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THE EHPIRICAL CONNECTIONBETVEEN (p,n) CROSS SECTIONS AND

BETA DECAY TRANSITION STRENGTHS

T.N. Taddeucci

Los Alamos National Laboratory
Los Alamos, NH 87545

ABSTRACT

A proportionality is assumed to exist between 0° (p,n)
cross sections and the corresponding beta decay transition
strengths. The validity of this assumption is tested by
comparison of measured (pfn) cross sections and analogous
beta decay strengths. Distorted waves impulse approximation
calculations also provide useful estimates of the accuracy
of the proportionality relationship.

INTRODUCTION

Standat+ reaction theory and expet-imental nbservatlons supr?ort the

idea that there should be a measure of propo~-tionality between (p,n) rross

sections and betadecay transition strengths. 11 This rotte%pondanc~

delives flom the similarity of the nperatots Involved in each type Of

Iellct ion. The t-entral isovec-tol tel-ms In the effective rl~lcleon n{lcleorl

lntrIartlnll thn[ meri~atr 1(-)W momcntllm !Iallsler ,Splll fllp (s . 1)

Ilnll!il tions,

.Ill{i Iltll! !;l]ill till) (!; ()) II,III,; II itjrl.i,

“) VT(lil.);i.;l),
d’
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are similar to the corresponding
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and

for Gamow-Teller (GT) and Fermi

operators

(F) beta decay, respectively. There are

numerous beta transitions with known decay rates for which the analogous

(p,n) cross section can also be measured. The existence or absence of a

useful proportionality can therefore be tested ●mpirically. The initial

results of such an investigation have been reported by Goodman ●t al. 2 for

Ep = 120 MeV and were highlighted at the very first Telluride conference.

Much additional data has become available since then, and lhe experimental

situation

article I

From

up to about 1986 has been revieved in another papw. 4 In this

will summarize previous results and present some new data.

general considerations, the (p,n) cross section should deqend on

the bombarding energy Ep, the number and type of nucleons in the target

nucleus A(N,Z), the asymptotic three-mom~ ntum transfer q, the ●nergy loss

w, where

U= EX+(MA’ -MA+ Mn MP)CJ ,

- Ex - Qgs’

and the specltic

nllclear states.

plodIlct of lllr~e

nuclear structure relationship hetw~en inltlal and Iinal

The rlepenclenre on thes~ quantirics can he PxpYGBswwl as a

tactors:

a- &=(El,,A)F=(q,u)tl(a) , (1)



the cross section distribution. At fixed m it is approximately an

exprmeiitlal function of qz (for q < 0.5 fri-l),

F(q,u) = C(u)exp(-~<r>2qZ)

and goes to unity in the limit of zero momentum transfer and energy loss:

F(q,w) + 1 as (q,@) +0.

The beta decay transition strengths B(a) are obtained from beta decay

lifetimes according to

(~v)lB(F) + (GA)JB(GT) _ ~ (2)

vhere

K
= 6166 * 2 sec

(i

and

[1‘A2

~
_ (1.260 t 0.00f3)~.

The co.:pllng constant valves used here ale those ~ecommend~d try

Wilkinson. 5



REACTION HODEL CALCULATIONS

The distorted waves impulse approximation (DVIA) calculations

described here include ‘exact” knock-on exchange amplitudes and vere

performed with the code DV81.6 The calculations employed relativistic

kinematics but are otherwise consistent with the standard non-relativistic

Schrodinger ●quation. The effective interaction used vas the

nucleon-nucleon t-matrix parametrization of Franey and ~ve (FL). 7 The

175-ileV version of this interaction vas used for the reaction calculations

at 160 HeV. Single-particle wave functions vere calculated in a harmonic

oscillator basis and are labeled by the notation j, - g + 1/2 and

~<-~ -1/2, vhere Q is the orbital angular momentum. The optical

potential parameters used in the WIA calculations vere thnse of Heyer ●t

●l.8 for A - 6-18, Olmer ●t al. 9 for A - 28, ●nd Schvandt ●t al. 10 for

A= M-208. The Schvandt parameters vere ●xtended to the lover mass range

for comparison purposes.

The results of the DVIA calculations for Ep . 160 tleV are shovn in

Fig. 1. The variations in 6 for different particle-hole configurations

are not large fcr 1+ transitions vith the full single-particle GT

strength, The dashed line in this figure represents the average mass

dependence of d~(A) and can be used to assess the implicit mccuracy of

the proportionality of Eq. (l), as predicted in the DVIA. The gtandard

dwiation of the DVIA values of 6GT with respect to this average mass

dependence is Ailh . 7Z. To the extent that the CJUIAvariations model the

expected variations in nature, this value of dd/ti thus represents the

smallest level of uncertainty that can be achieved in the experimental

determination of GT tran.lttlon strengths through the use of a

proportionality relation such as Eq. (1).
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Fig. 1 Distorted-waves impulse approximate Ion uni t cross sect inns

(9quares). HultIple boxes for a given value of A correspond to

different particle-hole configulatlons; the smallest Fermi cross

sections for a given value nf A correspond to )<J<-’

ttansillons. The dashed line represents Ihe avelage A

drpendenco of the GT unit c~oss ~ectlons. (See Ref. 4).

pIPxPiirP (It all opt Irml potrntinl ,;pili Of Ill t Inl rp has a latpp destl 11(”1ivp
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proportionality must obviously fail when

amplitude becomes so weak that competing

magnitude. This issue is best addressed

decay strengths to relevant single-particle

the L-O central interaction

amplitudes are comparable in

by comparing individual beta

strengths, given by:

B(GT)~p -

(j,+ ~)
j>

(2j> + 1)

J>

(Zj> - 1)

J>

j<
(j< + 1)

J>J<-’

(3)

J<j,-1

j<~<-’.

Figure 2 shows calculations of the unit CT cross section for tvo

different mass values at 160 HeV. In these calculations the CT amplitude

was decreased vhile holding other amplitudes constant. The dotted

horizontal lines represent a !10% variation from the average value of b~T

for full single-particle strength. With the exception of ~<1< ‘

transitions, which are strongly tiffected by tensor exchange amplitudes,

fhe calculated unit cross sections remain within the 10% limit to quite

small values of the GT strength Ielative to the full single-particle

strength.



?

20

10

5

2

20

10

5

‘~

I 1 1 1 I r 1 1 I

A=12

. c ... ....... . . .. .. ......
-w w.,. ........ . .,.,.. . .. . .

I 0 Pi/2+ pi/2

❑ ~3/2 * P3\2

● P3/2+ pi/2 I
I 1 1 1 1 1 I ~J

.

.

~ Ci512 + C15/2,.

.- .- 1.. _L. ~. – J... —-1-- .-. ..L— L-–.. ~-. —.

o 0.5 1

13(cT)/i30((;T)

I (“II’. (11 t i~tni’: VIII: ll’:l ,11 ill II ICI 1,111.111,11i{lll”:.



15 l“’’’’’ ’’’’ ’’’’ ’’”1

10

5

‘Al(p,n)%i

120MeV

T

Fig. 3

98?’65

excitation

Cross section spectrum for

43210-1
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‘7 Al(p, n) at 0° and 120 HeV. The

vertical bars represent the GT transition strengths for

analogous beta decays. The Fermi strength is indicated by the

dashed vertical line.

EMPIRICAL EVIDENCE FOR SPECIFIC PROPORTIONALITY

Specific proportionality implies that all GT (p,n) transitions

orlRinating from a given target nuclide will have the same beta-decay

plfrpnr?lmrnliry factor (unit rross section). Equivalently, there will be

a fixed proportionality between these Ci (p,n) cross sections and the

Felrnl component of the cross section for the isobaric nnalog state

transltinn. ln contrast !(, the large confi~uration dependent variations

in the l-atio 6CT/6F as displayed In Fig. 1, experimental studies of GT and

F transirlnns have shrwn a well rf~finml ratirr ht=tveen (;T and F t-loss

sectlr)llx in the Fnelgy rarlgp Y) 700” ttev. This l;itlo ran he t-oIIveIllently

p~lam~tf 17Pd as



‘GT’6F = (Ep/EO)2 (4)

where E. = 55.0 k 0.4 r4eV. A summary of the data available up to 1986 is

shwn In Fig. 6. The standard deviation of the data points plotted in

this figure Is AEo = 1.7 HeV. Note that this implies an uncertainty in

the ratio ~f unit cross sections of about 6%.

In addition to the 27Al(p,n) transitions illustrated in Fig. 3, some

more examples that appear to demonstrate the validity of specific

proportionality are llc(p,n), lBO(p,n), 26Mg(p,ll), and 34S(p,n). Spectra

for (p,n) reactions on these target nuclides are shown in Figs. 5-8 for a

bombarding energy of 120 HeV. The ratio of unit cross sections defined by

Eq. (4) Is assumed in plotting the relative sizes of the GT and F
,

transition strength bars in these figures. That is, to vithin an overall

7’0

60

50

40

I

E
1

? 14 18 26 27 42 1

Fig. 4 The parameter EO . Ep/(uGT/&F)112. Solid circles are alternated

vith open squares to indicate data points for different

nuclldes. For a given nuclide, the

from left to right. Ft-om the left,

l~c, Ino ‘~tlu, ~]Al,P and 4JCa.

I-epresents the veiKhted avelag~
+) =

bombarding energy increases

the data correspond 10 ‘1,1,

Ttl, solid hot-izontal line

55.0 + ().4.
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Cross section spectrum for 13 C(p, n) at O“ and 120 fleV. The

vertical bars represent the GT transition strengths for

analogous beta decays. The Fermi strength is indicated by the

dashed vertical line.

scale factor the quantities plotted are F(q,m)B(GT) (solid bars) and

F(q,u)B(F)(Eo/F.p)z (dashed bars).

EMPIRICAL EVIDENCE F[)R [;HNRRALPROPORTIONAL1TY

[f tile Iluclide sp~(.iiic I)l{]pf}lllorlality farlous hetwwn (p,n) rloss

sections and l]et;l ~fecay t~atlsit ion strpngtfw were to f~llnw a smnnth or at

least prmlictahle trend, then n mnre Renernlly useful proportionality

would vxist. Itl ::u(’h ;~ Itn!;P i~ Iimittxi number of (p,n) Ilan::ltims co~ild

he ralll~ralml ngaillxl ;Ill;llognlls IwI,I dPII,Iy Ilallsitiolls If) (Ietelminf, llIfJ

ptopnrtionn] ily (’(}llsl;lnl -
‘( ;’1’ ‘

And this rmpirlrnl Iy {s!;l;~l)I i:;h{vl
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987654321 0–1
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Fig. 6 Cross section spectrum for l~O(p, n) at 0° and 120 MeV. The

solid vertical bars represent the GT transition strengths for

analogous beta decays and the dashed bar represents the Fermi

strength. The overall normalization for this spectrum 1s poGrly

determined.

proportionality factor could then be used to measure (7T strengths for

tuansltions In other nuclides.

The empirical results for bGT(A) and ~F(A) are plotted for ilp - 16(}

Hc’V in Fig. 9. Also p]ottrd ix the nvrrnge vnlue of 6GT(A) determint=ci

from the i’NiIA ~’alculnttons of Fig. 1. While rho experimental points seem

to follow the genernl trend of the DUIA mass dependence, It Is very

nbvlous that the st-atter In the exp~rimental values is much larger tlmn

the Scfll tvl i II t h~ Cnit-ulnllwi Vniuc’w (Fig. 1). mm

l,~lntlve Ilnreltnlnly u~i},’ltml stnndnl[i {iovia[ irm of tllQ cxpetimcntal (W

poillls Wilh Ipsprwl to the lloim~i izml ;IV(II:IKO ilb 1A ma:;s d~pemlenre is d&/t3

- 72X 101 Hi) . i(l[) HPV. ‘I’lli!; I!; )I”(wi , if tl[%llwf ;I% !;tilti!:li(’i’li, i!; too”
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excitation energy EX@eV)

Fig. 7 crow section spectrum for ‘6 Hg(p, n) ●t 0° and 120 HeV. The

vertical bars represent the (7C transition strengths for

malogous beta decays. The Fermi strength is indicated by the

dashed vertical line.

l?rgn to be accounted for by th~ ●stinted experimental relative

normallmtlon uncertainty of abou! f)%.
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support to the relative experimental values of 6 determined for 12C, 13C,-

and 14C. An explanation of the observed differences must therefore be

sought in the reaction dynamics.

The surprisingly large value of 6 for 13C compared to that for JZC or

14C is not easily explained in the context of the standard DWIA.

Reasonable variations of model parameters, e.g., optical potentials,

harmonic oscillator parameter, etc., cannot reproduce the observed

difference. Indeed, it appears that even unreasonable— parameter

variations cannot explain the difference! It would be easy to dismiss the

effect as an overlooked subtlety of nuclear structure or reaction

mechanism unique to the ground state ot lJc were it not for the fact that

the 15.1-HeV transition shows the same large value of &. It is also

significant that a similar enhancement is seen in other nucli4es such as

15N and possibly J~K. Additionally, cross sections for the analogous

l]C(p,p’) 15.1-HeV transition also appear to be enhanced relatlve to

12C(P,P’) 15.1-HeV CrOSS ~ections.12’13

SUMMARYAND CONCLUSIONS

Two major problems are yet unresolved in the comparison of (p,n)

cross sections to tlnalo~ous beta decay strengths. First, the

propnrtlonallty conslant that relates (p,n) cross sections to beta decay

transition strengths does not hmve a smooth tnrget nuclide clependenccp nor

Is the dependence plesen!ly calculable in some cases to better fhnn nhout

50% in thr context of. the stand;l d DWIA rcactlon model. This ot)st~rvntion”

llilS !:C!VP1’ill Importnnt Impllrntions. Ilntil tho origlll 01 the Illirtuntinns

Is Iltl{lol St (ml, rxlrnpolnl Ion 01- Intrrpolntlon nf prf)portionnlity ronslnIlls

!Iorn oufq talgct 1111~ I 1[10 I 1) illlf}l 11(~1” must I)t? lo~;lldd ;1S 1111(’CI Iillll ill 1 11(’

2[)Z 50% ICwl. (]ll{lllt Irilt IVc t’f)llf’ IIIS1011S IIASP!I IIl}flll f“f)lllpill I !: fill’: (11

mo.l:ull WI (’l ()%:: !;l~(’ I i 011!: ,111(1 INJIA (Oil][”illill lItIIS !ilI~)IIl[l IJC’ (.!:l)I~I-l,lll~

111119’1Inhlv. ‘1’111%llll(-lS1 Iillllly lllll~sl illll)ly il!~ WISII 10 IOI;IIWI lf~,ll’1 1[}11%~:111”11

,1!: (p, p’).

A !:I*(’(11111 Ill 01)1{’111 l!: I Ill’ 111 Id 11’1 Vd !Wll:illivlly 01 ()’ tlilll!:lll(lll::,

1},11 I 1( ’11 1,11 I y IIIII!:IJ [}1 lilt’ 1<1< I lyp(’. 1[) [Ull!:ol {*X(’llilll~t’ ;11111 !;IIIII (~11111
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to show the effect are those in 14 C(p, n) and “S(p, n). These shn~llrl he

predominantly D1/2p1t2-1 and d312d312-1, respectively, yet exhibit ~~#6F

ratios consistent with other Fermi transitions of j>j)-i character. An

interesting counterexample to these t Wo cases !s provided by

‘3Cl(p,n)JsAr. A spectrum for this reaction

Fig. 10. The vertical bars in this spectrum

beta decay strengths in the same manner as

dashed vertical line is meant to represent the

at 120 HeV is displayed in

represent the corresponding

in Figs. 3,5-8. Also, the

Fermi strength according to

the relative normalization of Eq. (3). clearly, it the supposedly

“universal” ratio of Eq. (3) is applied to this case, the Fermi cross

section is considerably overestimated relative to the CT cross sections.

In other words, this simple comparison seems to indicate that the ‘crmi

cross section is much smaller than that predicted by Eq. (3). Since this

should be a d3,2d312-1 transition! ~his reduction is consistent with the

calculated ●ffect presented in Fig. 1. However, this comparison is

complicated by the fact that the CT transitions for this case are all very

weak. In fact, shell model calculations by Brown and Uildentha114

indicate that all but one of these transitions can be attributed largely

to fl -forbidden amplitudes of the type lslt20d3t2-1. Simple comparisons of

the sort just made may therefore be very misleading. Here data for Fermi

transitlous of j<]< “1 ~llaracter are clearly desirable.

This work was suppotlal ill pmrt hy lhc U.S. Dept. of l?nergy.
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