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Overview:

● Physics Overview
○ Proton Spin Crisis 
○ TMD’s and Sivers

● SpinQuest and the goal
○ The Experimental Setup

● The purpose of studying reconstruction
○ Asymmetries

● The previous state of the software
○ Fun4All

● The process of studying reconstruction
○ In depth Reconstruction

● Results
○ discussion

● Summary
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The Proton Spin
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Old model of Proton
Spin=½=½+½-½ 

Mass ~ 1 Gev not 
fully understood 
ethier!

EMC: Nuclear Physics B328 (1989) 1-35 

P X

𝛍 𝛍

Based off parton model

∆Σ(Q2 = 10GeV2 ) = 0.060 ± 0.047 ± 0.069 
consistent with zero! 

PHYS. REV. D 98, 074505 (2018) 

Lattice QCD: 



Finding the Spin
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ΔS = ½ = ½Δ𝚺 + ΔG + Lq +Lg

Daniel de Florian, Rodolfo Sassot, Marco Stratmann, and Werner Vogelsang
Phys. Rev. Lett. 113, 012001 – Published 2 July 2014 STAR

ΔG ~ 0
ΔS ~ 30%

Nuclear and Particle Physics Proceedings
Volumes 273–275, April–June 2016, Pages 2084-2090
COMPASS

COMPASS

STAR

Jaffe-Manohar Sum Rule Ji’s Sum Rule

ΔS = ½ = ½Δ𝚺 + Lz
q +JZ

g
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Orbital Angular Momentum

arXiv:2112.08416 [hep-lat]

QCD Lattice calculations: Ji left and Jaffe right

arXiv:1706.02973v3 [hep-lat] 18 Nov 2017

Ji Spin Decomposition ● EIC will probe gluon via SIDIS
● SpinQuest will probe gluon via J/Ѱ



Sea Quarks
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g

arXiv:2112.08416 [hep-lat] C. Adolph et al. / Physics Letters B 770 (2017) 138–145

SIDIS Sivers at COMPASS

QCD Lattice calculations

Quark

AntiQuark



TMDs and Sivers
● Transverse momentum functions 

allows us to analyze the distribution 
of the transverse momentum and 
transverse spin.

● Sivers represents the correlation of 
the transverse momentum of an 
unpolarized parton with the spin of 
a transversely polarized nucleon.

● A non-zero DY sea quark Sivers 
function asymmetry is indicative of 
contribution by sea quark OAM.

Leading Twist 

Nuclear spin

Quark spin

Sivers asymmetry=
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Results of Sivers 
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arXiv:2103.03270v1 [hep-ph] 4 Mar 2021

JLab SIDIS Sivers

HERMES  SIDIS Sivers

arXiv:0805.2137v1



Polarized SIDIS
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QCD Prediction
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Sivers DY at RHIC and COMPASS
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PHYSICAL REVIEW D 73, 094023 (2006)

pion induced Drell-Yan at COMPASS 2018

PHYSICAL REVIEW D 97, 054005 (2018)

RHIC Prediction 2006 



● Are the sea quarks orbiting around 
the spin axis of the nucleon?

● Testing QCD prediction
● Compare with other experiments
● Non-zero asym = sea quark OAM!
● SpinQuest will perform the first 

measurement of the Sivers 
asymmetry in Drell-Yan pp 
scattering from the sea quarks.

SpinQuest
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● Diurnal effects
● Weather(hot and cold cycles)
● Hardware:

○ Cooling systems malfunctioning
○ Target alignment
○ Magnet health
○ Detector health

● Predicted Sensitivity
○ Beam~2.5%
○ Target~6-7%

● Detection of False Asymmetries is 
VITAL

False Asymmetries

12FNAL_UsersMeeting_2023_Liliet



Sensitivity 
● Beam ~ 2.5%

○ Luminosity ~ 1%
○ Drifts < 2%
○ Scraping ~ 1%

● Target ~ 6-7%
○ Polarization ~ 2%
○ Density ~ 1%
○ Alignment ~ 0.5%
○ TE Calibration: P ~ 2.5% d: ~ 4.5%
○ Radiation damage ~ 3%
○ Packing fraction ~ 2%
○ Dilution factor ~ 3%
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● Beam
○ 120 GeV Unpolarized Proton beam 

collides with polarized proton target
○ 1 spill ~ 20-60,000 events in 4 

seconds
■ max annual proton count is 7X1017 protons/year

○ Highest proton intensity ever 
attempted on a solid polarized target.

● Target
○ Proton Target NH3
○ Neutron Target ND3

SqinQuest

The Beam and Target

14
SPTG-TechNote-17003

FERMILAB-PUB-20-087-AD-APC



The Experimental setup
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E1039 Proposal



Station Level

● Drift chamber: Array of wires used 
to determined the position. 

● There are 4 drift chambers each 
with 6  detector planes. 

○ V,V’,X,X’,U,U’ 
○ Prime planes and U+V deal with left 

right detection.
● St.1, St.2, St.3p and St.3m

Kei Nagai: Recent Measurement of Flavor Asymmetry of Antiquarks in the 
Proton by Drell–Yan Experiment SeaQuest at Fermilab
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Eric Fuchey Status of GPU-based online reconstruction program



Station Level

● Hodoscope: Array of scilating 
paddles used to determined the 
start time of the ion drift. 

● There are 12 hodoscopes
○ 4 in st.1
○ 4 in st.2
○ 2 in st.3
○ 2 in st.4

Kei Nagai: Recent Measurement of Flavor Asymmetry of Antiquarks in the 
Proton by Drell–Yan Experiment SeaQuest at Fermilab
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• Set the global constant

• Calling various module:

Event generator module

Detector module

Tracking module

Macro Fun4Sim.C

E1039 Software
E1039 Core 

Pythia

Geant4

Ktracker

E1039 is designed to be modular & user friendly
18



Reconstruction

● Can be broken up in 3 parts:
○ Pre-tracking
○ Single Track Reconstruction
○ Vertex Reconstruction

● Only cares about the final four 
momenta.

● Made in C++ entangled in Fun4All Class 
system. 

19
Nature 590 561-565 2021



Challenges 

● We need to detect false asymmetries
● We must calculate the left right asymmetry Quickly
● We must be able to see the reconstruct a every 

stage
● K Tracker is not optimized for this.
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A new approach: GPU Acceleration
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● 1 spill ~ 20-60,000 events in 4 seconds per minute 
● Ktracker takes 1 hour and a half to process 20,000 events. 
● GPU acceleration predicted to cut this by a factor of 10!



Simulating a Spill
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Total Hits 147



Hit Pair Selection
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Total Hits 80



Geometry Position
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Geometry Window

X

U
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Window Creation
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Tracklet Making
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58 Hits
45 Tracklets combinations



Hodoscope Matching
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Tracklets Before AI integration
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● 6 Track 
combinations.

● 36 hits remain. 

● A removal of 44 
hits!



Machine Learning

● Machine Learning in Nuclear 
physics allows for 

○ Fast Analysis
● Types of machine learning:

○ Supervised learning
○ Unsupervised learning
○ Reinforcement learning
○ And MORE!
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Models
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Intercepts SlopesInput

output



Loss graphs
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Intercepts Slopes



Approximate error
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Detecting False Asymmetries 
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X-Slope

Y-Slope

X0

Y0

}Four 
momenta

E1039 proposal

AI

Started with 80 hits
Removed 44 hits
Ending with 36 hits/ 6 tracklets 

Left right Asymmetry

Precision = 81%
Recall = 53%
Accuracy = 50%

● Options for interface
○ Dearpygui
○ VisPy
○ plotoptix



Conclusion

● A simulated Spill was created matching the occupancy of seaquest.
● We were able to write a program that utilize the core features of K-Tracker to 

select hits to create Tracks within error.
● This software is written to utilize:

○ Numba GPU Acceleration
○ DearpyGui Interface Display
○ Tensorflow Machine Learning

● We observed an  precision of 81% and accuracy of 50% background 
removal. 

○ Estimated efficiency after AI and hodo tuning to increase
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Thank You
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Citation
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Backup Slides
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Efficiencity 
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● TP is cases in which it is a background hit 
and is correctly removed. 

● TN is cases in which it is a hit and is kept
● FP is cases  in which it is a hit and is 

removed
● FN is cases in which it is a background hit 

and is kept. 



Ktracker comparison
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Geometry 
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