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Onpe,QenenHe S!JlepH!>IX cneKTpO<;:KOliHqecKHX <PaKTOp~a aa 
ocnoae naHHhiX. no nn<P<!JepeHUHanhHOMY ce'leHHIO ynpyr.oro 
pacce~HHH HefiTpOHOB Ha,nei"KIIX'H.Qpax 

HaftneHhi aaaqeanH KOH~TaHT caH3e~ (c;:neKTpocKonnqeCKHX $aKTopoa) 
dpn , I2c l 'c n n 14N13N n nyTeM a.KCTpanonHUHH naHHI>IX no nH<P<!Jepeaun-
am.a~>IM ceqeHHS!M K COOTaeTCTayiOUIHM noniOcaM. PaccMaTpHB810TCS! Hej{OTOpble 
QDUIHe BOllpOcbi I'IpHMeHeHlfS! 3TOI"O .Merona lj: nei"KHM S!,QpaM. 

,,._, 

npenpMHT ~e,llHHeHI!OrO MI!CTMTyTa H.llepHbiX KCCJie,llO~IUdt. 

,lzy6Ha, 197 4 · 

Dubnicka s. , Dumbra j s o. v. 

Dete~mination of·, Nuclear' Spectroscopic 
Factors from'Data:on Differential Cross 
Sections for ~lastnc Neutron Scattering 

E~ • 7781 

qn Light Nuclei . · , .". . 
~ ' . .. ' . ', 

;-

~he value~ of the coupl-ing constants (spectroscopic 
factors) d(m ,l 2c 1t n and 14 N 13Nll have been derived by : 
meansof the extrapolation of d:i,fferential cross sect,:ion 
d. a ta to. the. corresponding ·pol~s, Some. general questions 
concerning the appl.ication,of this method to ligiit·nuclei 
are considered. 
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1. ·Introduction 
. . . . . - . 

A spectroscopic factor is a measure· of the probability 
of the system being composed of the constituents in a par
ticular channel. It is the magnitude of the a.;ymptotic part 
of the wave function of a composite system in that channel. 
Therefore spectroscopic factors must be given the same 
status as other nuclear parameters, such as the binding 
energy; charge radius and form factors'~ . ' 

In our · previous work l l/ (see .. also other related 
works I 2-4/ ), hereafter referred· ·as I, .,we described in 
detail a new · method of determination of spectroscopic 

· factors based on the extrapolation of data on differential 
cross section· for elastic particle-nucleus scattering to · 
the ~les. The method was tested pra,ctically in the cases 
of n H and n 3He elastic scattering; It produced good 
results * and we urged to apply this method to other 
elastic processes of both the neutron and·~theO:proton on 
other nuclei. · · · - · 

. . . 

In this work· we extend the analysis to neutron scatter
ing. There exists a complete compilation IS/ of differential 
cross section data for neutron elastic scattering on-light 
nuclei ( Z ~ 20) .. However, after examination of the data 

* Unfortunately in . I we used the erroneous relation · 
between the residue of a spin averaged forwardscattering . 
amplitude and. the coupling constant. This ·resulted in 
the :20% reduction of the value of the ~ H dn coupling 
constant. We elaborate this point at the end of Appendix 
of this paper . 
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• presented in, this compilation, ~e singled out three.nu_clei ' _ \ 
. only: deuteron, 12 C ·and 14 N as being appropri3.te.;'for:. . .. ' 

• our _purpose. Deuteron has been chosen-.tb compare our··\ 
analysis with the previous one 131 , 12 c and I 4N turned· 

.. _,put to be. the onlY. nuclei for which good data (tabulated ··. 
-:- with given erro~s) exist: ref./6-B/ for -~deuteron, ref!-Jl· 

for 12 C and ref.l 10( for 14.N * * . For other nuclei.~ 
~ith•er .ther·e.-. are no data. at -~i(or data.:are presented in-·· 
form~of graphs only. Besides in many cases tl{e references 
given· in compilation /5/' turned· out to be inacces_siblE~· 
to:· us. Heavier nuClei than 14N were abandoned :because 
form factor_ ·.effects inight have distorted the··analysis. Of. 

.J 

·course, this· bound"' z :>: 14 is rather arbitrary and on the . 
whoh~··w~ admif'that the _question abollt the·s1~e. eff~ctsjs .. 

,' -~ I 

- .. -1 

not very' clear for.us: . . ' -~ '' . 
. . ' -· 

We ·refer the, reader for the description of the method 
to I and proceed directly with . the·· concrete analysis. 

'-. 

' : '·'· 12 14 " 2. Singularities of the Elastic··nd , n C and n 'N 
sc~ttering.in the cos e Plane for . Fixed Energy 

... ::·;., 

j 
'.' 

.. Tli.e singularit~es. of th-~· eiastic nd , n 12 c- and n14 N 
scatteri,ng amplitudes are . assumed to .be found by appli- .. "" 
cation ''of the Landau's method /1~,1 2/ to-the Feynman·.' ':, . 

·diagrams of the corresponding processes. The·y are shown . · .. · 
explicitly for.· some ·lower order diagrams in figs~l,2,3. . -~· 
'!:'he .-positions of the:singularities are determined accor'.:. 
ding to formulas· analogous.,.to- those- given in !.'.As 
already was mentioned in I, the · excited ·states of the 

,. '"pole'". nucleus should:•be considered as the extra singu- . 
larities· unless they decay through strong interactions. .. · 
only.· This worsens· the situation because in practice it· . 
means .that the position of the lowest of such excited . · 
states ' should be considered as the· nearest left-hand· 

.,_';., 
-· . . -. ~ ·. .. ,.;. . . ~ ·. "-• . : ·. : . ' 

.. · -;~-W;-~;;d~-i~-f;;t~-th;~d~ta" for, ~itural- ~i'rbon and 
natu~al nitrogen, the 'oyerwhelmiilg constituents of~whic~ 
·are·'Just 12 C and 14N· ... · · · ·. ;··; ··:- ·· 
. . . . . .. .-. . . . ~- . . ., •. . ·j 
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Fig. 1. The analytic structure ofamplitude.for nd elastic 
scattering in the cos() plane. The figure is not drawn 
in scale. 
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Fig .. 3. The' analytic structure of. amplitude. for n N 
elastic scattering in .the cos() plane. The figure is not 
drawn· in scale.· · 
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singularity when performing the mapping of the cos e 
plane as described in I. This is just the case in the 
n12C scattering as it is seen· in fig. 2. On the other hand 
in the c~~e of the n 14N scattering the lowest excited 
state ·of ... N . is high enough to be buried under the . 
p12 c exchange cut. . · 

Some details about the anomalous thresholds are 
given in Appendix. 

3. Results and Conclusions 

After mapping the entire cos e plane onto an unifocal 
ellipse in the z -plane and carrying out the fits in a way 
as described in I, we obtained the results given, in 
tables 1,2,3. There r denotes a residue of a spin-averaged 
forward· scattering amplit~de in the laboratory system, 
for which it is common to write th'e dispersion relations 
and g . is a r,edefined coupling constant, which enters 
the corresponding Lagrangians. The exact expressions 
and relations are given in Appendix. 

It is interesting to. compare our values of r d with 
the dispersion relation predictions of ref( 131r dpn pn = 
=0.081 ±0.002. On the other hand, the analysis of the nd 
scattering along . the lines similar to ours has been 
carried out already earlier in ref. 131 We find some 
discrepancies between· our results and those of ref. 131 . 
First of all, there is a difference in choice of the optimal 
order of the fit. In two cases we find that the optimal 
order is for one degree less than that used in ref. 131 . 
We think that preference should be given to our values 
of the o~der of the fit because we, contrary to ref./3

{ , 
have used the Cutkosky convergence test function in 
estimating the truncation point of the series. ·Secondly, 
there is a difference between formulas c~nnecting the · 

residue r (or g N in nota~ons of the work 131 ) with 
the differential cross section. We do not understand the 
origin of the'simple formula (2) of the ref. 131 . However, 
it is important to note that our complicated but precise 
expressions (A.9), (A.l7) lead to - 1.5 times smaller 
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valu'es of the residue than corresponding val~es of ref. 131. 
Concerning the values of the· couplillg const~ts giveri 

in tables 2 and 3 we do not know what to compare them 
with. The evaluations of the forward dispersion relations 
exist neither for n I 2c nor for n 14N · scattering. They 
would. provide the values of ri2clcn and ri4NI<Nn 

Perhaps one'. could also . determine the corresponding 
coupiing constants. (spectroscopic factors) f:rom some 
specific nuclear models (see discussion in I). In any case 
it would be very interesting to ,evaluate these quantities 
in some other viay, because,· in principle, there. are two 
indications that the method used in this work might have 
not produced . reliable results for such "heavy" nuclei 
as I2 c or I4N .First of all, poles are far away from the 
physical region (z II :::: -24,· z l'¥.1 ::::-7 should be compared 

. . c ... '· . 
with zd "' -1~5) even at .the, highest energies used in the 
fit. Secondary; ·'the form· factor dep_endence could be 
already very im'p6rtant .. · If .. it will . turn out that the 
values for, th·e coupling constants I2 C II Cn andl4N}3 Nn 
found in this work are incorrect' that willr illdicate the 
limitation of the method in nucl~ar phy.sics in its.present 
form, at least. · : 

4
,.., 

We .express our deep gratitude to M.Plate and J.Tam-. 
bergs for .valuable discussions a~d help in numerical 
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Appendix 

I. The anomalous thresholds marked in figs. 1 and 3 
are .. found by means of. investigation of analytic proper
ties of ·the triangle diagrams shown in figs. ·4a, 5a and 
6a, · respectively. The positions of the right-hand side 
anomalous thresholds ( see figs. 1 and 3) in t -variable· 
are, determined according to: the- following formulas: 

I • 

t ~:4m 2 
OI• . )I. 

2 2 2]2, .. 
[ m d -m n - m P ' :::: 1.4 m 2 

m 2_. 
·n 

.=-. . . 'IT 
(A.l) 

-~· 

•. 

;, .. :· -'~"". 

" 

< 

. 2. 
,t

03
=4mp:-. 

-· 

.. 
.. 

. . 
.-: ~ 

.• ' _:,':_;· 

. . 2 2 

2 ·2· . -mp] . . 2··· . -. [
mi4 -~H~c_,·. ·31m· .. ··."·· 

.N. z. · ,._. 
17 

_·( mi1Jc 
·-· . ' -.~! . 

cX:2)·· 
~-

The position ~f _the left-;hand ·side -anomalous· thr~shold-
(s.ee fig. 1) of the n~ elastic scattering 'in u:· -variable is; .. 
given by the. expression: · ,:·: ,. : ·.· ": .. 

t.', 

2 '2 mrr · . . : 2 2 ··2 .. · ·2 '2-2 2 2 
u 0 I = m P +m17 + ~- { v' [ 4'!1 P m n -(m·P +m n -:- m d } ](4m n -m17)-

. 2m . • .. n . 
"':' 

'-·- :: .~ ' 2 2 2'. . '48 1 2. - ni {m · + m - m d ) I ::::: . m (A.3) 

·1 

~;>. 

: ·: . 1T· ·P n .. · . 1T . 

The relations· (A.l-3) are found by means of the corres
pOnding _dual diagrams ref. / 14 ~_IS/ (see _fig-s: .4'0,· 5b 
and 6b) obtained from the triangle diagrams by mapping 

. closed loops· into vertices andvertices·futo closed poly
::. gon's. ·The. right-hand side .aiwmalous threshold is not 
· .marked ill fig. 2 becausetli:e lowestanomalous.threshold .on 

·physical shee! in t 7variabl~ (i~2 ~-_6.6 m} ) is higher 
than the lowest normal threshold. There are no anomalous 
thresholds on the physical sheet in:~ u -variable for. the. 

·., n I 2 c and n 14N elastic scattering at all. · · .. :. · · . . 

,._-. 

II. In our method coupling constants· are. defined.'as 
a measure of .the strength :of . ihteracti'on of partiCles' in 
vertices of-·: Feynmari diagr·ains:': They can be explicitly 

. introduced as numerical·factors in effective ·Lagrangians 
for· corresponding interactions. For instance, the following 

. couplings fulfilling aU· _requirements ·can be constructed 
- for ui'e description-of vertices of. pole diagrams 7a;,b,c, 

resp~ctively .· -~"- ' · .. , 
f. 'G - ~ • . ll . : . . . :-. . . 

I a= ~pn~n Y s Y;t 1/J P 'D ·. + h~~· ,:: _ (AA) 

:.... .... .. ,. -. ._('"; '· ,. 

,. 
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- C Cn 1,; C - . 

- fl 
'f lc = Gl4Nl3Nn ~3N yfl t/Jn ul4N +h.c. 

(A.5) 

(A.6) 

Taking into account 
dimension [L - 4 ] 

the fact that the Lagrangian has the 
, t/J fl , t/J . , t/J · , t/1- fields have 

II c l3N p n 
-3/2 

dimension [ L · ] and nfl ' u ~4 ' ¢ 12 fields have 
. N _ C 

dimension [ L - 1 ] ( L _ means the length in 1i =C = 1 
units) one can see immediately that the coupling constants 
G dpn , G 14N 13Nn. are dimensionless _and the coupling 

constant G 12 11 ·has di~ension [•L ] . 
C Cn 

The coupling constants g in table~:· 1-3 are ,connected 
~~th the coupling con~tants introduced in Lagrangians 
(A.4-6) through relation 

2 
'G 

2 _. - •. 
g = 4rr . (A~7) 

The squared residues of the scattering~ 3:mplitudes 
at the corresponding poles defined thr?ugh the' express1on 

fim [ ( ) ( )]
2 du(z) .(-R . _)2 -!1A:.B. T .( ..... ) • 

Z X - Z Xp l d . :: es 1· . = ..~:.,· n n n Z l . 
0 e n ' po e . n=1 ' po e 

z-+ z ' · 
pole (A.8) 

are 
. . ' 2 

related to the coupling, constants g d 
; pn 

' 2 ' -
, g122 qc~ 

g2t 4 13 . in the following way: 
N Nn · -

·l 

and 

2 4 w<ttc) 2 
2 2 2 2 

(Res ).,=gd . H9mnmd+3md(mn+C)+ 
P pn 24sk 4 

8 2 ... 2 - ' . 2 
+ 2 (md +C)(A1 +B) +2('A1 +B) ] -

md 

15 



,..,, 

i~ 

• ,\ 

-:4£~m 2 (A
1 

+k 2) +(A 1 +B)Cm2 +C)-2,J..
2

.(A
1
. +B)(m

2
d+C)+ 

n n m . ; 
d 

+ 2
2 

(·A1 +k2 ){oA
1
· +B') 

2
] + 2(m -m )[-9ffl (Aj +-~)-

m n p n . 
d . . 

..;3m~(A 1 +k
2

) -6:: (m~ :CKA 1 +B)J+ 
d 

+:4[-m2 (m2+C) +3m:
4

+ 1
2 

(A 1 +B)
2 

(m! +C)i 
. n n n m . 

d . 

-~ . 2 · m! 2 · 2 · 3 2 
-3 ~(·A 1+ B) -2 ::!"(A 1 +k )(-A 1 +B)+ 4" (A 1 +B) (A +k. )]:... 

m d md md 1 

2 3 · mn 2 
- 4(m8 -mp}[-m8 (m 8 +~) +3m 8 -3 -,-<A 1+ B) -

. md 

Db 2 mn 2 2 ] 
- m~ (A 1 +k )(A1 +B)+2 m~ (A 1 +B)_ (m d+C) · + 

. 2 2 2 '4 . 2 
+'m 8 -mp) [(1Jb+C)+9m 8 +~(·A 1+B)(A1 +k )+ 

d 

'4 22 dz2 
+-(At +B) (md+C )]l(dx) 

m4 ~x 
d p 

(A.9) 

2 
2 4 IO(tlc) 2 2 ' 2 

l£2(A 2 +B)(A 2 +k )-m 12 C]D + 
e (Resll e ) = g I~ lien 8 s k 4 

2 2 dz 2 
+ 2mn (2A 2+ C) DE +(2m n +C) E l( dX) x=x 11 e (A.lO) 

where .. 

'D=m2 + C- -
3
1 [2m (m . _;...m )+m2

12 l + 
12e n lle n e 

16. 

m11+m · 2 e n · · • 2- 2 · 2 + (A + B -m ) - --(A + B- m ) -
3m 2 I2e 3m2 2 12c 

lie 11 e 

mil -m C n , 2 . 
3m ( m + C +A + k 

2 
) 

II IIe 2 
e 

!l 

2m2 
I2e- . 2 2 . - 2 

E=- -- (m 12 +C)- - (A 2 + B-m )(A2-+B) + 
3m 1 {: e . 3m 11c , 12 c 

m II -m 
- 2 · C. n _ 2. . 

+(m 11 -m )(m12 +C)+ .. (2A 2 +2B-m 12 )-
C n e · '» C 

""' 
m ) 2. )2 2(m ll - n (A 2+B -m 12c 

2 
3m II C 

.2 
2 4 10(hc) 2 · 2 . 2 2 . 

(Res 13 ) = g14 13· _ 4 {[ 9 mnm 14 +3m 14 (m n +C)+ 
N N Nn 24sk N N 

8 2 2 . :2 
+ -2- (m 14N + C)(Aa +B) +2(A3 +B) ] -_;;''· ,. m . -

14N ~ 
2 

2 2 2 mn 2 
- '4[ -mn (A3 +k )+(A!l +B)(mn +C)-2 m~4~Aa+B ){m 14N+C)+ 

2 2 2 . .. . . . . 
+ --

2
-(A 3+k )(A 3 +B) l+2(mn+m13 )[-9mn(A 3 +B)-

m 14 .-- . N 
N 

· · 2 mn 2 
·.7:~~n(A3+ k )::-6 rn2_.Jm.l4N+.CnAa;tB)] + , . 

·: 14N· : .. -
.·' 
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. [· 2 2 4 1 2 2 . 
+ 4 -mn (mn +C)+ 3mn + ----:-rCA3 +B) (m n.+C)

m 
"I4N 

m2 2 2 
n mn 2 

-3 -
2
- (A3 +B) -2 ----z (A3 +k )( ·A3 +B) -t 

m mi 

+ 

I4 N 4N 

2 (A - 3 4 
m I4N 

3 2 
+B) (A3 +k )]-

2 3 mn 2 
-4(m

0 
+m )[-m (m +C)+3m n- 3 - 2-(A3 +B) 

I3N n n m 
· I4N 

mn 2 IDn 2 2 
- -- (A 3 + k )(A 3 +B)+ 2-4- (-A3 +B) (m I 4 ·+C)] + 

m2 m N 
I4 N I4N 

2 2 2 4 . . 2 
+ ( m + m ) [ (m +C) + 9111 + -

2 
(A3 + B )(A 3+ k ) + 

n 13N n n m 
I4N 

4 2 2 dz2 
+ -4-(A3+B) (mi4 +C)Jl( dx ) • . (A.ll) 

m N x=x I:t. 
I4N ~ 

where 

. 2 2 2 2 
AI = v' ( k +m n )( k +~d ) 

2 
8 = k Xpole 

2 2 2 2 
A2 = v' ( k + m n )( k + m 

12 
) 

c 

2 
C =k (1-Xpole ) 

2 2 2 2 
A3 =v' (k +m

0 
)(k +m I~) X =COSO 

The formulas (A.9-ll) are derived in the same way as 
in I from the differential cross section 

18 

da =-1- 1 • ~ "I·M(s,t)l2 
dO 477

2s (2si +1)(2s
2

+1) ~i'8f · 
(A.l2) 

(here si , s 2 are spins of the particles in initial state) 
substituting for M ( s, t) the corresponding pole contri
butions to the invariant nd, n I 2c and n 14N amplitudes 

. G2 . 

M P(s, t)=-~~;I u ( p2)(y£ I )(yt 2)(y£ 2)u(p1 )
u-rn 

P (A.l3) 

-2( PI £ t u(p 2)( Y£ I) u(pi) +(m n-~ P)u(p2 )(y£1)( Y£2)u(pi) l 

' 2 2 
mn Git;llcn . m12c ' 

M -(s,t)=+- 2 l[(t}t~--.,--+ 
lie 2 u-rn II :J ··· 

2 2m n 1 (p t
2
)-mi2 + --·- I . c 

3m' I · ·c 

c 
2m (m11 -m

0
) · 

1
·. n C 
- + 

3 

+~32 . l(plt2)-m~2 ll(tit2)-(piti)l~ 
. mllc . c 

. m II -mn c 
3muc 

2 -l(tit 2 )+(piti)-(pit 2) + m lJu(p? )(yt 2)u(pi)+ 
. I~ -

+[(m 11 -mn)(tit2) 
c 

·2 

2 
m 12 c _ -I ( t It 2) + (p It I ) } + · 
mll 

c 

mi2c 2 · · 2 
+1---.--(pt)ll(pt)-m ·l+ 

3m 3m. I 2 . I 2 I2c 
llc II c . 
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2 
{ 2(p t2)-m 12c 

1 . + 3 
m ) 2 Jx 2(m He- n { ( t ) - m 

PI 2 12c J + 2 

3mllc 

x t < t 
1 

t 
2 
k-< P 1 t p rt. < P i u <P 1 > 1 

(A.l4) 

M 13N 

mn 
(s,t)=- 2 

G2 
14N13Nn _ 
_ 2 { u(p2 }(yt:1 )(y t2)(yt:2)u(p1 )-

u m 13 
N 

2(p1t:2)u(p2}{yt:1)u(p1 )+(mn +m13N) u(p2)(yc1 )x 

x (yt:
2 

)u(p
1

)J 
(A.l5) 

calculated by means of the Feynman rules from the 
diagrams shown· in figs. 7a,b,c, respectively (the pro
pagator of 11 c with spin value 3/2 was taken from the 
paper/16/ ) arid taking the limit 

~(x)-z(xpole) 2 x x )2 do(x) I 
[ ] ( - pole dO pole x-x 

pole 

fim 
x->x 

pole 

(A.l6) 

The residues r (also given in tables 1,2,3) of spin 
averaged forward scattering amplitudes in the laboratory 
system are related to g2 by means of the expressions: 

r dpn -

2 
8dpn 
--2 
6m d 

2 
m 3 2 2 
-
2
n+- (md -m. ) +3m m 2 p n p 

2 2 

( 2 2 2 2 
rrJ n+m d-m p) 
---::---1 

2m2 
d 

(A.l7) 

2 (m12... w 0 -m1~:? mn m 
g12c 11cn ""\.: +- (m1'c- n 

--{w0 [ •2 3 
m · mll 

12c c 

)-r12 c llcn 
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• 
rn 

rnn 12e 2 . 2 
CLio]+ 3[--(2CL1o.-3rn12 CLio:+2rni2 )-

mile e e 

·rn . ,_,rn l2c n 

3m lie 
rn 12- rnn 
. ~ 2 . 2 

-(mil -rnn)(CLIO + rn12 )- . 2 ( CLIO -2m- CLIo+ rnl2 )]J, 
. e e rn l2e e 

where 
. . lle 

2 2 2 
rn 12e+rnn -mile. 

(A.l8) 

CLIO 
2m 12c 

2 
2 g 14 N l3Nn 

6m 2 r 14N 13N n 

rnn 3 2 2 l-+- (rn14 ··- rn 13 )-3m rn -
2 2 N N ·. n l3N 

14N 

( 
2 2 2 . 2 

rn n +rn 14 -rn l!L) 
N ""N __ ___; I. 

2m 14 . 
N 

They are -obtained by taking the limit 

r = firn (CLI ~0 ) f .I ( CLI , 0) , 
poe . 

CLI-o(L) 0 

(A.l9) 

(A.20) 

where CLI is the inCident neutron laboratory total energy, 
CLio is the position of the corresponding :Pole in the 
CLI -plane and f pole (CLI ,0) . is defined by the · following 
expression 

. . 1 1 
f ( CLI ,0) =-. -- · l: M · (s,O), 

pole 2rrrn · (2si+1)(2s +1) 8 1,8 pole· . 
. target 2 r 

· (A.21) 

w~ere M pole(s, 0) . are pole contributions (A.l3-15) to the 
invariant amplitudes of corresponding processes taken 
for t=O. 

At the end we ·would -like ·to indicate the discrepancy 

22 

between the 1lefinition of f pole (CLI ~0) by (A.21) and. 
by (A.l4) in our previous paper I for the deuteron pole. 
The expression (A.l4) in I must be multiplied by the·factor 
v's- . . 
.-- · which comes from the well known relation between 

• rna . 
H . . . 

the forward scattering amplitude in the laboratory system 
.and the forward scattering amplitude in the centre of 
mass system 

flab (s,O) 

~lab 
where 

~ =~ 
c.m. 1ab 

f · (s,O) 
c.m. 

~ c.m. 

rn target 

.. j"i" 

(A.22) 

I (A.23) 

After this correction our averaged value of the residue 
r ( r3Hdn :; 0.38) over the first three energies is exactly 

the same as that obtained in r~f. Jta; ( r#Hdn == . 0.38~±~.040) 

from the forward dispersion relation~ . for./the nd scat:
tering. Then

2
the corresponding spectroscopic factor takes 

. the value C 3 :; 3.6. . 
Hdn 

References 

1. S.Dubnicka, o.v .Dumbrajs, F .Nlchitiu. Nucl. Phys., 
· ·A2l7, 535 (1973). · · . : 

2. O . .Y.Dumbrajs, F.Nichitiu, Yu.A.Scherbakov. Yader-
naya Fisika, 18, 327 (19'73). · . . 

3. L.S.Kisslinger. Phys.Rev~Lett., 29, 505 (1972). 
4. L.S.Kisslinger~ Phys.Lett., 47B, 93 .(1973). 

.23 



•· 

-
5. Brookhaven National· Laboratory pre print, BNL 400 

(1970)~ .Vol. 1, •Angular ·Distributions. in Neutron-· 
Induced Reactions. 

6. E.Wantuch. Phys.Rev., 84, 169 (1951). 

7. B"E.Bonner; E.B.Paul, G.C.Phillips. Nucl. Phys.,' 
Al28, 183 (1969). · 

8. A.C.Berick, R.A.J.Riddle, C.M.York .. Phys. Rev'., 
174, 1105 (1968). . ·. ' . . .. •. 

9. · J.E.Wills; Jr., J.K.Bair'; H.O.Cohn, H.B.Willard. Phys. 
Rev., 109, 891 (1958). 

10. P.W.Bauer, J.D.Anderson, M.F.Lutz, C.Wong, 
J.W.McClure, B.A.Pohl. Nucl. Phys., A93, 673 (1967). 

11. L.D.Landau. Nucl. Phys., 13, 181 (1959). · 
12. R.Eden, P.Landshoff, D.Olive, J.Polkinghorne. The 

Analytic S -Matrix (Cam. bridge Univ. Pres, 
·Cambridge, England, 1966). . .. 

13. M.P.Locher: Nucl. Phys., B23, 116 (1970). · 
14. J.C.Taylor. Phys. Rev., 117, 261 (1960). 
15. L.B.Okun, A.P .Rudik. Nucl. Phys., 15, 261 (1960). 
16. M.D.Scadron. Phys. Rev., 165, 1640 (1968). 

' 

: l 

24 

Received by Publishing Department 
on February 18, 1974. 

I 

. ..,_ .. 
... _ ': 

.. . ..~ 

. ·: 

,. 

'<. 

Conditions of Exchange 
The preprints and communications of the Joint Institute for 

Nuclear Research are distributed free of charge on the mutual 
exchange basis to the universities, institutes, libraries, scientific 

.. groups and individual scientists of more than 50 countries. 
We expect that the recipients of the JINR publications will have 

a possibility to display initiative in sending free of charge publica
tions to Dubna. We receive, on the exchange basis, scientific books, 
journals, preprints and other types of publications on the subject 
categories of our Institute. 

The only kind of publications that we do not require are the 
reprints of the articles already published in scientific journals. 

In a number of cases we address to scientific institutions 
- the most prominent recipients of our publications -with the 
request to send us free of charge some books or subscribe for 
our library to the scientific journals published in their countries, 

:1\equests 

The Publishing Department fulfils annually' about 3000 individual 
requests for our preprints and communications. The index of our 
publication must be obligatory indicated in such requests. 

Addresses 
Letters on all the questions concerning the exchange of publica

tions as well as requests for individual publications are to be sent 
at the address: 

Publishing Department 
Joint Institute for 
Nuclear Research 
Head Post Office, 
P.O. Box 79 
101000 Moscow, 
U.S.S.R. 

We kindly ask to send all the publications on the exchange 
basis and also free of charge subscriptions to scientific journals 
at the address: 

Scientific-Technical Library 
Joint Institute for 
Nuclear Research 
Head Post Office 
P.O. Box 79 
101000 Moscow, 
U.S.S.R . 

-~ 


