Lawrence Berkeley National Laboratory
Recent Work

Title

ASSOCIATION BETWEEN THE DIP IN THE n-p -&gt;n|n HIGH-ENERGY ANGULAR
DISTRIBUTION AND THE ZERO OF THE RHO TRAJECTORY

Permalink

https://escholarship.org/uc/item/8m80t71§

Authors

Arbab, Farzam
Chiu, Charles B.

Publication Date
1966-01-27

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8m80t718
https://escholarship.org
http://www.cdlib.org/

UCRL-16686

University of California

Ernest O. Lawrence
Radiation Laboratory

ASSOCIATION BETWEEN THE DIP IN THE w p - Tron HIGH- ENERGY ANGULAR
DISTRIBUTION AND THE ZERO OF THE RHO TRAJECTORY

-

\
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
\_ J

Berkeley, California



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.



L7
T

g, — ]

[

Submitted to Physical Review! .~

UCRL-16686

UNIVERSITY OF CALIFORNIA

Joawrence Radiation Labveratory
Berkeley, Califorunia

AEC Contract No. W-7405-eng-48

ASSOCIATION BETWEEN THE DIP IN THE nip = w\)n HIGH-ENERGY
ANGULAR DISTRIBUTION AND THE ZERO OF THE RHO TRAJECTORY

Farzam Arbab and Charles B. Chiu

Janvary 27, 1966



=

.. UCRL 16686

"4, "ASSOCIATTON BETWEEN THE DIP IN THE = p - n°n HIGH-

- "ENERGY ANGULAR DISTRIBUTTON AND THE ZERO OF THE RHD TRAJECTORY™

Farzam Arbab and Charles B. Chiu

ﬁﬁ*i?;’ﬂ.'T~‘f_' . lawrence Radiation laboratory

University of Californis
Berkeley, California

| Januvary 27, 1966

; a;f'The angulaf distributions of ﬂ'p-* non near the forward

direction have been measured by the Saclay-Orsay group at CERN at

- several momenta between 3 and 18 GeV/c.l The observed energy dependence

Agives important support to the»hypothesis of Regge behavior controlled

by the p - trajectory. A dip at about t = -0.6 (Gevyh)e together

. with a secondary maximum is a generél feature of these distributions,

Figure 1 shows the angular distributions at 5.85, 9.8, 13.3,

'”vand 18.2 GeE/c. Ihil;ips and Rarita fitted these distributions,2

assuming that the amplitudes are dominated by & p Regge pole in the

crossed channel, with the differential cross sections given by the

' expression
dg (o ¢y = L (M) . T P 2 —_ Y 82
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'.'iThefsymbols_ 8 and’t are the invariant squares of energy and momentum

f'transfer, respectively, p and E are the incident pion momentum and

‘ }' totdl;energy in the laboratory system, kX 1s the center~of-mass

" ;'momentum, M 1is the_nucleon mass, and E

!

0 is a scale factor arbitrarily

¥ taken to be 1 BeV. The p trajectory is designated by af(t).

Phillips and Rarita parameterized C(t) as (20 + 1) times the

difference of two decreasing exponentials, while D(t) was represented

. as «a times such a difference. The trajectory oa(t) was assigned

. .
s A

v

the Pignotti form. They obtained a solution with «(0) = 0.540 10,002
~and «'(0) = 0.65 ¥0.02 from 75 data points with X = 14k, Assuming
8 linear trajectory, they found a less satisfactory fit with X? = 175
for «(0) = 0.530 10,003 and ' = 0.47#0.02. In both fits the
‘value‘of |t] where a(t) crosses zero is much larger then 0.6,

ﬂ In their solutions, the dip in the cross sections is explained by

the change in sign of the diffefence of the two expoﬂentials in the

. B amplitude (which is much larger than A), the positioﬁ of the dip
being near ﬁhe position where the difference of the exponentials

‘ vanishes, &%ﬁthe same time, ﬁhey pointed out the possibility that the

dip might be dssociated with the vanishing of the factor a(t) in the
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”ff B "amplitude} In fact, they noticed that if one assumes & linear
5f:-trajectory that goes through the position of the p resonance and
ﬁ“ff{through a w l/é at t = 0, this linear trajectory should go through

;*a(t) 0 near t.= -0.6. We proceeded to study this possibility

.:~%fusing this idea as the 1ngredient;4and have found a fit to the data,

.>-, which is actually»siightly better than the preferred fit of FPhillips

which has been used, for example, by Logan,

.7and Rarits.

As a preliminary to our analysis, the trajectory function

a(t) was first studied by the so-called model-independent method,
' 3

i
Hﬁhler,u and others.

‘The value of @ &at each t can be determined from the dependence

. of dq/ﬁt on E ; the incident-pion lab energy, since we have

200-2

(é%) P(t) .

A linear form for the traJéctory zave a statisticelly adequate'fit,

- as shown in Fig. 2 (Curve I) leading to (0) = 0.56 10.03 and -

" va' = 0.81 t0.08. We thus chose a iinear form to perameterize the

trajectory in the following analysis.

For the residue functions C(t) and D(t) we chose forms

based on L. L., Wang's analysis of the poles and zeros of the

“hellcity amplitudes A and B, showing that there should be no poles

beyond those at « =1, 3, 5,¢°* in both amplitudes, while the

_ kinematically required zeros occur at Q = =1, =2,+*+, in both

¢(t) and D(t) and at o =0 in D(t). The sequence of zeros at
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\ f'4"negative odd 1ntegeré ¢ancel out the spurious poles at these points

in the function [1 - exp(-inx))/sin nx .  The data in question will
carry us near the point « = -1 (see Fig. 2) but not near «a = -2, -3,:-,

8o in our parameterization we have included only the first zero of this

. sequence. In addition D(t) must have a zero at « = O. It is

-possible that further (dynamical) zeros occur in the residue functions,
. but we have sought‘a "simple" fit where such complications are absent.

. Accordingly-we'chose the expressions

i

c(t) (¢ + 1) ¢, exp(Clt)

and

(%) | ala + 1)D0 exp(D,t) ,

where ,Co’ Cl’ DO? ﬁnd Dl are.adjustable constants. Note that
'these forms are somewhat different from those of'Phillips and

Rarita; In their parameterization there is an undesired zero at

Q= - i/e in A and polesat a= -1 1in both A and B amplitudes.

The data points for |t] < 1.4(GeV/c)® at p_=5.85 13.3,

and 18.2 GeV/c and for |t]| < 0.8 (GeV/c)® at p_= 9.8 GeV/c were
included. With a total of 62 points,5 the best solution we found
hed X = 98, We did not include the normalization uncertainty, which
would result in & loﬁer X? value. The values of the six adjustable
pgrameterslfor our best solution are given in Table I, the corresponding
£1t being shbwn in Fig. 1.
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;ton t has already been introduced through the choice of the value E

,_'5". | . " . )

. Since both C. and D

.&2~k{ L L are essentially consistent with zero,

: "we made a search demanding that C D = 0,. and obtalned a solution

1

'TJ-With the same X2 value, -

- Teble I. Parameters for =N charge-exchange amplitudes.

a(0) 0.56 0,00 R 2.3 mb-GeV

0
-2
¢, 0.01 GeV
o' 1,08 10.03 o Do - 38.9 mb-GeV
-2
Dy 0.01 GeV

- We feel fhis four-parameter fit is Just an accident, however, since in

the expression for the cross séctidn an arbitrary exponential dependence

o °

- That 1is, If we were to choose a different value for 'EO , the values

of Cl and Dl would then be different from zero. 'Furthermore, there

is8 no a priori reason to assume that the scale factor in the A

- amplitude should be the same aé that in the B amplitude, Thus we

%+

feel six pardmeters are still needed.

: Noteythat the trajectory parameters given in Table I are
essentially compatible with values that we determined from the
model-independent method, Figure 2 shows that a(t) should have a

slight curvature, so that 1f we consider only small-momentum-transfer

data points, we will get a higher value than 0.81 for the slope:of

i



2%A ;£§;t;ajeqtoryJ, in’faét;.thé trajectory :a(t) = 0.56 + 1.08t gives
'.'f.;';"a‘éétisfactoryjﬁt with % =14 for 1k poinﬁ's, i.e;, [t] < o.é.
f;?;.Incidentmaliy; fﬁe»trajech;y givén.in Table I predicts Mp ~. 640 MeV,

~ vhile .the_trajlecﬁory obtained by the model-independent method leads

- to M ThO MeV. o o

To summérize, we find we can explain the dip at t ~ -0.6 (GeV/c)2
. 1n'terms of the neceséary vanishing of the helicity-flip amplitude '
.when the exchanged.éngular momentum passes through zero. If such is

»in fact the origin of this minimum in the angular distribution, one

!
 should expect to observe similar minima at the same value of momentum

l‘transfer 1n other reactions where the p trajectory plays a prominent
"hrole. .
K Wé‘aré iﬁdebted to Professor Geoffrey Chew for his suggestions
' ahd advice on the present work, We'especially thank Dr. William Rarita
for his encouragement and many useful discussions. We would lilke to

- thank Mrs, Ling-Lie Wang for her discussion on the analysis of poles

and zeros of the helicity ampiitudes.
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“eauo,+ . uoo.7ir.  FIGURE CAPTIONS

e '}flﬁFig. 1._ Differential cross sections of x p ~ n°n at four incident-

Mr,»ﬁpion.momenta;ﬁ,The smooth curves are our best statistical fits.

‘fgfﬁﬂg: 2;7 The p tfajéctory plotted as a functionof t . Cuwrve I =
ﬁxg, 3?5;é-' . best linear fit to a(t) values determined by the model-
independent method from data of Ref. la; oaft) = 0.56 + 0.81t.

: Curve II: oft) = 0:56 + 1.08t .
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