
The LPI neutron channel creation

January 12, 2025

Àôàíàñüåâ Ñ.Â.a,c, Áàñêîâ Â.À.b, Êóòèíîâà Î.Â.a,c, Ëüâîâ À.È.b, Ìèëüíîâ
Ã.Ä.a,c Ñàêóëèí Ä.Ã.a,c, Ñóõîâ Å.Â.a,c, Óñòèíîâ Ä.Â.a,c, Óñòèíîâ Â.Â.a,c,1

Afanasiev S.V.a,c, Baskov V.A.b, Kutinova O.V.a,c, L'vov A.I.b, Milnov G.D.a,c,
Sakulin D.G.a,c, Sukhov E.V.a,c, Ustinov D.Va,c., Ustinov V.V.a,c,1

a Joint Institute for Nuclear Research, Dubna, Moscow region, 141980, Russia
b P.N. Lebedev Physical of the Russian Academy of Science, Moscow, 119991, Russia
cDubna State University, Dubna, Moscow region, 141982, Russia

Abstract1

Â Ôèçè÷åñêîì èíñòèòóòå èì. Ï.Í. Ëåáåäåâà ÐÀÍ (ÔÈÀÍ) áûë2

ñîáðàí íåéòðîííûé êàíàë. Êàíàë íåîáõîäèì äëÿ òåñòèðîâàíèÿ äåòåêòîðîâ3

ñïåêòðîìåòðà SCAN-3. Äëÿ ôîðìèðîâàíèÿ ïó÷êà íåéòðîíîâ áûëà4

èñïîëüçîâàíà ðåàêöèÿ ôîòîðàñùåïëåíèÿ äåéòðîíà. Â ñòàòüå îïèñûâàåòñÿ5

ïðîöåññ ñáîðêè íåéòðîííîãî êàíàëà è åãî õàðàêòåðèñòèêè.6

A channel of labeled neutrons to test the SCAN-3 neutron detectors7

has been created. The photodisintegration reaction of a deuteron was8

used to form a neutron beam. The report describes the procedure for9

creating a neutron channel, the channel parameters, as well as the results10

obtained during the work.11

PACS: 29.40.Mc12

Introduction13

The SCAN-3 spectrometer represents three-arm setup assembled for detect charged14

and neutral particles produced in the target by collisions of the Nuclotron beam with15

target nuclei. The main tasks of the spectrometer is to detect neutrons from the16

decay of the η-meson nucleus in the nπ- and pn- channels [1]. To reach the required17

accuracy of neutron energy measurements in energy region 90÷300MeV, it is necessary18

to measure the time of �ights (TOF) of neutrons with time resolution δt = 400 ps and19

spatial resolution δL = 8 cm simultaneously.20

SCAN-3 neutron detector con�guration21

A 24-items neutron detector divided into 6 independent modules has been developed22

[2]. The neutron detector of the SCAN-3 spectrometer is located on 3.5 m from23

interaction point. Each module of the neutron detector composite of four scintillation24

blocks. It is necessary to achieve the required spatial resolution [3]. Dimensions on25
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each blocks are 800 × 180 × 30mm3. Readout of signals from blocks is performed by26

two independent sets of PMTs:27

1) set is Hamamatsu R1250 or Philips XP2041 (two PMTs per module);28

2) set is PMT-87 or Philips XP2972 (two PMTs per scintillation block).29

Preliminary tests of modules were carry out on cosmic rays. The time resolution30

of the modules has been measured. The measurements have been taken in two sets31

of PMTs: readout by Hamamatsu R1250 give a result of 250 ÷ 270 ps and readout32

by Philips XP2041 give a result of 770 ÷ 830 ps. The time resolution of individual33

blocks readout by Philips XP2972 give a result is about of 620 ÷ 650 ps. This time34

measurements carried out by 4-channel DRS4 Evaluation Board V3 [4].35

LPI neutron channel36

A neutron channel (N-channel) is required to tests the neutron detectors in real con-37

ditions. A deuteron photodisintegration reaction (1) was used to form neutron beam.38

39

γ + d = n+ p (1)

In this reaction, a photon is captured by the deuteron nucleus, followed by a col-40

lapse into a proton and a neutron (�g. 1). The energy and momentum of the photon41

is distributed between the recoil proton and the neutron.42

43

Figure 1: Schematic view of the N-channel

Reaction (1) allows determining the neutrons energy by changing the location angle44

of the neutron arm and measuring TOF of proton. The dependence of the energy of45

the detected neutrons on the angle θ of the neutron arm is shown in �gure 2. The46

dependence of the neutron energy on the recoil proton pulse, measured by the time-47

of-�ight method, is shown in the �gure 3. The angle θ and TOF of proton makes it48

possible to determine the neutron energy with good accuracy (Fig. 4).49
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Figure 2: Calculated values of

the dependence of the energy

of the detected neutrons on the

neutron arm angle

Figure 3: Calculated values

of the dependence of the neu-

tron energy on the recoil proton

pulse

Figure 4: The main view of the facility

Additionally, proton identi�cation is performed by measuring dE/dx ionization50

losses in a scintillation counter. Measuring ionization losses at the same time as mea-51

suring TOF of proton makes it possible to more accurately determine the proton52

velocity and reconstruct its energy.53

For this task, two-arm setup has been created at the P.N. Lebedev Physical Institute54

of the RAS (LPI) in the Troitsk city [5]. The equipment of N-channel include a neu-55

tron arm with the modules under study and a proton arm. The major elements of the56

setup are:57

58

� a photons beam forming system and transportation system to target (�g. 5);59

� a thin(3mm) round deuterated polyethylene target (CD2)n;60

� a fast start trigger counter based on 100 × 20 × 3mm3 plastic scintillator and61

two Philips XP2972 PMTs;62

� a proton scintillation detector (Recoil arm) located by α = 90 ± 2.7 degrees to63

the gamma beam direction (�g. 1);64

� a neutron detector (N-arm) located by θ = 60±5.5 degrees to the beam direction65

(�g. 1).66
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Figure 5: Schematic view of the photon beam formation: 1 �output �ange, 2,8

�lead collimators, 3 �water collimator, 4 �iron collimator, 5 �cleaning magnet,

6 �vacuum tube, 7 - wall of the accelerator hall, 9 � lead wall, 10 �target

The target was positioned at an angle of 80 degrees to the beam direction (�g. 1)67

to increase the e�ciency of using the photon beam. This position of the target ensures68

minimal energy loss of the recoil proton in the target media.69

The main view of the experimental setup is shown on �gure 6. A lead shields to protect70

detectors from the background are used.71

Figure 6: The main view of the facility

The photon beam was forming by means interaction of electrons beam onto a72

tungsten target with a thickness of 0.22X0. The energy of the primary electrons is73

500MeV at an intensity is 2 · 1012 electrons/s. This allows to get intensity of photons74

is 2 · 109 photons/s and gives neutron �ux is about 1 neutron/s.75

The neutron channel was tested in the middle of 2024. The registered signals from76

the detectors of the setup are shown in �gure 7. The upper two waveforms correspond77

to the signals from the trigger counter. The lower two waveforms correspond to the78
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signals of the neutron and proton detectors, respectively.79

Figure 7: The sample of registered signals from the detectors of the N-channel

Conclusion80

A setup for measuring detectors on neutron beam has been assembled. The �rst81

measurements were carried out at setup. The fourfold coincidence of the detector82

signals indicates the decay of the deuteron nucleus in the target. It is planned to83

provide full complex studies of the neutron detectors in 2025 on the assembled neutron84

channel at LPI.85
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