however, be compatible with those used in
both EHASElgnd HINJ.. In general, we consider that we have chosen some °
p@rticlé,apé‘some injection energy and wish to inyéstigate the effect of
bthetvpargmeters. We also assume here that the (x, x', x9) sp&celcovers
' thﬁx éeedéd fdrVHINJ gnd that the'physical aperture of the machine is not
really‘a‘péramstef in our sense.
13 rf trapping parameters

- For the rf trapping process, we deal essentially with the rf voltage
chara#tefietics. We can thus introduce.freguency errors versus time and
sﬁch thinss as voltage buildup versus time.and.rise time constants to
deterhine their effect on the beam. Other things such as rgference particle
'»energy,:aperture‘widths, average field index are more in the nature of

problem cbnstants.

1.5 Summary of Ingection'Calcu;AtiQns

‘In ordef_to’efféétivély carry out these calculatioﬁs, we‘establisgﬁ
all necessary problem cdnstanté suchvas particle energy,.machihe dimensions,
etc., choose a feasonabié set of values for the avaiiéble parametéfs-aﬁd
préceéd_to.rﬁn the'programs. We must use iNJECT_fo»caléulate an,accepﬁance.

array A(#, x', xg) that establishes what beam is acéepted as coasting beam.
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We use PHASE to calculate a trapping array RP( 4r, XB) to find out what
fraction of available beam is trapped.by the rf._ These arrays are saved
and can be used in HINJ as long‘as their basic pérémeters are not changed.
WE then use‘HINJ.to calculate what fraction of thé total beam'sﬁrvives the
combined -injection, rf trapping process. In short, we can obtain I the
beamv“intenéity-‘of the trapped beam as the number of.particles of trapped

beam.per'milliamp of injected beam. I = I(a, b, ¢, «..) is a function of

ell the problem parameters a, b, ¢, ... and by systematically varying these

parameters a'profile of the injected beam can be constructed and an optimum

choice of parameters can be made. Results of celculations of this type are

presented in [1].
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2. PROGRAM INJECT

\

This Pfoéram is ﬁsed pfiﬁarily to‘détermine Wheﬁher injected partiéles
are accepted of:réjec£éd. Itfisvéﬁ‘orbit tracing program so it can also be
ﬁséd toifrééé indiVidual p&fticles in fhé bevatroﬁ; When détermining the
accepted béam; ﬁarame£ér$ arehinpuﬁ that determiheathe machine characteristics,
the par£icié injectinn energy, and the injection phésé space. Particles in
 this ﬁhase épace éfertfaced‘through the machine turn4by—turn until they
" are cither 1§st or écéepted. 'Acceptancéslérrays A, N are generated aﬁd'wfitten'
out on disk for 1atervu§ef The program is built sqvﬁhat it can handle many :
dffferent.éaées'inbany one run. The data input and program outpﬁt'for
‘simple examples éremdéécribed in the following sections. - The géneral
'manner-in-which INJECT'solves the problemws given in Segtion'laQ. A
detaiiéd déscripfion bf the progfam is given in Volume 2 of this report.
In Appendix B, Table I is a detailed table deécribiﬁg'the data input to
this program.v a | o |
The’dafa saving_bfogfam TWRITE . can be considered as & ”black box"
pfogramﬁ It is adequately described in [3]. We have, for convenience, giyén
a desCriptibnkpf its use and data input record. Effiéient use of the library
, tape_£h§thINJ us¢5»tokfetch‘its data records will require that the*actual
referencé:be:cénsulted. | |
2.1 Data Input |
| -iNJECT‘ "whiéh'célculates fhe accepted'bégm:arrays AA and NT is -

built in_small modular sections.
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program  inject(input,out,tape 3, tape L)

Ll: ID:= read; 1£:ID= -1 then go to end;
if ID-... then
begin do whaiever the value of ID indicates;:
go to Ll
end; N
end: . end of program "
'end

The first and lastvvalues read are the value'éf ID. The allowable
&alues of 1D ére given in the aata ihput table ;of_Appendix B. All dafavis read
from the file -input-. All program output is Qriétén on the file -out-.
All stbred.arrays reside on file -tape L4-. Many values are preset in
vprogram data statements. The preset vaiues aré-given in the data input

- table. All input is fiéld free [2]. See:also :Appendix C. . |
All data values>are, by convéntionévéésﬁmed to Ee real numbers unless
explicitly typed as integer, élsd_denoted by 1.. The.quantity.IC is of type
integer. ., S

be thé generated acceptanée éfrays AA, NT.are to be later ﬁsed by
program HINJ, then it is necessary that the grid uséd to generéte them agree
exactly with that used in HINJ. This means that in the IC = Mlséction, we
must have the valueé

XHXMIN | .025 [inch]

XXMAX | .575 [inch]

DXX » .05 [inch]
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XXPMIN. . -.002875 [r]
XXPMAX ‘. : . .002875 [r]
DXxP | .00025 _[r]
XX9MIN ~ -0.5.  [inch]
 XX9MAX | B 18;5 _[inch]
‘DXX9> _"‘ 1.0 [inch ]

CHING - 72/01/18

- date '
where the program version of HINJ is indiéated by ﬁhe date. 'it is also
necesSary that thé'arréys bé sévéd by'ekecufing ah:IC =5 section after
géneration with an IC = 100 section. “

| Genérated arrays for as maﬁy cases as desiréd can be stored during
' - eny oﬁe‘fun. Those that are saved will reside on file tape h as one file

~ of data in sﬁandard data format éuifable for input into program TWRITE 1,
(3], which is'uséd td éppend them to the library. ;They can then be later
fetched from this libfaiy by program HINJ. | :

' If thevpreset’Values are used for the program paraﬁeters, then very
little data néed be ihput to generate the arrayép;'The préset values are
for the LBL Bevatron énd are taken'from the report [1] for the 19.3 MeV
injectionicase. | | | » |

T&picél éxamples of data input are given in Abpendix AI. .The oﬁtput'
~generated by this program whén generating full (121X 2k x 20) arrays is
cofious and it has proved gonvenient to ruute'ﬁhe file -out- to microfiche.

2.2 Control Cards

 Two control card decks for running INJECT on the LBL CDC 7600 are shown

in Tables I and II of Appendix Al. The cards sﬁgwn in Table I are suitable
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for running an example such as Exdmple 2 when allvottput is routed to the
file output. A compietéjrun for generating and éaving.acceptance arrays

for use in program HINJ is shown in Table II. The comments to the right

of the cqntrol_cards are self;explénétory. ‘These control cards will ﬁo

doubt bevoutdated as”the'LBL system chahges. waeVer, they serve as examples_
on how to go about e%ecdtiné the program.

We shallxguide the reader through that of Table II.

After the job card and the routing informatién; we have three cards
pertaining to the fetching and updating of the'prngam., The program INJECT
is usually sﬁored in the LBL data cell as a CDC'UPDATE Library. It is
fetched from the daté cell and updated. If.thgre are no program modifications,
.thé'update data record is empty'and this update séryés»to produce a source
- compile file. ' Presently, the source program now on IN is preprocessed by a
program called BASTRIC to ensure that thére are no blank lines. The RUN
éompiler does not'iikelblank liﬁés;i The source deék then resides on file C1.
The RUN cbmpilef is.called and thén the object deck is én BINJECT and the
compiler output qh;COUT. vThe‘next fhree égrds.fetéh the field free
routinés, comﬁileFthem_and place them on the user library‘file RULIB.

The routinés fetched aré source decks.uséble on either the T600 or 6600.
\ : I ! . .

The program INJECT is now executed. All of ifs.program output goes
onto file QUT, all of its card input is read from'INPUT. A source listing
is appended to the oubput from the program. This is quite useful in_that it
identifies which version of input generated the output. This oufput is

then routéd to microfiche. All arrays to be saved reside on TAPEL. This

IR it
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file is ﬁransferred to file DATA which is fhe defaglt‘data input file to
program7TWﬁITE1. The.file waskcataloged to make sure it contained data
in cese‘of a‘later‘error‘exip..‘The pfogram'TWRITEiuis fetched from the
data cell,voompiled, andvthe'oojeot deck reeideseio BTWl. The library tape
to which we wish to eppeﬁd tﬁé data is”fetched'es file LIB. The program
TWRITEl_isvexeouted;'aopendsvthe dataerecor&s to;filékLIB and
pleces an oodated director‘on file DIREC. This.ﬁeﬁbdirectoryvon.file
DIREC is merged'with.the dgta records on file LIB. 'fhe file LIB contains
vthe.neﬁ;-updeted, library which should be saved. This is saved on tape 980k.
If the run looks 0.X., ‘this llbrary w1ll be copled from tape 9804 back onto
ltape 10508 which is the LBL tape we presently used as the library. If the
run is not O'Kf’ appropriate corrections can be made and the job rerun.

The datazrecordshare e; indicatedl A data record for the UPDATE program,
a data record for INJECT a data record for TWRITEI, and a data record for |
the TAPE program.‘

2.3 Data Examples

'-Data'for‘soﬁe examplee are given in Table III. The */text/* are comments
thaf the input routines ignore. .We shall guide thefreeder.through one.
example, Example 2. Tsble T, Appendix BL should alsc be referred to.

| The'first number read is 2; thus, the IC = é_séction is executed. We -
wish to use the ioternally eet values, 50 we read O-ralues. Next IC = 3.

We read one item which is TEMP(4) = FALSE. We have thus set the variable
FULOUT to FALSE. Then comes IC = 4 and we read in.nine values that specify
the grid (x, x/, x ) over which we wish to generate the AA, NT acceptahce
arrays. The IC = 6 section sets the kinetic energy to 19.3, sklps the rest

mass so it has its preset value, sets the field:rise to 7.58-and the average
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field index to «67. The arrays are then generated, IC = 100 and the
generated arrays are saved IC = 5, on TAPE4 and aléo‘output on file OUT.
Since ouly cne generation case is desired; the orogfam is shut off, IC = -1.
| The‘outﬁut generatéd.by suoh a run is copious.' A selected sample of j
output is glven in Table IV angd: descrlbed below..

We_have given in Table I' of Appendlx B a descrlptlon of the varlous'
data parameters for INJECT. Most of the parameters are preset and those
values aré,indicated there.'»The preset values corrospoud to 19.3 MeV
injeoted beam as described in [1]. Most of the'data_items'are adequately
desoribed in Table i.. Remember, the program operates in a loop as
indicated in Section 2. l; For each value of IC, there is a section in
Table I and the program does what is 1nd1cated in that section. .' g

2.4 Description of INJECT Output

This examplevis produced'by the déta'set, Example 2, given in Table II, 5
Appendix Al. 'We have here a case where a 19.3 MeV particle has been injected :
“at an xg}equilibrium orbit radius of 8.5". We have looked at all particles

in the (x,»x’)sspaoe for which .025 [inch] = x = .575 [inch],v-2,875 mr] s

A

x/ '2.875 [mr] and the mesh”spacing is .05 [inch] by .25 [mr]. We have

used 1nterna11y.set fiedd:: 1ndex values m.= n(r). We have generated the:
aoceptanne array1elemEnts correspondlng to the chosen grld points and printed
out the arrays AA(I, J, K) = AA(x, x/, x ) and NI(I, J, K) = NT(x, x/, x9)
We shall guide the reader through the selected output : £
The first line of output is a program output identification line used.
to.lable microfiche or printed pfogram'outputa‘ The ID is thé
YY/DD/M%; HH.MM.SS. = 72/08/22. 17.03.35. i

This appéafs in the array data lable, on the next page, and helps us locate
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the fiché}thatbcontains thé oﬁtput'for a given geheration run.

Th¢ rest.of”the output on this first page is.génerated as we go
| thréugh the-vafious dafa input“ségkiqﬁé of‘INiECT.vZIn general, it
simply ouﬁpuﬁs tﬁe input value, or present values,7that exist at the
time the progrém passeS'thiéugh tha£ data input seétidn. It then
vérifiés that the'variabiés are actually set. _For‘example, the field
index values are listed, program variaﬁles" suéh.as the maximum number
of allowsble turns (here 30) the shrinkage factor“bf the equilibrium
‘or.bit', etc. The _reaLdéf shc‘nildv:réfer to the data V'inpﬁt table, Appendix B,
td see whaf thésé quantities are. | :

The next.page contains in a readable format all the problem
_pgraméter'valdes that were actually used in this generation of the
acceptﬁhce arrays.‘ The fifst.section is called the full lable. Tt
contains all the.parameters and their vélues. “The second section, thé
iine of output called the short‘lable,is a suﬁmary.of the pertinent
quantitieé in the'full lable. The array ID plus'tﬁé-first 15 items
in the fuli lable are listed here. When the IC=5nsection of inject'is
-'exééuted these two lables along with the ﬁwo arrays AA, NT are saved
on TAPEM; for future uée}‘ When the arrays.are later uséd, for examplé
in HiNJ,uthese'labies furhish the values of thevparameters used to
genératé tﬁe arrays. Thé ID fufnished as the‘firStiline of the full
lable aﬁd the firsﬁ two words of thé short lable is used to fetch these
arrayé wheh they are later used. This is the ID ﬁhat must be furnished

to program HINJ.
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The next few lines'of:daié define SOme’of'the quaentities appearirg
in the lable. They also furnish the code values sfored in the AA
array when the particle is not trapped as a coasting beam. Most of ‘the

items appearing in the long lable are self explanatory and perusal of

the data input table for INJECT should help to identify these quantities.

The code numbers stored in AA tell what happened to particles that

~were not accepted. The particles can be lost by going out of the defined
field range at a large radius, -4, at a small rédius, -5, ér it can
hit the infleétor wall, -3. Particles thatvwe séy have hit the south
faraday cup will, in'feélify,,ndt be Stobped'in thét”way in the ﬁachine
since this is retraéted under normal operating conditions. We thus
record the'hitting of tﬁg south faraday cﬁp;‘but‘t?ack the particles -
further to determine if.they will evéhtually cbllidefﬁith the inflector,
-1, or go out of range, -3. |
| The AA array contains either a positive numﬁér, tﬁé maximum beta-
turn amplitude, or one of theée codes. ‘The NT arfaj fells when this
happened. If the AA value is positivé,’fhe corresponding NT item tells
when that particle will hit the south faraday cup.. If the AA value is
negative, then the NT-array'item tells on what turﬁ‘the south faraday cup
vwas hit (if it was hit) or on what turn the partiélé'hit the inflector

' or went out of range. We shéll describé these arfays in more detail
shortly.

We then have for each element in the (x, k';xg) grid a line of

output telling what happened to the particle. ‘We‘have shown here only a
few such.liﬁes. Wé have the turn number NQ, the stating value of the
particle X0, XPo, X90, the final condition of‘t\he particle (on turn

NQ) X, XP, the value of the array .elements AA(;A;JA;KA) and
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l:NT(IA JA KA), the indices of the elements that have these values: IA, JA,
'KA, the partlcle radius RX, the equlllbrlum orbit radlus, RO, the
maximum dlsplacement -from the reference arc ZMAX, the current shrlnkage
per turn factor S2 that has been calculated by thevprogram for radius
RO.  For example we note that the first particle:in the grid hit the
inflectof on'turn;8, but the next eight particlee;wefe accepted.' The'
‘turn number‘for accepted particles is tne turn on whlch the ‘program
.xvdeﬁerminedlthat there was no furﬁhér pesslbilify of:eollidiné_with the
_inflector.'; | | | |

'The genefated arrays are written out and we-ean by looking at them
.see whatlbeam Was.aceepfedvand what beam'rejecfed:“fWe have shown here
the X9-$,8.5 inch elements fer:the AA and. NT arraye.‘ The rest of the.
array elements for this example are zero since this is the onlyvvalue in
the X9 gfiu.. We have indicated on the output that the columns correspond
to Various P values for a g1ven x' value and that the b4 value increases
from left to rlght The'flrst item (upper left COrner) corresponds to the
point (x,x") =l(.025vinch, -2.875 mr) and the last polnt (louer fight-
corner) eorresponds to (i;él) = (.575 inch, 2,875'mr). The grid
.’spac.ing is'v as_ indicated in the long lable. Ax =".O5VO'.inchi,AJ'c" = .25 mr.
We havefoutlined the accepted_beam inbboth arrays. As an eXample we
have that‘pélnt (x,x") =)(IA,JA) = (1,2) = (.025 incn, 2.625 mr) is
accepted, has & maximum,betatrén amplitude of 9.322 lnch and will hit the
south faraday cup or turn 274.861 = 27hk. All partlcles with large
negative divergences that hit the.infkctor did so on. turn 8, those with
Slarge pos1t1ve divergences that hit the 1nflector dld so on turn 5.

"The output from the generatim of a full (x;x';xé) grid is sub-
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stantia;ly the same as we have shown. There is a'lot more of it since-

each case generated goes through 12 x 2k .x 20j#“5760-points.c_Theageneration
of these arrays is the most time consuming part Qf our calculation.

'Fuil details on how the program workévcan be‘found in Volume II of this

repoft in the section devoted to INJECT.
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v 3. PROGRAM PHASE

Phase,cah be used to calculate orbits in theierr,¢) phase whéte
Ar ié the_displaeement of the particle’equilibrium:orbit from the
referenceeorbip and . ¢ is fhe rfb phese of the»particle as measured
'from the reference particle phase. It can elso‘ealcﬁlatejorbits invthe
(B,#)lphase.whe?e E is the canonical momentum associated Qitﬁ G, In this
cenonical space small displecements lead to nearly eircular~orbits. The
v'rorbits phat are calculated eanvbe‘plotted on a Cal. Comp. plotter. This
program also can Be used to generated rf trappiné affays and it can save
those arrays for future use ig program :INJECT. The'accepted beam can be
plotted. A description ofvthe necessary data input to eccomplish this

is given below. Examples are given in Appendix A2. A general description

of the PHASE catculation was given 1n section 1. l.

" 3.1 Data Ingut
The program operates in ‘a loop of the follow1ng type.

program phase l(tape 99,1nput out tape by
~ begin
- Ll: ie: = read; if ic = -1 goto end;

comment do what ever is indicated in the sectlon deallng with the
- value of icj »

goto L1;
end: comment end of program E _ .

end

Table IT of Appendix B gives the allowable value of IC'and'the_

action that the program takes for that value. Most of the values cause
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parameter data to be input. ‘Most program parameters are preset in dgta
statements to values suitable for the bevatron at i9:3 MeV injector
energy. [1] The preset. values are indicated. .By'convention all input
numbers are real numbérS'unless specifieq as type:integer which we indicate
as i . . Note IC is of tyﬁe'integer. The firstvand:iast numbers read
by‘PHASE are the value of IC. All data is input from file -input-

‘using field free routines described in [2]. See Appendix C..

For éxamﬁle if‘our data'for PHASE consists of the numbers
2, 600.0, .67, -1,

then we have read in the values of IC as 2, 600.0'' for the reference
radiué and .67 for the field index- and then terminated execution by
settinngC to -1. A rather short run! ‘Below we describe a more reasonable
example in detail. Nofe that if the parameters are;not changed by |
reading £hem in, then the preset. values will be,u§ed. For example, if
the inpﬁt/output length unit of [inch] is suitable_there»is no need to
execute the Secfion with IC = 0.

When generating ¥f trapping arrays that age:to be.saved_for future
use in program HINJ, it is necessary that the grid over which this

generation takes place be identical to the one used in HINJ. This means

that in the IC = 11 section we must have set the fqllowing values.

HINJ date  72/01/18

NCENT 21 : line corresponding to the
: reference particle radius

DDR | 1.0 [inch] éelﬁa r grid spécing

DABETA 1.0 [inch] ,xt5 grid spacing
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This will properly match the (20 x 30) grid of the generated trapping array
DF1 with the (20 x 30) accepted beam dlstrlbutlon array DF in HINJ the’
version of which is 1nd1cated above. - This array is then saved on file-
tape L= by executlng an IC = 12 section.

ALl generated rf trapping. arrays that have been saved (IC = 12)will
reside on'tape 4 as one flle of data records in standard data format
. suitable fordinputdinto program TWRITEl. All plots reside‘on tape 99.
This file is an’ LBL Caleomp plot file. All prograﬁ output will reside on
file —out—; | | | _

" When generated rf trapping arrays (IC = ll),.or'just tracking

. phase plane orbits (IC = 100), it is desirable to print out intermediate.
steps. The output generated can at times be copiqu and routing the
file out‘to microfiche may be desirable. | | |

Exampies o frogram data ihput can be found in”dpbendix A2, Table

III. An example of the output from phase is alsb_?resented in Appendix A2,
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3.2 ContrélYCards 

TwQ c6ptrol card decks for running PHASE on thngBL CDC T600 are
shown in Taﬁle I-and‘II of Appéndix A2. The cafds infTable I are suitable
for rﬁﬁnihg on the daté given in examples.i'and 2 of Table IIT in thét
Appen&ix. The cards Shoﬁﬁiin:Tgblelif Qre.suitablé for a complete RF
trapping.array generafion rﬁn wherévit is desired'fo'generate the array,
save it for future use on a library tape,'and route all outpuf'of the run
to microfiche. Thé comments listed beside the control cards are self-
explanatory. |

For the simpler caée given by the cards in Taﬁle I we basically
pfoceeed as follows. We fetch frqm the IBM data cell £he progfam which
has beeﬁ stored as a CDC UPDATE library. We updatevthe source program.
The output from this_update is source éode to be éompiled. Duriné the up-
date the source program can be quifiea if that should be necessary.

We compile the program PHASE. We fetch the integration routine ZAM

‘and compile it. We then fetch the field free input routine. These routines

are presently fetched as source decks set up for thé CDC 6600/T7600,
hence the cumberséme feteching prdcess. This may be‘ﬁodified in the
near fﬁture. Since source décks are available, thej could easily be
incorporated into PHASE. We then eiecute PHASE on the'given data set in
the program data recdrd. .Thé output of such a run using theé data 6f
examples 1 and 2 of Table III is described in Seétion 3.h; |

The control card example of Table II is similar in structﬁre to
that of Table I.¥highdwe have Just described. There are, however, a‘
‘number of cards added that enable us to‘save the'generated rf trappiné

arrays and to route the listable output to the microfiChe._’After executing
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the program we copy the compiléf listable output (séﬁrCe listings) onto
fﬁe'filé'OﬁT. This file then contains all program generated output plus
the source iistings of the code that waé'ékecuted and it is.saved oﬁ
microfiche.z we tﬁen tranéfér the rf fréppingvarfay§ that wéie written

on TAPEh_tofﬁhe file DATA which is the aefault'daﬁa inpu£:file for program
TWRITEL. ffogram TWRITEL is fetched'frqm the aata.CeIl and compiled.

' The data libra;'y 'Ltépe is fefched and written onto file LB which is the
default library file for prograﬁ.TWRITEl. PrdgraméTwRiTEl is then
executed_ahdvappénds:the data records to LIB and wriﬁéé a new directory
.on DIREC. ‘These two;file‘ére:then’mergédvto fofm a.néw library on file
 NLIB. This f‘ile which contains the old ‘library iblus the -data generated
by:PﬁASE dﬁring’this run is our new updatéd_librar& and it is saved using
ﬁhe'TAPE pfogrém; The systémvprogram KATALOG is uséd}to détérmine how full
the tape is and'also to théin.check.sumé that could brove uséful later
in case of éﬁspecﬁed'tape failure. ,BecauSe‘of the‘ménner in which the

CbC 7600 étagés tépes, a sepafate sho?t job is laterurﬁn ﬁo insure
that‘the tape is reédable._ If if ldoks as if the process was executed
successfully, then tape 980k is copied back onto. tape 1308 and the new

v library isjréady for usiﬁg in ‘program ﬁINJ. Although this process

1ooks ; bit cumbersome and redundent, it has in pracﬁice worked well ana,

the geherated arrays are automatically stored with little chance ofb

losing the library.

_3;3 Data For Examples

Wevgive'in Tablé III of Appendix A2 two simpie;illustrative examples.
The feader.should also refer'fo Table II, Appendix B.when félloﬁing

these examples.
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Example 1 calculates and plots the separatrix orbit for the
19.3 MevV injected particles. Since the internal data statements
are set to values corresponding to.the 19.3 MeV case, it is not necessary’
to input many éfvthe parameters.

The first 3 cards are comments as is anything'written as
*/text/*. ‘The input routine ignores this. Referring-tb Table.IV
we see that IC = 0,2,3 ;gctions are not execuﬁed; hence the present
values are used. The reference radius is 600", thevfield index
n is - .67 and the energy is 19.3 MeV. Thevfourth‘éafd executes the
IC = 4 séction. We thus integrate from 0.0 to 17.0 with the intérnally
set maximum step size of 47/100. This latter valué_because we skipped
settiné the step‘size by furnishihg an empty field of-data; We next éet
the voltagerise time to O which in effect causesia cbnstant rf voltage
to_be-used;‘ We then_set‘the brint interval to 25 éausing every 25th
maximum iﬁtegration step to be.printed. Since our step size is 47/100
and 27 is about one synchfotron oséillatioﬁ we are printing every 1/2
révolutioﬁ. Wé then-sgﬁlthe field rise to 7..58 Kg/sec and the rf para-
meters_to 25.5KV maximumldouble gap voltage with an effective length of
137 inches. | |
| The next set of cards‘sets plot parameters; IcC ; 10. We turn on the
plot and fﬁrnish three plot lable cards.. We then furnish a list of plot
parameter,values starting with OPTION.=|2>and ending with SCALE = 1.0.
These are explained in the IC = 10 section of table IT,. Appendix B.

We then Qefine the grid of initi;i values_over which the integration

will take place. Each initial value corresponds to tracing one orbit.

By using IC = 1 we have choosen to define these initial values, and to
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 print out the orbit reSﬁlts,'in the (R,¥) pléne.- We_gould have just as
easily used'IC ='9 to defihe aﬂd print these in fhe éonénical spacé.
We then execute the program integfatidhvsectién'using the above

set Qaluefdf the parameters. This execution causéé the érbits to be
integrated ‘over all our  specified initial values and, since we have
the plot optioh on, they will alsoﬂbe plotted. After this is done the
program reads an IC = -1 and terminates. If this card were not present,
théﬁ‘théfdéta frbmvExample.2 could be read and that example eXecuted.
vThis ié'actually what was dohe when obtaining thé sémple output described
in fhe_néxt section and presented in Table IV:of Appendix A2.

jfThé éeéénd example generates an RF afrayland plots the points that
were acceptéd; 'Iflis qﬁiteiéimilar to thé first examble and we shall
simply note soﬁe of the differences. We see that the time constant has
been phangéd't0'270:u3 in.thé IC = 5 section. Also the plot parameters
‘-'have'been éhénged.‘ We héve a FALSE for the value of JOIN since we do not
-waht ﬁhe pen  down betweén plotted,pointé. We havé‘fﬁrnished a value L5
for SYMBOﬁ éinée we wiSh to plot using érdsées. We fheh e#ecute.the
vIC =11 seétiénvto generate the rf trapping érra§‘ In this sectioh the
number of time consfahts is‘left ﬁnchanged, we héve‘36 phase a#is intervals
thus ‘we use lOé incrementé, the 600" reférencé radiuS'is placed on liﬁe
28 of this rf afray. The grid spacing is left-at the present values of =
1" X 1" but the chamber width is increased to 30". If it were desired
to sa&é this array on file TAPE4 for future use, ﬁévﬁould next execute
- an. IC =_12 section, but in this example we instead férminate execution -
' with.an_IC =v—l. It‘should be noted that since we moved the refe?énce

orbit radius in relation to the rf trapping array, we went from 21 to 28,
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this array is not suitable AS'inpﬁt to program HINJ since that program
" assumes line 21 is 600". We could, however move fhe:reference radius
to 593" at thé same time and then we have a suitable array for INJECT;
.In our example wevsimply wanted to mové the afray grid further out in
vradius_so the 30 Ar values would sample farther out in radius; This 1is
why the chamber width was increased to 30".

Sample output from these two runs is given‘in Table IV of Appendix
A2 and describéd below.{ Further details on'prégram-calqglations can beA
.found,in-Vblume II of this work in the section dealing with‘pfogramé

PHASE and HINJ,

3.4 Description of PHASE Output

We give‘here a description of selected portions of the results
~output from PHASE ﬁhen run on the data presented in Table III. Thé output
appears iﬁ'TableIV’bf Appendix A2. |

If the reader will refer to the data of Example'l, Table IiI, he
~will see that the fifst'page_of 6utput is.merely the input data as
it is,encountéred. Each section of PHASE that reads. data aléo writes out
‘the vélueg uéed in order that they may be verified as being correct.

The definition of the quantities is as given in the appropriate section
of Table IV. | |

When the IC =llOO section is executed the proéram begins to integrate
for orbits and this is indicated by issuing a message to this effect.

At that time; the.input parameter values that define the input data are
printed. This lable serves to establish just what the values of the
parameters were when the orbits wereiintegrated.'mThe first line is

- an ID that is used to lable this particular case. We next output the
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charge, restmass, Synéhrdgéﬁs (feferencé):particie kinetic energy, main .
field.risé,average field index, maximﬁm double gab'voltage, effective
length,vharﬁonic numbef;lfrequency errbr, time conétant, reference
fadius,'iﬁtegration grid, aelta"r grid, bhase gria,-cononical'momentum
gfid, straight section léngth,vplot option, and éﬁvID which 1s used to
 identify the output.'.We see on the fifst page oijébleIV'that this appears
as the firsﬁ iine of output‘and is used to identify the ﬁicrofiche
output. | | | N |

..The nexf half page of:outpgt is pfinted while integrating for thé
orbits. Each orbit is defined by initial lcc')ndit_i‘cm" .and -at. the start of
‘the ihtégfafion'process a iine is printed establishing the values of
parameters.that are caiéulatéd from the data and ﬁhéfinitial values. Some
of this iS rédundent. ‘When compared with the lable we see that we could
eliminate some valﬁes;'however, we choose 1o print_if out again.

This line of data contains the referéncébopbit'radius, the average

n value, the'straight'sectioﬂ length.factof, the  momentum compaction
.(SOme‘authofs have 1/A), the time scaling factor which is alsobthe frequerc y
- of the sﬁall amplitude synchrotron oscillation, thé_doﬁble gap maximum
: voltage, fhe single gap maximum voltage, the energy gain per turn of thé
referenée‘particlé, fhe stable phéSe of’thevreferehce partiéle, the field
rise, &he yalue of the Hamiltonian for the'system (ohly when we ha&e a
coﬁstant Vb;tage.case, i.e., t, =0), 6pr which isv(dp/p)/(dr/r) = l-n.

‘After these initial‘values are printed,‘PHASE begins the orbit
integration and prints out one line of data_every 25‘steps since we set
fhé print interval to éS. The initial values afe on line N = O and the

final vaiues,appeaf as labled on the last line. We print here the liﬁe
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count, intégration variable; time;-orbit diéplacemeht in inches, phase
value. as measured from the stable phésé; the cononical momentum, the
maximum orbif excufsiong the current kinetic:energy:of the reference’particle,
Y of theéynchronous pﬁfticle (Es/Eo) , rotationlfreqiency of the
reference particle, AE/E the relative difference between the particle
- energy and the reference particle energy}‘Ap/p the relative momentum
error, Aw/w the relative frequency error (all these in percent), the
change in the Hamiltonian (valid only for the constant voltage case),
a measure of the corréétness of‘assumihg that thé cohstant voltage
Hamiltonian is correct, L. (dE/E)/(dr/r), Oy = (aw/w)/(dr/r).
these'lastvtwo quantities both’are measured with respect.to the.
synchronoﬁé. : ‘ pértic_le. | o
This éutput of initial values and current values iS'repeatédffof_every
initial‘ condi,tion(speecified in the Ar, Ayegrid.
In.Example 2 we generated aﬁ ff‘trapping array. The output

from this generation is similar to.that_obtained from the'first example
and we have not éhbwn that part of the output. _The'tfapping array was
printed..>When it is savgd,a lable and the array,vélues are printed.
‘These are what we have shown. This lable serves to define the array
data., Tﬁe_first line is_an‘id‘which is ﬁsed to fetch the array oﬁce it
_has been stored. We actually print and save’tﬁo léblés, the full lable and
a one line lable consisting of the first part of tﬁé"full.lable. _These
lables and the array are later used by the prpgfam HINJ.

" The " trapping array contains the fraction of the beam trapbed
by the rf fér a given initiai-valueAAr and a giveh:betatron amplitude_xs.
The print out starts with the (1,1) element in the upper left hand
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corner. In our cgse_wé'éée frpm‘thé lable on the preceeding page that

. , ' -“ : : . . ‘ >
8 is .5" and the grid size 1". Thus xB:reads from left

to right .5,‘lr5, ceny 19.5"; The Ar grid starts at 627" and has a grid

the minimum ‘x

spacing of 1". Thevcentef line is at line 28 that is at 600".

| The érbits Of'eXamplé 1 are plotted as ﬁheytaréigenerdted. This
plot is éhdﬁn in Figure 1 of Appendix A2.  In Exémplé 2 we plot the
initiai vaiueé of ‘the particles that are trapped by thé-rfl‘ This plot ié
’ showﬁ in.Figure 2 of.Appéndix A2. Remember that fér:illustrative
.’burboses'fhe walls have been moved out to 30 inchesﬁﬁ Ordinarily 20 inches:
is hsed and particles outside this are lost by hitting the oufsidé wall.

It is of somevinterest to comparé the_plof of fhe trapped particles

with the gﬁnapﬁing- array.‘ At Ar = -2 inches one initial value is shown
-asfrapped. Thus out‘of 360° we have %%O =‘2.8 percenﬁ\df the beam trépped.
The value is given in the bottom line 6f the rf trapping array and we
see.that-it'is tfapped for all betaturn amplitudes;.Sié Xg S 19.5; A
similar type of reasoning can be applied to the other points in the plot
of the trapbed béam to obtain a correspbndence wiﬁh-thé rf trapbing

array.
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L.  Program HINJ

This program calculates the accepted pulsé and thevtfapped'pulse.
It assumes-that'apprbpriate acceptance and rf trapping arrays have been
generated by the programs iNJECT and PHASE. It reads these arrays from
a data librafy'tape, it reads data that defines the'béam'distribution
and the necessary parameters to define the beam pulse width, timing and the
rf tufn on time. It then calculates the beam that is accepted as coasting
‘beam and that which is.trapped by the rf. These results are printed
out in terms 6f particlé accepted per milliamp of injected beam and
particle trapped per milliamp of injected beam. Mahy cases can be run
on a single computer run thus.gllowing the user to obtain the behavior

of the injection process as the parameters are systematically varied.

.1 DatavInput
The data input structure is best described_in_férms of a short
Algol routine given below. The data input is formatéd. The data items
are described and the formats are given in Table III'df Appendix B.
In-that'table are giveﬁ'the values of the lable;the variables
rcead for thét section of code,’a'description of wﬁat is read, the format
that is to be used. The lable‘Values correspond po’those given below in
the short schematic input program. In section 4.3 below we describe in

detail the data input for a specific example.
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program hinj;(input,oﬁtput,tapeh,tape3);

begin comment schematic ihput\fbr program HINJ;

Ll: AiD:=fead; call acpt; comment fetCh‘acbéptéﬁce array;
2: ?ID;=read; ééll trép; comment fetcﬁ rfvffapping array;
L3:  comment éeﬁ up the beam density funétiéh; call dinj;
Lu: 'c§mment define the pulse parametersgt' |

~if DX > O then
begin calculate the accepted pulse; gd‘ﬁo L4 end;
print summary page

if DX = -1.0 go to I3;

n-

gf- DX = -2.0 go to 11;

_if DX = 3.0 go to L2;

‘end: comment end of program

end
All data cards are read from file -input- . All program output
is on file -output- . Summaries are on file —tape 3—. A data library

in standard library formaﬁ [3] is expected to be furnished on file
-tape h-... |

| The’pfogrém is rather'easy to ruﬁ. The ID &alues ATD and'RID ére"
" read sé that.thé.cérrectvaéceptance and rf ﬁrappiné arrays are fetched.
A beam density function is calculéted from given ihpﬁt paraﬁeters. The
beam pulse positidnvaﬁd width are specified along_ﬁith an'rf turn'on time
and then that'particu1§r,case is executed. ~The pféceSS'can be repeated
.as indicated abové in the schematic data input listing. Summaries of the

cases run are kept on tape 35 complete output frém'these cases resides
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on file -output- .

4.2 Contrel Cards

The control cards necessary for rﬁnning HINJ are given in Table I
and IT of Appéndix'A3. These cards are for executing on the LBL CDC 7600.
In Table I we iliustrate’a run in which all output.is‘printed on line.

Tn Table 11 is illustrated a:case where only the summaries are printed on
line while the general output is routed to microfiche. The comments to
the right of the control cards are self—explanatbry. We shall gﬁide the
reader through the first example of Table I.

The “first fhree“éardé consist of a job card and two routing cards.
We see that although HINJ is a relatively fan.progrém it does take up
éome Space, l3h0008, since it is necessary to stdré both acceptanée
arrays and the rf trapping array. Each acéeptancévarray is 12 X 2H X 20
énd the rf trapping afray_is EO-X 30.v-

We fetch the update library off of the IBM data cell. We then
update the source»deck; if necessary. Once updated iﬁ is compiled and
the object deck resides on file BHINJ. The update program requires a
data récord}/ If no source modificationé are necéssary, this record may be
empty. In our exampie we actually have six data cards. The data state-
ment changes from the present source version of 50 MeV to a 19.3'MeV
injection energy. The microfiche lable and routiné information has been
changed to agree with the current user. The update routine is the;CDC
UPDATE program and a users manual [4] is available which describes the
data structure for that program. ﬁile HINJ1 whﬁch we fetched from the

‘data cell is an UPDATE library.
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We next.request our data library tape. This tape contains the
acceptancé.ahd'rf afrays that will be'usedvby}HINJ,, The programvobject’
code is.thenvloaded and executed. This regquires a program déta; record.
All generated 5utput goes onto_the standard oqtput fiie. Upon completion
of the rﬁn the summaries are appended to that fiié.?

'Thé.nekt three_cards are error 'eiit cardé which give a core
tdump and;inSure that_théisummaries are transfered:toathe’standara print
file. | | |

The exgmple given in Table II looké much the same;b The significant
change ié-that the program genefated outpuﬁvhas beéH s¢nt tovfile,—out- .
Only the compiler liétable output and the summaries have been sent té the
‘standérd ?fint file.. Upon completion of the'ruh.thé:prbgram generated
ou£put has been routed to midrofiche.

.Therpfogram dété record has in it‘data thaﬁlhaslbeen used to
generaﬁé’gn example, selected parts of which appéér_ih'Table IiI of
Appendix A3.'_Both thevdata reéord‘cards and the resultant output arev

' described below.

4.3 Data For Examples

We givé in the program data records on Tables;I.and II, Appendix A3
data for“a simpie example; The.output generated by that exémple is
discussed in the next section. We.shéll guide the'feader through_this
examplé_by ekplaining each cara. In this»diséuésion referénce will.be
made £o Table II1I of Appendix B.v.

The_firstvtwo.cards read are thevAiD aﬁd.RID identification.

These id lables which are used to fetch the acceptance -and rf arrays
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are explained in section L1, L2 of Table III. The;program reads these
- and automatically fetches the corresponding arrays}

. The next card read is under the L3 section. These parameters
define the momentum distribution. Tt is helpful:hefe to refer to Figure 11
of Section 1.3. As we indicated in the discuséion.of seétion 1, a

momentum spread in the injected beam corresponds to a radical spread of

equilibrium orbits along thé x9 axis. We asSumé'this distribution to
be Gaussian with a given standard deviation‘ GE- which in our case was
input as SE = 3.0 finch]. We have‘that given a enefgy spread AT
corresponding to half height at full maximum‘we can obtain Ar the

corresponding radical spread from

)

AT _ (pe)® (1-n)
Ar  E r

and the appropriate standard deviation from o . j

' Aar = 2.360E

The details pértaining to these éalculations can be found in Volume IT
~ of this work, section 3.1 where we discﬁss the program INJECT.

“We can aiso inject the beam with an injecfion energy that is a
function,of-time. For each time slice, there are up to 30 of them,
we can'represent a shift in central mﬁmentum by éhifting the central
momentqm alqng the X§ axis by"so many inches. Thus we read in here 30
values of NTIM the units of which are inches. ﬁhé relation between AT
and AT, is given above. Iﬁ the example given.here there is no bias on

the momentum position and thus all time slices have the same central

momentum.
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The ne%t cafd read establishés the x,X' beam distribution. We
assume invtﬂe program that tﬁe emittance of the injeéted beam canbbe s
adequately répresented by an ellipée and that thé”diStribution of’the beam
in fhis eilipseiis Gaussign along‘the méjor and minor aXis,Q |

To esfablish‘this beam distribution éllipse‘we_furnish the center

of the ellipse as measured from the inflector, and we supply the standard

? B

v.Yc

~inflector

;

deviations % = SA, op = SB along the major and minor axis. These

are measured in inches. The angle -of roﬁatioﬁ is also furnished. In
oﬁr'example the ellipse center is displace .18>[in] from the inflector,
sits  on the X' = 0 [mr]‘axis and is not rotated. -The standard deviation
along.the A,khere‘x, axis is .12 [in] and alOngvthe:B; here #', axis

is .80 [mr];
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Physically we know the half axis of an ellipse that contains
some percehtage of the beam, say 90%. If a,b represent these half axes,

then we calculate the appropriate dx’.dz from

X0
X

n

a = EQiSOX

ko
Z

1]

b =2.150,

If some ofher percentage is'used,_then_the factof 2.15’muSt be changed.
In general if we aré working with an ellipse'the contour of which
represents d per cent of the central values, then We'wiil'have within
this»coﬁﬁour 100-d percent of the beam and we can bbtain the factor k from
_K -2 |
e 2 = dx10 .
Further details of this caléulation can be fbﬁnd,in Volume II septioh 3.1.
In our particular casé, thevd=10% was used. Thus the values a,b obtained
with k = 2.15 give an ellipse within which 90% of.thé beém is obtained.

We héve now arrived at the L4 section. >Thfée items are read -
here and this section Qill be repeated until the second item is less than
or eqﬁal_td zero. The action of the progfam for ﬁhese latter values is
given in Table‘IiI. , : {

We input here the start of the pulse XA, the length of the beam
pulse DX,‘and the rf turn on time TF. In our e#émple, the first case has.
a pulée that starts at -2 [in], i.e., outside the,iﬁflector by 2 inches,
and has a duration of 17 [in]. The rf is_turned on at 14 [in]. We thus
have a pulse that lasts right up until rt turn on timé. Because of the
manner in which the pulse is discretized we have one more unit in our

pulse than the time span. Or to put it another way, XA = 14, DX = 1,
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XF = 14 gives a one inch bulsé iﬁjected right at rf”turn on time. Because
of basicbéssuﬁptionsbbuilt into the prograﬁ the rf should not be turned
on inside the pulse. . Thé example run here shoWs.a'pulée that is as long
as it can_be'startiﬁg atv¥2i{in].

Wé shou1d comﬁént that the axis along which we measure the pulse

is the X _ axis, Figure 11 Section 1 of this report. - We consider Xg =

9
0O =1t "to be at the inflectof; This is a relative time scale and we have
arbitrarily chosen the origin to be such that a'parﬁicle injected at
t = 0 has momentum such that the equilibrium orbit is tangent to the
inflect6r§vequiValently”it'has a zerorbetatronvampilitudeg"For
the example run, 19.3 MeV5 1 [in] = 27[us]. For 50 MeV we have that
_l[in]v= by [us]. The precise value is not réally needed since the program
will furnish this humbef as output from a given ruﬁ. Further details
about this shfihkage per turn can bevaundAin Volﬁme 1T, Séction 1.
vThe'next six cases are exampleévof short puiseé.' In each case we

have used.l [in] pulses. Thesevare the shortest available. Tﬁe rf
turn'oh,timé has been left at 14 [in] and we inject at -2, 4, 6, 10, 1k [in]
to éee whét these short pulses do. These are essentially time slices of
»thé long'puise. ‘We could work with short pulses{aﬁd construct results
that tell what happens-to a long pulse. It iS'usualiy ea%ier to work with
various long puises and let the program construct.these résults. However,
if the acceptance arrays are time dependent it is-possiblé to use short
: pulsés‘éna obtain results.A This is rather tedious  anh if any amount of
work were to be done the program should be modified to Eo it.

E The last card indicates a pulse length of le [in].? Physiéally

this is ridiculous. We see from Table III that this is simply a way of

shutting off the program. ‘Had we wished to use different acceptance



-L6- _ ' LBL-727

arrays we could have instead put -1.0. As we see from the previouSly
discussed schematic data input program, Section ﬁ.l, the section L1
through L4 are sequential. From L4 we can enter Ll,.12, L3 or repeat

L4, but once we enter one of these sections all the remaining are executed.

4.4 Description of Hinj Output
The output that we describe was generated when HINJ was run en the

data just previously diseussed in Section 4.3 and7which appears in the

program datavrecord of Table I. The output which is presented in Table IIT

of Appendix A3 has been edited. The full output can be voluminous; all

we need for our description is some representative excerpts.

Upon execution Hinj prints out some array constants and some problem ‘

constants. The first four quantities afe IM the number of points in the

x grid, JM the number of pointsvin.the s' grid, KM the number of points in
the xé grid, NM the number of points in the momentum grid, KFMX the number
of points in the Xg érid fof the final beam distributioh (i.e., the number

of Ar grid pbints.at ff furn on time), DMIN the minimum'density.value

(all'densities_less than this are effecting zero), XMX the chamber width in

inches.

The first five values 12, 24, 20, 31, 30 are essentially_array.
sizes end inch iimits and are not1readily changed. |

We then have some preblem constents. BDOT is the magnetic field
rise.rate whieh for this example is 7.58Kg/s. This effectively establishes
the shrinkage per turn of the orbits. The factor FSPI converts to seconds

~ per inch. We have that the second per inch of orbit shrinkage is

FSPI/BDOT. The number given here as 20L4.66 is for an energy of 19.3 MeV
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and a set ofbfield index values corresponding to fhe bevatroﬁ. Since the
éhrinkage per furn, or pitch, of the brbit‘depends on not only B but on
the rieldbindex and the energy, this factor fturnished here in thé program
is an average value that was determined by separately calculating this
quanﬁity for a ﬁumbér of V&lueé of r and then determining a suitable
average value. |

v The quéntity PPMAS is the number of pafticles per milliamps pér
second. We assume a singl& charged particle. Thé quantity SPI gives us
'me'micro€sedonds per'ihch.:;This depends on FSPI énd so is an average
value.

The last quantity PPMAI gives us the particles per milliamp per
inch of_ihjected beam.‘ As we have previously noted it is convenient for
us to measure the injected pulse in inches instead of microseconds. This
constanf allows us to find out how many particles are ‘in the pulse.

Wheneﬁer HINJ fetéhes an acceptance or:.trapping array it prints
the 1lable that defines the parameters that'generafed that array. These
lables were stored with the arrays when'fhey were generated by programs
INJECT and PHASE. .These lablés ére described in the sections of this
report dealing with‘those two programs. We shall not des?ri?e these
_labies again here.

After the rf trapping array lable comes a print out of' the rf

_trapping array. This array is printed in such a manner that it immediately

shows the accepted beam in the (Ar,X space. -‘The Ar axis is vertical

9
with the machine center 600" indicated by an astéfisk. The larger

radii in 1 inch intervals proceed upward and the smaller values downward.

The columns going from left'to right are the aséociated betatron amplitude.
' i
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The firstvcolumn is fof .5 inch and the increment is 1 inch. The entries
in thi$ array show what percéntage of the beam with these values of
er,xp) wili be trapped. If we know the beam dehSity distribution in
this space at rf turn on time, then we neéd simply multiply those
densities by these percentages to find out what beam survivés the rf
trapping process. This is of_course what HINJ does for us.

The next pagé of output pertains'to the‘beaﬁjdistributions. The
parameters'Qecesséfy to define this distributién were input in the L3
seétionvof the data input'téble.previbusly discussed in section 4.3 The
parameters that have been inpﬁt'are Butput‘here; Tﬁe 90% area is the
x,x' phase épaceiarea that contains 90% of the beam as calculated using
the Gaussian distributions. If our distributions'have a real physical
meaning they should show some agreemenﬂ with an actual emittance
measurement.

All of the distributions are normalized to unity. In HINJ integrals

are approximated by simple Riemann sums. This has.been satisfactory for

the calculation so far performed. We, however, print out these normalization

‘sums_to insure that our grid is not.too coarse. If we take the standard
deviations SA, SB or SE too small, this will in effect make the grid too
large and our sums will not be correct. Similarly if the deviations are

- too large the beam will be outside the grid limits. The values used here

have given satisfactory results and corfespond to reasonable approximations

to the bevatron 19.3 MeV injected beam.
Following these normalization sums is a line of calculated values. '
S and C are the 8in(¢) and Cos(¢) of the x,x' phase space rotation angle.

EMORM and ABMORM are the normalization factors used in the Gaussian
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energ& and x,x' space dis?ributions. Remember that these integrais have
been replaced by Riemann sums and the grid spéciné appears in the
normalization factor. Further:aetail regardihé‘£ﬁis normalization can be
found in Volume'II, Section k.1 of this report.v-PE,'PA,'PB are the
exponent cénstant factors in the energy,»(x,x') distribution. They

are _EE where 0 is the appropriate standard deviation.
- 20 ' ' :

The final quaﬁtity FDT is a factor ﬁsed tq ﬁormalize the beam
' distribﬁtion functioh to unit beam in the acceptance grid. If we should,
 for example, run cases where half of the injectedhﬁeam landed outside
the acceptance grid, then FDT would be 2 . We haven't used this fea£ure
in this run. We see from PRISM = .934237 that most of our beam is within
the gr;d. Presently use Qf-this feature requirés a set of updaﬁe cards
to modify the source- code. |

The next page of output shows us the enérgy; (x,x') distributions.
There are 31 values of the energy distribgtiohlénd_these are printed out

starting at HAP ywith the central momentum p located at the 16th value.
D : '

The x,x' distribution lies in a grid that isvidentibal to that.used by
INJECT ﬁo generate the acceptance arrays. Givéﬁ.a point (x,x') in that
"grid,INJECT tells HINJ whether or not that point was accepted. If it was
accepted then the (x,x') beam distribution at that point tells how much
'beam was accepted. This grid is, then, only defined as a space of points;
what points they are is defined by thé INJECT»rung In our particular
example we have that .

x = .025, .575(.05) [inch]

It

x' = -2.875, 2.875(2.5)[nr]
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Thesé values can be found in the acceptance array lable which is printed
when HINJ fetches fhese'arrays using an AID card.

The next thfee pages are dutput_generated'by‘injecting a particular:
pulse of beam with given timing conditions. We have here a pulse
extending from -2 inches for a length of 17 inches. The rf voltage. is
furn on ét 14 inches. This is the maximum pulse that can be calculateﬁ

correctly since we inject up until the rf turn on time.

As we have noted earlier, the one incﬁ descrepehcy between the pulse
length and the‘rf turn on time is because of the Way the program
discre;izes the pulée. .Tﬁe éuantities of LA, LM,ILB; LF afe the
internal. index values used by the. program for this pulse.

At rf turn on time, tp = 14", HINJ calcuiates the fraction of
the total beam'accepted. This is printed as DTOT. 1In this case T1% of the

beam injected'was'accepted at rf turn on time. This means that we have

circulating in the machine at rf turn on time 71% of all the beam injected
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in this 17 inch pulse. 3 . SR
| The next qﬁantity, DTUN; is an intermediate Quantity.l If we know .
the féctor‘(PPMAI) particles per milliamp per‘inqh‘of‘injected beam, then
the length;of the pulse times this'gives us thevparticlés-per‘milliamp ~
of injected Beam and then we need to multiply by'DTOT to obtain the particles
accepﬁed.pér‘miliiamp of injected beam. (PAC). Thus PAC = PPMAT X DTUN.
The factor PPMAT is'furnished'by HINJ on the first page of output.

'-We‘nextvobtain two lines of output that tell ﬁs which pulse time
sliceé contributé>fo the acéepted beam. .For each 1 iﬁch time slice from
-é inches t6,14 inches we ?rint“the”fraction of’the total beam in -
that pulse thatiwas'aééépteﬁ. If each pulse contributed SO%IOf its
beam £o the total accepted beamgbthén Ourvtotal écceéted:intensity would
| be 50% of the tétal pulse. We see that in the example the.pulse at -2
inch cdntriﬁutes.only 18% of its total beam while the one at.iE inches
contributes 91%; of its beam. Thus if we could éompress the whole pulse and
inject it at 12 inches we would have a higher accepted beam. This is,
ofvcourse‘ﬁnrealistic;'however, we see that extéhding the pulse to less
than -2 inches will contribute iittle beam.

The next feﬁ lines gi&e the signal that wouid appear on a faraday

cup»ioéated iﬁ‘the.south straight section if we were to monitor the beam
bas ifi is injected and not turn on the rf but instead simply let the beam
spiral in as the main field rises. The first valﬁe is -2 inches and the
intervals are in 1 inch (27 sec). This calculated signal could be
. compared with aﬁ oscilliscope pick up of the soﬁth faraday cup signal.
On the next page we give the beam distribution atnrf turn on time,

tf = 14 inches in this example. The grid is identical to the rf trapping
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array grid previbusly discussedf The beam-distribution is normalized to 1,
hence the numbers printed here are in tenths of a percent. It tells us
what percent of the total beam is accepted af eéch point in the QSr,Xg)
‘ grid. . For-example; the line with the aserisk corresponds to a particle
whose equilibrium orbit radius is-600 inches and We see that only.lr%
of the.injected beam had this equilibrium orbit.rédius and a betatron -
amplitude of 3.5 inches at rf turn on time while .54% of the injected
beam had an equilibrium orbit radius of 6Q3.inche$ and a betatron amplitude
of 9.5 inches at rf turn on timé. The sum of alivthese accepted fractions
should give us the totél fnaction 6f the beam éccepted DTOT which is 71%
in this case. It éhould be noted that the rf tfapping procesé will be
.calculétéd by multipiying this array timesv%he.ff’trapping array discussed
above. Thus placing the outline of the accepted beam on top of the rf
~trapping array will show us in a qualitative manner how we must adjust
the pulse timing to effect the best coupling of the accepted beam and
trapping arrays. |

‘The'line below the accepted beam array ‘is & one line Summéry of the
INJECT parémeters used to generated the acceptance arrays A,N used in
calculating this accepted beam distribution. 'The‘Values here are taken
from the'array lable shown previously. The nexf.three lines are summaries
of the HINJ beam distribution parameters; these ﬁere described above.
fhen we have the pulse timing. We see here the actual time in micro-
secbnds corresponding to the pulse specified in inches. The start of the
pulse is at -5h;¢sec and the pulsg lasts for,h59;;secu TheQTf is turned
on at 40O5u seconds. Our time origin is not aﬁsolute since we are unable

to measure the main field of the bevatron to sufficient accuracy to
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obtain a precise absolute referencég However, the fesults‘can always be
translated in time and the curve shapeé obtained should be correct.

e éee that for this pulse 71% of the totai pulsé was accepted and
that this corfesponds to;2.O3FX>1012:particlés per miiliamp of injected
beam. Thévlast iihetis éﬁ'oufpuf idtthét éIlowsius to find the program
output should that be necessary. It cénsists of the data and the time of
the run. ‘This is.used to lable the micfoiChe output.

Thé next bage‘of output looks quite éimil@r to the one we have just
described. It is, howevef, for the trapped beam. The distribution given .
here is taken at time te = 14", the rf turn on time. But it shows us
what beam is trapped‘by the rf after full voltage has been obtained. ; It
is the'distributibn of the beam that will be trépped when thé rf turns
on. The calculatibniqf the beam distribution after the trapping process
'takes pléce is tediéﬁé and time-consuming and we héve not attempted to do
that.

" There is a new summary line-added here, it is the lable summary
of the parameters generating the'rf trapping array that was used to
obtain this trapped density distribution. This rf trapbing lable is
fetched along with the rf trapping array and was described abbve.

We see that although 71% of the beaﬁ is accepted aé coasting beam
only 35% is trapbed, the rest having been lost-during the rf trapping
process, | |

| In order to demonstrate how.the program wofks on.short pulses we
look at 1 inch pulses injected.at -2, 4, 6, 10, 14 inches. These are
effectively slices of the original long pulse.. The output pages, |

three'pér pulse, are the same as just_described. We show one such
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case here corresponding to —2 inches. Note, héwever, that the normaliz-
ation is to unit injected beam, so the numbers look different than
befofe;‘ However, the value DTOT will be the same as in the long pulse
for eacﬁ'individual'l inch pulse. This w0rking with short. pulse can
sometiﬁé be uéeful since any long pulse is an accumulation of short
_pulses. For example, this is one way that a time dépendent.acceptance
array can be handled. The examblé we have gi?én here is one of the

optimum 19.3 MeV cases.
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5.  Program TWRITE1

This program.is used to save the generated arrays that the programs
INJECT and PHASE write on file tape 4. For our purposes it will be

considered to be a black box_déta saving program. We have

program tﬁrite 1(1ivb, data, direc, input, butput);
comméhf The data records bn file -data- are appended
to file -lib- . The dpdated difeétory resides on fil¢
;direc- . It is assumed that fileé 1lib and data are
in.standardvlibréry and data format respectively, [3].
A new_library tape is made by merging the file direc
with the data records on file 1ib. This can be done
using a COPY routine. The exact manner in which this
is to be done is printéd'when twritel is exeéuted.
Output is written on file -output- . Input is read
-from file -input-. The data on file inputfis in field

free format [2], Appendix € of this reporf,

For our purposes we have that file tape 4 as output from programs

INJECT and PHASE is to be used as the file -data- when saving the generated

arrays. We assume that the library tape is given and that tape is used

‘as file -lib-. The actual use of.this program is illustrated in Appendix

A.1 and A.2, Tables II. - |
In these examples the generated arrays are saved on a new library

tape on the same run that generated them. This is not necessary. The

file tape L- on these INJECT, PHASE runs could be saved and a separate
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run céuld be made later to append to the librarybﬁsing TWRITEl. This
latter method has the advantage of allowing us to delete some of the
cases bnra multiple case run should be have accidentally generated unwanted
cases, l.e., incorrect'input'data? ete. |

The data input to program TWRITE1l that appears on file input is
illustrated in these examples. It consists of the tape number of the
librarj tape upon which the‘updated library will reside. The output
from TWRITE1 consists of information pertaining to the new library. A
tape and directdry summary are printed. A summary of the data records
' appended is given. A summary of the new library is given. This outéut
is described and iliustrated in [3]. We shall not describe these here.
For our present purposes we simply note that all the ID's necessary to
fetch the data arrays back off of the tape aré furnished by TWRITE1 wheh

the tape is updated.
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Appendix A Sample Control Cards/Input/Output

Wé present in Appendix A somé sample control card packages tp run
on the LBL. 7600, some data exambles and seleétéd‘oﬁtput froﬁ:these
examples. Appendix A is subdivided into AL INJECT, A2 PHASE, A3 HINJ.
The tables presented here are described in thé’cofiesponding program

sections.
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"59' ' ' | : 1,31,"’.72_7_‘_ =

TNﬂE I .
INJECT 76oo CONTROL CARDS '

-

INJECT,12'3C§,7u00ﬁ.49556lyCLDSE _ JOB CARD

*76’\)‘ ’ o ) -

TTFLOGRIU3) . ' ' _
LlBCCPY(FRCB&V:LIB,INJ[CTB) FETCH INJECT UPDATE LIBRARY

" UPDATE(P=LIB ,C=IN,F) CUPDATE INJECT
LIBCOPY(ERCLIB,3ASTRIC,BASTRIC) FETCH BASTRIC SOURCE DECK

RUN{Sy s o 3ASTRIC,NULL,ASTRIC,100:C30) COMPTILE BASTRIC
LINK(F=ASTRIC,B=XEQ1) LOAD BASTRIC OBJECT CODE -

T XEQLUINSCL) » EXECUTE BASTRIC, ELUITMINTTAES BUANK LINES

RUN(Sy99sCLyyBINJECT,37¢0C2) COMPILE INJECT SOURCE COOE

T RETURN(LIBBASTRIC,ASTRIC,XEQL,C1,IN) RELEASE FILES -
LIBCOPY{ERCLIB,I0/8BRs/RySINySFORIO) " FETCH FIELD FREE ROUTINES 1

T LOACLUIBINJECT ,RULTB)

RUN(SyI=10,8=ULIB,J=NULL)
LIBGEN{F=ULIB,P=RULIB)

W N

_ __'LOAD INJECT AND FIELD FRtE OBJECT CODE
EXECUTE. : . EXECUTE PROGRAM INJECT

CCOPY(OUT/RUK, UUTPUT) INJeCT CUTPUT IS PLACED ON OUTPUT

EXITs | ERRIR EXIT
DMPT7TT07) -
COPY{OUT/RBR,QUTPUT) -

89T | UPDATE DATA RECORD T T
789 _ INJECT DATA RECORD o

6789 ‘ “END OF JODB
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z
TABLE-TT "W
_INJECT 7600 CONTROL CARDS |
INJECT,lflzf‘p7J3?C.49r5u11CLOSE . _J0OB CARD
27603 . ' '
" FLOOR(3) I T '
_ LIBCOPY(ERCBEV,LIB,INJECT3) FETCH PROGRAM UPDATE LIBRARY
"UPDATE(P=LI8 ,C=IN,F) "TUPDATE PROGRAM TF NECESSARY
LIBCOPY(FRCLIB,B8ASTRIC,BASTRIC)  FETCH BASTRIC SOURCE
RUN(Syy rBASTRIC,NULLJASTRIC,LC0R0T) COMPILE BASTRIC '
_LINK{F=ASTRIC,8=XEQL) LOAD OBJECT DECK OF BASTRIC
T XEQL{IN,C1) ' ' EXECUTE BASTRIC. CHANGES BLAANK LINES TOCOL 1 *
~ RUN(S,9sCLsCNUT  HyBINJECT 4370G00) COMPILE INJECT _
TCOPYSBF(COUT,0UTPUT) ‘COMPILER LISTING ON OUTPUT
RETURMN(LIByBASTRIC,ASTRIC4XEQ14CLlsIN) KRELEASE FILES
~ LIBCOPY(ERCLIB,TU/8R,/R,SIN,SFORIC)  FETCH FIELD FREE ROUTINES 1
RUN (S, [=10,8=ULIB3,0=NULL) 5 L : . 2
T LIBGEN(F=ULI3,P=RULIB) L : o 3
__LOADL(BINJECT,RULIB) "~ LDAD INJECT AND FIELD FREE ROUTINES '
EXECUTE. o ' EXECUTE TINJECT
COPY{CCUT/R8,0UT/BR) APPEND COMPILER LISTING TO INJFCT OUTPUT
DISPOSE(OUT=MF) T SAVE OUTPUT ON MICROFICHE
__REWIND(TAPE4) INJECT ACCEPTANCE ARRAYS THAT WERE SAVED
KAT ALGG (TAPE4 yN=1)
__COPY(TAPE4/RBUyDATA/RBR) TRANSFER TO FILE DATA
LIBCOPY(ERCLIB,TW1,TWRITEL) FETCH TWRITEL SOURCE
RFL(TONOT
RUN(Ss 3+ T WL CUTPUTYBIWL, ICOCTD) COMPILE TWRITEL
_ RETURN(TW1,BINJECT,NULL) * RELEASE FILES
REQUESTI(LIB,HTX,R) 1{308 ERCXXX . FETCH LTIBRARY TAPE TO SAVE ARRAYS
L ~ ~ : ON FILE DATA
LOADL(BTW1,RULIB) LOAD TWRITEL AND [D ROUTINES
EXECUTE. _ ' " . EXECUTE TWRITEl. THIS APPENDS TO LIB

TTRATALGGINCTB, N=T1)

COPY(LIB/RB,2731RyNULL/RBR) SKIP. DIKECTUORY ON THE LIBARAY TAPE v
COPY(DIREC/RBR lFMoLIB/BR:lFfNULLylF MUIB/RBR) SAVE NEW LIBRARY ON NLIB

TAPE(NL IBsHIsXsW) 9614 ERCBEA " WRITE NLIB ONTU A TAPE. THIS IS

THE NEW LIBRARY CONTAINING THE ARKAYS

EXIT. c i ERROR EXIT
DMP LTI ' ' .
COPY(COUT/R3,0UT/RB,OUTPUT) COMPILER LISTING TO OUTPUT

g g QT T » UPDATE DATA CARDS TU UPDATE INJECT
789 - ' INJECT DATA RECORD '

789 TTWRITE DATA RECORD
138, #*/ TAPE NUMBER UF LIBRARY TAPE/*
789 _ ~ ' TAPE PACKEY CATA RECORD
*HWRITE

~eWEQE
*REWIND

TTRUNLOAD B

6789 | ~_ END OF JOB CARD
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——PABLE-TIT
TNJECT. DATA EXAMPLES

*/ EXAMPLE 1/% :
#/ PROGRAM DATA 19. 3(NEV) /*

/2, NUl.(I.N(I)vI L NOMY, FTELD TNOEX VALUES/#
2,17, %/ 17 N YALUES READ/*

- 19.958,2,.765y3,.753y4,.782y5,.74596;.743,7,.73 981.761,91.733,

1C,.734'11,.7Jl,12,.751 13,.785'14'.8 9'15,.773.107.77711791 397,

3y 1v41FALSE

4y XAIN, XMAX, DX, XPHI; XPHAX; DP Ky XoMINy XGMAX; DX /¥

4y %/ SET UP GRID FOR USE IN PROGRAM HINJ/=*

GeN25925751408, —ali28T59e0028159401025y =a6531184591a0
¥/ 6, KINETIC ENCRGY(MEV), REST MASS(MEV), DBDT{KG/SEC), FIELD INDEX

(AVERAGE VALUE)/*

6y 1943137585467, %/ REST MASS NOT CHANGED/*

x/ 109, EXECUTE P&OBLEM, GENERATE ACCEPTANCE ARRAVS/

105‘) ’ ’

¥/ 5, WRITE AA AND NT OM-TAPE, bAVED FOR FUTURE “USE IN HINJ/*
Sy _ ,

*/ NEW CASF CN SAMt RUN/* . _
%/ 29 NUMy(IoNUI),I=14NUM)y FIELD INDEX VALUES/*

2917y ¥/ 17 N VALUES TNPUT/*"
11.77892) 062513’ o()13)4,.6"215’.6”.’596706r3’ 71 obg 98' 0621’91 05931

107,5, */ GENERATE ARRAYS AND SAVE ON TAPE/*
¥/ -1 SiGP PROuRAM/*
-1,

%/ EXAMPLE 2/%*

%/ PRCOGRAA DATA 19.3(MEV) /%
%729 NUMy (I yN{(I)yI=1y,NUM)/*

2y Do ¥7 USE INTERNATLY SET FTELD INDEx VALUES/#’
*/3, VARITABLE PARAMETEKS/* ; S
3y 1,4,FALSE ¥/ 00 NOT WANT FULL CUTPUT7#

%[44 XMINgXMAX 3DX 9 XPMINy XPMAX,DPXy XIMIN X9MAX,DX9/%

4y ¥/ SET UP X,XPKIHE,XQ GRID FOR USE IN PROGGAA HINJ/*
067254575905, el 0287592875147 00C259 8451845110,

%/ 6y KINETIC ENERGY(MEV),REST MASSFFFV)’FTELD RISE(KG’SEC):

FIELD INDEXUAVERAGE VALUE)/*

&y  19.37,71.58,.67, %/ SKIP INTERNﬁLLY“SET “VALUE OF REST”'NI"SST’ii
*/ 100, EXECUTE PROBLEM, GENERATE ACCEPTANCE ARRAYS/* '

100,

*/ 59 WRITE AA AND NT ON TAPE/*.

=1 %/ STGP PROGRAM/*
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%/ EXAMPLE 3/% | | ~ | L L o

¥/ PRCGRAM DATA FOR 19.3(MEV). INHECTIUN CASE/*
29 Oy */ USE INTERNAL FI1ELD INUEX VALUES/*

XG= 19. 5(INCH)/*

‘t, —lelo—1lei. 11.1' »o(’ .F,;IO’-'I’ 19.5119.5’1001 _
%/ FIELD RISE SET TO ZERQgeI4E« A CONSTANT FIELD/* -

69 19 3"aci,.07p . v '
%/ SET VARIABLE INPUT PARAMETERS, 3 ITEMS ARE CHANGED, THE MAXIMUM
TTNUMBER OF TURNS IS 120, THE NUMBER 'OF STEPS/9u DEG. IS 8,

SUPRESS FULL CNTPUT. THEN EXECUTE THE PROBLEM, I.E. TRACE
T THE CRBIT STARTING AT THE POSITICN SET ABOVE WITH IC= 4/%

3, 3, 151C0 » 348y 49FALSE, 107,

"5y, %/ WRITE THE QUTPUT ARRAYS ON TAPE 4/ *
¥/ IF YCU LOOK AT THESE ARRY ELEMENTS, ONLY GNE ITEM IS GENERATED FOR

TTEACH ARRAY., THESE ARE STOKED TN AA(1,1,I) AND NT(i,1,1). THIS

ARRAY CAN NODOT BE USED IN PROGRAM HINJ/*
=1 */ STOP THE PROGRAM/* .

*/ EXAMPLE 4/%* .
¥/ PROGRAM DATA 53.D(MEV) /*

*/2, NUW,(I,N(I) I=1,NUM, SET THE FIELD INDEX VALUES/# | '
29 Ty */ USE THE INTEKMALLY SET VALUES/*. ' : .

“%/3, VARIABLE PARAMETERS/®
3, 2y 1+1¢7, 4,FALSE, * #/-55 MEV NEEDS AROUND 177 TURNS TO BE SURE

THAT THE INFLECTOR IS CLEARED/*

*/49 XMINyXMAXyDX ¢ APMINy XPMAXyDPXyXIMIN,XIMAX,DX9/* - = ﬁf

4,y ®*/ SET UP ACCEPTANCE ARRAY GRID FURUSE IN™ piOGP\AM HINJS/*
0e7259¢57540(. 5, =L 28759« 28T54 o125 9 =579 1845y A

6y )1 99 leaOBeeOT%/by KE(MEV),MC(MEV)QDBDT‘KG/SECTyN‘AVE)/*

¥/ 100, EXECUTE PRUBLEM/* » v ,

199, ) :

*/ 5, WRITE AA AND NT ON TAPE/*:

5 :

*/ -1 STOP PROGRAM/*
—T;
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T 72708722, 17.03.35. INJECT,CLOSE,FLOOR(3)

- N VALUES

<863  .635  .683. .712 673 673 .660 .691
-683 .84 .B61  .682 .715  .739  .703  .707

1,197
NQ,S2(INCH) ,K2,FULOUT, DRIFTL(INCH).RQ(INCM) D9 (INCH), ROMINCINCH) y SCUP(INCH)

39 .075 8 F 120,000 619,375 - .060 575. 375 583.265

XMINyXMAX,DX= . +025% <575 .00 . - -
XPMIN, XPMAX , XP=z -.003 ~ ,003 «000

XGMIN, X3MAX, X9= 8.500 . 8.500 1.000

KE (MEV) , M0 (MEV) , D30T (KG/SEC) yRON(AVERAGE)
19.300 ' 938.232,, 7.580. . _ .670

72708722, 17.03.35.
INJECT ACCEPTANCE ARRAY DATA

QeEe)= . 1.000 3 . _ L
E0 (MEV) = .938,232
KE (MEV) = L, 18,300
08/97= .. T.580
N(AvEY = . Y Y4
INF, RAD(INCH)= .619,375
S INJ. WIOTHCINGWD= . 0400 ot N e .
ROMINCINCH) = .575.375 o o . -
SCUP (INCH) = .583.265 o : .
XMIN(INCH) = . .025
XMAX (INCH) = . » 575 ,
XPMIN(RAD) = .=«002875 "
XPMAX (RAD) = . .e002875 _ e . - SO
“XOMINCINGH) = ... 8,500
DX9(INCH) = —  1.000
XIMAXCINCH) = . 8.500
DX (INCH) = - .050
_DXP(RAD)= ~ . ..000250
MAX.NO, TURNS= , 30.000
NO. STEPS/MAG.® .- 8.000
ORIFT LINGH)= .. 120,000

N VALUES EVERY 3 INCHES FROM 575,357 INCH
+ 858 +695 683 o712 673
673 +660 «691 «663 b6k
«661 «582 S «739 703

L W70 14197
WEST- FIELD BUMP DR
BLTD(KGY= . .. 0.000
0B10T(KG/SEC) = .. 0.000 .
OTL(MICRO SECI= .. 04000

OUTPUT 102 72/08/22. 17.63.35.
72708722, 17.03.35.7..1/7 938/19.377.58/7 6776197 4)/575/583/7 0257 -575/-2.03/ 2.088/8.,5071.00/

NUHBER OF YUpNS TRACED= 30
SHRINKAGE/TURNUINCH) = <0750

STEPS/QUADRANT= -8,

STRAIGHT SECTION/2.03 120.000 N . L L

INFLECTOR RADIUS(INCHY= 519,375 . ) . . ’
INFLECTOR WIDTH(INCH)= « 040 ‘ :

MINIMUM RADIUS(INCH)z 575,375
SOUTH CUP RADIUS(INCHI= 583,265
DELTX CODE .

HIT SFC,A.INFLEGTOR= -1

HIT SFC.A,0UT OF RANGE= «2

HIT INFLECTOR= -3 .

OUT OF FIELD RANGE= =4

RO TOO SMALL® =5

.
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NQy X3y XPOy X9y X XPy AAyNT 9 TA, JAyKA,RX, R0y ZMAX ,S2,BIN

BEGIN RAY TRACE
INFLECTOR TURN=

DIRECTORY/LABLE/A/N
AA

A ~ >
-3.000 _ -3.000 _ -3.600  -3,000  <=3.008; =3.000 =3,000
o 9.322 . 9,369 _  9.416 9,464 |_=3.0600  =-3,000 -3,000
9.199 Q9,247 . 9,295 9,343 9,391 9.439 9,487
9,105 9,153 . 9,201 8,248 9,296 9,345 9,392
9.019 9,068 . 9,136 9,185 9,233 9.282 9,332
8.982 9,012 9.062 9,417 9,167 9,217 9,267
8.903 8.956 9,004 9,(5% 9.105 9,155 9.205
______ . 8,843 8,894 8,944 8.994 9, G414 9,104 9.155
.1 8.808 8.859 . 8.909 8,960 9,012 9.063 9,112
37\ 8,764 8.823 . 8,875 8,927 8.978 9,030 3.081
s 8.7514 8,802 _ 8.653 8.904 ) 8.955 9.007 9,058
,1_ 8.735 8.787 . 8.839 8,890 8,942 8,993 9.C045
8,722 8.773 8,924 8.876 8.928 8.979 9,031
8.737 8.788 . 8.839- 8,890 8,942 8,993 9,04k
84750 8.802_. 8,854 8,905 . 8,957 9.008 9.060
8,764 8.816 8.868 8,919 . 8.971 . 94023 9,074
8,803 8,854 8,905 8,956 - 9,006 9,056 9,107
3.0864 84914 8,987 9,035 9, L84 9,131 9,186
8.970 9,019 g 117 =3.000 -3,000 «3,000
R 1L 9.651 9,101 -3,000 «3.000 =3.000- -3.940 - =-3,000
-3.,000 -3,000 . =3,C00 -3,000 -3.090 -3.000 «3,000
«3,000 =-3.000 . =3.4L00 -3,600 -3.,000 -3.000 «3.600 .
-3.000 -3.000 . 2,000 «3.,000 =3.000 -3.000 -3.000
-3.000 =3,000 .. 3,000 «3,000 =3.00¢ «3,000 =3,000
N TA AL , >
) 8,500 8,003 8.000 8.000 8.000 8,000 8,000
274,861 274,149, 273,286 272.571 83,000 _8.000 8.000
277.037 276,156 . 275.429 2744549 27Z2.9%% .
278.612 277.888 277.086 276,130 275,412 274,582 . 273.658
243,070 279,333 . 278,144 277.248 - 276.5190 275,648 274,726
- 1251.104 280,182 . 279.429 278,426 277.540 276.754 275.842
282.164 201.229.HV289.R66 279.539 278,616 277,855 276,934
283,245 282,311 281,383 280,625 279,696 275.622 277.856
233.785 282.8643 _ 282.072 281,129 283.199 279,419 278.488
J'A 284,619 283.550 .. 282.593 281,812 280,862 279,316 279.135
286,827 283.874 282,926 282.152 234.207 280,266 . 273,491
. 235.059 286,099 _ 283,317 282.362 281,411, 280.630 279,682
’ |285.259 284,486. 283.534 282.583 281,798 280,862 279.892
OL 285,060 284,087 . 283.310 282,360 291,413 280.638 279.698
284,833 283,873 _ 292.918 282.136 281,185 280,241 279,462
284,622 283.663 282.707 281,925 289,973 280.023 279.238
243.853 282,913 . 282.147 281,293 28Tl 442 279.54% 278.583
232,765 282.01) 2R0.728 279,830 278,938 278,213 277,235
28d.992 240.084 5.000 - 5,030 - 5.000
s 5.000 5,000 5.000
5.300 5.00u 5.000 5,000 5,000 5.0319 5.000
5.000 S.000 . S.G0) 5.06G0C 5.020 5.0J)9 5.000
5.820 5.0060 5.000 5.000 " 5,000 5.000 5.000
5,000 S.00u 5.000 5,000 5.030 S5.G30 5.000

8 «025
12 «325
10 925

9 +025

) «025

-.00288
~.00283
-.,00238
-.00213
-.00188

8.500
8,500
8.500
8.500
8.500

9.092
=7.385
3.849
-7.532
8,335

WRITEN ON TAPE 4

t
200132
«+00355
-«00646
00296
00235

—

=-3.000
9.322
9.199
9.105
9.019

8,000
274,861
2°'7.337
278.612
210,070

- e g e

CoDdE NURYER

Ul & G

‘1 619.344  510.252 440 .0769 0000
1 619,268 609,946 436 0560 L0300
1. 619,297 640,099 .431 .0560 .0000
1 619,280 610.175 .427 .0660 0000
1 619,271 610.252 .422 L0560 40000
RETATRON -ANPLITUDE
-3,000 -3,000 «3.0060 ~3.G00 -3,000
«3,000 «3.000 «3,000 «3.000
A '30000 -3,630 '30030 -3,000
59,4391 9,488 3.537 3,586 9,635
"8.,38 9,429 9,478 9.527 9,575
9,317 9,367 G017 . 9,467 9.517
9.256 9,306 9,357 9,407 9,458
9,205 9.256 9,306 9.356 9,406
9. 164 9,215 9,266 9,316 9,367
9.133 9.184 9,236 . 9,287 9.338| KA=4.
9,109 - 9,160 9.211 . 9.263 9.314 "
9,097 9,148 -~ 9,250 9.251 9.303 e
9,683 3,135 - 9.186 3.238 o200 Aq= 88
3,095 9. 146 9.198  9.249 9,308 e
9.111 9.162. 9,214 9.265 9.3;7
0. . 9,284 3
=3.0u0 =3.000 ~3.000
-3.000 =3.600 -3.000 -3.000
-3,060  -3.008  =-3.060 ° <3.000  =3,000 H
-3.600 ~ -3.000 =300 =3.000 ~3.000 =
-3.000 -3.000 -3,000 --3.000 -3.000 o
-3.000  ~3.000 =3.000 . :=3,000 -3.000 m
«3.000 -3.000 “3.0ul 34000 -3.000 ~
-3.000 =3,000  =3,000 -~3.,000 «3.000 -
R - et e . O
<
_ =
8.000 8,600 " 84000 6.000 8,000 Y~
8,000 8.000.. 8,000 - 8.u00 8.000 -
. 8.000 8,020 8,000 8.000
272,943 272,058 271,313  270.429 . 269.546
273,985 273,095 272,207 271,470 27059
274,934 274,177 273.273  272.375 271.623
276,014 275,249  274.333  273.421 272.661
276,933 276.014  275.253 274,343 273,436
277.560 276.791 275.858 274.950 274.173|KA=
278,496 277.257 276,477  275.543  274.614 "
278.553 277.620 276.845 275,913  274.986 N u 8§
278,733 277,958 277.018 276.08% 275.305| 1
279,108  278.162 277.222 276,285 275.504 :
278.761 277.986 277.052 276,122 . 275.348
278,522 277.585% 276,856 275.871 274,940
278,291 277,349 75,629 _ 274.696
277.620 _ 276,898 5,040 5,000 5,000
5.600 5,000 5,000 5,300 $.000
5.000 5.000 5,330 5,000 5,340
5.000 .5.000 5.010 5,000 5,000
5,000 5.000 Se0ad 5.000 5.000
5.000 5,000 5.000 5.320 5.000
$.000 5,000 5,500 5,300 5,000
5,003 $.000 5.000 5,000

5.U0Q

‘ANOD

AR 374V

NN

ey

-h9-

lel-141
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TABLE 1 :
LBL CDC 7600 CONTROL CARDS FOR PROGRAM PHASE

PHASE,12,500,70000.430501, CLOSE JOB CARD

*7600

FLOOR(3) | -

LIBCOPY (ERCBEV,LIB, PHASE2) FETCH UPDATE LIBRARY OF PHASE
UPDATE (P=LIB ,C=2IN,F) UPDATE PHASE

LIBCOPY(ERCLIB,BASTRIC,BASTRIC) FEYCH BASTRIC SOURDE
RUN(Sy»9yBASTRIC,NULL,ASTRIC,1036000) COMPILE PROGRAM BASTRIC

LINK(F=ASTRIC,B=XEQL) LOAD BASTRIZ OBJECT CODE

XEQ1 ( INy PHASE) | EXECUTE BASTRIC,CHANGES BLANK TO ASTRIC
RUN(S, 5y PHASE 5OUTPUT,BPHASE,300000) COMPILE PROGRAM PHASE
LIBCOPY(SOURCE, SZAM/BRyZAM) FETCH ZAM INTEGRATOR -
RUN(SyyySZAM,0UTPUT s BPHASE) COMPILE ZAM |

LIBCOPY (ERCLIB,I0/BR,/R,SIN,SFORIO) FETGH FIELD FREE ROUTINES 1

RUN (S, I=10,8=ULIB,0=NULL) | A

LIBGEN (F=ULIB,P=RULIB) | | , 7

RETURN (XEQLy PHASE y SZAM, 10, NULL) RETURN UNUSED FILES

RETURN(LIB, IN,BASTRIC,ASTRIC,ULIB)

LOADL ( BPHASE yRULIB) LOAD PHASE 0BJECT CODE AND I/O COOE
EXECUTE (PHASE1,PLOT) " EXECUTE PHASE

COPY (QUT/7RB,OUTPUT) , PRINT PHASE OUTPUT

EXIT. ERROR EXIT

DOMP(70000)

COPY (OUT/RB, OUTPUT). PRINT PHASE OUTPUT

789 ‘ ~ UPDATE OATA RECORD

789 PHASE DATA RECORD

6789 END OF JOB CARO



TABLE 2

T

LaL CDC 7600 CONTROL CARDS FOR PROGRAM PHASE o

PHASE,12,500,70000.490501,CLOSE
*7600

FLOOR(3) |
LIBCOPY.(ERNBEV,LIB, PHASE2)
UPDATE(P=LIB ,C=IN,F)
LIBCOPY.(ERCLIB,BASTRIC,BASTRIC)
RUN(S, 5, BASTRIC yNULL yASTRIC, 100000)
LINK(F=ASTRIC,B=XEQ1) |
XEQL(IN,PHASE)
RUNCSy 9, PHASE ,COUT  ,BPHASE ,300000)
LIBCOPY(SOURCE, SZAM/BR,ZAM)
RUN(S,5,SZAMyCOUT ,BPHASE).

COPY (COUT/RBR, OUTPUT)

LIBCOPY(ERCLIB,IO/BR,IR,SIN,SFORIO).

RUN (S, I=10,B8=ULIB,0=NULL)
LIBGEN(F=ULIB,P=RULIA)

RETURN (XEQL, PHASE , SZAN,I0,NULL)
'RETURN(LIB,IN,BASTRIC,ASTRIC,ULI3)
LOADL (BPHASE ,RULIB) .

EXECUTE (PHASE1,PLOT)

COPY (COUT/RB, 0UT/ BR)

DISPOSE (OUT=MF)

COPY (TAPEL/RBU, DATA/RBR)

LIBCOPY (ERCLIB,TW1, THRITEL)
RFL(70000)

RUN(Sy 9y THL,NULL ,BTH1,100000)
REQUEST(LIB,HI,XsR) 10308 ERCXXX
LOADL (BTW1,RULIB) |
EXECUTE,

COPY (LIB/RB,201R, NULL/RBR)

.POPY(DIREC/RBR,iFH,LIBIBR,1F,NLIBIRBR)

~ KATALOG(NLIB,yN=1)
TAPE(NLIB,HI,XyW) 9804 ERGBEA

EXIT,.
FOPY(COUT/RB,OUT/RB,OUTPUT)
789

789

789

10308,

789 :

*WRITE

*WEOF

*REWIND

*UNLOAD

6789

Joé-cARb'

FETCH PHASE UPDATE LIBRARY
UPDATE PHASE .

FETCH PROGRAM BASTRIO
COMPILE BASTRIC

LOAD BASTRIC .

EXECUTE BASTRIC

COMPILE PHASE

FETCH ZAM INTEGRATOR
COMPILE ZAM

PRINT COMPILER OUTPUT
FETCH FIELD FREE ROUTINES 1

K7 ]

RETURN UNUSED FILES

LOAD PHASE AND I/0 ROUTINES

EXECUTE PHASE

APPEND COMPILER OUTPUT TO PHASE ouTPUT
WRITE ALL OUTPUT ON MICROFICHE

OPEN FILE DATA FOR TWRITE{

- FETCH PROGRAM TWRITE1

SET THE FIELD LENGTH

COMPILE PROGRAM THWRITEL

FETCH DATA LIBRARY

LOAD TWRITEL AND I/0 ROUTINES
EXECUTE TWRITE1.,

SKIP OLD LIBRARY DIRECTORY
MAKE NEW DATA LIBRARY

CATALOG THE NEW LIBRARY

SAVE THE NEW LIBRARY

ERROR EXIT

"~ PRINT COMPILER AND PHASE OUTPUT

UPDATE DATA RECORD
PHASE DATA RECORD
THRITEL OATA RECORD

TAPE DATA RECORD

END OF JOB CARD



*/
*/
*

¥/
19,

1,
100
-1,

*/
*/
a4
5y
6,y
7y
8,
4
13,

19.3(MEV)
291954U098e0,40.0,2.09FALSE 1945,1.0,

TABLE 3
PHASE EXAMPLE DATA

EXAMPLE 1/%
PLOT THE SEPARATRIX 7%
PROGRAM OATA 19,3 MEV/*
0.0517.04

J.0y

17.09y

Te0y.

25,

7.58,
25.59137.0,

PLOT PARAMETERS,

LAYOUT GRIOD/*

TRUE,

DELTA PHI(DEG)

DELTA RCOINCH)

19.3(MEV) SEPARATRIX
29195.0,8.0940.092.09TRUE»1,50,1.0
¥/ END OF PLOT PARAMETER/*

Je0y040,51.0,

’

EXAMPLE 27*

GENERATE THE RF TRAPPING ARRAY AND PLOT

PROGRAM DATA 19.3 MEV/*

270
25,

00,

7.58,
25.59137.0,

PLOT

PARAMETERS, LAYOUT GRID/*

TRUE,
DELTA PHI(DEG)
DELTA R(INCH)

RF TRAP

¥/ END OF PLOT PARAMETER/*
11”36,28,9,30.09

-1’

-145.0,936.0,360. 0,

-68-

¥y
*/
%y
4
»y

a4

*/

*/
.
Cwy
*/

4
L V4

LBL-727

INTEGRATION RANGE/*
TIME CONSTANT/#
PRINT INTERVAL/*
FIELD RISE/*

RF VOLTAGE AND GAP/‘

SEPARA TRIX/ *
INTEGRATE PHASE ORBITS/*
STOP. THE PROGRAM/*

THE TRAPPED PARTICLES/*

SET THE TIME CONSTANT/*
PRINT INTERVAL/*
FIELD RISE/*

RF VOLTAGE AND GAP/*

GENERATE RF ARRAY/®

‘STOP  PROGRAM/®



| ’ - 269~
TA?L-E Y
PHASE_ ouT ?u'r

T 72/06/30? 20.2“#59;PHASE11CLOSEgFLOCR(3’.

IC= 4
INFUT TAULMIN,TAUMAX,CELTA TAU
0.000GC 17.0003 «1257 .
IC= £
INPUT TIME CONSTANT(NICROSEC)
- g.C0cC ‘
IhFLT FRINT INTERVAL ' ’
2¢ '
IC= 7
DE‘/DT(KCI<FC)
7.58CC '
IC= 8

VMEX(KEV)y RF LENGTHCINCH), IN THE DCUELE GAP
25.506CC 137,.0000

IC= 10

CELTA FFI(CEG)

DELTA RCINCH)

1€.3(MEV) <EFAFATRIX

OFTIOh,)YVﬁR XCENTS,YCENT, DFLX,DELY JCIN,CELS,SYMEOL,SCALE
2 i o0 8.0 4C. 00( 2.000 T .1 0. 1.0

IC= 1
INFUT RVMIN sRMAX 4CR, PH]PIN,FHIMAX,DFHI,(INCH,DEG) -
6.00CC 0.0000 . 1.0C00 -145,0000 936.0000 360.0000

IC= 100
BECGCIN IbTEGRATICN

LBL-727



72/08/20, 20.24.59.
RF CREIT TRACKING DATS

C(E+)

EO(MEV) =
ESEBAR(MEV) =
DES/DT(KC/SECY=
N(AVE)=
VFBX,ySGylkV)=
RFLUINCH)=

H=

Wi/C0MECR=
TC(SEC )=
ROCINCH=
TPINRACD)=
TMAX(RAL)=
DELT(RAC)=
RMINCINCE)=
RFAXTINCH)=
ORUINCH) =
FPIN(CEC)=
PFAX(CEG)=
OF(CEG) =
CFMIN(CEC/RAD) =
CFMYAX(CEG/RAD) =
OCP(DEG/FRD)=
L{INCH) =

PLOT=

6

OUTEUT 1C= 72708730,

1.000
938,232
19,300
7,580
«670
25,500
137.0C0
1.0€0
0.0¢C¢

g.0ce

00,000
0.000
17.000

0.0C0
J.0C0
1.0C0
165,000
836.0CC
360.0C0
I

1

I
240,000

T
20 .24459,

RS CINCK) 3K oKy B, CMEGA(KG) , DGVH (KV) 4 SGVM(KV) 3DEL ES(KEV/TURN) 4 PHIS (DEG) 9 LESOT(KG/SEC),F0 ( (DEG/RAD) ¢2,SFR
60C.000 .E700 '

Ny TAUCRAC) ,T(MSEC) yDRCINCH) yOPHIC(DEG) » CONP (DEG/RAD) yORM (INCH) y TS {MEV)  GS o WS (MH)

1
z
2
4

n

t.000
J.142
€.283
€.4e5
12.5€6
1£.708

1.255

0,000
+194
«387
581
774
«968

140

9.000
125€
54151
-1,187
“4,032
~e19¢

FINAL INTECRATICN VALLES

€

17.0¢0

1.053

°0068_

24583

-145,000
=142,207
=~95.435
90.424
~106.c48
-143,517

~144, 044

25,500

8.000
2.278

- 45,917
=10.622
-36,198
-1.769

613

bbb 1.388 1€2.5¢9

9.00(

«25€°

5,151
9.96€
€. 96€
9.96¢

2.96€

19.3¢
19."\’1
19,57

19.70°

19,84
19.98

20.04

1.020¢7
1.0207¢
1.020¢86
1.021C0
1.062115
1.02129

1.021235

43849
+50016

" +50184

.503¢1
«50519
«50686

«507¢€0

7.580 3558.351

.00
«00
[

-«00

=e (1

=00

-+ G0

332

0.00
.01

«28 .

~-.07
-.22

=-.01.

~+09

-0,00
.02
L)

~o1C

~e3Z

-, 02
-.01

e
1£~-04
8E~02

BE-D2

2E-01
2E-01

2E~01

RSCINCEY 4 NyKy Ay CPEGACKG) 4y DGVI (KV) ,SGVMIKY) 4DEL ES(KEV/TURN) 4FHIZ(DEG)yCBSCT(KG/SEC),FO((DEG/RAL) #2,SFR
600.000 €700

Ny TAULRAL) y Y(HSEC) ,CROINCH) yDFHI(DEG) yCONF (DEG/PAD) yDRM (INCH) 4 TS IMEV) yGS NS (MN)

M E W o

C.C0C
2.142
€.283
€.42s
12.5€¢€
1,704

1.255

e.000
194
«287
.581
774
«€68

b1kl

g.00¢
«25€
5.1514
~1,187
-6,032
‘oZG?

FIMAL INTEGCRATICN VALLES

6

17.0¢¢C

1.053

~o111

2.583

215,000
217.093
264,565
450,427
253,046

216,285

214.669

25,500

0.00

2.278
45,917
~10.622
-36.202
-1,866

-+999

L2138

6.00¢C

«25€
5.151
€.25?
9.357
€.,957

9,957

1,368 1€2,5¢9

19.3¢
19.43
19,57
19.7¢
19.84
19.9¢

20.04

1.020%27
1.02071
1.,02086
1.021C¢0
1.02115
1.021¢9

1.02135

49849 04GC 9.6 -0.0C «00C «01 ~-.bh8
«50016 .00 .01 02 1E~04 LOC4 o0l =48
50184 o1 +28 o431 B8E-02 .30¢ o1 ~.b48
50251 -,.00 ,‘007- -s10 JE-01 0013 .01 ~ok8
¢50519 «,01 =,22 ~,32 6E-01 L0138 o1 =48
50686 <,C0 =-.0L -, SE-0L .022 o1 =oJk8
«507€0. =.00 —-.0t SE-01 L024 01  =.k8

7.58010422.€71

«330

-.01

«00C
304
«008
018
022

024

«01
.01
«01

.01 °

001

T

<01

sDEZE(FC) ,0P/P(PC) yCH/KH(FC) yDHY 4 I(PC) ,SER, SHR
[}

¢+DEZE(PC) 4NP/P(PC) ,CH/W(PC) yDHD, I(PC) ;SER,SHR

LXLL
LY ]
~obé
=eb8
“ohd
~ob8

=48

1raim0 3SYHQ

LNOD

h 318V4L

_oL-

L2L-Td1T



Py

72708730, 20.25.00,
RF. TRAPFING ARFAY GENERATICN DATA

Q(E+) . . 1,000
EO(MEV)= 938,232
ESEAR(NMEV)= 19,300
DES/OT(KE/SEC) = 7.580
"NCEVE)= T 870
VMBXySG, tKY)= 25.500
RFLCINCHY= - ~ .. 137,000
H= ‘ 1.0€8
W1/0MEGA=. g.000
TC{SEC )= « 0002760
ROCINCH)= 600,600 : ‘
NCENT= 28,000 . .
RMAXCINCH)= . €27.000 o
"~ OCR (INCH) 1.000
XENIN(INCHY= ' «560
DABETA(INCH)= 1.0€0
CANIDTHUINCEYS .30.000
OPHI(DEG)= 10.000
RF (XBETA,R)= 120, 3¢C)
L(INCH) = 2ud.0€0
- PLCT= T

OUTFUT 1C= 72/08/30. 20.24.59,

72/08/3C. 20.25;00.1‘1/ 938/19.3/7.58/ .67/25.5/137.0/1/0;3("Z70/600.0/23/627.0/1.0/ «571.0/30/

&

 1nd1no 3VHE
AINOD h TRV

=
td
0
3
N
-3



FF ACCEFTANCE ARRAY (PERCENT)

6 Se6
6 €.€
8 2.8
3 £,2
6 €.€
3 8.2
3 €.2
7 16,7
1 11.1
11.1 11,1
11,1 11.1
2Z.2 2242
2.0 zt.¢C

22.2 22.2
——-1%.,4 1%.4
1.4 1,4

25.0 ¢t.0
e.1 1€.1
5e.3 £8.3
62.9 €2.9
€2.9 €2.¢°
6.9 €3.¢
T 81.9 €.¢

€1.1 €1,
8.3 58.2
5€.6 ES.€
47.2 47.2
41,7 41.7
3.6 2C.E

248 2.8

e o8 o & 0 »

[
oV o\ G PO N

[ SR R NN AR W

11.
11.1
11.1
22.2
2%.0
22.2
19,4
19,4
2540
3€.1
58,3
62.9
62.9
63.9
63.9
61.1
5843
55,.€
7.2
41.7
30.6

2.8

'

72/08/30. 20.25.00.7 1/

1C= -1

ENC OF RUN

22.2 22.2

63.9 63.9

938/3943/7.587 +€7/25.5/137.0/1/0.0/ 270/610.0/20/€27,0/1,8/

63.9

o000 000O
e 6 8 0 o ® o o

NwWwboooooo

63.9 63.9

58.3 58.3

41,7 41

coococooo
® & & o & & o @
ooonooao

0
0
]
¢
-0
0
0
0
]

.
oL
o0
ol
o0
0
oL
«0
«0

11.1
11.1
22.¢
25.0
22.2
1G. 4
19.4
25,0
36.1
58.3
63.¢
63.€
63.¢
63.9
61.1
5842
56.€
47.2
41,7
30.€
2.8

[
NThoooooboooo o

8 8 o o8 o e s 0 0 0 0 ®

SfOoMNONODOODO DO OMO

"N
Do N
. ® 0

2%.0

3E.1
58,2
63.9
63.9

63.9

61.¢

61.1
58.2
55.6
47.2
41,7
30.€
’ 2.e

cCocoPpoeDODO O
e ® 5 ® & & 0 ¢ & & » o
- - - T - X
ocooococo oSO
® ® O 2 = B &6 © o & & e O

NoooDoooDoOoo0oooo

NN
N »

.2 22,
19.4 19.4
19.4 19.4
25,3 25.0
3601 3641
58,3 58.3
63.9 63.9
63.9 63.¢
63.9 53.9
63.9 63.9
61.1 61,1
58.3 58,3

55.6 55.¢

47.2 47.2
41.7 41,7

20.6 30.¢

2.8 2.8

«5/1.0730/

-

25.0

e % o ® % 6 % o % 0 8 s s s
(NN -N-N-N_N-N-N-RN-N- NN~ N-]

-
VOOOoOOOOOOOO0ODODO

.
&

25.0

w
™m
.

3

58.3
63.9
63,9
63.9
63.9
61.1

‘58.3

55.6
47.2
41.7
30.6

2.8

R EEEEEX]

- NN -N-N-N-E-N-F-N_N. N -N-N_N-]
- N-N-R-N-N-_N_N-N_-N-R_-N-N.-N_N-N-N-1

N
n
e s e o »

W
o« m
byt
w

63.9
63.9
63.9
63.9
61.1
58.3
5546
47,2
41,7
30.6

2.8

e & @ s ¢ o 82 5 4 6 2" 8 8 0 & s 0

WO WHROOOOO00O000A0DO0OO000

oW ’
(A E- N NN -N-N-N-N_N-N-N-N-N-N-N-N-N_N-N_]

63.9
63.9
61.1
58.3
55,6
47.2
41,7
30.6

2'0

IngLno ISV NRG
‘LN9d h 3VAVA

_aA_

¢

Leal-Td1



3.4E401 — — . — . . B
19.3(MEV) SEPRRATRIX v
2,4£401 N P T Sl e SR . S
. 2 ]
1.4E+01 1 8 ) :
Z :
- e
o K]
a
[
-
4.0E+00 w
-6.0E400 |2 - ]
_ DELTR PHI(DEG)
-1.6E401 L A - — . . . . e . — -
-4.0E+D1  1,26+02° 2.BE+D2  4.4E+02  6.,0E+02  7.6E+02  9.2E+02  1.1E+03  1.2E+03

72,08-31. 09.31.02..

-gL-



3.4E+01

2.4E+01

1.4E+01

4.0E+00

' -6.0E+00

~1.6E+01

Lel-Td1

18.3(MEV) RF TRAP
¢ .
%
% -
XX x
xX.
200
300X
WO
000
O
WO

~ WOOOONNC
0000BO00¢

O 0000000¢

z 100D

= MO

— 0000000 -

(4% KOO, .
WD OO ¢
WOOPOOONNK 000000 ¢ .
OO0 OO0 » ;
IOBOONOOOONOONOOONY 00 . 4
AXFOOCH IO XX ANAXAR R KR . “ ) ':'.

NOOOOOOKOOOOROONK .

OO i
H
OO0 ¥
X
J
DELTR PHI(DEG)
-4 ,0E+01 1.2E+02 2.BE+02 4,4E+402 6 .0E+02 7.6E+02 9.2E+02 1.1€+03 1.2E+403

09.31.02.

72,08-31.

-ﬂL_
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RS — S R R e oy SRR

[ .T kBLE 1
LBL CDC 7600 CONTROL CARDS

HINJs12, 1009114000 490501’CLOSE ' JOB CARD
“7600 I ] — R —
FLOOR (3)
LIBCOPY(ERCBEVTtTB!nLNJCJ : :
UPDATE (P=LIBsC=HINJF) UPDATE PROGRAM
RUN(Ss » s HINJ s OUTPUT¥BHING9300000) - -COMPILE-HINI—
REQUEST(TAPE“'HI!X010308) FETCH DATA LIBRARY
LINK (FSBHINJy B2XEQY) - T LOAD-O8JECT DECK
XEQL, :
COPY{TAPE3/RBRYBUFPYTF I~ —PRINT—SUMMAR TES
EXIT, o . 'ERROR gXIT
COPY(TAPE /RBU.OUTPUT) ' ' PRINT SUMMARIES
#IDENT 19MEV
4D HINJIGI0
DATA BDOT.FSPIoPPMAMS/70580204-6690-624E10/

*IDENT ERCID

#D HINJ,39 o .

96 FoRM A T ( & ?“ Tzﬁi o r“ MH I Nd_. €LﬁSETFt06R _____ 3 ‘ 3 [ ) e e i s e e e et e Seoni s o0 <o e o

789 ) L PROGRAM DATA RECORD

71709713+ 10+ 0%+ 14s .

71/11/150 1623441,

3.0 e - - -

0.18 0.0 0012 0.80 0.0

“2+0 1.0 1400

4500 - Ye0 1450

6400 1.0 1640

1 o 0 . 1 e o e e e i 40— — . e i <o e et s s v e

140 1-0 14.0 '
6789 END OF JoB




D HINJSG 39—

- 6789

Joudu g S |
~77- LBE~727
T TABLE 2 -
LBL CDC 7600 CONTROL CARDS

HINJ.IZ.1000114000.490501’CLOSE
¢7600 ' , _ .
LIBCOPY(ERCBEVoLIBoHINJl)

FETCH LIHN UPDATF LIBRARY

UPDATE (P=L1BvCEHINJWFY
RUN(Se 9y HINJsCOUT oBHINJoSOOOOO)

UPOATE - PROGRAM
‘COMPILE HINJ

REQUEST (TAPE%sHIvXy9804)
LINK(F=BHINJ03=Xh01) :

XEQL (INPUTsOUT)

COPY(TAPEB/RBROlFQCOUT/RBRolFoOUT/BR)

FETCH-DATA LIBRARY-
LOAD OBJECT DECK

SAVE SUMMARIES AND COMPILER

tISTineG

¢ -

DISPOSE (OUT=MF) ROUTE OUTPUT TO MICORFICHE
¢ : LISTING

DMP(?OOOO)

COPY(COUT/RBUv6U¥/RBU14ﬁPE3fRBﬂ1ﬁﬂ¥PB¥+*W“””PRfN**tfS*#ﬁtE“OH*PUT

789

UPDATE DATA RECOPD

#TDENT 19MEV -
#D HINJ30

DaTA BDOToFSPIvPPMAMS/v.58v204-66-o.624510/

*IDENT ERCID

98 FORMAT(*T*OZAIOO“ HINJ.CLOSE!FLOOR 3*)

~PROGRAM- DATA “RECORD

789

71/09/13. 100040140

71’11/150 16¢23v41%

3.0 '
“0+1l8 050 012 0+80 0%0
-2,0 1700 1440

4,00 1. O 1440

6.00 o le0 1440

100 100 1400

14.,0 vt l ..o.w...., ot WM“ ¥ v

'1000




IM=
JH=
KM=
NM=
KFMX=

CMIN=
XMX=

800T=
FSPI= 2

12
24
2e
31
36

(01

40,0300

7.580C
04,6630

PPMAMS=  6.2640900E+09

SPI=

27,0360

PPMAI= 1,6848G0E+11

71739713, 10.04.14.
INJECT ACCEPTANCE ARRAY DATA

Q(E+) =
EC(MEV) =
KE(MEV) =
0B/07=
N(AVE) =

INF. RAGCINCH)=

INF, WICTH(INCH)="

ROMIN(INCH)=

SCUP(INCH)}
XHINCINCH)
XMAXEINCH)
XPFIN(RAC)
XPMAX(RAC)

=

XGMIN(INCH) =

DXS(INCH) =

X9FAX (INCH)=
DX{INCH)=

DXF{(RAD)=

MAX.NO. TURNS=
NO. STEPS/MAG,=
DRIFT L (INCH))

N VALUES EVERY 3 INCHES FRCM 675,357 INC

.868

672

661
C.707

T1/C9/13. 10.ubol4e/ 1/ 338/18,3/7.53/7 677619/ 40/575/583/ 4625/ o575/=2.887 2.88/=.56/1.G37
1v3c8

+695
«66°C
682
1,197

1.0L¢
§38.232
19.3C8
7.5680
«670
619,375
'L
575,375
583, 2€5
025
«575
~«5GC9
«3329
=s50C
1,000
18.5(¢
«DEY
20325 -
3%.0L8
8.,L0C
240.0CC

+683 o712
«691 +€53
§715  .739

DATA OBTAINED FROM LRL TAPE=

673
'66“
«7133

o

InNdLMO LNIH

£ 3T1avL

_8L..

LelL-Td1



71/11715. 16.23.414
RF TRAFPING ARRAY GEWERATICN DATA

Q(E+) 1.902 . .

ED(MEV) = 933,232

ESEAR(MEV) = 19,300

DES/OTU(KG/SEC) = 7.5E8

N(BVE)= : ' 670

C VMEX, S, KV = 25.505

* RFL(INCH)= 137,000

W= 143060

W1/0MEGA= 2090¢

TG(SEC )= : L 6L027C¢

RO (INCH)= 618,050

NCENT= : 21,000

"RMAXUINCH)= 623.0LC

-DOR{INCH) 1ot e
XBFIN(LNCK)=S +5LG e
DARETA{INCH) = 1.00¢ :
AWIDTH(INCHY= 20.0C6 <.
DPFI(CEG)= 23.010
RF(XBETA,R) = (23,30) ’
LUINCH) = 240.3CC _ -
PLCT= » 7

A

INdino SANIH

OUTPUT IC= 71/11/15- 16.15.17,

T1/711/15. 1€.23.41.7 1/ 938/19.3/7.58/ .67/25.5/137.0/1/0 07 270/600.0/721/7€20.0/1.87 o5/71.G720/
DATA OBTAINED FROM LRL TAPE= 19308

FERCENTAGE OF INJECTED INTENSITY TRAPPED BY RF  TRF X 140,

g 3718V.L

6L

0e0 Co0 040 040 840 G 040 GoO 040 Col $a0 9a0 0ol 02 00 ©oB 340 3ol Jub  uol .
1144 Ge0 0,0 04 0.0 Col 0eD 000 de0 0uG €ed JoU 040 Got Gad. 0e8 Do Jed 0ob  uaC )
11,1 11,1 0.0 0.6 0.0 Ge0 0,0 0o0 000 Col 3.0 00U 0.0 040 Col Lot 000 uew Gol Ual
1141 11,4 18,1 000 040 o0 04D 0.0 040 Bo3 Q40 0080 Oeid. 048 God Ged 0eQ voi 0+0 Lol .
22,2 2242 2242 22.2 0.0 040 G.0 0.0 040 Ue0 0a3 040 040 040 Cued Cou 0ol wel dot ual v (‘:;

22:2 22,2 22.222.2 22.2 040 040 G0l 040 040 040 Usb 0eD CoG God wed Gob Joi 0ol uod _
22,2 22,2 2242 2242 22,2 22,2 0.0 0.0 0.0 0.0 3,40 Jei Qo0 0.0 Gol God GeC Bod Gol Lol Oz
2242 2242 2242 22.2 2242 22,2 22,2 040 0.0 640 0eb 340 LoD 0.0 U0 Lol Ge0 Jei Db wed ©
(2202 2242 2242 2242 2242 2242 2242 2242 940 040 343 Je® 0e@ 0eC ToO 0al 0o el Jel wed :t —
2242 22.2 22.2 22.2 22,2 22,2 2242 2242 2242 Ue0 Q¢80 840 043 Oet Gal Usd DGad Jeb de0 ual
38,9 38.9 38.9 38.9 33,9 38.9 38.9 35.9 38,9 38,9 0.8 Ul 0.0 DeC Lol G0 0aC Jek Dot <a0 -‘
61e1 6le1 6141 6141 hlal H141 61¢1 014l 61e1 Glel 650l dod Uol 000 God 0e0 0Guab wev Dol 0ol .
€b,7 BE.7-6b,7 66,7 66,7 6647 66,7 6647 6647 5647 6647 55,6 0ol o6 Gol Ged Gob Jeu deb. Gef
€1.1 6144 6144 6141 6141 61,1 61.1 61,1 61el 6lel 6Lel 6101 5546 Col. Co0 0.0  Ged dou Uel ved
61,1 €E1.1 6141 61,1 61.1 5lel 61.1 6241 61e1 6141 6141 81e1 55,6 5546 0ed Uol St il o God
€11 €141 61,1 6141 612 6101 B1el Hlel 61s1 61el 6101 6144 55,6 500 Uhed Goi 3ol Jot Wet uel
€iel 6141 61,1 61s1 6101 61el 6141 Bl 616l 6141 6141 55.€ 55,6 50,0 4bots 33,3 048 Job Jal e
5546 55.€ 55.6 55,6 55,6 55.5 55.6 55.6 5546 55.6 55.6 55.& 5040 bet 36.9 33,3 2202 3.0 o0 wel
55.6 55.6 55.6 5546 55.6 55.6.55.6 55,6 55,6 55,6 55,6 5dev SUel 38.9 38,9 27,8 16.7 157 Je0 o0
5640 5040 5640 5000 5000 SCol 5Ce0 5606 5300 S5Cac 5400 4ot ot 33,3 33,3 22,2 11ed. Jub Jub 040
S Ghol Gbob Ghoy ok blon Bhab Llok bUal Gl blob bl 4 3809 33,3 270803607 L0 000 JeU 3.0 U0 -
27.8 2748 27.8.2748 27,8 &7.8 2748 @7.8 27.8 27.8 27.8 27.8 22.% 546 Ged Gol Uol 3.6 Dol Gal &
C0e0 Ced 040 0l 00 Lol 0ed 0eG 0e0 God 0o0 Jal JoC 0eC Ce3 Got 0a8 JeG Teb 0ol =

00 Ced U7 24G 260 Cob BeB Cal Jol Go2 Gol 30i 040 04C Cod Col Dol 0e8 Dol o 1S

006 0o 8.0 Gol 340 Col 0ef Gol CGal God 300 e 0ol Cal Col oo 303 dob Goab Gob N

6ol CoB 0.3 QeT - 4ol Col Gob 0ol Cod Cod 040 Dol Dol 0eG Got Cod J¢0 Joi God 4.8 3

8.0 C.0 3.0 043 D00 040 Cad Gl ol Lol 000 Gl Gal GoG 6@ Codl 0ol JaB doé GoO

o0 €o0 6.0 042" d4d 040 Gol 0l 0ed ol 540 ol 0Gol 0eC GoB €l 640 Jol dotl ©oB

0.0 Co0 Q.0 B4y 043 Lol 060 Gel 040 el 042 3ol 0al Dol Co0 Gel S8 Joi 04C dob-

Be0 Co0 Ued Ce0  JeC CeC Col Go0 Tob ved Uod 3G Gul Bal o8 Col wed Jeu Jal e



DINJ oes GAUSSIAN CISTRIBUTIONS IN ENERGY, X, AND X=PRIME,

" X CENTER(INCHES) xC=

«18G0

XPRIME CENTER(MR) YC=

STANDARD DEVIATIONS OF X~XPRIME DISTRIGLUTION. SA=

STANDARD DEVIATION OF EMERGY DISTRIBUTION (INCHES).

ROTATION ANGLE OF X~-XPRIME DIST, (

X CENTER DISPERSION

XPRIME CENTER DISPERSION

XDSF=  ~2.00

YDSP=

SHIFT IN CENTRAL MCVEINTUM FOR TIME

6 -0 - -

o -t =L

=0 =6 =i =g =0 =0

-0 -0 -0 -
90 PER CENT

0 -3 e

-i
-
-

-0 -0
-3 =0
-0 =g

AREA= 1.13*PI CM*MR

SUM OVER ENERGY DIST.

SUM OVER X=-XPRIME DIST,

DESM= 1

DABSHM=

SUM OVER ENERGY ANO X-XPFIME DIST,

PRSM=0ESHM X DABSM=

Sy Cy ENORM,

Ced3CCA0

«9346237

RADIANS)

0
=3.0000

THETA=

INTERVALS NTIN

-G
=3

-G
«3u0000
« 934237

0ISMH=

ABNORM, PE, PA, P8, FDT

led0CLEY 132

981  ,020723

ENERGY OISTRIBUTION OF INJECTED BEAM OE
00009 .000C1 .000CH4
012579 ..10648 08066

«0G0UT
13298
«0000¢C

X=XPRIME DISTRISUTION

«CO0C1N

+C0UCHL

.000410
00264
«000577
L001143
+C02C54
.603348
«094948
4006632

.008C62

+008889
008689
«£08062
«G0BB32

«003348
«C020654L
«G02143
0GLI577
«000264
«C00110
«000041
«000014

CC6948

«000022
«U0L065

2030172

0000415

$000907

«001796
«023226
«035258
«J37770
010415
«U12E62
«013961
«913961
012662
010415
(007770

2005253

003226
J0E1795
000907
060415

_.000172

+00u 065

.00C022

DA

BP

. GJ0029

T G069u1

«000¢C86
.Lcp228
«030548
.001197°
«032371
(04260
« 006941
.G10258
«013750
«016716
«018438
«J18431
«016716
2013750
610258

.L34260
062378
«001197
230543
.ti0228
.000686

+000029

«0C0t6
«05467

000032
.000095
.00£252
.GGL608
001328
62631
004727
S047703
011384
.015260

.018551

«020454
«020C454
«018551
«015260

£011384

Q27703
«0G4727
003631
«0u1328
«C0L608

366252
+00G095

.000032

934237

200058

Ueil000
«1200 S8= « 8380
SE= 3.00068
Oobdéb

.055556 3u4.722:222

00148 .0

0380 .0087¢%

L 78125¢

-J18C90

«03316 01830 .0u8V4 L0380 L0O148

«030030
000089
+003236
000567
2001239

002455

<034610
.607186
010621
.014236
617307
.019582
+619382

617307

«014236

«037180
oCO0LLLS
+002455
601239
000567
.000236
00089
+000030

.010621

006024
«300070
066185
000445
+000972
001925
«303459
105636
.008329
011164
013572
014965
+014965
013572
«01i1164
.+068329
7.005636
002459

«001925

006972
« 305445
.200185
206870
.000024

200016
000046
$606122
005293
<C0CHL1
01269
302280
833715
505491
+GO7360
+008947
009865
009865
<008947
007366
.005491
003715
002280
001269
000641

“660293
000122
4000646
060016

«Gutuce

003325
T Y

. «0uG163

« 630355
003703

«001264

«032059
L3343
eLgkI79
«(Qu958
035467
« 005467
« 304958
«034079
«003043
«Ld2u59
«G01264
L0U67C3
e 690355
«L00163
o GJIVET
«00Gu25

«G30009

(i3l
«Gu351

«300004
«Ja0312
«J0ud 3L
330076
«0di165
«335328
«00C589
«Ju(959
«JU1l418
«001300
202310
52347

402547

0523190
+301900
301618
«J00L959
«900589
030328
«JUG165
eQaGu7e
«J06531
300032
wJulIdG

«05467 .08066 .10648
«dCU16  LOLG04 L0402

«LQuuiL2
willuid
sbudli12

«L00G30

«LULUES
euli128
»L00231
«G00376
+U00555
CJLLT L
Lu09Ls
«00G997
«G0C9G7
«00G9LS
wUd07 U4
«300555
<0376

o231

003128
rvi00CES
« 06003
w0012
evllOGLS
«ul00L2

2205321
062332
+0GA0UN
ITTEY
.00t321
£0G0042
SUUC076
$200124
.30c183
3245
.000298
.60G328
.J00328
.00 G298
+00C245
«000183
S00L1204
«306276
2030062
«00Gd21
.000013
«2035304
«0000u2
.00C001

12579
03009

«J00003
«606000
«G30001
«000003
«0u00.6

 .300012

000021
000036
000058
+0000668
000082
«000u091
«003092
000082
000068
060051
<0GG034
. 006021
.0006012
4000606

. +0C0003

«000002
+030063
000000

'

ANdLno LNTH

A ANOD

€ 378V_L

-0g-

Lel-149T



(INJECT START) XAz  =2,GGC0 = 0
(INJECT WIDTH) OX= 17,0000 Ts a7 (INJECT STOP) LB= 16

(FINAL) XF= 14,0608 LFs "'i%

" TOTAL ACCEPTED INTENSITY.(NORMALIZED ro'uuir INJECTED BEAM)  OTOT= 4710387
TOTAL ACCEPTEU INTENSITY (TIMES PULSE LENGTH)  OTUNa ;2}076557
ACCEPTED INTENSITY OTIME(L) AS FUNCTEON OF TIME xuieaan t (NORMALIZED TO UNIT
4182912 ,271469 373846 .u51029‘ 583081  L671b3L 742979 .7964bb
«883€46  ,895597  ,93(984  +9U6I76 .912391 + 839024 .arcuas‘ '
"SIGNAL AT SOUTH FARADAY CUP ( NORMALIZATION - INJECTED BEAM = 100.)
0.0000 0,080 o7 +0180 +1766 1.0443 2.3524 2.8b44
6.30848 7.3563  7,8851 8.G4C1  7.7571 7.0547 5.5521 3.4320

.09€2 «0113 «CiChL 0.0000" 6.6000 0.,0008C  0.9000 . G.300Q

2.00C0 G.0093° 0.0CCO 8.0000 o.ooau'A. 0.0090 0.600C 0,000
0.,0080 0.6000 046060  we0080 Go00GL €.0C0C 3.0060 Geduby

INJECTES BEAM IN EACH INTERVAL)

835749

3.9802
1.4778
046322

6.0090

Co 000

eB62820

542126

4681
3.000G0

Leudso

seUVND

LVd L 7o -f/l/i‘H
uwrp £ 317 g VL

TG

LeL-1aT

&



TN O MO M™MOO NITHOOOINT N . cSToo

FINAL ACCEPTED OISTRIBUTION DF X 1300

-8z | LBL-727
TABLE 3 conr
\.\.N_\.\,H..@Ukﬂ. PuT

oo
LI}
-3

8.0
Go.C
0.0
B.C
B.C
GeC
Gel
Co

UAUnUnunvD.U.UO.U,UEUU.UUAUnunclqro.k
@ ® o e 8 % 0 2 o s @ 2 006 ¢ % 0 8 % 8 0 e

OO0 DIOOODONAODIDIDOIMM e

oaouognuhu
® ® o e & 0 o e s o

2,(34663E+12

GelL 0add=Jodi=0.00

J.00 .12 .18 .80
=0 <0 =C =y =J =J =C =0 =0 =0 -§

1

DOO0OQOO0O0OOMDALSIATIIAOINMNTTIMNMOoODISOOD
® @ o o & % & & 8 o 6 4 0 0 0 s e 0 0 0 0 8 e s s .

PARTICLES ACCEP"ED PER MA INJECTED FAC

[=R-R_K. ] 670?_25220769
. » ® 8 @ o & o o o @

oo 12“56665“21 = RN~ N}

{INCHES)
(MIGROSECONDS)

DODIONMNOMMOMMAICRNTINADD IO D
* o 5 e 6 oo e 00 e e o m e e

- r
oo H NI OODN TN oo0cooo

PO VOOOMODOVLDIOrwIOODOO
® 6 6 6 8 8 0 6 e 6 0 " 6 s s e 0 e e e o

W ANMN O OOUM N [~ RS X N N W=

Da
.2
o

14,0

RN ITONMNMNOMMOMMOANMNOIITOSIOOOD
® @ @ 6 0 8 4 e @ 0 ¢ e 9 T s S 00 e e e 0 8 e e

AWAN IO ODOOWN TN Vouoowo D

TF= 40540

b4

0000001259782559558877000000-.u
) P R N T S S A
[~ K= N1 HON TN D OO A -t DO 3IDOMDD

1.13*PI CH*MR

@ © ¢ 6 o a s o & s s e e e e e s s @
a0 12:0“565“32100“000000

17.0
4594C

DO DHNITI D 55796189751000”00D00
e & o o o

<0 =0- =0 =0 =0 =0 <0 =46 =G =0 =0 <0 =0 -0 -y -

S0 PER CENT AREA

N AAODDOVOAODDTODID IVDODOD
©« 5 o 6 6 2 s 8 & 0 s 0 8 0 s e s e s e .

cooo ANMIINTIMAUNOOIODIACO

¢
]
]
0
00
o0
.1
.1
03

X
'R}
15.01.17,

DD TN AMONODN TOIANDIWDEA I DIIO DD D
© @ 6 e & 8 8 6 o5 s 00 0 8 2 e s e e s e e
cuvwa HTANMIITITMNOOLOUOOIIJTQL

-0 - -0
-2,¢

COO0OODHNMOWIOIARIOTIFOOoOUOOCOODOOODODO0O™D
. ® @ » & ¢ 0 9 0 " e s 0 8 s a4 e " P s " s e 9 00
oo L HMAHNMNNNNOODOODOOOO 3V

TOTAL FRACTION ACCEPTEU OTOT= ,71Ll4

TAz 54,0
72708728,

l‘.
.2
o1
Io
0
0
]
0
717097134 10404e3ba/ 1/ 338/1943/7.58/ .67/6187 4G/575/583/ 0257 J575/=2.8B7 2.88/-45u/1,037
‘XA

OINJ TYFEJNDIN,SE,SA,XCySB,YC,THETA,XDSP,YUSP GAUSSIAN

NTIM



FINAL TRAPPED (ACCELERATED) DENSITY DISTRIBUTION OTRF X 1660

Lo
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e
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83- IBL727
.\lbmhh w . m.\o>\q.
INQ% OuTPut
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® ® & & ® 6 0 5 8 S e @ B & O s 2 s & 0 s e T e e 0 2 v & @ N -
90003300300 MTDON INTIOIDIDIIND DD DD =) - -
! . * -
3 W w
BOOIADIDIITOAIDIDOIDIR AIDIDICODIDIDIIDIDD X m ™
@ ® © 0 ® @ 4 ¢ 9 8 2 0 * 4 % 0 2 * a0 * s e e e e s e o0 ~ (=%} o0 o
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. . - &N - r o
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DO DO0O0QOOOIIDCAMMIMN - PDOIIPIBDD ~ e X
BN o .3 o
B . ] w x
PO DO0ODIDOOIVTIAVDOIRAANINTDOODIDD D o [ Y]
® ® ® ® 8 2 9 s 0 6 8 O ¢ 2 e S e e e B s e e e s e e . NN D Q
DOODADOCCTLDIMMMM AN - oD oOoOo wo ) [~}
R N~ . w. o
== B farli—1 H -
DOV ODAIDD IDIIOANNMNIFCINONDLDD DI 3 ] a a
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Appendix B Program Data Input Tables

This appendix contains tables that show how to input the data to
the programs INJECT, PHASE, HINJ, TWRITEi1. The use of these tables is
described invthe main text in the respective program descriptions under

the section dealing with data input.
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TABIE I
'TABLE OF DATA INPUT FOR INJECT

71/01/13

comment

stop program execution with a program STOP

Set the field index values as a function of radius R in the
_field’ihdex array N. There afe-l7 valueé-here which are

preset in a data staﬁement._‘They cover the range indicated

in Figure 4, Seci 21; ValL.II. . The:vaiue'N(l);n(RoMIN)=n(575.375) |

and the grid spacing is 3" intervals.

The preset vélues are:
868, .695, .683, .712, .673, .673, .660, .691, .663,
664, 661, .682, .715, .739, .703, 707, 1.197

(::::)I the number of items read. O is valid

I,'N(I)

NUM of these items. Note, NUM and I are of
type integer. '

,(I,&(I))

Program parameters are set here. Only ﬁh0se parameters that

- have values different than the preset values need be changed.



Value
IcC

comment
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The parameters are read into an array TEMP. We read NUM

the number of items to be read and each item consists of

I, TEMP(I). We have the following values. Preset values

" are indicated below.

T TEMP(I)

iy RNQ

L FULOUT

5 DRIFTL

maximum # of turns traced (30) integer
if the particle clears the inflector in,

say, 8 turns the program will only trace

"8 turns.

shrinkage ‘ ~ (.075)
linch]l1/L revolution] ‘

of the equilibrium orbit due to the field
rise é. Program presently calculétes
.this factor so it need not be input here.
In fact this numbef is-pfésently‘not

used internally |

the number of ABsteps/90° quadrant(8) integer

if TRUE then print orbit out after each
transformation :

if FALSE then supress orbit print after
~each transformation

(FALSE).

1/2 length [inch] of one full drift section
(120.0")

buter r]dius [inch] of the inner inflector

wall infllector (619.375")
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Value
IC comment
7 D9 inflector width [inch] (.oko™)
8 ROMIN inner most field radius [inch].
(575.375")
| 9 SCUP radius [ihch] of soﬁth faraday cup
(583.265“)v | |
NUM, (;,TEMP(I), J =1, NUM > R
L 2 o
4 .Set the grid in this (x,x*gig) space fof which the acceptance

arrays will be calculated,

XXPMAX i W
DXXP | T . ]

DXX9 -T— Y

l 14 l | l >
o~ T 1}l [ ° I x -
' DXX
X9 - WOMAX  XXOMIN
XXMIN _ XXMAX
XXPMIN —- |
inflector

The arrays are dimensioned (12,24,20) ;'(x,x',x9). vThere are
available 12X2UX20 points. We have that
(1,1,1) — (XXMIN,XXPMIN,XX9MIN)

(2,2,2) — (XXMINN+DXX ,XXPMIN+DXXP ,XXOMIN+DXX9)



-90-: ' ILBL-727

Value :

IC comment
}The variables are specified in ([inch],[rad],[inch]).

While the grid spacing and limits are érbitrary for this
b.program, they must match HINJ when'the generated arrays

are gsed in input to that program -

XXMIN,KXMAX,DXX,XXPMIN,XXPMAX,DXXP

XXOMIN,XX9MAX , DXX9 :

5 write the last generated acceptance afrays AA,NT on TAPEL
and on file OUT. This is how we save .these arr;ys for future
use. Upon exit'frdm the program TAPEkY, consists of 1 file of
.data in standard data format suitable for use as input to
program TWRITE®, [3].

6 Set the kinetic energy [MeV],rest‘mass [MeV], field rise
[ke/secl, average field index for the calculation of the
shrinkage per inch factor S2. .Our present'values are
respectively (19.3 ., 938,232, 7.58, .67)

KE, MO, DBDT, RON )
7 Parameters to define West field bump are input

B1TO [Xg] | field at time t = O
DB1TO [kg/sec] field derivative .g%”

of the bump



Value
IC
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comment

DTL [u sec] the time 6t at which this calculation

starts as measured from t = 0. These

field \ beam

Rbump E field bump value at time t + §t

three quantities establish the

wl

S ' | which is used as the field at

turn zeroﬂn

When the field bump is nonzero,‘then the aéceptance arfays
are fime dependent as measured from t = O;' This must be taken
into account wheﬂ the arrays AA and NT are used in inject.

The preset values are all zero

- @mo, DB1TO, D@

Use the. current program parameter values to generate the

acceptance arrays AA, NT by ray tracing through not more than

NO turns. Note the array elements calculated are starting

at AA(1,1,1) and NT(1,1,1). The amount of the arrays filled

" depends on the values input in IC = 4. We have that

(1,1,1)  (XXMIN,XXPMIN,XX9MIN)

(2,2,2)  (XXMIN + DXX, XXPMIN + DXXP, XXOMIN + DXX9)
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TABLE II

Table of Data Input for PHASE

71/01/13

1C comment

{
-1 terminate execution with a program STOP
0

Set the unit conversion factor. The intermal units are MKS.
Units to convert the input data tévMKS units.
Length (.0254), B field (.1), Voltage (1000.), energy"
(1.60207E-13), charge (1.60207E-19), angle (.017453
2925199&), where the input quantities have dimension. .
L[inch]; Blkgl, vixv], E[MeV],’Aﬁgle[dng,

' Q [signed # of changes]

(:é, B, V, E, Q, A)

Units to convert the internal'results to the required

output units.

Length (.0254), B field (.1), Voltage (1000.),
energy (1.60207E-13), charge (1.66207E—l9),

angle (.01745329251994), where the output quantities
have dimensions |

L [inch], B[kg], Vﬁkv], E[MeV], Angle [deg],

Q [signed # of eharges].

CL’ B’ V, E’ Q’ A )
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IC
1 Speéify the grid oVer which the phase-equations will be
integrated. Those are the initial values corresponding to
t =1=0.
rlinches]
] [deg]
This grid is used to integrate for orbits in the (r, ¥)
plane
{ RMIN, RMAX, DR, PMIN, PMAX, DP
2 Set the reference orbit radius RO(6000.0") and the average
field index value N(.67). The reference (synchronous)
- particle is assumed to move on a circular orbit with this
radius in the magnetic field.
RO,N
3 Set the injection energy (19.3Mev), starting energy of the

reference particle at t = 1 = 0, and the rf harmonic

number H(1.0)
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b e

Ic
L Set the integration variable 1 grid. We integrate from Toin
to Tmax in steps of.delta t. The units are dimensionless
such that 7 = 2% is one synchronotron oscillation for small
Ar, ¥ . DELT is set to (4w/100) in a data statement
Restriction TMIN = 0.0
(TMIN, TMAX ,DELT)
5 Set the voltage rise time constant TC[p sec](270.0). Note,
TC = O gives the constant voltage case
(TCc )
6 Set ‘the print interval (2). TIf this value is 1 then the
integration'resﬁlts ﬁill'bé pfihted evéry time the variaEle
. step integrator lands on a maximum step size set above when
IC = 4 as DELT. Otherwise this print out will occur every
PRT*DELT steps.
( PRT ) integer
7 Set the field rise 3B [kg/sec] of the main field (6.28)
) dt |
|
DBSDT
8 Set the maximum rf double gap voltage VMAX(29.6Kv) and the
maximum double gap length RFL (137").
‘VMAX ,RFL
9 Specify the grid over which the phasé equations will be

integrated.



g5- B " LBL-727

IC
9 These -are values corresponding to € = T = O.
D =cp
[deg/radl
 [deg]

" This grid is used to integrate:for orbits in the (E,¢) plane

<§?MIN, CPMAX, DCP, PMIN, PMAX, DP
10 Set plotting parameters, layout new grid

logical ~if CPLOT then turn on plot.
: ’ C . else turn off plot;

if CPLOT then

begin the following data is read.

3 lable cards of 30 characters each are read
user supplied:
1,3\. x axis lable

]

XLABLE(I), I

YIABLE(I), I = 1,3 | y axis lable

identification printed

DENT(I), I = 1,3,
_ across top of plot

next the plot is set up by choosing various options and

~ parameter values /\ . Standard céntimeter

o = 25 cm plot paper size
OPTION = 1 ‘ ’ ‘

vy 18cm

>

x .
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‘ AN |
OPTION = 2 Standard
y 25 cm v centimeter
38 cm plot
:> size
X
XYVAR X y ploted as a function
0 ) of 1. Chooses which
1 : ' Ar variable on plotter
_ and along which
2 ¥ P axis
3 Ar P
4 o v
5 ’ p AT ' Yincremented by 360°
every dels plot
points

XCENT, YCENT, DELX, DELY

_ plot origin
6.1.._
— DELTX = 5.0
2+
5 10 15 20 25
: | | } | |
T T T 1 T
XCENT XCENT

[cm] [cm]

| ) i
locate the origin with respect to the plot. Establish the
grid values per cm for the plot. Note the units are those

established by setting UPINCH. See IC =13 Section.

JOIN = TRUE | pen down between symbols

FALSE pen up between symbols
DETS plot a symbol every DELS print lines

SYMBOL standard LBL Calcomp plot symbols
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Ic
10 Value SYMBOL
0 No symbol
1 dot
2 - horizontal bar
3 | vertical bar
L V\ bend dexter
5 / bend sinister
6 <>diamond
7 E]square
8 Daeita
9 Y7del
L5 X
89 'X symbols éan‘be composed as in these three
examples '
23
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IC comment ‘
10 SCALE  scale graph by this factor: Preset to (1)
_ Note do not change, results unprédictable .
71/01/13.
COPTION, XYVAR, XCENT, YCENT, DELTX, DELTY5 JOIN,
i i L
DELS, SYMBOL, SCALE"
i i
A new grid is set up and all plots are put on that grid until
this section is again executed, either to shut off the plot
or to layout a new grid.
11 Set rf acceptance parameters and generate the rf acceptance

array

TCNUM The minimum number of time constants (4.0)
over whiéh the integration will take place
starting with T ; 0. The value of the time
constant must have been set in the IC = 5
section. |

NUMPHT The number of intervals (18) into which the
phase axis -w< s is divided. The value
18 corresponds to 20 degree steps.

NCENT The index (21) in the rf acceptance array

DFl(xB,Ar) corresponding~to Ar = 0.
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IC
: 20
1l | | > i
A‘l AR franctia
J DABETA o < _of 2%
-+ DBER _ ' accepted
| . T F{h“ DF1(i,J)
_ 4 NCENT
fo-1+ ] v
ot -
30
bevatron radius. rg ‘is the radius of the reference particle.
. DDR , Ar grid spacing (1.0")
- DABETA - Xg grid spacing (1.0") ‘
AWIDTH chamber acceptance 1/2 width (20") in the Ar
plane. vWe always assume the chamber extends
+ AWIDTH from Ar =0
@CNUM, NUMPHI, NCENT, DDR, DABETA, AWIDT_H)
i i
12 Write the last generated rf acceptance array DFl on file TAPEL

in standard data format suitable for use with program TWRITEL

' [3].‘ This is how we save a previously generated array for

use in program INJECT. Note an arrayvmust have been generated

in an IC = 11 section
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13

be followed by an IC = 10 section.

| UPINCH (2.54)

- Change the paper sizé and plot layout parasmeters. This must

The units of BOT, WIDTH, LFT, RTl, RT2 are those established

WIDTH (25.0) T v A .
: ' . WIDTH
LFT (5.0) |
‘ N . RTL _
RTl‘(l8.0) K \ RTD >
A
" RT2 (38.0) LFT BOT .
o SN 0 0 0O 0 0 0
. INTX1 (9)
RT1 OPTION = 1
RT2  OPTION = 2
INTX1 (9)
INTX2 (18) . # of subdivisions
INTY (5)

by UPINCH. The value 2.5k makes these units centimeters.

The units associated withFIC = 10 section are those established

by UPINCH. The plots are set in data statements for

standard centimeter paper. Note that the valuesRT1 = 18 and

INTX1 = 9 give tick marks every two units, i.e., every 2 cm.

when UPINCH = 2.54. Similarly for INTX2 and RT2.

UPINCH, BOT, WIDTH, LFT, RT1, RT2, INTXl, INTX2, INTY

i i

‘-
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IC
4 Set the frequency error parémeter &lf See section 1.1,
‘equation (1) and Section 3.1, equation (1). We actually
input here the value FREQER = uﬁ/Q. (0.0)
FREQER
100 Execute the integration section. The .synchronotron phase

equations are integrated from TMIN to TMAX for all initial -
conditions. The initial conditions are’
RMAX

RMIN = R

A
A

1A
A

PMIN ¢ < PMAX
or

CPMIN =<

IA
€ | gl
IA
g
5

EMIN

as set in IC=1 or IC = 9. Note, the.most recently set values

are used.
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TABLE IIT

Program HINJ Data Table

vVariables
Read

71/01/18

| Comments

LBL-727

Format

o

LI

~ AID

This is a two word 10 character

“identifier of the form YY/MM/DD.u

HH.SS .MM. ﬁﬂat is used to fetch
-ihe acceptance arrays. It ﬁust.
be exactly as an output by INJECT
at the time these arrays were

generated. It is expected that

; tape.h contains a library in

standard library format [3j and
that this identifier exists - in
the library. Identifier errors
will cause a program stop. The
two arrays A,NéF_that correspond
to this identifier will be

fetched by the call to ACPT.

(2410)

I2

RID -

Exactly the same as the description
for AID except this identifier
corresponds to.an rf trapping

array generated by PHASE. The

(2A10)
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Value of | Variables | - ' , \

LI Read Comments v . ' Format

array TRF corresponding to. this
identifier is fetched by the call

" to TRAP

L3 ~SE The standard deviation corresponding
to the momentum spread: This is in

. the units [inch]. See seétion 3.1, Vol. II
equation (1), (3) and the discus-
sion there on how to relété real
measurements to the value dﬁ-

NTIM There are available here 30 vélues

"that can be used to_displa¢e the
momentum P, = p(ti) of the .
injected beam at time t;,

1 £1i < 30, from the central mom-
entum PO that defines the ﬁime

axis. The units of displééement

i : are [inch].

x. ot ' - inflector
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1D

Variables
Read
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Format

N(i) > O implies P, >P_. In the

above figureyPo is the position at
time t of the central momentum

of the momentum distribution. Pi

" is the beam slice at time ti, and

it has a higher momentum than Po

since its displacement N(i) > 0.
N(1)  time slice 1

ﬁE30) time slice éQ

The units in Figure a along the‘X9
axis are inches. The relation
between momentum gnd radiﬁs is

given in by equation (2) section

/3.1, Volume II. Note both n=n(r)

and r enter into this caleulation.

(SE,(NTIM(I),I = 1,30))

(F10.4,3012)

13

- XC

YC
SA

SB

Center of beam ellipse [inches]
Center of beam ellipse [mr]
CA standard deviation [inch]

qB standard deviation [mr] see

 Figure 9, section 3.1, Vol IT and the

discussion there about how the

standard deviation are'reléfed
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" Variables

Read
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Comments
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Format

 THETA

~ XDSP

- YDSP

to measured quantities.’

'The momentum dispersion of the beam
as measured from the central -

momentum. XDSP(YDSP) is the shift

‘. one standard'deviation shift from

the injected beam central momentum.

(%C,¥YC,SA,SB, THETA,XDSP, YDSP)

Angle with respect to X axis of

beam phase ellipse.

in X(X') center in inches (mr) for a

The central momentum (N=16) has
center XC, YC. . The other momenta
have a center determined by

XP

XC + (N-16) x XDSP/SE

YP = YC + (N-16) x YDSP/SE

Ly

- DX

| turn on time must be after the pulse.

values along the Xg axis.

Startbof pulse [insh]
Pulse length [inch]

rf turn on time [inch]
See Figure 1, section 3.1, Vol II

and the discussion there. sThe rf
XF> XA + DX + 1.0. These are the

9=O=t.




Lh
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Note that DX O has no meaning
physically, but that it is used to

control the action of the program.

if (DX = -1.0) go to L3;

if (DX = -2.0) go _to L1;
if (DX = —3.0) go to L2}

(XA,DX,XF)

(8F10.4)
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. TABLE IV

TWRITE1 DATA TABLE

File Name Data .
type item comment
INPUT i NTAPE New library LBL tape number
LIB 1 file in standard library format.
N This is the old library to which data
is appended.
DATA 1 file in standard data format pertaining teo

the data to be appended. TAPEL of

programs PHASE, INJECT is suitable.
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Appendix C Field Free Data

Some of the programs use field free data routines described in [2].
These routines can be used as biack box‘input routines. We give below
an explanation 5f‘what constitutes valid data.

Integers aré.of the form + NN...N where N are decimal digits.

A real number is of‘the form + NN...NeN...N or else +NN...N.N...NE+NNN.
Logical values are specified by T, F or TRUE; FAISE. Any nﬁmber can

be followed by RNN...N where N are decimal digits. This causes the

number to be read NN...N fimes. . Comments can be'ihjected anywhere as

*/text/* and are ignored. Items to be input are separated by deliminators.

This is either a traling comma  or else 2 or more blanks. Empty fields
are skipped. Quantities are read as incountered,as many on any one card
.as 1s convenient. Below are some samples of valid input data

+5.2_,‘T, TRUE, 6.5E3R5, */EXAMPLE/*



[1]

(2]

[3]

(4]
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or 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.
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