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Question 1 (a)
Let the momenta of the two photons be p; and p,. For zero-mass photons, E; = |p;|c and

= |p2lc.
> = S 2 ElEZ cos B
Py P2 = |p1lIp2| cos B = c—2

Total 4-momentum of the photon pair = (@, Py + ﬁz)

Invariant mass of final state is

M2e? = (E, + E,)? Gt = 2E,E;(1 — cos @)
c? c?
4E.F 7]
2 1+~2 . 27
v sin >

Question 1 (b)

Conservation of energy: E = E; + E,. Let
, 0 m?c*

f(6) =sin®3 T 2E,(E - E)

Treat E; as variable and minimize f. Easy to show that f has a minimum at E; = —

2
. Hmin mc

Hence sin = —

2 E

But 4 > —C 2 < Esin—
= .
u sm2 > mc* < sm2
With E = 10GeV and 6 = 2°, mc? < 174.5MeV.

Hence the particle can only be a 7° meson, and cannot be a 7 meson.

Question 1 (c)
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Question 1 (d)
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Question 2 (a)

[ 1) [ o)

| 0 | 1
So u(1)=N| CPz | & u® =N\ ¢(p, —i
E + mc? —gox pg’)
. + mc
c(px + ipy) —cp,
E + mc? E + mc?

. , : . : . =P
are solutions, N some constant. Need to find solutions which are eigenspinors of “77. These are

u® and u. Let u® = M(au® + bu®@), M some constant. Then we require that:

>p
ﬁu(i) = +u® tofinda &b. Now
Dz px_ipy (—)> \
E'ﬁ:i<5'ﬁ O)zilpx+ipy —D; | so
BN g5 1B < b peiny |
Px T 1Dy —Pz
(o ¥in,
.7 +i
2P o NPTy
S U S C|p|2
D] Dl
E + mc?
0
/px_ipy\
T3 N| -p.

Recap: We need
-p
|ﬁ|p (au® + bu®@) = +(au® + pu?)
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) o V)

N [ px tipy N[ -»p; Cg )
| e | TOE| 0| |TE N gm0V claminy)
E + mc? clp|? : E + mc2
0 E + mc? \M/ _ =P, _
E + mc? E + mc?
7 > [ap, + b(ps — ip,)]
a
1
7l + ipy) — bp.] b
=+| acp, + bc(px - lpy)
ac|p| E + mc?
E + mc? , me
be|p| ac(px + pr) — bep,
Fo R E + mc?

E + mc?
= b(px - ipy) = a(ilﬁl - pz) & a(px + ipy) = b(ilﬁl + pz)

If we choose a = +|p| + p,, thenb = p, + ipy! So
/ +|p| + p, \
| Px t Py |

) =
u'H =M
| E+|I:rllc2(|p| +p2) |

P o, +ipy)

2 2
U ) — 2[(+13 2 2 211 |p|
Now ut)"uC® = [M[(£15] +p,) +px+py][ ] -

M| E + mc?
= = = -
2|plc(lpl £ p2)

/ +1pl + p,
J Prme | Pty

_

Cu® =

Y y Cc
2|ple(lpl £ p2) E+|f,|wz(lpl +p,) |

\e 7L o, 41,

Question 2 (b) (i)
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Question 2 (13) (ii?ﬂ ) - B B N
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Question 2 (b) (iii)
To prove that y#y"yly"y“ = =2y%yty".
Y Yy evE = vy v (2go* = vy ©)
= 2vv'rt = vy’ (vt - 29*)y°
= 2y7yy 4+ 2r Yy v (v + 29"y My
— Zyayvy/l + 2)/)‘]/1’)/0 _ 4)/1/]/)“]/0 + Zyvylyo
— zyayvy/l _ Zycrg)lv
— Zya(yvyﬂ _ glv)
— _zyaylyv

Question 3 (a) (i)

33 11
|E E) can only come from |1 1) > 5)

There are hence only two decay modes:
(a) At 5>t + KT
b AT sp+nt

Question 3 (a) (ii)

13 3 1 1
A== =lb-bjg =3
The 2 decay modes:
A"->m"+n
A~ >3 +K°
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Question 3 (b)
heyho>- Blrzoy-JSlooy =1t

'IJ 1= 7 J"l)o>+fl|o>+f|oo>
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Question 3 (¢)
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Question 3 (d)
The intrinsic parity of neutrino is —1. Neutrino is an eigenstates of parity.

Question 3 (e)

() ACuds) » p*+e +7v, (in->p*+e +7,

Ve

o
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Rate(i) < sin? 6,, Rate(ii) « cos? 8,
Rate(i) 1
~tan’ 0, = —

Rate(ii) = " 7e T 20
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Question 4 (a)
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Question 4 (b)

Applying Feynman rules to 1st diagram,

(27T)4 6#(2) Iu(‘l)(lge)/ )(d—)

—2 (1gey") u(l) €,(3)8*(p1 — 3 — 6*(p2 + q —ps) d*q

= ~@m)*6* (1 + 72~ P2 = D) p:)g;_ — €AY G — s+ me) Y u(De(3)
My = pjf — WDV O — s+ me) Y u(De; (3)
Similarly,
=7 p‘? — o AW ) W + o + MmO (2) u(D)
M=M, +M,
Question 4 (c)

(1M, 2 )— n Z [(Pl o )2 " 2] [2(4)¢(2)(# — ¥ + mc)e” (3) (D] [u(H)d(2) (@ — ¥s + mo)g” (3) u(D]”

slsss

Now,

[ut @y e, (W — ¥s + my e 3) u(D)]'

= ut (e, By (] — ¥ + mc)e; )y 1y tu4)

= a(Dy°y e, 3y °(#] — #3 + mc)yPe; (2)y v tyOtu(4)
= 2(1)¢(3) (P — ¥ + me)d* (2)u(4)

Next do the s4, s, spin summation:

Z u(9)d2) (@ — ps + me)¢* (3) u(1)u(1)d3) (@ — ¥s + me)d*(2)u(4)

S1S4

=Tr[¢(2)(#: — ¥s + mc)¢*(3) (P, + mc)¢(3) (W1 — ¥s + mc)d*(2) (P4 + mo)]

Now do the s,, s3 summation:
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Trly*(# — #s + mo)y” (¢ + m)y*(#y — ¥s + me)y* (s + mo)]

5283

Y= lz FOCTOPPNROETE

gé
(p1 — p3)? —m?2c?

1 2
~A(IMy1?) = Z[ ] QuaQu Tr [y (B — ¥ + mO)y” (1 + mo)y (B — #5 + me)y* (B + mo)|

Question 4 (d)

w1 gé gé _ 3 . o
WM =5 ), Gy~ oy gyt — s U@~ + MO () uDIEAS @ +3y + mIe(3) )
D =Trie@ @ — s + M (3) G + MmO @+ + M) Wy +mO)]
51,54

ge

1
<M1M2> - Z [(pl - p3)2 - mZCZ] [(pl + pZ)Z - mZCZ]

quQ/lvTT[}’u(m — s + mO)yY (1 + mOy (B + ¥, + my* (e + mc)]

Question 4 (e)
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Solutions provided by:
Prof. Teo Kien Boon (Questions 1a-b, 2a, 2b(iii), 3a(i), 3e, 4)
Bong Kok Wei (Questions 1c-d, 2b(i)-(ii), 3a(ii)-d)
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