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Features of W
 boson production 

probing parton distributions:  

D
irect sensitivity to quark (u/d) / anti-

quark (ubar/dbar) distributions 

Large scale defined by W
 m
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ple final state of charged leptons: N
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 level!  

Proton spin structure using high-energy polarized p+p collisions - W
 production
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(x

2 )(1
+
cos

θ)
2]

,
(5)

w
h
ere

∫

⊗
(x

1 ,x
2 )

d
en
otes

an
ap

p
rop

riate
convolu

tion
over

m
om

entu
m

fraction
s,

an
d
w
h
ere

θ
is

th
e
p
olar

an
gle

of
th
e
electron

in
th
e
p
arton

ic
c.m

.s.,
w
ith

θ
>

0
in

th
e
forw

ard
d
irection

of
th
e
p
olarized

p
arton

.
N
ote

th
at

θ
itself

d
ep

en
d
s
on

th
e
m
om

entu
m

fraction
s
an

d
on

th
e

lep
ton

’s
rap

id
ity.

A
t
large

n
egative

η
l ,
on

e
h
as

x
2
≫

x
1
an

d
θ
∼

π
.
In

th
is

case,
th
e
fi
rst

term
s
in

th
e
nu

m
erator

an
d
d
en
om

in
ator

of
E
q.

(5)
stron

gly
d
om

in
ate,

sin
ce

th
e
com

b
in
ation

of
p
arton

d
istrib

u
tion

s,
∆
ū
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ūū
�

�
dd

�

A
W

+

L
=

12

�
�

d̄d̄
�

�
uu

�

A
W

+

L
=
�

�
uu

A
W

+

L
=

�
d̄d̄

�
e

1
2

�

e
�

x
1
�

x
2

x
1
�

x
2

e
+2

1
�

x
1
�

x
2

x
1
�

x
2

�
e

p
s
=

500
G
eV



Bernd Surrow

L. Adam
czyk et al. (STAR Collaboration), Phys. Rev. Lett. 113, (2014) 072301.

Results / Status: A
L  asym

m
etry W

+/W
-

5

)  
2

 (G
e

V
/c

-
e +

e
m

4
0

6
0

8
0

1
0
0

1
2
0

)  2 Events / 2 (GeV/c

5

1
0

1
5

2
0

 S
T

A
R

 D
a

ta

 M
C

-
e +

 e
→

* 
γ

 Z
/

| <
 1

.1
e

η|

F
IG

.
3.

(color
on

lin
e)

D
istrib

u
tion

s
of

th
e
in
varian

t
m
ass

of
Z
/
�

⇤
!

e

+
e

�
can

d
id
ate

even
ts.

T
h
e
Z
/
�

⇤
!

e

+
e

�
M
C

d
istrib

u
tion

(fi
lled

h
istogram

)
is

sh
ow

n
for

com
p
arison

.

F
igu

re
2(b

)
sh
ow

s
th
e
recon

stru
cted

ch
arge

sign
m
u
lti-

p
lied

by
th
e
ratio

of
E

eT
(m

easu
red

by
th
e
E
E
M
C
)
to

p

eT
(m

easu
red

by
th
e
T
P
C
)
for

forw
ard

rap
id
ity

can
d
id
ates.

B
ecau

se
of

th
eir

forw
ard

an
gle,

th
ese

tracks
h
ave

a
re-

d
u
ced

nu
m
b
er

of
p
oints

alon
g
th
eir

tra
jectory

m
easu

red
by

th
e
T
P
C

com
p
ared

to
th
e
m
id
rap

id
ity

case,
w
h
ich

lead
s
to

a
d
egrad

ed
p

T
resolu

tion
.
D
esp

ite
th
at,

a
clear

ch
arge

sign
sep

aration
is

ob
served

.
T
h
e
d
ata

w
ere

fi
t

to
tw

o
d
ou

b
le-G

au
ssian

tem
p
late

sh
ap

es
gen

erated
from

W

±
M
C

sam
p
les

to
estim

ate
th
e
recon

stru
cted

ch
arge

sign
p
u
rity.

T
h
e
sh
ad

ed
region

s
w
ere

exclu
d
ed

from
th
e

an
alysis

to
rem

ove
tracks

w
ith

p
oorly

recon
stru

cted
p

T

an
d
red

u
ce

th
e
op

p
osite

ch
arge

sign
contam

in
ation

.
T
h
e

resid
u
al

ch
arge

sign
contam

in
ation

is
estim

ated
to

b
e

6.5%
,
w
h
ich

is
sm

all
relative

to
th
e
statistical

u
n
certain

-
ties

of
th
e
m
easu

red
sp
in

asym
m
etries.

M
easu

rem
ents

of
Z
/
�

⇤
p
rod

u
ction

at
R
H
IC

en
ergies

are
lim

ited
by

a
sm

all
p
rod

u
ction

cross
section

.
H
ow

-
ever,

on
e
u
n
iqu

e
ad

vantage
of

th
is

ch
an

n
el

is
th
e
fu
lly

recon
stru

cted
e

+
e �

fi
n
al

state,
allow

in
g
th
e
in
itial

state
kin

em
atics

to
b
e
d
eterm

in
ed

event
by

event
at

lead
in
g

ord
er.

A
sam

p
le

of
88

Z
/
�

⇤
!

e

+
e �

events
w
as

id
enti-

fi
ed

by
selectin

g
a
p
air

of
isolated

,
op

p
ositely

ch
arged

e ±

can
d
id
ates,

as
d
escrib

ed
in

R
ef.

[25].
T
h
e
resu

ltin
g
in
-

variant
m
ass

d
istrib

u
tion

of
e

+
e �

p
airs

is
sh
ow

n
in

F
ig.3,

su
p
erim

p
osed

w
ith

th
e
M
C

exp
ectation

.
T
h
e
m
easu

red
sp
in

asym
m
etries

w
ere

ob
tain

ed
from

th
e

2011
an

d
2012

d
ata

sam
p
les

u
sin

g
a

likelih
ood

m
eth

od
to

treat
th
e
low

statistics
of

th
e
2011

sam
p
le.

F
or

a
given

d
ata

sam
p
le,

a
m
od

el
for

th
e
exp

ected
,
sp
in
-

d
ep

en
d
ent

W

±
event

yield
µ
in

a
given

p
ositive

p
seu

d
o-

rap
id
ity

ran
ge,

lab
eled

a,
of

th
e
S
T
A
R

d
etector

can
b
e

d
efi
n
ed

for
each

of
th
e
fou

r
R
H
IC

h
elicity

states
of

th
e

tw
o
p
olarized

p
roton

b
eam

s

µ

a+
+
=

l+
+
N

a(1
+

P

1
�
A

+
⌘
e

L
+

P

2
�
A

�
⌘
e

L
+

P

1
P

2
�
A

L
L
)

µ

a+
�
=

l+
�
N

a(1
+

P

1
�
A

+
⌘
e

L
�
P

2
�
A

�
⌘
e

L
�
P

1
P

2
�
A

L
L
)

µ

a�
+
=

l�
+
N

a(1
�

P

1
�
A

+
⌘
e

L
+
P

2
�
A

�
⌘
e

L
�
P

1
P

2
�
A

L
L
)

µ

a�
�
=

l�
�
N

a(1
�
P

1
�
A

+
⌘
e

L
�

P

2
�
A

�
⌘
e

L
+

P

1
P

2
�
A

L
L
)(1)

w
h
ere

•
P

1 (
P

2 )
is

th
e
ab

solu
te

valu
e
of

th
e
p
olarization

of
b
eam

1(2),

•
A

+
⌘
e

L
(
A

�
⌘
e

L
)
is

th
e
sin

gle-sp
in

asym
m
etry

m
ea-

su
red

at
p
ositive(n

egative)
⌘

e
w
ith

resp
ect

to
b
eam

1,

•
A

L
L
is

th
e
p
arity-con

servin
g
d
ou

b
le-sp

in
asym

m
e-

try
[32]

w
h
ich

is
sym

m
etric

w
ith

resp
ect

to
⌘

e ,

•
N

a
is

th
e
sp
in

averaged
yield

,
an

d

•
l±

±
are

th
e
resp

ective
relative

lu
m
in
osities

d
eter-

m
in
ed

from
an

in
d
ep

en
d
ent

sam
p
le

of
Q
C
D

events,
w
h
ich

requ
ired

a
n
on

isolated
lep

ton
can

d
id
ate

w
ith

E

eT
<

20
G
eV

as
d
escrib

ed
in

R
ef.

[18].

A
sim

ilar
set

of
fou

r
equ

ation
s
can

b
e

w
ritten

for
th
e

sym
m
etric

n
egative

p
seu

d
orap

id
ity

ran
ge

of
th
e

S
T
A
R

d
etector,

lab
eled

b,
by

interch
an

gin
g
A

+
⌘
e

L
w
ith

A

�
⌘
e

L
.
T
h
e
d
ilu

tion
of

th
e
asym

m
etries

d
u
e
to

u
n
p
olar-

ized
b
ackgrou

n
d
contrib

u
tion

s
to

th
e
W

±
can

d
id
ate

yield
are

rep
resented

by
�
=

S
/(
S
+

B
),

w
h
ere

S
an

d
B

are
th
e
nu

m
b
er

of
sign

al
an

d
b
ackgrou

n
d

events
as

sh
ow

n
in

F
igs.

1
an

d
2,

an
d
w
ere

m
easu

red
sep

arately
for

re-
gion

s
a
an

d
b.

T
h
e
estim

ated
W

±
!

⌧

±
⌫

⌧
yield

is
n
ot

a
b
ackgrou

n
d

for
th
e
asym

m
etry

m
easu

rem
ent

as
it

is
p
rod

u
ced

in
th
e
sam

e
p
arton

ic
p
rocesses

as
th
e
p
rim

ary
sign

al,
W

±
!

e ±
⌫

e .
T
h
e
eight

sp
in
-d
ep

en
d
ent

yield
s
for

th
e
p
air

of
sym

-
m
etric

p
seu

d
orap

id
ity

region
s
in

th
e
S
T
A
R

d
etector

(
a

an
d
b)

are
u
sed

to
d
efi

n
e
a
likelih

ood
fu
n
ction

L
=

4
Y

i

P
(
M

ai |
µ

ai )P
(
M

bi |
µ

bi )
g(
�

a)
g(
�

b)
(2)

con
sistin

g
of

a
p
rod

u
ct

of
P
oisson

p
rob

ab
ilitiesP

(
M

i |
µ

i )
for

m
easu

rin
g
M

i
events

in
a
h
elicity

con
fi
gu

ration
,
i,

given
th
e
exp

ected
valu

e
µ

i
from

E
qn

.
(1)

an
d
a
G
au

s-
sian

p
rob

ab
ility

g(
�
)
for

th
e
estim

ated
b
ackgrou

n
d

d
i-

lu
tion

.
T
h
e
sp
in

asym
m
etry

p
aram

eters
(
A

+
⌘
e

L
,
A

�
⌘
e

L
an

d
A

L
L
)
of

th
is

likelih
ood

fu
n
ction

w
ere

b
ou

n
d
ed

to
b
e
w
ith

in
th
eir

p
hysically

allow
ed

ran
ge

of
[-1,1],

N

a
,b

an
d
�

a
,b

w
ere

treated
as

nu
isan

ce
p
aram

eters,
an

d
th
e

rem
ain

in
g
p
aram

eters
(
P

an
d
l±

±
)
are

kn
ow

n
con

stants.
S
ep
arate

likelih
ood

fu
n
ction

s
w
ere

com
p
u
ted

for
th
e

2011
an

d
2012

d
ata

sets,
con

sistin
g
of

2759
W

+
an

d
837

W

�
can

d
id
ates

in
total.

T
h
e
p
rod

u
ct

of
th
ese

tw
o
like-

lih
ood

fu
n
ction

s
w
as

u
sed

in
a
p
rofi

le
likelih

ood
an

aly-
sis

[31]
to

ob
tain

th
e
central

valu
es

an
d

con
fi
d
en
ce

in
-

tervals
for

th
e
asym

m
etries.

T
h
e
W

±
asym

m
etries

w
ere

m
easu

red
for

e ±
w
ith

25
<

E

eT
<

50
G
eV

an
d
are

sh
ow

n
in

F
igs.

4
an

d
5
as

a
fu
n
ction

of
e ±

p
seu

d
orap

id
ity

for
th
e

sin
gle-

an
d
d
ou

b
le-sp

in
asym

m
etries,

resp
ectively.

T
h
ese

resu
lts

are
con

sistent
w
ith

ou
r
p
reviou

s
m
easu

rem
ents

of
A

L
[18].

T
h
e
d
ata

p
oints

are
located

at
th
e
average

⌘

e

w
ith

in
each

b
in
,
an

d
th
e
h
orizontal

error
b
ars

rep
resent

th
e
rm

s
of

th
e
⌘

e
d
istrib

u
tion

w
ith

in
th
at

b
in
.
T
h
e
ver-

tical
error

b
ars

sh
ow

th
e
68%

con
fi
d
en
ce

intervals,
w
h
ich

STA
R: Published W

 A
L  m

easurem
ents (Run 11 / 500GeV) (Run 12 / 510GeV) 

20

INT W
orkshop: The Flavor Structure of Nucleon Sea

Seattle, W
A, O

ctober 03-23, 2017

M
easured asym

m
etries constrain anti-quark 

polarizations: Larger asym
m

etry for W
- suggest 

large anti-u quark polarization!

Critical: M
easurem

ent of W
+ and W

- 

asym
m

etries as a function η
e  

Extension of backward / forward η
e 

acceptance  enhances sensitivity to anti-u / 

anti-d quark polarization 

A
L  (Z/γ

*) result: A
L = -0.07

+0.14-0.14



Bernd Surrow

Significant constraint for ubar and dbar. 

Significant shift of ubar central value from
 STA

R 2012 W
 A

L  prelim
. data.

Results / Status: A
L  asym

m
etry W

+/W
-

Im
pact of STA

R 2012 W
 A

L  m
easurem

ents (D
SSV)

21

INT W
orkshop: The Flavor Structure of Nucleon Sea

Seattle, W
A, O

ctober 03-23, 2017

A
nti-u quark polarization

A
nti-d quark polarization

E. Aschenauer, arXiv: 1304.0079.



Bernd Surrow

Results / Status: A
L  asym

m
etry W

+/W
-

Im
pact of STA

R 2012 W
 A

L  m
easurem

ents (N
N

PD
F) (1)

22

INT W
orkshop: The Flavor Structure of Nucleon Sea

Seattle, W
A, O

ctober 03-23, 2017

Significant constraint for ubar and dbar. 

Significant shift of ubar central value from
 STA

R 2012 W
 A

L  prelim
. data.

A
nti-u quark polarization

A
nti-d quark polarization

E. Nocera. PoS DIS2014 (2014) 204, 
arXiv: 1406:7122.

R. Ball et al. (NNPDF Collaboration), 
Nucl. Phys. B887, (2014) 276.



Bernd Surrow

Results / Status: A
L  asym

m
etry W

+/W
-

Im
pact of STA

R 2012 W
 A

L  m
easurem

ents (N
N

PD
F) (2)

23

INT W
orkshop: The Flavor Structure of Nucleon Sea

Seattle, W
A, O

ctober 03-23, 2017

Flavor asym
m

etry of ubar and dbar is positive 

Flavor asym
m

etry of ubar and dbar of sim
ilar m

agnitude as respective 
unpolarized difference!

R. Ball et al. (NNPDF Collaboration), 
Nucl. Phys. B887, (2014) 276.

F
lavor

asym
m

etry
ofthe

polarized
nucleon

sea
Em

anuele
R

oberto
N

ocera

x

-3
1
0

-2
1
0

-1
1
0

1

-0
.0
8

-0
.0
6

-0
.0
4

-0
.0
2 0

0
.0
2

0
.0
4

0
.0
6

0
.0
8

0
.1

0
.1
2

)
d

∆
 - 

u
∆

x(

N
N

P
D

F
p

o
l1

.1=
1

2
χ

∆
D

S
S

V
0

8
 2

=
1
0
 G

e
V

2
Q

)ρ
-

π
M

C
 (

)ρ
M

C
 (

)
σ-

π
M

C
 (

P
B

 (a
n

sa
tz)

C
Q

S
M

S
T

x

-3
1
0

-2
1
0

-1
1
0

1

-0
.0
8

-0
.0
6

-0
.0
4

-0
.0
2 0

0
.0
2

0
.0
4

0
.0
6

0
.0
8

0
.1

0
.1
2

S
e
a
 a

sym
m

e
try

)d
∆

 - 
u

∆
N

N
P

D
F

p
o

l1
.1

 x(

)u
 - 

d
N

N
P

D
F

2
.3

      x(

2
=

1
0
 G

e
V

2
Q

Figure
2:

The
polarized

light
sea-quark

asym
m

etry
x(D

ū
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IX
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13 forward rapidity and m
id-

rapidity results together 

with STA
R m

id-rapidity 

results

PHENIX M
id-rapidity: A. Adare et al. (PHENIX 

Collaboration), Phys.Rev. D93 (2016) 051103.
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Sum
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ary 

M
id-rapidity (Run 11/12): Published W

 asym
m

etry results suggest large anti-u quark polarization along with broken Q
CD

 

sea. 

N
ew prelim

. result of STA
R 2013 W

 A
L is the m

ost precise m
easurem

ent to date. These results will help to further 

constrain anti-quark helicity distributions / Publication in preparation! 

N
ew STA

R 2013 W
 A

L  prelim
. results consistent with published STA

R 2011+2012 results and published PH
EN

IX
 m

id-

rapidity results. 

Prelim
inary cross-section ratio m

easurem
ent (Run 11/12): Strong physics case of unpolarized dbar/ubar ratio using W

 

production com
plem

entary to SeaQ
uest at FN

A
L / N

ew Run 13 result in preparation! 

O
utlook 

Long 510GeV run in 2017 (Run 17) at transverse spin polarization of about 350pb
-1: W

 A
N  / U

npol. Q
CD

 sea  

U
npolarized program

 for Run 17: Cross-section ratio m
easurem

ents of W
+/W

- U
npolarized dbar / ubar probe 

Exciting long-term
 polarized pp/pA

 program
 beyond 2020 requiring forward detector upgrade (Cold Q

CD
 plan)

E. Aschenauer, Cold Q
CD plan, 
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