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The rate energy loss basic building blocks the proton, and nuclear 
matter is unknown and constitutes the gap in our current understanding the 
fundamental nuclear interactions at relativistic energies. a consequence, it also hampers the 
quantitative determination of properties of the new state of matter created in relativistic 
heavy ion collisions, the quark-gluon plasma. 

this we propose a joint project that will provide 
determination of quark energy loss nuclei. We will develop field-theoretic 

models, Feynman diagram-based resummation techniques and computational tools to reliably 
calculate the stopping power cold nuclear matter. unique opportunity today to 
perform this benchmark measurement at Fermilab E906 experiment an active proton-
nucleus program. We will build a new muon identification system E906 to the 
world's sensitivity to loss justified 
will guide optimization of this measurement will establish the 
shortest radiation ever observed in nature. The successful completion of our project is 
critical for the accurate modeling and reliable interpretation of data from current future 
heavy help keep LANL at the forefront of contemporary 
nuclear 
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,. unknown and constitute .. ttle IIlI'ge5l glp In our underltandlno 01 tu"d.lMentaJ nucl.'f 
In ..... ctionl II relatMlbc .nelll'b5. Ttl bndge this gap, we will carry out iI Jomt theoretic .. 1 .and 
6perimentAI project thlt 'WIll provI4e me fit'lt prt!C.ile del rmlnahon of qUArk energy 1055 In 
nuclei. 

• We will develop field-theoretic models, analysis techniques, and computational tools to 
reliably calculate the stopping power of cold nuclear matter 
• We will develop simulation software packages to incorporate these new theoretical results 
basod on CERNLlB/PDFLlB/ROOT/PYTHIA :Jnd study dimuon production in p+A collisions at a 
beam energy 120 Ge V 
• We will construct a new muon identification detector based on the techno logy developed by 
thtt P-l5 Muon Radiography team. We wJ/l prepare its installation at experiment E906 at Fermilab 
oratJPARC 
• If installation Is possible within the timeframe of the project, we will analyze theoretically and 
experimentally the Orel/- Yan dimuon data and extract the ttnergy Joss of quarks In nuclei and the 
stopping poser of matter 

w. Inllclp"!. that the e"penmental Incl theoretical Idv.nce. In tho field I' cord nuclelir m;lner 
.nervy 10 •• that this project Will bnng may lead to 1he dl~covery or Ihe .horta.t ,.dl.ation length 
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Methods 
The enegy loss of fast quark moving through nuclei mediun can be measured via the so called 
Drell_Yan process where the incoming rast quark form the projectile annihilates with an anti
quark from the target and produced high energy di-muon pair. Such energy loss effect will show 
up in a difference of the produced dimuon energy spectra from the simple proton+proton (p+p) 
and proton+heavy nucleus (p+A) collisions . By comparing the experimental data and theoretical 
model calculations, we can derive the rast quek energy loss in the heavy nuclei A. 
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We propose to measure Drell-Yan dimuons 
with the approved E906 experiment at 
Fermilab with a 120 GeV high luminosity 
proton beam and nuclear targets such as ' H 
(lD), 17AI and heavy nuclei like 184W. By 
systematically studying dimuon production as 
a function of nuclear mass number and 
momentum fraction x" we will direc tly 
determine the quark energy [ .·s in cold 
nuclear matter. To achieve the maximum 
experimental sensitivity to quark energy loss 
effects, we will perform detailed simulations 
to optimize the beam luminosity, target 

The top plot in the Figure shows the 
experimental statistical sensitivity at a dimuon 
mass of 5 GeV to different quark radiation 
lengths in nuclear matter with the expected 
beam luminosity on tungsten (W) and 
deuterium (d) targets. We anticipate that the 
radiation length can be measured with 200./" 
accuracy. The bottom plot shows the nuclea r 
mass dependence of the ratio of the Drell-Yan 
yields, normalized to the deuterium reference, 
and clearly demonstrates that the 
measurement can distinguish between the 
two leading theoretical models for the path 
length dependence of quark energy loss at the 
Sa level. 
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Background & Significance 
Precise theoretical and experimental determination 
of the stopping power of materials of electrons was 
one of the great early successes of the classical and 
quantum theories of electromagnet ic interactions. 
TOday. its practical applications range from medical 
imaging to national security applications, such as 
proton and muon radiography. In contrast, very little 
is known about the stopping power of nuclear matter 
for strongly interacting particles, such as quarks. It 
is widely recognized in the nuclear and particle 
physics communities that progress in this area is 
urgently needed. It Will have immediate impact on 
our understanding of the fundamental forces in 
nature and the interpretation of the data coming from 
the current and future heavy ion experiments (areas 
of basic research where the US has made large 
strategic investments). 

EIt'cIrO-fflollgolllIC ,hoW+!" induced by 24 GeV 
eltCiron Inci<Hnl on iIIn Iron Ull gel. In,.. rt _tiowl 
the doml~nce of r.ell illilv. conlt .burJOJ\J '0 1M 
Sl opping power oiIt h.\Ih eo.rglu, ven ... a II) iI f_ " .. c:c~ ... cy. 

Th is project embraces the unique 
opportunity to make the f irst preci se 
determination of quar1c: energy loss in large 
nuclei using as a platform upcoming 
experiments at the Fermilab and JPARC 
facilities in the US and Japan, respectively. It 
is based on a synergy 0(: 

SCl""IiHNtlC NpteMfl, ... llon of lhe Ftrm! l.b ',xed 
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NC\oIe! lhftoretiul t..chn ique. (first IVlr 

c.arCUllhon o( [n!U.lI-s!ilte energy loss) .nd 
pl'9<: IIIOn heavy lI:Jn phfnOmAnOlogy 
Improvements In deCector Iftchnology 
(deltgn and deployment of readout 
elKtfOnlcl) 
Ceve-lol1me"t 0' 50ftwlnt. • mutabon 
p,lcklges (optlmluUon of the tJl:penmenlar 
Ulup for Iho breakthrough m.t'~.uremtn15J. 

Results & Discussion 
• Theory. We used a formal recurrence relation 
approach to multiple parton scattering to find the 
complete solution to the problem of medlum
induced gluon emission from partons propagating 
in cold nuclear matter. The differential 
bremsstrahlung spectrum. where Landau-
Pomeranchuk-Migdal destructive interference 
effects are fully accounted for, is calculated for 
three different cases, see Figure: 
- A generalization of the incoherentBertsch-Gunion 
solution for asymptotic on-shell jets 
· Initial-state energy loss of incoming jets that 
undergo hard scattering 
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• H.ttlwara (muon IOJ: Final data taking and 
analysis were completed from the large muon 
tracker at LANSCE, whose detector elements will 
be re-used to construct the E906 muon identifier. A 
position resolution of 300 microns was obtained 
with a muon detection efficiency over 99"/0. The 
tracker was then disassembled and placed into 
storage, ready for shipment to FNAl. 
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Plot, show Cclmp.lll$on b,rwn n the S",r1 $.Ch
Gunlon, Irwlwl .... Af. ilnd "N!oI· .. IAI. _ rgy ,ou ' or 
A typlc_ lar. nud .UI (Au., Pb) 

• Slmul.rJon; We have developed a new event generator simulation package for fixed target 
p+p and p+n based on PYTHIA and ROOT libraries from CERN. We havTi analyzed 100M 
simulated Drell-Yan events at beam en:"rgy of 120 GeV to study the kinematic distribut ions 
of the muon pairs produced in the Drell~Yan process. Initial studies shows that we can 
clearly identify the DreU-Yan signal from other backgrounds (charm decays) in the dimuon 
channel, and there is a clear correlation between high mass dimuon rapidity and the initial 
quark's momentum (or the Xl parameter) , which is critical for the proposed quark energy 
loss study. 

Conclusion & Future Plans 
We pi n to Imple 
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