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RHIC polarized-proton collision

« Luminosity 1x103! cm-2sec? at Vs = 200 GeV achieved

— 8x103 cm~2sec?t at 200 GeV and 2x1032cm-2sec™ at
500 GeV In the future

e Polarization 50% achieved — 70% in the future

Absolute Polarimeter (H@At) — RHIC pC Polarimeters
o BRAHMS & PP2PP
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Advantage-1

High s and p; make the

NLO pQCD analysis reliable

— dependence of the calculated
Cross section on p represents
an uncertainty in the
theoretical predictions
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— comparison of n® cross section
between data and NLO pQCD
calculations

 PHENIX mid-rapidity data
» excellent agreement even down to

pr~1GeVic
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— STAR forward-rapidity ©° cross

Advantage-1

— PHENIX mid-rapidity direct photon

section Cross section
N; I s=200GeV p+pon+X )
Q10 # B {1)=3.8-PRL 92 (2004) 171801 - ® PHENIX Preliminary
,__0_ c & (1)=3.3 - hep-ex/0403012 2 10’ Bands represents systematic error.
“ b 2 = 7 NLO pQCD (by W.Vogelsang)
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Advantage-2

« Multi-bunch collisions to cancel systematics
— 56 crossings in 2001-2004, 106 crossings in 2005
— different spin combination every crossings

— time-dependent correction not necessary for the
asymmetry calculation

— bunch-by-bunch characteristics can be investigated
and have small enough difference to cancel out
systematic uncertainties so far

[ ] \\.\\
7

— spin flip in the future will improve this further ..
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PHENIX detector

e . oY & ¥ 4 + Philosophy

e | e e 4 — high resolution at the cost of
__ \ - g — high rate capable DAQ

e /¥ v — excellent trigger capability for

rare events

e Central tracking
— pad chamber (PC), drift
chamber (DC), time
expansion chamber (TEC)
* Forward tracking
— muon tracker (MuTr)

e Global detectors Central arm EM calorimetry

— beam-beam counter (BBC), — EMCal
zero-degree calorimeter (ZDC) Particle ID

— muon ID (MulD), RICH, TOF,

RS ~ PHUENIX
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RHIC/PHENIX polarized-proton runs

Vs =200 GeV P recorded L recorded LP4 data volume
2001-2002 transverse-spin run
15% 0.15 pb 20TB

first polarized proton collisions
2003 longitudinal-spin run
27% 0.35 pb-l 1.5 nb? 35TB
spin rotators commissioned, AGS p-C CNI polarimeter
2004 commissioning run (longitudinal spin)
40% 0.12 pb-l 3.3 nb?
AGS warm snake commissioned, gas-jet absolute polarimeter
2005 longitudinal-spin run
49.5/44.5% 3.8 pb'1 205 nb-! 262 TB
AGS cold snake installed

2005 — First long longitudinal-spin polarized-proton run
Figure of merit (LP#) more than 40 times larger than
that of previous runs
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Gluon polarization measurement

e Origin of the nucleon spin 1/2

— polarized DIS experiments showed the quark
contribution is only 10-30%

— gluon contribution ?

e Scaling violation in polarized DIS
SMC: Ag(Q® =1GeV?) = 0.99"7; (stat) ‘55, (Syst) 5 (th)
B. Adeva et al., PRD 58, 112002 (1998).
E155: Ag(Q* =5GeV?) =1.6+0.8(stat) £1.1(syst)
P.L. Anthony et al., PLB 493, 19 (2000).
e Semi-inclusive DIS
— high-p; hadron pairs = COMPASS/HERMES/JLAB

— open charm production talks
RS e
o PH-ENIX
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Gluon polarization measurement

e Polarized hadron collision
— leading-order gluon measurement

direct photon production heavy-flavor production

proton beam proton beam

v vy ¥

2or< 2or< o
07
gluon’@n——
| 1 heavy flavor
gluon cse+———
2or< 2or< 666%

proton beam

proton beam

Y ¥ ¥

« A _measurement A, =40..=do.
— P: polarization do,, +do,_
— N: yield _ 1 Ny -RN o L
— R: relative luminosity B N +R-N_ L.
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RIKEN September 18, 2005 Yuii Goto (RIKEN/RBRC)



Flavor-identified quark polarization

1.0

« \Weak boson measuremen RHICpps=500GeV s
at \'s = 500 GeV | =005t |
_ _ _ e A (W) -]
e parity-violating A, 0.5 e
measurement S '
N
v AU 06) =AdCU) T eee
u(x,)d (%) +d (x)u(x,) e,
w-  Ad(x )T (x,)—AT(x,)d(x, ) | N
AL = e - - N Add
d(x)T(%)+U0)A(%) o5t awa .
0= My
— no fragmentation ambiguity — GS9SLO(A)
— important to limit the gluon ~ _ o %Y
polarization, too 10” 10° X
RS HZEN
o PH- ENIX
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Relative luminosity
« Beam-Beam Counter (BBC) () = Nzpc(1)/Nggc(l) Is fitted by

used as relative luminosity expected polarization pattern:
monitor C[1+A P, (1)P,(1)]
C: constant

— 30<|n|<3.9 A,.: A, of BBC relative to ZDC

— low background after vertex-width correction

— high statistics
e Zero-Degree Calorimeter Booal- e

(ZDC) used as a cross o.002f

check o002t ] |

~ 6<nl o T |

— different kinematics and oot Jl | | | ]

acceptance oo Lo

® BUﬂCh-by-bunCh COmparlson 5325 5330 5335 5340 5345 .

of ratio of scalar counts in very constant zero-consistent value

BBC and ZDC IS obtained: it shows a precision of

the relative luminosity

RS PHENIX
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e 2004 run

Relative luminosity

— achieved relative luminosity precision 6R = o(L,,/L, )
smaller than 5.8 x 104

— relative luminosity contribution to A, (x°) smaller than
0.2% (40% beam polarization)

— A, of BBC relative to ZDC consistent with zero
(smaller than 0.2%)

« strongly indicates that both double spin asymmetries are zero

| Relative Luminosity vs Fill Number |

-

relative luminosity (L,,/L,

e
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Local polarimeter

e Spin rotator magnets enable longitudinal collisions

 PHENIX discovered at low p; and high X an analyzing power
of neutron production in pp collisions at Vs = 200 GeV

e ZDC + Shower Max Detector

rotator off

/" ¥7 neutron
1 f5 7
Vol
, pI‘OtOH
( - r'””ﬂv-——
* A\'Z4
F.' 3 PH- ENIX
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Local polarimeter

e Longitudinal component measurement

SL — \/1_ ST2 ST — \/ST—verticaI2 + ST—radial2

— S+ I1s measured with the local polarimeter
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Achievements in 2003-2004

« A, of n0
(o, JAQAQ +[w , AQJAQ +[w,AQAQ]

w + H + 3 n0 A, from pp at\s=200 GeV
< 0.10 i Runa PHENIX PRELIMINARY

¢ Run3 PRL 93, 202002 (2004)

0_05:_ ¢« Combined
04 F 0;_ """"""" ?‘ “““ ?’ ------- & ---------------------------------
02 | '0.05:—
0: '0-1:_ Scaling error of ~65%

Cis nclat inclulded. | | | |

gg + gqg dominant 0 1 2 3 4 OS5 6
sensitive to the gluon reaction p; (GeV/c)
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Achievements in 2003-2004

° ALL of TCO -:tj K w° A, from pp at-5=200 GeV
0-1__ # Combined
0.05;_ GRSV-max | Ag = 1.84
0_ ¢ Y }GREVstd Ag = 0.42
-0.05F at Q>=1(GeV/c)’
- PHENIX PRELIMINARY best fit to DIS data
-0. 1:_ Scaling error of ~65%
:.i.s.r.lqt.ip:.:l.u|d.eg.' L ' ENAT AN AT TR B

0 1 2 3 4 5 6
p; (GeVic)

confidence level

GRSV-std | GRSV-max
4 points (1-5 GeV/c) | 21-24% 0.00-6%
3 points (2-5 GeV/c) || 27-29% 0.01-13%

data prefers the GRSV-std curve Iy
RS PH . ENIX
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Achievements in 2003-2004

 Direct photon cross o A, of jet-like cluster
section — even with a limited acceptance in
— Kensuke Okada’s talk PHENIX central arm, we can
(Tuesday afternoon) capture most of a jet

* tag one photon, sum all observed
energy/momentum in one arm

. * PHENIX Preliminary . — Kenichi Nakano’s talk (Monday
v A evening)

u=12p P 2P

Ed’/dp’ (pbGeV’c?)
o
|

ALL

" black line ... theory without correction
0.15— bluc/green line ... PYTHIA default/MPI
solid/dash ... with/without trigger bias
shade ... max. scale uncertainty of pT cone

N
i

-
(=]
\

N 0.05
N
.\ 0.05

4 6 8 10 12 14 16 18
p (3.

p(GeV/ec)
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Improvements in 2005 run
« DAQ rate more than 5 kHz (1.4 kHz max. in 2004 run)

EBLC Status
EBC.D
EBC OK [ —
o il FERECIEVEd 4967613
# | i #ssigned 4067551
i L #Completed 4965170
# Avg Event Rate5048.829/

=gi== i Avg Assem Lat  0.5105s
]§!§§ ] - Ay ATP Load F4.406

« WAN data transfer and data reconstruction/production at
CC-J (computlng cetner in Japan RIKEN Wako)

ccjexp.phenix.bnl.govy Netvork last hour

oo 100 M pufl 4 | T s
bl (| 1)
tn u
e
S0 M
& \
0- -
13020 —y, 12140 14:00
—

Hin W out —— —

p (3 60 MB/s sustained !! ) "'"w
o PH%%E!}IIX
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Improvements in 2005 run

e Relative luminosity

— new scalar board
» developed by the STAR group
 better correlation-study capability of many trigger counters

— multi-collision study

* Local polarimeter
— better statistics due to better DAQ rate
— blue: 8% transverse, 99.7% longitudinal
— yellow: 15% transverse (almost radial), 98.9% longitudinal
— backward asymmetry consistent with zero
— Manabu Togawa’s talk (Wednesday morning)

RS PHENIX
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Physics expectations in 2005 run

e A, ofn0

— 2003-2004 data distinguish between GRSV-max and GRSV-std
— 2005 data will distinguish GRSV-std from A, =0

Ay
0.05; 0.0
0.04- GRSV-max 004 GRSV-std_“T
0.03- 0.002
0.02: d 0 _
0.01- | -0.00 1
0 b
- — -0.00 4 pbl, 50% pol. 1
-:3;[; §4pb-1! 500/°p°|' = ...f...|..I.D.l....|....|(?.??...|....|....|.,..
20,02 ol bbbl 80 051152253354 455
1 2 3 4 5 6 7
o (G ech’ B, (GeVi/c)
0.1 e T
0.08 — AEL Ag=g input o
L=3/pb ; .
006 - P-04 4 because of gg-process dominance,
oos [ 1 low p; region of this channel is not

0.02

owee o Sensitive to sign of Ag ...

Ag=0input A

| -TW-_-

( 3 S T
py =

RIKEN September 18, 2005
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Physics expectations in 2005 run

« A of charged pions
— 5-15 GeV/c n* identified by RICH and EMCal hadronic shower

7r+

13

0 — + —
idea: qg starts to dominate for pr = 5GeV and D"T > Dy >Dy , D =Djg

0 —_
expect: sensitivity to sign of Ag, e.g., positive Ag: 4LL/ 4E£;>AEL

M. Stratmann et al.

(3 sensitivity to sign of Ag can be expected e
»
3 PH-ENIX
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Physics expectations in 2005 run

 Many first asymmetry results are coming
— Important to measure a variety of physics channels
e covering wide and overlapping x-region
» to reduce experimental and theoretical systematics
— direct photon, n, “jet”, e*, u*, Iy, A, ...

[ JiPsi:|y|=1.2-24 ]| o.16F B
0I15_ 0-14§3_73pb 50% pol.
C Jpsi-=yw PHENIX Preliminary 0.2} SRSV-max
01  32pb" Pol-47% s - p hOtO n
E I Sys. Err °‘°8;_ "‘."" . .
005 (COM: GS-A) o-oer v P Proj ection
- : i 0_045 // ""‘-' —
) - _w g_gzj ‘_"::_:/GS_C
< O N O & ) Y T
_0.05; |Sing|e electron A error‘ PSS
o g
e oot electron
Pr _m:; """""""""""""""""""""""""""""" 1 projection
Jhy — Imran Younus’ talk 3
(Thursday afternoon) =35 pp1 pol=q.45

RS PH . ENIX
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Future outlook

 We have been accumulating data

— A, of direct photon AL (p.) = Ag(x,)
« gluon Compton (gg—qy) dominant S g(xg)
» clean Ag measurement including sign of Ag

’ Alp(xq 'éLL

0.1

-0.05

— s =200 GeV run until 2009
— s =500 GeV run from 2009 (and developments until then)

IS PH ENIX
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More in 2005 run

e 410 GeV run

— accelerator study towards the 500 GeV run

 RHIC is capable of acceleratlng to higher s without losing all
polarization —— Eemy =

Pl01=

E 1] =0.0761£0.1356 E 1] = 0.2686 = 1.6035
0.03f pli] = 003 pii] =

0.02F-

.01

blue: .
33% pol. o=
analyzing power of local s

0.04

polarimeter roughly the same ..}
despite doubling of energy

0.01F

2.0F

o0zf

0.03F

0048

e 200 GeV transverse-spin run
— A measurement to limit a systematic uncertainty on A, from a

(3 transverse component w
3 PH- ENIX
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Silicon-vertex upgrade

e Barrel silicon vertex tracker
— 2 pixel layer + 2 strip layer

— Jet axis measurement and
Isolation cut by charged
particle detection with wider
acceptance

— displaced vertex
measurement for heavy
flavor tagging

e Schedule

— completion and installation in
2008 summer

— commissioning and data
taking from 2008-2009 run

RS F;;IMIX
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Muon-trigger upgrade

Requirement towards the Vs = 500 GeV run

Resistive Plate Chamber technology chosen by PHENIX
— cheap — wide coverage possible

— can leverage existing RPC R&D from CMS

— timing information

— 3-dim space point for enhanced pattern recognition

Two small prototypes successfully tested in 2005 run

Approved NSF-MRI — 1st Arm in 2008, 2nd Arm in 2009

PHENIX Detector
o

Central Magnet

<
I BB |
Z-DC South ZDC Nurt-h

MulD MulD _

p (3 ' South Side View North = IR e
» ) . N\
P4 Trigger RPC Locations PH?‘P‘?\‘*E N Ix
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Summary

o Gluon polarization measurement

— 2003-2004 A | (V) data distinguished between GRSV-max and
GRSV-std

e 2005 — first long longitudinal-spin polarized-proton run

— Figure of merit (LP4) more than 40 times larger than that of
previous runs

— 2005 A (=°) data will distinguish GRSV-std from A, =0
 We have been accumulating data ...
— Many first asymmetry results are coming: A,, of direct photon, ...

— s =200 GeV run until 2009
— s =500 GeV run from 2009

« Towards the future: flavor-identified quark polarization
measurement with W+
— accelerator development for Vs = 500 GeV
— detector upgrades

RS ﬁ"ﬁ%@lx
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