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AY INNOVATIVE SPIN PRECESSOR FOR Ip'TERI4EDIATE ENERGY PROTONS* 

Earl i\l. Hoffman.: 

Abstract 

4 spied precesssr has been designed to provide arbitrary 
orientatior 3i thl? polarization in the external proton 
beatr at LAMPF. The device utilizes two suoerconducting 
solenoids, three con\ientional dipo:cs, and conversion 
of polarized I~- t3 tl+ to provide an achromatic, unde- 
fleeted hmn with tunab?e spin orirntat'on (Ivpr a ranqe 
of energies frw WO MeI to 800 MeY. A portion of this 
device is beiqa instailed to Drovide compatibilitv be- 
tween twO facilities which simultaneously use txo 
branches of the external proton be?m at LLAMPF. 

Introduction 

The prohle\:! of ariiitrary re-orientarion of the poiari- 
zation vector of a polarized beam has the well-known 

“Wjen fjlter”l*’ or "eiectrostatiL seaarator" as a 
practical solution at low energies. The "Siberian 
Snake" h-is beer1 proposed for use at very high ener- 

C&. A rovcl method developed at IAMPF and described 

elsewhe+*e in thes? proceedings*. utilizes the large 
naonetic moment of the electron ir! the neutral ion Ho. 
The methods prev;cusly used at intermediate elergirs 
have nnt 3een capable of arbitrary re-orientation. 
Particular orientat;ons have been acrlieved using mov- 

able rnagnets5 and Sy deflectinq the beam to a new tra- 

jectory'. 

For 400-HDD Mr\i .)t-osons, the Wicn filter requires ex- 
cessive electric <ields and the "Siber*idn Snake" re- 
qui rcs nume\'otl< nagnets and large apprtlircs. The 
lrtethod utiliz<n<l ~r~ecession of Ho h J : the d 5 s in :J v a II t a !j P 
that only one-half of an BOO Me\1 Ii- beam can be strip- 
ped to !io with conventional foil strippe-5. 

The spin precessor7 described here use> conversion of 
ti- to b- to achieve an undeflectec!, ac+rolmatic beam of 
protons with polarization vector orientation which is 
independent of the H- polarization direction. Sole- 
noids and dipoles are used in the conventional way to 
achieve pre:Pssion about the longitudinal and vertical 
directions. The device takes advantage of the high re- 
1,:tive speed of the polarization vector relative to the 
ve1ocit.v vector for H- ions in transverse magnetic 
fields to iliiniI:,-zc the required horizontal dipole aper- 
tures. Conversion of H- to Ht is the crucial feature 
which allows a net orecession of the spin vector while 
bending in ore plane with no net deflection oF the 
beam. 
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Fig. 1 - Diagram of the elements of the spin precessor. 
Solenoids are indicated by S and dipoles by D. D2a arid 
D2b may be a sinqle dipole D2. ST is the strippinq 
foil wh5ch rerxrves the two electrons fro-r] H-. 
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S@'n Precessor Desi_cn 

The spin precessor consists of 2 solenoids, 3 dipoles, 
a thin foil electron-stripper and beam position moni- 
torinq diagnostics. The order of the ele.nents is shown 
schematically in rig. 1 and a typical trajectory is 
shown in Fi!r. 2. For clarity, the secord di?ole is 
shown as two separate elements. 

The arlole af [profession. ':' , of the proton spit1 about 
parallel ~‘mmitil~l [P) and mqnfltic field (Rj, vectors 
is 

Y = F', (3) .'BdL (Galrssian imitr) 

where E is the protor, electric charqc. The q-factor is 
defined for a particle of spin s and magnetic moment 
I:, by :' = uNys w'lere 11~ is the nuclear maqneton. Be- 

cause of the inverse dependence on the imomentum. 90" 
precession is linlited tc momenta below "13 GcV/c ior 
practical solenoids. A field integral o+ 2.7 T+,li i; 
required for 95" precession at 000 MtaV. 

The precession of the proton srjin in a magnrtic field 
(B,) which i\ traysverse tn the spin vector atld tri the 
direction of mot'on is yiven bv the well-known expr~-'$- 

sionBy9 

UR = “!IR (j - 1: 

where 1 
K 

is the change in the anqlc of the sibin vertor 

relative to the d'rection of motion cur, ta 3 ben!l 0' 11 
B' 

The cueni.ity , = (1 - C:')-'/' i5 t/-r-: \.or-vril; factor. 
Writinq tnis expression as 

,:I 9 = (3 - 1, ,,le ;'tiLa:. (1) (,Gah5ciarl units) 

shows ttlat the precession im, (!:.:entiall): independetit c" 
enerjy for relativistic particles. A fielil inteqral of 
2.3 T+m provides 90" precession for 800 McV protons. 

The H- ion (in the ground s:atc) exhibits the niagietic. 
moment of the proton bllt has opposite charge. General i- 

zinc1 the derivation of Haqedorn',onc obtairls for ii- of 
imass M and charge (1 

'R = "'B r(g) (;I - l] 

where m(e) is the mass (charge) of the prston. Since 
the charges for H+ and H- are opposite and the masses 
are nearly equal, OR is Q.l times larger for H- than 

for H+ and is opposite in sian relative to the bend 
anqle. This increased polarization roation is used to 
reduce the aperture required for the spin precessor 
and the sign reversal is used to restore the original 
trajectory. 

Fig. 7 - Schematic of the bends rrcj,Jired to produce a 
polarization precessicn of -; i17 the horizontal plane. 
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The transport is symmetrical about the midplane to pro- 
duce first order achromaticity and zero net deflection. 
The first bend of angle 0 and the second bend of -6 
are used to precess the polarization vector to the re- 
quired orientation. The second two bends are used to 
restore the original trajectory with no net change in 
the polarization vector. Note that the second and 
third bends can be incorporated in a single dipole 
magnet to conserve length. 

For this device the total precession angle, o, of the 
polarization vector is related to the first bend angle, 
8, by 

5 q -,0(j) (1 - $ 2 -yng. 

A total magnetic field integral of only 1.5 T-m for the 
first two bends (28) produces a precession of 90" for 
an 800 MeV proton. 

be sufficiently thin to avoid undesirable emittance 
growth due to multiple coulomb scattering. 

Successful operation requires that H- be converted to 
H+ between the first two dipoles. In Fig. 1 and Fig. 
2, ST indicates a thin foil which removes the two 
electrons frorn H- with 100% efficiencv. The foil must 

Integrating MWPCs placed between the first two dipoles, 
between the last two dipoles and after the last dipole 
will allow setting of the bend angles to better than 1 
milliradian. This corresponds to an uncertainty in the 
polarization direction of less than 10 milliradians. 
The polarization will be measured downstream of the 
spin precessor by a pair of polarimeters which measure 
up-down and left-right asymmetries simultaneously. 
Orientation of the polarization vector to within 2 
milliradians of any desired direction is expected to 
be achievable. 

Example 

To illustrate the use of this device, consider an inci- 
dent beam of 800 MeV protons with polarization vector 
in the horizontal plane and 38.4" from the desired 
direction (5 = 38.4' in Fig. 2). To obtain a vertical- 
ly polarized beam at the end of the spin precessor; 
the first solenoid is de-energized, the first dipole 
bends H- by 3.71" and the second bends Ht by -3.71". 
At this point, the polarization and velocity vectors 
are perpendicular to each other. The third and fourth 
bends are equal and opposite to restore the beam to its 
original trajectory without changing the polarization 
orientation. This results in a polarization orientation 
90" relative to the direction of motion and in the 
horizontal plane. The second solenoid is used to 
rotate the polarization vector to a vertical orienta- 
tion. 

Summary 

For its useful energy range, this spin precessor pro- 

duces an undeflected, undispersed protor beam of arbi- 
trary polarization orientation if an H- polarized beam 
is the initial beam. The device is tunable over a 
range of energies and polarization orientations which 
is limited only by the magnet fields and apertures 
available. 

For high energy beams, the magnetic stripping of the H- 
in the first dipole and in the radial field components 

at the ends of the solenoids may become a problem 10 

since the electric field in the rest frame of the beam 
particle depends linarly on BvB,. At 800 MeV, the 
dipole strength is limited to ~4-5 kG to keep the 
stripping process at negligible levels. 
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