Quark Energy Loss in Cold Nuclear

Matter at the E906 Experiment
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Energy loss in cold nuclear matter is unknown!

* Theoretical form of energy loss is unclear -
fundamentally different than pure E-M eloss
linear or quadratic dependence on path length?
radiative or collisional energy loss dominant?
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e Experimental bounds from Drell-Yan (E772 and E866)
range from 0 to ~2.3 GeV / fm,
depending on the amount of nuclear shadowing

* Energy loss in nuclear matter is also an important baseline
for measurements of QGP formation at RHIC

 E906 will make the first definitive measurement
Lower beam energy eliminates shadowing region
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The E906 Energy Loss Measurement

qQ+J —=y*— u" +u - (Drell-Yan Process)

e Minimal final-state
Interactions of the detected
particles.

* No shadowing correction at
moderate X,

Energy loss reduces x,; and
X 1n nuclei versus proton

(Xp = X;-X,)
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E906 Sensitivity to Quark Energy Loss

Simulated Quark energy loss only
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E906/SeaQuest at Fermilab

Station 1

DCs by \ Mass =7
-120 GeV proton beam from Main LANL %, &=

Injector
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-Starts ta king data early 2012
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E906 Acceptance and Mass Distribution
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Samples masses from
~ 3 to 8 GeV, including
D-Y and J/
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New Muon Identifier built from pRad Detector

Close-up of one module

12’ long tubes, 6 X layers, 6 Y layers,
arranged for vertical muons at LANL

Array of 16 tubes plus front-end electronics

* Need 2X and 2Y planes of proportional tubes for E906 muon identifier
® ~ $1M original cost from LANL LDRD funds
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Station 4 Muon Identifier Design and Performance

Design:

« 2 Xand 2 Y layers, coverage = 250 * 250 cm

e Aluminum drift tubes for good position resolution — track
matching to Station 3 drift chambers

 Each plane constructed of 2 staggered rows of 2” diameter
tubes for excellent efficiency and reasonable channel count

» Well tested design with 1000’s of operational tubes.

Test results at LANL:

 Ar - iIsobutane 70:30 gas mix

e HV = +2300V

« ~300 micron resolution averaged over entire array

» ~99.5% efficiency, consistent with tube wall thickness

« Maximum drift time ~ 1600 ns

» Los Alamos
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MulD
modules at
FNAL in
9/2009,
before

installation
in E906
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E906 Muon ID Modules
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48 12° modules, each with 16 staggered 2 tubes
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E906 Muon ID Status

Last of 4
MulD plane
installed in
E906 hall
during Sept
2011!

Each is
~12°X 12°
with 144 tubes
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All 4 planes are installed and read out viathe =«
new TDC cards

e LV: from Experimental Hall
* HV: from Counting House
e Calibration via external pulser

e TDC readout
— All 4x9x16 channels

e (as:
— Using final P8+4%CF4 mixture

* Cosmic data triggered by ST3-4
hodoscopes through E906 DAQ

* 97.6% live channels
e Station 4 is ready for beam!
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A typical module’s HV Scan and Cosmic TDC =
spectra (P8:CF4 96:4; HV = 1850V)

Plateau at ~550 ns max drift time
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Wide HV plateau and very short drift time —
ideal gas for high counting rates!
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E906 Beam Line and Spectrometer Status

Solid Targets in hand
Liquid Targets have been cooled down, progressing well
Both spectrometer magnets successfully operated this spring
Hodoscopes ready
Drift Chambers installed and instrumented,

but Station 1 (built by LANL for E866) and 3 do not have full acceptance
DAQ has CODA running in stable mode

Latch and TDC cards are working
Chamber Gas — All chambers on gas from shed

ST1, 2, 3 + 4 distribution systems are in their final configuration.
Spectrometer is largely ready to commission with beam, when available!

But: Beam Line -Vacuum leak in long buried line near experimental hall
Plan to sleeve beam pipe with 127 insert failed, will have to be excavated
=4 month delay!

» Los Alamos
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E906/Drell-Yan timeline 14

* Spectrometer funded by DOE/Office of Nuclear Physics, LANL LDRD
ER grant and NSF

 Was scheduled to start running in 2011 for 2 years of data collection
Liquid H2 and D2 targets for dbar/ubar measurement
Solid targets for energy loss measurement

* Most likely will now have short shakedown run in 2012, followed by
shutdown and long physics run in 2013+

* First possible beam in March, extension of beam time to May is
possible

* Polarized target upgrade being proposed for future single spin DY
asymmetry measurement. Renewed interest at FNAL for polarized
120 GeV main injector beam

B Apparatus available for future program at J-PARC
— Significant interest from collaboration for continued program there
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Fermilab E906/Drell-Yan Collaboration
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Los Alamos National Laboratory
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University of Maryland
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Backup slides
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Module and channel counts

4 planes required for E906: 2 X and 2 Y, ~250 x 250 cm area
6 modules per plane provides 244 x 366 cm area.
~384 total channels of electronics, 4 channels of +HV

~24 modules required, have 56 available with electronics
Could increase size of station 4, if useful
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Recent Progress in Parton Energy Loss

Think of the parton (quark) energy in the
nuclear rest frame: Eiee = Pr COSN(Yie, = Viarger)

Bertsch-Gunion
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* [nitial-state E-loss is large and much larger than final
-state energy loss for cold nuclei

¢ In Drell-Yan we don’t have final-state interactions
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