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Figure 54. DIRC π-K separation versus track
momentum measured in D0 → K−π+ decays se-
lected kinematically from inclusive D∗ produc-
tion.

charged pions, kaons, and protons over a wide
range of momenta and polar angle in the labo-
ratory frame, corresponding to nearly complete
momentum coverage in the e+e− center-of-mass
system.

The DIRC log-likelihood differences lDIRC
ij =

log(Li) − log(Lj) with i, j = (e, µ, π),K and p
from the global likelihood algorithm give excel-
lent separation for particles with high momenta,
but become inefficient for identifying particles
near threshold, i.e., protons below 1.5 GeV/c and
kaons below 1 GeV/c. The dE/dx measurement
from the DCH gives very good separation for low
momentum particles, but K-π and p-K separa-
tion power drops rapidly above about 0.5 GeV/c
and 0.8 GeV/c, respectively. In these intermedi-
ate momentum regions the information from the
two detectors must be combined to provide op-
timal performance from the identification algo-
rithms.

To determine the performance in a given mo-
mentum range, the 2-dimensional distribution of
lDCH
Kπ and lDIRC

Kπ is plotted. To accommodate
tails in both distributions, optimal separation is
achieved with a sloped cut in this plane, effec-
tively combining information from the two detec-
tors. To select kaons and reject pions, the line
that maximizes the kaon efficiency is found for

each momentum bin, subject to the constraint
that only 1 % of the pions are incorrectly identi-
fied as kaons. This procedure is repeated for the
electron and proton backgrounds (the muon sig-
nature is essentially identical to that of a pion),
and for several misidentification rates. In order
to be identified as a kaon, the particle must pass
such a linear cut for each of the three background
types.

The performance of the detector for identify-
ing tracks passing this selection is quantified in
terms of a momentum-dependent identification
efficiency matrix E, where each element, Eij , rep-
resents the probability that a selected track from
a true i-hadron is identified as a j-hadron, with
i, j = π,K, p. Samples of well identified hadrons
from K0

S → π+π−, Λ → πp, and D?-tagged
D0 → Kπ decays are used to crosscheck and cali-
brate the value of E obtained from the simulation.

Figure 55 shows the efficiency matrix E for
identifying tracks from simulated qq̄ events,
within the polar angle region 0.77 < cos θtrack <
0.88. The center of the band indicates the effi-
ciencies, and the band half-width is the one stan-
dard deviation uncertainty. The efficiencies for
correct identification are predicted to be above
99 % in the lowest momentum bins. The abil-
ity of dE/dx to separate kaons from pions and
protons drops off quickly around 0.5 GeV/c and
0.8 GeV/c, respectively. The effectiveness of the
DIRC rises sharply in these regions, because they
are just above the relevant Cherenkov thresholds,
where both the Cherenkov angles and numbers of
photoelectrons detected increase rapidly; the effi-
ciencies reach a plateau of about 95 % well above
threshold.

In the intermediate regions, the judicious com-
bination of DCH and DIRC information results
in smooth transitions, whereas a sharp dip would
be seen if the information from dE/dx to DIRC
was simply switched at some value of the mo-
mentum. In the plateau regions, the Cherenkov
angles differ by much more than the resolution,
and the performance is limited by the detection
of too few photons at the expected angle because
of multiple scattering or poor tracking. The reso-
lution on the measured Cherenkov angle becomes
increasingly important at higher momenta, where


