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Abstract 

We confirm the observation of a spin 1 resonance at 1423 MeV in the XiKfxF 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 
B Kzr ’ $$ ’ r7-f’ = 2.7 f 1.2 f 0.5 keV assuming a ppole form factor. 
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Two mesons, the ~(1440) and fr(1420) appear at nearly the same mass in a wide variety 

of experiments. Different experiments obtain different spin parity assignments for mesons 

in this mass region, although most radiative J/$J decay experiments obtain Jp = O- and 

a mass near 1450 MeV,(‘) while hadroproduction experiments find Jp = l+ or O- and a 

mass near 1420 MeV.t2) 

The K’K*?rF final state is a major decay mode of the t7(1440) and fr (1420) and so 

can be used to study their production in photon-photon interactions. Although rather 

stringent limits (‘1 have been placed on I?(q (1440) -F 77) where the photons are on mass 

shell, the PEP 4/9 group has recently reported(‘) evidence for a state near 1420 MeV 

in the K’K*?rF system produced in tagged 77* interactions. We report on a similar 

study with 220 pb -’ of data taken with the Mark II detector at PEP and confirm this 

observation.(5) The production at only larger Q2, indications of a dominant K’K decay 

mode, and our failure to observe it in qrr rr + -, lead us to tentatively identify this state with 

the Jpc = ++ 1 fI(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)2 + (0.01p(GeV))2]i. The position and energy of 

the photons are measured in eight liquid argon barrel calorimeter modules with an en- 

ergy resolution of O.l4/\IE(GeV). The Pb-proportional chamber endcap calorimeters are 

primarily used to veto events with extra photons. The 2.3 kG solenoidal magnetic field 
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allows low pi pions to 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 c+ or c- direction. Events with 

one SAT track having energy greater than 7 GeV are accepted in this analysis. To study 

the reaction 

c+c- + e+e-K°K%rF (1) 

we further select events with four charged tracks of net charge zero in the central detector. 

We then require that two of these tracks reconstruct to a Ki 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 mr+*- before the last cut is shown in Figure 1 and indicates very little 

background. To eliminate a possible f’(1520) -+ Kips background we remove events in 

which the x+x- pair opposite the identified Kg has an invariant mass between 480 and 520 

MeV. Most tracks produced by reaction (1) have momenta below 1 GeV/c and therefore, 

whenever possible, time of flight information is used to identify the charged K and n 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 

77. 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 e+e- axis, Cpr, including the mea- 

suredztgoing beam aectron-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*mF 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 f 4 MeV and u = 14 f 2 MeV, consistent with 

the detector resolution 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 2c shows the scatter plot of the invariant four momentum transfer Q2 

vs. M(K’K*x’). The peak events are clearly produced at relatively large Q2 confirming 

the PEP 4/9 observations. The absence of such a peak in 77 interactions at Q2 z 0 has 

already been noted with sufficient sensitivity. (‘1 Since real photon-photon collisions cannot 

produce a spin 1 particle, (‘1 while a spin 0 particle would be produced 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 the 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 the K’ bands. Alternatively, a decay via the 

m(98O)?r intermediate state would have resulted in a clear signal in the q’?r+?r- final state, 

since the Q(980) decays predominantly into r]n. No such signal was seen.(“) 
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To measure the detection efficiency we generate Monte Carlo events for a 1425 MeV 

-spin 1 r6&mnce, R, wit3ihelicityl and with an equal mixture of K’“fl and K.-K+ 

. decays. The same careful scanning procedure 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 section, a(e+e- + e+e’R) = lo.3 f 4.0 f 1.5 pb over the Q2 interval 

0.2-1.1 (GeV/c)2. F o 11 owing Cahnf8) we parameterize this observed cross section as 

oe+c-+c+c-R = 15.1f (keV) / $F’(Q’) + 0.53 / $ l $9 Fz(Qz)] . c(r) pb (2) 

where I!RT7* = iu2 ( > iu2 + IJ+,* in the low Q2 limit, r = 9 and the residual Q2 dependence Q 
is contained in the form factor, for which we assume the form F(Q2) = h. The 

factor C(7) = 0.96 is the ratio of the exact 77* luminosity to that used in reference (8). 

From Equation (2) evaluated at fi = 29 GeV, MR = 1.425 GeV and m,, = 0.76 GeV 

we obtain from our cross section measurement, over the Q2 interval 0.2-1.1 (GeV/c)2, 

B(R + KKn) * fRn’ = 2.7 f 1.2 f 0.5 keV, lower than the PEP 4/9 valuet4) of 6 f 2 f 2 

keV. It is important to note that this result is sensitive to the assumed Q2 dependence. 

For example, an F(Q2) = ,h;, which might be more appropriate for a resonance 

with quark composition SS, would yield a BR(R * KR?r)f(R + 77’) = 1.7 f 0.8 f 0.3 

keV. 

The axial vector nonet is usually taken to consist of the ~(1270), KI~(1340), fl(l285) 

and fi(1420) with ideal mixing, i.e., with quark composition fi(1285) - (un + d;i)/fi 

and jr (1420) - SB. However, a non-relativistic quark model with these assumptions 

predicts(‘*l’) that f(fi(1420) -+ 77*) = &$I(f,(l2?o) + 77) g 0.4 keV, almost an 
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order of magnitude smaller than our measurement assuming B(R + KKr) = 1. The 

25 M , 1285 mode?&so predicts that ‘f(&( i285)--+ 77*)/f (fr (1420) -+ 77’) E z kf, again 

larger than our measured ratio (11) of 3.0 f 1.6. A small deviation from ideal mixing can 

however accommodate these measurements. 

Although the fr (1285) can also decay into Kx?r, 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(fr(1285) + 

KfZ’&fi(1285) + 77’) < 0.92 keV (95% C.L.). Our previous measurement(“) of 

f(jr(l285) + 77*) = 8.2 f 1.8 f 0.9 keV and a branching ratio(12) to KKlr of 0.11 f 0.03 

are consistent with this limit. 

Based on the relatively large fr(1420) radiative width and recent observations in 

hadronic J/$ decays, Chanowitz (lo) has suggested that the observed state is a candidate 

for an exotic Jpc = l-+ hybrid qqg 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 fr(1420). Cahn@) has 

pointed out that at small Q2 the distribution is 1 + cos2 0 for a Jpc = l++ particle and is 

1 - cos’ 8 for a Jpc = l-+ 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 (13) from those predictions. No definite conclusion is 

possible for so few events. 

In summary, we have observed a peak near 1425 MeV in 77* --) K’K*rF with a 

Q2 distribution characteristic of a spin 1 resonance. We tentatively identify it with the 
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JPC = l++fi(1420), although a departure from ideal mixing is required to accommodate 

-the rneazed fi(1285) aa 71(142U) ra-diative 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 
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Fig. 1. Invariant mass of rr+rr- pairs used to define the Ki sample. 

Fig. 2. The KiK*rrrr invariant mass for (a) the accepted event sample and (b) the events 

with extra gammas. The scatter plot (c) shows this invariant mass vs. Q2 for the 

accepted events. 

Fig. 3. The Dalitz plot for (a) accepted events and (b) background sample. 

Fig. 4. The measured distribution in 1 cos 6 1 for the events with 1.4 < m(KfK*r~) < 1.5 

GeV. The solid (dashed) histograms are the result of Monte Carlo simulations of the 

distributions expected for Jpc = l++ (Jpc = l-+). 
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Figure 4 
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