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NUCLEON-NUCLEON INTERACTION FROM PION-NUCLEON PHASE SHIFT ANALYSIS

The NN peripheral partial waves
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o ABSTRACT '

\

The low energy perlpheral nucleon-nucleon partlal wave phase
parameters are calculated from our present knowledge of pion-pion and
pion-nucleon phase shifts. The resgults are compared with phenomenolo-
gical energy 'independent and ener:gy_dependent .phase‘ shift analyses.
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This letter is part of a series of papers which through

- dispersion theory correlate the low and intermediate energy data

on pion-pion, pion-nucleon and nucleon- nucleon scattering. The

dlsper81on relatlons which are used 1ncorporate both Mandelstam

analyticity and Regge asymptotic behav1our
In a previous paper(l), the long and intermediate ran-

ge contributions to the nucleon-nucleon scattering amplitude we-

_re calculated from our knowledge of pion-pion and pion-nucleon

phase shifts. As a first step, this amplitude was used in ref. (1)

to derlve a theoretlcal nucleon nucleon potentlal Here, from

al partlal wave phase parameters, in partlcular,'we restrlct our-

selves to total angular momentum J>2 and laboratory kinematic
energy less than 425 MeV. - ' LT

./ " The relevant formulas for the nucleon-nucleon amplitu-

de are given in ref~(1) and the phase parameters are calculated

(2)

“.from it by standard techniques . However, for the low energies

that concern us here,_our calculated scatteringJamplitudeﬁdoes

not automatically satisfy the unitarity condition and small uni-

'-:htarlty correctlons have to’ be made before the Dhase parameters a

can be calculated. We flnd that most of the phase parameters are
not sensitive to any of the unitarization procedures that we ha-
ve examined, which are : the "geometrical", the K matrix and a
shortest path procedures. N

The 1nputs of this calculation are the same as those
of ref.(1l) and to remind the reader, we llst them below 1n "order
of decrea51ng rellablllty

(i) The one- plon exchange and the "fourth order" con-

tributions which are uniquely determined by the pion-nucleon cou--

- “pling constant.

/

(ii) The "double spectral contributions" which depend

upon’the =N phase shift analyses. We consider the CERN experimene

tal and the Glasgow A solutions which represent maximum diffe-

-rences in pion-nucleon inputs.
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;well.determined. We take

(iii) "The subtraction functioms in the isospin (-)
amplitude". These are related to the exchange of two pion in a
P state and are known to be doTiﬁited by o meson exchange which,
)L

from several model calculations '”” ‘seems *to be well determined.

We use here the model of Hohler, Strauss and Wunder(3).
(iv) The "subtraction function in the isospin (+) sta-
te". This is given by the NN»2m S-wave amplitude which, in turn,

is related to the pion-pion S-wave phase shlft We use two models

a) the solution of ref.(4) obtalned from a

LR et

resonanx ﬂﬂ S wave and refered to here as R

b) the solutlon of ref (5) whlch corresponds

to a non -resonant 7T S-wave and called here_NR.

(v) The w-exchange which represents part of the three-

pion-exchange. The overall coupling of the w to nucleons is not

Ty (GX)2 —
Gw/Gm = -0.12 and = 4..65

. B

ot

which' follows from the Hﬁbve“dﬁdted*d'cdubiihg'ébnsfant,sSU(Sf
prediction and isoscalar nucleon magnetic moment .
The results for the high (J22) partlal wave phase para-

_meters unitarized by the K matrix method are displayed in figs.(1l)

to (19). The two different =N phase shift analyses (CERN and GLAS-
GOW) and the two solutions for the =nm S-wave (NR and R) give ri-
se to the four curves denoted by C+NR, C#R, G+NR, G+R. Ve eiso
plot the contributions from the one-pion-exchange (OPE) alone

and with the fourth order (OPEiuth): The results are compared

~with'fhe phenomenological energy independent and energy dependent

phase shift analyses of ref.(6).
It can.be seen from the figures that in the enerey ran-

ge considered, one can draw the following conclusions
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i) In most cases, the results obtained from the CERN and

GLASGOW 1IN phase shift analyses differ very little, especially
for energies less than 200 MeV. Only the low partial waves, show
some differences and then only at energies greater than 250 MeV.

ii)~"When compared to phenomenology, our results, in
most cases, give a significant improvement to OPE, and, in many

th

cases an appreciable improvement to- OPE+H This is especially

true at the higher energy,

1ii) the results are sensitive to the model of the

NN+2n S- ~wave amplltude Although the pranhs favour the. non reso-

nulﬁfnant nn S-wave phase Shlft the caLculatlon depends only on the

modulus of the amplltude and not dlrectlj on the phase Also,

our calculation depends on the y coupling constant GV which is
taken here from SU(3) prediction. However, an 1ncrease of this
constant .would improve somewhat the fit of the resonant S-wave

model. -

iv) Of the nineteen calculated phase parameters thir-

teen hlgh partlal waves (flg 1 to 13) are ln good apreement w1th

(6

over the"whole energy ran— e
3

Vfge. The two - exceptlons (- H5, G ) ‘are in the 1sosn1n 'T=0"which- hr

is only accessible in neutron- proton scattering. Experimentally"
they are not too well determined and our calculation actually

(7)

fits much better a previous Livermore phase shift analysis

V) We also calculate waves as 10w“hs P and D waves. For
the D-waves ( D3, 1D2, 3
200 MeV but not for higher energies. However, at these higher

D,), the agreement is satisfactory below

energies, the uncertainties of our unitarization procedure are

in this case significant. The 3P2 wave (fig.19) is in qualitati-

-ve ‘agreement with phenomenology .

(8)

Brown and Durso, Chemtob and Riska have ﬁade‘similar“cal-

culations to ours. However, as pion-nucleon scattering input they

" have only considered the low lying nucleon resonances in a nar-

row width approximation, also their input of NN+nm S-waves is ba-
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sed on soft pion considerations and is similar to our NR solution.
The phase parameters that they show are in qualitative agreement
with ours. All of these results show important contributions from

uncorrelated two-pion-exchange.

[

This uncorrelated two-pion-exchange is calculated here
in the framework of dispersion relations from the presently known
_properties of m mesons. Our aim was not to achieve a best fit of

the nucleon-nucleon data. It was rather an attempt to relate in-

dependent pieces of information from différent, branches of meson |
.. physics. The fact that we have obtalned w1thout agqutlng any pa-

fﬁrameter, a good conSIStency between exPerlmental data ‘on the n~3
nucleon, nm and nucleon- nucleon systems does give us confldence
1p the dispersion relation approach to the fundamental problem
of nucleon-nucleon interaction. Conversely, within the same fra-
Aework, better nucleon-nucleon data will help in removing some

ambiguities of the #-nucleon or nn interactions.

% AGKNOWLEDGEMENT: . 770 & e 0 [0l D

We would like to acknowledge useful discussions with Dr. A. Gers-

ten. One of us (R. VM) would like to thank Professor G.E. Brown
\\

for the kind hospitality extended to him at SUNY. - Stony Brook

during part of the summer 1872.

]




) M

£
b R

Ta .

Y -

REFERENCES

1) W.N. Cottingham, M. Lacombe, B. Loiseau, J.M. Richard,
R. Vinh Mau, Phys. Rev. D (in press).
2) See for example S. Furﬁichi? supplement of the Progress
of Theoretical Physics, 39, 190 (1967). |
3) See for example J. Hamilfén,“High Energy Physics Vol I, 193
G. H6hler, R. Strauss and H. Wunder, Karlsruhe preprint
:;, x(1968) and the .references cited therein. '

1 PR T SN N
R I S PR . » R L S
LTRSS R e ST L R T

Be et

L) H. Nielsen and G.C. Oades, Nuclear Physics. B49, 586 (1972).

. 5) _ H. Nielsen,J.Lyng Petersen and E. Pietarinen, Nuclear Physics
B22,.525 (1970) '

6) M.H. Mac Gregor, R.A. Arndt and R.M. Wright, Phys. _Rev. 182
AT CL989). T

gl F R e MU MAE ] Ghegor, T REAT APt ad "RiM: Weight; Physi’Rew." 178

1272 (1968).

.8) G.E. Brown and J.W. Durso, Physics Letters, 35B, 120 (1971)

‘M. Chemtob and 0. Riska, Physics Letters, 35B, 115 (1971).




‘ . " FIGURE CAPTIONS

i
i
i
i
.i
!
3

- Figs 1 to_lgﬂf The NN phase parameters versus laboratory klnematlc

- OPE : one pion exchange contribution

- OPE + 4t ¢ one pion exchange.contribution + the "fourth

order contribution”

- C + R = CERN I'N phase shifts + resonant NIl S-wave

+ R = GLASGOW NN phase shifts + resonant IIT Sewave

e A e in
|

G
’,Cn+ .NR=- CERN.. IN. phase shlfts +. non resonant nn S-wave o
&

NR» GLASGOW HN phase shlfts + non resonant HH S wave t .:f

.4

T
Jia
'

CERN solutlon is only drawn when it differs apprec1ably from

GLASGOW solutlon.

- Shaded area : energy dependent phase'shift analysis of

Tt n e o e e

ref.(68) with its uncertainties.

- Points : energy independent phase shift analysis of;ref.(s),
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