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Status Report: Project 3.1
Fast, Radiation Hard Gas Cerenkov Calorimeter
Classification MDI (Project 3.1)
Personnel and Institution
John Hauptman, Sehwook Lee, Sam Ose
Department of Physics and Astronomy, Iowa State University, Ames, IA 50011 USA
Project Leader
John Hauptman
hauptman@iastate.edu
515-451-0034
Project Status
We list first recent accomplishments:
1. Sehwook Lee has solved the critical problem in the simulation of this device by deriving
the reflectivity of an optical photon from a smooth metallic surface as a function of
both photon energy and angles. It turns out this is not simple and was not put into
geant4. The physics is described in his report “Reflection at the Boundary of an
Absorbing Medium”, Sehwook Lee, Jan 9, 2007, and the new code inserted into GEANT4
to achieve exact optical reflection in energy and angle. One might have thought that an
average reflectivity would suffice, but the Cerenkov wavelength distribution is strong in
the blue and UV, dN/dλ = 1/λ2 , and the anglular dependence is rapidly varying near
zero grazing angle (θ ≈ 90o ) that its correct and exact simulation is important for a
quantitative design study of this gas Cerenkov calorimeter.
2. An honest simulation of the photocathode of a PMT has been put into geant4.
3. The full geometry of a module, including reflection optics to transport the Cerenkov
photons to photoconverters removed from the beamline area, is now in place. These
three items will replace the previous geant3 simulations which cut several easy corners.
Several simulated events are attached at the end of this note.
4. We have agreed with Eileen Hahn (Fermilab aluminization facility in Lab 7) to aluminize the hexagonal rods of our design at her facility. Eileen Hahn has developed a
machining and polishing procedure in an oxygen-free environment that maintains very
high reflectivity indefinitely. This is a major achievement.
5. We have developed a new method for coating Aluminum on a brass (or any other metal)
hex rod. This was thought of by Sam Ose, undergrad student. A commercial aluminum
hex sleeve can be fitted around a hex metallic rod, then machined and polished in
Hahn’s lab. Therefore, we can decouple the absorber mass (brass, W, Fe) from the
metallic reflecting surface. We have tested this with a drilled-out aluminum hex bar
around a 4mm W rod. Any metal in any shape can be used with such an aluminum
sleeve.
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6. We have designed the front plate (probably best made of W) from which the hex rods
will be cantilevered. Thus, with a radiation length or two in the front place, most e±
initiated showers will have developed sufficiently that tracks with not be channeling
down the gas gaps between hex rods.
Continuing work over the next several months will include
An optimization of the geometry: rod radius, gap width, depth in radiation lengths, depth
of front place, and absorber metal, using this geant4 code.
Although we use a PMT in the simulations, we will search for other photo-converters. The
main fact is that the Cerenkov light is spatially spread out and thus a large photocathode
area is required. We will focus with a non-imaging optics system, but the Cerenkov light
must be gathered from a relatively large area.
A mechanical study of the cantilevered rods, possible piano wire supports at the ends, and
the fitting of optical conduits to channel the light out will be made.
We will construct a small module sufficient for a small proof-of-principle beam test.
Finally, let us remark that there are many ways to build such a module and, in particular,
many ways to achieve a highly polished metallic surface. We have known from the start that
we can take a lot of money to company in Chicago and accept delivery of a calorimeter, but
we want to build one ourselves. I think in the end that those techniques used to polish cavities
at SLAC and KEK will be quite adequate for this purpose. The R&D on this project will
concentrate on parameter design and physics performance, rather than possible expensive
techniques. In the end, 10 or 20 of these can be build in a short period for use along the
beam and in the hardest and most fierce regions of the final focus.
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Figure 1: An exit end view of the hexagonal rods inside cylinder reflecting on the inside. The green
lines are optical photons generated in the shower, exiting the rear, and reflected down by a focusing
toroidal mirror.
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Figure 2: Side view of the optical photons of a shower. The incident electron (red) enters from the
left, and the Cerenkov photon yield is about 30-40 photons per GeV. Some optical photons migrate
from the shower center by several cms, and some are seen to reflect from the inside of the cylinder.
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Figure 3: A view showing the slightly focusing toroidal mirror directing photons down and onto a
photocathode surface. We have yet to decide on a light collection system to direct separate regions
of the calorimeter to separate photodetectors.
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Figure 4: Another view of the light paths.
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Figure 5: The light surrounding light cylinder keeps the light inside, and of course is required to
keep stray light out of the calorimeter volume.
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Figure 6: Side view of the light paths. It must be noted that we have yet to device a sensible light
collection system.
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November 28, 2006

Development of a Scintillator Based Hadronic Calorimeter for the
SiD Detector Using SiPD’s as the Sensors
A Proposal to the LCDRD Program

Personnel Requesting Funding

Paul Beckingham, Keith Drake, Joshua Elliot, Eric Erdos,
Kyle Miller, Uriel Nauenberg, Gleb Oleinik, Joseph Proulx,
Elliot Smith, Paul Steinbrecher, Joseph Stech, Yiaxin Yu

University of Colorado at Boulder

Project Leader
Uriel Nauenberg
Prof. of Physics
390 UCB, Physics Department
(303) 492-7715
uriel@cuhep.colorado.edu
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Abstract

Our University of Colorado at Boulder group has formed a collaboration with the groups of
Northern Illinois University (NICADD) and Fermilab to build and test a scintillator based Hadronic
Calorimeter for the SiD detector. We propose that the Colorado group initial main responsibility
will be to test the SiPDs and characterize them for performance uniformity. We will also measure
the light output and uniformity when attached directly to a scintillator tile. Our study will be for
3 × 3cm2 tiles. Finally we will participate in the construction of a calorimeter module to take to
the Fermilab test beam to measure its resolution with hadronic and electron beams.
Colorado has developed expertize in the operation of SiPDs to the point that we have obtained
excellent resolution with these devices. We can clearly separate the pulses from one, two, three, four
and five photoelectrons. In addition we are the one group that has the specialized equipment that
has allowed us to observe, timewise, the pulse train due to the photons arrival time and measure
the pulse height as a function of time. This allows us to make critical measurements about the
time dependent resolution of these devices that nobody else has done to date. We would like to
continue and enhance this study in the next few years to determine whether we can improve the
resolution of calorimeters. As we show below we have already shown surprising and exciting results
in the use of these Silicon Photo Detectors.
We are involving students, both graduates and undergraduates, in this research effort. This
requires both hardware development and software simulation of detector performance. This funding
request is to support both these efforts in the next few years to understand how much improvement
we can obtain using this new technology. We would like to support students, a research associate and
part time of an electronics engineer (Paul Beckingham) that already is working in the University of
Colorado. In addition we would like to acquire hardware by purchasing various SiPDs from various
companies to understand their performance uniformity. We propose to use our results to help the
companies to improve their production procedures to improve the uniformity of performance of
their devices. This requires purchasing a reasonably large number (about 20) of SiPDs from each
company to start with. We need to purchase Gigahertz pulse sampling equipment that has just
appeared in the market and is a perfect match to the measurements we propose to carry out, and
we need to purchase various types of equipment to aid us in these measurements.
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The Project
A great deal of activity has been taking place in the design and development of the detectors
to be associated with the International Linear Collider (ILC). We propose here to develop the
scintillator based hadronic calorimeter to be associated with the SiD detector. We are proposing to
build a 3 interaction length calorimeter where the sensing medium is made up of scintillator tiles
3 × 3cm2 and the light is detected by SiPD’s directly attached to the scintillator face. During
the first year of this two year proposal we propose to evaluate SiPDs from various companies for
detector performance and to build a one plane of a scintillator panel with SiPDs attached to a
board that is then placed against the scintillator panel. For this panel readout arrangement we
plan to study the readout uniformity for charged particles sent into the scintillator panel at various
positions across the 3 × 3 cm2 tiles of the panel. This would then give us the necessary information
on the uniformity of the readout.
Recently, the development of Silicon Photo Detectors (SiPD) have been shown to be excellent sensors. Prof. Nauenberg, research associates, and students have been working with these
devices and have observed remarkable properties associated with these (SIPDs) that may lead to
improvements of hadronic calorimeters and may allow us to achieve better resolution.
Our group has proposed the development of a scintillator based electromagnetic or hadronic
calorimeter with alternate ”offset” layers to reduce the number of readouts and improve spatial
resolution. All our studies so far have been presented on the web at http://hep-www.colorado.
edu/SUSY. As part of this development we have been studying the performance of the brand new
silicon photodetector (SiPD) technology which has been developed by our Russian colleagues and
by CPTA in Russia and is being actively developed by both of them, Hamamatsu in Japan, Senzl
in Ireland, and by Italian, and German companies. These devices are mm in size as shown in Fig 1.
Hamamatsu has recently announced far superior devices to those produced by CPTA. We propose
to purchase a few of these to study their characteristics.
We have been studying and improving our understanding of the SiPD performance characteristics using cosmic rays and using a blue light emitting diode into a green wave shifting scintillating
fiber. We show in Fig. 2 the number of events we observe versus the charge collected by the SiPD
using a blue light emitting diode. The resolution of the SiPD is so outstanding that we can now
resolve the signal provided by one, two, three etc. photoelectrons up to about five. We obtain the
resolution in the figure by sampling the charge collected every 2.5 nsec across a time interval (gate)
of 200 nsec. We then only determine the collected charge in about an interval of 50 nsec where
we can tell the majority of the pulse train appears. Also, because the pulse train varies in time
for different events we adjust the time interval over which we collect the charge for a particular
event to within a few nsec to maximize the resolution and minimize the background due to noise.
This kind of resolution has never been obtained by previous photomultipliers or charge collecting
devices and we hope it will allow us to improve the resolution of the detectors.
We make the same measurement using cosmic rays with a 5 cm 2 tile both for 2mm thick and 1
cm thick cases. The light is retrieved by a 1 mm green wave shifting fiber imbedded in the tile and
connected to the SiPD. The results are shown in Fig. 3.
The measurements above were carried out at room temperature. We have done also measurements where the SiPD is at 0◦ C and -17◦ C with a stability better than 0.5 ◦ C. These were
3

Addendum 13

Figure 1: A photograph of a Silicon Photo Detector. The dimension is 1mm across and about 5
mm high. It runs on a bias voltage of 40 volts. This is to be compared with the old technology
phototubes which are about 5 cm in diameter and 20 cm high and run on a bias voltage of 2000
volts. These SiPD devices may well make previous photomultipliers obsolete.

done using the blue emitting diode. The results are shown in Fig. 4. These figures show improved
resolution as you lower the temperature as long as the temperature remains stable.
During the first year of this proposal we propose to characterize about 50 SiPDs; about sixteen
from each company to determine the uniformity of performance. We also propose to study how
uniform is the output from an SiPD attached to a 3 × 3cm 2 scintillator tile for particle trajectories
in various locations across the tile. For this effort we will receive a board from Fermilab/Nicadd
that would allow us to install the SiPDS in an array to be placed on top of the scintillator panel.
We also propose to continue the present research and improve the resolution of our observations.
As seen in these plots the resolution deteriorates as we measure the charge associated with greater
than four photolectrons to the point that we see no separation in the region above six photoelectrons.
We believe this is due, to a large extent, to the fact that the pulses become more complicated
shapewise in these cases and sampling every 2.5 nsec is not adequate and we should sample in
the subnanosec scale. This is because the pulses from the SiPDs are about 10 nsec wide and all
the photons arrive in a 50 nsec time interval. Hence, when we have five or more photoelectrons
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Figure 2: Number of events versus the charge produced by the SiPD and recorded by our pulse
height sampling analyzer. The figure shows the number of samples collected versus the charge
produced by the SiPD due to the light pulses from a blue light emitting diode being driven by a 10
nsec 2.5 volt square pulse. The charge is measured by sampling the pulse height every 2.5 nsec in
an interval determined by the observed pulse train which is about 50 nsec. The pulse heights are
measured by a 100 Megahertz pulse height analyzers which, by means of cable delays, allows us to
sample every 2.5 nsec.

the pulses begin to overlap each other and measuring the pulse height every 2.5 nsec may not be
adequate to determine the pulse train charge with the necessary accuracy to separate the charge
collected from six, seven, etc. photoelectrons. We now know how to do this using a recently
developed two Gigahertz sampling device by National Instruments. We have designed a ”trick”
that allows us to sample 4 times faster leading to the excellent sampling rate of every 0.125 nsec.
In addition we have evidence that running the SiPDs at temperatures of -30 0 C increases the
gain of these detectors and improves their resolution. We propose to investigate this also. If we
can separate up to 10-15 photoelectron signals with the expected resolution we should be able to
improve the resolution of calorimeters, devices being used in many aspects of research.
Another area we need to investigate is how to improve the dynamic range of the SiPDs. The
limitation of the dynamic range of present SiPDs is due to the small active area of the present
devices. They presently cover an area of only 1 × 1mm 2 New devices with lateral dimensions
of 2.5-3.0 mm or larger are being produced leading to an expected order of magnitude increase in
possible dynamical range.
The ultimate goal of this effort is to build an adequate calorimeter to test these ideas in an actual
accelerator derived hadronic beam to determine its resolution. This aspect of our effort effort would
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Figure 3: Number of events versus the charge produced by the SiPD and recorded by our pulse
height sampling analyzer. The figure on the left shows the charge produced by the SiPD due to
the light pulses from cosmic rays in a 1 cm thick scintillator tile. The figure on the right shows the
charge collected by the SiPD due to cosmic rays traversing a 2 mm thick scintillator. In all cases
the light is collected by a wave shifting 1 mm fiber which then sends the light to the SiPD which
converts it into charge.

occur in the second year of this proposal. We need to develop simulation software right away to
determine how well our measurements agree with predictions based on GEANT based simulations
and how good a calorimeter we can expect to develop. Hence we request funds to support this
simulation effort.
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Figure 4: Number of events versus the charge produced by the SiPD and recorded by our pulse
height sampling analyzer. In these measurements we keep the SiPDs at lower temperatures in a
stable condition. The figure on the left shows the case where the SiPD is at 0 ◦ . The figure on the
right shows the case where the SiPD is at -17 ◦ C. In both cases we observe that the pulse height
increases and resolution improves as we lower the temperature but not dramatically.

The Budget
We request funding for two graduate student doing a masters thesis on the SiPD study and
half a research associate time to help with the software simulation aspects of this study. We are
also requesting support to cover 100 hours of Paul Beckingham, an electronics engineer already
working in JILA, an institute located at our university. Paul Beckingham is an electronics engineer
who worked at the Super Conducting Super Collider (SSC) when it was being constructed. He
is very well aware of detector design issues. He would help us design the electronics board that
would allow us to mount and test a group of 25 SiPDs at a time and another one that could read
the data from a group of scintillator tiles that make up a plane in our test setup simultaneously
and would ultimately be applied to the final device that would read many tiles simultaneously
or serialy when taken to an accelerator beam. We are requesting the funds to purchase the two
Gigahertz National Instrument pulse sampling device, and the temperature devices that will allow
us to lower the operating temperature of the SiPD and control it. We are requesting the funds
to purchase sixteen or so SIPDs from each of various manufacturers to study their performance
uniformity. Support for two students is crucial in carrying out the detector development since they
would carry out the measurements. The research associate is needed to carry out, with the help of
students, the simulation of the proposed calorimeter to under how our measurements would lead
to improved resolutions. The equipment request is necessary to carry out the 0.125 nsec pulse
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sampling to improve the resolution of the charge measurement shown in Fig.4.
Here we define the deliverables for our two year project:
• In the first year we would build a test stand that would accomodate about 25 SiPDs to test
them.
• In the first year year we would test a large number (about 50) SiPDs to characterize their
uniformity.
• In the first year we would test a single plane scintillator with many tiles to test the light
collection uniformity for tiles 3 × 3 cm 2 .
• In the second year we would participate in the construction of a calorimeter to bring to a test
beam at Fermilab.
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The Budget
Cost

ITEM
A. Salaries and Wages
Research Associate
To be named 50% 12 months
Graduate Students
To be named(50% 9 mos. AY)
To be named(50% 9 mos. AY)

17,413
17,413

Total Salaries and Wages

54.826

20,000

B. Fringe Benefits
Research Associate(25.0%)
Graduate Students (7.4%)

5,000
2,577

Total Fringe Benefits

7,577

C. Equipment
2 Units, 2 Gigahertz, 8 bits National
Instruments Pulse Samplers Model NI-PXI-5152
Unit 779772-01
50 SiPDs at $50 each
From TE Technology , Inc
1 Model TM-YE-2(127-127)-1.15P
Thermoelectric Module
1 Model PS-12-8.4 Power Supply
1 Model TC-24-12 Temperature Controller
Auxiliary Equipment, Connectors, Cables
Construction of Electronic Boards
Cost of Shipping and Handling

150
300
1,000
20,000
50

Total Equipment

36,100
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12,000
2,500
100

Cost

ITEM
D. Additional Costs
Electronic Engineer Services at $100/h
(Paul Beckingham)
Tuition remission (9 credits/sem.)

10,000
13,633

Total Additional Costs

23,633

E. Travel Costs
Travel to Various meetings

7,500
129,636

F. Total Direct Costs
G. Indirect Costs on Campus
Indirect Costs (51.5% of MTDC)

41,150
170,787

G. Total Costs
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Status Report: Project 6.18
Development of the 4th Concept Detector
Classification Muon and Calorimeter
Personnel and Institution requesting funding
Patrick Le Du
DAPNIA/SPP, 91191 GIF sur Yvette, France
Aldo Penzof , Antonio Lambertob , Gaetana Rappazzob , Ada Ananiab , Gianluca Introzzid ,
Giovanni Paulettag , Daniele Barbareschia , Emanuela Cavalloa , Vito Di Benedettoa , Franco
Grancagnoloa , Fedor Ignatova , Anna Mazzacanea , Giovanni Tassiellia , Giuseppina Terraccianoa ,
Corrado Gattoa , Franco Bedeschie , Corrado Gattoc , Valter Bonvicinif , Erik Vallazzaf , Gianluca Zampaf , Diego Cauzg , Carlo Del Papag , Melisa Rossig , Lorenzo Santig
Istituto Nazionale Fisica Nucleare (INFN) and Universities at
a Lecce, b Messina, c Naples, d Pavia, e Pisa, f Trieste, g Udine, Italy
Sunghwan Ahn, Tae Jeong Kim, Kyong Sei Lee, Sung Keun Park
Department of Physics, Korea University, Seoul 136-701, Korea
T. Wua , C.C. Xua , Z.B. Yina , D.C. Zhoua, G.M. Huanga , Y.Z. Linb
a Institute of Particle Physics, Huazhong Normal University, Wuhan 430079 China
b Huazhong University of Science and Technology, Wuhan, China
Sorina Popescu1 , Laura Radulescu3
IFIN-HH, Bucharest, Romania
Sezen Sekmen, Efe Yazgan2 , Mehmet Zeyrek
Physics Department, Middle East Technical University, Ankara, Turkey
S.I. Bondarenko, A.N. Omeliyanchuk, A.A. Shablo, N.S. Scherbakova, N.M. Levchenko
Institute for Low temperature Physics and Engineering, Kharkov, Ukraine
Alexander Mikhailichenko
Cornell University, Ithaca, NY 14853-5001 USA
Muzaffer Atac, Marcel Demarteau, Ingrid Fang, Stephen R. Hahn, Caroline Milstene, Robert
Wands, Ryuji Yamada, G.P. Yeh
Fermi National Accelerator Laboratory, Batavia, IL 60510 USA
Anatoli Frishman, John Hauptman, Jerry Lamsa, Sehwook Lee, Jason Murphy, Norio Nakagawa, German Valencia
Department of Physics and Astronomy, Iowa State University, Ames, IA 50011 USA
Michael Gold, John Matthews, John Strologas2 , Marcelo Vogel2
Department of Physics, University of New Mexico, Albuquerque, NM 87131 USA
Nural Akchurin, Heejong Kim, Sung-Won Lee, Igor Volobouev, Richard Wigmans
Department of Physics, Texas Tech University Lubbock, TX 79409-3783 USA
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Also at CERN
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Project Leader
John Hauptman
hauptman@iastate.edu
515-451-0034
Project Status
Funding for the “Development of the 4th Concept” provides support for the work mostly
done by graduate students working on these new problems. The more senior people already
have support and travel funds at some level.
The present [December 2006] status is very good, as we will describe:
1. The dual-solenoid magnetic field configuration is well-calculated and understood. This
field map is unique in high energy physics, and we believe that it brings superior muon
physics, several important MDI advantages, and lower costs both for initial construction
and installation and for a possible push-pull. This was implemented in ILCroot by
Emanuela Cavallo supported by 4th funds.
2. A full three-dimensional geometry of the triple-readout fiber calorimeter has been implemented [Fig. 1]. Physics problems are now being solved in a full first principles
simulation of the 4th Concept. This calorimeter work was done entirely by Vito Di
Benedetto supported by 4th funds.
3. The simulation of the SiD pixel vertex chamber was done by Anna Mazzacane and
implemented in the ILCroot framework. Anna was partially supported by 4th funds.
4. The first success at combining detector subsystems from different concepts was achieved,
and this capability of the ILCroot architecture will be pursued. This work was largely
by Anna Mazzacane and Danielle Barbareschi.
5. We have made initial stabs at particle identification algorithms, but this will take more
time and is reserved for next year’s funding. Nevertheless, even these simple algorithms
allow us to solve basic physics problems [Fig. 3].
6. We have participated in the TTU-directed beam test at CERN and successfully measured
he neutron content of a hadronic shower (100 GeV π − ) in both space and time. This will
be critical to future simulations and the final design of a large triple-readout scalable
calorimeter module [Fig. 2].
A typical H 0 Z 0 event is shown in Fig. 1. The ILCroot software is exceedingly flexible and
can display all views, all tracks in all detectors, or any specified subset. In this event the H 0
decayed to two b jets and the channel-to-channel fluctuations in scintillation and Cerenkov
signals is a clear and decisive indentification of these showers as hadronic. An electromagnetic
shower, for example, would have equal scintillation and Cerenkov pulse heights.
We propose to use the simulation developed under this funding to design the fully scalable
dual-readout with time-history readout of all fibers (triple-readout) test module. Preliminary
beam test data using the dream module at CERN are shown in Fig. 2 and this technique,
one of four that we describe in the 4th Detector Outline Document, seems feasible.
The dual-readout calorimeter has the potential for unique particle identification of µ, π and
e. This proposal will allow us to study and develop algorithms to exploit several interesting
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Figure 1: A simulated e+ e− → H 0 Z 0 → µ+ µ− jj event in the 4th Concept detector showing TPC
(yellow) and pixel vertex (green) tracks, scintillation (red) and Cerenkov (blue) pulse heights in
the fiber calorimeter, and two emerging muons (red and blue tracks). The muon system and the
dual solenoids are not shown in this view.
ideas for particle identificaiton in single detector subsystems and in combinations of detectors.
A plot of Cerenkov vs. scintillation signals for µ, π and e is shown in Fig. 3.
We have designed and simulated a TPC with the “Gluckstern solution” for distributing the
spatial point measurements and find that the exceedingly interesting TPCs now being developed by Timmermans, Colas and LePeltier are capable of excellent momentum resolution.
The momentum resolution of single tracks is shown in Fig. 4.
There is considerable work remaining on the 4th Concept in simulation, physics analysis,
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Figure 2: Measurement of the rate and time history of neutrons in the dream module by fast
digitization of the scintillating fiber signals in a 100 GeV/c π − beam (data taken October 2006).
T3 and T11 refer to geometric towers in the dream module, each tower being sampled by both
clear (Cerenkov) and scintillating fibers.
and design. All of this work depends up the funds requested in this LCRD proposal. The
plots shown here are a small fraction of the initial work done on 4th, all of which will be
distributed in the report “Performance and Physics Study for the Detector Concepts Report
Fourth Concept Detector (“4th”) at the International Linear Collider”, January 2007, D.
Bargbareschi, et al.
This status report is for the first year of funding for Project 3.16 at $10K. All of these funds
supported students both undergraduate and graduate working on 4th.
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Figure 3: A simple plot of the Cernkov signal vs. the scintillation signal for µ, π and e, demonstrating powerful particle identification in the calorimeter alone.
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Figure 4: TPC momentum resolution with and without the pixel vertex chamber vs. pt . Note units
are in %, so σ(1/pt ) ≈ 5 × 10−4 (GeV/c)−1 .
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December 1, 2006

Simulation of the BeamCal Characteristics for the 14 mrad SiD
Configuration
A Proposal to the LCDRD Program

Personnel Requesting Funding

Keith Drake, Joshua Elliot, Kyle Miller
Uriel Nauenberg, Gleb Oleinik, Joseph Proulx,
Elliot Smith, Paul Steinbrecher, Joseph Stech, Yiaxin Yu

University of Colorado at Boulder

Project Leader
Uriel Nauenberg
Prof. of Physics
390 UCB, Physics Department
uriel@cuhep.colorado.edu
(303) 492-7715

1

Addendum 27

Abstract

This work is being done in collaboration with the European FCAL collaboration which has so far
concentrated in studying the beamstrahlung spectrum for the TESLA Linear Accelerator design
for 0 crossing angle and 20 mrad crossing angle for the Large Detector Concept (LDC).
In this work we propose to study the energy deposition at the beam calorimeter detector
(BEAMCAL) due to beamstrahlung for the standard ILC beam parameters in the 14mrad crossing angle case. This is being done for the design of the Silicon Detector (SiD). This BEAMCAL
detector is located next to the beam pipe at a distance of 295 cms. from the interaction point.
We then propose to overlay the two photon process to determine, using the energy distribution for
many randomly chosen bunches, to determine how well we can detect and measure the energy of
the energetic electron from the two photon process. This process needs to be detected and removed
with good efficiency because it is a major background in the search for Supersymmetric particles.
It is expected that there will be one Bhabha in the BEAMCAL event for each beam crossing;
we plan to study this situation to determine how we can separate the Bhabha events and the two
photon events. In addition, it is likely that we will have one or two beam particles that have a gas
scatter and go into the BEAMCAL. All of these occurrences we will try to study.
We request funding for a research associate to help us obtain these results with the help of undergraduate students. The undergraduates are being funded by the University via the Undergraduate
Research Opportunities (UROP) program.
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Educational Aspects of this Program
This proposal has extensive effects in the education of students. In this research, at Colorado,
we involve many undergraduates and a few graduate students. For about a decade now we have
involved undergraduates in this research. The total number of such undergraduates over the years
has been about fifty. In the present year we have two graduate students working towards a Masters
degree and five undergraduates. Their work was associated with ther simulation of the production of
Supersymmetric particles in a Linear Collider and the subsequent analysis to measure their masses.
In fact, it was the students, many years ago, that pointed out to me the dangerous background from
the two photon process. The funding of the undegraduates is mostly done by the Undergraduate
Research Opportunities Program (UROP) funded by the University of Colorado. The graduate
students have been working on detector development with the Silicon Photo Detectors (SiPDs)
that have just appeared.
The students carried out their work and were required to write a report. This report was then
located on the web http://hep-www.colorado.edu/SUSY so that the results become available to
the community.
Presently, the student’s work is now associated with the simulation of the detector itself and
with the BEAMCAL. The purpose is to understand the resolution of a calorimeter design we have
proposed and to understand how well we can determine the presence of the two photon process and
how well we can measure the energies of the two high energy electrons.
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The Project
We are carrying out a very detailed measurement of the beamstrahlung energy deposition in
the BEAMCAL detector in the SiD design. This work is being done with the use of the ”Guinea
Pig” software tool. To obtain the beamstrahlung spectrum due to bunches crossing we need to
input the description of the bunches in terms of parameters. The standard ILC beam parameters
we are using at present for this study are as follows:
• Energy=250.0
• Particles=2.0 × 101 0
• σx = 655.0 nm
• σy =

5.7 nm

• σz = 300.0 nm
• emittx = 10.0
• emitty = 0.04
• espread = 0.001
• whiche spread = 0.
• of f setx = 0.
• of f sety = 0.
• waistx = 0.
• waisty = 0.
• anglex = 0.
• angley = 0.
• angle − φ = 0.
• trav f ocus = 0.
• charge sign = -1
The beamstrahlung electron/positron particles are then propagated towards the BEAMCAL
using the detector solenoid and Anti-DiD field parameters using the GEANT 4.0 program. We
have generated the beamstrahlung distribution of one bunch crossing to determine the Anti-DiD
field strength needed to maximize the beamstrahlung energy into the beam pipe in order to reduce
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the amount of energy deposited in the BEAMCAL. Reducing that maximizes the ability to observe
the two photon process. The result of this study is shown in Fig 1.
Nevertheless, to perfect this work we need to wait for the field parameters of the Anti-Solenoid
field being designed by the BNL/SLAC effort which is looking at the final focus quadrupoles. This
effort has to wait for the design of the push-pull arrangement being proposed for the single beam
line configuration of the Linear Collider. The Anti-Solenoid field is necessary to remove the field
contribution from the detector solenoid in the region of these quadrupoles. Since these are near the
BEAMCAL location it has an effect on the propagation of the beamstrahlung electron/positron
particles traveling towards the BEAMCAL. We expect this effect to be small so the results presented
here are expected to be almost correct.
Anti−DiD optimization for detector @ z=295cm (TeV)
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Figure 1: The figure on the left shows the total energy deposited inside the beam pipe as a function
of the anti-DiD strength scale factor. The figure on the right shows the percentage of the energy
deposited.
We have determined the number of electrons/positrons and their energies that hit the calorimeter in the very forward direction, near the beam pipe (BEAMCAL). This is shown in Fig. 2. This
clearly indicates that the large energy deposition comes from a large number of rather low energy
particles as compared to the energy from a single high energy particle from the two photon process.
This leads us to surmise that the shower shape due to a single high energy particle superimposed
on a large number of low energy particles should be quite distinct from the shower shape due to
the same total energy but all deposited by a large number of low energy particles. Hence we plan
to use this as a way to separate the two signals and use the difference in the shapes to determine
the energy of the high energy single particle that comes from the two photon process.
The Moliere radius of the showers is about 1 cm. Hence the appropriate cell size in the BEAM5
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Non−beampipe beamstrahlung particle energies to 10 GeV
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Figure 2: Number of electrons-positrons from the beamstrahlung pulse that deposit the amount of
energy in the beamcal. This indicates that the large energy deposited is due to a large number of
rather low energy particles.

CAL is about 1-2 cms. and we need to study the energy deposition distribution across the BEAMCAL in cell sizes of this order of magnitude. The shower will be measured over 25 samples in depth
each consisting of 1 radiation length of Tungsten interleaved with sensing layers (which still are
being determined). We then need to determine the variations in this energy deposition by running
various random bunches and generating the showers produced by the beamstrahlung products and
determine the energy deposition variations in each layer.
We propose to use our computing farm in Colorado to generate the data to study the characteristics of the showers we just discussed.
We then propose to generate two photon events using the Pythia and/or BDK software packages
to overlay the energy of the energetic electron/positron from the two photon process on the beamstrahlung data and then develop algorithms to determine how to separate the energy deposition
associated with the two photon process and deduce the energy of the high energy electron/positron
from the two photon process.
Finally we will study the overlap of the two photon events with Bhabha events that are expected
to occur in the BEAMCAL every beam crossing. We also plan to study the overlap with errant
beam particles as a result of beam gas interactions.
We state here the milestones we project we will achieve over the next two years:
• We expect to determine at the end of the first year the mean and the standard deviation of
the energy deposition by the beamstrahlung in every 1cm 2 area of the BEAMCAL in the SiD
detector final focus design. This will be done in everyone of the 25 layers of the detector.
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• We expect, by the end of the first year, to overlay various shower depositions due to the high
energy leptons from the 2 photon events.
• During the second year of this proposal we will study these shower depositions to determine
how well we can measure the energy and direction of the high energy leptons from the 2
photon events.
• By the end of the second year we propose to have studied the overlap of two photon events
with Bhabha events and errant beam particles to study whether this overlap makes the
analysis more complicated. This overlap should occur every beam crossing. We will study
the complications that may arise from these processes.

The Budget
We request funding for a post-doctoral research associate to maintain locally the software being
developed in SLAC associated with the various detector efforts in the LCDRD program; to maintain
the software associated with the simulation like ISAJET, PYTHIA, BDK, Guinea Pig, CIRCE, etc.;
to help with the computer simulation effort of the BEAMCAL involving and guiding the students
in this effort in association with Prof. Nauenberg. The budget presented is for the first year of this
proposal. We request the same funding, increased by the inflation factor of 3% for the 2nd year.
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The Budget

ITEM
A. Salaries and Wages
Research Associate
To be named 100% 12 months
Undergraduates Funding
University Contribution

Cost

40,000
15,000
-15,000

Total Salaries and Wages

40,000

B. Fringe Benefits
Research Associate(25.0%)

10,000

E. Total Direct Costs

50,000

F. Indirect Costs on Campus
Indirect Costs (51.5% of MDIC)

25,750

G. Total Costs

75,750
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