
BNL-19347

A POLARIZED PROTON TARGET FOR THE MPS

A. Etkin

City College of New York*

S.J. Lindenbaum

Brookhaven National Laboratory**

and

City College of New York*

S. Ozaki

Brookhaven National Laboratory**

Contribution to the Proceedings of

The BNL Workshop on Physics with Polarized Targets

June 3-8, 1974

* Work supported by the National Science Foundation

** Work supported by the U.S. Atomic Energy Commission

-Nonce-
This report was prepared as an account of work
sponsored by the United States Government. Neither
the United Slates nur the United States Atomic Energy
Commission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any Information, jpparatus,
product ur process disclosed, or represents that its use
would not infringe privately owned rights.



We propose building a polarized proton target which will allow the

1
large acceptance of the MPS to be utilized effectively.

This project has already interested a number of potential users.

In particular we have been collaborating with Vernon Hughes and co-

workers in the planning stages of this project. It is anticipated that

a BNL/CCNY/Yale collaboration, which is informally in effect, could be

expected to develop and provide such a target for the MPS, or alterna-

tively serve as a nucleus for such a project.

It was very clear from our discussions during this summer study

that particle, and particularly, resonance production and decay processes

studied in the MPS would be much more readily and completely analyzed

if polarized targets are employed.

We believe that if the large acceptance of Che MPS, its inherent

high statistics, high resolution capabilities, and its automatic data

gathering and analysis capabilities were coupled with a polarized target

facility, a large number of obvious experiments could be dramatically

improved.

For example, in any t-channel production process if the produced

particles or resonances have spin, much more information, which is often

critical, can be obtained with a polarized target.

In polarized proton targets previously used in high energy physics

experiments, the detector acceptance was severely restricted by the

magnet required to continuously polarize the target. This condition, in

general, is not very suitable for tin invescigation of multiparticle final

states involved in the study of resionance production.

Therefore, in order to more fully utilize the large solid angle of

the MPS, we propose to build a frozen spin target. In a frozen spin

it
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target the target is polarized in one magnetic field configuration and

used for scattering in another configuration (holding field). In order

for this idea to be useful it is necessary that the proton polarization

decay with a time constant (T^ ) of the order of at least 100 hours.

Time constants of this order can be achieved in useful target materials

(e.g. 1, 2 - propanediol containing Cr complexes), if the polarized

material is held in a magnetic field of 10KG and at a temperature of

VL00 m°K.

We plan to build a propanediol target system consisting of a .

polarizing magnet, dilution refrigerator, NMR polarization monitor,

polarizing microwave source, and the MPS as the holding magnet. The

target size is expected to be approximately 10 cm long x 2 cm square.

2
H. Borghini and co-workers at CERN have successfully built and tested

a propanediol frozen spin target, similar to the one we propose, that

achieved a free proton polarization of 75 - 80%, which was constant to

within errors for a period of approximately 30 hours. The little fi mag-

net which was used for this system has a magnetic field similar in nature

to that in the MPS (both have 10 KG fields and similar inhomogenuity).

This target is presently being used to measure F, R and A for the reac-

tion ir~p ->• K°A.

Because we are using propanediol instead of pure hydrogen there is

considerable background from the unpolarized bound nucleons (bound protons/

free protons « 4.25 and bound nucleons/free protons =8.5). If the momen-

tum of all the outgoing particles are determined, then it is possible to

reduce the background considerably by utilizing conservation of momentum

and charge. Target nucleons that are bound have considerable ferrai momen-

tum so that if one looks at .momentum balance with the assumption that the



••I""

target was free, one finds a peak (from free protons) with a broad back-

ground. He also plan to use partially deuterated propar.ediol to give

a target with free deuteron polarization of greater than 30%. This

material also has some polarized free protons (bound nucleons/free

protons « 40 and bound nucleons/free deuterons = 5.67).

We expect to make a polarizing magnet by shimming a part of the MFS

magnet and/or using booster coils that provide a 25 KG field homogenious

4
to + 1 part in 10 over the target volume. In addition to the polarizing

magnet we plan to have the facilities f.o have a significant component of

the target polarization along the beam direction to facilitate A measure-

ments.

The frozen spin target requires a dilution refrigerator to cool the

target material to M).5°K during polarizing and to less than 0.1"K during

the holding operation. We plan to use the refrigerator design developed

at CERN; this unit has a refrigeration capacity of 100 mW at 0.5°K re-

quired during polarization and can cool the sample to the holding tem-

perature in a matter of minutes, thereby reducing the polarization loss

due to relaxation. The refrigerator must be carefully mechanically

isolated from the large pumping systems used with it in order to

reduce heating caused by the cryostat vibrating in the magnetic

field. In addition, the refrigerator must be mounted so that it can be

moved smoothly from the polarizing magnet into the target position in the

MPS while remaining in a magnetic field of several kilogauss at all times.

The target material is contained in the mixing chamber which is surrounded

by the cavity for the polarizing microwaves and the coils for the polari-

zation monitoring NMR system. This refrigerator has a beam pipe for the

incident beam coaxial with cryostat axis, thereby maximizing the detector

solid angle.
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Nuclear magnetic resonance will be used to monitor the polarization

of the target during polarizing and holding in the MPS field. Because

of the extremely long relaxation time in the holding field, data will

be obtained very infrequently (i> once every 20 min.) although rapidly

compared to T^ . Since the NMR system will operate at two different

frequencies, it will not be possible to calibrate the system in the con-

ventional way. Instead, the 105 MHz section will be calibrated conven-

tionally in the polarizing magnetic field by comparison of the signal

when the target is polarized to that when the target is in thermal

equilibrium at a known temperature. Calibration for the 42 MHz section

is obtained by moving the polarized target from the polarizing field to

the holding field, measuring the signal and then returning the target

to the polarizing field and remeasuring the target polarization to allow

correction for any depolarization during transport. It would be very

difficult to calibrate the 42 MHz system directly due to the very inhomo-

genious magnetic field in the MPS. The entire system will be computer

compatible to permit on-line data analysis.

A relatively conventional 70 GHz microwave source will be used to

supply the microwave power required to polarize the target.
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