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POLARIZED DEUTERONS AS AN INIENSE SOURCE OF
‘HIGH-ENERGY POLARIZED BEAMS OF
NEUTRONS, PROTCNS, AND DEUTERONS

. Ra Beurtey

GENERAL CONSIDERATTONS -

The dlfflculty in accelerating polarized protons up to a hlgh final
energy without depolarlzatlon is well known1’2 . In the c.m. of the

aooelerated partlcle, superperlodlc,betatron,and synchrotron oscillations

1nduce osolllatlng transverse magneolo fields, Whlch can rotate the polari-

Zatlop. Such depolarlzlng effects exist only at very definite frequencies

for Whlch there is a resonanoe "between the frequenoy of these“magnetlc

'_Lflelds and the proper transverse frequenoy of tne magnetlo moment .of the

_p partlcle. The spln frequenoy in the c.m. is glven by

67/1385/5
SIS/sm

[(g/2) =~ 1] being the anomalous part of the magnetic moment, and vy, as

usual = Elab /ﬁoz.> The equation for the resonance is:
2 . -
<2 ‘ 1> X d, = o (&8 + Lo +ImQZ’), (2)

S being the superperiod of the machine, Qr and QZ the number of radial and
vertical betatron oscillations per turn,and (k,£,m) integers. For a given
(k,¢,m) ooﬁbination; the right-hand side of Eq. (2) is almost eonstant, and
the left-hand side grows up from ~ [(g/2) - 1] to [(g/?) - 1]y For the

PS, one can write

<§ - 1>y: 10k + (¢ +m)Q + (£ - m)AQ , - (3)

where Q ~ Q_ ~ Q= 6.3 and 2AQ = (QZ.—- Qr) ~ small.
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polarized neutrons, deuterons, and protons. Bven losing ~ 2 orders of
magnitude over the primitive deuteron pulse in order to improve the
"quality", there remain enough neutrons, protons, or deuterons to do

physics.

That the nucleons are and remain polarized is a matter of fact., The

-deuteron is essentially an s-wave, and a (ij)_vector polarization. of - the

deuteron means ~ (. ) or (4) for the individual nucleons. ¥When a nucleon
is absorbed, the residual one suffers only a small-angle scattering for

which the depolarization parameter D(ﬁ) is veryenear 1

p(8) + dPs
P = emerseaeetee—ae—aon
£ 7T ¥ pgpy

-p(ﬁ) being the polarization "created" in this small-angle scattering, and

for the whole secondary beam

' f(ﬁ) + d(a) P.\\\imax’ ¢ = em _ 21'

(Pp> = 1-‘.—p(z9)P.l/ BT A A

i 0 = ¢ =

[The very expression, averaged over O and ¢, depends on the (D,R A) para-
meters; but the result Pf is essentially unchanged,] The polarlzatlon
of the deuteron, as well as of the remaining p and n, can be reversed burst
after burst, before aoceleratlon, This is simply done in ~ 2 usec at the
level of the atomic beam, before ionization, by cutting off the radio-
frequency systems inducing transitions between Zeeman sublevels of the
deuterium atoms. Is it realistic to hope Tor 10'° dedtefoﬁé/bulse? The
best intensity4> after ionization is now of a few microamperes d.c., say
2x10'%/sec. TWith a time acceptance of 6x 10 ° sec, and a trivial reduc-
tion factor through the Linac, it seems difficult to hope for better than
a few vimes 107/%urst. But it should be noted that:

i) a few hundred microamperes d.c. could be obtained with actual polarized
atomic sources; it is enough to say that at Saclay we have such an
improvement programme (essentially at the level of the ionization of

the atomic beam);
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ii) bunching at low energy (before the Linac) can provide some trivial
factor by increasing the total number of protons in the At = 6x 10°° sec

(one turn capture in the PS);

iii) with such an intensity, smaller than the usual one, the beam loss in

the Linac should also be smaller and the capture efficiency better.

A FEY RELARKS

1) A11 that was proposed using an external target is also possible with
an internal target -- except that the residual deuteron beam would
remain in the machine. Neutrons would go "naturally" outside, and

the protons inside the ring.

2) By storing the deuterons in one storage ring, and crossing this beam
with an atomic polarized beam (< 10'2/cm®), this can provide a very clean
experiment (d-p) with all spins polarized in all possible relative

directions (and d- d also).

3) If our first point demonstrates the practical impossibility of accelera-
ting polarized protons up to full energy, then last but not least there
remains the possibility (to be investigated!) of polarizing protons
ingide the storage rings, after storing them unpolarized. -The principle
would be a™ransfer of spin" with some polarized materials. In such a
case, the full intensity would be available. But this is a very
preliminary suggestion. A few possible "materials" are being investi-

gated.
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