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Transverse Momentum Dependent (TMD) Distributions
Include parton kT and parameterize non-perturbative terms of
cross-section
At leading order and leading twist, 8 TMDs are needed to describe
the nucleon
TMD description is valid for k2T � Q2
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COmmon Muon Proton Apparatus for Structure and
Spectroscopy (COMPASS)

Robert Heitz (UIUC) COMPASS DY HEP 2017 5 / 15



COmmon Muon Proton Apparatus for Structure and
Spectroscopy (COMPASS)

Robert Heitz (UIUC) COMPASS DY HEP 2017 5 / 15



Robert Heitz (UIUC) COMPASS DY HEP 2017 6 / 15



The Drell-Yan Process at COMPASS
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Drell-Yan Cross-Section

The amplitudes of azimuthal modulations from the Drell-Yan
cross-section give access to certain TMDs. At leading twist:

dσDY ∝
[
1 + A

cos(2φ)
U cos(2φ)

]
+ ‖ST‖

{
A
sin(φS )
T sin(φS)

+
[
A
sin(2φ+φS )
T sin(2φ+ φS) + A

sin(2φ−φS )
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]}

Target reference frame Collins-Soper center of momentum
frame

A
cos(2φ)
U ∝ h⊥q1,π⊗h

⊥q
1,p Boer-Mulders A

sin(2φ−φS )
T ∝ h⊥q1,π⊗h

q
1,p transversity

A
sin(φS )
T ∝ f q1,π⊗f
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1T,p Sivers A
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T ∝ h⊥q1,π⊗h⊥1T,p pretzelosity
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Di-muon Invariant Mass Spectrum
The Drell-Yan analysis was performed in the mass range of 4.3-8.5 GeV/c2

I Only 4% background in this mass range

Approximately 35 000 di-muon pairs were analyzed
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COMPASS Kinematic Overlap between Drell-Yan & SIDIS

COMPASS Drell-Yan COMPASS SIDIS

COMPASS has kinematic overlap between Drell-Yan and SIDIS

Allows to minimize the impact of uncertainties from TMD scale
evolution

The overlap in kinematic regions of COMPASS Drell-Yan and
COMPASS SIDIS data allows for direct comparisons of TMD
amplitudes
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COMPASS Drell-Yan Kinematics

The high mass range probes the proton’s valence quarks

The COMPASS spectrometer acceptance reaches a maximum in the
proton valence region

I The Sivers function extracted from SIDIS data also reaches its
maximum in the proton valence region
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Kinematic Dependence of the Sivers Amplitude
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Sign Change

Robert Heitz (UIUC) COMPASS DY HEP 2017 14 / 15



Sign Change

The sign of the Sivers amplitude determined from COMPASS
Drell-Yan data is consistent with a sign change prediction from the
Sivers TMD extracted from SIDIS!
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Conclusion
COMPASS determined the first spin-dependent azimuthal
asymmetries from transversely polarized Drell-Yan data

COMPASS has performed the first measurements of transversely
polarized SIDIS and Drell-Yan which can be compared in a similar
kinematic region

The Sivers amplitude form COMPASS Drell-Yan data and the Sivers
function extracted from SIDIS data is consistent with a sign change
which is a fundamental validation of quantum chromo-dynamics

COMPASS will perform additional transversely polarized Drell-Yan
measurements in 2018!
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Backup

Robert Heitz (UIUC) COMPASS DY HEP 2017 15 / 15



Target Cell Separation

Monte-Carlo simulations show there is very little event migration
between the two transversely polarized target cells
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Dilution Factor

Correction to the amount of polarizable material
I Only protons from Hydrogen in NH3 are assumed to be polarizable

f ∼ 0.18
I Includes correction from event migration between target cells
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Kinematic Dependence of the Sivers Amplitude

The overlap in kinematic
regions of COMPASS
Drell-Yan and COMPASS
SIDIS data makes the
Sivers amplitude directly
comparable
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