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NEUTRINO PHYSICS~-THEORETICAT, CONSIDERATIONS

Benjamin W, Lee
National Accelerator Lahoratory, Batavia, IL, 60540

O. PROLOGUE

Neutrino physics is of interest not only for the study of intrinsic
characteristics of the elusive neutrinos, but also as diagnostics of
hadronic structures, and as a probe of weak interactions.

What follows is a more or less faithful reproduction of the
transparencies used in the oral presentation., In preparing this talk,
I relied heavily on the following excellent reviews:

S. Adler, "Accelerator Neutrino Physics, Present and

Future," NAL-Conf-74/39-THY,
C. H. Llewellyn-Smith, Physics Reports 3C, No. 5 (1972),
E.A. Paschos, NAL-Conf-73/65-THY: Lectures delivered
at the "'Ettore Majorana" Summer School, 1973.
For comprehensive bibliographies, the above references should be
consulted.

I have used a number of figures and illustrations from pub-
lished papers available before this Conference. More up-to-date
data have been presented at the Conference and the reader should
consult other contributions in these Proceedings for these,

I. KINEMATICS AND STANDARD _V-A THEORY

1, Kinematics.

vik,) +Alp) = £k,) + Blp+a),

where g = k1 ~ k_ is the momentum transfer,

2

£(k 5)

Fig, 1. } B

Kinematics of neutrino-induced reactions.

Invariant variables:
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2 _ 2 . g w28 :
q u(le:f1 kz) = 4]31132 sin” 5 {(neglecting ¢ mass),

2. V-A Theory.

Local Current x Current Interaction:

Cp 4
L., = — ﬂ G 52

etf N2 # r P
T TR

J = (V1+12 _Ai_+12
R R

+ .
4 15-—A4ﬂ5)sin o .
M B c

+
} cos OC {(V
£ =vy -y e + v (1-yv_)p,
w VY V(4 -vg)p
and 0., Ta5° =47,

Current Algebra:

Normalization of V- and A" is fixed by Gell-Mann's SU{3) x
SU(3) algebra: B H

i ~ ] o~ . 14 k —-
[4465,0),8)7,000 =it 3 VER, 0)6%-y) |

0
etc., iTrIZ
G-parity: G =Ce .
{Vi-hz} o {+V-1+12
G G = . i.e., 1st class.
. + s
Afl +i2 _A‘l 12 }

Existence of the 2nd class currents not ruled out .

Lepton Number Conservation: See S.P. Rosen's discussion at
this conference,

II, EXCLUSIVE REACTIONS

1. Quasi-elastic: A =N, B = N,

v +n*—>ph+ .
M . P
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Hadronic matrix element:
< = 3
P(pz)[JHin(p1)> cos 8 up(pz) rpun(pi)'

where

v

ioc q q
i1, 2 My 2,2 3. 2
=y B + Y + —t
Ty oYy ) 2m Fyla 2my, v

_ 2y . 2y 4 4 3 o2
v Y50, (@) - vga Hyla?) + vas(pﬁpz)MFA(q ).

Absence of 2nd class current implies F%/_ AT 0; CVC implies F; =0,

and Fé 2 are as in ep scattering. Since g ]?W)\“—YS) v o= mp, HA

may be neglected, Parameterize GA = 4,24(1-q%/M, 2) 2,
16 L T T T T ]A
‘ M,=0.950.12 GeV
12 |- =
o 1
5 ’__._—-—---—-——‘--—-"-F —————
3 08 V4 . -.._—.-..-:‘..._:...—_: =
|9_ /// r————T——————+
b 4 ' 1
04 -
(b}
i | 1 A 1
0 05 10 15 20 25
. B, (Gev)
Fig, "2.
Cross Section for v, +n — p~ +p and fit with M, =0,95 %

0.12 GeV. From ‘)&tA. Mann, et al,, Phys, Rev. Letters
34, 844 (1973). See also P, Schreiner's contribution.

2. AO(1236) Production: A=N, B=A (1236, P3/ > 3/2).
N+,

Adler's theory |Ann. Phys., 50, 489 (1968)] : Relativistic

version of the static model. Nori-resonant amplitudes =

vy M7 Y T e )
Fi

&
4 -
L
’ »” ] pr
. / ’ /&f-
’,
i 2 —,

Fig, 3,
Born diagrams in Adler's theory.
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Born approximations; Resonant multipoles = Born approximation +
rescattering corrections via nN phase shifts. Complete and

. - . s X 1,2
essentially unique predictions in terms of éﬂi, FV , GA and HA‘

Works o.k. for photoproduction (CGLN); for electroproduction

(q2 < 1 GeV}and also for vproduction. For comparison with experi-
ment, see J. Campbell et al., Phys. Rev. Letters 8, 335 (41973);

P. Schreiner et al,, ibid., 8, 339 (1973); P. Schreiner, in these
Proceedings. ‘

III, INCLUSIVE REACTIONS

1. Kinematics.

A =N, B=sum over all final states for fixed mp. The cross
section is

v

p

"V = %P, v)EY

where

H:B= %Z Z <N[JT’B><B[J6]N>
B spin
A

3 4
x (2w) 6 (q+p-pB)

T

(v v, Je>J

PP

1 o

= - ol _ p

qapW1 > WZ - i > eaﬁpc P q W3
m ZmN

a B 1
+ W, +
L2 4T 3 Pag *Pga,) Wy
N N

+1i > (pa,qB - pﬁqa,)W ,
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2
2 G- /&
d_o = - (-—:E')COSZQW +Zsin2gW
2 2 \E 2 2 2 1
d [ q [d v 2mm v
E +E
Pt Y sin® .+ Pm?y| for X |
m 2 3 i v
N
Charge symmetry constraints (BC = 0):
inl =il -
e *Je 2=-—JT=>W.m=W?p,
o u i i
wP=w'n
i i

2. Current algebra prediction,
0.~ Te D) —
[fd3x 3U(, 099 X fd3y JOT(y,O}J
=41 cosza +(3y+21)sin29 +
3 c 3 c 7

Take spin averaged matrix element between nucleons and go to
infinite momentum frame =

Adler sum rule:

o0
1 f v 2 v 2
: dv[W L(va?) - W (v, )]
N 0

2 .2
= < + + >
4 cos ec I3 (3y + 2 13) sin E)C N

I

2 for N =p

~ independent of qzif,
-2 for N

It
=

Alternatively



NAL-Conf-74/50-THY

7=
_vp ;p = G,
lim [d° _ 8 J_-—-j-(cosze +2sin% g )
2 2 ™ c C
E~o|dlg”] dfq”]
3. Scaling

Dimensional analysis gives

2 2 2
W,(v.q%) = G, x, [q [ Ympg),
2 2 2
—5— W,(va%) = G, [a7[/mpy).
m
N
v

2
N

qzllmlﬁ).

2
1 =
N3(v,q ) Gg(x,
m

Convenient scaling variables are

E
2 -
v

Ny Ev
0=x, vy 1.
2 E
[Note: z =xy = |qg [ JZmNE = 2 —Ji-)sin = is gcale-invariant. }
N
2 G'mE m
a-o N v [('l _ - iX ____') G
dxdy yo E_' 72

- A1
+xy2 Gi+xy(i-§'y)G3],

Biorken scaling hypothesis:

z2 A
G, (x, lq [/mN) > F.(x).
v,q e
x fixed

In B;; limit,
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dzcr 2 1
T - - _ - _r ;
> dedy Xy bi(x)+(1 y)FZ +xy (4 2y)F3.
G_m. K
F "N v

Positivity considerations, €a€ﬁ> H =0, give

af

v

v 2
=< —_——— - =y o
0 crs o« Wz(-q i) Wi == N 0

2 2 1
My
2 1
0o «W & "2— C V' w oap +ip = g
R 152{ 4" 3 3 17273
L My N
Thus
1
> = Lp
F,2=F, F =3 | . 3"

Integrate over y:

1.
GFmNEv 1
3
1 (x)
3 v
+
XaR
b1 1 - 4
= - - = + -
where aS > F2 XF:l' aL F1 > F3,
R

4. Simple consequences of scaling:

i) Adler sum rule

© 1

fi-“i[' f—’f- R AN
(V] X

1 0

2 .2
= + +
< 413 cos” 6 3y 213) sin BC> N
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In the scaling region, the left hand side is automatically qzu
independent.

ii) Total cross sections increase linearly with E
%

GZmN v, v 1 v, v 3 v, v I
—_ D erer———— ’ -+ » 3
Cv,v - dx [a3 (x) xaL {x) XaR (x}J.

[Also <q2> e v},
Exverimentally

e-fe = 1/3(0.38+0,02 CERNY.
vy 0.35:+0,18 NAL

To understand this, set 6 = 0 and consider an isosinglet target.
From charge symmetry, get FOP = F, vn F. ve = = F, VP, or

"=(Fi"p+Fi )2 = (F, "p+F /Z—Fiv=Fi

o _.fxaL fxaR.
" ofran ey

50

=== = = —~ ~
and exp .fas 0,fxaR 0”—?35 ~ 0, ap th

12t E,>40CeV Fig, 4, _

Plot of the ratio o(v )/ o(v)

as a function of <E >, Ths

< 08p ' value of 1/3 is expécted in the

1.0 olPl =i

% 06t scattering of neutrinos and
[E) + antineutrinos by fundamental
5 0'4;_”‘{“:%—;“457*?'_7 ————— %———:— fermions such as electrons
0.2 Tyt and muons., From Benvenuti
ol e v e et al., Phys. Rev. Letters
10 20 30 40 55 30, 1084 (1973).

{E,>=2<E,> in GeV
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~ 2 F
, = oty

(Callan-Gross relation: spin 1/ 2 constituents)

a._. = 0 B o=
R means

3% " 2F,

(Maximal VA interference).

ili) y-distribution; above considerations predict y-distribution.

for v,

for wv.

y-distribution ig the inclusive v

From B, C, Barish

et al,, Phys. Rev. Letters 8, 565

2
d’s _ Cp My By S
dxdy 2
2
G_m, E
F N1 2
= FZ (x){1-v)
—— T T T T I Fig. 5.
1 process.
| (1973).
|
e _ |
r/ |
b-¢——=—r——~"T- "7~ " -3
N d “
AY
‘ |
AS
\ ‘
A |
> i
N
~ |
\\ i
\\/.—«B =
~ \
0?2 ol.4 ' '01.5 0.8 ) tl
y :En/Ev |
iv) Mean muon energy:
1/2 for v
=
<—‘2— =<1 - y>
E‘i

3/4 for v.
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This relation is flux independent,

v) Distribution in z = Xy:

This is flux, v energy independent.

5. Regge Asymptotics.

From the Regge analysis of helicity amplitudes,

2, %0
WioTa By

, 02{0) - Pomeron: af:l(O) o (0)~ 1,
VVZ“‘—* ﬁz(q ) v

2. (0} -1
W3"‘* 133(q v G = ~-1( w, ¢) a3(0):1/2.
If Regge and Bjorken limits are simultan

eously valid, B. must be
power behaved: !

and
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1Vp- ~ p N_.i_.... —
1_'2 b w WaSw o, etc,

IV, SCALING AND QUARK PARTON MODEL
1. Assumptions: Infinite momentum frame description of hadrons
in terms of almost free constituents of light mass.
i} Leptons scatter incoherently from partons.

ii} Partons are almost free: They are near their mass shell
before and after interaction.

incident scatfered

pea rton > -~ Farfan

ZP P

&

Fig. 6.
Parton kinematics. x is the fraction of longitudinal
momentum carried by parton.
2

2 z2 2
~ = 1 = + ~ . -+
0= (m t ) P (xp +q) Zxpq +q,

or

2
x = -q7/2p-q

i.e., for given q2 and v, deep inelastic scattering probes the parton
distribution with longitudinal momentum fraction x. [ References:
R. P. Feynman, "Hadron-Photon Interactions", (Benjamin, NY.,
(41972); D. H., Perkins, in Proceedings of Chicago-Batavia Conference
(1972), Vol. 4, p. 189,]

2. Structure function in the parton model,

V,;A v,;
L ~Zu.(x)ha5

B 1
1

ui(x}: probability that a parton (anti-parton) of type i be found
with X,
h _: structure function for a parton calculated in the Born

ap

approximation,
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Fig. 7
e [5 Born diagram for the parton
\‘1\ J‘rfrr structure function h _.
af
i : {
J
J” = cos Oc P YHM —-y5)n
pure V-A
PP € ppqCF parton
h =-xg +2x2 aﬁd:ix 2BpT or .
op of pra p-q anti-parton
PP p_C
= —g w +_LE_. w - i€ E—.g..._ w
p 1 2 2 aBpo 2 3
m 2
N
S0
f Ty f=2xf, = F_ ~2xF =0
2~ “Fhy T '
B 2 2 (Callan-Gross)
fz p-q wZImN 2%
f =pqow/m2=7%o2 3 21y fpartons)
3 P wgimy = +2 f1 (antipartons)
Fxperimentally F3 = -2 F1 = uz—), uﬁ, ui-: 0.

With Callan-Gross relation we can write.

2 2
2 G m._ E 1 :l {1-y) ] }
d"o F N 4
- = x F_(x)+ F_(x)
dxdy T :Liny)z L [ 1 R
v
for(_)
v

where
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F,k = z b%{ . (x),
i1

i=p, 7, \
k denotes different processes, vp, ;p, ;n, vn, ep, and en,

3. Equality: From the above linear relations follow

’ L) = F;p- F;n (not tested)

4, Sum Rules:

<5> =J’ dx[uk-ui]
0

1
<I.> :fdxi[u -u_ -u +u-j
3 2 P n n
0
4
1
<B> .= f = + + ~ - -
dx 3 [up u tu, up u uh]
0
From these
a, Adler sumrule <1 .
3 0
b. Llewellyn Smith-Gross: -f -C%" (F;’ + F;) =
1
. 2 .2
=<4B+Y(2 ~-38in 8 ) +2I_ sin & > .
c 3 c

5. Inequalities: u, = 0.

=) = 0,

ep en 5 vp vn
4 - —— .
F F2 18 (F P E > ) = pos. const {u)k +u)\

2

Experimentally
1 1
ep en 5 J‘ vp vn
+ o — +
fdx(Fz -FZ) 18 dx(FZ FZ)
0 0
ed vd

18
implying u}\z u;—\ = 0, apd T Fz {x)~ F 5 {x).

This is a test for fractionally charged quark partons.
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' Fig. 8 N

The distributiond o’ '/ dx
{arbitrary units) versus

x = Q%/2mv (the scaling
variable). For comparison, the
fit for ng(x) is shown. From

Feltx) B.C. Barish et al., Phys. Rev,
' / Letters 8, 565 (1973). See also
F. Sciulli's contribution,

0 0.5 10

6. Overall picture

un(X) vp

(1 - y)° up(X) vp

dao F N v

dxdy w : up(x) vn

{1~ y)z un(x) vn

V. SCALING AND LIGHT CONE

1. Light Cone Analysis

4 ig- o (xy Lt
Tuv(p'q):fdXequ<pl”u(%)’Jv(_}fi)]hp

> iL(t—z)—imx(t+z)
= [d"  Jdtdze m <p|l Ijp>

. . ] 2 m
Dominant contribution comes from x" = 0, becauset - z ~ 0 (v

and because of the commutativity of two currents at space-like

separation.

Wilson's operator product expansion [ K., Wilson, Phys. Rev.
179, 1499 (1969)].
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N 2R 3!
f (x) / 51 G “ynl 7 Ly (0]
L . 2
¢ number function of x

Gell-Manmn, Fritsche poshllate that leading hght con2 singularity
structure of j X) {0) same as that of the free quark model

—~ reproduce predlchons of the quark parton model, and scaling.
[ See, for example, Gross and Treiman, Phys. Rev. D4, 1059
(1974), ] -

More rigorously [see, for example, D. Gros:, 'Scaling in
Quantum Field Theory,' unpublished],

| [
(s £ -3(- Z% 5y o ox .. x®?

a 2 2 aBp, ..

1 n

+ terms coniributing to Wi’ W3

+ operators of Mtwist" > 2,

where
& =dy 8,y .. ¥, ete
@Bu, B @ B p,

sym, and traceless in of, pi, e p,n

twist = dimensions - spin

={(3+n+1) - (n+2) = 2.

Twist > 2 Operators contribute to W's asymptotically down by full

-1
powers of {(q )

Take the matmx element of ¢ and spin average:

ap. ..

.- P .
ﬁui K

. . ~
= <p| ﬁ“ﬁ”i‘” ”n( Y p>~p_pgp

The n-th term contains n+2 factors of p, Compare this to the for-
ward Compton amplitude:

r -WZ(V"QZ) n h 2
pa’pﬁjdv' T Zp pBqu) dx x '[V'WZ(v,q )

Thus
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vW_{v, q )
fdx N oo
T

n .
M2 (qz)nﬂ(__g_{) fd4x Jaaeen 2,
aq

{N)

~ 2
For free fields, C {g ) is independent of q2 = sz(v, qz) a
function only of x.

2. Interacting Fields and Renormalization Groups.

Coefficient functions 6( (q ) satisfy the renormalization group
equation

(N)i (N)i

0 2] 1 2, 2
o + o) 55 - v MiefcWia? 2 g - o,

The solution is of the form

(N)i

N (N)i, 2 -1y (8a )

(/,g)

..qdm

where g, is a root of B(g):

B(gm) = (0 apnd dﬁ(g)/dg, <0
g "8,
- : - N
and Y(N)l is the anomalous dimension of ﬂ(N)l, ( )1 =0) =0;
Increases with N (positivity of vW ) and is convex downwards
{(— 2y " asn o),

Considerf(N):l =0 - conserved energy momentum tensor
(D=4, J=2, twist 2). Gg:w has no anomalous dimensions, y@ =Q,
Now moment XN‘—""‘ spin N -+ 2 operators.

1 .

f dx VWZ = const + j !‘v

0 L 4
contribution of ®

. By

® is isoscalar =
Hv
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1 1
f dx er::p(v,qz) = va;n(v,qZ) as -q° =
0 0

or, {(with GC -~ Q)

1

vp L S T
fdx[vWZ sz ! 0
0

We need consider two cases. [ See, for example, S. Adler,
NAIL-Conf-74/39-THY] :

(1) g #0, y‘N)(gm) # 0 in general = moments go to zero as
5 1 N

(-5 %Y

W, Fig. 9

Behavior of v Wz as q2 - © as

predicted by field theories
(schematic).

vWZ will change as - q2 ~ o, (a) Near x = 41, decreases to make

higher moments go to zero; (b) If Y(2)1

const; (c) near x ~ 0 increases,

all small,area remainsg =

{2) 8y = O (Asymptotic freedom)




-19- NAL-Conf-74/50-THY

ts(ﬂ) Fig, 10,

Behavior of B{g)in asymptotically
free gauge theory of strong
interactions,

\ J

This happens in nonabelian gauge theories.

. {(N)i
N 2 2.-3a
™M @® o~ an-dh)
_q -
where a(N)1 are computable numbers, independent of g. Approach

to asymptotic logarithmic; sz behavior as -q2 — © gimilar fo

above; since a known, possible to extrapolate Wz from (x, —qz)

n)i
to (x, —q'z}. Combined with the Bloom-Gilman hypothesis, gives
bounds on e.m, form factors, For implications of asymptotic
freedom on neutrino physics, see the contribution of A, Zee.

3. Remarks

A, If exact scaling remains valid, all known field theory models
of strong interactions in trouble.

B. Parton model works at SLAC and NAY, v energies, whether
you believe in it or not--a case of Niels Bohr's horseshoe,

C. 1f scaling breaks down as field theory predicts,o0 - ¢ -0,
Adler sum rule OK, but not Llewellyn Smith-Gross, v v

VI. GAUGE THEORIES
1. Gauge Theories of Weak Interactions.

General References: :
B. W. Lee, Proceedings of Chicago-Batavia Conference,
(4972}, Vol. 4, p. 249,
5. Weinberg, Proceedings of Aix-en-Provence Conference
(1973); Rev. Modern Physics, o be published,
i) Unification of electromagnetic and weak interactions in a
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gauge theory (nonabelian),
ii) Spontaneously Broken Gauge Symmetry: masses of weak
bosons arise thru this mechanism. The symmetry breaking is

especially "soft" — The renormalizability of the unbroken gauge
theory is preserved.

In a2 renormalizable theory, bad high energy behavior of a tree
graph has to be cancelled by another, Example:

*
J w

N
‘I

Vv < W

Fig. 14,
The process v+ v == W + W™ in the conventional theory.

The EZ— » E-terms must be cancelled by one or the other of the
following graphs:

v W~ v w*
+
E
Z
¥ < 7 Wi' y W
Fig, 12

+ -
Two tree diagrams for v+ v -~ W + W that appear
in a renormalizable theory,

Because gauge theories are renormalizable, they must contain either
heavy leptons, neutral currents or both.
iii) Important Issues:
Heavy leptons
Neutral currents
Charms

Nuclear physics

2. MNeutral Current in the Weinberg-Salam Theory.
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Q=T +vy/2

3
! L-> weak hypercharge

weak isospin

1%
Example: () , T =4[22, v=-1
e

Neutral current-gauge boson coupling:

$ 3 . 3u .em .3 bl
= ATT 4 gt | -3 )BT,
EJH g J|¢ J}l

-% x "hypercharge" current
Let
3 ; .
Ap coS BW’ sin BW ZH massive
Bp -sin QW‘ cos GW AH massless vy.
Then
L e jernA}'IL +J\Hg2 -I-g‘z[j3 - Sinz 6.1 em] zt
K B W 3
with
2 2,-1/2
e=gg'lg +g') /
cOos 6 :-———-—-—g-.-—_.._
W o2 s g?
7 _ {2 ‘2,.“[3_. em _ 1 - . J
.%- gt gt NI st 0 TV SNy vy v
Fifective Local Coupling:

2, 12 -

+ - M 3,3 .2 em]

- STV Y (1 YS)VLV}J. A}‘l 2 sin GW,JH .

III:Q .

isospin rotation e.m. current

— charged current

In the original construction of Weinberg and Salam, a particularly
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simple symmetry breaking mechanism was used, leading to the

relation
m 2 2 2 2 2 2
t !
2 .gig  oeltg” | g
2 2 mz 2
w & Z - Ty
In general, however, there need not be any relation between mw
and m,. Parameterize the strength of Z exchange by one
parameter x:
P 2 2
g +g  —8
2 2
m, My
GF B 3 3 2 em
- -A7 - 2si .
S X VY (1 YS)V[Vp p sin BWJH ]

3. ‘Tests of the WS Theory in Hadronic Reactions,

While the properties of neutral current ought to be studied in the
most general context, we will consider parameterizing neutral
current effects a'la Weinberg-Salam theory,

i) Inclusive Reactions: Define

v v Vv -

R =0 “+N—>“+B/o'”+N-+“++B .
Y v v v M
y " B "

(A) The hadronic neutral current is in the quark language
(with ec =0

p v, (a(i-YS) + b(‘l+v5)] P

+n YH[ c(i—y5) + d(i-ws)] n,

where

@
n

i

1/ 2 - (2/3)sin2 BW’ b -*(2/3)531112 8

W

¢
il

.2 L2
-1/2 +(1/3) 8in BW,b (1/3) sin ow.

1 . 2 20 4
= = - + = i
Rv > sin GW > 5in Bw,
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1 . 2 20 4
- T — am Ji \_, . .
R Iy > sin & W *——9 sin 6 W

[ A. De Rujula et al., Revs. Mod, Phys., to be published, ]
{(B) Assuming scaling in electroproduction,
= L5602 }2.
. Rv 2{1 2 sin BW\E ;

Assuming scaling both in eN and vN (vN)

R,z R{Z e gty

v 213 3
where
Gr2 4 : elN -
t== tm E f ax FUx)/o (v +N =} + B),
0
Using

1

elN -
deFZ (x} =~ 0.14, U(V}J"'“N”"H + B)
0

2
G
- mNEi' 0.52,

one gets t = 0, 34,
Take t = 1/3, One gets

R =%—- {1 +x +x2),

v

ISSRE

1 2
Rv—z{i X +x7),

[ Pais and Treiman, Phys. Rev. Db, 2700 (1972); Paschos and
Wofenstein, Phys. Rev. D7, 91 (1973)],

ii) Exclusive Reactions

(A) Elastict Theory predicts

0.15 = o(v+p ~v+p)olv +n—~p+p)
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‘ ' Fig., 13.
sin 8 "' T Comparison of theory and
// / ] experiment for processes
alve Quork’ — | (v, v) + N = {v+ 1) + anything.
nberg — Fr'om A. De Hujula et al. >
Model- 1! Revs. Mod, Phys., to be
/ _ published,
1.0 y Allowed 4
; Region !
R ¥ .7 al
TR //" ' sl
- \\ ‘9/ -
-\ Y -
‘ \ -54 s:nzaw-o :
Sk S ~
| \\ /,,‘\’ 3 2 ! l
" \ e T i
Corrected®, \ /
"Gorgameile \ .
_Point \ \ -y
| \. H l \\ [ ‘
0 B 2 3 4 5 f
Ry |

< 0.25 for sin® 6= 1/2
Sxperiment (Gargamelle) gives 0,12 = 0, 06

{B) A Production. Define

o(v +p~— v tp+w®)+o(v +n~—v +n+1we)
M 2! 4 [

20’(11”+n ""p.f +p +tw°)

A dominance gives RZ 0,.4~0, 5 for sin’ 0w < 1/ 3.

Refined theory (Adler, Nussinov, and Paschos, Phys. Rev. D,
to be published) gives

2 .
sin 0w 4 only +1=14/2 +icharge exch. in Al

0. 56 0.40 0,23
0.33 0.18

[ ]
W W
o
M
c~




-25- NAL-Conf-74/50~-THY

Experiment (W. Lee-Columbia) gives R < 0,14 (90% CL). [W. Lee,
Phys, Letters 408, 423 (1972)].

4. Tests of the WS Theory in Leptonic Processes.

.G 2« - -
H“?('L’e eV) = r\fZ VPY (1 YEJ)V[J- eYQ(gV gAYS)e

- -
+ - -
Ve ¥ (1 YE)ve eya(GV GAY5)8
where Ga 1+ g,
Gy = 1+ gy
L-’ neutral current
charge current
€ —> —A LA Y
w- Z
% —> e e —> >—
Fig, 14

Tree diagrams for v+e —~ v + e,

1 2
= - — 3
gy { >+ 2 sin GWJX

(A) oy +e—1v +e) = C 1074 o2 (E_/GeV).

C =0.54 in standard V-A
=0,136~ 2,86 in WS

Gurr, Reines and Sobel, Phys. Rev. Letters 28, 1406 (1972}
find

o= 3 O v-A (90% cL.),
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(B) Gargamelle had 370,000 pix each for Vp and v

W
WS background (est) observed

v 0.6 ~ 6,0 0.3 0,2 0

v

v 0.4~ 8,0 0,03 + 0.02 1

[J.

[F.J. Hassert et al., Phys, Letters 46B, 124 (1973)] .

Fig. 15. }
Various limits on B and gy imposed on by (v, v} + e

elastic scattering, From A. De Rujula et al,, Revs.
Mod. Phys. to be published,

Neutral Current in Nuclear Physics.

i) Nuclear coherent scattering of neutrinos,
Measures the strength of vector current, i, e,,

2
< -_ i = 1 N -
13 2 sin 9W Q> ain W-8,

< 300 MeV/c) on 12(3

.

a{400 MeV/c <qg .
recoil
= az - 13,6 x 'ilOH?’9 c:nlz, Ev > 1 GeV

39 2

=al. 44,2 % 10° cm®, E_ = 200 MeV
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[ D, Z. Freedman, Phys. Rev. D, to be published. ] Also astro-
physical implications!

ii) G.T. transitions by K lTow, Donnelly et al,, SLAC-
Stanford preprint (1973). ]

x -
. LI &
"L ( Z, z)

' NS

0,478 MeV
14 (7, 7) electron wpfure
- 7 -
(3 1) Be (%, 7)
4+— P
isodaublet

Fig, 16 _ ,
Schematics of the reaction (v, v} + Lj — (v, v) + Li
~ 11 +y.

;e/cmzlsec), 4y's/day/ Kg7Li are

WOAN’Y

expected,
¥ -
TE(2, )
ﬁ de.ca)/

At Savannah River (2 x 101

A
7(93%
E (2 %)
0.,/97 MeV
37 n sec 'e
TE(hRT )

g, 17
Schematics of (v, v) + F = (v,v) + F and subgequent decays

Delayed 2y coincidence gives a unijue signature!
[ Bilenky and Dadajan, Dubna

iii) Giant dipole excitation,
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-3
preprint (1973). ] (Vg and A7)

2 2
Z {4 ~ 2 s}
o ( in BW)

o (V3 contribution),
vV 0 0

where 00 tan be estimated from photoabsorption cross section.,

G, 0na typical nucleus,

30 MeV 50 - 100

10742 10 (41~ 40) 1073? em?



