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In this paper we describe the pixel microtelescope concept; a R
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vertexing and/or tracking device designed to operate in an en- 98 | 05 Gev// |
vironment in which there is a large density of background hits. T Ge v/c
In developing the concept we were motivated by estimates of | | | ¢ ‘ ¢ |
the background fluxes near the interaction point (1P) at afuture 3 2 -1 o 1 2 3

high energy muon collider [1, 2]. For example, inasiliconlayer
at a radius of 10 cm there are 14.4 hits’cm? per crossing ex-
pected from low energy photon interactions, 0.42 hits/cm? from
low energy neutroninteractions, and 15.7 hits’cm? from charged
tracks, yieldingatotal hit density of 31 hits’cm? per beam-beam
crossing. These particlesoriginatefrominteractionsinshielding
cones on either side of the IR, and hence the background tracks
tend not to point back to the IP. Furthermore, the mean energy
of the interacting photonsis expected to be very low, of order 1
MeV. We therefore expect that tracks of interest from the | P will
be imbedded in alarge flux of soft hits” peppering” the tracking
volume. A more compl ete description of the backgrounds at a
muon collider can be found in Ref. [2].

Given the large hit densities expected in the tracking volume
at amuon collider, silicon pixel swould seem to be agood choice
for the detector technol ogy, enabling occupancies to be kept at
reasonablelevels. Unfortunately, even withlow occupanciesthe
total data volume generated from 31 noise hits'cm? per beam-
beam crossing, and the fast pattern recognition problems for
tracking and vertexing at the trigger level, can be formidable.
Furthermore, a healthy safety-factor with respect to the Monte
Carlo predicted background occupancies is desirable to alow
for inadequacies in the calculations or improvementsin the an-
ticipated colliding beam currents. Hence, thereis aneed to de-
velop detector concepts for which tracking and vertex detectors
areblindtovery soft hitsand/or hitsfrom tracksthat do not come
from the IP, i.e. a detector that measures the hits from tracks
coming from the| P but does not record the 31 noise hitsper cm?.
The silicon pixel microtelescopeisintended to be such adevice.
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Figure 1: Pixel Micro-tel escope geometry, showing trajectories
of 0.2 GeV/c, 0.5 GeV/c, and 1 GeV/c tracks coming from the
IPand bendingin a4 Tedafield.

1. THE PIXEL MICROTELESCOPE CONCEPT

Theideaisto replace asinglepixel layer withtwo layers sepa-
rated by asmall distance, and read them out by taking the AND
between appropriate pairs. The distance between the layersis
optimized so that soft MeV tracks produced in onelayer (which
are associ ated with almost 80% of the predicted background hits
at amuon collider) curl up in the magnetic field before reach-
ing the second layer. Thus, the pixdl micro-telescope is blind
to the soft background hits and also blind to tracks that do not
come fromtheP. In the example shown in Fig. 1 the separation
between layersis 2 mm, and to keep the pixe count down and
simplify thereadout, the top measurement layer has afiner gran-
ularity than the bottom confirmation layer.

1. READOUT IDEAS

A pixel microtel escope offers the possibility of rejecting the
random hits from low energy photon interactions at the low-
est level in the processing. To investigate this possibility we
consider atwo layered pixel doublet inside a4 Tesla solenoidal
field coaxial with the beam (2) direction. We will take 50um
by 300pm to be reasonable pixel dimensions, where the smaller
dimensi on provides preci se measurements in the bend direction.
If the layers are separated radially by 1 cm (2 mm), thenin the
4 Teda field this separation provides a cutoff for tracks below
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10 MeV (2 MeV) since they cannot reach the second layer. In
the non-bend direction thestraight line nature of thetrack allows
easy assoication between the layers. The large channel count of
the pixel arrays demands that some form of seria processing be
done. Given thelong time between crossings at a muon collider
(10 us), thesimplest optionisto samplethepixel ionizationinto
digital dataand to transport this datato externa unitswhere the
doubl et association can be done and the random hits rej ected.
Asin al pixel systems the readout must be done on circuits
bonded to the array of pixels and lying immediately upon the
pixels. In this design the logical arrangement for the readout
sequence groups the pixels into columns that are one-haf of a
50pm wide pixel and the detector half-length along z. The re-
sultinglogical information string is 1024 bitslong for a detector
composed of 4 pixels arrays on each side of the interaction re-
gion. Such adoublet of 2 groups of 4 arraysisshownin Fig. 2.
The interconnection between the 4 arrays of a given layer in-
dicates the information transfer along z toward the outer edge.
This is done by shifting the information from each pixd to its
neighbor and from the last pixel of each array to the first pixel
of the next array. A total of 1024 shifts are required which at
8ng/shift consumes 8.192 ps. During this time the processing
of doubletstakes place so that pixel hits not matched by hitsin
bothlayersaredropped. Inaddition, thedoublet pairsthat arere-
tained are sent to linking circuits that associate hits between all
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Figure 2: Pixel Micro-tel escope readout scheme.

doubletlayerstoformtracks. Thetrigger processing timewould
likely take more than one crossing in this scheme requiring that
the data stream be pipelined. Thisistypical of new detectors at
high energy colliders.

A couple of special timing features are needed for the process
of shifting pixelsif thedesignisto use simplelogicfor matching
the hitsfrom doubl et pairs. The hitsthat are projective from the
IPneed to arrive at the comparison circuitssimultaneously. This
can be assured if the shift process has adequate programmability
to permit selection of thefirst pixel output and the shift rate. An
arrow in Fig. 2 marks thelocation of the pixel inthe inner layer
that is projective from the last pixel of the outer layer. Only the
last array would be programmed in thisway. Other arrayswould
just passtheir edge pixel totheinput of thenext array inthe shift
stream. An additional requirement isthat the shift rate belessin
theinner layer if the data at 90° isto arrive simultaneoudly for
both members of the doublet.

If the synchronous shifting scheme is carried out for all dou-
blet layers, the assembly of doublet hitsinto tracks can be made
asthoughthetracks are 2 dimensional but with the outcome that
each track is given an automatic polar angle assignment asiit is
found. The shift rate would be lower for successively smaller
radius layers. This corresponds to the smaller number of pixels
intheinner layers.

With 50pm pixelsin thebend directionit is possibleto obtain
acoordinate point of 25um accuracy with very simplecircuitry.
Fig. 2 dso shows one such circuit that contains only gated am-
plifiersfor the pixel signalsfollowed by simple comparitorsthat
subdivideeach pixel into left and right halves based on therela
tivesize of thesignal from itsneighboring cells. With ascheme
of thistypethe 256 pixelsinthebend directionbecomes512 dig-
ital bitsto shift out aong the column.

V. SUMMARY

The pixel microtel escope structure and readout architecture
described in this paper was motivated by the desire to design a
tracking device in which a high density of background hits are
removed at the single-hit level during the readout process. De-
tailed simulations and/or small scale prototyping and measure-
ments are required to access how useful the concept is.
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