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Commissioning without beam
1. Apply 100V bias. Diagnose any over current channels. 
2. Calibration run ladder-by-ladder. Find possible mis-cabling.
3. Diagnose missing channels and try to recover 
4. Random trigger noise run.
5. Tuning alarm range of LV/HV control panels.



Commissioning with beam
1. Mis-cabling check by the geometry
2. Diagnose missing channels and try to recover 
3. Check yield uniformity
4. Gain matching between ladders or fine tweak noise 
5. DAC Scan
6. Bias Voltage Scan
7. BCO Timing Scan (Time-in) and then Phase Scan. How to 

confirm <1 BCLK Time resolution? 
8. DAC0 threshold optimization. S/N evaluation.



Monitoring
1. Define online monitor. Develop and test anomaly (dead/hot 

channel) checker. 
2. Establish flushing anomaly checker results to database.



Timing Spectrum Measurement

6.2. Hit Efficiency

Multi-layer tracking detectors require a large intrinsic hit efficiency
in each sensor, that is, a high probability that a particle of interest will
produce a measured signal when traversing an active sensor layer.
To evaluate this efficiency in the FVTX, charged particle tracks which
are identified by hits in three of the FVTX stations are projected to
the fourth station. A hit cluster in the fourth station at the projected
position is assumed to be due to the charged track, which is a good
assumption for the low occupancy pþp events used in this study.

The probability of finding a hit at the projected spot in station
2 using tracks identified by hits in stations 0, 1, and 3 is shown in
Fig. 33, as a function of the angle ϕ around the disk, using data
recorded during the 2013 RHIC pþp run. The extracted efficiencies
shown in this plot include the intrinsic efficiency of the detectors as
well as any efficiency loss due to dead channels, chips, or DAQ
channels. The peak efficiencies are above 95% indicating that the
intrinsic efficiency of the detector is quite high. The area near ϕ¼901
in the North arm has a low hit efficiency due to a broken component
on a ROC board, which prevented several wedges from being read out.
However, the overall live area during the 2013 run was greater
than 95%.

6.3. Alignment and residuals

Misalignment of the silicon wedges relative to each other and
multiple scattering of particles as they pass through the FVTX
sensor material will have a detrimental effect on the ultimate
tracking resolution of the detector. The internal detector alignment
was performed using data taken with the PHENIX magnets turned
off, so all charged particles travel in straight lines. The MILLEPEDE-
II [22] package was used to internally align all detector elements.

After detector alignment was performed, the FVTX single hit
resolution was determined with straight-line tracks found in the
FVTX, matched with tracks found in the muon spectrometer, from
pþp collisions recorded with the PHENIX magnets turned off.
These tracks typically have a total momentum p 43 GeV=c. After
finding tracks with hits in three FVTX stations, the track residual
for the fourth station is found by calculating the distance between
the track projection and the center of the nearest FVTX hit cluster
in that station. The width of this track residual distribution is
determined by the hit position resolution in each station and the
distance between tracking layers. To find the single-particle hit
position resolution for a single station, a correction is applied to
the track residuals, which was determined from linear regression
assuming a common single-particle hit position resolution in the

three stations used to find the track and a common distance
between the stations. The scaled track residuals, which represent
the single-particle hit position resolution, are shown in Fig. 34 for
the innermost tracking station in the north and south arms. The
position resolution for each of the eight stations varies between 24
and 28 μm, which is within the design parameters.

6.4. Electronic noise

The FPHX chip was designed to have a relatively low noise of
#500 electrons when wire bonded to the actual FVTX sensor (see
Section 3.2). The electronic noise in the detector is monitored
periodically using the calibration system. During calibration, groups
of 10 signal pulses of a given height are sent to an injection capacitor
at the front-end of the read-out chip, while the signal height is
scanned across the discriminator threshold. The noise level is char-
acterized by the broadening of the hit efficiency threshold as shown in
Fig. 35. A normal cumulative distribution function is used to fit the
data. The noise level is parametrized by the width, s, of the fit
function.

A histogram of the noise level for all operating channels is shown
in Fig. 36. The average electronic noise level is between 350 and 380
electrons, which is significantly lower than the nominal discriminator
threshold of #2500 electrons. This level of electronic noise is well
within design parameters of the FPHX chip and read-out system.

7. Summary and conclusion

This paper presents a comprehensive report on the design,
construction, and operation of a Forward Silicon Vertex Detector,
the FVTX, for the PHENIX experiment at RHIC. The detector
consists of four layers of silicon mini-strip sensors at forward
and backward rapidity, and enhances the capabilities of the
existing PHENIX muon arms by providing precision tracking of
charged particles before they interact in the hadron absorber. It
was first installed and operated at PHENIX prior to the 2012
RHIC run.

The detector active area covers the full azimuthal angle over the
forward rapidity range 1:2o jηjo2:2. Each individual silicon sensor is
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Fig. 32. Timing distribution of the FVTX hits relative to the RHIC beam clock.
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Fig. 33. Hit efficiency for FVTX station 2 as a function of ϕ.
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divided into strips with a 75 μm pitch in the radial direction and a ϕ
coverage of 3.751. Groups of custom 128-channel front end read-out
ASICs, called FPHX chips, are wire bonded to the sensor.

FVTX sensors display the expected behavior in response to
radiation dose. However, measurements of the radiation environ-
ment in the PHENIX experimental hall and irradiations of actual
FVTX sensors show that radiation effects will not significantly
degrade detector performance over the expected lifetime of the
experiment.

From data collected at RHIC, the FVTX has demonstrated single
particle hit efficiencies above 95%, single hit position resolution
better than 30 μm, and electronic noise levels below 500 elec-
trons, all within design specifications.

The data-push architecture of the FPHX read-out chips allows
the FEM to receive all hits registered in the silicon sensors without
any bias from an external trigger, with minimal processing delay.
This feature can potentially allow the FVTX to provide a Level-1
trigger, and can be used to determine the relative luminosity seen
by the FVTX detector for each beam crossing. This is useful in
polarized pþp collisions, where the FEM counts all hits, and pairs
of coincident hits, above a set ADC threshold for each beam
crossing to determine the relative integrated luminosity for each
spin orientation. Examinations of these new capabilities and

analysis of data taken with the FVTX in 2012 and 2013 are
underway.
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Fig. 35. Typical calibration data for a single channel (data points), fit with a normal
cumulative distribution function.
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Fig. 36. Histogram of the noise parameter, s, for all channels under operating
conditions, in a typical calibration run. A Gaussian distribution fit to the data gives a
mean noise level of 367 electrons. The nominal discriminator threshold at "2500
electrons is shown by the vertical line.
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Fig. 34. Track residuals for the innermost FVTX tracking stations, scaled to give the single hit resolution.
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Fig. 36. Histogram of the noise parameter, s, for all channels under operating
conditions, in a typical calibration run. A Gaussian distribution fit to the data gives a
mean noise level of 367 electrons. The nominal discriminator threshold at "2500
electrons is shown by the vertical line.
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Fig. 34. Track residuals for the innermost FVTX tracking stations, scaled to give the single hit resolution.
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