
ADC Distribution

5



Understanding ADC Distribution (1)
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Fig.4. The ADC distribution of the eight
runs after normalization. The leg-
end indicates the scanning region of
the runs.
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Fig.5. The energy deposit curve as a func-
tion of DAC value. Fitting to the
distribution with the sum (red) of a
Landau-Gaussian convolution func-
tion (dotted blue) and an exponen-
tial function (dashed green) is also
shown.

　

71.13 ± 0.43. The ratio of the noise component in the MIP region from DAC 40 to 136 was 0.3%, letting

us conclude that the mass-production ladder was expected to be almost noiseless in the MIP region.

Therefore, high detection efficiency could be expected in the MIP region.

4.2 Detection efficiency

In this study, the origin of the XY plane is defined at the central position of the sensor cells one and

fourteen of the half-ladder in use. For the z-axis, the origin is given at the center of the sensor of the

upstream ladder L0. Two sensor cells in the same columns are read out by individual FPHX chips and

treated as a single sensor.

The adjacent fired channels in a column formed a hit cluster. The cluster position in y was deter-

mined by weighting with the ADC value of hits, as described in Equation 1:

y =
ΣiEi · yi

ΣiEi
, (1)

where y is the cluster position in the y-axis, i is the hit channel ID, Ei and yi are the DAC value and the

position of channel i in the y direction, respectively.

The upstream and downstream ladders were used for the track reconstructions, and the detection

efficiency of ladder L1 was studied. In the reconstruction process, only a cluster was required on the

same chip column of the two testing ladders, and no cluster in the adjacent columns of the testing ones

was allowed. The tracks passing the criteria were considered as track candidates.

The residual distribution is the difference between the hit position of the tested ladder and the

• Right figure is the observed ADC 
distribution in the beam test in 2021 
using 1GeV electron beam.

• FPHX Readout Chip has only 3 bits, 
although the dynamic range of 8 DAC 
is from 0 to 255. 

• 7 bits ADC distribution can be 
observed by scanning the dynamic 
range by shifting DAC range with 
multiple runs

• Distinctive MIP peak was observed in 
the beam test.

3bits ADC distribution

7bits ADC distribution

MC

Data

6



ADC Distributions of Run#9231
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• Timed-in data.
• ADC distributions for 

14 half ladders in 
intt-7 felix server

• No distinctive MIP 
peak hasnʼt been 
observed.

26 FHPX chip/Half ladder 
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How Energy Deposit Looks like in sPHENIX?
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Type-AType-B DE DE

BEAM TestsPHENIX

§§§2. INTT
INTT is a silicon strip barrel detector consisting of two layers of silicon strip sensors surrounding

the collision point seven to ten centimeters away　 (Figure 1). Hits detected by this detector are used

not only for interpolation of tacking between MVTX and TPC but also bunch-crossing identification

to suppress event-pileup background thanks to the best timing resolution of all tracking detectors in

sPHENIX. 24 or 32 INTT ladders form the inner and outer layers. The INTT ladder (Figure 2) consists

INTT Ladder

Fig.1. A half part of the INTT barrel. The inner and the outer barrels consist of 24 and 32 INTT
ladders, respectively. The red box indicates an INTT ladder.

1 ch0
ch1
ch127

1415161718
5 4 3

3

2

12

6

Silicon SensorHighDensityInterface Cable Silicon Sensor Silicon Sensor Silicon Sensor

Type-B
Chip Width

16
Type-A

Chip Width
20

Chip
Height
10

y
(vertical)

x
z (Beam)⨂

Inactive Area
Active Area

FPHX chips

19202122232425 Chip ID
26
13 789101112

Strip Width
0.078

Chip
Column

(mm)

Fig.2. The INTT ladder consists of two types of silicon sensors, FPHX chips, High-Density In-
terconnect cable, and CFC stave. The sensors are divided into 10 or 16 cells. The silicon
cells have 128 strips with 78 µm width and 320 µm thickness. The x-, y-, and z-axes in
the test beam experiment are also shown.

of two types of silicon sensors, FPHX read-out chips [1], High-Density Interface (HDI) cable, and Carbon

Fiber Composite (CFC) stave. Silicon sensor type-A and type-B are divided into sixteen or ten cells,

respectively, and each cell has 128 silicon strips with a width of 78 µm and a thickness of 320 µm. An

FPHX chip reads signals from strips in a cell, converts the signal voltage to digital information with 3-bit

ADC, and sends it to the read-out card (ROC) through the HDI cable and the newly developed extension

cable [2]. In the data analysis discussed in section 4.2, pairs of the silicon cells in the same column, for

example, chip one and fourteen, were treated as single silicon chip columns. The left and right halves of

the INTT ladder are the same structure but operated independently.

We evaluated the performance of the INTT silicon sensor from radiation measurements at the test

benches and two test beam experiments and obtained some significant results: sensitivity to the beam

position, the peak produced by minimum ionization particles (MIPs), signal-to-noise (S/N) ratio, and so

on. Thanks to the excellent S/N ratio, the sensor is expected to show almost 100% detection efficiency
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• Due to the variation of wide angular range 
compared to the beam test, the MIP peak may not 
be as distinctive as we observed in the beam test.

• z_vertex dependence will be studied. 
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Fig.4. The ADC distribution of the eight
runs after normalization. The leg-
end indicates the scanning region of
the runs.
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Fig.5. The energy deposit curve as a func-
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distribution with the sum (red) of a
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tial function (dashed green) is also
shown.

　

71.13 ± 0.43. The ratio of the noise component in the MIP region from DAC 40 to 136 was 0.3%, letting

us conclude that the mass-production ladder was expected to be almost noiseless in the MIP region.

Therefore, high detection efficiency could be expected in the MIP region.

4.2 Detection efficiency

In this study, the origin of the XY plane is defined at the central position of the sensor cells one and

fourteen of the half-ladder in use. For the z-axis, the origin is given at the center of the sensor of the

upstream ladder L0. Two sensor cells in the same columns are read out by individual FPHX chips and

treated as a single sensor.

The adjacent fired channels in a column formed a hit cluster. The cluster position in y was deter-

mined by weighting with the ADC value of hits, as described in Equation 1:

y =
ΣiEi · yi

ΣiEi
, (1)

where y is the cluster position in the y-axis, i is the hit channel ID, Ei and yi are the DAC value and the

position of channel i in the y direction, respectively.

The upstream and downstream ladders were used for the track reconstructions, and the detection

efficiency of ladder L1 was studied. In the reconstruction process, only a cluster was required on the

same chip column of the two testing ladders, and no cluster in the adjacent columns of the testing ones

was allowed. The tracks passing the criteria were considered as track candidates.

The residual distribution is the difference between the hit position of the tested ladder and the

total
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Online monitoring for MBD:
● First pass (0th round of calibrations)
● Bunch structure not yet clearly defined 

in vertex distribution.
● TimeZero to zVertex show a shifted 

main bunch crossing. Calibrations will 
be done.

Uncalibrated z-vtx
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• Uncalibrated z-vtx
• The real distribution should be better 

than the plot
• Stochastic cooling is underway 

MBD

2

Online monitoring for MBD:
● First pass (0th round of calibrations)
● Bunch structure not yet clearly defined 

in vertex distribution.
● TimeZero to zVertex show a shifted 

main bunch crossing. Calibrations will 
be done.

~ ±20cm (1s)

• Upgrade MC Simulation code for the beam test 
• Introduce model beam profile as MBD online monitor
• See if the observed ADC distribution is reproduced


