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The Spectrometer
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1st experiment:  

V.Nesvizhevsky and al
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� Observation of neutrons in a gravitational field
� First experimental proof of quantization of material in the gravitational 

field
� Success of the experiment at level D of the ILL reactor in a “flow 

through” mode
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Store neutrons in a gravitational trap
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� Store neutrons in a gravitational trap
� Longer observation time
� Resonant transition between quantum states 

can be observed
� Higher statistics due to a better source
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Neutron Beam
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Located in the ILL reactor at level C

GRANIT Area
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Clean room

Spectrometer

Neutron Beam
Source
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Under construction

ISO 7

366 
m3/h

ISO 6

1602 
m3/h

ISO 4

13481 
m3/h

3 different zones
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•Classe 10 – ISO 4

•Volume = about 81

•Laminar Flux 

•Cost : 190k€

More details of the clean room will be showed during the N.Morgado’s presentation.

3m
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� There are several types of detectors foreseen for 
the Granit Experiment

One of them consists in putting a position-sensitive detector at the rear of the mirror
This allows to have a direct measurement of waves functions with 1 micrometer resolution
Analysis of results with these detectors

Absorber
PSD
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Alexei Gagarski : « Nuclear track position-sensitive detectors of UCN with 1 micrometer resolution »

Guillaume Pignol : « Measurements of neutron waves functions in quantum states »

Reflecting mirror

Extract from A.Gagarski presentation Extract from A.Gagarski presentation
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Alexander Strelkov: “Low background counters of ultra cold neutrons”
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� A detector far from mirrors.
� Possible to  measure the distribution of neutrons vertical speed in quantum 

states. 
� The resolution is 100 micrometers
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Alexis Muzychka: Large size real time position sensitive detectors with 100 micrometers resolution

Jan Jakubek : “Real-time sensitive detection and spectroscopy (TOF) of ultra cold neutrons with a 
micrometric resolution.”

� A detector with 5 micrometer resolution
� It can be used both to

� Measure spatial distributions
� Measure vertical speed distributions
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� 6060 Aluminum alloy - Welded
� 1300 x 1300 x 1000
� Hard Anodizing inside /outside
� Lay down on 3 vibrations insulators
� Cost : 35k€

3mm
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First vacuum test – LPSC Hall B

Covered for stoving process Final location – ILL – Clean room

mbar710.8 -•Empty Chamber

•With Granite Table mbar510.3 -

K.Protasov:  “transition between quantum states caused by vibration noise”
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� « Black Indian » Granite
� Good Degassing rate

� 900 x 700 x 250 
� 550 kg

3mm
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� Lay down on 3 piezos 
actuators for the leveling
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•Heart of spectrometer

•300 x 300 x 70

•Planarity: 1 µ

•Roughness 5Å

•Cost : 100k€

3mm
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12 edge mirrors are glued around the central mirror to do the trap.

The accuracy of the experiment is proportional 
to neutrons time of life in quantum states.

G.Pignol : « Analysis of storage times of UCN in gravitational 
quantum states. »
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� Connection Source / spectro 
� Drive neutrons 
� Compensate relative moves between 

source / spectro
� Compensate alignment default between 

source / spectro
� Store neutrons to limit the loss
� Separate different vacuums

Storage Volume

����������� ��������� �!"�##��	 
����$�%�� �2

Connection

guide
Valve Transport mirrorsPumping

Bellows

Bellows
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� Thin foils rolled inside calibrated tubes.
� DLC Coating
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� 0.4 mm Gap
� Universal Joint
� Bellows

Central tube centered with springs
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…A pair of bellows at the end
A single bellows at the beginning…
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•Vacuum tests

•Cleaning

•Assembly in the spectrometer
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Phytron VSS 25

Butterfly

•Under manufacturing

•Tests and command control to be done
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Valve

Flexible joint

Butterfly

Nickel Coating
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� Store neutrons 
� Volume = 544

Windows for the connection of mirrors

3cm
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Connection with the neutrons valve Aluminum plates coated with DLC
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� Planarity = 1µ
� Roughness mirrors = 5Å
� Roughness absorber = 10Å
� DLC coating 

Transport mirror 
with edges

Absorber

Slit 0.2 mm
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Extraction mirrors 
made in 3 pieces

Plate supports

Support for 
storage volume

Adjustment micrometric screws

Nazario Morgado : « Mirrors for Granit - Characterization and production »
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Absorbers
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Alexei Voronin : «Theory of interaction of UCN in quantum states with absorber»

Mathieu Beau : « On preparation analysis of gravitational quantum states in flow through modes »
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Main Mirror
Main Mirror-Edges
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Extraction Mirror - Edges Transport Mirror - Edges

Main Mirror-Edges
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� At the beginning  there were 2 options :

� Mechanical vibrations of the mirror. 
� Piezos under the mirror.
Studying this option N.Morgado discovered the impossibility to follow this way.
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Studying this option N.Morgado discovered the impossibility to follow this way.

Nazario Morgado :« On feasibility of mechanically induced transitions between quantum states

� Transition induced by a magnetic field gradient
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Transition induced by a magnetic field gradient
� Principle
The magnetic field gradient will be produced with a net of square  wires 
(1 x 1 mm²)  distant of 0.2 mm and located above the main mirror in 
which a 4A/mm² permanent current will circulate. Due to their horizontal 
speed, UCN will see an oscillating gradient whom frequency will be a 
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speed, UCN will see an oscillating gradient whom frequency will be a 

function of their speed . 

Extract from G.Pignol’s thesis

Stefan Baessler :   « Magnetically induced transitions between quantum states »



&�'%()��*�+,�-.�,��
���
���
�
	����
�
��� �
��

Transition induced by a magnetic field gradient
An home made module prototype to be design and built

Aluminum Plate 
For thermal dissipation
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50 square wires

Cho Therm® foil
Thermal conductor

Electrical insulator

4 identical modules
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Correction along three directions of field

X : 2 x 250 windings – 6 A – 20 Ohms

Y: 2 x 88 windings – 9 A – 9 Ohms

3 pairs of main Helmoltz coils -1,2 mTesla each

3 pairs of auxiliary coils-Magnetic earth field
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Z : 2 x 150 windings – 6 A – 6.4 Ohms

Wiring around the 
spectrometer

About 3 km of 
copper wire 
wound by hand 
for one X coilGoing Up …

…And down
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� Many instruments
� Tiltmeters
� Piezos actuators
� Detectors
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� Detectors
� Accelerometers….

� A forest of cables inside and outside
� Lab View application Control
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Plug all measurement equipments inside the vacuum chamber.

Inside view

����������� ��������� �!"�##��	 
����$�%�� �7

Plug-In® special Flange

Inclinometers 
are connected 
on a 50 pins 
Sub-D

Outside view

42 Lemo 
Coax
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� Granit could also be used as a reflectometer . This option will be 
discuss during the three following talks

� B.Toperverg: « Elastic and inelastic scattering of ultra cold neutrons in 
DBWA »

� B.Zhernenkov: « Time resolved reflectometry with MIEZE principle »
� A.Mietke: « a new concept to extract and collimate UCN without losing 

phase-space density »
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� The study of different reflector types are used for increasing UCN. 
The four next talks are going to talk about this.

� E.Lychagin :“Nanoparticles reflectors for cold and very cold neutrons”
� Y.Calzavara :“optimization of ILL vertical cold neutron source”
� E.Lychagin :“Reflectors for Granit source of ultra cold neutrons”
� L.Mezhov-Deglin : “Impurity quantum gels in superfluid He-II”
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� Most of elements needed to build the 
spectrometer are ready

� Few months are needed to finish the 
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� Few months are needed to finish the 
assembly

� First results are expected this year



Thank You for your attention
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