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"~ Abstract

The results of the analysis of ~1000 V events of the type

V 4+ N =y~ + hadrons from the KAL dichrematic beam are presented.

2
Distributions in terms of the scaling varlables x =2§:; and y==Eh!Ev

are presented. The x distribution is compared with Fif (x) from SLAC;

t‘ne:Q2 &istribution is tested for the presence of the propagator term
. 2

Fz(x) - Fz(x),f(l%-Q2/A2) ¢ and the y distributions are fit to the

35 = 1+ a(l-v} . A smaller amount of v data will also ba

form

presented.
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THEORETICAL EXPECTATIONS (BEST GUESSES)

Assumption 1: V-A and Scaling
The Theoretical expectations for the scattering of neutrinos
from nucleons revolve around two major assumptions: ¥V- A coupling Eor
the weak interaction, and the scaling hypgthesis for hadron coupling.
f“"fafﬁg;_ﬁggﬁﬁption is very well tested by the weak decays of meta-
stable particles, with energy releases of a few hundred MeV. The
scaling hypothesis was originally found to work in the measured elec-

tromagnetic cross-sections

e -+ N— e + hadrons

made at SLAC. .
In this picture, the incident neutrino of energy E emits a
virtual boson propagator and |1~ at the upper lepton vertex. This

O . : propagator carries laboratory
: " ‘ ' Vi | i enexgy v = Ev -ﬁl, and
: : o invariant 4-momentum transfer
i ! 2 2 o - 2
* E Py = - = E -E - - -
| NS bza=-Q"= (& -E)"- G, -p )
L Ny _—

At momentum transfers where the

- I
w@% E’\Gcgrsna ! rest mass (A ) of this propa-

gator becomes important Q2% 72 )y
~an apparent violation of scaling
 will be chserved. Q2
The scaling (dimensionless) variables are defined as x = v and
=v/p.  with M = nucleon (target) mass. At high energi€s, the
scallng variables have a klnematmc range 0 < x< 1, 0<y<1i. 1In
kinematic regions where Q2 - =, v » = , but the ratlo remains finite,
one expects that the dlfferentlal cross-section for the process
le + N -7 + hadrons will be of the form

.

v,V .
jfcdy - .G?TE" { B0 -y + 23560 -32121 xF G0 y(1-3 )

vhere Fl’ Fz, F3 are 3 structure functions describing the hadronic

vertex. The important point is that the (V-A)+ _scaling hypotheses
regquire the cross-section to depend linearlyv on neutrino energy txmes
some functlon ¢f the dlmenSLOHlnqqnpﬂrﬂmggzzg, x and y. Some &

tional dependence on Q%, v, or would indicate a breakdown of either
V A, or scaling, or both. For example, the finite mass propagator
i nt result in the modification: :

ag¥ v ’ da’ Y 1

dxdy  dudy (l-kqiiﬂ?)z



Assumption 2: Callen-Gross Relation

1f we postulate that neutrine scattering from nucleons behaves
as if the nucleons consisted of predominantly spin 1/2 coustituents,

A A

then the Callen-Gross relation would hold: I}Q(y) = 2x F1(x)4 The

differential cross-sections toke a soﬁihqt simpler form:

v .
gzdy B G:?{Bv { MOREIONE, } 'e8)
Y 20
gzdy - Gﬂm { 9 (-y” + 36 } | 2)
Fz(x) - X F3 (x) F (x) + x FB(X)
vhere  q(x) = 7 —  q0) = 5

In the parton model, these functions have a very simple physical
interpretation. For example, q(x) = x f,(x), where x is the fraction
of the total nucleon momentum carried by the nucleon constituent
which engages in the scattering and fg(x) dx is the normalized proba-
bility for finding quark constituents with rractional momentum
betveen x and x+dx. The function q(x) is similarly related to the
antl-quark component of the nucleon. The different dependences on y
are a reflectlon of the different helicity selections in the V-A
theory between particle and anti-particle at velocities approaching c.

I

Assumption 3: Small Antji-quark Component

If we assume q(x) << q(x) for x>0, the differential cross-section
becomes as follows:

\Y n = '

d G:!ME., G mpE |

dgdy 8 o) = L Ry @)
2 .

dqv ~ G ME, q(x) (l-y} : @)

dxdy n )

with q(x) = Fo(x) « F2 (x), neglecting the effect of strange quarks.

Since th%”E:QLEEglhnﬂlﬂn_IﬁlﬁLgﬁtgQ nucleon constituents, we eypect
the same shape to occur in neutrino scattering off equql admixtures
of neutrons, and protons as occurs_in_inelastic electron scaffg?fﬁg
from deuterium. The normalization of the two functions is difLerert,
however, because the electron scattering depends on the charge of the
constituents while neutrino scattering is fﬁaébend”ﬁf‘of electrlcf
charge. i

Total cross-sections:

Integrating equations (1) and (2) over y, we obtain

2 .
dv = QEEEV I(q(x) + %— a(x) ) dx '

it

2 :
v _ G MR 1 -
o —armv f(g- g{x) + g(x) ) dx



Thus, forj ?1 dx <<I q dx
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and the ratio of neutrino to anti-neutrino cross-
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cally 1/3 in the Timit of no anti-quark component in the nucleon.

This cannot be exactly true, since we expect that q (0) =
eractly x = 0, to satisfy the sum rule..I q(klAf q(x) ax =

Avay from x =
three valence quarkg

measure of this anti-quark component.

for example, finds

Q<IQ

antl-quark component,

sections is identi-

q (0) at

3.

0, however, we might expect to bL dominated by the
Devxatlons from a ratio of 1/3 provide a

|

!

|

‘The CERN-Gargamelle experiwment,

= 0.38 & .02, indicating perhaps a swmall, but finite,

Independently of how 1arge the antl-quark component is, the sum

of the cross-sectlon is

Bk - 2
v, v_4 G1
o to =3 73
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—-Evj: (qx) + q(x) ) dx

EXT F, () dx} K

Here!£_F (x) dx is the fraction of the nucleon momentum carried

by non-strange quarks.

tions for strange quarks and necutron-proton excess).
The best quark-parton model prediction,
Seees 5

e gt e g oy,

' a + a

& + oY = (1.02 & .10) = 10

In addition, this

-38

integral is related to the
“Similar quantltyjf F €% (%) dx measured in electron-deuteron scatter-
ing by the mean—oquawe charge of the constituents (with small correc-

cmszeV

using the SLAC data, is

= 1.10 x 10 ~38 cm /GGVL}with 54% of the momentum carried by
the non—strange quarks. The measured value from CERN is



EXPERIMENTAL DATA

B N Tl et ettt

3. Caltech-NAL

The Caltech-NAL experiment utilizes a marrow band beam to obtain
its neutrinos. This involves a momentum-analyzed hadron beam traveling
in the forward direction toward the apparatus. The small angle decays
then give neutrinos into the apparatus as shown schematically in
figure 12 for an idealizcd case of a monochromatic pion and kaon beam.
The two energy bands of neutrinos correspond to the decays of the pion

and kaons, respectively. _
in the rcal beam at NAL, the momentum spread of the hadrons is
. about Events wherein the muon and hadron energies are both
detected allows us to reconstruct the ipcident neutrino cnergy to about
25%.] The experimental spectrum for 1522 observed v events are shown
In Tigure 13. Even with the overall resolution in detection and beam
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Figure i3
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presently available, the two peak structure expected for this kind of
bezm 1s observed. o

The detection apparatus 1s depicted in figure 14. RNeutrinos
interaect in tha target calorimeter, consisting of 150 toms of
1.5m x 1.5m steel plate, with scintillatien counters and spark )
chambers distrivbuted “EHToughout. The produced wmuon is observed in
spark chambers, and it its angle is small enough, it enters an iron-
core spectrometer magnet. The angle of bend gives the muon momentum.

Measurement of the hadron energy is accomplished with the scin-
tillation counters located throughout the target. The hadronic
cascade developing downstream of the interaction point is sampled in
the steel. The total pulse height is then proportional to the total
‘energy in the hadron shower.

We estimate our present resolutions as follows:

('E :) statistically ~ 21%, systemétically ~ 57

. &,J ¢ statistically 15-30%, systematically ~ 10%.
a. Differential Distributions S

(1) =x-distributions: Precise measurement of x-distributions
really require extremely good resolutions. Resolution effects will
change the shape of observed x-distributions. Figure 15 shows just
such an effect. The curve labelled F,(x) is the structure function
measured by SLAC-MIT with electrons. When we fold in the experimental
resalutions for this experiment, we find the expected experimental
curve labelled [Fz (%) Jsmeared- 1If we further fold in the acceptance
of the apparatus, we see the lower curve.

. Therefore, it should be emphasized that an TF,(x) structure func-
tlon of the same form as that_obtained at._ SLECMWL%1”xesultw1n_an

eKR&EAEQQLal.dlstr;butionmthat_lsm§harg_zmgeaked mnear x =0, and with
a somewhat different falloff, coming from effects of resolution and
acceptance. o

‘Flgure 16 shows the observed x—dlstrlbutlon for 1027 events
inside our fiducial volume where both the muon and the hadron energies
are observed. These data were taken with a mean hadron beam setting
of 170 GeV, and an observed neutrino energy distribution as shown in
figure 13. ghe solid curve is the expected distribution, assuming
the SLAC F2 (x) structure functiom and with resolutions and efficien-
cies folded in. The agreement with the expected distribution is quite
good. There are no statistically Si%ﬁiﬁiﬁ?nt différences observable
betweﬁnmghe x-distributions Tor plon neutrlnos ~and Kaon 1eutr1nos.

(2) Q ~distributions:  The distribution in Q corrected for
cfficiency for all events is shown in the figure 17. The expected’
distribution in Q? assumes the flat y-distribution as well as erd(x)
from SLAC. This curve is labslled A = = in the figure. The multi-
plicative propagator term [l-PQ2/A2]~2, sives a much steeper fallofif.
Yor p = 10 GeV, for example, the calculated curve, normalized to the
data, falls below the data at all points below the first. Figure 13
shows the confidence level for a £it to this propagator terai.  Above
A= 15 GcV/cz, we have no sensitivity; the fit is equally likely at
A= 10.3. Tﬁerefor“ we place a 207 confidence on a propagator mass
For the term wo have included:




Figure 14
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Tigure 16
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Figure 17
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Figure 18
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(3) y-distributions: fThe y- d]rtrnbntions are more cffected by
the aceeptance function then by Tesolution. The smooth curve shown in
figure 19 a 1s the expected y-distribution observed in our apparatus
for vy interacticns: effectively, it corresponds to the efficiency of
. the apparatus in y. The data are also shown with the appropriate
statistical error. Figure 19b shows tha same distribution in a log
plot. The systematically high points for y > 0.6 occur in a region
vhere the efficiency has falien below 10%. Below this value, there
are ne systematic departures from the expected flat distribution for
‘neutrings. - :

Figure 20 a shows all the neutrino events, with y < 0.6, correc-
ted for efficiency and plotted vs. y. 'The data are congsistenpt with.
the expected flat distribution, To obtain a numerical estimate of
this consistency, we have fit to a function of the form

*

N _ [ 21 ’
- 1+ a(l-y)’]

vhere C is constrained by the overall normalization, and a is a free
parameter. Tt could be thought of as repxesenting an_avexage anti-
quar& component in the nucleon. Figure 20b shows the result:

B ki csad

e =

ey o5 ¥ 25
| = -+ .05
i 05 .17 [
‘ { T ——) R .
consistent Wlth zero, and consistent with the( 5% Javerage anti-quark
component found.in.the low energy CERN data.

Summarizing these preliminary results of the Caltech NAL group

on the unnormalized distributions:

(1) The data w1th muon traversing the magnet are consistent
with the F.®9(x) shape observed by the SLAC-MIT group.

(2) The same data fit the expected distribution in Q“ without
an additional propagator term. The data are inconsistent\
with propagators of masses less than 10.3 GeV/c?. That

, A > 10.3 GeV/c2 (907 confidence). :
(3) From 1027 v events with measured muon momentum, a fit to

a - [1 + a(l-y) ] it is found \
Cf
+ .25
Q- == -}' .
a 05 _ 17 | .
consistent with the expected flat y-distribution for v
cvents. '

(4) There zppears no obvious dependence on F in either =z or vy
distributions for neutrinos.



Flgure 19
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Figure 20
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