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Introduction-te-spinphysies
RHIC and STAR aspeet

Selected STAR measurements
— Gluon polarization: inclusive jet A |, di-jet A,,.
— Sea quark polarization: W A,.

Summary and Outlook
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Proton spin eensttution

* Proton spin is carried eut by it components (quarks
and gluons).

1 1
— =§AZ+LQ + AG + L,

2
/' \ J
|
DIS measured ~30% Little known
AG = | Agdx
(Au+ Ad + As + At + q=
A Z == momentum distribution

Ad + A5 +--)dx

. The probability of find a parton with the @_> i @_»

. . . . . helicity distribution
same spin orientation in polarized

proton is described by the polarized
parton distribution function (pPDF). - % ) - f )

transversity distribution

WWND2014 Xuan Li (Temple Univ.) 3


elke-carolineaschenauer
Cross-Out

elke-carolineaschenauer
Cross-Out


Status-of current knowledge of pPDF

* Aglobal QCD fit (DSSV) enthe DIS data can extract
the polarization from the valence quarks #good
precision.
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D. de Florian et al., Phys. Rev. D71, 094018 (2005)
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Status-of current knowledge of pPDF
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: polarization
10 contributions have
i ﬁi;x‘z:z%—:_— --0.04 large uncertainties.
vl vl 1 | vl il Lo
e ' e R Data fr-o'm polarized p
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D. de Florian et al., Phys. Rev. Lett. 101 (2008) 072001
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How to probe parton spin contributions in p+p
collisions?

* In factorization framework with the assumption of
universal PDF , asymmetries of final states are proportional
to the initial quarks or gluons polarization contributions.

 For example, longitudinal double-
spin asymmetry A , can probe the
quark or gluon helicity.

To measure Af,,: Quark/gluon helicity

/G++—c7+_ A, ®Af, ® G, -a,, ®D,
A = = 7

o.+0,_ A ®AZO,

known input:

f

a,,: polarized parton asymmetry
D;: fragmentation function, for

hadrons not jets
Xuan Li (Temple Univ.)
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RHIC: the unigug polarized proton-proton
collider

* Schematics of polarized p+p collisions at RHIC

Absolute Polarimeter (H jet RHIC pC Polarimeters
( .] ) . \ - //. / p
PHOBOS Tl e BRAHMS

Siberian Snakes

Spin Rotators Spin flipper
(longitudinal polarization)
Pol. H Source Solenoid Partial Siberian Snake

LINAC BOOSTER

Spin Rotators
(longitudinal polarization)

/Helical Partial Siberian Snake
AGS Internal Polarimeter

/

g AGS pC Polarimeters
/ P .
Strong Helical AGS Snake

200 MeV Polarimeter
. /
Rf Dipole
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Integrated polarized proton luminosity L [pb-!]
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RHIC polarized p+p collision overview
* STAR spin program at-RHIC is exploring both the longitudinal

and transverse spin eentributions-te-the proton.

Polarized proton runs

3

@ (@

~

Jet and di-jet productions in
longitudinal polarized p+p
collisions at Vs=200/500 GeV
(2009, 2012, 2013) are sensitive
to the gluon polarization.

W production in longitudinal
polarized p+p collisions at
Vs=500 GeV (2009, 2012, 2013)
can probe the sea quark
polarization.
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STAR Detector
 STAR has nearly full azimuthal coverage in n from -1 to 4.

Barrel ElectorMagnetic Calorimeter

Endcap ElectorMagnetic
BEMC (-1<n<1)

Calorimeter
EEMC (1<n<2)

"Forward Meson Spectrometer
FMS 2.5<n<4.0

ol
H ]
R k3

ha‘mber

Beam Beam Coul
(BBC) %

Time Projection

TPC |n|<1.3
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AG (gluon polarization) related measurements



6o | 2 ph/GoV)

Jet cross section measurements at STAR

* Inclusive jet and di-jet cross section preliminary results in p+p
collisions are consistent with NLO pQCD+Had+UE corrections.

Inclusive jet in p+p 200GeV Di-jet in p+p 200GeV
STAR Di-jet Cross Section
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‘:’ Data Systematic Error
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Jet cross section measurements at STAR

* Inclusive jet and di-jet cross section preliminary results in p+p
collisions are consistent with NLO pQCD+Had+UE corrections.
Inclusive jet in p+p 200GeV Di-jet in p+p 500GeV

Inciusive Jet Cross Section
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Inclusive jet A, ispropertionalto-gluen
izt

Inclusive Jet production (200GeV: Solid line / 500GeV: Dashed line)
5 0.7

Mid-rapidity inclusive jet  %os .

050

production is dominated 04

03|

by g+8 and g+g processes 02

. o 0.1 bl
in RHIC p+p collisions. % 10 20 30 40 5 60 70 8 9 100
Pr

1<n<t 99 qg  qq

o -0 AN, .
ALL — — arr
o +0 f. 1

* Inclusive jet A, is sensitive to the gluon pelarizatien
contribution to proton.
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STAR inclusive jet A;, in 2009 (p+p 200GeV)

* STAR inclusive jet A, falls between DSSV and GRSV-
ZERO, but larger at low p;.

- 0.06¢
< £ | — Dssv i
o 0'055 = GRSV-ZERO Zr%liminary Run 9
= 0.04F|[[] pssV »2+2% Uncert
- : Relative Luminosity Uncer{
0.03 = | e 2009 STAR Preliminary
0.02F
0.01F
0 ;_ ........................................
-0.01F 00 GeV p+p — jet+X Inl<t
-0.02F :8.8% scale uncertainty from polarization not shown
_003-....I....I....l..

raels sl sl ol
0O 5 10 15 20 25 30 35
D. deFlorian et al., partlcle Jet pT (GeV/c)

Prog. Nucl. Part. Phys. 67, 251 (2012)
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STAR inclusive jet A;, in 2009 (p+p 200GeV)

* Inclusive jet A indicates non-zero gluon polarization

in 0.05<x<0.2.

° p, (GeVic)
0 5 10 15
i Al Ll L 1 l T 1 Al L] l Al L] Ll T l Ll
| @ PHENIX Prelim. x°, Run 2005-2009 "

PHENIX shift uncertainty
[ —— DSSV++ for x°
0.04- w STAR Prelim. jet, Run 2009
STAR shift uncertainty

- —— DSSV++ for jet /

-
< 0.02

- PHENIX/STAR slcale uncertainty 6.7‘!-’? / 8.8% from pol. not lshown
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arXiv:1304.0079 Jet P (GeV/c)

0.2
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RHEIC 200 GeV

........

xAg |

Q=10 GeV? |

X

narrow the uncertainties of the
fitted Ag and shift the central

———r
15 Q*=10 GeV*
2 [ {1 o2
Ay ]
10
:Ax:= 2% in DSSV analysis i .,'I. : 0.1
3 _\‘-\_DSSV .
\.\\%
! Lo .\:Nl-._..'.. “ndlaans 01
0.1 0,, 0.1 0.2
f Ag(x,Q’) dx
* STARinclusive jet A results
value of AG.
[ ]

DSSV++ fit provides first non-zero
AG in the RHIC sensitive region.
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ALL

STAR di-jet A;, in 2009 (p+p 200GeV)

0.08+—------ E -------- é- MC GS-C(pdf set NLO) | = = = -E ------- . . .
L S | e mweranoms : * Di-jet production
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' [ GRsvV std
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 The trend of the di-jet
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tikg the inclusive jet A,
results.
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PRL 100, 232003
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Projections for inclusive jet and di-jet A |

(p+p

Inclusive jet A with P=0.5 and Lrecorded=85pb™

0.015

0.010 1

¢ Run 9 Preliminary

B Run 12 Proj Stat
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=== =DSSV (500)
e GRSV-Std (200)
=D SSV (200)

-
=, 0.005
<

0.000 -

-0.005

0 002 0.04 0.06

0.14

0.16

0.18

* |n 2012 and 2013, RHIC has

large longitudinal Vs =
500GeV p+p data sample
which allows us to access
lower x region.
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STAR: west barrel - endcap
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Ag (sea quark polarization) related measurements



W production is a direct probe for sea quark
polarization
* Parity violating W* single spin asymmetry A, probes Au
and Ad in 500GeV p+p collisions.

e_

p \;ZUlv Ve (De) e probing €
> < a .VV+ (W) I quark
> - P
o
: ~% 2 ﬁ et (e7) — T
P \&at
Oy —O0_ _
Ap=— u+d ->W"se'+v, ua+d->W —e +V,
oy +0
@ AW+ o —Au(z1)d(22) + Ad(z1)u(z2) Gw-  —Ad(z1)u(z2) + Au(zy)d(z2)
L u(z1)d(z2) + d(z1)u(z2) - d(z1)u(ze) + u(z)d(z2)
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First W measurement at STAR

STAR Run9 Data /s = 500 GeV . .
) o e e e 2009 Wt asymmetries are in
B AR w agreement with theory
0.6k 25 < E% < 50GeV . . .
m<1 L=12pb™" evaluations using polarized
04f  P=3% - pdf's (DSSV) constrained by
polarized DIS data =
1] S . . .
Universality of helicity distr.
1] e — functions!
-0-2 --------- ws DSSVOS LO with Ay? =1 pdf error
_04 RHICBOS
= = = DNS-K Sy
~= DNS — KKP
0.6 « e DSSVO08 \
WP eevs W
i = 0 1 2
e
WWND2014 Xuan Li (Temple Univ.) 20



First W measurement at STAR

STAR Run9 Data /s = 500 GeV

A
- P+pos W5+ X set+ X W_
0.6k 25 < B% < 50 GeV AV = _Ad
d
Igl <1 L=12pb~"
Au  Ad .
_ - _== =1
04k P = 39% — ) .
' - Au ' e = =4
AEV = — - = = =bhaf
0}
02F e /
OL .............
Run 9 svs. error
0 N ——a—— . = DSSVO8 LO with Ay® = 1 pdf error
-04F RHICBOS - -
s == = DNS-K -
» ~ DNS — KKP .
_osk e DSSVOS a7 AEV+=A——
. w- w CHE L o\'d u -?-
~ = DSSV08 W
-2 -1 0 1 2
e
WWND2014 Xuan Li (Temple Univ.)

2009 W* asymmetries are in
agreement with theory
evaluations using polarized
pdf's (DSSV) constrained by
polarized DIS data =
Universality of helicity distr.
functions!

Mid-rapidity W production
probes the sum of valence
quark and sea quark
contributions.

Critical to measure the W*
and W~ asymmetries as a
function ne

21



First W rapidity dependent results at STAR

STAR Preliminary Run 2012

> + -
p+tp— W —e*+v
25 <E; < 50 GeV

{s=510 GeV

—— DSSV08 RHICBOS
—— DSSV08 CHE NLO

——— DSSV08 L0 with Ay?=1 pdf error ——
3.4% beam pol scale uncertainty not shown
Remaining syst <10% of stat errors
| 1 l l 1 Il l 1 l | 1 1 l | | 1
lepton 1

WWND2014

DSSV++ fit includes 2009 A;, and 2012 A, results

T L AL B B B
i i

3
| DSSV4++%,
[" w/STAR data ‘\.

\

Q*=10 GeV*

| YT SN NSNS SN (NN T SN NS S S

008 -006 -004 -002 O

0.02

JAdx.Q% dx
0ns

W- A is consistent with DSSV08

theory prediction.

Ipssv
1 avi=2%

15

Ax2

10

||||.-“.l T -Iuvllxuu.‘.l'-

Ipssv
|8 =2%

"Na”
| INIRPEEN IS S U USSR S AN N

006 004 002 0 002 004 006
Jaux,Q? dx
aos

W+ A is larger than the DSSV08
prediction, the new fit (DSSV++)
on the anti-u quark shifts
significantly which indicates a
larger anti-u quark polarization
contribution to the proton spin.

Xuan Li (Temple Univ.)
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Extend the rapidity to isolate sea quark contribution

STAR Preliminary Run 2012

* Extension of backward /A
forward ne acceptance I | p+p—> W* e +v

{s=510 GeV 25 < E; <50 GeV

enhances the sensitivity i
to anti-u / anti-d quark 0.5
polarization

= STAR Forward GEM 0r
Tracker (1<|ne|<2) fully /
installed for 2013 run. -

-0.5[

Lt Au )
L=y qwt _Ad
i 7=
‘/—nwmcaos/)
—— DSSV08 CHE NLO
=1~ Dssvo8 Lo withay2=1 pdf error ——

3.4% beam pol scale uncertainty not shown
Remaining syst <10% of stat errors

1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 |

-2 -1 0 1 2
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Projection of W A, in combined 2012/2013 data

STAR Run12 + Run 13 Projections /s = 500 GeV

A
: P+poWE+X sef+X W'—
25 < E7 < 50GeV

In| <1.5 L =250pb~*

1.5 < |g| < 2.0 L=165pb~?

-----

.........

Run 9 svs. error

w DSSVOS LO with Ax? = 1 pdf erro

0.2
5% sys. error beam pol.

_0-4 8 RHICBOS

= = = DNS—-K
’ == DNS — KKP

«ow o wes DSSVO8 \

. -

0.61 w- w+ CHE n
- e DSSVO08 W
-2 -1 0 1 2

WWND2014 Xuan Li (Temple Univ.)

D. de Florian et al., Phys. Rev. Lett. 101 (2008) 072001

0.1

005 F

.
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Phg
e
.
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.
e —~

-
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i
-

.
e
.....
«

=
—

0 :_. --------------------
[ —— Dssv - - - CTEQ x(d-u) ]
------ DNS -
-0.05 | —--- GRSV (val) === DSSV Ay’=1 -
[ aoeree xQSM DSSV Ay’ /x*=2% ]
L L1l 1L il L L1l 11111 L L1l 11111

3 2 1

10 10 10 1

X

* Large data sample
already collected in 2013
will further improve the
constraints on the sea
qguark polarization.
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Summary and Outlook
* Gluon polarization program:

— 2009 inclusive jet A measurement suggests small, non-
zero AG.

— 2009 di-jet measurement opens the path to constrain the
shape of Ag.
e Sea quark (W boson) program:

— Mid-rapidity: 2012 W- A suggests a larger anti-u quark
polarization contribution.

— Forward/Backward rapidity: STAR FGT upgrade.

— Long. 500GeV runs in 2012 (~85pb) and 2013(~310pb1)
allows us to achieve higher precision measurements.

— Longer term upgrades are planned to prepare for the
transition from RHIC to an EIC.

WWND2014 Xuan Li (Temple Univ.)
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Backup
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Jet Reconstruction

(((( y
%Tracking
Detector jet %
RN Em. cal
| R
R L
R
\ o
\ I
Particle jet : ;™ Ketc
wTh
— — — 5 - o

Midpoint Cone algorithm[aXiv:hep-
exp/0005012]:

— Collect towers+tracks within a cone of
radius (R=VAn?+Ad?) 0.7.

— Split/Merge fraction 0.5.

Anti-k; algorltth,iHEP 0804:063 2008]:
T N=0,-y)+Ho-0)

— Collect towers+tracks based on particle
1/k; . Select R=0.6.

— less UE and pile up.

d - )
. mm(kﬁl k2 )

— Infrared and collinear safe.

Apply both jet algorithms on
detector, particle and parton jet in
data and embedding.

WWND2014 Xuan Li (Temple Univ.) 27



Di-jet kinematics in 500GeV p+p collisions
= V/s\/Z1Z2 Mg + 14 = ln =

L2
X, ¥S. (113,11 4) an =60 GeV ys=500 GeV X, ¥S. (113,11‘) Mm =60 GeV {s=300 GeV
= 0!
10*

107 14

10? i~

R O ] gy b Bt e | 0
25 0 05 1 15

“ . - LA L) ey ""'
K 2 25 3 a5 4 0 . Yt v e

1
Tq (2) = 7 ( 773( n3) +pT4en4(—n4))
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W reconstruction

e Runl2

>
3 — STAR 2012 Data
N - W—evMC
o 600— [ ] Data-driven QCD
: M ==
@
w
200
0 50 70
E; (GeV)
3 O
Second EEMC
(O]
< :E B w-tvMC
E 3001~ i\i}_‘m M zZ-eeMC
s Preliminary Run 12
>
[i1]
200(—
W-
100
0 ) 70
Et (GeV)
WWND2014 Xuan Li (Temple Univ.)
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Recent results - W production

o Impact of new DSSV result

|| || IllIlII 1 1 lIIlIlI I 1 I 1rrrmn
i S | 1
01 F xAu-Ad) ... ! n
_ o "4 -
i RN Y i
o’ AN I
- .,./ . \. I -
005 o “ —
= .,o B |.\ -
- N -
L~ [ -
N e I
[ —— DSSV - - - CTEQ };(a 1) _
b s DNS .
005 F ---- GRSV (val) DSSV Ax -
------ ¥QSM DSSV Ax 2=2% ]
[ 1 1L 1000l 1 [ lllllll I L L ilillll
3 2 -1
10 10 10 \ 1
WWND2014 Xuan Li Temp@@ﬁhf 0.16

D. de Florian et al., Phys. Rev. Lett. 101 (2008) 072001

RHIC Spin Collaboration (2012)

From recent DSSV++
result incl. STAR AL
data:

1
/0.05

1
»/0.05

Az, Q*)dz ~ 0.02

Ad(z,Q*)dz ~ —0.05
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FGT cosmic ray - residual
* Use the top and bottom quadrants to determine the
projected value for the middle quadrant.

Mean -0.0005126

I-| r RMS 0.02207

50

= 22 I ndf 76.69 /78

C R [m N Constant 48.48+1.29
40 | B {] u g

c ’_Hm}}ﬂ D‘L[L{ Mean  -0.0008249 + 0.0005678
30 W H N Sigma 0.02369 + 0.00046 Si gma = 240um
20 f [1.1] “ \Hh n
10 fAm/L %-ﬂ%ql‘\
H.06 004 w02 0 0.02 — e s

dr[1]{0]
Mean 1.214e-05

*E i RMS 0.0006961
70 ; /"'ﬁl[ﬂ.‘ %2 I ndf 134/77
60 = A |_|r \L[,I Constant 65.53+ 1.72 Slgma — 06mrad
50 c ) 1 Mean  -1.427e-05+ 1.546e-05
oF ]/Ilﬁ \, Sigma  0.0006624 + 0.0000103 => 180um @ R=30cm
= / VVLLL
20 - N L/’J \%
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Assumiﬁé;llvqugdrvants have same resolution:
Single detector position resolution = Residual at middle quad/1.22 (from simple geometry)

180um residual @ Middle => 150um resolution at each detector
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FGT cosmic ray - efficiency

“Good event”: with clean one cluster in R&p of two quadrants and calculate
efficiency for third quadrant within good trigger area.

e Sensitive to noise at higher HV & low Threshold.

Top-Short “Golden event” Hit Map

Reading the short octant
Top Middle Bottom
3.3kV 73% 83% 81% - higher thr 76%
3.4kV 83% 88% 78% - higher thr 86%
- 3.5kV 87% 95% 61% > higher thr 86%

Efficiency calculated in this area only Default Thr= 4*PedRMS(~40)*3timebin ~ 500

Middle- Long ”Golden event" Hit Map Higher Thr =7 * PedRMS(~40)*3timebin ~ 850
I . Top Middle Bottom
34kv | 72% | 60% | 70%

-20F

Efficiency calculated in whole octant

. Use the cosmic ray results to decide
Dond V) sonton g which quadrant for final installation.
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Forward jet for gluon polarization

" RHIC  DIS -

0.1

0.1
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STAR Forward Upgrade

* Detector concept

proton nucleus
EEEEEEEEE)  E——

~ 6 GEM disks

Tracking: 2.5<n<4

//// EMS FHC

TPC padrow
Tracking and
PID up ton~1.5

- W powder E/HCal

| ]

c Preshower
RICH 1/2" Pb radiator
Baryon/meson Shower “max”
separation
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