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WHY POLARIZED DRELL-YAN IN SPINQUEST?

» Spin Crisis!
» Plan to measure an asymmetry (called Sivers asymmetry)that allows us to tell if sea quarks
have non-zero OAM.

» Compared to the SIDIS (Semi-inclusive Deep Inelastic Scattering) process, Drell-Yan (DY) is a
cleaner process.

From E1039 proposal
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PHYSICS AT SPINQUEST

Measurement: The amplitude of the
azimuthal angular modulation of the
outgoing particles’ (di-muons) scattering
cross section with respect to the transverse

oP¥ — ol spin direction of the polarized proton.
Av = P’ + P

Accessing Sea Quark Sivers function
from from Drell-Yan Process
Kinematically Suppressed!
Bonus Physics: Transverse Single Spin
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See Harsha Srilal's talk for some details.
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TIMELINE AND STATUS

March 2018: DOE approval.

May 2018: Fermilab stage-2 approval.

June 2018: E906 decommissioned.

Fall 2018: Transferred the polarized target from UVA to Fermilab.
2021: Commissioned all components using cosmic rays.

May 2024: Beam commissioning.
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Nov 2024- Jan 2027: Expected production data taking time.
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SPECTROMETER

> 120 GeV proton
beam from Fermilab
MIin a 4.4-sec spill.

Figure. SeaQuest Spectrometer
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SPINQUEST EVENT DISPLAY

Polarized (1)
Target (NH3) Run: 6112, Spill: 1936282, Event: 537800
e NIM: {0, 0, 0, 0, 0} MATRIX: {1, 0, 0, 0, 0}
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SPINQUEST’S DIMUON TRIGGER
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MACHINE LEARNING EFFORT IN DIMUON RECONSTRUCTION

» The program reads raw event files from the decoder and performs fast reconstruction.

» Key components of the Al model include:

» Each classifier outputs a Softmax probability, which can be used to sort the results efficiently.

Element ID
5
3
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An event filter using a CNN classifier to analyze each event.
A track finder implemented as a CNN classifier.
Momentum reconstruction via DNN regression.
Vertex reconstruction using DNN regression.

A target dump separator designed as a basic DNN classifier.

Muon Track Finding
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AI ONLINE MONITORING SYSTEM USING QTRACKER

» This invariant mass uses QTracker to reconstruct the spill just a few seconds after it occurs,
enabling the observation of the dimuon spectrum change in real-time.

» The reconstruction with QTracker is exceptionally fast, allowing for near real-time evaluation of
the data as it comes in.
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POLARIZED TARGET SYSTEM

» Carbon fiber insert with 3 cells.

» 140 GHz microwave source
(Details in Vibodha Bandara’s
Talk).

» Ammonia beads (NH3 or ND3).

» Target uses Dynamic Nuclear
Polarization to enhance the
polarization (Details in Vaniya
Ansari’s Talk. ).

» 5T Magnet Applied vertically to

the target field.
() Target material
NMR
System
Microwave

N —
ﬁ Generator
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POLARIZATION DATA TAKING RESULTS

» Dynamic nuclear polarization (DNP) is used to enhance the polarization. More details in
Muhammad Farooq'’s talk.

» The average beam intensity for the right polarization monitoring plot is approximately is about
1.5 x 10'2 protons/spill.
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EXPECTED RESULTS

» Experiment will run for two
years in order to collect enough
Drell-Yan events.

» Projected uncertainties:

e Statistical uncertainties:
3 - 5%.

® Efficiency and Acceptance:
3%.

® We have been working to
minimize the systematic
uncertainties arising from
the target materials and
polarization.

If Ay # 0, major discovery:
“Smoking Gun" evidence for L; ;.
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1. P. Fernando and D. Keller
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CONCLUSION

» SpinQuest is poised to provide critical insight:
® For the sea-quark Sivers function and sea-quark Orbital Angular Momentum (OAM).
® For u,d flavor asymmetry sensitivity to spin.

» Measurement of Sivers function for gluons (J /1 Transverse Single Spin Asymmetry [TSSA]).

» Perform the first measurement of the sea-quarks Sivers asymmetry in Drell-Yan proton-proton
scattering.

» Pushes the 120 GeV-proton-beam intensity frontier on a solid polarized target.
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