. T

Fac .

L BL-22691
Preprint

UNIVERSITY OF CALIFORNIAR 0 (L

Lawrence Berkeley Laboratory

r

B

Ju 1

Physics Division

To be submitted for publication

OBSERVATION OF A SPIN 1 RESONANCE IN THE REACTION

'Y‘Y* - K0K1'7r+

Lawrence Berkeley Laboratory and Department of Physics,
University of California, Berkeley, CA; Stanford Linear
Accelerator Center, Stanford University, Stanford, CA;

and Department of Physics, Harvard University,
Cambridge, MA

April 1987

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098

o, A

| b ee — 14T



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-22691
SLAC-PUB-4275

OBSERVATION OF A SPIN 1 RESONANCE IN THE REACTION
'7'7* N KOKiﬂ':FT

G. Gidal, J. Boyer, F. Butler, D. Cords, G.S. Abrams, D. Amidei*, A.R. Baden,
T. Barklow, A.M. Boyarski, P. Burchat®, D.L. Burke, J.M. Dorfan, G.J. Feldman,
L. Gladney®, M.S. Gold, G. Goldhaber, L.J. Golding?, J. Haggerty®, G. Hanson, K. Hayes,
D. Herrup, R.J. Hollebeek®, W.R. Innes, J.A. Jaros, I. Juricic, J.A. Kadyk,
D. Karlen, S.R. Klein, A.J. Lankford, R.R. Larsen, B.W. LeClaire, M.E. Levi,
N.S. Lockyer¢, V. Liith, C. Matteuzzi/, M.E. Nelson?, R.A. Ong, M.L. Perl,
B. Richter, K. Riles, P.C. Rowson*, T. Schaad’, H. Schellman®, W.B. Schmidke,
P.D. Sheldon?, G.H. Trilling, C. de la Vaissi¢re*, D.R. Wood, J.M. Yelton, and C. Zaiser

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

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

Department of Physics
Harvard University, Cambridge, Massachusetts 02138

April 27, 1987
Abstract

We confirm the observation of a spin 1 resonance at 1423 MeV in the K3 K% x¥ system produced
in single tagged two photon interactions. The Dalitz plot indicates that this resonance decays
primarily via a K*K intermediate state. We measure a radiative width times branching ratio
Byg,- %’-;4 +Lyy» = 2.7+ 1.2+ 0.5 keV assuming a p-pole form factor.
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Two mesons, the (1440) and f1(1420) appear at nearly the sam;a mass in a Wide variety
of experiments. Different experiments obtain different spin parity assignments for mesor;s
in this mass .region, although most radiative J/¢ decay experimeni:s obtain J¥ = 0~ and
a Inass near 1450 MeV,() while hadroproduction experiments find J? = 1* or 0~ and a

mass near 1420 MeV.(?)

The K°K*#¥ final state is a major decay mode of the n(1440) and f1(1426) and so
can be used to study their prodqction in photon-photon interactions. Although rather
stringent limits(®) have been placed on I'(7(1440) — «~) where the photons are on mass
shell, the PEP 4/9 group has recently reéorted(‘) evidence for a state near 1420 Mev
in the K°K*x¥ system produced in tagged 47" interactions. We report on a simila%
study with 220 pb~! of data taken with the Mark II detecf.or at PEP and conﬁrm this
obse;vation.(s) The production at only larger Q?, indications of a domi;lant K*K deéay

mode, and our failure to observe it in n7t#~, lead us to tentatively identify this state with

the JPC = 1*+ f,(1420).

The major features of the Mark.II detector have been well described elsewhere.(®
Charged tracks are measured in the central drift chamber and the vertex drift cham-
ber, with a precision Ap/p = [(0.025)? + (0.01p(GeV))?]2. The position and energy of
the photons are measured in eight liquid argon barrel calorimeter modules with an en-
ergy resolution of 0.14/ \/}'3—(613—\_{)_ . The Pb-proportional chamber endcap calorimeters are

primarily used to veto events with extra photons. The 2.3 kG solenoidal magnetic field



a.llov?s low pr pions fo reach the TOF counters and hence trigger the detector. The small
angle tagging System and shower counter (SAT) identify and measure scattered electrons
at polar angles between 21 and 83 mrad from the incident e* or e~ direction. Events with
one SAT track having energy greater than 7 GeV are accepted in this analysis. To stﬁdy
the reaction | |
ete” — ete KOK*n¥ (1)
we further select events with four charged tracks of neﬁ charge zero in the central detector.
We then require that two of thesé tracks reconstruct to a K3 which decays at least 2.0 mm
from the primary vertex. The projection of these two tracks to the secondary vertex,. cuts
that require a positive flight path and 480 < m,+,- < 520 MeV, defines the_Kg sample.
The distribution in.m,+,..— before the last cut is shown in Figure 1 and indicates very little
background. To eliminate a possible J'(1520) S KJK; background we remove events in
which the 7¥ 7~ pair opposite the identified Kg- has an invariant ma$s between 480 and 520
MeV. Most tracks pféduced By reaction (1) have momenta below 1 GeV/c and therefore,
whenever possible, time of ﬂight- information is ﬁsed to identify the ch:a,rged K and = tracks.
Each candidate event is then examined in detail for such things as untracked K* decays,
poorly measured tracks, and especially for extra gammas detected in the liquid argon barrel
calorimeters or the proportional chamber endcaps, that are not associated with charged
tracks. The events with extra gammas are primarily feeddown from higher multiplicity
~~* interactions and form a sample that can be used to study potential backgrounds to

reaction (1).
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The net transverse momentum with respect to the ete- axis, Lpz, including the mea-
sured outgoing beam electron or positron is required to be less than 150 MeV/c. There
remain 27 events attributed to reaction (1). All but one of these have only one combination
of tracks consistent with'the K°K*x¥ hypothesis, and we plot their invariant masses in
Figure 2a. Note the dominant peak between 1400 and 1500 MeV. A fit in 20 MeV bins
to a gaussian distribution gives m = 1423 + 4 MeV and o = 14 &+ 2 MeV, consistent with
the detector resolutipn determined with Monte Carlo simulations.. The invariant mass of
the background events with extra gammas is shown in Figure 2b. These events show no
peaking. Figure 2¢ Shows the scatter plot of ’the iri\)ariant four momentum transfer Q>
vs. M(K°K*r¥). The peak events are clearly.produc.ed at relatively lafge Q? coﬁﬁrmfng
the I;EP 4/9 observatioﬁs. The a‘bééhce of such a peak in ~+ interactions at Q% ~ 0 has
already been nofed ;rith sufficient éensitivity.(s) Since real phdton—photon coilisions cannot
produce a spin 1 particle,() while é. spin O particle would be prbduced even more copiously

in such collisions, we assume this peak to be spin 1.

In Figure 3a we show the Dalitz plot for the 13 events with masses between 1.4 and 1.5
GeV. Although the statistics are limited, the events appear to be grouped in thg K*(890).
bands. The Dalitz plot for the sidebands (1.3 < m < 1.4 and 1.5 < m < 1.6 GeV) together
with the corresponding (1.3 < m < 1.6 GeV) background “extra photon” events is shown
in Figure 3b and shows no clustering in tile ’K * bands. Alternatively, a decay via the
a0(980)7r intermediate state would have resulted in a clear sigha.l in fhe nlrt o~ ﬁﬁal state,

since the a(980) decays predominantly into n7. No such signal was seen.(11)



To measure.the detection efficiency we generate Monte Carlo eve:nts for a 1425 MeV
spin 1 resonance, R, with helicity 1 aﬁd with an equal mixture of .K *°K6 and K* K+
decays. The same careful scanning procédure is applied to these Monte Carlo events; to
obtain the final detection efficiency. The 11 events above background in Figure 2a then
correspond to a cross sectioﬁ,- o(ete” — eteR) = 10.3 4+ 4.0+ 1.5 pb over the Q? interval

0.2-1.1 (GeV/c)?. Following Cahn® we parameteriZe this observed cross section as -

dQ* Q’

L F@) e @

Orte-—ete-r = 15.1T (keV) [ F’(Q’) +0.53 /

‘where TRy = (A—Qlle) T'Ryye in the low Q2 limit, 7 = Aﬁ-& and the residual Q? dependence
is contained in the form factor, for which we assume the form F(Q?) = mlzm. The
factor C(r) = 0.96 is the ratio of the exact 44* luminosity to that used in reference (8).
From Equation. (2) evaluated at /s = 29 GeV, Mg = 1.425 GeV and m, = 0.76 GeV
we obtain from our cross section measurement, over the Q? interval 0.2-1.1 (GeV/c)?,
B(R — KEKx) Ty = 2.7+ 1.2+ 0.5 keV, lower .than the PEP 4/9 value®) of 6 + 2 + 2
keV. It is important to note that this result is senéitive to the assumed Q? dependence.’
For example, an F(Q?) = Tlem, which might be more appropriate for a resonance
with quark composition s3, would yield a BR(R —>’K71r)f‘(R- — 44*) =1.7+0.8 i.0.3

keV.

The axial vector nonet is usually taken to consist of the a;(1270), K14(1340), f1(1285)
and f;(1420) with ideal mixing, i.e., with quark composition f;(1285) ~ (u@ + dd)/v/2
and f1(1420) ~ ss. However, a non-relativistic quark model with these assumptions

predicts(®19) that T'(f,(1420) — v4°) = -125%,&1‘( f2(1270) — ~v) = 0.4 keV, almost an
2



order of magnitude smaller than our measurement assuming B(R — K —I@r) = 1. The
) ~ ~ M
del al dicts that T'(f;(1285 *}/T'(f1(1420 ) o= 25°°/1(1285 '
model also predicts that I'(f( ) = ) /T (fi{ ) = ) Tm’ again
larger than our measured ratiol'!) of 3.0 + 1.6. A small deviation from ideal mixing can

however accommodate these measurements.

Although the f;(1285) can also decay into KK, no significant signal is seen at this
mass in Figure 2a. From the 3 events below 1.35 GeV we can calculate a limit B(f,(1285) —
KEKn)T'(f1(1285) — ~44*) < 0.92 keV (95% C.L.). Our previous measurement() of
T(f1(1285) — 47*) = 8.2+ 1.8 + 0.9 keV and a branching ratio(? to KK of 0.11 + 0.03

are consistent with this limit.

Based on the relatively large f,(1420) radiative width and recent observations in
hadronic J/¢ decays, Chanowitz(19) has suggested that the observed state is a candidate

for an exotic JFC

= 1% hybrid ¢gg state (or meikton). A direct test of the spin-parity is
obtained from the folded distribution in the cosine of the angle 8 between the normal to
the decay plane and the incident photon, in the rest frame of the f;(1420). Cahn(® has
pointed out that at small Q? the distribution is 1 + cos? @ for a JF® = 1** particle and is
1—cos? 8 for a JP€ = 1+ particle. Figure 4 shows the resultant measured folded distribu-
tion, normalized to the Monte Carlo simulation, for the 13 events between 1.400 and 1.500

GeV, together with the expectations(!®) from those predictions. No definite conclusion is

possible for so few events.

In summary, we have observed a peak near 1425 MeV in vy* — K°K*z¥ with a

@? distribution characteristic of a spin 1 resonance. We tentatively identify it with the



JPC = 1+ f,(1420), although a departure from ideal mixing is required to accommodate
the measured f1(1285) and f;(1420) radiative widths in the naive quark model. A more

definitive identification awaits a higher statistics spin-parity determination.

We gratefully acknowledge helpful discussions with R. Cahn and M. Chanowitz.
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Figure Captions

Fig. 1. Invariant mass of #¥7~ pairs used to define the K3 sample.

Fig. 2. The KJK*#¥ invariant mass for (a) the accepted event sample and (b) the events
with extra gammas. The scatter plot (c) shows this invariant mass vs. Q? for the

accepted events.
Fig. 8. The Dalitz plot for (a) accepted events and (b) background sample.

Fig. 4. The measured distribution in | cos 8 | for the events with 1.4 < m(K?K*7¥) < 1.5
GeV. The solid (dashed) histograms are the result of Monte Carlo simulations of the

distributions expected for JP¢ = 1++ (JPC =1-%).



80 T 1P 1 LR IR | LR

a2
N B .
O -
> ! ]
5 60— —
L _
(@) _ 4
S | | -
c { I "
~ ]
N » { i
= 20— —
> T ! ]
] B }E 7]
O.;;ﬁiiiiiéigiéil L1 I liﬁiiiéigiiiﬁig;L—
0.4 0.45 0.5 0.55 0.6

M(7m ™) (GeV)

XBL 874-1769

Figure 1

10



-

EVENTS / .050 GeV

( GeV/C?)

QZ

12

10

o
o

1.5

1.0

0.5

0.0

_llllllllT L ‘Ilr[llll__
3 @
:II[JJJLTIHII—I——Iil”ll'lllJﬂllll:
:llrl|llll|l|lllllll|ll‘l:
= ®)
EllﬂL] lmH—llﬂl,llLJIHlll:
1 1.5 2 2.5 3 3.5
lll!_l_lllllllllllTTT]llll
i Ol
07+

-y yx > KEK-mr+
b (6]

_1
- O -
L e 4
o ]
g0 ]
- .o ]
- OO O -
- % O -
llJ_LlIlLllllllillllJllll
1 1.5 2 2.5 3 3.5

M(K3K*n™) (GeV)

XBL 874-1772

Figure 2

11



1.0
0.8
MZ(K*W*)

0.6

0.4

1.0
0.8
M2<Kiﬂ¥>

0.6

0.4

—l L J 1 | | l 1 1 i I | 1 1 1
0.4 0.6 0.8 1
M2<K%ﬂ¥)
[77 T I T T T T [ T 1 T T l T T T T
(b) 7 y* » KK'n™ + nys ]
L o
’_.__ p—
_I q | i B 14 L 1 1 I 1 H I !
0.4 0.6 0.8 1
M2<K%ﬂ¥>
XBL 874-1773
Figure 3

12



150 _l 11 BRI B ] 1 IT_
10.0 | —
- ¢ ]

50 —
0.0 —l | | | L1 1t ‘ | T . | ] 1 1 1 1 I | l—
0 02 04 06 08 1

| COSO |
XBL 874-1771
Figure 4

13



»’

This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




LAWRENCE BERKELEY LABORATORY
TECHNICAL INFORMATION DEPARTMENT
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



