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‘High flux research reactor PIK

PIK is aimed for production of
neutron beams with the
maximal possible fluxes.

I Light water

We need: Qe ~ . coolant

1. High neutron fluxes inside T
the reactor

2. Neutron termalization system
to provide required energy

3. Neutron transportation U | R =2
system | e | % ' Heavy water

4. Neutron scattering station . {1 ~ moderator
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Why we need neutrons?

Experiments
with neutron

Neutron as an
object of
research

Neutron as
Instrument

Structure and Property of
dynamics of fundamental
matter Interactions
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New SM: Unique role for low energy studies in the
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Neutron as an

object of

research LHC era (and beyond!)
Two frontiers in the search for new physics

Collider experiments Indirect searches at
(pp, e*e, etc) at higher lower energies (E <M,)
energies (E >> M,) but high precision

Large Hadron Collider

High energy Particle, nuclear
physics & atomic physics



NATIONAL RESEARCH CENTRE
I'll «KURCHATOV INSTITUTE»
“” @ PETERSBURG NUCLEAR PHYSICS INSTITUTE

Russia, 188300, Leningrad District , Gatchina, Orlova Roscha

N EUiron 8> The 1994 Nobel Prize in Physics — Shull &
Brockhouse.
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Neutrons show where the atoms.......

When the neutrons
collide with atoms inthe

Instrument

sampla material, they \r'
change direction {are
scatt ered) - elastic g Resaarch reactor
scatt ering.
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s ...and what the atoms do.
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e A |
3-axis spectrometer with  ~. i
' Crystal that sorts and rotatable crystals and P

Detectors record the directions forwards neutrons of rot atable sampla
of the nl_autrum:. and a diffraction a certain wawvelangth r“ _" ch imth
pattern is obtained. {energy) - mono- ) un::naif“:hu“

The pattern shows the chromatized neutrons b T nnutﬂns are first
positions of the atoms relative Atoms in a Q ! >-: ¢ analysed in an
to one another. = crystalline sal‘npla

ay ‘d f.v,' amalyser crystal...
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When the nau‘truns
penet rate the sample

1 they start or cancel

: oscillations in the
atoms. If the neutrons
create phonons or

Crystal that sorts and
forwards neutrons of
a certain wavelength

magnons they

E:Il:lrI::In:t}im-u:I:::t-runs themselves losa the ...and the neutrons
energy these absorb then counted in a
= inelastic scattering detector.
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Neutron as SCIENCE WITH NEUTRONS
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instrument

Neutrons offer many advantages as a probe

to study materials, matter:

() a wide range of length and timescales,

(i) an ideal probe for magnetism,

(i) high sensitivity and selectivity to the chemical elements and
Isotopes,

(iv) deep penetration into materials

*
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Evolution of neutron sources
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Berkeley 37-inch cyclotron

350 mCi e Steady State Sources

mPulsed Sources

Effective thermal neutron flux n/cm?2-s
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eutron Scattering, K. Skold and D. L. Price, eds., Academic Press, 1986)
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‘Compar'ison of neutron sources

Pulsed-source time structures

cold neutrons
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Reactor PIK parameters

d. ¢

;"E" 10" .Df

B3K6

B3K4

Value
Power 100 MW
Reactor core volume 50 |
Core height 500 mm
Coolant H,O
Reflector D,O

Maximal neutron flux in
moderator

1.3x1015 n/cmc

Maximal neutron flux in
central trap

Hx101% n/cm2c

A

10/10/2020

Operation cycle ~30 day
Experimental channels

- Horizontal (HEC) 10

- Vertical (VEC) 6

- Inclined (IEC) 6

- Central (CEC) 1
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‘ Comparison of High-F

ux Neutron Research Reactors

Facility/ Commissioning Maximum Flux Number of
: Power ) Instruments on
Location Date Density
Beams
PIK
| | 2020 (under 100 MW 5x1015 n/cm?s 50
Gatchina, Russia commissioning)
HFR
1971 58 MW 1.5x10%° n/cm?s 40
Grenoble, France
AFIR 1965 85 MW 2.5x10%° n/cm?s 12
OX
Oak Ridge, USA (updated 2007)
FRM2
: 2005 20 MW 0.8x10%° n/cm?s 27
Munich, Germany
BER2
. 1973 10 MW 0.086x101° n/cm?s 25
Berlin, Germany
OPAL
: 2006 20 MW 0.4x10%° n/cm?s 7
Sydney, Australia
CARR
: 2010 60 MW 0.8x10%° n/cm?s 6
Beijing, China
WWR-M
1959 18 MW 0.45x10% n/cm?s 14

Gatchina. Russia

10/10/2020
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Location of the reactor PIK complex

(NRC “Kurchatov institute”-PNPI, Gatchina, Russia)
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Some history. First PIK mention

PEAKTOP ZIA_QU3NYLCKUX HCCLELOBAINA - TIMK

A.H.Epukanoe, L.M.Kamurxep, K.A.{ononues,
©0.B.Nerpos, B.K.CokoznoB.

EPATRAS CHOLRA LAMAL . o0 | SARTUPA AL
HanHaycuue = HAyuLo=Keeae 10 naTenBC KN
MomHOCTE CpeaHfAn I0 linr
MOWHOCTD MAKCHMAJLHAR ICC itpr
05BEM AKTUBHOK 30HH 50 + 60 2
Cpenmice yIenblio€ DHEDrOBLMENCHIE 2+ 1,6 MBr/M.
3aMSLANTENR M TENNOHOCHTED Ha0
Tun TE3 . Cli-2
3arpyaxa U 235 20 - 24 «r
O6orawenne 907
fions merania B aKTHMEHOX 30He 30 ¢+ 40%
Zi4 Yuene noByuex -1
i:—_f_f?‘:% 3anonHNTENb NCBYUKM - H,0
| }% L3KCMMAdBHUll HEBO3NY LetuLi . re P
I lgg  NOTOX B NOBYUKE = (445)I¢  ~/ouCoén.
i% | ™ Crpagarenms - D20
1118 Y4cKO POUMSOHTANLHHX KAHRI0E -I12+15
@! | |10 lAKCHMAZBHEE MOTOX TEMACEHX

HelTPOHOB B KaHaxax npw IOC !'BT
[4B/igHMe B NMEPBOM KOHTYLE
yOMEA BHIOPAHMA [OPHYETO
{aunaunn

~ 1012 yjcilenk.
5C ¢ap

~ 307,

~ 5,107 Lsr. oy
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IPIK reactor (NRC "Kurchatov institute"”-PNPI,
Gatchina, Russia).

|- HeWTpoHOBOAHbIA 3. W= 100 MBr,
5. Buautnpe3upenTa Poccuitckoit Denepaumum ® =5-10"n/em’ - ¢
s,,“ & B.B.MymuHa 30 anpena 2013 ropa DuU3nKa KOHAEHCUPOBAHHOMO
- cocTosHus, buonorus, pusmka
BN e HaHOCMCTEM, MOUMEPOB, KUAKOCTENH.

HelTpoHHas u aaepHas dusnka.
YneTpaxonofaHbie HeMTPOHbI:
DU3MKa INEMEHTAPHbIX YacTul,
dyHAAMEHTaNbHbIe
B3aMMOLENCTBUSA

: 2019 — 100kW first step of
m commissioning

PIK cd‘mmlssmnmg‘."‘::.‘-,",
2022-2023 — _100 A
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| Reactor PIK commissioning: time schedule
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‘Ins‘rrumen’ra’rion Program

Phase 1 (2020) - 5 test stations of the first order
Phase 2 (2024)
Neutron sources -
Two cold neutron source (HEC 2 and HEC 3)
Hot neutron source - HEC 8
Ultra cold neutron source - HEC 4
Instrumentation base (20 stations)
Experimental stations for condensed matter (13)
* Diffractometers (3)

* SANS machines (3)

* Reflectometers (2)

Experimental stations for fundamental physics (7)
« Stations with CN (2)

* Neutrino physics facility (1)

« Stations for nuclear spectroscopy (3)

- Fission physics (1)
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Phase 1

5 station for condense matter physics (commissioning 2020).

——
10/10/2020
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TNR test neutron reflectometer
NERO Polarized Neutron Reflectometer (GKSS)
DPN polarized neutron diffractometer
Textured Diffractometer TEX-2 (6KSS)

Test neutron spectrometer

CREMLIN+
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Phase 2
Neutron guide system

. = Free“area
b s ::' j
: iy S22
i 5
i m_‘
‘brpdE &
Length ~ 1 km.

10/10/2020

Up to 40 experimental positions (neutron flux (3-12)
1019 n/cmé3s)

CREMLIN+
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| Cold neutron sources (CNS)

10/10/2020
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‘Ho’r neufrgn source Ultra cold neutron
N

H3K3 BOK2 SOUrCe [—';}(m @ :
Superfluid He-4
roK3 conver.rer‘ on ﬂw\’ w:/ ) g
beam HEC-4  \»*=wie b \\
T-(Oi7-0-9)K' o K = / 7 7 :
V~35J1 % X /_/%@
graphite radiation 09) | e
heating -
T=1500-2000 K . -y
V~5 liter %%g:: &
' Lo ——
@ —
UCN density ~ 2-103n/cm3

(100 times better wherever)

10/10/2020 CREMLIN+
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| Layout of experimental PIK station
(hall of HEC and neutron guide hall)
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Phase 2

| Road map of instrumentation program

2019

2020

2021

2022

2023

2024

m | v
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Reactor PIK commissioning

100 kw

10MwW

10-100MW

~100MW

Project

Experimental channel

HNC HEC-8

UCNS HEC-4

CNS HEC-2

CNS HEC-3

Njojun|d|lw N | |O|®

Neutronguide system

Neutron stations

SESANS

INAA

Phase 1

«HeintpnHo» (Neutrino)

D1

MembpaHa — 2 (Membrane — 2)

DC-1

SONATA

OlRr|WIX N[O | N

«beTa-pacnag HelTpoHa»
(neutron beta decay)
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‘PIK IS the basis of ICNR

1. Two stations of Phase 1 with international contribution will be

commissioned 2020.

2. CREMLIN+ (2020-2022) (Connecting Russian and European Measures
for Large-scale research INfrastructures ) (goal - To enhance science
cooperation between the six Russian megascience facilities and the
European RI counterparts) Work Package 4 - Science Cooperation

with the PIK research reactor in the field of neutron sources

for collaborates

D

10/10/2020
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| PIK is part of the Strategy on Germany Neutron
Research: 2015-2045

European Sources with German contribution

National Sources

TEE)  wespoonpe  IHESHIN
2010 2020 2030 2040
year

Update 2017 Sebastian M. Schmidt, Thomas Briickel, Stephan Férster and Martin Mller
Original version 2015 Sebastian M. Schmidt, Andreas Schreyer, Helmut Dosch

10/10/2020 CREMLIN+




DY NRC “Kurchatov institute"-PNPI (@

‘ Welcome to Gatchina and ICNR
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