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1. Introduction

One of the most interesting aspects of yp interactions has been the diffractive
production of vector mesons Measurements of p, w and ¢ photoproduction have
revealed a dominant, roughly energy independent, part of the cross sectton which
proceeds v natural parity exchange and conserves s-channel helieity [1]. Recently
a new vector meson state, the p'(1600), has been found in the reaction yp - pp’ -
pe®n*n— with production properties simular to those of p, w and ¢ production [2]

All previous track chamber studies of vector meson photoproduction have been
confined to final states with zero or one (undetected) neutral particle in the final
state In this paper we study the reaction yp = pr*n~ + two or more neutrals and
search for yet undetected meson states. In particular we try to 1solate the channel
vp - pwn® = prtn—aOnO. This channel 1s of interest because the quantum numbers
IGC of an wn® system are uniquely 1*~. Hence the wn® system has the same C
panty as the photon and can be photoproduced diffractively

The data presented below orniginate from a systematic study of yp reactions at
2.8, 4.7 and 9.3 GeV, using the LBL-SLAC 82in HBC exposed to the SLAC mono-
chromatic backscattered laser beam. We have obtained 92, 150 and 275 events/ub at
the three energies. The photon beam had a linear polanization P, of 94, 92 and 77%
at 2.8, 4.7 and 9.3 GeV, respectively, and a momentum spread of Ap/p = £3% Here
we study the mesonic system recoiling against the outgoing proton. We find a periph-
erally produced enhancement near M+ -y = 1240 MeV, which decays predomi-
nantly into wm. Its production cross section 1s roughly energy independent The en-
hancement can be identified with the J® = 1* B meson, but our studies of the decay
correlations show that a J# = 1~ assignment 1s equally possible. In addition, the en-
hancement could be due to a non-resonant Deck-type process. Finally, we study the
7t + neutrals decay of the p'(1600).

The orgamzation of the paper 1s as follows. Sect. 2 covers the event selection and
channel cross section, Sect 3 deals with general characternstics of the reaction
yp = patn~ + neutrals. Sect 4 contains a study of the M +_- \y enhancement near
1.25 GeV. Sect. 5 discusses the 7t7~ + neutrals decay modes of the p'(1600)

2. Event selection and channel cross section

The experimental set up and event analysis have been described 1n refs [1, 3-5].
Prehmunary results at 2.8 and 4.7 GeV have been reported in ref [5] From our three
prong events we selected a sample that had track 1onizations consistent with the hy-
pothesis

vp =~ prtn~ + neutral(s) , (1)

and which did not fit the three-constraint reactions yp - pr*n—, yp = pK*K~ or
vp = ppp. The mass squared, MM2, of the neutral system was calculated assuming
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., to be the mean beam energy of the particular exposure. The distribution of MM?
(scc fig 16 of ref. [1]) shows a clear peak at MM? = M2, due to the reaction

yp > prtnn® (2)
In order to select events from reaction
yp = pr*n™ +neutrals 3)

we eliminate events from reaction (2) by requiring MM2 >0 1 GeV2. By this cut
about 93% of the events from reaction (3) are retained, as determined from Monte-
Carlo calculations. The contamination of the sample by events from reaction (2) 1s
about 1 ub at 2.8 and 4.7 GeV and 1 5 ub at 9.3 GeV., In addition, the part of the
sample having proton momenta above | 4 GeV/c 1s contaminated by events from
the reaction

vp = na*n*n™ (+ neutrals) . )

The channel cross section for reaction (3) 1s 14.0 £ 2,0 ub and 20.8 3.9 ub at
2 8and 4.7 GeV, respectively [3] At 9 3 GeV the contamination by reaction (4)
precludes a determination of the total channel cross section. In our subsequent
studies we concentrate on the umique part of the sample with low proton momenta,
e, [t] <1 GeV2, which 1s free of any contamination by reaction (4) (1 = Lop 18
the four-momentum transfer squared from the target to the outgoing proton). The
cross section for channel (3) with [£] < 1 GeV2i1s 13 ubat 9 3 GeV

3. General characteristics of the reaction yp - pr*n~ + neutrals

Figs 1—6 show the pn*, pr—, pMM, n*n—, 7*MM and 7~MM mass distributions
of reaction (3) at 2 8, 4.7 and 9.3 GeV., All dlstnbutlons have |+ pI <1GeV2,
From figs 1, 2 and 4 one observes A*™(1236) and p° productlon and weak indica-
tions of Ao(l 236) productlon The cross section for A*™ production (all cross sec-
tions are for lzp | <1GeV2)1sabout 3 ubat 2.8 and 4 7 GeV and 2 ub at 9 3 GeV
The shaded part of fig. 1 has an additional cut It att <1 GeV2, The cross sections
for A° production are about § of those for A*™* production. The p° production cross
section at 4.7 and 9.3 GeV 1s about 1 ub for |7] < 1 GeV?

The shaded part of fig. 3 has additional cuts 06 <M_+ - < 0.9 GeV and
[ty mtn—1 < 0.5 GeVZ, 1e, we have selected on peripherally produced p© From the
shaded distribution at 9.3 GeV we infer an upper limit of 1 ub for the cross section
of all inelastic diffractive processes of the type yp = 0 + p + neutrals for
12yt~ < 0.5 GeV?2

Fig. 6 shows an enhancement at 1300 MeV for £ = 9.3 GeV. The signal to back-
ground ratio is improved by a A** cut M.+ < 1.4 GeV (shaded part) We ascribe
this enhancement to the reaction yp > A**A5 (A3 —» p~7° > 77 7°7° or
A3 - a7 1° > 7~ +neutrals). The double resonance character 1s more clearly visible
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Fig 1. Reaction yp — p1r+7r' + neutrals at 2 8, 4.7 and 9 3 GeV prn™ mass distribution for
|tp/p| < 1GeV? Events with ltpa*ti < 1 GeV? are shaded

on a scatter plot My,+ versus M, -y (not shown), from this we determine a cross
section of 0 3 = 0.08 ub. A comparable signal (0 28+0.08 ub) due to the mode
A3 = p°n~ > a*n—m 15 observed [2] in the reaction yp - At*ata—a—. After ad-
ding the signals and correcting by a factor 1/0.841 for the undetected A, decay
modes we obtain o(yp = AHAE) =(0.7+0.15 ub at 9.3 GeV.

Figs 7(a)- (¢) show the distribution of the mesonic mass M, +,-mm recoiling
against the proton in reaction (3) for three intervals of |£]. The mesonic system 1s
produced peripherally with a ¢ distribution having slopes of 5-6 GeV~2 (not shown).
Phase space weighted by e3¢ peaks near the high mass edge of the M, + -\ distr-
bution. The reflectuon of A** production also peaks at high masses In contrast the
mass spectra of fig. 7(a) arc enhanced at ~ 1.25 GeV The enhancement 1s not pre-
sent for [#] > 0.5 GeV2 (fig. 7(b), (c)). Our mass resolution near 1.25 GeV 1s
+20 MeV, £25 MeV and +30 McV at the three energies In the following we discuss
the properties of the enhancement near 1 25 GeV in more detail
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Fig 2 Reaction yp — p1r"'1r~ + neutrals at 2 8, 4.7 and 9 3 GeV pz~ mass distribution for
ltp/pl <1 GeV?

4. Study of the M, +,—y enhancement near 1.25 GeV
4.1 Mass and width

The shaded parts of fig 7(a) show events with 0 32 <M_+ — <06 GeV. The
signal near 1 25 GeV 1s almost unchanged, whereas the higher mass background 1s
reduced The peak 1s centered at 1220—1260 MeV and has a width of 130300 MeV
at 4.7 and 9.3 GeV (resolution unfolded). The determiation of the width depends
on the shape and size of the background chosen (see subsect. 4.4 below). (The width
of the enhancement in the 2.8 GeV data 1s less well defined, because of the hmited
statistics and phase-space limuts cutting into the high mass tail of the enhancement )

4.2. Decay modes

Presently there are four established non-strange meson resonances with masses
between 1.2 and 1.3 GeV, the f, B, D and A, mesons We easily can exclude £° pro-
duction because the dominant decay mode f° - 7*n— 15 not observed in reaction
vp = prtr~ (figs 2—4 of ref, [1]). The D meson 1s too narrow to be compatible
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Fig. 3 Reaction yp— pr'a~ + neutralsat 2 8,4 7 and 9 3 GeV pMM mass distribution for
Itpp! <1 GeV?. Events with 0.6 < M,+,— < 09 GeVand 1,/ +,~1 < 05 GeV’ are shaded.

¥l
with the enhancement 1n fig. 7(a) The A, could be present in reaction (3) in 1ts
A, — nm© decay mode. However, if the enhancement of fig. 7(a) were due to
A, - nm®, one would expect a 15 ub signal of A, - a*7~7° 1n reaction yp >
prtn~n©, which 1s not found (see fig. 16 of ref [1]) The B meson decays predomu-
nantly into wm. We have selected on w produced 1n reaction (3) by the cut
0.32 <M +.- < 0.6 GeV, which contains 93% of all w = 7*n~n° decays. The
shaded portion of fig. 7(a) demonstrates that the enhancement near 1 25 GeV 1s
compatible with being completely due to a w + mn® (m > 1) decay mode Hence
1t 1s compatible with being the B. For easier notation we refer to the enhancement
by “B”

For the moment we leave the final 1dentification open and discuss the following
alternative decay modes of the “B”

(@) “B”—=»p°+tmn®(m=2),
(b) “B”>n+tmmo(m=1),
(¢) “B”—a*n~ +mn® (m = 2)(decay into non-resonant ’s) ,
(d) “B”=ptn* +mm® (m>1),
(e) “B”—>p*p~,and “B” > p*n’qO.
I=1



J Ballam et al , B and p’ production 381

yp—=p m* 7" + neutrals

MM2 > Q| Gev?
2
ltp/pl < | Gev

T T_T_Y T T 1T - T T
[_Ey=286ev , Ey=47 Gev
, BI5 EVENTS 2054 EVENTS}
200 +

100 [—

.

0 . 0 [T W
02 06 10 14 02 06 10 iI4 18

300 —1 T T T T 1T T T

EVENTS 70 04 Gev

l’ Ey=9 3 Gev
3725 EVENTS -

o] . a1
02 06 10 14 18 22 26 30 34
My - (GEV)
Fig 4 Reaction yp~ pntn~ + neutrals at 2 8,4 7 and 9.3 GeV n*r~ mass distribution for
ltppl < 1 GeV?.

We neglect “B” = p*p~ + neutral(s) because of imuted phase space. By selecting
events with 0.6 <M, +_— < 0.9 GeV the “B” signal disappears almost completely
Hence we can exclude sigmficant contributions of mode (a) “B” = p° + mn®

(m > 2). By selecting on 0.41 <M_+ - < 0.6 GeV, we find little reduction in “*B”
signal. This excludes dominant contributions from mode (b) “B” -7 + mn® (m=1),
which would yield n¥m~ pairs with M+ — < 0.41 GeV. If modes (c) or (d) were
dominant one would expect a “*B’’ signal 1n the related modes

) “B”-=>atnatn +ma°(m=0),

(g) “B”=—pOn*n—,and “B” - pirinta-

Figs 8(b) and (¢) show the 47 and 57 mass distributions of reaction yp = p2n+2n
and yp — p2n*2n—n°, respectively, together with the M_+ -y distribution of reac-
tion (3) (fig. 8(a)). There are few events at masses < 1.24 GeV 1n figs. 8(b), (c). The
relatively fast rise near M_+ +_—_~ =~ 1.3 GeV 1s due to p'(1600) production [2].

T T
Also the 2 6m mass distribution (1.e , My #5,~,,,0) of reaction yp = p2a*2n~ + mn°
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Fig. 5 Reaction yp —» pr*n~ + neutrals at 2 8, 4.7 and 9 3 GeV n*MM mass distribution for
tppl < 1 GeV?.

{m = 2) (not shown) has no signal in the “B” region Hence there 1s no indication
of the “B” decay modes (f) and (g). By 1sospin arguments we then do not expect
major contributions from decay modes (c) and (d) *. The same arguments do not
apply for an 1sospin-1 “B” - p*p~ decay, because an 1sospin-1 **B” cannot decay
vig p°p°. However a p*p~ decay 1s unlikely on the grounds of the observed M_+_
dependence of the “B” peak **

* If the enhancement has / =0 and conserves 1sospin 1n 1ts decay, then the 2nt2n— decay mode
must be at least half as large as the 7t a~22° mode [5] and the 2227~ 7° mode must be at
least twice as large as the 7t 7~ 370 mode. If [ = 1, such general limits cannot be set, but we
can consider specific decay modes If “B” — xy, where x 1s any / = 1 dipion state and y 1S an
I =0 (I=2) dipion state, we expect twncc for/=0 (& forl= 2) as many decays mto 2x* 27~
asinto 7t m~2x0 Also, “B” - Aln" gwves equal rates for 2a72n~ and nt w27 Since we
see no indication of “B”’ decay modes (f) and (g), these arguments suggest that there are no
major contributions from modes (c) and (d)

** The fraction of events from a *“B” decay into p Yo~ having M, +.->06 GeV has been esu-
mated by Monte-Carlo calculations to be 20-30%, this esnmate depcnds on the assumed JF
(we considered 1M and 1 ~) In contrast only 5% of the a*n~ paus from a B — «wn© decay
have M"+"— > 06 GeV In order to experimentally determine the p+p_ decay mode of the
“B” we consider all events with M_+_ - g < 1 24 GeV, since 1n this region non-diffractive
backgrounds are expected to be small at 9 3 GeV (see subsect 4 4 below) We have 23 events
with M"+"— > 06 GeV from a total of 266 events (1¢, 8 6+ 2%). Hence the data are consis-
tent with predominant wr decay However we cannot exclude 55% wm and 45% p™ o™ (90%
C.L).
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Fig 6 Reaction yp — patm™ + neutrals at 2 8, 4.7 and 9 3 GeV. » "MM mass distnibution for
l1p/p! < 1 GeV?. Events with My, + < 1.4 GeV are shaded

Finally, the upper hmut for “B”” - wntn~ 15 0.05 ub at 9 3 GeV. From 1sospin
arguments “B” = wn°n® 15 then expected to be small compared to the peak n
fig. 7(a). Neglecting “B” = wma® (m 2 3) leaves us with ““B” - wn© as the only
major decay mode

We have established upper hmits (at 90% confidence level) for various decay
modes normaliced to the observed decay rate vig “B” - ntn— + neutrals, as deter-
muned 1n subsect. 4.4 (method (a)). The estimates are given 1n table 1. The estimates
for decay modes (¢) and (d) depend on explicit models for the spin and 1sospin struc-
turc of the “B” system and the decay particles Hence no numbers are given.

In conclusion, from the M+ - dependence of the enhancement at M_+_—yyy
~ 1.24 GeV and from the study of other channels we find wn® to be the major de-
cay mode

4.3. Decay distributions

Next we study the decay distributions of the ““B” enhancement. Note that 1if the
“B” hasJP = 1* or 1~ 1t may be produced by a helicity conserving diffractive pro-
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Fig. 8. Distnibution of the mesonic mass recoiling against the proton for (¢ < 0.5 GeVz,
(a) M"+"—MM from reaction yp - pn+1r— + neutrals, (b) M"+"+"—"— from reaction
P = p7r+1r+1r_1r_, (c) M+ + — — ofrom reaction yp - p1r+7r+1r_n_1r°.

cess. The case of J£ = 17 1s analogous to p or p'(1600) production A B meson with
the quantum numbers J*C = 17~ can be produced by exchanging the quantum num-
bers of the pomeron plus one unit of angular momentum [6].

A complete analysis of the “B” decay 1s impossible 1n our experiment because
the two 7° were not detected. However, we can attempt to find a correlation be-
tween the initial polarization and direction of the photon and the final momentum
vectors of the charged pions. We use the following three analyzers to calculate an-
gles 1n the helicity frame *

* Footnote see next page.
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Table 1
Upper limits (90% C L ) for ““B” decay normalized to “B” — atn™ + neutrals

“B” o gt 1'r < 30%
NS < 10%
—>atnx0 < 50%
- nn® < 30%

atn—n®
— p° + neutrals < 15%
- 2n* 22 including p%n* 7" < 25%
- 2n*2n 7% including p*n¥ntr " and wntrT < 7%
- wntn™ < 5%
- mono < 10%
- mr n < 5%
- mrono < 10%
—>p P < 45%

no posttive evidence,
upper limits model
dependent

sataT +mr® (> 2)
)

=2
s>ptat +ma®(m=1

The upper limits were determined at 9 3 GeV for (21 <0 5 GeVZ. The rate of *B” = ntn™ + neu-

trals was taken from method (a), subsect 4.4, Similar limits were obtained at 4 7 GeV (§]

(a) the sum of the #* and 7~ momenta in the “B” rest frame,

(b) the direction of the 7 1n the n*n— rest system,

(c) the normal #* X 7~ of the n* and n~ directions as calculated 1n the “B”
rest frame.

Fig. 9(a) shows the distribution of cosf and ¥ for events in the “B” region using
analyzer (a). If the “B” decays into wn® this analyzer gives the best esttmate of the

* We analyze the *“B” decay 1n the hehicity frame, where the z axis 1s the direction of the “B” in
the overall (7p) ¢ms The y axis1s the normal to the production plane, defined by thc cross
product k X b of the direction of the photon and the “B” The x axis 1s given by x = yX:z
The angle between the polan?atxon of the photon e, and the production plane in the overall
c.m. system 1s defined by cos® = ¢ (y X k) sin® =y« ¢ The decay angles 6, ¢ are the polar
and azimuthal angles of the appropriate analyzer n

(a) A 1s the sum of the n7 and =~ momenta in the “*B” rest frame,

(b) 7 1s the direction of the nt 1n the n*« ™ rest system,

(¢) =7 X n~, the normat to the plane of the n* and »~ directions as calculated in the
“B” rest frame Transformations to the “B” rest frame were performed using the nominal
photon energy of each particular exposure (The finite width of the photon spectrum has a
negligible broadening effect on the angles, 1e, A(cos8) = 0 025 and Ay = 3° (fwhh))

Then

~

n i, coso=3y (X MNEX A,

cosd

sing = -X (ZX /12X Ay, and y=o-@
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wm® decay angular distribution in the “B” rest frame. The presence of a forward-
backward asymmetry n the cosf distribution of fig. 9(a) therefore indicates either
that the wn© system 1s not 1n a pure spin state or that there 1s a significant contn-
bution from background processes

Figs. 9(b) and (c) show distributions of the angles 8 and ¥ for events in the “B”
region at 4 7 and 9.3 GeV using the analyzers (b) and (¢). We find no structure in
the cosf distribution. The ¢ distributions of fig 9(b) at 4 7 and 9.3 GeV show
weak 1ndications of a cos2y signal. Note that background has not been subtracted.
Figs. 9(b) and (c) also give the amount of the sin20 cos2y component in the angu-
lar distribution as determined from

-1 ﬁ 2 )
n P,V 3 2IRe Y268, ¥).

IT measures the number of s-channel helicity conserving wm events 1f the analyzer
1s perfect. One observes a signal of about 80 + 25 events 1n the “B” region at each
energy using analyzers (b) or (c).

For comparison we have generated by a Monte-Carlo method helicity conserving
“B” events with J¥ = 1* and a decay vig wn® or p*p~. Table 2 gives the calculated
efficiencies for detecting signals 1n the distributions of 8, ¥ and I11f the analyzers
(b) and (c) are used. The predicted efficiency of II for an wn decay 1s 0.3 for JP =1~
and 0.5 for J® = 1* using analyzer (b). After correcting for these efficiencies the
number of helicity conserving “B” events 1s 270 = 90 for 1~ and 160 * 50 for 17 at
each energy. Within errors these numbers are compatible with the number of “B”
events determined below (subsect. 4.4, method (a)).

A further examination of figs. 9(b) and (c) and of table 2 shows that the decay
correlations observed in the present experiment are not sufficient to distinguish be-
tween aJ¥ = 1% or 1~ assignment for the “B”.

4.4. Cross sections

In order to determune the “B” production cross section the background must be
known. As mentioned above, peripheral phase space and the reflection from yp =
At~ mon© peak at high masses, also a contribution from yp - pp'(1600) -
pr*n~m°7° would not yield any substantial contribution below M+ —py = 1.3 GeV
There are, however, two sources of background which could be present at low
M+ ~yp- () Non-diffractive yp = pwn©. The reaction yn - pwn~ has been ob-
served at 4 3 GeV with a cross section of 1.4 + 0 5 ub and a rather flat wn~ mass
distribution [7, 8]. A simular contribution 1s expected in the non-diffractive part of
reaction yp > pwn© but 1s likely to die out with increasing energy (u) Diffractive
vp > pwn®. Here backgrounds can contribute to yp = pwn© according to the dia-
grams shown 1n fig, 10,

The Drell-Deck diagrams (a) and (b) of fig 10 result in a predomiantly JZ = 1*
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(c)

Fig. 10. Diagrams to describe diffractive pcwon® backgrounds in the “B” reglon (a) and (b) are
diagrams from a Deck-type mechanism, (¢) nw® decay of the o (760) tail.

wn state, whereas diagram (¢) would be expected to give aJJ¥ = 17 wm state, 1f the
wr system results from the tail of the p®. We have calculated the contributton of
diagram (a) from the OPE model of Wolf [9] The predicted cross section decreases
from 3 to 2 ub, when going from 2 to 9.3 GeV. The predicted wn® mass distribution
has a maximum at ~ 1.2 GeV and then falls off rather slowly up to the phase-space
limut. In contrast a reggeized Deck calculation [10] of diagram (a) would yield a
much narrower mass distribution peaking at 1 2 GeV and having a full width at half
height of 350 MeV at 9.3 GeV. The cross section 1s about the same as that from the
unreggeized OPE calculation The background from diagram (c) 1s probably small in
the B region [11]. So the backgrounds from diagrams (a) and (b) are used 1n the fol-
lowing. The cross sections were determined using two methods, firstly keeping the
“B” width fixed at 150 MeV (method (a)), and secondly leaving 1t vaniable (method
(b)).

In method (a} our object 1s to test if the enhancement 1s compatible with being
the B(1235). The cross sections were determined from the shaded part of fig 7(a)
by superimposing an s-wave Breit-Wigner distribution, with resolution folded 1n,
upon a hand-drawn background curve. We use a fixed natural width of 150 MeV
(The use of a width of 100 MeV reduces the resulting cross sections only by 5—10%.)
The background curves were chosen to resemble the mesonic mass distributions of
the following reactions

(a) peripherahized yp > patn~n°nO, generated with ¢%! by a Monte-Carlo pro-
gram, (b) a muixture of the experimental distributions of reactions yp > p2a*2n~
and yp = p2nt2n—7° (fig 8(b), (¢)), (¢) contributions which extend to low masses
like
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Table 3

Production cross sections in the “B” region as determined from methods (a) and (b) (see sub-
sect. 4.4). (a) Cross sections obtamned assuming a resonant enhancement of width 150 MeV,

(b) Maximum cross section for diffractive production in the B region, as described by an s-wave
Breit-Wigner distribution of variable width. The cross sections have been corrected by the fac-
tors mentioned 1n subsect 4.4, including a correction for decays w — neutrals

Method (a) Method (b) I
i1l < 0.5 GeV? 111 < 1 GeV?
I'g = 150 MeV

E_(GeV) Cross section Cross section Fitted width Fitted mass

y e (ub) (ub) (MeV) (MeV)

2.8 1.2+ 07

4.7 15+06 3.0+ 0.7 230 1240

9.3 1.0+ 0.3 25+ 0.6 310 1250

Yp = pwr®,

according to the OPE calculation by Wolf. The curves chosen are shown in fig. 7(a)
and fit the data well. The event numbers obtained were corrected for events with
MM2 < 0.1 GeV2 (correction factor 1.07), events with M+ - < 0.32 or M+ - >
0.6 GeV (factor 1.08), and for the unobserved decay modes of the w (factor 1.11).
The resulting cross sections are given in table 3. The crrors quoted include a conser-
vative estimate of the uncertainties in the background curves. It should be noted
that we have assumed that the “B” does not interfere with the background: note
also that the shape of the pwn® background was chosen according to the OPE cal-
culation, The use of a pcwn® background from a reggeized Deck model might result
in lower cross sections.

In method (b) we used Monte Carlo generated rather than hand-drawn back-
ground curves and performed x? fits to the M, +_~yy distribution leaving the mass
and width of the “B” as adjustable parameters. In this fit we want to determine the
maximum amount of diffractive production 1n the “B” region by fitting an s-wave
Breit-Wigner distribution of variable width. In order to keep the number of different
background contributions manageable we made an additional missing mass cut
MM < 0.9 GeV. This cut eliminates most of the events with three or more #°’s,
while keeping most of those with two s and M+ - 0,0 <1 5GeV Fig. 11(a)
shows the M_+_ —yy distribution for [#] < I GeV?2 after applying the missing mass
cut MM < 0.9 GeV. Fig. 11(b) has an add:tional cut M+ - < 06 GeV. Background
curves were generated according to the following reactions

(1) peripheralized phase space yp = pr*m—7°7° with exp(61,/),

(u) reflection from peripheralized A** production via yp > A™*a—7%7° with
exp(S.Stp/A),

(1) at 9.3 GeV only. contribution from p'(1600) production using an s-wave
Breit-Wigner distribution of fixed mass and width (M= 1650 MeV, I"'= 500 MeV).
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yp—=pmw* 7w~ +neutrals

032 <MM<09GeV [t] <1 Gev?
Ey=47Gev Ey:=9 3 Gev
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Fig. 11. Reaction yp—+pntn— +neutrals at 4.7 and 9.3 GeV. #*n~MM mass distribution for events
with 0,32 < MM < 0.9 GeV, 171 < 1 GeV? and (a) no M+, ~ cut, (b) M+~ < 0.6 GeV. The
curves are the results of fits according to method (b) (see subsect. 4.4). The dotted curve gives
the sum of the contributions of p'(1600) production, peripheralized phase space for pnta—n%n®
and the process yp = AY* 1 7970, The dashed curve 1s an s-wave Breit-Wigner distribution of
variable width, which was fitted to determine the maximum amount of diffractive production

in the “B” region. The full curve 1s the sum of the above contrnibutions,

No additional pcon® background was fitted. We performed several fits with back-
grounds (1)—(3). The fitted “B” mass always came out between 1220 and 1260 MeV.
The fitted width (resolution unfolded) varied between 230 and 310 MeV. The curves
1n fig. 11 show results of the fits, The dotted curves give the sum of all background
contributions. The dashed curves give the fitted Breit-Wigner distribution.

The event numbers obtained were corrected for the cut MM2 > 0.1 GeV?2 (as
above) and for the cuts MM < 0.9 GeV and M+ ~ < 0.6 GeV (combined factor
1.19). Also all numbers were corrected for the unobserved decays of the w (factor
1.11).

The resulting cross sections are given in table 3. As mentioned above the cross
sections depend on the width used to describe the “B” peak. For a width of 150 MeV
(whach 1s consistent with the width of the *‘real” B-meson) the cross sections are
about 1.5 ub at 2.8 GeV and drop to about | ub at 9.3 GeV. For a width of 250 MeV
the cross sections are bigger by about a factor of two. Hence the cross section deter-
munation 1s linked to the 1dentification of the “B”. We defer further conclusions to a
final discussion.

4.5. Comparison with other experiments

The first evidence for an enhancement at 1.24 GeV in the mussing mass recoifing
agamst the proton in reaction yp - p + anything was reported by Anderson et al. [12].
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yp—=p"B"
Itl< 05 Gev?
4 T T 1 LE—
® Thus Experiment Method (a)
SI AC (I'=100 MeV)

[¢]

-i Spectrometer (=150 Mev )}

o (ub)

Ey (GeV)

Fig. 12. Cross section of reaction yp - p*‘B™ as a function of the incident photon energy The
points labelled “This experiment” have been determined from method (a) (see subsect. 4.4) as-
suming a fitted ‘B> width of 150 MeV and an wn® background according to the OPE calcula-
tion of Wolf. The cross sections have been corrected for decays w ~ neutrals. The point labelled
“SLAC spectrometer I' = 100 MeV”” has been cxtrapolated from differential cross sections given
in ref. [ 13]. The point labelled “1* = 150 MeV” was obtained by scaling the above point by a
factor 1.5.

The cross sections were measured at photon energies of 13—17 GeV and were re-
ported to be simular to those of the ¢ meson Numbers for 0.3 < |¢] < 0.7 GeV?2 are
given 1n the thesis of Kremick [13]. The results of Kreinick have been confirmed by
the same group 1n a recent measurement at [¢] = 0.6 GeV2 and £, =8-15 GeV using
a stmular apparatus [ 14].

Since we do not observe a *“B” bump with comparable cross section 1n any other
final state except reaction (3), we can 1dentify the enhancement of refs. [12, 13]
with our “B”. We have extrapolated the differential cross sections of ref. [13] using
an exponential slope of 6 + 2 GeV~2 (as denved from our ¢ distribution, see below).
The resulting cross section estimate 15 0.7 + 0.3 ub at E, =13-14.5 GeV. Note that
the cross sections of ref. [13] were obtained using a “B” width of 100 MeV. In the
procedure of ref. [13] the cross section is essentially directly proportional to the
width used. For the purpose of comparing to our results from method (a), the cross
sections of ref. [13] have to be scaled by approximately a factor 1.5, resulting 1n a
total cross section estimate of 1.05 + 0 45 ub

Fig. 12 shows our cross sections from method (a) and the points derived from the
data of ref. [13]). The “B” production cross section seems to fall shghtly with in-
creasing energy. However an energy “independent” behaviour like 1n yp - pp® can-
not be ruled out. Our cross sections at 2.8 and 4.7 GeV also agree with preliminary

results obtained in the DESY streamer chamber exposed to a tagged photon beam
[15].

4.6. t distnibutions

Fig. 13 shows the ¢ distribution 1n the “B” region at 9.3 GeV. The ¢ distributions
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yp—=p7" 7~ + neutrals
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Fig. 13. Reaction yp — p1r+1r_ + neutrals at 9 3 GeV Differential cross section do/d¢ for events

in the “B” region 1.15 < M+, —pp < 1 35GeVand 0.32 <M+, - < 0.6 GeV. No back-
ground has been subtracted.

yp—=pw* w~ +neutrals
032<Mp+p-<06 GeV

12 T T T T T — T ]
8 L Ey:28Gev
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Fig. 14. Reaction yp — p1r+1r" + neutrals at 2.8,4 7and 9 3 GeV Slopés A of the ¢ distribution
from a fit of exp(4¢) to events with 0.32 <M_+_ - < 0.6 GeV 1n the interval 002 < [¢1<04 GeV?
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of events in the w selectton band 032 <M+ - <06 GeV can be well described

by an exponential of the form exp(4t) The slopes 4 were fitted in the interval from
[tol to 0.4 GeV2, where [t 1s the larger of |z],, and 002 GeV2 The results are
shown in fig 14 as a function of M, +_ - yyq. The slopes at the “B” peak nse from 5 to
7 GeV~ 2 with increasing photon energy and show hittle dependence on M, +_—yy
Hence the background and the “B” peak seem to have a sunilar ¢ dependence and

the slopes determined for 1 15 <M+ -\ <1 35 GeV can be considered as the
slopes of the “B” From the total cross section of method (a) and a slope of 7 GeV-2
we denive a forward cross section (£ = 0) of 8 ub/GeV2 at 9 3 GeV

4.7 Discussion and conclusions

(1) We observe an enhancement at M_+_—)y = 1240 £ 20 MeV compatible with
an wn® decay mode The quantum numbers of an wn® system must be /¢ = 1%,
C=- 1. A sizeable p*p - decay with /GC = 1"~ cannot be ruled out * There 15 no
evidence for the “B” 1n any final state other than n*n~ + ncutrals

(1) We next discuss the production mechanism Since the “B” cross section does
not vary strongly with energy, 1t may be diffractively produced. Moreover, although
we cannot rule out the possibility of production v f-exchange, the case agamnst /=1
exchange 1s quite strong

(a) Since the C pantics of the photon and the wn system are both -1, the C panty
of the exchanged object has to be C'= +1, This allows for 7, A| and A, exchange.
Then from G parity conservation only the I = 0 part (1.e., the w part) of the photon
can contribute This suppresses non-diffractive contributions by the ratio of the yw
and yp coupling constants which 1s about § In particular, an OPE calculation [16] of
JP = 1" B production yields 6OPE (yp > pB(1235)) = &5 6OPE (vp - pw), which
amounts to 0.3, 0.1 and 0 01 ub at 2 8, 4.7 and 9.3 GeV, respectively, if the exper:-
mental unnatural parity exchange part of the w-photoproduction cross section 1s
used [1].

(b) No evidence has been found [7, 8] for non-diffractive B photoproduction via
yn - pB~. The upper limut of the cross section was measured to be g(yn > pB~ -
pwn ™) < 0.3 ub (90% confidence level) [8] 1n the photon energy interval 2.5 <E,
<5 3 GeV. Hence only minor non-diffractive contributions are expected i yp—>pB°
(for a pure 7 = 1 exchange, Clebsch-Gordan coefficients suppress the reaction off the
proton by a factor of two).

The above arguments lead us to conclude that the major part of the cross section
1s due to a diffractive process.

(1) We now consider three possible interpretations of the “B”” enhancement.
(a) The p tail. The “B” enhancement could be interpreted as the onset of the wn®

* Generally a ptp~ system can have 16 = ot, 1%, 2%, We exclude 7 = 2, which would be an exotic
state. If 7 = 0 the decay 1nto p®p° would be allowed However the data of ref [2] show that
this mode 1s small or non-existent This leaves /¢ = 1t and C= —1.
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or p*p * decay of the p°(760). Kramer has calculated that the cross section for the
process yp = pp°(760) > pwn® peaks at M+ -y = 1.1 GeV and amounts to
about 0 1 ub in the mass interval 1 15 <M_+_-py < 1.35GeV [11]. These results
are not able to explaimn the observed “B’” enhancement

(b) A non-resonant Deck process. The Deck process yp = pwn® discussed above
yields a peak in the M+, -yp distribution at ~ 1 2 GeV. The width of the mass dis-
tribution from the Deck effect 1s = 350 Me V. If we assume that there 1s no other
background 1n the B region, the fitted width of the “B” can be as large as ~ 300 MeV.
The data peaks at a higher mass than the mass distribution predicted by the reggeized
Deck model and also does not show the sharp rise at the wn threshold predicted by
the model However, in view of the theoretical uncertainties in the calculation of the
Deck effect, we cannot exclude the possibility that the enhancement 1s completely
due to a non-resonant Deck process. The cross section for this Deck process 1s that
given 1n table 3 using method (b).

(¢) Production of genuine resonances (non-p tail), Among the established meson
resonances only the B meson has a dominant wn decay mode compatible with our
data The B might be photoproduced diffractively via an orbital momentum /= |
exchange (this process would violate the Mornson-Gribov ruje) The analysis of the
B 1n this channel could be complicated by the existence of a Deck-like background
interfering with the direct B production. But if this interference 1s neglected, our
best estimate of the B cross section 1s given 1n table 3 using method (a). Equally our
“B” could be the long sought p'(1250) ¥, possibly produced along with aJP = 1*
Deck-like background. Our analysis of the decay distributions does not allow us to
differentiate between a pure 1% or 17 state or a mixture of thesc states.

5. Search for the n*n~ + neutrals decay modes of the p'(1600)

The p'(1600) has been observed 1n the channel yp > pr*a*n—n~ [2] The
production cross section was measured [2] as 1.6 £ 0.4 ub at 9.3 GeV. The ob-
served enhancement 1s compatible with a pure p® decay, where € 1s an [ = 0 s-wave
state. In this case a signal due to the decay mode p’' = pe > m*7~m°7° would be ex-
pected in channel (3) and decay modes such as p’ > wn® and p*p~ could also be ob-
served in this channel. In the following we study the compatibility of our data with
the above decay modes.

5.1. p'(1600) - p%e > nta—nOm°

We try to 1solate the p®®© decay by applying a p cut 0.6 <M+ - < 0.9 GeV and
atcut|r] <0.5GeV2. Fig. 15(a) shows the resulting M+, -\ distribution. Pe-

t Indications for p'(1250) - wn have been found previously 1n the reaction pp — (wn) 7 [17],
the fitted mass and width were M = 1256 + 10 MeV and " = 130 ¢+ 20 McV.
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Fig 15. Reaction yp - pnT 7~ + neutrals at 9.3 GeV for 1] < 0.5 GeV?. (a) ntn ~MM mass dis-
trbution for 0 6 < M +,— < 0.9 GeV. (b) 't~ mass distribution 1n the p’ region 1.4 <
Mo+ -Myu < 2 0 GeV. (c) Distribution of IT 1n the helicity system for 0.6 < M+ — < 0.9 GeV

npheralized phase space with the same cuts would peak at 2 4 GeV. In contrast,
fig. 15(a) shows a broad maximum between 1.6 and 2 GeV. The maximum peaks
at hugher masses than expected from the p’ signal in the pr*a*n—n~ final state.
Hence some presently unidentified background or resonance contributions must be
present between masses of 1 8 and 2 1 GeV

From the above cross section for yp = pp’ = pr*n*a—n~ one expects (after ap-
plying Clebsch-Gordan coefficients and the relevant cuts) 165 + 50 events p’ — p©¢
- tn—7°7° in fig. 15(a). This 1s compatible with the observed enhancement. In ad-
dition the presence of the p% decay should lead to a p© signal in the M_+ - distn-
bution. Fig. 15(b) shows the M_+ - distnbution in the p' region 1 4 <M + —mm
< 2 GeV. Although the p signal 1s not prominent, 1t 1s compatible with the predicted
size.
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Next we study the decay distribution using the analyzer (b) and the angles de-
fined 1n subsect. 4.3 The polarization information of a p" which 1s produced 1n an
s-channel helicity conserving process and which decays into p — n*7 "7°7° in a
relative s-wave state, 1s contained 1n the p°. Hence the #t direction in the n¥n~ rest
system (1.¢., analyzer (b)) 1s a perfect analyzer and would show a sin26 cos2y signal
for p’ produced by a helicity conserving mechanism. Fig. 15(c) shows the quantity
IT (which measures the amount of sin26 cos2y component). From the I1 cross sec-
tion 1n the reaction yp > pp’ = prtatn—n— one expects (after applying Clebsch-
Gordan coeffictents and the relevant cuts) 110 £ 42 events in the interval 1 2 <
M+~ vm < 20GeV of fig. 15(c). Experimentally we find 65 + 32 events in the
same 1nterval. We also observe a Il signal of 110 £ 32 events for M+ -y > 2 GeV
which 1s presently not understood

52 p'(1600) > n*n— + neutrals
In this section we give an upper limat for the ratio

R= (o' = mtm~ + neutrals)

(o' >t atn)

The ratio R has been taken to be the ratio of the numbers of events at 1 5 GeV n
the 7*n*m— 7~ and n*7~MM mass distributions for || < 0.5 GeV2. R was evaluated
by summmung over an 100 MeV wide interval centered at 1.5 GeV This procedure
makes use of our observation from the channel yp - pr*a*n 7 that (a) the p’ mass
spectrum (as measured by I1) peaks at 1.5 GeV and (b) there 1s no sigmificant back-
ground at this 47 mass. These observations may not be strictly correct for the chan-
nel yp - prtr~ + neutrals since different decay modes may have different mass
spectra, also a JP = 1" mw Deck background may exist in the p’ mass region. How-
ever our fits to the B region lead us to expect that the latter effect 1s small (less than
20%) We find at 9 3 GeV a value for R of 2 6 * 0 4 which gives an upper limit for
the cross section (including p%€) for yp = pp’ — prtn~ +ncutrals of 4 = 1 ub

5.3. Conclusions

We have shown that there 1s a p© + neutrals signal in the channel yp > prta~
+ neutrals which 1s compatible with the p®e decay of the 2'(1600). We have denved
an upper limut for the cross section for yp = pp’ = prtm + neutrals of 4 £ 1 ub at
9.3 GeV
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