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Contributions to Proton Spin Structure

Consider proton moving right

Proton spin =

Ag(X
g( ) coming into focus:

Polarized DIS: ~0.3 f Ag(x)dx =0.1 igigg
005 arXiv:nucl-ex/1304.0079

Spin sum rule: <Sf>—%—%AZ+AG+ L >
AN

Proton spin ﬂ poorly constrained

R

Transversity — data over limited kinematic range: x; < 0.3
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Contributions to Proton Spin Structure

Consider proton moving right

/ Proton spin =
G Ag(X
g( ) comingintofocus:

Polarized DIS: ~ 0.3 f Ag dx 0. 1—88?
005 arxiv: nucI ex/1304.0079

Spin sum rule: <Sf> l lAZ+AG+ L>

2 2 \
*AR spin program:

xploring components of : poorly constrained
the proton with limited Proton spin ﬂ

constraints

Transversity — data over limited kinematic range: x; < 0.3
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Relativistic Heavy lon Collider as a Spin Collider

A\
u‘b&/ @
o

Concert of Facilities
e OPPIS = LINAC = AGS = RHIC

Polarized-proton Collider

* Mitigate effects of depolarization resonances
with “Siberian Snakes”

* Polarization measured with CNI polarimeter

e Spin rotators provide choice of spin orientation
independent of experiment

X{7= >\ RHIC Beam Characteristics

* Clockwise beam: “blue”; counter-clockwise

beam: “yellow”
* Spin direction varies bucket-to-bucket (9.4 MHz)

e Spin pattern varies fill-to-fill
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Solenoidal Tracker at RHIC

Inclusive hadron measurements:
Barrel ElectroMagnetic Calorimeter (BEMC),
Endcap ElectroMagnetic Calorimeter (EEMC),

and

Forward Meson Spectrometer (FMS)
FPD (east) not shown

i | Jet and di-hadron

\ measurements:

— TPC + Barrel + Endcap

¥ Ll EMC

‘: el For details on STAR hyperons, stay tuned for
E. Sichtermann’s talk, coming right up!
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Inclusive Hadron Production at STAR

STAR p+p—n%n+Xat\s=200GeV
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PRD 86, 051101(R) (2012) X

Inclusive m° production at Vs = 200 GeV measured over
three ranges of pseudorapidity at STAR
All in agreement with NLO pQCD predictions (DSS Frag. Func.)

- Important benchmark for asymmetry studies

(Inclusive jet cross section at 200 GeV also found in agreement with NLO pQCD)
PRL 97, 252001 (2006)
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STAR Longitudinal Asymmetries from Inclusive Hadrons

P+ p' > 20+ X,/S =200GeV

3 j ' ' -7 4 oisF. —a _ > ALLE. <1AR 2006 PRELIMINARY
< 0<n<1 T <_| - GRSVAg=g GRSV A g=std p+p—>.TEO+X 0.0t .
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PRD 80, 111108(R) (2009) pr (GeV/e) Accepted for publication in PRD 015 02 025 03 035 04 xF

S. Wissink, Spin 2008

A,, for Inclusive n° production at Vs =200 GeV measured
over three ranges of pseudorapidity at STAR

e Complementary to STAR jet measurements
* Expect A;,; to decrease with increasing pseudorapididty

* Current statistics dominated by 2005/2006 datasets
* Higher-statistics datasets under investigation

STAR Spin Measurements - Drachenberg 6



STAR Transverse Asymmetries from Inclusive Hadrons

=z L
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Accepted for publication in PRD
STAR has measured sizeable transverse single-spin
asymmetries for forward 71 and # production
At high-x;, n asymmetry may be larger than that of 7’
Asymmetries at intermediate pseudorapidity consistent with zero

Above results mostly from 2006 (6.8 pb* at 55% polarization)
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STAR Transverse Asymmetries from Inclusive Hadrons

015 M. Anselmino et al., PRD 86, 074032 (2012)

L 0 .
& e Collins effect
0.1Ff
£ 005f . 2
i 0 [ o ]
o ..-.-..l...----.--.--------- [ i-l... ............... A
r =33 R=3.7 :
008 = 05""04 06 02 04 06

STAR data from PRL 101, 222001 (2008)
Current models based on fits to SIDIS and e*e™:
* “The Collins effect...is not sufficient for the medium-large
X range of STAR data, x. < 0.3”
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STAR Transverse Asymmetries from Inclusive Hadrons

M. Anselmino et al., PRD 88, 054023 (2013)

M. Anselmino et al., PRD 86, 074032 (2012)
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STAR data from PRL 101, 222001 (2008)
Current models based on fits to SIDIS and ete=:

* “The Collins effect...is not sufficient for the medium-large
X range of STAR data, x. < 0.3”

» “..the Sivers effect alone might in principle be able to
explain...almost the full amount of STAR i’ data on A,”
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STAR Transverse Asymmetries from Inclusive Hadrons

M. Anselmino et al., PRD 88, 054023 (2013)

M. Anselmino et al., PRD 86, 074032 (2012)
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STAR data from PRL 101, 222001 (2008)
Current models based on fits to SIDIS and ete=:

* “The Collins effect...is not sufficient for the medium-large
X range of STAR data, x. < 0.3”

» “..the Sivers effect alone might in principle be able to
explain...almost the full amount of STAR i’ data on A,”

Theoretical questions remain about applicability to p+p data

of Sivers extractions from SIDIS
(e.g. Kang et al., PRD 83, 094001 (2011))
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STAR Transverse Asymmetries from Inclusive Hadrons
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Despite expectation of 1/p; scaling,
STAR data from Run-3 to Run-8
show no sign of 1/p- fall-off out to

p;~5 GeV/c

Asymmetries at intermediate-n consistent
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STAR Transverse Asymmetries from Inclusive Hadrons
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Recent measurements at Vs = 500 GeV show
no sign of 1/p- fall-off out to p, ~ 10 GeV/c

(consistent across multiple x-bins)
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STAR Transverse Asymmetries from Inclusive Hadrons

0.1

0.05

M. Anselmino et al., PRD 88, 054023 (2013)

Foeriiariet

STAR preliminary

SIVERS effect Xg =0.20 stat. band

Particular fit within scan of |

< acceptable fits to SIDIS

P (GeV)

Recent models based on SIDIS fits suggest flat p,-dependence for
Sivers effect out to p; ~ 7 GeV/c but at
lower magnitude than data
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STAR Transverse Asymmetries from Inclusive Hadrons

M. Anselmino et al., PRD 88, 054023 (2013) M. Anselmino et al., PRD 88, 054023 (2013)

70mrad - W i ' 70 mrad - T
30mrad +—e— STAR preliminary 30 mrad —s

0.1
STAR preliminary

SIVERS effect Xg =0.20 stat. band COLLINS effect Xg=0.20 stat. band

ol Particular fit within scan of | |

e acceptable fits to SIDIS\ _
b o i | N b
| Bt S | N T T
2 3 4 5 6 7 ;3 2 3 4 5 6 i 8
Pr (GeV) Pr (GeV)

Recent models based on SIDIS fits suggest flat p,-dependence for
Sivers effect out to p; ~ 7 GeV/c but at
lower magnitude than data
Similar behavior for Collins effect in some parameterizations
—> possible hint of Collins+Sivers effect?
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STAR Transverse Asymmetries from Inclusive Hadrons

0.1

M. Anselmino et al., PRD 88, 054023 (2013)

M. Anselmino et al., PRD 88, 054023 (2013)

gg m:gg C™"  STAR preliminary gg m:gg """ STAR preliminary

SIVERS effect Xg =0.20 stat. band COLLINS effect Xg=0.20 stat. band
ol Particular fit within scan of | |
< _ acceptable fits to SIDIS \ _

.-+ XL P \ ":}' g T8

L 2 5 S s W g l T 2 S W o

0r 4 L
2 3 4 5 6 7 8 2 3 4 5 6 T 8
Pr (GeV) Pr (GeV)

Recent models based on SIDIS fits suggest flat p,-dependence for
Sivers effect out to p; ~ 7 GeV/c but at
lower magnitude than data
Similar behavior for Collins effect in some parameterizations
—> possible hint of Collins+Sivers effect?
Twist-3 models also see flat p; dependence out to p; ~ 15 GeV/c
[e.g. Kanazawa and Koike, PRD 83, 114024 (2011)]
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STAR Transverse Asymmetries from Inclusive Hadrons

0.1

z -
< 0_09— 2track (35mr)n only
: 2 track (35mr) n_+Away ""rﬁk_;u‘\" AD)<-0.5

0.08— - 2 track (35mr) n % Near v's Cos(Ad)>0.

STAR Run 12 Preliminary

0.07{FFor =° s with X,<0.45:

-Events with “opposite side” photons
0'06 - “« ” prile
For “no” photons have similar A,. 4
0.05 [FSame side photons lead to much + :
Freduced A,,. a
0.04— T
0.03E- N 2 t + !
0.021— Y A | Formd ‘s with X,>0.45:
0.01 = ‘ Observation of additional
= A 4 i Photons reduce Ay.
o = I 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1
20 30 40 50 60

S. Heppelmann, DIS2013

Cluster ©° Energy(GeV)

Recent data from 2012 suggest that asymmetries for
pions with additional near-side energy deposit have
lower asymmetries than those of more isolated pions
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STAR Transverse Asymmetries from Inclusive Hadrons
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S. Heppelmann, DIS2013

- STAR Run 12
- Preliminary
" v/s=200 GeV

' Near Side

- (.]L
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2 1° Energy(GeV)

2 3

D

Ap=(P.—9,,.

Ly

Recent data from 2012 further suggest that asymmetries for pions

with additional near-side pion have

lower asymmetries than those with away-side or mid-range pion
> In both s = 200 and 500 GeV isolated pions show higher

asymmetry than jet-like pions

Forward neutral-energy jet analysis of 2011 ongoing (M. Mondal, GHP2013)

STAR Spin Measurements - Drachenberg
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Jet Reconstruction in STAR

STAR Di-jet event at detector-level

\\ //-
N

s

Data jets MC jets

Jet direction

GEANT

Particle
AL

e.g. Anti-k; algorithm (2011 results)

JHEP 0804, 063 (2008)

Y
PYTHIA

Radius parameter R =0.6

Use PYTHIA + GEANT to
quantify detector response

<

Parton

it Kinematic Variables
z— 1 momentum / jet momentum

— _/ :
j; — 1 p; relative to jet axis o : ;: E
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Fragmentation in STAR Jet Reconstruction

= = = =
N [2) & 4]

CTEQ6M subprocess fraction (R=0.7)

4
=

Parton-jet Level Association with Radius = 0.6

R 1'55 ——— STAR midpoint (qq) = —— STAR midpoint (qq)
[a) 1.4 - STAR midpoint (qg) — - STAR midpoint (qg)
o E — STAR midpoint (gg) || E —— STAR midpoint (gg)
8 13 ---- Anti*T (qq) = ---- AntikT (qq)
= E AntiT (qg) : AntikT (qg)
1.2 ---- AntikT (gg) 3 ---- AntikT (gg)
1.4 e
£ - NS -
o.9f— E— :
osf- Jet Patch 1 Trigger = Jet Patch 2 Trigger
e T Ve e e e e or e N R T B T N T R T
Jet pt [GeV] Jet pt [GeV]
: : subprocess trigger efficienc
Trigger Bias = P - &8 ﬁ Y
T average trigger efficiency
Y qq subprocess
- .aq * more efficient than qg or gg at lower p,
: qg * small fraction of event sample in p;-range
E e e - 99 where qq bias is significant
ST For anti-k,, particle-jet bias is factor
4

~2-3 smaller than parton-jet bias
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STAR Longitudinal Asymmetries from Inclusive Jets

* 2009 A,, =2 two pseudorapidity ranges Pl GRsveTD
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+8.8% scale uncertainty
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STAR Transverse Asymmetries from Inclusive Jets

']‘ . Collins Asymmetry A = 2<sin(¢s — ¢,)> vs. z Collins Asymmetry A = 2<sin(¢g — ¢,)> vs. j;
+p—jet+X 0.1 -
p tp J e Asymmetry L : STAR Preliminary

n— data horizontally offset for clarity

- A 7 Asymmetry

- T l\ """""""" +=ﬂ:*

systematic uncertainties
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III\IHI Illlﬂl m IYH-

-0.02
-0.04

2<sin(9s — by)>

-0.08

ic effects

ibuting to <1% of total uncertainty excluded - RHIC 2006 \/s =200 GeV

-0.5<n<0.0 - AIP Conf. Proc. 1441, 233 (2012) [ PTP o etm) + Xijetp, 210 Gev

_ : B 1 7 | - S ¥ S T, = A I T)
T+ Sers, M . N ® . s z JT (GeV)

: Ry - STAR measured transverse single-spin asymmetries
for inclusive jet production at central
pseudorapidity and Vs =200 GeV (2006)
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ooeE Phys. Rev. D 86 32006 (2012) . .
01—t = = s 5 and 200 GeV consistent with zero
p, (GeVic) PRL 99, 142003
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STAR Transverse Asymmetries from Inclusive Jets

g 041 — ] é é :
;3 008 . [ g — S —
2012 STAR data provide 0.06 = IlvTjTt>OlgGeV/C __________ S S— —
Opportunity for higher prECiSiOn 0.04 :_ ......... T]Jet< ......................................................................................................
and greatly reduced Systemaﬁc 0_02.5_ .............. [EREERP PP PPPPLS: R A II ................. I| ........ ........ ||.. ................................
. . o__ ....................................... FIE TPURSUUOUUUURIN 1 IOUTRUO- RPN I8 IOUUURRN: ................. ST N RS SR B
uncertainties atvs =200 Gev £ A
analysis well underway 0,08 - B— S— S— S— e
f,'f,ziIifﬁfZﬁQﬁiﬁZﬁﬁEﬁéiéﬁéﬁtﬁﬁédfSiéﬁﬁéﬁﬁtﬁiééiﬁﬁ!!ﬁﬁééfriéihiiﬁfﬁ[fff
_0_15.J.llj,.l.J.li.,.liJ..|.lj.LJl.,
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
c 06 J. K. Adkins, DNP 2013 z
-% . g9 qg
E osf- %2
4 ™ pP—jet+X 2011 STAR data provide opportunity for first
3 0 NLO CTEQSM measurements of central pseudorapidity

Anti-kT R=0.6

i<t inclusive jet asymmetries at Vs =500 GeV

- Increased sensitivity to gluonic subprocesses

0.2

0.1

Solid: Vs=200 GeV
Dotted: Vs=500 GeV

o
o

of
ol
ol
oL
A-
ol
g I
ol
oL
N
ol
-
ol
B
Wl

0% 04 04
Jetx, (=2p /\E)

STAR Spin Measurements - Drachenberg 22



Moments of Jet Asymmetries at 500 GeV

Various contributions to polarized jet+m cross section (TMD approach)
d0(¢s,¢h) — da(gbs + 77,0, ) ~ dAO, sin ¢
+dAoy sin(¢s — ¢, )+dAo; sin(¢s +¢,)
+dA0; sin(¢s —2¢, )+ dA0; sin (¢ +2¢,)

Phys. Rev. D 83, 034021 (2011)
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Moments of Jet Asymmetries at 500 GeV

Various contributions to polarized jet+m cross section (TMD approach)
do(¢s.¢,)-do(¢g + 7,9, ) ~ dAC, sin
+dAo; sin(qbs —th)--dAUf sin(ng +¢h)
+dAo; sin(¢s —2¢, |+ dAO; sin (¢, +2¢,)

Phys. Rev. D 83, 034021 (2011)

Negligible under maximized scenario!
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Moments of Jet Asymmetries at 500 GeV

Various contributions to polarized jet+mt cross section (TMD approach)

0.01

0.005

-0.005 - .
- projections for Vs 2300 GeV

-0.01

do (¢s,9,)—do (¢ +7.9,) ][ dAo, sin ¢,

|«dAGl‘ sin(¢ - ¢,) +|dAaf sin (@ + ¢, )

+dAo, sin((p -2¢, ) +dAo; sin (¢ +2¢,)

Ay

1n(¢S ¢n D’ AIeSIO et aI _

[ 0<n <1 SIDIS 1 _
L SIDIS 2 ............ 1
0 02 04 06 08

Phys. Rev. D 83, 034021 (2011)

Possible non-zero contributions,
expected to be quite small

e.g. Phys. Rev. Lett 99, 142003 (2007);
Phys. Rev. D 86, 032006 (2012);
Phys. Lett. B 720, 161 (2013)
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Moments of Jet Asymmetries at 500 GeV

Various contributions to polarized jet+mt cross section (TMD approach)

0.05

0.04 |

0.03 |

0.02 |

0.01 |

do’(¢s,¢h) — da(gbs + 77,0, ) ~ dAO, sin ¢
+dAo; sin(¢; — ¢, ) +dAo; sin(¢s + ¢, )

IedAaz‘ sin(¢s —2¢,) l dAo; sin(¢s +2¢,)

Phys. Rev. D 83, 034021 (2011)

Ae,]i\x;(q)s - 2¢f{) D’Alesio et al. | “ . . ’ .
Collins-like” asymmetry:
Rretzer B —— Sensitive to linearly polarized gluons

Completely unconstrained!

Maximized contribution

for Vs = 500 GeV o _ ,
Gluon helicity density matrix

1| 1+P. =P, "

_ circ lin
p _

2| -P. " 1-P.

lin circ

Off-diagonal terms related to linear

polarization in (xy) plane at angle ¢ to x-axis
Z Phys Rev. D 73, 014020 (2006)
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Sivers Asymmetries at 500 GeV

Asymmetries shown as — J. Drachenberg, MENU 2013
(/7] .
function of particle-jet pr £ ¢ o5/ p'+p —jet + X at /s = 500 GeV
Corresponding parton-jet ‘o 2 - Antirk, R=0.6 I | <1
p;lower by 0.6-1.4 GeV/c < -
0 _ *0 + * 5
Horizontal errors include - & ﬂ  {
uncertainties from B
. o . | ’ 0
statistics, calorimeter 0.05 OiF:o *TAR Preliminary
gains, efficiencies, track - F| | | | |

8 9 0T 12 13
Particle-jet P [GeV/c]

(3]
»
~N

momentum, and tracking
efficiency

e
>
.
o,

No sign of sizable azimuthal asymmetry
op—jeteX in jet production at Vs = 500 GeV
AMGAT R0 6 Consistent with expectation from

i inclusive jets, di-jets, and neutral pions
at Vs = 200 GeV

Subprocess Fraction
o
=9

o3}

o2}

01 . Solid: {8=200 GeV
Dotted \F =500 GeV
o e b b b b b b b

ol o0 0.1 0TE 0o 003 03 o4 0
Jetx, (=2p /\E)
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Sivers Asymmetries at 500 GeV

Asymmetries shown as g %5 p'+p—jet+Xat s =500 GeV
function of particle-jet p; @ < - Anti-k;, R=0.6
Corresponding parton-jet 0 05:_ A
p;lower by 0.6-1.4 GeV/c . i i
L 4 M % AN
Horizontal errors include _0_053_ <05
uncertainties from -

A - -
x>0 *TAR Preliminary
statistics, calorimeter 04 X <0
) I S S ST N S S S Y S S S N SO S

gains, efficiencies, track R 0.1
momentum, and tracking 5 F
efficiency << 005 J
B )
01 T T T T T T T : K
-1.0 1.0 (1.txt 0— *‘3‘7 *
VS =500 GeV -1605<<nn<<-8.8 %&3 ------- C * ’H(
. . txt) --eeeee- |
0.05 | 00<1<05 §4.t§t§ ---------------- - 005—_0-5 <k l<1 J}
0.5<n<1.0 (5.txt) ——~-~ bt *
_ Xe>0 T
= o F -0.277 = 0.151
ko - Elxe<0
= 0 -0'1_---'I:---.I....I....I....I....I....JII....
< 5 6 7 8 9 10 1 12 13
oo _TWiSt-3 Prediction . J. Drachenberg, MENU 2013 Particle-jet pT [GEV/C]
' Kanazawa and Koike ] . .
Phys. Lett. B 720, 161 (2013) Measured asymmetrles shown in r]-blns
-0.1 ] ] ] ] ] ] ] . B
s 6 7 8 9 10 11 12 13 No sign of sizable asymmetry

P; [GeVic]
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Collins Asymmetries at 500 GeV

Increased gluonic subprocesses 2: " p'+p—jet+n +Xat s =500 GeV
at+s = 500 GeV lead to T . Ol Antik,R=06 I I<T
expectation of small Collins  °g |
asymmetry until larger z B *
001 T T T T T T — T T 0— ‘ ‘ #
sin(¢g - 1) D’Alesio et al. ; —
' | x>0
0.005 ' -0_1:_:“+
01 E:wl_ 0.1— *TARPreliminary
n 2D -
[ i < - %
0005 | & o— @ @ % %
0em<1  SIDIST—— | <0
L ! SIDIS 2 «eeeeeeeens 1 - O
-0.01 — 1 01 =T
0 02 04 06 08 1 -~ Ol
¢ 01 02 03 04 05 06 07 08
J. Drachenberg, MENU 2013 2
Present data do not have sufficient statistics at high-z
to observe Collins asymmetry of order 1%
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Collins-like Asymmetries at 500 GeV

0.05 : -
Ain(os=26)
00T Kretzer FF —— |
DSS FF -eeeeeeeeee:
0.03

' Maximized contribution|
for Vs = 500 GeV

0.02 [ e
001
0<n;<1
0 1 1 | 1
0 02 04 0.6 0.8 1
Z
0.05 ; -
14511\;1 (g — 205 )
00t Kretzer FF —— |
DSS FF eeeeeeeens
0.03
0.02
001
-1< n; < 0
0

0 02 04 0.6 0.8

z D’Alesio et al.

Model predictions shown for “maximized” effect, saturated to positivity bound
Until now, Collins-like asymmetries completely unconstrained

STAR Spin Measurements - Drachenberg

1

§ . p'+p—jet+x + X at Vs =500 GeV
= 0.1— Anti-k,R=06 I I<1
€ L jet
n 2D —
< B
00— @ r) —#
. x>0 +
- e +
01—
| .;-[;'
— T [T U S U AU R T (T S S T S N S T S T I T SR
o B
o B ..
& 01 *TAR Preliminary
£ = B
® D B
T 0 .
o— o < &3
- Xg<0 %
[ Ot
-0_1_
L Ol '
01 02 03 04 05 06 0.8

J. Drachenberg, MENU 2013

—> Sensitive to linearly polarized gluons
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STAR Transverse Asymmetries from Di-hadrons

(I)R'q)s

D o' -o

7’| m* o' +o

l
| (P — ) = Ayp sy — @)
Ay b ®H1L

¢s: Angle between polarization vector and event plane

Another path to transversity:
interference fragmentation functions via di-hadron asymmetries
Advantage: applicable in collinear framework

STAR Spin Measurements - Drachenberg 31



STAR Transverse Asymmetries from Di-hadrons

AR Riin 6 Preliminary \$£200 GeV
T+p— mr#X l

T
(77,

- STAR Run 6 Preliminary\s=200 Gev | 50 04

<025§p?+pen+ﬂ+x,<n>=+05 ........ ............... ............... ...... <03 <

- 0.4

sing

I
o)

0.2 — T— — T— T— — — — 0.03

(=]
-
o

|
T T T 1

T T

—_——

| ; ; reI systematlc uncertamty of 4. 6 % not shown

* M N R 0.01 T

T T

0
‘ rel. systematic: uncertainty of 4.6% not shown

T T

T

(pZ™) [GeVi/c]

e ; - -0.01=

03" 04 05 06 07 08 09 T 11 %2 .08 -06 -04 02 0 02 04 06 0.8

A.Vossen, CIPANP2012 Mitmrlt [GeV/cz] A. Vossen, CIPANP2012 'rl
+

Non-zero signal for di-hadron transverse single-
spin asymmetries in 2006 data
- Inform transversity at higher x, Q??
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STAR Transverse Asymmetries from Di-hadrons

¢

= 0.14 0.04

- . - £ =""*[STAR Run 6 Preliminary {5200 GeV
< - —e—— pl+p o w*w+X, 2.4 pb™! 58% pol (2006) T ) o . X
0.12 i L p'*tp— T TH
B <T|> =0.5 —8—— pl+p o ' +X, 62 pb” 60% pol (2012+2015) < - PP l
o1E | 0.03
' B —%—— pl+p > 1'n°+X, 62 pb™ 60% pol (2012+2015) B I
0.08F I N
- + i 0.02
0.06[ | B -l
0.04f ph 0.01- I l
0.02F b= {’ . : T
of {' 1 Y ¥ 1 t or
[ l - rel. systematic: uncertainty of 4.6% not shown
-0.02|—STAR Run-14/15BUR N
[ I Ll I Ll I L Ll I ) I - I Ll 1 1 [ ) - l | - l ) I - l Ll 1l l Ll -0'01 1 1 1 L 1 I L 1 I L 1 1 i 1 1 1 1 1 1 1 1 1 il 1 1 1
0.3 04 05 06 0.7 08 09 1 11 1.2 08 06 -04 02 0 02 04 06 0.8
M, [GeV] A. Vossen, CIPANP2012 n..
bl

Non-zero signal for di-hadron transverse single-
spin asymmetries in 2006 data
- Inform transversity at higher x, Q??

2012+15: opportunity for much higher precision
Analysis of 2012 data underway
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Summary

* STAR measurements play a vital role in understanding nucleon spin
structure
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Summary

* STAR measurements play a vital role in understanding nucleon spin
structure

* STAR inclusive hadron production
- Cross-sections and A;; measured at three pseudorapidity ranges
- Persistence of sizable A, at forward pseudorapidity to p; ~ 10 GeV/c
- Measurement of 7° A, for the first time at intermediate pseudorapidity (0.8 <n < 2)
- asymmetries consistent with zero
- Precise investigation of A, dependence of on event topology
- asymmetries in jet-like 71° are smaller than asymmetries in isolated 71°
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Summary

* STAR measurements play a vital role in understanding nucleon spin
structure

* STAR inclusive hadron production

Cross-sections and A;; measured at three pseudorapidity ranges

Persistence of sizable A, at forward pseudorapidity to p; ~ 10 GeV/c

Measurement of 7° A, for the first time at intermediate pseudorapidity (0.8 < n < 2)
- asymmetries consistent with zero

Precise investigation of A, dependence of on event topology

- asymmetries in jet-like 71° are smaller than asymmetries in isolated 71°

 STAR inclusive jet and di-hadron production

Significant constraints placed on gluon polarization > between DSSV and GRSV-STD
First signs of transversity at RHIC through inclusive jet and di-hadron asymmetries
Investigation of transverse single-spin asymmetries for the first time in inclusive jets
at central pseudorapidity and Vs =500 GeV

> First ever measurement of “Collins-like” effect from linearly polarized gluons

> Stage set for analysis of A,,;-moment evolution from 200 GeV to 500 GeV
Analyses underway of Collins and IFF from 2012 run —> higher statistical precision
and reduced systematics
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Collins-like Asymmetries at 500 GeV

+

T
0.05 _
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DSS FF eeeeeeees
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STAR Spin Measurements - Drachenberg

0.1 1 D’Alesio et al.

= ol - =
& o p' +p — jet +7° + X at Vs = 500 GeV | O
g’ [ sTAR Preliminary | Antik,R=0.6 -1<n <1 2
£ - - - jet >
» D o
< [ 3
i i o
o - ‘ &
® =
L i c
0.1<z<0.8 0.1<z<0.2 8
I ® .+ * I L ®
I ® I _ P
— -0'1._...|....|....|....|....|....|....._...l....|....|....|....|....|....
< 0.1+ —
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g’ s At
c - -
<7:<: - A
(R B - {
0.3<z<0.8
A
Vﬂ:'
0.1 T T T T
02 03 04 05 06 07 02 03 04 05 06 07
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Measured asymmetries shown for -1 < n < 1in z-bins
Consistently below 2% maximum from model
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Collins-like Asymmetries at 500 GeV

= o1 _ —
“.'e *7 p'+p— jet+x" + X at Vs =500 GeV o
" . - .
£ 5TAR Preliminary Anti-k, R=0.6 -1<n <1 a
C = - - jet >
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i I o
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i I Y.
a'S i N T T | i N S SR B
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Similarly, no large effect observed as a function of jet p;
Measured asymmetries shown for -1 <n <1 in z-bins
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Collins Asymmetries

= o -
Z” 0.1<z<0.8 | p'+p—jet+x" +Xat Vs =500 GeV
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Present model predictions expect negligible effects for
Ayt Vs. jr integrated over z > 0.1
Measured asymmetries shown for x> 0 (i.e. 0 < n,,, < 1) in z-bins

No sign of non-zero asymmetry as a function of j; or jet p
Similarly, no sign of positive effect for backward region (x; < 0), as expected
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STAR Longitudinal Asymmetries from Inclusive Hadrons

p+p —n* + X at\s=200 GeV -1<n’< 1 P +p — 7 + X at s=200 GeV -1<n'< 1
< 0.1~ — GRSV-STD < 0.1~ — GRSV-STD
—AG=0 m — AG=0 T
— AG=G | — AG=G
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2005 STAR Preliminary 2005 STAR Preliminary
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* STAR measured A,, for inclusive charged pions during 2005

A, () — A, () is sensitive to the sign of AG
 Difficult to trigger on charged pions

Used the E/M calorimeter jet patch trigger as a surrogate
- significant trigger bias (dominates syst. error band)
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STAR Longitudinal Asymmetries from [Ackusive Hadrons

0.1 0.1

trigger here 0.08F 0.085
- 2006 STAR Preliminary - 2006 STAR Preliminary
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z=p(xVp. ) A |p Conf. Proc. 1149, 277 (2009) z=p,(=)p (et)
e Making lemons into lemonade
— Beat the trigger bias by using it
e Trigger and reconstruct a jet, then look
T T+ for a charged pion on the opposite side
TT* : .
e Correlation measurement significantly
MEastire these increases the sensitivity of A, , (7t")
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STAR Transverse Asymmetries at Central Pseudorapidity

p' +p— jet+ X at ys = 500 GeV p' +p > jet+n" + X at s = 500 GeV
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01— - 2011 provides first look at transverse-spin

B i inclusive jets at central pseudorapidity
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