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Neutrons — new factor for modern
experiments

NA61 Projectile Spectator Detector NICA MPD Zero Degree Calorimeter
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60 sandwiches in one module

16 inner modules of 10 x 10 x 120 cm? 60 sandwiches in one module

28 outer modules of 20 x 20 x 120 cm? 16 modules of 5 x 57 x 120 cm?®

Total weight ~ 17 tons, 17-25 m from target Total weight ~ 10 tons, 28 m from collision estimate

No beam hole for intensity up to 2x10° ions/sec Beam hole (10x10 em) for intensity up to 1x10® 777 ions/sec
NAS1 beam energy up to 150 AGeV NICA beam energy up to vs,,, =11GeV7?(~ E___ =63 AGeV)




CBM-PSD simulations

The PSD detector from CBM will be used to explain basic goals of program:

From geometry of PSD we can see that neutrons is most important
type of particles which will define radiation hardness of APD.

The simulation show that this is true supposed
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Distributions of the neutron flux (n/cmz/s) through the PSD calorimeter

at radius 10, 30 and 50 cm
FLUKA simulation results:
Flux near the beam hole after 2 months
of CBM run at the beam rate 10° ions/s:
10" n/lem2 for E__ (Au) 4 AGeV

4x10" n/em2 for E__ (Au) 35 AGeV
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U120 ad netros sources
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Online Monitoring of Neutrons

We are developing multichannel neutron fluence
monitoring system for the online estimation of the
neutron dose during the radiation hardness tests
and CBM PSD operation including:

1. Neutron Fluence Detectors
based on BPW34 pin diode
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2. Thermal Neutron Counters
based on

- ZnS/LiF scintillators with high
absorption of thermal neutrons
- SiPMs for light readout

Lightguide Zn?LiF Optical prism
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3. Position Neutron Detector
based on

plastic scintillators + SiPMs
(JINR development)




Neutrons Fluence Detector (FD)
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NFD F-meter
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NFD test (2)

Experiment in November 2015 in NPl shown PIN sensor BPW34 sensitivity:
Forward voltage method - V /® ~20 [uV/10E6 n/cm?]

Transient charge method - Q__ /® ~0.04 [pCo/10E6 nfcm?]

Experiment 21 September 2016 in NP for calibration_ of 6XPIN sensors BPW34 in range.
0 up to 1E11 n/em? have been carried out successful. Data analysis in progress..
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Frequency, Hz

Thermal Neutron Counter (TNC)

p (20MeV) -->Li-->n
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Position Neutron Detector (PND)




Next step — physics..

Methods of APD investigation

Static characteristics
(C-V, C-F, I-F)

* investigation of internal structure of APD

= studying of the behaviors of impurities
during APD operation

= measurement of the parameters of APD
for equivalent circuit of APD in SPICE

Dynamic characteristics
(transient effects)

* investigation of generation and
recombination processes into APD bulk
= studying of noise sources behaviors
of APD

= measurement of the parameters of
noise sources for SPICE model of APD

Operation of APD

» single photon spectrum measurement
with LED

= investigation of APD with scintillator and
radioactive sources in laboratory

» investigation of APD with scintillator for
cosmic rays
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Conclusion and Plan

Prototypes for all subsystem of common monitoring system tested
and investigated;

Next year we plan finish calibration of sensors and produce first 8
channel NFD module;

System will integrated on software level and test in NPl (we have
got permission for 5-6 experiment on cyclotron in NPI);

We need to understand of problems with TNC;

Beginning of work for investigation of changing structures of
detectors during irradiation in online mode (fast |-V, C-V and C-F
measurement during irradiation and calculation of profile P-N
junction);

Thank you for attention!
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PIN theory (2)

Short theory — a bit of Maths
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PIN theory (1)

Short theory — topology of PIN

P_.Si i-Si N-Si
T Total forward voltage:
@ Vew = Vpy + Vrp  [eq.1]
5=7.6 mm SN !’& According to work [1] and [2]
. =100 um |
b s \ we can present
—»M’ff" dependencies for each
Diode B

components of total voltage
using the semiconductor’s
I parameters as [eq.2]
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SiPM P-N junction investigation (1)
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SiPM P-N junction investigation (2)
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Fig. 4.4 Capacitance versus frequency
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Fig. 4.5 Variation of capacitance

before and after irradiation
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Fig. 4.3 The change of impurities
dafter irradiation
SENSL compared to HAMAMATSU is more
sensitive to irradiation in region near surface.
Thermal neutrons flux was higher during
irradiation of SENSL.

With help of neutron monitoring system
calibrated for 1MeV neutrons, the part of
thermal neutrons flux can be estimated.

Detector developed in JINR, Dubna was used for

neutron monitoring. Generation—recombination
noise increases homogeneity for all frequencies.
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SiPM P-N junction investigation (3)
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SiPM P-N junction investigation (4)
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AND more...
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