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22. Detail Attachments
a. Purpose

High energy physics experiments require a number of different technologies to identify particles 

and to measure their position and energy. The trend in experiments is toward higher energy and/or luminosity. This trend leads to increased particle densities and high rates. New detector technologies and the refinement of existing technologies are therefore in continual demand. The purpose of the activity covered here is to supply these new or improved capabilities for high energy physics detectors. In this way one can provide new insight into the nature of matter and energy and address challenging fundamental problems in a climate where breakthroughs happen. This work effort may support at a minimum level or concurrently, as appropriate, the Technology Transfer and Science Education missions of the Department of Energy.

b. Approach

Physicists work in conjunction with members of the Instrumentation Division and collaborators 

from Universities, National Laboratories and, sometimes, industrial partners to develop new detectors for use in High Energy Physics experiments.

1. Detector Development

1.1
Basic Detector Technology Development

1.1.1 Semiconductor Processing






(NS = not supported on this FWP)
1.1.2 Position Sensitive Silicon Drift Detectors

(Max Plank Institute MPE and MPI Munich, Germany, Politecnico di 

 Milano, Italy)

P. Rehak (60%, NS)
1.1.3 Microelectronics for High-Energy Physics Detectors
P. O’Connor (30%, NS)

1.2  
Calorimetry  

1.2.1
Sampling Calorimetry

H. Takai (30%); F. Lanni (25%)





1.2.2
Linear Collider Studies 
(BNL, FNAL, LBNL, SLAC + 24 other institutions.)

A. Turcot (25%).

1.3
Tracking

1.3.1 Cathode Strip Chambers (CSCs) for Muon Systems
V. Polychronakos (50%)

1.3.2 Large Area Silicon Tracking

(BNL)

Lissauer (10%); Lanni (10%); Rescia (25%)

1.3.4 Liquid Argon (Neon) Tracker and Vertex Finder for Possible Use in Muon Collider Detectors

(BNL, Nevis, Milan)

P. Rehak (20%, NS)

1.3.4 A Solar Neutrino Detector
(BNL, Nevis, Milan)

P. Rehak (30%, NS)

1.4        Fast Optical Detector 



YANNIS
BNL, Montclair St., Univ. of Pittsburgh

R. Burns (30%); V. Castillo (10%, NS); D. Lazarus (10%, NS); C. Ozben (10%);

Y. Semertzidis (20%); A. Stillman (10%); T. Srinivasan-Rao (10%, NS); T. Tsang (10%, NS).

c. Technical Progress in FY 2001 and Expected Progress in FY 2002

1.
Detector Development
1.1
Basic Detector Technology Development

1.1.1 Semiconductor Processing

1.1.2 Position Sensitive Silicon Drift Detectors 

PAVEL REHAK

To use the principle of the electron drift in a direction parallel to large 

detector surface to decrease the detector capacitance and the electronics noise and to improve the performance of the detector.






There was no run of experiment NA45 (CERES) at CERN in FY 2001. The CERES experiment pioneered the silicon drift technology in heavy ions experiments.  During FY 2001 silicon drift diode were planned to be produced and tested as low capacitance photodiodes to read out light signals from electromagnetic calorimeter of the KOPIO experiment. The few prototypes of these drift photodiodes were already produced at the silicon detector production facility at the Instrumentation Division.  Moreover, a new generation of silicon multi-segment detectors for the X-ray microscopy at the BNL NSLS were designed and are in production at MPE in Munich.

New devices, individual storage cells (pixels) for the X-ray crystallography and the Scanning Transmission Electron Microscope based on the technology developed for the drift detectors were designed and their prototypes were fabricated at the silicon detector production facility at the Instrumentation Division. A problem with one production step was identified and corrected. A few more prototypes will be ready in February 2002. The series of tests will follow immediately. The tests are also planned for the silicon drift photodiode for the KOPIO experiment pending the approval of the funding for the experiment.

1.1.3 Microelectronics for High-Energy Physics Detectors
PAUL O’CONNOR
BNL’s Microelectronics program specializes in using monolithic technology to develop readout systems customized to the needs of specific experiments. In particular, we have been developing on-chamber electronics for the Cathode Strip Chambers (CSCs) of A Toroidal LHC Apparatus (ATLAS). BNL’s responsibilities include a custom Preamplifier/Shaper (P/S) chip, sampling/digitizing board (ASM-II) using monolithic Switched Capacitor Arrays, fiber optic link, and data acquisition electronics.

During FY 2002 a major redesign of the ATLAS CSC preamp/shaper integrated circuit (IC) was undertaken. The redesign encompassed four  goals: improve the production yield by reducing the amount of on-chip decoupling capacitance and implementing more rigorous design rule checking, reduce the overload recovery time to minimize deadtime arising from highly-ionizing neutron hits, reduce the input impedance for lower crosstalk, and increase the number of channels per chip to improve board layout. The new chip was received in Fall 2001 and has been fully tested. Yield and performance improvements are consistent with expectations. A new automated test procedure was developed for measuring the properties of the bipolar pulses produced by this chip.

A new engineer was hired into the Instrumentation Division to work on CSC front-end readout board design. The new 192-channel sampling/digitizing board (ASM2b) was designed and fabricated. We expect to use this board in the summer 2002 beam tests.

Tests of the optical link components (serializer chip, deserializer chip, 

and optical-to-electrical transceiver) in a 63 MeV proton beam at the Univ. of California, Davis were carried out and the results gave us confidence that these components will be able to tolerate all classes of radiation effects expected in the ATLAS environment. We consulted with a thermal engineering firm to establish design guidelines for the front-end electronics cooling system, and we defined procurement procedures for the electronic components that the Muon and Liquid Argon calorimeter systems have in common. Several design reviews, an overview talk during ATLAS week at BNL in June, and a Project Assessment Review were also held. 

Initial discussions were held with scientists involved in the proposed MECO experiment. We made progress determining the basic parameters of the readout of the calorimeter and straw tube tracker. Brookhaven’s Instrumentation Division expects to play a role in developing the front end electronics for this experiment once funding starts.

Two new monolithic circuits with potential application to a wide range of high energy physics (HEP) experiments were developed. A low-noise, 32-channel chip for high resolution X-ray experiments was designed, which for the first time attempts to integrate highly sensitive analog charge amplifiers with extensive amounts (~ 30,000 gates) of digital circuitry. If successful, this will demonstrate our ability to achieve much higher levels of integration in subsequent designs for high energy physics. In a second development, we modified the Peak Detector and Derandomizer (PDD) concept investigated last year with a novel arbitration/crosspoint switch architecture, that makes a pool of high-accuracy peak detectors available on an as-needed basis to process the pulses from a large group of input channels. This new chip should have application to many radiation-sensing detectors, and has the unique capability to reduce the amount of digital processing by at least an order of magnitude over conventional readout methods.

1.2
 Calorimetry


HELIO 





1.2.1
Sampling Calorimetry

Related work on ATLAS is covered in the FWPs, PO-022 (Research),

PO-027 (U.S. ATLAS Computing) and PO-028 (U.S. ATLAS Project).

BNL was a pioneer in the development of noble liquid calorimeters.

By building on its experience, BNL has advanced the capabilities of these devices by continually extending the state of the art. This R&D has led to the construction of calorimeters that are extremely precise as well as with fast time response for the highest luminosity hadron colliders.  Calorimeters are the heart of modern collider detectors. The physics capabilities of experiments are enhanced by their performance.  BNL has contributed to the realization of liquid argon calorimeters for a fixed target experiment, NA34 at CERN, and a collider experiment, D( at Fermilab. BNL has also led the construction of a Liquid Krypton sampling calorimeter. At present most of the BNL effort is concentrated on the development of the readout electronics of the ATLAS experiment liquid argon calorimeter for the Large Hadron Collider at CERN.

BNL is designing, manufacturing and testing several of the components for the ATLAS liquid argon calorimeter. One of the largest efforts in FY 2001 was in the manufacture of the signal feed-throughs. The assembly facility has produced 75% of the required items and 50% of them installed. It is expected that this effort will be fully concluded in FY 2002. BNL has an active participation in the architectural design of the front-end readout electronics integration. All the necessary hardware needed to permit the operation of the front-end electronics within specified parameters is designed by BNL. This includes all of the front end crate system, signal routing, RF shielding, grounding, cooling system and low noise power supply. The design for most of the above has been concluded in FY 2001 and they are in several stages of manufacturing. The one part that required concentrated R&D effort was the power supply for the liquid argon calorimeter. The challenge there is to develop a power supply that could be operated in a radiation field and under magnetic field. The development has been very successful and a DC-DC converter has been successfully qualified for the levels of radiation foreseen for the ATLAS environment. The development was undertaken as a joint effort between BNL and a vendor.  A full prototype is expected by the end of FY 2002. BNL participates actively in the commissioning of the readout chain. A laboratory for this purpose has been setup at BNL.  The laboratory will be used by the ATLAS collaboration to qualify the front end electronics for the liquid argon calorimeter. In FY 2001 the setup was used to understand and develop necessary algorithms to process the digital information from the readout system.  The results of lessons learned in the operation of the electronics readout chain in BNL will be used to run the experiment more efficiently. Extensive work continues to develop of filtering algorithms for the on-line processing of the data.

1.2.2 Linear Collider Studies 
 
ANDRE TURCOT

In July 2001 an Orange Book was released by the American Linear 

Collider Working Group (ALCWG) entitled Linear Collider Physics. The purpose of the document was to serve as a resource book for Snowmass 2001. BNL co-edited the Experimental program section. BNL also continues to play an active role in leadership of the calorimeter group. Current work is attempting to address the issue of energy flow in optimizing jet energy resolution. This is a key issue for the currently proposed hyper-granular Silicon-Tungsten electromagnetic calorimeter. 




1.3
Tracking

1.3.1 Cathode Strip Chambers (CSCs) for Muon Systems

VINNIE
Work with 3 commercial vendors has resulted in streamlining the fabrication of the CSC panels.  All precision components are fabricated in industry and only the panel assembly and completion of the chambers is done at the laboratory.  The local labor for precision work is thus minimized or completely eliminated resulting in faster chamber assembly and higher quality detectors.

Tests of the ATLAS specific, full size Cathode Strip Chamber (CSC) prototype continued. The X5 beam at the CERN West Experimental Area was used for these tests.  X5 is a high momentum muon beam augmented with a powerful radioactive source of 137Cs. The 600 KeV gamma rays from this source closely resemble the energy of the background photons expected during LHC operation. The source is powerful enough to irradiate large area chambers, thus affording testing of muon chambers under realistic operating conditions.  At the same time, and in collaboration with a group from the St. Petersburg Nuclear Physics Institute, we have launched a long term program to determine the aging properties of the CSC chambers.  Two small chambers were fabricated for this purpose and shipped to St. Petersburg for these measurements.

1.3.2 Large Area SiliconTracking

(RESCIA)

1.3.3 Liquid Argon (Neon) Tracker and Vertex Finder for Possible Use in Muon Collider Detectors 



PAVEL REHAK
To design and to produce a background blind radiation hard vertexer and tracker for 
[image: image1.wmf]-

+

m

m

 collider experiment.

The approach is based on an extensive use of liquefied rare gases with 

low atomic numbers, that is, neon or argon. The new technology is thought to bring a large advantage for the vertex detector and for the inner tracker of a 
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 collider detector. The approach takes full advantage of the small size of the collision region. The region has radial dimensions of about one (m, while its extent in the beam direction is of the order of 1mm. Momenta of charged particles of interest in 
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 collisions are high enough to be bent only slightly in the solenoidal magnetic field. The tracks are basically straight lines emerging from a known common point. The elementary detection cells are long towers pointing to the interaction point.

A small cryostat to measure the transport of electric carriers in liquid helium and liquid neon was designed.  The cooling part of the cryostat was produced by a commercial company and the experimental vessel was produced at Nevis.  Moreover, a second small warm vessel to check the injection of photoelectrons into the high density gas was also constructed at Nevis and delivered to BNL.  A series of measurements were performed in gas helium and argon at room temperature.  The funding is expected to come mainly from NSF through the Nevis part of the collaboration.

1.3.3 A Solar Neutrino Detector 
PAVEL/MILAN
Scope: To design, produce and to run an experiment detecting the incident direction  of solar neutrinos down to about 150 keV.

The approach is based on a formation of nano-bubbles around electrons produced along the trajectory of recoil electrons of liquid helium when interacting with a solar neutrino. A short analysis of the rates and volume of the detector shows that the detector should have about  
[image: image4.wmf]12

10

position elements or voxels. However, the rate of the interactions is very low. To achieve the effective granularity of  
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 voxels with about  
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 channels the idea of a Time Projection Chamber is pushed to the extreme. The first requirement to obtain such a huge decrease of the number of the channels of the read-outs is a low drift velocity of the electrons within the volume of the liquid helium. The formation of a nano-bubble around the signal electrons decreases the mobility of negative charges sufficiently and at the drift field of 1kV/cm the drift velocity of nano-bubbles is only 20cm/s. Such a low drift velocity gives enough time to read-out the position in a plane perpendicular to the drift direction with a reduced number of read-out channels. Not all details of the detector are now known.

The cryostat to measure the transport of electrons within liquid helium was designed. It was constructed by an outside company and seen by BNL and Nevis physicists. A few shortcomings were seen and the company is correcting them. The delivery is scheduled for February 2002. The inner vessel of the cryostat was fabricated at Nevis.  The same cryostat is also planned for use in the measurements of electron transport properties in liquid neon.  The requirements for the liquid helium and liquid neon are opposite in the two different projects. In the liquid helium, used as a detection medium for the solar neutrino experiment, we require formation of stable nano-bubbles. In liquid neon, applied as the detection medium for the vertex detector for the muon collider the formation of nano-bubbles must be suppressed. The funding of this project is expected to come mainly from NSF through the Nevis part of the collaboration. The first tests should start immediately after the delivery and the commissioning of the cryostat. First we will measure the transport properties and later we will test a few read-out schemes.

1.4        Fast Optical Detector

YANNIS





The electric field of an ultra-relativistic charged particle collapses to a pancake shape the so called Lorentz cone in a direction transverse to its velocity.  The electric field of a bunched particle beam is a superposition of the individual particle Lorentz cones and its amplitude distribution is a very good representation of the longitudinal intensity distribution of the beam. The detection of the electric field profile from various distances from the beam can disentangle the longitudinal and transverse charge distributions.  We had proposed to observe this electric field using the electro-optic (EO) effect and have made the first direct EO measurement of a charged particle beam with 10 ps long 45 MeV electron beam bunches of up to 0.6nC at the Brookhaven Accelerator Test Facility (ATF).  Using a continuous wave (CW) laser we obtained 70ps time resolution with convention electronics, i.e., a fast photo-diode and oscilloscope.  In 2001 we used a pulsed laser and a synchroscan streak camera and achieved 30ps rise time resolution in the single shot mode.  The enhanced resolution resulted in the observation of a 3 GHz modulation of the signal waveforms which also had a much longer decay time than previously obtained. These results will be investigated with additional running at the ATF in order to understand them and to push the time resolution measurements below 10ps.

In FY 2002 we plan to use a novel idea in which the time distribution of the electric field is transformed to spatial one which, in principle, can push the time resolution to an unprecedented level of a few fs or to microns.  A test at the BNL source development source (SDL) to observe signals with 100fs time resolution as limited by the duration of the pulsed laser is planned and vacuum components have been designed and are being fabricated.

d. Future Accomplishments

1.
Detector Development
 


1.1
Basic Detector Technology Development

1.1.1
 Semiconductor Processing






1.1.2
Position Sensitive Silicon Drift Detectors

PAVEL

Expected Progress in FY 2003 (2004).

a)
X-ray crystallography detector and the detector for the Scanning Transmission Electron Microscope will be installed and ready for real data taking.

b)
The second iteration of semiconductor drift photo-diodes for detection of photons produced by the electromagnetic calorimeter of the KOPIO experiment will be designed and produced.

Expected Progress in FY 2004 (2005).

New semiconductor detectors to accommodate needs of new experiments and to serve as facility detectors will be designed, produced and tested.





1.1.3
Microelectronics for High-Energy Physics Detectors
P. O’CONNOR





Expected Progress in FY 2003

The entire front-end electronics for the ATLAS CSC, including the two custom chips designed by Instrumentation, will have their final Production Readiness Review in early 2003. Procurement, production, and production testing will take place during the first half of calendar 2003. The front- end boards will be assembled onto chambers and quality assurance tests will be developed. ICs in 0.25 and 0.18 micron Complementary Metal Oxide Semiconductor (CMOS) technology for higher density detector readout applications will be produced. Increasing study of high-density interconnect and readout architectures.

Expected Progress in FY 2004

The CSC system, including electronics, will be shipped to CERN for installation and commissioning. Integration with the off-detector electronics will be completed. Readout software will be developed that will optimize the control of the ASM boards by the RODs. Research into very deep submicron CMOS circuits will continue, concentrating on analog circuits for precision charge readout.

1.2
Calorimetry




HELIO





1.2.1
Sampling Calorimetry
Expected Progress in FY 2003
Assembly of the calorimeter for ATLAS will begin. The installation of the feedthroughs will be completed. We expect also that all of the pedestals and crates will be concluded.  By the end of FY 2003 we expect all of the cabling in the calorimeter to be tested and ready for the installation of the detector module. 

Expected Progress in FY 2004

A test program designed to commission the ATLAS calorimeter before it 

is lowered to the final position in the experimental cavern will begin.

1.2.2 Linear Collider Studies 



STUMER
Expected Progress in FY 2003 (2004)
An essential measurement that will be performed at a 800-1000 GeV Linear Collider is the measurement of the Higgs boson self-coupling. The low event rate requires reconstruction of multi-jet final states with high efficiency and excellent jet-jet mass resolution.  Therefore, one of the key experimental issues is optimization of the calorimetry.  It is expected that the final design parameters will have been determined; these include choice of absorber, sampling media and the transverse and longitudinal segmentation.






Expected Progress in FY 2004 (2005)

It is desirable to begin a test beam program with a proto-type calorimeter 

built according to an optimized design.  This would be in collaboration with the University of Oregon and the University of Colorado. We plan to add two additional physicists to this effort.

1.3. Tracking




VINNIE

1.3.1
Cathode Strip Chambers (CSCs) for Muon Systems
Expected Progress in FY 2004

The production of the detector modules is expected to be completed by the middle of FY2003.  Extensive aging tests with the prototype re-circulating gas system will begin at the Gamma Irradiation Facility (GIF) at CERN.  Production of the readout electronics will be completed by the end of FY 2003.

Expected Progress in FY 2005
The construction of the 32 ATLAS detectors will be completed and shipped to CERN for installation in the ATLAS Muon Spectrometer.  Aging studies and performance in high radiation environments will continue.

1.3.2
Liquid Silicon Tracking


LISSAUER

1.3.3 
Liquid Argon (Neon) Tracker and Vertex Finder for Possible Use in Muon Collider Detectors


PAVEL REHAK






Expected Progress in FY 2003 (2004).






The series of measurements testing the liquid helium properties for the solar neutrino experiment will have the highest priority for tests performed in the new cryostat.  However, later in the year the cryostat will be filled with liquid neon.  We will try to solve a small part of argon in the liquid neon without freezing argon. The presence of argon should block formation of nanobubbles around the signal electrons produced by fast particles in the liquid neon.  For the background blind muon collider experiment it is important to keep the mobility of negative charge carriers (electrons) high.






Expected Progress in FY 2004 (2005).






We will try to solve other gases than argon in neon. The test of the position resolution of the new detector will start most likely in a slightly modified cryostat.  The practical aspects of liquid neon as an active detection medium will be experimentally studied.

1.3.4 
A Solar Neutrino Detector 


MILAN DIWAN
Expected Progress in FY 2003.






The measurements will be focused to the performance of different read-outs. We will construct and test:  i) purely electronics read-out, ii) purely optical read-out and iii) combination of both read-outs. The tests may extend into FY 2004.

Expected Progress in FY 2004.

More testing of possible read-outs.  However, once we have selected the best read-out we will proceed with the design and construction of the detector of solar neutrinos down to 150 keV.

1.4
Fast Optical Detector




YANNIS
Expected Progress in FY 2003

Efforts to improve the time resolution to better than 100fs with shorter laser pulses and thinner crystals of greater EO sensitivity. This technique will be developed to provide an ultra-fast, simple and non-destructive beam monitor that should become an essential diagnostic tool for electron linear collider and free electron laser development.

An array of crystals in an x,y (with z the direction of beam propagation) configuration will be used to determine the spatial and time parameters of the charged beam.



Expected Progress in FY 2004

Work will continue to improve the time resolution to better than 10fs by using thin film crystals and a pulsed laser with fs time duration.  We will also apply the EO technique as a readout of a prototype of a MICROMEGAS chamber: a high rate, high resolution particle detector.  The advantages are high speed which is not capacitance limited and that the signals can be transferred over great distances with mono-mode fibers without loss of bandwidth. The system can also provide very large buffering since the fibers can be very long without loss of bandwidth. Discussions will continue with the Saclay group that developed the MICROMEGAS detectors in order to obtain a chamber for testing.

e. Relationships to Other Projects

Experimental Facilities R&D proceeds hand-in-hand with collider detector R&D at BNL and throughout the field. Many of the same issues (speed, position resolution, particle density, etc.) drive the R&D efforts everywhere. More importantly, the R&D efforts are closely connected to involvement in very broad-based collaborative experiments.
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