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RHIC — QCD collider
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RHIC polarized-proton collision

« Luminosity 3x103cm2sec! at Vs = 200 GeV achieved

— 6x1031cm=2sec?! at 200 GeV and 1.5x1032cm=2sec! at 500 GeV
in the future

 Polarization 65% achieved — 70% in the future
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PHENIX detector

e iR Il - Philosophy

— 'ﬁ' — high resolution at the cost of
L= acceptance

— high rate capable DAQ

— excellent trigger capability for
rare events

e Central tracking

— pad chamber (PC), drift chamber
(DC), time expansion chamber
(TEC)

e Forward tracking
— muon tracker (MuTr)

MUCHN
Brse, IDENTIFIER

EEEE e Y « Central arm EM calorimetry
— EMCal
. Gloli))al dett)ectors o (650 e Particle ID
— beam-beam counter , ZEro- B
degree calorimeter (ZDC) muon ID (Mulb), RICH, TOF,
TEC
o En
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2006 run

« 200 GeV transverse (radial) spin
— 2.7 pb1 with (57%) polarization
e 200 GeV longitudinal spin
— 7.5 pb! with (62%) polarization
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RHIC/PHENIX polarized-proton runs

P recorded L LPZ%/LP4 data volume
2001-2002 Vs = 200 GeV transverse/vertical-spin run
15% 0.15 pb-l 3.4 nb1 20TB

first polarized proton collisions
2003 Vs = 200 GeV longitudinal-spin run

27% 0.35 pb-l 1.5 nb1 35TB
spin rotators commissioned, AGS p-C CNI polarimeter
2004 commissioning run (Vs = 200 GeV longitudinal spin)

40% 0.12 pb1 3.3 nb1 35TB
AGS warm snake operated, gas-jet absolute polarimeter
2005 /s = 200 GeV longitudinal-spin run

49.5/44.5% 3.8 pb! 205 nb! 260 TB
AGS cold snake installed
2006 Vs = 200 GeV transverse/radial-spin run

? AGS cold snake operated _""W“_
RIK= H JuIy 5, 2006

57% 2.7 pbt 880 nb! 100 TB
\s = 200 GeV longitudinal-spin run
60% 7.5pb1 1100 nb't 160 TB
= 62.4 GeV transver nd longitudinal run
60% 0.1 pb1 50TB
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 DAQ rate more than

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

RIN=N

RIKEN CC-J
Wako, Japan

NATIONAL LABORATORY
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NETWORK

© Data transfer between RIKEN and BNL

Network : ~60MB/sec

«enne - Sending by air : ~20MB/sec (=200GBx60tapes/week)

using media tape (1tape=200GB, lcase=60tape)

60 MB/s sustained rate
Spin-Praha-2006

P

BNL/RCF
Long Island, USA

e
H--ENIX




Data transfer

— 6 TB/day = 70 MB/sec max
— Runb5pp: 260 TB transferred

— Run6pp: 310 TB transferred
e 200 GeV transverse/radial 100 TB
e 200 GeV longitudinal 160 TB
e 62.4 GeV 50TB

| CCJ archived run6pp data amount(Thu Jul 6 10:59:37 JST 2006)

| CCJ archived run5pp data amount(Mon Jun 27 10:41:37 JST 2005) ]
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Gluon contribution

« scaling violation in polarized DIS

— spanning a limited range of Q2
+1.43

SMC: Ag(Q* =1GeV*) = 0.99"5; (stat) ‘55 (Syst) g s (th)

B. Adeba 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).

lepton beam /
i

* semi-inclusive DIS .
— high-p; hadron pairs Zor< oAy flavor
— open charm production SQgI
- or & Hon
nucleon Targat >
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Gluon polarization measurement

e Polarized hadron collision
— leading-order gluon measurement

direct photon production heavy-flavor production

proton beam
2or<

proton beam
- or & ”

2or<
proton beam

2or € 6 .
proton beam

A/ measurement do —-do
— P: polarization AL = da++ +d0+_
— N: yield o -
— R: relative luminosity _ 1 N, -R-N_ R L _
Pl'PZ N+++R'N+— L++
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Relative luminosity

« Beam-Beam Counter (BBC) used
as relative luminosity monitor

— 3.0<n|<3.9
— low background
— high statistics
o Zero-Degree Calorimeter (ZDC)
used as a cross check
- 6<|n|

— different kinematics and
acceptance

* Bunch-by-bunch comparison of
ratio of scalar counts in BBC and
ZDC

RIK= H July !5 2006

Spin-Praha-2006

r(i) = N,pc(1)/Ngge(i) Is fitted by
expected polarization pattern:

ClL+A, P, (i)P(0)]

C: constant

A . A of BBC relative to ZDC
after vertex-width correction

[ Width Corrected E_LL vs fillnumber | h3
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Relative luminosity

e 2005 run

— achieved relative luminosity precision 6R = o(L,./L, ) smaller
than 1.0 x 10

— relative luminosity contribution to A | (n°) smaller than 0.023%
(47% beam polarization)

— A, of BBC relative to ZDC consistent with zero (smaller than
0.02%)

» strongly indicates that both double spin asymmetries are zero

.' ’ \"J/ N
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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
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Local polarimeter

e Longitudinal component measurement
2 2 2
SL =4/1- ST ST — \/ST—verticaI + ST—radial

— S;Is measured with the local polarimeter

2005 run

o0.02|

ol--
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Gluon contribution ?

* Polarized hadron collision
— leading-order gluon measurement

direct photon production heavy-flavor production
proton beam % g proton @L@ -
2> or & 2> or <& T
%@g\luon glugﬁffm
hoton heavy flavor
Iuﬁcggm@
2or< 2or< s R
proton beam . proton beam >
° o) e B e
A of m : gg + qg dominant
A = do.. —do,_ 06 - ) sensjfive to the gluon reaction
" do,, +do,_

04 7

=[w,, JAJAQ +[w,AQJAQ +[w,,AJAQ]

0 5 10 15p, [GeV]
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® 25, 2006 G ”
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7° Cross section

1 &1
v Run2 result a) > . - .
E 10 PRL 91, 241803 (2003) 3 10-1 PHEB‘IXRHHJ, Pr E{Hﬁi’nﬂlj
a 10" = .0 I8 s .
mé 10" E PHENIX Data 'g 10 KKP FF (CHIC. b-]-’ W ﬂgelsang)
g e — KKP FF w107
“‘; " ~ Kretzer FF = 10
L —
10" " 10°°
©
=
107 s Ll 10-5
10" L 9.7% scale uncertainty - 2
= is not included 10
T HwE - T
S nE I [ b 10°
L oE e E s { [ I 107 .
g 20 \ 9.7% scale uncertainty
WE 10710 L is not included
4 _— (') D : 1 | | 1 | 1 dn | 1 | 1 | | 1 1 1 1 1 |
(] L L
g 2| 8 -
9 E =1F
a o Z—@:@— o C N’\/
(&) -
= — Q r
E 4 E e d) G. O O /...“"‘“W
a % r'?,g‘_-;“m“" 3 - ¥ _— — = —
T o F T T e e T a.1LC
0 5 10 s o 5 10 15 20
pr (GeVic) p (GeVic)
agreement of cross section between data and . "”"”M'r-
NLO pQCD calculatlons Is excellent at RHIC %%EE Ix
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PHENIX A, of 70

A (n°)

0.08; GRSV-max: Ag = 1.84
0.06 ¢+ Run 5 (Preliminary),. — | e

GRSV-max

0.04" GRSV-std: Ag = 0.42
: GRSV-std | &t Q°=1(GeV/c)?
0.02 | ____—1 best fit to DIS data
B e
0_— 0 Ag:-\g\ Theory model C.L. (%)
-0.02_ GRSV-std 17.1-21.7
0. 045 isnotincluded. [ | *GRSV-max (Ag=g) | 0.0-0.0
0 2 4 6 8 10 12 |*Grsvag=0 16.7-18.4
pr (GeVic) |*GRSV Ag=—g 0.0-0.7

* at input scale Q% = 0.4 GeV

- Run5 conclusively excludes GRSV maximal scenarios.
- Data consistent with GRSV standard and GRSV AG = 0.

! , \"J/
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A  of 2°

— x? analysis by M. Stratmann and W. Vogelsang

RIK= H July !5 2006
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62.4 GeV run

o A, ofnO
low FoM but good high-x coverage

< 01 T

0.08
0.06

0.04
GRSV-std

0.02

0

-0.02

-0.04 \s=200GeV: L=5pb™* P=0.55

-0.06

\s=62GeV: L=0.15pb™* P=0.55

_ |||||||||||||||||||||||||
0087502 004 006 008 0.1 012

014 016
XT
7@?EN Ix
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Muon Piston Calorimeter

\
n=-3.65 .

*3.1<|n|<3.65

¢ 192 2.2x2.2x18 cm?3 PWO crystals, 220 cm from vertex
(behind Beam-Beam counter)

« Energy Resolution: 13%/VE?? from beam test
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A of jet-like cluster

— “Jet” detection: tag one high energy photon and sum energy of
nearby photons and charged particles

— definition of p; cone: sum of p; measured by EMCal and tracker
with R = V(|o|>+n[?)
— real p; of jet is evaluated by tuned PYTHIA

O 0.06 -
< . black line ... theory without correction < -
0.15— blue/green line ... PYTHIA default/MPI 0.05— .
| solid/dash ... with/without trigger bias E R .
— shade ... max. scale uncertainty of pT cone 0.04 C e Ag=ginput
0.1— T g
N A g=ginput -
C eZgnp 0.03
0.05 -
L 0.02F-
L - L Laaeea ;;_;;:.-5;
of_ 0.0 e ?ﬂ/
B e UIPEL ——— Eeceell b GRSV-std
L O — - @ressrg g0 g ®--- o - - ® - —
-0.05— -
C . PHENIX Preliminary -0.01— -
N I0.25 pb 1, I26% pol. | | | | Y - 4 pb l, 45% pol. (scaled from Run3)
: 2 : : : 4 : : : 6 . : : 8 : : : 10 : : : 12 : _0.02 C | 1 1 1 | 1 1 1 | 1 L L | 1 1 1 | 1 |
2 4 6 8 10 12
PT cone [GeV/e] pT cone [GeV/c]
Run3 result Run5 projection

p’ <|;?5 2006 P% IX
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Direct photon
Run3 preliminary results
subtraction method

101

1=

—

Preliminary
Subtraction

— NLO pQCD
(by W.Vogelsang)
CTEQ6M PDF

n=1/2ps, pr, 2py

N

West arm
only

.

0

RIK= H JUly !5 2006

4

6 8 10 12 14

16

p_T[GeV/c]

Spin-Praha-2006

Ed3s/dp?

Isolation method

: I PHENIX
G10tL I Preliminary
£ .
o I Isolation
i i
1035—
= ]
[
i .
10° w"
= **
10 ] * *
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C only
1L T f
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Future outlook

 We have been accumulating data Ag(X.)
A,, of direct phot g p A
L O FTEE PO ALL ( pT) — ' (Xq) )

e gluon Compton (gg—qy) dominant g (X )
« clean Ag measurement including sign of Ag J
— I | I I I I | I I I I I —
0.1 —
0.05 |- :
. 1
-0.05 B
- P=0.7 -
i | | | 1 1 | | | | 1 1 | | |
5 10 15 Py [G(—:‘-V]

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

o <|y?5 Jo06 PH:-“ENIX
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Towards the 500 GeV run

e 410 GeV run in 2005

— accelerator study towards the 500 GeV run
« RHIC is capable of accelerating to higher Vs without losing all polarization

;h:]:nysics Asymmetry (blue,north) : SQRT formula 'W | ﬁu::nys sssssssss fyellow,narth] ]  SQRT formula 'HT
i,
blue: “ T+
33% pol.
analyzing power of local
polarimeter roughly the same ..} e
despite doubling of energy "
. E | | _|_ | i
0.0 | 4'74'7 | "7_'_

500 GeV commissioning in 2006

”'"'"’:zsf"
7@2’E§ Ix
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Flavor-identified quark polarization

e Weak boson measuremen =

— at Vs = 500 GeV

e parity-violating A, measurement
- Au(x,)d (%) = Ad (x,)u(%,)

0.5+

A=

)T FADU) S
we_ A(x)T(%) - AT(x)d(x) <

- RHIC pp Vs = 500 GeV

e AL (W)

|L dt = 800 pb

>

d (%,)T (%) +T(x,)d (%)
— no fragmentation ambiguity
— important to limit the gluon

polarization, too

ol eee o/
NN
|II //:f . k
_'. ,’_ “\\ Ad/d |
0.5 . / _
_ 0= My, o
[ GS95LO(A) \.
- —— BS(Ag=0)
-1.0 T =
16 10 X
"w
Spin-Praha-2006 Eu Ix
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Single transverse-spin asymmetry (Ay)
o Left-right asymmetry

Ao o —dOpign left

do—Left_l_dGRight &O”’-
e Forward-rapidity _
— Fermilab-E704 right
« fixed-target experiment at Vs = 19.4 GeV
— RHIC-STAR

« s =200 GeV
 large asymmetry at x> 0.3

— and more fixed-target data at lower energies

N:
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Single transverse-spin asymmetry (Ay)

o Forward-rapidity
— ~ 20% asymmetry
— many QCD-based theories developed

Vs = 19.4 GeV

Vs = 200 GeV

E:\a [ T T T T T T 1 I T T | T T T ] T F‘;‘ . }T'} Mesons =
. 60 _—""i:;“;;;m X Fermrlab'"E'7®4—_ 50.4- © Total energy T ﬁjskﬁn
- b pp—rﬂ: L i - S| — Collins IO S
4N B R IR I S ‘_:;._ .. Sivers B
7 PF*"‘*"‘“ X 5_ i ] ] o |- Initial state twist-3 | _ /
o _) X + A + - £ - — Final state twist-3 .
Of-s—o—tu}¥ f"'*". i <
S + e ] <
I I :
-40 lFL_I|‘IIIIII|III| j__ pT 01113 15 18 21 24 eVl
02 04 06  OS8 0% "2 04 06 08
Ap Xg
Phys.Rev.Lett. 92 (2004) 171801
3 PH:-“ENIX
T
S D 125, 2006 Spin-Praha-2006 I



Quark distribution functions and
fragmentation functions

e transversity distribution function @ @
A (x) = hy; (X)

— distribution of the transverse-spin of a parton inside the
transversely polarized proton

e Sivers distribution function _

1 2
_ flT (X1 pT) _
— correlation between the transverse-spin of the proton and the
transverse-momentum of an unpolarized parton inside the proton

(P+%)
* Collins fragmentation function

Hi(z k) @ - (9

— correlation between the transverse spin of a fragmenting quark
and the transverse momentum of the outgoing hadron relative to
the quark (k;2)

! , \"J/
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Mid-rapidity at PHENIX

« Different kinematic region
— forward-rapidity at STAR (x> 0.3)
» quark-gluon reaction dominant
 large contribution from x ~ 0.6 quark polarization/transversity
— mid-rapidity at PHENIX (xz ~ 0)
 contribution from both gluon-gluon and quark-gluon reactions
e x=0.03-0.1
» small quark polarization/transversity
* no gluon transversity in leading twist
* negligible transversity & Collins effect contribution

! , \"J/
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Mid-rapidity at PHENIX

Run2 results

— A, for both ©° and charged hadrons consistent with zero at mid-

rapidity

— ~5 times smaller asymmetry than STAR forward-rapidity data

(~10%)

— comparable data with Fermilab-E704 for n° and charged hadrons
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Update on charged pions

0.04 =

E ] pos. Hadrons {2005)
0.03=— #  neg. Hadrons (2005)

— L] pos. hadrons (2001/02, publ.)
0.02— & neg. hadrons (2001/02, publ.)
0.01 :_ A pos. hadrons mean (pt-shifted)

T E i L & neg. hadrons mean {pt-shifted)
oE 4 1 Iy
A = 2 ? 1 :
N =
-0.01
0.02 g |
= L ]
-0.03 P HENI X ¢ T
0.04 = Pre lim;
= Ing
0.05 ry
-u DE : 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | “I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 1 I 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3 5 4 4.5 5

P (GeV/c)

* Improved polarization: P=15% in 2001/02, P=47% in 2005
while statistics is smaller.
. A,\I IS O within 1% -> interesting contrast with forward

R3 oH
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Forward neutron asymmetry

 PHENIX local polarimeter R&D at IP12
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Forward neutron asymmetry

Neutron asymmetry (H-Cal) Hadron Cal Neutron asymmetry (EM-Cal) EM Cal
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PHENIX local polarimeter

« ZDC + SMD

— ZDC: Zero-Degree Calorimeter

e hadron calorimeters at the most forward
location (~18m from IP)

— SMD: Shower-Maximum Detector
» plastic scintillator array
e« X: 7 array, Y: 8 array

M PH.UENIX
92006 ﬂ

RIKZN ) Spin-Praha-2006



Forward neutron asymmetry !

e Square-root formula

e Smearing effect -- Simulati

_loy-o, _

11/N Ny — NN
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PG-I—G

Forward Neutron Asymmetry ¢ distribution ZDCN|S trigger
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Forward neutron asymmetry

e A, Is produced via interferance of spin non-flip and spin-flip amplitudes
Eur.Phys.J.A7:109-119,2000

* In Regge theory

— Pomeron gives no spin-flip amplitude

— We need spin-flip amplitude
 One pion exchange model may explain the result
— Cross-section at ISR is OK

— Xg-scaling at different sqrt(s)

- Need more data

e.g., p; dependence of A, coincident particles

Cross sectlon of forward neutron production ( integrated in 0<p,<0.111x (GeV/c) ) ‘

— 0.9
Q - m  =306Gev:ISRdataatp;=0GeVic | PHENIX preliminary
.§. 081 w  \5=449Gev:IsR dataatp;=0 GeVic
xu' 0 7:_ [ ¥5=52.8 GeV : ISR data at py=0 GeVic
T E m  V5=62.7 GeV : ISR data at p;=0 GeV/e i L4
- o
.8 0.6;— e  ¥E=200 GeV : PHENIX data ;
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Back-to-back jet at PHENIX

 Boer and Vogelsang find that this parton asymmetry l‘
|

will lead to an asymmetry in the o¢ distribution of 2y
back-to-back jets |
« Should also be able to see this effect with fragments "
of jets, and not just with fully reconstructed jets i g ™
A [ ANg = ANd (E704) — £~ RN Ad
0.00 | (Il} - - | f
_0‘02:_ ' (.i'}" f J-; . PIIL‘NIXDel::c.lur-SeuondY:.irPhyuchu
[ (;J)“-a._ ~—
0.04° I—ll.O II I—(|J.5I T IO!O o O{SI T 1.|O

&¢
Boer and Vogelsang, Phys.Rev.D69:094025,2004
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Back-to-back jet at PHENIX

« Measurement of the gluon Sivers function via A for di-

hadron angular correlations

— Sivers distribution is a transverse parton momentum distribution
correlated with the nucleon’s spin axis, which could arise from
orbital angular momentum

— Error bars: Expected sensitivity with P=60% and 7 pb-?

| di-hadron back-to-back Ay |
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Summary

 We have been accumulating and presenting data for both A |
and A\ physics
— ~'s =200 GeV run until 2009
— ~'s =500 GeV run from 2009
« A physics
— Gluon polarization measurement
— 2005 A (°) data distinguished between GRSV-max and GRSV-std

— more data: 2006 A | (n°) data 200 GeV & 62.4 GeV, forward r°, “jet”,
direct photon, ...

— Towards the future: flavor-identified quark polarization measurement
with W+

e A, physics
— mid-rapidity: ©°, charged hadrons, back-to-back jet, ...
— forward: neutron, n°, ...
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Advantage-1

« High Vs and p; make the NLO — comparison of 7 cross section
pQCD analysis reliable between data and NLO pQCD
calculations

— dependence of the calculated

cross section on p represents an * PHENIX mid-rapidity data

uncertainty in the theoretical « excellent agreement even down to p ~
predictions 1 GeVic
i % 1
o(ty12) s- o/ 2) U @)
— | ) 3
o () : HERMES 2 10”
A (hadron pairs) ﬁé o E PHENIX Data
: s . — KKPFF
COMPASS S 10
5[ (hodron pcirs) L ~ Kretzer FF
I iy 10
L FHENIX 10-6
2r {inclusive hadrons) 107
\ 10°
1 - 1 M
[ PHENIX T wf
(direct photons) = ;g = [ 'b)
[ L= e I [
L . L (ST =
° l 1|D < ig = | . \
? M. Stratmann and W. Vogelsang %{“EN Ix
RIK= H July 25, 2006 Spin-Praha-2006 A



Advantage-1

— STAR forward-rapidity ©° cross — PHENIX mid-rapidity direct photon
section Cross section
N; I s=200GeV p+pon+X )
D40 L " B (1)=3.8- PRL 92 (2004) 171801 = ® PHENIX Preliminary
Q £ A (1)=3.3 - hep-ex/0403012 Q 10°L Bands represents systematic error-
MU R 2 ~~ NLO pQCD (by W.Vogelsang)
- NLO pQCD calc. Ld CTEGEM PDF
2 — KKPFF. kS HEIEP B 2
w1 3 - Kretzer F.F. 5
S 10°-
B |
t“')_c A
m10 E .,
., (=38 10 |
4 o
10 | Normalization
F  Uncertainty =17% "‘%.\ )=3.3
: LS
_3'{pT>= 1.5 1.7 1.9 2.1 2.2 GeVic -- E
10 :_;::p-l::}l=||2|':|;-||2l'3--|ngn'?-lng'ndnnlnnn GEV‘I‘C _|||||||||||||||||||| AN BN,
25 30 35 40 45 50 55 60 65 4 6 8 10 12 14 16 18
E. (GeV) pr(GeV/c)

agreement of cross section between
data and NLO pQCD calculations is

excellent at RHIC - W‘
PH: ENIX
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Advantage-2

e 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

spin flip in th

! , \"J/
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2006 run

Run6 RHIC p”*p” Integrated Luminosity for Physics
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2005 data transfer

« WAN data transfer between RCF
(BNL) and CC-J (computing
center in Japan, RIKEN, Wako) e sHENX ererimont uses oid o ranster

—_ d ata Sam p | e 2 7 O T B CNL During the polarized proton-proton run that ended in June at the Relativistic
Heavy lon Collider (RHIC) at Brookhaven, Grid tools were used by the
() Archive PHENIX experiment to send recently acquired data to a regional computing
‘ centre for the experiment in Japan. Brookhaven National Laberatory. on Long
—_— rate 6 O M Blse C = Buyer's Guide Island, New York, is home to the RHIC/ATLAS Computing Facility (RCF/ACF).
which is the main computing centre for experiments at RHIC and a Tier-1
- computing centre for ATLAS. The PHENIX regional computing centre in Japan
(CCJ) is at the RIKEN research centre on its Wako campus close to Tokyo.

This Issue | Back Issues | Editorial Staff

Computing News and Features

Subscriba

— duration ~11 weeks Lone

Going into the polarized proton-proton run, PHENIX S—

A faced the challenge that the RCF would be busy
) Advertising reconstructing and analysing gold-gold and copper- M
copper data recorded in 2004 and 2005. The enormous
) Feadback polarized proton-proten data set was transferred to
Japan to make use of the substantial computing .
) Contacts resources at CCJ, which is comparable to the PHENIX Data transfer

portion of the RCF.

J Resources

| The PHENIX data acquisition can sustain a peak data rate of up to 600 MB/s,

) Search and runs at a typical rate of 250 MB/s while beam is stored in RHIC. The data

g were buffered at the experimental site before being transferred and archived in
. H H H the RCF tape library. A 35 TB disk-storage system (about 80 h at typical data

h tt p . //WWW . C er n CO u rl er . C 0 m/m al n /artl C I e/45/7/15 rates) allowed PHENIX to archive and transfer data at a lower steady rate,

taking advantage of various breaks in the flood of data. A transfer rate of

3 UD 60 MB/s sustained steadily around the clock was able to keep up with the

incoming data stream.

7 - = aily transfemed data volume
integrated data volume

Initially, PHENIX had planned to transfer the polarized proton-proton data by
- E ED physically transporting tape cartridges to CCJ. During the early part of the run,

however, it was found that network transfer rates of 700-750 Mbits/s could be
achieved. A dedicated network path was established from the PHENIX
counting house to the BNL perimeter network, and the tape option became a
fall-back solution. In the end, not a single tape was shipped.

(%}
|

= 200

The principal tool used for the transfer was GridFtp, which proved to be very
stable. Brookhaven has a high-speed connection {OC48) to ESNET, which is
connected to a transpacific line (10 Gbit/s) served by SINET in Japan. Apart
from two half-day outages of ESNET, the transfers continued around the clock
for the entire 11 week run.

b=
]

— 150

4% ]
|

Approximately 270 TB of data (representing 6.8 billion polarized proton-proton
collisions) were transferred to CCJ. After a few days of fine-tuning the transfer
parameters, the transfers became part of the regular data-handling operation
of the PHENIX shift crews, requiring experts to intervene only occasionally.

— 100

data per 24 h (TB)

Fel
|

integrated data volume (TB)

- 5 D D This seems to be the first time that a data transfer of such magnitude was
sustained over many weeks in actual production, and was handled as part of
routine operation by non-experts. The successful completion of this large-scale
transfer project demonstrates both the maturity of today's Grid tools and the
real feasibility of integrating remote resources into the data-handling and

10 I:I processing chain of large experiments.
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Gluon polarization

 semi-inclusive DIS
— HERMES @ DESY New COMPASS 2002-2004 data, Q3«1

 high-p; hadron pairs ﬁG )dx = 2.5
— 08— 5 —
SMC @ CERN Q I 2 e ~ AG(x)dx = 0.6
. . (M 06f m compass &1 (Gevich (0203 prelim) ~
 high-p; hadron pairs 3 & CoNPASS G (ovir 0203
0.4 g . Open ¢ arrtf’/._’,pre im
— COMPASS @ CERN 02" _— _
_ _ I fi@(x}dx = 0.2
* high-p; hadron pairs O
« open charm 02 7
(projection) 04— GRsv-max |
-0.6[ - GRSV-std A
0.8 -~ GRSV-min . . : . .
lepton beam . D 107
> X
> or €& / ¢
Y |
69 heavy f;avor fﬁ\G(x)dx small, or AG(x) has a node at x~ 0.1
SYluon
2 or <& - Consistent also with RHIC A (n° channel) measurements
nucleon Targat g

Y
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Where is the proton spin ?

 Origin of the nucleon spin 1/2
— polarized DIS experiments showed the quark contribution is only 10-30%
— gluon contribution ?

« Scaling violation in polarized DIS
SMC: Ag(Q* =1GeV?) =0.99"73] (stat) "5, (Syst) s (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). & ' [+ compass c205: nign py, 6~ 1 (Gevier.
.. : S8 [ 7 COMPASS projection 02.04: open charm.
* Semi-inclusive DIS < i i
— high-p; hadron pairs
— open charm production

eptonbeam " 02 |

> or € U _ o1
Yheavy flavor 02 |

§ _
S or € gluon 0.4 f
p ( . nucleon Target . 06 —
@

RIK=N July 25, 2006 Spin-Praha-2006
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Relative luminosity

— systematic error of the A, measurements

£

T T T T | Width Corrected E_LL vs fillnumber | — h3 o
u-mu;— | _ o 0'003;_ ‘ r E‘%:Idf 3. 1%1%%
um“:_ - - _ u-ﬂm g_ ' l | rn | 0.0001019 +0.0000273

; 111{" E ;H !* il Jmm ™
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Run3 Run5
SR = 2.5x104 —> 8A,, = 0.2% SR = 1.0x104 — 3A,, = 0.023%
Run4

OR =5.8x10% — 6A, = 0.2%
— multi-collision study with new scaler board in Run5
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A, BLUE LR north vs. fill_num

Local polarimeter

longitudinal component of the proton polarization at PHENIX IP

e better statistics due to better DAQ rate
e backward asymmetry consistent with zero
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A of Jy

e Muon arm results
Run2 results, PRL 92, 051802 (2003)

= — unlike-sign — unlike-sign i& Jhu — efe
g | . like-sign - like-sign - A
O 2
107l ee MU _‘E 10t \;
5r i S 10F Y
Sl il = oM ~
ol it ME ool M Al | £ 400 . o | L
2 3 4 2 3 4 S0 2 4 60 2 4 6
Inv. mass (GeV/c™) Inv. mass (GeV/c) pr (GeV/c) py (GeVl/c)
el 1 Imsep=1224] Run5 preliminary result
£ b 0.151
L2 40 - JiPsi 'y PHENIX Preliminary
= — -1 _
o) . Pythia (GRVSANLO) 0.1_— 3.2pb . Pol=47%
207 —— COM (GRV98NLO) N - I sys. Err
P — COM (MRST2001NLO) B
. . . . . . ' 0.05— {(COM: GS-A)
- - —y
25 - & O —
% (a) PHENIX 210t (b) -
S 2 e N
A 1} -0.05/—
V150 " B
10 F L
1 10°f -0
—— COM{GRVIBNLT) =
0.5] —Fit(p+q In\];} 10.'3.. ------ COM{MRST2001NLD) N
. ] _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
L P 10 PP — I T R Y S S A T R )
wJs (GeV) Js (GeV) PT

'{IH Iy 5, 2006 Spin-Praha-2006

HCEN
PH -

ENIX



Spin dependence of k; of jets

— possible helicity effect

 We may observe net effect (after averaging over impact factor)

same helicit
like-sign helicities y like-sign helicities Run3 result

hint of helicity dependence ?
not yet sure

L U L L L L
0.2- :
:c? : ]
Blue Ring Yellow Ring Blue Ring Yellow Ring > N
0 -
S o1 :
. . & L
opposite helicity o | PHENIX Preliminary
unlike-sign helicities unlike-sign helicities > -
S S -
-0_1_ I _____ I Ll
1 2 3 4 5
p;, [GeV/c]
Blue Ring _ Yellow Ring Blue Ring Ye_l_l_o;vF{ing Run5 data

yield a definite answer ?
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Spin dependence of k; of jets

- Run3 result: hint of helicity dependence ?
- not yet sure

- Run5 data should yield a definite answer.

U S T e e P T T

3 4
? pr, [GeVic] ‘"Wf-
H--
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Interpretation

unpolarized quark :

distribution
need

T-0dd

—

helicity or chirality
distributi

Need
transverse spin distr.

or transversity
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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

 Schedule

— completion and installation in 2008
summer

— commissioning and data taking
from 2009 run
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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

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

PHENIX Detector
xﬂﬁ |

Central Magnet

ZDC South ZDC Nurth

Wﬂﬂ |

South Side View

ﬁ Trigger RPC Locations P H%%E E Ix
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