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You think you understand something?

Now add spin....
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The proton structure:

where does the proton spin come from 2

quark gluon quark&gluon
1 1 spins spins orbital motion
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First spin crisis:
quarks only provide = 30% of the proton spin

Where is the rest of the proton spin?
Gluon spin? Orbital motion?
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The proton structure:

where does the proton spin come from 2

quark gluon quark&gluon
1 1 spins spins orbital motion

sea quarks & gluons , valence flavors
" 1 1" xu+ s {1 x(Ad + Ad)
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Most helicity results from Deep Inelastic scattering, but DIS
can access gluons only indirectly, and sea quark distribufiar

extractions are model-dependent
4




Polarized proton-proton collider
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Gluon Helicity




Gluon polarization

1 1
— =—AYX4+AG+L
5 5 +AG+ =
h =
A ottt —oT™
LL =
oTT 4o
A h
zAplepzxaxDp
A h
p1 X p2 X 0 X DJ
p1, P2 =q/g S
‘ g s gg 9g —> gq ngq | m'@200GeV
_AgAg _Agq Ag Ag Aq

g & ng qg q



WOALL

23 0.06f
e @200 GeV
0.04— PH ENIX
-~ Preliminary !
02— . .
0.02r e q Swadhin Taneja
O *9e«si ' : S = e T
- 4 EHEE pssv (SingiEs| DSV + PHENIX
-0.02" 0,005 Run9 0 A |
:_"5 ok <)} - Runs (9.7% Vertical Scald Unc.)
'0‘04: ﬂ ¢ il *} O Rung (8.6% Vertical Scale Unc.)
_005'_'0'00&1 15 2 25 3 il ey 3 3
* 5 p'(GeWc) - .
TR TN (NN VT T T NN N AT U NN TNNY NN R BN SN T a1t |
0.08— 4 8 8 10 12
P, (GeVic)
08 S ———
: gg dominqnt qt Iow pT : lé”l 0‘01 \;l ' lIl”FJI 0‘(‘- 0‘1 ‘l
06 |- X x
04 -
02 -
0
0




Mapping vs. x
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More probes @ midrapidity
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Sea Quark Helicity




Sea quark helicity
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W central

Non-zero asymmetry!
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W forward

RPC3 North Station
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Transverse Spin




The proton structure:

where does the proton spin come from 2
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Second spin crisis:
transverse effect not small!
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TMD Factorization

o(pp = hX)x DF x DF x 6(qq — qq) X FF




Transversity

h
N Accessible via the Collins mechanism:

left-right asymmetry from correlations between quark transverse

O
V § spin and outgoing hadron direction

h YTZ,
gl- # hl"@‘ ‘J — ‘VZ
g g Phy

ANOCh1><H1J'

BUT!!

TMD factorization not valid in
pp => hadron reaction!

Ay also generated by other effects:
- Higher twist effects
- Sivers effect




Sivers mechanism

Azimuthal asymmetry generated by correlations between
quark transverse momentum and the proton transverse spin

Quark Density in 2D

S
Spatial deformation due to spin-orbit |
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Which effect?
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AN for n° @ midrapidity

PHENIX Detector
rC3 A
TEC. i

2011

) M3 Central

Magnet
. T
- 028 PHENIX Preliminary,\'s=200 GeV, [n|<0.38
e 2« [ Vertical Scale Uncertainty: 4.8% e 0
£ 02—
wec VX = = T )
015  *TE..... | PR P Frcosesid } ........ } .......
0.1/
Y = . ,
West Beam View East =
0.05—
0
-0.05 —
An = 0
N ~

o

24




AN for n° forward
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AN forward
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Transversity

h
N Accessible via the Collins mechanism:

left-right asymmetry from correlations between quark transverse

O
V § spin and outgoing hadron direction

h YTZ,
gl- # hl"@‘ ‘J — ‘VZ
g g Phy

ANOCh1><H1J'

BUT!!

TMD factorization not valid in
pp => hadron reaction!

Ay also generated by other effects:
- Higher twist effects
- Sivers effect




Transversity x IFF

Interference Fragmentation:
left-right asymmetry from correlations between quark transverse

spin and relative orbital angular momentum of the hadron pair
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Transversity x IFF @ midrapidity

ANO(}MXHf

= 0.08 = 0.08
.5 = B . . Er B
<°° oo PHENIX Preliminary —8— p*no "<=o o PHENIX Preliminary —®— h'n’
06— —m— O 06— —m— -
~  p+p 2006+2008 \/s=200 GeV "+h ~  p+p 2006+2008 \/s=200 GeV n’h
— —— . L +
0.04— h'h 0.08F- —5— h'h
0.02— + , 0.02— + +
- Y $ - : lﬁ |
0 B T *] *:I ....... + o L s | Ii‘] |_|, e —
-0.02[— -0.02[— .
0.04— " 0.04— ™ p, > 1GeVic, |n| <0.35
—  (Scale uncertainty 10% not included) p, > 1GeVic, 0| <0.35 "' (Scale uncertainty 10% not included) 0.5<m_ < 1.0 GeV/c?
o I (I S T NN T ST SO KT ST TR N S T S A T T SR NS S S R . L N | N L L | | L L L | | L | L L | | L L L L
0.06 =732 0.6 0.8 1 1.2 1.4 1.6 -0.06 3 4 5 6 7
m,, (GeV/c?) P, (GeVic)

29



Near Future measurements




FVIX

Longitudinal Spin program:

;Mwm— Flavor dependent sea quark polarization:
* S/B study for W - > muon

* Drell-Yan for anti-u-quark polarization
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FVIX

Longitudinal Spin program:

— Flavor dependent sea quark polarization:
* S/B study for W - > muon

* Drell-Yan for anti-u-quark polarization
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FVIX
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Transverse Spin program:

— Heavy flavors Transverse SSA
* sensitive to gluon Sivers
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Transverse Spin program:

— Heavy flavors Transverse SSA
* sensitive to gluon Sivers

— Drell-Yan Transverse SSA

* sensitive to quark Sivers
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Sivers in Drell-Yan

SG dimuons |

Quark Density in 2D
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Physics program
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Sivers in Drell-Yan
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Quark Density in 2D
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log(x,)

Mapping the Sivers mechanism
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Sivers in Drell
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Sivers vs. Collins

Sivers mechanism Collins mechanism

Quark Density in 2D
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What’s needed?

RPC3

Good Tracking

. Los Alumos, RBRC
Tracking chambers

n=12

Il Magnetic field
ulD Los Alamos, RBRC, UCR

. ‘ " Good jet reconstruction
Lepton Identification uIuC

Hadronic calorimeter

EM calorimeter + Preshower
RBRC, ISU

- Hadron Identification
Detector simulation in
Ring Imaging Cherenkov

progress... Stony Brook
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Summary

Broad spin program @ PHENIX
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