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In has recently been shown (1) that it is possible to derive a class of sum rules
for some scattering amplitudes of strong interactions by assuming only the restrictions
impeosed on the scattering amplitudes by unitarity, analyticity and by a suitable
behaviour at high energy suggested by the Regge theory. Sum rules for meson-baryon
scattering are  considered in a series of papers (%), in which it is essentially
assumed that the Regge trajectory o(f) for the exchange in the crossed channel of a
meson supposed to belong to the 27 ST, representation is negative for <0, so that
an amplitude, which for y — co, in standard notation, behaves as »*~1, has the right .
agymptotic behaviour. Such an assumption is considered plausible for the 10, 10%, 27
trajectories in the light of our present knowledge of the meson mass spectrum (%).
In some of these papers it is shown that an approximate saturation of the super-
convergent sum rule gives results which are not in contrast with the experimental
data now available about meson-baryon resonances. However a better knowledge
of the 10, 10* and 27 seems important for further applications of superconvergence
relations. ’

In the first part of this note we wish to show that there are some reactions,
experimentally accessible, for which it is possible to exchange in the crossed channel
only 10* and 27 trajectories. The few experimental data now available seem to
confirm the validity of the hypothesis «(¢) < 0 for £<0.

Some reactions involving only the 10* and 27 trajectories are listed in Table I,
but obviously many others can be found. The general Regge formalism for the hyper-
charge exchange amplitudes, in the scattering of spin 4 and spin 0 particles, has been
developed. by Usgrarn (°). The momentum transfer distribution for a single-pole
exchange is given, in the notations of ref. (°), by
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() V. DE ALPARO, 8, FUBINI, G. FURLAN and G. Rosserrr: Phys. Letf., 21, 576 (1966).
(*) P, BaBU, F. J. GiiMaXN and M. Suzugi: Phys. Lett., 24 B, 65 (1967).

(®) G. AvTARELLI, F. BUccELLA and R. Gatro: Phys. Lett., 24 B, 57 (1967).

(*) B. SagiTA and K. C. Waxr1: Phys. Rev. Leit., 18, 29 (1967).

(5) H., UBERALL: Nuovo Cimento, 80, 366 (1963).
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Taere I.

A ‘B c References

(@) K-p-Z-m 10%, 21 )

) K-p-> o+ 10%, 27 ®)

(¢) Kp->Y*rt 10%, 27 (79)

(@) K-p—EK* 21 (&)

) K-p—EK* 27 )

6)) Tp — N*F -t 217 —
where
(2) F(t) = 32— M + M) 2a202

is supposed to be a slowly varying function of ¢ and for our aim can be approximated
by a constant.

The value of «(f~ 0) can be obtained by the ratio of the forward cross-section
at two different energies under the hypothesis of a single Regge trajectory dominance.
Using the available data at 2.24 and 3 GeV (5:7) we obtain for reaction ()

(3) «(0) = — 0.6
and for reaction (d)
(4) o{0) = —0.6.

We have not referred any error because the experimental errors are very large, so
that the numbers above obtained can give only an order of magnitude and therefore
we cannot give much credit to the coincidence of the intercept of the two trajectories.
However our main resull is that it seems sure that «ft)<<0 for {< 0 for both
trajectories. To obtain a better check of the Regge behaviour hypothesis for the
reactions which we are considering we have tried to fit the experimental do/dt.
Assuming for the Regge trajectory the form suggested by Prexorr (**) which includes

(% G. W. Loxpon, R. R. Ravu, N, P. Samros, S. 8. Yamamoro, M. GOLDBERG, S. LICHTMAN,
M. PrincE and J. LEITNER: Phys. Rev., 143, 1034 (1966).

(") J. BADIER, M. DEMOULIN, J. GOLDBERG, P, B, GREG¢ORY, P. KXREJBICH, C. PELLETTIER,
M. VILLE, R. BARLOUTAUD, A, LEVEQUE, C, LOUEDEC, J, MEYER, P. SCHLEIN, A. VERGLAS, . S.
GELSEMA, J. HooeranD, J. C., KLUYVER and A, G. TENNER: Proc. Intern. Conf. on High-Energy
Physics (Dubna, 1964), p. 650.

(®) M. HagUur, D, ScOTTER, B. MUSGRAVE, W. H. BLAIR, A, L. GRANT, I. S. HugHES, W, M,
MorToN, P. J. NEGRES, R. M. TURNBULL, A. Z. ABMAD, S. BARER, L. CELNIKIER, A. HAGUE,
S. MisBAapUDDIN, H, J. SHERMAN, 1. O. SKILLICORN, A, R. ATHERTON, G. B, CEADWICK, W. T. DaA-
vieEs, J. H, F1eLp, P. M. D. Gray, D. T, LAWRENCE, J. G. LokeEN, L. I,yoNs, J. H, MuLvEY,
A. OxLEY, C. A, WILKINSON, R. ErLioTT, C. M. FISHER, K. PIickUP, L. K. RANGAR, J. M. SCARR,
E. C. SEDMAN and A. M. SEGAR: Proc. Iniern.-Oonf. on High-Energy Physics (Dubna, 1964), p. 654.

(®* R. R. Ross, J. H. FRIEDMAN, D. M. SiEGEL, S. FLATTE, L. W. ALVAREZ, A. BARBARO-
GALTIERI, J. BUTTON-SHAFER, O. I, Dani, P. EBEREARD, ' W. K. HUMPHREY, G. R. KALBFLEISCH,
J. 8. LanpsEy, D. W, MERRILL, J. J. MURRAY, A, RITTENBERG, F. T. SHIVELY; G. A, SMITH and
R. D. TRieP: Proc. Inlern. Conf. on High-Energy Physics (Dubna, 1964), p. 642.

(1% A. PioNOTTI: Phys. Rev. Lett,, 10, 416 (1963).
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some curvature
(8) aft) = —1 -4 [1 4 «(0)]*/[1 + «(0) — «'(0) 7]

and assuming also a positive signature, asis certainly truein the case of the 27 which
contributes to reaction {(d), one can fit well enough the experimental data of reac-
tion (a) with F(f) = constant = 5.1-102mb GeV? and «'(0) = 0.4 GeV-2,

In the case of reaction (d) we obtain F()== 54 mb GeV2; however the typical
Regge behaviour of do/df is not so evident and this suggests that the relevant Regge
trajectory is very flat: &'(0)~ 0.

Using the trajectories found before and with a suitable choice of the residues it
is possible to account for the behaviour of do/ds for the other reactions listed.

We again emphasize that our results are essentially qualitative. Owing to the
importance of the problem it should be interesting to obtain other experimental data
at higher energies and with better statistics.

The good agreement of the Regge-pole theory with the experimental data at
present available is a-strong argument against the validity of some unitary-symmetry
predictions for this class of processes in the high-energy range. It is - known (!) that
the relativistic group SUgy gives many relations between the squares of matrix
elements in the forward (or backward) direction for two-body or quasi-two-body
reactions. In particular there are 36 processes whose amplitudes are, according
t0 SUgy, simple multiples of one basic amplitude D (see Table I of ref. (11)). While
some of these relations-in the forward direction seem well satisfied at low energies (12)
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(compare also Fig. 1 of ref. (1)), for some of the few others that have been tested
experimentally the over-all disagreement is of a factor 100 or more (13), and it seems
that the disagreement grows as the energy increases.

To make a more definite analysis let us consider two examples, which seem

(**) J. C. CARTER, J. J. CoyNE, S. MEgEKOV, D. HOoRN, M. KUGLER and H. J. LipRIiN: Phys.
Rev, Lett., 15, 373 (1965).

(**) M. G. Orsson: Phys. Rev. Letl., 15, 710 (1965).

(1) J. D. JAacgsoN: Phys. Rev. Lett., 15, 990 (1965).
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particularly expressive. SUgy gives in the forward direction the following relations
1
(6) do[np - 7~ N¥] = - do[rp =T N*],
: , 1 .
) do[K p—>n~Y¥ = 1 do[K p—=ntY*].

We note that these predictions are consistent with a Regge-pole theory, only
if the intercepts of the trajectories dominating the high-energy behaviour of the
two reactions are equal. According to our previous consideration this is not the case
for both relations (6), (7).

Consider first relation (6): in the erossed channel of the left-hand reaction we
can exchange the p trajectory so that the cross-section is expected to go as ~s*
-at high energy; in the right-hand reaction we ean exchange only a 27 trajectory
which is negative for < 0 as we have shown, so that the cross-section vanishes very
rapidly at increasing energies and relation (6) cannot be satisfied. Relation (7) can
be discussed in a similar way (*): the leading trajectory for the left-hand reaction is
the K* one, for which it is ‘well known that og:(0)> 0, while for the right-hand
reaction the leading trajectory belongs to the 10*: once again we find that the right-
hand reaction is. much more depressed than the left-hand one, in striking contradic-
tion with the 8 Uy previsions. Many similar contradictions can be found by comparing
the 8T,y predictions given in Table II of ref. (1) with the expected Regge behaviour.
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We. are deeply indebted to Prof. K. C. Warz and Dr. L. Ma1a~t for their interest
in the lagt part of this work and for helpful suggestions, We wish also to thank
Prof. N. CaBiero, Dr. G. D Francescrr and Prof. B. Touscaek for discussions
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(*) For an experimertal check of relation (7) compare Table I1 of ref. (**), where a very strong
disagreement is found.
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