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ABSTRACT

An extension to multiperipheralism is made of the Horn-Schmid
duality argument relating Regge poles to low-energy resonénces. "The
Deck model ié thereby interpreted as predicting the existence of the -
Al’ rather than as undermining experimental evidence for this resonance.
It is shown in general that Horn-Schmid duality permité a vast simpli-

fication in the calculation of multiple production processes.
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Avfémark of'profoﬁhd'imporﬁ for strong intéraction theory haé,
beenvméde by Hofﬁ and Schmidl in conneétion with fihite-energy sum
rules; They have observed that high-energy Regge behavior is consis-
tent with ldw-energy resonance behavior only if extrapolation of the
_smodth Regge representation down to low energy gives a certain semi-
locdl average over the resonance peaks. In other words what is
usually called the "peripheral' approximation to a reaction amplitude
 must, without containing energy poles, in a rough sense represent the
' resonances. (The converse presumably is also true.) We refer to this
startling notion as "Horn-Schmid duality." Its implication for boot-
strap theory is being pursued vigorously_by many authors;2 our object
“here is to suggest relevance to what has been called the "Deck ef'f.'ect.’i'3
We argue that the Deck peripheral model for a reaction such as
n+N>p+x+ N, explaining a peak in the final xp mass spectrum
without explicit insertion therein of a resonance, fails to imply the
absence of a resonance. On the contrary, Horn-Schmid duality means |
that when peripheral models of this kind predict large cross sections
at low subenergles there probably_ggg-resonances present. Such
reasoning leads to an enormous simplification of multiperipheral
galculations. |

The step needed to relate Horn-Schmid to Deck is the exfénsion
of singie peripheralism to double peribheralism. .Deck's model for the
above reaction, for example, is depicted in Fig. 1, corresponding to-a |
double Regge~pole representa’c:lon,,+ 8 representation supposed to have:

i validity when both the xN and xp final subenergies are large.5



“,vPbmefanéhwk;1ﬂE highestAfor the left-hand momentum transfer is not .

-o-

"‘The highest tfajéctdry;fbr“the»right-hand moméntuﬁ transfer is the

o thev'n; but thé small maés of the physical pion‘eﬂhancés the Regge
;;{-residue =1o) thét this'trajeétory may well dominafe at moderate energies.; f
It Willibe seen that for our;puprSes here it does nof mattef‘if othér o 3 ‘:§;
trajectories play a significant role. The essential and almost triviél
vkremark of this note is that it is possible to keep fixed‘all members,of:   -
-8 complete set of variables except the np subenergy, therebj reducing _;fjff
'5{ ‘to:a singlyfperipheral description, and to repéat the Horn-Schmid
;. reasoning. Thus 1f the Deck model is accurate for large values .of the vi}:ﬁ%
TP éﬁbeﬁergy) consistency considerations réquire the model to yield -
‘a semi-iocalvéverage description of the cross section at low valuesvof ;_ﬁ??ﬁffgf

this subenergy even in the presence of resonances.

The above argument has been overlooked because in the experiment'!’ﬁ

' analyzed by Deck the np subenergy is varied, not by varying the

incident (total) energy at fixed =N mass; but by varying the latterf:v -
: at:fixed incident energy. However we shall show it possible tdbpaSSfj’
from the one tyﬁe of variation to the other thfough the indeﬁendence
of appropriate variablesC and the factorization attendant on'simultangoﬁsv19¥ ?"'
' Regge expansions in both subenergies. . »"_T ““?Mffff f
We begin by fixing both momentum transfers in Fig. 1 as well aS' :. - é
| the Tolier angle of rotation about the internal vertex,6 and noting : .?';Q;f?y{;
that there is'a funetional relationship between the total-energy'squared )
s and the two sqbenergies, 5o and s ., & relation which can be

inverted to express sﬂN in terms of s and sﬁp. Now the dependence



- of the amplitude on (s_, s

~F-

) is assumed to be factorizable,

ntp” N
- 5 | N
A(S‘pr, SﬂfN) gﬂp(sﬂp) gﬂN(SﬂN) > . ( )
as'either_.s or s becomes large, with each factor having Regge

P — =N
asymptotic behavior:

)~ o s X

o)
(o, vo Sxp 2 (22)
ean(®ar) ™ Cow S (2v)
Let us identify particular finite values of s, 8nd of sﬂmv‘say
s“p = N&p and Sy = NﬁN , such that above these values Formula (2a,b)

becomes an acceptably accurate approximation. Then, keeping SN

fixed at a value greater than NnN » the Horn-Schmid line of reasoningl
leads to the conclusion that a certain average of g“p(sﬂp) over the
range of 510 below Nﬁp will be given correctly by Formula (2a).

For the required application it is necessary to keep s rather

~than s . fixed, but from Formulas (1) end (2) we now explicitly

calculate the resulting modification. Let us suppose s sufficiently

large that s lies above N for all s below N ; then
. T o R npP

¥ N
‘ (s ) ne.
A(s_ , s) ~ g (s_)c _[s (s, s_)]°. (3)
' TP s large O WP N~ N TP
It follows that & modified amplitude defined by
— _ = ' '
A(S“px S) E [SnN(S’ S:r[p)] A(Sﬂp) s) p) (,"‘)



bl*livennibits the ﬁbrneScnmid phenomenon‘vhen‘averaged cverllcvv“s%pl-ati :
Vlfvfffixed (large) .“ Since the extra factor in Fbrmula (h) is positive;_;
“Sj_definite and smoothly varying, we conclude that an- average of A o
_- A(snp,' 8) 1tself over the lov s region with év Pixed at a large
'lvalue, is correctly given by the double-Regge representation. This |
':-'is the desired result,

Were it required to replace the single-pole Formula (2b) by a

" sum over several poles, the single residue-function g p(sﬁp) would rﬁf

4Qf_ibe replaced by a corresponding collection of residuGS, but for each 51pgn;ffix*”

of these separately the Horn-Schmid average would apply. Evidently,_.u;"

-,'by reversing the roles of 510 and Snﬁ in the above argument_we {Q7

*could show that low values of s . also are correctly described in,f”Li

7N

- an average sense.

Since for singly-peripheral models the. prediction of large

: ﬁ;‘lov-energy cross sections correspondsvto~the presence of‘resonances,‘,
5._the same is likely for multiply-peripheral models. Thus; Deck's

" calculation3 might be described as a prediction of the Al What is“f”

- the source of large low—energy cross sections in a peripheral repre-'ip

L vsentation? It turns out to be the same in both singly-peripheral and
:T,:multiP1Y’PeriPheral situations. The Pomeranchuk trajectory has a smallﬁ'
- residue and produces no large low-energy cross section. It is IOWer--‘""'“”

- lying trajectories with big residues that are responsible.7'

Residnes}iglf' ;V-V
turn out to be generally small except when magrified by nearby poleslz'
~ corresponding to low-mass particles on the trajectory. Thus a large

low-energy peripheral cross section typically accompanies "exchanges"




RV

"5,', -
involving low~-mass particles, exchangésWhiéh mdy ﬁe idéntifiéd Witﬂ'
the familiar "Yukava forces." Horn-Schmid duality at this point
écqpires,a familiar dyﬁamical interpretation beéause it.is seen to
prédict resonances in precisely those sithations where a_preponderance

’ *
of strong and attractice long-range forces occur, Note, however,

. that a nonrelativistic potential model does not correlate the input

force and the output resonance in the direct fashion of Horn and

Schmid. Their form of duality is an essentially relativistic phenomenon.

If the Deck model is to be regarded as gilving an average descrip-

tion of the Al and other low-lying resonances decaying into =xp, .it

might be.expected that the predicted low xp-mass spectrum persists'in‘
its'general form no maﬁter how large the total reaction energy s .
Suéh'is‘in fact a feature of the doubly-peripheral model; Using the
reéults of Ref. 6 and integrating over all vériables excepﬁ the xp

total energy, one finds the fixed-s asymptotic speétrum

-2lap(0)~_(0)] : R
dg ~ S0 | .d(&n sﬂp) s (5) N
or, setting aP(O) =1 land Q&(O) =0,
. a(In sﬂpS S0 - - (6

The forces must be "attractive" in elastic reactions if they are to "
augment rather than diminish the Pomerenchuk contribution which |
necessarily dominates at very high energies. For inelastic reactions
all interactions are well-known to be effectively attractive.



’”?ff,Extending this spectrum right down to the- ﬂp threshold, we may

'“'1;'in the choice of trajectories by experience with singly peripheral e

B phenomena at modest energies. Already in the Deck example we see how

\"f;calculate the average TP mass. t° be

e o _ o ,v'- . _ o
<‘V’E;p ) = 3-(mﬁ + mp) = lEQQ M?Y7 - = (7)
: Thus at fixed s the Al_ and A2 are'expected to dominate the 0

v,spectrum nc'mattervhpw large s may be. Deck? found'a7sharpening.ofu

‘the "aversge xp mass-spectrun" with decreasing s due to dependence .
- of the momentum-transfer lower limits on the  mp mass. Nevertheless,;_::_ﬂ‘ o

. Formulas (5) and (6) show that when such transient phenomena have died -

‘away at very high s there will remain a tendency for the wp snectrnn::

*
1
Hbrn-Schmid duality leads to an enormous simplification of

'tc concentrate near the A.-.

'f"multiperipheral calculations: To compute integrated,cross sections, '

"onevneed consider only final particles of low mass and . can be gnided :

7:j'_the. Aj} AQ, etc, may be ignored in favor of = ‘and p, but even the n-ﬂ:.

o final p might be ignored if we replaced the doubly-peripheral Fig. l,v' '”v‘

with the triply peripheral Fig. 2. This would constitute a less
*

The model does notldiscriminafe sharply between different resonances, "?%ii'il
giving only'an average over them. The Deck width-narrowing with »' ' '_‘J
decreasing total energy is to be interpreted as a decreasing role: - _1:”::&{5
for resonances lying above the Al because of phase-space limifa- f T<;'

tion. Note that there is no reason for the width yielded by the

‘model ever to be as narrow as the actual Al width.



7.

‘accurate approximation than Fig. 2 when the ﬁl'xa- mass is near the

p, but Fig. 2 roughly includes all the higher resonances that decay
into R |
Horn-Schmid duality thus opens the’&oqr té a simple description
of high-energy multiple-production if the detailed structure of final-
particle spectra 1s not an issue.. Questions such és total cross séctions,'
multiplicity and even the gross aspects of firebell structure become far~v
more tractable than might have been imagined in the presence of an |
apparently unlimited spectrum of resonances. |

The authors are indebted to C. Schmid for many'illuminating

conversations.



f'tof California Physics Department preprint, Berkeley (1967), c. Schmid,x;

» 'triand M. Ademollo, H. R. Rubinstein, G. VEneziano, and M. A Virasoro,'

| :t'fPhys. Rev. Letters 19, 1hko2 (1967) and Weizmann Institute preprint,_‘

"fThis work was supported in part by the U. S Atomic Energy Commission..

:'D. Hbrn and C. Schmid, California Institute of Technology report
first part of the paper "Finite Energy Sum Rules and Their Appli-

'fCALT-68-145 (1967), preprint, to be published in Ihys. Rev.

~vHs Mandelstam, Dynamics Based on Rising Regge Tragectories, Uhiversity
fLawrence Radiation Laboratory report UCRL-18009, to be . published in [5”
. Phys..Rev. Letters; D. Gross, Phys. Rev. Letters 19, 1303 (1967),
" Rehovoth (1968).
~R. T. Deck, Phys. Rev. Letters 13, 169 (1964).
- trajectories, an approximation which changes results quantitatively -
,Laboratory report UGRL-l7825. This paper may be_consulted for‘l-*V'
‘Rev. 131, 2282 (1963); and J. C. Pblkinghorne;'Nnovo Cimento éé&ifpt*l.

- 857 (1965).

~ N. F. Bali, G. F. Chew, and A. Pignotti, Phys. Rev. Letters 19, = .. .

i FOOTNOTES,'AND'REFEREI‘\TCRS

o ,'CALTf68-127 (1967), unpublished. This report is included in the .-

cation to =nN Charge Exchange" by R. Dolen, D. Hbrn, and C. Schmid, .;.iglv

The original Deck model in effect employed flat pion andvfbmeranchnk:
but not qualitatively, as shown by E. Berger, Lawrence Radiation f7¥f

references to other related calculations.

K. A. Ter-Martirosyan, JETP M, 341 (1963), T. W. B. Kibble, Phys.'' ~ .

~

. 614 (1967); Phys. Rev. 163, 1572 (1967).

H. Harari, Weizmann Institute preprint (1968).



2]

Fig. 1.

Fig. 2.
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FIGURE CAPTIONS

Diasgram representing the Deck doubly-peripheral model for the

reaction =N - npEN.

Disgram representing a triply-peripheral representation for

the reaction =N - 3xN.
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