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Spin Physics at RHIC-PHENIX

How much does gluon spin align to proton spin?

Proton structure, especially
spin structure, is still unknown.

Shinealight on
the gluon polarization Ag
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Spin Physics at RHIC-PHENIX

How to measure Ag
Measure ALL In

—

P p — X production. P
X : Pions (
Direct photon
J/Y
Any hadrons P
Ap, = 2+~ 9+
O++ + O'+—

0] (—)2+ [(eafAq] ( )+ [ooqq( )2]

SO



Spin Physics at RHIC-PHENIX

Single Transverse Spin Asymmetry

Left - right asymmetry by

L eft

transversely polarized beam. y

AN = 1 G((p) B G((p

sin(@) a(e) + o(e — m)

Several approaches are suggested.

(Collins effect, Sivers effect, Twist-3...) A

Pion single transverse-spin asymmetry (A,)
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> AN of pions is measured
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> AN of pion, neutron is measured

by PHENIX




Spin Physics at RHIC-PHENIX
Anti-quark distribution (Aq) W|th W

W COUp|Iﬂ9 IS flavor sensitive. 7l RHICpps=500GeV .
(ud->W", ud->W ) | J”fzgofpb_l .
_-> Anti-quark distribution can AW ot
be extracted. 05 ¢ A (W) / ‘_
(-34 Au/u |
The operation with vs = 500 GeV | —— AVd ]
Is planned in the future. 4 e ees A
(Currently basic setup is 200 GeV ) %%
Measure parity violating AL. - N s
_ — ' L/ A/
AL(WT) = Au-d-Ad-u 0.5 Au/u NS
Au-d+Ad-u 0= My
_ Ad ] U _ Al_J _ d ; GS95L_O(A)
AN = d T md e
10 10 X






RHIC

> 2 polarimeters
-] - pC Polarimeter (High stat.)
- Polarized Proton Gas Jet
Polarimeter (Abs. value)

RHI( > Beam polarization : 47%

’.-l‘:k—'

.1-- . __ﬁ; 3 W, *
. ._ ¢

o w__! > Vs =200 GeV
| > Spin rotator can change

-

#1 spin direction of beam.

E > Remaining transverse
é" component is measured by
b

T Measure by Local
Polarimeters

PHENIX Local Polarimeter.

| > Different spin direction can
| be assigned to each bunch.




PHENIX

- Beam-Beam-Counter &
Zero Degree Counter
>BBC :3.0<|n|<3.9
’f?;'g >Z/DC :|n| > 6.6 (6 >2.8mrad)
—-* 2 > Minmum Bias Trigger (BBC)
Wl > Relative Luminosity (BBC&ZDC)
- > Local Polarimeter (ZDC)
- > Physics : Neutron (ZDC)
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& Central Arm

>[N <0.35 Ap =Tt

> EMCal, RICH, Tracker

> Physics : 11°, photon,
charged hadrons, electron.

Muon Arm

>1.2<|n|<24

> Muon |detifier, Muon Tracker.
> Physics : muon, J/{y, W



PHENIX

Beam-Beam-Counter &

Zero Degree Counter

>BBC :3.0<|n|<3.9

>Z/ZDC :|n| > 6.6 (8 >2.8mrad)

> Minmum Bias Trigger (BBC)

> Relative Luminosity (BBC&ZDC)
> Local Polarimeter (ZDC)

> Physics : Neutron (ZDC)

PHENIX Detector

PC3 Central
TEC
PC2 Magnet

Central Arm

>[N <0.35 Ap =Tt

> Tracker, RICH, EMCal

> Physics : 11°, photon,
charged hadrons, electron

Muon Arm

>1.2<|n|<24

> Muon Tracker, Muon ldetifier
> Physics : muon, J/yy, W




Luminosity & History

2001-2002 transverse spin run (First polarized proton run)
P=15% L=0.15 pb-1

2003 longitudinal spin run
P=27% L=0.35pb-1 FOM=1.86nb-1

2004 commissioning run (longitudinal spin)
P=40% L=0.12 pb-1 FOM=3.1nb-1

2005 longitudinal spin run (w/ short transverse spin run)
P=47% L=3.8 pb-1 FOM=185nb-1

| #(BBC live)/22mb |

000
£

as.mj,Acceépte,dLuminosity

1500

1000F

2000

We had first long

0 8 longitudinal spin run

in 2005.

Figure of merit is

—,,/ ...... Minmor Bias Sample 40 times larger than
L past years.

Days from April 1

FOM : Figure of merit = P4L



L ocal Polarimeter
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Central Magnet

South

Side View

phi Physics Asymmetry (blue,north) : SQRT formula
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Asymmetry
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p[0] = 0.0315 L 0.0015

pl1] = -0.0040 + 0.0438
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Measure AN of neutron in
very foward region.
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Rotator OFF
Clear asymmetry is measured.



L ocal Polarimeter

Central Magnet

South
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phi Physics Asymmetry (blue,south) : SGRT formula

w2 =11.3717
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p[0] = -0.0003 1 0.0011

Measure AN of neutron in
very foward region.
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Rotator ON
Asymmetry disapears.

Longitudinal component > 98%



Relative Luminosity

Central Magnet

|
it - i
wo =
uTr
LI South

Side Vie

BBC

I ALL = 1 Ne 2 RN b L

P-P N+++ RN+ L+

N : Number of measured particles
R : Relative Luminosity

— 1l P : Beam polarization

JIlfEvents detected by BBC are used.

ZDC Absolute scale is not necessary.

Systematic uncertainty evaluation

> Compare two detector with different acceptance.
-BBC :3.0<|n| < 3.9
-ZDC : |n| > 6.6 (6 <2.8 mrad)

() = Nzpoc(i) should be constant.
Nssc(i) (1: crossing number)




Relative Luminosity

Compare two rel. lum. detectors : BBC vs. ZDC
I'(l) — NZDC(i)

should be constant. (i : crossing number)

NBrc(1)
Fit r(1) to C[1+ a Ps(1)Pv(i)] : o is possible asymmetry.
: OR oa
ArL f 1. lum. =
OALL from rel. lum. 1s 5Py Pe - Pu P
After renormalization
| Width Correc ted E_LL vs fillnumber | — h3 03 by Chlsquare,
0.003 [— Mean 7119 -4
o M ot 2)3R=1.0x 10
& )
E “ |.'||H| | ||||| | {1' u| b) dALL = 2.3 x 10

} I '\ "' ” ‘"' I’|' NIH'I"l for 47% beam
polarization

R T c) ArL of BBC relative

00000000000000000000000000000000000000000000

Fill Number to ZDC is
consistent with O




PHENIX results - neutral pion

PHENIX Detector

East

West Beam View

> Clean measurement by
fine segmented EMCal.
(An [A@ [D.01)

> High statistics

> pQCD calculation describes
the data well. (cross section)

10-10 :E

QCD)/QCD

o

(Data
AN

OIIIII

[EEN

E

PHENIX Run5, Preliminary
KKP FF (calc. by W.Vogel san(

9.7% scale uncertainty
IS not irllcluded

- |

\* 4

/\\—’\/

20
p (GeVic)

5 10 15

)



PHENIX results - neutral pion

PHENIX Detector

West Beam View East ALL (T[O;

0.08r

> Clean measurement by 0.06"
fine segmented EMCal. 004
(An Lhe [D.01) 0.02-

> High statistics o-
> pQCD calculation describes 0-02-

i Sqaling error]of 650/? IS r}ot ir}cluc{ed. |

2003-2004 |(Preliminar
GRSV-max

GRSV-stC

}

the data well. (cross section)-0.04

1 2 3456 7 8 910
p; (GeV/c)



PHENIX results - neutral pion

PHENIX Detector

CCCCCC
MMMMM

TTT

Statistical error becomes

much smaller.

GRSV-std and GRSV-max can be
distinguished.

---> K. Boyle's talk in section |ll.4

West Beam View East ALL ( T[O:
0.08;
> Clean measurement by oog. | 200 ]
fine segmented EMCal. ol oM
(An [Ag [D.01) 0,09 {rav-std
> High statistics s I oy S
> pQCD calculation describes -0-02- Scaling error of 40%

the data well. (cross section)-0.04; 4534658 "¢ 10
p; (GeV/c)



PHENX results - Direct photon

PHENIX Detector
PC
PC3 Central
TEC
PC2 Magnet

Spectra (Subtraction)

:E o PHENIX
& . Preliminary
80 i Subtraction
3
West Beam View East -u'j103 =
IL:% E
%, 10
I} Y
p > 10
> Independent from fragmentaion. |
> Sensitive to sign of Ag 1E
>LOWStatiStiCS EIII|III|III|III|III|III|IIIIIIII
> Theory describes data well 0 2 4 6 8 10 12 14 16

p;[GeV/c]

at pT>5 GeV/c



PHENIX results - "Jet”

PHENIX Detector

West Beam View East

ALL

0.15

0.1

0.05

-0.05

| black line ... theory without correction

— blue/green line ... PYTHIA default/MPI

| solid/dash ... with/without trigger bias

— shade ... max. scale uncertainty of pT cone

2003

A g =g input

III|IIII’IIII|IIII|I

0.25 pb’, 26% pol.

PHENIX Preliminary

2 4 6 8

10 12
pT cone [GeV/c]

"Jet" detection
Tag one high energy photon
and sum energy of nearby
photons/charged particles.

Definition of "pT cone”
Sum of pT measured by
EMCal & Tracker with
R =v]@l*+n[*< 0.3

Real pT of jet is evaluated
by modified PYTHIA.



PHENIX results - "Jet”

PHENIX Detector

"Jet" detection
Tag one high energy photon
and sum energy of nearby
photons/charged particles.

West Beam View East

-=0.06
-

Definition of "pT cone”
Sum of pT measured by
EMCal & Tracker with
R =v]@l*+n[*< 0.3

2005

0.05
0.04

0.03

0.02

0.01

‘IIIIIIIII|III||I||I||III|IIII

Real pT of jet is evaluated
by modified PYTHIA.

-0.01

4 pb’ ' 45% pol. (scaled from Run3)
1 1 1 | I 1 1 1 i |

8 10
pT cone [GeV/c]

-0.02

[ ]
F =
=2



PHENIX results - AN of pions

PHENIX Detector :

Large asymmetry is
observed in forward
region. (E704, STAR...)

West Beam View East
= 0.2

PHENIX measured AN ® 2002
of charged hadrons and °
pions in central region. °*p o

I

Results of charged pion |-

from 2005 run. 01}
-—=> K Eyser’s talk _0_15; A, scale uncertainty of £35% not included
in SeCtiOn I”-7 -o'%.:SHH1IIHI1.|5HH2|HH2.|5HH3|HH3.|5”Ha‘-|l””4.|5llll5

p; (GeVic)



Other topics

> Single electron, D
- Tagging charm quark for Ag

> J/P
- Production mechanism
- ALL for Ag
---> M. Liu’s talk
In section |11.4

> M
- AN
---> H. Bataineh
In poster session
---> A. Purwar
In poster session

> Helicity correlated
differences in Jet kT
- This may suggest evidence
of orbital angular momentum.
---> R. Hobbs’s talk
In section 1.6

> AN of Jet kT
- Access to Sivers function

> 1
- ALL for polarized PDFs
---> J. Seele

INn poster session

> N\
- Spin transfer
- ALL for polarized PDFs



RHIC-PHENIX in the future

> Silicon Vertex Tracker
- 2 pixel layer + 2 strip layer
- Wider acceptance for Jet
- Displaced vertex measurement for heavy flaver tagging.

> Muon Trigger Upgrade

phi Physics Asymmetry (blue,north) : SQRT formula

- For W -> 1 measurement oo s sartcosrs
at vs = 500 GeV 003 g e o
- Resistive Plate Chamber 0.02f
(Timing, Momentum) 0.0t
> Toward Vs = 500 GeV 20
- 410 GeV commissioning in 2005 <ez

- We observed neutron -0-032
asymmetry at vs =410 GeV. <o




Summary

> PHENIX just has taken first long longitudinal-spin
polarized-proton collision data in Run-5 (2005).
---> 40 times more statistics in figure of merit for ALL.

> Ag measurement
- GRSV-std and GRSV-max can be distinguished
by ALL in 1T° production.
- The study of other channel is on going.

> Many other works in hard effort
- Single transverse-spin asymmetry
- Spin correlation in Jet kT
- Production mechanism

> Toward Vs = 500 GeV run
- RHIC successfully operated polarized proton run
at Vs = 410 GeV.
- PHENIX Local Polarimeter measured AN of neutron
at Vs =410 GeV.



Spin Physics at RHIC-PHENIX
How to measure Ag

D - Measure AL inpp — X production.
O++ — O+
ALL = O++ + O'+—
P

D[wgg]( )2+ [wquq]( )+ [0aa(Aq)?]
?;i L"’eep éeg Lef-’epg {

E % £
In the experiment, we calculate

A= L Ner= RN+ Lo
P-P N+++ RN+ L+-

N : Number of particle measured in each helicity state.
P : Beam polarization.
R : Relative Luminosity




Polarimeter

proton-Carbon polarimeter - o0

<

¥* | ndf 55.32/12

0.04- p0 0.05056 + 0.00162
o pt -0.01268 + 0.009278

'\ 0 0.03
A;ttered proton -

[ 3 0.02]-
l Carbon target - . 0-013
* 90° in Lab frame ﬁ -

Polarized proton Recoil carbon -0.01—

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 0005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 005
-t (GeV/c)

Polarized proton gas jet polarimeter

in out o8
p 1 p 1 0.043— ‘ ¢ t? H ; :
. C&) I . 0.032— {% % _-
pil’lzll A 0.022 )
C‘) pout 5 0.01;—
1 0 )
-0.011 : I 0"
10 10 -t (GeV/c)’ Log scals



PHENIX results - Jet correlation

KT larger KT smaller

like-sign helicities like-sign helicities

Same
helicity
Blue Ring Yellow Ring Blue Ring Yellow Ring
unlike-sign helicities unlike-sign helicities
Opposite
helicity

Blue Ring Yellow Ring Blue Ring Yellow Ring

We may observe net effect
after averaging over impact factor.



PHENIX results - Jet correlation

! R e U
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PHENIX result - J/psi

Central Magnet

South

| JiPsi:|y| =1.2-24 |

Side View

0.15

0.1

0.05

Jpsi -ty PHENIX Preliminary

3.2pk", Pol=-47%

Sys. Err

/m

(COM: GS-A)

1 2

3

4 5
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6
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N e E Mean 2144
. C RMS 0.6987
2 " C
10 E_ :i-m ACEL 0L0RC r H‘F{"#‘mﬁ Underflow 0
E - T QELCAD L & 7 ndf 4201/ 44
L ,rfw 3 J A 9355:799.2
L + 10° ' K 0.6474+0.0129
3 F 1:}
10° L ﬂ
E + L
F ¢ i 1
B ﬂ H
i ﬁ f #w ne w |
10 *ﬁ g M H H
1= H 1=
Binnnllinnallnnnnllonnnfannnllonnllnnnnllononlonnadls Binnnllnnnnllonnallnnnn ool allnnnnllnnnnllono
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 35 4 45 5
¥s AW
[ (charge+)-(++, ) | e ™
;‘:\:"ﬂﬁm‘ lSlIrGDD
— A [E1L %5 3
K [ RN (k]
10° — 5 SAGEE at0n
E i ]
10 _ ++
- ; wﬂ%ﬁﬁ il
10 — }L }L }[J[HHLH
1=
= 1 | [ - - [ [
0 0.5 1 1.5 2 2.5 3 35 4.5 3



