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Abstract

We investigate the four-photon final state produced in yy collisions.
In the 7970 channel we observe f£(1270) production with predominantly
helicity 2 and measure a partial width FYY 2.9t:2 * 0.6 keV (indepen-
dent of assumptions on the helicity). We observe A2(1310) production in

the m%n channel and find a partial width FYY = 0.77 £ 0.18 = 0.27 keV

(assuming helicity 2). We give an upper limit for f - nn.
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The collision of two real photons has never been observed for lack
of a suitable target. However, with e+e_ storage rings such a collision
can be observed with very nearly real photons. 1In an e+e— collision,
each lepton can radiate a low q2 virtual photon and scatter to a very
low or
the one reported here the séattered leptons are unobserved. The reaction
products are detected and their two-photon origin is identified by the
very low total transverse momentum with respect to the beam axis. It is
necessary to identify and know the momentum of all particles in the ex-
clusive fiqgl state.

The reaction yy +~ﬂ+w— has been measured by several experiments [1-4].
The main contribution to this final state has been shown to be the £(1270)
resonance. Whereas all experiments agree within errors on the value of
the partial width T(f - yy), there are considerable uncertainties on
whether there are additional contributions to this final state and whether
the resonance shape of the f is distorted. TUp to now, the angular distri-
bution has not been measured accurately enough to determine rYY indepen-
dent of assumptions on the helicity of the f£f. An important reason for
these difficulties is background from the reaction yy - u+u—, which in
most experiments cannot be distinguished from n+w_ .

In this experiment, we study the reaction yy - 1070, A1l known
resonances which can couple to yy and wnm decay in the same ratio (1 :2)
into neutral and charged pions. Non-resonant m-pair production is

expected to be an order of magnitude smaller for neutral than for charged
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pions [51. There is no background of the order of magnitude of the p-pair
production. This and the use of a large solid angle detector allow us to
measure the f helicity. In addition, we measure other &4-photon final
states. We observe the production of A2 + 100 and find the A2/f ratio to
agree with SU(3)-predictions. We also obtain an upper limit for £ > nm.

This investigation was performed with the Crystal Ball detector at
the SPEAR ete” storage ring. Details of the experiment have been
described elsewhere [6]. Briefly, the Crystal Ball consists of a spherical
array of NaI(T%) shower counters which detect photons with good spatial
and energy resolution over 93% of 4m solid angle. An additional 5% of 4m
are covered~by endcap NaI(Ty) shower counters. Charged particles are
detected in a set of cylindrical spark chambers and multi-wire proportional
chambers. The apparatus was triggered by a number of conditioms.
The one which is most important here requires the total energy deposited
" in the ball to be above a threshold which was set between 600 and 1200 MeV,
depending on running conditions.

The data used for this analysis represent an integrated luminosity of
21 pb—l. Beam energies were at 1.95-2.25 GeV (9.5 pb—l), 2.6 GeV (6.7 pb~l)
and 3-3.5 GeV (4.9 pb V).

To select candidate events for this investigation, we required:

—— No charged tracks

—- 4 clusters of energy deposited in the ball with Icosel < 0.9

(¢ is the angle to the beam) and energy >20 MeV
-~ Less than 40 MeV in the endcaps
—~— .Total effective mass W > 720 MeV and less than twice the beam

energy
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-— The pattern of latefal energy distribution in each of the four

clusters has to be consistent with thét of a photon.

5204 eventsrpass these cuts.

Figure 1 shows the square of the total transverse momentum of these
events. We see a strong peak at 0 from the yy-reaction. We make a cut
at 0.03 GeV2.

We now group the four photons of each event into two pairs (there
are three ways to do so) and make a scatter plot of the higher versus
the lower pair mass MYY' As an example, we show this plot in fig. 2 for
events in the f(1270) mass region (1040-1480 MeV). We see a strong peak
corresponding to 1970 events and a cluster of w00 events. Nearly all
other entries are wrong combinations from these two types of events.

To investigate the ﬂoﬂo'signal, we use events with both yy masses
in the range 100-170 MeV. To estimate background from non-7070 events,
we use events where one or both combinations are in the sidebands
65-100 MeV and 170-205 MeV. The w070 mass (W) distribution and the
background are shown in fig. 3a. We observe a strong peak in the vicinity
of the f mass and no other significant structure,

In order to obtain the cross section for yy - ﬂoﬂo, the observed
background-subtracted event spectrum has to be corrected for the W
dependence of the yy-flux, the differing trigger conditions and detection
inefficiency. We use the formula given by Bonneau; Gourdin and Martin [7]
to calculate the yy-flux. We neglect contriﬁutions from longitudinal

photons. We then generate Monte Carlo events which we put into a
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detector simulation program based on thé electromagnetic shower develop-
ment program EGS [8].

Figure 3b sﬁows the cross section yy 7970 as a function of W
integrated over Icose*l from 0 to 0.7, where 6% is the angle between
the beam direction and a 7° measured in the 7070 rest system. The solid
line shows a fit &ith three contributions: a relativistic Breit-Wigner
function for the f with mass 1273 MeV and width 178 MeV [9,10,11], the
same for a possible S* (980) with mass 980 MeV and width 40 MeV [9], and
a straight line to describe the 1970 non-resonant background. The Breit-
Wigner functions were folded with Gaussians with widths 22 MeV for the £
and 15 MeV for the S* to take the mass resolution into account. We see
that the curve does not fit the data well. The f peak seems shifted down
by ®40MeV. A fit with f mass and width as free parameters gives
m = 1238 £ 14 MeV and T = 248 * 38 MeV (dashed line). We estimate the
systematic error of the mass measurement to be 2% or less. This together
with the statistical error could account for the observed peak position.
We note however that other yy experiments have observed very similarly
distorted shapes of the peak [2,3].

In order to measure spin and helicity of the state producing this peak
and to.correct for events-outside the angular acceptdnce, we investigate
the decay angular distribution. Figure 4 shows the acceptance-corrected
distribution of |cose*l. We fit this distribution to the form expected

for a spin-2 particle like the f:



o 25 ijﬂd¢ 2|¥} (coso*,s) |2
d|cosex]| N

The NA’ A = 0,1,2, are the numbers of events for the different helicities.
A = 1 can only be produced by longitudinal virtual photons and is expected
to be small in our kinematic region. Theoretical models for f production
predict A = 2 dominance [12],

The fit result and the different helicity contributions are shown as
curves in fig. 4. We find that the assumption of total spin 2 gives a good
fit and that helicity 2 dominates. The other helicity contributions are
NO/N2 = 0.12 + 0.39 and N1/N2 = 0.02 = 0.11.

In a separate fit, we estimate the maximum possible S-wave background
by setting N, =N, = 0 and fitting an isotropic contribution NS. The
result is NS/N2 = 0.05 + 0.25.

Assuming that the mass peak is caused by the f resonance, we use the
total number of fitted events, Ny + N, + N,, to determine T'(f » yy). We

estimate the number of background events in the f region from adjacent

7010 mass regions to be (10 + 10)% of the signal. The result is

r =2.97%41 0.6 kev
YY -4

The first error is statistical; it results from the fit of the heliecity
contributions. The second, systematic error includes the uncertainty
of the background determination. For comparison with other experiments,
we have determined FYY also under the assumption A = 2, which reduces

the statistical error considerably:
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FYY = 2,7 £ 0.2 £ 0.6 keV (A = 2 assumed)

This agrees well with results from other experiments [1-4].

Other possible contributions to the 7970 final state, some of which

might cause a distortion of the £(1270) resonance shape, include:

Non-resonant background. The cross section for this process
was predicted by Brodsky and Lepage [5] based on QCD. We find
that it can produce through interference a large enough shift
of the f resonance curve. We do not find the‘predicted steep W
dependence of this cross section, which is however expected to
be valid only at high W.

The £(1300) can produce a similar effect as nonresonant back-
ground and is experimentally nearly indistinguishable from it.
The S*(980) would show up as a distinct peak rather than a
distortion of the f mass. We do not see conclusive evidence
for such a signal, and place an upper limit of 0.8 keV

(95% C.L.) on T(S* - yy)«BR(S* - mm).

Finally, there are predictions of a gluonium state with a mass
very close to the f and the same quantum numbers [13]. This
state would mix with the ordinary f, thus giving rise to different

resonance shapes in different production and decay channels.

With present data we cannot tell how much each of the above reactions

contributes to the 7070 yvield.

In order to investigate the n¥n final state, we remove 7070 events

to reduce combinatorial background and we tighten the photon identification

requirements based on the pattern of energy distribution. We use events

in the sidebands next to the n%n mass region to estimate the remaining
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non-mon background. This results in a 7% subtraction in the W region
around 1300 MeV. Figure 5 shows the backgroundrsubtracted 19n-mass
distribution. Wé see a peak at around 1300 MeV with ~22 events above
non-resonant 10n background. Identifying this peak as the A,, we obtain

»yY) = 0.77 £ 0.18 £ 0

[\

1 .27 keV
We assumed here a helicity of the A, of 2, as there are not enough events
to analyze the decay angular distribution. The naive quark model with
ideal mixing predicfs a ratio of 9/25 = 0.36 for T(A; > vy)/T(f » vy).

We find 0.29 + 0.07 £ 0.07 in agreement with the prediction.

1f we further remove the events in the 7100 cluster, we end up with

very few events which do not seem to form any cluster. There is no signal
for the reactioh vy + nn and we obtain an upper limit on the branching

ratio £ - nn:

BR(f > nn)
BR(f - 7w)

< 5% (95% C.L.)

This is less stringent than existing upper limits of 27 [10]. It may how-
ever be interesting if one believes that the f signal contains additional
unresolved contributions.

We gratefully acknowledge the efforts of A. Baumgarten and J. Broeder
(SLAC) and B. Berom, E. B. Hughes and R. Parks (High Energy Physics
Laboratory, Stanford University), as well as those of the linac and SPEAR
staff at SLAC. This work was supported in part by the Department of Energy
under contracts DE-AC03-76SF00515 (SLAC), DE-AC02-76ER03064 (Harvard),
DE-AC03-81ER40050 (CIT) and DE-AC02-76ER03072 (CN); by the National
Science Foundation contracts PHY81~07396 (HEPL), PHY79-16461 (Princeton)

and PHY75-22980 (CIT); by the NATO Fellowship (HK), the Chaim Weizmann

Fellowship (FP) and the Sloan Foundation (TB).



References:

- 10 -

80n leave from the Institute of High Energy Physics, Academia Sinica,

Beijing, People's Republic of China.

bPresent address:

c
Present address:

dPresent address:

ePresent address:

fPresent address:

gPresent address:

hPresent address:

i
Present address:

Hermann-Distel-Str. 28, D-2050 Hamburg 80, Federal
Republic of Germany.

Physics Department, University of Washington,
Seattle, Washington 98195.

SCIPP, University of California at Santa Cruz,
Santa Cruz, California 95064,

University of Bonn, Bonn, Federal Republic of
Germany.

Schlﬁmberger—Doll Research Center, Ridgefield,
Connecticut 06877.

Systems Control Technology, Palo Alto, California
94304.

Max-Planck Imstitute of Physics and Astrophysics,
D-8000 Munich (40), Federal Republic of Germany.
Enrico Fermi Institute, University of Chicago,

Chicago, Illinois 60637.

[1] PLUTO Collaboration, Ch. Berger et al., Phys. Lett. 94B (1980) 254.

[2] Mark IT Collaboration, A. Roussarie et al., SLAC-PUB-2734, sub-

mitted to Phys. Lett. B.

[3] TASSO Collaboration, R. Brandelik et al., DESY 81/26 (1981), sub-

mitted to Z. Physik C.

[4] C. J. Biddick et al., Phys. Lett. 97B (1980) 320.



£51

(6]

(7]
(8]
[91

[10]

[11]

[12]

[13]

- 11 -

'

S. L. Brodsky and G. P. Lepage, SLAC-PUB-2733 (1981), submitted

to Phys. Rev. D.

J. C. Tompkins, "Recent Results from the Crystal Ball," SLAC
Report 224, 578 (1980); E. D. Bloom, in Proceedings of the 1979
International Symposium on Lepton and Photon Interactions at High
Energies, ed., T. Kirk and H. Abarbanel, p. 92 (1979); M. Oreglia,
Ph.D. thesis, Stanford University, SLAC-236, 1980 (unpublished).
G. Bonneau, M. Gourdin and F. Martin, Nucl. Phys. B54 (1973) 573.
R. Ford and W. Nelson, SLAC Report 210 (Stanford 1978).

Particle Data Group, Rev. Mod. Phys. 52, No. 2.

H. Becker et al., Nucl. Phys. B151, 46.

M. J. Cordon et al., Nuc. Phys. BL57, 220.

J. Babcock and J. L. Rosner, Phys. Rev. D14 (1976) 1286.

F. J. Gilman, SLAC-PUB-2461 (1980) and Proceedings of the 1979
International Conference on Two-Photon-Interactiomns, ed., J. F.
Gunion.

M. Greco, LNF 80/28(P), 1980. Presented at the International
Workshop on yy Collisions, Amiens, France, 1980. See also Ref. 1.
J. L. Rosner, Kyoto U. Report RIF P-435 (1981).

J. F. Donoghue, K. Johnson and Bing An Li, Phys. Lett. 99B (1981)

416.

J. F. Donoghue, Report MIT-CTP-874 (1980).



- 12 -

Figure Céptions:

1.

Distribution of the square of the total transverse momentum of
events with 4 photons. The lower histogram shows the same for

events where the 4 photons originate from 270's,

Scatter plot of high vs. low yy mass for 4-photon events with

p% < 0.03 GeV? and 1040 < W < 1480 MeV (3 combinations per event),

a) Distribution of the 7010 mass W, p% < 0.03 GeV2. The shaded
histogram shows non-70rn0 background. b) Cross section for yy - 70r0

for Icose*l < 0.7. The curves are explained in the text.

Acceptance-corrected distribution of Icose*l for %10 events in the
f mass region (1040-1480 MeV). The solid curve represents the fit
explained in the text. The broken curves show the different helicity

contributions.

2 < 0.03 GeVZ, corrected for non—non

Distribution of the 70n mass, p

background.
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