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EMC Effect is
NeoClassic

European Muon Collaboration
discovered that quark and
antiquark distributions are not
the same in Heavy Nuclei as
they are in Deuterium
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EMC Effect is
NeoClassic
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5 Eu;*%oéan Muon Collaboration
. +discovered that quark and
antiquark distributions are not
_the same in Heavy Nuclei as
\they are in Deuterium
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‘. Is this valence? [g(xz) — g(x)]

|\ Orsea? 2 X q(x)
“How can we reach the sea quark

distributions in nuclei? Is the
L efféctdifferent?

R v
TTTTTT -
-

C Effedt Argonne 8

-

4



Nuclear Pions
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» Nuclear binding via Virtual Meson
Exchange
— Nuclear Pions
— Expect enhancement in antiquark
distributions for tightly bound
nuclei
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rell-Yan Cross Section—
ensitivity to SeaQuarks

Cross Section

= Point-like scattering of spin-1/2 particles
= Convoluted of beam and target parton distributions
d’o Ao
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Drell-Yan scattering:

A laboratory for sea quarks _|
10 F
10~k
10
X
2o B Aoy 1 , target 1

m = 92124 s @t (xe)ap(xp) + e ()@ ()] ZZ

e a proton beam: primarily u quarks at high x. Detec o,

cceptance chooses Xy gt @Nd Xpeam- o8
ixed target = high Xg = Xpeam — Xtarget 4o
alence beam quarks at high-x. 03
2u)/(e?d) >8 Dominated by u quarks Z?

ea target quarks at low/intermediate-x.
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Drell-Yan Cross Section—

Sensitivity to SeaQuarks

W

Cross Section

» Point-like scattering of spin-1/2 particles
= Convoluted of beam and target parton distributions

d?c A o? -
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qc{u,d.s-}

Beam Sensitivity Experiment
u-q;/arl; dorqllnaznce Hadron Beam quarks Fermilab, J-PARC
Acceptance limited / Anti-Hadron | Beam antiquarks J-PARC, GSI-FAIR

(Fixed Target, 9e' 9
Hadron Beam) Meson Beam antiquarks COMPASS,
Target quarks J-PARC
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Drell-Yan Cross Section—Next-to-leading order o

» Responsible for up to 50% of the cross section
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Fermilab E772 Ring-Imaging

= Spect. initially built for E604 (400 GeV Hadron Prod) Cherenkov Counter
— Also used for E789, E866
— With parts being used in E906 &E1039 (SeaQuest) Muon
= Beam dump in SM12 Magnet Station 1 Detes

= 2H C, Ca, Fe, and W targets
Target System

|

N .
/. H Hadronic
14 | !
"Eﬁl!‘ Calorimeter
-7 5 Station 3
b Electromagnetic
A SM12 Analyzing SM3 Analyzing Calorimeter

Magnet Magnet
SMO

800 GeV Protons
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Fermilab E772

= Spect. initially built for E604 (400 GeV Hadron Prod)
— Also used for E789, E866
— With parts being used in E906 &E1039 (SeaQuest)

Station 1

Ring-Imaging
Cherenkov Counter

Muon

= Beam dump in SM12 Magnet
= 2H C, Ca, Fe, and W targets

Target System

Hadronic
Calorimeter
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Fermilab E772 Data

= No clear EMC effect

*No evidence for
nuclear pion

enhancement
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Fermilab E772 Data 2 [—
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Structure of nucleonic '
matter: Where are the

1.2
nuclear pions? s
= Contemporary models predict 1.1
large effects to antiquark
distributions as x increases. “\01‘05
F-T-qb 1
= Models must explain both
DIS-EMC effect and Drell-Yan (.95
0.9
0.85
0.8
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SeaQuest Experiment
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SeaQuest Spectrometer

g: T. O'Connor and K. Bailey
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1800

E906/SeaQuest Status
= Data with 1H, 2H, C. Feand W targets 1400

E906 preliminary

N
o
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= Acceptance from below JAhp to =8 GeV

Events / 100.MeV_,

= Completed data recording summer 2017
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ata From FY2014—target-dump separation

= Entire beam interacts upstream of first SeaQuest
Spectrometer tracking chamber

= Spatial resolution poor along beam axis_
= Resolve target vs beam dump |

High-mass events on target
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Data From FY2014
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®SeaQuest Data

Jp Monte Carlo
1y’ Monte Carlo

Random Background
Combined MC& bg

0.05 x 108 protons

E906 preliminary

y * Monte Carlo describe data well
| = Resolution better than expected

Drell-Yan Monte Carlo*’l

—oy(Jhp ) ~180 MeV oy (D-Y ) ~220 MeV

— Clever postdocs and students

| —Jhp ¢’ separation

* — Lower JAp mass cut (more Drell-Yan events)

= On going work
v Previous optimization valued CPU time
v Reconstruction efficiency

v Optimizing tracker cuts
v' Spectrometer Rate Dependence
* Background subtraction

Mass (GeV)

v Improved Beam Duty Factor—less noise
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SeaQuest Cross Section Ratio

@] SeaQuest
1 .6 A  EB66 _
ws  CT10l0 SeaQuest Calculation " LOW'X Overlap reglon
——— CT10l0 E866 Calculation consistency?
1 4 Systematic ) ) . .
J = There is a kinematic difference

between SeaQuest and E866

1.2 — x,5Q > x E866
-

» LO calculations still slightly low
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SeaQuest Leading Order dbar/ubar

3
- n lteratively ask, “What ratio of dbar/
_ No nuclear correction ubar is needed to reproduce the
2.5 C or deuterium observed cross section ratio.
- = Caveats:
2—_ L = Leading order only—so far
B ’ = Correct method -> global fit
= N W = Large X,.,,, dbar/ubar
~ 1.5 + .
T [ Ak )
L AK
S
1_‘%, ................................................................................................................................ = L.ow-x overlap region consistency? .
¢ SeaQuest
Systematic
0.5 » E866 Sea@)ueSt Preliminary
®% " FY 2015 data
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" B E772 Drell-Yan ---7- Coester
SeaQuest Seaquark EMC Effect 12 3 dang and il
1.15 | /, le)se et al.
= No antiquark enhancement apparent. L _‘_,_f;_fj_'_f_____l%ﬂifiﬁcnkam;
= 10% of anticipated statistical precision RN l
= Increased detector acceptance at large-x :
to come.
13 C/D . , . _Fe/D . , ‘ , W/XD ‘ .
SeaQuest
Lo SeaQue St ¢ <10(‘§0 of anticipated data
<1 | . ' B E-772 |
. b + Preview

Preview Systematic: +

~ 1% LD2 Comp., ~ 6% rate dep.
Final systematic error < 2% expected
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JAp production
EMC in gluons

= Majority of SeaQuest events are
JAp

= Most J/hp events produced in the
decay of higher mass states:

x =y

= Not a problem with 1’

= Sufficient resolution to fit line
shape

ab

i ':1 U.S. DEPARTMENT OF _ Argonne National Laboratory is a
E )i U.S. Department of Energy laboratory
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Process:

E906 preliminary

5 6 7 8 9
Mass (GeV)

— @g-g or g-gbar fusion/annihilation?

— Octet or singlet formation?
« Polarization observables

A=

o— 305,  op— 20y

o+ oy,

or + 207,
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JAp production
EMC in gluons

Issue:
= Correlation between X, and X, qet

2—

= Cannot integrate over hidden variable

Xtarget
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Parton Loses Energy

Partonic Energy Loss in Nuclear Medium

» Pre-interaction parton moves through cold nuclear
matter and looses energy.

= Apparent (reconstructed) kinematic values (x; or xg)
are shifted

= Fit shift in x, relative to deuterium

C
A D

Models:
— Galvin and Milana Az = —rkj2; A5
Ro 1
R4 — Brodsky and Hoyer Az, = —?A3
e e — Baier et al. Az = _%A%

Xbeam
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Partonic Energy Loss

= E866 data are consistent with mb 1.1
NO partonic energy loss for ﬁh\

1.2|||‘|||‘|||’||

E866/NuSea

all three models
Caveat: A correction must be

ol.0
0.9

made for shadowing because

of x,—Xx, correlations ~ 1.0
— E866 used an empirical L
correction based on EKS fit = 60.9 -
do DIS and Drell-Yan. - ~
0.8 T NI T AN T B T (Y

02 03 04 05 06 07 08 09 1.0

X
= Treatment of parton propagation length and shadowiﬂg are critical
— Johnson et al. find 2.7 GeV/fm (=1.7 GeV/fm after QCD vacuum effects)
— Same data with different shadowing correction and propagation length

= Better data outside of shadowing region are necessary.

= Drell-Yan p; broadening also will yield information

e Notonal Labor Paul E Reimer, ECT* Novel EMC Effect
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Partonic Energy Loss
_ _ 08 -
= Remove shadowing region X,get > 0.15 oo E &
B < O
- Q N
06 Q@@ S M(Y)
. 3 - o° @
= Data show very little energy loss J 0S| 2% ®o°
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Drell-Yan Future: Polarized Target, Beam

= E-1039: Correlation between unpolarized quarks and nucleon transverse polarization

= Do sea quarks have orbital angular momentum?
— Non-zero Sivers distribution = non-zero quark orbital momentum:

» Requires Transversely polarized target fl _ 6
IT - ?

= Status
— Funding from DOE/Nuclear Physics with support from HEP
— Installation beginning!! R, o
— Commissioning fall 2018 2%x1072 # e
— Production data FY19-20.

n, CC BY 3.0,
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E906: Search for Dark Photons at SeaQuest

» SeaQuest is also a classic Beam Dump Experiment

I\II‘IHI \I\I’\IH|HI\|I\H TTTTTTTTT

2

10- Ty b O g _-E
nuclear | [ RSl F
10‘3 : T
Proton B4 el ]
beam 07 E
absorbed © )
except A Ump 107
L su hidden 10°] |
L 4‘Fw/ ‘FSM 4]: ‘F hidden | .
n
' oo ¥€2°
hidden 107k c\\l‘-"‘o“ =
Jr@ hidden +‘A Aigden U e e* ;
10-8_I\II‘IHI‘\I\IMI\\l\\l\ll\l\‘l\\l‘\l\l_
Status: 100 200 300 400 500 600 700 800
) . . . . (MeV
— Dark photon roads added to trigger (minimal impact on Drell-Yan data) . (Me¥)
— New Dark Photon trigger counters have been installed and commissioned
— Will continue taking data through out polarized running
— Possible extension of coverage with e*e- detection using PHENIX calorimeter
& Dedi;;ucn“f_E: Agél be, e Arguo"gngme
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Drell-Yan Future: Polarized Target, Beam

E-1027: Polarized beam and target (Reimer, Spokesperson)

Measure valence-quark Sivers distributions

Look for predicted sign change from SIDIS [HP13]
Directly comparable to SIDIS measurements

SIDIS fits predict measureable D-Y asymmetry
$6.5M + 65%(cont. and manage.) = $10.5M (2013 $)

#q (567 kT)

DIS

Lol
— 1T

(ZL“, kT)

DY

— Is our understanding of Gauge Invariance in QCD correct?

Polarized beam Valence Sivers distribution

0.05

< 0.061

-0.05

Anselmino et.al

L Ay2=20 error band

g -
I \ uncer\a'\““es
- nale Statistic®
Hc\P

AR FNAL pol DY stat errors
- 3.2x 108 POT
N ~1,288k DY events

L I L L L I L L 1 I | L L I L L L
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Drell-Yan & Jy dimuon production

Take away messages
1. Drell-Yan and J/y dimuon production provides insight complementary to DIS

2. EMC effect does not appear to be “p SeaFg oot S
. u ¢ <10% of anticipated data
strongly present in sea quarks * Proviog| | Lt BT
— QObserved by E772, extended (3" « { ,
by E906/SeaQuest w-a,_**F#} ---------------- --‘-.-'r{ i‘_* ------ ‘ --;—.—*1-:,}#’} +) ----------
— Must be addressed by any 00 | +
model addressing the EMC o8 D | S |
00 01 0.2 03 04 05 00 01 02 03 04 05 00 01 02 03 04 05
effect oy
o coospreimnay | 3+ 9/ production may yield information on the EMC effect
3 for gluon distributions
3 4. Viewed from the incoming hadron’s perspective, No
oF partonic energy loss in cold QCD matter is apparent.
5. SeaQuest's future: polarized-target & sea T St
quark Sivers distribution. I JF

< F = - EKS Shadowing F
— o E 3,-0016 GeV¥ E
& 40032 GeV¥im
N Q 0.4 [ systematic uncertainty: ~ 14% r
0.2 4 2
I | ! L ! ! I 1 1 ! | | I 1 ! | 1 !
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Seanuest E906 Status Caveats:

=515 NLO ‘ [ | = Rate dependence correction
cT14 NEO 5 § 5 has a kinematic dependence
25|/ MMHT2014 NLO| .. I SO S L. Sull))toptltmal background
Tl & NAsL : : ; subtraction
W E-866 NLO : - | m Leading order
3 9/ SeaQuest LO
d(x) 20} adt

= Large x,.,, dbar/ubar

e _j_ extraeTtionCorrect

I~

2
=
o

..................

E-866 sys.

0.5} m-— ......... ................. “q
:SeaQuest sys. . | : | :
I z : : . ]

O. ] | | ] ] I
%.O 0.1 0.2 0.3 0.4 0.5 0.6

Plot based on first 0.3 x 108 protons L
SeaQuest has recorded 1.8 x 10'8 protons
Acceptance improvements so later protons are “worth” more
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