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ABSTRACT

We propose a method of extracting amplitude
components from charge exchange processes of the form
O—N—+O_O—ZX or 0N-1"AN by using the full decay dis-
tributions. The processes r<+p—:p°£V*) w ZX++ are
analysed as a simple application and some properties of
7€ and B exchange are discussed. The suitability of
the method for extraction of meson-meson scattering am-

plitudes is emphasized.
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INTRODUCTION

The study of pseudoscalar exchange in high energy vector meson
production processes has been of widespread interest. Detailed knowledge
of the productlon amplitudes has so far been confined to X¥ /\ !

(w,p) A 2) and /ﬁ3 n 3) final states. Here we point out that the 7T
exchange-dominated processes 7< (or K) N- 7% (or K) 7"[& yield
sufficient information in their decay correlations to enable the production
amplltudes to be unravelled in a somewhat model dependent way. In contrast
to the processes 1nvolv1nb nucleons in the final states (e. g.,:7ﬁ’—p-i/30n),
plon exchange is here expected to occur principally through s channel
helicity non-flip couplings so that a separate study of these amplitudes

seems worthwhile.

The possibility of using helicity amplitudes extracted from
tN- 7V7fN,7'€7CA data to calculate 7TC7C scattering amplitudes, is an

4)’3). We propose a practical method of achieving this,

appealing one
for p<(or K) N- x(or K)]tJCXWMlCh avoids the uncertainties
encountered in moment extrapolation tecnnlques ' g instead extrapolating
the ratio of helicity amplitudes to the pion pole 3 + The advantage of
using the non-vanishing non-flip amplitudes of 7r7r£ﬁ, (as compared to
rtrtN) is partially offset at low momenta by the greater kinematical

boundary ("t ") problems in this process.

min
. In the 7f(or K) € mass region below 1 GeV or so, only s and
p wave dimeson states need be considered. Thus 12 p wave and four s
wave helicity amplitudes are involved while the decay angular distribution
of the dimeson and baryon systems involves 30 independent measurables
supplylng 24 1ndependent pieces of information on the production processes,
seven short of a complete determination *). By making plausible assumptions
about the baryon helicity couplings and about the factorizability of the -
dimeson and productien eystems we demonstrate the feasibility of a complete
amplitude analysis in which the single discrete ambiguity is the sign of the

s-p Wwave: phase difference.

In Section 2 we define the amplitudes and measurables involved.
The assumptions inherent in the model are discussed in Section 3. Next,
a sample analysis of rcfp—»gf>°,ui)zﬁ++ data is presented and in Section

5 we make some concluding Tremarks
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We discount the unmeasurable over-all phase.
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2., AMPLITUDES AND MEASURABLES

We define for the process

the 16 (s or t channel) helicity amplitudes.

Ussi = Hast ’ U;:r : H3°:> Usl::‘% (H;t;H:l:)) N;;fi-(H;,IH;_),
U= He Us

where we use the parity relations

A Ayt A*)N "')D AA->N )D
Moo, 0 H s O L, e

it
~5
oy
+,’“
i
—
‘;;t-
I+
g
3'_/

.}D is the helicity of the dimeson state of angular momentum £ (restricted
to O or 1 in the following) and in the second equality when applicable, W
is the exchanged naturality which in this context is only defined at high
energies. In terms of covariant couplings 7) 851 8 and G * s the

7C exchange céntribution to the_ s channel helicitypvertices M D ana

thA) . of the amplitudes Hgé\% Ay are

$= 1 p o _ 12 2
M 33, Mf—-gﬁ, M-—-i}#.(m—-m-n-t),

’ = ,+ "f_ 2
B, G-(M*M). B.. %[t+ MR_M(M M +z‘)] ,

B+, B Gl gl 1)

(4)
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Other covariant couplings are assumed to be small and certainly vanish

at the pion pole.
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where m, M, m' and M' are the masses of the initial pseudoscalar
meson, nucleon target, dipion and delta respectively. The ni pole exchange
)/2
m " DB
2Ap Ay

s channel amplitudes are then proportional to (_t,)(n+x

where

N

l >D—)A +)N l)
ENE PV N ()

n+x

The equivalent t channel amplitudes are all zero except H1+D for ta =s,0,

D
Tdentical B meson couplings are expected in an exchange-degenerate scheme.
m7ew- e (ki >Ke A) +the expected exchanges are 7T, A, (tc, B,

A2,JP ) and possibly A1 although we shall ignore its disruptive influence

(if any) on the coupling scheme of the next section.

The Stodolsky-Sakurai 8) model for /p vector meson exchange

predicts, in the t channel

.

B,, = B = (B“--BB_) =0 (6)

and exchange degeneracy would suggest a similar coupling structure for A2
exchange. Our model for pseudoscalar and vector or tensor meson exchange

couplings is described in the following section.

The decay angular distribution for process (1) is written as

v
) (7)

T:, , * 5
W(9\>%(;Q¢)=TZM a M, M, Y::(euf'f') YMZ( 92)%
LM,

where (Qi,ﬁi) are the polar angles of the dimeson (i=1) and delta
(i:=2) decay analysers in a helicity-type frame 1>. The 30 measurables

are given in terms of density matrices and amplitudes in the Appendix.

MODEL _ASSUMPTIONS

We assume (in the s channel for the moment) that for ‘t‘:SO.4 GeV



Bs_ = O (83)

B3+ B Bi- (8D)

us /U° = r‘e"A ( real r' , A independent of )A ' (8c)
o RN D) ") |
a) is motivated by angular momentum behaviour at small +;

b) is approximately true for 7T exchange E@e neglect (M'Z-M2+t)/M' in
the expression (4) for B1__] and is suggested by the _}3 exchange
Stodolsky-Sakurai result [qu (62] and the quasi-diagonal nature of the

small- t crossing matrix. It is then equally true for linearly absorbed
7t or ‘): exchange and is also plausible for B and A2 exchange by
exchange degeneracy. The assumptions a) and b) for O'N—»O"ZS charge

exchange processes predict
/033 = J-B-Refiﬁ (9)

and this is found to be well satisfied in the s or t channel ) *). It
is emphasized that the full content of the Stodolsky-Sakurai result (6) is
not used in the present model.

c) asserts (plausibly) that whether the dimeson helicity zero states are in
s or p wave in angulaf momentum, is independent of the baryon helicity
states. Such a statement is certainly true at +t i/42 but constitutes an

assumption when made in the physical region in the presence of absorptive

corrections which are dependent on the baryon helicities.

Although assumptions (8) may be made plausibly in s and 1
channels separately it may be shown that the results are not strictly equi-

valent, especially at larger +t. Through the relation
g .ep > 34 > 34 \D
- R)
—l:m,mN @A m( R) %AY"(AR> O(QNW\(N I—i%A }N (10)

In fact for these processes, assumptions (8a) and (8b) enable a complete

analysis of the remaining amplitudes to be made.
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where R is the Kuler rotation (-7C/2, -7T/2, ) , the assweptions (&)
arc equivalent to the transversit. amplitude relations
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By comparison, the guark model whicli assumes only additivity (Glass A

relations), predicts in either 5 or t channel [rames

Mp Mp .
]3,._ :B_\:: R W\D':il (12a)

i

1

—EO = —E_i —-Ti = 0 (12p)

for p wave amplitudes, a result which is stronger than 1) by the fortidding
of mN::—% to Y%S :S transitions. This extra condition is a consequence

of the transversity (ms) of the two cpectator baryon gquarks being limited

by one in modulus. In terms of helicity amplitudes, these quark model

results (class A) are stronger than (6) by the extra condition

Ni - O (13)

*%
which is expected to be invalid for ‘}3 and absorbed 7T exchange ).
Qur choice of helicity and transversity exes is as in Ref. 1).

**) 1 )

Ai'ter completion of this work, detaills wecre received of a Regge

dipole model which predicts quark model class A and B results and is
used to reduce the number of independent p wave amplitudes to four.
We prefer to use the assumptions (8) which are weaker than class A

T -l

results |Equation (15)J and allow 1or six independent p wave amplitudes.
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From an exchange point of view, the factor ./3in Egs. (8a),
(11a), (12a) results from the kinematics of 7T exchange, the vector meson
photon analogy and the crossing matrix properties at small +t. In the
quark model it is derived from the Clebsch-Gordan coefficients relating
amplitudes with ms==O and m =% 1. That such different approaches yield

approximately the same result is remarkable.

~ To implement assumptions (8) we take (in s or +t channel)
0 0 1 1 1 1
U1+’ U3+’ U1+’ U3+’ N;, and N3+
together with M ana Z§ constitute 13 parameters describing the 30

as independent ©p wave amplitudes which

terms of the decay angular distribution. A subset of the 30 measured moments
may then be used to solve first for the six moduli and [ , then the five
relative phases and zﬂ&. In this manner it is seen that there are no
discrete ambiguities apart from the (usually trivial) sign of the s-p phase
difference,l& . This method of solution, however, wastes the information
contained in the 17 constraint equations and it is better to use maximum

likelihood method on the event angles themselves.

12)

SAMPLE ANATYSIS OF 7¢ 'p— ( p%,w A" A1 3.7 gev/c
o«

In the absence of information on the decay angles themselves, we

present a sample analysis of the 20 published moments of
++
<t b _,Jo°A (14)
and

rth - w A++ (15)

at 3.7 GeV/c 12). To ininimise the disadvantages of using moments we pe rform

an eleven-parameter least-squares fit and use the chi-squared per fitted
point to check how well the nine constraint equations are satisfied. Among

the deficiencies of the published data and hence this sample analysis are the

following.
i) The low beam momentum implies severe "tmin" problems. The data are
presented versus t'=1 'tmin and a reliable estimate of the small t
scale is difficult since tmin is not well defined.

ii) No s wave interference moments are available. Despite the authors!'
. 12 . . .
background correction ) the remaining s wave is likely to have some

(not easily caICU1able) effect on the p wave joint decay density matrices.



-7 -

For these reasons the results (as opposed to the method) of the

sample analysis should be viewed with some caution.

Figures 1a and b show the s and t channel amplitude moduli and
relative phases. The solutions shown are those which have lowest chi-squared,
are continuous in 1t where possible and are consistent in the forward
direction where s (helicity) and t channel (Gottfried-Jackson) frames
coincide. For ‘fDch the average chi-squared of 10.5 and 9.5 per %! bin
in each channel (13.8 and 13.71 for auZS ) shows the nine implicit constraint
equations to be adequately satisfied. All moduli except perhaps IN}+|
are well determined. The small +t dominance of over-all non-flip meson
helicity zero amplitudes is clearly shown particularly for ')le in the
t channel as would be expected from Feynman diagram arguments. The phases
of UO ! U1

347 Uiy 3+
determined but that of N

and N;+ relative to U?+ are reasonably well

T4 (not shown in Fig. 1 for the sake of clarity)

is not, partly because IN1+I is small (zero in the quark model). For pure

7C exchange the s channel /ﬁuﬁ\ amplitudes U§+ and U?+ should be

equal in phase and approximately real over-all. The phase difference of

Fig. t'a is consistent with this at +'=0 but grows rapidly with It' .
At small t this quantity is determined principally by the measurables

A7 and A3 (Re 1‘3‘ and Re/031) which are listed in the Appendix. Since,
in the absence of s wave information, the over-all sign of the phase
differences is not measured we arbitrarily choose it for _fDZS and a)zﬁ

to agree with simple absorption model expectations for 7T and B exchange

to have larger corrections than Uo

3, Also shown in Figs. la

assuming UO
1+

and b are fits to the amplitudes of the forms
N2 Bt
‘U‘ =(‘Z‘) Ae /(/u.’”-z‘) (16)

and

]

’ n/a
‘N! (-¢ ) CeDt | (17)

where we have used tminz:t—t'==-0.072 GeV2. These curves give a convenient

estimate of the relative importance of each amplitude.

The quality of the present data merits no more than a brief dis-

cussion of some gross features of the amplitudes.
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A. Exchange degeneracy

The expected Regge pole exchanges in 7 p-ij9013++ and
AN p—»MJZl are respectively 7T, A2 and B,J}D . Pole dominance,

exchange degeneracy and SU(B) symmetry with magic mixing implies

(UG /Utwt) | = ot =7 | (re)

| IN(f:A)/N (WA)\ = IC"t E;:CA‘ [ (19)

for EXD (7C,B) and (Az’,P) Regge exchange respectively. Using the
published normalisations '2)213) (which are compatible with Fig. 1) and
using Ol =‘t;/12 and C(A2==O.55—+t we find the left-hand side of

Eq. (18) to be half the expected value for UO . However, Eq. (18) is very

T+

well satisfied for U§+. For the so-called natural parity exchange amplitudes

N1+ and N;+ (again in the s channel) Eq. (19) is satisfied only when

ft'[:SO.1 GeV2. Elsewhere, like U?+, they show larger than expected Z&

* .
production ). We note that of all these amplitudes only U2+

to be simple pole dominated (see the discussion in subsection B).

is expected

B. Absorptlve corrections

Our knowledge of absorption systematics comes principally from
vector and tensor meson exchange dominated reactions where it seems 14)
good approximation to neglect all absorptive corrections (non—pole like ampli-
tude contributions) in all but zero net helicity flip (n;:O) amplitudes.
In addition the imaginary parts apparently require larger corrections than
do the real parts which seem well approximated by Regge pole exchange. For

15) for

7C exchange, however, the relative success of the Williams model
absorption suggests that evasive non-flip amplitudes [Ehose with n =0,
x£0 in Eq. (5[], while dominantly real, are also strongly absorbed.

We discount possible 7T exchange contributions in a)zﬁ through
JO— interference since they would presumadly also contribute to

Ug+ where BEXD is well satisfied.
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Looxking ab the ./OZA results of Fig. la, stroang absorptive
corrections must be present in at least two of the amplitudes U?+ (n=0),
[
U%+ (n=1) and U1+ (n=1) because of the well-defined phase differences
observed. The n0=90
1
Ug‘ and perhaps U1+ are expected to be pole-like and therefore appro-
+ .
ximately rceal. As working hypothesis, later to be Jjustified, we select
UO
5o+
remaining five independent H27§Afk - of Bg. (2) may then be calculated from
1\ 1 N r
Fig. Ta. Of these amplitude components only I11H3+ and R9<H$+ are
found to have dip or zero structure. Both components exhibit cross-overs
2
near -t!' =0.1 GeV2 (=t ~0.17 GeV ) as shown in Fig. 2. H?+ and H;+

are the oaly pure n =0 amplitude combinations of our six chosen as in-

amplitude is suspected of being oane of these whereas

to be approximately real. The magnitudes and absolute phases of the

dependent, so tha% these results are, so far, in accordance with the

geometrical view of absorption effects 16).

Assumning Hg+ (:Ug+) to oe pure 7C pole and the other 7T pole
amplitudes to be given proportionally by Eys. (4) and (5), we may calculate
the effective absorptive ("cut") and natural parity pole (A,) corrections
at small 1t by simple subtraction of these calculated pole ;alues from the
total amplitudes > . Since a detailed aumerical study would be inappropriate
here, we merely state the general result i.e., under these assumptions all

1
other amplitudes, including n=1 H1+ and H11_, are found to have strong

. . ) ; . 1
destructive absorptive corrections. Thus, assuming U1+ to be real and pole-
like would have led us to deduce additive corrections in H3+ at least. It

is for this reason fthat H2+ is selected as the most likely n=1 amplitude

to be pole-like.

In Regge pole abhsorption terminology, the +t chaanel amplitude
Ug+ can only have contributions from 7C- cuts (through crossing from the

s channel), while U;+ " and U;+ can contain 7T~ and A2-cuts. Absorbed
A2 and 7C-cuts may contribule to N1+ and N%+. Indeed, Fig. 1b shows

’U%E[<:'U%i’ althougnh a large degree of absorption is obviously present.

Similarly, |U?E|>>fU?il is anticipated for non-zero +t'!'. Although detailed
study of the a)[& amplitudes is not possible, we note some points of

interest. Unlike ‘/Dél the dominance of UO over UO for cuZ3 is more

marked in the s +than in the +t channel. ;;e AJZX i;tural parity ampli-
tudes are comparable in size with those of ‘/ﬁ [l (see also subsection A).
The phase difference between Ug+ and U1+ for w 13 is very small in
both channels showing that in this case it is not impossible that both the
n=1 s cnannel amplitudes U§+ and UJ+ are pole-like; however, there

is then no reason to expect a zero phase difference in the t channel also.
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CONCLUSIONS

We have demonstrated the theoretical plausibility aad pracztical
feasibility of an amplitude analysis of dimeson production reactions involving
[&(1236) final states. Some of these proposals were implemented in an
analysis of the angular distribution moments of the reactions 7% +pn>€f>o,u))11++
in order to examine their exchange degeneracy properties and to isolate
some features of absorbed pion exchange. 7€-B exchange degeneracy was fouand
to be well satisfied only for the over-all helicity flip meson helicity
zero amplitudes. A large degree of absorption in the dominant non-flip

amplitude was tentatively deduced.

Finally we emphasize that the above methods, when applied to high
statistics dimeson production data, suitably binned in mass, are highly
suited to the extraction of meson-meson phase shifts. For example in the
low mass region dominated by elastic s and p waves one may obtain the

phase shifts 88 and 8p using

N = ]s«iﬂ&/ﬂsihé}'
A &= &

where r1 and Z& are smooth extrapolations to t:i!tz (or the weighted means)

and

i

of their observed values for +!'<0. The generalization to higher waves is
straightforward and is made by allowing helicity couplings of higher 4
states in Eq. (8) thus involving more amnplitudes and more observables in the

analysis.
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APPENDIX

J1J2
We list the 30 measurable helicity statistical tensors 31\411"[2

11127'[12

for process (1) in terms of the Jjoint density matrix elementsp and

the 16 helicity amplitudes of Eg. (2) of Section 2.

00 = C a [ TG+ INGI] (a.1)

2 [ IUAT NG = U - ING T (2.2)

1

-5 2: = O‘P_

n

1R ot = oRefy Re[ AN + Un U] (A.3)

"iﬁjg: = O'PGJ)q—a = 3Re[N:3 N:::é*' ul‘:us/“:j (A.4)

5 Jio= o p~ =2 [N+ Ul -2 TURI] (4.5)
sJso= 0 p= - ofING = ING [+ (U= U =2l USRI 20l ] e

2 — q * * o o
‘in;. Js 12 = O'R‘?j)” = Re[un N;x + N:; U.:h -2 Uﬂ Us)*_] (A.7)

e

F

12 —_— 1, A LI B o UO*
Joz = G"RE_/P1_3 =q PG[N“ a” NJ.)UQ "-?.Uﬂ 32 ] (4.8)

1E J?:’ O'Refw - 2 Re [.U;‘; U;;G (4.9)

o %

s ™21 O’PCJDE - ,J‘:ZR@[U; U:;" U1 U

T o’ 123 (4.10)

SEIEE = oRelfiy-po) = 4R (NG U= (N U U ] (ho10)



£5 T Rl An) < ARG U - (LR U]

3o ‘UDM [Nl U5,

L]

$E Tk o P [ING= NG 1= TUs + JUa ]

508 oRel  « 4R [(MsLAYNL UL ]
oReprs == 2Re (N UL XNG+ Un)']

B35 - o) = Re [(NUUR- (N5 UL ]

£ e oRelpis ) = ARe[ING-ULU (41Ul )Us ]

ST oRepry - R[N ULNG- U]

A R[N UM UL ]

2 Re LUy U Ui ]

2 Re [UAUS= Un Us "]

nh

22 1-1
:l-%'j-za.= o )3—13

%jocf o j)

-3 oo" Crﬁh%f3
$ET53 Rl « -Re[UA VX" + US
BT oRelirsps)- ORe[Un U - U UL ]

(A.12)

(A.13)

(a.14)

(A.15)

(A.16)

(A.17)

(A.18)

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)
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X
’ﬁ‘Re [U;';UA'SA ] (A.25)

o=

X

S o
1

o)
o
11}

]

-4 :g= O'Rch_s J-Rel'usa UQ ] (A.26)

93 f’w) ﬁRC[ N;; U;.,;)UQ Nq - ’)Uj:] (4.27)
‘ - GRC()DS + ‘3) %RE [(N:h"' U:)) U:::t" (N;>+ U;QU:: :‘ (4.28)

BT R « RO VIR UV
LFjﬂz'oR‘-’fas fz) ,{-Re[(N” U:I* Ns-x A)Uu] (4.30)

In each case the implied summation over the free indices is made according
to

/Uv = 5,0.’1
]
A = 3,1
N o= 4-

Q’ is the differential cross-section and
Y N Ly SO
m, m,’ mm,” mym, ”',’"f
P PR B T R
Measurables (A 1) to (A.20), which are used in the sample analysis of

Section 4, have incoherent s and p wave contributions. (A.21) to (A.30)
are the s-p wave interference moments.
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FIGURE _ CAPTIONS

Figure 1 : .
The moduli of helicity amplitudes Ugf ) ) N
of Eq. (2) for 7T*p ‘)Dolﬁ++ (solid symbols) and for
7t sw AT (open symbols) at 3.7 GeV/c in
a) s channel;
b) t channel.
In the lower parts of the figure are shown the corresponding am-
plitude phases taken as relative to that of U? in each of the
four cases (s or t cha.nnel,};‘[l++ or wA++) Since
in each case the over-all sign of the phase differences is
not measured, the differences shown were taken to correspond
to simple absorption arguments for the sign of the U?+,
Ug+ relative phase. For the sake of clarity the poorly
measured phase of N1+ is not shown. The solid and broken
lines are simple interpolating functions motivated by 7T

exchange and whose exact form is specified by Egs. (16) and

(17) in the text.

Figure 2
The components Re H? ’ Ian? and Ian;+ of the two

independent n=0 s channel amplitudes in 7T p—i/315++
They are deduced from the amplitudes of Fig. 1a under the
additional assumption that U2+ is purely real. The
components Re H? and ImH]

+ 5 3+
near -t!'=0.1 GeV .

The solid and broken lines are merely to guide the eye and

show (CI’OSS—OVGI‘) Zeros

are not related to those in Fig. 1.
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