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The Proton Spin
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Jaffe-Manohar Sum Rule Ji's Sum Rule

AS =% = LAY + AG + Lq +Lg AS =% = LAY + qu +ng

Finding the Spin

COMPASS
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Orbital Angular Momentum

e EIC will probe gluon via SIDIS
e SpinQuest will probe gluon via J/¥

Ji Spin Decomposition

QCD Lattice calculations: Ji left and Jaffe right
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Sea Quarks

QCD Lattice calculations
AntiQuark

SIDIS Sivers at COMPASS
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TMDs and Sivers LI I
icpolarization
e Transverse momentum functions

allows us to analyze the distribution
of the transverse momentum and : h, =®_ @
transverse spin. i '

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

Boer-Mulders

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




Results of Sivers
HERMES SIDIS Sivers
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Polarized SIDIS Polarized DY
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Sivers DY at RHIC and COMPASS

RHIC Prediction 2
C Prediction 2006 pion induced Drell-Yan at COMPASS 2018
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SpinQuest

e 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.




False Asymmetries

e Diurnal effects
Weather(hot and cold cycles)

Hardware:
o Cooling systems malfunctioning
o Target alignment
o Magnet health
o Detector health
e Predicted Sensitivity
o Beam~2.5%
o Target~6-7%
e Detection of False Asymmetries is

VITAL

Drell-Yan Target Single-Spin Asymmetry
pp‘ul.) - ppX 4< Muu <9 GeV
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Sensitivity

. Beam ~ 2.5% to pumps

(@)
(@)
(@)

e Target~ 6-7%

O

O O O O O O

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

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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The Beam and Target

e Beam
o 120 GeV Unpolarized Proton beam
collides with polarized proton target

o 1 spill ~20-60,000 events in 4

seconds
u max annual proton count is 7X10'7 protons/year

o Highest proton intensity ever

attempted on a solid polarized target.

e Target
o Proton Target NH3
o Neutron Target ND3
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Station Level |

e Drift chamber: Array of wires used

4
1

to determined the position. N ookt WL i
e There are 4 drift chambers each nma W
with 6 detector planeS. o B B e e i U

o VVXX,UU
o Prime planes and U+V deal with left

right detection.

e St.1,St.2, St.3pandSt.3m

diidh

Eric Fuchey Status of GPU-based online reconstruction program
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Station Level

Hodoscope: Array of scilating

paddles used to determined the
start time of the ion drift.

(@)

(@)
(@)
(@)

There are 12 hodoscopes

4in st.1
4inst.2
2inst3
2inst4

Hodoscope Array 1X

Kei Nagai: Recent Measurement of Flavor Asymmetry of Antiquarks in the
Proton by Drell-Yan Experiment SeaQuest at Fermilab
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E1039 Software

Macro Fun4Sim.C

* Set the global constant

* Calling various module:

Event generator module

Detector module

Tracking module

E1039 is designed to be modular & user friendly

E1039 Core

Pythia

Geant4

Ktracker
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Hit Removal

Occupancy cut

Reconstruction

e Can be broken up in 3 parts:
o Pre-tracking
o Single Track Reconstruction
o Vertex Reconstruction
e Only cares about the final four
momenta.
e Made in C++ entangled in Fun4All Class
system.

Liquid Hydrogen

e Data
— MC sum
wee  MC Drell-Yan
= = Random Coincidence
== Meas. Target Flask Background

Nature 590 561-565 2021

Build Tracklets

Connect st.2 and st.3

tracklets

construct global

tracks

swim to vertex
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Challenges

o We need to detect false asymmetries

e We must calculate the left right asymmetry Quickly

e We must be able to see the reconstruct a every
stage

e K Tracker is not optimized for this.

20



A new approach: GPU Acceleration

Input Hit Matrix Collect Hit Pairs Station Loop Hodo Masking outp#trascigcted

e 1 spill ~20-60,000 events in 4 seconds per minute
e Ktracker takes 1 hour and a half to process 20,000 events.
e GPU acceleration predicted to cut this by a factor of 10!
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Simulating a Spill

Hit Matrix Partial Tracks with Injected Tracks
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Hit Pair Selection

Drift Chamber Drift Chamber: Station 2 and 3
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Geometry Position

Number lement.
WirePosition = (elementl D—w)*

WireSpacing + [X PlaneOf fSet + X0 x cos(UWire) + y0
sin(UWire) + 0
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Geometry Window

U Radius =| - —*AU ireSpanxsin(UWireAngle) | +T X Mazx |

(Z PositionofU hzt — ZPositionof X hit) | cos(UWireAngle) +
TY Mazx | (Z Positiono fUhit—Z Positionof X hit) | sin(UWireAngle)+
U 2 x WireSpacing + o

V Radius = U HitWireSpacing+2«cos(UWire)+ | (Z PositionofU Hit+

X Z PostionofV Hit—2+Z Postionof X Hit)xcos(UWire)xT X Max |
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Window Creation

Window and Center Comparison Window and Center Comparison
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Tracklet Making

Drift Chamber: Station 2 Drift Chamber: Station 3
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58 Hits
45 Tracklets combinations




Hodoscope Matching

Hodoscope
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Tracklets Before Al integration

Selected Tracks: Station 2 and 3

6 Track
combinations.

36 hits remain.

A removal of 44
hits!
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Machine Learning

e Machine Learning in Nuclear
physics allows for

(@)

Fast Analysis

e Types of machine learning:

(@)

(@)
(@)
(@)

Supervised learning
Unsupervised learning
Reinforcement learning
And MORE!

Data

Collection

Feature
Extraction

Data
Preprocessing

Model Selection
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Models
Intercepts
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output

\

Slopes

[(None, 100, 200)]
InputLayer [(None, 100, 200)]
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Loss graphs

Intercepts

Val_loss and Model Loss

— val_loss
—— Model_loss

Val_loss and Model Loss

— val _loss
—— Model_loss




Approximate error

X-Intercept

Y-Intercept
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Element ID

Detecting False Asymmetries

Selected Tracks: Station 2 and 3
X-Slope

Y-Slope
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Detector ID

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

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

Left right Asymmetry

Four
momenta

=N

E1039 proposal

e Options for interface

o Dearpygui
o VisPy
o plotoptix

34



Conclusion

e A simulated Spill was created matching the occupancy of seaquest.
e We were able to write a program that utilize the core features of K-Tracker to
select hits to create Tracks within error.

e This software is written to utilize:

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

e We observed an precision of 81% and accuracy of 50% background

removal.
o Estimated efficiency after Al and hodo tuning to increase
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Thank You
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Backup Slides
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Efficiencity

s e True Positive(TP)
e TPis cases in which it is a background hit s forittoatt i) ¢ Talne L osApeCEr)
and is correctly removed.
e TNis cases in which itis a hit and is kept
e FPiscases inwhichitis ahitandis

removed True Positive(TP)
- o e el - Recall = e Positive(TP) + False Negative(FN)
e FNis casesinwhichitis a background hit rue Positive(TP) + False Negative(FN)
and is kept.

True Positive + True Negative
Accuracy =

(True Positive + False Positive + True Negative + False Negative)
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Ktracker comparison

Drift Chamber: Station 2 and 3
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