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have pm an - importent z'ole in
reeent &mm&om of the h&@-enerw asyuptotic beheviar of scattering
emplitudes. The ascumed constancy of high-energy cross sgections has
boen used by Chov and Frautschi® > in thetr statenent of the principle

of maximm strength for strong interections. Recent experimﬁa

have shown, howvever, that the sﬁﬁp, K‘;p, ‘and 5«-9 total cross
soctions ere still falling &t 20 Bev, mmtmymdoingsoaﬁ

‘differont retes. On the other hand, the K"-p end p~p total crose

sactions appesr to have attzined constant values. Thia has often led

10 the mmm tmt the conditions for the validity of the Pomerenciuk

theorems have not yet been attained in any of the elementary particle
seattering procesces, et energies accessiblé to the present-day
mmmis.- Discussions on this question bave been cloudsd by the
compiate aba%mﬁe of a theorstical framework prescribing how high the
enorgy has to be for the validity of these theorems, what is the rate
at vhich the &ffémt erose sections are to approach the congtant
1imit postulated by Pomeranchuk, or how the Qifferences of particles

- antiparticle cross sections ere to epproach zero. Therefore, it has
not been popsidle co far, even empirically, to get a elear and reliable

idea regarding the trends of these cross sections at high ener@es.a
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:tzvampmofmamwwmtmmtmmm
such a framework now, following from the proposal of Chew and
Frautschi that the asymptotic behavior of the elastic seattering
amplitude for any process is dominated by the Regae mlsias in the
mssed channels, WYe can already redb@uw vhy certain cross seoctions
are falling more rapidly than others at high energies while certain
others are sore or lese eenétant. With more extensive and scourate
experinentsl). data on the meé gections &t high energies on t!m ona
hand, and with'a better theoretical understanding of the trajectores
and teamuea of the Regge poles eomspmding %o the pionie regonsnces
in the me—euarw region on the other, it should be posaidble in ‘the
near future to understand how the &ifferent cross eeet.ions m
appmaching m Pummnem Aimit,

' The relation between the asymptotic behavim of the cross
sections and the Regge poles {n the crossed ohmnels vill be seen
T quite clearly if we consider tha example of ut-p eross -sections in

some detsil. These cross sectmm may -be e@mssed as

o4 -
2 p) + oln -
2

--1- In
o (9-‘:0)

ofs g).;uin.g)_ - 'éi" In 7"(6=0) ,

where %, ig the laoratory-systenm mmnm of the pion and ’i‘1 are
mbimttm of Ie /2 and I = 3/ amplitudes given by

1L Py, . Ll oy
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The sum and difference of the «‘-’-p ‘and % -p cross ssctions
are therefore governed by the Regae poles that are presest in the
win e He§ chamnel of the T' end T suplitudes respectively.
How 75 and T for the st « M4 chennel bave =0, Ge= ¢l
and I 1, G = ¢ respeeeively, and 6o the only known Regee poles
thmmmmtmtmmmeomanﬂ ABC pole'{m
the case of ?,andthemmpole‘ in the case of T . The vacuum
pole trajectory, of course, passes through 1 et s = 0 in order to
eénsure constancy of .high-ener@" oross sectian;a; if the t-ra.jecto'ﬂes of
the ABC pole and peson pols Jess twrough Gy (0) amd (0)

reepectively 8t s = O , then we fsmmediately seea
. , “(2ax (0)) ' S
ola"p) - ofs’p) £ £ P -
and
~(l-<! (0))

ofx"p) + olx’p) o0 a + bHE

viere E 1s the energy of the pion in the laboratory system. The AR
pole ghows itself as & virtual state nsar the wmhom_o‘f - seattering,
f.0. 8t s~ % , and so has & value close to gzero at &= 4 , Therefore,
it 18 expected to have e valus =~ 0 6t s = O. If we put o, (o)mo,

we get
'G(ﬂ*p) + é(g'»a-g:); = 8 * h/E‘ .

It ic interésting to note that such o £it was actually veed by
8. J. Lindenbeum ot al.’ for their data purely on empirical grounds.
One now sees @ possible reason why it worke eo well., It is worth while
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to emphasiee here the olose relationship between the gerow-snergy T = 0
seattering of the n.z system (ABC pole) m the sun of bigh~enicray
«*ep cross seetfons. The coeffictent b of the B ~ioppelo))
should eventually be releted to the paremeters of the T o 0 it
scattering at low encrgles N

The pe-moson pole passes through 1 at s = 89, and has & valus
<1 at &= 0, and s thus yesponsidle for the decrease with onergy
of the 4ifferencs of #--p cyoss sections, The can asta’ from 4.5
m/cmmm/cmheﬁmaby

o{x"p) ~ o{a'p) L /e ,

indicating %(0) = 0.5, The Brookimren data at higher mxgies5 also.
seem to bo consistent with guch & £1t. But in view of the smell value
of the difference of these croas sections, end the consequent large
error in the experimental values, one hae to vait for more data before
meking & more Gstinitive fit. |

One important point which already emerges from the above
discussion fs thst in attempting empiricel fits to the highwenerg
cross sections; one must use certain &efinite linear combinations of
the cross sections. Thus it is meaningless to say that o{pp) or
o{k’p) alone satisfies the conditions for the validity of Pomersnchuk

theorem. In tha table X below we have shown the Regie poles governing
various sums enf differences of cross sections, and the éxpocted

10,11

agymptotic behaviors arising therefrom. The Regge poles in

question are those corresponding €0 vAcUWR, W,p0,0,%,ABC <ei.e., gix
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Fable X+

Regge poles contributing to various cross sections.,

Contributing
m s@etﬁm v Regge poles ' mem high=ene: 1’@’ amp 74

o(n"p) + o{n"p)
ola"p) - o{n’p)
“(K*P) - .ﬂ(ﬁ"p) '

oKp) + o(x*p) |

‘ 6('59) - ofpp)
' o(59) + olzp)
o pp) - o{np)

o(pp + olrp)

ofk'p) * 'G(K'&n)

U(K*E) - dK*n)

‘ﬁ’m, p

vecuun, ABC

9@y 0

vacuun; 1

M

7,0

VELURT, m,
1,0

b.fie-h’ﬁ.‘-

. f( 1-'%(0)) |

oo m'("'“m("))
_“m«(mp(e)) |
'm'( MQ(O)‘)* eﬁ‘( %(a))*@.( 1-a (0))

oo, mg»(l-mm(ﬁ?)‘). @-(mp(c))

e ng,'.(la.aa (0)) . ﬁf(lﬁmw))

-(10,(0))

€ +
i éb(m‘*ﬁ"“"”‘ o eg(on)

_ gt ia(0))
£ ;'m‘(lﬂm(‘m“ GE-(%@))

) ﬁ“(l“%(c’))
@"‘1’*@9(0))
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in 81, It is thersfore not surpricing that the high-energy cross
gections for different chammels approsc

the Pomeranchuk it quite
differently.

e coefTicients 8,b,+* socturring in the above table are
related to the residues of the various Regge poles in the corvesponding
shamnels, and it should be possible 1o obtein information on them from
agnetic structurs of the nucleon;

aﬁamlysisofé&%ontheeleo 0
and lovecnergy #en, e, BN, K-§ apd =n-K scattering. Bome of
theae relationships are being congifared in detail, In the meantime,
1t appears on empirfcal grounis that the signs of ail_ cur coefficients
as written in the t.ablé are pﬁgi%i%. Por any given mmﬁﬁm
channel, the vacumum pole alom contributes to the forward coherent
amplitude at the highest energics, giving rise to & constant total
evoss section end the Pomsrarictis theorems. At lover epergles, more

: anammwmmsmwmm@wwvmmumm
Pomeranchuk theorens.’? Ve bave alresdy sesn in the case of

alnp) + ola’p}] that even though Gy (0) - Bpk0) = 1, the

ABC pole makes a eubstantial comtribution in the energy region of
approx £0 Bev/c, making this cross eeation fall by about 1%% between

5 Bevjle and 20 Bev/e. Since wll the Regge poles we are considering
have We@%ﬁee iying between the vacuum pole and the ABC pole, we
may expect that whenever more than one of them ere capable of
contribwting, their contributions will be comperable in this emergy
range. Now io the case of o(pp) am! a(x*p), 2ll or almost el of
them are contributing, some vith positive sign and some with negative.

The obaorved npar constancy of these cross sections therefore seems
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eo be & rather complicated effect arising from the more or lees couplete
cancallation of the contributions of all) exceopt the vaouun pole. 4

It ohould be moticed that some of the coofficlents ocour more
than once in the table. For emample, the coefficients of the gepole
term ave equal but opposite in eign in (a(Pp) - olpp)] omd [alpp) - o(np)ls
mmeﬁmw N and © poles are equal but oppusite in sign in
[o(tp) - olgB)) end [olpp) + olnp)l; and so on. This means, for
example, that shereas o(op) approsches the Pomeranchuk limit from
sbove, o(np) should do eo from below. The seanty information on
olnp) 1s comsistent with this expoctation. At 5 Bev,'?
a{np) = 53.6 % 1.6 mb, and thus 15 about 9 mb less than o{pp), end
16 conpavable vith o(Bp) = olpp) et the same energy,™
o5 axpected, It is to be hoped that en
in the near future to test these predictions in detatl, ‘

" Recont &tam'ls on Kep, pep ond P-p scattering seem to
bear out the above m@emuons, though since mx’femms of cross
mct&mm%obeﬁwed, mmmmgem, 8 detailed
quantitative compariscn will have to be postponed. [o(K*p) + o(x™p))
seems donsistent with o of0) = 0.5, and [o(K'p) « o(E'p)] can be
ﬂtteﬁ with & single Regge pole with an effective az(a) 2 9.4, which
ve may for the tims boing attribute to the N e Actually o, n and
are al) involved 4n the Jatter, awd with more scourate data 1t showld

gh data will become available

be possible to separate their effects. For the present, it i very
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. encouraging that the value of ap(()) from [{o{K’p) + o(¥"p)] is
eonsietent vith thet from (ola"p) - ofx"p)] and that o (0) hes a
mmwmtﬂ%mimw@smahpesofﬁwﬁem
trajectories.’ The data on o(p) and of{pp) also £it into the above
‘pattorn. An anslysis of the cambined data to get of0) for all the
poles is in progress. | "

%o conclwde, we would like w‘mﬁg@ that even though
there may be no structure mzha eross séatiom, there is consideradle
information hidden in the gentle slopes with which the total cross
eections ave approaching the Pomeranchuk limit. -

It is & plessure to thank Mfwr Geoffrey P, Chow for
several stimuleting discussions, Dr, B. J. Squires for valuable
eriticiom, and to thank Dr. David L. Judd for hospitality ot ¢the
Lavrence Redtation IabOratory. |
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vhich allows the difference of those croas sections €O approgch a
fintte 1imis (=~ 2 nb) as energy becomes infinite. Such 2 bebavior
' achuk theorem.

would, of course, be inconsistent with the P

8. J. lindonbauw, W A. love, J. A. Niederer, 8. Ogaki, J. ¥, Russell,

T. Regge, luovo cimento 14 951 (1959); 18, 947 (1960).
The ABC pole refers to the X = 0 twoe-plon anomaly observed by

. Avashisn, Booth, and Crowe near threshold of n-nt  sosttering

{m: Reve latters I, 5] (1%1)]5
Hote that ’m%l ~ 8 in the we chamnel.
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Note that only B« 0, 8 =0 trajectories contribute. In
preparing this table we have sosumed that v and @ have I = O,
G+ ol;and that p has L =1, G= +1, The Regwe poles which
contribute can be determined from considerations of G parity and
jsoespin. fu the case of of{pp) * o{pp) they follow directly
from the concept of Jeparity introduced by Chew and Frantocbi
{reforenes 3). I am thankful to Dr. Fvan J. Squires for several
Litoresting es.iacxmm on this point.
We have retatosd only ¢he lesding term in the expension of P (2)
for largs = . The more exmct expressions will be considered in
ner commnication in somnection with the angnlar distributions

in the 4iffraction pesk.
In our tabls ve have included only the known Regse poles vhose
trajectories lie high encugh for them o show up @s particles.
Theas appoar to be wfﬂéimt for a description of the cré‘ss
sections in the region of geveral Bov. At low emrgiéa noxe

Regee poles muy bo expected ©0 contribute as well.
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