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A Challenge from Transverse Single-spin Asymmetries

Transverse single-spin asymmetries

have always presented challenges:
* Look to higher twist
* Non-collinearity
* Non-perturbative effects
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A Challenge from Transverse Single-spin Asymmetries

Transverse single-spin asymmetries

have always presented challenges:
* Look to higher twist
* Non-collinearity
* Non-perturbative effects

Opportunities with pT + p:
Expanded kinematics! Eliminate u-dominance! Direct sensitivity to g!
Tests of Evolution? Factorization and Universality?

PRD 93, 014009 (2016)

Kang et al (2015)
0.04— ========= Anselmino et al (2013)

o] Kang et.al (2015) — \ Kang et al (2015) ———
Anselmino et al (2013) ===sesees -0.2 Radici et al (2015) . | | | |
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Asymmetry Measurements in Hadroproduction

jet+hadron: B di-hadron:
TMD factorization Sa! Collinear factorization

\%

PRL 115 242501 (2015)

Similar to SIDIS, consider two azimuthal angles:
Anselmino et al., PRD 73, 014020 (2006) . .
FYuan, PRL 100, 032003 (2008) * (¢g -- between polarization vector and eyent plaqe
DAlesio et al., PRD 83, 034021 (2011) * ¢y or Qg -- between event plane and pion or pair
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Asymmetry Measurements in Hadroproduction

jet+hadron: B di-hadron:
TMD factorization Sa! Collinear factorization

\%

PRL 115 242501 (2015)

Similar to SIDIS, consider two azimuthal angles:
Anselmino et al., PRD 73, 014020 (2006) . .
FYuan, PRL 100, 032003 (2008) * (¢g -- between polarization vector and eyent plaqe
DAlesio et al., PRD 83, 034021 (2011) * ¢y or Qg -- between event plane and pion or pair

Studying both over range of collision energy:
* Probe evolution of transversity and TMDs with Q?

* Probe open theoretical questions, e.g. TMD factorization-
breaking and universality
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Transverse Asymmetries for Quark Jets
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Asymmetry modulations

sensitive to various contributions
(often involving transversely

.
.t
PRS0
.
PR

polarized gluons)

polarized quarks or linearly

Ayt — Transverse single-spin

asymmetry (also written Ay)

// Transverse Momentum Dependent (TMD) Approach
// Tern:ss ;:gt;r;liza:ggzt‘;MD English Names Modulation
] ANfa/AT * fous * Doy Sivers o PDF o FF sin((i)SA)
. hie ANbe/B °D,, Transversity ® Boer-Mulders o FF sin(¢SA)
‘ /’l# ° ANbe/B ° Dﬂ,q Pretzelocity ¢ Boer-Mulders ¢ FF Sin(qﬁSA)
o PJET hfo fb/B o ANDﬂ/qT Transversity ¢ PDF ¢ Collins sin(q)SA - ¢H)
ANfa/AT * ANbe/B * ANDﬂ/qT Sivers ® Boer-Mulders ¢ Collins Sin(¢sA — ¢H)
Anselmino et al., PRD 73, 014020 (2006) hitef, .® ANDWT Pretzelocity ® PDF o Collins sm(q)SA + ¢H)
F. Yuan, PRL 100, 032003 (2008) N I; IN;
D’Alesio et al., PRD 83, 034021 (2011) A fa/AT °A be/B °A Dﬂ/qT Sivers ¢ Boer-Mulders e Collins Sln(ngA +¢H)
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Transverse Asymmetries for Quark Jets
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// Transverse Momentum Dependent (TMD) Approach
// Terg\;;:gumzza:ggzt‘TMD English Names Modulation
] N Sivers e PDF o FF sin(¢, )
' qu Transversity e Boer-Mulders ¢ FF sin(¢SA)
‘ /’lllTa ° Ame/R ° Dﬂ,q Pretzelocity ® Boer-Mulders o FF Sin(qﬁSA)
PJET l hf' fb/B ® ANDﬂ/qT Transversity ® PDF ¢ Collins Sin(q)SA - ¢H)
Tm A”Uqu Sivers ¢ Boer-Mulders  Collins Sln(¢sA - ¢H)
Anselmino et al., PRD 73, 014020 (2006) hitef, .® ANDWT Pretzelocity ® PDF o Collins sm(q)SA + ¢H)
D'Ali;e\s(iuoag Zﬁ'Lplsg,gg%%gazéiO(Ozi)l1) ANfa/AT [ ANbe/B O ANDﬂ/qT Sivers ® Boer-Mulders ¢ Collins Sln<¢sA ar ¢H)
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Asymmetry modulations

sensitive to various contributions
(often involving transversely

.
.t
PRS0
.
PR

polarized gluons)

polarized quarks or linearly

Ayt — Transverse single-spin
asymmetry (also written Ay)
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Relativistic Heavy lon Collider

RHIC as Polarized-proton Collider

* “Siberian Snakes” = mitigate depolarization resonances

* Spin rotators provide choice of spin orientation
independent of experiment

* Spin direction varies bucket-to-bucket (9.4 MHz)

e Spin pattern varies fill-to-fill
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Pioneering High-Energy Nuclear Interaction eXperiment

o RHIC as Polarized-proton Collider
» “Siberian Snakes” = mitigate depolarization resonances
* Spin rotators provide choice of spin orientation
preses N\ independent of experiment
Y ¢ Spin direction varies bucket-to-bucket (9.4 MHz)
Spin pattern varies fill-to-fill
Central Arms

In] < 0.35

|Ap| = /2 + /2

High resolution and rate capabilities

Jet+Hadron and Dihadrons at RHIC - Drachenberg 8



Solenoidal Tracker at RHIC

<o RHIC as Polarized-proton Collider

* “Siberian Snakes” = mitigate depolarization resonances
Spin rotators provide choice of spin orientation
independent of experiment

Spin direction varies bucket-to-bucket (9.4 MHz)

Spin pattern varies fill-to-fill

PHOBOS

\

v\ e _

e G S Ha Jets and di-hadrons
-\ A TPC + Barrel + Endcap EMC

¥ and jet-like
measurements
FMS

Trigger on
— - _~  calorimeter energy
.

East
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Jet Reconstruction at RHIC

STAR Di-jet event at detector level Data jets

\\ //-
N

s

Jet direction MC jets

Detector
A
Y
GEANT

Particle
A

e.g. Anti-k1 algorithm

JHEP 0804, 063 (2008)
Radius parameter R = 0.5 or 0.6

Y
PYTHIA

Use PYTHIA + GEANT to
guantify detector response

Parton
A

7T Kinematic Variables
Z — T momentum / jet momentum ~ _
Jjr — T pr relative to jet axis O_’%‘_O

Jet+Hadron and Dihadrons at RHIC - Drachenberg 10




Sensitivity to Transversity at RHIC

0.4 T T T 0.2
- = —jet+ it \s =200 G 0
| craaon R o
02 — :_ b * - F
7 I 1 016" Pperugia 0 Tune
<|1_ 0 L / 1 0.14— *Excluded: +
I 1 oq2f. @ —aT g b
- ] - q3—agg
H H HHHH 0 99~ ad - -
i I 1 0.08— - ®
e I el -
5 Or &\ />_: 0.06— + - - -
e R 7 -
< B 0.04 — -
0.2 F . = -
i gg]g 1777 1 002 1K Adkins, APS2015 +# ":':.:
04l i e N oL T VT 1 | | g
0.001 0.01 0.1 1 3 25 2 Lot ! 05 0
Anselmino et al.,
PRD 92, 114023 (2015) X
Access to transversity in interesting region!
* Limited constraints
* Potentially large effects
* Insight into nature of Collins mechanism!
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Polarized-proton Datasets at RHIC

Unique opportunities to probe nucleon spin structure!

Polarized proton runs

—— 250/255 GeV
=== 100 GeV

2013 P=53%

15 P=55%

72009 P=34%
j 2012 P=59%
2011 P=48%

2009 P 56% //2006 P= 55/
2005 P= 47/

2012 P=52%

2006
2006
2008
2011
2012
2015
2015

0 2 4 6 8 10 12 14 16 18

Time [weeks in physics]|

Jet+Hadron and Dihadrons at RHIC - Drachenberg

20 2015

e oo o v Lo

Transverse Luminosity Recorded

8.5pb!l 2.7 pbl 57
62.4  02pbl 0.02pbl 48
200 7.8pb! 52pbl 45
500 25 pb! -- 53/54
200 22pbl 9.7pbl 61/58
200 53pbl  52pbl  53/57
200 pAu  0.42 pb? 0.20pbl 60
200 pAl 1.0 pbt? -- 54

PHENIX numbers for |zytx| < 40 cm
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Polarized-proton Datasets at RHIC

Unique opportunities to probe nucleon spin structure!

Polarized proton runs

Transverse Luminosity Recorded

—— 250/255 GeV
=== 100 GeV

2013 P=53%

15 P=55%

72009 P=34%
j 2012 P=59%
2011 P=48%

2009 P 56% //2006 P= 55/
2005 P= 47/

2012 P=52%

e oo o v Lo

2006 85pbl 27pb! 57
2006 62.4  0.2pbl 0.02pb! 48
2008 200 _ 7.8pbl 52pbl 45
2011 500 25 pbl - 53/54
2012 200 22pbl  9.7pb! 61/58
2015 200 53pbl  52pbl 53/57
2015 200pAu 0.42 pb? 0.20pb? 60

0 2 4 6 8 10 12 14 16 18

Time [weeks in physics]|

Jet+Hadron and Dihadrons at RHIC - Drachenberg

»d 2015 200 pAl 1.0 pbt -- 54

PHENIX numbers for |z, | < 40 cm

Dramatically increased figure of merit
in recent years
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Pioneering RHIC Measurements

5 0.04
<
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A clear message despite limited 0

Ayt for h + h and jet + m* for data collected in 2006 and 2008

pl+p — n*+ x,

Vs = 200 GeV

%

|1\|II|‘\III|I\II|IIII|

T

PRL 115, 242501 (2015)

__u | | [ RIS RN BTN L PR
£ o(z)
= e o 0 °
3 .
— ° [ ]
[ ]
08 06 04 02 0 02 0.8

sin(¢gg—¢y )

-0.1L

precision of early datasets:

0.1f

|l = =n*Asymmetry
—

- A 7 Asymmetry

Systematic effects contributing to <1% of total uncertainty excluded

L R. Fatemi, AIP Conf. Proc. 1441, 233 |

STAR Preliminary

n— data horizontally offset for clarity

RHIC 2006 Vs =200 GeV
pTp - jet(r’) + X; jet p >10 GeV

0204 06 08 107 1 o

z Jr (GeV)

< 0.08
'ﬁ<’° o PHENIX Preliminary —8— h'n?
) p+p 2006+2008 \5=200 GeV —&— 7%
—=— h'h

0.04

0.02 K# + t bj + +

III|I[I|III|II[|III|I]I|III

-0.02
N o, h', b’
0.04 PHFENIX + p, >1 GeVic, || <0.35
(Scale uncertainty 10% not included) 0.5 <m,, < 1.0 GeV/c?
oo+ L1y s e pow

3 4

5 1 1 it 6 7
P; (GeVic)
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Pioneering RHIC Measurements

5 0.04
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A clear message despite limited .
precision of early datasets:
Access to transversity effects in

Ayt for h + h and jet + m* for data collected in 2006 and 2008

L pt4ep = at+ T,

Vs = 200 GeV

%

%

PRL 115, 242501 (2015)
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0.1f
[ 7 Asymmetry . STAR Preliminary
n— data horizontally offset for clarity
m - A m— Asymmetry
S L . ] !
I }
e | 4t |
\ﬁ/ __ ............................................... | — - EEEEEE. .. .....]-.t ’..»—_%‘ ....................................
m b _eyslo ertainties tic uncertainties
: : Systematic effects contributing to <1% of total uncertainty excluded j RHIC 2006 Vs =200 GeV
r R. Fatemi, AIP Conf. Proc. 1441, 233 | PTP - jet(') + X; jet p,>10 GeV
_01[|||||||| Lol | Y R
0.2 04 0.6 0.8 10 . 1 10
z it (GeV)
= 0.08
£ - B
< [ PHENIX Preliminary —%— h'g?
0.06 — W . On
- p+p 2006+2008 \'S=200 GeV mh
0.04— h'h
0.02— + t + +
9 - j / |
0.02—
- T n° h', b
004 PH“ENIX p, > 1GeVic, | 1| <0.35
" (Scale uncertainty 10% not included) 0.5<m_ <1.0 GeV/c’
L I 1 1 1 1 I 1 1 1 1 I 1 | 1 1 1 1 I 1

charged pions at RHIC
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5 1 1 it 6 7
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Comparison of Early Data to Theory

n<0, /5=200 GeV

0.08} _
sosl { : Compare with models
o ' based on SIDIS/e* e~
0.04} ,
< ; 1 _ Band represents 68% of replicas
0.02f } { 1 deduced by fitting SIDIS and e T e~ data
e - \/'s =200 GeV
0.4 0.6 0.8 1.0 1.2 cob6r—m—m—m—m———m
M, : STAR Data: _
0.04 PRL 115, 242501 (2015) {
Overall agreement in terms of R 1:?;1’ ggj:ﬂzet;(ljm -
invariant mass _ [ 31 ’ 12016) 4
—> Same mechanism as in SIDIS! < 002p 43 e
Deviation at more forward scattering 0.001
—> Tension with SIDIS? :
- More information needed on Dy ? . _
002 T o5 00 05 10
7
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Newest Collins Results at /s = 200 GeV

o.0a- [m]m* STAR Preliminary
. Xg>0
- [== ‘
F L §
2 o ! ¥
e SRR Y | R
5 = | # L]
< b
I~ p'+p —jet+ x* + Xat Vs =200 GeV \
-0.04- 5.6% Scale Uncertainty Not Shown
..........................
0.1 <0.6
0.75—
I T e e e e L L T
i I 5 Al AR S . . . i
0.125 < iT <4.5GeV/c
1.5
. L e e e e B ] R
b o A A
5 0 15 20 = 2 30

15 20 25
Particle Jet p_[GeV/c] | o Adkins, Spin 2014

Clear first observation of
Collins asymmetry in p + p!
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Newest Collins Results at /s = 200 GeV

o.0a- [m]m* STAR Preliminary 0.0a- [m=]m* STAR Preliminary
Xg>0 . Xg>0
- [ - [E=n
= L L = L :
. o ! }
& O -[- ------------------------------ & O ity SECEELEEEC R | ERECRRES
[

a5 | ¥ i ¥ a5 | L

< ¥ < } *
~ p'+p —jet+ n* + X at Vs =200 GeV I~ p'+p —jet+ "+ Xat Vs =200 GeV \

0.04- 5.6% Scale Uncertainty Not Shown -0.04— 5.6% Scale Uncertainty Not Shown
) ) . . ) L I I
E  10<dJetp < <316 Gevic I 01<z<06

- 16— 0.75—

R — + ------ + ----- ++ ----------- b S it e .
*E i e A A e A e e
Y 025 <j <4sGeVE
0.75 1.5+

. L e e e e B ] R

N OB oo { + ._+_.

0.25 - * 051 4 + g
—— - - | g 110 ................... 3|0 .
1
10 . Gevic] "Bartile Jetp, [GeVIel | (¢ (| kins, Spin 2014

STRONG dependence upon jr

Jrain = 2% AR X pr), Clear first observation of
AR = \/(met ) + (9 —-0.) Collins asymmetry in p + p!
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Newest Transversity Results at /s = 200 GeV

- 0.08

< 0.06

0.04

0.02

-0.02 -

o.0a- [m]m* STAR Preliminary
PP - 7ntn™ + X at v/s = 200 GeV e 0
o) = 0.84 STAR preliminary E I Db ‘
L 'Y »
u(n)=-0.84 ? E 0__ """""""" o Ty § T + """"""""""""""""
g ; <[ b
é I~ p'+p —jet+ x* + Xat Vs =200 GeV \
— s -0.04- 5.6% Scale Uncertainty Not Shown
e o Ly
0 <0.6
NP, S L SO L R I
K. Landry, APS 2015 0.5~ e —— —
N L T0125<, saseevie . L o
4 6 - 10 S S
pT" [GeV/c] o 4 + e e
5 i 15 20 2 30

Significant, high-precision
di-hadron asymmetries

Pa”'eJe‘P (Geviel J.K. Adkms Spin 2014

Clear first observation of

Collins asymmetry in p + p!

Jet+Hadron and Dihadrons at RHIC - Drachenberg
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Newest RHIC IFF Results at /s = 200 and 500 GeV

=
= - + .
"’<= 0.08— PP = a4 +X ® \s=500 GeV
- STAR preliminary
0.06 :_ = \s=200 GeV
0.04 -
- ',
0.02— } L)
- it .
’ t
—0.02—
C I I I I I I I I
o uf
S : Y [} ®
[ 12— )
O o
~ 10
s =
Cas
6 ;— n ™ ™ ]
4 :_ 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
M. Skoby, Spin 2014 M., (GeV/c?)

K. Landry, APS 2015

Jet+Hadron and Dihadrons at RHIC - Drachenberg

Significant non-zero
di-hadron asymmetries at
Vs =500 GeV!

* Increasing with pion pr
* Enhanced around p mass

Consistent behavior
observed in \/s = 200 GeV
when scaled for 2{p;)/+/s

20



RHIC Collins Results at /s = 500 GeV

-0.05

0.05

-0.05

pl+p —jet+a" + X

STAR Preliminary

02 04

- oy

O/NeD €'

/NSO C°€

Non-zero Collins

asymmetries observed

at /s = 500 GeV!

* Strong dependence on

ARmin (] T,min)

Jet+Hadron and Dihadrons at RHIC - Drachenberg
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RHIC Collins Results at /s = 200 and 500 GeV

pl+p —jet+a" + X

=T 0.05 Non-zero Collins

T» | STAR Preliminary 2
-‘§<5 : s asymmetries observed
L bk + L at+/s =500 GeV!
o S I A ® < Strong dependence on
- LE}U r+j % l =
=l T e .
I ARpmin (f T,min)
i l i  Consistent with /s = 200
0,05 [ R o], 1 GeV results for consistent
— e Vs=200GeV, P o =129 GeV/c
0.05 ;— 3 Vs = 500 GeV, EpT:ie;=31.0GeV/c ‘I:; CUtS and x’]"
SR T
-0.05
- o N
arXiv:1501.01220 0.2 0.4 0.6

Z
At the current precision, Collins results fromp + p
appear consistent with x; scaling
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RHIC Collins Results at /s = 200 and 500 GeV

0.06
0 m () =310 Gev Compare with models

004 Z0TT e () =129 GeV & based on SIDIS/e* e~
0.02 * Assume universality and

E ' robust factorization

i!;i 0 * Assume no TMD evolution

B

<

0.02

0.04 |
- Theory: Kang et al.
| Data: STAR Preliminary
0.06 L

0.1 0.2 0.3 0.4 0.5 0.6

Z

——— 5 59090909090 0 0 0 0 0 0 0 0z &/ 0 0 1
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RHIC Collins Results at /s = 200 and 500 GeV

0.06

oo mn (') =310 Gev Compare with models
004 Z0TT e () =129 GeV & based on SIDIS/e* e~
0.02 * Assume universality and
E ' robust factorization
\égH 0 * Assume no TMD evolution
B
<

0.02

0.04 |
- Theory: Kang et al.

| Data: STAR Preliminary
oL

0.1 0.2 IO.3 0.4 0.5 0.6
Suggest universality of Collins function!
Suggest slow or mitigation of TMD evolution!
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RHIC Results at /s = 200 and 500 GeV

-0.05

0.05

-0.05

pM+p —jet+a" + X

| STAR Preliminary

Closed points: *; Open points: &
|

Lol |

IIIIIIIIIIIIIIIII |

o Vs=200GeV, (pm) =12.9 GeV/ic

ﬂ Vs = 500 GeV, P, ,m> =31.0 GeV/c
o

fffff Q:fé@ﬁ
1 .

0.2
arXiv:1501.01220

0.4 0.6

Y4

e,.
oD g1 = (i

/N8 ¢’

sing

STAR Collins and IFF results
* Consistent with x7 scaling
 Consistent with expectations based on SIDIS/e*e™
* Obey very different evolution rules:

Collins—TMD vs. IFF—collinear

= = + -
& 008 pl4p — 7"+ 7+ X e \s=500 GeV
- STAR preliminary
0.06— = \s=200 GeV
0.04—
- ¥,
0.02— + o) ¢
B ? Y
0 - *T
-0.02 -
C I I I I I I I
o 1uf
~ -
? 120 « o °* ¢ ¢ ¢
O =
~ 10
+ o
g 8
6 ;_ ™ ] n n ]
4 :_ |||||||||||||||||||||||||||||||||
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6
2
M., (GeV/c?)
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RHIC Forward Collins Results at /s = 500 GeV

0.05 0.051-
C plep> M+X @ §=500 GeV b= inclusive 2° x: > 0 Fpl+p->jet+ T+ X @ {5=500 GeV
0.04— 0.04— .
- STAR Preliminary —+— inclusive 7° x < 0 - anti-kT R = 0.7
- C STAR Preliminary
0.03__ .2% beam pol. scale uncertainty not shown A= 0.03 _— pIEl > 2 Gev
n . { < » 28<n_<4.0
Z 0.02— ' » 002 jet
< C * % = L 5 0<Z, <09
= o - i
0.01— { * * ‘”<D 0.01— § .
¥ SN
0;- """"""""""" +{ """"" ? """""""" f """"""""""" ¥ ..... 0 EoE 5.2% beam pol. scale uncertaint ty not shy own é """
0.01— 001
Eel v by by b b P b Py by g 1y C . | | P | |
0.16 0.18 0.2 022 024 026 0.28 0.3 032 0.34 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Y. Pan, Spin-2014 XF XF

10 Collins asymmetry possibly nonzero?
Insufficient to describe large inclusive asymmetries at high xp
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Additional Modulations

Anselmino et al., PRD 73, 014020 (2006)

Transverse Momentum Dependent (TMD) Approach
F. Yuan, PRL 100, 032003 (2008)

D'’Alesio et al., PRD 83, 034021 (2011) Te";‘;;“ﬂ':‘r“g“g“;ﬁ‘:gzg“"" English Names Modulation
A"f +®fus® Dy Sivers o PDF o FF sin (¢, )
ImF *A"f, *D,. | «Bsocrmuidersiike » FF sin(g,)
Py 87, D, | ol | onls)

+= N Transversity-like ¢ PDF : _
ImFa+— .f;;/B *A Dn/Tf e Collins-like Sm ¢SA 2¢H

ImF_®f,p° A"D

Pretzelocity-like ¢ PDF .
TS \ e Collins-like sin( @, +2¢,
o AV f

N N Sivars ¢ Boer-Mulders-like o .
AT, !B A Dn:/Tf’ \ Collins-like sin(¢g; +2¢,

alAl

N N N Sivers ¢ Boer-Mulders-like 5
A fa/AT *A fT{’/B *A Dﬂ/T{” k e Collins-like Sm((p&; =29y

\

UNCONSTRAINED!

Hadroproduction can probe additional asymmetry modulations
(e.g. sensitive to linearly polarized gluons)
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Additional Modulations

%: [ pl+p—jet+x +Xat Vs = 500 GeV Transverse Momentum Dependent (TMD) Approach
) __ Anti-k, R=0.6 (p_ )=9.5GeV/c ;
g‘” 0.02 - T il Terms in Numerator (?f T™D English Names Modulation
€ B SSA for gg Scattering
- B + — N ° ° i 1
< of- s E?{’: A fa/AT fors Dmg Sivers  PDF o FF SIH((Z)SA)
L - N Transversity-like .
- ImF;_ *A fT{’/B .Dn'/g . Boer—MuIdersy-Iike e FF sm((pSA)
-0.02 — *7 P
L 0<n <1 AR Preliminary —+ N Pretzelocity-like :
n et h ImF_ *A fT]b/g * Dn/g . Boer—MuIdersY—Iike o FF Sln((bsA)
- +- N Transversity-like ¢ PDF :
0.02 C ® w* ImFa+— ¢ ]‘;J/B *A Dn/Tf ° Colli¥15-like SIH((PSA - 2¢H)
T ‘E ™ _— N N N Sivers ¢ Boer-Mulders-like g
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z UNCONSTRAINED!
Hadroproduction can probe additional asymmetry modulations
(e.g. sensitive to linearly polarized gluons)

FIRST MEASUREMENT!
Present data sit well below maximized contribution of ~2% at low z
Present data should provide first constraints on Collins-like effect
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The Near-term Future: Collins Evolution

p" + p(Au) — jet + * + X

;Io_05 L[58 p+p, Vs = 200 GeV (Preliminary 2012)
")
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<
'(7,<:) B = p+p, /s =500 GeV (Preliminary 2011)
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Preliminary 2011 and 2012 Collins asymmetries suggest x scaling
Implications for TMD evolution?
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The Near-term Future: Collins Evolution

p" + p(Au) — jet + n* + X

;I 0.05 |— | B85 p+p. /s = 200 GeV (Preliminary 2012)

é_m B o+p. s = 200 GeV (proj. stat. 2012+2015) I

C% 5 B = p+p, /s = 500 GeV (Preliminary 2011) ‘ ngher prECISIon In 2015
< B 5. 5= 500 GeV ro. stat. 2017) and 2017 will allow more

precise comparison!
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Preliminary 2011 and 2012 Collins asymmetries suggest x scaling
Implications for TMD evolution?
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The Near-term Future: p + A Collins

p' + p(Au) - jet + n° + X

210_05_ o p+p, /s = 200 GeV (Preliminary 2012)
_'e_cn B 0. s = 200 GeV (proj. stat. 2012+2015) I
g [ [ e sy ! Higher precision in 2015
L | (e 22500 Gov . st 2017 and 2017 will allow more
I . recise comparison!
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i ! glimpse of Collinsinp + A
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Preliminary 2011 and 2012 Collins asymmetries suggest x scaling
Implications for TMD evolution?
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Summary

* To describe transverse-spin phenomena, need a deeper
understanding of QCD
* This pursuit has led to magnificent work into the TMD formalisms
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Summary

* To describe transverse-spin phenomena, need a deeper
understanding of QCD

* This pursuit has led to magnificent work into the TMD formalisms

* RHIC-spin measurements play vital role in extending knowledge

First observations of transversity effects in polarized p + p

Possible x7 scaling for Collins and IFF asymmetries

Apparent consistency between SIDIS and hadroproduction!

First experimental limits on Collins-like effect
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Summary

* To describe transverse-spin phenomena, need a deeper
understanding of QCD
* This pursuit has led to magnificent work into the TMD formalisms
* RHIC-spin measurements play vital role in extending knowledge
- First observations of transversity effects in polarized p + p
- Possible x1 scaling for Collins and IFF asymmetries
- Apparent consistency between SIDIS and hadroproduction!
- First experimental limits on Collins-like effect
* Recent and near-future runs offer even more potential
- 2015 offers the first investigation of Collins and IFFinp + A
- 2017 offers substantially increased precision for Collins and

IFF at 500 GeV
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Summary

* To describe transverse-spin phenomena, need a deeper
understanding of QCD
* This pursuit has led to magnificent work into the TMD formalisms
* RHIC-spin measurements play vital role in extending knowledge
- First observations of transversity effects in polarized p + p
- Possible x1 scaling for Collins and IFF asymmetries
- Apparent consistency between SIDIS and hadroproduction!
- First experimental limits on Collins-like effect
* Recent and near-future runs offer even more potential
- 2015 offers the first investigation of Collins and IFFinp + A
- 2017 offers substantially increased precision for Collins and

IFF at 500 GeV

Stay tuned for more results from RHIC transverse spin!
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