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PHENI X Physics Capabilities

designed to measurerare probes. + high rate capability & granularity
+ good mass resolution and particle D

Au-Au & p-p spin - limited acceptance

® 2central arms;

electrons, photons, hadrons

charmonium Jhy, v — ete”
vector meson p, o, ¢ —> ete”
high p+ 7o, T, T
direct photons

open charm

hadron physics

® 2 muon arms: muons
e “onium” J, ', Y > utur
® Vector meson ¢ —> utu
e® opencharm

® combined central and muon arms: ® (global detectors

charm production DD —> eu forward energy and multiplicity
e event characterization
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PHENI X Setup Completed in 2003

® West Arm ® East Arm
e tracking: - e tracking:
DC,PC1, PC2, PC3 DC, PC1, TEC, PC3
e ¢dlectron ID: e dectron & hadron ID:

RICH, RICH,TEC/TRD,
EMCal TOF, EMC

e photons: e photons:
EMCal EMCal

® South & North Arm

e tracking:
MuTr
e muonID:
MulD
® Other Detectors e .

o Vertex
& centrality:
ZDC, BBC,
MVD
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Acceptance, Cross Sections and Resolution
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Expected statistics for Au-Au RHIC |

® Onefull Au-Au running season at design luminosity (run-3/run-4)
e 10weeksrunningat 2 10% cm2 st average luminosity
e uptime50% (RHIC) and 50% (PHENIX)

recorded integrated luminosity: 300 ub

® all min.biasevents are sampled with 2nd level trigger

(bandwidth limit 8 kHz)

® additional lossesfor pessimistic estimate

e trigger/reconstruction efficiency 50%
e Vvertex position within = 30cm 50%
Hp Hp ee ee
ideal  reconstructed ideal reconstructed
Jhy 125000 31000 12000 3000
' 4600 1100 450 110
Y 120 30 30 7

—V—
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Species Scan

® Centrality or energy density dependence crucial observable
® Measurement of peripheral collisions challenging
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PHENIX J/y and y’ statisticsfrom RHIC |

® Running at full energy
® Au-Au 10 weeks (run3/run4)

o Jy—puu 31000 Jhy —>ee 3000
o v —puu 1100 y' —ee 110

® Speciesscan 2-3 weeks per species (run5/run6)

e level 1and level 2triggers

e equal statisticsfor Jy (y')
compared to Au-Au

® p-p and p-A comparison runs

——

PH ENIX

: luminosity  time
species | A T em?sY (weeks)
Au-Au | 197 2 10% 10

|| 127  2.610% 2
Cu-Cu | 63 8.3 10% 25
S-S 28 3.510% 25
0-0 16 7.7 10% 3
p-p 1 5.6 10 6
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Electron reconstruction in PHENI X central arms

Track reconstruction: DC-PC1-PC3 Electron identification:
* acceptance: p, > 200 MeV/c * RICH
Ad = 2X 1t/2 « EMCAL E-p matching
-0.35<n <0.35  subtracting remaining background
— -4
e resolution: o,/p =0.8% © 1% p (reached) e~ 10
Au-Au data 2000
' all charged

10 T

150 _
a| random L,
10 background I |
10 Ffr}gtf: “=LL with RHIC hit

K +_

10 ¥
© ~90% of electrons ™
background ‘Eﬂg‘—lﬂ:t

1{! 02 04 06 08 1 1.2 1.4 16 1.8 2

— E/Pratio
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Run-2

® |ow luminosity
e ~30ub!l Au-Au recorded
e ~50nbl p-p recor ded
® commissioning of muon detectors
e oneof two muon arms
e 2/3activeareain south muon
® commissioning muon and electron triggers
e reduced performance

® expected Jy from run-2

(note: large uncertainty in production and efficiencies
+ small S/B in Au-Au)

° pp— Jy - puu ~50-100
° pp—o Jy >ee ~50-100
° Au-Au— Jy — up ~100-200
° Au-Au—> Jy —>ee ~100-200

—V—
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PHENI X Beyond the Baseline

® HI Physicsprogram (pp-pA-AA)
Upsilon <« need RHIC ||

lepton pair continuum (DrW uminosity
heavy flavor (b-physics)

high p; phenomena (>20 GeV and y-jet)

Sp
e parton distribution functions
e heavy flavor
e \W-Boson
e transversity
® p-A Physics

e parton structure of nuclel

e diffractive processes

—V—
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PHENI X Detector Upgrades

. || Vertex Spectrometer
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® central vertex Spectrometer

e flexible magnetic field
e multi layer silicon vertex tracker
e TPC/HBD

forward vertex tracking
e multiplelayer silicon

enhanced particle D
e TRD (east)
e Aerogel/TOF (west)

enhanced muon trigger
e forward hodoscopes

e forward calorimeter

e station 1 anodereadout

PA trigger detectors

DAQ/trigger
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Upsilon Spectroscopy with RHIC |1 Luminosity

® original PHENIX capability:

Upsilo  mass Br(up) relative relative
%m : n (GeV) % crosssection  Br o
£ North JD I Y(1S) 9460 248 1 1
fai 0 thsj Y(2S) 10023 131 0.36 19
g. L TE3S) Y(3S) 10.355 181 0.25 18
: ms} A I?’L,\n:_q
e e 1 north muonarm: o, ~190 MeV

g“ 'ﬂJ south muonarm o, ~240 MeV

: Sou . |
Y b 1(zs)
i [[ i S;T‘-ELJLT!}]"-"‘ 37 week of Au-Au at 2 10% cm-2s1

U M) e

total of ~400Y decays

® RHIC I performance: Increase statistics by factor ~300
e 10week runat 210 cm3st = 20 week run 8 10%” cm-2s1
e 50% lossduetovertexcut = no loss with longitudinal focussing
e 25% RHIC/PHENIX uptime = 50% RHIC/PHENIX uptime
muon spectrometer : Youur 30 = 9000 reconstructed
central spectrometer: Y— ee 7 — 2000 reconstructed
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Upsilon Spectroscopy with 'Y — e*e

® |Improve momentum resolution by factor ~4
e increased magnetic field 0.73Tm—>125Tm
e measurefull angular deflection 40% — 100%

® Resolution of upsilon measurement limited by multiple scattering
e 8-16% X/X0— Gp/p ~0.9-1.4%

P — Upsilon (rgg\s/s) yield
ol CDF ~1000Y | Y(1S) 9460 2000
T I f o~50MeV | Y (295) 10.023 380
x | Y(3S) 10355 360
§ 00 _
z
3 0o T G, ~60-90 MeV:
E B ik
6-9 o separation
%.ﬂl I IEI.IEI I IEI.IEII I 'II::-'.:I I 'IIZ:-'r I 'III:E| I I11-E mY(BS)-mY(ZS) :332 MeV
Mt Gav /ot 4-6 o separation
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Charm and B Decays

open charm production from inclusive electrons

A high precision vertex detector TS
will allow a clean separation of
charm and bottom decays

Au+Au — (e +e)2 + X (\s,,=130 GeV)

£ min. bias (x100)
¢ central o
— ¢ — e (central,min.bias)
---- b — e (central)
-~ "direct 7" — e (central)

10

|"I|'|E III|T|T1 T T TR

1N_,1/2= 1/p, dN/dp dy (GeVic)

m Ct —eX f_
GeV  um % 0 =
10°
DO 1865 125  6.75 ,
Dt 1869 317  17.2 WE
B 5279 464 53 0§ o o
B: 5279 496 52 N N U N P e 0
0 0.5 1 1.5 2 2.5 3

P, (GeVic)

Need secondary vertex resolution
~30-50 um

——
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Proposed Silicon Tracker in PHENI X

lrﬁj 23 (e
ni<12 [ D—»-eX
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Signal/Background with DCA cut

g“f i1 tracked through GEANT
e H -15k central AuAu svents:
10 — signal: D eX (PYTHIA S/B improvesto > 10 for p; > 1 GeV/c
E 0 — background: Dalz, resonances, with DCA cut ~ 100 pm
'L b (EXODUS full events)
S,
Y
Y ”
" £ lh. 5 o
- “ © :_ dca’" to event vertex:
e A, | -
= |||| Lot T 100 um
4] ﬂ.E 3.5 4 45 L+ 30‘_ — 125 pm
p, [Gevic] - — 150 pm
Without cutson displaced vertex N
e S/B ~1for high-pt -
e SB~0.1p;=05GeV/c 10~
I:I | | | | | Ill | | | | | | | | | | | | | | |
0 02 04 06 08 1 12 14
p, [GeVic]
T —
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Summary

® Integrated luminosity crucial for quarkonium measur ements!

® PHENIX quarkonium capabilitiesfor RHIC |

e sufficient statisticsfor exploratory studies Jhy and y’

e comprehensiveJ/y and y’ program
Au-Au
species scan
p-p and p-Au

e (given present run timesdata taking can be completed by run6

(2005/2006)

e first upsilon measurement

® Luminosity increase with RHIC 11

e ultrahigh statistics measurement'sfor Jhy and y’
e upsilon measurementswith sufficient statistics

® PHENIX detector upgrades+ luminosity
® [recession measurement of open charm and bottom
e upsilon spectroscopy
—~—

PH Ele Axel Drees



	Quarkonium Measurements with PHENIX
	PHENIX Physics Capabilities
	PHENIX Setup Completed in 2003
	Acceptance, Cross Sections and Resolution
	Expected statistics  for Au-Au  RHIC I
	Species Scan
	PHENIX J/? and ?’ statistics from RHIC I
	Electron reconstruction in PHENIX central arms
	Run-2
	PHENIX Beyond the Baseline
	PHENIX Detector Upgrades
	Upsilon Spectroscopy with RHIC II Luminosity
	Upsilon Spectroscopy with  ? ? e+e-
	Charm and B Decays
	Proposed Silicon Tracker in PHENIX
	Signal/Background with DCA cut
	Summary

