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Decay of a single particle state

.
bo— i+ ot .+, o

_ 2 2
oy =yfpi+m b P
Momentum conservation: po=p{+ P, +...+ P,

Energy conservation: Wy=w;+w,+ ...+ o,
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As |i) and ‘f) are asymptotic free states
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Simple toy model
A | = ggb)(z

We are interested in the process ¢ — 2y

We assume that ¢ has an initial free asymptotic state
with momentum p’

my — Mass of the scalar field ¢

m, — Mass of the scalar field ¥

w7=\/k2+m§ Q7=\/k2+m)?



we define €7 = Q? + Q?_? — Wy

TwWO scenarios:

() ¢ is a one particle state
() ¢ is highly occupied

Two opposite cases:
(1) massive ¢ and massless ¥
(2) massless ¢ and massive ¥



Scenario (l)

Here final states are asymptotically free, soQ- and Qﬁ,_?
are the energies of the final states

ig(2m)'0" \ Py — K, — q, e~ =0 is required
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Case (1) €3 can be zero
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In the rest frame of the 1 My — &
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decaying particle o) Tt

Case (2) ¢ can never be zero
Fyzy=0



Scenario (ll)

b = V2 {p) o <_, _ ) (p) —. time averaged

p-x -yl energy density
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We assume the decaying field to be highly occupied
and we are not considering back reactions on it
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Rotating wave approximation (RWA)

x7(0) = agp(t) e™!
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If a- variates much slower than =%z’
R(t) can be neglected, so a". a— is interpreted as

k
the particle number density
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Processes with ¢ < Q- are excited



t >~ () b5 < X7t X5 T

€p = e? (')ta? = — iO'%> a’ _ e*r!
k p—k

25? ST

: € o~
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RWA is valid for |s| < {Qp, Q. ]

Instability condition: S must be real



We define dimensionless parameters
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RWA is valid for |- | < {/—=. f~_=

Instability condition: 777 must be real



Case (1)

—

we choose Vv =0

Instability condition: 112—a<k<1/2+a
2
T8 o) <k< a2 +
2 m(%

€7=2k—m¢ it is O for k=m¢/2

What about energy conservation?




We go back to the hamiltonian

H = ’k Q—a’ R
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Case (2)

v =1

For =0 and a = 107"
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For yu=+a/2 and =107
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For 1< 1 and 0«1
p(m; + k*6°)
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limits of the instability for 6 =0
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Instability condition: u<+a * (p) > —
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in case (2) the quantity (p)/p? is Lorentz invariant



The RWA was used

to find the instability in

a frame where p > m,

What about a frame where p <m, ?
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again, the instability occurs for
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when the modes ; and 7 — k& are occupied
Case (1)

the others e(_]? are still big,

so there are no other processes involved

Case (2)
3) . 2
6%) IS as small as 6%)

¢? TX kK+np - k+(n+D)p _
they gradually become important
O5 X5 = X))y 5-%
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Spontaneous decay rate
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Case (1) ry =
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Case (2) %= 8 (u/a)
1 W T x?
F(x) =— dx | — — arcsin
T Jy ) 2 2\/](‘(1 — K)
F(z) g0.4
S punfa 2
(D = s
b2

uNa



Thanks for your attention



