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1. (10 points) vy @ . 0

a) With c =1, E =m, = p+ \/p> + m?.
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incorrect)

=128 x107*

in agreement with experiment



2. (15 points)

As discussed in class, the way you do DIS on a nucleon (neutron and proton) is to use an

isoscalar target, such as the deuteron.

For neutrino scattering (interactions only with negatively charged quarks), we can write

dP(z) + d*(x)

Then,
dQU(VuN — u~X)
dxdy

Similarly,
dQU(ﬂMN — putX)
dxdy

(@) + u(x) = Q(a)
aP(z) +u"(z) = u(z) + d(z)

Q(x).

=C-z-[Q(x)+(1—y)*Qx)].

=C-z-[Q(x) + (1 -9)*Q(x)]

The interactions with s or 5 are suppressed by the Cabibbo angle factor. We can ignore

heavy quarks in the sea such as c¢ or bb.

C' represents all the constants and factors common to v and 7 scattering: Eq(10.30)

1
a) Let P = / zQ(z)dz = the quark momentum content.
0

1
P = / rQ(z)dz = the antiquark momentum content.
0

Integrating over y (from 0 to 1):
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For neutrinos,

For antineutrinos,

For neutrinos,

For antineutrinos,

So, with P/P = 0.2,
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3. (10 points) Neglecting scattering from antiquarks,

5CC(, 2 B 2
) _ G510 4 (1 - y2q) = £29

dy o 2m
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SR 0 a-wr - - v
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These are the cross sections per nucleon for isoscalar targets:

Q= /:vQ(x)d:v = /m [u(z) + d(z)] dx
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4. (10 points)
a) Neutral-current cross section for neutron-electron scattering:

do  2G*mE
- n 97 + 92(1 —y)?]

To obtain total cross section for neutrino energy FE, integrate over y from 0 to 1.
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c)

cv = gL, + gr = 0 for purely axial-vector coupling.

1 1
For pee scattering, (sin? Ow)? — 5 + (sin?Ow)?> =0 —  (sin?fw)? = 1= 0.250



5. (15 points)
a) Assume neutrino mass eigenstates v; and v, which are linear combinations of the weak-
interaction eigenstates v, and v,:
V= Vecost + v,sind
Vg = —Vesinf + v, cost
The mass eigenstates will propagate according to:
vi(t) = v, (0)e "Frt
vo(t) = 1,(0)e B2 setting h = 1
At time ¢ = 0, assume 1,(0) = 1 and v,(0) = 0.

So 11(0) = cosf and 1,(0) = —sin 6.
Writing v,(t) in terms of v;(t) and v»(?),

v,(t) = v1(t) sin@ + vs(t) cos 6

—iEt —iEzt)

= Cosesinﬁ(e e

Intensity = |yu(t)|2 = cos?0sin? 0 {2 _ [ei(Ez—El)t _ e—z‘(Ez—El)t] }

= 2cos*0sin? 0 (1 — cos (Ey — E1)t)

Ey — Eyt
= 4 cos? § sin? f sin” M
Ey — Eyt
= sin” 20 sin® 7( 2 )
2
Now
2.3
Ei:pc—l—méc i=1,2
P (momentum conserved: p constant)
So
P (m3 —mi)c® _ AmPc?
2 1 2 =2
, 14
And since t = —,
c
(B — Bt Am?-L-c  (AmPc')l 1.271Am*L
2h B 4ph "~ A(pe)(he)  pc
T with Am?c? in eV?
put back in! ¢ in meters
(pc) in MeV
So
1.27Am?¢
P = |v,(t)]” = sin? 20 sin? <l) .
pe



b) Oscillation length L is defined by setting phase in

Ey — F
cos( 2h 1)t:27r

Am?c3 L
-— =27
2ph c
(pc)(hc)
= [, =4rx N
29
~T2TAm?

For Am? = 1.5 x 1074(eV/c?)?

(note that Eq. (10.26) is incorrect)

L = 1.65 x 10* (pc)

So

for pc = 0.4MeV, L= 6.6 x 10°m = 6.6km
pe=09MeV, L =149 x 10*m ~ 15km

1
pc= 14MeV, L= 2.3 x 10°m ~ 10 radius of earth



