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DRELL-YAN CROSS SECTION—
SENSITIVITY TO SEA QUARKS

Cross Section
» Point-like scattering of spin-1/2 particles
= Convoluted of beam and target parton distributions
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DRELL-YAN CROSS SECTION—
SENSITIVITY TO SEA QUARKS

Cross Séction
» Point-like scattering of spin-1/2 particles
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Beam Sensitivity Experiment

Hadron Beam quarks SeaQuest, SpinQuest,
target antiquarks J-PARC RHIC (forward)

Anti-Hadron | Beam antiquarks J-PARC, GSI-FAIR
Target quarks Fermilab Collider

Meson Beam antiquarks COMPASS,

Target quarks

AMBER, J-PARC
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DRELL-YAN CROSS SECTION—NEXT-TO-LEADING ORDER ag

» Responsible for up to 50% of the cross section
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Station 1:
Hodoscope array Stations 2 and 3:
MWPC tracking Hodoscope array N 4
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DATA FROM FY2014—TARGET-DUMP SEPARATION

= Entire beam interacts upstream of first SeaQuest
Spectrometer tracking chamber
= Spatial resolution poor along beam axis

» Resolve target vs beam dump

High-mass events on target
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RANDOMLY CHOSEN BEAM INTENSITY PROFILE
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EXTRAPOLATION METHOD

» SeaQuest had collected enough
statistics to allow a separation of
the data into different x+bins
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= Intensity dependence seen in the
ratio of cross sections

= Extract intercept at O which is free
from accidental background and
rate dependence!

lllIlllllllllllllllllllllllIllllll

Trigger intensity (# of protons in triggered bucket)
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CAN K;-DEPENDENT DISTRIBUTIONS BE CALCULATED?
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QUARK MOTION IN THE SEA
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SPINQUEST—POLARIZED HYDROGEN AND DEUTYF

Where is the spin of the proton?

I 1
—==-AY+ A L
5 = 5AXt G+

AY = Au+ Ad + As

1
§AE ~ 25% AG ~0—15%

SMC, HERMES, STAR,
COMPASS PHENIX
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https://commons.wikimedia.org/w/index.php?curid=3262268

SIVERS FUNCTION

1
= Correlation between unpolarized quarks and flT N é - ?

nucleon transverse polarization

" Do quarks have orbital angular momentum? == ERNES PRELTVINARY 20022005
—Non-zero Sivers distribution = non-zero quark £ :: |

orbital momentum BREE

o
e
T
I
-
-
.
o—

| 1) L *
—Seen in both HERMES and COMPASS MRS I I
€ oy - - L e

0.04 + + L + * L 5’,?2” ;A K 3 é

+ Lo, F

°'°2'+++++ + '*+“+Jf i S0 { | £ b I 3
< f w | 1 COMPASS e S S S e

BT R T o i

-0.02+ +*++é+++ F ++ + + * + F *+++ + + + j ;

0.2 04 06 08 1
x z pl (GeVIc) X z P, [GeV]
™\ U.S. DEPARTMENT OF _ Argonne National Lanoratory 1s a .

(7 ENERGY H3:055 %  Paul E Reimer 19 25 September Argonne &

0302 03 04 05 0.6




SIVERS FUNCTION: ANTIQUARKS

= Correlation between unpolarized quarks and
nucleon transverse polarization

» Do Sea quarks have orbital angular momentum?

—~We don’t know—Enter Drell-Yan and SpinQuest w A
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Drell-Yan Target Single-Spin Asymmetry
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EMC EFFECT WITH ANTIQUARKS?
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Parton distributions in nuclei are different than in nucleons!! & [~ 1 {
= No antiquark enhancement apparent. el
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= 10% of anticipated statistical precision o |
= Increased detector acceptance at large-x to come. 0ss | |
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COMPASS++/AMBER

= New proposal for the M1 Beamline at CERN = 7 o T
» 2021-2024 and beyond s e L

= Variety of Physics:
— Proton Radius with pp elastic scattering

— Antiproton Cross Sections for Dark Matter
Searches

— Pionic Parton Distributions from DreII-Yan
— Charmonium Production

= Beyond 2024

— Exploring the possibility of separated Kaon/pion R | / ‘ ‘\

beam - - — - 11

— Compare kaon and pion structure with Drell-Yan, \/ M | | \
Direct Photons = T e
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LIGHT PIONS AND HEAVY KAONS AND PROTONS

Lattice challenges from & “F 1T —
AMBER 2024 3 e e
1.5 *
= \What can the piOﬂ PDF’s tell us 15 43 <M/(GeVic) <85
about QCD mass emergence? — 01 02 03 04 05 06 07 08 09 X!
NTg 2.5E
= \What does a lattice-based w2
calculation of a T-PDF mean with a w' o
M, >= 300 MeV? or
£
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LIGHT PIONS AND HEAVY KAONS AND PROTONS

Lattice challenges from oA
AMBER 2027 |

>
10% sea contribution B

= = 15% sea contribution

= = 20% sea contribution

0.151 “ “ ee channels 0.15

0.1

* What can the ratio of /K PDF’s tell
us about mass, QCD and binding? | | 4.03WGeV/c)<85
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» Or is a Kaon just a 500 MeV pion in
a lattice?

Expected statistical
uncertainty for Kaon

Not Drell-Yan. but sea to valence quark
’ ratio.

= Gluon PDFs for pions and Kaons ot bitiid

via prompt photon detection. S
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TAKE AWAY THOUGHTS >WM< =
= Drell-Yan can select sea quark distributions_“ ,owp o Prelmnay o T
. T o

» SeaQuest extends the reach of previous sea quark
measurements to larger xg;
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Drell-Yan Target Single-Spin Asymmetry f —
pp! = WX, 4<M,, <9 GeV 1T -
0.4

= SpinQuest will measure the Drell-Yan Sivers
0 T SO Function and sea quark orbital angular
momentum will be probed with polarized target

N§ 2.5g "
= COMPASS++/AMBER at CERN will measure mand K §
parton distributions. AN
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