Elementary Particle Physics: Assignment # 11 (two pages)

Due Thursday April 21

1 Assume that the vertex for the coupling of a X spin 1 boson to a pair
of massless fermions f; and f; is_—ig)w“%(gv — gay’). Compute the
Feynman amplitude for X — f;fy , its square average and show that
the decay width
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Use this to obtain the analytical expressions of I'|Z — eTe™], I'[Z —
vo], T[Z — hadrons|,['w[Z], TW* — e*v,], T[W*+ — hadrons],
[iot[W]. (neglect the mass of all fermions and remember that my,, =
174 so it cannot be produced in the decay of the Z of the W). Evaluate
them numerically using G = 1.16 x 107° GeV~2 My = 80.4 GeV,
My = 91.2 GeV, sin?6fy, = 0.22. Compare with the results in PDB
and comment on the comparison.

2 Rewrite the standard model electroweak lagrangian for the 1st genera-

tion:
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gauge) in terms of the physical states

Wi = %(W;} FiW?), ZF=cosf,W}—sinf,B",
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In particular:

(2.1) show that if the field A* corresponds to the photon then tanf,, =
Yo b= Lt L

(2.2) Obtain the expressions for the masses of all the particles and in
particular show
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(2.3) If we write the terms of the coupling of the Z° to any of the
fermions as
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with g, = g/ cosf,, obtain gi,, ¢/, Ly and Ry for f = u,d, e and
v.

(3.1) Show that if the SM contained several Higgs multiplets with weak
isospins 7; and hypercharges Y; whose neutral states adquire a vev
v;, then the p parameter
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(where we have used that in our notation @ =Y + T5)

(3.2) Assume that the SM contains a doublet with vev v,, and another scalar
field with weak isospin T" and hypercharge Y and vev v, show what
bounds can be derived on the ratios of the vevs if we know that the p
parameter has been meassured to be 0.01 > p —1 > —0.03. (For your
amusement you can check Phys.Lett.B232:383,1989).



