
UCRL 7192 

University of California 

Ernest O. Lawrence 
Radiation Laboratory 

SCATTERING OF 14-MeV NEUTRONS 

FROM NITROGEN AND OXYGEN 

Livermore, California 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



UCRL-7 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Labora tory 

L i v e r m o r e , California 

Contract No. W-7405-eng-48 

SCATTERING OF 14-MeV NEUTRONS FROM NITROGEN AND OXYGEN 

R. W. Bauer 

J . D. Anderson 

L. J . Chr i s tensen 

Februa ry 27, 1963 

LEGAL N O T I C E 
Thla report was prepared as an account of Government sponsored work. Neither the United 
States, nor the Commission, nor any person acting on behalf of the CommlsBlon: 

A. Makes any warranty or representation, expressed or implied, with respect to the accu­
racy, completeness, or usefulness of the Information contained in this report, or that the use 
of any information, apparatus, method, or process disclosed in this report may not infringe 
privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of any information, apparatus, method, or process disclosed In this report. 

As used in the above, "person acting on behalf of tlie Commission" includes any em­
ployee or contractor of the Commission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee of such contractor prepares, 
dlBseminates, or provides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



G i / I ^ ! , ' ;^tCEi VEn::Ar /f 
AEE ,v,md-C'i-o4^-:i^ 

UCRL 7192 

\ / 

niversity of California 

y<^-/ 

Ernest O, L 
adsation L 

wreoce 

American Physical Soc i e ty 
1963 Spring Meeting 
Washington, D. C , 
April 22-25, 1963 

L r>Mijy^yw.w'..'«»t*"''f-'TT'-''-'' ' ' '-i"''-'ff'' ' ' 'WM.'y»'wr*^ 

SCATTERING OF 14-MeV NEUTRONS 

FROM NITROGEN AND OXYGEN 

Facsimile Price $ /i ^ £> 

Microfilm Price $ ^S^ 

Available from the 

Office of Technical Services 

Department of Commerce 

Washington 25, D. C. 

Livermore, California 

^ E G A L N O T I C E 
I This report was prepared as an account of Government sponsored work Neither the United 
I States nor the Commission nor any person acUng on behalf of the Commission 

A Hakes any warranty or representation expressed or Implied with respect to the accu 
racy completeness or usefulness of the informaUon contained Ui this report or tlial the use 

[ of any Information apparatus method or process disclosed in tiUs report may not infringe 
[ privately owned rights or 

B Assumes any llaWUHea with respect to the use of or for damages resulting from the 
uae of any InformaUon apparatus method or process disclosed In this report 

As used In the above person acting on behalf of the Commission' includes any em 
ployee or contractor of tlie Commission or employee of such contrsctor to the extent that 
such employee or contractor of the Commission or employee of such contractor prepare* 
disseminates or provides access to any information pursuant to his employment or contract 
with the Commission or his employment with such contractor 



- 1 - UCRL-7192 

Scattering of 14-MeV neutrons from nitrogen and oxygen 

R. W. Bauer , J . D. Anderson and L. J . Chr is tensen 

Lawrence Radiation Labora tory , University of California 

L i v e r m o r e , California 

Februa ry 27, 1963 

Abst rac t : The differential c ro s s sections for elast ic scat ter ing of 14-MeV 

neutrons from nitrogen and oxygen have been measu red in the angular 

range from 17 to 140°, using liquid ta rge t s and annular ring geometry . 

14 Inelastic scat ter ing to the 2 .31- and 3.95-MeV levels in N and to the 

levels near 6 and 7 MeV in O has been investigated over a m o r e r e -

14 

s t r ic ted angular range . The 2.31-MeV level in N is not excited ap ­

preciably , in d i sagreement with previously repor ted r e s u l t s . For both 

e lements , the elast ic scat ter ing c ross sections (determined to an a c ­

curacy of 10%) were found to be appreciably higher than the optical 

model predict ions by Bjorklund and Fernbach for scat ter ing angles 

l a r g e r than 70°. The inelastic c ros s sections measu red a r e , within 

exper imental accuracy , the same as the corresponding (p,p') c ros s 

sec t ions . 

1. Introduction 

During the past few yea r s differential elast ic scat ter ing of 14-MeV 

neutrons by light nuclei has been studied experimental ly by seve ra l invest i -

1-4^ 

gators J. In this region of the periodic table definite deviations of the ex­

per imenta l data from the theoret ica l optical model predict ions by Bjorklund 

and Fernbach j have been repor ted , in pa r t i cu la r for l a rge scat ter ing angles , 

while the same model has produced excellent agreement for elast ic s ca t t e r ­

ing by nuclei above aluminium J. Although it is possible to produce a 
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theore t ica l angular dis tr ibut ion to fit each set of exper imental data by a 

proper adjustment of the optical model p a r a m e t e r , as has been demonst ra ted 

7'! by Nodvik e t a l . J for the case of carbon, further experimental investigations 

of elastic scat ter ing by light nuclei appear to be extremely helpful for achiev­

ing a systemat ic compilation of the shape and the p a r a m e t e r s of the complex 

potential descr ibing such a model over a wider range of nuclei . 

The investigation repor ted in this paper was undertaken to m e a s u r e the 

differential elast ic c ross sections of 14-MeV neutrons from nitrogen and oxy­

gen. We have chosen the neutron energy not only for the prac t ica l aspects of 

the T(d,n)a react ion, but also because at these energies the relat ively smal l 

contribution of compound elast ic sca t ter ing pe rmi t s a m o r e favourable com­

par ison with the complex potential model . It is hoped that our resu l t s togethe 

1-4] 
with those reported for Li , Be, B, and C (refs . j) will allow a m o r e c a r e ­
ful theore t ica l fitting of the c r o s s sections for light nuclei . 

We also present l imited c r o s s section data for inelast ic scat ter ing to 

low-lying excited s ta tes in ni trogen and oxygen. There have been seve ra l 

previous exper iments on neutron scat ter ing at 14 MeV on nitrogen and oxygen. 

Among the ear l ies t were the cloud chamber measu remen t s on oxygen by 

Conner J and on nitrogen by Smith J. More recent ly Strizhak et a l . j and 

Bobyr et a l . J repor ted on elast ic and inelast ic neutron scat ter ing on n i t ro ­

gen, respec t ive ly . Also, elast ic and inelast ic scat ter ing data for protons 

from nitrogen and oxygen at the roughly equivalent energy of 14 to 15 MeV 

a r e available * J. We compare our resu l t s with the previously repor ted 

neutron and proton differential scat ter ing c r o s s sec t ions . 

2. Exper imenta l p rocedure 

F igure 1 is a schematic drawing of the exper imental setup. The swept 

and bunched 0.5-MeV deuteron beam of the Cockcroft-Walton acce l e ra to r 
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s t r ikes a t r i t ium-loaded target and produces short burs t s (3 nsec) of 14-

MeV neut rons . 

The annular ring geometry of the s ca t t e r e r is s imi la r to that used in 

1 3I previous experiments ' j . As s c a t t e r e r s , liquid nitrogen and liquid oxygen 

at their boiling point near normal a tmospher ic p r e s s u r e were used. To con­

tain the liquids a s ta inless s teel r ing-shaped container was employed with a 

mean d iamete r of 28 cm and a square c ro s s section of 3.8 X 3.8 cm. The 

single s teel wall (thickness 0.02 cm) of the container was surrounded by a 

1.5-cm-thick Styrofoam layer for effective the rma l insulat ion. To insure 

complete filling of the container and to reduce the accumulat ion of gas bubbles 

in the s c a t t e r e r , a continuous flow systenn for the liquids was used. F r o m a 

r e s e r v o i r about 150 cm below the s c a t t e r e r , the container was filled by means 

of a well- insulated s teel t ransfe r tube (inner d iameter about 0.5 cm). A 

liquid flow regula tor , about 150 cm above the s c a t t e r e r , adjusted the gas 

p r e s s u r e in the r e s e r v o i r to support a liquid column about 300 cm high. Re­

mote-cont ro l filling and draining of the container enabled repeated background 

checks . The background from the container and flow sys tem was about 20% 

of the signal from the liquid s c a t t e r e r s . The angle of sca t te r ing , Q, was 

var ied by moving the ring s c a t t e r e r together with the r e s e r v o i r and flow 

regula tor with respec t to the t a rge t . This resu l t s in a change of the incident 

energy with scat ter ing angle. At 0 = 20°, the mean incident neutron energy 

is 14.7 MeV; at 90°, 14.1 MeV; and at 140°, 13.6 MeV. For convenience, 

14 MeV is quoted as the nominal energy. 

The neutron detector consisted of a 5 -cm-d iame te r X 4 .5-cm- th ick s t i l -

bene scint i l la tor , mounted on an RCA 6810A photomult ipl ier . The detector 

bias was 3.5 MeV for neutrons (or 1 MeV for e lec t rons) . The detec tor effi­

ciency was measu red at 14.7 MeV by removing the copper abso rbe r which 
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was used during the scat ter ing experiment to shield the detector from the 

source neut rons . The energy dependence of the detector efficiency was m e a s ­

ured by scat ter ing 14-MeV neutrons from polyethylene (n-p differential sca t ­

ter ing) . The neutron detector was placed inside a paraff in-and-lead shield 

for the purpose of reducing the background from the room as well as from 

the liquid r e s e r v o i r and the flow regula tor . To reduce the background from 

a i r sca t te r ing , the dis tance between the t r i t ium ta rge t and front end of the 

copper abso rbe r was adjusted for the following optimum conditions: 43 cm 

for small angle scat ter ing (17-70°); 18 cm for medium angles (30-120°); and 

5.4 cm for la rge angle scat ter ing (70-140°). 

The electronic c i rcui ts consisted of the s tandard L ive rmore time-of-

flight e lect ronics with the usual s ingle-channel energy select ion and mul t i ­

channel t ime display. The sys tem has been descr ibed previously ' J . A 

new pro ton-e lec t ron pulse shape discr iminat ing circui t was used to suppress 

the gamma ray background. The d i sc r imina to r , s imi l a r in design to that de-

15'\ 

scr ibed by Batchelor et a l . J , is based upon the pu lse- form differences be­

tween proton-and electron-induced scinti l lation light pulses in s t i lbene. The 

t ime-vs -neu t ron scinti l lat ion energy cal ibrat ion is shown in fig. 2; the reso lu ­

tion of the equipment is i l lus t ra ted in f igs. 3 and 4. All th ree t ime-of-fl ight 

spec t ra , taken at a scat ter ing angle of 50°, have been cor rec ted for background 

3. Exper imenta l r esu l t s 

The observed differential elast ic c ros s sections for 14-MeV neutrons 

scat tered from nitrogen and oxygen a r e shown in f igs. 5 and 6, respect ively . 

The r e s u l t s , presented in the c e n t e r - o f - m a s s sys tem, have been cor rec ted 

for absorption and multiple sca t ter ing in the liquid t a r g e t s . No angular r e s o ­

lution cor rec t ion has been included, since the angular spread at forward an­

gles (0 = 20°) was only ± 2 ° , while in the region of the broad secondary maxi ­

mum near 90° it widened to ± 6 ° . 
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Great care was taken to minimize systematic errors. The experiments 

were performed alternately with and without the scattering liquid in the ring, 

thus eliminating large uncertainties in the background level which may intro­

duce appreciable errors in the cross section measurements. Frequent cali­

brations of the neutron counter showed no gradual drifts of the electronic sys­

tem (overall drift less than 5% over a period of several days). The relative 

errors, affecting the shape of the angular distribution but not the magnitude 

of the cross section, have been estimated to be about ±7% which is a combi­

nation of errors due to counting statistics, accuracy of background subtrac­

tions, and uncertainty in the efficiency correction. The absolute errors for 

the differential elastic scattering cross sections are about ±10% which in­

clude uncertainties in the efficiency determination and in the absorption and 

multiple-scattering corrections. 

Using a reasonable extrapolation for angles less than 17° (see fig. 7 

for oxygen) gives for the integrated elastic cross sections: nitrogen, 0.87 

± 0.09 barn; oxygen, 0.88 ± 0.09 barn. Since the total cross sections (7™(N) 

= 1.59 ± 0.03 barns ^^ J and CT^(O) = 1.61 ± 0.03 barns ^^''^^J, this implies 

0- (N) = 0.72 ± 0.10 barn and a (O) = 0.73 ± 0.10 barn for the nonelastic non non ' 

cross sections. The former value agrees with the nonelastic measurements 

18l 
by Phillips et al. J on nitrogen, cr (N) = 0.79 ± 0.05 barn. The measure-

•' ^ ° non 
19 I ments by Flerov and Talyzin j give a (N) = 0.82 ± 0.02 barn and CT (O) •̂  / -> e> non ' non 

= 0.85 ± 0.03 barn. Better agreement with our results cannot be expected 

since the latter authors have not fully corrected their results for elastic en­

ergy degradation. (Some large-angle elastic scattering is included in the non-

elastic measurement since the energy of the elastic neutrons is degraded by 

the center-of-mass motion.) 
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Using a l e a s t - s q u a r e s fit of our data for scat ter ing angles from 17 to 

40°, the extrapolations of the elast ic sca t ter ing c ro s s sections to zero sca t ­

ter ing angle (see fig. 7 for oxygen) give for nitrogen cr ,(0°) = 0.97 ± 0.085 

barn and for oxygen a ,(0°) - 1.11 ± 0.10 barns in the labora tory sys tem. It 
20'\ is interest ing to compare these values with the Wick l imit j given by a ,(0°) 

= (ko"rp/4iT) where k is the wave number of the incident neutron. Using the 

total c ross section cTrp given above, the Wick l imit yields 1.08 ± 0.04 barns 

for ni trogen, and 1.10 ± 0.04 barns for oxygen. The good agreement between 

the extrapolated values and the Wick limits^ previously demonst ra ted for many 

1 21 1 elements ' J, great ly reduces the possibi l i ty of sys temat ic e r r o r s . 

The inelast ic scat ter ing angular dis t r ibut ions to the 3.95-MeV level in 

N and to the four lowest excited states near 6 and 7 MeV in O a r e also 

plotted in f igs. 5 and 6, respec t ive ly . These inelast ic c ross sec t ions , m e a s ­

ured for an angular range from 32 to 140°, have not been cor rec ted for mul t i ­

ple scat ter ing or absorption because the counting s ta t i s t ics a r e quite poor 

(about 25%) while the multiple scat ter ing and absorpt ion cor rec t ions a r e es t i ­

mated to be of the o rder of 15%, 

The inelast ic scat ter ing angular dis tr ibut ion to the 3.95-MeV level in 

14 N exhibits a minimum near 0 - 100° and appears to be slightly peaked in 

the forward di rect ion (see fig. 5). The inelast ic sca t ter ing angular d i s t r ibu-

14 tion to the 2.31-MeV level in N was found to have the same general shape 

as that to the 3.95-MeV level , but the magnitude of the differential c ros s s e c ­

tion was lower by at leas t a factor of 3 compared with c ros s sections to the 

3.95-MeV level over the whole angular range measu red from 32 to 140°. Our 

measu remen t s indicate differential c r o s s sections to the 2.31-MeV level in 

14 N for scat ter ing angles of 60, 100, and 140° to be about 0.5, 0.3, and 0.4 

m b / s r , respect ively , with an est imated uncertainty of 0.2 m b / s r . These 
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r e s u l t s , typical of the accuracy achieved for our inelast ic sca t ter ing data to 

the 2.31-MeV level , a r e in strong d i sagreement with the inelast ic sca t ter ing 

c ro s s sections repor ted by Bobyr e t a l . J. These au thors , though claiming 

an energy resolution of 3 % for their neutron spec t rome te r , r epor t inelast ic 

c ro s s sections of 10 m b / s r and l a rge r for the angular range under d iscuss ion. 

In fact, their inelastic differential c ros s sections for scat ter ing angles of 50° 

and l a rge r a r e of about the same magnitude as our measu red elast ic s ca t t e r ­

ing c ros s section. Our neutron spec t ra (see fig. 3) a r e not compatible with 

such large inelast ic c ros s sec t ions . The integrated c r o s s section for ine las ­

tic scat ter ing to the 2.3-MeV level is 4 mb, accura te within a factor of 2. 

The ine las t i c - sca t te r ing differential c ro s s section to the lowest four 

excited s tates in O is repor ted he re as a sum over the four levels (see fig. 

6). Though the two neutron groups to the 6.05- and 6.13-MeV sta tes a r e r e ­

solved from the two neutron groups to the 6.92- and 7.12-MeV sta tes (see fig. 

4), we have not at tempted to present quantitative inelast ic c ross sections to 

the level doublet near 6 MeV and the doublet near 7 MeV separa te ly , s ince 

our resu l t s still would not allow us a compar ison with theore t ica l predict ions 

available only for individual leve ls , e .g . , for the 3 collective state at 6.13 

22I MeV evaluated by Payne and Snider J. Over the angular range m e a s u r e d 

from 32 to 140°, both angular distr ibutions to the doublet near 6 MeV and to the 

doublet near 7 MeV exhibit only a weak angular dependence; the fo rmer dou­

blet is slightly peaked in the forward direct ion ((T(40°) = 11 ± 1 m b / s r and 

(r(125°) = 7 ± 1 m b / s r ) , while the la t ter is a lmost symmet r i c about a broad 

minimum at 100° ((r(40°) = 6 ± 1 m b / s r , (T(95°) = 3 ± 1 m b / s r , (r(125°) = 5 

± 1 m b / s r ) . The integrated c ros s section for inelast ic scat ter ing to the level 

doublet near 6 MeV is of the o rde r of 90 mb; to the doublet near 7 MeV it is 

of the o rde r of 65 mb . These c ro s s sections a r e considered to be accura te to 
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within 40% where the main e r r o r s a r e due to s t a t i s t i c s , difficulties in sepa­

rat ing the two doublets from each other , and uncer ta int ies in the extrapolation 

outside the angular range measu red from 32 to 140°. 

4. Discussion 

As seen in figs. 5 and 6, the angular dis tr ibut ions of the neutrons e l a s -

t ically sca t te red from nitrogen and oxygen exhibit a pronounced a s y m m e t r y . 

The strong peaking in the forward direct ion for both elements was previously 

observed in the cloud chamber studies and in terpre ted as diffraction s c a t t e r -

8 9I 
ing ' J. Our differential elast ic scat ter ing c ros s sections on ni t rogen agree 

with the recent ly repor ted resu l t s by Strizhak et a l . j for smal l angle sca t ­

te r ing , but a r e higher by a factor of about 1.5 for all scat ter ing angles l a r g e r 

2'! than 70°. Though Strizhak et a l . J have performed thei r experiment under 

exper imental conditions s imi la r to o u r s , they have not cor rec ted for mult iple 

scat ter ing which can account for at leas t par t of the d iscrepancy between the 

resu l t s . 

The solid curves in figs. 5 and 6 a r e the theoret ica l resu l t s of Bjorklund 

and Fernbach j for 14-MeV-neutron elast ic scat ter ing from nuclei with m a s s 

numbers A = 14 and 16, respect ive ly . They correspond to an optical potential 

with a spin-orbi t coupling t e r m using a single set of p a r a m e t e r s descr ibing 

the model to give the best overal l fit to the available experimental data. It 

is to be expected that the heavier elements a r e descr ibed best (for elements 

heavier than aluminium, see ref. J and that the theore t ica l curves become 

progress ive ly less re l iable as we consider l ighter e lements . Definite devi­

ations of the measu red c ross sections for Li, Be, B, and C from the Bjorklund-

0, 1-4 

Fernbach curves have been repor ted previously J, in par t icu la r for scat ter ­

ing angles l a rge r than 70°. Our resu l t s on N and O show a s imi la r deviation 

for scat ter ing angles beyond the f i rs t minimum in the differential elastic scat­

ter ing c ro s s sec t ions . 
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Presen t ly a t tempts a r e being made to calculate a best single set of pa­

r a m e t e r s to produce an optimum systemat ic overal l fit to the available ex­

per imenta l data for light elements (Z = 3 to 8). Though it is possible to hand-

ta i lor curves to each set of exper imental data and achieve bet ter theore t ica l 

r e su l t s , we hope to a r r i v e at a sys temat ic compilation of the p a r a m e t e r s de ­

scribing the optical model which will allow, by interpolat ion, the de te rmina ­

tion of a usable differential c ros s section for elastic scat ter ing of 14-MeV 

neutrons from any elennent, even the light elements below Z = 13. 

The dashed curves in figs. 5 and 6 r ep re sen t the elast ic and inelast ic 

scat ter ing c ros s sections for protons from nitrogen and oxygen at the approxi­

mate ly equivalent energy of 14 to 15 MeV. The (p,p) and (p.p') data have been 

repor ted for ni trogen by Oda et a l . j , for oxygen by Kobayashi J. To allow 

a compar ison with our inelast ic data for oxygen, the (p,p') c ros s sections 

have been combined for the lowest four excited s ta tes in oxygen (see fig. 6). 

The good agreement existing between proton and neutron inelast ic sca t ter ing 

c r o s s sections can be seen from figs. 5 and 6. Also the inelast ic c r o s s s e c ­

tions to the 2.31-MeV state in N and to the level doublet near 6 MeV in O 

and the doublet near 7 MeV in O , al l d iscussed in section 3, are ,within ex­

per imenta l accuracy , the same for proton and neutron sca t te r ing . Consider­

ing the strong energy dependence of the elast ic scat ter ing c ross section (for 

oxygen, see fig. 6), we a lso find close agreennent between proton and neutron 

data for the elast ic p r o c e s s . 

Though recently d iscrepancies between proton and neutron scat ter ing 

data have been repor ted , e .g . , for smal l angle inelast ic scat ter ing ' J to 

12 the 7.65-MeV level in C , we find genera l agreement between the proton and 

neutron elast ic and inelast ic scat ter ing c ro s s sections for N and O in the 

angular range investigated. Our exper imental r esu l t s fully support theoret ica l 
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predict ions using charge symmet ry . The proton and neutron dis tr ibut ions 

a r e expected to be only slightly different at 14 MeV, since Coulomb effects 

a r e relat ively unimportant at this energy. Our r e s u l t s , however, strongly 

d i sagree with the ni trogen inelast ic c ros s sections measu red by Bobyr et a l . 

where la rge d i sc repanc ies between neutron and proton data appear to occur 

over the whole angular range . 

This work was done under the auspices of the U. S. Atomic Energy 

Commiss ion. A pre l iminary repor t has been presented at the Washington 

meeting of the Amer ican Physical Society (April, 1963). 
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Fig . 1. Schematic d iagram of the exper imenta l geometry . The angle of scat ter ing is noted by 0. 
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Fig. 2. Time-of-fl ight spec t rum from carbon and hydrogen at a sca t te r ing angle of 50° where the inci­
dent neutron energy is 14.5 MeV. The t ime sca le is 0.77 nsec per channel , and increasing flight t ime is 
toward the left. The neutron energy sca le along the absc i s sa is calculated from the t ime cal ibrat ion, 
flight path, and location of the gamma r ay from the s c a t t e r e r . The energies of the neutron groups in the 
figure a r e calculated from k inemat i c s . Note that it is n e c e s s a r y to t r ans fo rm the t ime to an energy scale 
to accura te ly locate the hydrogen sca t te r ing peak. 
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Fig. 5. Elastic and inelastic scattering of 14-MeV neutrons from N^'^. 
The circles are the elastic differential cross sections, the squares indicate 
the inelastic cross sections to the 3.95-MeV level. The solid curve gives 
the theoretical elastic differential cross sections calculated by Bjorklund 
and Fernbach (ref. ))• The dashed curves represent the correspondine 
charged particle data for an incident proton energy of 14.1 MeV (ref. })• 
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Fig. 6. Elas t ic and inelast ic scat ter ing of 14-MeV neutrons from O^". 
The c i rc les a r e the elast ic differential c r o s s sec t ions , the squares indicate 
the inelast ic c r o s s sections to the lowest four s ta tes at an excitation from 
6.05 to 7.12 MeV. The solid curve gives the theore t ica l elast ic differential 
c r o s s sections calcxilated by Bjorklund and Fernbach (ref. ))• The dashed 
curves r ep re sen t the corresponding charged par t ic le data for incident p r o ­
ton energies near 14 MeV (ref. •^^)). 
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Fig . 7. A semilog plot of the elast ic sca t ter ing differential c r o s s sect ion 
crid) ve r sus cos 6 for oxygen. The dashed portion of the curve r e p r e s e n t s an 
extrapolat ion to angles l ess than 17°. The square in the ordinate r ep re sen t s 
Wick's l imit , a theore t ica l lower l imit to the differential e last ic scat ter ing 
c r o s s section at 0° (see text) . 
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