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OBSERVATION OF REGGE POLE EFFECTS IN o°A " AND «°A'" PRODUCTION AT 3.7 GeV/c'

G. S. Abrams, K. W. J. Barnham, W. R. Butler,’ D. G. Coyne,
G._Goldhaber,_B. H. Hall, and J. MacNaughton

Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, California 94720

May 26, 1970

Evidence is presented for zéroes in the n exchange contribu-
tion to poéf+, and in the p exchange contribution to woéf+ produc-
tion. The position of’the ﬁ exchahge zero 1s consistént with a =
trajectory with a;(O) ~ 1.2 (GeV/c)_E- Evidencevis also presented
suggesting that the A2 chooses the Gell;Mann mechénism (nonsense
_choosing). A model of n exchange with exact n~B exchange'degeneracy

- 1s found to describe the data quantitatively..

A study of the channels

n+p 49 poéf+ : ' (1)
and-

ﬂ+p > oA | (2)
yieldé infprmation about w and A2 exchanges, and abput_p and B exchanges,
respectively. For small t values (It} < 0.3 (GeV/C)g) channel (1) is reasonably
wéll.described'by‘the absorptive peripheral model with elementary or Reggeized
pion.exchange, as well as by form facﬁor and pufe Regge pole models. Similar
success has not'been attained for channel (2); where neither the differential
cross section nor the decay density matrix elements resemble the predictions
0of models based on the dominance of the leading t—channei singularity, tﬁe o)

trajectofy. By extending the experimental data to larger t, we are able to
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Regge , '_v . » . , _
see evidence forabehavior of the pion exchanged in channel (l)._ A comparison

of channels (1) and (2) revéais a marked similarity iﬁ their decay densify
matrix elements, suggesting n-B exchaﬁgefdegenefacy.r Evidence is also seen
for the e#change of the p trajectory in channel (2), as a zero in the natural
parity contribution to fhis channel is oﬁéerved near-'&é = 0. The assumption
of*p-A2 exchange dégeneracy then leads to a possible determination of the
ghost-killing mechanism of the’Ag; and indicates that the A2 trajectory is
nonsense choosing. |

fhis aﬁalysis is based on data.from an exposure 6f the Lawrence Radiatioh
Laboratory 72-inch hydrogen bubble chamber to a n+ beam with central momentum
3.7 GeV/c ana a momentum rangéuof iO.2'¢éV/é. bThe‘data reduction system was
described earlier.l The events for channel (1) éfe éelected from the four-
body final state | |

+ N + - - . .
TP PR (13,000 events) - . (3)
» and channel (2) from the fivé-body final4staté

o’ (13,600‘events)v . , (%)

+ + o+ -

TP = PN
v + . - S : : :
From the measured s beam flux of 3 events/ub,2 the cross sections for the

observed final states are
+ + - v
o(pt n n ) = 3.52%0.10 mb
+ + -
olpn % 1 1°) = 3.62£0.10 mb -
. where the errors are statistical only.

To measure the differential cross sections and density matrix elements

- for pA or wA production we have defined the  resonance mass bands:

AT ll60v$‘M(pn+) s 1080 MeV/c® - (5a)
o) ' + - . 2
oo 680 = M(n x ) = 860 MeV/c . (5b)
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o 763 = M(x % 7°) = 803 Mev/ct . (5¢)

Background undérnéath the'doublé resonance eﬁentsvwas measured by selecting
all evénté within a resongnce mass band, and plotting the mass distribution
of the parficles rééoiling égéihst ﬁhe (predominantly) reéonant system. A
hand-draﬁn curve was used to determine the backgfound ﬁnder.the fesonant signal
ih the recoiling system, as.weil as the fraction of the recdiling resonance
included within the defining mass limits [Eq. (5)]. This procedure was followed
for both the A++ and the vector meson mass bands, and fér control mass bands
both above and below the vector mesonvmaés signal (so that no vector meson
) eventé are included in these control_intervals); thisvlatter selection provides
. a measure of the number of events in the double resbﬁance region which are in
neither resonance.

The cross sections for channels (1) and (2), using the background subtrac-
tion method outlined aboﬁe-and correcting for the fraétioﬁ of events lost due

to either the mass band selection criteria or to unseen decay modes, are3

1l

o(xtp = %4 7) = 0.90£0.10 mb - (6a)

o(x"p = «CAT) = 0.66£0.08 mb  (6b)

where the errdrs include a possible systematic misestimation of background.

To define.the diffefential cross section ﬁe use the variable t' =t - tmin’
where ltminI ié the smallest value of ltl kinematically allowed for a given
event. At the vector meson and Af+ central mass values tmin ~ - 0.075 (GeV/c)2
for 3.7 GeV/E incident ﬂ+. Thus all t' values can be translated intofefféctive
t values by teff = t! —'0.075 (GeV/c)E- The backgroupd subtraction method

outlined above was used with a coarse It’l selection to give adequate statistics

to measure the double resonance purity within the intersection of the double
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resonance baﬁds'aé a.function of ’t'l. Intérpolatingvthese data poihts for-
the puriﬁy for fiﬁéf |t'|vﬁins, and ﬁormaliZing to the total pA and wA'cgoss
sectioné yields the différéntial'éross sectidﬁs shgﬁn in Figs. la,b. The
number of events in.eaéh chahﬁel within'the‘mass Bands is also shown; The.”
o&erall normalization_erroré of Egs. (6a,b) are not included in the errors
shown in Fig.'l (or iniFig..M). . | |
The pA distribﬁtion is seen to be more sharply peakéd.in the forward

direction than the wA distribution. While the pA data can be fitted to the
Simple functioﬁal fdrm of the sﬁm of two exponentiéls, with sidpes l3.0tO.5
(GeV/c)— in the most forward direction and 2.4£0.5 (GeV/c) for 0.4 < |t'| < 1.0
(GeV/c) , the wA data appears more compllcated. Slgnlflcant dips are seen

in do/a|t’ | for thecna near It | = 0 (0°) and It | = 0.15 (GeV/c)®. For
]t'| > 0.2 (GeV/c s the @A data are cons1stent w1th an exponentlal fall-off
with slope 4. 02£0.20 (GeV/c .

More detalled 1nformat10n about theAproductlon meéhanlsms fﬁr pA and WA

is conveyed by the decay den31ty matrlx elements.‘ U31ng the standard t-channel
coordinate syétemlL and the method of.moments to.evélpdﬁe the ﬁétrix elements
and their errors, we présent the pArand‘wA density matrix elements in Figs.

2 and 3, respectively. For these figﬁres, all'events lying within the crossing
double resonance bands weré used without a background subtraction. The |t'|
dependence of. the matrix elements has also beenvmeasured for baékground events
(not Shown), and indicates no sharp features such as are discussed below for
oA and wA selections. |

Considering first the pOA++ channél, we see that for It'l < 0.2 (GeV/c)g,
is large (~ 0.8) while the other elements are much smaller (< b.l) in

Poo

magnitude. This i1s in qualitative agreement with the predictions of a model
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with elementéry.bion exchange,vwhere Poo = 1 and all'bﬁher terms are zero.
A new featuré of ﬁhis data is the extension to large It‘J, ana finer detail
in the sma11" r£’|v(< 0.2 (Gev/c)g) data. )

Evidence for a zero in Poo near |t'| = 0.75 (G_eV/c)2 is given in Fig.
2a; additibnalievidence for.the’vanishing of the amplitude to produce a po
in the m =0 :state at this |t'| value is provided by the zero in Re o1 0
(Fig. 2b). Thé data unambiguously demonstrate that Poo approaches zero at
1] ='O.75:(¢QV/C)2- However, it is difficuit to aséertain the significance
of the obserVédtﬁisé in g, fqr_larger It'l'values,_sinéé a background subtrac-
tion is unreliable with the meager statistics available.

We motel‘L ﬁhat P00 measures the unnatural parity exchange when the vector
meson is in the zero t-channel helicity state. Hence we present evidence that
the unnatufalvparity exchange ampiitude has a zero near lt‘|-= 0.75 (GeV/c)g.

5,6

Such a zero is'predicted by simple Regge pole models for nonsense wrong

signature ppints; if the observed zero corresponds to the point aﬂ(t),= - 1,
then we infer a slope for a linear = trajectory of ~ 1.2 (GeV/c)_e. While
the simple fdrm factor model7'd0es not predict this zero, models with inter-

9

fering poles;8 or pole plus cut contributions,” or optical modelslO also yield

this type of structure.

T ' . ' . +
In Fig. 4a we show Pop multiplied by dc/d't'lvfor_the’pQA * channel (we ~
0 = Poo

(GeV/c)e,-evidénce for a change in slope may be seen, with the forwardmost

define the quantity o dc/dlt'l). Aside from the zero near - lt'| = 0.75

dapa appearing steeper than the data at larger It'l- The curve in this figure
is from a fit to the 0, distribution for O < lt'] < 1.4 (GeV/c)® using the
Reggeized pion exchange model described in Reference 1l. _;'The slope

of the pion_frajectory is fitted to be 1.16%0.03 (GeV/c)—g, and is thus
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consistent with the position_of the -zero inprO' The sméll error in the slope
is due to the sensitivity of the model to the relatively precise measurements
for |t'] < 0.k (GeV/c)z. The Regge model fit may be seen to be in quanti-

tative agreement with the data for all [t'|. .

- ’ ' ++
We next consider the helicity-flip contributions to poA production,;e
L+ : . :
20) = P11 T P1,-1 | | (7o)

where, as ;'~;.m, 01 (Gij measﬁfés tﬁe naturai (ﬁnﬁéturai);pariﬁy contribution
to the vectbr‘meéon.in the (t-channel) helicity one state. 'The aistribution
of Oi (see,Fié. 2h) for‘pA production,.whiéh incluaés £he ﬁ exchahge contribu—
tion to the helicity oné'state; does not.show a dip near [t'| = 0.75 (GeV/c)g,
where the n contribution to the helicity zero state has been observed to vanish.
Hence we conélude that; at least af large'lt'|, thé.n exchange éontribution
to Oi is ﬁnimportaﬁffA Whether the.dominaht cbntribqtioﬁs tb Gi are due té
cuts of'adaitibnal poies'cénnbt be decided_wiﬁh thé availabie data.

The disﬁriﬁution of'oi (éeé Fig; 2g) fbf bA, wﬁiéﬁ in a polé'model wéﬁldr
be dominated by A2 exchange, shows evidence for a change of slope near
[tf] = O.lé,(GeV/c)g, and appears smooth near |t'| ~ 0.6 (GeV/c)e. A zero
near '|t'| = 0.2 1in the A2 amplitude has been inferred from finite energy

5

. +
The lack of a dip in 0, near |t*] = 0.6 (GeV/c)2 may be used

1

to extract information about the ghost-killing mechanism of the AE’ assuming

sum rules.

.+ ++
that the A2 dominates other contributions to ¢ Noting that the A density

lc

- matrix elements (Figs. 2d,e,f) near |t'| = 0.6 are consistent with those

p3,3 = 3/8;

Re P31 = J3/8, Re P31 = 0), we surmise that there is a unit flip of helicity

expected from a magnetic dipole (M1) coupling at the A A vertex (

2



-7- : - o UCRL-19743

at the nucieon'vertex- Since'there exists good evidence of approximate p--A.2
excha.nge_degeneracy,Gap ~ aAé, and hence |t']| =~ 0.6 (GeV/c)2 is a sense

point for the A2; The absence of a dip in o+

| hear the point a, =0 is

A
then eVidence'that'the’Aé chooses to couple to nonsense channelsg(Gell;Mann
mechanism) .

ThernA channel is amenahle‘to a_sinilar analysis. It p»erchenge dominates
= 1/2,

the production of wh, we expect 5.0 = =0 and p 4
L J J

1,0 T Py,-1

as well as Ml coupling at the nucleon vertex (see the discussion of 01 above) .
As may be seenlin Fig. 3; the data indicate a preference for a production
mechanism thatvresembies.that of poéf+ (n'ekchange). In>particnlar the large
value of po O indicates a 51zable contribution from unnatural parlty exchange,
generically we shall call such exchanges B exchange.

For. the wA channel we isolate the B contribution to the helicity zZero
state as before by plotting c (Fig. Mb) The distribution.is seen to be
much less sharply peaked than the corresponding distribution'for pA. A new
feature of the data is the significant dip at |t'| = 0.17 (GeV/c)®, which
~is contributed to by dips in both pO;O and in.do/dlt'l. It has been suggested13
that such a dip could be due to the vanishing of the Bvamplitude at aB =
for t = - 0;25, near the dip observed in this experiment- Howeéver, the
sharpness of the dip argues against this interpretation. iSince do/d}t'l

alone does not show as large a dip as 06, the dominant cause of the dip is

a sudden'change in the polarization of thevwo over a smsll interval in |t'

IWhlle the sharpness of the dip 1s reminiscent of interference effects, we

cannot offer a specific explanation of this effect. For |t | > 0.2 GeV/c 2

the Oé distribution is consistent with an exponential fall-off with slope

3.09£0.26 (GeV/c) .
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B exchange is obeerved.tohcontribnte almoet half of the oA cross eection
at 3.7 GeV/c, suggesting reiatively strongicouplings'of the”B to,n® and to
‘ﬁA.buA’model Withhﬂ—B exchange degeneracyll enppliee snch strong couplings;
- the smooth curve in Fig. 4b shows that for. 0.2 < |t l < 1.0 GeV/c such

a model is in good agreement with the data. While the dlp at It'l = 0.17
(GeV/c) is not- accounted for by the model, an 1nterest1ng consequence is
predicted for It | < 0.1k (GeV/c) It is seen that an enhancement of ~ 70
events over the x-B exchange degeneracy predictlon occurs for small |t |

This is prec1sely theAregion in which destructive wp 1nterference was observedl
for the'M(n+n‘) distribntion.of channel (1), where ~h80 events-are removed
from the n+n_ mass distribution near the massuof the'wof If the off-diagonai
elenent of.the'ow mass nixing‘matrix is eeeentiailyﬂreal; for the observed
w-p production phase ~ 80 events should be added to the ap samﬁle with

[t'] < O..ll#:(GeV/c)2 in agreement with the deduced excess nnmber of events.
‘We further note that the observedl w—p production phase' B =‘l.SiO.3 rad has
~also been interpreted as a conéeqnence of n-B exchange degeneracy.
Finally we consider the distributions of oi for the a®A " chamel. Tt
~is seen (Fig. 3h) that 01, the unnatural parity contribution, shoWs no sharp
structure as a function of lt'], while 01 (see Fig.v3g),-which measures the

p contribution in pole models, has a Zero near _|t'| = 0.65 (GeV/c)e. The
position oflthis zero 1s thus slightly dispiaced.from»the noint nhere
ap.= 0, lt'! ~ - 0.5 (GeV/c)g. A baCkground subtraction in the region of the
zero enhances the effect, but does not increase its significance (~ 2 standard
deviations). Evidence for this zero has not been seenvpreviously in two-body

final states with an aP (and either a nucleon or nucleon isobar). A possible

explanation for the apparent lack of a dip in other experiments is that p
“
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- o . e o e .
exchange is not the dominant mechanism in @ production; as indicated above

B exchange is dominant at the interﬁediate energies studied to date. Hence

the p contribution cl

" appearance or ladk of a dip near 0.6 (GeV/c)g. It is worth noting that since

must be isolated with good statistics to see the

the p chooses Ml coupling, for Ol(wA) there is a unit helicity flip at both
the meson and the nucleon verticés'in both the s and t channel coordinate
systems. Hence the net helicity flip is eithérko or 2, so that a zero (or
. A +
dip) in o)

for modelslo which attfibute the observed dip in n—p‘—5 °n to a zero in

would be expected near . |[t'| = 0.2 or 1.2'(GeV/c)2, respectively,

tﬁe Bessel fuhction’Jl. Our rééult thus éonﬁradicts such simple models, and
favors.the hypothesié that.the p exchange amplitude &anishes at the nonsense
wrong signature'point a, = 0. |

In conclusion, evidence is fouﬁd for structure.in t forvboth poéf+ and
woéf+ production which is>readily éccoﬁnted féf'by.éimpie Regge pole models.
Evidence.for nénsensé Qrong.sigﬁéfure'Zefbes afé séeﬁ for both thé it and the '
o) trajectories, and n-B exchange_degenerécy appears ﬁd.be consiétent with the
0h, @A data- Data consistent with the hypothesis of pw interference effects
appearing in the n+n—no events is also presented, although the unexplained
dip in cé(wA) at It'| = O.l’('(GeV/c)2 cloﬁds thevcomplete theoretical inter-
rretation of the data.

‘We wish to acknowledge many fruitful'discussiqns with Dr. Uri Maor con-
cerning the phenomenological analysis. We thank our coworkers Drs. John Kadyk
and Georgé.Trilling fof their contributions_to other phases of this experiment.
We further £hank the Alvarez Groub bubble chambér crew, fhe Bevatronbcrew, and
the FSD staff, as well as our scanning, measuring, and computing staffs,-for

their invaluable assistance.
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FIGURE LEGENDS

~ o ' ++
Fig. 1. Differential cross sections for vector meson and & production,

' + ++ + ++
corrected for nonresonant background. (a) = p — pOA ; (0) ip = oa .

_ v . _ - v
Fig. 2. Density matrix elements for pOA production as a function of |t'|.
+ p: ; . e ’
(g) pl,l pl,-l, and (h) pl,l pl,'l
+ o
Fig. 3. Density matrix elements for woéf -production as a function of |t'|.

(a) Po,0} (b) Re P1,05 (c) P11 _(d) P3,35 (e) Re P31 (f) Re P31}
(g) pl,l + pl,_l; and (h) pl,l - pl’_l'

Po,0
+ ++
(b) Tp - a)oA .

' e ' + ++
Fig. L. do/a|t'| for vector meson and A production. (a) n p — oon,
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the abgve, 'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Comrnission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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