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ABBTRACT
Measured distributions in the scaling variables x and y obtained from
the reactions vu(‘{;i-l)r + nucleon — 1 (L~+) + hadrons at high energy are presente-d,
The x-distributions are consistent with scale invariance. The x- and y-distri-
buticns are used to perform the First test of charge symuetry invariance in

hipgh energy neutrino interactions.



In a recent paperl we reported (i) a measurement of the total éross
section for neutrino interactions Uv as é function of negtrino energy Ev.up
to 150 Gev, And (ii) measurements of the ratio of the antineutrino to the
neutrino tot;1 crogs sections o:{cv,up.to 70 Gev, within experimental error,
these results are consistent with V-A coupling, Bjorke scal.e.invar.iance2 and
the sﬁin % parton modelj. To test these ideas further at high energies, we

present here the experimental distributions in the scaling variables

2
x = o [2ME]
nz = 4FE F sinz(e /2y, Eh is the energv of the hadron cascade resulting from
E Vi u

and y = Eh/E for neutrinnsg and antineutrinos, where

1
the neutrino-nucleon collision, and M is the nucleon mass. As before , we
identify positive and negative charged final state muons with incident anti-

neutrinos and neutrinos, respectively.

The experimental method was described earlier.l’4 Briefly, an enriched
beam of neutrinos or antineutrinos at Fermilab impinged on 2 pure liquid
gscintillator ionization calorimeter (target-detector) in which the neutrino-
nucleon interaction occupred,land in which the hadron energy Eh waa meaéured.
The vector momentum of the emerging muon p“ was measured in 2 magnetic spec-
trometer directly downstream of the target-detector. The energy of the inci-
dent neutrino was then computed from the sum (Eh 1 E-u)' Data were obtained
with neutrino and antineutrino spectra generated in protom-nucleus collisions
with proton energies EP of 300 and 400 Gey.

'ﬁgéful intéfaégions took place in a fiducial region of the ionization
calorimeter of cross sectional area (2.4 x 2.4)m2 and length along the beam.
of 4.1 m. The total area and length of the ionization calorimeter.are
(3 x 3)m2 and 7.2 m, respectively. Quasielastic and A-production eventsl were

eliminated from the scaling variable distributions by means of the

2
combined criteria W < 1.6 GeV and q < 1.0 Gevz, where | is the invariant



hadron mass.

The energy response of the ionization calorimeter was calibrated with
pions of known energies between 15 and 150 GeV incident on the fromnt of thé
calorimeter. The measured response of thg calo;imeter at any epergy within
that interval is éaussian with g = 12%. There is no evidence of a high
energy tail at the 1% level at any energy. A low energy calibration point is
provided by muons traversing the detector. The response of the muon spec-
trometer to muons of known momentum is approximately Gaussian with g .z 197
for any muon momentum less than about 80 GeV. These resolution fuﬁctions,
and also that for 9“, are included in the calculation of the expected scaling
variable distributions described below,

There are shown in Fig. 1 the directly observed distributions {histo-
grams) in x for neutrinos and antineutrinos, combining data taken at 300 and
400 GevV. To exhibit the dependence on Ev(E;P, the distributions are plotted
for two different regions of neutrinc and antineutrino energy.5 For compari-
son we show also in Fig. 1 the corresponding x-distributions calculated by
assuming scale invariance and the simplifying relations among the nucleon
structure functions; viz: 2xF1(x) = Fz(x), 3F3(x) = -Fz(x), and_Fi(x) =
Ei(x), where Fi(x) refers to antineutrinp-nucleon scattering. wé haﬁe also
used the form of Fz(x) obtained from electroprodﬁction experiménﬁs6 (for

. . , 1 |
x 2 0.1}, and included incident neutrino and antineutrino spectra and the

. . c s 1,7
geometric detection efficiency of the apparatus ’

in obtaining the calcu-
lated distributions, which are compared with the uncorrected experimental
distributions, both normalized to the same area.

The shapes of the cobserved and calculated x-distributions in Fig. 1

indicate that the x~distributions for neutrinos and antineutrinos are es-

sentially the same, and are not significantly dependent on Ev(Eﬁ)' In Fig. 2



are plotted the measured y-distributions for neutrincs and antineutrinus in
the same regions of Ev(EEQ as before, with the calculated distributions in-
cluded for qomparison. The observed x- and y-distributions for neutrinos are
consistent with the complex of assumptions that enter the calcuiated digtri-
butions, and with earlier d.e.t.at.a’9

fhe y-distributions for antineutrinos, however, are not completely con-
sistent with the simpleét form expected from léwef energy (3 « Ev < 10 GeV)
datas; viz, dN/dy A{l-y)z. for EV < 30 GeVy (Fig. 2b), the exberimental
y-distribution is not in evident disagreement.mith that form. but for
Eﬂ > 30 Gev (Fig- 2d), the observgd y-distribution has 43 events vith y > 0.5
out of a total of 145, i.e., (30 % 5)%, vhere (1~y)2 multiplied by the de-
tection efficiency predicts less than 10%.

A somewvhat mﬁre general‘analysis of the y-distributions may be made by
relaxing the assumption that xF3(x) = *Fz(x). Wg vrite the scalg invariant
differential cross se;tion for inelastic neutrino {antipeutrino)-nucleon
collisions in the form

3 2
2 YV ¢'w - 2 - 2 .
do . . ¥ P, (x) {1-y(1 FRVY + L aFBYY) o+ & R,L"V} D

dxdy 3

vhere the upper signs are to be taken for neutrinos, BY = 4xF3(x)/F2(x),

RE = [ 2xF1(x) - Fz(x) J / Fz(x) and Eﬁ = ~kf3(x)/?2(x), etc. From the posi-

tivity conditions, i xFB(x) I < 2xF1(x) < Fz(x), it fellows that R. < 0, and

L

therefore the term in R, cannot contribute to the excess of events observed

L

at y > 0.5, with RL = 0, eq. (1) is equivalent to a parametrization which
. 2

mixes a y-independent term and a (l-y) term in arbitrary proportions.

Assuming that charge symmetry invariance holds, the ratio of antineutrino

to neutrino cross sections integrated over 2ll x and y is U\Vov = (Z;E)/(2+§},



where_g ig the average value of B(x). One obtains B = 0.9 + 0.2 from the
ratio 6;VUV = 0.37 + 0.1 measuredl at a mean energy of about 40 GeV, and
B o~ 0.85.at lower neutrino energies;8

The dependence on x of the y-distributions hag been investigated by par-
titioning the data of Fig. 2 between the regions x < 0.1 and x = 0.1. Ve
have alsé divided the data by the relative detection efficiency to display
the corrected experimental distributions. The results for 0.6 > x 2-0.1 for
neutrinos-and antineutrinos are shown in Figs. 3a and 3b, where if ié seen
that the excess of events at high-y in the antineutrino distribution has
largely disappeared. In Figs.—Bc and 3d are shown the corrected y-distri-
butions for neutrines and antineutrinos in the x < 0.1 region. Note the
striking difference between the antineutrino y-distributions in the two
x-regions.

Apart from resolution effects that influence the lowest bin in y, the
experimental distributions in Figs. 3a and 3b are fit to eq. (1) with the
values BY = 1.4 # 0.6 and g@ = 0.6 4 0.2, which are consistent with the value
of B given above. The y-distributions of Figs. 3¢ and 3d,‘hoﬁever, yield
+0.8

V..
1.3+0.6 and BY = ~1.2 -1.3 °

n

BV
If charge symmetry is assumed, B(x) can be determined using eq. (1) for
each value of x from the ratios of antineutrino and neutrino cross sections
'_integrated over all y. The x-diﬁtributions in Fig. 1 were combined, corrected
for detection efficiency and normalized to the valué'&iyqv =70.37. The
resﬁlcs are shown in Fig. 4 where it is seen that BR(x) is constant within ex-
perimental error over the entire x-range, x < 0.53. These results are sta-
tistically insensitive to the possible decrease of B(x) at very small x con-

jectured in the parton model.



To test charge symmetry invariance, we compare the values of B de-
termined separately from x- and y-distributions and total cross section
measurements. In Fig. 4 are shown, in addition to the values of B(x) from
the x-distributions, the four values of Bv(x) and ﬁv(x) obtained from the
four y-distributions of Fig. 3. Charge symmetry invariance requires thét
ﬁa(x) = Bv(i) = ﬁ(x). In the region 0.6 > x > 0.1, theré is ag?éement within
1 standard deviation among the various measured va}ues of BY, ﬁg'and B(x),
iﬁdiéating that thé daﬁa are not incdnsistent-with charge symmetry. In the
region x < 0.1, the measured value of ﬁv differs from the separatelf de-
termined values of B and B (x) Sy about 3 staﬁdard deviations.

We summarize these results as follows. The close similarity of the
structure function Fz(x) cbserved in both electron.and neutrino déep ine-
lastic séattering, up to a neutrino energy of aboﬁt 150 Gevy (Fig. 1), and
the consistency of the y-distributions in the regicn 0.6 > x > 0.1 (Figs. 3a
and 3b), are further substantive confirﬁation of sééle invariance. In that
x-region, the approximate equality of the values of Bv(x), ﬁg(x) and B(x)
normalized by means of &;ng constitute evidence for charge symmetry invari-
ance. On ﬁhe othér hand, in the region x <« 0.1 the excess of events atlhigh—y
in the éntineutrino j—distfibutiOn leads to a valué of ﬁ§ different-fromjthé‘
values of BY and B(x), which is suggestive of aﬁreffectiVe deviation from
charge symmetry. This may arise in part from new particle production or from
an anomalously large cross section for direct strange particléproduction.1
Note that new particle production tends for kinematic reasons to populate
preferentially the regions of small x and large y.ll
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Figpure Captions

¥ig. 1. Experimental distributions (histograms) in x = qz/iMEh and calculated
&istributions (solid lines) expected from scale invariance using szx) from
electroproduction and simplifying relations among the structure functions

(see text).

Fig. 2. Experimental and calculated distributions (assuming B = 1} in

y = Eh/Ev. The fall-off in the first bin in y in (a) and (b) is due to the
joint selection criteria W > 1.6 Gev and q2 > 1.0 Gev2.

Fig. 3. Corrected experiméntal y-distributions for the region 0.6 > x = 0.1
(a) and (b), and for the region x < 0.1 {(c) and (d). Points at y = Q.OSIare
omitted because they are sensitive to resoclution corrections. Points ag-

y = 0.95 in (a) and (b) are omitted because tﬁey are sensitiye to efficiency
corrections. Calculated curves for different values of BY and ﬁv are also
shown in (a) and (b).: |

Fig. 4. Plot of the values of B(x), Bv(x) and ﬁv(x) obtained from the experi-
mental x—.and y-distributions in the regions x « 0.1 and 0.6 >x = 0.1. fThe
three points in the % < 0.1 region, all of which should be plotted at x = 0.05,

are shifted slightly with respect to each other for improved clarity.
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