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

The Collaboration of the four The Collaboration of the four 
experiments: PHENIX BRAHAMSexperiments: PHENIX BRAHAMSexperiments:  PHENIX, BRAHAMS,  experiments:  PHENIX, BRAHAMS,  

PHOBOS and STAR at RHIC PHOBOS and STAR at RHIC 
CONCLUDECONCLUDECONCLUDE CONCLUDE 

that that highly interacting mediumhighly interacting medium
have been discovered in have been discovered in 

most central Au+Au collisions most central Au+Au collisions 
at 200 GeV at 200 GeV 

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

When physicist talk about a perfect 
liquid they don’t mean the bestliquid, they don t mean the best 
glass of champagne they ever 
tasted. The word “perfect” refers to p
the liquid’s viscosity
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Experimental EvidencesExperimental Evidences
Elliptic FlowElliptic Flow Suppression ofSuppression of QuarkQuark--NumberNumberElliptic FlowElliptic Flow
of Hadronsof Hadrons

Suppression ofSuppression of
HighHigh--Energy PionsEnergy Pions

QuarkQuark--NumberNumber
ScalingScaling

vv (p(p m)m) RRAAAA(p(pTT)=(spec))=(spec)AAAA/(spec)/(spec) vv (KE(KE nn ))vv22(p(pTT,m),m) RRAAAA(p(pTT) (spec)) (spec)AAAA/(spec)/(spec)pppp vv22(KE(KETT,n,nqq))

Q k ECollective Expansion: Quark Energy-Loss:
perturbative QCD
(gluon radiation)

Hadronization:
quark coalescence

Collective Expansion:
ideal hydrodynamics

(QGP equation-of-state)
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rapid thermalization, “perfect liquid” rapid thermalization, “perfect liquid” ⇒⇒ stronglystrongly--interacting QGP !?interacting QGP !?
(g )
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What Next?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?- How is the jet correlation modified in large solid angle?

- Jet shape recoiled against direct photon
Measure charged particles in large solid angleg p g g

Detailed study of nucleon structure
A f h d b tt d ti- ALL of charm and bottom production

Identify charm and bottom
- Direct photon – jet measurement to constrain parton levelDirect photon jet measurement to constrain parton level 

kinematics
Measure recoil jet in large solid angle
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HeavyHeavy--Quark Probes at PHENIXQuark Probes at PHENIX

Present PHENIX: Access signal from 
heavy quarks via single electron 
measurement

Precision of the measurement 
limited by systematic uncertainty because,

Huge background contribution 

PHENIX: PRL 88, (2002) 192303
− π0 and η Dalitz decay
− γ conversion ( γ -> e+e-)

Cannot Separate charm and beautyCannot Separate charm and beauty 
contribution model independently
Lifetime (ct) of mesons 
with charm and beautyy
• D± = 312 mm, D0 = 123 mm 
• B± = 501 mm, B0 = 460 mm

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.
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HeavyHeavy--Quark Probes at PHENIXQuark Probes at PHENIX
- m =1 5 GeV m =5 GeV >> T ≈ 300 MeV- mcharm=1.5 GeV, mbottom=5 GeV  >>  T ≈ 300 MeV
- sQGP: energy loss, thermalization, v2

- Experimental tool: electron spectraExperimental tool: electron spectra D B → eXD B → eX
c,b

Nuclear Modification Factor Nuclear Modification Factor 
expected with VTXexpected with VTX

Experimental tool: electron spectra  Experimental tool: electron spectra  D,B → eXD,B → eX

Nuclear Modification Factor Nuclear Modification Factor 
ith t VTXith t VTX expected with  VTXexpected with  VTXwithout VTXwithout VTX

PHENIX: PRL 98, 172301 (2007) 
single electrons 
from hea fla or decafrom heavy flavor decay

• VTX can separately measureVTX can separately measure• factor 4factor 4--5 suppression!5 suppression!
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VTX can separately measure VTX can separately measure 
RRAAAA of bof b e and ce and c ee

factor 4factor 4 5 suppression!5 suppression!
•• perturbative QCDperturbative QCD?
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• m =1 5 GeV m =5 GeV >> T ≈ 300 MeV

HeavyHeavy--Quark Probes at PHENIXQuark Probes at PHENIX
• mcharm=1.5 GeV, mbottom=5 GeV  >>  T ≈ 300 MeV
• sQGP: energy loss, thermalization, v2

• Experimental tool: electron spectraExperimental tool: electron spectra D B → eXD B → eX
c,b

Experimental tool: electron spectra  Experimental tool: electron spectra  D,B → eXD,B → eX

Elliptic FlowElliptic Flow
ith t VTXith t VTX

Elliptic Flow Elliptic Flow 
expected with VTXexpected with VTXwithout VTXwithout VTX expected with  VTXexpected with  VTX

PHENIX: PRL 98, 172301 (2007) 

substantial collectivity
heavy quark interactions?

9
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heavy-quark interactions?
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PHENIX detector : PHENIX detector : presentpresent

Pioneering High Energy Nuclear Interaction eXperiment

2 t l2 central 
spectrometers

Photon, hadron, electron

2 forward

West
o o , ad o , e ec o

|η|<0.35, Δφ=π

New vertex tracker is needed2 forward 
spectrometers

Southμ detection
1 2 | | 2 4 2 i

New vertex tracker is needed

3 global detectors
L i it M it i

North
East1.2<|η|<2.4, 2π in φ

- Luminosity Monitoring 
(BBCN,BBCS)

- Centrality (BBC vs ZDC)

10
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- Local polarimetery (ZDC & 
SMD)
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Central Silicon Vertex Trackers “VTX”Central Silicon Vertex Trackers “VTX”
Stripixelp

Pixel
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Expected DCA resolution Expected DCA resolution 
pions in 3<p <4 GeV/c

σ ~ 40 μm

Au+Au
200 GeV

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

• Large acceptance (Δφ ∼ 2 π and |η| < 1.2)
• Displaced vertex measurement σ < 40 μm

Ch d ti l t ki / 5% t hi h T 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

11
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• Hybrid pixel detectors developed at CERN for ALICE 
• Strip detectors, sensors developed at BNL with FNAL’s SVX4  readout chip
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Pixel detectorPixel detector Strip detectorStrip detector
Barrel VTX ParametersBarrel VTX Parameters

VTX Layer R1 R2 R3 R4

Geometrical 
dimensions

R  (cm) 2.5 5 10 14

Δz  (cm) 21.8 21.8 31.8 38.2

A ( 2) 280 560 1960 3400

pp

Area (cm2) 280 560 1960 3400

Channel count Sensor size
R × z (cm2)

1.28 × 1.36
(256 × 32 pixels)

3.43 × 6.36
(384 × 2 strips)

Channel size 50 × 425 μm2 80 μm × 3 cm
(effective 80 × 1000 μm2)

Sensors/ladder 4 × 4 5 6

Ladders 10 20 18 26

Sensors 160 320 90 156

Readout chips 160 320 1080 1872Readout chips 160 320 1080 1872

Readout channels 1,310,720 2,621,440 138,240 239,616

Radiation 
length
(X/X0)

Sensor 0.22% 0.67 % 

Readout 0.16% 0.64 %

Bus 0.28%

Ladder & cooling 0.78% 0.78 %

Total 1.44% 2.1 %

La er radi s Detector Occ panc in Central A +A collision
BEAM

St i

Pixel

Layer radius Detector Occupancy in Central Au+Au collision

Layer 1 2.5 cm Pixel 0.53 %

Layer 2 5.0 cm Pixel 0.16%

Layer 3 10 0 cm Strip 4 5 % (x-strip) 4 7 % (u-strip)

12
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Strip Layer 3 10.0 cm Strip 4.5 % (x-strip) 4.7 % (u-strip)

Layer 4 14.0 cm Strip 2.5 % (x-strip) 2.7 % (u-strip)
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Silicon Pixel DetectorsSilicon Pixel Detectors
ALICE1LHCb readout chip: tiALICE1LHCb readout chip:

Pixel: 50 µm (f) x 425 µm (Z). 
Channels: 256 x 32.
Output: binary, read-out in 
25 6 @10MH

active area
ΔrΦ

1.28 cm = 50mm x 256
Δz

1 36 425 3225.6μs@10MHz.
Radiation Hardness: ~ 30Mrad

Sensor module:

1.36 cm = 425mm x 32 

Solder bump 
4 ALICE1LHCb readout chips.
Bump-bonded (VTT) to silicon sensor.
Thickness: 200 μm
Thickness: r/o chips 150 µm

~20μm

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 
C t l/ d t h lf l ddControl/read-out a half ladder
Send the data to FEM

FEM (interface to PHENIX DAQ)

13
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FEM (interface to PHENIX DAQ)
Read/control two SPIROs
Interface to PHENIX DAQ
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St t Pi l StSt t Pi l St

Silicon Pixel DetectorsSilicon Pixel Detectors
Status: Pixel StaveStatus: Pixel Stave

BusBus

Glued

Glued

Support & Cooling : Stave 

Prototype stave has been delivered by HYTEC recently:

14
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Trigger Scintillator Data fibers toFEMTest Results

Silicon Pixel Detectors: Silicon Pixel Detectors: Cosmic RayCosmic Ray
Trigger Scintillator Data fibers toFEMTest Results

Pixel 1
Pixel 2Pixel 2
Pixel 3

- 3 layers of pixel half ladders, read-out by a pixel FEM
Th i b t th l 6 l- The spacing between the layers are ~ 6cm per layer.

- A half Ladder = sensor+ROC+bus+bus-extender+SPIRO 
Second cosmic ray test using the final prototypes

15
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Second cosmic ray test using the final prototypes 
are underway at Stony Brook now
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Silicon Sensor Stripixel ConceptSilicon Sensor Stripixel Concept
• Innovative design by BNL Instr Div : Z Li et al NIM A518 738 (2004);• Innovative design by BNL Instr. Div. : Z. Li et al., NIM A518, 738 (2004); 
• R. Nouicer et. al., NIM B261, 1067 (2007).

•DC-Coupled silicon sensor

Implant p+N-type Si
•Sensor is single-sided

• Pixel array : 80×1000 μm2 pitch • A pixel is formed by two 
independent interleavedSpiral p+ electrode : independent interleaved 
(a and b) implants

• 2 dimensional position

Spiral p  electrode : 
5 μm line, 3 μm gap, 5 turns

Diffused charge cloud

• 2-dimensional position 
sensitivity by charge sharing

16
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a-pixel b-pixel
g
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• a pixels are connected to form X strips and b pixels are

Silicon Sensor Stripixel ConceptSilicon Sensor Stripixel Concept
• a-pixels are connected to form X-strips, and b-pixels are 

connected to form stereo-angled (4.6o) U-strips
22

U strips (connect bU strips (connect b--pixelspixels)

b i l i t t

• Pixel array : 80Pixel array : 80××1000 1000 μμmm22 pitchpitch

b-pixels interconnect
a-pixelb-pixel

Diffused charge cloud

X strips (connect aX strips (connect a--pixels)pixels)

17
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a-pixels interconnect
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Silicon Sensor CharacteristicsSilicon Sensor Characteristics
S d d b HPKSensors produced by HPK
Point symmetric structure of readout lines wrt the center of the sensor
Readout pads in longer edges for p g g
ladder structure design
No dead space in the middle
Sensor size : 3 4×6 4 cm2Sensor size : 3.4×6.4 cm
Pixel array : 80×1000 μm2 pitch
# readout strip
o x-strip : 128×3×2
o u-strip : 128×3×2
o Total : 1536 channels/sensoro Total : 1536 channels/sensor

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

18
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Total Leakage Current MeasurementsTotal Leakage Current Measurements
M t t l l k t f 1532 t i (I )- Measure total leakage current of 1532 strips (Itot)

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

SensorPCB

Bias

I/C

4 x GR pad single pad
Itot = 302.0 +/- 9.7 nA

Istrip = 0.20 +/- 0.01 nA

The 625 μm sensors bonded to the SVX4 chip; leakage current : 0 4 nA/strip

19
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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.
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Stability of Leakage Current vs TimeStability of Leakage Current vs Time
• Leakage current measurements from stripixel sensor

biased at 120 Volts for 22 days
G d l ti b t t d t t- Good correlation between current and temperature 

- Leakage current is stable

Long term test for 22 days

20
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Details Measurements: Q/A TestsDetails Measurements: Q/A Tests

• Inspection • Diodes tests • Guard Ring test • Strips tests
Current vs. Strip # at 200 VCurrent vs Strips # at 200 V
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IR Laser Tests ResultsIR Laser Tests Results

o S/N ~ 20:1 for 625 μm thickness

Silicon module PrototypeSilicon module Prototype
Optical fiber 

XYZ 
micro-stage

Power 
cables

o Charge-sharing test w/ IR laser pulse 
injection

Large spot size in the present setup
Focusing length (8 mm) was too

Optical fiber 
+ focuser

Focusing length (8 mm) was too 
short to shine only one pixel in 625 μm 
thick sensor.

o Planned: possible solution is to use 

Bias line

Data +p
a radioactive source, cosmic rays and beam.

Data  
Control cables

X and U strips are interleaved

X-Strip U-Strip

X and U strips are interleaved

22
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Using SVX4 chips (FNAL)
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Status: Stripixel Detector PrototypeStatus: Stripixel Detector Prototype
St #1Step #1

Silicon sensor +CFC + cooling
Step #2

CFC + Cu shielding
Step #3

Readout Card “ROC-2

Silicon Stripixel ModuleSilicon Stripixel Module

23
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Status: Stripixel Detector PrototypeStatus: Stripixel Detector Prototype

Module with 
DC-coupled sensor (VTX)

- Silicon Stripixel Module
used ROC prototype

- Silicon Stripixel Module
was wire-bonded 

t FNALat FNAL

- Note: only outer pads 

Pedestal for one channel Noise vs. channel Pedestal vs. channel
are wire-bonded

24
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Radiation Measurements in IR PHENIX: Run 6Radiation Measurements in IR PHENIX: Run 6

pin diodes
10 cm from beam pipe

strip pixel

BLMs

Chipmunks

PHENIX (R 6 ) D /L i it t 33 1 5 R d/ b 1

25
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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 TsukubaRadiation: 20 MeV Proton Beam at Tsukuba

Al beam spreader      
for wide beam

[cm]
for wide beam      

Thickness : 0.5 mm
Vacuum 
chamber

③

20 MeV protonFaraday Cup

chamber
②

pFaraday Cup

①
Faraday cup

3 setup rotation

1) Blank target : intensity 
measurement of beam

①
Magnet

beam

measurement of beam  

2) 625um sensor (low flux)

3) 500 um sensor (high flux)

26
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3) 500 um sensor (high flux)
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Leakage current of Stripixel sensorLeakage current of Stripixel sensor

PHENIX in RHIC2 for 10 years
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Φ_diode=2.43x1012 [Neq/cm2]
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Conceptual Mechanical StructureConceptual Mechanical Structure (HYTEC Work)(HYTEC Work)

Baseline design for the VTX and FVTX detectors;

FVTX-ROC

Each big wheel will 
have 5 planes of 
read-out electronics, ,
with one cooling 
plate for each plane; 
inner one for strips, 

VTX ROC’s

next three for pixels, 
outer one for FVTX.

FVTX - 4 
detector 40.mm diameter 
stations in 
each end

Beryllium beam 
pipeVTX –

4 layers ~ 2π

28
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4 layers  2π
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Conceptual Mechanical StructureConceptual Mechanical Structure (HYTEC Work)(HYTEC Work)
PixelPixel
layers Stripixel

layers

End on view of VTX four layers
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SummarySummary

The Silicon Vertex Tracker is an important upgrade 
of the PHENIX detector and will extend its physics o t e detecto a d e te d ts p ys cs
capabilities to new observables for the physics at 
RHIC and the polarized proton programp p p g
DOE approval for October’06 start of the project
Pixel detectorPixel detectorPixel detectorPixel detector

- Working on the first prototype ladder
Stripixel detectorStripixel detector

- Working on the silicon module with ROC-V2/3

Installation complete in fall 2009/2010
early partial implementation will be possible

30
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- early partial implementation will be possible
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Auxiliary Slides

31
31

Rachid Nouicer - BNL 31Vertex-2007



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

R&D : Prototypes Sensors

• 1st prototype sensor
- Spiral p+ electrode : 8 μm line, 

5 μm gap, 3 turns

1st prototype sensor

5 μm gap, 3 turns
- Thickness : 400/250 μm
- R/O chip: VA2 (analog multiplexer)
- Tests w/ source & beam

- S/N: 17:1 for 400 μm thickness
2 D iti it d i t- 2-D sensitivity need improvements.

• 2nd prototype sensor
- Spiral p+ electrode : 5 μm line, 2nd prototype sensorSpiral p electrode : 5 μm line, 

3 μm gap, 5 turns
- Thickness : 400/500 μm
- R/O chip: SVX4(CDF SVX4 hybrid)
- Tests w/ nano-sec pulsed laser

S/N: 14:1 for 500 μm thickness
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- S/N: 14:1 for 500 μm thickness
- Laser signals were seen
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DCADCA
Expected DCAExpected DCA

Distance of Closest 
What is measured?What is measured?
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Expected DCA Expected DCA 
resolution of VTXresolution of VTX

Approach (DCA)
Au+Au

at 200 GeV

σ ~ 40 μm

Beam b

σ  40 μm

beam 

b = distance of closest approach
DCA distribution for single simulated 
pions in 3<pT<4 GeV/c. Simulation is b distance of closest approach 

of a reconstructed track 
to the true interaction point

p pT
done with 200 micron pixel layers and 
650 micron strip layer. The passive 
material is 1.0% per pixel layer and 
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2.75% per strip layer.
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Radiation Measurements in IR PHENIXRadiation Measurements in IR PHENIX
Measurement obtained from silicon stripixel sensorMeasurement obtained from silicon stripixel sensor

Before irradiation After annealing

Measurement obtained from silicon stripixel sensor Measurement obtained from silicon stripixel sensor 

Normalized 
to 20 deg

Normalized 
to 20 degg g

VFD = 26 146 +- 18 765 [V]VFD = 54 820 +- 13 874 [V]
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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]
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Fluence of 625 Fluence of 625 μμm Stripixel Sensorm Stripixel Sensor

ΔI/V ＝ α Φ  (Φ = fluence, 1 MeV neutron equivalent fluence )

α : proportionality factor ( current related damage rate)α : 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]IR [ ]

Φtotal = 9.9 10+9 [Neq/cm2]

In the same way, fluences of diodes were estimated.

35
35

Rachid Nouicer - BNL 35Vertex-2007



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

C ti i f d bl t l t f Sili St i

Silicon Sensor Stripixel ConceptSilicon Sensor Stripixel Concept
• Cross section view of double meta; layout of Silicon Strip

detector via contacts on U subU sub--pixelspixels

ParticleParticle

Ionization

Charge collection

e h

Charge collection
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