o P e o T

YA e o

—~ ‘;\wi.,.,., et

7
,.,uw-.r'*e-ﬂ—'-”'ﬂ '*“COO 1428 436

%

EVIDENCE FOR A NEUTRINO-INDUCED DILEPTON EVENT

. IN THE A.N.L. 12-FOOT BUBBLE_ CHAMBER

: Arthur F. Garfinkel
Purdue University, W. Lafayette, Indiana 47907

A.N.L.-Purdue Collaboration

I. Introduction
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sponsored by the United States Government. Neither
the United States nor (he Umled Slatu Energy
and Dx nor any of
their employees, nor sny of their contractors,
subcontractors, or their employees, makes any
warranty, express or implied, or assumes any |
Liability or y for the e
or useful of any i i product
or
process disclosed, or represents that its use would not
infringe privately owned rights.

The observation of dilepton events produced by the interactions of.

neutrinos or antineutrinos with nuclei has been reported by several exper-

iments(z). While'the most attractive hypothesis for these events involves

the decay of a charmed hadron, it has yet to be confirmed.

If this hypoth-

esis is indeed correct, then it implies the existence of the two-body reac-

tions

- or

where B is a hypothetical baryon having a new quantum number.

a diiepton event, an event found‘at.B.N.L.

.\)P - |J,—B++

vn - p~B*

\

(3)

(1)
(2)

Although not '

is a candidate for reaction

(1,. The event was interpreted as the production'of the beryon B** with the

subsequent decay

O 4+ +

B¥"* » A

which violates the AS = AQ rule.

(3)

We have found no strange particle events( ) which were def1nite1y AS = -AQ

in the A.N.L.-Purdue v experiment which utilizes the Argonne National Labora-

tory 12' bubble chamber. However, in order to search for evidence of a new

!

baryon B' (or B**) we have made a systematic study of all events in our

sample which contain at least four charged particles.

The sample consists

of all muitiprong‘events found in the exposures of the bubble chamber to the

broad band v beam at the Z.G.S.

MASTER

- Corrrrer

It consists of approximately 10° pictures
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with deuterium £i1l and 0.4 x 10° with hydrogen. The flux distribution,

shown in Fig. 1, peaks at 0.5 GeV but has a tail extending up beyond 6 GeV.

"In the course of the study[;n event was found which is a candidate for the

réaction '
vp (ng) - p'pﬁ*n’ﬂ°e+ve (ny). / _ 4)
/J

The bulk of this report will concern that event.

I1. The Event
fhe event, sﬁown in Fig. 2, has five charged prongsAand an associatedl
gamma ray (not sHoWn due to its distance from the vertex). The particles'
are all uniquely identified by their characteristic'trécks éxcept for one
of the negative tracks glabeled M). They are an e' which spirals to rest,
a ﬁ’ which charge'exchanges, a proton which elastically scatters and is also
identified by ionization, and a " which decays through t:he:"rt'+ >t e
chaih. The remaining track which we will name the mystery,track M may be
ap, e or n’._.Tﬁe iﬂformation contained in its bubble paftern is not suf-
ficient to resolve tbe mass ambiguity. Depending on whether the tfack is a
B, € or T , the event is either an example of dileptdh production, a neutral
current interaction, or an Ce charged current'i;teraction,Arespéctively.
Table I shows the measured momentum components for each of the tracks
aé‘well as the comﬁonents of the total visible momentum. The total visible

momentum lies along the neutrino beam direction (the x-axis) within about

two degrees.

I1I1. Multipion'froduction in General

Before discussing in detail the multibion prdduction processes that

could simulate dilepton production, we shall make some general comments about .
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multipion production in our experiment. We find approximately 230 events
in the experiment with neutrino energies greater than 1.74 GeV/c, which

.is the minimum possible momentum of the neutrino that produced the dileptqn
candidate. Hence fiﬁding one dilepton event is not inconsistent with the
approximate 1% rate indicated in other experiments.

We have studied or searched for the following multipion product{on

reactions:(s)
vn (p.) poTt p (p,) 21 events
vn (ps) + o (ps) 8 events . (5)
vn (Ps) 4 T (ps) 4 events
. and ’ »
wp (ns) -y tntrTp (ns) 12 events

(6)

- - ’ ¢ .
vp (ns) + ot pﬂo (ns) 3 events

VP (ns) - u’ﬂ*n*ﬂ*nrn (ns) (no events)

For fhese events the kinematic yariablés are particularly well measured,

Fig. 3 sho&s_the disﬁributions of these events in neutrino energy EV’,
hadronic mass W, x, énd y. The tendency toward small x ahd'large y is due
to the fact that the multipion events tend to be produced near threshold.
On each plot the dilepton candidate is indicated. Its extreme values' of

x and y suggest that it involves production near threshold.

IV. Possible Alternate Interpretations of the Event

A. Charged-Current ¥y Interaction

If the event is induced by a vu via the charged current, theun the mystery
track M is a p~ . .Consequently, if the e" is half of an asymmetric Dalitz

pair, then the e must have too low a momentum to be visible. A conservative

estimate based on a study of Compton electrons indicates that the e  momentum
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must be less than or ééual Eo 2 MeV/c. With this momentum limit on the
hypothetical e we find that the event must contain at least 2m° in order to
have produced both aﬁ_asymmetric Dalitz pair and the ¥y ray which converted
in the deuterium. Consequently, the simplest vu chéfged-cﬁrrent reaction to
have produced the event is |

v (ps) + pprt P’ (ps). ' (7))
On the basis of observing a sum of three events in the four-pion channels

vp = pp o n®
e e (8)
vp - p o it
we guess an equal number in reaction (7). Taking into éccbunt the 1.17%
probability of a Dalitz decay and the 1.5% probability of the electron having

less than 2 MeV/c, we find that we would expéct this process to contribute

~1.2 x 1073 events;

B. Neutral Current vu Interaction

If the eventiﬁefé induced by a vu via the weak neutfai current, then

' the mystery track would be ‘an e , The ete” effective mass would then be 40

MeV, and the probability that this or a higher mass occurs in a Dalitz decay
is about 10%. Combining these two tracks with the externally converted v,
one finds an effective mass of 332 MeV/c?, requiring tﬁe production of at

‘least 2°'s. The required reaction is then.

vp (ns) - yprton®n® (ns). ' (9)
Based on the threé charged-current‘four-pion events found in réaction (8),
we might expect ~ 20% as many due to.the neutral current. 'Folding in the

Dalitz decay probability and the probability of a 40 MeV/czldr higher ‘mass,

we estimate that we should expect ~ 1.5 x 107° events.
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C. Charged-Current Ue Interaction

‘The relative flux for Ve and vy at 1.74 GeV/c (the component of the

visible momentum along the beam axis) is 2 x 107°., 1In addition, one expects

e+)/Ev distribution to fall with y and be quite small at
e e

y = 0.98 where the event occurs. The combination of these factors makes

this hypothesis highly unlikely.

D. Other Processes
If the event were neutron-induced by the reaction
np (ns) » nprtnon® (ns) : (10)

- b ,
it would look similar to the neutral current reaction (9). Based on our

(6)

measured neutron flux and angular distribution we expect_<210" events.

If the &' were due to the decay of a K;
K ety ‘ ‘ (11)

the décay would need to occur within about 2 mm of the vertex to be undetec-
ted. Of the six strange parﬁicles observed in the expefiment, each contains
a charged or neutrai K. For the five events in which the detection efficiency
does not bias the ﬁomentum deterﬁination, the average K momentum is 575 MeV/c.
This corresponds to PyecT = 18 m and a probability of a 2 mm or smqller decay
being less than ~ 10—4.

The 2 mm limit also eliminates the decay of an extremely low momentum
" as the source of the €', since the p* in att -+ u+'4 e* decay chain has
a one cm. range,

V. Estimating the Mass of the Produced System

Assuming that the event is actually an example of dilepton production, we

now attempt to estimate the mass of the baryonic cystem recoiling against
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the p~. The total visible final state momentum being along the neutrino

beam direction implies that if there are neutral (unseen) particles in the

final state their total momentum must also lie along the beam direction

or be small. If one interprets the event as being due to reaction (4), it

must contain an unSeen've and unseen Y. Consequently, unless small, the

sum of their momentum must lie along the beam direction. ¢
Since the neutrino is massless, energy conservation implies
TP+ mp =.Pv + mp =E . (12)

where L Px is the sum of the components of the laboratory ﬁomenta of the

final state particles. along the neutrino beam direction (%), m_ is the ﬁroton

P

mass, P, is the total laboratory momentum (and energy) of the incident
neutrino, and'E is the total final statg laboratory energy. Hence if there
were no invisible particles in the final state or they had negligible energy,
we would find equation (12) safisfied Sy the visible tracks. 3ince the
energy of an invisible particle is greate£ than or equal té.its X component

of momentum, equation (12) becomes the following inequality in the case of

missing particles:

vis
>
TP, + mp Ev'

is (1?)?

where T P;is and EGis refer to visible particles in the final state.

In the event being discussed E ., = 2.74 GeV and & PviS + m, =-2.68 GeV,

_ vis ‘X

and equation (12) is essentially satisfied. The fact that the unbalance of
~ 60 MeV violates relation (13) indicates that it should be ascribed to the
Fermi motion of the target proton in the deuteron rather than missing par-
ticles.

Now consider adding the missing y and Ve to the final state, To maintain

the satisfaction of equation (12) and the transverse momentqﬁ balance, each
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particle may either have negligible momentum or have its total momentum
'point aiong the beam direction. A massive particle such as a K could only'
be present if its total momentum is along the beam direction, and it is
highly relativistic (px ~ E).
!

We may now consider the possibility that this event is due to an alter-

nate decay mode of the new baryonic state indicated by the B.N.L. event, i.e.
B** o prtnTretv,. (14)

The mass of the visible particles M(pr*mve") equals 1.94 GeV/c®. 1If one
adds an invisiblg‘y in the beam direction with the proper momentum to make
an° (70 MeV/c), it only raises the mass by about 30 MeV/c® to 1.97 GeV/c2.

For this event to be compatible with the decay via reaction (14) of a
particle with the mass 2.425 GeV/c®, as found in the B.N.L. event, it would
require the missing neutrino to both have high energy (; 1 GeV) and be
pointing aloné the beam direction. Neifher of these conditions would be
likely to occur in a random sample of such decays. The ﬁass of the Baryonic
system is much more likely to be ~ 2 GeV. A Monte Carlo étqdy of the decay
process (14) of a 2 GeV/c® baryon shows that the most probasle momentum for
the e or v te Bé ~ 70 MeV/c. Consequently, the obsefved é+ momentum of
41 MeV/c is not surprisingly low; nor is it surprising that the visible
energy and momentum salance is so goo@.

The two-body effeétive masses of the observed tracks are not éonsi;tent
with the decay of a K°, A°, or £ with very short decay length and hence

there is no evidence of strangeness in the event.

VI. Conclusion
The event we have found is clearly unusual if one tries to explain it

in terms of normal neutrino interactions. On the other hand, if it is an
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example of dilepton production, it does occur at the expected rate ~ 1072

of single lepton production. If it is due to the weék decay of a new baryon,
.the baryon mass appears to be near 2 GeV/c® and unlikely to be as high aé
2.4 GeV/c?.

I would like to ;hank my colleagues at A.N.L. and Purdue for tﬁeir

assistance in preparing this talk.
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Table I

(the measured particles)

.011

Particle P, (GeV/c) py (GeV/c) P, (GeV/c) E (GeV)
M (as p ) .150 -.059 -.125 .229
n +.230 -.176 .060 .327
et .036 -.017 -.008 - .040
mt .036 -.082 .022 .168
P .840 .605 -.095 1.401
y .450 -.328 .157 .578
Total 1.742 -.057 2.743



MTTT 11 TTTTT T 7 _:_:: L JTITTT T 1

— — ©

— —1 O

I — <

- — ™

v - —
R ity | o | _::._:__ et g ®)

. ) ) |
O o O o - O

S (uojoud tUSpPIOUI /ABY /WD) F

Ey(GeV):

Fig. 1

Neutrino Spectrum
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Fig. 2b
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Multipibn Distributions




