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The “party line” presented at the NSAC review
Physics program
Upgrades planed
Budget and time line

Future forward physics program

Common probes for pp, pA, AA

How forward is forward?

Forward upgrades are part of a large acceptance upgrade

displaced vertex & y-jet
issues and questions to be addressed
Y spectroscopy issues

Muon Trigger upgrades



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
high p, phenomena (identified particle, p,>20 GeV/c and y-jet tomography)
electron pair continuum (low masses to Drell-Yan) Q requires highest
heavy flavor production (c- and b-physics) <«— 7 AA luminosity
charmonium spectroscopy (J/y, v’ , y. 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 Central Arm Upgrades

® Enhanced Particle ID ® Vertex Spectrometer
i TRD (east) ﬂ flexible magnetic field
e Aecrogel/TOF (2006) e VTX: silicon vertex tracker (2008)
PHENIX Detector e HBD (2007) and TPC (2011)
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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
hadron dec

Silicon endcap

\

Muon from W

NCC\
U-Tracker
charm/beauty & jets:
displaced vertex _
Y,Y-) et,W,TCO,T] axc: D-Tracker
calorimeter W and quarkonium:
Improved p-trigger rejection
S— Staged implementation
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Time Line for PHENIX Upgrades (Technology Driven)

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

Constr. $1.3 M Aerogel/ToF

$450 k

ABREEW VR likely if DOE plans to invest into future of RHIC (trade off running time?)

$900k $6 M TPC

Every thing else:

PHENIX forward upgrades:

Targeted towards NSF, likely? WL ~ RHICTT(??)
Time scale unclear

$820 k $6.2M

Alternatives:
$600 k $8M Foreign contributions + BNL base
DAQ & FEE: + optimize detector scope

$600 k $1M $4M > Axel Drees




Physics Addressed by Forward Upgrades

Rich physics program accessible by forward upgrades:

® Comprehensive study of QCD at high T with heavy ion, p-nucleus, and pp
e high p, phenomena v-jet tomography

e heavy flavor production (c- and b-physics)
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
29

® 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

Not investigated: Central + Forward physics opportunities
T
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Probes to Study (Forward) Physics with PHENIX

® Most measurements planned for the future are based on hard scattering
e Sensitive to gluon or spin structure of nucleons or the nucleus
e Probe quark or nuclear matter ala “Rutherford experiment” or DIS

® Basic processes utilized:
e Parton-parton scattering:

gmgﬁmg

q

q

e Gluon-gluon fusion:

leading %, angular correlations, jet production

NCC + support from FVTX in Au-Au ?

open heavy flavor production, quarkconia

g T ¢ u-spectrometer + FVTX + p-trigger
NCC + FVTX ?
g C
e Quark-gluon Compton scattering: direct photons and y-jet
g WHITT—q NCC + FVTX
(flavor tag: u-spectrometer + FVTX + u-trigger)
—~—— —NN ,

PH ENIX
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How Forward is Forward?
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N\, With TPC only
"N\ for RHIC |

estimated pt reach

® Rapidly falling cross section

with rapidity:
e Assume ~ 1000 events required for
statistical y-jet correlation

e RHIC II luminosity
e PHENIX acceptance (TPC & NCC)
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v-jet tomography at RHIC requires
RHIC Il luminosity

v and jet reconstruction
limited to “central” region
(-25<m<2.5)
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Are the forward upgrades optimized
to do these measurements?

Need jet & y measurement,

tracking, displaced vertex
Interplay of FVTX & NCC?

Physics covers forward and central !

——
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New -3.0 <n <3.0 PHENIX Experiment

Displaced vertex

& jet measurement

Optimize coverage of VTX barrel vs endcaps
Space for infrastructure?
Range of momentum measurement?

\| barrel VTX |n| < 1.2

00?:\\ 1“““ / /’/.
. Aler o | )
endcap VTX | [ "t l*m.:m S
12<m<27 | [ | “h
..... B oo [N
.................. SRRV 4y AN\
—ml N4

Reduced TPC acceptance due to space limits
Is a TPC the right detector?

Should cover range of p-measurment!
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PINER COIL i

*
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*

TPC n| < 0.7

Optimize NCC & FVTX coverage
# of tracking layers ... etc

Match to central tracking
* Axel Drees




PHENIX Acceptance for y-jet Measurement

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

B
N

¢ coverage

-3 -2 -1 0 1 2 3 rapidity

Realization requires close coordination

. il And optimization of detector coverage

PH ENIX
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Barrel VTX Detector Proposal Submitted to BNL

Strip Detectors (80 ym x 3 cm) at R~ 10 & 14 cm GEANT model

Hybrid Pixel Detectors (50 um x 425 um)
atR~25& 5 cm

® VTX barrel (Ap~2  and |n|<1.2)
e Optimized geometry
(2 pixel planes & 2 larger R strip planes)

vertex measurement ¢ < 100 um
Charged particle tracking ¢ /p ~5% p

e Detector system based on established technology
ALICE Pixel detector & strips with SVX4 readout

e Proposal to BNL, project started by RIKEN started, DOE in FY06

Issues: Maintain n coverage for outer layers

Over what n range is p-measurement possible?
Trade of barrel vs endcap acceptance?

PH EN lx Axel Drees
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VTX Barrel and Endcaps

Heavy flavor detection in PHENIX:
* Beauty and low p, charm via displaced e and/or p  -2.7<n<-1.2, |n|<0.35, 2.7<n<1.2

e Beauty through displaced J/v — ee (up) -2.7<n<-1.2 , n|<0.35 , 2.7<n<1.2
* High p, charm through D - n K In| <1.2

® VTX endcaps:
e Technology option:

“mini” strips (~0.1 x 1 m?)
R&D effort with FNAL initiated
Expect ~1-2 year development
Proposal by early 2006

E— Hope for construction start FY(7
\\\\ / / / / o

Optimization issue: Barrel vs endcap acceptance?

Use of barrel pixel planes? Use first layer(s) of NCC?

——
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Nosecone Calorimeter (NCC)

® Forward physics with PHENIX
e Large acceptance calorimeter
e EM calorimeter ~40 X/X
[ ]
o

hadronic section (1.6 A/A,) |
Tungsten with Silicon readout SIS

® Extended physics reach with NCC
e Extended A-A program
high p; phenomena: ©° and y-jet
Xe = Iy +y
e Small x-physics in d-A

*
*
*
*
*
*
*
*
*
*
*
*
*
*
“
\d

W-silicon sampling
— calorimeter
NCC perfromance In Au-Au?

‘O
*
*
‘Q
*

e Match endcap silicon & NCC
New options for geometry?
20cm
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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 vyas) 9.460  2.48 1 1
Y(2S) 10.023  1.31 0.36 19
o \/] N9 18 NN\ : * g .18
Need serious simulations for mass resolution for Y 1S, 2S, 3S separation
Also need to investigate J/y, vy, ¥,
cays
Acceptance increase for Y : eV
eV

Factor of > 2: Y — ee in forward direction
(0.9 <n <3?) (need tracking?)
Factor ??: Y — ee forward + central
Factor 10?: Y — ee (uu) without electrons identification
(In| <0.35 = |n| <1.2)

F 15:—

® C(Central arms:

total of ~150 Y — ee decays reconstructed 1 -

original setup o ~170 MeV

z | ul || T
9 92 94 96 2.8 10 102 104 10.6 108 11

— upgraded setup o, ~ 60 MeV M., (GeV)

PH ENIX



Interaction Rates and DAQ Requirements

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

<L> (cm? s) 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 11

<L> (cm2 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

Required rejection at 15t level trigger: RHIC | RHIC Il
Au-Au none 2-5
pp (500) 250 — 800 800 - 2500
S—
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Improved Muon Trigger

Enhanced first level muon trigger:

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

W
—

Muon from W

® First level trigger for high luminosity U'T”‘Cke\

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

Muon trigger upgrade should address

All AuAu trigger issues Prouon
And remaining pattern recognition problems

T
PH 2 EN lx More details in K. Barish’s talk Axel Drees



BACKUP Slides

——
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Example for First Level Triggering in the RHIC II Era

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

100

e Example: Single electron trigger ~ PHENIX
P s 58 S - single electron trigger Factor 4-5
Now threshold 0.8 GeV rejection 6 E I
)
Increase threshold 2 1.2 GeV
Rejection 6 > ~25-30 e
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




PHENIX Physics Potential with RHIC 1 & 11
RHIC Il Au-Au luminosity increase 10x (lifetime) + 2x (bunch length)

Physics topic RHIC I (1.5 nb™!)
High p, inclusive ¥ pr <20 GeV
v-jet (charged) E, ~10 GeV
v-jet (energy) E, ~10 GeV
Open heavy flavor ¢ — e,u 1<p<6GeV
b — e,u 1<p;<6GeV
D — nk pr <4 GeV
Charmonium Jy — ee 2800
v’ — ee 100
Y —>ee 8
Jy W) > pp 38000 (1400)
Y —> UL 38000
Y - pup 35
Bo>J/ y—->puun 2000
Lepton pairs LMR 75000 HBD
P,m,d 6000-8000 each
T Luminosity upgrade necessary
PH ENIX Pprovides precision measurement

RHIC II (~30nb™)

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

E, =20 GeV. NCC/ FVTX

Pp =06 GeVe \Tx/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



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 - FY08

—
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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
5 O DOE
4- mBNL base
3 m Forgein
2,
1,
O;AerogeI/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
NSE: $2 M HBD, NCC, & DAQ
u-trigger

——
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PHENIX Rate Estimates for y-jet tomography

® Inclusive directy

— F e Tttt
e Run 4 (on tape) out to >20 GeV E i direct y Au-Au 200 GeV
(assume more than 10 event/bin) % 1 - 10% central
® y-jet rates G10 F: y=0 1
e Need N, > 1000/pt-bin L 20\ ]
for statistical jet-correlation RS 10 ¢ E
> RHIC |
O = «— -
e Run 4 E~6 GeV <10
(jet in central arm acceptance) Zm 10 4_ "
=10 | RHIC Il
e Ultimate RHICI  E~12 GeV 0L -
B N
e RHICII E~23 GeV 10 ¢ .
10x Luminosity 7 T N ]
2x IR diamond size 1 0 - e direct y ... .
5x TPC acceptance 8 ; (NLO clac. by W.?Dgﬁsang]"u_“‘ :
1 0 2 direct y (y-et upgraded PHENIX) * .
S - Yiet in PHENIX ]
Breakthrough to jet tomography 10 L |
. SIS T T SN [T SN T TR [ TR SN SN T SN TS SRR S T T S
requires RHIC I 0 5 10 15 20 o5
e — p (GeV/c)

PH ENIX



	The PHENIX Forward Physics Case   
	Physics Beyond Reach of Current PHENIX
	PHENIX Central Arm Upgrades
	PHENIX Forward Upgrade Components
	Time Line for PHENIX Upgrades (Technology Driven)
	Physics Addressed by Forward Upgrades
	Probes to Study (Forward) Physics with PHENIX
	How Forward is Forward?
	New -3.0 < h < 3.0  PHENIX Experiment
	PHENIX Acceptance for g-jet Measurement
	Barrel VTX Detector Proposal Submitted to BNL
	VTX Barrel and Endcaps
	Nosecone Calorimeter (NCC)
	Upsilon Spectroscopy with RHIC II Luminosity
	Interaction Rates and DAQ Requirements
	BACKUP Slides
	Example for First Level Triggering in the RHIC II Era
	PHENIX Physics Potential with RHIC I & II
	Questions of the Committee:
	Questions of the Committee:
	Funding Profile of PHENIX upgrades
	PHENIX Rate Estimates for g-jet tomography

