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We present six timedependent B: rnishg measurements of Amd from the CDF Run I data.
The CDF average is Amd = .494~:~j~ (ps)-l. We also present a measurement of the CP-
violating asymmetry sin(2@) using a sample of of 13°/@ + J/#K~ decays and report
sin(2/3) = .79::::.

1 Introduction

In the context of the standard model, the mixing of Bj + @ occurs through the charge current
coupling bet ween quarks. This can be described in the context of the Cabibbo-Kobayashi-
Maskawa (CKM) 1 matrix which transforms the flavoreigenstates of the quarks into their mass
eigenstates. The CKM rotation matrix can be completely determined from three angles and a
phase. It is useful to write it in the Wolfenstein 2 parameterization as:

where A = Sin(ec ) and the three other parameters A, p, and q can be described by the remaining
two weak rotation angles and the complex phase that introduces CP violation. Unitary of the
CKM matrix can be represented graphically as a triangle in the complex plane. The base of
this triangle is scaled to unit length by AA3. This leaves three angles a, /3, and 7 and two sides
which may be measured. B: e B: mixing constrains the element Vtd which contributes to one
of the triangle sides, while CP violation in the decay B* /~” + J/@K~ determines the angle /?.
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Introduction

Portable photon imaging devices with a broad energy range of sensitivity, adequate angular
resolution and high efficiency are useful in applications such as environmental remediation and
industrial surveys. The vast majority of past systems built for these applications have relied on
mechanical collimation although a few have used electronic collimation [1][2]. To our
knowledge, no devices have been built that exploit the benefits of both mechanical and electronic
collimation in the same system. The combination of a mechanically-collimated camera with an
electronically-collimated camera offers both the high efficiency and good angular resolution
typical in a mechanically-collimated camera for lower energies and the uncoupling of spatial
resolution and efficiency provided by an electronically-collimated camera at higher energies [3].

Descriptionof Work

Analytical calculations and modeling provided the design basis for a prototype system intended to
study the benefits of truly hybrid collimation. The angular resolution and intrinsic efficiency
performance for the mechanical and electronic collimation methods acting independently were
determined analytically and compared to the computed Monte Carlo values of the same
quantities [4].

Since no straightforward models exist for hybrid collimation, experimental results from the
prototype system were used to compare the benefits of hybrid collimation over the other two
modalities. The prototype system is shown in Figure 1 and includes a high-efficiency modified
uniformly redundant array (MURA) coded mask casting a shadowgram on the Anger-logic,
NaI(Tl) first detector. The first detector acts as both the full-energy absorption detector in the
mechanical collimation mode and the scatter detector for electronic collimation events. The
CsI(Na) array provides the high stopping power required for the second detector in a Compton
scatter camera.

The comparison of disparate imaging modalities in terms of the standard performance measures
(energy resolution in keV FWHM, angular resolution in degrees FWHM and intrinsic efficiency)
often makes it impossible to declare a unanimous winner since rarely is one modality uniformly
better across all the performance measures. A second approach to comparing disparate modalities
makes use of concepts from estimation theory and a tool called resolution-variance [5]. A
resolution-variance curve is used in this work to provide an unambiguous comparison of different
devices.

The resolution-variance study represents a comparison of the relative in..ornzation content per
detected photon for the three imaging modalities of the prototype system (mechanical
collimation, electronic collimation and hybrid collimation). The analysis is done for point sources



at two incident energies (412 keV and 662 keV) in the medium energy range of operation for this
particular prototype-system design where neither mechanical collimation nor elec~ronic
collimation performs particularly well when used independently. Results show that hybrid
collimation is superior to mechanical and electronic collimation at both 412 keV and 662 keV
over the resolution range likely to be used for such a camera. These initial results indicate that a
properly designed hybrid collimation camera offers generally superior performance to imaging
systems operating in purely mechanical or electronic collimation mode [6].
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Figure I: HP(% schematic showing the MURA coded mask and the first and second detector modules. The mask-to-
detector spacing f, the central scattering angle, 6, and the detector separation distance, d, are also shown for the
prototype system.

By utilizing more of the information contained in each detected photon, the hybrid collimation
imaging technique can offer significant performance advantages over standard gamma-ray
imaging, particularly in those applications where good energy resolution, good spatial resolution
and a broad energy range of sensitivity are required. The prototype system described here was
intended as a proof-of-principle test. It is by no means optimal and lags behind current photon
detection technology in some ways. A very compact and effective imaging system could employ
the state of the art in photon detection such as the room-temperature semiconductor cadrnium-
zinc-telluride (CZT) using coplanar readout schemes [7][8]. As an example, a CZT-based hybrid
camera over 100 times smaller (in terms of overall system volume) than the scintillator-based
prototype system would have similar imaging performance. The price, of course, is the added
data acquisition complexity and cost associated with room-temperature semiconductors.
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