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l. Introduction 
The discovery of parity nonconservation (PNC) with very large effects in p-wave neutron 

resonances [ 1] excited interest in such investigations. Several scientific groups in the USA, Japan, 
and Russia carried out experiments on the helicity dependence of neutron cross sections [2-5]. 
Correlation (sp) of the neutron spin sand ~o~~ntum p were observed in all these experiments. 

The experimental effect e" in the transmissi~n of longit~dinally polarized neut~ons through an 
unpolarized target may be expressed in a two-level approxi~ation as: . .•.. ',,. . , 

N+ -:-N_ p . 
e. = f.(N+ +N_) nao " 

p =--'P_ -• •X 2w jf" 
" Ep-E, r.; ' 

X= Jr::; = r:u2 
.Jr:i,2 + r,:;,2 . .Jr:' (1) 

Here N ± are the detec,t~r ~ounts for neutron~ .with opposite heliciJies at a neutron polarization equal 

to f., n is the target thickness, cro is the resonance cross section in the absence of polarization 

1t>;.2gr.r a=---~--
. 

0 
(E-EJ +r2 /4 

and w ,pis th~ matrix element of weak interacti~n . 

According to the model of mixing states with opposite parity, an analogous effect must be in 

the correlation (lp) where J is the nucleus spin. Up to now, however, such experiments have not 

been carried out. One of the chief reasons is the difficulty in polarizing nucl~i in comparison with' the 
polarization of neutrons. The most interesting nucleus for such investigations, as well as for 
experiments with polarized neutrons and polarized nuclei, is lanthanum. This is connected with the 
very large PNC effect for this nucleus and with the proposed T-invariance violation study in p-wave 
neutron resonances. ' ,. , . . , " ;l ' ;.• : . · 1 

Here we report the results of the PNC study in a '(lp) correlation experiment. 

Let us consider the transmission effect of unpolarized neutrons through a longitudinally 

polarized target _on p-wave resonance, We will follow Bunakov arid C3udk'p,V'[6]. The (lp) 
correlation was ·examined by Haase et al. -[7] and Vanhoy ·et. al. [8] but· for us, it1 was more 
convenient to use·the·total neutron moment presentation which.was used in previous papers . .The 
forward scattering amplitude; which is connected with the weak. interaction, may be,written as a 
sum of substat_es multiplied by the population w(m) , 

Values A!' have the form 

A='}:;Amw(~)-

'A+ -:_,..fi. ·w,p'. r:m (. ; • ·{u+fi 
m k' (s)(p) 2/ +1 Y.pl/2 r pl/lv~J 

' . "\ 

A- _:_1· ✓2 ,w,; , . . r:m ( " · " ru:T) ,1 

m - -,: (s)(p). 2/ +l r pl/2 -r pll2V1+1)' 

(2)' 

r, 

(3) 

where k is the neutron wave number, and (s,p) refers to (E - E,,,) + ;r,, / 2, respectively. Signs± 

refer to the spin of the compound states / ± l / 2. After summation (2) we receive 
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A+_ f w,p I.fir: ( P p ~21 +3) 
-,- ". k(s)(p). 21 + l y nl/2 + y n312 -I-

• 'ci .• , • 

£ ~ r w,p • I..fi.r: ( P p {U-T\ 
, - -J N k(s)(p). 2f + l Y nl/2 -y •312,J~) (4) 

. ··where JNis the nuclear polarization.'Through the optical theorem we can go to the weak interaction 

cross section 

cr= 4itlmA. 
k 

· The experimental effect in the transmission of unpolarized neutrons through a longitudinally 
. polarized target on p-wave resonance for J=J+ 1/2 can be expressed as 

NP-N• 
t;;N= JN(NP+N.)=naoPN, 

p' =;_2..fi.r_ • w,p . fr:.(x+ p1+3) (5) 
. ,,.,,,',~ I+l(Ep~E,)V~ . .Y 1 •.. 

where y = r;3;2 / .Jr:, n is the target thickness, N •. p refer to neutron detector counts of 

antiparallel and parallel land p. Note that x 2 + y 2 = I is by definition, 

In the search for the (Jfi) correlation it is also useful to find the exact value of matrix element 

•. w,,.. It is obvious from Eq.(l) that to extract w,,.. we should knowthe value and sign of the x

'· normalized amplitude of the neutron width for the total neutron moment j=l/2. Comparison of P. 
. ,;from Eq:(l) and PN from Eq.(5) can be made in the form of the ratio · 

, P. l+I ,,, . x 
(6) 

• ·•- 7' ,: '• PN ~ - ✓21 · x+ y.J(2I +3)/I · 
1

: 

1 

'1i i~ ~as; i;;-~~e that measur~ment
1 
of both correlations (lp) and (sp) make it possible to determine 

the values ofx and y and consequently the matrix element. w ,p • . . 
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2. Measurement of PNC effect with Polarized Lanthanum 
•, The experime~t was carried out ori th~POL Y ANA installation [9] (Fig. 1). For polarization 

of La· nuclei a .-brute force method was used because there was no other good method for 
'polarization of a large sample (about 2 kg). The investigated metallic lanthanum sample was placed 
inside a:3He-4He dilution refrigerator in the longitudinal magnetic field H=I T of an iron magnet. The 
sample of La was a set of metallic plates of 10x4.8 cm2 and thickness 0.9 cm. Six such plates gave a 
total thickness of n=l.37xl023 nucl/cm2

. Transmitted neutrons were detected by a large 3He 
ionization detector located 30 m from the IBR-30 pulsed neutron source. 

The first measurements showed problems with the target temperature [l 0]. A very large 
metallic sample in a magnetic field and in intensive neutron and gamma ray beams-had a temperature 
of about 0.13 K. After improvement of the thermal contact we obtained a temperature about 0.07 K 
in this present experimep.t and the nuclear 'polarization JN = 0.0065 . 

The total time of 'measurement was abo~t '100 hours. During this time the direction of 
nuclear polarization was changed 4 times by switching the current in the magnet. 
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Figure 1. Experimental arrangement of the POLY ANA spectrometer. 1 - IBR-30 neutron source, 2 -
dynamically polarized· proton target, J - neutron polarization guide field magnets; 4 - current sheet, 5 -
interchangeable magnets of guide field, 6 - polarized lanthanum target, 7 - neutron guides, 8 - neutron detector. 

3. Results 
The data processing consisted, first, in the extraction ofcr0 for the 0.75 eV resonance by a fit 

of the transmission spectrum: The neutron source resolution and Doppler broadening were included 
in cro. At that fit, resonance parameters gr. = 3.8 x 10·3 'eVand r=0:035 eV were obtained. Then to 
extract the value of f NP N we fitted the trarn;1J1ission effect ( 5) with the obtained resonance 
parameters. The transmission effect ( 5) and fit are sh6wn in Fig. 2. The final res~lt is 

JNPN = (-1.8±0.5):10~3
; 

where the accuracy includes both statistical and systematic errors. 
Substitution of P. = 0.095 from previous meas~rements [9] and /=7/2 for La int,o Eq. (6) 

?ives 

_x_ = -0.37± 0.11; jxj = OA2 ± 0.07. !Ji = 0.91 ± 0.03. 
x+l.7y . . 

These parameters and the value· of w,p · x = l.67 meV 'obtained from P. measurements gives 

w,p =4 meV. 
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Figure 2. "'La transmission effect and fit 
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4. Conclusion 
In conclusion we should point out that a set of different measurements of neutron 

interactions with La nuclei has been performed at Dubna. Beside parity violating effects in the 0.75 
eV p-wave resonance with polarized neutrons, and the above described measurement with polarized 
lanthanum, we have measured the total La cross sections in the 0.5 - 20 eV region and the polarized 
cross section in polarized neutron transmission through a po_larized La target [ I 1]. At the present 
time, we are preparing a new experiment to measure the polarized cross section near the 0.75 eV 
resonance in polarized neutron transmission through a polarized La target to extract x and y with 
better accuracy. · 

We thank S; Negovelov and B. Rodionov for their help with the measurements. 
The research described in this publication was made possible in part by Grant No. NK.1000 

from the International Science Foundation. 
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AmpttMeHKOB B.TI. 11 .up. 
lbyqeutte 3cpcpeKTa 11ecoxpa11e11m1 4ernocrn ' 
c noiu1p111osaHtthlM La 
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" 
Tipe.ucrnsneHht pe1ynhTaTht 3Kcneptt_MeHTa no 11ccne.uosa11mo 11ecoxpa11e11m1 

npOCTpaHCTBeHHOH 4eTHOCTH nptt B3attMO,!leHCTBHH ·11enom1pH30BaHHblX HettTpOHOB 
C npo.uom110-n6m1ptt30BaHHblMH }l,!lpa~m 139La. TionY4eHHble: .uaHHble 003BOnttntt 
onpe.uenHTb sentt4HII)' MaTJ)H4Horo sneMeHTa cna6oro roattMonettCTBH}I, pasuyio 4 M3B. . . ( . '. . 

Pa6orn Bhtnon11e11a s· Jla6opaTOpHtt 11ettTpo1111ott q:>H3HKH HM. l1.M.Cllpa11Ka 
Ol1~l1. -

I 

/ 

• npenpHnT 06i.e.uHHeH~oro HHCTHryTa imep11L1x ·11cCJieJ10BaH11ii. lly6na, 1995, 
1' 

Alfimenkov V.P. et al. . .E3-95-244 
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-The results of ari expcrim~nt to study parity nonconservation in the.interaction 
of unpolarized neutrons with longitudinally polarized 139L~ nuclei are• presented. 
The result; obtained allow. the value. of. the weak interaction matrix element to_ be. 
extracted,.which was found to equal to 4 Mey. , , 

,The investigation has been perfon~ed at the Frank Laqoratory of Neutr~n 
Physics, JINR. . , . . 
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