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The approximate equality between the polarization and the analyzing 

. h 7 . ()7 3 ()3 " h power ln teLl p,n Be and H p,n He reactlons lS sown ·to result from time-

reversal invariance and charge-symmetry of the interactions responsible for 

transitions between nuclear states which are members of an isospin"doublet. The 

argument is extended to include larger isospin multiplets. 

In a recent paper, Rohrer and Brown [1] reported measurements of the 

1 . (E 8) . th 7. (-+ ) 7 t . b 2 05 proton ana yZlng power, A , , ln e Ll p,n Be reac 10n etween E = • 

and 3.00 MeV. Their comparison with existing data [2] on the neutron 

.. (8)' d d' h . 7. ( -+) 7 . h l' polarlzatl0n, P E, , ln uce ln t e samereactlon Ll p,n Be wlt unpo arlzed 

protons, showed a near equality between p(E,8) and A(E,8). They suggested that. 

the simplicity of this result indicated a simple explanation, which would have 

the further useful purpose of providing a means of optimizing the figure of 

merit, p
2a, when using this reaction as a sOurce of polarized neutrons at angles 

where no neutron polarization measurements exist, but for which A(8) had been 

determined. 

t 
Work performed under the auspices of the U. S. Atomic Energy Commission. 
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The purpose of this letter is to provide, the expected simple explanation 

for the near equality of P and A, which, in fact, applies to all (p,n) reactions 

that connect states that are members of an isospin doublet. The result follows 

from time-reversal invariance and charge-symmetry of the interactions responsible (/ 

for the reaction. Specifically, consider the reaction B(p,n) 'B between nuclear 

states Band B' . 
t 

The polarization-analyzing power th,eorem for reciprocal or 

time-reversed reactions [4] provides that 

-+ 
p(E,e) in B(p,n)B' 

. -+ 
A(E,e) in B'(n,p)B 

is equal to 

Also, in the restricted case that B and B' are members of an isospin doublet 

(mirror states), charge-symmetry provides that 

.1 -+ 
A(E,e) ~n B' (n,p)B is equal to 

-+ 
A(E,S) in B(p,n)B' 

Therefore, 

P (E, e) A(E, e) 

in the B(p,n) 'B reaction. It is seen that',this result follows from the fact 

that the inverse to the (p,n) reaction between members of an isospin doublet 

(1) 

(2) 

(3) 

is, also, its charge-symmetric reaction. This argument can 'be extended to include 

a larger group of (p,n) reactions by imposing isospin conservation. The 

twe follow the Madison convention (ref. 3) in the use of "analyzing power" rather 

than the less specific tenn "asymmetry". 

II 

I 



-3- LBL-2371 

condition (2) then applies when B and B' are adjacent members of any isospin 

multiplet. Thus, the result (3) includes transitions between any two members, 

Band B', of an isospin multiplet that can be connected by the (p,n) or (n,p) 

reaction, i.e., for a 6TZ = 1 transition. 

The exact equality (3) holds, of course, only under conditions of exact 

charge-symmetry or exact isospin conservation for the particular transition 

considered. Since the weaker assumption of charge-symmetry is known to be better 

than that of charge independence in the nucleon-nucleon interaction, it is 

expected that (3) will be more nearly satisfied whenBand B' are members of a . ., 

doublet rather than members of a larger isospin multiplet. 

Two examples of p(E,8) and A(E,8) measurements in (p,n) transitions 

between states which form an isospin doublet are the quoted 7Li (p,n) 7Be data 

and the results from the 3H(p,n)3He reaction [5]. No such data seem to exist 

for transitions between members of a larger multiplet. The 7Li (p,n) 7Be data 

indicate a possible deviation from the equality (3) at energies near 2.3 MeV, 

and the 3H(p,n)3He data show about a 17% relative difference between P and A 

in the energy range from 1.7 to 4.0 MeV. These deviations are not unexpected, 

since the coulomb interaction breaks the exact charge symmetry between the states 

Band B'. That is, the radial wave function describing the neutron bound in 

B may be somewhat different from that of the proton bound in B', so the condition 

(2) is not exact; hence, the equality (3) is not exact. This circumstance might 

be considered a disadvantage. On the contrary, it offers the promise ofa 

means to determine, for example, just such differences in nucleon bound state 

wave functions as are caused by the Coulomb interaction. Calculations should 

seek to explain the observed deviations from the P = A equality in terms of the 

Coulomb effect in breaking the '~xact charge-symmetry between the mirror states 

involved. 
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It should be. noted that ref. 5 presented a plausibility argument for 

3 . 3 
P = A in the H(p,n) He reaction based on P = A for elastic scattering and the 

3 3 
quasi-elastic nature of the H(p,n) He reaction. 

" 
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