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ABSTRACT

It is shown that due to large value and fast increasing
of P-wave Pp-scattering amplitude and openning of Pp — ¥
channel real-to=imasginary ratio Re/Im for Pp forward scattering
amdlitude should have a maximum in the incident antiproton
momentum renge between 0 and 200 MeV/c. The behaviour of Re/Im
in this momentum range is predicted using two models: coupled
channels and boundary condition of full absorption. The cal-
culations are in agreement with present LEAR data.



After taking into operation Low Energy Antiproton Ring (1LEAR)
facility at CERN many new results concerned antiproton-nucleon and
antiproton-nuclel interactions were obtained with high accuracy.
For the first time at antiproton momentum range XK & 200 + 300 MeV/c
ihe real-to~imaginary ratio for the forward Pp-scattering amplitude
was measmé?lThe value £ = Re fi-p(Q)/Im f-l-)-p(o) is shown in
Fig.1 (IBAR date). It is seen that there is a structure in § at
the antiproton momentum K 200 MeV/c. If, besides that, take into
account that Re/Im (K = 0) = 2AE/f*% -1 + -2 from atomic data on
the shift of 1S-level for Pp-atom / 2/, wners A E is a shift of 18
level, I 1is & width of K ‘—11116.' Therefore, at the momentum range
between O and 200 MeV/c the value § should have at least one
additional zerow and goes down to negative values.

In .this paper we would like to pay attention to the possibility
of explenation for so unusuel Lehaviour of ratio § = Re/Im
connected with the vieinity of inelastic Pp — Tn chennel (mass
difference for channels Tn and Pp is A M = 2(m - %) = 2,6 MeV
what corresponds to the incident P momentur is equal to X = 98.8
MeV/c). Pirst of sll we explain qualitatively why inspite of
relatively small contamination (charge exchange cross-section & ch
amounts not more than 20% to the elestic ome at the momenta which
are interested to us) openning of Pp -— fin channel can strong
affected the behaviour of § .



I. The physical reassons for the p&_)‘ gsibility of irregular

behaviour of g near Tin threshold

- The point is that the value § is relatively small
at low momentum: § is changed from =O0.1 to +0.2 in the momentum
interval 200 MeV/c £ K & 600 MeV/c. At the same momenta as it
follows from phase analysis data’ /3/ S- and P-waves contaminations
are aqual to ea.ch other. Let rewrite E in the following form:
£= Re + Re

7m S+P.
and P-waves (/?e RC ;pp (0), Tm Im ipplo) "'Im fﬁp 0) .

In this case a smallnees of 8 could be expla.ined by two

aitferent ways: (a) Re’ /_g $*f¢¢ 1 enda Re /jm"" ¢ 13
k‘/T 30~ Re /I' F | yut the signes of Rg and Rgp are

opposite, It seems to be more attractive the possibility (b)),

N where S and P index correspond to 8-

moreover it is physically well ground., Namely at zerdw monentun £
is negative (atomic data) aixd rather large by the e.bsolute value.
This means that we have Re Im ~ =1 ¢ =2 and’ Tm I ~IIm I
at the momentum X * 200 MeV/c, therefore there is only possihility
(b) for explanation of the sma.llne‘s_ns of € . Hence, & smallness
of € ie explained by the rather peculiar compensation of large
values - ratios Re- /_[ e ana Re /‘ e « In this case
any small perturbation in one of the waves (8 or P) could lead to
relatively large change for € . Actually, let o and > are
a small mixtures in the real and imaginary parts of S-wave

amplitude, correapondingly. Then a new value



~ s 3 S <
~ - ke Re *od Re ’P: PQ. £ O( R
£ "~m .34p p!_n:m = -Z.h::op °(.sw In:-w
: s d+p ~
r dof aa Re 2 dm (case (b) ), tnen|E |2 > 21E]-

Note tha.t in realistic models (which shall be considixed below) we
l R / S+P ,

have e/ Im

I Rc / 7 ""I 2" (boundary condition model’/5/ )~ Thus the value §

turns to be very sensitive to any small mixture in one of the waves

1 (coupled channel model/ 4/ ) end

which breaks a compensation for the real parts of S- and P-waves
contaminations in Pp scattering amplitude.

In this siiuvation openning of pp — nn channel could affect
really on 8 behaviour at the momentum renge 0% K< 300 MeV/c.
The chennel pp — nn is revealed only in S-wave of Pp-soattering
near In threshold (K~ 100 MeV/c), At the momente more than

2 200 MeV/c the factor (Ko R )2 conteining in the mixture to
P-weve amplitude will be not so small ( K, R~ 0.5+0.7frR=
‘= 1"°fm, Ko is a2 relative momentum in 1n channel) and a compen-
sation of S- and P-wa.ves amplitudes shov.ld“ restore, If we take
into account that Rc <. 0 (ag it '.follows from atomic data) i.e.
R. > 0, then it is clear that due to these effect a maximum in §
at the momentum K £ 200 MeV/c sghould eppear. Such behaviour of

"€ as 1t is seen from Pig.1 is probably observed in the
experiment.



2. Quentitative estimations

It is clear that for exast calculation of Re/Im at low
momentum one needs to solve the coupled channel problem: pp, B
and n¥ or two channels (rp and Tin) with boundary condition taking
into account the mass difference for proton and neutron, This tagk
is rather complicated. Here we use by approximate formulaes whioh
are satisfactory for K.,Q < 1,

In this case S-martix element for Pp~scattering mear Tn
threshold could be written in the following i’omz/“sj

for S-wave

a.-oe
S =e (‘{‘(o), (1)
0 2. K

{ 2
where factor Yo = ;lmol K, ; Xo is expressed using charge
exchange cross-sections S‘; in S-wave: '

ch : ‘
G; T o,K ="""Y ' (2)

For P-wave }

3«' 4

S e (4- )’4)
{ 2

where factor X = XO(KQ Q )2

In this formulaes J; and OI: are the phases in S- and
P-waves for Pp- scattering without nn channel ( J‘; and 0’; are
different for the states with definite .T s S and 'T , where J'



ig totel angular momentuni;S is total spin, ‘T is isospin).

In the concrete calculations we use two realistic models:
coupled channel médsl i(.ij) /4 ang boundary condition(B) /5/, tne
reaults of our celeuletions are presented in Fig.1 (curves A and B,
correspondingly), It is seen thet the ratio Re/Im has a maximum
near K ~ 200 MeV/c the size of which depends very strongly on the
model for NN interactions, i.e. a measurement of ﬁ at the momentum
range K = O + 200 MeV/c would be very useful for checking of
different TN model. As it was said the changing of € from the
value of the order of €~ -1 at zerow momenta up to £ ~ O at
K ~ 200 MeV/c is due to very fast increasing of P-wave contami~-
nation, moreover l R ;. I ~ l Q e I at the momente of incident
antiprotons, where ¥ 9« 1. This phenomenon from our point of view
notes on the existence of P-wave bound quasinuclear states in ¥N
system /1 » Jo conpled x.ch‘azmel model /4/ guen P-states with the
widfhis of the order of 10 = 50 MeV were obtainei. As for the
boundary condition model /5/ this question was not considered in
deta;iis, Besides that a boundary condition should be complex (not
pure imaginary as in /5/). The reasqn for this is unitarity (an
axrmihilation acts not onlyvas absorption but repulsion also).

3. Conclusion

In conclusion we have summerized our results:
(1) Taking into account Pp — hn channel one can reproduce

qualitatively the behaviour of 8 = Re/Im at the momentum range
of incident antiprotons K = 0 + 500 MeV/c.



(2) The value Re/Im ghould have & maximum at the momentum
K ~ 200 MeV/c. This maximm is coused by fast inoreasing of P-wave
Pp-scattering amplitude which leads to the compensation of Rg and
R:and. tosmall velue of § without Pp —— Tn channel.

(3) Past increasing and lerge contamination of P-waves in Pp-
scattering amplitude at low relative momenta note on the existence

of bound quasinuclear type states in nucleon-antinucleon system.

VWe are very grateful to Prof. I.S.Shapiro and participants
of nuclear physics seminar for helpful discussions.
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The ratio & = Re ;59(0)/..7;" !FP(O) as a function of
the momentum of incident ontiproton. The experimental
points are LEAR data /1/. The curves A and B correspond
to the boundary condition model /57 and coupled channel
one /4/. cérrespondingly.
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