
Homework from Operation 
Board

INTT Group
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List of Homework
Assume (correct if wrong):
• Analog readout? Yes
• zero suppressed?  Yes 

1) Pedestal processing? Offline or online? Does fun4all analysis code exist?
2) Gain calibration? Offline or online? Does fun4all analysis code exist?
3) Common mode noise analysis/subtraction?
3) Timing studies? Bunch crossing association?
4) Hit finding efficiencies?
5) Dead/noisy channel analysis.
6) Data base storage of detector performance parameters?
7) Feedback of detector performance parameters to simulation?
8) Who will work on the analysis?
9) Does the analysis code exist in fun4all?
10) Do we have maps connecting detector channels to trkrhitmap positions for rawdata unpacker?
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1) Pedestal processing? Offline or online? 
Does fun4all analysis code exist?
• Pedestal is to be measured by the noise/random trigger 

periodically during physics run.
• Pedestal wonʼt be subtracted in online.
• INTT is basically designed to deal with only hits and not to 

measure ADC values in high resolution. The 3 bit ADC is to 
be utilized to distinguish either noise or true hit in offline. 
The lowest ADC bit, i.e. ADC=0 may be treated as thhee
noise bin and be excluded from a good hit in offline analysis.
• There is no dedicated software needed to handle pedestals 

for INTT. No plan to develop fun4all analysis code for 
pedestals.
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2) Gain calibration? Offline or online? Does 
fun4all analysis code exist?
• The gain tuning and matching will be carried out intensely 

during the commissioning period. No periodical calibration 
run is planned during a physics run.
• Fine resolution gain matching can be done by scanning 

through entire DAC range (0~255:8-bit) with series of runs 
covering different DAC range per run. 
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The offline analysis code has been developed 
for the beam test analysis. The code will be 
further developed in fun4all framework for the 
commissioning.

DAC Scan result from 2021 Beam Test

MIP

Courtesy of Yuka Sugiyama



3) Common mode noise analysis/subtraction?
• No plan to subtract noise neither in online nor offline in INTT 

regardless of common or random mode.
• The mode of the noise will be studied during the 

commissioning through the measurement of the DAC0 
threshold scan.  
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Fitting
Landau-Gaussian畳み込み関数と指数関数の合計により、DAC値12-136の範囲でエネルギー曲線
にFitさせた。（ ） →実験データを再現できている。

Landau-Gaussian畳み込み関数によりMIPピークを再現。 （ ）
指数関数により、ノイズの寄与を再現。 （ ）

Landau MPVはMIPピークに対応するDAC値を示している。

MIPピーク
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The DAC0 scan will explore 
the noise region intensely.

Noise region



3) Timing studies? Bunch crossing 
association?
• Coarse and fine timing scans are planned in the very early 

stage of commissioning with the beam.
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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.

C. Aidala et al. / Nuclear Instruments and Methods in Physics Research A 755 (2014) 44–61 59

The coarse scan is done in the unit of a beam
clock. A sharp peak within one BCLK in the
hit rate is expected as the image below.

The fine scan is done by tuning the
relative phase w.r.t. the beam clock. Below
is the fine scan result of the FVTX.

Nuclear Instruments and Methods in Physics Research A 755 (2014) 44–61 

Fake data



4) Hit finding efficiencies?
• The INTT efficiency has been proven to be > 99% as the 

result of 3rd beam test in Japan. 
• No acceptance dependency has been observed yet so far 

within a ladder. 
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position, as we expected. In the experiment, the runs with different beam-spot positions were conducted.

The efficiency from the run is shown on the right-hand side of Figure 10. The detection efficiency was

over 99% at the edge. Therefore, the performance of the INTT ladder was excellent over the column.
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Fig.10. The detection efficiency as a function of the track position. (Left) The beam spot is in the
middle. (Right) The beam spot aligns with the edge. The error bars indicate the statistic
uncertainties.

§§§5. Summary
The performance of the INTT mass production ladders was evaluated with the positron beam with

the momentum of 1 GeV at the ELPH gamma-ray irradiation room. The experiment was carried out

with the two plastic scintillators on the upstream and the downstream as the beam trigger, and various

types of measurements were executed.

Eight data collections with different ADC configurations gave the energy deposit curve precisely in

the wide range. The curve was successfully made by statistical normalization and well reproduced by

the sum of the Landau-Gaussian convolution and the exponential component. The noise contamination

to the MIP peak was about 0.3%, which is evidence of the high detection efficiency of the detector.

The detection efficiency of ladder L1 was estimated by tracking using the upstream and the down-

stream ladders. After some noise rejections, limitation of the track slope, and the selection of the hit

position to the center of the ladder, the detection efficiency of 99.33 ± 0.04(stat)± 0.06(sys)% was ob-

tained and uniform over the column-wise region of the silicon sensor.

Acknowledgment
The authors express gratitude to the ELPH accelerator staff for the stable operation of the acceler-

ators for testing the INTT ladders.

Based on the past beam tests analysis, we 
expect > 99% efficiency throughout entire 
barrel. The efficiency may be lost 0.5% or so 
if we apply ADC>0 cut. 

G. Nukazuka, C.W. Shih, Y. Sugiyama, et al.: ELPH annual report 1 (2023). 
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5) Dead/noisy channel analysis.
• The dead/noise channels are to be kept in the database. 
• The dead/noise channels are to be detected by the Online 

Monitor automatically. A semi-automated software may be 
developed to update the database.

Summary of INTT Subsystem’s Online Monitoring Framework
†

Y. Akiba,⇤1 J. Bertaux,⇤2 K. Fujiki,⇤1⇤3 M. Fujiiwara,⇤4 T. Hachiya,⇤1⇤4 S. Hasegawa,⇤1⇤5 M. Hata,⇤4

H. Imai,⇤1⇤3 M. Kano,⇤4 T. Kato,⇤1⇤3 T. Kondo,⇤6 C. Kuo,⇤7 R.-S. Lu,⇤8 I. Nakagawa,⇤1 Y. Namimoto,⇤1⇤4

R. Nouicer,⇤9 G. Nukazuka,⇤1 C. Shih,⇤7 M. Shimomura,⇤4 R. Shishikura,⇤1⇤3 M. Stojanovic,⇤2 Y. Sugiyama,⇤4

R. Takahama,⇤1⇤4 W.-C. Tang,⇤7 H. Tsujibata,⇤4 M. Watanabe,⇤4 and X. Wei⇤2

In this report, development of the Online Monitoring
software framework (OnlMon) for active observation of
the status of the Intermediate Silicon Tracker (INTT)
of the sPHENIX experiment is considered.

The sPHENIX OnlMon framework is designed to fa-
cilitate monitoring of detector subsystems during data
taking. The framework allows for relevant information
to be sent to a server via the Data AQuisition (DAQ)
and store in ROOT1) histograms. A client can request
these histograms from the server and use the infor-
mation to convey information to a user, usually via
a Graphical User Interface (GUI) generated using the
ROOT computing framework.2) There are base classes
for the server and client for which the various detector
subsystem groups are responsible for overriding and
implementing to create subsystem-specific GUIs.

The INTT’s implementation of these must be com-
prehensive enough to show the performance at the
finest resolution of its hardware organization, but must
still be concise enough so that a user can diagnose an
issue by inspection. The compromise is an interactive
GUI with several drawing functions and create more
detailed secondary GUIs based on user interaction.

The hardware of the INTT is organized into 4 con-
centric layers. Each layer has, in order of innermost to
outermost, 12, 12, 16, 16 ladders arranged cylindrically
around the beam axis. Each ladder has 2 half-ladders
(a north and south half). Each half-ladder has 26 chips
arranged in 2 rows of 13. Each chip has 128 channels.
Each channel can specify an ADC (Analogue to Digital
Conversion) value from 0 to 7.

Since this is too much to show concurrently, the 4
layers of INTT are shown at the resolution of chips as
4 separate instances of a TH2D (a ROOT class repre-
senting a 2-dimensional histogram) on a primary GUI.
Here, a user can click a chip to launch a secondary
GUI which can contains the more detailed information
on the channels for that chip. Information about the
which chip and channel are displayed and dynamically
updated so the user can always be aware of where their

⇤1 RIKEN Nishina Center
⇤2 Department of Physics and Astronomy, Purdue University
⇤3 Department of Physics, Rikkyo University
⇤4 Department of Mathematical and Physical Sciences, Nara

Women’s University
⇤5 Japan Atomic Energy Agency
⇤6 Tokyo Metropolitan Industrial Technology Research Insti-

tute
⇤7 Department of Physics, National Central University
⇤8 Department of Physics, National Taiwan University
⇤9 Physics Department, Brookhaven National Laboratory

mouse is and which chip and channel they are viewing
in each GUI. An example of the primary GUI is shown
in .
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Fig. 1. An example of a primary GUI is shown. Each cell

of each histogram corresponds to a chip in the INTT,

and the value depends on the drawing option. Here the

option “Hitmap” is specified, and the histogram is col-

ored based on the number of hits each chip has recorded.

The few hits shown here were randomly generated with

a known seed for debugging purposes. Additional op-

tions are also available; most notably, schemes where

chips are colored based on the statistical significance of

recorded data, so a user can immediately see if a chip

is likely working or not.
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The INTT Online Monitor hit map
display. Any hot/cold channels
compared to the reference are
highlighted by different colors
than normal one.

Courtesy of Joseph Bertaux 8
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6) Data base storage of detector performance 
parameters?
• The detector performance parameters are controlled by the expert-

GUI (same philosophy with the FVTX one). 
• The PostgreSQL database is under development in a local PC at the 

silicon lab to store these parameters. The expert GUI communicates 
with the database. The database will be exported to sPHENIX
database server. 
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7) Feedback of detector performance 
parameters to simulation?
• The INTT GEANT model has been developed through past 3 

beam tests. 
• The model reproduces experimental data reasonably well, 

but still some room to be improved. 

10

These parameters are to be optimized during the commissioning and we will feedback to the simulation.

Courtesy of Cheng-Wei Shih

Cheng-Wei Shih (NCUHEP, Taiwan)INTT meeting
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8) Who will work on the analysis?
• One ~ two dedicated Postdoc 

• Genki Nukazuka (RBRC) 
• One new opening this Spring (RBRC)

• 3 dedicated Ph.D students who will write their thesis with 
INTT/sPHENIX. 
• Cheng-Wei Shih (National Central University, Taiwan)
• Joseph Bertaux (Purdue University, USA)
• Jaein Hwang (Korea University, South Korea)

• Dedicated masterʼs students
• 6 (Nara Womenʼs University), 3 (Rikkyo Univ.), 1 (NCU)
• + undergrads

• Senior Scientists
• Takashi, Maya, Rachid, Itaru, Yasuyuki, Chia-Ming, Wei, …
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9) Does the analysis code exist in fun4all?

• Yes:
• Online Monitor, GEANT Simulation

• To be committed: 
• DAC scan codes, and other commissioning codes.

• Not yet developed:
• Gain matching analysis code, etc…
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Anything 
else?



10) Do we have maps connecting detector 
channels to trkrhitmap positions for rawdata
unpacker?
• The rawdata format is under development by Raul Guidolini

(Instrumentation group) and so as a decorder by Martin.
• The ladder channel map is also under optimization now. 
• Once they are settled, we are planning to establish the 

connection map and saved in the PostgresSQL database. 
This scheme is the part of the expert GUI development.
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