"f‘Submitted to Physical Review Letters : FERMILAB-PUB-78-133-E

£ -53

0OG 422
June 15, 1978 S f‘u‘ 7" §

Measurement of the Cross Section for the Process

vu +e - vu + e at High Energiles

A. M. Cnops, P.1. Connolly, S.A. Kahn, I.G. Kirk,
M.J. Murtagh, R.B. Palmer, N.P. Samios, M. Tanaka
Brookhaven National Laboratory, Upton, N.Y. 11973 f
and
C. ﬁaltay, D. Caroumbalis, H. French, M. Hibbs,
‘R. Hylton, M. Kalelkar, K. Shgstri

Colunmbia University, New York, N.Y. 10027

ABSTRACT
Ve have observed 11 events of the reaction vu +e - v + ¢ ina
sample of 105,000 charged current neutrino interactions in a heavy neon-—

hydrogen mixture in the 15 ft. bubble chamber at Fermilab. We obtain a

cross section for this process of (1.8 % 0.8) x 10 42 Ev cmz, where Ev is

the incident neutrino energy in units of GeV. This result is in good

agrecment with the prediction of the Weinberg-Salam model with sin26w = 0.2.
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i)

at neutrino energies of a few GeV

The observation of neutral current induced neutrino interactions gave
strong support to the gauge theories unifying weak and electromagnetic inter-
actions. Presently all neutrino-hadron neutral current interactions are con-

Q) (2)

sistent with the SU(2) x U(1l) gauge model proposed by Weinberg and Salam
with a Weinberg angle sinzOw Y 1/4. One of the theoretically most stringent
tests of this theory is provided by the purely leptonic process, vue*+ vue“-

which can.proceed only via the weak neutralicurrent interaction, and the

theory can be compared to experimental measurement without uncertaintics

introduced by using hadronic targets. Early experimental results on this reaction

3,4,5 . . .
(3,4,5) are consistent with the Weinberg-Salam

model. A recent result at higher energies(ﬁ) indicates a significantly higher

cross section for this process than that expected from the Weinberg-Salam model.

In this letter we report a four times more sensitive measurement of this cross

section which is in good agreement with the Weinbérg—Salam modél.

The experiment was carried out at the Fermi National Accelerator Labora-
tory using the two-horn focused Qideband neutrino beam with an average of 1013
400 GeV protons per pul#e hitting the neutrinoAtarget._ The neutrino spectrum
extends from a few GeV to beyond 100 GeV, peaking near 30‘GeV. The neutrino
detector was the 15 f;. bubble chamber filled ﬁith a 64 a;omic percent neon-—

hydrogen mixture, with a radiation length of 40 cm and a hadronic interaction
length of 125 c¢m. The chamber magnetic field was 30 kG.
The entire data sample of 134,000 photographs containing 106,000 charged

current vu interactions has been subjected to a dedicated scan for isolated

electromagnetic showers; 93,000 of the pictures have been double scanned. All
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forvard energetic single e*, single e+, or Y e+é— pairs with no other
tracks originating at the interaction vertex were recorded. Electrons of
either sign were identified by at least two of the following signatures:
bremmstrahlung conversion or §pira1 at the end of the track. All such

events were examined by a physicist, measured, and geqmetrically reconstructed
using the program, TVGP. By using the 93,000 double-scanned picﬁures the

(7

scanning efficiency was determined to be (61 * 15)%Z for a single scan,
giving én overall scan efficiency of (78 % iS)Z.

Events which had energy E 322 GeV and angle 0 5_30 and vhich were not
associated with other events were retained for further consideration. The

subsequent procedures adopted were guided by the philosophby of retaining

single electron events and rejecting y-ray conversions. An event was defined

to be a single ¢ if there was no visible radiétion on a negative £rack before
there was observable curvature so that the event clearl& had a single track at
ﬁhe origin. If there waé early radiation - %within a short dis-—-
tance of the origin such that it was not possiblé to determine whether tﬁe
event began as a single or double track (in all ambigubus cases this distance
was less than 10 ecm), then the event was still classified as a single e if,
a) the fastest track was negative, b) the fastest positron coming from the
confused region was less than 25% of the electron energy (E+/E— < 1)4), and

c) the energy of the second fastest electron was greater than 10%Z of the posi-
tron energy. Condition b) removes fast symmetric pairs while condition c)

obviates the problem of low energy § rays on asymmetric pairs. In most

instances the identification was clear cut; the spatial resolution and lack



e

of confusion being sufficient to clearly distinguish among the noted cate-

‘gories. In threc cases it was not possible to distinguish between

a single e with early conversion and the production of a delta ray from a
converted y pair before clear separation of the lepton tracks. Adoption of

the above rules rclegated these three events to the y category (two of the three

‘are consistent with vue - vue kinematics). Corrections are made for real

e events being classified as y's by these procedures. The‘probability of
_ ' in a single radiation

an ¢ radiating more than 1/4 of its energy/within the first 10 cm, followed
by the radiation converting within the same first 10 cm sufficiently asymuetric-
al - to be classified as a y by our criteria, has been calculated to be 3%.

. . - . +

The final sample contains 11 unambiguous e events, 5 unambiguous e
. . + . . "
events, and 22 y pairs. The number of single e events is quite consistent
with what we expect from the reaction y p » e+n induced by the small ;é
e R

(8)

contamination in the beam. The energies and angles of the 11 single e
events, listed in Table I, are compared to the kinematics of vue“ > vueT

scattering on Fig. 1. The curves show the expected correlation between E and 6

" of the electrons in the lab frame for Ev = 30 GeV, the peak of our spectrum,

and Ev = 10 and 100 GéV, which are.the approximate'limiés;of our spectrum.

All 11 e events are consistent with the kinematics of this reaction. The
single e+ and the y events are not sharply peaked like the e events but are
spread out up to the 52 mrad angle cut. An appropriate variable to illustrate
this difference is E02, since the kinematic limit in vue— > vue— scattering,:>
E92 < 2 m, (electron mass) is indepéndgnt of the incident neutrino or outgoing

e e o2 -+
electron energies. The distributions in E8 for the e , e and y events are



shown in Fig. 2. The e events are peaked below the‘Zmﬂ (1 Meﬁ) kinematic
- limit, while the c+ and Y.évents are much more spread out.

We have considercd three sources of backgroundbthat could produce
-single electroné'in this experiment: -

a) Photone. which Comptoﬁ scatter or convert to e+e— pairs so'asymmetpic—
ally that the e+ is not seen are a negligible background. Another background
comes from photons which convert into asymmetric é+e— pairs and ﬁave an early
encrgetic 6 so as to be classified as an e and not as a vy by the criteria
noted above. The probability for this is calculated to be “1%. When nultiplied

. by the totai number of unassociated y's that are consistent with ihe ﬁinematics
of vue— >ve (8 gevents with EO2 < 3 MeV) this yields .(M}évents which is
negligible. | .

b) The process vep > eﬁp and v, > e;pﬂo, where the éroton is too low
in energy‘to be_ seen, and the y's from the 7° are mixed iﬁ with the shower of
the e . In this experiment, we have also scanned for and measured events with

(8)

an e and hadrons, and find 22 events with an e and a proton (with addi-
tional stubs which-couid be nuclear fragments) and possibly f's from a w_.
From the expected q2 distributions for these events, we-calculate(g) that 3%
of these events would have an invisible proton'and an e ht a small enough
angle to be consistent with the kinematics of vpe~ > vpe_. We calculate this
background to be 0.7 events or (6 * 6)% of the vue— +~vue~ signal. .

¢) The reactions ;;e— +-G¥e—, vee“ > vee_, and ;;e— 4-;;e- Eare

indistinguishable from the vue— -> vpe— reaction. However, since the relative
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fluxes in our beam are vu/;#/ve/;é = 100/3/1/0.1, the contribution of these

reactions in any reasonable model is expected to be small in this experiment.
The 11 vue— > vue~ events and the corresponding 106,000 charged current

\)‘J interactions are in a volume visible to all three camaras. To calculate

the cross section for this process, we impose a wmore restricted fiducial

volume to insure a uniform (and essentially 100%) detection efficiency for

high energy electrons.(lo)

We find 8 of the 11 vue" -+ vue~ cﬁents and 79%

of the charged current vu interactions in this fiducial volume. We subtract

(6 * 6)% for the v e p background, correct for the (78 % 15)% scan efficiengy,
and correct for the following losses of single electrons:- 10%Z for the 2 GQV

cut(ll) on Ee’ 3% for loss of e classified as y, and 37 miscellaneous losses

such as a false association with another v event etc. to obtain the xatio

v te >v +e
L I

= (1.36 + 0.54) x 10°%. _,

v +Ne>p + ...
u e

- We can calculate the total cross section for this process by using the total

38 E

charged current cross section © = (0.67 % 0.06) x 10 v cmzlnucleon

tot

measured in the energy range of 20 to 60 GeV in a BEBC éxperiment(lz) and by

noting that the electron to total nucleon ratio in neon is 1/2. Our result

is

— - -4
a(vv +e vu +e)= (1.8 % 0.8) x 10 *ZEU cm2

where Ev is the incident neutrino energy in units of GeV.

This result is in disagreement with a recent measurement in the

(6)

Gargamelle experiment at. the CERN SPS. On‘the other hand, our result is

in good agreement with the Weinberg-Salam model. TFigure 3a shows a comparison
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of our results with the prediction of the model as a function of the mixing

.2 . . 2 +. -
angle sin 0w' Our data restrict the value of sin Ow to be 0.20 _ %g or
0.57 +°2;, the former value being in cxcellent agrcement with several previous

(13)

neutral current measurcments. Tigure 3b shows the energy distribution

of our 11 vue“ > vue- events. The curve on the figure is the prediction of

. . . 2 . s ea s
the Weinberg-Salam model with sin Ow = .25 integrated over our incident neutrino

energy spectrum. The agreement is quite good.

We are grateful to all the people at Fermilab as well as the scan—
ning and measuring groups at Columbia University and Brookhaven National

Laboratory whose hard work made this experiment possible.
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TABLE 1

List of vu + e - vu + e Dvents

- Rvent - B (€0 6~ (mrad) e’ Giev)
1 ! 3.7 + 1.6 10 £ 5 0.4
2 4.7 £ 0.3 518 0.1 |
3% 5.6 + 2.6 | 5% 7 0.1
4 6.5 £ 1.6 8 4 0.4
55 8.8+ 1.7 | 413 0.1 ‘!
6 | 9.0 + 1.0 85 0.6 '
7. 14.0 + 3.0 | 14 £ 10 27
8 15.8 + 2.6 ; 815 | 1.0 "
9 20.8 * 5.6 23 0.1
10 27.5 %+ 9.0 8 +4 1.8 ;
11  34.6 % 4.0 ' 424 0.6

Event out of fiducial volume used for the cross section calculation.
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10.

efficiency obtained from the 11 single e events alone.

REFERENCES

S. Weinberg, Phys. Rev. Lett. 19, 1264 (1967).

A. Salam, in Elémentary Particle Theory, N. Swartholm, Ed.
(Stockholm 1969).

F. J. Hasert et al., Phys. Lett, 46B, 131 (1973); J. Blictschau,

et al., Nucl. Phys. B11l4, 189 (1976).

J. Blietschau ct al., Phys.. Lett. zgg,'ZBZ (19?8).

H. Faissner et al., Proccedings of the-Symposium on Lepton and’
Photon Interactions, p. 343, Hamburg (1977).

P. Alibran et al., Phys. Lett. 74B, 4é2 (1978).

To determine fﬁe scan efficiency a'sample’of.134 high energy forward

+

e , e", and y's was used. The result is consistent with gn (86 * 20)%

In a sample of 27,600 total vu -+ u  interactions, we found 187 % 14
and 28 * 6 total v, e and Ge -+ e+ interactions respectively

(A. Cnops et al., Phys. Rev. Lett. 40, 144). We scale these numbers

by 106,000/27,600 to obtain 723 % 54 and 108 * 23 total v_ and v,

interactions, respéctively, in the present sample. From these
numbers we éstimate that we should have 15 ven 4—eﬂp and

6 Gep 3“e+n events, consistent with the actual nu@bers we see.

This estimate is in good agreement with the measurement in the
Gargamelié experiment of Ru = (p within 3%) (proton unseen)/

(v +p)=( = 3)%? assuming v, --vu universality. ibid Reference 6.
The fiducial volume is defined by R < 170 cm, [z] < 125 cm, and

D > 78 cm, where R is thé distance from the center of the chamber,

z is the vertical distance from the median plane, and D is the

distance from the back wall of the chamber along the beawm direction.



3

11.

12,

13.

The 10%Z loss due to the Ee > 2 GV cug was c;lculatcd using the
Weinberg-Salam model with a sinzow =-1/4. However, this loss is

only weakly dependent on the model used.

K. Schultze, Proceedings of the Symposium on Lepton and Photon
Interactions, p. 359, Hamburg (1977).>

M. Holder, et al., Phys. Lett. 71B, 222 (1977); B.C. Darish, et al.,
Proceedings of the International Neutrino Conference Aachen 1976,-289;

P. Wanderer, gg‘gl;, Phys. Rev. D17, 1679 (1978).



FIGURE CAPTIONS

rig. 1 Electron angle vs. energy of the 11 observed single
electron events compared to the kinematics of the reaction
v e »v e for various neutrino cnergies E .
!
: . . 2 . -
Fig. 2 Distribution in the variable E8° for a) the single e events,

+ . + - .
b) the single e events. and c) the single y > e e pairs.
The rumber of pairs has been scaled from an observed

16 events in ~v100,000 pictures.
Fig. 3a  Comparison of the prediction of fhe Weinberg—-Salam model with
the measured cfoss section for vuet > vpe”.
Fig. 3b Distrithion ip the electron enexgy of the 11 vue— -+ vvéj
events. The curve is the prediction of the Weinberg-Salam model

. .2 - : .
with sin Gw = 1/4 integrated over the incident neutrino energy

spectrum of the experiment.
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