VERITAS

The Very Energetic Radiation Imaging Telescope Array System (VERITAS) is a high energy gamma-ray telescope array with sensitivity in the range 50 GeV - 50 TeV  to study  extreme astrophysical processes in the universe.   The array VERITAS is being built at Kitt Peak in Arizona and is based on the ground-based detection techniques of its predecessor, the Whipple-10 meter optical gamma ray telescope, to explore the universe at the highest photon energies known to be emitted from cosmic sources.     The emission of high-energy gamma-rays from cosmic objects always implies the presence of exotic and extreme physical conditions and the detection of this radiation offers a direct probe into these exciting phenomena.   

Five Argonne physicists are now contributing to this new astro-particle initiative; Karen Byrum, Steve Magill, Larry Nodulman, Richard Talaga and Bob Wagner as well as one electrical engineer, Gary Drake and one post-doctoral physicist, Elizabeth Hays.  We received a joint University of Chicago-Argonne National Laboratory R&D grant to build a Track Imaging Cherenkov Experiment (TrICE) telescope to attempt to detect primary Cherenkov radiation of charged particles, which can be used to distinguish the composition of cosmic hadrons.  But the primary purpose of TrICE is to study the feasibility of using multi-channel photodetectors, to develop front end electronics to be used in conjunction with highly-pixellated future telescopes (VERITAS-7) in order to improve night sky background discrimination and to obtain angular resolution.  
Late summer and fall of 2004 have been very productive for the VERITAS collaboration.  The prototype telescope, which is currently located at the base of Mount Hopkins will eventually be moved to Kitt Peak to become part of the 4 telescope array.  During summer and fall 2004, the prototype was instrumented with final production version mirrors, camera and electronics.   This telescope saw its first light in December 2004 passing tests of both hardware and software implementation and initial commissioning as well as a first exercise in executing higher level reconstruction algorithms.   Site development at the future Kitt Peak site also began during this time.  Argonne physicists contributed to both the building of the prototype as well as to taking shifts at the 10 meter Whipple telescope and in taking shifts at the 12 meter prototype telescope.  We have attended collaboration meetings and science meetings.  In September 2004, Liz Hays was hired as a joint University of Chicago / Argonne post doctoral physicist.  She immediately became involved with the VERITAS DAQ at the prototype telescope and in a short time has become one of the few DAQ experts.
a. PMT Studies:

One of the technological challenges of this project is to determine if multi-anode photo-multiplier tubes (MAPMTs) can be used in a telescope environment.  The key question for this determination are whether MAPMTs have the sensitivity to measure signals of 3-100 photo-electrons in a shower in the presence of the high rates of photons from the night sky background.

To study this, Bob Wagner and Karen Byrum have made measurements of the single photo-electron signal on several MAPMTs.  We have studied the Hamamatsu R5900-00-M64 and the Hamamatsu H8500. We have experience with M64 which is also used by the MINOS experiment, but the pixel spacing of the H8500 is more suited for our angular requirement.  Our plan is to understand the performance of the configuration of the voltage divider in the base of the H8500 and attempt to find an optimal configuration for this application.   Our measurement setup consists of a dark box containing two PMTs, a blue LED pulsed from an external circuit, a graded neutral density filter wheel driver by a stepper motor, a Wratten ND1.0 gelatin neutral density filter and clear fiber to transport LED light pulses to a R580 and the MAPMT.   RABBIT electronics are used to measure the charge.  Figure 1 shows the spectrums for the M64 tube and for the H8500 tube.  
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Figure 1: Pulse height spectrum with filter wheel set to allow less than 1 pe.  The left figure is the spectrum for the M64 PMT and the right figure is for the H8500 PMT.   

We also studied crosstalk on the M64 and found this to be less than 3% which is consistent with previous measurements from the MINOS experiment.  Initial measurements of the H8500 seem of similar scale.     
We have also made preliminary linearity measurements with and without a simulated effective night sky background. To simulate the night sky background, we used an incandescent bulb inside the black box setup.  The linearity measurement records the measured ADC counts at each filter wheel setting for the case of the bulb off (no NSB) and compares this to a measurement with the bulb on.  The inferred ADC counts for bulb on (non-zero NSB) are normalized to the value of the R580 which is shielded from the simulated NSB.   Figure 2 plots the curve of relative response vs number of photoelectrons for each DC current where we have assumed the conversion of 1nA = 113.6k p.e./s to give the equivalent p.e./s that our bulb illumination gives. Initial results show that an incandescent bulb shining on our photocathode has relatively small effect on the gain, even at high illumination.   We plan to obtain a better calibration of the effect of a simulated NSB by using the current observed by tube in the presence of the actual NSB.
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Figure 2: The Response of  one pixel on the H8500 PMT as a function of the number of photoelectrons pulsed through the filter wheel at different settings of simulated NSB.
b. TrICE DAQ:

Liz Hays has taken over the development of data acquisition software for the TRICE project. The DAQ uses MINOS pre-production electronics boards readout by a VMIC 7766 processor. This processor is also used by the VERITAS experiment. This design was chosen to closely overlap the TrICE DAQ software development with the VERITAS experiment.  The VMIC processor uses real time Linux as its operating system.   During Jul – Dec 04, software was developed to calibrate the electronics. Figure 3 shows the raw DAC-ADC data points used to compute lookup tables constants (LUTs) which are used for linearizing the data for all 8 ranges.  Data is only shown for one of the 4 capacitors.  Figure 4 shows the linearized ADC values resulting from reading DAC data through the LUTs .   This is an average for reading through all 4 capicitors multiple times for each DAC setting.
[image: image4.jpg]ADC {counts)

Response for Channel 0 Capachor 0

4

60000
DAC {counts)





Figure 3: The raw DAC-ADC data points used for calculating LUT constants.
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Figure 4: The linearized ADC values resulting from reading DAC data through the LUTs.

c. MC studies:
Steve Magill and Liz Hays worked on developing a TrICE Monte Carlo using the CORSIKA generator. The CORSIKA Air Shower Monte Carlo generator was obtained from its author and set up on the ANL server.  Input options for Cerenkov photon generation and storage were included.  The program can be run with a separate Cerenkov photon output file with the option of making an ntuple with the Cerenkov photons and the CORSIKA output is transformed into a format which can be read by a detector simulation program written by Scott Wakely and Simon Swordy of UofC.  
Figure 5 is a plot of simulated photons from a 100 TeV iron induced air shower in the TRICE 1600 pixel camera.  The first interaction occurs at a height of 30 km - the detector sits at 200m above sea level.  The photons are integrated over the duration of the shower ~30 ns.  The majority of the photons arrive in the first 20 ns.  The binning is very close to the actual pixel size of the H8500. The top plot shows the photons from the longer mirror path.  The bottom plot shows the "trigger" signal which arrives through the Fresnel lens ~30 ns ahead of the mirror signal.  The detector location has been offset from the shower core by 80 m, where the DC signal is maximized, causing the image to look extended along the X axis. Quantum efficiency has not been included in these plots so the actual detected photon numbers will get decreased by a factor of 3 or 4.  This figure includes no background noise or time jitter from the electronics.
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Figure 5
Figure 6 is an idealized extraction of the DC signal.   The plot is a projection of the camera image along the y axis. The black line indicates all the photons that hit the camera.  The red line indicates the DC signal we are looking for.  The blue and green dashed lines show the collected signal with two cuts applied.  The first excludes pixels not lying along the shower axis, and the second is a time cut removing photons that arrive before the 8 ns delay in arrival for the DC light due to longer time of travel in the atmosphere.
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Figure 6:
d. Site Development:

We performed preliminary night sky background measurements at two possible sites and selected the site with the darkest night sky background.  We measured the current on the R580 anode and on the H8500 “or” of the 64 pixels as a function of HV.  The PMTs were shielded with a large baffle.  We expect this current to be an upper limit on the night sky background our camera will view.  Figure 7 shows typical H8500 signals with the voltage set to 540V.  With this voltage, the “or” of the 64 pixels recorded a current of 65 microAmps.       

In the second half of 2004, we started site development.   After finalizing our site selection in early summer, we received NEPA approval and brought power to the site in late august. We completed the design of the mirror and mount of the telescope and ordered a trailer for housing computers and electronics and an enclosable structure for housing the telescope.  Figure 8 shows a schematic of the telescope mount.

[image: image8.jpg]Good Pulse H8500

Top Pulse — Dynode
8 mwmwww‘wwmmmwmw
W) - m el
o Mm%«%
0015 [ Bottom Pulse — O of the 64 anodes

L
. R Y Y T T TR o1
10





Figure 7: Scope trace of a typical H8500 signal taken outside on a dark night.  The high voltage wasset to 540V and the current from the “or” of  all 64 anodes measured 64uAmps.
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Figure 8: Schematic drawing of TrICE telescope.
