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A 1-12 GeV/c BEAM TRANSPORT FOR TRANSVERSE OR LONGITUDINALLY POLARIZED PROTONS*

Eugene P. Colton”

Abstract

A twe-stage beam transport for polarized protons
has been constructed and operated at the Argonne 26S.
The first stage delivers vertically polarized protons
{N-type) to an elastic scattering polarimeter consist-
ing of a 10 cm long LH, target and two moveable sets
of forward and recoil scintillation counters. The un-
scattered protons transported through the beam's second
stage are focused onto the polarized proton target
PPT-I11; this target utilizes a 2.5 T "R and A" magnet
to produce target polarizations in the horizontal
plane, either in the beam direction (L-type) or trans-
verse to it (S-type). The second stage of the beam is
equipped with a combination of superconducting sole-
noids and dipole magnets; thus the beam pnlarization
can glso be rotated to point in the L or S direction.
The entire system has been operated successfully over
the momentum range 1.0 - 11.75 GeV/c with NS, LS, SS,
and LL beam-target spin directions.

1. Introduction

The Argonne Polarized Proton Target (PPT) group
has carried out a number of experiments utilizing the
ZGS polarized proton beam.! Studies using polarized
proton and deuteron targets have been performed with
the PPT-IIT target; this target is polarized with
the aid of a 2.5 T “R and A" magnet whose central
field 1ies in the horizontal plane. This magnet can
be rotated about a vertical axis to produce target
polarizations along (or antiparallel to) the beam
direction, or transverse to it (S =N x L).

We have constructed a special beam transport from
the ZGS EPB to PPT-IIT in order to exploit the physics
potential afforded by variable energy polarized proton
beams from the ZGS. This transport covers the momen-
tum range of 1.0 - 11,75 GeV/c, possesses its own
elastic scattering polarimeter and can, in principle,
deliver protons with an arbitrarily chosen spin direc-
tion. Particles with an initial half-divergence angle
of ~ 3.0 mrad are passed by the system, representing
a beam acceptance of ~ 30 usr; thus, the full ZGS
emittance of 4 » cm-mrad can be transmitted for an
initial "source" of 2.5 cm diameter. Shielding con-
siderations preclude use of higher intensities than
2 x 107 protons/pulse, however, The present transport
represents an improvement over the earlier design
which could reach 6 GeV/c and did not possess a polar-
imeter;? in that case, the initial polarization was
inferred from upstream readings of the 50 MeV and
CERN polarimeters. The heart of the transport is two
superconducting solenoids which can be energized in
order to precess the spin of the incoming protons
about the beam direction from N-type to S-type; a
downstream dipole is used to rotate the beam spin into
the L direction, if desired,

IT. Beam lLayout and Optics

Figure 1 shows the two stages of the beam. The
pulsed septum magnet SBT splits the EPB with a 12 mrad
beam right (BR) deflection; further separation is
achieved with SB2 and SB3. The dipoles B1 and B2
steer the beam through the symmetric quadrupole trip-
Tet Q1-Q4 to the LH, polarimeter target. These quad-
rupoles place vertical and horizontal foci 75.0 cm
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Physical Layout of Polarized Proton Transport Line

Top half shows first stage from “source" to LH, target of

polarimeter.

The Tower section displays the beam's second

stage for transport of an N- or S-type beam with B5 off;
also shown (dashed) is the configuration utilized for a
Tow-energy (< 6 GeV/c) L-type beam with B5 energized.
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upstream, and 150.0 cm downstream of the target, re-
spectively, with spatial magnifications near -0.58.
The focal locations are so displaced in order to
facilitate polarimeter operation at small four-
momentum transfer (vVt). However, the beam size is
still less than 1.5 cm in diameter at the 5.0 cm
diameter LH, target. Unscattered protons exiting the
10 cm of LH, are steered on axis through the solenoids
by the dipoles B3 and B4 in the second stage of the
beam (see lower half of Fig. 1); quadrupoles Q5-Q8
recapture the beam and produce final foci at the PPT
with horizontal and vertical magnifications of 1.3 and
1.2, respectively. The pitching magnets ST1 and ST2
center the beam vertically Tevel at the PPT center.

We 1ist the beam elements in Table I as arranged for
11.75 GeV/c final N- or S-type beam polarization; the
quadrupole strengths Tisted were obtained using the
first-order optimization procedure incorporated in the
program TRANSPORT.3 Note that in this case the dipole
B5 is off; the dashed example shown in Fig. 1 repre-
sents a system yielding an L-type beam polarization.
(See Sec. IV.) In this case, a physical move of Q5,
Q6, ST2, B4, and solenoids is required for each energy
change - this usually takes less than six hours.

The beam envelopes through the system Tisted
in Table I are shown in Fig. 2; apertures, magnet
Jocations, and horizontal plane optics are also indi-
cated. The unlabeled arrows represent adjustable
collimators which are used to control final flux, spot
size and beam divergence. The final divergences are
expressed as X' = 2.75 Xy + 0.75 X5 and Y' = 0.8 Y,
(using cm and mrad unitsg; the 20.8 cm long brass
collimator located between Q5 and Q6 effectively limits
the maximum X; and Y, passed by the system, and so
Timits final givergence.

TABLE I. Beam Elements for 11.75 GeV/c N,S Operation
F1d.(T) or
Magnet Use Location (m) Grad. (T/m)
SB1 12.0 mr BR -1.0 - +1.0 0.231
SB2 14.0 mr BR 5.00 - 5.67 0.822
SB3 40.1 mr BR 6.30 - 7.42 1.398
B1 47.1 mr BR 10.83 -11.77 1.965
Q1 Hor. Defoc. 12.23 -13.18 16.99
Q2 Hor. Focus 13.53 -14.48 13.51
Q3 Hor. Focus 14.83 -15.78 13.51
4 Hor. Defoc. 16.13 -17.08 16.99
B2 104.7 mr BR 17.49 -19.34 2.214
ST1 Vert. Steer.{up) 20.46 -21.02 0.05
B3 34.4 mr BR 24,33 -26.21 0.718
Q5 Hor. Defoc. 28.62 -29.58 16.99
Q6 Hor. Focus 30.14 -31.09 16.16
ST2 Vert. Steer.{down) 31.43 -31.99 0.025
B4 122.2 mr BR 32,56 -34,44 2.546
SOLA  Spin Prec. 35.09 -37.22 6.5
SOLB  Spin Prec. 37.53 -39.66 6.5
B5 off 40.31 -42.20 Zero
Q7 Hor. Defoc. 42.83 -43.30 11.02
Q8 Hor. Focus 43.67 -44.18 Lero

II1.  Beam Polarimeter

The incident beam polarization (N-type) is moni-
tored with an elastic scattering polarimeter which
uses the LH, target as a scatterer. Figure 3 shows a
close-up view of the resident apparatus. The incoming
proton flux is monitored by the jon chamber (IC) and
the scintillation counter So; the segmented proportion-
al ion chambers (SPIC's) provide horizontal beam pro-
files. Two sets of recoil and forward counter tele-
scopes are used to identify elastic scattering events
at t = -0.15 (GeV/c)2.  Below 6 GeV/c no magnetic
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Fig. 2 TRANSPORT Beam Envelopes Through the 47.0 m
Beam Line
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Initial conditions are: horizontal half-
width Xy = 0.625 cm, horizontal half-
divergence angle Xq = 3.0 mrad, vertical
half-height Y, = 0.625 cm, and vertical
half-divergence angle Yy = 3.5 mrad.

analysis is performed and the LF, and RF, counters are
placed just downstream of LF, and RF,, respectively.

In all cases, the acceptance of the system is based
upon the solid angle subtended by the LF, and RF,
counters. Each recoil arm contains two slabs of alu-
minum, the first to stop protons with initial kinetic
energy less than 50 MeV [t = -0.1 (GeV/c)?], and the
second to stop protons with less than 110 MeV [t =- 0.2
(GeV/c)?] or pions with less than 45 MeV. The recoil
coincidences, then, are LR = LR,.LR,-IR; and RR = RR,
-RR2.RR3-. The elastic triggers are defined by L = Sg-
L+ RF;+RF, and R = S,-RR-LFy-LF,. Data were accumulat-
ed over a period of ?—2 hours; this gives a typical
polarization uncertainty of 3% with normal running
conditions. The beam intensity is limited to less than
2 x 107 ppp at So with a ZGS repetition rate of about
15 per minute. The beam polarization is given by
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Fig. 3 Elastic Scattering Polarimeter; the recoil
angle op is given by n-o and 6p is the angle
between the incident beam trajectory and
forward counter (LF1 or RF1).
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—_— (3.1)
Ao AR+ 7F
with an uncertainty of
-y
aP = ﬂl—— [L+ FLT 4R+ R'} ’ (3.2)

pp

where the +/- sign represents the initfal spin up/down
from the ZGS and Ap is the analyzing power in pp
scattering. The sp?ns are flipped on alternate pulses.

IV.  Spin Precession

Allowing for the small depolarizations due to,
e.g., vertical steering magnets, quadrupoles and other
inhomogeneties, the beam incident to the solenoid(s)
is vertically polarized (N-type). The spin direction
of these protons will be precessed by the solenoid
fields and following dipole B5 if they are powered,
and by the "R and A" magnetic field. The angle of pre-
cession 657 (in the NS plane) due to the axial solenoid
field Bs 1s given by g/Bsd1/(2Bp) where Bp is the mag-
netic rigidity of the beam and g/2 is the proton mag-
netic moment (= 2.7928 nm).% The spin precession angle
85, {in the SL plane) due to B5 is given by (g/2-1)ves
Q%ere 65 1s the physical bend angle due to B5; the
system is constrained so 63 + o4 + 65 = 156.59 mrad
BR. Magnet Tocations and bend angles can be calculated
using the examples in Reference 2. Finally, the "R and
A" magnet also precesses the beam spin by an angle g
- in the NL plane for an S-type target polarization ahd
in the NS plane for an L-type target polarization. In
the latter case 6gq is calculated just as 6¢; (see
above), but assuming an axjal field 1ntegraﬁ of 0.5
T-m; then the spin direction at the PPT is given by

spin = L sin 8¢ sin 6o * V{§ cos (a-ﬁs3)
N (4.1)
+ N sin (a 653)}

= -1 = 2
where o = tan Eot es]/cos 952] and V [cos eSl

+ 5in? 2 1
sin? g, cos 832] i
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Careful beam steering is required in order to
maintain proper spin rotations in the solenoid(s) and
B5. SPIC's are mounted at the upstream and downstream
ends of the solenoid(s) as well as 1 m upstream of the
PPT. Thus, we keep the beam centered on-axis at the
SPIC positions. The sBd1 of B5 is known to 0.1% from
Hall probe and wire-orbit measurements, and the sole-
noid and "R and A" field integrals are also well known.
Undesireable spin components are kept below the 5%
level in all cases. This technique was worked well
over the full momentum range of 1.0 - 11.75 GeV/c for
the spin configuration NS, LS, SS, and LL.
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