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Spin program at PHENI X

e Quark polarization — flavor decomposition
— parity violating W=+ Nicki Burner’'stalk (Tuesday)
o Transversity
o Search for new physics with parity violation
e Gluon polarization

— open heavy flavor with e, em Ken Barish’ stalk (Monday)

- Jy Hiroki Sato’stalk (Monday)
e Single transverse-spin asymmetry

0L Brendan Fox’ s talk (Tuesday)

— charged hadron Kensuke Okada stalk (Tuesday)

— single muon Atsushi Taketani’ stalk (Tuesday)
e atlP12

— neutron, photon, p° Y oshinori Fukao (Tuesday)

Dty PH ENIX ® @

eptember 11, 2002 Yuji Goto (RIKEN/RBRC) 3 RIKEN




Qutline

Introduction

— gluon polarization measurement
e prompt photon
* heavy flavor
» p° and charged hadrons

PHENIX 2001-2002 run

— analysis status

— for gluon polarization measurement in next runs
« p%Jy
 relative luminosity
 local polarimeter

PHENIX upgrade plan
— for full luminosity run ...

Summary
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Gluon polarization measurement

1.2
- Coveringwidex,regionby X 1 G(Si) (AG(x4 GeVH), NLO -
measuring: O o8 —
0.6 prompt photon
— photon
0.4
— muon 02| |, X
— €lectron 0 E= C—
- Chargm hwrons " -02 L auul |/¥®||||| Ll i1
0.001 0.01 0.1 1
X X
prompt photon — gluon Compton heavy flavor — gluon fusion
proton beam proton b
-2 or & " -2 or & ”
@%\I uon J ey,
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Gluon polarization measurement

[ s = zm GeV s = 500 GeV
 Prompt photon | Reoalml<oxs ] Reodlnyl <035
— clear interpretation o ozlcrsvmaxg | Sastesinfull
P < ] | design luminosity |
 gluon Compton process % j [ and polarization |
dominant 1. arsv st | IBTT 08
— experimentally challenging | / [ arsvsD -
* good background reduction j
with high performance
EMCal at PHENIX
Q’
A (p)= Dg(x,,Q%) XA (%, Q%) %, (cosq ) Py, (GeVic) Py, (GeV/c)
(g’Q) F-1O‘ T T T T
: §
_r? 10 E_ — b.g. }f;’prﬁmp{:twf _E
e e S P L U
o 0 > 10 15 20 23 S0

pr {GeV/c]
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Gluon polarization measurement

 Heavy flavor

— X ® 0.01 and smaller

* Jy production

heavy flavor :gluon fusion

« open heavy flavor production gg ® cc,bb
— uncertainties 0
e Jy production mechanism >§ I
e prompt Jy or decay s
« background -1
 charm and bottom I

-3 — '

-3 -2 -1 0
l0g10X1

F aw
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Gluon polarization measurement

 Heavy flavor
— e-J coincidence =>» These measurements will be done
« clean: bottom-only at high In 2004-2005 and beyond ...
mass =>» They will be discussed later again.
« background evaluation with =>» What isthe plan in next runs ?
~ like-sign pairs
O ‘e
> 320pb-1 Gs=200GeV P:®.pr™>1GeVic
8 e,mu mass (unlike sign pair) | e, mu mass (like sign pair) I C
— ' 0
O 1w} 10 ) o
o _ P/K? em ™"
% M -0.04F—
> u _:ﬂ.ﬂﬁz
10" o R ':':;_.- -CI.[IBE
ol
AR ar e GS-A
1 23 & 5 8 7 4 1 2 3 4 5 6 7 8 R | K S S S A ) E
| Mem(GeV/c?) Mem(Gev/gz ' ¥ 2 2 3 3% 9 geation PGV
Sk ~— H. Sato/ W. Xie p
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Gluon polarization measurement

e 2001-2002 run (run-2)

— study systematics
e pY% Jy cross section measurement (with transversely polarized beam)
* |luminosity measurement, local polarimeter, ...

e 2002-2003 run (run-3)
— ~3pb!at B=200GeV
— 50% polarization
— A, of p®and charged hadrons
e 2003-2004 run (run-4)
— ~30pb! at Gs=200GeV
— 70% polarization if AGS snake can start operation ...
— A, of heavy flavor
o J?
» single-electron
 start e-p coincidence

— start A, of direct photon
N
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Gluon polarization measurement
« p° and charged hadrons

— dternative to jet measurement in the small acceptance
 al channels are combined for the gluon polarization analysis

— quark polarization — flavor decomposition

e p*from u-auark. %o from u- and d-quark ... p-1D with
RICH detector
_d::l :""I'"'I""I""I""I""I"":q::l E'"'I""I""I""I""I"'ﬁﬁﬁ*
0.04 — GSY5—NLO—A for 3pb~!, B0% polarization — 0.04 [ 6395-NLO-A for 30pb~', 70% polarization E
0.035 — — : . — 0.035 — — : . —
0.03 F ] h* A4 003 B h* A
0.025 : / 1 0025 | ]

Agymmetry Asymmetry
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PHENI X
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PHENI X in 2001-2002 run

PHENIX Detector - Second Year Physics Run

7 Installed
® Active

Full central arms
South muon arm
13-level trigger system
— high-p; EMCal trigger
— miD trigger

e DAQ

— 1kHz & 70MB/sec

mit =» Muon north arm will start
operation in 2002-2003 run
_ — detectorsare al installed and
belng commissioned now
South Side View

2002 N
iy PH “ENIX 9 R
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2001-2002 run

e Luminosity

— NoSsi 1
Integrated luminosity 0.15 pb PHENIX Run2 Figure of Merit for A ,
— L =1.5x10* cnmrisect af maximum | - o
 Polarization — transverse g JP Ldt=4.47nb _,
= JVar B
= Prao>=17% .%_J 035
— <Pye>=14% e JP2 Ldt-322nb -
— 25 % at maximum c o :

0.25

— result of using the backup motor I
generator with lower ramping rate 02
for the AGS 05|
0.1_
0.05
i
08/01 15/01 22/01
St e
R) /A1~ PH: “ENIX
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2001-2002 run

e A\ measurement
— anaysisongoing ...
— central arm
e mid-rapidity, X- ~ 0
 p° charged hadrons, Jy , ...
— muon arm
o forward-rapidity, 1.2<h <24
« singlemJy, ...
e Cross section measurement

= Polyede
o Systematic studies
— relative luminosity study

— local polarimeter development at 1P12
« A, measurement of neutron, photon, p° at very forward-rapidity

Y PH ENIX G [
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PHENIX Preliminary

Q PHENIX 200GeV pap->niaX

2001-2002 run

e pY cross section
— datacoversover 8 orders of
magnitude
e pr=1-13GeV/c
* by combining minimum bias
trigger and EMCal trigger
data

— NLO pQCD calculationis
consistent with our data

e CTEQS5M PDF + PKK FF
* within the scale m= p,/2 - 2p;
=» some confidencein

-
0

=
IIIII|'|'| IIII|T|'1 IIII|'|T|'| IIII|T|" IIII|'|T|'| IIIII|'|'| IIII|'|T1 IIIII|'|'| IlllﬂT‘_:IIIﬂTl'l IIIII|T‘ T TTITm

_ HLO pacD
F. Aversa et al NPE327[ 1988105
CTEQSM pdf/PKK frag
Scales: p=p/2 p2p1

—r
n|

E*d’c/dp (mb/Gev?)

-t 'y -t -t
= 0 | =
= da

—r
n|

-
o

&

-l
o

understanding subprocesses 02
D; - dependent systematic erro
2 4 6 8 10 12 14
B. Fox / H. Torii normalization systematic  p(cevie)
~— error 30% is not included F
PH ENIX 3
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Jiy B-doidy (nb)

e Jy®nmm,e'e
— Br(Jy® I'l") s(p+p® Jy X) = 226 £+ 36 (stat.) £ 79 (syst.) nb
— S(ptp® Jy X) =3.8 £ 0.6 (stat.) = 1.3 (syst.) pb
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2001-2002 run
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| J/y B-do/dy |
g mm eter PHENIX Preliminary
B PYTHIA (arbitrary normalization)
C PDF = GRV94LO
C | | | | | | | | | | | | | | | | | | | | |
-3 -2 -1 L] 1 2 3
Rapidity

H. Sato
o) B
210 ¢
1¢ __#"PHENIX Preliminary
: T
10 - )
oL A
= /7 Phys. Lett. B390,323 (1997)
3 - fT Color evaporation model with GRV HO
10 E 40 e Color evaporation model with MRS-A
E . Experimental data
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2001-2002 run

o Relative luminosity
measurement T. Kawabata

A = 1 N, - RN,
" P2 N, +RxN,

R = I—++

L

— DA, <0.3% measurement i
In 2002-2003 run requires
DR < 0.1% measurement

=» Crossing-sorted scalers
— 4 scalers” 120 crossings

+-

« Min.Bias=BBCA NTC crossing-sorted specific luminosity

« BBC = scaler / WCM blue/ WCM vyellow
e NTC (WCM: wall current monitor)

« ZDC

PH.ENIX 6 ﬂ
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2001-2002 run

e Crossing-sorted scalers
— DR =0.3% achieved in good fills (preliminary)

— 0.2% in total run by averaging effect

1.02— . .
; ; i BEBC/NTCH

coolli- B i)

0.9l

ggb o L o L 1
2260 2270 2220 2230 2300

1.02—

101+

Y™ R DA o] . S

0.98 11 1| 1
2260 2270 2280 2230 2300

1.02

+ ZDC/BBC]

T

090 b

0.98 11 |1 11 1 1 1111 11
2260 2270 2280 2290 2300

— bunch-by-bunch characteristics make this systematic uncertainty
— relation with accelerator parameters 77

2002-2003 run

— additional luminosity telescope
— recogging/ spin flip
=>» ~10-times better relative luminosity measurement expected

eptember 11, 2002
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2001-2002 run

o Loca polarimeter

— for the operation with spin rotators in 2002-2003 run

 to confirm spin dynamicsin RHIC ring

 spin dynamics between spin rotators is completely transparent to the rest of

accelerator by design

— development of anew polarimeter to be installed at PHENIX

=> A, measurement at P12

— neutron, photon, and p° ~ 1800cm 1800cm
— very forward region . /
Gaiba > o] -10
~ p;<03Gevic x.>02 L] 2= < ] e
Hadron Cal EM Cal
Based System Based System
Dipole Magnet Dipole Magnet
B -B g .
Higlélsm;aem Collision Point
o PH:ENIX )4
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2001-2002 run

e A measurement at | P12
— large neutron A, was discovered

Y. Fukao
\Neutron Asymmetry | Hadron Cal \Neutron Asymmetrﬂ EM Cal
< 01 A =-0110+0.015 < 01f A =-0.10920.0072
0.05- N 0.05: N
OF } 0E
-0.05% -0.05°
-01% -0.1% ¢
-0.15; } % % } % i -0.15- ¢
-0.2- -0.2-
-0.25; preI|m| nary | -0.25¢ preI|m| nary % | |
0.3 20 60 80 100 0.3 a0 60 80 100
Energy (GeV) Observed Energy (GeV)

=>» Local polarimeter at PHENIX

— ZDC + position sengitive counters to measure the neutron Ay

— 8-ch hodoscopes for both X- and Y-directions at the shower maximum
position of the ZDC (between 15t and 2" modul es)

PH.ENIX 9 ﬂ
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PHENI X upgrade plan

o 2004-2005 and beyond ...
— full luminosity {— —J

* 800pb! at Gs=500GeV . \ e .
« 320pb! at G=200GeV ot
— A, of direct photon ey
— A, of heavy flavor N m\.\
« Upgrades =—

— dlicon vertex tracker Ty _

— W-trigger _ Il ===}

— TPC/HBD for low mass
el ectron-pair measurement

SILICON VERTEX

— aerogel Cherenkov detector PeTECToR

— DAQ upgrade

Dty PH ENIX 9@
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PHENI X upgrade plan

e Silicon vertex tracker
— straw-man design

Silicon Tracker Upgrade
35Deg .35 Deg
-
12Deg |/ | 10 Deg
e

- P = —
12Deg | .".____ - \ . ..".I_ - - . - . ..._. ~ 10 Deg

£

" Environmental Enclosure

I S
— barrel: 4 layers

e |h|<1& Df~2p

o 1 pixel layer + 3 strip layers (or 2 pixel layer + 2 strip layers)
— endcap: 4 layers

e to match with muon arms

PHENIX @ p.
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z
counta{L=10%} nonm.kurnac

PHENI X upgrade plan
c®m
 Heavy flavor PYTHIA
— identifying displaced vertex
— open charm in the endcap
D® m+X
« muon displaced vertex: s, ~ 100 nm :
— open bottom in the endcap |
B® J /y ® m+ m ‘035 YR
— open bottom in the barrel - b= =
B® J/y ® e'e PYTHIA

» electron displaced vertex: s -, <50 nMm
(DCA: distance of the closest approach)
at pr>1GeVic

N P. McGaughey F
@

Dy PH ENIX
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PHENI X upgrade plan

 Heavy flavor
— bottom-pair measurement
— extension of e-u coincidence " displaced vertex cut efficiency
* U+ displaced vertex should be applied (" 0.57?)
— dtatistics: © 30 ?? NPT
» branching: =~ 10 3000 e
» acceptance: ~ 6 ST PYTHIA
R)
» efficiency: ~ 0.5 22007 bb @ en j
» e+ displaced vertex 2000 F
— higher statistics .
— cleaner channel r
1000 I b @ hm
ST bb ® em
Rl Y
S o~
at bedll PH ENIX
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PHENI X upgrade plan

e Photon+jet
— photon detected by EMCal: |h| < 0.35

— Jet detected by silicon tracker momentum resolution at B = 9 kGauss
« |h| < 1 with barrel only T AR R T 1 I e
9 Wlder Wlth endcap, tOO - ,>—f: 102—"" o i ST /‘Ié
E—\h L 1

i

— momentum resolution
« ~10-20%at p; =0.5—-1 GeV/c

-

A
K
‘\%\

* ~50-100% at p; =10 GeV/c T
= improves with TPC ... o |4 e =] | |

= E = = = E’U’?D FaL _I:.:i‘i\___l_i_talll .—'iﬁ'v;r"f:"l';‘;ﬁpcn = plilliurg::ﬁu' ' -- '..E_'IIL;i:'.:.II}-' +
. Optl miZi ng to fl nd Jet axis We” @bt i S 1R i e B b E B B X ke b e
H H H — I__! H H HE

E=B r3=10. 4212 ¢ | EH N )’W.I" fakTi=on

enough < A and & T1E25, 2=6, r348, rd=f0 am, 0.02¢ ldyet

Centhal Brin, MM 2483 (2002 495 L]

_,_-—-—‘_'_'__'_'_'-‘-'_'_'_F

1 13
P, Gev/c

PH ENIX 9 ﬂ
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Summary

e Very successfully in 2001-2002
— highly selective trigger for spin physics
— Py spectrum of p° described well by pQCD
e Analysisof many A, measurements are ongoing
— pY Jy, charged hadrons, single muon, ...
* Preparation for the gluon polarization measurements is going
very steadily
— development of relative luminosity monitor, local polarimeter, ...
— for next runs

» Further upgrade plans are also going ...
— for full luminosity runs ...

Y PH ENIX G, [
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Gluon polarization measurement

 Heavy flavor

— single-electron

 background from conversion and p° Dalitz decay

K.Barish/W. Xie

a I‘.].I‘.]I‘.]-‘fI:—
! 0.002} F_-:___“ff_f“——j;._ e
0.01 af— o 'S i
: i ]
L E s A N ™
. E T f.uua':— izl ‘ |
0wl 221 gt -u.uua_'— GS-C ‘
GS-A - !
001
s After MVD cut Sola 320 pis*
-ﬂ.ﬂ14_—

115 3 a3 s goagioa 1 ds oz 2 s ss 4 43
background regjection with MV D background selection with MVD
(multiplicity vertex detector) to study jet asymmetry

S o F
o PH ENIX M
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2001-2002 run

e A, measurement at |P12

| Photon Asymmetry | | n° Asymmetry |
= 0.15¢ = 0.15¢
< 01F < 01
0.05¢ | 005 EEEEE
-0.05; IR } 0.05- [ [T 1]
-0.1% | -0.1F
-0.155 -0.155
-0.2F -0.2F
-0.255 preI|m| nary -0.255 preI|m| nary
0.3 20 60 80 100 0.3 ~20 60 80 100
Energy (GeV) Energy (GeV)
‘Neutron Asymmetry ¢ Distribution | ’:: ndf A ;;;57::
<z 0.2 ..
0.15- preliminary ;

0.1%
0.05F
-0OF Tty
-0.05;— /
-0.1 —¥

015 Ay =-0.108+0.0087

El 41 |
025 05 0 05 1 15

¢ (rad)

——
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