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Approximate rates

® There are many measurements of heavy quark
production. Theoretical predictions are shown below.

® Note high rate of hadron machines for b-quarks.

Process V'8 | GeV] | Cross section | 055/0¢0t
N — cc 25 20 ub 0.1%
pN — cc 38 40 pb 0.1%
YN — cc 19 0.7 ub 0.4%
pp — bb 40 20 nb 10°
pp — bb 1960 30 ub 0.05%
pp — bb 14000 300 pb 0.5%
ete™ — bb 10.48 1 nb 25%
ete™ — bb 01 7 nb 15%
pp — tt 1960 6 pb 1010
pp — tt 14000 800 pb 10—®
ete” — tt 500 500 fb 5%
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Beauty production — eTe™ vs. pp

A large sample of b quarks is needed to observe CP
violation in the decays of hadrons containing b quarks
and to measure B, — B4 mixing.

At the Fermilab Tevatron running at a luminosity of
2 x 1031 cm~2s~ 1, b quarks are produced at 500 Hz.

At an ete™ machine such as PEP-Il (SLAC) operating
at a luminosity of 6 x 10% cm™2s™!, the rate of b
production is ~ 6 Hz

hadronic production of b quarks gives access to a wide
spectrum of states, including mesons containing both
bottom and charm (b¢) and baryonic states containing b
quarks.

At ete™ machines operating at the Y(4S5) resonance
only BY and BT are produced.
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Charm and bottom quark decays

® treat the semi-leptonic decays of hadrons containing ¢
and b quarks in analogy with the decay of a free muon,
(spectator model)

® [agrangians for CKM-favoured decays are
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where b,c,s,v,7,eT and e~ now stand for the four-
momenta of the particles in the decay.
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® by angular momentum conservation s and ¥ momenta
prefer to be anti-parallel in ¢ quark decay. The endpoint
configuration in which the e™ recoils against the parallel
s and v is thus disfavoured. We expect a soft spectrum
for the positron.

® Conversely we expect a hard spectrum for the neutrino
(or for the electron coming from the decay of a b quark).

® 1 and y are the rescaled energies of the charged and
neutral leptons, x = 2E./mqg, y = 2E,/mg in the
frame in which the heavy quark () is at rest. The
kinematic endpoint of the spectrum is denoted by z,,
and is given by z,, = 1 — €* where ¢ = m,/mg. The
result for the semi-leptonic widths of the ¢ and the b is
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I'y is the rescaled muon decay rate,

G%m%
19273

Lo(mg) =

The lepton spectra are
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The et from charm decay has a soft spectrum. The
e~ from the CKM-disfavoured mode b — u has a hard
spectrum.

® The measurement of leptons with energies beyond the
kinematic limit for b — ¢ gives information about V.

® Allowing for theoretical uncertainty in endpoint region,
the measured value is |V /Vey| = 0.08 £ 0.02

After integration the semi-leptonic width including mass
effects is found to be

m
I = [Voy|*To(mg) f (—2)
mQ

where the function f is given by

fle) = (1 —eM(1 -8 +€*) —24e*Ine .
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Charm quark semi-leptonic decay

Including the CKM-disfavoured mode ¢ — d the result
for the semi-leptonic decay of the ¢ quark is

D87 = To(me) | £(me/me) [Ves 2 + f(ma/me) [Veal?].

® For a rough estimate ignore strong interaction corrections
and choose m. = 1.4 GeV. The theoretical estimate
for the semi-leptonic width is

T =1.1x10"" MeV.

From the measured semi-leptonic branching ratios of the
DT, (17.24+1.9%) and D, (7.7 4+ 1.2%) and the inverse
of known lifetimes, we can calculate the semi-leptonic

widths.

(DY) = (1.2240.20) x 107 MeV
(D) = (1.07£0.13) x 107" MeV.

— R.K.Ellis, CTEQ 2004, June 2004 — 7



® The spectator model gives a fair description of the semi-
leptonic decays of D mesons.
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® For the semi-leptonic decays of B mesons, the theoretical
decay width is

me
Tl = Po<mb>f(ﬁb) Voo 10,

® The CKM-disfavoured mode makes a negligible
contribution to the total rate. 19 ~ 0.87 due to strong
Interaction corrections.
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Using the measured semi-leptonic branching ratios of the
B*,(10.1+£1.8+1.5%) and B, (10.94£0.7£1.1%), the
semi-leptonic widths of the B mesons are

Iy(B%) = (0.4840.12) x 107 MeV
Iy(B"Y) = (0.4340.18) x 107 MeV.

We can estimate V,,. Choosing the values m; =
4.8 GeV,m.=1.4 GeV and V_, = 0.04 one obtains

[y =2.7x107%V|* MeV = 0.44 x 107 MeV .
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