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Introduction
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Antiquark Flavor Asymmetry
Research on the structure of the proton

Gluon spli�ing: Flavor Independent ū = d̄

NMC Experiment (DIS) @ CERN (1991)∫ 1

0

d̄(x)dx >

∫ 1

0

ū(x)dx

NA51 Experiment (Drell–Yan) @ CERN
◦ Significant Flavor Asymmetry
d̄/ū = 1.96 @ x = 0.18

E866 Experiment (Drell–Yan) @ Fermilab
x-dependence of d̄/ū @ 0.015 < x < 0.35

◦ Significant Flavor Asymmetry
d̄/ū ∼ 1.7 @ x ∼ 0.2

◦ d̄/ū < 1.0 @ x ∼ 0.3?

with large stat. uncertainty
No theories can reproduce
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Models for d̄/ū
Pauli Blocking

◦ g → uū is suppressed compared to g → dd̄ (p = uud)
◦ Only few % e�ect [NPB149, 497 (1979)]

Statistical model [NPA948, 63 (2016)]
◦ Fermi (quarks) and Bose (gluons) statistics

Meson cloud model [PRD58, 092004 (1998)]
◦ |p〉 = |p0〉+ α|Nπ+〉+ β|∆π−〉+ γ|ΛK〉+ · · ·

F Nπ+ = (udd)(ud̄)
F ∆π− = (uuu)(dū)
F α > β

→ d̄ > ū

u
u
d

p

+ (u  d)

n

u

d
d

u
u
d

etc...

Sea�est will provide the new data points (0.1 < x < 0.45)
and it is important to understand the structure of the proton!
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Sea�est Experiment
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Sea�est Experiment

Drell–Yan experiment

Performed at Fermilab (Illinois, US)
Main Injector

◦ 120 GeV (
√
s ∼ 15 GeV) proton beam

◦ 5 seconds of beam is provided every 60 seconds
(other 55 seconds for neutrino experiments)

◦ 53 MHz beam bunch, ∼40k protons in a bunch

Topics
◦ Antiquark Flavor Asymmetry
◦ Nuclear dependence
◦ Angular Distribution
◦ Dark Photon Search

(Not
running)
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Drell–Yan Process
Cross section (p+ p, Leading order)

d2σ

dxtargetdxbeam
=

4πα2

9xtargetxbeam

1

s

∑
i

e2i [qi(xbeam)q̄i(xtarget) + q̄i(xbeam)qi(xtarget)]

An antiquark is always involved

q̄(xbeam)q(xtarget) vanishes in forward
detection (xbeam � xtarget)

◦ Access antiquarks in target proton
and quarks in beam proton

No strong interaction in final state
◦ Able to measure initial state e�ect

Final state dimuons are measured in
Sea�est
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Sea�est Spectrometer
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Hadron Absorbers (stop beam,
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determination)

4 tracking stations, consist of
◦ Hodoscopes
◦ Dri� Chambers (St. 1-3) or

Prop. Tubes (St. 4)
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J/ψ, ψ’ Monte Carlo
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Combined MC and BG

Mass distribution fi�ed with estimated
components

Well fi�ed:
Detectors & tracking tool work as expected

Drell–Yan can be selected with
mass > 4.2 GeV/c2
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TimelineStatus of Data Taking
• Data-taking periods

Year Month Event
2012 03-04 1st data taking (commissioning)
2013 11- 2nd data taking (10 months)
2014 11- 3rd data taking (8 months)
2015 10- 4th data taking (10 months)
2016 12- 5th data taking (7 months)

• Beam protons on targets
◦ 1.4 × 1018 recorded
◦ 0.6 × 1018 analyzed for preliminary d̄/ū

• New data taken in FY2017
◦ 0.3 × 1018 recorded
◦ Wider chamber acceptance at St. 1

=⇒ 40% more events at high x (∼ 0.4)
◦ Top+Top & Bottom+Bottom events

(thanks to faster DAQ)
=⇒ 30% more events

FNALドレル・ヤン実験 SeaQuestによる 陽子内の反クォークフレーバー非対称度の測定 7 / 11
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Year Month

2011 08 Finish spectrometer construction

2012
03-04 Commissioning data taking (Run I)
05– Detector upgrade

2013 11–
Phys. data taking (Run II)

2014
–09
11–

Phys. data taking (Run III)
2015

–07
10-

Phys. data taking (Run IV)
2016

–08
11–

Phys. data taking (Run V)
2017 –07

Finished data taking (2017.07)

Recorded protons on targets: 1.4× 1018

Status in FY2017
◦ 0.3× 1018

◦ Wider St. 1 chamber:
40% more e�ective for large x (∼ 0.4)
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Data Analysis
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Extract d̄/ū

Basic Idea

σpd(x)

2σpp(x)
≈ 1

2

[
1 +

d̄(x)

ū(x)

]
Drell–Yan cross section ratio is proportional to d̄/ū
with xbeam � xtarget

Cross section ratio:
σpd
2σpp

=
1

2

(
ND · CD

PD

)/(
NH · CH

PH

)
◦ Number of dimuons (N )
◦ Background and reconstruction e�iciency corrections (C)
◦ Normalization with number of nucleons in beam and target (P )

Convert σpd/2σpp to d̄/ū

◦
d2σ

dxtargetdxbeam
=

4πα2

9xtargetxbeam

1

s

∑
i e

2
i [qi(xbeam)q̄i(xtarget) + q̄i(xbeam)qi(xtarget)]

LO Drell–Yan cross section is used for extracting d̄/ū
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d̄/ū Preliminary Result
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ū(x)

E-866 sys.

SeaQuest sys.

NA51

E-866 NLO

SeaQuest Preliminary LO

Systematic uncertainty

H contamination in LD2

background

hit-rate dependence of
reconstruction e�iciency

uncertainty from CT10 PDF
(cross section ratio→ d̄/ū)

Note: Nuclear corrections for deuterium have not yet been applied.
Statistics

LH2: 17951 dimuons,
LD2: 20284 dimuons

Sea�est Preliminary Result (LO)

d̄/ū > 1.0 @ 0.10 < x < 0.45

d̄/ū = 1.0 @ 0.45 < x < 0.58

within stats. error

Comparison with NA51, E866

0.1 < x < 0.24: well consistent

x > 0.24: Sea�est > E866 !?
◦ Di�erence of Q2?

– No e�ect
◦ Di�erence of PDF sets?

– No e�ect
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Toward Final Results
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Di�iculties in Current Analysis?

Reconstruction e�iciency e�ect
◦ Reconstruction e�iciency decreases as

intensity increases (rate-dependent)

Intensity
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Combinatorial background
◦ Example: Single muon coming from π + single muon from Drell–Yan
◦ Estimated with event mixing method

F Mix muons from di�erent events
◦ Background would be rate-dependent

How to remove these e�ects?

Basic Idea: These e�ects should vanish at “zero” intensity
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Extrapolation Method

Cross-section ratio as a function of intensity

Extrapolate the data to “Zero” intensity

Intercept value is “correct” cross-section
ratio

◦ No reconstruction e�iciency e�ect
◦ No combinatorial background

Di�iculties of this method?

Fi�ing shape?

Validity of the method?

How to extract d̄/ū?

Investigation is in progress...
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Summary
Sea�est aims to investigate the structure of the proton using Drell–Yan
process.

Drell–Yan process is sensitive to the antiquark distributions. Suitable for the
investigation of the antiquark flavor asymmetry.

Antiquark flavor asymmetry is important to understand the structure of the
proton.

Sea�est finished the data taking (2012-2017).

The preliminary results from FY2015 were released.
◦ d̄/ū > 1.0 @ 0.10 < x < 0.45,
d̄/ū = 1.0 @ 0.45 < x < 0.58

◦ Further investigation of the discrepancy between E866.

Works for final results are in progress.
◦ New method: Extrapolation method
◦ Resolving the di�iculties of this method. Final results will be released soon!
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Backup
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