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Physics motivation and requirements 
 
 The sPHENIX experiment provides data to investigate the 
dynamics of QGP by making use of three science drivers: 
jet structure, heavy-flavor jet production, and Υ 
spectroscopy. Each driver depends on precision tracking in 
a challenging environment: high luminosity, high 
multiplicity, and continuous readout of TPC (time 
projection chamber). 
 The sPHENIX tracker “reference” design consists of MAPS 
(monolithic active pixel sensors) and TPC for the inner- and 
outer-tracking system, respectively.

Design of the sPHENIX intermediate silicon tracker (INTT) 
 
 Intermediate silicon tracking (INTT) adds to the robustness of pattern 
recognition, momentum reconstruction, and capability of high multiplicity 
trigger in a challenging environment of high luminosity and high 
multiplicity. 
 
 Key concepts of INTT:  
i)   contribute unique association between inner and outer trackers  
ii)  ensure both high track reconstruction efficiency and purity 
iii) azimuthal 2π and |η| < 1.1 coverages at |z| < 10 cm 
iv) four planes of strip detectors from Layer 0 to Layer 3 
  - same readout chip and electronics as used in the PHENIX forward  
    silicon vertex detector 
  - cooling by air or high-thermal-conductivity-plate (700–1950 W/(m K)) 
    maintain low material budget (under investigation).

Layer Radius 
(cm)

The number of 
ladders

Strip size  
(φ x z, mm)

Active area 
(m2)

0 6 20 0.078 x 18 0.144

1 8 26 0.086 x 12/20 0.261

2 10 32 0.086 x 12/20 0.321

3 12 38 0.086 x 12/20 0.381

Prototype silicon sensor 
(Hamamatsu)

R&D of the prototype silicon-sensor-module

Heat transfer tests of graphite and aluminum sheets

Silicon Strip Outer Tracker Option Tracker

Figure 4.8: (From left to right) The 3D CAD drawings for S0, S1 and S2 barrels.

Table 4.2: Summary of geometries for the silicon strip tracker and the inner tracker made of
reused pixels from PHENIX.

sensor
Station Layer radius pitch length depth total thickness area

(cm) (µm) (cm) (µm) X0% (m2)

Pixel 1 2.4 50 0.425 200 1.3 0.034
Pixel 2 4.4 50 0.425 200 1.3 0.059
S0a 3 7.5 58 9.6 240 1.0 0.18
S0b 4 8.5 58 9.6 240 1.0 0.18
S1a 5 31.0 58 9.6 240 0.6 1.4
S1b 6 34.0 58 9.6 240 0.6 1.4
S2 7 64.0 60 9.6 320 1.0 6.5

The FPHX chip, which was developed for the PHENIX FVTX detector, is conceived to be
the readout chip for the sPHENIX silicon tracker. The readout scheme is therefore very
similar to that of the FVTX. The primary reasons for this choice are (1) we can adapt the
read-out chain used for the FVTX with minimal changes and (2) the power consumption
of the chip is only 64 mw per chip (for 128 channels). Reuse of the SVX4 used in the
PHENIX VTX stripixel detector and MPC-EX detector was also considered, but the power
consumption of the SVX4 is more than 5 times higher than that of the FPHX chip, making
it unavoidable to use liquid cooling for the SVX4 readout. Using the FPHX chip makes it
possible to operate the silicon modules with air cooling. Thus the use of the FPHX chip
simplifies the cooling system, and substantially reduces its mass.

The numbers of silicon modules, ladders, and sensors are summarized for each station in
table 4.3.

Shown in Figure 4.9 is the conceptual design layout of the strip and readout lines for the
S2 sensor. The dimensions of the active area are 96 mm (in z)⇥92.16 mm (in azimuth), and

78

Tracker Silicon Strip Outer Tracker Option

Table 4.3: Number of channel summary for the silicon strip tracker.

station sub-layer silicon modules # of ladders # of sensors
per ladder

s0 2 3 36 216
s1 2 7 44 616
s2 1 14 48 672

it is divided into 10⇥12 blocks. The 128 strips in each block are 60 µm in pitch and 9.6
mm long, and run parallel to the beam line. The silicon sensor readout lines are aligned
perpendicularly to the strip direction as illustrated in Figure 4.9. The upper and lower 6
blocks are connected upwards and downwards, respectively. This reduces the number
of readout channels to save cost. Although signals in 6 blocks are combined and cannot
be distinguished in the readout electronics, the origin of a hit in a given block is to be
identified in offline analysis by requiring that tracks have a good c2 when fitted to all of
the tracking layers. The occupancy is sufficiently low to allow this to work. The number of
blocks that have to be combined is smaller for S1 because the smaller azimuthal size of the
sensors requires fewer blocks. For S0, all strips are read out.

4.6.2 Silicon Tracker Performance from Simulations

The goal of the Geant 4 simulations is to characterize the performance of the silicon tracker
as it pertains to major aspects of the physics program. The performance has been simulated
using the configuration summarized in table 4.2 for the following:

• Tracking efficiency in central AuAu HIJING events

• Track purity in central AuAu HIJING events

• Track DCA resolution in central AuAu HIJING events

• Single particle momentum resolution

• Upsilon mass resolution

The simulations are conducted with a GEANT 4 model of the silicon tracker that includes
our best estimates of the material thickness of the tracker and the correct cell sizes for the
inner pixels and outer strips. The model is simplified by distributing the material uniformly
in a cylindrical geometry for each tracking layer. A GEANT 4 model of the tracker is being
constructed that contains all of the geometric details of the ladders - support structure
and cooling, sensors, readout cards and readout cables. However implementation of the
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Outline of the silicon tracker (pixel and strip)

Number of sensors for strip layers

Silicon sensor

Silicon sensors of strip layers 
• 240 µm (320 µm) sensors at S0 and S1 (S2). 
• 240 µm sensor is made by grinding 320 µm sensor. 
• Hamamatsu says 200 µm is possible.  
→ compromise with increasing dark current and price…
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S0 (R ~ 8 cm) 
S1 (R ~ 32 cm) S2 (R ~ 64 cm)

Thickness 240 µm 320 µm

X0 0.26% 0.34%

Sensor/
wafer

S0: 5 
S1: 2 1

Price S0 ~ 0.5k USD 
S1 ~ 1k USD S2  ~ 1.5k USD

6 x 10 cm2, pitch = 78 um

High-density interconnects 
(flexible printed circuits)

FPHX readout chip 
(128 ch / chip, 64 mW)

• Clear correlation between 
pulse amplitudes and ADC 

• All channels (128 channels for 
each chip) look good.
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• Cooling by high-thermal-conductivity-plate is under test. 
• Graphite sheet (Panasonic, left) indicates much better 

heat spread compared to aluminum plate (right).

Assembled at BNL

b-tag jet: efficiency vs. purity

See Haiwang Yu’s poster in detail.
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Graphite sheet

Thermography$Image�

Heat$source�

Graphite$Sheet$(single$layer)�

Much$beger$heat$spread$compared$to$aluminum$plate.$We$are$under$
tes-ng$how$heat$transfer$improves$by$using$mul-hlayer$graphite$sheets.�

Aluminum$plate�

Aluminum sheet

ADC readout tests using a calibration pulse generator


