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We prove the Pomeranchuk-like theorems on the
integrated cross sections and on the average spin pola-
~rization parameters of different meson-baryon reactions
(e.g., N - =N, KN KN, etc.) by using the improvements
(see table 1) of the usual isospin constraints on the
integrated cross sections ’/!/. All the improvements
of isospin constraints are based on the properties’ >’ of
the lp[ F] -integrals defined by
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where | is in general a linear combination of helicity
amplitudes, D is a region from the physical domain and
p 1s a positive measure on the physical gorgrlain._Le+t
I . 0=1,2,3, be the functions I for three (0 % -0 %)
reactions related by isospin invariance (Sti(3) -
symmetry, quark modeis, etc.). Then, using the p,;'operties
of 1 [F]-integrals and the isospin sum rules E ¢ o k0,
we obtain th1
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where the three indices i# | ¥k represent any permu-
tation of 1,2,3 and each c. ,! =1,2,3 is a homogeneous
fourth degree polynomial of Clebsch-Gordan coefficients.
Ncxt, let Al x]1  be the function
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Then it is easy to sée that the bounds (2a,h) are equi-
valent to
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and also to
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Hence the result (4b) improves the theorem 1 from
ref./1/  in the most general form for s)" -integrated
(polarized and unpolarized) cross sections {see table I).
This result implies that
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(v's is the c.m. energy)
then
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or E(k") cannot vanish for s -+~ if the relation

(5b) is violated. "

Next, let ¢ and Py - (Apfy .Rp),r=1.2,3, betheusual
mtegrated cross sections and average and spin polariza-
tion parameters, respectively. If”the functlons Fp in
eq. (2b) are chosen such that X7 - (1: J-Py) ap (see
table I), then eq. (4a) implies the isospin constramts listed

in table II. Hence, using the bounds _,\- Ml < ~Afal,

)\[;}’.lsa_] < 4, 92 % p Tu+ b, jau~bl _a + b, for
- s (+) T = I Sl Y - B

a = - ‘)\ % y —dH-Alal , b —/\h-.‘ , H=AlZ.-Pol and the

we obtain an improvement of the bound (4b) on o integ-
rated cross sections to yield the following result:
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Table I

The expressions of H%(g, E(W and E}") in terms of experimental

observables for some linear combinations of the scattering
amplitudes
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1) ;" and f{;” are the usual helicity non-flip and helicity flip
gcattering amplitudes.

2) P, =(Ay, Pp,Ry)are the spin polarization vectors for f-=1,2,3,
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respectively and Py s
Y Towl 2 T wi’ T+iwl?

is an arbit-~

rary unit vector.



Table IT
The isospin constraints derived from eq. (4a) for n=1 and Fg;Fé+“
. b}
pt The isospin bounds (4a) imply: The A-functions and H
are defined by:
1 tk 0<—A_ <4\‘mi*n fc?c 73 1:x:P.)o. ( ;ﬁl” /\;\7‘ E/\[ﬂ, xp=(l K-ﬁﬂ) EECE
ij
II —T)z A.(l’;g =O-»HEC%C22F{]2=C§C%E23= C%C%Hal 2) ﬁ” E%’[l -_E"S]J.El (7_J
m ﬁﬂ 41—{5_—/\[51'54.”]1{1{0 czjalai 2) A[E]EI\[X];XEECZF.U_E
= S = UE S
WV 2B | Amaxl- e RP, 50 kMR Pl D] ARPI=Ax],xp= fRRyay
1} For the definition of Al«x see eq. (3).
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These results are valid 1f and only if A@+-§E+BE
the integrated analogs of the corresponding re3ults on
differential observables derived in ref./?

and are
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valid at any energy for any unit vector K in any spin
reference frame. R

It is important to note that, if )"’ and P{" are
defined by integration on a region D from the physical
domain, where ihe experimental data on diffcrentialcross
sections and on polarization parameters are available,
then th2 results presented in table II and eq. (6a) remain
valid when we substitute oy and Py by of" and
PP, 1,23, respectively, for any region D.

The result (Sa) requires that, if

s ey ecfop b 2 0, (72)
then
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and, conversely oy integrated cross sections cannot




vanish for s - + ~ if one of the Pomeranchuk type
theorems (7b,c) is violaled or if A 2 0 at high ener-
gies.

We note of course that the consequence (7b,c) can
also be obtained directly from the bound Hl Z-x[o ]
rewritten in the equivalent iorm:

c?;i— Jr l—{l”_;_({\(lki(_a_4(]1,—;j——l-LklIkl (8)
if the condition (7a) holds for s » + ~ .

Therefore, if the indices i,j.k are chosen as in
table III, the:. the bound (6a) enables us io understand
the small elastic cross section dxfferences [(7-+P_¢r7_P],
Loyrprayop |, l”l\ progipla | ag f-vg =l o dp- oy ~d - at
high energies in terms of the small charge exchange
cross sections: o n a

— = 1 ’

T
7P+ an K*n» AP K™ P+ K°n

and JK‘LF . K,_;P , ”_I\"'i‘n . K‘;.n ., respectively, and to
predict the validity of Pomeranchuk-like theorems (7b,c,d)
for the elastic integrated cross sections and average
spin polarization parameters for s -» +~. The actual
experimental data on the o of the reactions listed
in table III, seem to satisfy the condition (7a) since a nt
of the energy dependence, according to formula - = APLM;
implies the n-values presented in table IV. Moreover we
see that the values of o_.+p (43 GeV/c) = (3.22+0.05)mb,

and o,-p (40 GeV/c) = (3.32 : 0.06) mb, Ta—p
(42 GeV/c) = (3.36:0.07)mb,aswellas ogt+p(43 GeV/c)=
= (2.31: 0. 05/) mb and 7y-p(43 GeV/c) - (2.33:0.05)mb
(see ref. respectively, are in good agreement
with the predlctlons (7a,b). Therefore, it is of great in-
terest to obtain the accurate experimental data on the
integrated parameters and to test in more detail the
isospin predictions (7a,b,c,d) { and also the predictions
listed in table II) for the above reactionsat high energies.
On the other hand, it would be interesting to obtain the
experimental data for average polarization parameters
(Ag, Py, Rp) in the pion-nucleon scattering at ener-
gies below the one-pion production threshold where the
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Table ITI 3

The coefficients ¢y from the sum rule ;X cgfp=0
for some usual meson-baryon reactlons related
by isospin invariance via two channels
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Table IV

The values of n from a fit o{nenergy dependence
according to formula oy = AP ap

Reaction Momentum range (GeV/c) n Rel
7 P n 6-100 1.15 £+ 0.07 /57
K" P+K% 4~ 40 157+ 0.05 /5/
K'n »KP 1.3 /6/
KSP - KSP 1,0-12 218:0.05 s7/




bound (4b) for I'¢' - & s saturated_g(see ref /1]y
in order to see 1f the equalities X {x) X ¥ are
verified. These equahtles are direct conseuuences of the
inegualities: 0 : M <-Alo] (see table II).

Next, we remark that, if SU{3)-symmetry is assu-
med to be valid at high enrergies, then the results (6a)
and (7a,b,c,d) can be applied to the following reactions:

@ 7P +xP le=+11, @ KPP oK'P lej=-11
(k) =P - KtXEF l ¢ =+11, and also to: (i) 77 P-+a T [c;=+1],
G) kP, Kple,==1, (k) KPP #7824 cp=+1], since:
3 - —2.19+0.34
?—E[ CFF(,- =0, T ap ST P[ AR and
—9.0 :0.07
TKpL 7St o PLAD

(see ref. /% ).

From the values of elastic integrated cross sections
at Piag - 48 GeV/c we obtain Oz p~0 gtp =
- (0.91: 0.07) mb and & -0, = ( 1.03: 0. 08) mb
which are in disagreement with the predictions (7b)

Finally, we note that the results (4a,b), (6a,b.c,d)
and table II are of great interest for a systematic study
of the possible breaking effects of the isospin invariance
( Si(3) -symmetry, quark models,etc.) when complete
and accurate experimental data will be available. In
particular the bounds (4a,b) will be very useful for a test
of the isospin invariance directly from the coefficients
obtained by polynomizl fits of the d1ffer?nglal (polarized
or unpolarized) cross sections, since -integrated

cross sections can be expressed as funcnons of these
coefficients.

We remark that all the results (4a,b), table II and
(6a) can be extended to the cases when 0 -spin particles

are replaced by unpolarized | -spin particles and also
to the three-body final state (0~ %", 0”0~ % ") reactions.
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