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Short description of test to be made: 

We propose an R&D research on a large-area and cost-effective muon telescope detector (MTD) for RHIC and for next generation detectors at future QCD Lab from state-of-art multi-gap resistive plate chamber (MRPC) with large module and long strips. Conventional muon detectors rely heavily on tracking stations while this new R&D project proposes to use good timing and coarse spatial resolutions to identify muons with momentum of a few GeV/c. This R&D project was approved as BNL LDRD (Lab Director R&D) project and will focus on studying the capability of muon identification based on timing resolution from the MRPC detector with large module, long strips and fast electronics for online trigger. We propose to build a prototype MTD with three layers: MRPC TOF + GEM+ Scintillator trays. This will be tested outside the STAR magnet using the return iron yokes as hadron absorber (5 interaction length). It will have excellent timing resolution (<100ps), good spatial points for tracking(<cm) and some dE/dx capability to evaluate the MRPC performance as a compact muon detector. 
We will use FNAL test beam facility to test the performance of TOF electronics, MRPC strips and two wire chambers before installation at STAR/RHIC.  
A) Time resolution and detection efficiency vs HV, threshold and gas mixture.

B) Position dependence along length- and width- direction

C) Response for inclined particle crossing. 
D) With thin hadron absorber (1—1.5meter steel) in and out of the beam for low-momentum (<10 GeV/c) 
   muon identification. 

E) Readout electronics and cable connection test.
F) Footprint (size of the avalanche) of the signal by vertical scan

G) performance of wire chamber (stability, resolution) 
We propose to use the test beam in April/May 2007. We will need a motion table to scan the detector. 
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Duration of test in the Meson Beam Test Facility

2 weeks including setup
Size and Description of Apparatus: 

GEM: 

Dimensions: 10cmx10cmx20cm
Gas components:  premixed Ar (70%)+ CO2 (30%)
Flow rate: <50cc per minute 

HV: -4.5KV

Fixed position at the beginning and move to motion table at second week

MTD MRPC gas box: 

Dimensions: 120cm x 20cm x 10cm

Gas components:  Freon (95%)+ Isobutane (5%) or Freon (92%)+ Isobutane (5%)+SF6 (3%)

Flow rate: <50cc per minute 

HV: +-6.3KV

Mounted on motion table at section 2

2 Scintillator beam counters: 

Mounted close to TOF1 of the beam counters

Number of Racks Needed:          2NIM, 1CAMAC, 1 gas rack, gas distribution
II.   EXPERIMENTAL AREA, BEAMS AND SCHEDULE CONSIDERATIONS

2.1 LOCATION

2.1.1 The tests are to be performed in the MTEST beam line in the MT6-B3 area on the motion table. The total length of the detectors along the beam is ~ 1.5m, including end effects. We will use Beam counters provided by facility as trigger and start time detector, or we have to put 
some beam counter upstream before the steel of hadron absorber. 

2.1.2 The experimenters need a support (table) on which to mount the detectors. This should allow horizontal and vertical scans of ~20cmx240cm , which would allow the detectors to be scanned and also to be moved out of the beam line in case there are other users downstream sharing the beam. If we can not scan the whole detector in full length and width, access may be needed to reposition the detector. The experimenters need a cable tray to carry the signal cables from the detector to the fast electronics control area. The experimenters will need some support to align the apparatus relative to the beam line.  

2.2 BEAM

2.2.1 BEAM TYPE and INTENSITY 

Type of Beam Needed:       pion or muon beam, proton beam also desirable 

Intensity Needed:           <1KHz

Size of Beam needed:        1--10cm2
We would like to have nominal beam particle momentum ~5 GeV/c, and intensity <200Hz/cm2, 

And at least one test at 50Hz/cm2. 

We would also like to take a few data points at beam momentum of 1.5, 5, 10, and 20 GeV/c with and without thin (1.5m steel) absorber. And 120 GeV/c beam but with and without thick (3m steel) absorber. 
As long as we can identify the beam particle momentum and direction, the beam spot can be large (~10cm^2). 

2.2.4 BEAM SHARING

Because of limited manpower availability and other commitments the experimenters will be unable to run continuously. These detectors could be moved sideways out of the beam,

2.3 RUNNING TIME and SCHEDULE
   (a) Set up trigger scintillators and Cerenkov detectors timing in with MRPC detectors. 

      It will be necessary to have scintillators or Cerenkov detectors (<100ps) upstream 

      (before the absorber) to measure the Time-of-Flight and reject events from pion 

      showers. We would like to ask for those from facility. This will provide us with trigger 

      counters as well as start timing for MRPC. 

   (b) With beam centrally through Cerenkov detectors, scan in HV, determine the optimal 
      range/value for MRPC and wire chambers. 20 HV points. 
  (c) With the HV set, scan vertically and horizontally (x-y scan) over steps of ~1cm. The    

     experimenters would aim for 10,000 events (1% statistics) 
     on a 1cm x 5cm grid. This will sample horizontally 30 data points and 
      vertically 20 data points. 
  d) Gas composition from nominal Freon (95%)+ Isobutane (5%) to 
    Freon (92%)+ Isobutane (5%)+SF6 (3%) and find the optimal HV range/value for MRPC. 

f) With and without thin absorber, study muon beam efficiency and pion beam particle rejection. The beam particle momentum at 2, 5, 10 GeV/c. 

g) With and without thick (3m steel) absorber, study muon beam efficiency and pion beam particle rejection at beam particle momentum of 120 GeV/c. 

For GEM detectors : 

a) Initial set-up measurements (no requirement on particle momentum)

  - initial timing run, ~ 10k events per timing location, 15 timing steps  
 ~ 200k events total. This will couple together with the MTD scan 
 b) initial voltage scan, 10k events per setting, 8 voltage steps 

   100k events total. This will be done parallel with the MTD setup 
   and HV scan 
 c) tracking efficiency, position resolution (momentum > 15 GeV/c, 
   120 GeV/c)  
   500 k events with best voltages

 d) voltage scan in middle detector, 50k events per setting, 
   8 voltage steps  

   total for tracking: 1M events (120 GeV beam)
 c) tilting study (momentum 30+ GeV/c, more material traversed)

    5 different angles for center detector, 100 k events in each setting 

    with best voltages, 5 step voltage scan with 20k events for each step  

    250k events each setting, ~1.5 M events total

NOTE: Controlled access required to change tilt settings, 
a total of 6 accesses for this program 
 d) position scan (momentum > 15 GeV/c, detectors installed on moving table)

   exploratory study, 16 positions, 10k events each => 200k events total, 

   adjust voltages if necessary

   higher statistics investigation, 16 positions, 50k events each -> 1M events

e) voltage scan in some positions (~4), with ~5 steps, 50k events each 1 M events 

  total for position scan: 2.2M events

f) take data at different beam momenta

 100 k events each setting, maybe 6 different energies 

 1M events

2.4 ELECTRONICS NEEDS 
The experimenters will have 12 channels of TDC and ADC for MRPC readout, and pico4 readout system for wire chamber. Both will use CAMAC system. The Long MRPC modules have been built and tested with cosmic ray at USTC/China. It will be shipped to BNL. Readout electronics have been used in PHENIX TOF in last year’s RHIC run. GEM readout developed for STAR 
Forward tracking upgrades 
2.5 SCHEDULE 

We propose to begin installing the equipments and setting up the electronics in the early April 2007 and take data sometime in middle to end of April. We may have to come back in fall 2007 to perform another test if improvement of the R&D is needed. 

III  RESPONSIBILITIES BY INSTITUTION - NON FERMILAB

3.1 BNL: Setting up electronics, assemble MRPC and gas systems, readout CAMAC, test beam coordination, providing LDRD fund for the testing
3.2 USTC, Tsinghua/China:  providing long MRPC modules 
3.3 Yale University: GEM chamber
3.4 Rice University: MRPC FEE, tray box 
3.5 MIT: GEM chamber and its mechanic support
3.6 ANL: GEM readout and DAQ
III   PERSONNEL AND INSTITUTIONS:
Physicist in charge of the beam tests:
Zhangbu Xu, BNL

Fermilab liaison:                             Erik Ramberg

The group members at present and others interested in the test beam are:

1.1 BNL: Patricia Fachini, Lijuan Ruan, Zhangbu Xu
1.2 USTC/China: Yongjie Sun (staff), Cheng Li and Hongfang Chen (professors)

1.3 Tsinghua University: Xiaobin Wang (postdoc), Yi Wang (professor)

1.4 Yale University: Guoji Lin (student), Richard Majka and Nikolai Smirnov (scientist) 

1.5 Rice University: Bill Llope, Jing Liu and Geary Eppley (Scientists), 
   Ted Nussbaun (Engineer)
1.6 MIT: Frank Simon (postdoc), Michael, Bernd Surrow (professor) 
1.7 ANL: Dave Underwood
 

IV:  Electronics diagram: 
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