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E1039/SpinQuest

“spin”’ axis
of the proton

Goals:

* Measure azimuthal asymmetry In
Drell-Yan dimuons from protons on
a polarized target.

e Extract magnitude and sign of
Sivers function for ubar/dbar.

Are the anti-quarks in orbit about the spin axis of
the proton?



Proton Spin Puzz|
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 European Muon Collaboration studies longitudinally
polarized DIS with muons.

* Violations of Ellis-Jaffe sum rules indicate little of proton
spin comes from quark spins.

Hence (14+ 9+ 21)% of the proton spin i1s carried by
the spin of the quarks. The remaining spin must be

carried by gluons or orbital angular momentum




Quark OAM

* Dennis Sivers proposes transverse momenta of quarks to
explain observed Transverse Single Spin Asymmetries in
E704 do(ppy — 7X)
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e Sivers is now one of 8 Transverse ] Yy
Momentum Dependent distribution = ° _' %
functions of the nucleon. O
 Correlates quarks OAM and total Rl * y
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Phys. Lett. B 264,462 (1991)



Why Sea Quarks?

® u+dOAM

@ ubar+dbar OAM
s+sbar OAM

® Gluons

@® Quark Spin

K.-F. Liu et al arXiv:1203.6388

Proton Spin Components from Lattice QCD



Why Sea Quarks?

Observation of flavor asymmetry in nucleon sea by fixed target
DY experiments at Fermilab- ES866, E906
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Meson cloud models:

Predicts dbar/ubar.
Pion is 0-, needs L = 1 for proton to be JP=1/2+
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Fixed Target DY at Fermilab
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Accessing Sivers
p+p" —ptp= X

SIDIS

* Complicated Fragmentation
Function.

e \alence and Sea quarks
participate.

Drell-Yan

WA

Zq ef,[f‘l’(xl)-f?(xzﬁl ("’21

* Convolution of Sivers and
unpolarized PDF.

* |solate sea quarks in target.



Accessing Sivers

* First DY measurement of P+ pT — ,u+,u_ X

Sea Quark Sivers.
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e Parallel measurement of
NHs and ND3 separates
ubar and dbar.

WA

* Intensity frontier: highest /X
planned, instantaneous | L)
intensity proton beam on a —

polarized target with o[ F9(x 1 F Ly 141D
4.4x102 protons over 4.4 s Zq q[fl( 1) fir (X ‘
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* Convolution of Sivers and
unpolarized PDF.

* |solate sea quarks in target.



E-1039 Spectrometer




E-1039 Target
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Kinematics and Sensitivity

Xtarget

* Optimized for X target between 0.1 and 0.5 where target antiquark sea dominates.
* Avoid target valence contribution by choosing Xr = Xbeam - Xtarget > 0
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Conclusion

e SpinQuest will run for 2 years, alternating NHz, ND3 and
background subtraction targets.

e Projected Statistical uncertainty ~ 3-5%.

Range x, Mean x, Nevenisp AA %P N events n AA % n

01-016 139 5.0 x 10* 32 5.8 x 10 54
016-0.19 0.175 45 x 10° 33 5.2 x 10° 5.7
019024 0213 5.7 x 10* 20 6.6 x 10/ 5.0
024-06 0295 5.5x 10 30 6.4 x 10° 5.1

e SpinQuest takes part in a rich history of fixed target DY at
Fermilab.

e Quark OAM likely contributes to nuclear spin, polarized Drell-
Yan can confirm it is nonzero. Major Discovery!
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The Drell Yan Process at LO

d’c (41roc2

dX1 dl‘z B 9M2

) Y Q°[gs(x)dr(x2) HFr(x1)qr(x2)].

e

Negligible at forward rapidities

e QCD-improved DY makes verifiable predictions about dilepton
production spectrum.

e Factorization makes DY an attractive process for theory.
e Clean final state for experiment.

e Fixed target experiments with forward detectors are sensitive to
target sea quark distributions.
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