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• · Pion Scattering From A Polarized Target .. 

Owen Chamberlain, Carson D. Jeffries •. Claude H,.schultz. 
. Gilbert Shapiro, and Ludwig Van Roaswn 

·Lawrence Radiation Laboratory and Department o£ Physics 
University of Ca.Ufornia. Serkeley. California 

Auguat 7, 1963 

.,,-

This_ ~eport describes the use of a t_!.~g~~t_conta.ining_p_ola.ri~~-d .. pr_ot~l.l.t:J~ 

in a particle-scattering experiment. 1 Positive pions o£ 246-MeV kinetic 

·energy were scattered from the polarized protons. The parameter P that 

··.was measured. is equivalent to that determined by analyzing the recoil .. proton 

polarization in scattering .t'l:om an unpolarized target. It has been rm:;:~su1·ed 

to a higher _accuracy than heretofore achieved in pion-proton scattel'il::tg, at an 

energy and at angles inconvenient for double-scattering techniques.· 

The target material was a Z6-g, roughly one-inch-cube sampl,E: Qf --.. , 

crystalline lan,thanum magnesium double nitrate: Laz.Mg3(N03)1'z. :?AHlO' 4 < 

grown from a solution in which l'1'o of the lanthanum is replaced by even isotopes 

of neodymium. The hydrogen nuclei in the water of hldration are pc,larized by 
' 

a method developed at Saelay~•3 and at Berkeley.4.S During this e;,,periment, 

the ~erage prot<ffi..,})Blarization_V!la&-2-Z.!fo. At various times a polarization of 

· 27o/o was achieved £or periods of more than Z. hr. The hydrogen constitutes 

·.-only 3% of the weight of the crystal. In thi~ experiment it was shown that by .. _

1

,_ 
·use o£ the kinematics of two-body scattering from a free particle at rest, the 

true hydrogen events can be separated satisfactorily from the .. background. 

The sample is maintained in a microwave cavity at a temperature of r/ 
·. I. Z to I; 5 • K . by bathing it in auperflulcl. helium. &nd In a magnetic field of 9100 G.r 
. Under these .conditions the ne~d;:.uum ions act 8imil&rly to si;,gle unpaired elec

7 
· 

. tronsWhose spins are about 60o/o polarized. · Microwave power is applied at the . 
• < ' ~ • , •• 

. . ' ·:~' ,. ': . 
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proper frequency (near 35 kMc in this case) and in sufficient intensity to satv,rate 1 

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

·· the protons. . Spin-lattice relaxation processes are such that the neodymium iqns 
' 

return promptly to the thermal•equiUbrium polarization and are thut= availa.bl~_to 

polarize many protons. The pr~ton polarization relaxes slowly with a time 

constant of iO to ZO mi~ when the micl'owaves are turned off. Either sign of 'ro-
. ~ 

ton polarization can ~ obtained by proper choice of which "forbidden" transit~on 
~ • '=i· 

is saturated. ·· The change from one to the other is effected by a 0. 3o/o change i~ 

microwave frequency, ·or in magnetic field. 
I 

' .. 
' 

· . . ·The -.~~g~t p~!arization~~s_measured-by-detecting-the-nuclear_magneticj ' 

·.· r~~e_(NMR) ~~1 from the hydrogen nuclei with a Q-meter detection sys- fo
tem. ·· The size of the NMR signal when the protons are highly polarized is com• · · · · . 

· pared to the signal size at thermal equilibrium (microwaves turned of!). for which 

• ·the polarization can be calculated easily. At i.2 K and 9100 G, the pn·oton thermal• 

equilibriutn polarization is 0.075%. When microwaves are applied. signal sizes 

become typically ZOO to 400 times larger. Because of the large sample size and 

high polarization obtained, the NMR signal is not exactly proportional \to the 

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

due to C:O/Q being appreciably large (0.1); a change o£ Q due to a ten:1perature 

change when microwaves are turn~d on (iOo/o change): and a considerable change 

in shape o£ the proton NMR ·signal when the polarization is large. It is e1stimated 

that the average absolute polarization of the sample is known to within :!: 1.5% of 

.. itself. 

·Two methods were used to discrimb:aate between background Etv~mts and 

the scattering from polarized protons: 

1. When the recoil proton had sufficient energy to escape from the target, 

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

,. · (about l by 1-1/l in. at 4ft from the target) were placed at five iuc:ed an.gles to 

detect recoil protons. . All five were aepa.rately in coincidence with a common 
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counter which overlapped them all (to reduce chance coincidences) atud with the 

pio~ counter. The pion counter (4•1/i by 4-1/1. in. at ~a in. from tl:<e targ~) · 
. ' - . - . _· . -~ . . . . -~! .. 

was mounted on a circular rail and could be movec:l to the position appropria~p 
' ' .. ' ' j 

. . . . .' ' . . . , 
!or hyd1·ogen-event coincidences with each of the proton counters.. Fit~ure 1 , 

shows the relative cotmting rate in one o! the five coincidence channels when }he 
. ~ 

. · pion counter \Vas placed at various angles to the beam, whUe the proton co~~er 
. I . 

rema.ined !ixed. .At t.he position of the pion counter which satisfies two-body; 
. . . ~ 

. ltinematics, the hydrogen events give a peak that is about one and one ... half t1~nes · 
. . . ~ 

background- This ratio depends onrl.ns,trumental parameters such as beam momen-

tum spread, tal.· get size, multiple scattering in the target, and detector geometry. 

As a check on this background, a dummy target was substitut(~d for the 

polarized sample. This d=y was made up o;::-m~nts like those i.n the [ 

crystal. in the same proportions, but not containing hydrogen. The counting ra.t

1
:. 

as a !unction of pion.-counter angle, ,with the dwnmy target is also indicated in 

Fig~ 1. 

z. At smaller scattering angles, the energy and the angle of the scattered 

pion alo.ne were U&ed to distinguish the elastic scattering on hydrogen. This 

· method is inferior to the two-particle coincidence technique, especially since · 

· there is no coplanarity requh·ement, but it still serves to identify the hydrogen 

events.· A range telescope was set up to detect pions scattered at a given angle 

·. which traversed a. given thickness o£ copper. Figure Z is a difterential range 

' " 
· cu::.·ve, showing the number of particles that penetrated a variable thickness of 

. <:opper but did n~t, register in the veto counter behind an additional 11 g/ ern 2.. 
. ' . ' . . . 2 
The slight rise in counting rate in the vicinity o£ 60 g/cm val"iable 

moderator is attributed to mesons elastically scattered on hydrogen. This is 
' . . 

the expected range of these mesons. The asymmetry was measured at the point 

. on the range curve wher~. the fraction of hydrogen events was largest, as indieated 
' ~ ' . 

':·-.· : .. ~ .. : .. :· 
~· . . ~. ,. ~- ··,, . 

'''' 

<" 
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in Fig. 2. The range curve with dummy target substituted is also shown in Fig. 2 · 

and gives a quantitative estimate of this fraction. 
. : . . . 

In· b9th Figs. _1• &nd z. · the alight rise in counting rate from the dummy 

target at the points where tho hydrogen events are expected to occur iio attributed 

to scattering from the hydrogen bi the mylar He container and in ·the mylar ~indow 
,'1 • r 

. of the vacuum can which surr-ounded the target. This explanation is supported 
. . . . . 

by. data taken Wit~ th6 ta:rget completely rttmovecl.' 

· · The parameter P was measured at five angles by using the pion•proton 

. coincidence' ~etho~ ·and at tw<, angles by using. the ·pion range teiesc,:~pe. Counts 

were taken alternately with each sign of the target polarization. The "up11 

.. '·. ,·: · .. _ ... · . .,.; .·. . . - . ·. 

direc~ion is' ~e!ined as . (p, >incident X' (p,..) final* The effect observed is then .. 

'.•'. 

e= 
N~up) ... N(down) 

' . 
N(up) + N(down) 

where N(up) and N(down) refer to the counting rates when the target polarization 

is in the up(down) direction. The numerator can arise only from scattering from 
'" 

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

. observed was generally onlY! a i.ew per cent.· The systematic errors in measudng 

the polarization or determining what fractions o£ events were background are 

: ': 

p =. E • No •. total counts • 
· tcuget polarizatl~n X No. Eydrogen events · 

Table I gives the pertinent data and results. which are plot~d in Fig. 3. 

The curve in Fig. 3 is the parameter P calculated £rom a set of phase 

shifts extrapolated to our energy from the SPD Fermi l set obtained by Rogers 

· et. al. at 310 MeV. 6 In the extrapolation. simple TIZ£+ 1 behavior wa.s assumed 

· ·for ali phase shifts except P
33

• which wae assumed .. to have a Chew-Low-type 

energy behavior. 7 ·This curve contains no Co\llomb co~rections: it was calculated 

!rom a set of purely nuclear pll&ae shi£ts. 
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Additional pion range curves.were taken at even smaller ,angles to deter

mine the limitations of this method. When the recoil takes off as much a.s 35 MeV, 
'. '·, . . . . . 

the pion di!!erential~ra.nge curve still show's the hydrogen-elastic peak resolved 

·· ' · . fr~m the peak at its UpPer end due to coherent scattering on nuclei. With the 

:· backg~o!-Uld subtraction based on durnmy~target data, 

.·'''"events when the recol:l energy ls as Uttle as ~0 MeV~ 
' ... l 

one can separate the hydrogen 
~ 
~ 
l 
~ 

lJi conclusion. we may say that the polarized target technique can nmy be 

applied to measure the. P parameter at all energies in the w-p (a.nd K-p) syst~ms, 
. . . . 

and hope£ully settle phase-shift a.rnbtg_l;dties and spin-parity assignments.' The 

d~ubl~;,.' ~nd triple-scattering parameters i~ proton.·proton scattering are also 

now more. ea.sUy measured. .. The Polarized target also makes possible the direct 
. . . 

.. '· . . . ' . . . . ·, . . . . . 8 .• 
· measurement of the rela.tlve intnnsic parities of strange particles, and of the 

spin-rotation para.met6rs9 in systems like pion+ proton, which are 11.ot accessible 

· · · , · without this technique. 

/ . 

50o/o, 

~inc:e eo~pietion of this experiment we have achieved polarizations above ;~ 

using a. m:a.crowave generator of 70 kMc. and a.rnagnetic field of 19, 000 G. . -

We wish to a.cl"~owledge tli~ help of Messrs. J. Arens, F. Betz, B. Dieterle, 

H.. Dost, and W. Troka in setting up and running this experiment. We are indebted 

to Mr. Roger Hill for his· interest and for his estimate of the polarization to be 
. -

expected at 250 MeV. Finally, we acknowledge the work of the crew of the 184-inch 

.-_·cyclotron and of the many_ other workers at the Lawrence Radiation Laboratory, 

·without whose support this project could nQt- have been carried out. 
. ~ . . . . . . . ' . . l ' . ~·. . . . . 
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Table I. Data and results. The- paramet.er Pin w+ -p elastic scattering at 246 MeV. = :? r .. ... : * : c= = ·...-: : ·= z : =: = == =- :: e - .. =: ¥1 -a;::-: » 

6 . Method of Raw asymmetry Average target Fraction 
c. m. . ·<llscrimination · · E · pola.ri~tio.? hyd1•o&eti counts 

p 

69° range telescope 0.0163 :I: 0.0068 'o.z4s O.Z2i " ·-- O.Z91 :f: 0.145 
; 

82° range telesCope .. { O.Oi49: 0:0071 0.2.22 
... 

. 0.0182 :!: 0.0046 . 0.269 

.. 0.193 0.364 :f: o. 125 

-0.179 .. 
• ..._N;~ •" 

108 .. · 1r-p coincidence O.Ol4i ± 0.0061 . o. 198 0.577 · ·· o.a1 1 = o.o1s · 
iiS• v-p coincidence .. 0.0031 * 0.0066 0.212 0.449. -0 .. 033 :1: 0.071 

128° 1r-p coincidence 0.0036 :1: 0.0074 O.i94 . ·0.593 0.03 i :f: 0.064 

13~· 
-~ ~ . v-p coincidence -0.0067 % 0.0061 0.300 0.523. -0 .. 064 :1: 0.059 • ..., 

t-470. v-p coincidence -0.0155 :J: 0.0068 0.219 .· 0.489 -0. i45 :1: 0.064 • 
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FIGURE CAPTIONS 
I . ' • . . 

Fig., 1. · ' Discrimination against background by. v-p coinc:idenc:es.o Ope.a 
. .. 

circles show coimtin; :rate vs !)osition o£ pion counte~. Black circles 
. -

show similar data. for a dummy target containing no hydrogen. 

·Fig. 2. Diaedmination against background. uai~g':r;ange telescope. The solid 

. CU;V'e (black Circles) Shows· di.f£erentia1 range di&tl."ibution o£ pions emitted 

.. ' at a fixed labOratory angle.: The dasud curve (open circles) shows similar 

' data !or a dummy target ~onta.ining no hydrogen. . . . 
. .. . ' . . + '. ': . . ' . . 

·Fig. 3. · The. parameter P. in 1t p acattedns at ~46 MeV. ··· The solid curve is· 

. explained in the text.. · ': .' ' 
~- '. 

· ... ' ',, ... 
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