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THE ISA DETECTOR TEST FACILITY

A facility for testing detectors to be used at ISABELLE will Ie con-

structed at the AGS. During the fall of 1979 the MESB/B4 will be
orarily, but in early 1980 the Bl line will become available. The

sed temp-

re are

no other commitments or pending proposals for the Bl beam, so it c¢an be

devoted to the Detector Test Facility (DTF) indefinitely. As both

Bl and

B4 service adjacent areas on the AGS floor, a compact layout encompassing

The MESB/B4 provides separated ms, Ks, ps, and Es at moderate
sities between 1 and 10 GeV/c. Bl is an unseparated 0° productions
beam which can deliver high fluxes (n407/sec) up to 24 GeV/c. Thus
DTF will be able to simulate many of the features of the ISABELLE I

ment. Fig. 2(a-f) shows the particle fluxes available in these be

The DTF will be arranged so that tests can be conducted expedi
A counting house-trailer will contain a PDP11/60 and will be suppli

with NIM and CAMAC electronics from HEEP. Crane coverage is unobst

both beams is envisioned for late 1981. This is illustrated in Figure 1.
inten-
angle
, the
nviron-

ms .

tiously.
ed

ructed,

and the area is free of encumbrances. Sufficient water and power will be

provided to operate one large spectrometer magnet, and provision wi
made for the eventual installation of cryogenic services, should it

necessary.

Operating instructions and other details are given in the app

11 be

prove

ndices.

Appendix I is a report by C.T. Murphy and J. Fox describing the MES$B and

Appendix II gives more information about Bl than is available else

List of Figures

1. DTF Layout.
2, TFluxes Available in the MESB and Bl.

here.
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CHARACTERISTICS OF MESB: DESCRIPTION FOR USERS

* +
C.T. Murphy and J.D. Fox

January 28, 1974

Present Address: National Accelerator Laboratory, Batavia, Ill

Present Address: Saclay, Centre d'Etude Nucleaire de Saclay, F

ABSTRACT

The beam optical design and calculated performance data
are presented for the Medium Energy Separated Beam from the
target station. Various modes of operation which enable the
beam to separate kaons to 6 GeV/c, and anti-protons to 9 GeV/
are discussed. Purified particle fluxes in excess of 10° K",

BNL 18627

inois

rance

Bll

[§]

5 x 10* K=, and 10°p per 10'® protons interacting in a beryllium

target are anticipated.

NOTTICE

This report was prepared as an account of work sponsored by the United

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
or assumes any legal liability or responsibility for the accuracy,
ness or usefulness of any information, apparatus, product or process disclosed,
or represents that its use would not infringe privately owned rights.

implied,
complete-




Introduction

The Medium Energy Separated Beam (MESB) is a one-stage, DC sEparated
beam from the AGS external proton beam target B, designed to puriffy K's
up to 6.0 GeV/c and p's up to 9.3 GeV/c for electronic experimends. The
momentum limit is determined by the measured /Bdl of the first bending
magnet at full current.

MESB was originally designed by Carrolll to separate 5 GeV/d K's and
8 GeV/c p's. Fox2 increased the upstream bend angle in order that the beam
reach the MPS (multiparticle spectrometer), added a quadrupole td the front-
end doublet so as to approximately double the low momentum flux, and arranged
a Y branch in the downstream end. This third effort on the beam |[design has
resulted in a full utilization of the variable—focal length properties of the
front-end triplet so as to increase the momentum-limit of separability.

Some details remain to be studied -— most notably, the optimum target
material and length, multiple scattering in the Cerenkov counters, beam
instrumentation and how to tune the beam, and muon contamination Hence
both the flux and the remaining contamination are somewhat uncertain: only
lower limits can be set on both. What is firm is the position and number of
elements in the beam, which have been determined by the sometimes conflicting
requirements of momentum recombination and adequate K-m separation in both
branches and the several modes of the beam. In addition, the placement of
the final two quadrupoles in each branch of the beam is regarded|as experi-
ment—-dependent and has been studied only for 5 approved experiments. It is

the responsibility of each experimental group to decide on the placement of

the last two quadrupoles and the position of the first horizontall focus.




The purpose of this note is to familiarize potential users with the

certain aspects of the beam and invite participation and assistan

resolution of the uncertain details of the tail end of the beam.

ce in the

First,

the beam optics are discussed in a cursory fashion; then probable fluxes,

purity, and spot sizes (or phase spaces) at the final focus of th

%
are discussed.

Layout

The layout of the beam is shown in Fig. 1. At the upstream
beam accepts particles at a 6° production angle from a target sh
taneously with the 0° unseparated beam. At the downstream end,
serves experiments non-simultaneously at two places:
in the region between MPS and the 0° experiments;
MPS. These branches are hereafter abbreviated E and MPS (or W).

Variable Focal Length Front Triplet: Modes 1-3

(b) the West 1

le beam

end, the

red simul-

he beam

(a) the East branch,

branch, or

The variable-focal length triplet, Q1-2-3, allows the K-7 separation

at the first vertical focus (the mass slit) to be held constant
the magnified, unaberrated, target height (a condition referred
after as "n = 2") as the momentum is increased, in a continuous

As the momentum increases, the vertical focal length (fv) increa

at twice

to here-

manner.

ses and

%*
More detailed documentation on the beam exists in the form of E

Technical Notes: MESB Design Notes, referred to here just as D
Note:
I. Tolerances on the Uniformity of SBdl in D1 and D2 (EP&S
II. Mass Slit Operation and Pion Contamination (EP&S No. 62
IIT. The Midsection: Variable Position of Horizontal Focus,
Sextupcles, and Vertical Chromatic Aberration.
IV. Annotated BEAM Output and Input.

P&S
esign

No. 59).




the vertical acceptance angle (y't) decreases, in proportion. H
there are upper and lower limits in this variatian. The lower 1
designated as mode 1 of the beam, occurs when Q3 is horizontally
to its maximum usable aperture of about 5.5". The optics of thi
are illustrated in Fig. 2, for the first half of the beam. In t
M 270%, y't = 3.7 mrad, and the beam separates with n > 2 up
K's and 6.3 GeV/c 5'5. This mode is a lower limit because lower
vertical focal length any further leads to greater losses in hor
acceptance angle than gains in vertical acceptance angle.

ments below 4 GeV/c can do no better than to run in mode 1. The

Hence

oFever,
imit,

filled
§ mode
his mode,
to 4 GeV/c
ing the
izontal
experi-

upper

limit, designated as mode 3, has the polarities of Q2 and Q3 rev%rsed from

those of mode 1 and is defined as the point at which the vertica
length is a maximum (850"). The optics are shown in Fig. 3.
separates 6 GeV/c K's and 9.4 GeV/c p's with n = 2. The gradien
triplet are shown as a function of momentum (as the focal length
gradually increased to 850") in Fig. 7.*

Table I lists the properties of the beam up to the mass sli
modes 1, 3 and 4 (mode 4 is explained later) in the East and Wé4
Gradients and bending magnet fielﬁs are listed in Table II for 5
For exact information on modes in between 1 and 3, a beam progra
BEAM must be run. Alternately, the following crude scaling can

the solid angle decreases proportional to P-B; bending magnet £

quadrupole gradients (excepting Q1-2-3) increase linearly with

Th

1 focal
is mode
ts in the

is

t for

t branches.
GeV/c only.
m such as
be applied:
lelds and

’, except

Mode 2 is the point where the gradient of Q3 is zero. The mou
the current required by Ql as one moves continuously from mode
3 has been named after the physicist who first objected to the
power requirement of that mode. It is probable that the power
initially assigned to Ql will not permit running near mode 2.

tain in
1 to mode
excessive

supply




for Q6, which is both mode and branch dependent. In the East br

anch the

Q6 gradient increases as Pz; in the West branch, the gradient remains

roughly constant.

Dispersion and Separation

The bending magnet D1 disperses the beam in the horizontal
Following Q3, four rectangular separators, assumed to operate at
inch, separate K's from m's in the vertical plane. The physical

is achieyed in the mass slit at the first vertical focus. A sex
placed near the first horizontal focus (just after
the chromatic aberration in the wvertical plane at the mass slit.
momentum bite of the beam is defined by a remotely wvariable coll
downstream of the first sextupole.

As can be seen in Figs. 2 and 3, mode 3 will barely transmi

[

least

bite of * 2.5% through Q4, while mode 1 could transmit * 5%. Ho
separation is aberration-limited with a bite of * 3% in mode 1,
at 4 GeV/c where n = 2. At lower momenta, it might be possible

a bigger momentum bite.

Midsection

The midsection of the beam (Q4, Q5, D2, Q6, D3, D4) focuses
at the mass slit, recombines momenta in both angle and position
the desired beam size at the entrance to the final doublet (expe
dependent). The optics differ immensely in the two branches and

from mode to mode. The following sketch is amplified in Design

plane.
225 kv/
separation

tupole

Q4) corrects most of

The

imator just

 a momentum

er, K-m

to separate

vertically

[=

ind achieves
riment
change

Note III.




D2 steers the beam towards D4 which switches the beam eithey to the

MPS or to the open area between MPS and the 0° beam experiments.
D4 alone would not quite get a 9.3 GeV/c beam to MPS, so D3 was
put directly behind the mass slit in order to also sweep out low-

particles produced in the mass slit. A sufficient drift space w3

D2 and

%dded and

energy

S neces-

sary between D3 and D4 to allow D4 to be part of a beam spectrometer for

momentum determination.

To first order, each of the three quadrupoles has a single f
Q4 is a field lens for off-momentum particles and steers them int
such that they emerge with the same angles an on-momentum particl
focuses wvertically on the mass slit. Q6 centers off-momentum paxy
in D4 such that they emerge position-recombined.
requirément results in Q6 forming a nearly parallel beam (for on-
particles); in the East leg, the "unnatural" direction of the D&
quires that Q6 make an extra horizontal focus somewhat in front g
Therefore Q6 requires much more gradient in the East leg modes th
the West leg. Because of very strong second-order mixing of the
of the quadrupoles, the gradients in Q4 and Q5 are also much larg
East branch than in the West.

Control over the size of the beam at the entrance to the fin
(or triplet) which focuses the beam on the experimental target ig
by allowing the position of the first horizontal focus to be vari
This flexibility is necessary in order to obtain downstream optic

are independent of mode (momentum). In most modes it was found t

unction.
o D2-3-4
Q5

es.

ticles

In the West leg, this

momentum
bend re-
f D4.
an in
functions

er in the

al doublet
provided
able.

s which

hat if

the position of the first horizontal focus was the sextupole immediately

following Q5, then the beam, tuned to be momentum recombined in b

oth




position and angle, would enter the final doublet with a size roughly
filling the first quadrupole of the doublet. However, in mode iw, momen-—
tum recombination demanded that the next horizontal focus occur at the
entrance of the final doublet, leading to a beam size at the experimental
target which was very large. By moving the first horizontal focus 65"
downstream, the downstream horizontal optics became roughly the same as
in Mode 3W.

The general rule of thumb is the following: to make the beam bigger
(horizontally) at the final doublet, move the first horizontal focus

%

downstream.

Moving the horizontal focus further downstream than the second sextu-
pole (1753" from B target) brings about rapidly increasing beam losses on
the 12" aperture of Q4, and is thus not recommended.

Correction of vertical chromatic aberrations with sextupoles still
works even if the horizontal focus is not exactly at a sextupole) In the
region between Q5 and D2, the beam is going out of focus so slowly that
one can do just as good a job with the nearest sextupole as one would do
with a sextupole exactly at the focus. If the focus is moved upgtream of
Q5 (as in East modes), it is advisable to get an extra power supply and
power both sextupoles, one negative and one positive, in a ratio |given in
Design Note III. Numerical data supporting this paragraph also appear in

that Note. The position of the first horizontal focus is a variable which

‘the user can control and change.

*

In Mode El, there is a problem with scraping in Q6. It was fouLd that
this was relieved somewhat by moving the first horizontal focus|upstream
to the end of Q4. (Mode E3 has a scraping problem in the final|doublet,
whicz_gould probably be relieved by moving the first focus up t¢o the end
of Q4.




Purity of Separation and Aberrations

The condition n = 2 which we have selected as a minimum con

separability means that the center of the pions is separated frot

dition of

n the

center of the kaons at the mass slit by a distance of twice the geometrical

image height, i.e., target height times magnification. If there
aberrations, one could separate with n = 1.
alone more than double the image widths, so that the K and ¢ ima
very overlapped in some modes.

The sextupole at the first horizontal focus would remove th
aberration entirely if the width of the horizontal image (for a
mentum) were zero. However, the target appears to be very wide,
the length (4") times sin6°, which is 0.42", so that at the firs
focus the image of on-momentum particles touches the edge of the
particles with AP/P = 2.5%Z.

about half of the chromatic aberration. The K's and 7m's remain

A mass slit has been designed which intercepts 7m's in the o

region of phase space (at the expense of intercepting up to 22%
and is fully documented in Design Note II. In summary, that Not
with the criterion of n = 2 (which defines the highest momentum
modes 1 and 3 can be used) the 7/K ratio at the experiment is pr

be between 0.26 (Mode 1lE) and 1.80 (Mode 3E). These are lower 1

However, chromatic .

The result is that the sextupole re

were no
sberrations

pes are

e chromatic
given mo-—
specifically,
t horizontal
image of
moves only
overlapped.
verlapped

of the K's),

e shows that

E

dimits

t which

dicted to

because no other aberrations have been quantitatively studied (except the

sextupole component of D1 -- see Design Note I and Figs. 12 and
document).
Other potential aberrations are separator non—uniformity ox

quadrupole aberrations, and scattering from magnets and the mome

13 of this

instability,

ntum




G

collimator in the region between the separators and the mass slit
Undocumented hand calculations indicated that separator and quadr
The scattering problem has been

aberrations were insignificant.

no thought.

upole

given

Purity can always be improved, of course, by running in a mgde in

which n > 2, e.g., using Mode 3 for 5 GeV K .

Moving Q6 for Mode 3E

It was found that most of the chromatic aberration in Mode
or West) came from the Q4-5-6 triplet.
was found that a significant reduction in the w/K ratio was achi
moving Q6 downstream by 150" from its normal position (moving it
downstream pushed the gradient too high).
was roughly a factor of 2. Data quoted for Mode 3E assume this
However, it seems prudent to verify experimentally this improvem

accepting such a rerigging problem as part of the demands of exp

in the East leg.

Mode 4
Chromatic aberration is reduced by a factor of 2 at the mas
reyersing the polarity of Q4-5, as explained in Design Note III.

off momentum particles with Ap/p > 1.5% are then lost in Q4, so

In Mode 3E (and only Mods

The reduction in the 1

3 (East
2 3E) it
eved by
further
r/K ratio,
change.

nt before

eriments

5 slit by
However,

the total

flux is reduced. This mode is as pure in 7/K ratio at 6.6 GeV aL Mode 3

is at 6 GeV/c, in our computer idealization, so that this mode m
tend the usable momentum range of the beam for kaons up to 6.6 G
Alternately, this mode is a safety valve for approved experiment

should the K/wm ratio prove to be intolerable in Mode 3.

ight ex-
eV/c.

s at 6 GeV,




Downstream Optics

The position of the final focusing elements is the responsib

ility of

the user. However, a number of arrangements for approved experime
been studied and are presented as examples. The properties of the
the final focus for these examples are shown in Table III.

The spot sizes shown in Table III include chromatic aberrati
and do not includé the important effect of multiple scattering in
Cerenkov counters, an effect which is both momentum and experiment
dent (see below).

In the East leg D. O'Brien selected the positions for D4, Q7
and decided to leave D3 off in order not to place the experimental
close to the 0° beam experiments.*

The final focus in Mode 3 of the West leg has been studied f
arrangements of the final focusing elements. The first, called 3V
tries to cram the beam into a small 12" target. The width, AX, isg
and the divergence (AX') is large. The spacing of Q7-8 is quite 1
Mode 1W has been studied only for the CRAM conditions (Column 1, T

The mode called 3WCMU is the arrangement created for the CMU
ment, which wanted a spot which would fit inside a 3" LH2 target i

of the MPS magnet but would be reasonably small in a beam anti-couy

downstream of the LH2 target. The vertical focus is actually 240'

nts have

beam at

on only,
the beam

depen-

and Q8

area too

or three
CRAM
small
arge.
able III).
experi-
n front
nter 385"

down-

stream of the LH2 target. The size of the beam at the anti-counter (100%

of particles, but no multiple scattering) is 6" x 1.7".

ES

Extensiyve studies of this leg were written by O'Brien. We disagree with

his estimates of K:m ratio (see Design Note II) and find no mentjon of
the serious (25%) scraping problem in Mode 3E (see Table III, 131t Tow).

This scraping problem might be cured by moving the first horizon
upstream of its current position (1623") or by moving Q7-8 upstr

al focus
am.
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The mode called 3WROT uses a triplet, rotated 45° from the normal

orientation, to perform an imperfect interchange (or rotation) of |the x

and y phase spaces. The details are the subject of a separate note

(Design Note IV). This rotation is desirable for experiments which need

a small horizontal phase space.

In principle, the horizontal phase space (AX AX') and vertidal phase

space (Ay Ay') should be the same in all modes (Liouville's theorem).

Excepting mode 3WCRAM, the theorem holds within 20% for the horizgntal

plane but only within a factor of 4 for the vertical plane. The v

ariations

result from differing amounts of chromatic aberration in the various modes.

The phase spaces in Mode 4 are smaller since the momentum bite is

only +

1.5%; the horizontal phase spaces in the East leg are bigger becaTse of the

increased focusing necessary in order to have three horizontal fo¢

Perfect interchange of phase space in Mode 3WROT would resul
tical phase space of “24 mr-inches and a horizontal phase space of
inch., In fact the two numbers turn out to be 29 mr-inches and 4.4

The factor of 4 increase in the horizontal phase space comes half

i.

t in a ver-

vl mr-

mr-inches.

from the

increased chromatic aberration of the triplet and half from the fact that

it takes at least four quadrupoles to do an exact rotation.

Fitting four quadrupoles into the line, with spacings adequLta to

keep gradients low enough, was proven impossible. In order to per

form the

imperfect interchange documented here, using the two 12Q30's assilgned to

MESB plus a borrowed 8Q48, the spacings had to be lengthened such

beam momentum spectrometer arm following D4 is shortened by a coup

that the

le of

feet in order to keep gradients low enough that 9.3 GeV/c is achileveable.
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Multiple Scattering in the Beam Cerenkov Counters

 Three threshold beam Cerenkov chambers are being built by CI
of which distinguish m's from K's, one of which distinguishes K's
(or p's). The gas will be ethane.
Edelstein4 has calculated that the K-p counter, operating af

at 3 GeV/c, will cause 2 mr (not projected) of multiple scatterinj

This number is large compared to the natural divergence of the vei

7, two

from p's

r 270 psi
g (rms).

rtical

plane (2 mr) in most modes, and so could cause a very large broadening of

the image.
studied carefully. The remainder of this section gives sufficien
tion so that the user can calculate the effect for his experiment
select Cerenkov positions which minimize the effect.

The multiple scattering is very momentum dependent. In the

This problem has been discovered only recently and has not been

L.

informa-

and

simple

assumption that the counter is actually operating at th mshold, the mean

multiple scattering angle is proportional to mfpz, where m is the
the particle and p is the momentum.

dominant source of scattering at high momenta.

there are 2 mr multiple scattering in the gas and 1.1 mr in the wj

6 GeV/c there is 0.6 mrad multiple scattering in both the gas and

To translate mean multiple scattering angles into mean broac

The windows on the counter ai

mass of

re the

At 3 GeV, using kaomns,

indow. At
the windows.

iening at

the final focus is trivial for a Cerenkov counter in the drift spTce pre-

ceding the final focus.
calculation requires a well-known theorem from beam optics. If a

aep, occurs in the vertical plane at some point P along the beam,

deviation in vy of the ray traced back to the target, ayc, is giver

6y, = b, 68,

For counters upstream of the last quadrupole the

scattering,
then the

1 by
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where bp is the (1,2) matrix element in the transfer matrix relat

at the target to rays at p:

a b
7p p P -
' - T
Yp Lp dp v .

The value of bP at any point along the beam can be calculated for

mode from the paraxial (yt = 0) ray traces of Figs. 2-6:

ing rays

any

where yE = 0.00368 rad for mode 1 and 0.00115 rad for mode 3. The deviation

at the final focus is simply Syt times the vertical magnification
Table III:
¥
= b )
. Gyf m, = Gep

t

given in

(2)

For example, suppose there is an rms multiple scattering of + 1 mr in the

vertical plane in a Cerenkov counter placed just behind Q7 in mode 3WCRAM,

where ¥ v 1".  Then

_ . (0.75) @) (.001) _

11
e = 20T 00115) & W2

This is large compared to the predicted final spot size of 0.2".

The same theorem applies to the horizontal plane but leads to less

disastrous broadening because xé = 20 mr. To minimize multiple scattering

the K-p Cerenkov counter should be placed at a place where y_ (o1

small, i.e., near a focus. Some users may wish to put one of the

x ) is
P

Cerenkov

counters behind D3, at the cost of shortening the beam spectrometer.
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It is not clear how to do the calculation for mode 3WROT in

the vertical and horizontal planes are mixed.

Intermediate Modes and Program BEAM

Up—to-date output for modes between 1 and 3 do not exist. Iuring

the design, mode 2 was occasionally run and seemed to have no pr
The simplest way to obtain output for intermediate modes is

the program BEAM because self-tuning input decks already exist.

which

blems.

to use

The

program and input decks can be obtained from the EP&S group. One simply

changes the value of Ql, using Fig. 7; input cards in the deck then tune

all other quadrupoles, demanding foci in the correct places and momentum

recombination in angle and momentum. If the change in the wvalue
large, the focusing routines may not converge; in that case seve
need to be made, moving Ql in steps towards the desired wvalue anq
serting the latest set of quadrupole gradients for each run.

Program BEAM has the disadvantage that there is no document

of Q1 is
ral runs

d in-

ation

other than Design Note V. Comment cards are fairly generous however.

Target Design

The properties of the beam listed in Table I assumed a target of

dimensions (height, width, length) = (0.04", 0.10", 4"). It is hoped

that it can be shaped as shown below.

*
Program BEAM has an input card reserved for multiple scattering

elements;

however, this branch of the program is now inoperative. Commenft cards

in subroutine TRACE indicate how to reinstitute the branch.




il ke

Conservative estimates of fluxes have been made using the data on
production in beryllium of Sanford and Wang.3 Extrapolations to| heavier
nuclei are uncertain because of reabsorption in the struck nucleuys. It
is estimated that for K perhaps a gain of a factor 2 (per inch of target
length) can be achieved using copper instead. The optimization problem
has yet to be studied in detail, and is probably experiment dependent.

In addition, the target must satisfy the requirements of the 0° bean.

Target Plan View (not to scale) //////, L° BREAM

~ —
> / ) 5 e
BED TT 0" BEAM

At the moment, 5 targets have been designated to be available on
the target table: 4" Be, 2" Be, 4" Cu, 2" Cu, and 2" W. All will be

shaped as shown above.

Fluxes

Fluxes can be calculated with the aid of Figs. 8-10, which give
yields at the final foci per 1012 interacting protons in beryllium at
6° (phase I) and 3° (phase II). The dotted curves show the yields in
modes 1 and 3 assuming the full solid angles and momentum bites|of
Table I; the solid curves show the yield as one gradually varieg the

focal length of the front triplet, moving continuously from modp 1 to
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mode 3. For Ki above 6 GeV, mode 4 is shown. Otherwise, the cunves
include the effect of 70% transmission of the full solid angle and momen-
tum bite through MESB, a figure resulting from Monte Carlo studies.

To obtain the true flux in the beam, one must fold in the number of
protons in the external beam and the fraction which interact in the tar-
get. If 4" of beryllium is used, this fraction might be 1/6, assuming

that all prntons hit the target. It is hoped that this estimate|is con-

servative.
Approximately the same results were obtained by O'Brien using Hagedorn-

Ranft particle production curves.

Momentum Bite

The momentum bite in the MESB will not be very sharply defined be-
cause of the very large effective target width. At the momentum colli-
mator, the image of on-momentum particles touches the edge of the image
of particles with AP/P = 2.5%. Fig. 14 shows the momentum spectira ex-
pected in modes 1 and 3 when the momentum collimator is set at the center
of the image of particles with AP/P = % 3.0 and 2.5%, respectively. The

rule-of-thumb is that the momentum distribution always extends 1% beyond

the desired bite.
The momentum bitza is slightly more sharply defined for mode 1W than

for 1E, as a result of the fact that the horizontal focus for mode 1lE is

not at the collimator but upstream of Q5.




|
Momentum Determination

In the West leg, a beam spectrometer of proportional wire chambers
around D4 will determine the momentum of individual particles to [+ 0.25%.
An independent spectrometer is planned for the East leg.

Beam Size at Various Magnets

Fo? guidance in designing detection devices, Table IV gives |the spot
size of the beam (1007% of the particles) at various points along|the beam.
Collimators

A remotely variable horizontal collimator follows Q1. A fikxed aper-
ture (2") collimator is planned to be inserted in Q3. To degrade muons
and stop secondaries from the mass slit, D3 has a vertical apertyre
of 1.25 inches. A remotely variable horizontal collimator just after
the first sextupole determines the momentum bite. Both remotely|variable
horizontal collimators have separate drives for the right and left plate.
Both are made of heavimet.

In mode 3E the mass slit is also a horizontal focus, so the mass slit
should be followed by a horizontal stop which can be crude, as it will be
in air. The corresponding horizontal focus in mode 1lE is just in front
of D4, where it would be desirable to have the possibility of a lhorizontal
collimator. However, none is planned.

The square pipe through the steel proton beam shield wall in the
middle of the separators is a natural vertical collimator. It would be
wise to put a fixed aperture horizontal collimator inside Q4 in|order to
remove very off-momentum particles from the bad-field region of| Q4. These
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of f-momentum particles will not necessarily be removed by the mom

collimator.

Phase II

The layout as shown is called phase I. It is actually not v
above 7 GeV for p's, as the flux at a 6° production angle is fall
fast (see Fig. 10). Hence a phase II of the MESB is envisaged in
septum bending magnet is added in front of Ql which will bend par
produced at 3° towards the fixed bend point of D3; QL and Q2 are
inward a few inches.

transport up to 9.3 GeV/c, limited entirely by D1. The 5 flux sh)

crease by a factor of 3 at 7 GeV/c and a factor 6 at 10 GeV/c. P
also has the fringe benefit of reducing two problems associated
large apparent width of a 4" long target viewed at 6°.
width creates a rather large horizontal phase space, so that smal

sizes are difficult to achieve. Secondly, this large width induc

This larj

entum

ery usable
ing very
Lhich a
ticles

moved

The rest of the beam remains intact and then will

ould in-

hase II

ith the
e apparent
1 spot

es large

aberrations in the wvertical plane in mode 3 at the mass slit, maﬂing

separation very marginal. In phase I, the only cures available,

halving the target length, result in a loss of flux. With a 4" g
phase II (3° production), both the vertical plane aberrations and

horizontal spot size are dominated by other effects (largely chrg

aberration).

such as
arget in
the

matic
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TABLE I - Properties of MESB Phase . ;2 Production) up to the Mass Slit

Definitions:

1]

K-T separation at mass slit

magnified geometrical target height

vertical plane divergence

horizontal plane divergence

Front End

Max.
ax BV

Max. ©
ax. 0.

0 (geometrical solid angle) = 40,8,

Assumed production target (height x width
x length)

Mode 1 Mode 3
+ 3,68 mr + 1.15 mr
+ 20 mr + 20 mr
294 ust 92 pst

L04" x 0.10" x 4"

04" x 0.10" x 4"

Mode 4
+ 1.15 mr
+ 20 mr
92 ust
04" x 0.10" x 4"

fv (vertical front focal length) 274" 860" 860"
momentum at which n, = 2 4.0 GeV/c 6.0 GeV/c 6.6 GeV/c (n=1.5)*
momentum at which fee 5 6.3 GeV/c 9.4 GeV/c 9.4 GeV/c
30 30 3 it

At _first horizontal focus 1w CRAM CMU ROT 4 1E 3E LE
distance from target 1688" 1623" 1753" 1753" 1623" 1517" 1623"  1545"

+ AP/P (max. momentum bite) £3.00° £ 2.5 E 2:5 t 2.5 £ 15 . 2 3.08° £2.5 % L5
dispersion at momentum collimator' 0.89"/2  1.27"/% 1.20"/% 1.08"/% 2.46"/% 1.00"/% 1.78"[% 2 ,54"/%
hqrizontal magnification 6.3 5.7 5.5 13.0 3.6 4.8 12.6
horizontal image full width (on momentum) 1.34" 2.62" 2.24" 2.32" 552" 1.50" 2.0" 3.3"

At mass slit

distance from target 2152" 2152" 2152" 2152" 2152"  2152" 2152 2152"
vertical magnification 2.41 0.63 0.65 0.59 1.00 2.3 0.58 1.40
K-#-separation at momentum where n = 2 0.194" 0.050"  0.054"  0.047"  0.060"" 0.184" 0.046" 0.084""
max. O, +1.52mr  +1.83mr *1.77mr *1.95mr +1.15mr +1.60mr *2.00mr +0.82mr—
horizontal full width 6.0" 6.0" 5.4" 5.4" 4.2" 5.4" 5.4"  4.0"

*Could transmit + 5%, badly aberrated

TThe momentum collimator is at 1663" from the B target, which is never exactly at the focus.
#Mode 4 is as pure at n = 1.5 as mode 3 is at n = 2 because of reduced chromatic aberration.



TABLE IT

Gradients and Fields in MESB at 5 GeV/c

In scaling to other momenta, only the bending magnets behave linearly. To scale Q1-Q2-Q3, see Fig. 7. To scale Q4-
Q5-Q6, see text., Q7-Q8 scale roughly linearly. For exact information, a computer run is necessary. All bend angles
are 8° except D3, which is 3.07° in the West branch and 0° in the East. Positive gradients are focussing horizontally.

Position Fields (kG) or Gradients (kG/inch)

Vert. Gap| Eff. (B-targ. to 3w 3W 3w Max
agnet | Type |or Diam. Length | center) 1w CRAM CMU ROT 4W 1E 3E 4E Field
Q1 | N8Q32 8" 36" 180" 1.55 | 0.95| 0.95| 0.95| 0.95 1.55 | 1.55| 0.95 | 3.3
Q2 | N8Q32 8 36 277 -1.59 |+0.57| 0.5 o0.54| 0.58 |-1.62| 0.57| 0.58 | 3.3
D1 | 18C72 3.5 75.5 360 12,10 1. 12,301 12,301 1240 § 12,30 | 12,30 | 12.10 | 12.10- |22.5
Q3 | 1230 | 12 36 433 0.69 |- 0.65 |- 0.65 |- 0.65 |- 0.65 0.75 |- 0.65 |- 0.65 | 2.7
Q4 | 12Q30 | 12 36 1499 0.84 | 0.97| 1.01| 1.07 |- 0.89 1.42 | 1.20 |-1.03 | 2.7
Q5 | 8Q24 8 28 1579 - 1,31 |- 1.40 |~ 1.43 )~ 21.45 |+ 1.37- | - 1,70 |- 1.48 | 1.79 3.6
s1 12524 12 26.5 1608 - 0.60*|- 0.12*%| o0 0 - 0.18*% *I- 0.16%] ? 1.25
S2 12524 12 26.5 1721 0 0 - 0.28% - 0.34*%| o0 o N ? 1.25

D2 | 18D72 2.5 74 1870 12.34 | 12.34 | 12.34 | 12.34 | 12.34 | 12.34 | 12.34 | 12.34 |25

06 | 8Q24 8 28 19437 0.91 | 0.67| 0.75]| 0.58 |- 0.06 1.08 1 1,65 ) 1.82 3.6

D3 | 18D36 1.25 42 2202 8.34 | 8.34| 8.34| 8.3 | 8.3 0 0 0 20.5

D4 | 18D72 2.5 74 gzégggg 12.34 | 12.34 | 12.34 | 12.34 | 12.34 | 12.34 | 12.34 | 12.34 |25

Q7 | 12Q30 | 12 36 -0.99 |- 1.00 [+ 1.45| 1.21 |-1.29 |- 1.61 |- 1.57 |- 1.56 | 2.7

Q8 | 12q30 | 12 36 1.44 | 1.48 |- 1.52 |- 1.45| 1.51 9,961 2.24 2.23 | 2.7

Q© | 8q48 8 52 s . st s] By, [ G086 — | 32t

* The x component of the field of a sextupole is given by B = Ksy. The "Gradient" listed is SKd{.

+ 2093" in mode 3E.



TABLE III. Properties of the MESB at Various Final Foci

The full widths (Ax, Ay) include 95% of the particles, but do not include the

large effects of multiple scattering in the beam Cerenkov chambers. The full angles

(Ax', Ay') include 997% of the particles. The transmission is the fraction pf the
partiélés in the initial phase space (see TABLE I) which reach the second focus; the
average transmission (70%) has been folded into the flux curves (Figs. 8-12). See
text for discussion.
MODE
3w 3w 3w
1w CRAM cMU ROT 4W 1E 3E 4E
Distance from B-targ. to:
Q7 Center 2796" 2796 2796 | 2645 2796 2645 2645 2645
E Q8 Center 2984" 2984 2874 2845 2904 2753 2753 2753
? Q9 Center —— 3015 ——
! Target Magnification at
. final focus: i
MV 3.51 0.75 0.25 0.53 1.05 2.66 0.60 1.33
i MH 1.20 1.79 4.33 0.53 1.77 | 0.57 ; 0.53 ) i
? Full widths at final ; E
- focus: ; E |
; Ax 0.45" 0.38 1.6 0.40 0.40 i 0.45 % 0.40 0.40 ;
Ax" 52mr | 60 15 11 44 64 | i 80 52 !
Ay 0.25" : 0.19 | 0.20 | 1.3 | 0.10 | 0.20 go.zo 0.20
Ay' . 4.4 mr ; 4.0 9.0 22 2.4 5.6 % 5.6 3.2 ;
AxAx' i 23 " % 3 | 24 4.4 17 29 é 32 23 %
AyAY! il.lO mr" ‘ 0.76 | 1.8 29 0.24 | 1.1 : 1.1 ! 0.64
? Transmission § 77% : 72 75 70 74 65 é 61 E 77
i 4 which scrape Q8 ? 3% i 3 0 5 7 0 % 20 i 0




TABLE IV. Approximate Beam Sizes at Various Places Along the Beam

The quantity listed is (Ax) x (Ay), where Ax = horizontal full width, Ay = vertical full width, in inches. These -
widths include 100% of the particles (or more, in the case of Ay where the histogram bin size is sometimes too big).
The widths are based on ray plots up to PLIM and on Monte Carlo's thereafter. In the MPS modes, sizes beyond the mass
slit depend upon the final focussing method as shown. '"CRAM" is the small horizontal spot size with large divergence.
"CMU" is the big horizontal spot size with small divergence. "ROT" is phase space interchange with a rotated triplet.
Full momentum bite and a 4'" B-target are assumed. MPSl is blank frequently since it has not been studied past MASS.

MODE EL E3 MPS1 MPS3 MPS4
Position CRAM | cmu | RroT CRAM | cmu T RoT CRAM
Q3 end 10.6x2.0 6.0x2.0 11.0 x 2.0 4,8 x 2.0 4.8x%2.0
Q4 end 12.0x3.2 12.0x2.6 11.0 x 3.0 12.0 x 2.0 8.5%2.0
PLIM* 1.8x3.0 4.4x2.6 5.3x3.3 6.3x2.5 6.0x2.5 5.5x2.5 7.4x1.1
Q6 end 8.4x%0.8 6.0x0.4 8.4x0.8 8.4x0.8 7.8x0.8 6.0x1.2 4.8x0.8
Mass Slit!' 5.4x1.3 5.4%0.3 6.0x1.3 6.0x0. 3 5.4%0.3 5.4%0.3 4.2x
D3 end 4.2x0.8 3.6x%0.6 6.0x0.4 5.4x0.4 4.2x0.4 5.4x%0.4 4.2x%0.4
D4 end 3.6x1.6 5.4x1.8 5.4x1.6 5.4x1.6 6.0x1.6 7.2x1.2 6.0x1.2
Q7 begin 5.6x2.0 8.8x2.4 8.0x2.4 8.0x2.6 10.4x2.6 8.0x1.6 9.6x1.6
Q8 begin 10.4x1.0 18.0x1.2" 16.0x1.27 16.0x1.2" 6.4x4.2 |11.2x11.2 | 16.0x1.07
Q8 + 44" 6.5x0.4 8.4x0.8 9.0x0.8 - 9.0x0.8 4.5%4,0 | =———- 10.8x0.8
Q9 begin | @ ———— | e | e et B 2.5x6.0 | ~———-
Q9 + 44" | e | meeee —— e T B B 2.0x4.0 | ————
MESSRERE. /i " motn 7, ] it 0.6x0.5 0.5x0.2 2.2x2.6" | 0.4x1.1 0.5x%0.2
East-targ. .60x.65 0.75x0.35 |  ————- ——e _— | e | e | === | me——-

* Momentum collimator, assumed to be set at the center of image of off-momentum particles at full bite.

T In vertical plane, includes w's, K's and p's, at momentum where = 2.

+ Scrapes.

+ LH2 target in front of MPS magnet.
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Appendix II-Bl

The beam is of conventional design. Particles produced at 0° dre
focused by a doublet and momentum dispersed at slit located at the dpprox-
imate mid-point of the channel. The second half of the beam is almgst a
reflection of the first; momenta are re-combined, and a second doublet
brings the particles to their final focus.

Five quadrupoles form the upstream doublet. First, three N8Q31s
focus vertically, then two 8Q48s horizontally. The beam is momentum dis-
persed at a slit located 700" from the production target by a 4.1% nd in
two 18D72s. The second bend is also 4.1° in two 18D72s, and the second
doublet consists of two 12Q60s focusing horizontally, then two vertically.

There are two collimators in the beam. BI1Cl lies ahead of the|first
dipole and intercepts the diffracted protons. When narrowed, the slit
walls can produce secondary particles, so this collimator cannot be|used
as an effective intensity limiter. Bl1C2 (the momentum slit) has remotely
controlled horizontal and verticle appertures.

The beam has performed close to its design criteria, Table I gives
some of its parameters, and Table II gives the currents, shunt readings,
and Dybbuk set points for 20 GeV/c. Other operating points can be obtained
by scaling.

Table I Beam Parameters

Vertical Acceptance +16 mrad
Horizontal Acceptance +4.8 mrad
Magnification at 2nd Focus L.5 (V) x 1.3 (H)

Dispersion at Momentum Slit 1.6%/inch




Table II

Bl - 20 GeV/e Negative Beam

Type Current (Polarity) Field or Gradient DybHuk
Ql N8Q32 1913 (A) 2225 1913
Q2 N8Q32 1913 (A) 2,225 1913
Q3 N8Q32 1913 (A) 2.225 1913
Q4 8Q48 1304 (B) 1.683 2086
Q5 8Q48 1304 (B) 1.683 2086
D1 18D72 1508 (B) 13.91 1508
D2 18D72 1508 (B) 13.91 1508
D3 18D72 1508 (B) 13.91 1508
D4 18D72 1508 (B) 13.91 1508
Q6 12Q60 995 (B) 0.830 1592
Q7 12Q60 995 (B) 0.830 1592
Q8 12Q60 961 (A) 0.803 1538
Q9 12Q60 961 (A) 0.803 961

Note: Dybbuk set points do not necessarily correspond to currents.




