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PHASE SHIFTS FOB. HIGH-ENEinY NUCLEON-NUCLEON SCATTERING 

Burton D. Fried* 

Radiation Laboratory' Department or Physics 
University or Oaliforni&, Berkeley 4, California 

JWle 1, 1954 

Several attempts have recently been made to fit nucleon-nucleon 
l 

scattering data using a ema.ll. number ot phase shifts. In particular, 
r 1 3 1 

Thaler and Bengston have shown that with seven phase shifts-- S, s, -p, 

3P and e. single 3n -it is possible to get a good tit to both the p-p and 

n-p differential erose sections at an energy ot 260 Mev. It is of intereet 
2 

to see wether the recent experiments by Chamberlain et al.. on the 

scattering of polarized protons at a sim.Uar energy are consistent. with 

the Thaler and Bengston phase shifts. 

I.t partial waves with L ~ 2 are excluded and Coulomb effects are 

neglected, then, tor an incident beam ot completely polarized protons, 

(do-/d.O.)p-p : k -
2 

[ A0 P 0 (coe 9) + A#2(cos 9) + A4P4 (cos 9) 

+ BJ.cos ¢sin 9 P1(cos e)J , 
where k is the wave number of the relative motio~e and- are the usual 

~'.I .t· .. ~ .. 
center-of-mass polar anglee, and the initial mom~ntum;&Qd polarization ot 

(1) 

the incident protons have been chosen along the z a.rur y axes, respectively. 

Explicit expressions for A
0

, A2, and A4 in t~rms of phase shifts are 

given by Thaler, Bengston and Breit.J In tho same notation, 

Now at. the R.amo-Wooldridge Corp., Los .Angeles, Califomia. 
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wbere S(x,:y) : -s(;y,x) : sin X•sin 7•&1n(x - ;y) 1 and ~l.J are the 
3

P 

phase shifts. 

In th•ir analysis, Thaler and Be.ngston assumed that (a) the nuclear 

interaction is charge-independent, (b) tbe triplet phase anitt.s ue all 

equal 

(3) 

force or other noncentral interaction, can be neglected. The cross section 

tor polarized protons scattered b,y neutrons is then 

(da-/cl-0-)p-n = !(do-/d.o.)p-p + lk -2 t t_ en Pn(cos e) 

0 

+ c"" ~ sin e [ D0 P 
0

(cos e) +- D2 P2(coo e)] 1 . 
(4) 

Again 1 the C0 are given by TB~, while 

0o = SS(
3
Ko, dl2) - 38(\o, ~11) - 2S(~o' ci1o> 

and (5) 

D2 : 5 [ 5S(3K2, -~ 12) - 3S(3r2, dll) - 25(~, clio>] 

where is the 3s phase shift. 
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An e:x.aminat1on of the qUalitative features of Eqs. (1) and (1$~ 

sh~s that they are incompatible with the data on the scattering ot 

polarized protons aa presented in Figs. 2 and. 3 ot the preceding l~tt.er. 

the following points may be made: (1°) According to Fig. 3, (Pes-) 
p-p . 

cont.a.ina an appreciable amount of fourt.b harmonic, whereas Eq. (4) allows 

none; (.2°) Tbe amplitudes of the second harmonic components ot (Pa-) 
. ~p 

and (Per) have a ratio or 1.41 instead of the ratio. of 4.00 predicted 
p-n . 

b7 Eqs. (1) and (4h (3°) The (P~ data cannot be fitted with a p-p 

second harmonic term alone. 

One obVious conclusion which lltB.y be drawn tram these observations 

is that partial waves with L ·> 2 are necessary, as is certainly to be 

expected at this energy (k-1 : 5.1 x l0-l4 em). In particular, since 

only· triplet partial waves can contribute to the polarization. the f'ourt;h 

3 
harmonic in (PG")p-p requires at least a F term. However, it m&7 be 

noted that t.bo 4iser~cies (1°) and (2°) above coUld be resolved without 

using partial waves with L > 2. The absence ot a second harmonic term 

in (Ptr)p-n - l;(P<r)p-p and the lack ot a fourth harmonic term in (P~)p-n 

are both consequences of the special a&fJl.lmpt.ions (b) and (e) mentioned above. 

If tho requirement (3°) and the assumption that 3s and 3o do not.mix 

are dropped, then the missing second and fourth barmon.ic terms will appear 

(the former arising troru. interference etfects betwoen the 3s(f0 ) and 
± . 0 

3D(Y
2

1 
) partial waves, the latter from interference between different 

.3n partial waves). Thus, it may be possible to tit the dat.a of Figs. 2 

and 3 and also the ord.l:nary n-p and p-p differential cross sections (tor 

unpola.rized protons) by usi.ng the most general set of phase ahi.fts consistent 

with L ~ 2, together with a single l,. phase shift (to g1 ve the o1n 48 

tann in (Pc:r-)p-p ) • 
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The number of parameters available in this scheme ia JJ(O.i real 

phase shif\s plus one real "mixing parameter" for t.he J : lJ L =: 0, 2 

part. of the scattering matrix4), while a Fourier analysis of the data 

will provide l8 Fourier coefticienta-2 from (P<T)p-p' 5 from (P<r)p-n' . 

and 4 and 7 trom the unpola.rized. p-p and n-p cross sections, respeetive)Jr). 

Ot course, evon aside from the experiment.al uncertainties in these Fourier 

coetficierata, it is not likely that a unique set or phase. shifts can be 

found, tor as can be seen from Eqe. (2) and (5), the Fourier coetticients 

are by no means single-valued functions ot the phase shifts. Oalculatione 

aimed at finding a set or phase shifts consistent with the present knowleclge 

of th~ cross sections are now in progress. 

I a.m. indebted to Professors Segro, Chamberlain, and Wiegand. and 

to M4lssrs. Ypsilantis and Tripp for many informative discussions on 

polariation experiments. This work was performed under the auspices of the 

Atomic Energy Commission. 
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