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: ABSYMMETRY IN HIGH- ENERGY
, _»pan-p DOUBLE CHARGE-EXCHANGE SCATTERING

- Hugh Budner and Robert E. Donaldson

Radiation Laboratary o
Uaivetoity of California, Berkeley, Colifornia

March 14, 1958
- Amrmcr'

Asymmetriée have been oburved in double chargo-exchangt pan-p

e ?_v‘ncattering from carbon and tantalum, High-energy protons striking a first

| target: gave chsrgeuexchaage neutrons. These neutrons were collimated and
~ ‘allowed to strike a second target. The recoll proton fluxes to the right and
lctt_ were then counted. The asymmetries are zero at small scattering angles,
umd inc’uue with angle up to 45° in the laboratory system, The maximum asym-
. '-matry observed was 10,4 4 2,1 % for carbon with the first and second ecatter-
. ing n.nglu equal to 45“ (1ab). Evidence is gtvon for a large n-p chstga-—exr:hmgc
pola.tiaation from carbon bombardcd with 170-Mev neutrons. : :

mmonucnen

Potential models using tensor forces or spin-orbit co\:pling have been

. foundl' to give better fit to the experimental n-p angular distribution” than
' thruq using only central forces. Wolfenstein? predicted that the presence of
" these noncentral forces should give rise to an uﬁnmetiy in a double scatter-
. ing experiment. The azimuthal asymmetry of a double charge-exchange ;(pi-.n-wp)' |
- _a’citf;otlng has been investigated by Wouteus aﬁzd others, 6.7.8 with results of

the order of a few percent. These uymmetriea are mnch smaller thsn thoae
obtained by double proton scattering. 9 : ‘
In the experiment presented here small but ezperimentany uignificmt
asymmetries have been observed in (p-n-p) scattering from carbon and tantalum
targets. '
‘This experiment is an extenlion of Woutera's sxparimant. with some
mcdiﬁcation, to elements of higher atomic number. A target was bombarded

| by the circulating proton beam of the 184-inch cyclotron and the ojected neutrons

were collimated and allowed to strike a second target. The right aml left fluxes
of recoil protons from the second target were then caunted.

UNGLASSIFIED
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APPARATUS

E&parimontal Arraugemant

Figure 1 shows the experimantal arrangamem for the p-mp scatter-

.{éﬁ.’ The first scattering cccurred inside the cyclotron vacuum tank. It was

oo

- ,"pahihla to place the first tazget at each of the following positions: (a) inside
the dee in such a position that the abserved neutrons came off at an angle of
. 45° to the right of the circulating proton beam, (b) on the “main probe" {n such
s pcaizion that the oburved neutrons came off at 0° to the proton beam (this :
pmmon provided an unpolarized neutron beam), and (e) on an adjustable prabe
- via nueh & position that the cbserved neutrons came off at any desired zmgle bes
man e and 45° to the left of the beam. :

L 'l‘he {ncident-proton beam energy was 340 Mev. In the approximation

-of nonrolsﬂvistie nucleon-nucleon collisions between protons of the beam and

‘ urgut nncleom at rest, one sees from the geometry that the energy of the neu-~

trons isa constant, independent of the ncattering angle. There is, of course,
a varistion in energy of the ejected neutrons because of the internal momentum
distribution inside the target nucleus. As the momentum of the bombarding

 protons changes with a change of acattéring angle, this variation in energy is

a functten of the acattering angle.

The second target was placed in the conimatnd neutron beam. The

o _ ﬁu'xe‘i of protoas recoiling to the right and left of the axis of the first ncattered

" mntron beam were measured cimultamouuly by mmn of two counter telescopes,

| Tuxgats. cauntnn. and Electronice

Tu'getl of carbon and untalnm were used. The first and second tan-

 talum targets were both of 10 g/cm thickncu The firet and second carben

targets ware 4.1 g/em and 1.8 g/cm respectively. The solid angle subtended
by the second target from the first target was 2 x 107 -6 steradian,
The right and left counter telescopes were made as nearly identical

“as possible. The counters were all liguid scintillators with dimensions of

2 bjr 2 by 5/8 inches for the front and 3.5 by 3 by 0, 76 inches for the rear

counters. The solid augle subtended by the counter telescopes from the second

' target was 0,04 ateﬂdiah. The counter photomultipliers were adequately

shielded from ner&y fields By means of noft iron and u meul .
Crynal diode double-coiucidence circuits with diode clampo were used
tor both telescopes. Each circuit had a remlution time of 10 8
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., The coincidence counting rates were plateauéd with respect to the
_photogaultiplier high voltages by raising the voltages until the coincidence count-
ing rate for a pair of counters remained constant when the voltage of either
" counter was lowered by 100 volts, In addition, all counters were supplied by

 the same highovolugc source to help avoid false asymmetry due to high-voltage

| _ driftu. -
paoc‘znuan

“With the first tarsat in the 0° posi.tien. the ummd target and the col-

Hmators were aligned by means of a telescope situated about 75 feet from the

first target. This defined the axis of the scattered neutron beam. The counter

_tclepcapu were then placed in the plane of the first scattering at approximately

equal angles to the right and left of the axis of the neutron beam. ' -

. With the unpolariud (0°) neutron beam in use, the counting rateu in
the right and left teleseopes. with background subtracted, were equalized by
small adjuitmenh in the detector angles. The backgronuds. which were of

‘the order of 10 percent, were determined by counting with the second target

, ramovad. The above a.djuotments were always within the limits of the estimated

| 'error oi‘ about 0, 3 in the original poaitioning. This procedure had the effect

of eltmlnaﬁng false asymmetries due to small differences in solid angle and

- emtcr efficiencies between the right and left telescopes. The counters were
o .'-then left fixed thraughout the run, and all angle changes were made by moving

- the first scatterer (situated inside the c¢yclotron). ' :

S _Counting rates were then obtained for both a 45° left and a 45° right

, ﬂut scatter. Asymmetrln of the same magnitude but oppeitte sign, obtained

L G lor right and left first scatterings, provided a chsck on the alignment. . thh
e ‘tho second-scattering angles held constant, uymmotrias were then meuurcd
D for various first-scattering angles.

-.Some runs were made with copper abcorbsn plwod betwesn the ﬁrst
nnd seeond counters of aach telucope. This absorber determined the mtnimum |
recen proton energy amepted. In this manner uymmetriea wa:ro meunud
" a8 a function of a "rejection emrgy" |
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RESULTS

‘!‘he oburved mymmetry @ in Y double acmarinn experiment can be
o deﬁaad by the equation e = -E—r%, where L and R are the counting rates ob-
- ~s¢rwd at equal scattering angles to the left and right of the first scattered beam.
- ‘fablel shows the asymmetries observed from tantalum and carbon
I,targeu at various angles and rejection cnergieu. The errors quctad are pzob-
" able errors and include only counting statistics. To determine one source of.
_error due to misalignment, the {nternal targets were displaced perpendicnlar '
to the beam by an amount equal to the eatimated errvor of positioning, about

-1/ lé‘m. This dilplaceme,nt gave a change of uyx_nmm,pt less than 1 percent.
- !!_WCLUSIQNS '

- 'rhe azimuthal alymmotries for a donble chargaasxchange scattozing
v ;frem carbon and tantalum are amall and in general agraement with prwious
_ iuva-tignlam.s' 67,8 . - :
e . As might be cxpemted £rom the Fermi gas mmlal, no atgnmcaut dal«
- fareuce wae found between carbon and tantalum, Thp aaymmetriea alww an
increue with angle up to 45° (lab). '
The relatively high asymmetry at 45° (lah) is not consistent with the
Sorber petential {50 % exchange) 'i‘his potential gives no odd angular momentum
'ﬂwtei. and predicts an auymmatrtc distribution about 0.2 :
'_ The mbseqnmt measurement of the rn quashelaatm pciariaation
. wsing a proton beam of known polniution 2 ‘allows an estimate to be mwade
- of the n-p charge exchange polarization for carbon bombarded by 170.Mev -
~ neutrons. The p?n qunubeluﬂm polatrisation for 315-Mev incident protons is, -
~~ from Chamberlain et al, Py= - 18 % # 2 %. JIgnoring the energy difference,
~ we can apply this polarization to the p-n-p asymmetry for a 45°.45° {iab) scat-
tering through the relation ¢ = P ?z, where P, is the polarization in the firat
scattering and P, = Pz {E, 6) is the polarization in the second scattering. A
polarization is ebmnea for 170-Mev neutrons scattered at 45° equal to P, (170, 45) =
« 69 % £15 %. The same procedure can be applied to the 30°~45° and the |
| 38°..38° pen-p uymmotmen. Using the p+n polurization at 285 Mev given in
the following paper, and again ignoring the energy difference between the p-n
and p-n-p initial energies, we obtain the polarizations P, (170, 45) = - 43 %29 %
and P {170, 35) = -29% a 12 %. The errors quoted are all probable errors



| and the angular resolution for the second scattering was 12°. The énergy‘ ex-

trapolation used in these calculations is quite doubtful; thers is some evidence,
- however, for a large u-p chu'ge—mhnnge polatisaﬁcn at a mnt.ron enargy of -
e m Mév and angles near 45° (lab). . &

5 e . UCRL-2918

~

_ It shouid be noted that because of thu intemal momentum distribution

. Voi‘ the nneleoni in the target, the anglea at which the aammetrtea are meas-
ured actnally carrespanﬁ to dverages over a diatributien of nucimn«nmleon
| coniaian angles, : |

t

_ This work was performed under tlm atuyieca o! the I?. B Atemta En-
argv Commiuiﬁn. B S

3%
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. Table I

Ll Anymmatrica measured for carbon and tantalum targats for various

.7 angles and rejection energies. The errors are probable errors and
'»imlude cmiy counting statistics. - S

Fiﬂt and - } - _
S eedond Fira:ng : c | Bombarding Energy of
target scatter wntar energy -  rejection
) mmsw mgxe angle#6° _ (Mev)  _ (Mev) ‘i:“‘K P““‘“‘"

17t 28® 190 45 0.440.4
7. 28 1o 75 19208
w2 190 10 . 0.5%£1.9
R 225 85 = B.T&2.2
L35 35 . 248 90 5.2 £2.0 -
45 45 - 340 45 . 43a1.2

4 45 - 340 85 10,4221
45 45 " 340 ne  10.5&2.5

o 2 190 45 - 1.020.5
oo s 190 8 -1.0s0.3
S UTew 4B 45 340 45 2.242.5
. Tas 45 45 340 8 60222
R ' e®° 0 10 . 4.522.5

duaaeaaa ,m

B ‘?I?hﬁna values are an .iv&i'ugt of a 456_ left and 45_° right first scatter.
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