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N
Structure of nucleonic matter:

How do sea quark distributions differ in a nucleus?
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Drell-Yan scattering:

A laboratory for sea quarks !
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N
Structure of nucleonic matter:

How do sea quark distributions differ in a nucleus?

Intermediate-x sea PDF’s
1.1

=  v-DIS on iron—Are nuclear effects i o NMC DIS
with the weak interaction the same Los L E RSN
as electromagnetic? ! i% $ %
= Are nuclear effects the same for O L {
sea and valence distributions =~ | % ;
5095
o _ } %
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®= What can the sea parton 0.9 ? ;
distributions tell us about the T
. . 0.85
effects of nuclear binding?
0.8 v v by by by s by v g a g 1y

Paul E. Reimer, Physics Division, Argonne National Laboratory, HAWQ9

5
S 15 October 2009



e
Structure of nucleonic 125

matter: Where are the 1.2
nuclear pions? 15

* The binding of nucleons in a nucleus
is expected to be governed by the
exchange of virtual “Nuclear”
mesons.

"= No antiquark enhancementseenin b
Drell-Yan (Fermilab E772) data.

0.95

= Contemporary models predict large 0.9
effects to antiquark distributions as '

X increases. 0.85

=  Models must explain both DIS- 0.8

EMC effect and Drell-Yan

Paul E. Reimer, Physics Division, Argonne National Laboratory, HAWQ9
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Presenter
Presentation Notes
George Bertsch in Science:  Where are the nuclear pions?  Answers in terms of Gluonic fields



Berger and Coester:  Standard nuclear convolution:  

		F_2^A = \int dy f_N^A(y) F_2^N(x/y) + \int dy f_\pi^A(y) F_2^\pi(x/y) 

	where the F_2’s are the DIS structure functions of the nucleus, nucleon and pion and f_N/\pi^A are the nucleon/pion distribution functions. Other baryons are added as well and all is subject to conservation rules on baryon number and small f’s have total momentum conservation rules



Jung and Miller:  Start with Berger and Coester, but uses different pionic distribution function in nucleus from Ericson and Thomas—points out that Berger and Coester should have used a light cone rather that instant-(time) form nuclear wave function.



Brown et al.: Brown, Rho rescaling—inside a nuclear environment masses of hadron composed of light quarks all decrease with density (at the same rate—see eqn 2.23).  The rescaling is based on a partial restoration of Chiral Symmetry.  This the also effects the coupling strengths.  Based on this, one obtains a modified pion density distribution and follows the convolution model of Berger and Coester.



Dieperink and Korpa: First, range of curves is for various Migdal parameters.  Looks at real and imaginary parts of particle-hole (nucleon-hole?) and \Delta-hole contributions.  Also look at the self-energy of the pion propagator.  The dressed pion propagator included nucleon and \Delta terms.  These affect the pion distribution function (f_pi)

	


Advantages of 120 GeV Main Injector

The (very successful) past: The future:
Fermilab E-772 Fermilab E-906/SeaQuest
= Nuclear targets = Datain 2010-13
= 800 GeV proton beam = 1H, 2H, and nuclear targets
= 120 GeV proton Beam
L~
d’o a? 1

= 2 T (2 ) s > |
doidry, 91125 ei i (e ) @i () + Gri (e ) qvi (2]

= Cross section scales as 1/s
— 7x that of 800 GeV beam
= Backgrounds, primarily from J/\y decays
scaleas s

— 7x Luminosity for same detector rate as
800 GeV beam (. Injector

50x statistics!! e 120 Geg
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Drell-Yan Spectrometer for
E-906/SeaQuest

adron Absorber

7
25 Hoooo

313.630000

Solid iron magnet

Liquid H,, d,, and =  Reuse SM3 magnet coils
solid targets = Sufficient Field with reasonable coils

-177.500000

" SRR (amp-tu rns)

=  Beam dumped within magnet
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E906/Drell-Yan timeline

Fermilab PAC approved the experiment in 2001, but experiment was not scheduled due
to concerns about “proton economics”

Spectrometer upgrade funded by

DOE/Office of Nuclear Physics, US (Most of the money has already been received.)
NSF/Mathematical and Physical Sciences, US

JSPS, RIKEN, MEXT and G-COE, Japan

National Science Council , Taiwan

Scheduled to run starting in summer, 2010 for approx. 2 years of data collection

Does not require Tevatron to run
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Fermilab E906/SeaQuest Collaboration
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University of Colorado
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Fermi National Accelerator Laboratory
Chuck Brown, Dave Christian

University of lllinois
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Jen-Chieh Peng
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Kyoto University
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Ling-Tung University
Ting-Hua Chang
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Los Alamos National Laboratory
Gerry Garvey, Mike Leitch, Han Liu, Ming Liu, Pat McGaughey,
Joel Moss

University of Maryland
Prabin Adhikari, Betsy Beise, Kazutaka Nakahara

University of Michigan
Brian Ball, Wolfgang Lorenzon, Richard Raymond

National Kaohsiung Normal University
Rurngsheng Guo, Su-Yin Wand

RIKEN

Yoshinori Fukao, Yuji Goto, Ken-ichi Nakano, Atsushi Taketani,
Manabu Togawa

Rutgers University
Lamiaa El Fassi, Ron Gilman, Ron Ransome, Elaine Schulte,
Brian Tice, Ryan Thorpe, Yawei Zhang

Texas A & M University
Carl Gagliardi, Robert Tribble

Thomas Jefferson National Accelerator Facility
Dave Gaskell , Patricia Solvignon

Tokyo Tech
Toshi-Aki Shibata

Yamagata University
Yoshiyuki Miyachi
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Drell-Yan at Fermilab

1.25

E-906/SeaQuest

What is the structure of nucleonic e
matter? 1.1
— Where are the nuclear pions? - 1.05

— Is anti-shadowing a valence effect? L%Q
© 1

Fixed Target Drell-Yan scattering will
allow for selective study of the antiquark ¢
distributions in nuclei.

. 0.9
Data Collection in summer 2010.
i 0.85
Part of a much broader unpolarized Drell-
Yan Physics Program 0.8
— dbar/ubar ratio in proton
— Partonic energy loss L
— Angular distributions—Boer Mulders effect .
CEU posters on E-906/SeaQuest oo ]
Paul E. Reimer, Physics Division, Argonne National Laboratory, HAW09 0.6 7
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Event Reconstruction

We measure
1. Direction of particles

2. Absolute momentum of
particles

We assume
3. Particles are muons

momentum
vector

>

Add 4-vectors of muons to get 4-vectors of virtual

photon P

— Now we know everything

Paul E. Reimer, Physics Division, Argonne National Laboratory, HAWQ9

Relativistic energy-
momentum vector P
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