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OAK RIDGE N A T I O W  LABOMTORY 

1. The IlcN(n,n'y) Reaction f o r  6.0 s En s' 8.4 MeV, *(J. K. Dickens, E.  
Eichler, F. G.  Perey, P. H. Stelson, John Ashe, and D .  0. Nellis*) 

and 14N(n,ay)llB for  incident neutron energies E, = 6.0, 6.5 ,  7.0, 7.6, 
8.0, and 8.4 MeV. The gamma rays were detected using a coaxial Ge(Li) 
detector of 30 cc act ive volume. 
respect .to the incident beam l ine ,  and w a s  '75 em from the sample. The 
sample w a s  100 gm of Be3N2 i n  the  form of a r igh t  c i rcular  cylinder. 
Data were a l so  obtained using a 75 gm Be sarnple t o  provide an estimate 
of the background. 
a deuterium-filled gas c e l l  with the appropriate energy pulsed deuteron 
beam from the ORNL 6-MV Van de Graaff. 
monitored using a s c b t i l l a t i o n  counter; a time-of-flight spectrum from 
t h i s  detector was recorded simulf3aneously with the gama-ray data.  

We have obtained gamma-ray spectra f o r  the reactions 1 h ( n , n 1 7 )  1 4  N 

The detector w a s  placed a t  55" with 

The incident neutron beam was produced by bombarding 

The resu l t ing  neutron beam was 

Figure 1 shows the spectrum obtained a t  Q = 8 MeV fo r  gamma-ray 
data associated with prompt gama-ray production; time-of-flight was 
used with the gamma-ray detector t o  discriminate against other gamma 
rays. Preliminary ident i f icat ion of gamma-ray peaks is indicated in the  
figure.  Energies of unidentified gamma rays are  indicated by using 
smaller l e t t e r ing .  t o  obtain absolute cross sections fo r  pro- 
duction of gamma rays from ''N f o r  the incident neutron energies quoted 
above. Future plans include extending these measurements t o  higher 
neutron energies. 

We inten 

2.  Neutron Elas t ic  and Ine las t ic  Cross Sections fo r  56Fe from 4.60 t o  
7.55 MeV (W. E .  Kinney, J. A. Biggerstaff, J. K. Dickens, M. V. 
Warlow,* J. W. McConnell, F. G. Perey, and P. H. Stelson) 

Neutron e l a s t i e  and inelas c cross sections have been measured 
by the time-of-flight method f o r  %Fe in the energy rmge from 4.60 t o  
7.55 MeV. Total cross sections are  given in Table 1 and shown in Fig. 
2. Hauser-Feshbach calculations were i n  agreement with the data from 
4.60 t o  5.56 MeV but predicted increasingly higher cross sections with 
increasing energy and decreasing Q above t h i s  energy range f o r  the 
levels with Q < - 0,846 MeV. 

x. 
Texas "uclear Corporation. 

Los Alamos Sc ien t i f i c  Laboratory. 
w 
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DWM and Hauser-Feshbach calculations were in good agreement 
with both the t o t a l  and d i f f e ren t i a l  cross sections a t  aU energies for  
the - 0.845 MeV level.  
t i o n  of - 80 nib was found over the energy range. 

A nearly constant d i rec t  interact ion contribu- 

To achieve even p a r t i a l  agreement with the - (3.600 -+ 3.603) MeV 
leve ls  e i the r  the - 3.600 ,MeV l eve l  had t o  be assigned a spin greater 
than 0 or  a t h i r d  l e v e l  with spin greater  tham 0 had t o  be included. 

Optical model parameters given in  Table 2 w e r  used and the r e a l  
and imaginary well  depths were varied t o  achieve a x 8 best  f i t  t o  the 

e l a s t i c  d i f f e r e n t i a l  cross section data. 
i n  the range of 4 t o  7.6 MeV incident neutron energies is  46.5 MeV and 
the inaaginasy well depth is 12 MeV. 

The average r e a l  well depth 

Table 2 

Fixed Optical Model Parmeters  

Real Radius 1.23 f 

Real D iff'useness 0.63 f 

Imaginary Radius 1.25 f 

Spin-Orbit Radius 1.25 f 

Spin- Orb it D iff'usene s s 0.65 f 

Imaginary Diffbseness 0.47 f 

Spin-Orbit Well Depth 7.2 MeV 

3. Measurements of 7.6 MeV Neutron Ine l a s t i c  Scattering 
J. A. Biggerstaff, J. K. Dickens, W. E. Kinney, J. W. McConneLl, 

(F. G. Perey, 

and P. H. Stelson) 

In  October 1966 a PDP-7 computer system was ins ta l led  and 
adapted t o  do the "walk correction" on l i ne .  
data, using the  csqputer on l ine ,  were obtained in  November 1966. 
measurements were performed with the 5.5 MV Van de Graaff a t  E, = 7.6 
MeV on C, Mg, AJ-, Si, S, Fe, Co, and Y. 

Ine las t ic  scat ter ing 
The 

Compter programs w e r e  writ ten t o  reduce the data  using the l i g h t  
pen f a c i l i t y  of the  system. A l l  of the  data have now been converted t o  
cross sections and corrected f o r  multiple scat ter ing.  Final  r e su l t s  of 
the 7.6 MeV e l a s t i c  scat ter ing data are shown in Fig. 3 and the r e su l t s  
for some of the ine l a s t i c  cross sections a re  shown in Fig.  4. 



4. Elast ic  Scattering from Doubly-Closed. Shel l  Nu@l.ei ( C .  H. Johnson, 
J. 5. Fowler, mid F. X. Haas*) 

S i  ce the interacl 'on of neutrons w i t h  doubly-closed she l l  nuclei 
such as l8O, "Ca, and "ki-'b is  eqec-ted t o  show simple structures,  we 
ai-e measuring and analyzing the t o t a l  and different ia l  e l a s t i c  scat ter-  
jng of neutrons from these n-aclet i n  order t o  assign J values, pax-itles, 
and sDduced widths for  the resonance s t a t e s .  A few of these s t a t e s  
w i t h  large reduced widths appear to be essent ia l ly  single-particle she l l  
model s ta tes .  Much more aften, however, they seem t o  have intermediate 
structure involving simple core excitations.  A t  least, two theoret ical  
approaches t o  the explanation of these intermediate s t a t e s  have been 
offered; one the particle-hole approach bpsed on s h e l l  model ~ t a ' b e s , ~ - 3  
and the  other based on the c l u s t e  ' model. ' 
of the partjcie-hole model f o r  "bb resonances were not  ver i f ied  by 

Ear l ie r  detai led predictions 

experiment. 5 

I6  I n  the csse of neutron scat ter ing from 0, various coupling 
schemes (for example see re f .  6) suggest there should be a d5 
ance below the broad d3 2 resonance a t  3.35 MeV neukron enex*&? We 
hewe recently measured [he total cross sect ion of l60 with 2 keV energy 
resolution i n  Lhe v ic in i ty  of the 1.83 MeV resonance which had been 

reson- 

* 
Student west from Monsanto Research Corporat ion (graduate student, 
University of Cincinnati). 

C. Shakin, A n n "  Phys. 22> 373 (1363). l. 

' G .  E. Brown? and A. M. Green, Nucl. Phys. - 75, 401 (1965). 

'B. Margolis and N. de Tak.ncsy, Can. J. Phys. I_ 44, 1431 (1966). 

- 

S. Matthies, V. G. Neudachin, and Yu. F. Smirnov, Nucl. Phys. 38, 
63 (lgG2). 

4 
I 

J. T. Reynolds and N. C. Francis, B u l l .  Am. Phys. SOC. 12, No. 4, 6 - 
31-6 (1967). 

'C. H. Johnson and J. L. Fowler, t u  be published i n  Phys. Rev. 
Oct. 20, 1*(. 
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assigned a J value of 2- 3/2.' We confirm %hat the resonance at 1.63 
MeV has J = 7/2 as given h the  l i t e r a tu re"  and f ind it has a width of 
4 keV. 
keV. Its interference with Vne background phase sh i f t s .  suggests it is 

We f ind  the  1.83 MeV resonance has J = 312 and 7 width of 6.5 

resonance. We also confirm t h a t  the resonance at 1.90 MeV has 
J =  

40 4 
We have extended our Ca measurements down t o  0.82 MeV. The 

present work done 'with 3 keV resolution from 0.82 t o  1.2 MeV shows 
about 20 peaks. 
correspond t o  resonances with J value grea te r  than 1/2. 

With t h i s  resolution none of the observed peak heights 

5. Ajzenberg-Selove and T.  Lauritsen, N c l .  Phcys. - 11, 1 (1959). 

2 
R. 0. Lane, A. S. Langsdorf, J. E.  Monahan, and A .  J. Elwyn, Ann. Phys. 
12, 135 (1%1)* 

20, 1967. 

h. PSS. SOC. - 12, 106 (1967). 

'Cm H. Johnson and J. L. Fowler, t o  be published in Phys. Rev. Oct. 

4 CI H. Jahnson, 5 .  L. Fowler, R. L. Kernell, and I?. D. Martin, Bu l l .  
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Listed below is the t i t l e  of a published paper. 

Spin Parity Assignments v i a  n'eutron Decay of Analogue Resonance, 
II. J. Kim, R. L. Robinson, Ii. L. Keme11, and C. H. Johnsan, 
Phys. Rev. Le-Lters - 19, 329 (1w7). 

Listed below w c  t i t l e s  of papers to be published. 

12 16 24 3.. Fluctuations i n  Angul-ar- Dis+,ributions of C (  0,ct) MgJ 
M. L. IIalbert ,  F. E. Du~hsm, C. D .  Moak, axid A. Zucker, 

Exc'tation of L~w-Lyif lg  S t a t e s  of "Zr by the (p,a) Reaction 
on %, H. 5.  K i m  and. R. L. Kobh~on ,  P h p .  Rev. 

A Study of 

P. D. Miller, and G. R. Satchier, Phys. Rev. 

The 89Y'(pJn)89Zr Cross Section Near the F i r s t  Two Analogue 
Wesorivlces, C. €I. J o h s c ~ n ,  R. L. Kernelb, and S. Rarna;lra-haram, 

' 'Cu( 3He, d) 64'h6Zn Reactions, J. PI. C. Ford, Jr., 
K. L. Warsh, R. I;. Robinson, and C.  D. Moak, Nucl. Thys, 

Phys. Rev. 

2, 

3. roton Particle-Mole S t a t e s  i n  "*Ca by the 
39K(3He,d) d Ca Reaction, K. K. Seth, J. A. Biegerstaff, 

4, 

MlCI. Phys. 

5. The 

6. L i m i t  t o  thc Electr ic  Dipole Moment o f  the Neutron, P. D.  Miller, 
W. B. Dress, J. K. Raird, and. N. k'. Hamsey, Phys. Rev. LetLers. 

116 7 .  Proton Particle-Hole States i n  Sn, J. A. Biggerstaff, 
C. Bingham, P. D. MillerJ  J. Solomon, and K. K. Sezh, 
Phys . Ietters. 

Coulomb Exci ta t ion  o f  "As, R. Z. Robinson, F. K. McGrJwan, 
P. H. Stelsnn, and W. T. Milner, Nucl. Phys. 

r L  

8. 

3. Recent Neutron Capture Data a t  Stellar Temperatures, X. L. 
Msxklin and J. H. Gibbons, Ap. J. "l~o'tes" Section. 

10. A Study of loR(n,a) 7 L i ,  'Li* f o r  30 < E, (keV) C 500, 
R. L. Macklhi and J. H. Gibbons, Phys. Rev. 
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11. (p,n> and (d,n) Time-of-Flight Experiments, P. H. Stelson, 
Psoc. Symposium on Nuclear Physics Research with Low-Energy 
Accelerators, University of' Maryland, College Park, Maryland, 
June 19-2h, 1967. 

12. Nuclear Cross Sections for Charged-Particle-Lnduced Reactions 
N and 0, M. J. Kim,  W. T. Miher,  and F. K. McGowan, 
Nuclear Data ( i n  press). 

Listed below is the t i t l e  of an Oak Ridge National Laboratory Report, 
ORNL-TM-1804, t o  be published. 

Simultaneous Measurements of the Neutron Fission and Capture Cross 
Sections for  23% for  Neutron Incident Energies from 0.4 eV t o  
3 keV, G. deSaussure, R. Gwin, L. W. Weston, R. W. Ingle, 
R. W. Hockenbury, and R. R. F'ullwood. 

Listed below is the t i t l e  of a paper presented a t  the American Nuclear 
Society Meeting, San Diego, June 30, 1967. 

Simultaneous Meamremnts of the 233U Fission and Capture Cross 
Sections, I,. W. West'on, R. Gwin, G. deSmmx.re, R. W. Ingle, 
R. R. FuUwood, and R. W, Hockenbury, ANS Transactions -J 10 
220 (l%7). 

Listed below are t i t l e s  of papers presented. a t  the American Physical 
Society Meeting, Toronto, Canada, Jwne 21-23, 1967. 

1. Search fo r  Neutron Electr ic  Dipole Moment, W. B. Dress, 
P. D. Miller, J. K. Baird, and PJ. F. Ramsey. 

9 10 2. Polarization of' Neutrons from the Be(d,n) B Reaction, 
T. G. Miller and J. A. Biggerstaff. 

Listed below are t i t l e s  of papers presented a t  the International 
Conference on Nuclear Structure, Tokyo, September 7-13, 1967, 

Proton Single Par t ic le  States  in 4*Ca, K. K. Seth, J. A. 
Biggerstaff, P. D. Miller, and G. R. Satchler. 

Proton States  in lX6Sn, J. A. Biggerstaff, C. Bingham, P. D. 
Miller, and K. K. Seth. 

1. 

2 .  



Listed below are tit;l.es of pagers t o  be presented at  the Division of 
Nuclear Physics, Anmican Physical Society Meeting, Madison, Wisconsin, 
October 23-25, 

1. Clues from Paeutron Capture t o  the O r i g i n s  of 1iemi-y Elements, 
J. 11. Gibbons. 

2.  Coulomb Exci ta t ion  of Stakes  i Even-A mngsten, Osmium,  and 
Platinum mc=lei with Protons,  h e  and 100 Ions, w. T. Mil-ne i= ,  
F. K. McGowan, R. L. Robinson, P. 11. Stelson,  ad R. 0 .  Sayer. 

Listed below is  thc t i t l e  of a paper t o  be presented at the Meeting o f  
the American Fhyaica7 Society, Ncw York, November 16-18, 1967. 

Iniproved Sens i t iv i ty  t o  a Neiitron Elec t r ic  Dipole Moment, 
J. K. Baird, P. D. Mil le r ,  W. D. Dress, and N. F. Ramsey. 



FIGURE C m I O N s  

1. Gamma-ray spectrum from the  reaction of %MeV neutrons with 1 4 N  
f o r  gama rays detected a t  55". 

Integral  cross sections for  '%e as a function of energy. 
wi th  each curve a re  -Q for  the leve ls  

2. m e r s  

3 .  Elas t ic  scat ter ing of 7 . 6 - & ~  neutrons. 
points and the so l id  l i n e  the microscopic cross section which w i l l  
reproduce the &ata points with contributions from multiple scat ter ing 
in the  sca t te re r .  

The dots indicate the data 

4. Ine las t ic  sca t te r ing  of  7.6-MeV neutrons from some of the low-lying 
leve ls  of the  studied element. 
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