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Introduction

This note gives a summary of the beam optics calculated for the AA
beam Tines. A non-standard version of TRANSPORT has been used, but users
of the standard CERN version should be able to follow the appended data
lists. Appendix I explains the relevant differences as well as giving
some correspondences between TRANSPORT and BEATCH data conventions.

Data files are stored on the permanent data file base for the CDC-MFB
computer under the names AADn, ID = PS 321 TRS.

Names of beam line magnets follow the system described in PS/AA/Mem.79-41
(Blechschmidt, Sherwood, 28.3.79) and differ from those used in previous
(informal) notes.

Lists of beam elements are given showing beam size and required currents
against apertures and maximum nominal current available. The geometrical
layout is given in PS/ML/BS/nc, (Mayoud, Szeless, 25.5.79).



When reading the geometry and beam optic Tists, the following points
should be noted:

1. Distances are given along the beam axis, whether sloping or
horizontal.

2. Magnetic lengths are usually used, but in any case, the
centre of the element and the integral of the field or
gradient are always well defined.

3. The length of a bending magnet is defined as the arc length of
the central trajectory (TRANSPORT convention). For a
rectangular magnet block, of length L, oriented symmetrically
to the incoming and outgoing beams and which gives a deflection
angle 6, we have the related lengths:

a) arc-length, s, where
s = Le/(2 sin %)

and L', the distance from entry (or exit) to the
intersection point of the entering and exiting beams where

. 8
L' = (L/2) sec >

Usually s, 2L' and L are only slightly different.

4. Tilt angles are defined in the geometry memo. In TRANSPORT a
a tilted magnet is treated by rotating the beam reference axis
about the beam longitudinal direction so as to align it with the
magnet element system. The angle is introduced via a TRANSPORT
type 20 element. When the incoming beam X axis is horizontal,
tilt and rotation angles are identical. Since beam envelopes
are given in the beam reference system, the presence of tilted
magnets introduces the discontinuities seen in the graphs. A
vertical bending magnet is treated as a tilted magnet with tilt
angle 900,



Beam Envelopes

The injection line is treated in two parts:

a) From the PS to the antiproton production target
and

b) From the target to the end of the injection/ejection straight
section.

The ejection line is taken from the start of the ejection straight
section to a point just beyond the crossing with TT2.

The interpretation of the accompanying beam envelope and momentum
vector graphs differ in these three sections.

Injection line PS to target

A small beam waist is required at the target for 26 GeV/c incident
protons. The Tower limit to beam size (apart from power density in the
target itself) is given by the emittance and momentum spread of the PS
beam as well as the apertures in the final vertical bending magnet and
pulsed quadrupoles. The momentum vector (%p,%p') should be zero at the
target in both transverse planes, (%p' does not affect beam size at the
target but does use aperture in the upstream magnets). Such solutions
were not found, in particular the condition (®'p)v was not possible
and allowance had to be made for this.

The aperture required to pass this fraction of the beam is then
A= 2[W2+ (-%B ap)‘?—]%+ 2 Ei_pE ap

where w is the half-width of one component. Values of AH, Ay

are given in the table comparing required aperture with that available.
No special allowance has been made for steering errors or poor magnetic
field quality regions. In the calculations the starting point has been
taken as magnet QD102. The beam parameters at this point were obtained
from a BEATCH run for normal operation of TT2 when the beam is going to
the ISR.



Injection line - Target to AA ring

The antiproton beam is matched to the AA ring using the lattice para-
meters given in the 7th edition of the parameter list (Jan. 1979) using
an acceptance of 1007 mm.mR., a momentum spread of +0.75%. The septum
magnets and the small effect of the kicker on the momentum vector are
included.

It is assumed that the antiproton beam is a waist of radius 22 mm

at the exit of the magnetic horn. The beam envelope is for dp = 0 and

P
the required apertures are given by:

A=2(w+ %?‘lp)

Even to get (ap, ap')4 = O requires changing two quadrupoles, QF 107,
in the TT2 Tline to run at currents a little higher than for normal ISR
operation.

Solutions are given for the following beam sizes at the centre of
the target:

1) horizontal 1.4 mm, vertical 1.5 mm
2) " 2.0 mm, " 2.0 mm
3) " 3.0 mm, " 3.0 mm

Two solutions are given for case 3). Beam envelopes are for zero
momentum spread.

PS beam assumptions

The characteristics of the PS beam have been given in PS/DL/Note.78-7
(P. Lefévre). If the beam is combined into five bunches at 26 GeV/c, we
can consider it as a double beam, each component matched to the PS lattice
but separated by a distance:

dp
§x = %p =&
P
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Each component is expected to have an emittance of 2= mm.mR and
a momentum spread %? = 31073 (contains 95% of the beam) but separated

in momentum by %$-= +2.10-3,

The envelopes calculated are for a component emittance 2.46 mm mR
giving nearer to 97i% of the beam (assuming a Gaussian model).

Ejection Line - AA ring to junction with TTL2

The hande-over point is at the end of EJ 2575( D8 is the TTL2 name).
This is the second quadrupole magnet after the ejection line crosses TT2.
At this point the matching conditions requested are:

(O‘p)H =0 > (O‘p')H =0

(ocp)v = -0.508, (up")v = -0.0135
LH =10 mn , LV =75 m

SH =0 s Sy =0

The ejected beam is matched to the AA Tattice with an initial horizontal
momentum vector (-0.0745 m, 0.0039 rad) due to the ejection kicker. The
emittances used are 1.4r mn mR for the horizonzal and 1.n mm mR for the
vertical Beam envelopes are for dp = 0. Required apertures are given by:

P
dp _ o :
- 2 4 (9P - g2
A=2 [( w2 + (p p)]z.
using a value 6f dp = 3 x 107 4
P

The effect of momentum spread on aperture requirement is small for the
above values.



APPENDIX I

Non-Standard TRANSPORT

The beam optic calculations were made using a non-standard version
of TRANSPORT. The attached data lists are for this version. They differ from
that required for the CERN version of TRANSPORT (CERN 73-16) in format and
the presence of both non-standard element types and modified standard types.
These differences are noted below. The purpose of these notes is to enable
a person familiar with the standard version of TRANSPORT to be able to construct
a standard data list.

1. Format. The data is given in a fixed format (1X, A10, 7F 10.5). The first
word is any lable (or blank). The rest of the words on each line conform
to the data requirement for the element type (word 2).

2. No indicator word is used.

3. Beam momentum (4th word) is entered via the type 16. element, not with
a type 1 element.

4. The initial beam description is entered by the combination of the special
type 24 emittance element and the modified type 1 element. The type 24
element gives three independent emittances for the horizontal, vertical and
longitudinal planes in that order. The following type 1 element gives (in
TRANSPORT notation)

G % (o] 12 g % r
11 M2 "33 T3y ® UssT ? Use

5. The special type 22 element is used to obtain plots of beam envelopes.

Relations between some BEATCH and TRANSPORT parameters

1. Quadrupole strengths. TRANSPORT expect two parameters (words 4 and 5)
viz. field and a radius.

The fields are given in KG and an arbitary radius of 1 cm is used.

Consequently word 4 can be interpreted as gradient, G, in KG/am. BEATCH
requires the parameter K(m-2). G and K are related by

K= - 2
(Ep)

where G is in T/m , Bp is in T.m
In TRANSPORT G 1is positive for a horizontally focussing magnet.

2. Bending magnet lengths. BEATCH uses the straight length of a straight
magnet while TRANSPORT uses the arc length of the reference trajectory.

3. BEATCH uses the parameters L, S. TRANSPORT uses the sigma matrix
2 1
=[(6/LH) (Sy2+ LH)] 2

divergence , of = (e/Ly)}
2

Horizontal beam size ,

5 ot

(o
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Distance to beam waist is rj; -,(011/022 )% = Sy

1
giving rig = Sy / (L2 + S2 )2

e is the emittance (ellipe area / m)



ERRATUM

Please note that all magrietic elements
in the ejection line should have names
of the form xyz 25 nn NOT xyz 24 nn

as in the data 1lists and diagrams.
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Injection line from TTZ2 to target.

Beam diameter on target 1.5 mm

Data Tist AAD1O.

LIST 1
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Injection line from TT2 to target.

Beam diameter 2 mm on target.

LIST 2 Data list AAD1I1.
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Injection line from TT2 to target.

LIST 3 Data list AADIZ.

Solution 1.

Beam diameter on target 3 mm.
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Injection line from TT2 to target.

LIST 4 Data list AAD3.

Solution 2.

Beam diameter on target 3 mm.
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LIST 5 Data list AADT.
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