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| U(1) effective lagrangian ) Why is the sky blue?
Consider a l]mry with a complex sealar field p with a [7(1) global _
symmetry @ — ' = exp (i) . The lagrangian will be Write some examples of gange invariant effective Lagrangians for the scattern
L=d'do+ wlote — At e)? ot light off of a neutral object. Use these to calculate the frequency dependence
light scattered from molecules in the sky — showing that the sky is blue.
a) Minimize the potential to find the ground state and write ont the
lagrangian in the basis For more detail about this calenlation, see Barry R. Holstein, Blue skies and
1 gffective interactions, American Journal of Phvsics. 67,422 (1999)

¢ = —=(v+pi(x) +ipa(r))

Show that 09 is the Goldstone boson.

b} Use this lagrangian to caleulate the low-energy scattering of ¢ + 752 ~_ . 4B

@2 —+ w2 +ia. Show that despite the non-derivitive interactions of the ‘P—L L 4 'ﬁ?

lagrangian, cancelations ocour such that leading scattermg amplitude el ~ Z’ /é
4

starts at order p*. 4/‘)/

¢} Instead of the basis above express the lagrangian using an exponen- h(’/

tial hasis

| bt id S

o= 1 I:'l‘ n (IJII.L}}E?-"":TI"'I? . K - m/ /V\ "JL /Q,
V2

Show that in this basis a ‘shift symmetry’ ¥ — v + ¢ is manifest. \>Z >
d) Calculate the same scattering amplitude nsing this basis and show - /W — - WW
that the results agree. Note that the fact that the amplitude is of
order p* is more readily apparent in this basis.
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Table VII 1. Renormalized coethicients in
the chiral lagrangian £, given in units of
103 and evaluated at renormalization

point 1 = m, [BiJ 12].
=2 [Meag.

Coefficient Value Origin

L] 1.124+0.20 7 scattering
L 2.23+0.40 and

Ly —3.98+0.50 Ky decay
L 1.50 £1.01 Fx/F;:
Lt 1.21 +£0.08 Fy /F,

Ly 1.17 +0.95 Fx/F;
Lt —0.36 = 0.18 meson masses
L 0.624+0.16 Fx/F;
Ly 7.0+0.2 rare pion
Ly, —5.6+0.2 decays

“Determined only with the additional assump-
tion of n-n" mixing.

bVanishes in the N. — oo limit.
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Table VII-3. Chiral predictions and data in the radiative complex

of transitions.

Reaction Quantity Theory  Experiment
¥ ar (r2) (fm?) 0.45% 0.45 +0.01
v— KTK~ (r) (fm®) 0.45 0.31£0.03
Tt — etr.y hy (m; 1) 0.027  0.0254 +0.0017
ha/hy 0.441*  0.441 £ 0.004
KT = ety (hv +ha)(mzg") 0.136  0.133 £0.008
Tt = eTveTem ra/hy 2.6 22403
Yt — T (ap + Bar)(10~4m) 0 0.17 £0.02
(ap — Bar) (10~%m) 5.6 13.6 £2.8
K — metr, E=F_(0)/f+(0) -0.13  —=0.17+0.02
AL (fm?) 0.067  0.0605 + 0.001
Ao (fm?) 0.040  0.0400 + 0.002

%Used as input.

Table VII-4. The pion scattering lengths and slopes.

Experimental

Lowest Order®

First Two Orders®

1
by

0
(5

2
5

0.220 £ 0.005
0.25 £0.03
—0.044 £ 0.001
—0.082 £ 0.008
0.038 £ 0.002

(17 £3) x 10~
(1.3+3) x 10~

—0.045
—0.089
0.030

0.20
0.26
—0.041
—0.070
0.036
0.043
20 x 10~*

3.5 x 10~*

?Predictions of chiral symmetry.
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