Submitted to Nuclear Physics B UCRL-20144

Preprint
IECE = 2
RECEIVED _C— ,

LAWRENCE _
RADIATION LASCRATORY

NOV 201970

LIBRARY AND
DOCUMENTS SECTION

; ABSORPTION CORRECTIONS AND MULTIPLE SCATTERING
"IN THE K-MATRIX FORMALISM

Charlles J. Joachain and Clifford Risk

October 1970

AEC Contract No. W-7405-eng-48

TWO-WEEK LOA‘N'} copy

T‘his is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545
\ _ -

$1I102-T9DN

' LAWRENCE RADIATION LABORATORY
/UNIVERSITY of CALIFORNIA BERKELEY -,
7 -

I'I

{

¥
/-
~

-

Ce
R4



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



*

~iii- o UCRL-2011k

. ABSORPTION CORRECTIONS AND’MULTIPLE SCATTERING IN

THE K-MATRIX FORMALISM

. | N
Charles J. Joachain
Department of Physics

* ‘University of California
Berkeley, California 94720

and
Clifford Risk!
Lawrence Radiation Laboratory

University of California
Berkeley, California 94720

The Kmmétrix formalism is used to derive the absorption.model
and ﬁo reconcile absorption and rescattering,corréctions in high-energy
hadronig two-body collisions. Dgtailed calculations are madebin the
case of elastic proton—proton scattering, for ﬁhich webcompare the K-

matrix approcach to the eikonal calculation of Frautschi and Margolis.
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1. Introduction
Siﬁcevitejoriginal>introdhctioh By Heitlerl) to analyze
fediafion dampingvphenomeha, the reéction’or K—matfix conceptihas been
Qidely used fo invesﬁigate a variety of quantum collision pfoceeses.
of partieﬁlaf‘impofténee is’the caee of nuclear reacfions Qhere the

2)

reaction metfix theory wés developed by Wignef . The adﬁantages of

the K-matrix’method are that it remains valid if the interaction cannot

be described by a potential and that it satisfies the unitarity require-

‘ments in a particularly simple way.

These features of the K-matrix approach have encouraged a

number,of authors3 9) to use this formalism in the case of high-energy

hadronic collisions, where it provides a natural way to incorporate

unitarity corrections to the Born diagrams. Another, frequently used

unitarization procedure is the eikonal formalism, and the two approaches

are of course_not unrelated. We shall actually shoW'in.Sec. 2 that the
4reeults.obfained within the eikonal framework oan also be derived in
fhe context of the'K-ﬁatrix formélism for both‘elastic and inelastic
two-body proceSSes. In the former case, we recover the.multiple
scattering interpretation of Arnold6), whereas in the latter one the

10-15)

basic formulae of the absorption model are obtained. We also show

that the K—matrlx method provides a simple way of resolv1ng the conflict
17)
spe01al propertles of multlpartlcle productlon amplitudes.

- In Sec. 3 we carry out. a detalled comparlson of the elkonal and
KfMatrix methods for hlghfenergy elastic proton-proton‘scatterlng. This

process has been analyzed'in the eikonal formalism by Frautschi and

b L ) o

16)
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MargolislB) (hereafter referred to as FM) who identified the contribution
to the scattering amplitude arising from ﬁhe (linear) Pomeranchuk
trajectory--having a slope @' = 0.82 (GeV)_eeQWith the Born term and

obtained a differential cross section showing diffraction minima beyond

A similar diffraction pattern was obtained previously by Chou and

Yanglg)..

. the forward peak. Using the same Born term as an ansatz for the K
matrix, we find that the resulting differential cross.section’exhibits
only breaks (no dips), consistent with present experimental evidencego)

_We also analyze the phase of the scattering amplitude and the total

cross sections.

L
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é. ‘The 'K-matrix Approach to Absorptidn-CorréctiOns
Let us consider a two-body collision process. We denote by T
* the transition matrix and by. K the reaction matrix.- In terms of these

operators the S matrix is given by

§ = I-2iT D ) (2.1)
and
I - iK - _ '
S = IR , ‘ (2.2)

where I is the unit matrix. The T and K matrices are related by'

the Heitler equations : ' ' .

K - iKT

L=
i

(2.3) .

K - iTK .

~In terms of matrix elements, the Heitler equations for an inelastic

transition a - b read

T Kt 1y Ky T

n

]

Ky - 1 Z Ton Kna , , (2.4)
T on : S

where the summation runs-oﬁer all open channels, and:multiplication
implies an integration over phase spacé. “Alternatiﬁely; we may interpfet
the Heitler equations {(2.4) in terms of partial wave amplitudes, in

o1)

which case they simply reduce to a set of algebraic equationsbz .
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:we noﬁ‘sﬁecialize'to high-energy two—body processes. A natural
way to proceed in this case is to 1dent1fy the K-matrlx element Kb
with the Born term Rb furnlshed by the peripheral or the Regge model.
Before we do this, however; we note that since the Heitler equations
automatically iead to a unifary S matrix, the summation on the right of
Egs. (2.4) piovides the desired unitarify corréction to the ansatz we

have chosen for Kbé. Since we expect the initial and final states--

containing diagonal matrix elements—-to domlnate ,22- 23) the sums in
Egs. (2.&); we retain only the contributions from these states7) and
write the first of Egs. (2.4) as
Kbza. - 1K’ba. Taa,- leb Tba' ' _ (2.5)
Similarly, the second of Eqs.v(E.M) yields
Tba Kba v ba aa lTbb Kba' (2.6)

Combining these two equations, we have

| i | -
L- E(Taa * Ty ' A
T = K - . : ‘ (2.7)
ba P (K +K)
2 aag Kbb

Before we proceed with Eq. (2.7), let us now consider the case

of elastic scattering. The Heitler equations then read

H
]
=

: -1 K_ T | :
aag, aa ) an na :

i - (2.8)

Koo ~ 1 'E: Tan %na-

n

]

'
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Keeping ohly the‘term"n = a 1in the sum, we now have-

T, = Ko - 1K . Taa o (2.9)
so that
o ~ Taa : - . : /o
Toa = T73K - . ' (2.10)
: aa

If we solve this equation by iteration, we have

T = K _ - 1K

ST (2.11)
aa. asa . ag - asa )

We now return to Eq. (2.7), use the first approximation

Taa,: Kaa and Tbb ~ Kﬁb. and expand the right-hand s;de to obtain

Toa = Kyo[L - i(T,, + T) + el (2.12)

This last equation may be rewritten as

1

Ji~

- 2 - 2 ‘
Toa © Sob Kpa Paa , (2‘13)
where we have expanded
i % _ . ' :
2 _ - D _v o : .
Sga° = (1 -2iT )° = 1-3T,, + . (2.14)

It is interesting to note that a result similar to Eq. (2.13) has been
obtained'by Ball and Frazereu) who studied absorpﬁioh corrections to the
peripheral model  from dispersion theory. -

We now consider the queétion of finding a‘Suitable ansatz for

“the quantities K__ and K,, @&ppearing in Egs. (2.10) and (2.12). As

mentioned above, a natural way to proceed is to identify these quantities
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with the Born term Rba given by the peripherai or the Regge model.

Adopting this point of view, we find_that Eq. (2.9) becomes

) — - ‘ oo o ’ [»] =
Ta& = Raa lRaa Raa + o | (c..l,))

while Eq. (2.13) yields

s
nj-

T

 We note,that ﬁﬁe conﬁection bétween the elastic and inelastic
processes is eaéily'aChieved within the K-matrix fbrmaliéﬁ. Equation
(2.14) reproduées——up to second-order terms--the prescription giﬁen‘by
Arnoldé) to incorporate absbrption cérrections to élastic processes
within the eikonal approximation and leads to‘a straightforward multipie
scattering interpretation of the él@stic scattering (see Fig. 1).
Equation (2.15) is the standard absorption model formula forvinelastic
’ processes.v | |

‘It:is important to note that several of the approximations
necessary to derive the formulae (2.15) and (2.15) a?e not required
per se within the K-matrix formalism. For example, one could use
directly Eq. (2.9) to study elastic scattering processes. We shall

illustrate this point in the next section, where high-energy elastic

proton-proton scattering will be analyzed in this way. It is also worth ,

emphasizing that the K-matrix approach, while preserving unitarity,
leads very naturally to the results of the absorption model, and there-

fore avoids the conflict between "rescattering" and "absorption”

‘ , N R A . :
correction: pofnted out by Plokelatoin and Jacob )). Of particnlar

- ] | 16)
ba Sbb Rba Saa : _ (2.16)

b
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-

vabsorptive'corrections to_multiparticlé_production amplitudes

existence is not firmly,established;

interest is the fact that his conflict is resolved without recourse to

17)

, whose
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' "3. The X Matrix Apﬁlied'ﬁo Elastic Sc#ttering

As én-illustratidn of the methods of Sec¢. 2, we now épﬁly the
K-matfix-forMalism to study high-energy_elastic proton-proton scattering.
" This procésshhas Been éonsidergd by FM in the eikonal formalism. We
shall usé their parameters for the single scattering term in order to
compare the K-matrix result‘directly withvthe eikonal result.

.A main difficulty of any multiple scattering approach to elastic
scattering is identifying the Born or "driving" term. That is, should
it be a pole or a cut, and fixed or moving? One has some assistance'_-
from the shrihkiﬁg of the diffracﬁion péak, bpt‘ambiguities still remain.
(In the absorptidn.approach to two-body-inelastic processes; this
ﬁroblem'does not arise because all elastic scattering corrections to the
vinelqstic éxchangevterm are grouped‘into the two Blobs displayed in
Fig. 2.)
| We begin by.defining the scattefing amplitude in terms of the.

S matrix by
s = 1+ iaf[k(s)3], . - (3.1)

where A = A(s,t) is the full nonflip helicity amplitude, and k is

the c.m. momentum; A is normalized in terms of the total cross section

oy
Im‘A(s,O)_ = E&%lé GT(S). ' . o (3.2)

We pass to the impact parameter representation via
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dzb

A(;,t)” %': A(s b) exp(ib- q) bdb A(s)b)"JO(qb), (3.3)

where b is the 1mpact parameter and q- the three-momentum transfer

(t = ~q ) The 1nverse relat;on is

CAGe®) - | adaAls,t) g@). (5.4)

From (2.2) and (3.1) we obtain .

At -

Mep) = oik(e)? . K L ou(e)? Y ()" (5.5)
; ¢ n=1

We now identify the first term of (3.5) with a single scattering term
defined by a‘Regge.pole
(t)

A (em) = 2k(s) (-0 = | qae® P ata),  (.5)

where aP(t) =1+ 1ta', and c 1is a constant. This gives

2 . ,
CiK(sp) = - e /ME | (5.7)

L _ : '
where gj:v—c(s)z/éka'so and u = £n(s/i), and then

A(s,t) = 2iok(s)e ¢ }: Lt /o)™ exp(t28) . BN ER:)

n—l
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Equations (3.5), (3.7), (3.8) are to be compared with the corresponding

equations in the cikonal approach. Instead of (3.5), one useg (3.1) to

get
o 1 Ny
A(s,b) = -ik(s)2(1 - 8) = ik(s)Z(Q - exp[eis(b)i)-
T T | (3.5")
. in(s)? Z [2i8(b) 1%/t
. ' n=1 v A
This gives
o3 g 2 ] . 1
2is(b) = - m exp[-b./ha pnl : (3.7')
and hence
. 1 ' .
Als.t) = Pictk(s)2 S - Byl py TR
~ ’ r . X AY ’, L nnl. A ) u/ N\ n v ) N\ ’
n=1

Using the values of FM, & = 7, a' = 0.82(Gev)’2, we display
in Fig. 3% the bfedictions‘fbr do/dt. For smalli-f' the two methods
agree because the first two terms of (3.8) are identical with the first
two terms of (3.8'). We note, however, that for t ~ -1 the dip that
. occurs in the eikonal case is replaced by a break in the K-matrix cal-
vculation, even at 1600 GeV. To understand this, we recall that the dip
occurs in the eikonal case because of a net cancellation between the
positive first term and negative second term in (3.8');.the positive
third term is small (see Fig. 4). In the K-matrix, the third term is
larger, and the net result is that the dip is filled in.

One can also examine the phase 6 = tan-l{Re[A(s,t)]/Im[A(s;t)]],

as a function of t at fixed s. We do this in Fig. 5,'where we
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show a polar piot of 6(t) at 30 and 1600 GeVAfor_thé two models. The

. results are essentially the same.

We compare total cross sections in Fig. 6a. For the given

a',c, the‘K matrix gives a 1arger Orp because,of'the larger third term

" of Eq. (3.8) (see Fig. 6b). The overall rise in o, as a function of

T

'p is maintained; however.  This rise, although suggested by the 1969

Serpukhov data, is.hot confirmed by the 1970 Serpukhov datq; The
discrepanqy.ofrthis new data ﬁith Fig} 6a can, of course, be accounted
for by introdgcihg appropriate sgcondaryvpoles.

;_Finaily, one can also examine the lafger angle behavior analyti- -
cally by converting ﬁhe sum of (3.8) to an ih$egral‘on n and performing
a steepest.descént analysisz7) on n, or by performing a steeéest descent
analysié direétly on the variable b ﬁéing (5.5), (3.5), and (3.7)"
(see Ref. 28 for this‘type of analysis for the_eikonal case). We

comment briefly on the first approach. One converts (3.8)-to

exp(-na - Tp/n) : (3.9)

Als,t) @ s fomom

where T = 41't.> 0, a= -Zn(&/u), and p is suffidiently large so

that |§/u1‘< 1 and |u| > 7. -The saddle points are at

0 = -g 4+ _ L1 _xcosmm . ' (3.10)
R 2 B sinm v )

e ° , tan ¢ = g . (3.11)
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 For large enough s, this reduces to the formula of Ref. 27, and
e'ventually to an Qrear-type expression

A(s,t) @ .i"exp{['-(?_‘;r'rp cotan g)%]}. L (3.12)

The case 7 >> |[u| can be dealt with in a similar way.

%
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FiGURE CAPTIONS

Fig. l.,“Eléstic scatfering viewed as: .a multiplé-gcattering series. The
wa§yiliné‘c§rrésponds.t§ the'Bdrn driving term. |

" Fig. 2. ‘Inelastic two-body scattering'with’absdrption corrections in the
}initial_and final states. 'The wavy line corresponds to the
e#ghanged particle. The shaded blobs repfesent elastic
'sbétfering‘ N .

Fig. 3. fDifferential Crosé sections iﬁ the'two‘ﬁbdels at'BOHGeV/c and

11660 GéV/c. Solid lines: K matrix; dashed lines: eikonal.

=

Fig. .v The first three terms of the sums appéaring in Egs. (3.8) and
'(3,8')§ (a) real parts; (b) imaginary parts. Number denotes
ftﬁe correspondingrterm in the Series, 3 réfefs to the eikonal
‘.énﬁif'.‘r.n' the K matrix, |

Fig. 5. 2Thé phase of the amplitude as a function of t (eikonal) or
| T (K matrix) for (a) 30 GeV/c and (b) 1600 Gev/c;

vFig. 6. ,Thé total cross section in the two models (a) 6T VS Pyovs

(b) individual terms of the real part of the sums appearing in

Egs. (3.8) and (3-8’)7
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| \t=-50 \t=-1.6 Re A(s,t)
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. __21_. :

a o
= - ImA(s,t)
(b) . B
| . - t=0
1600 Gev/c - o
t=-0.8] . . - | ReA(s,t)
T=-0.8 . - T=-19
XBL 709-6647
;

Fig. 5b.
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Neither the United States, nor the Commission, nor any person acting on
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