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The Proton

Orbital Angular Momentum
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SpinQuest
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Sivers Function ( f5.(x,k;) )

"

e Describe a correlation between the nucleon

hS T

Spin (§) and the Parton’s transverse

.
momentum (k).

« Average correlation over many polarized
nucleons is non-zero.
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Sine modulation in @,
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Beam is unpolarized —> fIJ'T(x, k) of the beam will wash out

Drell-Yan Process ol Quark from the beam|will struck on an anti-
quark in the polarized target producing a
virtual photon which will decay into a lepton

pair.
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Target is polarized and we are looking for a non-zero sinusoidal modulation
in the azimuthal distribution of leptons (di-muons) in the lab frame

SMPFNNE BE BOLD. Shape the Future.®




Fermilab Accelerator Complex

Polarized solid
ammonia target

« 4 % 10'? protons per spill ( 4 seconds)
« Fixed Targets : NH;/ND;

» Polarization : Transverse to the beam
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Asymmetry Extraction Using a Likelihood Technique
(Simulation Study)
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Likelihood of an event in E1039

« Azimuthal distribution of di-muons in lab frame,

do

o~ P A TSI, — ®)

I ol,i

 T'herefore the likelihood of a measured event i,

L(Ay) < (1 + P;* Ay *sin(¢, — ¢;))

» .". Negative log likelihood of the data set,

GOAL.:

In L(Ay) = — Z In (1 + P;* Ay * sin(@, — Cb,-)) Find A, that minimize the L(Ay)

l
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* In SpinQuest:

« .". using a power series expansion of [n L(Ay),

e Error will be :

Oy

N

N ZiP,-Z *sin*(¢; — ¢y)

2;sin(g; — &)
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Simulating SpinQuest’s dataset ( {®g, O, P} )

W, =1+ 0.15% P, * sin(®, — ®,)|
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Unfolding

Detector-level

_ Data
S
=

 An un-binned unfolding technique : Omnifold 7 "\

 Un-binned version of Bayesian unfolding.

. . . . Step 1:
» Its job is to remove the smearing introduced by Reweight Sim. to Data
the detector. Vn_1 =22 wp,

e Simulation
= e
L

—
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Push Weights

Particle-level

Step 2:

Reweight Gen.

VUn—1 > Un

Generation
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Yield

Results
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Injected Ay, = 0.15

Ay Oy

0.1768 0.0055

0.1463 0.0055




Conclusion

» SpinQuest is focused on extracting the it and d contributions to the Sivers Asymmetry in
Drell-Yan.

» Fixed targets used are polarized with DNP technique.

* "T'emporal changes in the magnitude of polarization suggest to use an un-binned analysis
framework.

« Expected datasetis ~ 200 000 DY events.

« Likelihood estimation along with Omnifold returned the injected value at the 1 — o level.
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Thank You Il
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