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Abstract

Various tests of standard SU(2)XU(l) model of weak

interactions which can be performed by measurements of

electron and muon neutrino-electron elastic scattering are

reviewed. Electron neutrino-electron elastic scattering has

both a neutral current part as well as a charged current

part, and therefore offers a unique place to measure the

interference of these two amplitudes. A measurement of the

y-dependence of neutrino-electron elastic scattering can

separately measure 9y and g, as well as test for the

presence of S, P, or T terms, Several measurable quantities

involving cross sections and the interference term are

derived from the standard model. Various design

considerations for an experiment to determine the NC-CC

interference term and the y-dependence of muon
neutrino—electron elastic scattering are discussed.
1) Introduction:

In this note we discuss various tests of the standarad

SU(2)XU(l) gauge model of weak interactions which involve

the elastic scattering of electron and muon neutrinos off

electrons. Thesa experiments are difficult owing to the

extreme smallness of the purely leptonic cross section, but
are well predicted by the standard model and as such offer

clean tests of the theory.

There have been several measurements of (Gae elastic
Bcattering and one measurement of Gee elastic scattering!.

But all of these experiments have been with limited

statistics and (or) of 1limited resolution. Hence it is

worthwhile to envision extensions of the present

experimental technique to obtain a high statistics

measurement of these rare interactions. In Section 11 we

review the tests of the standard model which can be done

with a measuremant of v-e elastic scattering at high energy.

A method for measuring (Vl-e elastic scattering is discussed

in Section I1I, A discussion of the test of the standard

model which can be obtained from a measurement of the

differential cross sections do/dy ((U&e) is covered in
Section 1V, The in section v.

conclusions are given

Several design considerations for a beam of electron

neutrinos is discussed in the Appendix.

II. The y-e Scattering Cross Sections

A) General Comsideration

The Peynman diagrams for v-e elastic scattering in the

standard model are the following:
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We note that only the NC amplitude contributes to (ﬁ)e

1]
scattering and that both the NC and CC contribute to (Ve
e

scattering.

The neutrino-electron elastic scattering cross sections

are all vecry small compared to O (v—nucleon) namely

(V) /0 (VN) - 1073 to 107%) since the center of mass energy

is intrinsically small. Furthermore extremely good angular

resolution on the recoil electron direction and small

angular divergence of the incident neutrino beam are

required to measure the scaling variable y = ‘Ee/Ev in a

broad band neutrino beam. For these reasons, only op = i

(do/dy) dy has to date been measured.
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The total cross sections in the standard model are

given by (neglecting me/Ev terms)
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Note that the (Gle cross sections are related to the )
replacing 9y by 9y + 1 and 9a by 9 +1.

cross sections by

The additional terms in o((GLe) are the CC contribution and

the NC-CC interference term. From these expressions of o,

it is apparent that the one helicity amplitude which |{is
modified in going from Vue to ) elastic scattering
corresponds to vy, e * VL eL, or VR eL +> VR eL. That is,

only the left-handed component of the neutral current can

interfere with the charged current amplitude.

B) Electron neutrino-Electron Scattering:

In the standard model of electroweak interactions,

electron neutrinos may interact with electrons by both a

neutral current as well as a charged current. A measurement

of the interference between these two interactions tests:

1. The identity of the outgoing neutrino in the

neutral current Interaction. If the interference

term is present, then Vout = Ver at least some of

the time,
electrons. A

2. The nature of the NC coupling to

non-zero interference term implies a coupling to

left-handed electrons.

3. The helicity properties of the NC interactions. A

finite interference term states that at least some
of the time the NC interaction preserves the
electron helicity, and at least part of the

interactions has v and A terms, rather than a s, P,

T structure which flips the electron helicity.

4. The y-e universality hypothesis., A comparison of
ve-e interactions with v,-e interactions 1is an
important test of this hypothesis.

In the standard SU(2)XU (1) model, the NC-CC

interference term in (3)e—e scattering is proportional to

24

I3 (eL) + sin w

where I3(eL)
the left-handed electron.

is the third component of the weak isospin of

For the
2q

standard assignment of

13(eL) = =1/2 and for sin v "~ 0.25 the interference term

above will be destructive (negative). Variants to the

standard Weinberg-Salam model have been examined by Kayser,

Fischback, Rosen, and Spivack?. They find these models all

predict a destructive interference term in Ve-e scattering,
or are ruled out by inconsistenci'es with various
measurements. Therefore a measurement of the sign and
magnitude of the interference term within the standard
Weinberg-Salam model is an important test of the whole
theoretical framework.

Carrying these relations between cross sections

described above further, we may write:

UT(vee) = UT(vue) + 4 %% {1+ 9y + gA)

(3)

S = 4
dT(vee) = GT(“ue) + 3% {1 + 9y *+ gA) ’

= p2 fes
where 95 = GrmeEv/2" and the terms additional to cT(vue) are
the charged current and the-interference terms. 1If sinzew -

0.25, then the (GLe cross sections will have large

contributions from the CC amplitude. 1In the standard model,

the CC contribution to Om(v,e) is 4 % and is thus ~ 12

times larger than the neutral current part. The

interference term is roughly 468 of the NC + CC

contributions. For UT(ﬁee), the CC part (40./3) is - 4

times the NC part and the interference term is . 40% the NC

4+ CC contribution, the

;)

>
vee

Thus interference terms

(GLe cross sections, and

make a

slzeable contribution to the
can therefore be measured’, Table I lists the relative cross

sections qT((GLe)/oo for the standard model prediction of

the interference term (destructive), for no interference,

and for a constructive intereference term for sinze" = 0.25.

Hence a 25% measurement of GT((ﬁle) is

determine the presence and the sign of the interference term

sufficient to

(9y + gp).
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Table I

op(veel/a, op(Vee) /o,
with standard Model 2.33 1.00
Interference (destructive
With No Interference 4.33 1.66
With Opposite Sign 6.33 2.33
Interference (constructive)
To extract the interference term from measured

guantities; we can compute:

= - v
9y *+ 9 = Ip(Ve®) O ( ue) _
40,
(4)
g, (V. e) - 0. (9, e)
T Ve T 'u _
9y * 9%~ T 1
3 %
Assuming that oT(vee) can be measured to 10% and that the
errors of oT(vee) and OT(vue) are uncorrelated, the
interference term 9y + 9, can be measured to 12% for
neutrinos and 16% for antineutrinos if sinzeu ~ 0.25. (In

the standard model, + = =14+ 2 sinzewz - 1/2.)

% 9
Notice that if sin2 . 0.25, then the cross sections are in
the ratio

aT(vee) H OT(;ee) : aT(vue) H oT(vue) =7:3:1:1 ,
and thus the error in determining the interference term is

most strongly dependent on the error in uT((GLe).

FProm general considerations?, the interference term
should satisfy the relation
5
1| < /N, 7Cc. . (5)

2
where in the standard modél No = (9y + gA) and C_ = 4 are
neutral current and charged current terms, respectively, and

the interference term I = 2(9v + 9,0, But in general, the

equality holds only where the s, P, T terms to the cross

sections vanish, and thus this relation gives a method of

testing for the presence of these helicity flipping terms.
can be tested by

The u-e universality hypothesis

checking the relation

Op(Vee) - Iplvye) = 3(aT(Gee) - GT(Gue)] (6)

which is another important test of the standard model from

v-e elastic scattering.

C) Muon Neutrino-Electron Scattering:

All experiments on (;;e elastic scattering have
measured oT((GLe) and thus are sensitive to only the

combination

2,1 2 2,1 2
(tay + 902 + 3 (9y = 902, or tgy - g% + 3 (5 + 90 %).
(W)
By oombining measurements of both OT(vue) and aT(Gue), the
2
values of (gv - gA) may be

and (gv + gA)2 separately

extracted, thereby determing sinzeu. But this procedure

inevitabely introduces systematic errors from the neutrino

flux normalization.

Further tests of the standard model are obtainable by
measuring the (GLe elastic differential cross sections. 1In

this context, and neglecting terms of order Me/Ev:
do = -
& (Ble) = o, ey an? + 5,%9n2 1-n?) (8

2
e
2n

where o; = = 4.3 x 10742 cn2/Gev .

We note that a measurement of do/dy for neutrino, or

antineutrino scattering separately determines (gv + 9A)2 and
(gv - 9A)2 and thus provides a further test of the standard
model . In addition, the y-dependence of the cross section

has a sensitivity to the presence of S, P, T helicity

flipping
1-y).

terms, which would produce a term proportional to

III. Experimental Considerations-Electron Neutrino~Electron

Elastic Scattering

There are several important considerations in designing
an experiment to measure (GL e~ elastic scattering. Since

the cross sections are so small the neutrino detector must

be massive, and fine grained enough to have an angular
resolution sufficient to discriminate against various
background processes, of no less importance, is the

neutrino beam, which must be intense and normalizable.

Several massive neutrino detectors which are well suited for

(GL-e elastic scattering studies have recently been built?,

and have been described in detail elsewhere, Therefore in

this discussion we will concentrate on the design of the

neutrino beam and the treatment of the data,
a) Beam

There are several sources of electron neutrinos which

can be used for a measurement of (6)-e elastic scattering.
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8ince the v-e elastic scattering cross sections are so

small, it is important that the source be intense. Since a

cross section is to be determined, the flux of neutrinos

must be normalized. A few possible sources are; (a) beam

dump, (b)

K: beams, {(c) ut storage ring, and (d) t* beam

stop.

Of these possibilities, the ut storage ring is the most

attractive®, (with no consideration of money) since it has

the following properties:

1. The spectrum of neutrinos is easily calculable from

the u decay process.

2. Both u'* and w” can be stored giving all flavors of

neutrinos,

3. Over a limited range, the energy scale of the

neutrino spectrum can be varied, giving important

experimental checks,

4. The flux of neutrinos can be precisely determined

by monitoring the circulating muon current in the

ring.

The spectrum for y-decay y* « e* 5 yv or ym - e7u %
u e ue
rest frame The flux of

in the muon is shown in Fig. 1.

neutrinos in that frame has the form:

b (v = & _(5) = :MEZ(wW - B)
u Hu

- 2 2 (9
°u+“’u) - ou_(vu) =NE (W-3E),

tm? ¢ 2 1
where W (m‘l + "‘e’/z"'u % 3o, {neglecting

neutrino masses),
The neutrino energy spectrum in the lab frame is then given
by ¢Lab = °Com 1/2Yu, where Y, = Pu/m“. Since aT(ve) ~ E,, a
given experiment measuring an integrated rate, will have
slightly different neutrino energies contribution from the
slight difference of ;e and vy spectra., This difference is

<Ev>u/<gv>e= 1.17 and is easily correctable.

Y%

ARBITRARY SCALE

0O 10 20 30 40 50 60

E (MeV)

Figure 1: The energy spectrum of the neutrinos emitted in

decay in the u rest frame,

b. Energy Scale

An important design consideration is the choice of the

energy scale of the incident neutrino beam. There are two
main factors which determine this choice: (1) background
rejection, and (2) event rate, Here we see how the two

factors scale with energy.

The background rejection depends on two things: The

intringsic ratio of the v-e signal to background, and the

soluti 2
resolution in the kinematic identifier Eeee = m,(l-y) <

1 Mev.

There are many sources of backgrounds in Ve elastic

scattering, but one of the more troublesome is the

quasi-elastic process Ven * p + e (Vep + p+ e*), where at

low 02 the recoil nucleon is not detected. These cross

gections are roughly constant with energy and thus the v-e

signal to this background will improve with increasing
neutrino energy. This then arques for higher neutrino
energy.

The resolution in the Eeeg kinematic identifier also

improves with increasing neutrino energy. There are two

sources in this u-storage ring experiment to the smearing in
362. One source comes from the intrinsic angular divergence
of neutrinos from u decay and because the event rate has to
this cannot be

be maximized, eliminated by moving the

neutrino detector further away thereby losing neutrino flux.

Another source comes from the angular resolution of the
recoil electron direction as measured in the neutrino
detector.

The u-decay kinematics gives the limiting value of Beeg

<Ey82). Thus,

2

1 { sin o*
e

. ) )ew
Yylcos 8~ + p

B O
e
w

-

2 * - -
‘Evev“"' Emax e(6) {Tan

where 2 (6%)= (y2(cos6™ + 8)2 + sinZe*)1/2
and therefore the angular divergence of the neutrino beam

improves as the energy of the ring increases.
The angular resolution of the y-detector improves with

increasing neutrino energy. The angular resolution of the

recoil showers typicall goes as:

)

NIU’

e ~
e

for small E .

e Thus the resolution
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and improves with increasing muon energy.

In summary, the signal to background improves as the

energy of the ring increases, and the resolution in the

kinematic identifier Eeeg improves with increasing energy.

The second consideration in the choice of the energy

scale is the neutrino—electron scattering event rate, The

various factors governing this are:

1. The neutrino-electron cross section: aT(ve) ~ By ~

Pu - PI.

2. 4 production cross section:

[l
]

~
2]

for small Py and Xg =

3. nt decay for a fixed decay PiPe length ld H
2d nmm 1 )
f {4 P
decay cT, P Fu
4. Accelerator beam power:
Assuming that the power in the proton beam which

produces the 7% mesons which decay into u2 to fill

the storage ring is limited, we have:

N, P_-K, (which - 1.2x1015 protons-Gev/sec at FNAL).

P "o™a

Putting these factors together, the neutrinoc electron

event rate should scale as:
N(V-e) ~ (v-e cross section) x (* production) x (nt decay)

x (beam power)

-~ P x Pz x 1 x 1 ~ P
u P P u
u u

and thus jimproves as the muon momentum increases. We have

assumed that Ev a Pu a Pn a Po, (p =

° the primary proton

beam momentum), and have ﬁeq}ected multiple target effects

which tend to reduce this correlation.

For a prototype experiment we will take the energy of

the storage ring to be . 10 GeV which is to be fed by a .
150 Gev beam (generated at FNAL for example) . At this
energy the resolution effects discussed above are well

controlled,

C) Event Rates:
The N(ve) event rate is given by

d
N(ve) = Ny £ 0(2,) Fo (E,) cly) dyde, . (10)

Taking Pu . 10 Gev with . 3 x 102 stored u*/sec, with . 1/4
of the u(*) decays giving “u' Ge in the neutrino detector

and NT ~ 4.5 x w27/cmz (roughly . 103 tons), we estimate for

the decay efficliency ¢(y) . 1 the followng event rates given

in Table II.
Table II

*
Six months run for u* each

Nve 22/day 972
N= 9/day 423
Ve N
N 3.6/day 162
“u
N; 3.6/day 162
u

1 Day = 24 hours

#where for six months have included an overall efficiency

factor of . 1/4.

These event rates would allow a good determination of the

term and the value of sinze

interference e This will be

discussed in the following section.

d) Treatment of the data

1. Determination of the Interference Term

Since the decaying ut neutrino beam contains both
type

to the measured v-e event rate has to

muon and electron neutrinos, the (3&

contribution

be subtracted. This can be done by estimating

N(Vye) from other measurements or by measuring

N(v,e) from the prompt v from 1+ p +(3& decay.
Since the observed v-e event rate will be dominated

by v.-e {interactions (if sinzew = 0.25), this

subtraction procedure does not introduce large

errors, (See the discussion on Section II.) For

the statistics here, we would have the error in the
interference term AI = 4% for Vee and AI * g% for

Vee.
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Alternatively, a subtraction independent test for

the presence of the ‘interference term can be

obtained by computing the ratio of v-e (all flavor
neutrinos) events for stored u* to that for stored
u”~. Many experimental effects would cancel in this
ratio and would therefore

reduce the inevitable

systematic errors.

The measured v-e event rate for stored y~ is given
by:
L g (oq (vye} + nog (Vee) )K
and for stored u*:
U+ >
| [l [UT(vue) +n og(vee))K
where K 1is an experimental constant (depending on

the uz integrated beam current, etc.) and n 2 1.17

is the correction factor for the difference between

the Ve and the vu energy spectra. Taking the ratio

o : cT(vue) + cT(vee)

e p
u GT(vue) + oT(vee)

R

(12)
N

where we have neglected the 17% correction of n

differing from 1, .In the standard model.

(g + 907 + (9g = 902 + (gy + g,) + 1

(13)
(g + 907 + (gy = 9,2 + 3(g, + g,) + 3

This ratio is plotted in Fig. 2 as
5in29w,

a function of
Here we see that if the interference term
(gv +.g,) =0, then this ratio would change by 20%
for sinzeh ~ 0.25. Hence an independent measure of

s‘1n29w allows a determination of the interference

term,

For the statistics of a six-month run, the presence

of the interference term is easily found. To

estimate the error in the interference term +

Sy
9pr We take the statistics of Table II and sinzew -

0.25, With these conditions R can be measured to .

58 thereby giving an error in (gv + gn) of 17%.
This statistical error is larger than the
subtraction method error, but is less sensitive to

systematics.

with standord model interferonce Term

0.8l {destructive)

QGI-

with Il zStandard model but

0.2 constructive =
0 1 | 1 1
o 0.l 0.2 0.3 0.4 0.5 0.€
sin 20'

-+
FPigure 2: The ratio R=N* /N! of event rates for a stored w
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beam to that of u+ beam versus sinzew. The three

cases for -the interference term 1>0, =0, <0 are

indicated.

Determination of sinzeu

It 1is an interesting experimental question to test

e~p universality by determining sinzew from ((GLe)

scattering and comparing it to the value derived

from (GLe scattering. Hung and sakurai' have notead

that in the Bjorken approach, certain factors make

these two values of sinze" different.
In the context of the standard model, the value of

sinzeu may be inferred from a measurement of vue

and 9 e elastic A clean way of

"l
extracting this parameter is to compute the ratio

scattering.

2
. oplvye)  (gg + 93)% + § (gy = g,)
R vue = .
v 2
" _ S - 2 1 (g, + 9,)
“vue OT(QPE) (9y ~ 9" + 3 7V A
(14)
where many experimental systematic errors cancel.

This ratio as a function of sinzew is plotted in

Fig. 3. Assuming a 3% measurement error on both

cross sections (these measurements would be done in
ant decay beam), we have a determination of sinzew
to ¢

0.005. The number of (GLe events needed to

give a 5% statistical error depends on the amount
of background. For no background, N((Gae] . 100
events, but for a 30% background, we require 200

events,



T T T T T
Ry, =-’L-(i"—e)-vs sinzaw
3 oy (e .
s22r )
o
. _
1 1 [ 1
o.l 0.2 .03 0.4 0.5
sinzew

Figure 3: The ratio Rvu=aT(vue)/aT(5ue) as a function of

2
sin ew'

To determine sinzew in the (G;e case, we compute

the same ratio:

N(vge) - oplv.e]

Ry TN
w N[5 3
vee) aT(vee]
(15)
=(9v+9A)2+%(9v'9n)2+‘(1+9v"9p.]
(9g - 902+ 2 (gy + 9302 + 3 (14 gy + g,)

This ratio is plotted in Fig. 4 as a function of

2

sine,. For a 5% determination of GT((GLe], we find

8 slnzew ~ % 0.07. To achieve this cross section

5% error depends on backgrounds, but is feasitle
with a dedicated experiment of the statistics
calculated here.
= —T T T —T T
oy (vee)
Ry.‘% vs sin zﬂw
oy (Fee)
3 T
* =
<2 ]
| .
L L L | I
0.1 0.2 0.3 0.4 0.5
sin 28,,,

Figure 4: The ratio R;u = VT(“ee)/aT(Ge) versus slnzew.

Iv. Experimental Considerations: Muon Neutrino—Electron

Elastic Scattering

As we noted in Section II, a further test of the standard

model follows from a measurement of the differential cross

section do/dy ((Gze), where y=Be/Bv, which separately

determines (9V+9A)2 and (gv-gA)2 and thus sinzew, Figure 5

shows da/dy((ﬁ)e) versus y for various slnzew values. We

u
note the relation between do/dy(vue) and do/dy(Vve) involves

an interchange of the constant and the (l-y)2 slope term in

the differential cross section. Hence a comparison of the
neutrino wht the antineutrino cross sections is very
sensitive to sinzew_
[~ T T ¥ T T T
® 06}
£
b >
CEI o
_|e sin Oy =
0.2!
32
0.2 o . =]
L 1 L L [
0.2 0.4 0.6 0.8 1.0
y
®. 06 -
wt
e
32 o4l -
-1g .2
sin“By =
0.25
0.2} 023 -
0.21
[ I | L 1
0.2 0.4 0.6 0.8 1.0
y

Figure 5: The differential cross section dg/dy ((Gle -+ (Gle)

versus y for various values of sinzew.

a) The y-Resolution:

The most difficult experimental problem 1is to achieve an
adequate resolution of the scaling variable y=Ee/Ev' By the

elastic scattering kinematics:

o

2E 28 - E_8
Yyeg=1-—sin-S-1-2
v Yme 2 2me

2
e

where E, is the incident neutrino energy, E_k is the recoil

e

electron energy and ee is the recoil electron angle. The

kinematics of elastic scattering is shown in figure 6. Thus
a measurement of the recoil energy and angle is sufficient
to reconstruct the kinematics. Alternatively, a measurement
of B, and Eg is also sufficient to determine the kinematics

and thus the scaling variable y.

From figure 6 we see that the measurement of vy by Ee

and Se requires very good angular resolution of the recoil

electron direction which makes stringent demands on the

neutrino detector, while the E./E,, method requires a narrow
band beam of feasible energy resclution, but results in a
large loss of event rate from the lower neutrino flux. Thus

the experimental problem is either: 1) achieve good angular
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T T T T L T T
o8 |- " «——— Fermilab
AGS
e - *
soT e %06 =
ve Elastic Scattering Kinematics s -
L
a' 04 [ 'l:)'l —
:g 0.2 i;,°5
(<] 201 Lo ™
£ 1 L 1 1 1 1 1
s o ! 2 3 4 5 6 1 8
& E, (Gev)
10 y Figure 7: The y-resolution Ay at y=1/2 versus li:e for two
values of L/Lo.
00
8; The y resolution gets better as the electron energy
. . . . . increases provided that we haver a detector with L/L°=1.
[3 10 15 20 25 Below 2 GeV we require a smaller L/L, ratio.
Ee (GeV) To simulate the y-resolution in a real experiment, a
prototype experiment has been designed by taking L/L°=1 for
pigure 6: The kinematicsof ve elastic scattering. the recoil electron angular resolution and c:(Ee)/x-:e=o,;|_()/,/ge

for the electron energy resolution. We have taken the

resolution 0(f.)<1 mr at 25 GeV (see figure 6), or 2) design neutrino beam to be the 400 Gev broad band spectrum at FNAL

a super intense narrow band beam. We adapt the E,, 6, and have required an energy cut E_5 GeV. The resulting

reconstruction method and compute the resolution of E, and y-resolution is shown in figure 8. Thus a resolution of
ee required. The y resolution is given by g (y)~0.09 can be achieved, which is adequate for determing
do/dy. However, even with this y-resolution, the measured y
bE 2 b8, 2 a8, distribution is distorted by resolution effects (lower
by = {(1-y) <) * 4| 5 = 2(1-y) ) -
e e e y-resolution at small y) which have to be unfolded.
(16)
e pecout
where we have assumed that the angular resolution dominates Y g, Resolution
10k
the uncertainty in y. In the case that the contribution to
the Aee from the spacial resolution of tracking devices in
e_
the neutrino detector are small compared to the multiple o,
Coulomb effect we have: el /
20, = .015 L_l’_. , 4| [
73 E, )
2k
where L/Lo is the 1length of the region where angle o \
/
measurement is done measured in terms of radiation lengths. L o«o’°/? \ Son 4
The corresponding y resolution is then: -04 02 o 02 04
Ay
: - ti i
a8 015 '2(1—y) L Pigure 8: The y-resolution for a prototype experiment in a
¢ /3 WeEe Lo 400 GeV broad band beam.

Pigure 7 shows Ay at y=1/2 plotted aganst E, for two cases b) Treatment of the Data:

of L/Lo. The (1-y) dependence of A4y {s rather fortunate
because do/dy is more sensitive to the coupling constants of By equation (8) we have seen that the neutrino-electron

larger y. scattering cross section has the form:

g; =op, (a+8 (1-n?) an
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where a = (g, % gA)z and B = (gy + gA)2 for v, or v

N
respectively. Hence in a broad band neutrino beam the
measured y-distribution will be given by:

d“ve da

a7t ey Ty, (18)
where ¢(Ev) is the neutrino flux de/dEv and ¢ is the
detection efficiency-resolution function containing all
experimental effects. Assuming that €31 (this can be
calculated for a given experiment) we have:

ve 2
= A + B{l-y) (19)

dy

where: A = [ Ey6,(E }E  a o,

and B [ E¢,(E)IE B o,

By fitting dN/dy we determine A and B, From the expression

of cross section we have:

2
(9 % 9y)
8 (QA * qu

wi»
]
e

For neutrinos, antineutrinos, respectively.

Thus we determine sinzew without haviag to normalize the

(Vae cross section and thereby avoid a large source of
systematic error. Notice that neutrino-electron elastic
scattering is related to antlineutrino electron elastic

scattering by Rkyfl/ﬂc giving an important check of the
M
theory.

2

The value of sin 0y

is determined by R in the standard model

using the following-

2 11
sinZ = 3 —L1 (21)
Y Il e R)

the sensitivity of this method of determining

2g
v
is very sensitive to sin

To explore

sinzew, we plot the ratio R versus sin in figure 9. We

2

see that the ratio R, e" at small

sin20w and Ry is sensitive at large sinzeg. The error in

2 u
sin 9, is given by:

¢ sin2e_ = sin‘e 1 a.
w v R
and is tabulated in Table III for various number of events

for sin20"-0.225. Hence approximately 1000 events are
required to determine sinze; to 4%. For an experiment with
a massive neutrino detector (500 tons) and a dedicated run
in a wide band beam At FNAL, roughly 1000 v,e events are

feasible.

o[>

Figure 9:

The ratio g‘— and «(Sin®a,,)

Versus SinZg,
6. - 006
s ‘4005
4] 4004
o'(Slnzew)
al- - 003
T 002
Lt ool
05

Sir® g,
The ratio of intercept to slope for dN(OL/dy for

various values of sinzew, The corresponding

error is indicated by the dashed line.

Table III

Error in sinzew

Number of events sinzew
50 0.2410.05
100 0.24:0.04
500 0.23£0.01
1000 0.229£0.005

V) Conclusions:

A study of neutrino-electron elastic scattering offers

many tests of the standard model,

Several important points

are worth noting:

2.
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The masurement of the total (Gée elastic -scattering

cross section allows a determination of the

interference term between NC and €C amplitudes and
thereby incisively tests the standard model. It is

feasiable to measure the interference term to . 4%.

The best beam to do these measurement is a ui

storage ring beam,

A determination of the y-dependence of do/dy ((G&e)

allows a determination of sinze' independent of the



cross section normalization and as such avoids an

important source of systematic errors, The
considerable demands on the resolution of the
recoil electron energy and angle require that this

measurerent be performed at electron energies

E>5 Gev,

A high quality (GL beam would be of great use in

testing p-e universality, as well as many other

confrontations of the theory of weak interactions.

Such a beam sould be built.
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Appendix:
Design of Storage Ring

The storage ring has to have a large momentum and solid

angle acceptance. Such devices have been built with these

properties? which could be adapted for the purpose of a ($L

source. Figure Al shows the layout of the 10-GeV storage

ring and accompanying neutrino detector. Roughly 21% of the

decaying u will radiate neutrinos into the v-target. This

factor could be increased to 33% with superconducting be.nds.

The Vv beam flux is monitored by measuring the u* bean

current with RF cavities, or bearn current transformers. The

stored u* will decay with T, =~ 0.2 msec and thus the ring

has to be fed with single term extraction beam if FNAL is
used. Then the prompt vu from n decay are well separated in
time from those of ui decay. The ring could be fed from a

horn focussed w% beam, with some focussing devices to

increase the ui flux into the

ring. The ring is relatively

small and would fit in the end of the neutrino line at FNAL.
For the ring source of neutrinos to be viable, roughly 10?

ut should be stored/sec,

) (HORN or NBB

i+
+

L ’,‘L—

50 m

R=22.2W
100 m

20m
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3——\——— '

Neutrino Detector
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