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Abstract. Using the ARGUS detector at the DOR-
IS II storage ring we have searched for radiative de-
cays Y{15)— y X, where X decays into two oppositely
charged pions, kaons, or protons. Upper limits on
branching fractions are presented. In the n* =~ invar-
iant mass region 290-570 MeV/c? the upper limit ob-
tained varies from 3 to 4.5x 1073, These values are
lower than the theoretical prediction of about 5
x 10~ % for Higgs production, which includes pertur-
bative QCD radiative corrections to the Wilczek for-
mula and the estimate Br(H® —»n*n")x45%, ac-
counting for Higgs coupling to gluons via heavy
quark loops. Previous experimental results do not ex-
clude the existence of a standard minimal Higgs in
this mass region.
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One of the reasons for the interest in radiative Y de-
cays is the possibility of searching for the Higgs parti-
cle. In the simplest version of the standard model
there is only one neutral Higgs with well defined cou-
pling to quarks, leptons and intermediate bosons. Un-
fortunately its mass is not fixed by the theory. The
often quoted lower limit of about 7 GeV [1] is based
on the assumption that the mass of the t-quark is
not too large and that there is no other heavy fermion
(no fourth generation). However the recent observa-
tion of large B° B® mixing [2] indicates that the mass
of the t-quark may be substantially larger than ex-
pected, and therefore the limit on the Higgs mass
could be lower. For the minimal Higgs sector, Wilc-
zek calculated the branching ratio for V—y H° [3]:

Gr M2 (1 Mo
41/571& M3

where M, is the mass of the vector meson ¥V, My,
is the mass of the Higgs, G is the Fermi constant
and « is the fine structure constant. For the ¥{18),
Br(V—yH?®) is 10 times that for J/i». The prediction
of the Wilczek formula (~2.2 x 10™4) is decreased by
a factor of two because of the perturbative QCD ra-
diative corrections [4]. In more complicated models
with several Higgs doublets, Higgs couplings to
quarks and leptons can be either enhanced or sup-
pressed in comparison with the prediction of the mini-
mal model.

Experiments do not provide much information
about the Higgs (for a recent discussion see for exam-
ple [5]). Studies of nuclear reactions exclude the stan-
dard Higgs boson with My <13 MeV/c? The limits
for higher masses come from searches for K%
—>n*H-on"e*e” and ' —»yH-yu*u . These
firmly exclude the mass interval from 50 MeV/c? to
2m,. There also exists a preliminary result of the
CUSB group [6]. They obtained an upper limit for
Br(Y—yH°) which is lower than theoretical predic-
tions for a standard minimal Higgs boson with masses
0.6 GeV/c*<Myz<3.9 GeV/c?. The mass interval
0.28 GeV/c?> < Mz <0.6 GeV/c? has not yet been ex-
cluded. Light Higgs bosons can also be copiously pro-
duced in B-meson decays. However theoretical pre-
dictions for exclusive B-meson decays into Higgs are
very uncertain and even the inclusive yield depends
drastically on the unknown mass of the t-quark (for
a discussion see for example [7]). For models with
more than one Higgs doublet searches for Higgs bo-
sons in Yand B-decays are complementary.

Another interesting question relates to two-body
radiative decays of the Y meson. For these decays

Br(Vo y HO)= )Br(V» ),

2 2 '
e m,
one can expect at least a factor (—’;) X <m—"2) ~1/40 sup-
€; e

pression in comparison with J/ decay [8] and corre-
spondingly Br(Y—y(y, #, & f,(1720)) at the level of
10™* to a few times 10~ 5. There also exist more elabo-
rate theoretical predictions for Y{18)— yf,(1270) and
Y(18)— yf; (1525) [9] at the same level, which is close
to our experimental sensitivity.

The data used for this analysis were collected with
the ARGUS detector [10] at the DORIS storage ring
and correspond to an integrated luminosity of
39.5pb™ ! at the Y(1S) energy and 27.7 pb~! at the
Y(25) energy. These two data samples contain
400000+ 19000 1(1S) decays and 9800047000 Y(25)
decays respectively. The following decay modes with
two charged particles were considered:

1) Yosyntn~;

2) Y-yKTK~;

3) Y—>ypp.

Events were accepted as candidates for these reac-
tions if the following criteria were satisfied:
® two oppositely charged tracks were found in the
drift chamber that point to the main vertex;
® cos a> —0.5, where « is the angle between the two
charged particles;

o there was at least one shower in the electromagnet-
ic calorimeter with an energy greater than 2.5 GeV,
which was not matched with a track found in the
drift chamber;

e difference between the total measured energy and
the known center of mass energy was less than 3o,
where o is the estimated experimental resolution.

9831 events taken at the Y{1S) energy passed these
criteria. The main sources of background for the dis-
cussed reactions were QED events (radiative Bhabha
events, radiative muon pairs, and e* e~ > yy events
where one of the photons converts into an electron-
positron pair).

The identification of electrons and muons is per-
formed in the ARGUS detector with high efficiency
and low misidentification probability. For electron
identification, information from all detector compo-
nents is used coherently by combining the measure-
ments into an overall likelihood probability L. The
available information consists of dE/dx and TOF
measurements, and the magnitude and topology of
energy deposition in the shower counters. To reject
electrons we demanded that each charged track has
L <50% for the electron hypothesis. In order to sup-
press puy events, we rejected tracks with hits in the
outer layers of the muon chambers; 492 u*pu~ v
events were rejected using this cut. The invariant mass
distribution for ™ u~ pairs was in a good agreement
in shape and absolute value with that obtained by
Monte Carlo studies with with the same luminosity



as collected in the experiment. About 7% of the had-
ronic events were rejected due to these cuts, designed
to suppress QED events.

In order to further suppress QED events and to
ensure good trigger conditions, |cos 8] <0.7 was re-
quired for polar angle of energetic photon. To reject
background from multihadron events we allowed
only one additional photon with E,>120 MeV. The
efficiency of this cut (>0.97) was obtained from cos-
mic ray data taken simultaneously with the experi-
mental data.

The 454 events which satisfied all the criteria men-
tioned above were subjected to a four constraint kine-
matical fit to each of the reactions discussed. Events
with y2 <16 were accepted. The efficiency of the y2
cut was determined by Monte Carlo studies to be
0.95. After applying the four constraint fit the mass
resolution (o) for the invariant mass of the two
charged particles varied from 4 MeV/c? for
M=04GeV/c* to about 15MeV/c? for M=
3 GeV/c?. The resolution obtained in the low mass
region is two orders of magnitude better than that
obtained from studies of the inclusive photon spec-
trum alone. Even for the best photon spectrometers,
such as CUSB [11], the entire recoil mass region be-
low 1 GeV/c? corresponds to an interval of photon
energies smaller than the photon energy resolution.

Figure 1a shows the #* =~ invariant mass for can-
didate events with M, ,<3.5 GeV/c®. One can see a
prominent peak in the p mass region. This peak is
well described by a relativistic p-wave Breit-Wigner,
using the current average values for the mass and
width of the p meson [12]. The decay Y(15)—yp°
is forbidden by conservation of charge parity, but the
radiative process e* e~ —yp°® may arise from contin-
uum production. To study the nature of this peak
we repeated the analysis for the data (80 pb~ 1) col-
lected at the Y{4S) resonance, which for these reac-
tions can be considered as a pure continuum sample.
The =n*n -invariant mass distribution for these
events is shown in Fig. 1b. The number of events in
the p signals of Fig. 1a and b are in good agreement,
if one takes into account the difference in luminosity
and the energy dependence of the cross section. This
is further evident in Fig. 1¢ which shows the result
of the continuum subtraction; one can also see that
there is no significant excess of events due to the reac-
tion Y(1S)—yn*rn~. We also generated an equal
sample of continuum Monte Carlo events represent-
ing the process e*e” - yn* n~. The result is shown
as a histogram in Fig. 1a and agrees well with the
data, both in shape and in absolute value. We there-
fore conclude that the p peak observed is well ex-
plained as arising from continuum production both
on the basis of the experimental distribution of con-
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Fig. 1a—c. n* =~ invariant mass distribution for a Y(1S) without
continuum subtraction (the histogram represents a Monte Carlo
calculation of the process e*e” —»yzn™ n~, absolutely normalized);
b continuum (data at Y(4S) energy are used); ¢ Y{1S5) after contin-
uum subtraction

tinuum events and from the Monte Carlo simulation
of continuum production.

On the low mass side of the p peak there exists
some enhancement, which is a residue of QED back-
ground and a reflection from the reaction e*e”
—y¢—>yK"K~. In order to suppress such events
a few additional cuts were applied for =* ~ invariant
masses in the region 0.28-0.7 GeV/c?:

e total shower energy deposited by two charged par-
ticles should be less than 1.7 GeV (to suppress radia-
tive Bhabha events and e*e™ — yy events where one
photon converted);

® |cos 8| <0.5 for energetic photon (for further sup-
pression of continuum events which peak at large
|cos B1);
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® (LK—L,)<02 where Ly and L, are likelihood
probabilities for the kaon and pion hypotheses re-
spectively (to minimize the contribution from mis-
identified kaons from the continuum reaction e* e~
—7y¢ —yK* K~, which populates the region of small
nt 7~ invariant mass).

Only a few events satisfied these additional criteria.
The reconstruction efficiencies for the investigated de-
cays were determined from Monte Carlo studies and
also checked using experimental data. The trigger effi-
ciency was checked using radiative Bhabha events.
This efficiency was larger than 96% during the entire
period of data taking and over the full energy range
considered. Final efficiencies were 0.22 for
0.28 GeV/c*<M,.,-<0.7GeV/c? and  varied
smoothly from 0.45 for M. .- =1 GeV/c? to 0.35 for
M,.,-=3.5GeV/c®. For KK~ and pp final states
the efficiencies were 0.40 and 0.45 respectively, for
Mg g- or M,,<2.5GeV/c? and decreased by 15%
at invariant masses of 3.5 GeV/c?. These values in-
cluded corrections for the angular anisotropy of the
decay Y—yH® [9].

Figure 2a shows the 90% confidence level upper
limit on the branching ratio for the reaction ¥{1S5)
—yn*n” in the =+~ invariant mass region 0.28—
0.7 GeV/c®. To be conservative in calculating upper
limits on branching ratios, no continuum subtraction
was done. This is the most interesting region because
of the expected large Br(H® - n* n~). There are only
two sizable decay modes for Higgs masses between
0.3 GeV/c? and 2my, namely H— p* = and H — n .
Moreover, in this region their relative branching ra-
tios can be calculated using the relationship due to
Voloshin [13]:

(+11 m,z,)2
Ir'H-=nn) 1 M% 2 M%

which yields a value of about two. From Fig. 2a it
is evident that for 290 MeV/c2 < M. .- <570 MeV/c?
our upper limit is lower than the theoretical predic-
tion for minimal standard Higgs, taking into account
perturbative QCD corrections [4] and using the ex-
pected value for Br(H —» =" n~) [13]. Over most of
this region our upper limit is lower than theoretical
predictions by a factor of 1.7, providing some room
for uncertainties in the predictions.

Figure 2b shows the 90% confidence level upper
limit on the branching ratio for the reaction
Y(1S)—yn*n~ for the n* =~ invariant mass region
1-3.5 GeV/c?. In this region the upper limit obtained
is at the level of the theoretical predictions for the
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Fig. 2. a 90% confidence level upper limit on branching fraction
as a function of the invariant mass for Y(1S)»yn+ z— (solid line).
The dashed line corresponds to the uncorrected and corrected Wilc-
zek formulae. The dotted-dashed line corresponds to the theoretical
upper limit for the Br(Y—yH®) Br(H° =" n7). b 90% confidence
level upper limit as a function of the invariant mass for
Y(18)—yn+ n— (solid line), Y(28) —»yn+ n— (dashed line)

minimal standard Higgs, namely ~(1-1.5)x 1077
However it is difficult to make definite conclusions
in this mass region because of large theoretical uncer-
tainties for Br(H — =™ n”). In the same figure the 90%
confidence level upper limit for the branching ratio
of the reaction Y(28)—=yn* =~ is also shown.

Figure 3a shows 90% confidence level upper lim-
its on the branching ratios for reactions Y(1S)
—>yK*K~, Y(1S)-»ypp and YQ2S)-»yK K-,
Y(28) —ypp. To suppress a strong reflection from the
reaction ete” —yp°—yn*n~ due to n—K or n—p
misidentification, we demanded for each charged par-
ticle that (Lg—L,)>0.2 for the Y »yK* K~ reaction
and that (L,—L,)>0.2 for the Y- ypp reaction. The
cut was applied only in the region of invariant masses
where reflection was sizable, namely 1 GeV/c?
<My.gx-<1.6GeV/c?2  and 2.0 GeV/c’<M,,
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Fig. 3a and b. 90% confidence level upper limits on branching frac-
tions as a function of the invariant mass for a Y>7yK*K~;
b Y—ypp

Table 1. Upper limits at 90% confidence level on branching ratios
for exclusive radiative Y-decays

Reaction ARGUS Theory [9]

Br(Y(18)—> 7/>(1270) x Br(f, »n*n”) < 7.3x1075 ~7x 1075
Br(N18)—>pf3(1525) x Br(fi > K*K~) < 69x1075 ~2x 1075
Br(Y(18)>y£,(1720) x Br(f, = K*K~) < 50x10~3
<
<

Br(Y(18)— £, (1720) x Br(f, >t =7) 2.1x107°
Br(Y(15)—y£,(2230)) x Br(é » K* K°) 29x10"
Br(Y2S)—7£,(1270) x Br(f, »ntn”)  <13.5x 10"
Br(Y(2S)— 1£4(1525) x Br(fj > K*K~) <19.0x 10"
Br(X(28) - 1/,(1720)) x Br(f, » K*K~) <113x10"5
Br(Y(2S) v 7£,(1720)) x Br(f »a*7~) < 59x 1075
Br(Y(2S) ¥ 1 ¢(2230) x Br¢ > K*K~) < 68x10-

<2.3 GeV/c?. The efficiency of this cut (about 40%)
was obtained from Monte Carlo studies and was
checked using well identified kaons from the decay
D** g D°satK xnt.

Table 1 summarizes the upper limits for several
exclusive Y decays, after continuum subtraction. The-
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oretical predictions presented in the table are calculat-
ed using experimental values of Br(J/y —y£,(1270)
>yt n7)=(75+03+1.12)x10"* and Br(J/y -
7f3(1525) >y K+ K7)=(2.54£0.6+04)x 10~* [14].
Our upper limit on Br(Y(18)—17/,(1270)) is more
stringent than the limit of 8.1x 10~ recently ob-
tained by the Crystal Ball group [15] and already
close to the theoretical prediction. According to [16]
radiative decays are about 3% of three-gluon decays
for the Y{(1S). However, we do not observe radiative
decays of Y(1S) with a hadron pair h*h~ (where
h* h~ represents nt n~, K™ K™, pp) in the final state,
yielding Br(Y(18)—>yh* h7)<3x 107 * at 90% confi-
dence level for M. - <3.5 GeV/c%

The CLEO group has claimed smaller upper limits
than ARGUS for most of these decays [17], although
they has a factor of 1.5 times fewer Y(1S) decays and
a factor of 2 times smaller efficiency. The reason for
the better limits is a complete absence of background.
However, they only reported three events ete”
—yp®—>yn*r~ for which we observe 170 in the p
mass region 0.6-0.95 GeV/c?. Taking into account a
factor of 3.2 smaller luminosity and a factor of 2
smaller efficiency in the CLEO experiment, one could
expect more than 20 (e* e — yp°) event’s.

In conclusion, no structures are seen in decays
of the Y(1S) into a photon and two charged hadrons
at a branching ratio level of 2x 1075 for n* ™ and
atalevel of 4x 1073 for K¥ K~ and pp in the invar-
iant mass region 1-3.5 GeV/c2.

For n*n~ invariant masses between 290 and
570 MeV/c? our upper limit is lower than the theoreti-
cal prediction for minimal standard Higgs produc-
tion, including perturbative radiative corrections to
the Wilczek formula and using an estimate for
Br(H°—>n* n~), which accounts for Higgs coupling
to gluons via heavy quark loops.
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