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Why we need neutrons?
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Types of neutron experiments
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Experiments
with neutron

Neutron as
instrument
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New SM: Unique role for low energy studies in
LHC era (and beyond!)

Two frontiers in the search for new physics

. Collider experiments Indirect searches at
IR RN LN RN R R . .

F o \ E (pp, efe', etc) at higher Iower_ energle.s.(E <My)

ol oy energies (E >> M) but high precision

Excluded by eEDM
——- Reach of LHC
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High energy Particle, nuclear
physics & atomic physics
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Neutron as an

object of

Collider (high energy) and neutron (low energy) S==

experiment 1

[ R. Feynman: What are high-energy particle physicists
| doing (in CERN)?

et us consider the collision of two watches:

h Using that
'''''''''''' @ .. =
.

3 R :

they want to understand how the watches work

!
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When the neutrons
collide with atoms inthe .«

sam ple material, they \1_)
change direction {are ;j
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Crystal that sorts and
forwards neutrons of
a certain wavelength

{enargy) - mono-
chromatized neutrons

Detectors record the directions
of the neutrons and a diffraction
pattern is obtained.

The 1994 Nobel Prize in Physics — Shull &
BI‘()CI)’J__}OUSQ.
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...and what the atoms do.
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o When the neutrons

&

penet rate the sample
they start or cancel
oscillations in the

Crystal that sorts and atoms. If the neutrons

forwards neutrons of
a certain wavelength

{energy) - mono-
chromatized neutrons

create phonons or
magnons they
themselves losa the
energy these absorb
= inelastic scattering

then counted in a
detector.
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...and the neutrons

Neutron as

instrument

Neutrons offer many advantages as a
probe to study materials, matter:

(i) a wide range of length and
timescales,

(i) Cold and thermal neutron energy
close to the excitation energy,

(i) an ideal probe for magnetism,

(iv) high sensitivity and selectivity to
the chemical elements and
isotopes,

(v) deep penetration into materials
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PIK reactor as neutron

source N

11/9/2020 »,Photon and Neutron Science in the Baltic Sea Region”

T

10



I!!l NRC "“Kurchatov institute'-PNPI @

High flux research recor PIK

PIK is aimed for Y $ JUW‘”W i
production of neutron I

beams with the maximal - ) |
possible fluxes. o Wl o) 1 BN 4 i nght water

L T %‘,:‘. | B coolant
{0 T - I
»‘!’.‘i’.‘”" l‘:‘ : \A '\“j \_\ ,’j' it |

We need:

1. High neutron fluxes inside
the reactor

2. Neutron thermalization
system to provide required

energy | £ 2 pnlin /" | Heavy water
3. Neutron transportation &F (i ' i moderator‘

system | (i 7 ' ,“[ ! :
4. Neutron scattering station o e et WY W ,'.’ A 'w.

11/9/2020 »,Photon and Neutron Science in the Baltic Sea Region” 8



Y NRC “Kurchatov institute"-PNPI (@@

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

L7
Reactor PIK parameters
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Maximal neutron flux in
moderator

1.3x1015 n/cm?c

Maximal neutron flux in
central trap

Hx1015 n/cmic

Operation cycle ~30 day
|Experimental channels

- Horizontal (HEC) 10

- Vertical (VEC) 6

- Inclined (IEC) 6

- Central (CEC) 1
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PIK and European neutron
landscape
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Evolution of neutron sources
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eutron Scattering, K. Skold and D. L. Price, eds_, Academic Press, 1986)
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Compar'lson of neutron sources

EEEEEEE Pulsed-source time structures
cold neutrons
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PIK is part of the Strategy on Germany Neutron Research: 2015-2045

European Sources with German contribution

2010

year
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Update 2017 Sebastian M. Schmidt, Thomas
Briickel, Stephan Forster and Martin Muller
Original version 2015 Sebastian M. Schmidt,
Andreas Schreyer, Helmut Dosch
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PIK could be the base of International
center for neutron research

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

mamwd (Epoox (e s I

sources

3. Free neutron beam positions

for collaborates
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Location of the reactor PIK complex (NRC “Kurchatov institute”-PNPI, Gatc

" tr4

hina, Russia)
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PIK commissioning and
instrumentation pr'ogr'am
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W
PIK reactor (NRC "Kurchatov institute”-PNPI, Gatchina, Russia).
Hei i 3an. W=100 MBr,
i’ iﬁ.p L B::uﬁ:::ﬁ::;?:ccuﬁcxoﬁ Depepauun ®,=5-10" n/crIz ' C.
< ! * ‘Z-.&“ & B.B.Mymuua 30 anpens 2013 ropa ®u3nKa KOHAEHCUPOBAHHOIO
' L cocTosHuUs, buonorus, pusmka

HaHOCUCTEM, MONUMEPOB, KUAKOCTEN.
HeittpoHHas v saepHas dusmka.
YneTpaxononHbie HeUTPOHbI:
DU3NKA INEMEHTaPHbIX YacTuL,
dyHAAMEHTaNbHbIe
B3aMMOAENCTBUS

-

2020 — 10MW next step of PIK

11/9/2020 V ,Photon and Neutron Science in the Baltic Sea Region”



B NRC “Kurchatov institute"

\ 4

-PNPI (@

Reactor PIK commissioning: time schedule
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Instrumentation Program

Phase 1 (2020) - 5 test stations of the first phase
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)

11/9/2020 ,Photon and Neutron Science in the Baltic Sea Region”
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. 5 station for condense matter physics
(commissioning 2020).

Phase 1

Cmerxa peakmopa MK
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TNR test neutron reflectometer
NERO Polarized Neutron Reflectometer (6KSS)
DPN polarized neutron diffractometer
Textured Diffractometer TEX-2 (GKSS)

Test neutron spectrometer
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Cold neutron sources (CNS)
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Hot neutron source
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graphite radiation
heating
T=1500-2000 K

V ~ 5 liter
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Phase 2

Ultra cold neutron source
W

Superfluid He-4

converter on o W = 3
beam HEC-4 e <
T-(0,7-0.9K A I
V~35n 0
;
of E
) EEEE:EZ:M?
o —
UCN density ~ 2-103n/cm3
(100 times better wherever)
22
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Neutron guide system
- —— — ~100m i
‘e M (e Eopez BT (e s YT ‘ & gout s3]

Length ~ 1 km.
Up to 40 experimental positions (neutron flux (3-12) 101 n/cm3s)
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Layout of experimental PIK station

(hall of HEC and neutron guide hall)
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Road map of instrumentation program

Phase 2

2019
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2021

2022

2023

2024

m | v

[ 0] m | v

T |

[ 0] m [ v

[ 0 | m | wv

Lo [ | v

Reactor PIK commissioning

Project

Experimental channel

100 kW

1oMw

10-100MW

~100MW

HNC HEC-8

UCNS HEC-4

CNS HEC-2

CNS HEC-3

Njoju|~h|WIN|FR|O|H®

Neutronguide system

Neutron stations
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«beTa-pacnag HeMTpoHa»
(neutron beta decay)
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DEDM
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Welcome to Gatchina and NRC “"Kurchatov Institute”- PNPI
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