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1. (10 points)
7 +d N on + 7

Consider angular momentum and parity of the initial and final states:

For 7~ absorbed at rest, ¢ (7~ d system) = 0
J =1 (spin of deuteron = 1
spin of 77 = 0)

Pion has negative, or odd, intrinsic parity, so
parity of initial state is negative.

In final state, must have J = 1, but two neutrons cannot be in the 3S;(¢ = 0) state because
of the Pauli principle. The next lowest energy state is the *P;(¢ = 1). This state has negative
parity, which when combined with the negative intrinsic parity of the 7°, gives positive parity
for the final state. Hence, the reaction does not occur.

If the 7~ has appreciable kinetic energy, then the 7~d system could be in a relative ¢ =1
state, with parity (—)(—) = (+), so the reaction can occur.



2. (15 points)
with k* = 2m(V + E)/R?

uy = Asinkr r<a
ug = Ce™ ™" r>=a K? = —2mE/h?
a)
Continuity: u(0) = Asinka = Ce™"™ (1)

d

i =kAcoska = —rCe "™

dr r=a

= kcotka = —k (2)
0o 2 .
Normalization: u(r) P2dp — (angular part of wavefunction
Lo r already normalized to 1)

Az/ sin? krdr + 02/ e 2 rdr =1
0 a
a sin2ka| C?

AQ “ = ,72ka 1
{2 1k } 2%

2 cot 1
Use (1), (2) and the trigonometric identities | sin2z = Lﬁ, sinx = ——— |.
1+ cot“x 1+ cotx
Skipping few lines of algebra,
A? K k*/k 2k \'/?
2 |:a+k2+/€2+k2+/€2:| 7 (1+/<;a)

and from (1)

9 1/2
C = (1 +'% ) sin kae™
KaQ

> C? sin? ka
— 02 —2/@rd — — ,2Kka _
/ /a ‘ " 2/@6 1+ ka

E=—-FEg=-223MeV — k=0.232fm!
V =35MeV  — k=0.889fm!

_ sin%(0.889 x 1.7) _ (lazge)

/= 1+ (0.232)(1.7)




3. (10 points)

a)le’cx:é — E:—taun(ﬁ/m) — x=—tanbxr with b= ka
K K K

b) b = (0.232)2 = 0.464 (see Problem 2)
Graphical solution: we know bx > g, so don’t have to plot starting at z = 0

7 — y = — tan(bx) —

Intersection at x = 3.93
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+223=Vy, — Vy=236.TMeV



4. (10 points)
The tensor force term is

L N /1y 1 1
In orientation (2) ;Td S =3 <§) <§> 173

to
a) So V@-VQ@ = 3Vr(rq) = % -20 = 15MeV

b) In orientation (2), the force is attractive (think of the analogy with two magnetic dipole);
in (D, it is repulsive. Therefore (2) is the real deuteron ground state orientation.

c¢) This is consistent with the prolate (“cigar-shaped”) charge distribution deduced from the
positive quadrupole momentum.



