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HOW TO OPERATE BEAM 5A

Introduction

Beam 5A is a one-stage electrostatically separated beam which provides
useful fluxes of Wi, K#, pir for counter physics in the momentum range from
about 1.0 to 3.1 GeV/c (p down to 750 MeV/c). 1In the region around 2 GeV/c,
the ratio of kaons or antiprotons to pions and muons is about 1:1, and be-
comes less as the momentum is raised or lowered. The purpose of this report
is very briefly to summarize the extensive operating experience with this
beam,l and to provide future users with the operating procedures and beam
element settings for the beam. Original design considerations are to be found

in an unpublished report by B. Barish and T.F. Kycia.2

Beam Layout and General Design

The beam layout is shown in Fig. 1, and the major beam characteristics
are summarized in Table I. The beam component positions and polarities are

shown in Table IT.

The intensity of the circulating proton beam striking the internal G-10
target is monitored by two scintillation counter telescopes viewing the
target at 90° and 30°. The rough calibrations are 750 90° monitor counts/10
proton striking G-10, and 11,000 30° monitor counts/lOlz. The 90° monitor

is under the control of the Main Control Room through the EAQO Target Desk.

The first optical elements in the beam are a quadrupole triplet Ql’QZ’
and Q3. This triplet produces a nearly parallel beam horizontally and verti-
cally in the beam separators. Following the triplet, the bending magnet DL
both selects the momentum and deflects the beam away from the AGS. This

magnet is usually set to define the beam momentum.
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Following DL is a fixed 8" x 4' collimator which limits the acceptance
of the beam. Next, there are two electrostatic separators with a common
high voltage and deflecting coil settings. A quadrupole doublet is used to
bring the beam to a horizontal focus at the high and low momentum collimators
straddling the sextupole and to a vertical focus at the mass slit. The sex-
tupole minimizes vertical chromatic aberrations at the mass slit. The final
three quadrupoles are normally used as an asymmetric triplet to produce as

small an image as possible at the experiment.

Ray traces for the horizontal and vertical planes are shown in Fig. 2

for typical operating conditions.

The momentum slits are lead and hevimet bricks which are inside the vacuum
box. Displacement of + 0.8 inches from the beam center line correspond to a
momentum bite of £ 2%. The opening of the mass slit is determined by shims
placed between the hevimet blocks. A normal opening for 2 GeV/c is 0.125",
but smaller openings may be useful for bette:r separation at the highest
momentum. For the lower (particularly ﬁ) momentum, it may be useful to
lower the separator HV in order to reduce the size of the vertical image
due to dispersion from the separators and to open the mass slit to allow
a larger image to pass through it. For 750 MeV/c ﬁ's, a mass slit opening

of 0.375" for the separators at 300KV was found to be necessary.

Beam Tuning

The absolute momentum calibration of the beam is given by the DI
magnet and the momentum slits, and then the elements are fine tuned about
their nominal values to optimize the flux and/or the particle separation.

- The calibration curve for D1 along with a variety of measurements are given
in Fig. 3. As can be seen from the curve, the various measurements are in

agreement to within = 1%.

In Table IIT, the magnet and separator settings for a number of repre-
sentative momenta are given for the beam in its present configuration. These
are given in terms of MV on the DVM and counts from the separator. The magnets
are controlled by helipots, and shunts are read by an ungroundea digital volt-
meter. The HV as set by the separator group is given by a train of pulses

where 10KC corresponds to 100KV.
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Assuming that the elements have been set at their nominal values,
and a Cerenkov counter has been set to detect the desired particles, the
first step in tuning is to do a quick sweep of the separator magnet. If
peaks of about the width shown in Fig. 4 are seen, then the beam has been set
up correctly and one can proceed to the fine tuning. The main purpose of the
fine tuning is to produce as small an image as possible at the mass slit.
If the peaks are much broader, then all of the magnet settings should be
rechecked, the status of the gate valves at the end of the separator checked
with the separator operator (also see the indicator light in the trailer),
and finally, confirm the quadrupole polarities with EAO. The quadrupole polari-
ties|can be checked by varying the currents to see if the settings correspond
to a maximum in flux. Also check the condition and position of the G-10 target
with Main Control. Taking polaroid pictures at the mass slit for a series of

Dl settings is also a very useful diagnostic tool.
Fine tuning is usually done in the following sequence.

1. Adjust D, to steer beam along beam axis.,

2 Fine tung beam separator for maximum intensity through mass slit,
3 Adjust Q5 for maximum intensity.

4, Adjust Q8 for good beam spot at focus.

5 Adjust Serenkov couﬁter pressure or carriage setting for optimum

separation and/or flux.

6. Adjust sextupole for best flux and separation.

An iteration of these steps may be required if especially delicate

tuning is desired.

Particle Fluxes and Separations

Approximate kaon and antiproton fluxes per 1012 on G-10 target with
a momentum bite of = 17 as measured by a number of experimenters are given
in Fig. 5.3’4 Since these measurements are dependent on the particular
experimental configuration, they may easily vary by as much as + 20%. The
maximum fluxes are about four times this since the maximum intensity on
G-10 target is limited to 1.5 x 1012 protons/pulse, and the maximum momentum
bite is 4+ 2.,5%. Pion fluxes exceed 106/pulse over much of the range, and
care must be taken not to exceed the limits set by Health Physics. In Fig. 6,
a very rough guide to the ratio of unwanted to wanted particles is given. The
curves represent an eyeball average to various measurements. A very large

component (> 507%) of the background is muons from pion decays. These ratios
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are given within the nominal beam spot size. There is a comparable number of

particles outside of this spot in the beam "halo".

Eerenkov Counters

There are usually two differential Cerenkov counters available for use
in this beam. A liquid cell counter for particles with momentum less than
5| . : ; ;
2.5 GeV/e,” and a high pressure gas counter for particles with momenta

greater than 1.5 GeV/c.6
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TABLE I

Beam 5A - Medium Energy Partially Separated Beam

Particles

Useful momentum range

Momentum bite
Target location
Target material

Target size

Production angle
Solid angle
Length

Beam spot

Separators

A

k%, 7

i 1.0 = 3.1 GeV/e
- .7 = 3.1 GgevV/c
p

L 2,59

G=10, internal, multiple transversal
Boron carbide

.02-in. high, .04-in. wide, .64=-in. long
at 100 to the circulating beam

o
0.47 msr
1788-in,

~ l=in. wide % 0.5-in. high

2 electrostatic separators, 4" separation
500 KV

i
SIS ¢
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Element

Free Space (FS)
Q1

FQ¥s

Q2

FS

Q3

FS

Dl

FS
Collimator
¥S

BSL

BS2

FS

Q4

FS

Q5

FS

HMCe%
FS
SEXTUPOLE
FS
TMC**%%

FS

Mass Slit
FS

D2

FS

Q6

S

Q7

FS

Q8

FS to target

TABLE IT

Beam Elements

Length

Effective Size, Diam.

or Wx H Polarity*

140, 6" Positive Beam
27.5 75" B
14.0
36.0 7.5" A

9.3
36.0 7t B
7.1
35.0 3° bend B
21.0
8" ox 4"
27.3
200.0 H=4"
51.0

200.0
32.4
35.2 11. 5" A

7.8
35.2 11.5 B
172.6

52.0
26.5
60.0

214.0

16.5

43.0 8° bend B
13.1

34.8 7.5" A
11.2

34.8 7.5" B
11.2

34.8 7::: 58! A
199.0




TABLE 2 (continued)

S . —

'A' polarity for quadrupoles for positive beam is horizontally

focussing.
'A" polarity for positive beam in dipoles bends to left looking
downstream,

*% ¥S = Free Space

#*%% HMC and LMC refer to the High momentum and Low momentum collimators




TABLE III

Initial Magnet Settings Scaled from 2.1 GeV/e, All values in MV ;’

,

Beam Momentum :

GeV/c 0.5 1.0 £S5 2.0 2.5 3.0 ;

|

QL 11.72 23.45 35.17 46.90 58. 62 70.34 ;

Q2 12.01 24.02 36.03 48.04 60.05 12,06

Q3 4.77 9.54 14.33 19.09 23.86 2863 . il
| D1 14.17 28.34 42.51 56.69 70.86 85.03
| Q4 8.86 17.73 26.59 35.46 44,32 53.19
| Qs 8.84  17.70  26.54  35.39 44,24 53.09
g D2 9.41 18.83 28.24 37.64 47.07 56.49
; Q6 14.35 28.70 43.06 57.41 71.76 86.11
§ Q7 14.96  29.91  44.87  59.83  74.79  89.74

| Q8 6.45 = 12,90 | 19,36 - 25,81 = 32,2 3.1 - |

| BS . (m) 46.5 46, 5 46.5 46.5 465 46.5 |

E at 500 Rv
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Figure Captions

Fig. 1. Beam layout as of 1975.
Fig. 2. a) Horizontal ray trace Beam 5A.
b) Vertical ray trace Beam 5A.
Fig. 3. DI magnet, 15C30 magnet momentum calibratiomn.
Fig. 4. Separator sweeps in Beam 5. Curve marked S is the total
beam flux and that marked S¢ includes the gerenkov requirement.
Fig. 5. Particle fluxes at final focus as a function of momentum.
Smooth curves are '"'eyeball" fits to the data from Ref. 3 and 4.

Fig. 6. Ratio of M's to wanted particles from Ref. 3 and 4.
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