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MEMORANDUM OF UNDERSTANDING

FOR THE 2003 MESON TEST BEAM PROGRAM

T???

Neutral Particle ID by 

Time of Flight Calorimeter

February 15, 2003

INTRODUCTION


A new physics experiment that contains an extensive program of neutrino production of strange particles is under preparation {LOI Nov. 2002}. This will require both charged and neutral particle identification of low momentum 0.5 to 4.5 GeV/c particles. The time-of-flight separation between charged , K, and proton is shown in figure 1 for a 2 meter flight path. The same time-of-flight separation is possible for neutral particles, K0 and neutron, if the production point of the particles is assumed to be the initial interaction point of these particles which will be tagged in the actual experiment by an active target. So if a good timing system can be devised for the neutral particles after a 2 to 4 meter flight path then particle identification can be achieved. This can in principle be done with shower development, as shown by the geant simulation plot of figure 2. This would be the first use of time-of-flight to distinguish neutral particles and since the time of shower development is not in any Monte-Carlo simulation program this necessitates a detector research study for distinguishing neutral particles such as K0 from neutrons. Although a tagged K0 beam is possible, these same ideas can be tested with charged particles +, K+ and p+ in a proof of concept that a neutral time-of-flight system devised from a hadron shower calorimeter shown in figure 3. 


The goal of the test beam request is to use a standard TOF system, both fast light and resistive plate modules, that were developed for CDF, Fermilab and Alice, CERN experiments respectively. Because the shower development timing will need to be corrected for the edges of the shower each system will have to have spatial measurement information, and in the real experiment a supporting hadron calorimeter surrounding the time-of-flight plane to provide energy information would be needed. Because of this we need to test different interaction lengths of shower development.  This MOU relates to these tests that will be carried out using the MTEST beam of the Meson Area during the 2003 run period.


This is a memorandum of understanding between the Fermi National Accelerator Laboratory and those experimenters of the TOF-Calorimeter who are committed to participate in beam tests to be carried out during the 2003 period. The memorandum is intended solely for the purpose of providing a budget estimate and a work allocation for Fermilab, the funding agencies and the participating institutions. It reflects an arrangement that currently is satisfactory to the parties; however, it is recognized and anticipated that changing circumstances of the evolving research program will necessitate revisions. The parties agree to negotiate amendments to this memorandum that will reflect such required adjustments.

I.    
PERSONNEL AND INSTITUTIONS


Experiment TDR Contact physicists:



J. Morfin, Fermilab


Fermilab liaison physicist:



Erik Ramberg


Beamline physicist:



Beams Div.






External Beams Dept. 

                                                                            



Currently, Tom Kobilarcik


Particle Physics Division Liaison:
Erik Ramberg

               Computing Division Liaison:              
Dave Slimmer

1.1                    Fermilab:  J. Morfin?
1.2                    IIT: N. Solomey, B. Luebke
Other commitments:



Minos construction and Installation:                 Fermilab


FNAL E871 analysis:                                        IIT



MuCool R&D:
                                    IIT


II.  EXPERIMENTAL AREA, BEAMS AND SCHEDULE CONSIDERATIONS

2.1 LOCATION AND FACILITIES

2.1.1 The test apparatus is to be located in the downstream Detector Hut in the MTEST beam line. The enclosure is necessary since the TDC are sensitive to temperature variations, which are present in the MTEST open areas. In addition, the test-beam Control/Counting Room to the west of the MTEST will be used to house electronics. 

2.1.2 Powered racks for electronics and NIM bins should also be made generally available.

2.1.3 Space in cable trays for approximately 20 cables- 7 (34 conductor twisted pair ribbon) cables, 4 SHV RG58 HV cables, 3 BNC terminated RG58, one multiwire (22 gauge 6 conductors) cable to carry DC power to the preamplifiers and  one multiwire (22 gauge 6 conductors) carrying data from our environmental monitor on the Prototype detector.

2.1.4 Electronics Racks are needed inside the Hut and inside the Counting Room.

2.1.5 One standard-size table will be required in the test-beam Counting Room. Computer networking to the general Fermilab Network is required. It would be convenient to also have wireless access to the Fermilab Network,

2.1.6 The power requirements are 1 kW of clean power for electronics

2.1.7 Radioactive sources for detector testing during setup, in a standard Fermilab storage box.

2.1.8 The resistive plate detector will need to be supplied chamber gas at the flow rate equivalent to a change of several volumes/day. This gas may be flammable, but is within the Fermilab Class 0 hazard range. Dry nitrogen gas will be required at the detector as a purge gas. These gas needs may be satisfied by using facilities in the common test- beam gas shed, assuming the needed flammable gas permits for the common facility have been obtained. We currently have a flammable gas system at Lab6 (Fermilab) which will suffice for these tests, and this system could, in principle, be used for the test beam run with the understanding that we would need to get a re-approval for our permit.

2.1.9 Steel places 1x1 m2 of 0.75, 1.25, 2.5, and 3.5 interaction length depths suitable for placing in a beam will be necessary and should be provided by Fermilab, with their occasional insertions and removal by Fermilab technical staff.

2.2 Beam

2.2.2 The tests will use slow resonantly-extracted, Main Injector proton beam focused onto the MTest target. The tests require a beam of tagged, charged particles. Several different momenta may be chosen to maximize detector rates and to study the effect of energy deposit on the TOF-calorimeters performance. 

2.2.3 Intensity: Variable, in the range of 25-100 kHz in an area of 1 square cm. With the current beam line design this is expected to require up to 2 x 1010 primary protons per second.

2.2.4 It is anticipated that the data will be buffered over a ~1 second spill period, and read out, saved, and, if time is available, analyzed between Main Injector Test Beam cycles.

2.3 SCHEDULE

The goal is to deliver charged particles at the rate stated above for data taking as required by the R&D program over a short period beginning in late Sept 2003. The group expects to collect data for short bursts of shifts, and to repeat some of the tests several times. The total time required is not that large but flexibility in scheduling is important. The group expects to share beam time with other R&D efforts. Details are given in the section below labeled Run Plan.

III.
RESPONSIBILITIES BY cOLLABORATING physics group 

           ([] denotes replacement cost of existing hardware.)

3.1       Fermilab 

Fermilab physicists will be responsible for the trigger, data acquisition of non-TOF system components in the beamline and beam monitoring, software and internet connection support.
3.1.1 Local pair of Scintillator paddles





[$  1k]

3.1.2 Low and high voltage power supplies for electronic devices


[$  5k]

3.1.3 TDC Readout electronics, Nim and Camac bins, SCSI-Camac controller 

all items are available in  Fermilab Prep for short-term loan.

            [$20k]

3.1.4 Misc. cables 




 



[$  1k]

3.1.5 Tektronix Digital Oscilloscope 





[$  5k]

3.1.6 Steel plates 1x1 m2 of 0.75, 1.25, 2.5 and 3.5 interactions lengths

[$10k]

3.1.7 Misc. expendables and services                                                                 
 $  2k

       
Total existing items                                                                                  [$42k]


Total new equipment items                                                                              0

Total operating cost                                                                                    $ 2k

3.2
Illinois Inst. of Technology

IIT physicists will provide the time to set up, maintain and operate the experimental equipment, the data acquisition system, storage media, analysis computers. 

IIT will provide:

3.2.1

Data Acquisition computer:







[$3.5 k]

3.2.2

TOF paddles borrowed from Alice developments, Lisbon Portugal

[$20 k]

3.2.3

TOF scintillator paddles of the proven type developed for CDF

$3 k

3.2.4

Timing phototubes for scintillator paddles borrowed from KTeV 

[$ 30k]

3.2.5

Operating costs for gases in resistive plate counters



$2 k


Total existing items
[$53.5 k]


Total new equipment items
$3 k


Total operating cost
$ 2 k

IV.
RESPONSIBILITIES BY FERMILAB division

     ([] denotes replacement cost of existing hardware.)

4.1       Fermilab  Beams Division

4.1.1    Use of MTest beam line. 

4.1.2    Maintenance of all existing standard beam-line elements (such as SWICs, loss 

       monitors, remotely-controlled finger counters, Beam Cherenkov Particle tagging system etc), instrumentation, controls, clock distribution and power supplies.

4.1.3    Beam controls console and remote data logging capability (ACNET)

4.1.4    Reasonably rapid access to our equipment in the test beam.  This will mitigate 

      any interference with experiments running in adjacent beam lines.  Such    

      access is anticipated to be less than once per hour, typically more like once per 

      shift.
4.2 Fermilab Particle Physics Division                        

The test-beam efforts in this MOU will make use of the Meson Test Beam Facility.  Requirements for the beam and user facilities are given in Section 2.  The Fermilab Particle Physics Division will be responsible for coordinating overall activities in the MTest beam-line, including use of the user beam-line controls, readout of the beam-line detectors, and MTest gateway computer  Costs under this section will be funded from ?(Morfin) R&D accounts.
      4.2.1 Tools and supplies for MTest 


 $ 0.3k

      4.2.2 Installation and wiring             
                                                                
  0.4k

4.2.3 Installation of gas lines for Chamber Gas and N2 flushing.                                          0.3k

4.2.4 Installation of quiet power to detector enclosure                                                           1.0k

if  required to reduce noise in electronics

Provision of adequate air-conditioning and cooling

for the electronics alcove, and the counting room.

4.2.S Summary of Particle Physics Division costs:


Equipment
Operating  
              Personnel

                                                                                                                (person-weeks)
Total existing items                              $ 0 k

Total new items                                     $ 2 k
         $ 0 k
                           1

Totals
          $ 2 k                  $ 0 k                            1         

4.3         Fermilab Computing Division

4.3.1 
A single connection to the wide-area-network will be required. An additional connection would be desirable.

V.
Summary of Costs (not counting existing equipment)


Source of Funds [$k]
Equipment
Operating
Personnel





                                         (person-weeks)


Beams Division
$0k
                         $?k
                            1


PPD (R&D)
2 k                           ?k
                             1


Totals Fermilab                   2 k                            ?k
                            2


Totals non-Fermilab
3k
                            2k
          
8   (12 for preperation)

note: This effort will be dependent upon support of the DOE office of science, Particle Detector R&D program, and its award will not be known until mid summer.

VI.
SPECIAL CONSIDERATIONS

6.1
The responsibilities of the TOF-Calorimeter Test Beam personnel and procedures to be followed by experimenters are found in the Fermilab publication "Procedures for Experimenters" (PFX). The Physicists in charge (N. Solomey) agree to those responsibilities and to follow the described procedures.

6.2
To carry out the experiment a number of Environmental, Safety and Health (ES&H) reviews are necessary. The procedures to carry out these various reviews, including a Partial Operational Readiness Clearance document in conjunction with the standing Particle Physics Division committee, are found in the Fermilab publication "Review Procedures for Experiments" (RPX). The Physicists in charge (N. Solomey) undertakes to follow those procedures in a timely manner.

6.3
All regulations concerning radioactive sources will be followed.  No radioactive sources will be carried onto the site or moved without the approval of the Fermilab ES&H section.

6.4
All items in the Fermilab Policy on Computing will be followed by experimenters.

6.5
At the time of purchasing, the Fermilab procurement policies shall apply.  For the purpose of estimating budgets, specific products and vendors may be mentioned within this memorandum. At the time of purchasing, the Fermilab procurement policies shall apply. This may result in the purchase of different products and/or from different vendors.
6.6
The Physicists in charge (N. Solomey) will undertake to ensure that no PREP and computing equipment be transferred from the experiment to another use except with the approval of and through the mechanism provided by the Computing Division management. They also undertake to ensure that no modifications of PREP equipment take place without the knowledge and consent of the Computing Division management.

6.7 
The Physicists in charge (N. Solomey) will ensure that at least one person is present at the Meson Test Beam Facility whenever beam is delivered.

6.8
Each institution will be responsible for maintaining and repairing both the electronics and the computing hardware supplied by them for the experiment. Any items for which the experiment requests that Fermilab performs maintenance and repair should appear explicitly in this agreement.

6.9
If the experiment brings to Fermilab on-line data acquisition or data communications equipment to be integrated with Fermilab owned equipment, early consultation with the Computing Division is advised.

6.10
At the completion of the experiment:

6.10.1  The physicist in charge (N. Solomey) is responsible for the return of all PREP equipment, Computing equipment and non-PREP data acquisition electronics. If the return is not completed after a period of one year after the end of running N. Solomey will be required to furnish, in writing, an explanation for any non-return.

6.10.2
The experimenters agree to remove their experimental equipment as the Laboratory requests them to. They agree to remove it expeditiously and in compliance with all ES&H requirements, including those related to transportation. All the expenses and personnel for the removal will be borne by the experimenters.

6.10.3
The experimenters will assist the Fermilab Divisions and Sections with the disposition of any articles left in the offices they occupied, including computer printout and magnetic tapes.

6.10.4
An experimenter will report on the test beam effort at a Fermilab All Experimenters Meeting.

SIGNATURES:

________________________________
/    / 2003

Nickolas Solomey, IIT

______________________________________
/      / 2003

John Cooper, Particle Physics Division

______________________________________
/      / 2003

Roger Dixon, Beams Division

______________________________________
/      / 2003

Vicky White, Computing Division

______________________________________
/      / 2003

William Griffing, ES&H Section

_______________________________________      /      /2003

Hugh Montgomery, Associate Director for Research, Fermilab

_______________________________________      /      /2003

Steven Holmes, Associate Director for Accelerators, Fermilab

_______________________________________
/      / 2003

Michael Witherell, Director, Fermilab

 Appendix I – TOF Calorimeter 2003 RUN PLAN

Assumptions:

1 weeks of running in 8-hour periods per day, with rigging changes of interaction length (to be supervised by the Fermilab beam-line physicists) and time-of-flight length between each run. Each 8-hour running period will cover 10 different momentum bites and have for each momentum at least 2000 tagged particles of +, K+ and proton.

Initial setup time will be 5 days, with experimenters working 8 hour days. Access time is expected to be ~1/2 hour or less under normal running conditions.  We assume beam downtime to be ~50%, amortized over accelerators, beam lines, and experiment.

The goal of the second 1 week running period will be to change the type of TOF system being studied, this will take 1 week of 8-hours periods per day to change over, this second system will be the light collection array and will use the same TDC and data acquisition system of the first system.

The third 1 week period would be for contingency.

The fourth 2 week period will be used to answer any outstanding questions that may have arisen during the initial runs or after the analysis of the run data. We would anticipate needing at least one month of analysis to know if have answered all of the necessary questions.

It is understood that during downtimes or even during this tests running, that other tests upstream of our test may be in progress and that we will cooperate to our best abilities to use the provided beam time to satisfy all requests simultaneously. Fermilab acknowledges that since this device is testing a new detector based on hadron shower development that this apparatus must be the last device in the beam test with the exceptions of those tests that solely which to have penetrating muons.

Appendix II – OFF-LINE ANALYSIS PLAN FOR THE 2003 TOF Calorimeter Test


DATA PROJECTION


We will read data from our CAMAC crate system into our daq and then dump it to  disk. We currently have local storage of greater than 100 Gbyte. This amount of space will be sufficient for several years of running. Periodically we will dump the data onto magnetic tape, which can then be distributed, to our analysis site at IIT.


ANALYSIS PLAN

Analysis will be done at IIT in cooperation with the Fermilab Physicists.

 APPENDIX III- Prep and DAQ Equipment


At this point, all equipment from Prep (CAMAC and NIM )is available, as are the fast photo-tubes from KTeV experimental hall for a short loan if this test is approved.


It should be noted that this “DAQ-System” has been running for over a year in the MuCool tests at Lab-G at Fermilab.

APPENDIX IV - Hazard Identification Checklist

Items for which there is anticipated need have been checked

Cryogenics
Electrical Equipment
Hazardous/Toxic
 Materials


Beam line magnets

Cryo/Electrical devices

List hazardous/toxic materials


Analysis magnets

capacitor banks

planned for use in a beam line or 


Target
X


high voltage (> 5 kV )

experimental enclosure:


Bubble chamber

Exposed equipment over 50 V



Pressure Vessels
Flammable Gasses or Liquids




inside diameter
Type:     X
 Ar-Ethane (50-50)




operating pressure
Flow rate:
30 cc/min




window material
Capacity:
0.5 cubic ft






window thickness
Radioactive Sources



Vacuum Vessels

permanent installation 
Target Materials

        
inside diameter
X
temporary use

Beryllium (Be)

     
operating pressure
Type
 Sr90, Ru106,Fe55

Lithium (Li)


window material
Strength:
<1 mCi

Mercury (Hg)


window thickness
Hazardous Chemicals

Lead (Pb)

Lasers

Cyanide plating materials

Tungsten (W)


Permanent installation

Scintillation Oil

Uranium (U)


Temporary installation

PCBs

Other : Probably Al/ Cu/si


Calibration

Methane
Mechanical Structures


Alignment

TMAE

Lifting devices

type:


TEA

Motion controllers

Wattage:


photographic developers

scaffolding/elevated platforms

class:


Other:  

Others
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