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W PRODUCTION BASICS
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Ws naturally separate quark flavors
- rapidity: sea vs. valence quarks

Ws are maximally parity violating
= Ws couple only to one parton helicity,

Brookhaven Science Associates

Complementary to SIDIS:
very high Q?-scale 6400 GeV?

extremely clean theoretically
No Fragmentation function
- stringent test on theory approach
for SIDIS
UNIVERSALITY of PDFs
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THE HELICITY STRUCTURE OF THE PROTON

Jaffe-Manohar Spin Sum Rule:

1 — 1 "z 1 -2 1 I Z = z z
1 g BROOKHEVEN

Brookhaven Science Associates NATIONAL LABORATORY

RHIC-AGS User Meeting 2015 E.C. Aschenauer



POLARIZED QUARK DISTRIBUTIONS

Why is separating quark flavors important?

- the nuclear structure is encoded in PDF
- understand dynamics of the quark-antiquark fluctuations
-~ flavor asymmetry in the light quark sea in the proton

unpolarized: ubar z dbar

polarized case ?

- sea- quar-k polarizations critical for quark contribution to spin
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Drop of integral due to shape of polarized sea
quark PDFs at low x
- forced by 3F D cons‘l'r'am in PDF f|1's
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Events / 2 GeV

Events /2 GeV

LR}

W-> e+V candidate

W SELECTION

Pr> 10 GeV QCD background candidate

Transverse plane views

— balance - — jets ! '
= — o Pr =Prt+ E PI{E W
AR=0T
I=solated tracks -> 1solated EMC cluster (pe. ﬁ]’:ﬁm“‘) Several tracks -> several EMC towers

Large opposite missing ‘“‘energy”

signed P, — balance =

_..e|

14 No large missing ““energy”
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Electron In_I<0.5
—+ STAR Data

== W —=ev MG
[] Data-driven QCD

Electron D.Sch]eldj
[ second EEMC
B wW—=tvMC

Primary Background:

QCD processes where fragments of a jet satisfy
candidate e+/- isolation cuts while all other jets
escape detection outside the acceptance.

Electroweak Background:
W= tv Z>e+re-
MC embedded in zero bias events

Forward rapidity (1<n.<1.4 ) W selection uses similar
technique as mid rapidity and background estimation
improves using additional Endcap Shower Wdximum:N
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TRANSVERSE SPIN STRUCTURE

&

' .' \J ‘\
| ; ' \3 ‘¢“ m Ny
using spin to unravel * J\ ¥
the secrets / dynamics of QCD \ ‘4 “ -

Resolving the new spin puzzle
of the 21s' century
The legacy of transverse polarized pp:

What causes A, at forward rapidities?
BROOKHEVEN
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ntermediate

TE: TMDs VS.

A
Transverse .
S| momentum Coll !nea;/
Qdegndext Q ?Qwrlitl\q .
. >>Qr>=Aqen . E
k. Q>>pr ) ProQ Efremov, Teryaev;
Qiu, Sterman
P \ or
Sivers fct. Twist-3 EE
> Q/P-

Ager << Q/Pr<< Q

Need 2 scales
Q? and p;
Remember pp:
several observables one scale
Exception:
DY, W/Z-production

Need only 1 scale
Q2 or py
Sut

should be of‘ reasonable size

should be applicable to
pp observables

% related through A\(n/y/ jet)
2 ‘kﬂ L )
—[d klﬁfqu(x,kl)ISIDIS=Tq,F(x,x)
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VISUALIZE COLOR INTERACTIONS IN QCD.

Measure non-universality of sivers-functi-~

DIS:

QCD: yq-scattering

repul sive

Siversyrs = = (Siversyy or Sivers,, or Sivers,g)

A\(direct photon) measures the sign change in the Twist-3 formalism

& All three observables can be approached
at 500 GeV at RHIC
BROOKHEWVEN
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HOW TQ STUDY TMDs IN P+P

Initial State Final State

Q Ay as function of rapidity, E;, | Q Ayras a function of the azimuthal
pr and X for inclusive jets, dependence of the correlated hadron
direct photons pair on the spin of the parent quark

(fransversity x interference FF)
3 Ay for heavy flavour = gluon
o Azimuthal dependences of hadrons within

) Ay as a function of rapidity, a jet (transversity x Collins FF)

pr for W+/-, Z°, DY

Q Ay as function of rapidity, pr and x: for

) inclusive identified hadrons
TMD, TWIST-3, Collinear (transversity x Twist-3 FF)

All possible explanations for the underlying
physics of the forward A,
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SURPRISE: TMD EVOLUTION

Z.-B. Kang & J.-W. Qui arXiv:0903.3629

z T Z. Kang: original paper arXiv:1401.5078
a 0.3k before evolution W ~ 0.06 1
B < B after evolution
S ary ot rown
U'E? . 0.021 W evolution effe~~
o TS 5
0.1F -0.02 |-
0.05¢ 0.04}
D ;_ | | | 7

~ further constraints

cannot come from fixed
target SIDIS

- too small lever arm in

Q? & p,

002F \/ e
003FE4 < Q<9 6Gev the same evolution applies
[:.:}4: ol : ?T <.1 G.ev. L to TMD FFs, i.e. Collins
4 3 IE 101 2 3 4 and to e‘e-,

y y SIDIS - eRHIC
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WHAT ELSE CAN WE LEARN

O What is the sea-quark Sivers fct.?
- W's ideal 2 rapidity dependence of A, separates quarks from antiquarks
- no constraint from existing SIDIS data

: 0.06
< 0.04f < o
: o 004r 0.04
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0 of 2 Ot
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15-1-050 05 1 1.5 -2-15-1-05005 1 15 2 -2-15-1-050 05 1 1.5 2
. y .
5 Z. Kang Ay (W*X,ZO) accounting for sea quark uncertainties through i

positivity bounds
all plots after evolution (arXiv:1401.5078)
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ANALYSIS TECHNIQUE FOR Ay W

Need to reconstruct W kinematics as lepton asymmetry is suppressed and
the kinematic dependences are difficult to resolve
- resolution effects and statistics

z 0.17 z F
< < 003} ,
008} : K
[ 002} y=-12
0.06] :
[ 001
002} T
0f 001 y=1.2
:...I....I....I....I....I....I....I....I....I... _0.02:I....I....I....I....I....I
30 35 40 45 50 55 60 65 70 20 30 40 50 60 70
Pr Py

Apply analysis technique developed at the Tevatron and used at LHC
i.e. COF PRD 70, 032004 (2004)

Philosophy:

W = l+v asvis not seen

- reconstruct W kinematics through lepton and recoil
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STAR: AN

2 T wrsev [ | STAR data 210k WS ey [ | STAR data
e ¢ g €
@ @

2 PYTHIA W'> v, r EEE PYTHIA W*> v,
[ PYTHIA Z°> e'e L [Z] PYTHIA Z°> e'e
[FH] data driven QCD i [F%] data driven QCD

10

Analysis Strategy to fully reconstruct Ws:
Follow the analysis steps of the A,

- W candidate selection via high p; lepton f
Data set: 2011 transverse 500 GeV data (25 pb-!) , |

I }

1 | C il L L
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STAR: ANW

W Rapidity reconstruction: g %% Do
v W longitudinal momentum (along z) can be 100} FEn
calculated from the invariant mass: ¥.=E+EY-G.+p)" | Jﬂf N
L || co- Lo
v Neutrino longitudinal momem‘um component from ol | H | LT
quadratic equation |5 (»!) =0 A—MT+ PLp s ﬂi

s07t] T

20 7
Systematics determined through a MC challenge method -5 R
input asymmetries from arXiv:1401.5078 and reconstruct it back ‘

600D data/MC agreement

P P
< - STAR preliminary e W I'n < - STAR Preliminary e W S 1I'n
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WHAT CAN WE P2~

: D
Assumptions: .\-h rougit =— h UL
m'regrated dellvered lumin-=="". o chal\ fion
> 7 weeks. : h 3 “/.mge i\ the oP

___—owtion
sea- quar'k Sivers fct
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QT AD FAMS_Dre€Shanan:
oz

< pi¥p>y_+X @ 5200 GeV, y=3.5
0.1—STAR FPS&FMS: P=60%, Ldt=40 pb'1 | e 'we
yho
o | h
40 pb!
0 l + 4 J‘ J hotons
‘ : ! | ‘_l_ ________._'—-""" shotons
/""‘""—__- 1 tracks
-0.05
-0.1= | | | | | | |
0.1 0.2 0.3 04 05 0.6 0.7 0.8
Xp |
p, (GeV)

C OMPLEMEN TARY CHANNEL

0.04

0.02—

|_STAR FPS&FIVIS P=55%, Ldt=400 pb™'

pT+p- >y, X @ Vs {s=500 GeV, y=3.5

m— PRL110, 232301 (2013)

—0.02’»

ies with

' | _______-—-"'""' e

0.1

@ A\ for direct photon production:
Q sensitive to sign change, but in TWIST-3 formalism

& not sensitive to TMD evolution

O no sensitivity to sea-quarks; mainly u, and d, at high x
Q collinear objects but more complicated evolutions than DGLAP

Q indirect constraint on Sivers fct.

=

Brookhaven Science Associates

—fd’k,
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Not a replacement for A(W*/-, Z° DY) measurement
but an important complementary piece in the puzzle

0.3 0.4 0.5 0.6 0.7 0.8
Xg
p, (Gev)
W
lyg 2 -
1 k) g p =T, 1 (%,X)
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sensitive to sign
change through
TMDs

sensitive to sign
change through
Twist-3 T ¢(x,x)

sensitive to TMD
evolution

sensitive to sea-
quark Sivers fct.

need detector
upgrades

biggest experimental

challenge

STAR POSSIBILITIES

A(W+/-,Z9) A\(DY) AN(Y)
yes yes no
no no yes
yes yes no
yes yes no
no yes no

FMS postshower

integrated luminosity background

suppression&  ----———--
integrated luminosity

@ A\(DY,W+/-,Z% y) clean and proven probes sensitive to all questions

Brookhaven Science Associates

in a timely way without the need for upgrades
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ARE SEA QUARKS FLAVOR-SYMMETRIC?

- NNPDF2.3 (NNLO) :
3 xf(x,u2=10 GeV?) _

C

] IIIIIII| | | N

X

Brookhaven Science Associates

at which x-range are
sea quarks flavor symmetric ?

High precision high-x PDFs
critical for searches at
high masses at the LHC

= RHIC

mid-rapidity jet cross sections
= high x gluons (200 GeV)
W+/W-: u, d, ubar, dbar PDFs

BROOKHEVEN
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UNPOLARIZED W+/W- RATIOS

Q What will we learn?

- d-bar/u-bar in PDFs el 7 S——
. _ _ 2 /4 Drell-Yan
L°;4(W+ e P A A LI I S "
i()d(e)ra(m)aln) b PN
LHC coverage: ~10-3 < x < 10! B 2l
RHIC coverage: x > ~10-! T Ccreos
Q Current data: E866/NuSea (Drell-Yan) T
d(z) /a(z) for 0.015 < z < 0.35 T
- included in all NLO global PDF fits "~ [_Fi¢SyemaicE

< Unpolarized asymmetries: X
< Quantitative calculation of Pauli blocking
does not explain d/ii ratio

Brookhaven Science Associates NATIONAL LABORATORY
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THE UNPOLARIZED W+/W- CROSS SECTION RATIO

What we measure

S (W +) NZZ: - N bn,; g N, = observed W events
RW = = TR Ny, = background events
S (W—) Nops = Ny e e = efficiency

0 Same selection as for Ay
O Background estimated in the same way
O W boson kinematics are reconstructed in the same way

> We do not care of the polarization direction in measuring RW
o We could add the STAR 2012 data at /s= 510 GeV
o and will add run 13

Data sample

Q pp - runll transverse @ /s=500 GeV Integrated Luminosity ~25 pb-!
Q pp - runl2 long @ J/s=510 GeV Integrated luminosity: ~ 77 pb-!

Q Total Int. lumi: 102 pb-!

BROOKHEVEN
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EFFICIENCY STUDY

# evt(reconstructed
e= ( ) Uncertainties calculated binomially (not visible)
#evt ( generated )
Z:T - = - - o : |
Th iciency depends little on
Thee ce::rl'gf y depends very litrie o The efficiency depends on the
- it plays negligible role in this period
lme%:Zrem?n:rg' e rolet ' Run 12 less efficient than run 11
because of the lower

reconstruction efficiency at
higher rates due to pile up
effects in the TPC

Brookhaven Science Associates NATIONAL LABORATORY
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W+/W- RATIO AS FCT. OF LEPTON RAPITITY

; p+p—oW i+ X—et+X Collected Lumi = 102 pb-!
7 I
~ STAR Preliminary Systematics much
6— Vs =500/510 GeV EEaE T smaller than
- ﬁwl statistical
~ s s
S - o uncertainties
- o .
~6‘ 4 _..}‘_'.:'.'-'-"‘"' S
~ E TP@%@@@ —@— STARPrelir RUT‘I 13 Statlstlcal |mpact
? 3 »r “‘:::::::::::"" % Systematic 50 —
; 2 - ‘ === RHICBOS-E q_ﬂ :_ .
% E | CHECTIO = un-11+12 Stat. Uncertainty
1= v RHICBOS-( 30— ) .
- = rojected Run 11+12+13 Stat. Uncertainty.
- En I
| [ | -
0 -1 -0.5 0
n, 1

Systematic uncertainties (blu

Relative Statistical Uncertainty [95]

QO QCD background varied th 5 -op= .
Q Z° -> ee background vary 2 ,E
s0F- Run-11+12 ~ 100/pb
“0r- Run-13 ~ 250/pb
Brookhaven Science Associates -50 |1 — {}l,ﬁ — {I} — D.|5 S 1'

n



W+/W- VS BOSON RAPIDITY

Why to use fully reconstructed Ws for charge ratio:
Q no smearing in x compared to “lepton asymmetry”

Q access to higher x compared to “lepton asymmetry”

Q Cross check of COF measurements

run 11+12 e STAR data

6

e data- bg

S Preliminary

= gl .Stat.. error‘s .................................

4

Collected Lumi =102 pb-!
N

3_§ .................... P + .................................

o —

-0.5 0

The Correction factor
Is not charge-dependent

- does not impact the W+/W- ratios !
Is not interaction-rate dependent
- we can combine different run periods

Brookhaven Science Associates
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Follow the same procedure to
reconstruct W kinematics as for Ay

Blue points: After background
subtraction

» Impact of background subtraction
smaller than statistical

e e
uncertainties

S : ® W', ZDC rate 100k - 200k
o ® W7, ZDC rate 200k - 300k
F ® W', ZDC rate 300k - 400k
c ® wr

i=l

=

|3}

5}

=

o

(@]

Recoil P



SYSTEMATICS FOR W RECONSTRUCTION

O Systematics on background subtraction (as for the decay lepton)

O Systematics on the reconstruction smearing
» Calculate the ratio with generated pure MC
» Calculated the ratio with reconstructed MC after all the analysis
> Assign the difference as systematic uncertainty

run11 Monte Carlo (generated) | | Relative SysTema'l'ICS
MC Gen
= £
= - B 0.4k i
B i c : :
[ : § S| o
] z I A
/| SO ... S e ... c 0.2t f f
: o : © R : : :
e T 1 1 o
X g F : :
i N | oo s
] TP o : :
i -0.2F @ oo P
|3 RIS O —
I T
O_ i T I i T I i _0.5: i T T i T I i
-0.5 0 0.5 -0.5 0 0.5
Y Yw
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W' /W AS FUNCTION OF BOSON RAPIDITY

- p+p > WHX — et+X
;_ STAR Preliminary
~\'s=500/510 GeV

3
%
~
3
%

8
7
6
5
4
3-
2
1
o)

v

26%6% %076 %6%%%

- STARI L=102pb™

m Systematic uncertainty

[ ] MmcFm-cT10

RHICBOS-BBS

RHICBOS-CT10

WV O PV VW, AN NN

20002020 205020, oZ02e%0 2% %%
% %

& SROKKKKK -
S X

Z52RERELRIRRKEE

SRRIIEAIEES

|
-0.5 0
Total systematic uncertainty accounts for

« Syst. from background subtraction

« Syst. from W reconstruction

Brookhaven Science Associates
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SUMMARY

EW observables, W, Z° and DY, ideal tools to study the proton structure

STAR the ideal detector to address several important physics questions
through EW observables

Q the sea quark helicity structure —_—

O the sea quark sivers fct. and its evolution @ @

QO the unpolarized quark structure at high x

the comparison between PDFs extracted from SIDIS and EW measurements
extremely critical to verify the theoretical approach for SIDIS
=< EIC: SIDIS the golden tool to extract proton structure
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