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Abstract

. x_ _
Production of wvector charmed strange DS mesons in qu

collisions is studied using the combined data of two bubble

chamber experiments.
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. Radiative decays DS* - yDS(l9701 of the wvector charmed+sErange
DS (2110) meson (previously called F ) were first seen in e e
collisions at DESY [1,2] and in va collisions in the 15-ft Bubble*
Chamber at Fermilab [1,3]. In this paper we pursue the study of Ds
production by antineutrinos at a higher statistical level.

The significant increase of JPN statistics as compared to [1,3] is
achieved by merging the 15-ft Bubble Chamber data [4] with data from
BEBC [5]. The merge is facilitated by the similarity of data taking
conditions in the two experiments : in both cases, big bubble chambers
equipped with external muon identifiers and filled with heawvy
neon-hydrogen mixtures were irradiated by antineutrinos produced by 400
GeV protons. A detailed comparison of the data sets has confirmed the
similarity of the two charged current samples. The combined sample
consists of about 22700 charged current events in v__ visible energy
(Evis
GeV were selected with EMI) .

) range 10-200 GeV (<Evis> = 35 GeV, muons with momentum over 4

To isolate the radiative DS*— -y DS_ signal, we adopt a
"semi-inclusive” approach embracing all the ¢7 X decays of the DS
meson [1,3] and not Jjust the popular ¢ mode (we estimate that B{en X)
/ B(en ) > 8(*)). The simple underlying idea is that the internal
motion (with respect to Ds_) of the decay (¢n—) system is "frozen"”
because of its large mass. As a result, the decay gammas which are
monoenergetic in the DS_ frame (E’Y = 145 MeV) are nearly monoenergetic
in the (¢7n ) frame : E"_ ~ Ey' Indeed, a Monte-Carlo simulation-shows
that the quantity E’Y/EY p?aks at unity with an average smearing of -~
0.14 for typical decays ¢ 7° and ¢n (2m).

The hadron energy was corrected for undetected neutrals using the
*
event transverse momentum balance. To study DS production, events with

WH > 2.6 GeV are selected, where WH stands for the reconstructed mass
* &
of the hadron system( ).

I3

(= The calculated value of B(¢p_)/B(¢H-) is ~ 6.3[6], the measured
+

value of B(6n 7 % )/B(on )} is ~ 0.4[7]. Sizeable ¢Nn n° (non-resonant),

om mene and on (3m) contributions might also be expected.

* X &
") he adoption of a W, cut well under the actual D production

H
threshold of - 3.05 GeV is motivated by the smearing effects.
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For each charged current event, we form the (x"k")n” combinations
with mass under 2 GeV and with m(KK} in the interval 1010-1030 MeV (the
calculated mass resolution is as good as 5 MeV in the ¢ (1020) region).
The kaon mass is combinatorially assigned to the observed charged
mesons for which the kaon hypothesis is acceptable. For each
combination, we plot the energy E’Y of the registered odd gammas in the
{K+K_)nd rest frame (odd gammas are those not forming yy pairs with
mass in the interval 135 = 20 MeV which is the Gaussian width of the
observed m° signal) .

Since in the decay D, - yDS_, D~ - ¢n X, the system (¢7 y) is

s
L] v L *
massive enough that it remains almost at rest in the Ds rest frame,

* - -

the fraction of Ds energy taken by the (¢7m y) subsystem is -~
- K

m(om 'y)/m(Ds ) . Therefore the quantity

E($T ¥) m(D;_)
z! = i (1)

Ev - Ep m(en v)

-
is essentially the fractional energy of the Ds as a whole,.

Shown in Fig. la is the E’Y distribution for the odd gammas, for
the combinations with fractional energy z’ > 0.8. An enhancement is
seen around E’Y zﬂlSO MeY. Its width agrees well with that expected for
the radiative D = ¥Dg gignal : the calculated rms. deviation
combining the "wrong-frame" amearing and gamma momentum measurement

error is -~ 30 MeV,

To probe the background, we plot the analogous E’Y using
i) the ¢ wings instead of the ¢ central area, i.e. (K+K_)n_
combinations with m(KK) in the range 1000-1010 MeV or 1030-1040 MeV
(see Fig. 1b);
ii) "fake ¢" combinations : (K"K7)nT with the same total charge as
(KTK™) 1~ with m(KK) in the ¢ central area 1010-1030 MeV (Fig. 1lc) as
well as in the ¢ wings (Fig. ld);
iii) paired (instead of odd) gammas for both ¢ central (Fig. le) and

sideband (Fig. 1f) areas.

None of these plots displays anything like the bump arcund 150 MeV

seen in Fig. la.

Tc check the use of these plots to estimate the background, we
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simulated them using live events but "fake" gammas. The (KK)7n system
was selected as described before; each of the remaining charged pions
was then taken as a neutral pion and allowed to decay randomly into two
gammas (5 times to increase statistics). The distributions thus
obtained were very similar to each other, as well as to the
distributions shown in Fig. 1lb-d. This confirms that the shape of the
background in Fig. la is adequately reproduced by the sum of the "live"
background plots in Fig. lb-d.

The sum of these last three distributions [E’Y plots for
(K+K_)WH-, (K_K_)¢n+, and (K_K_)Wn+, where the subscript "¢" stands for
the ¢ central mass area, "W" for the wings)] is normalised to the E’
distribution in the(K+K_)¢n‘ plot over the interval 0 < E’y < 1000 MeVv
with the bump region 100 < E < 200 MeV excluded. The background
subtraction(*) performed sepalately for three =z’ bihs 60.4-0.6,
0.6-0.8, and over (.8) yields the z’' dependence of the enhancement,
shown in Fig. 2 (excess per bin). The effect is seen only in the high-z
area (z > 0.8), where the excess amounts to (24.9 + 7.0) events. With
due account taken of the ¢ - K+K_ branching fracticon and relevant
registration efficiencies, this translates into DS* production rate

times DS— - ¢71 X branching relative to all charged current events of

N(D_ - yD_ , D_ = 6N X)

N{CC)

= (4.3 £ 1.2)*107° (2}

Since the DS- - o7 branching fraction is - 0.04 [8] and,
according to our estimate, B(enm X) / B(¢n ) > 8, this suggests D

production at a one percent level.

Comparison with neutrino-emulsion data [9] shows that thi DS
mesons are produced at appreciably higher z wvalues than the D mesons.
This strongly suggests a different production mechanism, such as vector
meson dominance as indeed predicted back in 1975 by Arbusov, Gersteiln

and Folomeshkin [10]. The fact that the bulk of the signal lies under

(*) In the bump region 100 < E’Y < 200 MeV, one must count the
contributing gammas rather than just the entries. In the bump region of
the (K+K_)¢n- plot with z’ > 0.8 (see Fig. la), there afe 50 entries
but only 39 contributing odd gammas.
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*
Q2 = 4 GeV2 (~ mass squared of the D_ ), as shown in Fig. 2, is

compatible with this assumption.
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Figure captions.

Fig. 1 : energy of the odd gammas E’Y for the (K+K“)H- combinations
with m(KK) in the ¢ central area (a) and in the ¢ wings (b); for the
(K_K—)H+ combinations with m{KK) in the ¢ central area (c) and in the ¢
wings (d); paired gammas for the (K+K_)n- combinations with m(KK) in
the ¢ central area (e) and in the ¢ wings (f). All the plots are for z’
> 0.8.

Fig. 2 : z’ dependence of the signal for : (a) all Q2 {full circles),
{b) Q2 < 4 GeV2 (open circles).
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