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CAbstract o

Coherent production ef o mesons by charged current antineutrino
interactions on neon nuclei is studied in the BEBC bubble chamber exposed to
the CERN SPS wide band beam. The corresponding cross secticn 1s measured to
be {73 + 23) 10_[“O cmz/neon nucleus, averaged over the beam energy spectrum.
The distributions of kinematical variables and the absolute value of the
cross_section_are_in agreement with theoretical predictions based on CVC and

the vector meson dominance model.



1. ITntroduction.

The observation of coherent charged current interactions of anti-
neutrines on neon nuclei has been reported in a previous publication (1). In
a second publication (2), we studied the dominant contribution to that signal,
the production of a single piocn, and compared the data in the channel

+ -
vu + Ne=+ g -+7 + Ne {(1a)

to thecretical predictions based on PCAC and the meson dominance model. In
the present paper, we study another exclusive channel, the coherent production

of p mesons
- + -
vV, + Ne—+u +p + Ne (1b)

The data come from an exposure of the bubble chamber BEBC to the
antineutrino wide band beam at the CERN SPS. The chamber was filled with a
75 mole % Ne/H2 mixture in which the radiation 1ength is 42 cm. A total of
16000 charged current antineutrino interactions with positive muons of momen-

tum greater than 5 GeV were selected with the external mucn identifier (EMI).

The discussion of the present signal is based on the observation
of 37 events of the type (u+ 7 1w°) with a fully reconstructed 7° meson and
showingdno_euidence_for—nuclearbreakup,Aati{t[ < 0.1 GeVZ,there t_is the  _
square of the 4-momentum transfer te the nucleus. The background is estima-
ted to be (5 + 4) events. We interpret this signal as due to coherent dif-

fractive producticn of p mesons on neon nuclei.

Two other experiments have searched for vector meson production
in coherent (anti)neutrino interactions on heavy nuclei : three candidates
were reported from an exposure of Gargamelle filled with freon to the CERN PS5
antineutrino beam (3), and 17 events (of which 7 were estimated to be back-
ground) were observed in an experiment at the CERN SPS neutrino beam, with
Gargamelle filled with a propane-freon mixture (4)}. A signal for the diffrac-.
tive production of p+ mesons by neutrino interactions on hydrogen has been
reported by two bubble chamber experiments. In (5), the events were selec-
ted among 1-C fit events of the type (p u+ m  %°), where the gammas from the

w° decay are not seen; 16 events were observed, of which 3 were attributed



to background. In {6), events with 1 or 2 seen gammas were used to extract
the signal. Similar processes have also been studied in electro- and muo-

proeduction (7).

2. The signal for p T coherent produc-—

tTion -

For this analysis, the 2-prong charged current events with up
to 4 gammas observed were rescanned for the possible presence of additional

gammas, in order to reconstruct efficiently 7° mesons coming from p- decays;
o »ow ot T° (2)

Fig. la shows the (y, v) mass distribution for the Z-prong char-
ged current events with 2 gammas (251 events); this distributicn peaks at
the ©° mass. Fig. 2 shows the fit probability distribution obtained for the-
se events when the gamma pair is constrained to come from the decay of a sint
gle 7° meson and the fit probability P exceeds 1 Z; it indicates that the
measurement errors are well evaluated, and that the 1° reconstruction is Te-

liablie.

Fef- (1) presents the method used for extracting the coherent si-
gnal. It is based on the fact that, in coherent interactions, the nucleus
recoils as a whole, without breakup, giving events without stub, a stub
being defined as a nuclear fragment or a proton of momentum less than 300 MeV.
Fig. 3 shows the experimental distribution of the sguare of the 4-momentum
transfer to the nucleus, t, for events with a u+, a negatively charged hadron
and a fitted w°. The peak of 37 events without stub observed at |[t] < 0.1 GeV2
indicates coherent interactions. The background under this peak coming from
incoherent interactions is obtained from the |t| -distribution of events with

stubs, normalised to that of events without stub in the region {t| > 0.1 GeV

2(1).

T

() |t| is computed as [t| = [T (E. - p?)]z + [z ;?]2, where E_, p'
. i 1 1 i 1 1 1

are the energy, the longitudinal momentum and the transverse momentum of the

d-—)‘
and p

particle i with respect to the neutrino direction, the sum extending on all

the final-state particles (see ref. 1).



The background thus estimated is small, amounting to (9 4+ 4) events, and the

coherent signal is (28 4 7) events.

The (v, vy) mass plot for all theevents at (tl < 0.1 GeV2 is pre-
sented on fig. 1b, the events conta1n1ng stubs being shown hatched; the (ﬂ .
7°) mass distribution for the events with |tl < 0.1 GeV2 containing no stub

shows a clear p signal (fig. 4).

i

We interpret the peak at [t < 0.1 GeV2 as due to ccherent dif-
fractive scattering on the neon nucleus of a p meson, coupled to the W boson,
as indicated in fig. 5; the process is diffractive, i.e. takes place via Po-
meron exchange, ~because the exchange of objects carrying isospin, like 7 or
Al mesons, is forbidden on the isoscalar neon nucleus, and the exchange of w-

like objects is suppressed in the forward region corresponding to low t|-va-

lues.

In order to evaluate the total cross section for ¢ coberent pro-

duction, several corrections have to be applied to the observed signal

1. The production of coherent events with [t]|-values above 0.1 GeV2 is eva-
luated to be (24 + 6) % with the Monte Carlo simulation presented below.
The error accounts for uncertainties on the 51mu1at10n of measurement er-
rors. It could be noted that the coherent signal increases from (28 £+ 7)
events -at |t| < 0.1 GeV2 to (35 + 11) events_at |t] < é.g_GeY?, while the
Monte Carlo predicts 4 events for i{t| between 0.1 and 0.2 GeV

2. Another major correction has tc account for the coherent events in which
one ot two gammas from the 7° decay escape detection in the bubble cham-
ber. The gamma detection efficiency 1is evaluated from the gamma multipli-
city distribution to be (85 + 5) % for Z-prong events. Taking into ac-
count the [t{-distributions, the number of coherent events with 1 detec-
ted gamma is expected to be (8 + &) for [t[ < 0.1 GeV and (10 + 5) for
t{ < 0.2 GeVz; this is to be compared to observed coherent signals of
(7 + 7) and (16 + 10) events respectively, including (3 + 3) events attri-
buted to single pion coherent production with emission of muon inner

bremstrahlung (2).

3. A third important correction evaluated by the Monte Carlo simulation is the
effect of the p - cut. The loss of events with muon momentum < 5 GeV is es-

timated to be (18 + 3) % of the total number of coherent o  events.



4. As in the case of single pion coherent production (2), the events with
undefined charge due tc an interaction of the m1 close to the vertex are
discarded, and the remaining events are weighted according to the pien

energy; the average weight is 1.085,

5. Two minor corrections have still to be taken into account : (i) after
two different double scans for 2-prong events, the combined scanning ef-

ficiency for 2-prong events with gammas is (97 + 3) Z; (ii) (1 + 1) appa-

..].
rent ¢ T T° ccherent event is attributed to Al production with one of

the 1° mesons from the A:1 decay escaping detection in the bubble chamber.

After applying these corrections, the cross section for p  cohe-
rent production in antineutrino charged current interactions is found to be
(73 + 23) 10-&0 cmzlneon nucleus, averaged over the SPS wide band beam ener-
gy spectrum. This number is -determined from the total number of charged cur-
rent QU interactions in the present experiment (taking into account the 4 7
due to interactions on the H2 in the liquid), and from the known vu charged
current cross secticn : ofE = (0.35 + 0.02) 10_38 cmz/GeV (8. All the errors
have been added in quadrature, including a2 4 7 error due to the uncertainties

on the flux shape.

R. Theoretical predictions .

The form for the p diffractive coherent production cross section,
based on the vector meson dominance model (VMD) as represented in fig. 5 is

(9-12) :

2
___QEE__,Z QE A (___TE_M)Z QZ NV 1
sz dudt 4&m gZ QZ " mZ E2 1-¢
p P
dcT (p Ne = p Ne)
x (1 + €R) (3)

dt

where G = 1:166 lO-5

Ge\f2 is the weak coupling constant; mi/g is the cou-
- P
pling constant of the p meson to the intermediate vector boson, with
g, = fp/ff and fi/&ﬂ = 2.6; m, = 0.775 GeV is the p meson mass; 02 is the square.

of the 4-momentum transfer from the leptons to the hadrons, v = E- - E 3
_ v
7}




5
4 EA(E - v) - Q . . .
e = ( ) Q is the pclarisation parameter of

4 E (E - v) + Q2 + 1 v

doL dOT
the virtual intermediate beson, and R = dt dt

tively the longitudinal and transverse p cross sections. Our data are mostly

X L T
where o~ and ¢~ are respec-

“
at 02 <1 GeV” and W > 2.5 GeV (see fig. 8) where measured values for R are
small (7). For the present comparison with the data, we take R = 0 and

R = 52 szmi, where 52 = 0.4 (7b).

The p -Ne elastic cross section is evaluated following the form

propesed by Rein and Sehgal (13} for the case of single pion production

2

o7 (67 Ne = o Ne) _ A 2 L,T ("

d

. -bt|
dt 167 0tot N) e Fa

pe  (4)

wher & = 20 is the neon atomic number, (p -N) is the total p -nucleon

2 otot
cross section at Ep =wv, b=1/3 R (R is the effective nuclear radius). The
factor Fabs accounts for nuclear—reinteractions of the p meson or of its de-
cay products inside the nucleus; it is evaluated by treating the nucleus as
an homogeneous sphere of radius R :

-<x> /A -1 o N
e

, AT =0 .o, (5)

inel

Fabs =,

where <x> is the average path length of the meson in the nucleus, and p is
the nuclear density : p = A (ﬂ%. R3)42The value of Fabs’ averaged cver the
SPS energy spectrum, is 0.45. It has been observed in (2) that, despite its
crudity, the model of eq. (4)-(5) appears to reproduce the data surprisingly
well; in particular, the radius of the neon nucleus extracted using (4) is
(2.8 + 0.3) fm. to be compared to the measured value of 3.0 fm. The (p -N)
cross section has not been measured directly, but the (p°-N) cress section is

known to be close to the (n°-N) cross section (7); we have thus taken

a(p -N) = a(n -N). (6)

4 L Comparison with the data.

The absolute value for the p coherent production cross section
in two energy bins (E < 30 GeV and E > 30 GeV) is shown on fig. 6. It is com-

pared with Monte Carlo predictions based on eg. (3-6), taking into account



measurement errors. The agreement is good, and in particular the data show
the trend to an increase of the cross section with E_ as predicted by the mo-

. v
del in our energy range.

Differential distributions for the coherent signal are shown on
fig. 7 and 8 for the variables ft], t', E, v, Qz, W, x and y, where
2, 2 v
Q"+ m 2

t' = |t] - t P} is the lower kinematic limit of le],

] t . "
1n’ min — ( 2v

1/2

= (2 Mpv - Q + M ) = 02/2 Mpv and y = V/E_ (Mp is the proton mass).

v

On these figures, the 37 events with no stub at [t| < 0.10 Gev?

are displayed, and compared with the predictions of the Monte Carlo _simula-
tion based on eq. (3-6). Among those events, (76 + 11) 7 are estimated to be
coherent; the backgrouné is obtained from the (weighted) 5 incoherent events
with stubs, and is subtracted from the distributions {the subtracted events
are shown hatched). The mean values for the experimental distributions and

for the Monte Carlc predicticns are presented in Table I.

4 good agreement is observed between the data and the predictions
of the standard VMD model for all variables presented. This 1is true in par-
ticular for <QZ>. Alternative forms for the Q2 dependence, as suggested in
ref. (11), have also been tested; however, the data do not support these
two of thém predict significantly too low cress sections, whereas the third

predicts too high <Q2>.

Fig. ¢ compares the v, Q2, % and y distributions for the m  and
o  coherent events. Significant differences arise in v,.Qz and yv. In particu-
1ar; the sharp peaking of the Qz—distribution at low Qz—values for the 7
events disappears in the case of the p_ events; this is because CVC requires
the Q2 distribution to wvanish at 02 = 0 in the case of vector mesen preducticn,
whereas the abundant T production at low Q2 is due to the coupling.of the =
meson to the longitudinal Al On the other hand, the x- dlstrlbutlons of the
1 and p events are similar, and essentlally restricted to x- values < 0.2.
This is kinematically linked to the small [t|-values selected for the coherent
events; more generally, it is a necessary consequence of the fact that long

distance hadronic fluctuations have to develop from the virtual W boson in or-

der to interact ccherently with the nucleus.



Fig. 10 presents the cosei distribution for the (u+ n w°) events,
where Bt ic the angle between the p direction and the m  direction in the p
rest frame. Assuming s-channel helicity conservation, this distribution tests
the contribution of the helicity-zero p production

+ 3 2. %
W(cosg™) = 7 ! + (3 Poo ~ 1) cos' 87] (7)

" Poo

The value of oo extracted is (0.46 + 0.22), which, for events with <Q2> =

1.2 GeV®, agrees well with electro- and muo-production data (7).

4y | Conclusion .

In conclusion, using BEBC exposed to the CERN SPS ;u wide band
beam, we have pursued the study of the exclusive channels contributing to the
coherent charged current antineutrino interactions by the analysis of -the co-
herent production of o mesons. The corresponding cross section is measured
to be (73 + 23) 10—&0 cm2/neon nucleus, averaged over the beam energy spec-
trum. The distributions of kinematical variables and the absolute value of
the cross section are in agreement with theoretical predictions based on CVC

and the vector meson dominance model.
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Table 1.

Data Model
E  (GeV) 30.9 + 3.8 36.1
P: (GeV) 20.6 + 3.1 23.1
v (GeV) 10.2 + 2.3 13.0
p _ (GeV/e) 5.2+ 1.5 7.3
'pzo (GeV/c) 5.1 ¢+ 1.2 5.8
Q% (Gev?) _ 1.19 + 0.31 1.16
W (GeV/cz) 4.04 + 0.40 4,59
X 0.074 + 0.017 0.053
y 0.305 + 0.04) 0.381
(1, 7°) (Gev/c?) 0.723 ¢ 0.040 0.750

N

Q

. _ . -
Table 1 : Mean values of kinematical variables for the coherent y = 7° events

’) N
‘with P> 5 GeV and [t| < 0.1 GeV", after background subtraction, compared

to the'predictionsuof:-the model (eq. 3 te 6), including-the effects of .experi- .
mental resolution; errors of the order of a few 7 arise on the model predic-

tions for several variables because of the uncertainty on the flux shape;

the parame ter R in (3) 1is taken here to e 0.



Figure capitions.

Fig. 4 :

Fig. 7 =

Distribution of the {y, v ) mass for events with a p+, am and
2v's a) all events (251 events); b) events at [t] < 0.1 GeV2

(42 events; the 5 events with stubs are shown hatched).

Distribution of n° fit probability for the events with a u+, a
m and 2 y's, where the y pair is constrained to come from the

decay of a single 7° meson with a probability P > 1 Z.

Distribution of the square of the 4-momentum transfer [t] for
“+ -
121 (4 7 7°) events without stub and for 53 events with stubs,

normalised to the former for [t| > 0.1 GeVz.

Distribution for the (v ,7°) mass for 37 (u+ 7 Tw°)-events-without
stub at | t{- < 0.1 GeVz; the incoherent background, estimated from

the corresponding events with stubs, is shown hatched. The curve,

- normalised to the coherent signal -, is the prediction of the

model (eg. 3 to 6), including the effects of experimental reso-

lution.

Coherent .diffractive producticn of a p  meson by Gu ch?rged cur-
rent interactien on neon nucleus. o
Cross section for p coherent production by Gu charged current
interactions on neon nuclei, as a function of the v energy E_;

the curve is the prediction of the simulaticn presented in tﬁe
text (eq. 3 to 6), including the effects of experimental resolu-
tion, using R =—O—£sol§d—line9-andwRu=~&%_Q2/r2,”with 52 = 0.4
{dashed line). ?

Distributions for a) the square of the 4-momentum transfer t;

b) t'=[t|- t , for the 4" w %° coherent events at |t] < 0.1 GeV
weighted for the loss of events with undefined charge; the inco-
herent background, estimated from the events with stubs, is shown
hatched. The curve, - normalised to the coherent signal -, is the

prediction of the model (eq. 3 to 6}, including the effects of

experimental resclution.



9
Distributions for a) E : b) v=E_ - E .3 c) Q7;
v v u

d) W= (2 Mpv - 02 + Hi)”z; e) x = QZ/ZMpv ; £) vy = v/E_ for the
AY

(u+ % 7°) coherent events with |t| < 0.1 GeVZ, veighted for the
loss of events with undefined charge; the incoherent background,
estimated from the events with stubs, is shown hatched. The curve,
- pnormalised to the coherent signal -, is the prediction of the
model (eq. 3 to 6), including the effects of experimental resclu-
tion; the paramter R in (3) = 0, except for the dashed curwe in
c), where R = Ez Q%/mi , with E2 = 0.4

Distributions for a) v; b) QZ; c) x; d) y for the u+ 1 coherent
events (solid histogram) and the u+ n - m° coherent events (dashed

histogram), normalised to each other.

Distribution ofcossi,theanglebetweenthe p meson direction and

o

- + -
the © direction in the p rest frame, for the y 7 T7° coherent
events with [t] < 0.1 GeV2 weighted for the loss of events with
undefined charge; the inccherent background, estimated from the

events with stubs is shown hatched.
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