THE USE OF ACCELERATORS IN RADIATION PROCESSES
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Monitoring of PMT dark noise in a neutrino detector BOREXINO is a procedure that indicates condition of the
detector. Based on CAN industrial network, top level DeviceNet protocol and WEB visualization, the dark noise
monitoring system having 256 channels for the internal detector and 256 channels for the external muon veto was
created. The system is composed as set of controllers, converting the PMT signals to frequency and transmitting
them over CAN network. The software is the stack of the DeviceNet protocols, providing the data collecting and
transporting. Server-side scripts build web pages of user interface and graphical visualization of data.

PACS: 29.40.-n
INTRODUCTION TO BOREXINO

Borexino, a real-time device for low energy neutrino
spectroscopy is nearing completion of construction in
the underground laboratories at Gran Sasso, Italy
(LNGS). The experiment’s goal is the direct measure-
ment of the flux of "Be solar neutrinos of all flavors via
neutrino-electron scattering in an ultra-pure scintillation
liquid. The new technology developed for Borexino en-
ables sub-MeV solar neutrino spectroscopy for the first
time resolving the solar neutrino problem. Borexino will
also address several other frontier questions in particle
physics, astrophysics and geophysics.
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Fig.1. Sketch of the Borexino detector. About 300 tons
of liquid scintillator are shielded by 1040 tons of a
transparent buffer liquid. The scintillation light is
viewed by 2200 PMT'’s. Reconstruction of the position
of point-like events allows the determination of a 100
ton fiducial inner mass - the solar neutrino target.
Outward looking tubes on the steel sphere surface act
as the muon veto detector. They use the Cherenkov light
produced by muons that intersect the outer water buffer

The basic observables for the identification of neu-
trino events in Borexino are the total energy released in
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the scintillator, as measured by the number of photons
emitted. The electronic signal processing scheme shown
in Fig.2 is designed to achieve the timing properties need-
ed for a variety of key tasks: reconstruction of the event
position, pulse shape discrimination of d- and B-type of
events, and the identification of a variety of delayed coin-
cidence tags with a wide range of time bases.
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Fig.2. Block diagram of the Borexino electronics layout

The DAQ software is entirely custom made, with ex-
tensive use of multi-tasking techniques. User interfaces
are all based on WEB techniques.

CHALLENGE OF DARK NOISE

The phenomenon of a one-photoelectric pulse in the
photomultiplier lies in the fundamentals of event regis-
tration techniques used in Borexino. Only coincidence
of many pulses from different devices during short peri-
od allows the conclusion about the presence of a sub-
stantial physical event in the detector volume. But the
essential property of photomultipliers is to produce spo-
radic pulses; each one taken separately is almost indis-
tinguishable from the one bearing the information on
physical event. These spurious pulses, being mainly a
result of photocathode thermoemission, followed by re-
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lease of electrons with the subsequent amplification, are
called photocathode dark noise. Other sources of dark
noise are: radioactive decay in the glass bulb of PMTs,
cosmic rays, auto emission under electrical field supple-
ment etc.

Dark noise is known for its intensity of any single
unit of photocathode area to depend mainly on the man-
ufacturing technology and its operating temperature.
Also, there is evidence that it can be influenced by other
physical factors [1].

Under certain conditions, dark noise can garble a
physical picture, and make normal operation of the de-
tector impossible. This is especially important in view
of scarcity of neutrino-like and supernovas events
Borexino was intended to study. For this reason moni-
toring and analysis of dark noise is necessary.

A continuous dark noise monitoring system is now
being created to separately monitor the internal and ex-
ternal detectors. The measurement of medium frequency
of pulses is made for the internal detector photomultipli-
ers in bunches by 12, and for external detector where it
was possible to perform an individual analysis for each
photomultiplier.

The monitoring system, formed by a set of modules
of intellectual frequency meters (modules for external
and internal detectors differ mechanically, but inherit
the common architecture), integrated in an industrial
computer network. Data accumulation and primary
processing are done on the central computer of this
network. An essential feature of the monitoring system
is its independence from the main data acquisition
system of the detector. This means that dark noise moni-
toring system will work continuously throughout the pe-
riod of detector activity, overlapping whenever possible
interspaces between main system runs. During the de-
velopment of this system, we realized the great potential
for data analysis.

The dark noise analysis meets the following tasks:

* Continuous accumulation and storage of entire data
array, visual current state mapping and histories by the
request on the Web;

» Watching sporadic effects and irreversible failures
in a separate photomultiplier and groups of photomulti-
pliers;

» Watching the correlated changes on groups;

* Estimation of the long-time tendencies;

* Estimation of periodic variations using the Fourier
analysis;

* Research of response to cutoff of high voltage;

* Research of response to flashes of photographic
cameras.

* Research of correlations with other physical char-
acteristics (temperature, vibrations, acoustic noises etc.).

* Issue of the certificate of absence of dark noise
anomalies at the supernova trigger release.

CAN-BUS BASED MONITORING SYSTEM

The software of the Borexino dark noise monitoring
is designed to collect, store, present and process infor-
mation about the frequency of PMT dark noise. The
data is supplied by the two independent systems of
CAN-based scalars — the main system (internal detector)
and muon veto (external one).
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The main system contains 14 groups of 16 channels
each, and only 14 channels in group are used. Thus, the
whole system provides 196 independent data streams,
each of them has meaning of the average count rate of
PMT group of 12. The data rate is 1 value per second,
which is in 0 to 500 kHz range.

Apart from the frequency data, the system returns 14
values of power supply temperatures and actual voltages
+5V and -5V, used for precision analog circuits. These
parameters are very important for the FLASH ADC sub-
system operation. Absence of one of the voltages or
overheating may fail or even damage the analog adder;
hence the PMT signals will be lost for analysis.

The muon veto scaler system consists of 256 infor-
mation channels; each has meaning of single PMT dark
noise frequency. The data rate is 1 value per second,
which is in 0 to 500 kHz range. Each channel data width
is 4 bytes. The estimate value of internal detector is
roughly 10 times more than of external one.

Thus, the total amount of data, coming from the sys-
tem, is estimated as 196+256=452 frequency channels
by 4 bytes gives 1,808 bytes per second or approx.
1.8 kB/s, equal ~155.5 MB per day or ~57 GB per year.
As the Borexino data taking period is scheduled for
10 years continuously, it gives estimated value of
570 GB.

This estimate shows that the PMT dark noise rate
data can be stored in data base located on one modern
storage media assembled of a few hard drives. Storing
the technological data is inexpedient

The module diagram of the software components
and their interaction with other data acquisition facilities
is shown in Fig.3. Different processes and data modules
can be placed on different CPUs and communicate via
network file system.
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Fig.3. Software chart for Borexino dark noise monitor-
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At present time, the monitoring system for internal CONCLUSIONS
detector is completely assembled and in operation, the
external system is under final tuning.

As an example of the monitoring system operation
results, the Fig.4 presents a fragment of real data,
acquired from the detector during the test run in
December 2003. The time dependence of average dark REFERENCES
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Fig. 4. Plot of Borexino single electron noises

CHUCTEMA KOHTPOJISI TEMHOBBIX IITYMOB ®3Y JIJISI HEUTPUHHOI' O JIETEKTOPA
BOREXINO C IPUMEHEHUEM ITPOTOKOJIA DEVICENET U JOCTYIIOM YEPE3 WEB

A.C. Yenypnos, /I.U. Opexos, /I.A Maiimucmos, A.A. Cabenvnuxos, A.B. Imenxo

MonutoprHr TeMHOBBIX IymoB @OV B HeltpunHoM nerektope BOREXINO sBisercs HeoOXoaumoit
MIPOIIe Ty PO, TTOKA3BIBAIOIICH cOCTOsTHHE neTekTopa. Ha ocHoBe mpomsbmuieHHoi cetn CAN, poToKoiia BEpXHETo
ypoBHst DeviceNet u Busyanmzanuu WEB Obuta co3maHa cucTeMa KOHTPOJISI TEMHOBBIX IIYMOB, HMMeromias 256
KaHaJIOB JUI BHYTPEHHETO AETeKTOopa M 256 KaHAIOB A BHEIIHETO MIOOHHOTO BeTo. CHCTeMa COCTOMT n3 Habopa
KOHTPOJUIEPOB, KOTOPBIE Mpeodpa3yroT curHaiel ot @Y B wactoTy 1 nepenarot ee mo cetu CAN. IIporpammaoe
obecrieueHne mpeacTaBisieT coboi crek mportokona DeviceNet, oOecrieunBaronuii cOOp M TPaHCIOPTHPOBKY
naaHbeiX. @opmupoBanre WEB-cTtpanun nonbp3oBaTensckoro nHTepdelica u rpaduueckas BU3yalu3alusl JaHHBIX
MPOU3BOJUTCS C IIOMOIIBIO CEPBEPHBIX CKPUIITOB.

CUCTEMA KOHTPOJIIO TEMHOBUX IIIYMIB ®EII 1151 HEUTPUHHOI'O TETEKTOPA
BOREXINO I3 3ACTOCYBAHHSM ITPOTOKOJIY DEVICENET I JOCTYIIOM YEPE3 WEB

A.C. Yenypnos, /I.1. Opexos, /I.A. Maiimicmos, A.A. Cabenvnukos, A.B. Emenko

Mounitopunr temHoBux 1ymiB ®EIT B HelitpuaHOoMy netekropi BOREXINO € HeoOximHOIO mpoleayporo, 1o
nokaszye crtaH Jerektopa. Ha ocnHoBi mpomwucioBoi mepexxi CAN, mpotokoiy BepxHboro piBHs DeviceNet i
Bisyamizanii WEB Oyrna cTBopeHa cuctemMa KOHTPOJIIO TEMHOBHX IITYMIB, IO Ma€ 256 KaHANIB JUIS BHYTPIIIHBOTO
JerexTopa i 256 kaHadiB sl 30BHIIIHBOTO MIOOHHOTO BeTo. CHCTEMa CKIIQAEeThCsl 3 HAOOpYy KOHTPOJIEPIB, sKi
rieperBoprotoTs curHanu Bix @EIN B wactoty i mepenatots ii mo mepexi CAN. IIporpamue 3a0e3nedeHHs SBIsIE
coboro crik mpoTokoiry DeviceNet, mo 3abe3nedye 30ip i TpancnmopTryBaHHs nanux. @opmysanas WEB-cTtopiHok
KOPUCTYBaJIbHUIIBKOTO iHTepdeiicy 1 rpadivynHa Bizyaiisamis JaHMX BHPOOJISETHCS 3a JIONMOMOIOI0 CEPBEPHHUX
CKPHUITOB.
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