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R&D for the ALICE Photon Spectrometer Upgrade
(JINR Participation)

The report on the execution of the project in 2017-2018 and the proposal
on its extension for the years 2019-2020.

To improve the accuracy of the direct photons identification at low energies [1], the PHOS [2-4]
selected working temperature, at which the detecting elements operated, was -25° C. Compared to
operation at room temperature, this has significantly improved the signal-to-noise ratio by reducing the
noise of the APDs and the CSAs. In addition, at this temperature, compared with room temperature, the
light yield of PWO crystals increases by three times.

Work at a negative temperature requires maintaining the humidity in the spectrometer volume
below the dew point. To this end, PHOS modules are sealed, and their internal volume filled with dry
nitrogen. Note, that the sealing of the spectrometer volume creates significant difficulties for the
maintenance of PHOS electronics.

The use of low-noise electronics together with cooling provides the Noise-equivalent power of 5-7
MeV, which makes it possible to obtain a resolution better than 5 MeV /c? for the invariant mass of two
gamma quanta. The upper limit of the PHOS dynamic range is 100 GeV, which corresponds to the
maximum energy of 85 GeV identified in one detecting element. The upper limit of the detecting
element’s dynamic range determined by the capacity of the readout electronics’ boards.

The possibility of upgrading the PHOS, with the aim of expanding the dynamic range of the
spectrometer-detecting element from 85 GeV to 160 GeV and improving the time resolution o, from 4-5 ns
to 0.5 ns with the electromagnetic shower energy (energy release) of ~ 1 GeV, is currently under
discussion. To allow operating the PHOS without deterioration of performance at room temperature, a
number of options been studied.

In October 2017, the measurements carried out on the T9 test beams (momenta range of 1-10
GeV /c of the PS synchrotron).

1. Experimental studies.
The following is a description of the main detectors and experiment systems, which include:

- investigated detectors (electromagnetic calorimeters);
- thermostabilization system;

- trigger experiment;

- Data collection system and the TQDC unit;

- signal preparation board,

1.1.Description of calorimeters and detecting elements

For measurements inside the prototype for 256 channels [alex1], four sets of nine detecting
elements (DE) each installed on the beam. Each set formed an assembly of 3x3, which was essentially a
small electromagnetic calorimeter. DE assemblies differed in photodetectors. Three assemblies contained
avalanche photodiodes (APDs) and one array assembled with silicon multipliers (SiPM). Note, that all the
APDs used have similar supply voltages for the gain coefficient of M = 50, which made possible the power
supply of the APD by a single voltage source.



In the assembly with APDs, there were used the CSAs of the currently operating PHOS,
manufactured for the HAMAMATSU APDs of the $8664-55 type[5] with an area of 5x5 mm?® or the CSAs,
reworked for the new APDs. All photodetectors soldered to a 19x19 mm electronic board, which contained
either a CSA or a simple power supply and signal readout circuit for SiPM.

Boards with photodetectors glued into the Al support frame, which also served as a screen for the
CSA. The photodetector with its surface plane glued to the end of the PWO crystal.

Note that to measure the DE time characteristics it is sufficient to have one detecting element, but
to measure the energy resolution of the prototype, an assembly in the form of an array of 3x3 of 9
elements is necessary, since the energy of the electromagnetic shower released in several neighboring
crystals.

In the first assembly, detector elements with HAMAMATSU APDs of the type S8664-1010[6] with
an area of 10x10 mm?, produced in 2016 (see Figure 2) were used. CSAs for S8664-55 used as a pre-
amplifier. Due to the difference in the geometry of these APD contacts from the contacts of the $S8664-55,
the connection to the preamplifier provided using a simple intermediate board.

For the array, assembled in 2017, HAMAMATSU APDs of the type S8664-1010 with an area of
10x10 mm?, produced in 2017, also used. A CSA designed and manufactured for them, taking into account
the APD’s new geometry. The transmission coefficient of the new CSA was approximately 30% lower than
the CSA for S8664-55, which explained by the appearance of parasitic capacitances caused by the new
layout of the wiring.

In the third assembly, APDs measuring 5x5 mm? used. l.e. the DEs were a complete analogue of
the current photon spectrometer.

In the fourth assembly, HAMAMATSU 2x2 arrays assembled of MPPC S12572-015C silicon
photomultipliers used as a photodetector. These SiPM, selected for the matrices, have similar supply
voltages, a microcell area of 15x15 pm? and a sensitive area of 3x3 mm?®. The MPPCs in the matrix
electrically connected in parallel. The total sensitive area of the 2x2 matrix was 6x6 mm?. The power
supply was common for all the SiPM matrices.

Photographs of boards with photodetectors glued into the support frame presented in Fig.2.

Fig. 2. Photos of a glued into the support frame board with a CSA with soldered photo detectors. The CSA,
made by surface mounting, is located on the side opposite to the photodetector. The size of the frame is



22x22 mm?®. View from photo detectors. On the left - APD and CSA of the current PHOS. In the center - a
CSA with a large-size APD produced in 2016. On the right - a photo of a 2x2 matrix of silicon multipliers.

Fig. 3. Top left - a photo of a CSA manufactured in 2017 for 10x10 mm APD, bottom left - a photo
of a HAMAMATSU 5$8664-1010 10x10 mm? APD; right - a photo of a glued into the support frame board
with a CSA with soldered photodetectors.

The mechanical connection of the crystal and the photodetector in the detecting element was
provided with the help of the optical substance Cargille Meltmoun TM Quick Stick TM produced by Cargile
Laboratories, USA [Cargile] which became liquid at T = +70 C. The substance, the crystal and the
photodetector heated to +70 °C, and then the elements to be glued were joined together. When cooled to
room temperature, the substance hardened, forming an optically transparent compound with a refractive
index nqy = 1.704.

2.2. Thermal Stabilization System

The light yield of the PWO crystals and the gain of APD and SiPM have a strong temperature
dependence, which leads to the need of thermally stabilizing the assemblies in the range of better than
+-0.1C. In our experiment, this provided by pumping the C6F14 liquid through the cold plate of the
prototype for 256 channels with its periodic cooling in the compressor of the refrigerating machine. This
made it possible to maintain the temperature of the detecting elements in a wide range of temperatures
with an accuracy of +-0.1 °C. The working temperature was set at +17.5 °C. A detailed description of the
system of cooling and thermal stabilization given in [3]. The layout of the sensors and long-term
temperature stability presented in Fig.4
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Fig.4. On the left - the layout of the temperature sensors inside the prototype 256. One box corresponds to
a DE. The white background indicates the studied sets of DEs, which been irradiated with a particle beam
and from which signals have been registered. 5x5 - 3x3 array of photosensors of the current PHOS;
10x10NEW - 3x3 array with APD 2017; SiPM - 3x3 array of SiPM matrices; 10x100LD - 3x3 array with APD
2016; T1 - T5 - the location points of temperature sensors inside the array of crystals. On the right - the
time dependence of the the T1 sensor readings within 160 hours of the experiment. One can see the
process of cooling to a temperature of 17.6 C, then temperature fluctuations in the corridor of +-0.7°C. An
arrow with a “?”-mark corresponds to the disconnection of the electronics during a transfer to
another array.

2.3. Experiment Trigger

The trigger of the experiment served to synchronize the processing and recording of information with the
time of an electron’s entry into the calorimeter detector and the formation of an electromagnetic shower.
Electrons are formed mainly as result of the gamma-quanta conversion into an electron-positron pair
during the decay of a neutral pi-meson formed as a result of the nuclear interaction of a 24 GeV/c primary
PS proton beam with an Al-W target (so-called target No. 1). The T9 beam magnetic path carries out the
choice of the particle momentum. Since the magnetic system allows the selection of particles only by their
momentum and charge, and as a result of the interaction in the target, many charged particles (p, charged
pi-mesons, kaons, muons, etc.) are formed, not only a synchronization with the moment of particles entry
in the calorimeter but also a trigger for the electron emission is required. For the purpose of the trigger,
two scintillation counters and a 4m threshold gas Cherenkov counter installed in front of the calorimeter.
A change in the gas pressure in the counter made it possible to receive a signal from the counter only from
electrons at all pulses available at T9. Immediately after the Cherenkov counter, a start counter with a size
of 2x2x3 cm installed, which was visible from two ends to fast photomultipliers. Immediately behind the
start counter, there was another counter, which only served to suppress the background. The trigger of
the experiment was a coincidence signal S3xS4xCxS5. In this case, S3 was the master counter; signals from
the remaining counters delayed and arrived at the coincidence circuit later.

2.4. Description of the data acquisition system and the TQDC unit

Data Acquisition System (DAQ) programs are implemented within the Linux system CentOS 7 [7]
on the host computer (in our case it is phstand.cern.ch). The user controls the data acquisition system.

This computer has two Ethernet network cards with a data transfer rate of 1 Gb/s, one of which is
used to connect the computer to the global network, the second, together with the 1 Gb/s HP 1420 switch,
forms the internal local network to which the electronics module TQDC16VS [8] is connected), which also
has an Ethernet interface. Power to the unit supplied from the VME crate.

The tqdc2 program supplied by the development company [9] carries out data reception. The
program runs on the host computer. The main functions of the program include reading and writing
information from the TQDC16VS unit, unit configuration, data set management and provision of the
minimum control function with regard to the data to be collected.

From the start, the TQDC16VS-E [10] unit designed to measure time and charge from fast time
detectors that produced signals of large amplitude of tens and hundreds of mV with short nanosecond
fronts - photomultiplier, SiPM etc. To obtain fast time tags in the unit, discriminators are installed, the
threshold on which can be programmed.

To measure the time in the unit, 2 HPTDC chips developed at CERN [11] are used, each in a 25 ps
mode, and to digitize the signal shape two 8-channel 14-bit ADCs LTM9011-14 are used with a digitizing
frequency of 125 MHz. The unit controlled by FPGA of Kintex-7 type manufactured by Xilinx [12]. The



signals to the unit come through 50-ohm coaxial cables through the front panel LEMO connectors. The
signals can be bi-polar; the operating range of the input signals amplitudes is +-1 V.

The developer performed an upgrade of the TQDC16VS unit to work with the slow signals
characteristic of the PHOS DE. The internal discriminators were disconnected, a separate input was
provided to supply time signals, for which the front panel of the unit was expanded by 2 times and a multi-
pin connector was installed on it to supply the 16 LVDS signals for time measurements already prepared
outside the unit. A photo of the unit shown in Fig.5.
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Figure 5 Photos of the upgraded unit TQDC16VS.

The reading of the unit synchronized with the trigger signal generated by the system of trigger
counters. The trigger signal fed to the second TTL input of the TQDC16VS unit. The synchronization
procedure carried out according to the [HPTDC]. The width of the control gate signal chosen so that the
signal zero level digitized several times on the signal shape and the maximum signal was clearly
distinguished. The digitized signal shape seen in Fig.6.

So the signals from the detectors sent separately to 16 TDC inputs (pre-prepared LVDS signals) and
16 ADC inputs (NIM signals from the output of external shapers). In our case, we had nine channels in 3x3
arrays, the remaining channels used to record the time and amplitude from the trigger counters.




The tqdc2 program writes the received data to a file in the directory /home/user/tqdc/data.

For fast off-line processing, procedures using the data already recorded on the disk written in the
C-language. More careful processing carried out by a separate software package. The description of this
package to be provided in a separate report. Amplitude and time determined by the maximum and
position of the maximum in the recorded part of the pulse.

Changing DAQ parameters by simply editing the configuration file and changing parameters in the
tgdc2 program window (see Fig. 6). Instructions for working with DAQ given in Appendix 1.
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Figure 6. The window of the tqdc2 program interface. A recorded on the disk-digitized part of the pulse

from one of the calorimeter detectors shown in green.

2.5. Description of the signal preparation board for time and amplitude measurements

For the preparation of signals for the TQDC unit, a special board was developed (or a signal
preparation board), on which a signal from the CSA was divided into two parts - the small part was
branched off and delivered to comparators for time measurements. The main part passed through a
second-order filter, was formed with a formation time of 1 us, and was delivered for amplitude



measurements. Comparators and shapers were made in the form of mezzanine boards (3 boards), each of
which could prepare up to 4 signals. Photographs of the wiring of the signal preparation board and the
signal preparation board itself with installed shaper and comparator mezzanine boards shown in Fig.7. The
schematic diagram of the signal preparation board shown in Fig.8. Schematic diagrams and wiring
diagrams for mezzanine boards of shapers and comparators shown in Fig.9 and Fig.10, respectively.
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Figure 7. On the left is a diagram of the wiring of the signal preparation board. On the right is a board
with installed shaper mezzanines (top) and comparators (bottom).
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. Schematic diagram of the signal preparation board.

Figure 8







Figure 10. Comparator’ mezzanine board. On the left — the wiring diagram, on the right — schematic
diagram.

Since the signal preparation board received signals from the CSA, it was located as close as
possible - at a distance of 20 cm from the CSA. Output signals from the signal preparation board
fed to the TQDC input, which was located 2 m away from the calorimeter.

Development of the signal preparation boards and CSAs carried out at the JINR and NRC K,
production of boards - at the JINR, modernization and production of TQDC16-VS made at the AFI
electronics, Dubna.

3. Experimental results of beam tests

The main purpose of the beam tests was to determine the energy and time resolution of
3x3 assemblies with large area APDs. The bulk of the data collected for the APDs purchased in
2017. For the SiPM assembly, only the time resolution was determined. In this case, the
electronics described above used for assemblies with avalanche photodiodes.

In an assembly of silicon photomultipliers, earlier developed shapers have been used, the
description of which lies outside the scope of this report. Measurements also carried out at a
direct signal transfer from the SiPM to the TQDC unit.

In measurements, the 256-channel prototype with internally mounted assemblies placed
on a remotely controlled table with the possibility of moving along the horizontal and vertical
axes. The table used to align the assemblies relative to a particle beam. The beam focus was at a
distance of 1 m after the prototype. The transverse dimensions of the trigger counters and the
selected position of the beam focus allowed to evenly irradiating, in one run, nine counters under
the assembly beam (irradiation with a so-called wide beam).

A photograph of the equipment installed on the T9 and the scheme of the experiment
presented in Fig.12.
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Figure 12. On the left - a photograph of the experiment on the T9 beam. On the right — the scheme of the

experiment.

All assemblies powered from a high-voltage power source Keithley-6487.

3.1. Energy resolution of assemblies

The pulse resolution of beam particles was determined by the horizontal collimator gap
equal to 6 mm, which corresponded to AP / P = 0.6%, where AP is the total spread and P is the
average value of the beam pulse.

The energy resolution at energy E was determined as result of the following procedure:

1) Relative calibration of all DEs performed. For this, the maximum amplitude in each DE
was determined. Relative amplification factors were determined from this amplitude: gi=A/A,,
where A is the maximum amplitude of i-th DE and A. is the maximum amplitude of the central DE.

2) Central events selected that corresponded to the electron entering the center of the
assembly (square of 14 x 14 mm? relative to the longitudinal axis of the central DE) according to
the procedure described in [ippl]. For each central event, the histogram of the total energy
release was filled in E = 3 giA;, (i=1,...,9), which had the form of a Gaussian distribution with a tail
extended to low energies, and the distribution maximum corresponding to energy E.
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Figure 13. On the left - a histogram of the total energy release in the 3x3 assembly. The curve is the result of

fitting with the Gaussian distribution. On the right - the curve of the dependence of the relative energy

resolution on the electron energy. Green line - fitting results for the current PHOS [alex1] with an APD of 5x5

obtained at -25C°, blue triangles - 2017 results with an APD of 10x10 at + 17.5C, red dots - the results obtained
in 2016 at + 17.5C, squares - 2017 results with APD of 5x5 at a temperature of + 17.5C. The blue line shows the
results of fitting the 2017 data for an APD of 10x10.

3) The histogram was fitted with a Gaussian distribution with mean E and variance o, the

o/E ratio is the relative energy resolution (see Fig. 13).

The procedure for determining the energy resolution in measurements with a wide beam

described in [ipp1]. In 2017, it tested experimentally for energy of 7 GeV.
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For this, measurements carried out with a narrow beam, in which the trigger had a counter

with a cross section of 1x1 cm. The measurements showed almost the same values of energy

resolution measured by two methods. The measurement results presented in Fig.14.

When measuring the time parameters of the DE, the APD gain coefficient (hereinafter - the




APD GC) is significant. The optimal value is GC = 50. When approaching the breakdown voltage
(for a large sized APD, this value averages around 400V) the GC begins to increase sharply, in this
area a high stability of temperature and voltage on the APD is necessary. In order to determine
the GC operating range in which it is possible to work without degrading the energy resolution,
the resolution measured as a function of voltage at a 3 GeV energy. The measurement results
presented in Table 1. There is a deterioration in the resolution at voltages in excess of 385 V.

Table 1. The values of the relative energy resolution at different voltages. For orientation, the GC of
the central detector is indicated.

uv 355 365 375 385 390

GC 50 75 109 183 300
(central

detector)

Og,% 1.9510.06 1.9610.05 1.97+0.06 2.03+£0.03 2.13+0.03
Run# 79.80 81.82 83.85 86 92

3.2. The time resolution of the detecting elements

The time resolution is determined for each DE separately. The time results extracted from
the same data as the energy resolution results. Usually, for studying the time properties of the
energy release range of 1-1.5 GeV, data taken at a beam energy in a range of 1.5-3 GeV. With
such a beam energy, up to ~ 85% of the energy is released in the DE, which makes it possible to
determine with good accuracy the time resolution at an energy release of 1 GeV in the DE.

The time resolution depends on the steepness of the pulse front. This parameter is to large
extent determined by the APD gain; therefore, measurements of the time resolution carried out in
a wide range of GC values. The energy resolution up to GC = 300 does not depend on the GC,
whereas the time resolution improves with increasing GC. Table 2 shows the results of measuring
the GC for DE as a whole, obtained for the central detector of the assembly with APD 2017. The
measurements were carried out with a narrow beam for all voltages except for U = 390 V, where
the GC has been measured with a wide beam.

Table 2. The GC for the central detector of the 3x3 assembly for APD produced in 2017

u,B 50 100 200 300 340 360 375 380 385 390

GC 1 1.08 2.3 12.4 311 60 109 150 183 300




The following procedure used to determine the time resolution [bogol]. A two-
dimensional distribution was built for the dependence of the time difference between the trigger
time and the DE response time (hereinafter - - time). An example of such a distribution shown in
Fig.15a. The curve reflects the obvious fact that the smaller the signal amplitude, the later the
time signal produced in the signal preparation board and the worse is the time resolution. To
eliminate the dependence of the response time on the amplitude, a correction to the slope of this
curve made. For that, a two-dimensional dependence was fitted with a power function (the red
line in Fig. 15a), pp — p3 - parameters.

Yy =po —pi(x —p3) P2

according to the parameter found, the distribution was adjusted for the slope, which led to the
straightening of the dependence - see Fig. 15b. For each bin in energy, from the 15b distribution,
there were calculated one-dimensional distributions of the number of events with time, which
were fitted with the Gaussian distribution. Figure 15c shows the results of the dependence of the
Gaussian distribution’s dispersion on the energy release. The red curve is the result of fitting the
4-parameter function of type
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Figure 15. a-two-dimensional dependence of the energy release in the DE from the time to correction, b -
corrected for the dependence of time on the amplitude, c - the dependence of the DE time resolution on
the energy release. The data are given for the gain APD GC = 150. Run198, beam energy 1.5 GeV, U = 380
V.

The time resolution strongly depends on the voltage (GC) on the APD. Table 3 presents the
results of measurements of the time resolution o; for the central DE assembly of the APD 2017 at
different APD gain factors.

Table 3. The time resolution at different GCs for the central DE. APD 2017 assembly

GC O, PS Run




50(355 V) 850 32 (2 GeV energy)

100(375 V) 455 166 (1.5 GeV energy)
150(375 V) 407 201 (1.5 GeV energy)
200(385 V) 420 102 (1.5 GeV energy)

The time resolution also strongly depends on the threshold of the comparators in the
signal preparation board. Figure 16 shows the dependence of the time resolution for each DE

depending on the threshold for two voltages at an energy of 3 GeV.
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Figure 16. Dependence of the time resolution of all DEs depending on the threshold value of the signal
preparation board’s comparators in the energy equivalent. Left hand — at a voltage of U= 385V, right-hand —

U=375V. The beam energy is 3 GeV.

The value of the time resolution at a 1 GeV energy release in the DE depends on the
energy in the beam. The higher is the energy, the worse is the resolution. The reason for this
phenomenon may be unclear and requires further research. In particular, the influence of signals
from neighboring detectors is possible.

The time resolution for the DE from an APD of 5x5 at an energy release of 1 GeV turned

out to be worse than 2 ns.

The time resolution of DE from SiPM turned out to be better than 300 ps for all DEs. The
time resolution for the direct transmission of signals to the TQDC turned out to be ~ 30% worse.

No data on time measurements corrected for the trigger time resolution, which
determined by the start counter and taken at a signal from the S3 photo-multiplier. The time

resolution of the trigger is estimated as orr = 175 ps.




4. Conclusion

In 2017[13], beam tests were carried out for four 3x3 assemblies of detection elements
with various photodetectors — avalanche photodiodes and silicon photomultipliers manufactured
by Hamamatsu, Japan. All measurements performed at a temperature of +17.5 C. The data
presented in this report are preliminary and based on the results obtained on-line. However, the
main preliminary conclusions that made on the test results are as follows:

1) Increase in the APD sensitive area by 4 times fully compensates for cooling to -25 C in
terms of the signal-to-noise ratio; the energy resolution becomes even better by ~ 20% at low
energies (see Fig. 13). Work with GC values over 200-250 is impractical due to the increased
requirements for stabilization of the APD temperature and supply voltage. Energy resolution at GC
=300 degrades by ~ 10% (see Tab.3).

2) The time resolution at an energy release of 1 GeV from an APD can be definitely better
than 500 ps when working in the range of GC values of over 100-150. The noted influence of the
beam energy on the time resolution requires further research.
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Project continuation in 2019-2020

In 2013-2015 the work was carried out on selecting the photodetector for the modernization of
the PHOS spectrometer for the purpose of obtaining the best time resolution. The next step
should be the designing and manufacturing of the electronics, which should replace the existing
PHOS electronics. Debugging and testing of new electronics will be conducted on a 256-channel
prototype of PHOS, which is at CERN. After testing the 256-channel prototype on a beam of
electrons, the final decision on the modernization of all spectrometer will be made. The modules
of the PHOS electronics, which to be completely reworked, are described below.

1. Preamplifiers

The board at the crystal end with an avalanche photo diode APD and a charge-sensitive
preamplifier is 2x2 cm? in size. The new board will have to contain an avalanche photodiode, a
silicon photomultiplier and a charge-sensitive preamplifier for the APD. When designing the new
board, the main attention should be paid to the minimization of the interference of the SiPM fast
signal with the circuits of the avalanche photo diode. Special attention should also be paid to the
behavior of electronics at irradiating with a high power light pulse equivalent to the energy of
electrons up to 200 GeV.

In another variant, the card can be used with two SiPMs without amplifiers. Two SiPMs are
necessary to ensure good energy and time resolution at low energies, and acceptable linearity at
high energies.

2. Interface card (T-card)

Signals from 16 preamplifiers are fed to the T-card which is an adapter between preamplifiers
and a card of signal shaping and digitization (Reading Card). Via the T-card bias voltage is
delivered to the photodetectors.

The T-card has to be redesigned to transfer the signals both to APD and SiPM.




Figure 20. The figure shows an assembly of 16 crystals, the so called STRIP UNIT (SU).
The signals from preamplifiers are fed to the T-card which is an adapter between
preamplifiers and a card of amplifying, filtration and digitization of signals (FEC — Front
End Card). Via the T-card bias voltage is dVia the T-card bias voltage is delivered to the
photodetectors. The T-card has redesigned to transfer the signals to APD and SiPM.

Figure 21. Block diagram of the future T -card

The main card of the PHOS measuring electronics (Front End Card).

Signals from two SUs via two T-cards fed to the FEC card.

Signals from two SUs via two Here, the signals from 32 channels divided into two channels with
the gain difference of 16 times are filtered, amplified and digitized. That means that the digitizing
covers 64 amplitude and 32 time signals.

The card homes shapers for the formation of spectrometric pulses, which digitized by ADCs with
samples' frequency of 20 MHz.

The time-of-flight measured by the START-STOP using the HPTDC schemes. The START signal
comes from the corresponding comparator output triggered by the photodetector. The STOP
signal comes from the LHC beams synchronization pulses, or from the TO detector involved in the
ALICE experiment.

This card homes for the power supply of bias voltage for the APD and SiPM, circuits for
adjustment of the comparator thresholds voltage, shapers of trigger signals generated by the
PHOS for ALICE, a block of low-voltage power supply units, the unit measuring the output voltage
of the power sources and their currents, the temperature measurement unit, the card controller
(FPGA). The card controller also serves for communication with the ALICE data acquisition
system.



Figure 22. The Signals from two SUs via two T-cards fed to the FEC measuring electronics card.
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Figure 23. Block diagram of the future readout card.

Conclusion

The result of this project implementation will be the development and production a system for signal
registration from the cells of the electromagnetic calorimeter of PHOS and electronics for processing
these signals, which could replace the existing one. The new system has to provide high linearity of
measurements of photon energy in the range from 0.005 to 200 GeV and time resolution at 1
GeV better than =300 ps. The system should be tested at the 256-channel prototype of PHOS
using new electronics in all 256 channels. New electronics should be compatible with the existing
design of the detector. Based on the obtained data the ALICE collaboration will be able to make
the decision on the possibility of modernization of the entire PHOS spectrometer.

Table 5: The R&D budget for the modernization of the PHOS spectrometer in 2017-2018 (JINR+KI).



Price for

ltem Number peace Total price
(units) | (in US dollars)| (in US dollars)
Silicon PMT Hamamatsu 300 100 30.000
Card with APD, SiPM and APD preamplifiers 300 50 15.000
PHOS Readout cards for 32 channels (ADC, TDC) 10 6.000 60.000
Interface T-cards for 32 channels 10 500 5.000
Developing the design and manufacturing 1 20.000
prototypes of registering electronics
Stand for debugging the PHOS ALICE new 20.000

electronic cards

Total: $150.000




Experimental studies in 2018.

The main purpose of the tests was to study the properties of the new FEE_8 readout
electronics and the upgraded charge-sensitive preamplifiers. The TQDC unit used in the 2017 run
taken as a reference device.

A trigger system and information processing technique, similar to the 2017 run, used.
1. Description of the prototypes.

Prototype A was assembled from APDs HAMAMATSU S8664-1010 produced in 2016, which
had a slight variation in the voltages necessary to obtain the gain of M = 50. The APDs in this
prototype are preamps used in PHOS ALICE.

Prototype B assembled from APD HAMAMATSU S8664-1010 2017. For this prototype,
new upgraded CSAs designed and manufactured specifically for S8664-1010. The preamplifier
circuit upgraded and one of the supply voltage of the CSAs increased from 13 V to 15 V, which led
to a twofold increase in the steepness of the APD current-voltage characteristic.

All these actions allowed us to reduce the front of the CSA output pulse from 50 ns to 30
ns, which is essential for time measurements.

Prototypes placed inside the thermostat [1-3]. The used cooling system made it possible
to maintain the temperature inside the thermostat at +18 C with an accuracy better than +-0.1 C
during the whole experiment.

2. Description of the experiment.

The experiments carried out on the T9 secondary beam at the East Hall of the PS proton
synchrotron at CERN. The maximum channel momentum was limited to 10 GeV/c, the minimum
momentum was limited by the amount of matter in front of the experimental zone and was 0.5
GeV/c. The beam extracted to the channel 2-3 times during the supercycle of the source of
charged particles. The duration of the beam output was 200 ms.

In the experiment, a thermostat with prototypes placed on a remote-controlled table.
That allowed the movement of the thermostat in vertical and horizontal directions relative to the
beam.

Trigger

The data acquisition system of the experiment triggered a survey of prototype detectors
at a signal corresponding to the passage of an electron beam through a system of trigger
counters. To generate a trigger signal (trigger), scintillation counters— S3, S4, S5, and a
Cherenkov gas counter C used. Counter C allowed the identification of electrons in the beam in
the pulse range under study. To generate the starting signal when measuring the time of flight,
we used the counters S3 and S4. The base of the counter was made of a fast plastic scintillator
measuring 2x2x2 cm, that was visible from opposite faces for S3 and S4 photomultipliers. The S5
counter measuring 4x4x1 cm used to suppress the background of random coincidences.
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Fig.5. Trigger logic block diagram

Analog signals from the PMTs S3, S4, S5 and C fed to the inputs of the discriminators, after
which the generated logical signals went to the input of the coincidence circuit. Delays in the
signal arrival ensured the synchronization of the signal from the output of the coincidence circuit
with the S3 signal. A signal generator with a tracking threshold used to generate signals from the
PMTs S3 and S4. The trigger signal taken from the output of the coincidence circuit.

Figure 6 shows the histograms of the time difference for the photomultiplier S3 and 5S4,
the dispersion of which determines the time resolution of the trigger. S3 is the time resolution of
the trigger, measured with the TQDC and the own resolution of the S3 counter. The time
resolution of the trigger was 125 ps, the counters own resolution - 60 ps.
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Description of electronics

The main purpose of the tests was to study the properties of the new readout electronics -
the FEE_8 unit. The TQDC unit, which tested in the 2017 run, used as the comparison electronics.

The FEE_8 unit developed and manufactured by the SRC KI and JINR jointly. The board
provides simultaneous measurement of time and amplitude of the signal.

In the current PHOS electronics, the amplitude of the signal and its position in time
calculated in the off-line mode. In FEE_8, the signal from the CSA split and used for both the
amplitude analysis and the time of flight measurement.

The board has 8 independent inputs and provides measurement of amplitudes and arrival
time of signals to each input relative to an external trigger. To convert the amplitude code, 12-bit
ADC AD 9637 are used. The time channel uses HPTDCs [5], operating in a mode with a channel
resolution of 100 ps. The board contains 8 shapers with two gain factors with a ratio of 9.7. Such a
shaper-ADC chain makes it possible provide a dynamic range of measurements from 5 MeV to
200 GeV. The board generates the supply voltage of the preamps and the individual shift to the
APD from the connected external voltage of 390 V. The board controlled by the FPGA of ALTERA
Cyclone V 5CEBA7F23C8. The main functions of the FPGA: control of the thresholds of the time
channel discriminators, high voltage generation, survey of ADC and TDC, the formation of events
and data transfer to DAQ. The board is measuring the magnitude of the signal with a frequency of
40 MHz. 80 values of the signal amplitudes transmitted to the DAQ. The magnitude of the
maximum signal amplitude is determined during the off-line analysis. The shape of the pulse
from the board shown in Fig. 5a.
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In total, two FEE_8 boards mounted in the thermostat compartment for electronics. A
photo of the thermostat from the electronics side presented in Fig. 6.

O .°

FEE_8CH_UIL.0

Fig. 6. A photo of the FEE_8 board and a variant of its installation in the thermostat.

Energy resolution.

An electromagnetic shower occupies several detection elements in a transversely
segmented calorimeter. An electron entering the center of the 3x3 assembly emits about 80% of
the energy in the central DE. The remaining energy released in the remaining DEs of the
assembly. The procedure used to measure the energy resolution of a 3x3 assembly, with account
of the finite transverse dimensions of the beam and with the account of the energy leakage as
result of the finite dimensions of the assembly, described in [4].

The dependence of the energy resolution on the energy or the curve of the relative energy
resolution shown in Fig.7.
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It can be seen that the replacement of the photo-detector with a sensitive area of 5x5 mm with
photo-diodes of 10x10 mm allows improve the energy resolution (by 15-20% in the low-energy
region) and switch to operating PHOS at room temperature. The latter greatly facilitates the PHOS
operation and maintenance.

Time resolution.
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Figure 7 Time resolution.

Note also that the energy resolution of the prototypes, measured with different electronics
options - FEE_8 and TQDC, turned out to be the same within the statistical errors. A similar result
was obtained for energy resolution at GC = 50 and GC = 100.

Most of the measurements were carried out at a beam pulse of 2 GeV/c. At that pulse,
measurements of the time resolution were carried out for two values of the gain coefficient GC =
50 and GC = 100, for different values of the shaper thresholds and other parameters (Tables 3—4).



Table 3. The time resolution at an energy release of 1 GeV with a beam pulse of 2 GeV/c
for prototype B. Threshold (~ 70 MeV)

GC=50 (runs) GC=100 (runs)

525(601,Nc=611) 444(590-595,Nc=5492)

Table 4. The time resolution at an energy release of 1 GeV with a beam pulse of 2 GeV/c
for prototype B. GC = 100

500(70 MeV) 700(120 MeV) 1000(190 MeV)

444(590-595,Nc=5492) 349(597,Nc=902) 316(602-603,Nc=626)

On the TQDC electronics, measurements of the time resolution of prototype A at GC = 100
were made. For an energy release of 1 GeV at a beam pulse, the time resolution was 500 ps with
a discriminator threshold equivalent to 200 MeV.

Conclusions.

The results of the beam tests of the FEE_8 board show that the introduction of a parallel
channel for measuring the time of flight allows obtaining the required values of the basic
spectrometric characteristics of the PHOS electromagnetic calorimeter.

The use of APD HAMAMATSU S8664-1010 sized 10 x 10 mm allows to obtain at room
temperature an energy resolution better than in the existing solution at -25C. This substantially
simplifies the technical aspects of the spectrometer operation and maintenance.

Modification of the preamplifier allowed to obtain the required time resolution with the
GC=100

In the framework of the 2017 run, technical requirements developed for the pre-
production sample of the measuring electronics board of the ALICE photon spectrometer PHOS.



Project continuation in 2019-2020

In the studies conducted in 2017 and 2018, results obtained that determined the type of
photo-recording element and the characteristics of recording electronics.

The FEE_8 board studied in the 2018 run satisfies all the requirements for the PHOS
electromagnetic calorimeter electronics, providing a dynamic range of energy measurements for
gamma quanta from 5 MeV to 200 GeV with high energy and time resolutions values. The results
of laboratory and beam tests allow us to begin work on the development of a pre-production
sample of a 32-channel board. This achieved by scaling the tested 8-channel board and adding an
interface for the interaction with DAQ adopted in the ALICE experiment. After testing, this
sample submitted to the collaboration for consideration.

The Terms of Reference for designing the FEC PHOS ALICE given in Appendix 1.

Implementation of this project phase in 2019 - 2020 requires financial support 30 KUSD/year.
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Appendix 1

Terms of Reference for designing the measuring electronics board for the ALICE PHOS

photon spectrometer

Project Justification
Boards of the PHOS measuring electronics should be upgraded for the following reasons:

- increase of the dynamic energy range up to 200 GeV;
- increase in the counting rate in the measuring channels;
- the need to measure the time of flight more precisely;
- aging element base.

The increase in the counting rate and the expansion of the dynamic range will allow to take
full advantage of the PHOS high granularity and to perform a number of measurements, such as
measuring the spectra of identified neutral pions, eta- and omega- mesons and direct photons with
transverse pulses larger than 50-100 GeV, as well as to study the correlations of those particles.
Therefore, it proposed for 2019 - 2020 to design a prototype of the PHOS board of readout
electronics.

The purpose of the project is to improve the measurement characteristics of the existing
electronics of the PHOS detector in the context of increasing luminosity of the LHC and increasing
maximum energy of the registered photons:

- improvement of the measurement characteristics of the PHOS detector device is achieved
by expanding the dynamic range of the measured energies and improving the accuracy in
measuring the time of flight;

- increasing the speed of measuring electronics is achieved by reducing the time of
measurement and data reading;
- use of the new element base. The existing measuring electronics of the PHOS developed in

2004 using a specialized chip ALTRO, which no longer produced, like most of the components
used in the manufacture of these boards.
The result of the project will be the development of design documentation for the production of
the measuring electronics board for the ALICE PHOS photon spectrometer.
General requirements to designing

The developed measuring electronics board should replace the existing one without
changing the main connecting wires, loops, data reading and control interfaces. It is necessary to
use the existing power sources. The block diagram of the board shown in Fig.1
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Fig.1. Block diagram of a measuring electronics board

Requirements for measurement characteristics

Energy measurement channel

The particle energy is proportional to the signal amplitude at the output of the charge-
sensitive preamplifier (CSA). Signal parameters:

- The amplitude is 35 mV for a 1 GeV particle.

- The shape of the signal - the rise time of 30-40 ns (depending on the place where

the particle hits the crystal), the decay time constant is 100 ps.

The dynamic range of the measured energies can be estimated given that 80% of the energy
of the registered particle remains in the crystal. Then, at a maximum energy of 200 GeV, 160 GeV
remains in the crystal, and the dynamic range is 160 GeV/4 MeV = 40,000, which requires a 16-bit
ADC. It is also necessary to take into account that the registration of particles up to 10 GeV is of
the highest probability. To reduce the ADC digit capacity, the measurement range divided into two
sub-ranges, which distinguished by amplification — high gain (HG) and low gain (LG). It
proposed to use a 14-bit ADC and, given that the effective bit depth will be about 12 bits, you can
get the range of energies; the one measured in the HG channel will be from 5 MeV to 20 GeV, and
in the LG channel - from 40 MeV to 160 GeV.

Thus, there are 64 energy measurement channels on the board - 32 low gain channels and
32 high gain channels. Each channel contains a filter, a buffer amplifier and an ADC. The output of
the CSA passes through a filter, which increases the signal-to-noise ratio and determines the shape
of the pulse. The filter schemes of the existing board shown in Fig. 2, and the output signal shape
shown in fig. 3



+1vwa_PED  +5%0_SHAFPER +1%0_PED
U1
MANA454 co
§ R4 § RS N
38k 0 g s
4
< t ——>
R1 25k DFE; n D.1uF 0.1:F »
o1 1 Ra S 1 Ri0 o 7 CHO_LG_+IH_ALTRO
- w L
CSP1 >l it Ay 2 AN ca
LA oy qgp, TR 11 % Fa0p
7 i
3.8k
S Ch Ri5
m " [@oT> CHO LG -IN ALTRO
70p 100
R = i
Ay {; 330p
+v5_PED 38k
;£ R18
22k 0 rio
£ g 8 [GUT> CHO_HG +IN ALTRO
Rz = 1 R
‘;1“5;( 0.uF s
1z Rz i3
[ R7 * 14 "
—t 124 3.8k 38k

a70p
2k c7 RI7
SHAPER_GND I e [T CHO_HG -IH ALTRO

47p 100 ]
Ré = oz
Ay ——— % 220
23k ¢
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Fig. 3. The pulse shape at the output of the filter.
The filter is made on MAX4454 (4 Operational amplifiers in one case). The two upper Operational
amps are the filter in the LG channel; the two lower ones are the filter in the HG channel. Actually
the filters in this scheme are the two left-hand Operational amplifier, which are a first-order filter
with a time differentiation and integration constant of 1 us. The two right-hand Operational amps
match the filter outputs with the differential inputs of the ADC with constant levels of 0.5 and 1.5
volts.

It is proposed to use a fast analog-to-digital converter, which performs continuous
conversion of input signals with a frequency of 40 MHz as the ADC in the new board. Analysis of
the fast ADC nomenclature shows that a chip with 8 ADCs in one package can become the
preferred one. The data received to the output in a sequential form.

Pedestals must be set to 50 + 10 ADC counts. Without connected CSAs the Sigma of



pedestals’ noise should be no more than 0.5 ADC count.

Time-of-flight measurement channel

The time of flight measured by the START-STOP method using a time-to-digital conversion
chip (TDC). The START signal comes from the corresponding comparator output. The STOP
signal comes from the synchronization pulses of the LHC beams.

The time-of-flight for various particles ranges from 15 to 17 ns. The measurement error for
particles with an energy of 1-2 GeV should not exceed 0.5 ns.

The maximum step of the time scale channel is 0.1 ns.

It is proposed to use a PicoTDC chip for measuring the time-of- flight.

Time scale step — 3 ps or 12 ps;

- number of channels - 32 or 64 channels;
- power consumption in the measurement of 32 channels with an accuracy of 12 ps - ~ 0.3
watts.

Threshold adjustment block

The block must generate 32 threshold voltages, the value of which is given by the codes
stored in the BC. Main characteristics:
- threshold voltage adjustment range - from 0 mV to 30 mV at minimum;
- The minimum step of voltage threshold change is 1 mV.

Bias voltage adjustment block of an avalanche photodiode

The parameters of a generator of individual bias voltages for APD should satisfy the
following requirements:
- adjustment of bias voltage in the range of 200-400 V;

- the minimum adjustment step of 0.2 V;

- noises and pulsations at the output of the shaper - no more than 25 mV;,
- temperature instability of the output voltage - not more than 0.1%/°C;
- execute control commands from the board controller (BC).

The insulation resistance between high-voltage and low-voltage circuits is at least 20 MQ.

Trigger signal generation

The board to be developed should perform an analog summing-up of the output signals of
four charge-sensitive preamplifiers (CSASs). The signal shape at the block output is quasi-Gaussian
with a time of reaching the maximum of 50 ns. The block output is differential with constant levels
of 0.5V and 1 V. The maximum amplitude of the output signal is 1 V.

Data reading and control block

The data reading system based on the parallel reading of all FEE cards via an independent
DTC channel. The receiving device is the SRU (Scalable Readout Unit). The SRU allows
independent connection of up to 40 cards using RJ45 connectors. Trigger signals via the TTC
protocol transmitted via an optical cable to the TTC link connector.

SRU and measuring cards controlled by the UDP network protocol by connecting the SRU
to the local area network ALICE DCS. Communication in DAQ goes through one or two DDL
channels (Detector Data Link), depending on the requirements to the data reception speed. The
following detector segmentation is used for the PHOS spectrometer: 8 branches, reading 14
measuring cards and 1 trigger card each. Thus, one PHOS module is read by 4 SRUs, and there
will be 30 DTC input channels per one SRU: 28 measuring cards and 2 trigger cards.



Voltage, current and temperature measurement unit

The unit designed to measure the output voltages and currents of power sources located on
the card. Card temperature measured at 2 - 3 points.

The card's power sources should turn off when the permissible current or temperature
exceeded.

Low voltage power sources

The number of individual power sources - 5 sources with a maximum voltage of 8 V and
one source with a maximum voltage of 15 V.

The maximum power consumption for one measuring channel is no more than 200 m\W.

CSA power sources + 13V and -6V are located on the card.

FPGA core functionality

- control and reading of data from an ICP chip;

- control of thresholds on discriminators in front of an ICP chip;

- control and reading of data from an ADC chip;

- power and temperature monitoring, power control;

- bias levels setting on the APD:

- the ability to analyze data from the ADC to reduce the amount of transmitted data:

° finding the peak signal (energy);

° checking the monotony of the leading and trailing edges, with an indication of the check

results in the data
- DTC interface:
° synchronization (40 MHz) and receiving of triggers (80 MHz);

0 fast and slow commands;

° data transfer;

- Trigger processing:

° LO - data collection, event formation;

° L1 - sending out an event.
Connectors

- 2 output connectors -- 3M N3372-6202R

- Power connector —- PHOENIX CONTACT 1776566 (MSTB 2.5/8-GF-5.08-1776566)
- RJ45

- JTAG

- Summary signal output — FTSH-108-01-L-D-RA

Dimensions
210x353 mm?

Compatibility Requirements

The measuring electronics to be developed should be compatible with
- with the slow control systems (DCS) of the ALICE experiment;
- ALICE trigger system;
- PHOS low-voltage and high-voltage power systems.

Reliability requirements



The uptime of the PHOS electronics is 10 years in the experimental conditions with the
increased luminosity of the LHC.

Design requirements
The mechanical design of the boards, on which the new PHOS electronics placed, should
repeat the mechanical design of analogous boards of the existing PHOS electronics.



MCCNEAOBAHUE BO3SMOXHOCTU MOAEPHU3ALIUN
CUCTEMbI CHUTbIBAHUA ONA SNEKTPOMATHUTHOIO
KANNOPUMETPA PHOS ALICE

(Yuactne OUAN)

OTyeT 0 BbINOAHeHUU NpoekTa B 2017-2018 r. n npeanoxeHune o
npoaneHuu npoekta 8 2019-2020rr.

OnAa  ynydweHua TOYHOCTM BblAeNEHUA NpAMbIX (GOTOHOB NpU  HU3KUX 3SHepruax pabouei
TemnepaTypoit PHOS (1,2,4) 6bina sbibpaHa TemnepaTypa -25 °C, Npu KOTOPOI HaXoAATCA AeTeKTUpYyloLme
anemeHTbl. o cpaBHeHMIO ¢ PaboToi NPU KOMHATHOM TEMMNEPATypPe 3TO NO3BOJIM/IO 3HAYUTEIbHO YIYYLINTD
COOTHOWEHMEe  CUTHaA/WYyM 3@  CYET CHUMXKEHMA  WYMOB NnaBuHHOro  ¢otoamopa (1d4) wu
3apagovyBCcTBUTENIbHOTO npeaycunntens (34M). Kpome Toro, npu 3ToM Temnepatype MO CPaBHEHUIO C
KOMHaTHOM cBeToBbIXo4, KpucTannos PWO yeennunsaetcs B 3 pasa.

Pabota npu oTpuuatenbHolt Temnepatype TpebyeT noagepXaHuA BAAXKHOCTM B obbeme
CNEKTPOMETPA HUXKEe TOYKM pocbl. [na storo mogynn PHOS repmeTuMsmpytoTca, a UX BHYTPEHHUIA 06bem
3aMnO/IHAETCA CyXMM a3oTom. OTMETMM, YTO repmeTm3aums obbema CNeKTPOMETPa CO3A4aeT 3HauUTesbHble
3aTpygHEHUA A1a 06CNyKMBaHMA INEKTPOHUKM PHOS.

Mcnonb3oBaHMe  HU3KOWYMALLEM 3NEKTPOHUMKM BMeCcTe C  oxnaxKaeHnem obecneumsaet
SHepreTMYecKUii SKBMBANEHT Wyma B 5-7 M3B, 4To No3BOASAET NOAYYNTb paspelleHne No MHBapPWAHTHOWM
macce [ABYX ramma KBaHTOB Aayywe 5 MsB/c’. BepxHAAa rpaHuua AuHamumyeckoro pguanasoHa PHOS
coctasnsaet 100 3B, 4TOo COOTBETCTBYET MAaKCMMANbHOM BbIAENEHHON SHEPrMN B OAHOM AETEKTUMPYIOLLEM
anemeHTe B 85 B. BepxHAA rpaHMLa AMHAMMYECKOrO Anana3oHa AeTEeKTUPYHIOLWEro sNemMeHTa OrpaHmMyeHa
BO3MOXHOCTbHO CYMTbIBAIOLLEN SNEKTPOHUKM.

B HacToslee Bpema 0b6CyAaeTcs BO3IMOXHOCTb mogepHusauum PHOS ¢ uenbio pacwimpeHma
ANHAMMYECKOTOo aMana3oHa AETEKTMPYIOLWEro 3eMeHTa cnekTpomeTpa ¢ 85 B go 160 B mn yayyweHns
BPEMEHHOro paspelweHua o; ¢ 4-5 Hc go 0.5 HC nNpu BblAENEHHOW SHEPrUU INEKTPOMArHUTHOTO SINBHA B
OEeTEKTUPYLOLLEM 31eMeHTe (3Heprosblaenenna) ~1 M3B. UccneaytoTca BapmaHTbl peLleHni, No3BOAAIOLWMX
akcnnyaTmposatb PHOS 6e3 yxyaweHnsa XxapakTepPUCTUK NPU KOMHATHOM TemnepaType.

N3mepeHun 6bim npoBeaeHbl B oKTAOpe 2017 r. Ha TecToBbIx Ny4YKax T9 (amnanasoH nmnynabcos 1-10
B/c cuHxpoTpoHa PS.

1. 3KcnepumeHTanbHble UCCNe[0BAHUA.
Huke npnBoAUTCA ONMCaHWE OCHOBHBIX AETEKTOPOB M CUCTEM SKCMEPUMEHTA, K KOTOPbIM OTHOCATCA:

-uccnegyemble AeTeKTOPbI (3N1EKTPOMarHUTHbIE KaIOPUMETPbI);
-cucTema TepmocTtabuamsaunu;

-TpUrrep sKCNepumeHTa;

-cuctema cbopa gaHHbIX M 610K TQDC;

-N/1aTa NOAroToBKU CUIHANOB.



1.1.0nucaHue Ka/lI0pyMeTpoB U AETEKTUPYIOLWNUX 3/1IeMeHTOB

[ns n3amepeHnin Ha Ny4ke BHYTPM NPOTOTUNA Ha 256 KaHanoB [3] 6blaM ycTaHoBAeHbl 4 Habopa no 9
03. Kaxablii Habop dpopmupoBan maccuB (c60pKy) 3x3, KoTopaa sBAsAacb NO CywecTsy Hebonbluvm
3NEKTPOMArHUTHbIM Kanopumetpom. C60pkn 3 otamdanuce dotoaetektopamn. Tpu cbopku copeprkanu
NnaBuHHble doToamona (/1d[), oauH maccuB 6bln cobpaH C  KpPeMHUEBbIMM YMHOXKUTenamun (SiPM).
OTmeTMm, 4YTO BCe WCNO/b30BaHHble JIP[, umetoT 61M3KME HaNpAXKEHUA NUTAHUA ana KoaddpuumeHTa
ycunenma M=50, yto nossonano nutatb JI®[ 0 AHUM UCTOYHUKOM HAMNPAKEHUA.

B cbopke c /10 6bian npumeHeHbl 34N peiicteytowero PHOS, wusrotoBneHHble gnsa N[
HAMAMATSU [5] Tmna S8664-55 nnouwagbio 5x5 mMm> maun 341, nepepaboTaHHble nog Hosble JIO. Bce
doToAETEKTOPbI BNAaMBa/INCb B 3/1EKTPOHHYIO NAaTy pasmepom 19x19 mm, KoTopas coaepkana nam 340, nam
NPOCTYIO CXemMy noAaym NUTaHUA U cbema curHana ana SiPM.

Mnatel ¢ ¢oTomeTekTOpamn BKAeuBanMCb B Al ONOPHYD pPamKy, OLHOBPEMEHHO CAYXKMBLUYIO
aKkpaHom gna 34M. doToaeTeEKTOP MO MNJIOCKOCTU NOBEPXHOCTU NPUKIEUBANCA K TOPLY Kpuctanna PWO.

OTMETMM, 4YTO ANA M3MEPEeHMA BPEMEHHbIX XapaKTepucTMk [19 [40CTaToYHO WMMETb OAMH
OETEKTUPYIOWMI 31eMeHT. Ho Ans u3mepeHuWs 3HepreTMYeckoro paspelleHus NpoToTuna Heobxoavma
cbopKa B BMAE MaccuBa 3x3 13 9 3/1eMeHTOB, MOCKO/IbKY HEPrUA 31EKTPOMArHMTHOIO IMBHSA BblAeNAETCA B
HECKO/IbKUX COCEAHNX KPUCTaNNAX.

B nepsBon cbopKke MUCNONb30BaNUCh AeTeKTupyowme anemeHTbl ¢ J1¢1 HAMAMATSU Ttnna S8664-
1010 [6] nnowagplo 10x10 mm® npowssoactBa 2016 r. (cm.puc.2) B KauecTBe npegycunutens
mncnonb3zoBanucto 34IM gna S8664-55. Bemay oTanuMA reomeTpum KOHTaKToB 3Toro JI®L, OT KOHTAKTOB OT
S8664-55, coegmHeHWe C NpeaycnanTeNem OCyLLECTBAANOCL NPU MOMOLLM NPOCTOM NPOMEKYTOYHOM NAATbI.

Ons cbopKkn, cobpaHHoli B 2017 r., 6bian TakXke ncnosb3osaHbl JI®4 HAMAMATSU tnna $8664-1010
naowagpso 10x10 mm? npoussoacTea 2017 r. Ana HUX 6bin paspaboTaH n usrotosneH 34N ¢ yyueTtom HOBOM
reomeTpun J10[]. KoadpdpuumeHT nepegaum Hooro 34IM okasanca npumepHo Ha 30% MeHbLLEe MO CPAaBHEHUIO
c 34N pns S8664-55, 4TO MOMKHO OODBACHUTL MOABAEHMEM MAPaA3UTHbIX EMKOCTEM, BbI3BaHHbIX HOBOWM
TOMNO/NIOrMeN Pa3BOAKM.

B Tpetbei cbopke ncnonbsosanuce 1O pasmepom 5x5 mm?. T.e. AeTeKkTupytowme 31emeHTbl bblan
NOAHbIM aHaN0rom AelcTByolero GOTOHHOFO CeKTpoMeTpa.

B yeTBepToM cbopKe B KayecTBe (POTOAETEKTOPA MCMNO/b30BA/IMCb MATPULbl 2X2, cobpaHHble B
HAMAMATSU un3 KpemHueBbix doToymHoxutenen MPPC S12572-015C. 3tn SiPM, oTobpaHHble B COCTaB
MaTpUL, UMEOT OAM3KME HaMNpPAXKeHWA nuTaHua, o6s1agaloT naowanbio MUKposyenkn 15x15 wv\z,
YYyBCTBUTENBbHOM nNowaapto 3x3 mm>. MPPC B MaTpULEe 3N1EeKTPUYECKN CoeauHANUCL NapannenbHo. Obwas
njaowaab YyBCTBUTENbHOM 061aCcTU MaTpULbl 2X2 cocTaBnsna 6x6 mmZ. NMuTaHue Bcex maTpuy, u3 SiPM 6bi10o
obwym.

doTorpadum nnat c GoToAETEKTOPAMMU, BKIEEHHbIX B ONMOPHYIO pamKy NpuBeaeHbl Ha puc. 2.



Puc. 2. ®otorpadumm nnatol ¢ 34IM ¢ BNaaHHbIMU GOTOAETEKTOPAMM, BKJEEHHOM B ONOPHYI0 pamky. 34IM, BbINONHEHHbIN

o 2
NMOBEPXHOCTHbIM MOHTaXKEM, HaXOAUTCA C NPOTUBONONOKHON OT GOToAETETOPA CTOPOHbI. Pasmep pamku 22x22 mm*.
Bug, co cTopoHbl $OTOAETEKTOPOB.

Cnesa - /10, v 34N pencteytowero PHOS. B ueHTpe — 340N ¢ /1d/[, 6onblioro pasmepa npomssoactsa 2016 .

Cnpasa- ¢oTorpadma matpuubl 2x2 U3 KPEMHMUEBIX YMHOXKUTENEN.

Puc. 3. CneBa BBepxy — ¢oTorpadpuma nsrotosneHHoro B 2017 r. 34N ana NP4 10x10 mm, cneBa BHU3Y —
¢doTorpadpuma 1o HAMAMATSU S8664-1010 naowaapbto 10x10 MMZ, cnpasa — dpotorpaduma naatsl ¢ 34M ¢ BNagHHbIMM
boToneTEKTOPAaMU, BKNEEHHOMN B ONOPHYIO PaMKYHO

MexaHuyeckoe coeauHeHWe Kpuctanna U GOTOAETEKTOpa B AETEKTUPYIOLLEM 3/eMeHTe
obecneunBanoch nNpu NOMOLLYM ONTUYecKol cybeTaHumm Cargile Melt mount ™ Quick Stick ™ npoussoactsa
Cargile Laboratories, CLLUA [Cargille] koTopasa npu T=+70 C cTaHOBMAACb XKAKON. CybCcTaHUMA, KPUCTaNA U
doTopeTekTop Harpesanucb Ao +70 °C, 3aTemM CKAeMBaeMble 3/1EMEHTbl COeAMHANUCL BmecTe. [pu
OXNaXKAEeHNN 40 KOMHATHOM TemnepaTypbl CybCTaHUMA 3aTBepaeBana, 0bpasylo ONTUYECKU MPO3payvHoe
coenHeHWe C NoKasatenem npenomneHna ng=1.704.

2.2.Cuctema Tepmoctabunmsaumm

CeeToBbIxoz Kpuctannos PWO n KoapduumeHT yeunenuma 100 m SiPM nmetoT cunbHyto
TemnepaTypHyo 3aBUCUMOCTb, YTO NMPUBOLUT K HEOBXOAMMOCTN TEPMOCTAabMNU3NpPoBaTL COOPKK B
npegenax nydwe +-0.1C. B Hawem akcnepumeHTe 3To obecneymBanocb NpoKkaykom Kuaroctn C6F14 yepes
XOIOAUNBHYIO NANUTY NPOTOTUNA HA 256 KaHAN0B C NepPMOSMYECKUM ee OXNAXKAEHMEM B KOMNpeccope



XOI0ANNBHOM MaLUUHbI. 9TO NO3BOANO0 NOAAEPKMBATL TEMMNEPATYPY AETEKTUPYIOLLMX SNEMEHTOB B
LIMPOKOM [ManasoHe TemnepaTyp ¢ TouHocTbio +-0.1 °C. B KauecTBe paboueit TemnepaTypbl 6bina
ycTaHoB/AeHa Temnepatypa +17.5 °C. MogpobHoe onncaHne cucTeMbl OXNaXAeHUa M TepmocTabuamsaumum
npusegeHo B [3]. Cxema pacnosioxeHna AaTYMKOB U A0TOBPEMEHHAA TEMNEPATYPHAn CTabUAbHOCTb
nokKasaHa Ha puc.4
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Puc 4. CneBa — cxema pacnosioXeHna TemnepaTypHbIX JAaTYMKOB BHYTPM NpoToTuna 256. O4nH KBaapaTmK
cootBeTcTByeT [13. Benbim GOHOM OTMeYEeHbI Uccaeayemble Habopbl U3 [13, KOTopble 061y4annChb NyYKOM
4acTUL, U C KOTOPbIX NPOU3BOANNACA CbEM CUTHAMOB. 5X5 — Maccuns 3x3 13 GOTOAETEKTOPOB AENCTBYIOLLENO
PHOS; 10x10NEW — maccus 3x3 ¢ 1P/ 2017 r.; SiPM — maccus 3x3 13 matpuy, SiPM; 10x100LD — maccms 3x3
c1d 2016 r.; T1 —T5 — mecTa yCTAaHOBKM TEMMNEPATYPHbIX AAaTYMKOB BHYTPU MaccmBa Kpuctannos. Cnpasa —
3aBMCMMOCTb MOKa3aHUi gatymka T1 oT BpemeHu B TedeHue 160 YyacoB sKcnepumeHTa. BugeH npouecc
oxnaxaeHus oo Temnepatypbl 17.6 C, 3aTem KonebaHua Temnepatypbl B Kopugope +-0.7 oC. CTpenka c
3HAKOM «?» COOTBETCTBYET OTK/IIOYEHUIO SNEKTPOHUKN B XOA4E NEPECTAHOBKM HA APYrO MacCuB.

2.3.Tpurrep skcnepumeHTa

Tpurrep aKCNEPUMEHTA CAYKUA ANA CUHXPOHU3AUMKM 06paboTKM M 3anmMcK MHGOPMALMK C BpEMEHEM
nonagaHuAa 3/1eKTPOHA B AETEKTOP KanopnumMeTpa M 0b6pasoBaHMe 31eKTPOMATrHUTHOIO IMBHA. DIEKTPOHbI
06pa3oBbIBatOTCA B OCHOBHOM B pe3y/ibTaTe KOHBEPCUM raMMa-KBAaHTOB B 3/1IEKTPOH-NO3UTPOHHYHO Napy npu
pacnaze HelTpasbHOro NU-me30Ha, 06pasyloLLEroca B pe3yibTaTte AAepHOro B3aMOAENCTBUA NEPBUYHOTO
ny4Ka npoToHoB PS ¢ ucnynscom 24 MB/c ¢ AI-W muwieHbio (T.H. MuiieHb Ne1). Bbibop umnynbca yacTubl
OCYLLECTBNAETCA MAarHMTHbIM TPAKTOM ny4yKa T9. MoCcKoAbKY MarHUTHasA cucTemMa No3BOASAET NPOBOAMUTL
oT6Op YacTUL, TONIBKO NO MX UMMYIbCY U 3apA4Y, @ B pe3y/ibTaTe B3aMMOAENCTBMA B MULLEHN 0b6pa3yeTca
MHOKECTBO U APYr1X 3apsAxKEHHbIX YacTuL, (p, 3apakeHblble MU-Me30Hbl, KAOHbI, MIOOHbI U A4p.), He0bX0AMMO
CUHXPOHMU3ALUMA U HE TONIbKO C MOMEHTOM MOMafaHMA YacTULbl B KaAOPUMETP, Heobxoaum Tpurrep Ha
3NEeKTPOH. InA uenei Tpurrepa nepes KaNopUMeTPOM BblIN YCTaHOBAEHbI AB8a CUUHTUANALMUOHHbBIX



CYETYMKA M MOPOTrOBbIN ra30BbIN CHETUMK YepeHKOBaA ANMHON 4M. MI3MeHeHWe AaBAeHMe rasa B CYETUMKE
NO3BOAJIO MNOJIYy4aTb CUTHAA OT CHETUYMKA TO/IbKO OT 3/1EKTPOHOB NPU BCEX AOCTYMNHbIX HAa T9 Mmnynbcax.
Cpasy 3a YePEHKOBCKMM CHETUYMKOM OblN1 YCTAHOBAEH CTAapTOBbIA CYETYMK Pa3MepPoM 2X2X3 CM, KOTOPbIN
npocmMmaTpmBanca ¢ AByX TOPUOB BbiCTpbiMU GpOTOYMHOXKMTENAMK. Cpasy 3a CTapTOBbIM CYETUMKOM
PacnofioXKeH eLe O4NH CYETUMK, CNYHKMBLLMIA TONBKO g5 nogasneHna ¢oHa. Tpurrepom skcnepmmeHTa
ABNANCA CUrHAN coBnageHuim S3xS4AxCxS5. Mpu aTom 3a4at0WMM CHETYMKOM ABAAACA S3, CUTHabl OT
OCTa/IbHbIX CYETYMKOB 334EPHKMBAINCL U MPUXOANAN HA CXEMY COBNALEHM NO3XKE.

2.4.0nucaHme cuctembl c6opa gaHHbIX M 610Ka TQDC

Mporpammbl cuctembl cbopa AaHHbIx (DAQ) peannsoBaHbl B pamKax AMHYKC cuctembl CentOS 7 [7] Ha
rnaBHOM KomnbloTepe (B Hawwem caydae ato phstand.cern.ch). YnpasneHue cuctemoli cbopa AaHHbIX
OCyLLEeCTB/IAET M0/Ib30BaTENb USer.

[aHHbI KomNbloTep MMeeT ABe ceTeBble KapTbl Ethernet co ckopocTbio nepeaaym gaHHbIx B 1
réut/c, oaHa U3 KOTOPbIX MCMOAL3YETCA A1 NOAKNOUYEHNA KOMMbloTEPa K rNob6anbHOM ceTn, BTopas BMecTe
¢ 1 réut/c kommytatopom HP 1420 obpa3yeT BHYTPEHHIO N10KabHYIO CeTb, K KOTOPOM NoaKatodaeTca 610K
KapTbl 31eKTPoHMKN TQDC16VS [8]), KoTopblit Takke nmeeT Ethernet untepdelic. NMutaHme 6a10Ka 6epetcs us
KpeiiTa VME.

Mpuem AaHHbIX OcyLLecTBAAeTCA Nporpammoit tqdc2, noctaBnsemoit pupmoi-paspabotymkom [2].
Mporpamma 3anycKaeTca Ha rnaBHOM KomnbioTepe. OCHOBHaA GpyHKLMA NPOrpaMmmbl - CYUTbIBAHME W 3aNUCh
nHdopmaumm c 6noka TQDC16VS, KoHdUrypaLums 610Ka, ynpasaeHMe Habopom AaHHbIX M obecneyeHune
bYHKLUMI MUHUMANBHOTO KOHTPOJIA Habupaembix AaHHbBIX.

M3HauanbHo 610k TQDC16VS-E [4] 6bin pa3paboTaH Ans U3MEpPEHMA BpeMeHU U 3apAaa oT BbICTpbIX
BPEMEHHbIX AETEKTOPOB, BblAAOLLMX CUTHAbI 6ONbLLION aMNIUTYAbI B AECATKM U COTHU MB C KOPOTKMMM
HaHOCEeKyHAHbIMWU dpoHTamm — ©IY, SiPM un ap. Oaa nonyyeHUs BbICTPbIX BpEMEHHbIX OTMETOK B 6/10Ke
YCTaHOB/IEHbI OUCKPUMWHATOPbI, MOPOT Ha KOTOPbIX MOXKET ObITb 3aMPOrPaMMMUPOBaH.

Onsa nsmepeHna sBpemeHn B 610Ke ncnonbayetcsa 2 mmkpocxembl HPTDC paspaboTtkm LLEPH [11]
Karkaas B moze 25 nc, ana oundposkm Gopmbl CUrHaNA UCNONb3YIOTCA ABa 8-KaHasbHbIX 14-pa3pagHbIx
ALM LTM9011-14 [12] c yacToTOM oumdpoBKU curHana 125 Mry. YnpasneHua 610KoM ocyLLecTBiAeTcs
NANC (FPGA) tuna Kintex-7 npoussoactsa Xilinx [13]. CurHanbl Ha 610K noctynatoT Yepes 50-OmHble
KOaKcKHabHble Kabenu yepes pasbembl LEMO Ha nepegHeit naHenn. CUrHanbl MOryT 6biTb 6MNONAPHbLIMM,
pabouunii AManasoH amnanTy L BXOAHbIX CUrHanos +-1 B.

Paspabotunkom 610Kka TQDC16VS ana paboTbl C MegieHHbIMM CUTHAIAMM, XapaKTepHbiMK ana 13
PHOS, 6blna npoBeaeHa mogepHu3auma 610Ka. bblv OTKNOYEHbI BHYTPEHHME ANCKPUMUHATOPLI, Obin
OpraHM30BaH OTAE/NbHbIN BXOA, ANA NOAA4YN BPEMEHHbIX CUTHANOB, ANA Yero nepegHAa naHenb 610Ka bbina
paclwmpeHa B 2 pasa 1 Ha HeW Bbla YCTAaHOBNIEH MHOTOKOHTAKTHbIN pasbem A8 NO4AUN YiKe
NnoAroToBNEHHbIX BHE 6/10Ka 16-Tu LVDS-cUMrHanos gns BpemMeHHbIX nsmepenuii. ®otorpadusa 6aoka
npuseaeHa Ha puc.5.
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PucyHok 5. doTorpadum mogepHusmpoBaHHoro 61oka TQDC16VS.

CumnTbiBaHWE BNOKA CUHXPOHM30BAHO C CUTHANOM TPUITEPA, BbipabaTbiBaeMbIM CUCTEMOW
TPUITepHbIX cyeTUMKoB. CUrHan Tpurrepa nogaertcsa Ha BTopou Bxog TTL 6noka TQDC16VS. Mpoueaypa
CUHXPOHU3aUMKM NpoBeaeHa cornacHo [11]. WunpuHa curHana ynpasastowmx BOpOT BbibUpanach Tak, 4Tobbl
Ha ¢opme curHana oumdpoBbLIBANCA HECKOIBKO pa3 Hy/1eBOM YPOBEHb CUrHaAa U YETKO BblAenAncA
MaKCMMyM curHana. OumdpoBaHHy0 PopmMy CUrHaNa MOXKHO YBUAETL Ha puUC.6.

T.0. cUrHanbl ¢ AETEKTOPOB UAYT OoTAebHO Ha 16 TDC Bxoa0B (NpeaBapuTensHO NOAroTOB/IEHHbIE
LVDS curHanbl) n 16 ADC Bxoaos (NIM curHanbi ¢ BbIxo4a BHELIHUX Welinepos). B Hawem cnyyae mbl umenu

9 KaHanoB B maccuBax 3x3, ocTaBLUMECA KaHalbl UICNOAb30BAUCH AnAa 3afnncu BpemMeHn n amnantyabl ot
CYHEeTYMKOB TpuUrrepa.

Mporpamma tqdc2 3anucbiBaeT NpuHATbIE AaHHble B ¢paiin B aupektopun /home/user/tgdc/data.

[Ons 6bicTpoli offline 06paboTkM HanMcaHbl NpoLeaypbl Ha A3biKe C, UCMONb3YIOLLNE YiKe
3anuncaHHble Ha AMCK AaHHble. bonee TuatenbHana o6paboTKa NPOBOAMTCA OTAENbHbLIM MAaKETOM NPOrpamm,
onucaHue 3Toro nakerta byaeT npuseneHo B OTAENbHOM OTYeTe. AMNAUTYAA U BPEMSA onpeaenstorca no
MaKCUMYMY U NONOXKEHNIO MaKCMMYyMa 3aMMCaHHOM YacTM UMMy bCa.



M3meHeHue napameTpos DAQ npocTbim peaakTMpoBaHuemM KOHdUrypaumoHHoro daina u

M3MeHEHWEM NapamMeTpoB B OKHe nporpammsl tqdc2 (cm. puc.6). UHcTpyKums no pabote c DAQ npuBegeHa B
Mpunoxenmu 1.
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PuUcyHOK 6. OKHO MHTepdelica nporpammsl tqdc2. 3eneHbim npueBeseHa oTGUTUPOBAHHAA NO OLMGPOBAHHBIM AAHHbIM
3anMcaHHas Ha AMCK YacTb MMNY/IbCa OT OAHOIO M3 AeTEKTOPOB KaslopumeTpa.

2.5.0nucaHue nnatbl NOArOTOBKU CUrHANOB ANA BPeMEHHbIX U aMNNUTYAHbIX M3mepe|-w|i7|

[Ons noarotoBKkM curHanos gns 6aoka TQDC 6bina paspaboTtaHa cneumanbHasa naata (Mau nnata
noarotoBku curHanos- MMNC), Ha KoTopoi curHan c 34MN genuncs Ha ABe 4yacTM — Hebonbliaa 4yacTb

OTBETB/IANIACL U WA Ha KOMMapaTopbl A1 BPEMEHHbIX U3MepeHuit. OCHOBHAA YacTb NPOMycKanacb Yepes
¢unbTp BTOpPOro nopagka, popmmpoBanacb C BpemeHem GOPMUPOBAHMA 1 MKC U WA Ha aMNAUTyAHble
nsmepeHuna. KomnapaTtopbl M welnepa caenaHbl B BMAE ME3aHWHHbIX MAaT (no 3 nnaTbl), Kaxaaa w3
KOTOPbIX MOrfa noaroTasAMBaTb A0 4 CUrHanioB.
YCTaHOBEHHbIMM

Me30HUHHbIMUA

naaTamu

welnepos

n

KomnapaTopos

npueeaeHbl

Ha

doTorpadum passogkm MMNC u camon MMNC ¢
puc.7.



MpuHuunmnanoHaa cxema TMNC npuBegeHa Ha puc.8. lMpuHUMNUAABHBIE CXEMbl M CXEMbl Pa3BOAKMU

ME3aHWUHHbIX NaaT LUGVII'IEpOB M KOMMNapaTopos npmueeaeHbl Ha pMC.9 n puc. 10, cooTBeTCTBEHHO.
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PucyHok 7. CneBa — cxema pa3sogku MNMNC, cnpaBa — naaTa C yCTaHOB/IEHHbIMU ME30HMHaMM Welinepos (BBepxy) 1

KOMMNapaTopoB (BHU3Y).
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PucyHok 8. MpuHUMNuanbHaa cxema naatbl No4roToBKM curHanos (MMC)




PuUcyHOK 9. Me3aHuWHHan naaTta weinepoas. CneBa — cxema pasBoAKM, CNPaBa — NPUHLMNNAIbHAA CXema.
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PucyHoK 10. Me3aHunHHanA niata KomnapaTtopos. Cnesa — cxema pa3sBoaKu, cnpaBa — NPUHLMNMANbHAA CXema.

MocKkonbKy Ha MMNC noctynanu curdansl ot 34M, To OH pacnonarancs Kak MOXKHO BanKe - Ha
pacctosHum 20 cm ot 34M. CurHanbl ¢ Bbixoga [MNC no gasanucb Ha Bxoa TQDC, KoTopbIn
HAXOAMNCA HA PACCTOAHUM 2 M OT KaNopuUMeTpa.

Paspabotka nnat MMNC, 34N Benacb B ONAN n HUL KW, nsrotosneHne nnat — OUAU,
mozepHusauma n usrotosneHne TQDC16-VS caenaHbl B AFl electronics, Ay6Ha.

3. KcnepuMeHTaNbHble pe3ynbTaTbl MYYKOBbIX MCNbITaHUM

[NaBHOW LLeNblo NMYYKOBbIX UCMbITaHWMI BblNO ONpeaeneHne sHepPreTM4eckoro U BpeMeHHOro
pa3spewweHnn cbopok 3x3 ¢ /1P 6onbwoit nnowagm. OCHOBHOM MaccuB AaHHbIX 6bln HabpaH ana
N[ 3akynneHHbix B 2017 r. Ans cbopkn u3 SiPM onpeaensnocb ToNbKO BpeMeHHOe paspeLleHme.
Mpu aTom ana c6opoK ¢ naBMHHbIMUK GOTOAMOAAMMN NPUMEHANACH INEKTPOHMKA ONUCAHHAs Bbille.

B cbopke wu3 KpemHueBbIX GOTOYMHOMKUTENEM MPUMEHANacb paHee pa3paboTaHHble
Lenepbl, ONUCaHME KOTOPbIX NIEKUT BHE PaMOK 3TOro oT4yeTa.. [poBeaeHbl U3MepPEeHUs TakKe npu
HenocpeacTBEHHOM NoAayumn curHana ot SiPM Ha 6a0k TQDC.

Mpn un3MepeHUsx nNpoToTMn Ha 256 KaHanoB C YCTaHOBAEHHbIMW BHYTPM CHOpPKamu
NOMeLWanca Ha AWUCTAHUMOHHO-YNPaBAAEMbI CTONI C BO3MOMXHOCTbIO MepemelLleHMa no
rOPM30OHTANbHOM W BepTMKanbHon ocam. CTon  MUcnonb3oBancas AnA HCTUPOBKUM  cOOpPOK
OTHOCUTENbHO MNy4YKa YacTuy,. POKyC Myvyka Haxog4MICA Ha paccToAHMM 1 m nocne npoToTuna.
MonepeyHble pa3amepbl CYETYMKOB TpUITEPA U BbiDpaHHOE nonoxeHne Gpokyca nyyka No3BoAANO B
O4HOM paHe paBHOMeEPHO 06/1y4aTb 3NEKTPOHAMU AEBATb CYETYMKOB HAXOAALLMXCA NOZ NYYKOM
CH60pKM (061y4EHMNE T.H. LUMPOKMUM MYYKOM).

doTorpaduma obopyaoBaHUA, YCTAHOBAEHHOIO Ha T9, M cxema 3KcnepumeHTa, NnpMBeaeHbl Ha
puc.12.
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PucyHok 12. CneBa — ¢poTtorpadua akcnepumeHTa Ha nydke T9. CnpaBa — cxema 3KCnepumMeHTa.

Bce c6opKM 3annTbiBanMCb OT BbICOKOBOILHOTO UCTOYHMKA NuTaHuA Keithley-6487.

3.1.9HepreTuyeckoe paspeLwieHme cb6opokK

MMnynbcHoe paspelleHne YacTul, Nyyka onpeaensanocb WMPUHOM 3a30pa rOPM30HTAIbHOIO
KONMMaTopa, KOoTopas paBHANacb 6 MM, 4yTo cooTtBeTctBoBasno AP/P=0.6%, roe AP — MoOAHbIN
pa3bpoc a P — cpeaHee 3HaYeHMeE MMMybca Ny4ka.

JHepreTUyeckoe paspelleHue npu 3Heprun E onpepensnocb B pesynbTaTe creayolen

npoueaypbl.

1)npoBoaunacb OTHOCUTENbHas KanubpoBka Bcex [3. [Onsa 3Toro onpenenanocb
MaKCMManbHaa amnantyga B Kaxgom [3. Mo 3Tol amnautyae onpenenannucb OTHOCUTE/IbHble
KoadpduumeHTbl yeunenus: gi=A/A., rae A; — MakcMManbHas amnauTyaa i-ro 3, A. — MakcumanbHan
aMmnanTypa ueHTtpanbHoro 3.

2)npoBoaunsaca oT6op LEHTPAbHbIX COObITUIN, OTBEYAIOLWMX NONAAAHMUIO SNEKTPOHA B LEHTP
cbopkn (kBagpat 14 x 14 Mm% OTHOCWTENbHO NPoAONbHOM OCU UeHTpanbHoro [3) cornacHo
npoueaype onucaHHon B [13]. [na Ka)K[oro LUEHTPanbHOro CobbITMA 3anoNHANACk TMCTOrPaMMa
CYMMapHoro sHeprosblgenenusa E = 5 gA;, (i=1,...,9), KoTopasa umena BuA pacnpeaeneHuns raycca c
3aTAHYTbIM B CTOPOHblI MasiblX 3HEPrMA XBOCTOM, a MAKCMMyM pacnpegeneHusa [OMKeH
COOTBETCTBOBATb 3Heprum E.
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PucyHok 13. CneBa — ructorpamma CyMMapHOro 3HeprosblaeneHms B cbopke 3x3. Kpuean — pesynstaT GUTUPOBAHUSA rayccom.
CnpaBa — Kp1BadA 3aBUCMMOCTU OTHOCUTE/IbHOIO SHEPreTUYeCKoro paspeLleHna OT SHePruun 3NEeKTPOHOB. 3eneHa NHUA —
pesynbTaThl duTa Ans geiicteytowero PHOS [3] ¢ I/, 5x5 nonyueHHble npu -25C°,CMHUM TPeYroNbHUKK pesynbTatbl 2017 1. ¢
Nd4 10x10 npu +17.5C, KpacHble TOYKU —pe3ynbTaTbl NoayyeHHble B 2016 r. npu +17.5C, kBagpatbl — pe3ynbtatbl 2017 r. ¢ 1P/,
5x5 npu TemnepaType +17.5C. CuHAS MMHUA — pe3ynbTaTbl duta gaHHbix 2017 r. ana 1d[ 10x10.

3)IucTorpamma noaroHanace pacnpeaeneHmem laycca co cpegHum E n ancnepcueii o,
OoTHowweHue o/E ABNAeTcAa OTHOCUTENbHbLIM SHEPTEeTUYECKMM paspeLleHnem (cm. puc.13).

Mpoueaypa onpegeneHma sHepreTUYeCcKoro paspeLleHma Npu n3mMepeHmax LWUPoOKUm
ny4kom onucaHa B [ippl]. B 2017 r. oHa 6blna npoBepeHa 3KCnepMmMmeHTanbHO AndA sHeprun 7 3B,
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PUCYHOK 14. Pe3ynbTaTbl U3MEPEHMA SHEPrETUYECKOTO PaspeLlleHns WNPOKUM NyYKOM (CneBa) U y3KMM Ny4Ykom (cnpasa).

[na aToro 66111 NpoBeaeHbl U3MEPEHUA C Y3KMM NMYYKOM, NPU KOTOPbIX B TpUrrepe 6oin

CYETYMK nonepeyHbim ceyeHnem 1x1 cm. M3mepeHnAa NoKasanm NpakTUYECKU O4MHaAKOBbIe

3HaYeHMA SHEPreTUYeCcKUX paspeLleHin, USMEPEHHbIX ABYMA MeToAaMWn. PesynbTaTbl U3mepeHuit

npeacrasneHbl Ha puc.14.

Mpn n3mepeHuM BpeMeHHblX MnapameTposB [3 cywecTBeHHbIM ABAAETCA KO3pduumeHT




ycunenua NP (panee KY). OnTumanbHbiM 3HayeHnem cuntaetca KY=50. [pu npubamkeHuio K
HanpsaxeHuto npoboa (gnsa /IO 6onblioro pasmepa 3Ta BE/IMYMHA COCTABAAET B CpegHEM OKONO
400B) KY HaumHaeT pe3ko pactM, B 3Toh o6sacTM Heobxoauma BbICOKas CTabuIbHOCTb
TemnepaTypbl U HanpsxeHua Ha JIOA. OnAa onpepeneHuns paboyero guanasoHa KY, B KoTopom
MOXHO paboTaTb 6e3 yxyaleHWs 3SHepreTUYeckoro paspelleHusa, npu sHeprum 3 3B Gbiaun
M3MepEeHbl pa3peLleHma B 3aBUCMMOCTM OT HanpaxeHua. Pe3ynbtatbl n3amepeHUin NpeacTasfieHbl B
Tabnnue 1. HabntogaeTcs yxyalweHne paspeLlleHna Npy HanpsaxKeHMAx npesblwatowmx 385 B.

Tabnuua 1. 3HaueHNA OTHOCUTEILHOTO SHEPreTUYECKOro PaspeLleHNA NPU PasHbIX 3HAYEHUAX HaMNPAXKEHNA.
[na opnMeHTMPOBKM yKasaH KY LeHTpanbHOro getektopa.

U, 355 365 375 385 390
Ky(u.a.) | 50 75 109 183 300

O, % 1.95+0.06 1.96+0.05 1.97+0.06 2.03+0.03 2.13+0.03
Run# 79,80 81,82 83,85 86 92

3.2.BpemeHHOe paspeLlleHne AeTEKTUPYIOLWUX 3/IEMEHTOB

BpemeHHOe pa3spelleHne onpeaenaerca ana Kaxaoro 19 otaenbHo. Pesynbtathl No
BPEMEHHbIM XAPAKTEPUCTUKAM M3BJIEKAAUCb M3 TeX e JAaHHbIX, 4YTO W pe3ynbratbl MO
sHepreTMyeckomy paspeweHunto. Ob6bIMHO ANA M3YyYeHUA BPEMEHHbIX CBOMCTB ANA AMAna3oHa
sHeprosblaeneHma 1-1.5 B 6panncb AaHHble NpU 3HEpPruun nyyka B AnanasoHe 1.5 - 3 MB. Mpu
Takom 3Heprun B 3 Bblgensetca Ao ~85% OT 3Heprum, 4To MO3BOAAET ONpenenTb C XOpoLlewn
TOYHOCTbIO BpEMEHHOE pa3pelleHne npu sHeprosbigeneHun 1 B s 3.

BpemeHHOe paspelieHne 3aBUCUT OT KPyTU3Hbl GPOHTA MMMyAbca. ITOT NapameTp
onpegenserca BO MHOro KoaddpuumeHTom ycunenuma /1P, nosatomy 6bian NnpoBeaeHbl U3MepeHun
BPEMEHHOrO paspeleHna B LWUMPOKOM Auana3oHe KY. JHepreTuyeckoe paspelleHne BNAOTb A3
KY=300 He 3aBucuT oT KY, Toraa Kak BpeMeHHOe pa3pelleHune ynydiuaetca ¢ poctom KY. B 1abn.2
npueegeHbl pesynbraTbl usmepenua KY ana [13 B uenom, NoayyeHHble ANA LEHTPasibHOro
Aetektopa cbopku ¢ IO 2017 r. NamepeHua npoBeseHbl Y3KMM NyYKOM ANA BCEX HAMPAXKEHWUN,
Kpome U=390B, rae KY onpeaeneH namepeHnem LUMPOKUM MyHKOM.

Tabnuua 2. KY ana ueHtpanbHoro getektopa cbopku 3x3 ana 10 npomssoactea 2017 T.

u,B 50 100 200 300 340 360 375 380 385 390




RY 1 1.08 2.3 12.4 311 60 109 150 183 300

[na onpeaeneHns BpeMEHHOro paspelleHua NpPUMeHsnachk cneayrowan npoueaypa [14].
CTtpounocb ABymepHoe pacnpegeneHme 3aBUCUMOCTU PA3HOCTU BPEMEH MeEXAYy BpemMeHem
Tpurrepa W BpemeHem cpabaTtbiBaHuMa [19 (ganee npocto BpemeHu). [Mpumep Takoro
pacnpegeneHns npusefeH Ha puc.15a. KpuBaa umeeT oTpaxkaeT TOT O4eBUAHbI GAKT, YTO Yem
MeHblle aMNANTYAa CUTHaNa TeM nosgHee BbipabaTbiBaeTca BpemeHHon curHan B MNMNC, n Tem xyxe
BpeMeHHoe paspelweHune. A ycTpaHeHMA 3aBUCMMOCTU BpemMeHU cpabaTbiBaHWA OT aMNAUTYAbI
6blna npoBeAeHa KOPPEKUMA Ha HaKNOH 3ToM KpuBoW. [na 3Toro ABymepHas 3aBUCMMOCTb Oblna
duTMpoBaHa cTeneHHoM GyHKUMeEN (KpacHan NMHUA Ha puc.15a), pp — p3 — NapameTpbl.

y=1po—pi1(x—p3) P2

M COINACHO HaWAEHHbIM MapamMeTpoM pacnpeaeneHuve HbI10 OTKOPPEKTUPOBAHO Ha HAK/OH, YTO
NPUBOAMUT K BbINPAMAEHUIO 33aBUMCMMOCTM — cM. puc.156. [nAa Kaxpgoro 6wuHa no 3sHeprum u3
pacnpegenerHns 156 6binn BbluMCNEHbI O4HOMEPHbIE pacnpeaeneHns Yncna cobbiTuii OT BpeMeHH,
KoTopble ObliM noaorHaHbl pacnpegeneHvem laycca. Ha puc.158 npusegeHbl pesynbraTol
3aBMCMMOCTM AUCNEepCUN pacnpepeneHna raycca OT 3SHeprosblgeneHuA. KpacHaa Kpuaa —
pe3ynbTaT NOAroOHKN 4-x napameTpuyeckon yHKumnen smaa
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PucyHok 15. a-aBymepHas 3aBUCMMOCTb SHEProBblAeneHns B D OoT BpeMeHn A0 Koppekuuu, 6 —
CKOPPEKTUPOBAHHOE Ha 3aBUCMMOCTb BPEMEHN OT aMMANTYAbI, B- 33BUCMMOCTb BPEMEHHOTO pa3pelleHna 3 ot
3HeproBsblgeneHus. JaHHole npuseaeHbl gas KoapouumeHTa yeunenma NP KY=150. PaH198, sHeprus nydyka 1.5 3B,
U=380 B.

BpemeHHOe pa3pelleHne CMIbHO 3aBUCKT OT HanpsixkeHus (KY) Ha 1P[. B 1ab.3 npuseaeHsbl
pe3ynbTaTbl USBMEPEHWNI BPEMEHHOIO pa3pelleHmnn o, ANA LeHTpanbHoro 3 cbopkn us 1d 2017 r.
npu pasHbix KoapduuneHtax yeunenma 1.




Tabnuua 3. BpemeHHoe paspelieHne npu pasHoix KY gns ueHtpanbHoro 3. Céopka /1d, 2017 r.

KY O, NC Run

50(355 B) 850 32 (sHeprua 2 3B)
100(375B) 455 166(3Heprus 1.5 M=B)
150(380B) 407 201(3Heprua 1.5 B)
200(385B) 420 102(saHeprus 1.5 M=B)

BpemeHHOe pa3pelleHme TaK¥Ke CUAbHO 3aBUCUT OT Nopora Komnapatopos B [MMNC. Ha pnc.16
npuveegeHa 3aBUCMMOCTb BPEMEHHOIO paspelleHna gna Kaxaoro [19 B 3aBMCMMOCTM OT nopora gnd
OBYX HanpsaxKeHun npu aHeprum 3 MB.
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PucyHoK 16. 3aBMCMMOCTb BpeMEHHOTO paspelleHuna scex 19 B 3aBUCMMOCTU OT BEANYNHBI Nopora komnapaTopos MNMC s
9HepreTnyeckom aKkBmeaneHTe. Cnesa — npu HanpaxkeHnn U= 385B, cnpasa — U=375B. dHepruna nyyka 3 3B.

BennunHa BpemeHHOro paspeleHusa npu sHeprosblaeneHmn 8 A3 B 1 3B 3aBucuT ot
SHepruun B Ny4dke. Yem Bbile IHEPrua, TeM Xyxe paspelleHue. [pruymMHa 3TOro ABNEeHUA MOXKeT He
ACHa W TpebyeT AanbHeWWMUX wUccnegoBaHWM. B 4acTHOCTM, BO3MOMXHO B/MAHME CUIHANOB OT

COoCeAHUX AEeTEKTOPOB.

BpemeHHoOe pa3peweHnune ana A3 us JI®L 5x5 npu sHeprosblaeneHnm 1 B okasanock xyxKe
2 HC.

BpemeHHoe pa3peweHue 13 u3 SiPM okasanocb aydwe 300 nc gna scex 3. BpemeHHoe
paspelleHne Npu Npsmon nogadye curHanos Ha TQDC oKa3anock Ha BenndnHy ~ 30% xyxe.

Bce paHHble MO BPEMEHHbIM WM3MEPEHUAM He KOPPEKTUPOBA/NMCb Ha BPEMEHHOoe
paspelleHne Tpurrepa, KOTopoe onpesensinocb CTapTOBbIM CYETYMKOM M Bpanocb No curHany ot




®3Y S3. BpemeHHOe pa3pellieHne Tpurrepa oLeHnBaeTca B BeAnUYmMHy orr=175 nc.

4.3aKknoueHune

B 2017 r. 6611 NpoBeaeHbl My4yKoBble UCMbITaHMA 4-x cOOpOoK 3Xx3 U3 AEeTEeKTUPYHOLMX
31eMEHTOB C PasnMyHbIMW POTOAETEKTOPaMM — NaBUHHbIMKM GOTOAMOAAMM U KPEMHUEBbIMU
doToyMmHOXKUTENAMM Npom3BoacTBa Hamamatsu, AnoHuA. Bce namepeHua 6b1amM nposeaeHbl Npu
Temnepatype +17.5 C. lpuBeaeHHble B 3TOM OTYETe AaHHble NpeaBapuTesibHbl, OCHOBAHbl Ha
pe3ynbTaTax Noay4YeHHblx on-line. Tem He meHee, OCHOBHbIE NpeABapUTE/bHbIE BbIBOAbI, KOTOPbIE
MOXHO CAeNaTb B HACTOALLMMN MOMEHT MO pe3y/ibTaTam TecToB cneaytowme:

1)YBennueHme uyBCcTBUTENbHOM naowaan J1®O B 4 pasa NOAHOCTbIO KOMMEHCUpyeT
oxnaxaeHne Ao -25 C C TOYKM 3PEHUs OTHOLUEHWS CUrHaN/LWIyM, SHepreTUYeckoe paspelleHue
CTQHOBMUTCA AaKe Nyywe Ha BenndnHy ~20% npu HU3KKMX aHepruax (cm. puc.13). Pabota npu KY
bonee 200-250 HeuenecoobpasHa BBMAY MOBbIWEHHbIX TpeboBaHUI K CcTabuaussauumu
Temnepatypbl W HanpaxeHua nutaHua JIOO. DHepreTnyeckoe paspeweHua npu  Ky=300
Aerpagupyet Ha BeandnHy ~10 % (cm.tabn.3).

2)BpemeHHoe paspelwieHne npu sHeprosbigeneHnn 1 B ¢ IO moxeT 6binb yBEpPEHHO
nydywe 500 nc npu pabote B 06nactn KoadpduumeHtos ycuneHusa KY 6onee 100-150. OTmeyeHHoe
BNMAHME 3SHEPrMnm Mnyvyka Ha Be/IMYMHY BPEMEHHOro paspeleHns TpedbyeT AanbHenLmx

nccnenoBaHUM.
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MNMpepnoxkeHune o npoaneHum npoekrta 8 2019-2020.

B 2013-2015 rr 6bina nposegeHa pabota no Bbibopy ¢GOTONPUEMHMKA ANA MOAEPHM3ALMMU
cnektpomeTtpa PHOS ¢ uenbio nonyvyeHua Hamnyylwero BpeMeHHOoro paspeweHuda. Caegyrowmm
3Tanom A0/KHa ObITb pa3paboTKa UM M3roTOB/NEHME 3/1EKTPOHUKM, KOTOPAA LO/KHA 3aMEHUTb
CYLLEeCTBYIOLWYO 31eKTPOHUKY PHOS. OTnagKa M TecTMpoBaHME HOBOW 3/IEKTPOHUKM byaeT
npoucxoamtb Ha 256 KaHanbHom npototune PHOS, kKoTtopbit Haxoamtca B LIEPHe. lMocne
TECTUPOBAHUA 256 KaHA/NbHOro MPOTOTUMNA Ha Ny4Ke 3N1EKTPOHOB ByaeT NPMHATO OKOHYaTeNbHoe
peweHne O MOAEPHU3aUUKM BCero cnekTpomeTpa. Mepedncamm ob6bEKTbl 3neKTpPoHUKM PHOS,
KOTOpble A0/1XKHbl ObITb NONHOCTLIO NepepaboTaHbI.

1. Npepgycunutenm

MnaTta Ha TopLe KpUcTanna c NnaBnHHbIM poToanosom APD 1 3apanouyBCTBUTENbHBIM
npeaycmnmtenem nmeeT pasmepbl 2x2 cm? . HoBas nnara OONXKHa byaeT coaepKaTtb TaBUHHbIN
doToamon, KpeMHUEBbI GOTOYMHOXKUTENb, U 3aPALOYYBCTBUTENbHBIA Npeaycunmtens ansa APD.
Mpw pa3paboTKke HOBOM NAaTbl OCHOBHOE BHMMaHWE A0NXKHO ObITb 06palLeHO Ha MUHUMU3ALMNIO
HaBOAKM OT BbicTporo curHana SiPM , Ha uenu nasmMHHoro potoanoaa. Ocoboe BHMMAHUE TaKKe
Hafo 0bpaTUTb Ha NOBeAEHME 3INEKTPOHUKN NPU Harpy3Ke ovyeHb 601bLLIMM CBETOBbIM MMMY/IbCOM
Ha ypoBHe 3KkBnBaneHTHom 200 M3B.

B opyrom BapuraHTe moKeT bblTb MCNOAb30BaHa KapTa ¢ AByma SiPM 6e3 ycunutenen. [isa SiPM
HY»KHbI, YTOObl MMETb XOPOLLEee SHEPTreTUYECKOE U BPEMEHHOE pa3peLleHne NPU HU3KUX SHEPTUSAX,
M NPUEMIEMYIO IMHEMHOCTb NPU BbICOKUX SHEPTUAX.

2. NHTepdeiicHan KapTa — nepexogHuK (T-KapTa)


http://afi.jinr.ru/TQDC2
http://afi.jinr.ru/TQDC16VS_Front_Panel
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CurHanbl oT 16 npegycnnanteneit NOoCcTynatoT Ha Tak HasbiBaemMyto T-KapTy, KOTopas ABAAETCA
NepexoaHUKOM, MeXay NpeaycunmTenaMmn n Kaptom GopmmpoBaHna n oundpoBKKU CUTHANOB
(Reading Card). Yepe3 T-KapTy Ha pOTOAETEKTOPDI, TAKKE NepefaeTca HaNpPAXKeHNEe CMELLEHNA.

T-KapTa AonHa 6bITb TakXe nepepaboTaHa Ana nepenavm cMrHanos Kak APD, Tak n SiPM.

Puc. 20 Ha pucyHKe noKasaHa cbopka 16 Kpuctannos, Tak HasbiBaemblt STRIP UNIT (SU).
CurHanbl ¢ npegycuanTenein NOCTynatoT HA TaK Ha3biBaeMyto T-KapTy, KOTOpas ABAseTcA
nepexoaHUKOM, MeXXAY NPeAYyCUNUTENAMN U KAapPTON GOPMMNPOBAHUA N OUUGPOBKM
curHanos (FEC — Front End Card). Yepes T-kapTy Ha $OTOZETEKTOPbI, TaK}Ke nepeaaeTcs

HanpsaXKeHne cmeleHns. T-KapTa A0/1XKHa ObITb NepepaboTaHa A4Na nepeaayn CMrHaioB
Kak APD, Tak n SiPM.

Puc. 21 CTpyKTypHaa cxema HOBOM T-KapTbl

OcHoBHasa KapTa usmeputenbHoi anektpoHuku PHOS (Front End Card).

CurHanbl ot asyx SU yepes ase T-kapTbl nocTynatot Ha FEC KapTy. 3aecb dopmupytoTtca u
oundpoBbIBAOTCA CUTHANbI OT 32 KaHAN0B, Pa3AeeHHbIX HA ABa KaHana C OTIMYUM MO YCUNEHUIO
B 16 pas. To ecTb oundpoBbIBatOTCA 64 aMNANUTYAHbIX M 32 BpeMEHHbIX CUrHana.

Ha kapTte pacnonokeHbl opmunposatenm ana GoOpMmMpoBaAHMA CNEKTPOMETPUUYECKUX MMMNYbCOB,
KoTopble oundposbiBioTca ADC c yacTtoTol obpasuos 20 mly,.



Bpema nponeta namepsaetca CTAPT-CTOIMN metogom cxemamum HPTDC. CurHan CTAPT noctynaert ¢
COOTBETCTBYIOLLEro BbIxo4a Komnapatopa cpabotasLliero ot potoaetekTopa. CurHan CTOMM
nocTynaeT OT UMMNYNbCOB CUHXPOHM3auumM ny4ykos LHC , nnbo ot getektopa TO, BXoaAWMM B
akcnepumeHT AJTUCA.

Ha 3701 KapTe pacnonorKeHbl TaKKe GpopmMUpoBaTenm HanpsaKeHnsa cmeweHuna ana APD n SiPM,
dbopmmpoBaTenun peryMpoBKU HaNpAXKEHUA NOPOroB KoMnapaTopos, popmuposaTenu
TpurrepHoro curHana soipabatoisemoro PHOS ana ALICE, 610K HU3KOBO/IbTHbIX MCTOYHMKOB
NUTaHKUA, 610K N3MEepPEeHUA BbIXOAHbIX HANPAXKEHUN NCTOYHMKOB NUTAHMA U UX TOKOB, 610K
n3MepeHna TemnepaTypbl, KOHTponnep KapTbl (FPGA). KoHTponnep KapTbl TaKXKe CAYKUT gns
CBsI3M C cucTemol cbopa aaHHbIx ALICE.

Puc.22 CurHanbi oT gByx SU uepes aBe T-KapTbl NOCTYNAOT Ha KapTy U3MEPUTENbHOMN 3/1EKTPOHUKM
FEC.
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Puc.23 CTpyKTypHasa cXema HOBOW KapTbl YTEHUA AAHHbIX.



3aknouyeHue

Pe3ynbTaTom BbINONHEHUA 3TOro NpoekTa byaeT paspaboTka n co3gaHme cucTeMbl perncTpaumm
CUTHANOB OT AYEEK 3/IEKTPOMArHUTHOTO KanopmumeTpa PHOS v aneKTpoHMKN ans 06paboTkm aTmx

CUTHAN0B, KOTOPble MOTYT 3aMEHUTb CYLLLeCTBYHOLWY0. HoBaA cuctema 0KHa obecneunTb

BbICOKYIO JINMHEMHOCTb M3MepPEeHUA aHeprumn ¢poToHoB B AMana3oHe 0.005-200 MB n BpemeHHoe

paspelleHne npu aHeprun 1 3B He xy»ke 0,=300 nc. Cnucrema A0/*KHa ObITb UCMbITaHa Ha 256
KaHanbHom npoTtotune PHOS npu Mcnonb3oBaHUM HOBOM 3N1EKTPOHMKM BO BCex 256 KaHanax.

HoBan aneKTpoHMKa A0/1XKHa OblTb COBMECTMMOM C CYLLECTBYLLEN KOHCTPYKUMEN AeTeKkTopa. Ha
OCHOBaHWM NONYYEHHbIX AaHHbIX Konnabopauma ALICE cMoXKeT NPUHATDL peLleHre 0 BO3MOXKHOCTHU

MoAepHN3aLmMmM Bcero cnektpometpa PHOS.

Tabnuua 5: 3aTpaTtbl Ha moaepHU3auuio npototuna PHOS cnektpometpa B 2017-2018 rr.

LleHa 3a
MonHana ueHa
Kon-s8o WTYKY
HanmeHoBaHue (8 gonnapax
(wT.) (B monnapax CLIA
CLUA) )
KpemHuesble PMT Hamamatsu 300 100 30.000
KapTta c APD, SiPM u npegycunutenamn APD 300 50 15.000
KapTbl uteHna PHOS ana 32 kaHanos (ADC, 10 6.000 60.000
TDC)
NHTepdeincHaa T-KapTa gna 32 KaHanos 10 500 5.000
5. | OnnaTta KOHCTPyMpPOBaHMA NPOTOTUMNOB 1 20.000
3/IEKTPOHUKN U UX U3rOTOB/IEHME
6. | CTeHp oA OTNAAKM KApT HOBOWM 3/IEKTPOHMKM 20.000

PHOS ALICE

Bcero: $150.000




SKcnepumeHmansHbie uccnedosaHua 2018 2.

OCHOBHOW LEenbio TecToB bblN0 UCC/eA0BaHNE CBOMCTB HOBOM CHUTbIBAIOLLEN 3NEKTPOHUKN
FEE_8 ¥ MoOAepHM3NPOBAHHbIX 3apALOBO-YYBCTBUTENbHbLIX Npeaycunutenei. bnok TQDC,
ncnosib3oBaBLlUMiica B ceaHce 2017 roga NpMMEHANCA B KAYeCcTBe penepHoro ycTponcTaa.

Mcnonb3oBanacb TpUIrepHaa cMCcTemMa U MeToauKa 06paboTkM MHPOPMAUUM aHANOTUYHAA
ceaHcy 2017 ropa.

1. OnucaHue NpoTOTMNOB.

Npototun A cobpaH ns APD HAMAMATSU S8664-1010 npowussoacTtea 2016 r., umeBLIMMU
He3HauynTebHbI Pa3bpoc HanpaXKeHU, HeobxoaAnMbIX ANA nonydeHusa ycunenuns M=50. 1L B
3TOM NpoToTUNe npeaycunntenun, ucnonbsytowmecs 8 PHOS ALICE [ccbinka 256].

Npototun b cobpaH us APD HAMAMATSU S8664-1010 2017 r. lnAa AaHHOro npoToTMna
pa3paboTaHbl M M3roToBAEHbI HOBble MoAepHU3MpoBaHHble 34IM cneumanbHo ana S8664-1010.
MpoBeaeHa MoAEpPHU3AUNA CXEMbl NMPeayCUNUTEeNA U NOBbIWEHO OAHO M3 HAMPAXKEHUA NUTaHUN
34N ot 13 B pmo 15B, uTOo npuBeno K ABYKPAaTHOMY YBE/IMYEHUIO KPYTU3Hbl BOJIbT-aMMepPHOM
XapaKkrepuctury J1O /.

Bce 3Tn gencremaA no3BoanAN yMeHbLWNTb GPOHT BbixogHOro umnynbca 34M ¢ 50 He go 30
HC, YTO CYLLLECTBEHHO AN1A BPEMEHHbIX U3MEPEHUN

MpoToTUNbI pa3smellanincb BHYTPM TepmocTata [ccbinka 256]. Mcnonb3oBaHHaA cuctema
OXNa)aeHua NOo3BOAAMA MOAAEpP}KUBATb TemnepaTypy BHYTpWM TepmocTtata B +18 C ¢ TOYHOCTb
nydwe +-0.1 C 8 Te4eHMe BCero sKkcnepnumeHTa.

2. OnucaHue aKcnepuMeHTa.

JKcnepMMeHTbl NPOBOAUINCL HA BTOPMYHOM ny4Ke T9 B East Hall npoToHHOro cMHXpoTpoOHa
PS B LLEPH. MaKcMmanbHbI MMNYAbC KaHana bbin orpaHunyeH 10 MB/c, MUHMManbHbIA orpaHuyeH
KOIMYECTBOM BeLllecTBa nepen 3KCNepuMeHTanbHOM 30HOM M coctasaan 0.5 MaB/c.  Mydok
BbIBOAMCA B KaHan 2-3 pasa 3a Bpemsa cynepumKkaa UCTOYHUKA 3apAXKEHHbIX YacTu,. AauTenbHOCTb
BbIBO/a Ny4yKa 6bina 200 mc.

B aKkcnepuMmeHTe TepmocTaT ¢ NPOTOTUNAMM NOMELLANCA Ha AUCTAHUMOHHO-YNPaBAseMbli
cton (DESY Table [ccbinka DESY]), 4To no3BonAn0 nepemelatb TEPMOCTAaT OTHOCUTE/IbHO My4Ka B
BEPTMKAZIbHOM M TOPU3OHTA/IbHOM HanpaBAeHUAX.

Tpurrep

Cuctema cbopa [aHHbIX 3KCNEPUMEHTA 3amnycKana ONpoC AeTEeKTOpPOB MpoToTUna no
CUTHaNy, OTBEeYaloLWeMy NPOXOXKAEHUIO 3/IEKTPOHA MyyKa vyepes CUCTEMY TPUITEPHbIX CHETYMKOB.
Ons BblpabOTKM TpUIrepHOro curHana (Tpurrepa) MCNONb30BaNUCb ABA  CUMHTUANALMOHHbBIX
cyeTumka — S3, S4, S5 1 rasoBbIn YepeHKoBCKMI cyeTynk C. CyeTumk C no3BoASAA MAEHTUOULMPOBATb
3NEKTPOHbI B NMy4YKe B UccaeayeMomM auanasoHe MMNynbcoB. N BblpabOTKM CTapTOBOro CMrHana
npu U3MepeHnn BpeMeHU NPoaeTa MCNOAb30BaNCA CHETYMK S3 1 S4. OCHOBOW CYETYMKA BbINOSHEH
n3 BbICTPOro NAACTMKOBOIO CUMHTUANATOPA PA3MeEpPOM 2X2X2 CM, KOTOpPbIA MPOCMATPMBANCA C



NPOTUBOMNOJIOMXKHbIX rpaHel doToymHoxuTenammn S3 mn S4. Cyetunk S5 pasmepom 4x4x1l cm.

MCNONb30BaNCA ANA NoAasneHuAa GoHa CAyvariHbIX COBMAAEHUN.

T Ff (Lf %
< S3 Constant Lss’
Discriminator sa FanOut s3 _ Fra_tct_ion Discriminator
Mod 84 Mod 428F Discriminator Mod 84
- S5 S4——» Mod N605
Yy Y Y \/ \ \ \
Discriminator |«—TRIG N?p(ljitfzz _ 1 2 3 4
Mod 84 Y - coincidence circuit
NIM to LVDS «—Sto Mod 465
A
Y
v Timer
Mod 2255A -
Timer B
NIM to TTL Mod 2255A [
—Stop—+»| 20
Trig——»{ 16
S3—» 15 15 |=S
S4—»| 14 14 |€—S4—
S5— 13 13 («—S3——
[~ TQDC ]
From Calorimeter From Calorimeter
L—"1 1pc Qoc [~
Puc.5. baok-cxema nornkm Tpurrepa

AHanorosble curHanbl ot @Y S3, S4, S5 n C nogaBanncb Ha BXOAbl ANCKPMMWHATOPOB,
nocne 4yero cpopmmMpoBaHHbIE IOTUYECKME CUFHANbI WKW HA BXOZ CXEMbl COBNALEHUN. 3a4epPiKKM
npuxoga CUrHanoB obecneynmBanuM CUHXPOHM3ALMIO CUTHANA C BbIXOZA CXEMbl COBMNAAEHUN C
curHanom S3. Ona popmuposaHua curHanos ot ®IY S3 n S4 ncnonblosanca popmuposBaTenb Co
cnegawmm noporom. TpurrepHbIi cMrHan bpanca ¢ BbiIxoAa CXxeMbl COBMaAeHUN.

Ha puc.6 npuBeaeHbl ructorpaMmmbl pa3HoCcTU BpemeH oT PIY S3 u S4, ancnepcua KoToporo
onpepenseT BPEMEHHOe paspeleHne Tpurrepa. S3 BpemMeHHOe paspelleHne TPUITepa,
namepeHHoe npu nomowm TQDC wn cobcTBeHHoe paspewleHne cyeTynka S3. BpemeHHoe
paspelueHne Tpurrepa coctaBuno 125 nc, cobcTBeHHOE paspelueHne cyeTdnKka 60 nc.
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hS4

r Entries 4024
1200 L Mean 20.8
r RMS 6.196
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Puc.5.BpemeHHOe pa3pelwleHue Tpurrepa.

OnucaHue 3N1eKTPOHUKMN.

OCHOBHOW Lenblo TecToB 6blN0 NCCAeA0BaHME CBOMCTB HOBOM CYMUTBLIBAIOWLEN INEKTPOHMKM
— 610K FEE-8. B KauyecTBe 3/IEKTPOHUKM CpaBHeHUA wucnosb3oBasnca 6ok TQDC, KoTopblii
TecTupoBanca B ceaHce 2017 r.

Bnok FEE-8 paspaboTtaH un m3rotosneH cosmectHo HULL KN n OUAN. MnaTta obecneymnsaer
04HOBPEMEHHOE U3MepeHME BPEMEHU M aMNAUTYAbI CUTHANA.

B pelictBytoweit anekTpoHuKkoit PHOS amnanTyaa curHana m ee nosioXKeHue BO BPeMEHMU
BbluncnaoTca B pexkume off-line. B FEE-8 curHan ot 340N pacuiennsercs M UCnosb3yeTcs Kak Ans
AMNANTYAHOrO aHaAn3a, Tak U U3MEPEHUA BPEMEHM NpoeTa.

MnaTa MmeeT 8 HE3aBUCUMMbIX BXOAOB M obecrneuymBaeT M3MepeHue amnauTyg M BpemeH
npuxoAa CUrHaNOB HAa KaKAbl BXOZ OTHOCUTENbHO BHeLWHero Tpurrepa. Ons npeobpasoBaHus
aMnNAnTyaa-Koa ncnonb3ytotca 12-paspagHbie ALM AD 9637. Bo BpemeHHOM KaHa/le UCNo/ib3yHoTCsA
HPTDC [ccbinka HPTD], paboTatowmmuy B moge ¢ paspelueHnem KaHana 100 nic. MNnata coaepxut 8
Wwennepos ¢ AByMa KoapPUUMEHTamMM yCUAEHUA ¢ oTHoweHnem 9.7. Takaa uenoyka wennep-ALM
nossonseT a¢pdeKTUBHO obecneynBaTb AMHAMMUYECKMA AMana3oH nsmepeHuin ot 5 MaB an 200 M3B.
Mnata BblpabaTbiBaeT HanpaXeHWe NUTaHMA npeaycuauTenein u UHAMBUAYaNbHOE CMELLEHME Ha
N[ o1 noaKNOYEHHOTO BHewwHero HanpaxeHua 390 B. YnpasneHue nnatoi ocywectenaetca FPGA
dupmbl ALTERA Cyclone V 5CEBA7F23C8. OcHoBHble ¢yHKUMM FPGA: ynpaBneHue noporammu
ANCKPUMMHATOPOB BPEMEHHOrO KaHasna, reHepaumna BbICOKOro HanpaxeHua, onpoc ALIM v BUIM,
dopmmpoBaHue cobbiTns n nepegayva aaHHbix B DAQ. B nnate nponcxoamt nsmepeHve BennYmHbl
curHana c vactoton 40 MILU. B DAQ nepepaetca 80 3HaYeHMN amnauTyg, curHana. BennuuHa
MAKCMManbHOrO YPOBHA aMNAMTyAbl curHana onpegensetca B xoge off-line aHanmza. Popma
MMnNyabca C NAaTbl NpuBeAeHa Ha puc.5a.
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Bcero B oTceke TepmocTaTa A9 3NEKTPOHUKU OblNO CMOHTUPOBAHO ABe nnaTbl FEE-8.
doTorpadumsa TepmocTaTa Co CTOPOHbI 3/1EKTPOHMKM NPUBEAEHA Ha PUC.6

FEE_BCH_V1.0 O .:

Puc.6. ®otorpadua nnatel FEE-8 1 BapmaHT ee ycTaHOBKM B TepMOCTaTeE.

JHepreTMyeckoe paspelueHue.

DNEeKTPOMArHUTHbIM NMBEHb 3aHMMaeT B MOMNepeyHO-CErMEHTUPOBAHOM KajslopumeTpe
HECKO/IbKO AETEeKTUPYHIOWMX 3/IEMEHTOB. DNEKTPOH, NOMaBWNN B LEHTP cbopku 3x3, Bbiaenser
okono 80% sHeprum B ULeHTpanbHom [3. OcCTaBlAACA 3Heprva BblaenAeTca B OCTasbHbIX [
cbopku. Mpoueaypa, NpMmeHAemMas AN U3MEPEHN SHEpPreTUYecKoro paspelleHuna cbopkm 3x3 c
YY4ETOM KOHEYHbIX NOMEPEYHbIX PAa3MEPOB My4YKa M YYUTbIBAOLWAA YTEYKN SHEPTUM U3-338 KOHEYHbIX
pasmepoB cOOpPKM onmncaHa B [ccbinKa3].

3aBMCMMOCTb JHEPreTn4eCKoro paspeweHmna OT 3SHePrMn wunm KpuBaa OTHOCUTENBHOTO
JHEPreTn4eCcKoro paspeweHnAa npuneegeHa Ha pMC.7.
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PucyHoOK 7. Pe3ynbTaTbl U3mepeHna OTHOCUTENbHOIO SHEPreTUYeCcKoro paspeLleHus.

BuaHo, yto 3ameHa ¢oTOAETEKTOPA YyBCTBUTENbHOM 061acTbio 5x5 mm poToamoaamm naowanbio
10x10 MM MNO3BONAET YNy4llEHUTb 3HepreTudyeckoe paspeweHus (Ha 15-20% B 06/1aCTM HU3KUX
3Heprun) u nepentn K akcnayataumm PHOS npu KOMHaTHbIX TemnepaTypax. [lochegHee cepbesHo
obneryaet akcnayaTaumto u pemoHT PHOS.

BpemeHHOe pa3peLueHue.
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Puc.7 BpemeHHOrO0 pa3penieHus

OTmeTMM TaK}Ke, 4YTO 3HepreTMyecKoe paspelleHre NPOTOTMMOB, M3MepeHHOe C PasNYHbIMU
BAapWAHTAaMM 3NeKTPOHUKM — FEE-8 n TQDC nonyumnucb B npeaenax CTaTUCTUYECKUX Ownbok



OAMHAKOBbIMU. AHANOTMYHbBIN Pe3ynbTaT NoAyvYeH ANA SHEepPreTUYeCcKMx paspewweHunin npu KY=50 un
KY=100.

BONbWKHCTBO M3MepeHUit Bbl10 NpoBeAeHO NpW MMMyabce Nydka 2 MB/c. Mpu aTom Mmnynbce
OblnM NpoBeAeHbl M3MEPEHUS BPEMEHHOro paspelleHns Ana ABYX 3HauyeHuih KoadpouumeHTa
ycunenma KY=50 u KY=100, ana pasanyHbiXx 3HayeHWid noporos d¢opmupoBaTenen wu ap.
napametTpax (Tabn.4-5).

Tabaunua 4. BpemeHHOe paspelueHue npu saHeprosblgeneHnun 1 MB npyu umnynbce nyyka
2 MB/c ansa npototuna b. Mopor ~70 M3B.

KY=50(paHbl) KY=100(paHbl)

525(601,Nc=611) 444(590-595,Nc=5492)

Tabnunua 5. BpemeHHoe paspelueHune npu aHeprosblgeneHnn 1 MB npyu umnynbce nyyka
2 MB/c ansa npototuna b. KY=100

500(70 M3B) 700(120 M3B) 1000(190 M3B)

444(590-595,Nc=5492) 349(597,Nc=902) 316(602-603,Nc=626)

Ha anektpoHuke TQDC 6b1an npoBeaeHbl U3MepPEHNA BPEMEHHOTO paspeLlleHns NpoToTuna
A npu KY=100. Ona sHeprosBblaenenHua 1 B npu umnynbce nyyka BpemeHHOe paspelleHue
coctasuno 500 nc npu nopore AMCKPUMMUHATOPOB, IKBMBANIEHTHbIM 200 M3B

BbiBoabl.

Pe3ynbTaTbl Ny4KOBbIX UCMbITaHMIM NaaTbl FEE-8 noKa3biBalOT, YTO BBEAEHME NapanienbHOro
KaHana gna UaMepeHua BpemeHu MnpoJsieTa NOo3BOAAET NOoNy4nTb Tpebyemble 3HAaYEHUA OCHOBHbIX
CMEeKTPOMETPUYECKUX XapPaKTEPUCTUK 3/IEKTPOMArHUTHOro Kanopumetpa PHOS.

MNpumeHeHne APD HAMAMATSU S8664-1010 pasmepa (10 x 10 mm) no3BoAAET NOAYYNUTb
NPU KOMHaATHOM TeMnepaType 3HepreTMYeckoe paspelleHne Nyylle, Yem CyLLecTBytoLee pelleHne
npu -25C. 3TO CywWecTBEHHO yNpoWaeT TeXHMYECKMe acneKTbl IKCnayaTauum u obcayKuBaHuA
cnekTpomeTtpa.

Mopgudukauma npeaycunnTena No3BoaMAa Noay4mTb Tpebyemoe BpemeHHOe paspelleHune
npu koapodnumeHTe ycunenma KY=100

B pamkax ceaHca 2017 ropa BbipaboTaHbl TexHU4Yeckue TpeboBaHWA Ha paspaboTky
npeacepuitHoro obpasua nnatbl U3MEPUTENbHON 3NEKTPOHUKU GOTOHHOro crnektpometpa PHOS
yctaHoBKuM ALICE.



MpepnoxkeHne o npoaneHuu npoekrta 8 2019-2020.

Mocne nposeaeHna muccnegosaHuin 2017 n 2018 roaosB nosy4veHbl pes3ynbTaThl, KOTOPbIE
onpegenuan Tmn  GOTOPErNUCTPUPYIOLLErO 3/IEMEHTA U XapaKTePUCTUKU  PErncTpupyloLLen
3/IEKTPOHUKM.

Mnata FEE-8 wuccneposaHHaa B ceaHce 2018 r. yaosnetBopsAeT Bcem TpeboBaHMAM,
npeabABAAEMbIM K 3/IEKTPOHUKE 3NEKTPOMArHUTHOro Kanopumetpa PHOS, obecneunBas
AVHAMMUYECKUI AMana3oH U3MEPEHWNI IHepPruii ramma KBaHToB oT 5 MaB go 200 9B ¢ BbicoKMMMU
3HAYEHUAMM IHEPTeTUYECKOTO N BPEMEHHbIX pa3pelleHnin. Pe3ynbTaTbl 1abopaToOpPHbIX M MYyYKOBbIX
MCNbITaHWI NO3BONAIOT NPUCTYNUTb K paboTam no pa3paboTke npeacepuiiHoro obpasua naaTbl Ha
32 KaHana. 3To Mo¥XeT 6bITb AOCTUTHYTO MaclTabMpoBaHMEM MUCMbITAHHOM NNAaTbl Ha 8 KaHaNoB U
nobasneHnem mHtepdeiica sanmogenctema ¢ DAQ, npuHaToro B skcnepmmenTe ALICE. TMocne
McnbITaHWIM 3TOT obpasel, NNaHMpPYeTCa NPeACTaBUTb A5 PACCMOTPEHUS Konnabopauuu.

TexHuyeckoe 3agaHue Ha KoHcTpynposaHmne FEC-32 PHOS ALICE npuBegeHo B lNpuaoxeHuu

Peanusauma stan npoekta B 2019 — 2020 roay notpebyeT PpuHaHCOBOro obecnevyeHus B
pa3mepe 30 KUSD/roa,.
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Hpunoxenue 1

Texnnueckoe 3a1aHNe HA KOHCTPYHPOBAHHME KapThl H3MEPHUTEJIbHOI JICKTPOHNUKH (DOTOHHOIO

cnexkTtpomerpa PHOS ycranosku ALICE

Ob6ocHoBaHMe IPOEKTA

Kaptel nu3mepurensroit anekrpoHukd @OC HeoOX0AUMO MOACPHU3UPOBATH IO CIEAYIOIINM

MIPUYHHAM:
- yBEJIUYEHUE JUHAMUYECKOTro Jiharna3ona suepruit 1o 200 I'3B;
- YBEJTMYEHUE CKOPOCTH CUETa B U3MEPUTEIIbHBIX KaHaJaX;

- HE00XOUMOCTh U3MEPSATH O0JIee TOYHO BPeMsI IPOJIETa;

- CTapeHHe IEMEHTHOU Oa3bl.

VYBenuueHNne CKOPOCTH CueTa U pacHIMpeHHe JAWHAMHYECKOTO JUara3oHa IMO3BOJIUT
MIOJTHOCTBIO BOCIIOJIb30BATHCSI BHICOKOTpaHYIMpoBaHHOCTEI0O PHOS 1 BBIMONHUTH psii U3MEpEHUIA,
TaKUX KaK H3MEPEHHUE CIEKTPOB HMICHTH(PUIMPOBAHHBIX HEHTpPAJIbHBIX IMMUOHOB, 3Ta-, U OMera-
ME30HOB M TPSIMBIX (POTOHOB C TOMEPEYHBIMH HMIyIbcaMu, Oombmumu 50-100 1B, a takxke
W3y4uTh Koppemsiuuu 3Tux dvactuil. Ilosromy, mpemiaraercs B 2017 — 2019 rr. BBINOJHUTH
MIPOCKTUPOBAHHUE TIPOTOTHUIIA KAPThI CUYUTHIBaroIeH anekrponuku PHOS.

[leabl0 mpoekTa SBISETCS YAYULICHHE W3MEPUTENIbHBIX XapaKTEPUCTUK CYILIECTBYOIIEH
anekTpoHuku naerekropa PHOS B ycnoBusix moBbimieHus cBeTUMOCTH bBAK wu  yBenmuenws
MaKCUMAaJIbHON YHEPTHH PETUCTPUPYEMBIX (DOTOHOB:

- VAYYIICHUE U3MEPUTENBHBIX XapaKTePUCTUK AeTeKTOpHOTO ycrporictBa PHOS nmocruraercs
3a CYeT pacIIMpeHHs] TMHAMUYECKOTo AMara3oHa U3MEPSIEeMbIX SHEPTUuil U MOBBIIIEHUS TOYHOCTH ITPU
M3MEpPEHUH BPEMEHU IPOJIETa;

- MOBBIICHUE OBICTPOJACHCTBUS HU3MEPUTEIBHON 3JEKTPOHUKM JOCTUTaeTcs 3a CueT
COKpAILICHHs] BpEMEHU U3MEPEHUS U CUYMTHIBAHMS IaHHBIX;
- UCIIOJIb30BaHNE HOBOW 3ieMeHTHOH 0a3bl. CyliecTByomas HU3MEpUTENIbHAS AIIEKTPOHHKA

PHOS paszpaborana B 2004 r. ¢ mpuMeHeHneM crieruanuzupoBaHHoil mukpocxemsl ALTRO, kotopas
OoJiblle HE MPOU3BOAATCS, KaK U OOJIBIIMHCTBO KOMIIOHEHT, MCIIOJIb30BAaHHBIX NPH W3TOTOBICHUU
3THX KapT.

Pe3yabTraroM mpoekra OyneT sBIsSeTCs pa3padoTka KOHCTPYKTOPCKOM —JIOKYMEHTAllMd Ha
MIPOU3BOJCTBO KapThl M3MEPHUTEIBHOM AIEKTPOHUKH (oToHHOTrO crnekrpomerpa PHOS ycranoBku
ALICE.

OO0mue TpedoBanus K pa3padoTke
PazpaboTanHas kapTa U3MEPHUTEIBHON AIIEKTPOHUKH JTOJDKHA 3aMEHHUTH CYIIECTBYIOIIYIO O€3
W3MEHEHUS OCHOBHBIX COCIMHHUTEIBbHBIX MPOBOAOB, IUIeH(OB, MHTEPPEHCOB UTCHUS MAaHHBIX H
ynpasnerus. Heo6XoauMo HCToab30BaTh CYIIECTBYIOIIME UCTOYHUKH MUTaHUA. Bilok-cxema KapThl
MoKa3aHa Ha puc. |
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Puc. 1. brnok-cxema kapThl U3MEPUTEIBHON 2JEKTPOHUKU

TpedoBaHus K M3MEPUTEJIbHBIM XapaAKTEPUCTUKAM
Kanan nzmepenus 3uepruu

DHeprus YaCTUIIBI IPONIOPLUOHAIEHA aMILIATYAE CUTHasa Ha BBIXOJIE
3apsinouyBcTBUTENBHOTO Npeaycunutens (3UI1). [Tapamerps! curnana:

- Amnautyga — 35 mB gnda vactuubl 1 3B

- dopma curHana — spema HapactaHma 30-40 Hc (3aBMCUT OT mecTa nNonagaHuUa YacTulbl B

KpucTann), NnocTosHHan BpemeHu cnaga 100 mkc.

JvHamMuyeckuid JMana3oH M3MEPSEMbIX HDHEPrUd MOXHO OLECHHUTh YYMUTHIBAs, YTO B
kpucraye octaercsa 80% sHeprum perucTpupyeMon yactuupl. Torna npu MakCUMalbHOM 3HEPTrUU
200 I'B B kpucramne ocraercs 160 9B, a nuramudeckuii nuamna3on coctaBut 160 ' B/4 MhB =
40 000, gto mmoTpedyet 16 pazpsimroro AIIIl. HeoOxomumo Takke y4ecThb, YTO HauboJiee BEposiTHA
peructpauus vactuy ao 10 I@B. Jlnsg ymenbmenus paspsaHocta ALIl nuamazon wusmepeHuit
pa3zbuBaeTcs Ha JBa MOAJUana3oHa, KOTOPble OTIIMYAIOTCS YCUIIEHHEM — Bbicokoe ycuiienue (BY) u
Huskoe ycunenue (HY). Ilpennaraercs ucnonb3oBats 14 paspsasbeiii ALl u, yuuTeiBas To, 9TO
s dexTuBHAS Pa3pAIHOCTH OyZIeT OKOJIO 12 OUT, MOKHO TIOJYYUTh AUANa30H SHEPTHMA, U3MEPSIeMbIH
B ka"ayie BY Oyner B nmana3one ot 5 MaB 1o 20 3B, a B kanane HY — ot 40 MaB g0 160 I'3B.

Takum oOpa3om, Ha KapTe pacmojaraercs 64 kaHaja W3MEPEHHs dHEprud — 32 KaHaja ¢
HU3KUM YCHWJICHHMEM W 32 KaHala ¢ BBICOKMM YycuieHueM. Kaknmplii kaHaia comepkuT (QuibTp,
oypepusiii ycwmrens u AIlIl. Beixognoit curnan 3YII mpoxogut uepe3 (UIBTP, KOTOPBIHA
MOBBIIACT OTHOIICHHWE CUTHAJ/IIyM U ompenenser ¢opMmy wumnynbca. Cxembl (uibTpa
CYIIECTBYIOIIEH KapThl MOKa3aHa Ha puUC. 2, a popma BEIXOJHOTO CUTHANIA — Ha PUC. 3.
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[ Run 2431, Samples 008, event 10 | ‘ hSamples008
Nent =0
Mean = 83.82
400— RMS = 79.36
350 — lL]
300 — LH
250 — ‘ L
200 — ]1[]
L )
150 1
1’5
100 Ik‘»
- \
50 S
ol I . I A . 1 . L]
o 50 100 150 200 250 300

Thu Feb 10 10:43:52 2005

Puc. 3. dopma umnynbca Ha BeIXoAE (HUIBTPA.

@unbTp BbINOIHEH Ha M/c MAX4454 (4 OY B omnoMm kopmyce). JIBa Bepxuux OV sBistoTCS
¢unsrpoMm B kanane HY (LG), nBa Hmkuux — puinstp B kanane BY (HG). CoOGcTBeHHO prnibTpamu B
TAHHOM cxeme SIBIISIOTCS ABa JIeBBIX OY, KOTOpBIE NMPEICTABISAIOT cO00W (UIBTP MEPBOTO MOPSIIKA C
MOCTOSIHHOM BpeMeHH udQepeHnrpoBanus 1 uHTerpupoBanus 1 mxc. J[Ba npassix OY comiacyior
BbIXO/1bI (punbTpoB ¢ puddepennmnansasiMu Bxogamu ALIT ¢ mocrostHabiME ypoBHsAMHU 0.5 u 1.5
BOJIBTA.

B xauectBe ALl B HOBOW KapTe mpearaeTcs HCIOIb30BaTh OBICTPBHIA aHAJIOTOBO-
ugpoBoil mpeoOpas3oBaresb, KOTOPBIA OCYLIECTBISET HEMPEPBIBHOE IMPeoOpa3oBaHUE BXOAHBIX
curHaioB ¢ yactotoit 40 MI'. Ananu3 HomeHkarypsl ObIcTpeIx AL qaet, 4o npeanodTuTeNEHON



MOXET SIBIAEeTCS MuUKpocxema, coiepxkamias 8 ALl B omHom kopmyce. JlaHHbIE Ha BBIXOJ
MOCTYIAIOT B TTOCJIEIOBATEIIHBHOM BH/IC.

IIbenectanbl gomxHbl UMeTh 3HaYeHHe 50 +£10 orcueroB AILIIl. Curma mymoB nbeaecTanioB
0e3 mogkiroueHHBIX 3UIT qomkaa ObITE He Oonbine 0.5 orcuera ALIIL.

Kanan usmepenusi BpeMeHH NpPosiéTa

Bpewms nponera uzmepsiercss CTAPT-CTOII MmeTonoM ¢ mOMOIIBI0 MUKPOCXEMBI BpEMSI-
udposoro npeodpazoBanus (BLIIT). Curnan CTAPT nmoctymnaer ¢ COOTBETCTBYIOLIETO BBIXO/1A
xommaparopa. Curnan CTOII noctynaer oT UMITYIbCOB CUHXpOHU3aLuu my4koB bAK.

Bpewmst iposnera 11t pa3nMyHbIX YacTUIl cocTaBisieT oT 15 10 17 He. Ommbka u3mepeHust 1is
yacTul ¢ 3Hepruent 1-2 I'>B He nomkHa npesbimars 0.5 He.

MakcumanbHas 1ieHa KaHajia BpeMeHHo mkansl — 0.1 He.

[pennaraercs ucnonb3oBarh Mukpocxemy PiCOTDC muis u3mMepeHus: BpeMeHH MpoiéTa.

1IeHa BpEMEHHOM 1IKajasl — 3 ¢ win 12 mc;
- KOJIMYECTBO KaHAIIOB — 32 mnu 64 xaHana;
- norpedIseMasi MOIHOCTb MTPU U3MEpeHNH 32 KaHaJIOB ¢ TOUHOCTHIO 12 ic — ~0.3 BT.

Baok peryiupoBku nmopora

bnox nomxen ¢popmupoBars 32 HampsHKEHUs MOPOTOB, BEIMYMHA KOTOPBIX 33/1a€TCs KOAAMU,
xpansamumucsa B KK. OcHOBHBIE XapaKTEepUCTUKHU:
- JIMana3oH PeryJMpoBKy HanpsbkeHus nopora — ot 0 MB 10 30 MB Munumywm;
- MHHUMAJIBHBIN [Iar U3MEHEHUS HallpsbKeHus mopora — 1 MB.

BbJ1ok pery/iupoBKH Hanpsi:KeHUsi cMellleHUs JJaBUHHOTO ¢doTonmnoaa
[TapameTrpsr dhopMupoBaTENIsl HHANBUIYAIBHBIX HanpspDkeHUW cMemenust 1t JID momkHb
YIAOBIETBOPSATH CIEAYIOIIUM TPEOOBAHUSIM:

- peryaupoBKa HampsKeHus cMmenieHus B auanasone 200-400 B;

- MUHHUMAJIBHBIN ar perynmupoBku - 0,2 B;

- IIYMBI M ITyJIbCALlMU Ha BbIXO/e opMupoBarens — He 6oiee 25 MB;

- TeMmIeparypHasi HeCTaOMILHOCTh BBIXOIHOTO HampspkeHust — He 6ounee 0,1%/°C;
- BBINOJIHATH KOMaHbI YIIpaBieHus oT KoHTposuiepa kapThl (KK).

COHpOTI/IBHeHHe N30SI Me)KI[y BBICOKOBOJIBTHBIMHU W HU3KOBOJIBTHBIMHU IICIIIMHU — HEC
menee 20 MOwm.

®opMHpoBaHNe TPUITEPHOI0 CUTHAJIA

PazpaOarbiBacmasi KapTa JOJDKHA OCYLIECTBIISATH AHAJIOTOBOE CYMMHPOBAaHHE BBIXOJHBIX
CHTHAJIOB YETBIPEX 3apsAA0-uyBCTBUTENBHBIX mpenycunurenei (3UIl). dopma curaama Ha BBIXOIE
Oloka — KBa3Wraycc ¢ BpeMEHeM JOCTHXeHus Makcumyma S50 Hc. Bpixom 0Omoka
muddepeHnnaNbHbpI ¢ MOCTOSHHBIME ypoBHAMH 0.5 B u 1 B. MakcumanpHas ammiurtyna
BBEIXOIHOTO curHaia — 1 B.

BJ1oK cUMTHIBAaHMS JAHHBIX M YIIPaBJIeHUSI

Cucrema 4YTeHHs IaHHBIX OCHOBaHAa Ha TMapajulelbHOM uTeHHH Bcex FEE xapt mo
nesaBucumomy kanany DTC. TlpuemubiM ycrpoiictBom sBisieTcss 0mok SRU (Scalable Readout
Unit). baok SRU mo3BoinsieT moakiouark He3aBucuMo g0 40 kapT ¢ momormpio passemoB RJ45.
Tpurrepusie curnansl mo nporokoiay TTC moctymaroTt mo ontuyeckomy kabemto Ha pazseM TTC link.



Vnpasnenue SRU u u3MepUTENIbHBIMU KapTaMH OCYILECTBISETCS MO CETEBOMY MPOTOKOIY
UDP nocpeactsom noakimtoueHuss SRU k nokansHo#M BerunciautenbHoit cetu ALICE DCS. Casi3p B
DAQ wnmer mo omgnomy wnu aBym kanagam DDL (Detector Data Link), B 3aBucumMocTH OT
TpeOoBaHUN K CKOpPOCTH mpuema aaHHBIX. [ cnekrpomerpa PHOS wmcmonwiyercst criemyromias
CErMEHTAIUs JIETEKTOpa: 8 BETBEW, CUUTHIBAIOIIUX MO 14 M3MEPUTENBHBIX KapT U | TpPUTTEpPHYIO
kapty. Takum o6pazom, oguH momaynb PHOS cuuteiBaercs 4-ms Gmokamu SRU, a Ha ogun SRU
Oynet npuxoautbes 30 BxonHbIx kaHanoB DTC: 28 uaMepurenbHbIX KapT U 2 TPUTTEPHbIE KapThI.

baok usMepeHns HANPSAKEHU I, TOKOB U TEMIIEPATYPbI

biok npeaAHa3sHAUYCH I U3MCPCHUS BBIXOIHBIX HaHpH)KGHI/Iﬁ 1 TOKOB MCTOYHHMKOB INIUTAHUA,
pacmnoI0KEeHHbBIX Ha Kapre. JloykHa U3MEpAThCs TeMIEpaTypa KapThl B 2 — 3 TOUKax.

HcTtounuku nuTanus KapThbl JOJKHBI BBIKIIFOUATCA MTPH HPCBBIICHUN JOIMYCTUMbBIX TOKOB HUJIN
TEMIIEPATYPHI.

M cTOYHUKH HU3KOBOJBTHOTO MUTAHUSA

KomnnuectBo OTACIIBbHBIX HWCTOYHHUKOB IIMTAHUA — 5 HCTOYHHUKOB C MaKCHUMaJIbHBIM
HanpspkeHueM 8 B M 0IMH MCTOYHUK ¢ MAKCUMAJIbHBIM HampsbkeHuem 15 B.

MaxkcumanbHasi moTpedisieMasl MOIIHOCTh /71l OTHOTO M3MEPUTENIbHOTO KaHaja — He Oolee
200 mBrT.

Uctounuku nuranus 3UII +13B u -6B pacnonararorcst Ha kapTe.

OcHoBHoli ¢pyHkunonan FPGA

- YIpaBJICHUE U YTE€HUE JAHHBIX ¢ MUKpocxembl BT,

- yIpaBJIeHHE OPOraMy Ha TUCKpUMHUHATOpax nepen Mmukpocxemoid BIIT,;

- yIpaBiieHHe U yTeHue JaHHbix ¢ ALIIT;

- MOHHUTOPUHT MUTAHUS U TEMIIEPATYpPhl, YIIpaBIeHNE TUTAHUEM;

- YCTaHOBKa ypoBHeW cMmenieHus Ha JID/;

b BO3MOKHOCTbH aHaJIn3a JaHHBIX C AHH AJId YMCHBIICHU S KOJIMYCCTBA IIEPCAaBaCMbIX
JAHHBIX:

° HaXOXXJICHHE MMMKa CUTHAJA (SHEPTHs);

° MPOBEpPKa MOHOTOHHOCTH TIEPETHEr0 U 3aIHETO ()POHTOB, C yKa3aHUEM PE3yabTaTOB

IIPOBEPKU B JJAHHBIX;
- DTC unrepdeiic:

° cuaxponmzanus (40 MI'n) u nmpuém tpurrepos (80 MI'm);
° OBICTpPBIE M MEJJICHHBIC KOMaH/IbI,

° nepeaaya JTaHHbIX;

- O06paboTKa TPUTTEPOB:

° LO — c6op nanHBIX, HOpMHPOBAHUE COOBITHS,

° L1 — ormpaBka cOOBITHS.

CoenuHuTe/IbHbIE Pa3bEéMbI
- 2 BXOIHBIX pazbema -- 3M N3372-6202R
- Paswsem mutanus — PHOENIX CONTACT 1776566 (MSTB 2.5/8-GF-5.08-1776566)
- RJ45
- JTAG
- Brixon cymmapasix cursanios — FTSH-108-01-L-D-RA



l'abapuTHbIe pa3mepbl
210x353 mm®

TpeOoBaHusI K COBMECTUMOCTH
Pa3pabarpiBaemast n3MepuTENbHAS ANEKTPOHHUKA T0JIKHA ObITh COBMECTHMA C

- cucremamu MeaieHHoro koutposns (DCS) skcnepumenta ALICE;
- Tpurrepaoii cucremoit ALICE;
- CHCTEMaMM HU3KOBOJIETHOTO U BBICOKOBOJIbTHOTO nutanus PHOS.

TpeOoBaHust HAIEIKHOCTH
[TponomxurenbHOCTh Oe30Tka3zHOM paborel anmekTpoHukn PHOS — 10 mer B ycnoBusix
MPOBEIEHUS SKCIEPUMEHTOB IPH MOBBIIEHHOH cBeTUMOCcTH BAK.

KoHcTpykTHBHBIC TPeOOBaHUA

Mexanudeckass KOHCTPYKIHMs IIJIaT, Ha KOTOPBIX pa3MemlaeTcs pa3padarbiBacMast
anekTponnka PHOS nomkHa TOBTOPATP MEXaHMYECKYH) KOHCTPYKIIMIO aHAJIOTHYHBIX —TUIAT
cymecTBytomei aekTponuku PHOS.
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Planning and Resources needed to perform the project «R&D for the ALICE Photon
Spectrometer Upgrade» (continuation of the project)
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Form Ne29

Cost estimate:

R&D for the ALICE Photon Spectrometer Upgrade (JINR participation)

(Continuation of the project)

No | Item " Total cost 2019 2020
kUSD kUSD kUSD
Direct spending: . |
1. | Material and Equipment | 30 15 15
2. | Engineering design and 30 | 15 | 13
prototyping
| Total direct costs 60 - 30 o 30

/ |
Head of the project (/ ﬂb%.s.\’ﬂdﬂpyanw
Director of Laboratory %@ V.D.Kekelidze

Principal economist of Laboratory {% ..M.Nozdrina

=




	PHOS_Project_2019-2020_ENG +RUS+TitleTables26-29_28-11-18
	PHOS_Project_2019-2020_ENG +RUS+TitleTables26-29_28-11-18
	PHOS_Project_2019-2020_ENG +RUS+Title_28-11-18
	Форма 24-25_Eng_2018
	Форма 24_Eng_2018
	PHOS_Upgarade_project-2018_Forma2501

	PHOS_Project_2019-2020_ENG +RUS_28-11-18
	PHOS_Project_2019-2020_ENG _28-11-18
	PHOS_Project_2019-2020_RUS__28-11-18


	Forma26Eng_sign01


	Form_29_sign01



