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Project Title: Precision Measurement of Hadronic Showers (renewal for 2nd year)
Investigator(s):  S.Chekanov, G.Drake, V. Guarino,     Division(s):  HEP            ALD(s):  R. L. Stevens (PBCS)


  S. Kuhlmann, S. Magill, B. Musgrave, 
                            J. Repond, D Underwood, B. Wicklund, L. Xia  
Check ONE box only for each of the questions below:

The proposed research and investigators do not comprise a multidisciplinary effort.

The proposed research is primarily of basic.
Theory _________%
Simulation/Modeling ________20__%
Experiment _________80_%

	(1) Funding Profile

($K)
	TOTAL

(All Years)
	FY 2005
	FY 2006
	FY 2007

	    Staff/STA Effort
	295
	65
	115
	115

	    Post Doc Effort
	180
	60
	60
	60

	    M&S
	625
	175
	225
	225

	    Operating Total
	1100
	300
	400
	400

	    Capital Equip*
	0
	0
	0
	0

	 (2) Scientific/Technical Opportunity

Recently a new approach to the measurement of hadronic jets of particles produced in high-energy collisions of electrons and positrons has been proposed. The new approach, named Particle Flow Algorithm (PFA), utilizes both the tracking information for charged particles and the calorimeter for the measurement of the energy of neutral particles. The application of PFAs is expected to improve the resulting jet energy resolution by up to 50%. At the planned International Linear Collider (ILC) many final states involve WW and ZZ pairs, predominantly decaying to four hadronic jets. To exploit fully the physics potential of the ILC, these final states need to be disentangled. In turn this requires the best possible jet energy resolution, of the order of 30%/√E.
In the past years a large number of experimental groups have initiated efforts to optimize the design of a detector for the ILC based on the application of PFAs. The effort involves both detailed Monte Carlo simulation studies exploring different detector designs and the development of a technical solution to the readout of an extremely finely granulated calorimeter, as required by the optimization of PFAs.

The studies can, however, only proceed to a certain point. Due to the lack of precise data on the development of hadronic showers the simulation of hadronic showers is plagued by large uncertainties. The comparison of some 15 different hadronic shower simulation codes shows variations of up to a factor of two in shower radius, depth, particle content, etc.

For this and other reasons (below) we propose to build a calorimeter prototype section and make detailed measurements of hadronic showers. The measurements will be performed with a test section of a hadron calorimeter with the lateral dimension of a cubic meter, as required for the containment of hadronic showers. The readout of the calorimeter will be extremely finely segmented, with pads of 1 cm2, read out individually in each layer of the calorimeter. The resulting total number of readout channels will be very high, of the order of 400,000, and requires a novel concept for the readout system. The test section will be tested with particle beams to be provided by the Fermilab MT6 beam line. The measurements will provide a data base which will be the basis for all further fine-tuning of the Monte Carlo simulation of hadronic showers and validate our technical implementation of a very finely granulated calorimeter.  


	(3) Benefits/beneficiaries/customers

Improvements in high resolution calorimetry have been a continuing priority in High Energy Physics for the past three decades. Our study will benefit any future experiment, and especially the ILC, which is to study processes which may only be accessible with significantly higher resolution than previously achieved. The ILC is considered the highest priority project for the future of the field and is ranked the number one priority among the medium term projects in the Twenty-year Roadmap recently presented by the Office of Science.
The design of a calorimeter for the ILC detector is one of the most important and challenging tasks facing the ILC community. New techniques, such as PFAs, are being investigated in order to attain the best possible energy resolution for hadronic jets. The study of PFAs relies on precise Monte Carlo simulation of hadronic showers. Our planned precision measurement of hadronic showers will be the basis for future fine-tuning of the simulation codes and are a pre-requisite for gaining confidence in the studies aiming at optimizing the design of the detector for the ILC or elsewhere.
 (4) Achievements in the past year
Following is a brief summary of our achievements in Fiscal Year 2005:
1. Completion of rate tests of Resistive Plate Chambers.

2. Development of a mechanical design of chambers for the prototype section. The design includes a strong backplane with cooling for the front-end electronics and a gas distribution mechanism for the individual chamber.

3. Completion of the design of the Front-end ASIC (work done in collaboration with Fermilab). Chips from the first prototype run are being evaluated.

4. Completion of the specifications of the entire electronic readout system (a 55 page document). Detailed design work of the subcomponents has commenced.

5. Evaluation of High Voltage power supplies in tests with Resistive Plate Chambers.

6. Expansion of the collaboration by including a group from University of Iowa.

7. Submission of a Technical Note (FNAL-TM-2291-021105) to the directorate of Fermilab concerning our plans for the use of the MT6 test beam.

8. First evaluation of the performance of the SiD detector concept. Detailed studies of the response to neutrons. 
In addition to these achievements, members of the Argonne group have been elected to serve in the following leadership positions of the ILC detector community:

1. Chairman of the Steering Board of the CALICE collaboration. The CALICE collaboration aims at developing calorimetry for the ILC and currently counts about 180 members from 9 different nations.

2. Coordinator of the American Working Group on Linear Collider Calorimetry.

3. Coordinator of the calorimeter design for the SiD detector concept.

4. Project leader of the Digital Hadron Calorimeter project within the CALICE collaboration.

5. Responsible for the simulation aspect of the calorimeter effort within the American Working group on Linear Collider Calorimetry.






	

	(6) Resources required (dependencies, key skills, new hires)

In order to create a strong and competitive effort, we ask for funds to support one postdoctoral research assistant. In addition, we ask for support from the divisional electronics and mechanical engineering support groups for the construction of the chambers and the electronic readout systems. A small amount of money is required to travel to the various meetings of the ILC detector design community and other relevant physics and electronics meetings. 
The M&S funds will be used to acquire the materials for the construction of the Resistive Plate Chambers and for the fabrication, assembly and testing of the readout electronics. 



	(7) Future funding opportunities (direct follow-on and related programs) for next year and subsequent years

With strong interest in Europe, the US and Japan in constructing the ILC we feel confident that construction of the ILC will commence in a few years time at an existing laboratory of one of the three regions mentioned above. Our planned involvement at this (early) stage of the project will be essential in obtaining the responsibility for the construction of a major part of the calorimeter. If assigned this responsibility we expect to receive full financial support for the construction of the detector subsystem from the Department of Energy. In the past, similar plans of action led to the construction of large sections of the HRS, CDF, ZEUS, and ATLAS calorimeters by the Argonne HEPD. Collaboration with university groups, such as Boston University, University of Chicago, University of Iowa, Northern Illinois University, University of Texas and Fermilab has already started.  


	


*Only special-purpose equipment key to the performance of this project and not otherwise available may be requested.
