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This document lacks answers for certain questions. Would you like to help us complete them?
If yes, Please send your suggested answers to nus.physoc@gmail.com. Thanks! ©

Question 1 (a)
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Question 1 (b)

Electron-positron annihilation process in CM frame into three photons:
et+e " sy+y+y

1 2 3 4 5

In CM frame, E; = E, = /mZc* + |p1|2c? = E; (say). When all 3 final photons have the same
energy, we have:

E; = |pslc = ey = |pslc = E5 = |Ps|c = (say)Er = |ﬁf|c

Conservation of total energy then requires: 2E; = 3Ey.

Writing down the four-momentum of each particle:

e (E)s (o). - () e (20): ()
1= C'plf 2 — C’ P} 3 Cﬂp3l 4 — Crp4l 5 — C’ps

From the conservation of 4-momentum, we have:
P1+P2 =P3+P4+P5

Taking the dot product of itself on both sides:
2

2.2 2 E_l 22 | — . . .
mscc +mg; + 2 c2+p1 =2(P; P, +P;-Ps+P,-Ps)
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X E} E} —m2c* Ef L
2mg + 2 =zt = — —6——2103 (Ps + Ds) — 2P4 " Ds

c2
2 2 2

4E—i—8E—f— EfcosH (v Py + Ps = —D3)
2 T2 2 45 (V" Ps T Ps = —P3

where 6,5 is the angle between photon 4 and photon 5.

Since 2E; = 3E, this simplifies to:

€c0s O,5 = =7, i.e.0,5 = 120°.

Similarly, we have:

E? E2
- > - > S f _ f
B3 Ps = —(Ba +Ps) " Ps = ——5 (CosOys + 1) = — o
cos O35 :p3E;f2p5C2 =7

Same thing for 6;,.

Hence 034 = 935 = 04_5 = 1200 (QED)

Question 1 (¢)
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Question 2 (a)
(i) First find all isospin combinations for all pr initial states and for all XK final states.
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By observation, there are only five such processes pmr — £K compatible with isospin
conservation and charge conservation:

A nt+p->3t+k*

B.m%+p->320+kt

C.n%+p->3Zt+k°

D.n-+p->X +«k*

E.m +p->20+k°

(ii) The total isospin can be % or % So there are just two distinct amplitudes here:

M;, forl = E, and My, for I = 1.
2 2

MA:M3
2 1
MB=§M3 +§M1
VI 2
Me =My == M,
M _11\/1 +2M
V2 V2
MEz?M _?Ml

The cross sections, then, stand in the ratio

2 1 2 2 2 1 2 2 2
O-A: O-B:O-C: O—D: O—E = |M3| §|2M3 + M1| : §|M3 - M1| 16 |M3 + 2M1| :§|M3 —_ M1|
When I = %channel dominates, M; > M;, and hence

2 4 2 2 2 1 2 2 2
04:0g:00:0p: 0 = |Mg)| :§|M3| :§|M3| :§|M3| :§|M3| =9:4:2:1:2

Question 2 (b) (i)
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Question 3 (a)
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Question 3 (b)
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Question 3 (c)

Question 4 (a)
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Question 4 (b)
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Question 4 (c)

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