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Abstract

Preliminary results from a neutral current experiment performed
in the Fermilab narrow band neutrino beam are presented.

The hadron
enexgy distributions obtained from high-energy neutral current
interactions in both neutrino and antineutrino beams are presented,
and are used to infer constraints on the possible kinds of neutral
current coupling. Strongly dominant scalar and pseudoscalar

couplings are not consistent with the distributions observed, nor
is a dominant V1A coupling. Very preliminary studies show no
inconsistency with some combination of VA and V-A couplings.

Paper presented at the Colloque International, Physique du .
Neutxine a Haute Energie, Ecole Polytechnique, Paris, France,

March 18 to 20, 1975.

"Work supported in part by the U.S. Energy Research and Development )

Administration. Prepared under Contract AT(11-1)-68 for the
San Francisco Operations Office.

+0
+H

n leave of absence from Ecole Polytechnique, Paris, France.

Swiss National Fund for Scientific Research Fellow.




-1~

pecp inelastic neutrino interactions with no final state wuon were
observed by the Caltech-Fermilab group in an experiment carried out in
Febhruary 1974}' The major conclusions of that experiment were that vﬂ
events in which no final state muon is produced occur at a level consistent
with previous observations,2 and that for such events unobscrved energy is
tcansported out of the target.

The ﬁost plausible explanation for these events is thatAthey are
neutral-current (NC) neht;ino interactions v ) + ¥ - v (v) + hadrons,
which couple through a neutral boson field as represented in figure l(b).
If this basic picture ic correct, then NC events are similar in structure
to charged current (CC) interactions (sce figure 1(a) ), and are expected

to show similar scaling behavior in the deep inelastic region.3

Hadrons Hadrons

Ehad = qo e
q2/ MMy

v/E, (b)

(a) y

Figure 1

However, even within this framework, there could be major differences
between the structure of NC and CC interactions. The NC coupling constant

may be different from that of the CC interactions, and the Lorentz structure
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of the coupling may also be different. Whereas CC events occur through a

V-A coupling, NG events could occur through VA, or through a combination
of VEA and V-A (as cxpected from the Weinberg modelh). More génerally,_NC
events could also accur via non-helicitly-conserving couplingsﬁisuch as
scalar(S), pscudoscalar(P), and tensor(l). There has been little experi-
mental evidence to determine the nature of the neutral current_coupling and
more expefimental information is clearly needed.6

The different kinds.of coupling woulq be reflected in the differential
cross-section do/dy, where y = Ehad/Ev is the fraction of the incldent
neutrino energy transferred to the target nucleon. The helicity-conserving
couplings V and A will produce a distribution with f£lat and (I«y)2 compo~
nents vhile a pure S or P coupling will produce a distribution that rises
as y2.7

Although y cannct be directly measured in NC events, these different
y-distributions will be strongly refleéted in the measured hadron encrgy
(Ehéd) distributions for data obtained in a dichromatic neufrinp beam-.
This had motivated us to carry out a second experiment, performed in
September 1974, to measure the Ehad distributions of neutral current events
and so to obtain constraints on the possible kinds of NC couplings. The

analysis is still in an early stage, and only the initial results will be

presented here. ;

The experiment used the Fermilab narrow band beam with a 170 GeV sign-
selected T and X beam té produce neutrinos in two energy bands centered at
50 and 150 GeV. Data was taken with both a neutrino and an antineutrino
beam. A wide-band background component, coming from deceays occurring

before the beam was wmomentum-selected, was separately measured and sub-

tracted from the data.
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The neutrino interactions were obscrved in a target-calorimetoer
containing 140 tons of steel, 50 feet long and 5' » $' in transverse
diwensions. A liquid scintillation counter was located afterx evéry 10 em
of steel {= 1 collision length) and a spark chamber followcd every sccond
counter. The counters measured the cnergy Ehad of the hadron showver and
the range of the mast penetrating particle produced in the interaction.
The spark chambers measurcd the transverse coordinates of tﬁc interaction
vertex and, for CC events, tracked the final state muon. The apparatus
was triggered by a measured energy deposition of # 9 GeV in coincidence
with a charged-particle penctration of > 2 collision lenpths downstrean
of the interaction (the penetration requiremenﬁ in the trigger was recduced
somevhat from the preceding run in order to avoid bias against very short.
range NC events).

To eliminate backgrounds (primarily from cosmic rays And accidental
triggers) and to avoid any biases due to trigger inefficiency or uncertain
event identification, all events used in the analysis were required to
satisfy three conditions: 1) th2 measured cmergy deposition was > 12 GeV;
2) the two spairk chambers and two counters downstream of the vertex must
show the passage of charged particles; and 3) the interactinn wust occur
within a fiducial volume 5" from the sides of the apparatus, 112" £rom
the downstream end, and 16" from the upstream end. This gives us a data
sample which we believe to be composed almost entirely of neutrino inter-
actions (both NC and CC). Backgrounds due to cosmic rays, ncutro;s, and
electron neutrinos are minor and are discussed in reference 1.

Neutral currents are distinguished from charged currents by the
penetration P (measured by the counters) of the most penetrating charged

particle produced in the interaction. For CC events, this is genecrally
:
;
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the number of counters traversed by the muon before it leaves the apparatus
through the sides or downstrcam end. For RC events, however, the final
state neutrino gives mo signal so the penetration is just the raﬁge of the
hadron shower, usually < 14 counters. Figure 2 shows the penetration
distribution of all neutrino events with Eh3>12 GeV. The pezk in the low

P region is the NC signal, and the smooth curve is the distribuﬁion_expected
from CC chats alone (normalized to all events with P>20).

As discussed previo;sly, the Lorentz structure of the NC interaction
35 reflected in the hadron energy distribﬁtion of NC events. To extract
this distribution, the data was divided into two penetration regions,

P <14 counters and P>14 counters. The high-P region (figure 3(a))
contains most of the CC events, while the low-P region (figure 3(b) )
contains essentially all the NG events plus CC events with wide-angle
muons. The smooth curves are the calculated diétributions expected from
CC events. The calculation inclﬁdes experimental resolutions and assumes
scaling, a V~A coupling, the SLAC F;il(x) structure functioﬁ, and spin 1/2
partons with no antipartons in the nucleon. Tnese assumptions are consis-
tent with previous fits to CC éata8 and reasonable deviations from them do
not sensitively affect the eﬁtrapolation from high-P to low-P.

Subtracting the calculated CC background curve from the data in
figure 3(b) gives the NC hadron energy distribution for neutrinos shown in
figure 3(c). The thrce curves shown are calculated for do/dy = flat,
(l—y)z, and yz. All three curves are normalizéd to the data above Ehad =

12 GeV. The flat y distribution looks most like the data,

The types of coupling can mere casily be distinguished when correla-

tions in wmagnitude, as well as shape, of the neutrino and antineutrino NC



signals are considerad. If NC wvents couple through the diagrom of figure

(1), then the assurptions of scaling and Loermiticity of the neutral current

imply a reclationship between the shapes of the y-distributions of v and

v, and also between the relative number of v and v NC cvents:

an 2 /W 2
e = 1-‘"[.;; + B(1-y) y.},")l)_,/-\g “Q

v N /'/-\ ‘Z«
%;‘1;’_ = F'[8 + a(l-p)2 -l(yyf:_] — X'—&

where Fv (F‘\?) is a flux factor depending on the number of incident v &)
When a particular model is fitted to the RC haad distributioﬁ of neutvrinos,
this relation predicts both the size and the shape of the corresponcii.ng
antineutrino distribution; the ratio of the flux factors Fv' and Iv is
obtained from the CC events recorded during the »un, together vith the
previously measured ratio of CC total cross~scctzions.8

Each of the three curves fitted to the Ehad distribution of v RC events
in figure 3(c) therefore predicts a corresponding curve for antineutrinos.
Dominant V-A, VA, and S or P couplings cqrrcspand to dominant ¢, B, and vy,
respectivgly. The three predicted curves are compared to the Ehad distribu.-
tions of U NC events in figure 4. A dominant y distribution is clearly
inconsistent with the data, as is a dominant B distribution. A pure g fit .

is also ruled out, but a combination of ¢ and B, with somewhat more ¢ than

B, is consistent with the data. '

The calculation of the total cross-section ratios RV’G = 0\&&6/0\(’:&6

depends strongly on the shape assumed for the Ehad distributions, since

the fitted curves must be extrapolated to E‘lmd = 0. In order to show the
sensitivity to the shape assumed for dg/dy, we list in tlic table below the "yay”
uncxtrapolated ratios of NC/CC events, together wvith .the corrected (extra-

polated) ratios obtained by assuming each of the three shapes considered.
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"Raw" Intrapolated

Jure | Pure | Purc
(B a2 « B Y

B .21 2510 .37 .18
Y

2 43 S0, .
Ry ) 50| .31 24

RG (predicted) <231 3.331 .54

The top raw uses the g, §, and y distributions noxmalized to the v NC data
to obtain values of R,; the bottom two rows compare the analagous values of
R\-’ to the predicted values obtained from R\, ((:urrc:sp.cnding to the curves in
fugure 4). The predicted value is low if pure ¢ is assumed and very high
if pure B iz assumed; if{ the coupling is in fact a cowbination of V-A and
VIA, we cxpect the true values of RV,‘7 to lic somewbere Dbetween the limits
of pure a aud pure 2 given in the table (and probably closer to ¢ than to B}.
This range of values is in general agrecment with the Gargamelle ratios of
Rv = ,224.03 and R{j = .1.3:};.12,9 and is also consistent with the predic-
tions of the Weinberg wodel.

There is nothing to prevent one from caleulating the mixture
ofa, B, and y  that gives a best fit to both v and ¥ data. However,
there are several sources of possible error that wust be studied before
such a fit is very meaningful. For example, vwe have assumed in the calcula-
tion that CC events couple through pure V-A with no antiquark component
in the nucleon. If this assumption is relaxed, both the subtraction of CC
events in the low-penctratjon region and the extrapolation of the Ehad
distributions to low hadron energy are altered, and the RG ratics can

increase by as much as 20% (the effect on P\, is much smaller). The CC
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interactions must be studicd Lo greater detail, then, to determine how
much antiquark component can be tolerated and to c¢hech the .'w.vur.-wy.nif the
extrapolations in Ehnd' There are alse some possible systematic effeets
in the data itseclf; {or example, some of the very high encergy LC hadron
showers penetrate throuph more than 14 counters and coulrvibute }o the
long-penetration region vather than to the short-penciration region.

Another effect that must be investipated is the poussible cvergy depen-
dence of the BC total cross-section. 7his analysis hias assumed a lincarly
rising cross-seétion for neutral currcnts; and the aprecement between the
ﬂu,ﬁ range indicated above and the Garganelle weasurement provides some
support for tiis assumption. %To make an iundependent wmessurement of the
energy dependence we have variced the incident ncutriaoe spectrum by steeving
the hadron beam away from the center of the apparatus by 1 -2 mrad. Since
the neutrinos from 7~decay (centered at ~50 GeV) arce more collimated than
those from K-decay (centered at ~i50 GeV), the coffcet is to decercase the
size of the joncident 50 GeV band relative to the 150 GeV band. By comparing
the NC/CC ratios at different steering angles and by studying deviations in
the Ehad distributions of NC events as a function of steering angle, we
hope to obtain a measure of the Eu dependence and perhaps to better wmeasurce
the shape of the y distributions.

The analysis is still; then; in a fairly carl& state, and several
corrections and tests need to be made. However, a dominant y distribution
(do/dy e yz) as expected from strongly dominant P and § couplings is clearly
inconsistent with the dava, and a dominant § distribution (expccted from
VA coupling) is even more inconsistent. 9Yhese conclusions are insensitive

to further corrections and refinements in the analysis.
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