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ABSTRACT

Measurements of the reaction Yp *+ pwﬂ+ﬂ- are reported for photon
energies 25-50 GeV. Particular attentionm is paid to wrin masses < 2 GeV.
A search is made for w’ or ¢’ partners of the p!(1600). Evidence is pre-
sented against the existence of narrow states and against the production

of a broad state by an s-channel helicity conserving mechanism.

(Submitted to Nuclear Physics B)






INTRODUCTION

Searches for vector mesons, V, have been made in diffractive dissocia-
tion in photoproduction

Yp > pV (1)
and in electron-positron annihilatiom

+ -

ee ~»V (2)

with the results of the two processes being related by the Vector Dominance
Model (VDM). Detailed studies have been made of production of the P, W,
and ¢ in both processes (a summary of measurements of electron-positron
annihilation and comparison with photoproduction at lower photon energies
is made by Bauer et al. [1]; photoproduction measurements at higher ener-

gies have since been reported [2]).

Information on higher mass vector meson nonets is more fragmentary.
A 0’ (1600) has been observed, decaying primarily into m 7 7 7 and T m m0r0
states [3—8]. From measurements of these decay modes widths of the p’(1600)
in the range 0.4~0.6 GeV are indicated, with uncertainty due to the problem
of separating other contributions to production of the 47 states (indeed
the possibility of such contributions has been ignored in some analyses [6-8]).
The uncertainty in width is complicated by observation [9,10] of a peak in
diffractively photoproduced At with the same mass but with a width of
" 0.25 GeV. This latter result is supported by the indication of a 3" =
= 1- state of width " 0.2 GeV in those analyses of 7 scattering which are
favoured by a recent polarized target experiment [11,12]. A candidate for
the ¢' member'of the same nonet has been reported in wﬂ+n_, KK and K"Ki'rr'I
states produced in electron-positron annihilation [13—15]. In particular
a Breit-Wigner formula has been fitted [13] to the wr T mass spectrum with
a peak at 1,657 % 0,013 GeV and a width of 0.136 * 0.046 CeV. It is usually
assumed that a ¢’ state would mainly decay into states involving K mesons
and that, as a major decay of the p’(1600) is into pmm, a similar major
decay of the w' member of the same nomet would be_into wnT. Hence a global
fit has been made [16] to the wﬂ+ﬂ_, KK and KgKiw+ mass spectra from electron-
positron annihilation, assuming contributions from the o’ (1600) and the

corresponding ¢’/ (taken to have a width ~ 0.15 GeV) and w' (taken to have
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a width v 0.5 GeV). The resulting interference between ¢! and w' genera-

. + -
ted a single peak of width v 0.35 GeV 1n wln o,

Earlier work [17] from the CERN WA4 experiment, on the reactiom
+ -
Yp > pum T, (3

+ - .
reported a broad peak in the wT 7 mass spectrum at a mass v 1.7 GeV with
a width ™ 0.5 GeV, produced with a cross-section which was consistent with
expectation for the w! partner of the o’ (1600), together with production

+ -
of jet-like wm T systems of masses > 2 GeV.

The present work, from the CERN WA57 experiment, is a further study
of reaction (3) with a factor of three increase in data. The results agree
with the conclusions of the previous experiment, and extend them to show
that the mﬂ+ﬂ_ systems in the broad peak at 1.7 GeV are largely in a JTr =
= 1- state, but are produced with an alignment differing from s-channel
helicity comservation {(SCHC), so arguing against this broad peak being
due to the w' partmer of the p’(1600). The results are inconsistent with

the narrow peak indicated by electron-positron annihilation [13];

EXPERIMENTAL PROCEDURE

This experiment used an 80 GeV electron beam to produce tagged photons
of energies 20-70 GeV [18]. The particles resulting from interaction of
these photons in a 60 cm liquid hydrogen target were detected in the Omega
spectrometer, equipped with multiwire proportional chambers, drift chambers,
a threshold gas Cerenkov counter and a large aperture photon detector. The
trigger required between two and five charged particles to be detected in
a forward MWPC together with at least one gamma-ray, with energy 2 2 GeV,
to be detected in the photon detector, Off-line software required two
gamma-rays to be reconstructed to form a 7 meson and there to be four or
five charged particles consistent with T or ﬂ+ﬂ_ﬁ+ﬂ_p, respectively.

Events from the reaction
+ - + -
Ypr T mwm Wop (4)
were selected by a cut on

AE = incident photon energy — Z(7 meson energies) .
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The AE distribution for reaction (3) is shown in Fig. 1, where mﬂ+ﬂ_ states
have been selected by the procedure described in the next section. As well
as the evident peak due to reaction (3), there is a background due to other
processes where further, unobserved, particles have been produced. This
background was investigated previously [17], and it was shown that a cut
requiring -1.5 GeV < AE < 1.0 GeV makes a good selection of reaction (3).

The background due to other processes is estimated to be v 25%.

A Monte Carlo simulation programme has been used to study the accep-
tance of the apparatus. This programme simulates the effects of the detec—
tors and of the analysis programmes on both charged particles and gamma—
rays; in particular a full simulation of showering in the photon detector
and the resulting effects on the analysis programme was made. Two.models
for the wm T systems (wnmTm phase space and Biw+) were studied in detail
and a third (we, where €, as described previously [4], denotes the low
energy s-wave 1T interaction determined by the measured phase shifts) in
outline. No significant difference was found between the acceptances cal-
culated for these models, so results for wnT phase space are shown. The
dependence of the results on most experimental variables was not changed
in any significant way by acceptance, so these distributions are presented
without correction. The acceptance does have a major effect on the shape
of the w meson production angular distributions in Fig. 5, and there correc—

tions for acceptance are made.

RESULTS

. ' + =
Figure 2 shows the measured 7 7 T°

mass spectrum (four entries/event).
A fit to the mass range 0.45-0.95 GeV using two Breit-Wigner formulas and

a cubic polynomial background gives:

0.017 % 0.001 Gev

[

for the n meson: peak at 0.5490 GeV, width

0.029 * 0.001 Gev .

for the w meson: peak at 0.7847 GeV, width

These peak positions are in good agreement with the world average values[lg],
and the widths agree with the resolutions found by simulation. Events

. - . + - .
corresponding to w mesons were taken to be those with a m 7 7% mass in the

range 0.75-0.82 GeV, and a background deduced from sidebands (masses
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'0.715—0.75 6r 0.82—0.855'GeV) was subtracted. For those'relativély rare
cases where an event had two or more 3T masses in this region each identi-
fication was treated as an independent event; this is statistically correct
except for the neglect of the error correlation, which is a small effect.

This background subtraction procedure was tested by studying the parameter
|E+ % B_lz
311 1 ?
3L oL 2 2
4 [9 M 3 [ch + mﬂ]]

+ - + -,
(where p , p denote the three momenta of the 7 and 1 in the 31 CM system,

M denotes the mass of the 37, m and m, the masses of charged and neutral

T mesons), which measures the radial distribution of w-meson decays over
the Dalitz plot. Figure 3 shows the measured A distributions; the distri-
bution from the sidebands is flat, corresponding to uniform population of
phase space, while the distribution for w mesons, after subtraction of

background, rises linearly from zero as is expected [20].

- ) + - - -
Figure 4 shows the measured wT T mass spectrum, together with the
calculated variation of acceptance with mass. (The dashed and dotted curves
on Fig. 4 are discussed later.) This mass spectrum shows no indication

of any narrow peak.

The t-distributions are found to be exponential. On fitting with

A exp (bt), for 0 < |t| < 1 (GeV/c)?, one finds:
1.0 GeV < M{wmm) < 2.0 GeV: b = 7.04 £ 0.63

4.62 * 0.28 .

2.0 GeV < M(wmrm) < 3.5 GeV: b

The distributions indicate a peripheral production mechanism, consistent
with expectation for diffractive dissociation. The decrease of b with in-

creasing mass is typical of other diffractive dissociation processes.

Figure 5 shows the measured distributions of angle of-production.of
the w meson, with respect to the s-chanmel helicity axis in the W CM
system, for two ranges of w7TT mass: (a) 1.0-2.0 GeV; (b)) 2.0-3.5 GeV.
These angular distributions have been corrected for acceptance: the

correction used is shown. The results in Figs. 4 and 5 demonstrate the
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same conclusions as were reached in the previous experiment [17]. For
M(wm) < 2.0 GeV w meson production is isotropic, while for M(wmm) < 2.0 GeV

there is peaking consistent with production of jet-like wnm systems.

The wﬂt mags spectrum shows a peak of mass and width consistent with
being due to the B meson. Investigation shows that production of Biw+
states is largely confined to the range 1.6 < M{(wmr) < 2.0 GeV. The angular
distribution of the B meson, with respect to the s—channel helicity axis
in the wr' m CM system, shows a strong backward peaking; effectively all
the B mésons are at cos GB < -0.5, where BB denotes the angle between the
s—channel axis and the direction of the B meson. These results are demon—
strated in Fig. 6, which shows mﬁt mass spectra for three ranges of wnm
mass, and in Fig. 7, which shows wﬂi mass spectra for two ranges of cos GB
for 1.6 GeV < M(wmm) < 2.0 GeV. The peaking in the BT mass distribution
and the asyﬁmefric_angular distribution are interpreted as indicating pro-
duction of BT by some direct mechanism which is producing a threshold peak.
It is noted that the peaking in the angular distribution is in the opposite
direction to that expected for one obvious possibility, namely a Deck
mechanism involving T meson exchange (see, for example, the review by

Berger [21]).

The spin and parity of the Wi system are now discussed. As an
wrm system from dissociation of a photon has € = -1, the 7T system has
C = +1 and therefore evem L. This would be expected to be largely % = 0,
due to the strong final state interactiom in that state at low 7T masses,
and this is supported by the rapid rise observed at threshold in the 7T
mass spectrum, which, for 1.0 GeV < M(wn®) < 2.0 GeV, is shown in Fig. 8.
For £ = 0 there is then a correlation between L, the angular momentum of

: . T
the w meson and the 77 pair, and the J of the wnm system. For example:

L "
0 1-
1 0+,14,2+.

L can be determined from the distribution of events on the wwr Dalitz plot,

2L . .
due to the factor g (where g is the three momentum of the & meson in the
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wrT CM system) and from the distribution of the angle, OH, of the normal

to the @ meson decay plane with respect to the direction of the 7T system

in the © meson CM system, which should be (for example)

J =1-: isotropic
m 2

= 0+ s
J 0 cos -
T .
J =1+ : sin? .

eH
Therefore distributions have been studied of cos BH and of Tw/Twmax’ where
Tw denotes the kinetic energy of the w meson in the wnm CM system and Twmax
denotes the maximum value of Tw allowed for that wnT mass. The measured
distributions of Tw/Twmax are shown in Fig. 9: Fig 9a for 1.3 < M{wmm) <
< 1.6 GeV and Fig. 9b for 1.6 < M(wnm) < 2.0 GeV. Comparison is made with
calculations for wmm phase space for Fig. 9a and for a combination of wrnw
phase spacé and BT (in the ratio determined from Fig. 6b) in Fig. 9b, for

both L = 0 and 1 in each case. These results show better agreement with

L = 0. The measured distributions of cos GH were fitted with a(l+ b sin? 8.),

giving
1.3 < M{wnr) < 1.6 GeV: b = -0.33 = 0.25
1.6 < M(wrm) < 2.0 GeV: b = 0.20 * 0.39 .
In both mass ranges these measurements of Tw/Twmax and of cos GH are con-

. . ™ . . .
sistent with J = l1-, and in the higher mass range exclude other major
contributions. Finally it is noted that the isotropy of the angular dis-

tribution in Fig. .5a is consistent with L = 0.

Hence the spin aligmment of the wnm state is studied under the assump-
. i . .
tion that only J = 1- contributes. Then the alignment of the wmT state
is transferred to the w meson, which can then be deduced from the distri-

bution of the angle, 6 _, between the direction of the normal to the w

N’
meson decay plane and the s-channel axis in the w meson CM system. Such

angular distributions, for various selections, were fitted with

1 .
a[poo C-OS2 eN + 5[1 - pgo] Sllfl’2 BN]

(where pgg is a spin density matrix element) giving:
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1.3 GeV < M(wmm) < 1.6 GeV
1.6 GeV < M(umm) < 2.0 GeV

Poo = 0.38 % 0.09

0.34 * 0.06

and cos GB > =0.5 : Poo
1.6 GeV < M(wmm) < 2.0 GeV

and cos GB < =0.,5
and 1.25 GeV < M{wm) < 1.275 GeV : Poo = 0.33 * 0.16 .

The first two of these selections essentially exclude BT production, while
the third selects ‘almost entirely BT production. Particularly for the
selections of wmm production which is not through BT there is significant
departure from pyy = 0 which corresponds to SCHC alignment. As photopro-
duction of p, w and ¢ [1,2] and of the p’(1600) [3,4] are found to be
primarily by an SCHC mechanism, it would seem that such a mechanism is
typical of direct diffractive diséociation of the photon to vector mesons.
Thus the observed departure from SCHC alignment argues against a major

contribution to this wmm production from the w’ partner of the o! (1600).

Cross—sections for reaction (3) have been determined, taking into

account corrections for:

i) Acceptance of apparatus and analysis programmes, as estimated by

simulation.

ii) Losses of incident photons due to double bremsstrahlung in the

radiator and failure in reconstructing tracks in the tagging system.
iii) ® meson decay branching ratios.

The normalization was determined by counting the number of incident photons
. s . + -

detected by the tagging system. The cross-section for producing wm

with a mass in the range 1.0-2.0 GeV is 82 % 20 nb, averaged over photon

energies from 25 to 50 GeV.

The energy dependence of the cross-section has been studied for
photon energies in the range 25-50 GeV (the number of events above 50 GeV
is small, due both to a fall in acceptance and to the rapid decrease in
number of photons). The energy spectrum of the incident beam was measured

by a subsidiary trigger detecting electron-positron pairs. The cross—section
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is found to vary as E ™ with n = 0.7 * 0.3, which is consistent with other

similar reactions [4].

A comparison is now made with the electron-positron annihilation re-
sults :13:. States produced by electron-positron annihilation should have
J" = 1-. From fragmentation of the real photon there should be major con-
tributions with J' = 1- to the states produced, but additional contributions
of other J' are possible. Hence effects seen in electron-positron annihila-
tion could be hidden in photoproduction. However, the expected photopro-—
duction cross-section corresponding to an observed electron-positron
annihilation cross—section can be estimated by using VDM. As this pro-
cedure has been calibrated [4] by comparing measurements of production of
the p’(1600), it would be expected that such estimates would be reliable
for photoproduction of the w' and ¢' members of the same nonet. This pro-
cedure indicated [4] a total p'(1600) proton cross-section of 16.7 mb.
Therefore, for the present comparison, we take the same cross-section for
the ©' member of the nonet and a smaller cross-section, 9 mb, for the ¢'
member. As a representation of the electron-positron annihilation data [13]
we take the peak, of width 0.136 GeV, fitted to the results. The dotted
curve in Fig. 4 shows the expected result deduced for this peak. This
calculation assumes the peak is due to a ¢'; if an w' were assumed the
peak predicted in Fig. 4 would be higher by a factor of 3. Even if there
were contributions to photoproduction additional to those due to electron-
positron annihilation, the results in Fig. 4 are inconsistent with a con-
tribution of a peak of the width and magnitude shown. The later model [16],
fitted to several electron-positron reactions, assumes interference between
w! and ¢'. In deducing the resulting photoproduction cross-section (assu-
ming parameters which were found to fit the curve on Fig. la of Ref. 16)
the contribution of w' relative to ¢’ increases, to give the dashed curve
shown in Fig. 4. For this calculation to be consistent with the present
experiment, it is necessary to postulate an additional contribution in

photoproduction turning on sharply at a mass of 1.8 GeV.

The peaking in the angular distribution of w mesons for M(wnm) >
> 2,0 GeV, which is shown in Fig. 5b, is an indication of production of a

jet-like structure, such as has also been reported in production of
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o [4] and of mm M T [22] states with masses greater than

2 GeV. This jet-like structure is explored further in Fig. 10, which

shows the average values of P writteh as (pT) (where+pT is the component
of momentum transverse to the t-channel axis in the wr m CM system), as

a function of wﬂ+ﬂ_ mass separately for w mesons and for T mesons. These
measured values of (pT) rise very slowly with increasing mass in contrast
to the rapid rise calculated for wmn phase space (which is shown in Fig. 10)
and in accord with expectation for a jet-like structure (see comparison
with a similar analysis of jet-like omT states [4]). A possible cause of
such a jet-like structure is that a photon-Pomeron collision, at these

high energies, is similar to a hadron-hadron collision and so is Pr limited
(see, for example, DeGrand and Randa [23]). In this case the w meson
angular distribution would be expected to be similar to that for inclusive
0 meson photoproduction [24]. Then the major contribution to the forward
peak in Fig. 5b could be due to the expected leading vector meson, but this
does not provide an explanation for the smaller backward peak which is in~

dicated both in this and previous experiments [17].

CONCLUSIONS

The measurements of reaction (3) reported in this paper are in good
agreement with previous results [17] showing a broad mass distribution,
with the w meson produced isotropically (in the Wi G system), for wmm
masses < 2.0 GeV. At higher w7T masses the w meson is produced with an

angular distribution which is forward and backward peaked.

. . . . : + -,
We have assumed that a major contribution to productiom of wrn 7 is

by diffractive dissociation of the photon. This assumption is supported
by

. T .

i) The J = 1- assignment.

ii) The relatively slow fall of the cross—section for reaction (3) with

increasing photon energies.
iii) The exponential t distribution.

The study has mainly concentrated on wTT masses < 2 GeV, with the

particular interest of seeking candidates for w' and ¢' members of the
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same nonet as the p!(1600). It is shown that there is a major contribu=
tion with 3 = 1-, so it is possible to consider there may be a broad w’
meson. However, the spin aligmment of the w meson is found to be incon-
sistent with production of the wrnm state by an SCHC mechanism, which is
an argument against there being a major contribution from the w' partner
of the p’(1600) decaying into wﬂ+ﬂ_. We note that a candidate for an w’

0

. . . + -
is reported [25] by the WAS7 experiment in the 7 T T° state at a mass of

1.67 GeV.

. + - . . . .
The normalized wT T mass spectrum is shown to be inconsistent with

the narrow peak fitted to the electron-positron annihilation results.

There is a small production of BT states in the wTT mass range
1.6-2.0 GeV. The Bm angular distribution is peaked, indicating » non-
resonant production mechanism. This peak is in the directior opposite

to that for a pion-exchange Deck effect.

At WTT masses > 2 GeV a jet-like structure is jy oduced, which is

similar to photoproduced prm7 states at these mas~-S [4]-
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Figure captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

1

ET)

‘e

Measured distribution of AE = incident photon energy - I(m

. + - .
meson energies) for cases where w®r 7. state is observed.

0

+ - . \
Measured T 7 7" mass spectrum (four entries/event) from

reaction (3).
Measured distribution of A (as defined in text):
% for events in w meson peak region -

% background from events in sideband regions.

+ - .
Observed wm T mass spectrum from reaction (3). The full
curve shows the acceptance. The dotted and dashed curves

are described in the text.

w meson production angular distributions, with respect to

the s-channel axis in the wr 71 CM system, for:

a) 1.0 < M(wmm) < 2.0 GeV.

b) 2.0 < M{wrm) < 3.5 GeV.

These results have been corrected for acceptance; the correc~

tions used are shown.

Measured wﬂi mass distributions (two entries/event) for:

a) 1.3 < M(wrm) < 1.6 GeV.

b) 1.6 < M(wmm) < 2.0 GeV.

c) 2.0 < M(wrm) < 2.3 GeV.

The full curves show the distribution for wmm phase space,
normalized to the same total number of events in each case.
The dashed curve, on (b), shows the results of a fit with

t + . . .
phase space and a B'm distribution.

Measured wﬂi mass distribution for 1.6 < M(wnm) < 2.0 GeV and
a) cos OB < -0.5;

b) cos GB > -0.5;

where GB is the angle between the s-channel helicity axis

and the wm direction in the wmm CM system. The full curves
show the distribution for wnm phase space, normalized to the

same total number of ewvents in each case.



Fig. 8
Fig. 9
Fig. 10
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+ - . . . .
Measured T T mass distribution from reaction (3) for

1.0 < M(wrm) < 2.0 GeV.

Measured distributions of TwlTwmax’ where Tw is the w meson
kinetic enmergy in the wnm CM system and Twmax is the maximum
value of Tw for that wrm mass, for
a) 1.3 < M(wrtm) < 1.6 GeV.
b) 1.6 < M(wnm) < 2.0 GeV.
The calculated curves are phase space distributions for

L=20
———— L =1
where L is the angular momentum of relative motion of w meson
and Tm pair. In each case the calculated curve is normalized

to the same total number of events as the experiment.

Measured values of (pT), the average value of momentum trans-—
verse to the t-channel axis in the wnm CM system. The curves
are calculated for wnm phase space. The full lines show re-
sults and calculation for w mesons, and the dashed lines

for 7 mesons.



800}
- 700f
600
8 500k
0
24,00+
300}-
200}

100

AE GeV)

1
10



Events/0.01 GeV

900
800
700

600

o)
-
-

I~
o
O

300

200

100

: 1

: I

_ i

.. i
i g

- 1 i Yﬁ}%{%ﬂﬂﬁ T:J(.Tﬁ.,}_z
Pohg @it — PERY

i % Hﬁgﬁ}%ﬁ; i
I \

- ¥

i1 g ffﬁlg

- I ;g;_lg

| M{é 1 } - ! 4 '

A

05 O 07 08 08 10 i1 i3 s
| Mt 7°)CeV

Fig. 2



400}
|- % -
300 '
250

200




32UD}dadoy

| i

140}

120

|

- o
m86
1..

A9 GOQ/SIuaA3

2.0 2:5 30 35

15

w0t
20}
.

M{wTrrr)GeV

Fig. 4



———

©

——
L

SJUSAT Pa}09.1107)

SjusAg ,_.unmﬁm,_.moo

- . D , @y’
32UD}dad2y e CleltisileCon)v) »
: O . Q
o ~ O ol . T ©
- o o @) - o
] T T 1 =
_ p———— —
w A - -
c |
W [ ! 0
o — MMA S
4)] ”
Q F !
Q .
< !
“ ==
-} 15
. N
! ——
I} | _—
TR B R N i1 =S TR SUNNE SN TR TR NN SN } -
o) ™) ) ) ) o ) ) O ) ) oY
-] O ) O O o - ) o O -
L) O w ~1 N Q) O P 5 Lt - .

Fig. 5



Events/0:05 GeV

L
16 18 20
- Micor)GeV

b)

MI

N S O
O O O

o0

L ¥ L
10 12 14 16 38 20
MlwT)GeV

I ' } ?
L I.IIIL

1.0 1.2 1-4 1.6 8 20
Mlcotr) GeV

Fig. 6



—
1]

1] 3 1 t 1

O
o0

O o)
o ~3

A°9 SO0 \me>m

160t

§

-

N oa)
N

ABS GO-0/SHiaAT

Fig. 7



120

|
-
-
1

| ] t .‘- .
Q o

1
1:4

M o (GeV)

| 1 IJ
508 10 12

Fig. 8

04 O

02

© O
A99 GO'0/siuens



. ‘a)'

Normalised

K.E.

- b)

1-0

0-8

0-6

0-4

0-2

_” ‘_
nU,_.,O nU
~I ‘ N
SJUSAT

Normalised

K.E.

Fig. 9



1-2

=t
®

<Pr) GeVc
o
($))

Q
~

-
N

M(wmf



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26

