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Project Overview

We describe here the various areas of ILC Detector R&D we are carrying out; we describe the
progress we have made and what we expect to achieve within the next two years if funding is made
available. This effort is being carried out with a large number of undergraduates, about 10, who
have expressed interest in working in our group. Some have been working with us for a year or
more and some with us starting this summer learning the structure of the software implemented
by SLAC. Their names appear in the list of people making this proposal. Their financial support
comes mainly from the Undergraduate Research Opportunities Program (UROP) funded by the
University and the U.S. Work Study program which provides financial support for undergraduates.
Two of them, Keith drake and Elliot Smith are now graduate students and are not eligible for
support starting in the fall.

The work we describe is being done in association with various groups as follows:

• The electromagnetic calorimetry simulation is being done in collaboration with Norman Graf,
Anthony Johnson, Jeremy McCormick, Ron Cassel, and others from SLAC, Steve Magill from
ANL, Graham Wilson from the University of Kansas, Matt Charles from the University of
Iowa, Eckhard von Toerne and Dima Onoprienko from Kansas State University, and Guil-
herme Lima from Northern Illinois University.

• The simulation of the BEAM-CAL performance in the case of a 20 or 14 mrad beam crossing
angle is carried out in collaboration with Wolfgang Lohmann’s group from DESY/Zeuthen
and many others from Europe and Israel and recently William Morse and other colleagues
from BNL.

• Hardware development, specially study of the performance of SiPDs in association with an
electromagnetic/hadronic calorimeter in collaboration with the Calorimeter group that con-
tains members from SLAC Martin Breidenbach and collaborators, Ray Frey and collaborators
from the University of Oregon, and Dhima Chakraborty, Vishnu Zutshi and collaborators from
Northern Illinois U.

We have proposed a calorimeter based on 5×5 cm2 scintillator tiles where alternate layers are
offset by 2.5×2.5. We have determined that the effective granularity of such a calorimeter is close
to 1.25 cm. It is our premise that good energy resolution is more important than good spatial
resolution as long as the spatial resolution is adequate. The aim of this work is to show that this
design produces good WZ mass separation and the cost is reasonable.

We have now reached a plateau in our simulation effort. We have developed the χ2 formalism,
spearheaded by our SLAC colleagues, applied to our electromagnetic calorimeter design. This effort
has been carried out by Joseph Proulx and Sarah Moll. Typical of this effort is the separation
between the energy distribution of a single γ and that of the two γs from a π0 decay with the same
energy. Typical is that shown in Fig. 1 for the extreme cases depending on where the photon strikes
the tile of the calorimeter.

These separations were carried out with a first order “training” of our calorimeter geometry
which we realize is only approximate and does not make use of the full power of our offset geometry.
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Figure 1: Using a χ2 analysis we show the separation of the energy distribution pattern among 9
tiles in a shower between a 30 GeV π0 and a 30 GeV photon in the best location of the tiles on
the left and the worst location in the tiles on the right. As the energy of the shower gets lower the
separation becomes more pronounced.

We are now improving it and we expect that the separation will improve specially at the higher
energies. In addition we plan to use other discriminatory properties of our geometry to enhance
the χ2 separation. This is one of the efforts we are carrying out now and plan to work on in the
next year cycle and for which we are requesting funding.

We have shown that the fraction of unrelated γs from different π0 decays in a jet within a
given distance is small. We have made this study for the reaction e+e− → ZZ or WW which have
hadronic jets in the final state. We have studied this at 0.5 and 1.0 TeV C.M. energy in the context
of an LDC geometry but it is easy to convert this result to any other geometry. This is shown in
Fig. 2. The number within 5 cms. of each other is only 5%. This work was carried out by Gleb
Oleinik in the case of the LDC geometry.

Joseph Proulx and Chris Geraci have written a first order pattern recognition of energy clusters,
improving on code provided by our collaborators. Using MC lists we have determined that we have
a high efficiency of finding the correct separated clusters. We do not know yet the exact value of
this efficiency since we are only at the beginning of this study but we are continuing to develop
this method. We then plan, using the χ2 information, to separate the energy deposition clusters
of the two γs from a π0 decay into two separate clusters where possible and fit them to a π0 decay
hypothesis in order to improve the energy resolution. This is one of the efforts that will be carried
out in the next two years with funds requested in this proposal if approved.

Jason Gray, a graduate student in our group, developed the code that propagates the charged
tracks into the calorimeter and removes their energy contribution in order to begin the pattern
recognition of γ showers. This code is now in full use and will be installed in the SLAC depository.
We have determined that 4.5of the hadron tracks overlap a shower from γs of π0 decays. For those
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Figure 2: We show the fraction of unrelated γs within the closest distance to each other for the
LDC geometry associated with hadronic jets from Z or W decays in the reaction e+e− → ZZ. The
figure at the left is for 0.5 TeV and at the right it is for 1.0 TeV C.M. energy.

cases we just remove the energy predicted by the Bethe Block equation in the relevant tile. This is
being done successfully. The percentage of hadrons that interact in the electromagnetic calorimeter
is 63% of pions and 68% of protons. A large fraction of the pions interacting produce π0s. This is
one of the problems that needs addressing; the removal of showers from interactions of the hadrons
in the calorimeter that produce π0s. This is an effort that is going on now. We will continue to
improve this program and this is an area we continue to work on during the next year.

Jack Gill has written the code that gives us the direction of the photon given the energy
distribution in various tiles due to the shower. This will tell us whether the shower is associated
with a γ that comes from the origin. This code will help us to discern whether a hadron track
mixed up with a shower is a true overlap or some other phenomena. We propose to continue this
effort during the next year.

The final outcome of this simulation effort is to show that its energy flow properties produce
good WZ mass separation. We hope to show this at the end of this two year period.

We have a hardware development effort going on. Two masters students, Keith Drake and Elliot
Smith, are working on this. They have done a lot of work on the SiPDs provided to us by Photonique
in Switzerland who are the distributors for the company Pulsar, in Russia, in collaboration with
our partner group at Moscow Engineering Physics Institute MEPHI. To date we have not been
able to reproduce the results shown in many conferences and publications where there is a pulse
height separation showing the various number of photoelectrons. Many of our colleagues have now
agreed with our observations that most of the time their performance is not that good and the
pulse separation does not exist. Culmination of this work to date is the observation that there is
a major improvement in the signal to dark current noise ratio as the temperature of the SiPDs
decreases. We have studied whether running at low temperatures improves the signal to noise ratio.
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In Fig. reffig:compare we compare the pulse height difference between room and -50 C temperatures
where we lower the bias voltage for the -50 C case so that the noise signal is comparable to that
at room temperature. It is quite clear that there is a significant improvement in the signal to dark
current noise ratio when running at low temperatures. The improvement is a factor 3 or 4.

Figure 3: We show on the left the pulse and dark current noise signal when the bias voltage is
set at 60.7 volts at room temperature and on the right the same signals when the bias voltage is
set at 57.9 volts and the ambient temperature of the SiPD is -50 C. The bias voltage of 57.9 volts
was chosen to make the dark current noise signals comparable. The signal to noise ratio improves
significantly at a temperature -50 C over that at room temperature.

We have received brand new devices from Photonique which run at a bias voltage of 40 volts
instead of 60 volts with similar gains as the previous ones but with a dark current noise specification
a factor of about 10 less. This would lead to a major improvement in performance. Study of these
new devices is something we would like to carry out in the next year. At the same time we plan
to study the pulses we see with these SiPDs associated with a 6 layer scintillator Tungsten array
and cosmic rays. This test detector was built two years ago. This will tell us the number of
photoelectrons we see with a minimum energy deposition charged cosmic rays and an indication
of the energy resolution of these scintillator devices. This is the program we are engaged in this
summer and next year.

The object of this detector R&D effort is to determine how best to use these SiPDs, if at all,
as the readout in an electromagnetic and/or hadronic calorimeter.

We would like to prepare to build an electromagnetic/hadronic calorimeter to use in a test beam
to check all our simulation results in a real beam situation. We have an electronics engineer here in
Colorado, Paul Beckingham, who used to work at the SSC. He has been working with industry to
design an integrated electronics system to integrate the readout for an electromagnetic calorimeter.
The estimated net cost of this integration up to the computer is about $21 per calorimeter channel
(tile). This will be part of a future proposal that includes work in later years.
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TABLE 1

The Budget Request

ITEM 2007 2008

A. SALARIES AND WAGES

Research Assistant:

Joseph Proulx 29,000 29,900
Masters Students:

Keith Drake 23,723 24,631
Elliot Smith 23,723 24,631

B. FRINGE BENEFITS

Research Assist. 21.6% 6,264 6,458
Students 6.3% 2,989 2,989
C.OTHER COSTS

Tuition Remission 9,286 10,214

Total Costs 94,985 98,823

C. INDIRECT COSTS

On Campus, 49% of MTDC 41,993 43,418

D. TOTAL COSTS 136,978 142,241

E. ILCRD FUNDS RECEIVED -34,000 ?? -34,000

F. FUNDING REQUEST 102,978 ?? 108,241
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