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S ¢nergy'were ‘scattered £rom the polarized protons. The parameter P that
; f?:j-;{;as. measured is equivalent to that determined Sy analyziné the recoil-proton | >'
= pélérizéﬁion in scattefing from an unpolarized target, It hae been me':a.suréd
SR to a }ugher accuracy than heretofore achieved in plon-proton scattering, at an

o _4 .energy .:md at angles inconvenient for double-scattering techniques.’

| Cwle UCRL-10949
- Pionbsvcatteriugv From A Polarized Target* |

_"'.:‘vv'Owan Chamberlain, Carson D. Jeffries, Claude I—I* Schulta,
Gilbert Shapiro, and Ludwig Van Roseum

'I;fawience I%adiatioﬁ‘Labota.tory' and 'nepartment of Physics
- University of California, Berkeley, Califoraia

o August 7, 1963

'I‘hxs report describes the use of a target containing polarized. proi:mm____1q

Cina particle-scattering experiment. 1 Positive pions of 246-MeV lkinetic

The target ma.terzal was a 26-g, ronghly one-inch-cube ea.mpl. of
S r——

E crysta.lhne la.ntha.num magnesium double mtrate. La. Mga(NO3) 1z ¢ 24H0,

i grown from a aolution in which 1% of the lanthanum is replaced by even isotopes |

'. - of neodyrmum The hydrogen nuclei in the water of hydration are polarized by

Sa method developed at Saclay

23 and at Berkeley.4'5 During this e:cperxment

| the avera.ge proton polarizatwn waa_?.z% . At varioua times a polarizatxon of

e 2‘7% was achieved for pexi_ods of more than 2 hr, The hydrogen constitutes

' only 3% of the weight of the crystal. In this experiment it was shown that by |
= -','use of the kinematics of two-body‘ ecattering from a free particle at rest, the

R 'true hydrogen events can be aeparated satisfactorily from the ba.ckgmund

, 1 Z to 1, 5°K by bathing xt in superﬂuid helium, axxd in a ma.gnetic ‘ield of 9IOOG /

Under these condxtions the neodymium ions act simﬂarly to single unpaired elec- '

. The sample is mainta.ined ina microwave cavity at a temperature of

e tronswhcse spmn are about 60% P°13ri“°d' Microwave power “ ap plied at the
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| g proper freqﬁency (n'eer: 35 kMc in this case) and in sufficient intensity to saturate |

the "forbidden" transition in which the neodymihm polarization is transferred to

e the protons.’ Spin-lattice relaxation ptocessea are such that the neodymium icgns e

o microwa.ve frequency, or in magnetic field,

:  return pro_mptiy'_to the the‘rmal-»seq.uilibﬁcm pola.rizaﬁon and az:e' thus. availaﬁlé; to
poierize meny 'protons.b.»'rlvxe"proton polarization relexee slowly with a time T
" constant of 10 to 20 min‘ Qhen the microwaves ere turaed off. Either sign of ﬁro-
ton polarzzation can be obtained by proper choice of which "iorbidden" trans1t§on
is ea,turated The change from ome to the other is effected by a0, 3% change in

{
The target polarization is measured by-detecting-the_nuclear.. magnetic

.}resonance (NMR) signa.l from the hydrogen nucleil with a Q-meter detection sys-

tem, - The size of the NMR signal when the protons are highly polarized is com- o
pared to the signal size at thermal equilibrium (microwaves turned off), for which
- the polarization can be calculated easily. At 1.2 K and 9100 G, the proton thermal-

‘equilib'ritg‘x'h polarizetion is 0,075%. When microwaves are applied, signal sizes

L _Become typically 200 to 400 times larger. Because of the large sample size and

high polarizatzon obtained the NMR signal is not exactly proportional to the »

polarization. .Corrections have been applied to take account of the nonJlineanty

o due to AQ/ Q being appreciably large (0 1); a change of Q due to a temperature
' change when microwavea are turned on (10% change), and a consxderable change

o ’in shape of the proton NMR eignal when the polariza.tion is large. It is ezstxmated

o ~ that the avera.ge absolute polarization of the sample 15 known to within 45% of

_ 1tse1f

'I’wo methods were uaed to discriminate between background events and
the scai.termg from pola.rized protons' | _ ‘
S, When the recoil proton had sufficient energy to escape from the target

coincidence between this proton and the scattered pion was required. .ounters

(about 2 by 1- 1/2 in. at 4 ft from the target) were pla.ced at five fixed angles to

detect recoil protons. An ﬁve were saparately 1n coincidence wzth a common o
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'counter which overlapped them all (to reduce chenca coincidenees) and with the. S E

| - pion counter.v 'I‘he pion counter (4-1/2 by 4-1/2 in, at 22 in, from tk: @ targe%)f

LB

" "\vas mounted on a circular rail and could be movod to the position appropria&? o .

e T L‘}
' -for hydr ogeo;~event eoincidencea with- each of the proton countera. Figure 1

L eho\vs the relative countiog rate in one of the five coincidence cha,nnels when 'khe

o pxon counter was placed at various a.ngles to the beam. while the proton coun&;er
'remamed Ixxed. At the position of the pion counter which aatiefxes two-body |

o kmematxcs, _the hydrogen events give a peak that is about one and one -half txmes

e 'backgrouxad ~ This ratio depends onamtrumental pa.rameters such as beam momen- '

= tum Spread tax get size. multiple scattering in the target, and detector geometry. :

As a check on thxs background a dummy target was substxtutod for the
) polanzed sample. _ Thza dummy was made up of elements like those m the
'crystal. in the same propornons, but not containing hydrogen. The counting rate,’

'_'_j'_a.o a function of pion-counter angle, with the dummy target is also indicated in

Z At smaner scattering angles. the energy and the angle of the sca.ttered |

T pion alone were used to distinguish the elastic scattering on hydrogen. This

' -'_.method is mfezfxor _t‘o‘the two-particle coincidence technique, especially since

i ,thei'e is név'c_‘)‘planarity requirement, but it stil»l_‘servee to identify the hydrogen |

L ev'e'nts.-"l A range telescope was set up to detect pions scattered at a given angie_

" which traversed a gwen thickness of copper. Figure 2isa d;fferentzal range

(S 'cuwe, showing the number of particles that penetrated & variable thxckneas of

o '_":copper but did not register in the veto counter behind an ‘additional 11 g/cm .

The slight rise in counting rate in the vicinity of 60 g/ cm variable

TR moderator is attributed to mesonsa elastically scattered on hydrogen. This is

= ;';the expected range of these meeona. ’rhe asymmetry was meaeured at the pomt ‘

on the range curve whore the fraction oi hydrogen eveuts waa largest as indica,ted
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S 3 :in.Fig.- s ’I‘he range curve with dummy target aubstxtnted is also ahown in Fz.g.

and gives a quantxtative estimate of this £raction. v ‘
— In both I‘igs. ‘I a.nd 2, the shght rise in counting rate from the durnmy

target at tha points where the hydrogen events are expectad to « occur i attributed

o to scattermg from the hydrogen in the mylar He container and in the mylar window S

- .of the vacuum can wb.xch surrounded the target. 'I‘hia explanation is supported
| by data ta.lfen mth the taz'get completely removed. -
S The parameter P waa mea.sured at ﬁve angles by using the ;non-proton ;

-.r_',.comc:dence method. smd a.t two angles by uaing tha pion range telescope. Counts

o o \E“‘v"were taken altemately with each sign of the target polarizatxon.' The "“up"

direction is defined as (p )incident X (p )ﬁnal‘ The effect observed is then

e = N(up) - N(down)
N N(up) % N(down)

T ,,j.'i'whe're N(xip) and  N(down) refer to the éou_nting rates when the target polarization

T in the up(down)udirécticn. The numerator can arise only from scattering from

- the polarized protons. It carries a considerable statistical error, since the effect

K f"“f‘_ob.aerved was generauy only a few per cent, The ?systematic' errors in measuring

B ‘the. polanzation or determxnmg what fractions of events were background are

R _".'»;_'amall compared to the statietical errors in this experxment.

The pa.rameter P may be calculated from the data as
. €
P = target polarization.

No.f _ total counts

xNo. hydrogen evente *~ ' c

- :-»'I‘able I gives the pertinent data and results which are plotted in Fig. 3.

et al. at 310 MeV

“The curve in Fig. 3 is the parameter P calculated from a set of phase

o shzfts extrapolated to our energy from the SPD Fermi Iaet obta.ined by Rogers .

6 In the extra.p013tion,s1mple -qzz +1 behavior was assumed

v"for a1l phase ahi fts oxc ept P 330 which wae aasumed to have a Chew-Low-type

ezxergy behav;or.7 ‘This curve contains no Caulomb correcﬁonw it was calculated

from a set of purely nuclear phase shifts,
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Addltional pion renge curves were taken at even amaller a.ugles to deter-

mine the hm:.tetions of this method. When the recoil ta.kes off a.s much as 35 MeV,

o ,V the pion di fferentl a.l-range curve “1“ ehowe the hydrogen-elasuc peak resolved

i v'_y:ifrom the pea.k a.t its upper end due to coherent scattering on nuclei ‘With the

o i“:,j;'-background eubtractzon baaed on dummy-terget data.. one can seperate the hydrogen'

%,"_"'Vevents when the recoll energy is as little as 20 MeV. R 1 l
i:a.Ppliezil to measure the P parameter at all energies in the w-p (and K-p) sYBtt,’-mB-
e a.nd hopefully settle phase-ehift ambiguities and spln-opaz-ity assxgnments. The ‘

o double- and triple-scattering parameters in ptoton-proton scattering, are also.

e »‘.mea.s\l,r.ement of the _reletxve intrinsic parities of strange -particles.8 and of the

£}
i

In conclusion. we may say that the polarized terget technique can now be r :

now more ea.ezly measured, The polarized target also makes posszble the direct

o s‘pin-“z‘otatloh' pareme'fefsq' in systems like pion + proton, which are not accessible'

) ’:without this technique.

- 50%. ueing a mzcrowa.ve generator of 70 ko. a.nd emagnetic field of 19, 000 G

Since completxon of this experiment we have achieved polarxzenona above

<

| We wlsh to acknowledge the help of Mesars. J. Arens, F ‘Betz, B Dieterle,
H Doet. and W, Troke ln setting up and runnlng this expenment. We are indebted

to Mr. Roger Hill £or his interest and for hie estlmate oi t.he polanzation to be

h .expected at 250 MeV F:.na.lly, we acknowledge the wox'k of the crew of the ise-inch

" ’vcyclolron and of the many other workera at the Lawrence Redietion Laboratory. _

3 without whose support this project could not have been carried out
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Table I. Data and results.

The para.meter P inw -p elashc scattermg at 246 MeV

Method of

- dxscmminat;on .

Raw asymmetry
e

Average target
' pola.rxzatxon

_ Fraction o
hydrogen counts

1108’ 'EQ‘»
Cage
128{_} ,-‘".l',,p ‘cidincidvencé

Ca3ze e w-p coincidence

147° RN %-p éqinci_dencé

range telescope"

- '_x_-ange.telcscope '

_t&p'cgincidence -

w-p coincidence

00163* 0.0068 B

0.0i49 + 0,072
{o 0182 + 0. 0046 : :

0.0241 + 0,0061
120.0031 + 0,0066

0.0036 + 0.0074

.0.0067 + 0.0061

-0.0155 % 0.0068

0,222
0269
'.‘:0.198 :

Coase
©0.300
0.219

0248"

L oez2g
o 193 SR
Lear9 e
0. 577'?".‘ o
 1; - _o 449 L o
os
o489

o 0.297£0.445
036450425

0;.2'11' ;o“'o»'isv' o
-0 033 & 0 071
0,031 0,064
s -0 064 %0, 059
_-o 145 & 0.064 |

v BN

Ceveos-TOR
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R F‘IGURECAPTIONS R
a Fxg. 1. mscnminatxon against background by w-p caincidences. sta ,

) cxrcles show countmg ra.ta vs poaxt!.cu of pion couater. Bla.ck circles |
shc\v similar data for 2 duramy target conxaining no hydrogen. | » .
' ‘.‘Fxg. 2, D:.scriminatmn ‘against background, usmg range teleacope. The solid'
B curve (black circles) shows differential range diatribution of pions emztted

| at a fiz:ed laboratox'y angle. The dashaﬂ curve (open circlea) shows sumlar’ )

| data. for a dununy target containing 6o hydrogeu. ’ | A

' K -__‘.‘-.Fige 3. The parameter P in at p acattering at 246 MeV. ;I'he éolid curve is-
L explamed in the tem. ‘:_ P SR T _ : R S
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Fig. 1



Differential counts per unit beam
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A. Makes any warranty or representation, expressed or
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or usefulness of the information contained in this
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this report.
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mission, or employee of such contractor, to the extent that
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of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



i

]

1]






