Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
PION SCATTERING FROM A POLARIZED TARGET

Permalink
https://escholarship.org/uc/item/7rs3n893

Authors

Chamberlain, Owen
Jeffries, Carson D.
Schultz, Claude H.

Publication Date
1963-08-07

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7rs3n893
https://escholarship.org/uc/item/7rs3n893#author
https://escholarship.org
http://www.cdlib.org/

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545




UCRL-10949

r‘j T .

UNIVEERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

. Contract No, W-7405~eng-48

- PION SCATTERING FROM A POLARIZED TARGET

Owen Chamberlain, Carson D. Jeffries, Claude H. Schultz,
Gilbert Shapiro, and Ludwig Van Rossum

August 7, 1963



“le UCER L-~10949
Pion Scattering From A Polarized 'lt‘azv.rget”l

Owen Chamberlain, Carson D, Jeffries, Claude H* *Schultz.
Gilbert Shapiro, and Ludwig Van Rossum

Lawrence Radiation Laboratory and Department of Physics
University of California, Berkeley, California

August 7, 1963

This report déscribes the use of a target containing polarized protons
in a particle-scattering experiment. 1 Positive pions of 246-MeV kinetic
energy were scati:ered from the polarized protons., The parameter J» that
v)as measured is equivalent to that determined by analyzing the recoil-proton
polarizé.tion in scattering from an unpolarized target. It has been mcasured
to a higher accuracy than heretofore achieved in plon-proton scattering, atan |
energy and at angle¢ inconvenient for double-scattering techniques.

The target material was a Ef:g. roughly qgg:in;@cubgz sample of
crysmnivne lanthanum magnesiumn double nitraté: LaZMgS(NO3)m . ;f.-éHz , T
grown from a solution in whicl; 1% of the lanthanum is replaced by even isotopes
of neodymium,. The hydrogen nuclei in the water of hydration are polarized by

a method developed at Sae:la,yz'3

and at Berkeley.‘a’s During this experiment,
the \avg;a.geﬂpvr,otpn,pola;'izat_ion was 22%. At various times a polarization of |
27% was achieved for periods 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 scattering from a {ree particlg 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
1l.2to 1.5°K by bathing it in superfluid helium, and in a magnetic field of 9100G.

Under these conditions the neodymium ions act similarly to single unpaired elec-

tronswhose spins are about 60% polarized, Microwave power is applicd at the
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proper frequency (near 35 kMe iﬁ this case) and in sufficient intensity to saturate
the '"forbidden' transition in which the neodymium polarization is transferred to
the protons. Spin-lattice relaxation processes are such that the neodymium igns
return promptly to the thermal-equilibrium: polarization and ar; thus _availablé to
polarize many protons. The proton polarization relaxes slowly with a time \
constant of 10 to 20 min whéu the microwaves are turned off, Either sign of pro-
ton polarization can be obtained by propei: choice of which "forbidden" transit:';on
is safurated. The change from one to the other is effected by a 0.3% change iﬁ
microwave {requency, or in magnetic field,

The target polarization is measured by detecting the nuclear magnetic; |
resonznce {NMR) signal from the hydrogen nuclei with a Q-meter detection éys- X
tem.. The size of the NMR signal when the protons are highly polarized iz com- |
pared to the signal size at thermal equilibrium {(microwaves turned off), for which
the polarization can be calculated‘ea.sily. At i..Z.K and 94100 G, the proton thermal-
equilibrium polarizition is 0,075%. When microwaves are applied, signal sizes
become typically 200 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 nonlinea.rity
due to AD/Q being appréciably large (0.1); a change of Q due to a temperature
change when microwaves are turned on (10% change); and a considerable change
in shape of the proton NMR signal when the polarization is large, It is zstirmated
that the average absolute polarization of the sample is known to within = 15% of
itself, |

Two methods were ﬁaed to discriminate between background events and

he scattering from polarized protons:

1-. When the recoil proton h:;d sufficient energy to escape from the target,
ccincidence between this proton and the scattered pion was requireci. (Counters
{(about 2 by 1-1/2 in. at 4 ft from the target) were placed at five fixed angles to

detect recoil protons, All five were separately in coincidence with a commeon
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counter which overlapped them all (to reduce chance coincidences) ard with the
pion counter. The pion counter (4-1/2 by 4-1/2 in, at 22 in. from tle targeg)
was mounted on a circular rail and could be moved to the position appropriazga |
for hydrogen-event coincidences with each of the proton counters, Figure 1 i
shows the relative counting rate in one of the five coincidence channels when the
pion counﬁer was placed at various angles to the beam, while the proton counter
remained fixed. At the position of the xiion counter which satisfies two-body
kinematics, the hydrogen events give a peak that is about one and one-half times
background. This ratio dependsoninstrumental parameters such as beam momen-
tum spread, target size, multiple acatteringrin the target,i and detector geometry.

As a check on this background, a dummy target was substituted for the
polarized sample, This dummy was made up of elements like those in the
cryétal, in the same proportions, but not coataining hydrogen. The counting rate,
as a function of pion~counter anéle. with the dummy target is also indicated in
Fig., 1. | |

Z. At smaller scattering angles, the energy and the angle of the scattered
pion alone were used to distinguish the elastic scattering on hydrogen, This
method is inférior to the two~-particle coincidence technique, especially since
there is no coplanarity requirement, 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 of copper, Figure 2 is a differential range
curve, showing the number of particles that ﬁénetrated & variable thickness of
copper but did ﬂot register in the veto counter behind an additional 11 g/cmz.

VThe slight rise in counting rate in the vicinity of 60 g/ cmz variable
moderator is attributed to mesons elastically scattered on hydrogen, This is
the expected range of thess mesons. The asymmetry was measured at the point

on the range curve where the fraction of hydrogen events was largest, as indicated
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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 both Figs. ‘1 and 2, the slight rise in counting rate from the dummy
target at the points where the hydrogen events are expected to occur is attributed
to scattering from the hydrogen in the mylar He container and in the mylar window
of the vacuurm éa.n which surrounded the target. This explanation is supported
by data taken with the target completely removed, “

The parameter P was measured at five angles by using the pion-~proton
coincidence method, and at two angles by using the pion range telescope, Counts
‘were taken alternately with each sign of the target polarization. The "up"

direction is defined as ‘;‘w) X (;w)

incident The effect observed is then:

final"®
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 protone., It carries a considerable statistical error, since the effect
observed was generally only a faw per cent. The systematic errors in measuring
the polarization or determining what fractions of events were background are
small compared to the statistical errors in this experiment.

The parameter P may be calculated from the data as

- € No, total counts
target polarization " No. hydrogen events

™

Table I gives the pertinent data and results, which are plottéd in Fig. 3.
The curve in Fig. 3 is the parameter P calculated irom a set of phase

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

6

> 8
et.2l. at 310 MeV. "~ In the extrapolation,simplk -q“."" +1 behavior was assumed

for all phase shifts except PB

energy behavior, 7 This curve contains no Coulomb corrections; it was calculated

30 which was assumed to have a Chew-Low-tYpe

from a set of purely nuclear phase shifts.
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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 as 35 MeV,
the pion differential-range curve still shows the hydrogen-elastic peak resolved
from the peak at its \ipper end due to coherent scattering on nuclei‘. With the
background subtraction based on dummy;—target data, one can separate the hydrogen
events when the recoil energy is as little as 20 MeV, |

In conclusion, we may say that the polarized target technique can now be
applied to measure the P parameter at all energies in the wv-p (and K-p) systems, :
and hopefully settle phase-shift ambiguities and spin-parity as signments-. Th:e ‘
double - é,nci triple-scattering parameters in proton-proton scattering are also
now more easily measured, The polarized target also makes possible the direct
measurement of the relative intrinsic parities of strange pa.r?;icles.8 and of the |
spin-rotation parameter89 in systems like pion + proton, which are not accessible

without this technique.

Since completion of this experiment we have achieved polarizations above E

N

50%, using a microwave generator of 70 kMc, and amagnetic field of 19, 000 G. |
We wish to acknowledge the help of Messrs, J. Arens, F. Betz, B, Dzeterle,
H, Dost, and W. Troka in setting up and running this experiment, We are indebted
to Mr, Roge_r Hill for his interest and for hie estimate of the‘polar.ization to be
expected at 250 MeV. Finally, we acknowledge the work of theA crew of the 4i84-inch
cyclotron and of the many other workers at the Lawrence Radiation Labora.ﬁ\ory,

‘without whose support this project could not have been carried out,
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FIGURE CAPTIONS

Fig, 1. - Discrimination against background by w-p coincidences. Opsa
circles sbow counting rate ve position of pion counter, Black circles
ghow similar datz for 2 dummy target containing no hydrogen,

Fig. 2. Discrimination against background, using range telescope. The solid
curve {black circles) shows differential range aiatribution of pions emitted
at 2 fized laboratory angle. The dashed curve (open circles) shows similar
data for a dummy target containing no hydrogen.

‘Fig, 3. The parameter P in -rr+p’ scattering at 246 MeV, The solid curve is

explained in the text.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used 1in the above, "person acting on behalf of the
Commission

" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
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.





