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Abstract 

Search for a Parity-Violating Contribution to Nucleon-Nucleon 

Scattering. D. E. Nagle, C. F. Hwang, Nelson Jarmie, P. A. Lovoi, 

J. L. McKibben, R. E. Mischke, G. G. Ohlsen, J. M. Potter, and 

R. R. Stevens, Jr. (University of California, Los Alamos Scientific 

Laboratory) and P. Debrunner, D. Fritts, H. Frauenfelder, and L. 

Sorensen (University of Illinois, Urbana, Illinois). 

One manifestation of the weak interaction between nucleons xrould be a 

parity-violating effect in nucleon-nucleon scattering. It is expected 

that such effects exist, at least at the level of 10 of the normal 

cross section, in low-energy pp and pd scattering. An experiment has 

been undertaken at 15 MeV to detect a small dependence of the pp 

scattering cross section on the longitudinal polarization of the beam. 

Current efforts are concentrating on reducing systematic effects which 
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at present restrict the sensitivity to the level of 2 x 10 

Modern theories of the weak interaction predict a weak force 

between nucleons. The observation of such a weak force is difficult 

because of the presence of the strong and electromagnetic interactions. 

Nevertheless, in experiments %*ith electromagnetic transitions in 

complex nuclei, very small parity violating (PV) effects have been 

observed, and these tacitly have been ascribed to the effects of the 

weak interaction between nucleons [1,2,3,4]. To observe PV effects 

directly in pp and pn scattering would obviously be very instructive. 

T. D. Lee, and M. Simonius [5] Lave suggested measuring the helicity 
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dependence of the pp total cross section. Brown, Henley, and Krejs [6] 

and Simonius [5] give estimates of the size of the effect to be expected 

at 15 MeV, namely a few parts in 10 in the cross section. Thorndike 

[7] set an experimental upper limit of 0.7 for the PV amplitude in pp 

scattering. 

We have been doing exploratory experiments to set an improved upper 

— f t 
limit, and to assess the problems in detecting a PV effect of 10 or 

10 . We have been working with a 15-MeV polarized beam from the Los 

Alamos Tandem Van de Graaff. The polarized beam comes from an ion 

source which operates on the Lamb-shift principle [8J, and the spin 

direction is reversed by a space-varying magnetic field between the 

so-called spin filter and the argon cell in the ion source 19]. 

Figure 1 shows the arrangement of the Lamb-shift source. 

The longitudinally polarized 15-MeV proton beam is brought into a 

pressure vessel containing H or D gas. The transmission is measured for 

protons of positive and of negative helicity. Lf any difference is 

observed, the remainder, after systematic errors are eliminated, is 

ascribed to a PV effect. Several detectors have been built and operated. 

Figure 2 shows a recent version of the detector. The scattered beam is 

measured by counters on the side of the beam. The pressure vessel is 

square in cross section, and there are four groups of detectors, on 

the left, right, above and below the beam. The side detectors are liquid 

scintillation cells viewed by photomultipliers. 

A foil is sometimes used to spread the beam somewhat before it hits 

the end detector. The end detectors on occasion have also been liquid 
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scintillators viewed by photomultipliers; alternatively a collector 

cup is used. Figure 3 shows the end and side detectors before assembly. 

The currents from the side and the end counters are amplified and 

the difference taken, the gains being balanced to make the difference 

signal small. As shown in Fig. 4, the difference signal is divided by 

the end signal to obtain a number closely related to the transmission. 

Because of problems of drift and of low signal-to-noise ratio we 

recently have been using a system of modulating the helicity at the 

ion source at rates up to 1 kHz, and extracting the synchronous component 

of the divider signal with a lock-in amplifier. A study of the noise 

power spectrum of the beam indicates that frequencies above 300 Hz are 

suitable for the modulation. 

If I is the beam current, and I and I„ the currents in the end 

and the side detectors, somewhat schematically the ratio signal is 

h G S E S t1 " e"nCT) Z B ^ - 1 = R - 1 - -5-S— i—1 - 1 

T GTETe"nCT ZB 

where G and E are respectively the gain and the efficiency of the 

detector, n the number of acorns/an , and o~ the scattering cross section. 

A 4TT solid angle is assumed for the side detectors. In first order the 

response of the system is 

<SR> = £ f § <*> 
x 

where X is a property carried by the beam, and the bracket denotes an 
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average over the spin flip cycle or a Fourier component at the spin 

flip frequency. For example, the term wi"h X = helicity = P is 

< P > 3| _ < P > 9* 
z 'd? z 3P 

z 

For R = 1 and ncr << i , our usual condi t ions , t h i s expression reduces to 

<Pz> gCT 
— - — • 5 ^ — . This is the sought-for PV effect. Other terms, with 
U QJT 

Z 

X = beam current, position, transverse polarization, etc., give rise 

to systematic errors if <X> is nonvanishing. The plan of the experiment 

is to identify all the team parameters X (mostly in the ion source) which 
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give rise to systematic errors, make <X> small (< ̂  3 x 10 ) , and also 

design the apparatus to make the sensitivity (3R/8X) small (< 3 x 10 ). 

After each term is identified and measured, the residual PV effect can 

be stated, at least as an upper limit. The experiment is now at the 

stage where systematic errors are more serious than noise rejection 

problems. Coherent modulation of the beam current and beam position 

are now at the 1% level, and the corresponding sensitivities < 1%. At 

-4 
the present time we can set an upper limit of about 2 x 10 for the 

PV violating effect. Our efforts at present are directed toward reducing 

the limit rather than quantifying the present one. 
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Figure Captions 

Fig. 1. The Lamb-shift source of polarized ions. The H beam is 

converted in the cesium cell to a beam of atoms, of which 

10 - 20% are in the 2S state. In the spin filter, a DC 

magnetic field and a radiofrequency field operate to transmit 

only the 2S ,„ (M = + 1/2) state. The resultant beam is 

polarized to about 90% after being ionized in the argon cell. 

A magnetic field in the argon cell determines the sense of the 

longitudinal polarization. Rapid reversal of the spin direction 

is accomplished by reversing the argon cell magnetic field. 

Fig. 2. Detector geometry. The proton beam enters a hydrogen pressure 

vessel through a thin Kapton window. The side counters detect 

the scattered protons and the end counter the transmitted beam. 

Fig. 3. Parts of detector system: 1. front connection; 2.,3., 4. side 

detectors; 5. end detector, using scintillator; 6. end detector, 

using current collection, used as an alternative to 5.; 7. end 

connector. 

Fig. 4. Detector electronics. The current from the side detectors is 

amplified by operational amplifiers, differenced, and divided by 

the current from the end counter. The output of the divider is 

fed to the synchronous detector (lock-in amplifier) and the 

component of the spin flip frequency (1 kHz) extracted. The 

signal is integrated for a preset time (typically 1 sec), 

digitized, and sorted in a small, on-line computer. 
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