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® SeaQuest: Fermilab Experiment E906

= Status and Plans

® Beyond SeaQuest

= Polarized Drell-Yan at Fermilab (E1027)

1q _ 1q
flT - flT

DIS D-Y

This work is supported by Gl




What is the Structure of the Nucleon?

Flavor Structure of the Proton

= Constituent Quark Model

Pure valence description: proton= 2u+d

= Perturbative Sea
sea quark pairs from g — qq
should be flavor symmetric:

= \What does the data tell us?

d/u

d

u

2.25

[S9)

1.75

1.5

1.25

075

05

0.25 = 1866 Systematic Frror
B T i i

= Are there more gluons and thus
symmetric anti-quarks at higher x?

= Unknown other mechanisms with
unexpected x-dependence?



SeaQuest Projections for d-bar/u-bar Ratio
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SeaQuest: what else ...

® What is the structure of the nucleon?
= What is d /U ? What is the origin of the sea quarks? =,
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A simple Spectrometer for SeaQuest

Station 3

Optimized for Drell-Yan (25m long) (Hodoscope array,
drift chamber track.)

Station 1
(hodoscope array,
MWPC track.)

Iron Wall
(Hadron absorber)

Station 4
(hodoscope
array, prop
tube track.)

KTeV Magnet
(Mom. Meas.)

Station 2
(hodoscope array,
drift chamber track.)

Targets Solid Iron Magnet
(liquid H,, D,, (focusing magnet,
and solid targets) hadron absorber and

beam dump)
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From Commissioning Run to Science Run

Commissioning Run (late Feb. 2012 — April 30t", 2012)
First beam in E906 on March 8t 2012

Extensive beam tuning by the Fermilab accelerator group

= 1 x10"2 protons/s (5 s spill/min)
= 120 GeV/c

All the detector subsystems worked
= improvements for the production run completed

Main Injector shut down began on May 1st, 2012
Reconstructable dimuon events seen: -
M,y =3.12 £ 0.05 GeV h

o =0.23 £ 0.07 GeV
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The long Path towards the Science Run

® Stage | approval in 2001
® Stage Il approval in December 2008
® Commissioning Run (March - April 2012)
® Expect beam again in November 2013 (for 2 years of data collection)
Expt. Experiment Exp. Experiment
Funded Construction Run Runs
O o —_ \S) W N W o)
Oct 2013

Apparatus available for future programs at, e.g. Fermilab, (J-PARC or RHIC)

= significant interest from collaboration for continued program:

Polarized beam in Main Injector

Polarized Target at NM4




Let’s Add Polarization
® Polarize Beam in Main Injector & use SeaQuest dimuon Spectrometer

"™ measure Sivers asymmetry

Recycler Ring (above MI) +
Polarized Sourc: q
—=—JZ_ _Spin Rotator Pol ¢ Polariraeter RY'Q’s — —
olarimeters
MI Sn{e . ™ 2 ,—— Sources 9
RR Snak: A Switchi
L‘].[glgri‘:t
400 MeV Linac

Fast Uncalibrated and CNI
Polarimeters with Hy Jet Target §

Pulsed Quads ?

\Partial Snake

;{ SeaQuest

120 GeV/c Main Injector /

Beamline CNI Polarimeter Fast Polarimeter

® Sivers function
= captures non-perturbative spin-orbit coupling effects inside a polarized proton

= s naive time-reversal odd:
1 1
- 1E1T

V' leadsto sign change:
Sivers function in SIDIS = - Sivers function in Drell-Yan: f 1T |s1p1s
v/ fundamental prediction of QCD (in non-perturbative regime)

DY



Polarized Drell-Yan at Fermilab Main Injector - |l

® Polarized Drell-Yan: NOT YET DONE!

= major milestone in hadronic physics (HP13)

¢ Extraordinary opportunity at Fermilab

= set up best polarized DY experiment to measure sign change in Sivers function

— high luminosity, large x-coverage,
high-intensity polarized beam

—> (SeaQuest) spectrometer already setup and running
= with (potentially) minimal impact on neutrino program

— run alongside neutrino program (10% of beam needed)
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—> 2yrs at 50% eff, P, = 70% < oo "
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® Cost estimate to polarize Main Injector $10M (total)
= includes 15% project management & 50% contingency
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Planned Polarized Drell-Yan Experiments
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§L=1 x 10%¢ cm? s (LH, tgt limited) / L=2 x 103° cm2 s (10% of MI beam limited)
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A Novel Siberian Snake for the Main Injector

Single snake design (5.8m long):

- 1 helical dipole + 2 conv. dipoles 5
-helix: 4T/ 42m /4" 1D
- dipoles: 4T/0.62m /47 ID or

- use 2-twist magnets
- 47 rotation of B field 1%

- never done before in a high energy ring __
- RHIC uses snake pairs ’
- single-twist magnets (2= rotation)

3 El
Length [m)]
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Siberian Snake Studies

8.9 GeV 4T 4-twist 4T
Siberian Snake B-Fields Siberian Snake B-Fields
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Siberian Snake Studies- Il

Including fringe fields
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Spir‘w Components vs. Z

Spin Components
(=]
T

Spin Components
(=]
T

S48T) S,(ST)m 3,(M) ¢ S,(M) 3,(M)
I I I

L ¢
1 2 3 4 5 5

L
$X(ST} SY(ST} SZ(ST) ISX(M) & SY(M) * SZ(M)|
I T I T 1

z[m] & 1 2 3 1 5 6

X, Y, Z spin components vs distance
¢ transport matrix formalism (E.D. Courant): fringe field not included, = 1 (fixed)
— spin tracking formalism (Thomas-BMT): fringe field included, 3 varibale

fringe fields have <0.5% effect at 8.9 GeV and <<0.1% effect at 100 GeV [arXiv: 1309.1063]
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Spin direction control for extracted beam

® Spin rotators used to control spin direction at BNL

® Spin@Fermi collaboration recent studies (to save $$)
= rotate beam at experiment by changing proton beam energy around nominal 120 GeV

radial (“sideways”) [/ vertical (“normal”)
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P =120 GeVic 124.5 GeVlc
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The Path to a polarized Main Injector

Stage 1 approval from Fermilab: 14-November-2012

® Collaboration with A.S. Belov at INR and Dubna to develop polarized source

® Detailed machine design and costing using 1 snake in Ml
= Spin@Fermi collaboration provide design
—> get latest lattice for NOVA:
> translate “mad8” optics file to spin tracking code (“zgoubi”)
—> determine intrinsic resonance strength from depolarization calculations
— do single particle tracking with “zgoubi” with novel single-snake
—> set up mechanism for adding errors into the lattice:
> orbit errors, quadrupole mis-alignments/rolls, etc.
—> perform systematic spin tracking
> explore tolerances on beam emittance
> explore tolerances on various imperfections: orbit / snake / etc

= Fermilab (AD) does verification & costing
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Resonance strength

Intrinsic Resonance Strength in Main Injector

Depol calculations: single particle at 10r mm-mrad
betatron amplitude

0.3 I""!""!""!"''!""!""r . .
® 1995 Spin@Fermi report
Normaelized emittance
LDt eves = before Ml was built
I R s e ——— ,.
R e e | ST
| 2 | | | 4[] | | | ‘|
- R A Bl sl |‘ WA 16 L1
0 50 100 150 200 250 300
Gy
s ® using NOVA lattice (July 2013)
%é 0.16
! : ® very similar: largest resonance strength just
]
! ‘ ] below 0.2
LAl ’m — one snake sufficient (E. Courant rule of thumb)
beam momentum [GeV/c]
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Another Way to Add Polarization: E1039

0.6

Drell-Yan Target Single-Spin Asymmetry
Polarized Target at Fermilab PP’ > WX, 4<M,, <9 Gev

=0.8

target™

¢ 8cm NH3 target, P

® Probe Sea-quark Sivers Asymmetry
with a polarized proton target at SeaQuest

— sea-quark Sivers function poorly known

— significant Sivers asymmetry expected
from meson-cloud model

&2 sunand Yuan, 2013
—— Anselmino et al. 2009
0.1 0.15 0.2 0.25 0.3 0.35 0.4

Xtarget

FMAG

Polarized = d [l

Target
— use current SeaQuest setup

) ' W — a polarized proton target,
= ik

Proton Beam
120 GeVic Ref: Andi Klein (ANL)

unpolarized beam
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Summary

® SeaQuest (E906):
= \What is the structure of the nucleon? d /T ?
= How does it change in the nucleus?

— provide better understanding on the physical
mechanism which generates the proton sea

® Polarized Drell-Yan (E1027):

® E906 15
340" poT
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— test fundamental prediction of QCD < oo
in non-perturbative regime
( p g ) - «@\@© FNAL pol DY stat errors
= Measure DY with both Beam or/and Target polarized 0.05 @@ saxionpor
— broad spin physics program possible M I
= Path to polarized proton beam at Main Injector Recycler Ring (sbove M)
— perform detailed machine design and ""“’”‘““pi”;'.t;@ e
costing studies ot N @S“""
> proof that single-snake concept works N 400 Ml e
. . Polarimeters with Hp Jet Target s 2
> applications for JPARC, NICA, .... 120 Got/e Main njoctor e——
A

— Secure funding

Beamline CNI Polarimeter Fast Polarimeter
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