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Proton Spin Structure
Origin of the proton spin?

Poorly Constrained

1 1\ / Very little is known
(SPy== 2AZ+AG+(LQ>+<L9>

AZzAu+Ad +AS+ AT +Ad +AS

Poorly Constrained

> PP at RHIC = QCD lab: strongly interacting probes
> High ¥ make NLO pQCD analysis more reliable

» PHENIX spin program:

> Longitudinal spin program = Gluon polarization distribution +
Anti-quark sea polarization
» Transverse spin program = sensitivity to <L,> + Transversity
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Accessing 4G in p+p: A,

» PHENIX longitudinal spin program = Gluon
polarization distribution

From e*e
(& SIDIS,pp)

Za,b,c:q,a,g Afa X Afb X A(? %g’ﬁ/c

04+ —~+ g4 —

From ep (&pp)
(HERA mostly)

« So roughly, we have:
AL = agyAG7 + bygAgAG + ciqAG°

where a,b,c depend on kinematics and probe
Ag Ag
g G q q

« Af = Aq, extracted from pDIS
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Measuring A |
PHENIX Analysis Plan

O Cross-sections
» Establish validity of Next to Leading Order

Hard

perturbative QCD for RHIC kinematics. tterin
» Test understanding of detector, measured 5. »CKP,.C:&:: J

observable and quality of simulations

S :>
0 Asymmetries
» Provide access to polarized parton distributions
A O44+ — (T+_ 1 \?_|__|_ — R:\?—I——
LL = —
ory+or B Py Nyy + RNy
+ - = Opposite helicity = = /= €& = + = P €=
++ = Same helicity = =9 €= + == €

* Helicity Dependent Particle Yields (N)
e 10 nt, 7,1, etc

e Beam Polarization (P)

* Relative Luminosity (R=L,,/L,)
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Relativistic Heavy lon Collider
...worlds 1st p p Collider

RHIC pC Polarimeters

\
— ] e, BRAHMS & PP2PP (D)
o L = 2x10%tom>2 o+ Absolute Polarimeter
max ~ > .
S L H jet
6 70% Polarization (Hjet)
@) PHENIX (d 50 < /s <500 GeV O
@ STAR (3) ¥
— Siberian Snakes
Spin Rotators
o 2 x 101 Pol. Protons / Bunch
Partial Siberian Snake ¢ =20 7 mm mrad
7 LINAC  550sTER S T - n
o
Pol. Proton Source X
500 pA, 300 ps /' ’ /
200 MeV Polarimeter ¥~ AGS Internal Polarimeter

Y\Rf Dipoles

RHIC accelerates heavy ions up to 100 GeV/A
and polarized protons up to 255 GeV
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PHENIX Detector

PHENIX Detector Layout

Philosophy (initial design): pcy Magnet  TEC _
» High rate capability & precision

» Good mass resolution & particle 1D
o Sacrifice acceptance

TOF-W|

¥YoT =wo6L

Special interest for spin (1°M=>yy)

Electromagnetic Calorimeter:
» 6 sectors PbSc with 64 layers
of Pb and scintillator
» 2 sectors PbGl, used in WA98

> An - Ap = 0.01-0.01 T
Charged Particle Veto

Aerogel

| <
<

» Pad chambers directly in front
of EMCal

ZDC South ZDC Nort-h

ulD

(]
Relative Luminosity i
» Beam Beam Counter (BBC) |||||||

MulD

Yog =wWw601

(3.0< n<3.9)
» Zero Degree Calorimeter (ZDC)

il South Side View North

: 18.5m= 60 ft
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Cross Sections from PHENIX and pQCD
—~ 102 _ .+ PRD76. 051106 (2007) 02— PRD83, 032001 (2011)
mt.:J E o E‘ mU = il'_
o o ) a =0 ™ = AN
'% 105. E m§ i‘ it > 10°L LY p+p—n+X
O 4L a £ % o (n+m)/2 O E =
p- " EP 9 2 F \s = 200 GeV
Eok ) B Uy Ejoik B
2 F W L1o2k LA "’-: - " hi
3107 N b, N B 05k NLO pQCD
=] B e E - - = .
' 1[33? h\\ - w - --u=p/2
4 C \"\;.. - 6 =3 -
10 N I AT AT A IR 10 = —H pT
5 115225335445 -
10 pT (GeVie) 10_? - W T
10° S
7 | 10° g
10 NLO pQCD S =
10° (by W.Vogelsang) TIWLL -
= CTEQ6M PDF; KKP FF \i‘“m 10°E
10°E MER/Z P 2R, h Ti;:;f;?i:'- = 9.7% normalization uncertainty BN
o) fl 11 | 111 | L 11 | 111 | 11 | 111 | 111 | 111 | 111 | | I-hl-h- 10_10 ;_ |i$ nolt inclludedl | | | I
8 1 :_ f!,—\\\ 9.?0’4} ngrma_"zaﬂon uncerta"'“‘y‘ 8 1l5£_|| 1 L 11 L 11 111 111 111 111 | L 11 111
— E - is not included e E
8 0.5 ;_ F’ _ Semmal e - - g 05§_
2 o7 - B T =
:i: - /'f — g O
§ -0l5 ;_ ..................................................................................... - a _05;_ | ) | | | l l |
= = . . . ) ) ) . . ) U||| 111 111 IIIEIII1GIII12 14 |16III18 20
0 2 4 6 g8 10 12 14 16 18 20 p (GE\HC)
p, (GeVic) T

Consistent with NLO pQCD calculations over several orders of magnitude =
pQCD suitable framework for treating polarization observables in these kinematics
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2009 Inclusive A ™7 Analysis

o 4x4 tower triggers at 1.4 and 2.1 GeV
threshold

o 14 pbt @ <PgP,>~0.30

o Charge veto cut

0 -6 Nns<TOF<8ns

o %2< probability cut of being EM shower
o Energy Asymmetry cut of <0.7 for n only

Reconstruction
» Calculate A (7° + BG) and A | (BG) separately
» Get background ratio (wgg) from fit of all data.
» Subtract A (BG) from A, (=° + BG) :
AL (n?+ BG) = wygA (17) + wpg A (BG)

A | systematics Value

Relative luminosity 1.3x103 “Dominant”

Background Fraction Est. | 1% — 2.1% of stats uncer

High vs low mass bkgrd | 0.16x103

Non-longitudinal Pol. [-4.2% , +2.6%)]
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Relative Luminosity Systematic

N BBC
> Relative luminosity is measured using BBC counters, R = EBC
. . 1 r_ —r -
> Systematic Uncertainty, A", = T e where 1 = —2bC
PR r, +r_ Nggc

BBC vs ZDC

» Different geometrical acceptance

» Sample significantly different class of events
o BBC fires predominantly on charged particles and photons
o ZDC fires on neutrons and photons (setting behind the accelerator's bending
magnets)

» Large transverse single spin asymmetry, Ay, in neutron production is apparent in

ZDC triggers = Sensitive detector to spin effects.

Historically
Run, Vs Gear ™0 Ay, SMallest Geys RL If this is due to a physics
uncer. p; bin asymmetry, it should be
2005, 200 GeV 13x10 2.5x10 constant year to year.
y y Typical uncertainty on this
2006, 200 GeV 8.2x10 7.5x10 number ~2.5x10, and it is
2009, 200 GeV 8.1x104 13x104 not consistent?
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RL Studies: May be A, coupled with some geometrical
effect could be faking (ZDC - BBC)
asymmetries???

.‘-*“. o The longitudinally polarized beams have some
Transverse || small transverse component

- Bl & Transverse running in 2012 gave us an opportunity
to test a hypothesis = we angled the beam
through the PHENIX IR and calculated our typical

w I - .
Lefl | 0y 4o [Risht BBC/ZDC asymmetries
i -.1 * -
{ z ﬁ‘" ¢ Ideally, the beams that traverse IRs in "zero"
‘ ! S magnetic field region are assumed to be at straight
X Lol - Lo
;f...:" ¥~ heutron paths and will look like: S E—
o1
f7
xf'r,f" ® Intersection geometry of beams can be decomposed into three

A components (x 2 planes)

¥ proton
- /' ............. studied in Run12!
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Results: 2012 Beam Angle Scan at PHENIX

e
< o003
+

<€ o.002

0.001

Predicted behavior from simple
considerations, supported by MC.:

T haf 88.78 176 \A—I——I— tO - X (PB —I_ PY)Q

-0.001

-0.002

-0.003

TI\|HH|HH‘IIII|III\|IIII|HH‘IIII‘HII|III

B U s v ) S

o & 555 ,o A:O_ﬁ;e % A_|__ to . =

-::3 oo ﬁ,f " ooa203 s kS8 I Other beam effects /

< oL P 0.3579+ 0.5261
ama Consistent o 2erc H-H Can seemingly explain non-
m_ %% 1 physical (_Iarg_e parit_y viplating)
oues = asymmetries in longitudinal
o running with a transverse beam

B BB B T B T E2 o Component + AN

This study was limited in scope and could not completely explain our false
asymmetries. In 2013, PHENIX commissioned new scaler readout:
® looks at the interaction from different angles and offsets simultaneously
® covers the entire running period
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2009 #° Results
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. Combined 2005, 2006 and 2009 data P, (GeVic)

favor larger A | than the DSSV best fit
predicts
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2009 n Results  ;,.c
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Inclusion in Global Analysis

n° p, (GeVrc)
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DSSV++
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02

005

0.1 02
[ Ag(x.Q") dx

« Stratmann and Sassot recently included 2009
data in DSSV++

* First indications of non-zero AG

> Ag(x)dx =0.1 4990

0.05 —0.07
compared to DSSV’s|0.0057 15,

02

0.1

« Good constraint in x-region probed at RHIC

« Preliminary results shown here in RHIC Spin
write up arxiv:1304.0079

iRHIC 200 GeV':

xAg

Q*=10GeV* |
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http://arxiv.org/abs/1304.0079

Conclusions

» PHENIX has measured A, of n° & n production in 2005, 2006.
n¥ data was included in global analysis (DSSV)

o 2005 and 2006 =° data significantly constrained AG in the accessible
kinematic range, 0.02<x<0.3, as found by DSSV global analysis

» Larger data sample in 2009 included in a new fit (DSSV++).
DSSV++ indicates non-zero AG

v Ag(x)dx=0.1 206

0.05 —0.07
o 2009 results appear to favor larger AG compared to DSSV

o Best fit AG (0.1) contribution roughly the same size as quark spin
contribution (*2AX~0.125), though uncertainty on AG is still large

Thank You
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Model: Case of Collinear Beam Angle

[, . Acceptance

Fewer o i I R () — modification
_or- SR T T I A factor

More 1| - I L anersy |
Particles , ;
(from AN) | o e A -

SE) (18) | | (1+3) (15) ..

e A
@ ~to -

Different | -
Asymmetries \ A .

Show transverse
pol. direction
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Constraining 4G
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: : +DIS L xAg ;
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Results from 2005 & 2006 constrained AG.
DSSYV fit world data, including p+p for first time.

— PRL101:072001, 2008
— PRD 80:034030, 2009

.05

0.2
/ dx Ag(x,Q* =10GeV?) = 0.005fg:}§3
Jo

Large uncertainty remains below RHIC x-range.
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RHIC data offer significant constraint at 0.05 < x < 0.2.

RHIC
region
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