P424 Assignment 8
Due Thursday, Apr. 2

1 The matrix element for the decay H — {[ of the Higgs boson H 1o a lermion
(quark or lepton) { and its antiparticle [ s

M, = Jw"”u{p;rt'{p;l
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where gw i the weak decay constant. myw 15 the mass of the “-""_humn. my is the
mass of the fermion {. and ps and py are the &-momenta of { and . respectively.

In the rest frame of the Higgs boson, with the fermion sravelling in the
+ ¢ direction, show that w(ps)v(ps) (i.j = 1,2} is non-zero for only two of the
four possible combinations and interpret this result,

Ciiven that the decay rate is
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where p* is the centre of mass momentum of either final state particle, show that
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where N, is the number of colour degrees of freedom of the formion I

List all possible decays of the type H — {T for a Higgs mass myg = 100 GeV.
MNeglecting the (small) contributions from other wypes of decay, and taking suitable
approximate values for formion masses where needed, estimate the total width and
lifetime of & Higgs boson of this mass, and the three largest branching ratios vo (T
final states.

Draw a leading order Feynman diagram for the Higgs boson preduction
process @ e~ HZ® and describe the various tvpes of final state which result onece
the H and Z° bosons have decayved. Explain how events of this iype can be
identified and distingulshed from events due vo non-Higegs background processes,
indicating the detection tochninues which are important in this respect.

Summarise the current experimental knowledge of the Higgs boson mass,
both from direct searches for Higgs boson production and from indirect
approaches.

State the Higgs boson decay modes which are expecied to be of importance
for the experimental detoction of Higgs bosons at future hadron colliders, and
draw a Fevoman diagram illustrating a possible Higgs bosen production
mechanism at such a machine.

You may require the following information:
Gr = 1166 = 10 *GeV %, Gp/v2 = o3 [8mi.
Tom 6582 x 107" GeVs.



2. In the CHOOZ experiment, a neutrino detector was positioned a distance L = 1km from a nuclear
reactor emitting neutrinos (actually antineutrinos) of mean energy E = 3MeV. The number of
neutrino interactions observed was consistent with the number expected assuming no neutrino oscil-
lations, giving the result P, — w.) = 1.01 £ 0.04.

a) Show that neutrino oscillations associated with the (solar) mass-squared difference |Am?,| =~
7 x 107" €V~ can be neglected for the CHOOZ experiment, and that

P[J’ft. —* J'f.'.:| =]l — 511’12 2{"];1 55]12 ﬂz;j
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b) In the limit |Am3, = (E/L), explain why a given measurement, P, of the survival probability
P(v, — 1) determines the neutrino mixing to be sin” 26,3 = 2(1 — P).

c) In the limit |Am3,| < (E/L), show that a given measurement, PP, of the survival probability
P(v. — 1) determines the neutrino mixing to be sin” 26,3 o 1/(Am32,)%, with constant of propor-
tionality {1 — P){4E/L)*.

d) The null result from the CHOOZ experiment, P(F. — T.) = 1.01 £ 0.04, can be used to exclude a
region of the (sin” 26,3, Am2,) parameter space. This is conventionally presented as the region which
can be excluded at “90% Confidence Level”, which for the CHOOZ measurement encompasses all
values of {sin” 26,3, Am3,) which would give a survival probability P{r. — w.) < 0.92 (which is
ahout twice the rms precision of the measurement below unity: P < 1 — 2 x 0.04). In the plot
overleaf, published by CHOOZ, the curves correspond approximately to the contour P = (.92 and
the excluded region lies above and to the right of the curves. [The two similar curves correspond to
slightly different statistical approaches to the analysis of the data.]

Use the results derived above to justify approximately the shape and position of the exclusion contour
in the regions close to the intercepts with the upper horizontal and right-hand vertical axes. Give a
qualitative explanation of the shape of the remainder of the contour.

Evaluate the survival probability {1, — 1) for some representative points lying on either side of
the contour, specifically for {(sin” 28,3, Am3;) = (0.5,5 x 107" eV*) and (0.5, 5 x 107 eV*).
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e) Experiments studying atmospheric neutrino oscillations indicate a mass-squared splitting in the
range |Am3,| =2 -3 x 107* eV*. What constraint can now be placed on the angle 65 ?



