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Abstract

We report on the first direct observation of a neutrino induced charged-current interaction with two subsequent
decays of short-lived particles close to the interaction vertex. This rare double-kink signature in the CHORUS
emulsion target is interpreted as " production followed by the decay chaii™ — D}~, D} — 77v,,

T — pTv,v.. The event is characterised by sm@h and small four-momentum transfer squatéd the target
nucleon, which indicates a diffractive production mechanism. A complete analysis of the event is presented.
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1 Introduction whereD} — rtv. andrt — ptv,7,, neutrino in-
The CHORUS experiment aims primarilyteractions with two muons of opposite sign are selected.
at the observation of charged-current (CC) interactioiie be sensitive td** — D}~ decays, we allow only
v.N — 7~ X from v, — v, oscillation in the CERN electromagnetic energy in the calorimeter and veto on
SPS wide-band neutrino beam. It is a hybrid experimdradronic showers by requiring that the energy released
with an emulsion target and an electronic tracking syis-the hadronic calorimeter be less than about 5 GeV.
tem opening the possibility to study the productionand  The procedure of tracing back particle trajectories
decay of short-lived particles:{ ~ 100 — 300 um) from the electronic detector into the emulsion has been
with a three dimensional spatial resolution~ofl yum. described in [1]. In the emulsion, track following and
We studied a subsample of dimuon events for diffractivertex location are performed with automatic scanning
and deep inelastib'*) production with low multiplicity microscopes [2] and after finding the primary vertex, the
at the primary vertex. In the selection we concentrategent is examined by eye for decay topologies with a
on the purely leptonic decay cascable — 7 — p double kink signature.
that results in a clearly identifiable double decay (also ~ One event fuffills all the requirements of this se-
called ‘double-kink’) signature. lection.
SmallQ? interactions with small four-momentum
transfer squaretlto the nucleon or nucleus play anim3  Reconstruction in the detector
portant role in exploring the regime between deep in-  Figure 1 shows the detector display of the candi-
elastic scattering and diffractive processes. In particulé@te event. Two identified muons of opposite sign and
neutrino induced diffractive production is interesting, &lectromagnetic activity in the calorimeter, which can
there is only a small number of particles in the final stab® assigned to a secondary vertex in the target region,
that reflect the structure of the weak current. are observed. The negative and the positive muons have
In this paper we report on the observation, analjpeasured momenta of14.6 + 3.9) GeV/c and
sis and interpretation of a candidate event for diffractié.6 = 0.1) GeV/c, respectively. A visible electromag-

D production with a double-kink signature. netic activity corresponding to an energy
of E.,, = (0.27£0.09) GeV is detected in the calorime-
2 Experimental setup and event selection ter.

The CHORUS detector consists of 770 kg of nu- Further, one isolated hit shows up in a module of
clear emulsion acting simultaneously as a neutrino tére hadronic calorimeter located at a distance of 380 cm
get and a high resolution tracking detector, followed ®way from the primary vertex, corresponding to about
scintillating fibre trackers, a hadron spectrometer, a da45 interaction lengths~ 24.5 radiation lengths). The
lorimeter and a muon spectrometer for kinematic recaselated hit gives an energy signal 6t§3 + 0.22) GeV
struction of the final state. The detector is described@nd is probably caused by the interaction of a neutral
detail in [1]. particle,e.g, the scattering of a neutron.

During four years of data taking (1994-1997), By following the muon trajectories into the emul-
CHORUS recorded about 840,000 CC interactions. Thien target, a neutrino interaction vertex is found with
search for double-kink events reported in this paper,tige topology shown in Figure 2. Two tracks leave from
performed on a subsample of 87,000 CC events from thsingle grain (size- 1xm) without any visible charged
1994 exposure. nuclear fragment. One of these tracks matches the

To find double-kink events from the reactiongegative muon identified in the spectrometer, while on
vuN = p~DfX orv,N — u~D:t(—» Dfy)X,
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Figure 1: (a) Global view of the event in the detector with two identified muons of opposite sign.
(b) The target area with primary and secondary vertices.
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Figure 2: The double-kink event with two tracks leaving from a single grain without nuclear break-up at the primary
neutrino vertex. The points are the measured position of each emulsion grain with its error. Also indicated is the
borderline between two consecutive emulsion plates.

the other track (identified as positive muon in the deteemulsion target is segmented such that a double-kink
tor) two decays are visible. After corrections for shrinksignature can be detected, provided that both decays oc-
age and local distortion of the emulsion, a grain-by-gradnr on average within half of an emulsion
measurement provides a three dimensional view of thiack (14.2 mm) from the primary interaction vertex.
vertex, tracks and decay angles. The decay angles are To calculate the number of expected events,
found to be 89.5 + 2.4) mrad for the first and we have taken into account detector and location
(87.3+1.2) mrad for the second kink. The distance frorafficiencies and have used the production rates
the primary vertex to the first kink is 68m and that described in the next section. Probabilities and expected
from the first to the second kink 14#m. The first de- event rates for the different scenarios are summarised in
cay is located close to the surface of an emulsion plateble 1.
(~ 16 um distance). Itcan be seen thatthe decay chBin - v —

is clearly favoured. Furthermore, the measured decay
4 Double-kink scenarios angles and momenta of the event are consistent with this

In view of the measured short flight lengths, mdjypothesis. Therefore, the most probable explanation is

menta and decay angles, we consider that at the [grlniat the obsirved (erouble kirlk signaJtrure (3riginates from
mary vertex a charmed mesaB'{ or D) is produced e decayDy — v andr™ — u* v, vr.
by a neutrino. Other hypotheses are either unlikely or

exotic. 5 Production scenarios
Therefore, possible scenarios for the emergence  Given that the decay of B/ is at the origin of the
of a double-kink signature are: double kink, it is plausible that the energy measured in

e AD} — rtv. andrt — uty,r; decay. This the electromagnetic part of the calorimeter can be asso-
decay chain has already been observed in a piciated with the conversion of a photon seen as the sec-
emulsion exposure experiment [3]. ondary vertex in the target region. These two observa-

e Elastic scattering without visible recoiltions lead to the hypothesis of@:* production with
(‘white kink’) of a D} or D* charmed mesonan immediate radiative decdy:* — D .
and subsequent decay intd v, X°. This process At the primary vertex no additional charged
has never been observed for heavy mesons andhadronic fragments are visible. Therefore, two concep-
quantitative estimates we rely on pion data [4]. tually different models could explain the:* produc-

e A D} or D meson with subsequent decays inttion:

KT*X%andK* — utu,. o Deep inelastic charm production without
The probabilities for the different scenarios to happen  charged fragments
and to be detected in CHORUS have been studied quan- The charm production rate per CC interaction is
titatively with a Monte Carlo simulation of the beam, (5.0f8;g)% [5], with a relative D} content of
the interactions and the detector response. The nuclear (7 + 4) % [6]. In a Monte Carlo simulation based



Possible double-kink scenaridsProbability for the signature¢ Expected number of
within 14.2 mm events in 1994 datg

Ds—>71—>u 0.96 + 0.01 0.6+0.3

D, — white kink — 4 %1073 3x 1073

D — white kink — p 4x103 4x103

Ds - K = p (2+2) x 1074 (3+3) x107*

D—K-—up (9+2) x 1074 (1+1) x107*

Table 1: Possible scenarios to generate a double-kink signature within half of an emulsion plate (14.2 mm). Note:
The ‘white kink’ probabilities reflect an order of magnitude estimation.

on string fragmentation models [7] adjusted to ekeen performed by a full detector Monte Carlo simula-
perimental data [8], we find that in at moest2% tion of neutrons with momenta in the same range and
of the events no other charged patrticles are prio-~ 74% of the events a similar signature was recon-
duced at the primary vertex besides the. In structed.
total, we expect &, production rate of less than Conservation of transverse momentum at the pri-
7x 107°/CC from deep inelastic processes wittmary vertex allows the determination of the momen-
this signature. tumpp-+ = (1.7 £ 0.6) GeV/c. Taking into account
e Diffractive production of a D** meson the kinematic constraints in this event, we reconstruct
The diffractive production mechanism foithe neutrino energ¥, = (24.9 £+ 2.2) GeV and the
v,N — p~ DT N is shown schematically in Fig-transferred momenturp?> = (0.8 &+ 0.1) (GeV/cy.
ure 3. This process has been reported in [Jhe assumption that the neutron is at rest before the
with  a measured production rate ointeraction, vyields a four-momentum transfer
(2.8+1.1) x 1073/CC. In charged-current in-squared = (1.1 + 0.4) (GeV/c}. The Fermi motion
teractions, thé? can ‘fluctuate’ into a charmedof nucleons is small compared to the measured momen-
meson. TheD** production is Cabibbo favouredtum transfer. Even if the neutron is completely neglected
by a factor of(“;_c;)Qz 20 over theD*+ meson. in the kinematic reconstruction, these value§éfandt
The on-shell meson is produced by scattering dftithough computed differently [11]) remain of the same
anucleon or a nucleus without breaking up the rerder.
coiling partner and without changing the quantum ~ Given the smal)?, the smalk, the interaction of
numbers (sometimes called ‘Pomeron exchangé)neutral particle in the calorimeter and the absence of
Small ¢ and smallQ? are indicative of any visible nuclear break-up at the primary vertex, we
events described by the diffractive productioffiterpret this event as diffractive production o+
model (see for instance [10]). A review of neumeson.
trino induced diffractive production of light Because of the mass difference betwégnand
mesons can be found in [11]. 7, the two-body decap [ — 7+, constrains the neu-
trino massn,_ even on a single event basis, depending
on the observed decay angle. However, the measured de-
cay angles in this event, although consistent with the
above interpretation, do not allow to set a better limit
than the one obtainable from the mass difference.

7 Summary

In this paper we have presented the observation
of a neutrino induced charged-current interaction with
two subsequent decays witht5um. A complete ana-
lysis of this event is possible because of the exceptional
tracking capabilities of the CHORUS hybrid emulsion
detector. Topological and kinematic reconstruction for

6 Kinematic reconstruction the complete event are consistent with the production
In addition to theu ™ and theD** observed at the b . P
and the decay chain

primary vertex, we assume that a recoil neutron escapes
the target nucleus and interacts in the calorimeter, leav-
ing a visible energy of((.53 £+ 0.22) GeV. This energy

Figure 3: Diagram for neutrino induced diffractivg +
meson production
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deposition, the topology of the event and the kinematic L. )%

constraints limit the neutron momentum to a range of L . v

about0.7 GeV/c< p,, < 1.8 GeV/c. A cross-check has \_l .
[TERVARY



At the primary vertex no nuclear break-up is ob-
served. Smali)? = (0.8 +0.1) (GeV/c} and the signal
of a recoil neutron{ = (1.1 + 0.4) (GeV/cy) point
to a diffractiveD* production. The observation of one
event is compatible with the diffractive production rate
of (28 £ 1.1) x 1073/CC as measured in [9]

[11]
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