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ABSTRACT

Absorptive corrections to Regge
pole exchange are isolated in a non-flip
n_p ad n—n+n reaction amplitude. The
strength of absorption i1s found to de-
crease rapidly as the mass of the produced
n n'  system increases. In particular,
the Williams model, which has been found
to give a good fit of the small t data
in the "p reégion, iIsno longer satisfact-—

ory in the f region.
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An outstanding puzzle in the description of high energy
scattering processes is the nature of absorptive corrections to Regge
pole exchange. It is generally agreed that such ccrrections exist and
several model dependent attempts at obtaining their general systematics
have been made 1). However, experimental results show that the predict-
ive power of existing absorption models is limited. We are forced to
conclude that, as yet, there is no reliable theoretically based pres-
cription for calculating the size or structure of the absorptive effects.
Amplitude analyses of spin O - spin %-scattering data tend to confirm
the expectations that the absorptive corrections to Regge pole exchange
are more important in helicity non-flip than in helicity flip amplitu-
des 2). However, empirical estimates of their strength require an as-

sumption about the structure of the Regge pole contributions.

Here we emphasize that the high statisfics data for the
reaction n-p~*n—n+n offer an excellent opportunity for studying the
phéSe, S, MTm (and to a lesser extent t and L) dependence of

absorption in a much more model

T T Mass Mqun independent way. The variables are

Spin L indicated in Fig. 1.‘ Consider high
n Helicity A s, small t, and a region of Mﬁn
where only S and P wave nnt
production is dominrnant. Then the
observable s channel moments of
the n—n+' angular distribution can
be expressed in terms of the product-

t
ion amplitudes as follows 3)

Figure 1 : Variables for the

reaction mw p—n-nin.
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In terms of the s channel helicity amplitudes Hﬁxx we have

n"p
_ .5 _ .Pyo _ Pyt P,-1

S=H_, P =H,P = j% (m,2 -H.2 ") (2)
2 1yuPyl . Py=112  11.Py1 . P,-1;2

|p,|° = &l +H 2 | < + §|H+i +HT T (3)

To order 1/s +the amplitudes (2) arise from unnatural parity (n)
exchange and Eq.'(B) is due to natural parity (A2) exchange. We

have assumed that the (A, exchange) amplitudes

1

and H

are negligible in comparison to the respective amplitudes in Eq. (2),
apart from including the 0(1/s) contributions from mn pole exchange
as described in Ref. 3). The six observables of Eg. (1) determine
|P+| and the magnitudes and relative phases of S, PO and P_. We

work with s channel amplitudes since absorption is believed to be

simpler in the s channel.

Before looking at the results of such an amplitude arnalysis
we anticipate the 1t structure of the amplitudes and indicate how the
absorptive correction can be isolated. For small t we expect the
amplitudes of Eq. (2) to be dominated by mw exchange and thus be of
the form

/ 1 1
A=t 2t
P0 - Mnn 2 ? - 2

t-y t-p
For simplicity we have omitted the signature factor on the = pole
terms and also slope factors of the form exp/bt). m exchange coniri-
butes equally to H;l and Hl_. The former is double helicity flip

(n= 2) and so is reguired to vanish in the forward direction like

s
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t! = t-—tmin. Hence the t' in the w pole contribution to P_.
Similarly the A, exchange contributions to Hfi must vanish like t'.
However, for the n = 0 amplitude Hl_ the mn and A2 absorptive

corrections need not vanish in the forward direction and so can be
distinguished from the vanishing pole contributions. Hence the term

¢ in P_. The cross-over zeros observed in the s channel <Y1 >

1
and <Y§:> moments near -t = U2 arise from the destructive inter-
ference between C and the mw pole term in P_. There may of course

be absorptive corrections to Hi_ and H;l but, since they are

reguired to vanish in the forward direction just as their respective
pole contributions, they are hard to isolate.

High statistics data exist for the reaction n-p—*n_n+n at
17.2 GeV/c. An amplitude analysis of the observed s channel mbments
has been performed for successive 20 MeV ﬂ_n+ mass bins in order to
extract mm phase chifts 4). We find two allowed solutions for the
amplitude components. A typical example is shown in Fig. 2 ; the points
are the results of amplitude analyses at successive t values for the
mass bin 700 <« Mﬂﬂ < 720 MeV. Rather lhan showing relative phases,
S and P_ have been projected into components parallel and perpen-
dicular to PO on the Argand plot. The amplitudes S "and P0 are
relevant to mm phase shift analysis 4). However, here we are
interested in the properties of C, the absorptive correction to

1

H+_. It occurs equally in P_  and P+.

THE PHASE QOF C

The absorptive correction C can be isolated with some
confidence at small 1+ because to a good epproximation the T pole

contribution to P is determined from a knowledge of PO

no 2\{-—’0' .
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np— T n'n AMPLITUDE COMPONENTS AT M; =710 MeV.
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Thus the sbsorptive correction to Hl_ is
clh= pl-p", ct = Pi.
The underlying assumption is that Hl_ is much more affected by

absorption at small ¢t than PO. The results for PE show the
destructive interference of the w pole and absorptive contributions.
Moreover P! specifies their relative phase. From Egs. (1) we see
that only the sign of the product S'PL is determined and from Fig. 2
we notice that the magnitude of P! differs appreciably in the two
solutions. It is here that the nm phaSe shift analysis 4) comes to
our aid. For example at 710 MeV SL 'is found to be positive. HMore-
over, a comparison of the predictions of the nono mass distribution
with that available from n—p—>n0non data clearly selects solution d
as the physical n_p‘*n_n+n amplitudes. The absorptive correction
has a small positive component C+. The components of P_ at the
cross—over point t & _“2 are sketched in Fig. 3. Such a rel~tive
phase would be obtained by the
‘prescriptions {see for example
Ref. 5)1 which calculate C by
convoluting a Regge Pﬁ contri-

bution with a dominantly imaginary

Absorption ‘Cl elastic amplitude. However, absorp-
f | np?m tive corrections to A2 exchange
e - v — »
c’ pr may also contribute to C. It is

clear that reliable phase inform-
ation at differing energies will

Figure 3 : the components of be valuable for unravelling the n
P~ "for -t~ ,2. P' is the m and A, absorptive corrections to
pSle contribution. C is the c
total atsorptive correction to :
the nn and A2 contributions
to H!

-



s DEPENDENCE

6) at 4.5, 6.95, 15 and 17.2 GeV/c

Using n—p—»n—n+n data
with the produced n-n+ system in the p mass band we calculate and
compare the s dependence of the amplitudes PO; P and P+ as
described in Ref. 7). The results are shown in Fig. 4. Since C
contributes equally to P+ and P_ we havg two chances to study
its energy dependence at small t. However, due to the destructive
interference between the n pole and C contributions to P _,

the more reliable estimate will come from P+. The results indicate

that

&

Aerr  Xerf

at small +t.

M DEPENDENCE
m —

Rather than presenting the results of the general amplitude
analysis as a function of Mnn' it is sufficient to consider the
following simple analysis since it contains the essential features.
Assume that n—p—*ﬂ—n+n is described by n exchange except for

the replacement

1 1
: 2 : 2 = ¢
t‘p t"p.
. . P,1 . e '
in the evasive H+_ amplitude. Take C to be a real constant para-
meter to be deterzined in each M - bin. DMNake the same rerlacenent
7

. . v + .
in the evasive amplitudes for D wave @ 7 production. Assume all

8)

s C, ©

amplitudes have & corzxon slope b, that is, contain a factor
expfb(t—UQ)". The choice C = 1 ccrresponds to the Williams model
e 9)

or Poor Man's Absorpticn . In total we have seven paramete
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and the magrnitudes end reliative phases of the e o
,

11 the

ct
©

Do' This simple paresmetrization gives & good description of

e
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observed moments, <Y;:> with J < 4, in the range 0 < -t < 0.1 GeVQ,
The values obtained for C and b are shown as a function of Mﬂ

A i
in Fig. 5. A surprising result is the decrease of the strength of

absorption with increasing Mnn'
10)

sultably Welghted ratlob of the experlmental t channel moments

Ochs and Wagner independently obtain this result by taking

<Y& >/ <Y’ > 1ntegrated over 0.01 < -t < 0.15 GeV Moreover they

pbserve the same tendency for all J.  values.

Since the ntn” system is prdduced in higher spin. (ﬁ)"
states as M incr?ases:it could be that the strghgth of absorption
really decreases with increasing L (and not Mﬂn). In an attempt
to check this we allowed different absorption parameters, CP and CD’
for the evasive P and D wave amplitudes. However within the errors

no systematic dependence of C .bn L emerged.

The decrease of absorption with increasing M is hard to
understand. The conventional absorptlon preSFrlptlon could produce

such an effect if the slope b of the unabsorbed Regge pole empli-

P
tude increased with Mﬂn. Assuming the dominant S, Py D, ~amplitudes

are little affected by absorpti>n then bP ~ b, and no such trend is

seen in Fig. 5.

An alternative explanation is based on the use of finite mass

sum rules and duality to extrapolate the triple Regge limit to low Mﬂ .
1

In this way, Hoyer, Roberts and Roy 11) predict that on average the

dependenice of the resonance prcduction cross-section is

.l (o]

g"‘ > =< Mz >* Tex (t)

d mn
where oy is the exchanged trajectory. As Mﬂn increases they thus
predict that on average :

(a) i 'exchange increases relative to A2 exchange amplitudes
as M H
m

(b) antishrinkage : the slope decreases as log M .
nm

*
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b and the acvsorptive correction C,
taken from Ref. 4.
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The w p—m n'n data at 17.2 GeV/c show definite support for (a) but
not for (b). In a finite energy sum rule and Regge analysis of pion
photoproduction data Worden 12) estimates that 40% of - C at small t
is attributable'to the absorptive corrzctions asso@iated with A2
exchange. Thus noting (a), he obtains a decrease of C with increasing
Mnn' quéver, the amount of the observed decrease, and to ailesser
extent, the phase and observed s dependence suggest the explanation
is more'c§mplicated. ) '
- 0f éourée; the n~p-*ﬂ-n+n data have other important impli-
cations of absorption, such ‘as the indication of a dip in pgq do/dt
at -t ~ O.S‘GeV2 . in the 4.5 and 6.95 GeV/c data which is not visible
in the higher Statié;ics 17.2 GeV/c data. However, here we prefer to
emphasize how many of the empirical properties of absorption can be

studied in a more model independent way.
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