The E-906/SeaQuest experiment at Fermilab
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The inner structure of the nucleon
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A laboratory for sea quarks
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Unique sensitivity to sea quarks
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Insights into the proton sea
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SeaQuest probing the proton sea
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Nucleons embedded in nuclel

* Do nucleons change their internal properties when
embedded in a nucleus? OQ

O
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O Fermi motion
o0

 |s confinement influenced by the nuclear medium?
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* Do quarks and gluons play any role in the understanding of
nuclear forces?

e Can the model of nuclear forces be replaced by a
fundamental theory based on the strong interaction

between quarks and gluons? @



The EMC effect
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The EMC effect in Drell-Yan

valence quark effect?

1.2

ok
sk
L

pCa pD
ODY /ODY

0.9
GhadowirD

| antiquark feature? Q2= 50 GeVz

0.7 — - ——
0.03 0.1 1




The inner structure of a nucleus

* nuclear force mediated by meson exchange
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* Where are the nuclear pions?



The Lam-Tung relation

» angular dependence of the Drell-Yan cross-section:

g—g x 1+ \cos ((9)2 + psin (20) cos (¢) + g sin ((9)2 cos (2¢)

 Lam-Tung relation: 1 _ )\ — 9,

____________________________________________




Angular dependence

« measurement in pion DY and proton DY:
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« Collinear PDF: only higher order gluon emission can
generate deviations



The Boer-Mulders function

transverse-momentum dependent PDF:
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chiral odd, rather exotic in being naive-time-reversal-odd
« initial (Drell-Yan) and final state (SIDIS) interactions
— single-spin asymmetries

challenging the concept of factorization and universality
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The SeaQuest mission

significant increase in physics reach
unique access to sea quarks at high-x
What is the structure of the nucleon?
e Whatisd/u?
« What are the origins of the sea quarks?
 What is the high-x structure of the proton?
 How are quark spin and orbital motion correlated?

What is the struture of nucleonic matter?

 Where are the nuclear pions?
* |s antishadowing a valence effect?

Do colored partons lose energy in cold nuclear matter?



The SeaQuest Experiment

— continuing a series of high-mass dilepton experiments at FNAL

Fermilab Accelerator Complex

Proton Beam
slow extraction from M|

2x10" protons / s for ~4s
spills each minute

beam energy: E-866: 800
GeV — E-906: 120 GeV

— 50x luminosity as E-866
(for same spectrometer rate)

. /‘t:, : A e 2 X
i — =

Target Table

liquid target flasks:
H2, D2
solid state targets:
C,Fe, W
empty flask, no target

moves between spills

Spectrometer

reused and recycled
components

selected updates: new drift
chambers, PMT bases for
high-rate capability, beam
diagnostics, ...



The SeaQuest Spectrometer

— recording dimuon events at high rate (~ 5000 Hz

2 5m Cpectrometer

focusing magnet

hadron absorber

hadron absorber hodoscope
beam dump tracking G



Spill Structure

Iarge variations in instantaneous beam |nten3|ty — high hit occupancy
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— beam diagnostics: measurement of RF-bucket by RF-bucket intensity
— trigger inhibit: veto on single RF buckets as a function of intensity, @
Y2 beam inhibited due to 10x expected beam/RF-bucket




Duty Factor Measurements

— studying the uniformity of the beam
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Status of the Analysis

« data taking:
02/20

start of physics run

09/05 after fall shutdown

fall shutdown Eelelgi il [I-Wel WA (LR {T]})

» presentation of first preliminary physics results at DNP 2014

« track and dimuon reconstruction (from small data sample):
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Polarlzed DreII-Yan measurements are
the mlssmg component jn the:

..global spin program. -

y
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E-1027: SeaQuest with pdlarized beam
E-1039: SeaQuest with polarized target
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Transverse-momentum dependent PDFs (TMDs)
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» 3D-densities in momentum
space
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 (Gaussian distributions with a
width of ~ 0.6 GeV
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« flavor dependence: d-quark
TMDs are larger than u-quark
TMDs
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transversely polarized nucleon:

e u-quarks (d-quarks) moving
preferentially to the right (left)

« TMDs are distorted in
opposite ways for u and d-
quarks
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The Sivers TMD

observed in semi-inclusive DIS measurements off transversely

polarized proton target:
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rather exotic in being naive-time-reversal-odd
< Initial state interactions in Drell-Yan process
— single-spin asymmetries:
ARY ~ fir(ws) ® f1 (e
close relationship to quark orbital angular momentum

challenging the concept of factorization and universality

1,DIS  ,1,DY

 fundamental QCD prediction: 17 = —fi7

* remains to be experimentally tested

e polarized Drell-Yan measurement required



Reestablishing spin at Fermilab

« E-1027: SeaQuest with polarized beam

» sensitive to beam valence quarks at high-x

» large effects — size / shape of Sivers TMD

 verify sign change of Sivers TMD

« E-1039: SeaQuest with polarized target

Recycler Ring (above MI)

RR Spaketogdl
"4

Fast Uncalibrated and CNI
Polarimeters with Hp Jet Target §

120 GeV/c Main Injector

¥ SeaQuest

Beamline CNI Polarimeter Fast Polarimeter

sensitive to Sivers TMD for sea quarks

hint for substantial role of sea quark Sivers effect in SIDIS data
theoretical studies suggest sizable Sivers TMD for sea quarks
LANL will provide polarized proton (NH3) target by 2015 @
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— structure of nucleons and nucleonic matter
physics running started on February 20th
— first preliminary physics results expected in fall
exciting extensions approved

— polarized Drell-Yan measurements

— missing piece in the global spin program




	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25

