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WHAT IS THE QUEST FOR?

Nucleons — valence quarks + gluons + sea quarks > PARTONS
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WHAT IS THE QUEST FOR?

Nucleons — valence quarks + gluons + sea quarks

SEA
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Our quest!
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THE NUCLEON STRUCTURE

Up quark: 2.3 MeV/c? x 2
Down quark: 4.8 MeV/c?
9.4 MeV/c?

938 MeV/c?
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THE NUCLEON STRUCTURE

What contributes to the spin?

% spin of quarks

% spin of gluons

% orbital angular
momentum ’
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THE NUCLEON STRUCTURE

What contributes to the spin?
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THE NUCLEON STRUCTURE

What contributes to the spin?
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ProBING THE NUCLEON SEA

Deep Inelastic Scattering (DIS)

<  Strong final state
Interactions

< Doesnot 9 d
distinguish ¢ & q h

s 3 Michelle M. Medeiros - The SeaQuest Experiment

SPACE

-




ProBING THE NUCLEON SEA

Deep Inelastic Scattering (DIS) Drell-Yan Process (DY)
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ProBING THE NUCLEON SEA

Drell-Yan Process (DY)

Sensitivity to q
Pair of lepton-
antilepton as final
state
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DRELL—YAN PROCESS

Cross-section:

d?c B Ara? 1

dxpdx;  Oxpxt S

q

qbeam

qtarget H+

€3 e () a5 () + d(x6)q: (x|

Can extract relative number of d and u

in the sea by comparing cross-sections

of proton beam with hydrogen (pp) and
deuterium (pd).

O pd
205

Xheam~ = Xtarget 2

< Deuterium — free proton + free neutron.
% Proton and neutron — isospin particles:

Opd = Tpn + Tpp
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DRELL—YAN PROCESS

Cross-section: \ Can extract relative number of d and u
d?c Ara? 1 5 - . . .
dxpdxe  Oxpxs § 4 0 [q Angular distribution: Does the pair I'l" has angular
o preference?
HAOn[plans Ir YES..
e m— Able to deduce:
7 I* A
h
BN % — OAM of quarks inside the
e

- / - . .
\Ji > proton with polarized target:
{
SIVERS FUNCTION

lepton plane (cm)

qbeam

— polarization of non-collinear
do

o1 ycos? 0+ psin20cos g+ - sin*0cos29  Partons inside the proton:
BOER—MULDERS FUNCTION

qtarget H+

DY
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DRELL—YAN PROCESS

Cross-section: . -
\ Can extract relative number of d and u
d*c 4o’ 1 5 C-)I L. .
dxpdx:  OxpX: S > [ Angular distribution: Does the pair I'l" has angular
o preference?
fiadion plans / Ir YES....
________________ Ahle ta dednice-
- 7
~ i _ EMCeffect:
N : : : .
i Current theories attribute it to high-momentum
q EPEOHCH atie (N} valence quarks (2N-SRC)
beam
j; o 14 ycos? 0+ psin20c DRELL—YAN WITH DIFFERENT NUCLEI

TARGETS SHOULD NOT SEE AN EFFECT.

qtarget }J+

DY
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DRELL—YAN PROCESS

Cross-section:

d?c Ara? 1

dxpdx; OxpXt S =

-

\
SEAQUEST

qbeam

-})*

qtarget }J+

hadron plane

— -
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lepton plane (cm)
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€ {‘7 Angular distribution:
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EMC effect:

Current theories attribute it to high-momentum

valence quarks (2N-SRC)
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MEASUREMENTS IN SEAQUEST

% Cross-section in different nuclei targets
% Dimuon angular distribution — Boer-
Mulders

% EMC effect in different nuclei targets

4 )
SEAQUEST Po  4ma?l

dxpdx;  9xpx; S

> e | G:(x)qn(xp) + Gb




MEASUREMENTS IN SEAQUEST

Cross-section in different nuclei targets ~ «
Dimuon angular distribution — Boer-
Mulders %

> EMC effect in different nuclei targets
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SEAQUEST

Fast colored parton interactions in cold
nuclear matter
Dark photon search




MEASUREMENTS IN SEAQUEST

< Cross-section in different nuclei targets < Fast colored parton interactions in cold
% Dimuon angular distribution — Boer- nuclear matter
Mulders % Dark photon search
% EMC effect in different nuclei targets
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MEASUREMENTS IN SEAQUEST

% Cross-section in different nuclei targets <

% Dimuon angular distribution — Boer-
Mulders %

% EMC effect in different nuclei targets o

4 )

SEAQUEST

Fast colored parton interactions in cold
nuclear matter

Dark photon search

Flavor asymmetry in the sea

d#0

NON—PERTURBATIVE
EFFECT




PREVIOUS FLAVOR ASYMMETRY RESULTS
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PoOssIiBLE EXPLANATIONS...

PAULI BLOCKING: _—
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PoOssIiBLE EXPLANATIONS...

PAULI BLOCKING: g INSTANTON MODEL:
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PoOssIiBLE EXPLANATIONS...

PAULI BLOCKING:

u >d in the proton

4

more d in the sea

m E866
A NASI
— MRS12
CTEQ4m
[] cTEQ6

INSTANTON MODEL:

ut+I—-ul + dd (ss)

CHIRAL QUARK MODEL:

Goldstone gy Valence
bosons quarks

N
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PoOssIBLE EXPLANATIONS...

PAULI BLOCKING: _—

INSTANTON MODEL:

u > d in the proton 2+
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PoOssIiBLE EXPLANATIONS...

PAuULI BLOCKING:

INSTANTON MODEL:
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PoOssIBLE EXPLANATIONS...
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PoOssIBLE EXPLANATIONS...
/\/\/

No model predicted d/u <1,
for any x.
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PoOssIBLE EXPLANATIONS...
/\/\/

No model predicted d/u <1,

for any x.
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THE SEAQUEST EXPERIMENT
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THE SEAQUEST EXPERIMENT
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EVENT SELECTION & RECONSTRUCTION T
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EVENT SELECTION & RECONSTRUCTION
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THE CooL STUFF...

(PRELIMINARY RESULTS)

SN
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EMC RaTio
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CROSS—SECTION
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CRrROSS—SECTION & FLAVOR ASYMMETRY
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CRrROSS—SECTION & FLAVOR ASYMMETRY
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BEYOND SEAQUEST: POLARIZED DRELL—YAN

Quark Polarization

Un-Polarized Longhudhl;l_l)y Polarized | Transversely Polarized
SEAQUEST
POLARIZED BEAM
E1027 {+ PoLAaRizED
TARGET)

Similar for gluons

E1039

PoLARIZED
TARGET
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BEYOND SEAQUEST: POLARIZED DRELL—YAN

Quark Polarization

Longitudinally Polarized Transversely Polarized
(L) (m

SEAQuEsT

hi=@— D)

=@ - (D POLARIZED BEAM
Bamsist E1027  (: porsnizen

TARGET)

E1039 106
PoLARIZED E /
TARGET UPGRADE FOR DARK
PHOTON & DARK HIGGS
SEARCH
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SUMMARY

< Drell-Yan process has sensitivity to the structure of sea quarks inside nucleons.
< SeaQuest uses Drell-Yan to study sea antiquarks inside protons.

< Different physics/measurements being studied.

< Latest results show:

O  Nosignificant EMC effect for sea
antiquarks.

O Flavor asymmetry d/u > 1, for any x —
interesting differences with previous
results at high x.

EXCITING TIME AHEAD
WITH SEAQUEST!
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THANK YOU.
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BACKUP
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Timeline of SeaQuest

. Main
injector

oL Upgrades
: + Stable operation of = |mproved * Installation of
A all detector sub duty factor mew 5t 1 drift
Commissioning run Systems « Continue dzta chamber
*  All detector = Dark photon road taking * Scheduled
subsystems work sats included into the 3 scceferator
*  Issues and upgrades trigger system maintenance
sddressed * MNew St3- instafled
SLIDE FROM ARUN

TADEPALLI

2N
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MODEL FOR THE PROTON

Model for Proton F(x)

single quarl ‘

3 quarks at rest |

il
/

3 inleracting quarks

& (Puys 741) QuARKs, NUCLE!,
AND THE Cosmos: A

X MODERN INTRODUCTION TO
with sea quarks NUCLEAR PHYSICS, PROF.
XIANGDONG Ji
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Parton energy loss in cold nuclear
matter

QCD partons (are thought to) lose Parton Loses Energy

energy while decelerating in a strongly in Nuclear Medium
interacting medium

Drell Yan process is an ideal tool to
study the interactions of fast partons
traversing cold nuclei

The dilepton pair doesn't interact
strongly with the nuclear medium

Significant implications for physics of
relativistic heavy ion collisions (RHIC)

SLIDE FROM ARUN
TADEPALLI

2N
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THE EMC EFFECT

.........
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A’ sensitivity region for SeaQuest

2E12 ppp
200 days
2
i 0.8cm| E, ] [m"]] 100 Mel” 10 event contours
° Ny \10GeV /\ & m, e :

i, WO KR, b
LD Bjﬂ"l'I{E‘I'I et H,. FRD Bo {lﬂll}g} o758 - ithi . -
T Sralpuran Frajroibm

B W == A EE

B:q = Th = 1|
- [Py Mivmm. & =0
w0 IV - Pysiss Berm A = @] -
preliminary |
* E, = energy of the A’ " 'Y 3
* Ngj = no. of available decay '
products
= |, = distance that A’ travels before :
decaying e E137 — CHARM v = Cal [ (p brem)
* £ = coupling constant between v - Cal 1 (=)
standard model and dark sector 108

100 200 300 400 500 600 700
* my =mass of A’ M, (MeV) SLIDE FROM ARUN

: T
5. Gardner, R. 1, Holt, A. Tadepalli, arXiv 1509.00050 ADEPALLI
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Q? evolution

2 — Q"=19 GeV* |
1.8 — @’ =56 GeV* |
165
14

= 1.2;'
3
0.8
0.6
0.4
0.2
o TR W W U N i Y

Bjorken x

d/

» Differences in Q° according to CT10
SLIDE FROM ARUN
+ Difference between SeaQuest and EB66 because of Q° evolution is small TADEPALLI
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BACKGROUND AND SYSTEMATICS

@ Background rejection:

- my, <45 GeV — J/V events

- 9.0< m,, < 10.7 GeV — Y ressonance events.

@ Systematic uncertainties:

empty target correction.

PDFs uncertainties.

hydrogen contamination of the deuterium target.

sources of rate dependence.
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BIORKEN X

Fraction of longitudinal momentum (p;) of the hadron carried by a
given parton in the overall center of mass frame.

Consider lepton + hadron interaction.

Definition of x:

0<x<l1
q— four momentum transfer between lepton and target nucleon.
p— incident nucleon four momentum.

elastic scattering: (p + q)? = M? — x=1.

deep inelastic scattering: Q% > M? — x<1.




CALCULATION OF D/U

Iterative process in each bin of X¢aget:

1 Measurement of cross-section ratio from data:
- Rdata — de/o'pp

2 Calculate a prediction from cross-section ratio:

Based on estimation of d/1.

Uses CT10 PDFs for other quarks and anitquarks.
Uses PDFs to fix d + .

Call it Rpred

3 Adjust estimate oof 5'/:] based on Ryats - Rpred-

4 Repeat 2 and 3 until Rgata = Rpred-
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PoLARIZED TARGET SysTteEM (E1039)

Microwave MNMR
Input Signal Out
140 GHz ‘[r' " Huanetlbr
To Pumps l L:;“z" | w Roots pump system used to
1 Il B +
. = B — pump on liquid *He vapor

! .ip-—r-

pressure to reach 1K

Superconducting

Cryostat ;
Coils for Magnet: 5T

Target Material:
Irradiated NH,

SLIDE FROM DAvVID KLEITAN
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