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Physics Beyond Reach of Current PHENIX

Provide key measurements so far inaccessible at RHIC in three broad areas:

® Comprehensive study of QCD at high T with heavy ion, p-nucleus, and pp

e high p, phenomena (identified particle, p,>20 GeV/c and y-jet tomography)

e electron pair continuum (low masses to Drell-Yan) «—_—— requires highest
e heavy flavor production (c- and b-physics) <«— 7 AA luminosity

e charmonium spectroscopy (J/y, v’ , x. and Y(1s),Y(2s),Y(3s))

® Extended exploration of the spin structure of the nucleon
e gluon spin structure (AG/G) with heavy flavor and y-jet correlations
e quark spin structure (Aq/q) with W-production requires highest
e Transversity polarization and luminosity

® Dedicated p-nucleus program
e A-, p;-, x-dependence of the parton structure of nuclei
e gluon saturation and the color glass condensate at low x

Requires upgrades of PHENIX and RIHC II luminosity
——
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PHENIX Experiment

designed to measure rare probes: + high rate capability & granularity
+ good mass resolution and particle ID
- limited acceptance

Au-Au & p-p spin

® 2 central arms:

electrons, photons, hadrons

e charmonium J/y, ¢y’ —> e'e”
vector meson p, ®, ¢ —> ete”
high p; 7o, ¥, T
direct photons

open charm

hadron physics

® 2 muon arms: muons
o “onium” Jy, ', Y —> utur
e vector meson ¢ —> utu
e open charm

Discovery potential of PHENIX demonstrated in Run’s 1-4
?_ ° o o
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PHENIX Central Arm Upgrades

® Enhanced Particle ID ® Vertex Spectrometer
& TRD (east) ¢ flexible magnetic field
e Aerogel/TOF (2006) e VTX: silicon vertex tracker (2008)

e HBD (2007) and TPC (2011)

PHENIX Detector

-
3

HBD/TPC

fI

Aerogel/TOF

TRD
ras1

Beam View

charm/beauty:
TRD e/rt above 5 GeV/c

v-jet:
large acceptance
e+e- continuum:

— Dalitz rejection
PH ENIX Staged implementation 2005++ J Axel Drees

High p; phenomena:

n, K, p separation to 10 GeV/c charm/beauty:

displaced vertex




PHENIX Forward Upgrade Components

® Forward Silicon Vertex Tracker (2009) e Muon trigger (2007)
e silicon pixel detectors e U-tracker (MuTr or new)
® NCC: EM & hadron Calorimeter (2010) * D-tracker (timing with RPC’s)

e W-silicon (40 X/X, and 1.6 A/A)
e shower max

Muon from
Silicon endcap
Muon from W
"/
NCC\
U-Tracker
charm/beauty & jets:
displaced vertex _ )
'Y,'Y'th,W,TC 9n!xc: D-Tracker
calorimeter W and quarkonium:

improved p-trigger rejection

i Staged implementation
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Ongoing PHENIX Upgrades Program

Discovery potential of PHENIX demonstrated in Run’s 1-4

® All upgrades utilize full strength of PHENIX experiment
e Central arms & muon arms & DAQ/trigger

® Upgrades will be implemented in a staged approached
e Implement upgrades year by year
e Maintaining yearly operation and full physics output

Run1 — Run2 — Run 3 — Run 4
15t p-arm completed Aerogel & TRD
DAQ 20 MBI/s — 500 MB/s

Realistic basis for future planning

® Actively recruiting new expert groups to PHENIX & RHIC
——
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Probing Dense Matter with Hard Probes

1'1.: L LR R LR LR LR R LR LR A ]

Great potential of hard scattering shown o 18F O W chamedhadons 3 HENIX 3
by discovery of jet quenching: .8 @ neutral pions :
opaque and dense matter created in AuAu | aF
1.2F
Future detailed studies with hard probes: —
v-jet and heavy flavor production 0.8
”ﬁ Ltk E
W\— W\— — ). | ﬂ Li4+=AL
g q g c
u.l s im‘”‘“mﬂ:‘ : ‘%%
q VYV o 0000 ¢ TR EEEREE
py (GeVic)
Future steps to gain more detailed insight:
high momentum PID K, =, p p; range to 10 GeV/c
— Aerogel/ToF
heavy flavor c, b — VIX
Jhy, v, xc, Y(1s),Y(2s),Y(3s) — RHIC Il & VTX, & u-trigger
v-jet tomography — RHIC I & TPC & NCC

—-v——
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High p Particle Identification

Mon-Kaon Kaon-Proton
separation separation
TOF - 00 ps 0-25 -5
I 1 & i 4 q
f— [ 1 ‘ | | ®
RICH = 100044 5-17 |7 -
I i -] u 3 i
sith~34 & L1 |
Aeropel n=1.111 1.5 5-4
it q u 1] 1 i3
'I"Th‘hﬂ..ﬁ‘ H | | l l l H

® Scope of PID upgrade:

Ongoing construction project
KEK, Tokyo, Vanderbilt, Dubna, BNL
2 m? Aerogel Cherenkov installed 2004
completion 2005
New TOF detector based on RPC’s
prototypes under construction
full installation by 2006

—-v——
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Combination of three PID detectors
RICH with CO, v, ~ 34
Aerogel C, y,,~ 8.5
TOF 6 ~ 100 ps

n, K, p separation out to ~ 10 GeV/c

coverage ~4 m? in west arm
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Physics from Precise Charm Measurements in Au-Au

Are there medium modifications for heavy quarks?

|s there pre-thermal Does charm flow? Does Thermal dileptons from

charm production? charm suffer energy loss?  the QGP

L § ' : |

iI]-IL 3, Au+Au(b=0) ?'_'E ! ; . ¥ giscinons PHENIX 10% Caniral Au-As CQ{EQ'B.I }jﬁ}-i-;ﬁi S _j{'?};}x{:}ﬂ?
% -z‘[. =200 Gev ', T i LN >80 - Cocktail
i-::'} 10 i \-.__x : 'EI_ E g y}";:?“;' ,; : — T’hermai{eq},:
3 W M o’ : §M : — Thermal (off) ;
= = € .. D Mesons 45_1"_;:{’-;—!_!11\‘%&‘ -— Drell-Yan |
tﬁ- i ey -F'E'“:l':r 'y : -“-‘._ ‘ A
E:-vm,:- i 1'_: - Lot Ty,
r-.lfmu _;EW : EM&an‘; zs‘?f‘
E 7 _ initinl fusion - * _m-:i k P, >02GeV
% e pre-thermal : 10 i:-;kﬁﬁl

oy :j;::r:i:crmnl : ] 10° ' i | o 05

"y et o 1 2. 3 & 5 M_ iizt"f]

o 1" %% & 5.6 T % Tranaverse Momenium [GeVic)
py (GeVic)
Precision measurement Charm out to p, >4 GeV/c Accurate measurement

of correlated e+e- pairs

These measurements are not possible or very limited
—— without the precise vertex tracking
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Spin and pA Physics with Vertex Tracking

® Measurement of gluon polarization gluon polarization
e by heavy flavor production XAG(X) p—"
_ g Paseline
o — 1 -G3?5 | XAG(x4 GeV), NLO -
0.8 | E— : -
‘ ( B) N '-,
e Through y-jet 0.6 L (C) _____ p
(jet reconstruction in VTX) 0.4 xG( X()d . ;;Otonﬂa [t photon
. — CC—e(aISP ECE - -
().2
g 00T q .
A 0 JRyses TR
q y _0.2- 1 1 IIIIIII 1 1 IIIIIII '] L_L LLllll
0.001 0.01 0.1 1
X

® Extracting gluon structure function in nuclei, shadowing

——
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Barrel VTX Detector Proposal Submitted to BNL

® Specifications: GEANT model

e Large acceptance (A ~2 n and |n| <1.2)
e Displaced vertex measurement ¢ < 100 pm
o Charged particle tracking 6 /p ~5% p

Strip Detectors (80 um x 3 cm) at R~ 10 & 14 cm

Hybrid Pixel Detectors (50 um x 425 um) at R~2.5 & 5 cm

® VTX project AR
e Detector system based on established technology s AN
ALICE Pixel detector & strips with SVX4 readout
Extensive R&D program mostly completed
Cost sharing DOE ~$ 5.5M and RIKEN ~$ 3M
Seek DOE construction funds FY06 through FY07
Proposal to BNL 65 authors from 14 institutes
(4 presently not members of PHENIX)

- 8 More details in C.Ogilvie’s talk
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Completion of Vertex Tracker with Endcaps

VTX barrel

i
\W=////

FVTX endcaps
1.2<|n|<2.7
mini strips

“mini” strips (~0.1 x 1 m?)

Expect ~1-2 year development
requires sufficient R&D funds

® Technology option:
[ ]
e R&D effort with FNAL initiated
o
[ ]

Proposal by early 2006
Construction start FY07 or FY08
Scope ~ $6 M for two endcap’s

Heavy flavor detection in PHENIX:

* Beauty and low p, charm via displaced e and/or p
e Beauty through displaced J/yv — ee (up)
* High p, charm through D - n K

-2.7<n<-1.2 , |n|<0.35 , 2.7<n<1.2
-2.7<n<-1.2 , |In|<0.35 , 2.7<n<1.2
In[<0.35

—-V——
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Jet Tomography of Quark Matter

Quark gluon Compton scattering:

g 00900

h

.. QCD direct
PHENIX Preliminary D jet quenching

AUAuU 200 GeV 0-10%
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v-energy fixes jet energy
v & Jet direction fix kinematics

{T"l nuim&asur&d / {Tf no}sim

—
- in

ol

measure AE as function of: ! 2 3 6 / 8 10 12
E, “L”, flavor pr (GeV/c)

70% of photons are prompt photons

Promising measurement in PHENIX:
present setup: excellent y-measurement at mid rapidity
future TPC: large acceptance for recoil jet
future NCC: extends rapidity coverage to |y|<3

—v——
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Rate Estimates for y-jet Tomography

- F L L L s
T 10 - : direct y Au-Au 200 GeV ® Rapidly falling cross section
< ol 10% central with rapidity:
G 10 ¢ upgraded PHENIX e Assume ~ 1000 events required for
— 3t NLO W.Vogelsang statistical y-jet correlation
!?' 10 ¢ e RHIC II luminosity
pd 4] e PHENIX acceptance (TPC & NCC)
-0.51 0 \\Wwith TPC only
E‘D1 0 -5;_ . \ for RHIC | y max y'pT (GeV)
T 6l estimated pt reach 0 23
10 F for RHIC Il & TPC & NCC
7| 1 21
-8[
10 g—vy=0 3 6
9 ........ y=1
10 V=2 _ _
ol — e v-jet tomography at RHIC requires
10 £ L RHIC Il luminosity
0 S 10 15 20 25| yand jet reconstruction in central region
p; (GeV/c) (-2<m<2)
T ——
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Large Acceptance Tracker (TPC)

® Inner tracker with fast, compact TPC

e Large acceptance tracker
e Excellent momentum resolution
1 op/p~1% p

e May be combined with HBD

e Ongoing R&D with STAR and LEGS
e Need sufficient funding to complete R&D
e Expect proposal by 2007
TPC readout plane e Construction ~2-3 years starting FY(09
With GEM detector depending on funding

e Rough cost estimate ~§6 M

T ———
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Nosecone Calorimeter (NCC)

® Forward physics with PHENIX N L 0.9<n<3.0
e Large acceptance calorimeter '
e EM calorimeter ~40 X/X, o0 e
e hadronic section (1.6 A/A,) L T -
e Tungsten with Silicon readout 1w
e Extended physics reach with NCC
e Extended A-A program
high p; phenomena: n° and y-jet —‘
Xe = Iy +y
e Small x-physics in d-A
| | W-silicon sampling
® Scope Wr calorimeter
e Recently proposed to PHENIX collaboration |

e New expert groups join R&D
(MSU, Triest, Prag)
e Construction FY08 — FY09

£ More details in K. Barish’s talk 20 cm
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PHENIX Acceptance for y-jet Measurement

Prompt photons: central EMCal ly| <0.35 forward NCC 09<y<3.0(-3.0<y<-0.9)
Jet (charged): central TPC + VTX |n|<1.2  forward silicon 1.2 <n <2.7 (-2.7 <n<-1.2)
Jet (energy): forward NCC 0.9<n<3.0(-3.0<n<-0.9)

=4
N

¢ coverage

-3 -2 -1 0 1 2 3 rapidity
Large acceptance for y-jet tomography:
expect measurements outto E;,>20 GeV

Large acceptance for flavor tagging
%lx Limited acceptance for p — meson separation Axel Drees




Low-Mass e'e Pairs at RHIC

Sensitive to the chiral transition
and thermal radiation

(d"N/dAMdy)/<N_ > [GeV™']

Strong enhancement
of low-mass pairs
persists at RHIC

—-v——
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Significant contribution
from open c%lrm

y —(ee-

= Y e

1/2 C Ok “combinatorial pairs”
Central Au+Au s =200AGeV  § | P
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& - : : 0 5
N0 Gookil 8
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:al}l{signal v FH f % + 4 H
107 5200% X e *’?ﬁ
! s i =
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g [ - . : lljl ; ; 2 3 1-5 1“ IIIIIII|III|III|III|III|III
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Mrse I_{JE ] Mee Invariant mass [GeV]

Need Dalitz rejection
& accurate charm measurement




Dalitz Rejection with a Hadron Blind Detector

partner positron ® Dalitz rejection via opening angle
needed for rejection o Identify electrons in field free region
e e Veto signal electrons with partner
N > CF4 radiator
_ 2
I'. Slgnal eIeCtron UO?G o 0 0 0 0 ﬁo o o o o mesh
[ A . N
g = § E_GEM
Cherenkov blobs R Ava UM
:;@ég@ &le e
)& /|
| — Tee = e
/ \ GEM or
- @&@ﬁ@&@ o o o o Wires
HBD concept: ! pads
e windowless CF, Cherenkov detector
e 50 cm radiator length R&D highlights
o Csl reflective photocathode test beam KEK 5/04
o Triple GEM with pad readout GEM + Csl work with CF,
® scope sufficient gain ~104
e Extensive R&D over past 1-2 years hadron blind e/h > 100
e Collaboration Weizmann Inst., BNL, Tokyo, USB
Besan,. e Cost estimate ~1.2 M$
PH ENIX e Construction FY05/06 Axel Drees



Interaction Rates and DAQ Requirements

Au-Au at 200 GeV Run 4 RHIC I RHIC 11

<L> (em? s1) 4 1026 8 1026 70 1026

interaction rate 2 kHz 4 kHz (max 12 kHz) 40 kHz

p-p polarized Run4 RHICI (200) RHIC I (500) RHIC 1

<L> (cm?2 s1) 7103 61031 1.5 1032 51032

Interaction rate (MHz) 0.2 2.0 6.0 20
PHENIX DAQ bandwidth: 8 kHz event rate (FEE limited)

option to upgrade to ~ 20 kHz event by
requires demultiplexing FEE; total cost $1 M

Required rejection at 1%t level trigger: RHIC | RHIC II
Au-Au none 2-5
pp (500) 250 - 800 800 - 2500
Replacement of some FEE may be required after 2010
—~—

PH ENIX Cost estimate ~ $4 M Axel Drees



Example for First Level Triggering in the RHIC II Era

® Main physics goals: rare probes = high momentum - easy to trigger
® RHIC II luminosity: 15t level trigger rejection ~ 20 for 4 1%t level triggers

100

e Example: Single electron trigger E PHENIX
P S 58 S - single electron trigger Factor 4-5
Now threshold 0.8 GeV rejection 6 g I
o
Increase threshold = 1.2 GeV
Rejection 6 > ~25-30 s
Physics reach: I /
All single electrons p,> 2 GeV . . . . . .
. 0.2 0.4 0.6 0.8 1.2 1.4
All Y’s Threshold (GeV)
70% of J/y trigger
(efficiency loss at low pt)
PHENIX & PHENIX upgrades

operational at RHIC Il luminosities




Improved Muon Trigger

Enhanced first level muon trigger:

p-Cut: U-Tracker + D-Tracker
Timing: D-Tracker

ey~
el

Muon from W

® First level trigger for high luminosity U'kae\
A

=1l

e Increased background rejection
e W production in p-p 500 GeV/c
e Upsilon production with RHIC II luminosity Muons from hadrons

D-Tracker

Muons from Ws

® Project Schedule
e Recently proposed to PHENIX collaboration
e Proposal to NSF in FY05
e Estimated cost $2 M
e Construction 2005/2006
e Completed for first 500 GeV pp run

pmuon

More details in K. Barish’s talk Axel Drees



PHENIX Physics Potential with RHIC 1 & 11

——

PH ENIX

RHIC Il Au-Au luminosity increase 10x (lifetime) + 2x (bunch length)

Physics topic
High p;

Open heavy flavor ¢ — e,u
b — e,u
D — nk

Charmonium Jy — ee
Y’ — ee

Y — ee

Jy(y’) - pp

X —> up
Y - pp

Bo>J/y—-pup

Lepton pairs LMR
XoX.

inclusive t°
v-jet (charged)
v-jet (energy)

RHIC I (1.5 nb™)

pr <20 GeV
Ev ~10 GeV
Ev ~10 GeV

1<p;<6GeV
1<p;<6GeV
pr <4 GeV

2800
100

8

38000 (1400)
38000

35

2000

75000 HBD
6000-8000 each

Luminosity upgrade necessary
Provides precision measurement

RHIC II (~30nb™)

pr > 25 GeV
E,>20 GeV TPC/ VTX

E, =20 GeV. NCC/ FVTX

Pr= 6 GeV yTY/FVTX
pr > 6 GeV

u-trigger
56000
2000
155 VTX/ TPC
760000 (28000)
760000 NCC
700 u-trigger
30000 FVTX
>50000 each
Requires PHENIX upgrades



Time Line for PHENIX Upgrades (Technology Driven)

2004 2005 2006 2007 2008 2009 2010 2011
PHENIX central arm upgrades:

Total upgrades cost: $38 M
Constr. $1.3M > Aerogel/ToF Foreign contributions: $6-12 M
ik Al > HED Required R&D: $3.7M
R&D $ 350 k Construction $8.5M > VTX

PHENIX forward upgrades:

$2M > u-trigger
$820 k $6.2M > FVTX

$600 k §8 M > NCC

DAQ & FEE:
$600 k $1M $4M > Axel Drees




Conclusion

® RHIC is a world class QDC laboratory
e High temperature QCD
e Spin physics
e Dedicated p-A program

e RHIC II upgrade will allow to fully unfold physics potential

e PHENIX ready to exploit these opportunities in timely a manner

e Comprehensive upgrades program in place
Provide key measurement currently not accessible in all areas

Proposed detector upgrades are cost-effective

Sufficient R&D funds required in next 3 years

Staged implementation while maintaining strong physics output
Program has attracted many new groups to PHENIX & RHIC

——
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BACKUP Slides

—-v——
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Questions of the Committee:

® Compare the physics reach with/without detector upgrades.

Compare the physics reach of the baseline with/without luminosity upgrade.
Summarize the physics payoff of each upgrade.

What physics drives the higher luminosity for PHENIX?
— Answers compiled on summary slide 23

® R&D required for upgrades.

When needed compared to construction start?
— Time schedule & costs on summary slide 24

HBD: readout electronics FY04 (ongoing)

VTX: strip readout with SVX4 FY04/05

FVTX: mini strip readout chip FY05/06

TPC: GEM & readout electronics next 3+ years to maintain collaboration
NCC: Sensors, readout electronics next 3 years to maintain collaboration
DAQ: match new detectors FY04 - FY0S8

——
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Questions of the Committee:

® How long does it makes sense to run without a luminosity upgrade?
= .... difficult question ...
— without the baseline program will stretch out > 2015 (see PHENIX decadal plan)
= my personal opinion: till ~2008-10 when LHC becomes productive

® [f the luminosity upgrade were advanced by two years, would that give RHIC more
physics impact?

definitely, but trade off with detector upgrades

PHENIX can run at RHIC II luminosity today

Much more time effective RHIC operation

precision quarkonium physics (though limited resolution of Y-states)

all detector upgrades will profit immediately

R R

® Which upgrades are optimized for (or compatible with) Au+Au vs p+p running?
— HBD specifically for heavy ion program
= u-trigger mandatory for spin physics with W’s
— all other upgrades address AA, pp and p-A physics

——
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Funding Profile of PHENIX upgrades

Funding sources for different upgrades

9,
8,
7,
6 ONSF
54 O DOE
4- m BNL base
3 @ Forgein
2,
1,
0AerogeI/ToF HBD VTX TPC mtrig FVTX NCC DAQ
Project cost: ~$38 M + $5 M R&D
(>6 years)
BNL base: $2.5 M + $1.5 M R&D Foreign contributions: $ 4-10 M
HBD, Aerogel/ToF, (VTX), DAQ Aerogel: US-Japan ~$500k
_ _ VTX: RIKEN: $3 M + 0.5 M R&D
DOE: ~$24-30 M including R&D
VTX, TPC, FVTX, DAQ, NCC Seeking foreign funding for
NSF: $2 M HBD, NCC, & DAQ
u-trigger

—v——
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PHENIX Rate Estimates for y-jet tomography

® Inclusive directy

~— L L L
e Run 4 (on tape) out to >20 GeV E _ direct y Au-Au 200 GeV _
(assume more than 10 event/bin) % y :‘ 10% central
® y-jet rates O10 F: y=0 :
e Need N, > 1000/pt-bin £o2f\ ]
for statistical jet-correlation o 10 3 E
> RHIC |

e Run4 E~6 Gev 10 F L 3
(jet in central arm acceptance) Z”"'1 0 4_ _
=10 ¢ RHIC I
e Ultimate RHICI  E~12 GeV 10 L > |
e RHICII E~23 GeV P S NG )

10x Luminosity P T
2x IR diamond size 1 0 - s direct y ... 5
5x TPC acceptance _af (NLO clac. by W.Vogelsang) ™., :
1 0 - — direct y (yet upgraded PHENIX) * 4
] gf et in PHENIX E
Breakthrough to jet tomography 10 F | | | | y

requires RHIC Il o 5 10 15 20 25

g i p; (GeV/c)
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Upsilon Spectroscopy with RHIC II Luminosity

Assume RHIC II run with 30 nb-! Upsilo mass  Br(up) relative relative
. . n (GeV) % cross section Br o
& run 2 based reconstruction efficiency vas)y 9.460  2.48 1 1
Y(2S) 10.023 1.31 0.36 19
® Muon arms: Y(3S) 10.355 1.81 0.25 18
M
. :__Harth.Jﬂ;.
E wE HJ["FEST'% } total of ~700 Y — pup reconstructed decays
Bk Lo T3S
N : }AJ"( TUSJ*"--"'*ELI}:{.[QL north muon arm: o,  ~190 MeV
I south muon arm o ~240 MeV

[ Yi18), ¥{25). and ¥(35) peaks |

el {rcasmin 40 W Ty
> B OB
L
L]

[ 2 £
a9
-

' i)

(8]

]
L=
=
|

" _ . .;'—"_t: . 5'] : i bess Rusolaion
gt ARETRTE LIy - Iy at i i
? e [T m:m W8 1eas 115 - ]| wires B0 WG
R irsins s (k") !I!I__
: -
# 18—

® C(Central arms: .

total of ~150 Y — ee decays reconstructed -

original setup o _~170 MeV

] 22 94 9S85 a8 10 ‘HJE “-.-1 ‘rﬂ.!- 1mE M
— upgraded setup o ~ 60 MeV M., (Gev]
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