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. Introduction

- Physics goals
- Sivers function

- Tensor polarization
- Tensor charge

+ The experiment

- Status
- Schedule
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- Proton has been discovered for about 100
years and yet we haven't understood how its

spin come to be?

- The sea quark Orbital Angular Momentum,
O.A.M., can play important role!

9/10-14/2018 SPIN 2018 3



Sproton — % — %AZ+ _Ig+< Lq>+< Lq> Lattice QCD: KF Liu et al arXiv:1203.6388
s Lattice QCD calculations indicate as - LZTJ
much as 50% come from quark =L L
0.AM mtll
AM. 2 Js
s AL e ® Small el

= Hints of sea quark O.A.M already -

'S 25 - EB866 data
seen - — Model

2 - - Model, m*"=400 MeV

s Pion Cloud model interpretation of d/u
flavor asymmetry

s DiI‘ECﬂy Accessible when 0.5 ~Phys. Rev. D71 094015 (2005)
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measuring sea quark Sivers TMD % i 02 05,
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Done taking data in

| 2017
- Analyzing data
 Preliminary result
available
- Expect to update and

publish soon
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« Quark Sivers TMD directly accessible using
Polarized SIDIS, Polarized Drell-Yan

2 1,g
Polarized Drell-Yan ADY o Zq €q [f 16] (x l)f qu(xQ) + 1 2]
N p—
Yoealfl (x1)-fi(x2) +1 2]

# [.-R single spin asymmetry in Drell-Yan
production

pbeam

s No Quark Fragmention function

# Valence-Sea quark Isolated.

s A fixed target Drell-Yan Experiment with
polarized target isolates sea quark Sivers
TMD to target!

E1039 Seaquest Experiment
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| Drell-Yan Target Single-Spin Asymmeltry

ppl(d") > WX 4 <M <9GeV

¢ 7.9cm NH, target
¢ 7.9 cm ND, target

________

________
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- Green band is an
extrapolation of

HERMES/COMPASS
result.

- Yellow band assumes

no Sivers function.
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Tensor polarization in Drell-Yan
process of

p+td—pu*+u-
where d is polarized

Deutron is spin 1 thus has three
magnetic substates:

m=+1,0, -1

Tensor polarization terms leads to
new PDFs, b, b,, b, and b,.

Where b, express the difference
between [m| =1 and |[m| = 0.



Fitting HERMES data with 0.004

zero tensor-polarized }
antiquark distributions (set 1)  *** } } L }

non-zero tensor-polarized  §

antiquark distributions (set Lo

2)' -0.002- %
The HERMES data better ¢ HERMES (2005)
supports the case of non-zero  -0004 —— o
tensor polarization PDFs of x
antiquarks.

S. Kumano and Qin-Tao Song, PhysRev.D 94, 054022
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Fitting HERMES data with 0.004

zero tensor-polarized o } memoes
antiquark distributions (set 1) . |
1 1
non-zero tensor-polarized xb, o s e - - - - i)
antiquark distributions (set ‘ ' .-
2). -0.002 - il
{ === = without tensor-polarized antiquark (set 1) ]
The HERMES data better { ——— with tensor-polarized antiquark (set 3
supports the case of non-zero 9 Gi———oh1 T

tensor polarization PDFs of
antiquarks.

9/10-14/2018 SPIN 2018

10




Non-zero tensor
~ polarization PDFs

Zero tensor
polarization
PDFs

S. Kumano and Qin-Tao Song, PhysRev.D 94, 054022
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1 _ . .
o0g = / [h‘f (x) — h(f(x)]dx Whgre h_ is the transversity
0 of given quark.
® ju=10.397713 ® 6d=-0.25"0%

A Su=0311016 Add = 0277010

<« Global fit with two different

Collins Fragmentation

Functions.

- This fit neglects the
contributions from sea
quarks also with limited x
range.

Predictions from
various models.

— E1039, polarized DY, can
0 05 1 15 =06 =04 =02 0 provide transversity without
Fragmentation Functions!

-

®
O 00 N O g A W N =
T T T
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- The spectrometer is basically the same as the
SeaQuest/E906 experiment.

- New fiber scintillators are added in the station
1 and 2.

- These will be part of the trigger for better z
resolution; which helps in rejecting background.

- These can also be used to construct new trigger
for Dark Photon search.
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Replace with polarized
targets of NH, and ND,
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- The new target uses polarized NH, or ND.,.
- The target position is moved upstream along
the beamline.
- This is to better probe small x, region.

- This also provides much better separation of tracks
from dump and target, important for background
rejection.

- The new target cave is now under construction.

9/10-14/2018 SPIN 2018 16



9/10-14/2018 SPIN 2018 17



[r— S — e

i
] "
S
ﬂ i {

&=/l

]

k ...Ll.i- ..ul...h
oL T ; _..r .,.“___.. |} ..__—
= _ha iy

i
-




Preparing the experiment

- Checking detectors

- Beam line and target cave reconstruction are
well in progress

- Installation of polarized target will start soon
- DAQ upgrade

+ Trigger upgrade

- Online monitoring

- Offline production
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Fermilab Program Planning S-April-18
LONG-RANGE PLAN

2
& - EEH

FY25 FY26

Construction / commissioning . Run Subject to PAC review . Shutdown

Capability ended [~ capability unavailable
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- E1039 will measure the asymmetry induced by
Sivers function of antiquark, zero or non-zero.

. With polarized ND,, study tensor polarization

+ Tensor charge
- Expect to take beam in Feb. 2019.

+ Physics data taking starts in Sep. 2019, for two
years.

. Invitation for new collaborators!
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From M. Anselmino et. al.,

 The coupling of two chiral-odd partonic dis-
tributions could occur in Drell-Yan processes
(D-Y), but, so far, no data on polarized D-Y are

avallable. (2013)
- This Is now changing!
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Stay tuned!
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Measuring transversity in the Drell-Yan process

do R singg -
o~ <oyl + S5p1DAp 7 singg
dg*dQ) ( | : f
Ssin(2@ee—@e) -
@ e SIn(2¢cs — @s)
sin(2¢cs+@s)
+ Ar (20cs +05) sin(2¢cs + @s)|}).

el
7

Dilepton rest
frame (CS)




Measuring transversity in the Drell-Yan process

do

dg*dQ x 6yl + ST{DIA?]WS SIN g

sin(2@ce—@c) -
Q[A}’( Pcs=¢s) sin(2¢cs — @g)

+ A PSS 2005 + 9s)]}).

D, : depolarization factor

@, : azimuthal angle between ¢, and §T

@, - azimuthal angle of 1/~ 1n the Collins-Soper frame

sn(2¢.—gs) 1 ]
A; o« BM A |, @ Transversity 7, |,




2.25

- Done taking data in

@ F9006 ¢
34107 POT

2
2017. m 5866
1.75 A NASI
. | — MRSr2
- Analyzing data. LS o  CTEQ4m
1.25 CTEQ6

. Expectto publish 3 & y

result soon. s L \/

0.5

025 = E866 Systematic Error




+ Tensor polarization is

- available when the target particle
- has spin = 1, such as deuteron and
- IS polarized.
- For a spin 1 particle in magnetic field,

- Zeeman effects creats three levels, m=+1,0,-1;
which have three population, p+, pO and p-.
- In this case there are
- vector polarization = p+ - p-
- tensor polarization = (p+ - p0) - (p0 - p-) =1 — 3 pO.
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Tensor polarization

- Additional tensor polarization terms lead to
additional PDFs, namely b, b,, b, and b,

- Where, in parton model, b, describes the

difference between |[m| =1 and m = O states.
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+ Previously we read out all TDC's through the
Readout Controler in each VME crate.

- The upgrade is to read out data through the
ethernet port of the TDC's, which has ARM cpu
on board. This significantly improves the data

throughput.

- |t is then important to reduce the junk events as
much as we can to save the disk space and
CPU power required in data handling.
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- Computing resources in the control room is
revisited to provide information in semi real time
when data is being taken. This should include
not only hit distributions but also high level
physics events reconstructed such as J/Psi
mass peak.

- Data production (decoding) should happen as
soon as possible after data is taken. Quick turn
around is important for the experiment to
SuUCCesS.
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