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Physics Motivation

Ji’s decomposition Jaffe-Manohar decomposition
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Asymmetry measurements from Deep inelastic scattering of longitudinally polarized muons on longitudinally polarized proton
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Physics Motivation

Nuclear Physics B328 (1989) 1-35
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Possible missing spin contributions
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TMMID PDFs

Do, kriS) = [ SR SIH0) U

Quark correlator can be decomposed into 8 components
(6 T-even and 2 T -odd terms) at leading-twist
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Polarization

TMD PDFs JEEE

Boer-Mulders
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Sivers Function A
fq/pT (2, kt) = fq/p(xakT) + flJ_T(kaT)S°(]?) X k)

The Sivers function describes the correlation between the momentum direction of the struck quark
and the spin of its parent nucleon.

» The gauge-invariant definition of the Sivers function
lepton predicts the opposite sign for the Sivers function in SIDIS
compared to processes with color charges in the initial state  proton lepton

. . +
and a colorless final state in Drell-Yan, J /Y, W™, Z

remnants

Hadron
+remnants » Thisinclusion of the gauge link has profound consequences

on factorization proofs and on the concept of universality,
which are of fundamental relevance for high-energy
hadronic physics

proton lepton
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“[+] path” in space-time E_, \% \/ /\OO “[-] path” in space-time E
space-time /6 Pic.. Courtesy: Andrea Signori light-cone minus component space-time /6 Pic.. Courtesy: Andrea Signori light-cone minus component
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TSSA amplitude for W+/W- from STAR data is favors the “sign-change”

Sign of Sivers Functions

STAR Collaboration (PRL 116 132301 (2016))
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In DY relative to SIDIS (model based without TMD evolution)
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Global analyses: Sivers functions

A. Bacchetta, F. Delcarro,
C. Pasiano, M. Radici
arXiv 2004.14278 (2020)
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Drell-Yan measurements above the | /i peak fall in a

unique region with Q2in the range of 16 < M?2< 81 GeV?

and Q1 < few GeV

Quest in the Global Context

| EIC wh/te paper

108 Measurements with A = 56 (Fe):
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o DY (E772, E866)
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01— == T™MD-2

|= ¢ 7.9 cm NH3 target|
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» The E1039 experiment will provide
unique information for the sea quark
Sivers function in DY

» < Plot: Uncertainties in the predicted
Sivers asymmetry in polarized Drell-Yan
process from SpinQuest.

DGLAP: M. Anselmino et al arXiv:1612.06413
TMD-1: M. G. Echevarria et al arXiv:1401.5078

TMD-2: P. Sun and F. Yuan arXiv:1308.5003 H



Sea-quarks Sivers functions

STAR Collaboration (PRL 116 132301 (2016))
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The solid gray bands represent the uncertainty due to
the unknown sea quark Sivers functions estimated by
saturating the sea quark Sivers function to their
positivity limit in the KQ (Z.-B. Kang and J. -W. Qiu PRL
103,172001 (2009) )calculation

» Initial attempts to measure the Sivers asymmetry for sea quark Sivers have been reported by the STAR
collaboration at RHIC using W/Z boson production. Their data is statistically limited and favor a sign-change
only if TMD evolutions effects are significantly smaller than expected.

» SpinQuest will perform the first measurement of the Sivers asymmetry in Drell-Yan proton-proton scattering from
the sea quarks.
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Polarized fixed target Drell-Yan :
Sensitivity to sea-quarks

beam: valence quarks
at high x

Log scale in z

target: sea quarks at

low/intermediate x -
Sea-quarks %

_.
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— | =
q t t b b 2 -
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u-quark dominance acceptance limited R TR R Tk AR T T
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Polarized fixed target DY & J /¢
@ SpinQuest / E1039 experiment

- Lo

A o) — oy py) .
o(pympt) + o (Py"py)
Drell-Yan o(p + pT(U — v+ X) Eg
Jopr (w513 Q) = Jojp(@ ki Q) + %Aqu/pT & ker, 513 Q) 0200102030405060708091
I 0 > SpinQuest. will be.able tg explc;)e:l;n
olp+p — J/+ X) a new region of kinematics for J /Y

1 to the PHENIX measurements
k . — ke _AN k S compare
fg/pT<x7 TasTvQ) fg/p(a;v TvQ)+ 9 fg/pT(xa T, T7Q) > ]/1)0 production:

» PHENIX = gg fusion at 1/s =200 GeV
> SpinQuest = g annihilation at /s = 15.5 GeV
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Fermllab proton beam main injector

5,

https //éarth google com

https://cerncourier.com/a/fermilab-
gears-up-for-an-intense-future

Fermilab accelerator complex

Main Injector
low-energy neutrino

beam to MicroBooNE

Recycler Ring

proton beam
toSeaQuest,
TestBeam
Facility . high-energy
== — neutrino beam
to MINERVA,
MINOS, NOvVA

Muon Delivery Ring

beam startshere= ion source muon beam to Muon g-2, Mu2e

» 120 GeV/c proton beam
> +/s = 15.5 GeV

» Projected beam
< 5x10protons/spill Where spill ~ 4.4 s/min

*

** Bunches of 1ns with 19ns intervals ~ 53 MHz

*

< 7%x10Yprotons/year on target! 16



Fermilab proton beam main injector

d?o Adra? 1 , ) i
dzidry  9z1x0 5 e [qei(z4)qpi (z0) + Gri(z¢) qvi ()]

Fermilab E906/E1039
Data in > 2010

Fermilab E866/NuSea

Data in 1996-1997 'H, 2H and nuclear targets
'H, ?H and nuclear targets mGeV proton beam

800]GeV proton beam

Therefore, the SpinQuest/E1039
experiment will get,
» Cross-Section scales as ~7 times
compare to that with 800 GeV beam
» Luminosity is ~7 times compareto { % Injector
that with 800 GeV beam . 120 Ge¥
» ~49 x Statistics with 800 GeV beam e

-




SpinQuest./ E1039 Experiment Setup

Station 2 and 3:

to pumps

NMR
System

Microwave
I Generator
Cryogenics,
Liquid He

Polarized solid

rigerator

beam directipn

NH3 & ND3

ta

rget setup insert, cups —

/7
0.0

/7
0.0

/7
0.0

e

*

/7
0.0

Designed for high intensity proton beam
(5x10'2protons/spill with 4.4s spill)
by LANL-UVA group

8 cm long solid NH; and ND; target cells

Magnetic Field: B =5 T with uniformity dB/B < 10~ 4"

over 8 cm

“He evaporation refrigerator ( 3 W of maximum
cooling power) keeping the target at 1.1 K.
140 GHz microwave source (with DNP technique)

SEEER

[z

0

§ lkam Target

Solid Iron Focusing
Magnet, Hadron

absorber and beam
dump

Station 1:
Hodoscope
array
MWPC
tracking

Hodoscope array
Drift Chamber
tracking

lop YView (Bend Plane)
FMag & Iron

X

Station 4:
Hodoscope array
Prop tube tracking

f Drawing:
T. O’Connor
and K. Bailey

Hadron Absorber (Iron Wall)
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Predicted Uncertainties

0.2 Drell-Yan Target Single-Spin Asymmetry

» Beam (~ 2.5%)

» Target (~ 6-7 %)

Relative luminosity («~ 1%)
Drifts (< 2%)

ppld') - pux 4 < M, <9GeV

DGLAP: M. Anselmino et al arXiv:1612.06413
TMD-1: M. G. Echevarria et al arXiv:1401.5078
TMD-2: P. Sun and F. Yuan arXiv:1308.5003
A. Prokudin et al (in progress)

I. Fernando, D. Keller (in progress)

. dN(IBb,ZCt,QbS,Qb) y
Scraping (~ 1%) g2 J dbpsdp=—"7 57 sin(¢s)
f‘ST’ N(xba xt)
» Analysis sources (~ 3.5%)
Tracking efficiency (-~ 1.5%) i I I I
Trigger & geometrical acceptance (<2%) | N T RO
. B : 3 P 3
Mixed background (-~ 3%) s — Sty b <8 TR [N | AA (%)
— 10 ~0.11— EE TMD-2 0.10- 0.16 | 0.139 | 5.0 x 10* 3.2 5.8 x 10* 4.3
Shape of DY ( 16) e & 7.9cmNH3target|| 0.16 - 0.19 | 0.175 | 4.5 x 10* 3.3 5.2 x 10% 4.6
¢ 7.9cmnND3target| | 0.19 - 0.24 | 0.213 | 5.7 x 10* 2.9 6.6 x 10* 4.1
Lol bl bl 024-060] 0295 |5.5x10* 3.0 6.4 x 10* 4.1
0.15 0.2 0.25 0.3 0.35
TE calibration (proton «~ 2.5%; deuteron «~ 4.5%) Ytarger
Polarization inhomogeneity (-~ 2%)
Density of target (NH3(S)) (v~ 1%) Material Density Dilution factor ~ Packing fraction  Polarization  Interaction length
I NH 0.867 g/cm® 0.176 0.60 80% 5.3%
- 30 3 g
Uneven radiation damage (-~ 3%) D 1.007 g/em® 0.300 0.60 32% 5.7%

Beam-Target misalignment (~ 0.5%)
Packing fraction (~ 2%)
Dilution factor (~ 3%)

20



counts

14

12

10

Goodness of event-reconstruction
from E906

Nature 590, 561-565 (2021) Nature 590, 561-565 (2021)
x10° b g2 0°
- Liquid Hydrogen - Liquid Deuterium
— e Data 16 — e Data
— MCsum  mmam MC J/y - MCsum  mmam MC J/y
— == MC Drell-Yan — = MC vy’ 14 — === MC Drell-Yan — = MC v’
- === = Random Coincidence - === = Random Coincidence
i =..=. Meas. Target Flask Background 12— =..=: Meas. Target Flask Background
— L2 10
— = _
I o) —
il ° 8
- 6
- 41—
— 21—
3 5 6 7 0 3 4 5 6 7
M (GeV/c?) M (GeV/c?)

. The projected event selection/reconstruction
» Better resolution than expected is expected to be the same for E1039

* Soy(J/P)~ 220 MeV
* 00gy (DY)~ truth-reconstructed from event-by-event MC
* ]/ and i’ separation .



SpinQuest / E1039 Timeline

2018, March: DOE approval

2018, May: Fermilab stage-2 approval

2018, June: E906 decommissioned

2019, May: Transferred the polarized target from UVA to Fermilab
Now: commission all components using cosmic rays

Polarized target commissioning will be completed by Fall of 2022
E1039 commissioning starts in this Fall 2022

[Run for 2+ years, 2022-2024+]

VVVYVYYVYYVY
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SpinQuest / E1039 Goals

» SpinQuest will perform the first measurement of the Sivers asymmetry in Drell-Yan
proton-proton scattering from the sea quarks (u & d) with sign.

flJ_T‘SIDIS - flJ_T‘DY

A direct QCD prediction is a Sivers effect in the Drell-Yan process
that has the opposite sign compared to the one in semi-inclusive DIS.
» Measurement of Sivers function for gluons (J/psi TSSA)
» Explore a unique range of virtualities and transverse momenta not accessible through
Z% /W* measurements
» Extensions: transversity, tensor charge, tensor polarized observables,
dark sector, polarized proton beam,...
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COMPASS
(CERN) p
J-PARC -
(high-p beam line) R
fsPHENIX T+ 1
(RHIC) PP
SeaQuest N
(FNAL: E-906) PP
Pol tgt DY? p+p'
(FNAL:E-1039) p +d'
Pol beam DY$ '

p +p

(FNAL: E-1027)

*8 cm NH, target

(Un)ﬂ)oﬂarﬁzed DY &

160 GeV

‘/s 17

10-20 GeV
\s = 4.4-6.2

\'s = 200
\s =510

120 GeV
\s = 15
120 GeV
\/s =15

120 GeV
\s =15

x,=0.1-0.3

=0.2 - 0.97
X, = 0.06 — 0.6

=0.1-0.5
=0.05-0.6

=0.35-0.9
x,=0.1-0.45

=0.1-0.45

x, =0.35 - 0.9

Luminosity
(cm2s1)

2 x 1033

2 x 1031

8 x 1031
6 x 1032

3.4 x 10%

3.0 x 1035
3.5 x 103

2 x 1033

Py, or P (f)

P, = 90%
f=0.22

= 60%
P, = 50%

P, = 85%
f=0.176

=60%

/ SL=1x10% cm?s*(LH, tgt limited) / L=2 x 10°° cm? s (10% of MI beam limited)

2015-2016
= »
1.1x10 2018
. >2020?
under discussion
4.0 x 104
?
21 x10°? >2021:
e 2012 -2017
1 >2021?

Source: Wolfgang Lorenzon

*not constrained by SIDIS data / *rFOM = relative lumi * P2* f2 wrt E-1027 (f=1 for pol p beams, f=0.22 for 7~ beam on NH;)
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