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What have we done at RHIC so far? What have we done at RHIC so far? 

Relativistic Heavy Ion Collider (RHIC)

• 2 concentric rings of 1740 
superconducting magnets

• 3.8 km circumference
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Locations of Siberian Snakes for PolarizationLocations of Siberian Snakes for Polarization

Relativistic Heavy Ion Collider (RHIC)

RHIC-II vs. RHIC
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The Collaboration of the four 
experiments:  PHENIX, BRAHAMS,  

PHOBOS and STAR at RHIC 

CONCLUDE
that highly interacting medium

have been discovered in 

most central Au+Au collisions 

at 200 GeV 

Motivations for the Upgrade: Discoveries

RHIC Scientists Serve Up “Perfect” Liquid
New state of matter more remarkable than predicted -- raising many new 
questions
April 18, 2005

BRAHMS: I. Arsene et al., Nucl. Phys. A757, (2005) 1
PHOBOS: B. B. Back et al., Nucl. Phys. A757, (2005) 28
STAR: J. Adams et al., Nucl. Phys. A757, (2005) 102

PHENIX: K. Adcox et al., Nucl. Phys. A757, (2005) 184
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When physicist talk about a perfect 
liquid, they don’t mean the best 
glass of champagne they ever 
tasted. The word “perfect” refers to 
the liquid’s viscosity

Motivations for the Upgrade: Discoveries

In the PressIn the Press
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Quark Energy-Loss:

perturbative QCD

(gluon radiation)

Hadronization:

quark coalescence

RAA(pT)=(spec)AA/(spec)ppv2(pT,m)

Elliptic Flow
of Hadrons

Suppression of
High-Energy Pions

Baryon-Meson
Separation

v2(KET,nq) 

Collective Expansion:

ideal hydrodynamics

(QGP equation- of- state)

rapid thermalization, “perfect liquid” ⇒⇒⇒⇒ strongly-interacting QGP

Motivations for the Upgrade: Discoveries
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Motivations for the Upgrade: Spin Program

• Deep-Inelastic Scattering data indicate that only a small fraction 
of the spin of the proton is carried by the quarks and anti-quarks

The Spin Structure of the Proton is: 
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• Requirements for detector

• Heavy flavor tagging and beauty and charm separation : Good vertex resolution

• x reconstruction with recoil jet (pT(γγγγ), ηηηηg , ηηηηjet) : Large solid angle coverage

• Gluon spin structure of the nucleon

• Gluon polarization ∆∆∆∆G/G with charm, beauty.

• x dependence of ∆∆∆∆G/G with γγγγ-jet correlations.

Direct γγγγ ((((pT(γγγγ), ηηηηγγγγ ))))

Jet (ηηηηjet)

Large Acceptance

Motivations for the Upgrade: Spin Program
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What Next?

�Detailed study of the properties of the produced matter

- Does energy loss mechanism depend on quark mass?

- Does flow strength depend on mass quark mass

� Identify heavy flavors (charm and bottom)

- How is the jet correlation modified in large solid angle?

- Jet shape recoiled against direct photon

�Measure charged particles in large solid angle

�Detailed study of nucleon structure

- ALL of charm and bottom production

� Identify charm and bottom

- Direct photon – jet measurement to constrain parton level 
kinematics

� Measure recoil jet in large solid angleKey
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Why Heavy Flavor?

4965279B
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±
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- Heavy flavor (c and b quarks) are produced in the early stages of heavy ion collision

- Experimentally easy to observe (D�Kπ decays or Semi-leptonic decays)
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PHENIX Detector : Present

� 2 central 
spectrometers

� 3 global detectors

- Luminosity Monitoring 

(BBCN,BBCS)

- Centrality (BBC vs ZDC)

- Local polarimetery (ZDC

& SMD)

Photon, hadron, electron
|ηηηη|<0.35, ∆φ∆φ∆φ∆φ=ππππ

� 2 forward 
spectrometers

µµµµ detection
1.2<|ηηηη|<2.4, 2ππππ in φφφφ

e-

e+

µµµµ+

µµµµ-

µµµµ-

µµµµ+

Silicon Vertex Tracking
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PHENIX Silicon Vertex Tracking Upgrades

VTX: silicon VerTeX barrel tracker

40 cm

Pixel

Stripixel
Forward silicon VerTeX tracker

FVTX:
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• 4 disks / side 
• 48 wedges/disk

• 75 µm strips,
• 2.8-11.2 mm long
• 1664 strips/column
• 1.1M channels total
• Readout with FPHX chip

7.5°

HDI

Detector

FPHX 
Chips

Backplane

Rigid, thermally 
conductive epoxy

Rigid epoxy

~10 cm

2.8mm

11.2mm

FTX: Forward silicon VerTeX Detector

40 cm
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• 4 disks / side 

• 48 wedges/disk

• 75 um strips,

• 2.8-11.2 mm long

• 1664 strips/column

• 1.1M channels total

• Readout with FPHX chip

FTX: Forward silicon VerTeX Detector

40 cm

First prototype wedge and 
the tests are in progress 

(assembled at FNAL)
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• Four-Layer Barrel Detector

• Pixel Sensor (Inner 2 Layers) (50 x 425 µm2)

required for high occupancy

• Strip Sensor （Outer 2 Layers) (80 x 1000 µm2)

Pixel Layers

r=5.0cm  ∆∆∆∆z=±±±±10cm
r=2.5cm  ∆∆∆∆z=±±±±10cm

Strip Layers
r=10cm   ∆∆∆∆z=±±±±16cm

r=14cm   ∆∆∆∆z=±±±±19cm

2ππππ for φφφφ
|ηηηη| < 1.2

• Good DCA resolution 

σσσσDCA~ 50 µµµµm

• Large Acceptance

|ηηηη| < 1.2,  2ππππ for φφφφ

VTX: silicon VerTeX Barrel Tracker
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Background
c quark
b quark

Simulation

charm and beauty separation with difference of 
their life time

Life time (cττττ)
D0 : 125 µµµµm
B0 : 464 µµµµm

DCA

DCA (µµµµm)

pp
D

B

e

e

pT (GeV/c)

Subtraction of

background

Advantage with VTX Detector (Heavy Flavor)

By simultaneous fitting

the DCA distribution

with the expected shapes,

charm and beauty are separated.
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Nuclear Modification Factor 
expected with  VTX

• VTX can separately measure 

RAA of b�e and c�e

• factor 4-5 suppression!
• perturbative QCD?

- mcharm=1.5 GeV, mbottom=5 GeV  >>  T ≈ 300 MeV

- sQGP: energy loss, thermalization, v2

- Experimental tool: electron spectra  D,B → eX

c,b

Nuclear Modification Factor 
without VTX

PHENIX: PRL 98, 172301 (2007) 

single electrons 

from heavy flavor decay

Advantage with VTX Detector (Heavy Flavor)
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• mcharm=1.5 GeV, mbottom=5 GeV  >>  T ≈ 300 MeV

• sQGP: energy loss, thermalization, v2

• Experimental tool: electron spectra D,B → eX

c,b

� substantial collectivity

Elliptic Flow
without VTX

Elliptic Flow
expected with  VTX

PHENIX: PRL 98, 172301 (2007) 

Advantage with VTX Detector (Heavy Flavor)
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ALICE1LHCb readout chip:
Pixel: 50 µm (φφφφ) x 425 µm (Z). 
Channels: 256 x 32.

Output: binary, read-out in 
25.6µµµµs@10MHz.
Radiation Hardness: ~ 30Mrad

Sensor module:
4 ALICE1LHCb readout chips.

Bump-bonded (VTT) to silicon sensor.

Thickness: 200 µµµµm

Thickness:  r/o chips 150 µm 

Half-ladder (2 sensor modules+bus)
1.36 cm x 10.9 cm.

Thickness bus: < 240 µm.

SPIRO module

Control/read-out a half ladder

Send the data to FEM

FEM (interface to PHENIX DAQ)
Read/control two SPIROs

Interface to PHENIX DAQ

active area
∆∆∆∆rΦΦΦΦ

1.28 cm = 50mm x 256
∆∆∆∆z

1.36 cm = 425mm x 32 

Solder bump 

~20µm

VTX: Silicon Pixel Detector (barrels 1 &2)
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Status: Pixel StaveStatus: Pixel Stave

Bus

Glued

Glued

Support & Cooling : Stave 

� Prototype stave has been delivered by HYTEC:

VTX: Silicon Pixel Detector (Barrels 1 &2)
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• Innovative design by BNL Instr. Div. : Z. Li et al., NIM A518, 738 (2004); 

• R. Nouicer et al., NIM B261, 1067 (2007);

• R. Nouicer et al., Journal of Instrumentation, 4, P04011 (2009)

• DC-Coupled silicon sensor

• Sensor single-sided

• 2-dimensional position 

sensitivity by charge sharing

VTX: Silicon Stripixel Concept (Barrels 3 &4)
“New technology: unique to PHENIX” 
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� Sensors produced by HPK and the thickness of the sensor is 625 µm

� Point symmetric structure of readout lines wrt the center of the sensor

� Readout pads in longer edges for 
ladder structure design

� No dead space in the middle

� Sensor size : 3.4×6.4 cm2

� Pixel array : 80×1000 μm2 pitch

� # readout strip

o x-strip : 128×3×2

o u-strip : 128×3×2

o Total : 1536 channels/sensor

� Current per strip: 0.12 nA

�Note: Stripixel sensor technology, 
including the mask design and
processing technology has
transferred from  BNL to HPK. 

VTX: Silicon Stripixel Concept (Barrels 3 &4)
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VTX: Silicon Stripixel Concept (Barrels 3 &4)

Bottom View Top View

First Stripixel ladder mounted on aluminum stave (Final stave: CFC+ Carbon Foam)

Readout bus

Prototype Silicon module

used in:
-Source test
- cosmic ray test
- beam test 120 GeV

proton beam at FNAL

Good test results leaded 
to pre-production
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Performance Results of
VTX: silicon VerTeX Barrel Tracker

- Response to proton beam at 120 GeV

done for Pixel and Stripixel detector together at FNAL (T984) 

For details see:
- Stripixel see:  R. Nouicer et al., Journal of Instrumentation, 4, P04011 (2009)

- Pixel see: R. Ichimiya et al., Journal of Instrumentation, 4, ? (2009)
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Layer 1

Layer 2

Layer 3

col
row

Intrinsic Resolution

for row (φφφφ) direction

Beam

Event Display

row [µm]

Preliminary

Clear tracking

chip1   chip2   chip3   chip4

Performance Results: Pixel detector

120 GeV proton beam at FNAL (T984)
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Performance Results: Stripixel detector

1) Setup:

2) Results:
Profile of the proton beam on  layer 1

charged correlations (charge sharing) 

in between the X- and U-stripixels 

Results demonstrate that the principle of 

two-dimensional position sensitivity based on charge sharing works.

120 GeV proton beam at FNAL (T984)



27

Rachid Nouicer - BNL 27DIS-2009

Performance Results: Stripixel detector

- Results of signal  to Noise:

120 GeV proton beam at FNAL (T984)

X-stripixel channel: S/N = 10.3
U-stripixel channel: S/N = 10.1
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Performance Results: Stripixel detector
120 GeV proton beam at FNAL (T984)

- Event structure of a single event from three layers (three stripixel detectors) :

Good correlation between the X and U stripixels 
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Performance Results: Stripixel detector
120 GeV proton beam at FNAL (T984)

- Hit residuals from tracks obtained from the stripixel detectors: 

- Tracking efficiency using the stripixel detector (middle layer)

in X stripixel: 99.5 ± 0.2%

in U stripixel: 98.9 ± 0.2%

in X stripixel: 

0.42 x 80 (µm) = 33.6 (µm)

in U stripixel: 
0.44 x 80 (µm) = 35.2 (µm) 

from the RMS values. 

Tracking efficiencies in 

both stripixels are very good
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� The Silicon Vertex Tracker is an important upgrade of the 
PHENIX detector and will extend its physics capabilities to new 
observables for the physics at RHIC and the polarized proton 
program

� VTX: silicon VerTeX Barrel Tracker (Pixel and Stripixel 
detectors)

- Complete installation in the fall of 2010

� FVTX: Forward silicon VerTeX Detector:

- Complete installation in the fall of 2011

SummarySummary

Stay tuned more to come on Heavy Flavor 
from PHENIX Experiment at RHIC 
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Auxiliary Slides
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RHIC BRAHMSPHOBOS

PHENIX
STAR

AGS

TANDEMS

A=1~200, p p, pA, AA, AB; √√√√sNN: 20-200 GeV (AA), √√√√s:48-500 GeV (pp)

(ended in 2005)
(ended in 2005)

Relativistic Heavy Ion Collider (RHIC)
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• Silicon Vertex Tracker (VTX) can enhance physics capability of the 
PHENIX detector.

• PYTHIA simulation was performed under the condition of
and .
Improvement for x reconstruction with gamma-jet production.
Estimation of ALL as a function of xg.

• FNAL beam test was performed to confirm the functionality of detector
and DAQ system. The  system worked properly. 

• Preparation for mass production is under way.

• VTX detector will be installed into PHENIX in 2010.

GeVs 500=
1300 −= pbL
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� Present PHENIX: Access signal from 
heavy quarks via single electron 

measurement

PHENIX: PRL 88, (2002) 192303

� Precision of the measurement 
limited by systematic uncertainty because,

� Huge background contribution 

− π0 and η Dalitz decay

− γ conversion ( γ -> e+e-)
� Cannot Separate charm and beauty 

contribution model independently

� Lifetime (ct) of mesons 

with charm and beauty

• D± = 312 µm, D0 = 123 µm 

• B± = 501 µm, B0 = 460 µm

� Secondary vertex identification allows 
us to suppress background on 

non-photonic electrons and will make it 

possible to distinguish if an electron 
originates from charm or beauty.

Heavy-Quark Probes at PHENIX
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� Distance of Closest 

Approach (DCA)

b = distance of closest approach 

of a reconstructed track 

to the true interaction point

� What is measured?What is measured?

beam 

Beam 
b

DCA

DCA distribution for single simulated 

pions in 3<pT<4 GeV/c. Simulation is 

done with 200 micron pixel layers and 

650 micron strip layer. The passive 

material is 1.0% per pixel layer and 
2.75% per strip layer.

Expected DCA Expected DCA 

resolution of VTXresolution of VTX

Au+Au

at 200 GeV

σ ~ 40 µm
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2.1 %1.44%Total

0.78 %0.78%Ladder & cooling

0.28%Bus

0.64 %0.16%Readout

0.67 % 0.22%SensorRadiation 
length
(X/X0)

239,616138,2402,621,4401,310,720Readout channels

18721080320160Readout chips

15690320160Sensors

26182010Ladders

654 ×××× 4Sensors/ladder

80 µµµµm ×××× 3 cm
(effective 80 ×××× 1000 µµµµm2)

50 ×××× 425 µµµµm2Channel size

3.43 ×××× 6.36
(384 ×××× 2 strips)

1.28 ×××× 1.36
(256 ×××× 32 pixels)

Sensor size
R ×××× z (cm2)

Channel count

34001960560280Area (cm2)

38.231.821.821.8∆∆∆∆z  (cm)

141052.5R  (cm)Geometrical 
dimensions

R4R3R2R1LayerVTX

Pixel detectorPixel detector Strip detectorStrip detector

BEAM

Strip

Pixel

2.7 % (u-strip)2.5 % (x-strip)Strip14.0 cmLayer 4

4.7 % (u-strip)4.5 % (x-strip)Strip10.0 cmLayer 3

0.16%Pixel5.0 cmLayer 2

0.53 %Pixel2.5 cmLayer 1

Occupancy in Central Au+Au collisionDetectorradiusLayer
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• Cross section view of double meta; layout of Silicon Strip

detector via contacts on U subU sub--pixelspixels

Silicon Sensor Stripixel Concept

HV

Ionization

Charge collection

ParticleParticle

e h
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Details Measurements: Q/A Tests

• Inspection • Diodes tests • Guard Ring test • Strips tests

Current vs. Voltage for Guard Ring

1.E-08

1.E-07

1.E-06

1.E-05

0 50 100 150 200 250 300

Volatge [Volts]

C
u

rr
e
n

t 
[A

m
p

e
re

s
]

625 um

Current vs. Strip # at 200 V

1.E-10

1.E-09

1.E-08

1.E-07

1.E-06

1.E-05

0 16 32 48 64 80 96 112 128

Strip #

C
u

rr
e
n

t 
[A

m
p

e
re

s
]

625 um

Capacitance vs Strip # at 200 V

0.00E+00

1.00E-12

2.00E-12

3.00E-12

4.00E-12

5.00E-12

6.00E-12

7.00E-12

8.00E-12

0 16 32 48 64 80 96 112 128

Strip #

C
a
p

a
c

it
a

n
c
e
 [

F
a

ra
d

s
]

625 um

Current Current Current Current vsvsvsvs Strips # at 200 VStrips # at 200 VStrips # at 200 VStrips # at 200 V

Capacitance Capacitance Capacitance Capacitance vsvsvsvs Strips # at 200 VStrips # at 200 VStrips # at 200 VStrips # at 200 VCurrent Current Current Current vsvsvsvs bias Voltage for Guard Ringbias Voltage for Guard Ringbias Voltage for Guard Ringbias Voltage for Guard Ring



39

Rachid Nouicer - BNL 39DIS-2009

VFD = 26.146 +- 18.765 [V]     
IFD = 5.083e+02 +- 1.083e+01 [nA]

VFD = 54.820 +- 13.874 [V] 
IFD = 1.748e+02 +- 8.804e-01 [nA]

Normalized 
to 20 deg

Normalized 
to 20 deg

Before irradiation After annealing

Radiation Measurements in IR PHENIX

� Measurement obtained from silicon stripixel sensor Measurement obtained from silicon stripixel sensor 
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Stability of Leakage Current vs Time

• Leakage current measurements from stripixel sensor

biased at 120 Volts for 22 days

- Good correlation between current and temperature 

- Leakage current is stable

Long term test for 22 days
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Total Leakage Current Measurements

SensorPCB

Bias

I/C

4 x GR pad single pad

- Measure total leakage current of 1532 strips (Itot)

- Define Istrip =  Itot / #strip, where #strip = 12 x 128 = 1,536

The 625 μm sensors bonded to the SVX4 chip;  leakage current : 0.4 nA/strip  
well below the saturation limit of the SVX4 chip: 15 nA/Strip.

IIIItottottottot = 302.0 +/= 302.0 +/= 302.0 +/= 302.0 +/---- 9.7 9.7 9.7 9.7 nAnAnAnA

IIIIstripstripstripstrip = 0.20 +/= 0.20 +/= 0.20 +/= 0.20 +/---- 0.01 0.01 0.01 0.01 nAnAnAnA
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Chipmunks

BLMs

strip pixel

pin diodes
10 cm from beam pipe

Radiation Measurements in IR PHENIX: Run 6

PHENIX (Run6: pp) :     Dose/Luminosity at 33 cm = 1.5  Rad/pb-1

Total Luminosity delivered while that structure stayed in the IR: 12 pb-1

total dose observed = 30 Rad
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Radiation: 20 MeV Proton Beam at Tsukuba

20 MeV proton

Al beam spreader      

for wide beam      
Thickness : 0.5 mm

Faraday Cup

[cm]

3 setup rotation

1) Blank target : intensity 
measurement of beam  

2) 625um sensor (low flux)

3) 500 um sensor (high flux)

Vacuum 
chamber

①

②

③

Magnet

Faraday cup

beam
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Fluence of 625 µm Stripixel Sensor

� ΔΔΔΔI/V ＝＝＝＝ αααα ΦΦΦΦ (Φ = Φ = Φ = Φ = fluence, 1 MeV neutron equivalent fluence )

αααα : proportionality factor ( current related damage rate)

� Vtotal = 3 X 6 X 0.0625 = 1.125 [cm3]

� ΔItotal (20℃）= 3.3 10-7 [A]

� Calculating increase of single strip

ΔItotal/1536=2.2 10-10 [A/strip]

� αIR = 3 10-17 [A/cm]

� ΦΦΦΦtotal = 9.9 10+9 [Neq/cm2]

� In the same way, fluences of diodes were estimated.
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Leakage current of Stripixel sensor
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Central Silicon Vertex Trackers “VTX”

Pixel

Stripixel

Expected DCA resolution Expected DCA resolution 

σ ~ 40 µm

Au+Au

200 GeV

pions in 3<pT<4 GeV/c
• Specifications:

• Large acceptance (∆φ ∼ 2 π and |η| < 1.2)
• Displaced vertex measurement σ < 40 µm
• Charged particle tracking σp/p ~ 5% p at high pT
• Detector must work for both of heavy ion and pp collisions.

• Technology Choice
• Hybrid pixel detectors developed at CERN for ALICE 
• Strip detectors, sensors developed at BNL with FNAL’s SVX4  readout chip
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Conceptual Mechanical StructureConceptual Mechanical Structure (HYTEC Work)(HYTEC Work)

End on view of VTX four layers

Pixel

layers Stripixel
layers
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Baseline design for the VTX and FVTX detectors;

FVTX-ROC

FVTX - 4 

detector 

stations in 

each end

Each big wheel will 

have 5 planes of 

read-out electronics, 

with one cooling 

plate for each plane; 

inner one for strips, 

next three for pixels, 

outer one for FVTX.

40.mm diameter 

Beryllium beam 

pipe

VTX ROC’s

VTX –

4 layers ~ 2ππππ

Conceptual Mechanical StructureConceptual Mechanical Structure (HYTEC Work)(HYTEC Work)


