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IBR-2 Pulsed research reactor

Average power, MW 2

Burst power, MW 1830

Fuel PuO2

Number of fuel assemblies 69

Maximum burnup, % 9

Pulse repetition rate, Hz 5; 10

Pulse half-width, µs:

fast neutrons

thermal neutrons

200

340

Rotation rate, rev/min:

main reflector

auxiliary reflector

600

300

MMR and АМR material nickel + steel

MR service life, hours 55000

Background, % 7.5

Thermal neutron flux density 

from the surface of the 

moderator:

- time average

- burst maximum

~ 1013 n/cm²·s

~ 1016 n/cm²·s

Reactor operation for physics 

experiments, hr/year ~2500



Complex of bi-spectral moderators of the IBR-2 reactor

(cold moderators and grooved water moderators)

Therm

Therm

Therm

Cold

Therm

Cold+

Therm

Cold

Cold

Therm

Cold

Cold

Cold

Cold

Cold



Solid mesitylene as a material for cold moderators

Tm = 227 K

mesitylene m-xylene

Tm = 225 K

- Mixture of mesitylene with m-xylene or
pseudocumene is of glassy structure and has
good neutron thermalization property and radiation
resistance (no reaction of recombination of
radicals).

- Not explosive material.
- Wide range of working temperatures of cold

moderator: 20 - 150 K.

Solid beads of the frozen mixture 

of mesitylene and m-xylene



Principal scheme of the IBR-2 moderator system



Bi-spectral moderator for beams 7,8,10,11
(neutrons for 6 existing instruments + 1 instrument is under construction)

- Dimension of bi–spectral moderator: 405 x 335 х 261 mm3 (cold moderator: 200 х 150 х 40  mm3)

- One load of beads is about 25000. Loading time ~ 5 hours.

- The average temperature of cold moderator is 30 K (23 К).

- The moderator already worked for experiments on extracted beams more than 3000 hours. 

- One run is ~10 days without changing the loaded material.

Water pre-

moderator

Grooved water 

moderators

Membrane of 

cold moderator 

for beams 7, 8

and 10

Flat water 

moderator



Bi-spectral moderator for beams 7,8,10,11

(neutrons for 6 existing instruments + 1 under construction)
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1 - Helium and beads input, 

2 - Helium output, 

3 - Vacuum jacket, 

4 - Mesitylene beads, 

5 - Grating,

6 - Mesitylene discharge pipe, 

7 - Flat water  moderator, 

8 – Grooved water moderator.



Incoming neutron spectra measured by diffraction 

detectors on standard Vanadium sample

Gain factors 

Due to cold moderator x 6 

new neutron guide x 3

Spectrometer  NERA (beam 7)

*) I. Natkanec
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Reflectometer REMUR (beam 8)
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How to increase cold neutron intensity with the same 

moderating material?
• To use cold Be reflector

«+»neutron intensity form 4 A will to be increased by 

factor of ~1.7

«-» Bragg-edge at ~4 A

*) E.Shabalin at al. ICANS-XV, 2000



• to use grooved cold moderator instead of flat

Å
Flat 

moderator
X = 1см X = 2см X = 3см X = 4см

8÷∞ Å 1 2,44 2,44 2,27 2,06

4÷8 Å 1 2,12 2,14 2,02 1,83

2÷4 Å 1 1,52 1,45 1,32 1,16

1÷2 Å 1 1,03 0,82 0,69 0,6

0,6÷1 Å 1 1,02 0,88 0,78 0,72

X- thickness of the base layer of grooves

Cold moderator

X



Замедлители для источников 

нейтронов на основе ускорителей



Требования к водородсодержащим материалам для 

холодных замедлителей

• Высокая плотность атомов водорода;

• Стойкость к декомпозиции под действием радиации;

• Наличие низколежащих уровней возбуждения молекул;

• Широкий рабочий диапазон температур (20-100К);

• Технологичность;

• Достаточная теплопроводность при низких температурах для съема тепла 

вносимого излучением;

• Безопасность.

Материалы холодных замедлителей

• Жидкий водород;

• Метан;

• Лед;

• Мезитилен;

• Полиэтилен
13



Замедлители для компактного источника 

на основе ускорителя

CH4

31K
C6H3(CH3)3 25K

H2 

18K
H2O 30K

Methane 

H2O -

ice

CH3

CH3

CH3

*) M.Utsuro, M Sugimoto, Y. Fujita; Experimental study on a cold neutron source of solid 

methylbenzene. Annual Report Research Reactor Institute Kyoto University, Vol. 8, pp. 

17-25, 1975



ESS baseline configuration

*) from report of L. Zanini



ESS baseline configuration

*) from report of L. Zanini



*) from report of L. Zanini



SANS

Radiog.

Low Energy Neutron Source (LENS) of Indiana 

University, USA (Floor Plan)

Accelerator

TMR

*) from report of D. Baxter



Facility Layout: Spring 2007

*) from report of D. Baxter



Target Moderator Reflector 

(TMR)

*) from report of D. Baxter



Target Moderator Reflector 

(TMR)

*) from report of D. Baxter



Cryogenic vacuum insert

Cryogenics

Cryogenic “gallery”

*) from report of D. Baxter



Cryostat insertion

*) from report of D. Baxter



Moderator Thickness Study

Cryogenics Cavity
1.0 Cm Thick 

(present configuration)

2.0 cm Thick

(proposed change 

included in study)

*) from report of D. Baxter



Moderator Assembly

Water

CH4

Al

Poly

PT-410

50 cm

*) from report of D. Baxter



The Jülich High Brilliance Neutron Source 

Project 

instrument (Fig. 5). Since the heat deposition is not as high as in spallation sources liquid 

moderator materials are not mandatory. Thus, besides light and heavy water also materials 

like graphite and beryllium come into question. Simulation studies have shown that beryllium 

exhibits the highest thermal neutron yield due to its high (n, xn) cross sections. An optional 

outer layer of graphite serves as a reflector and can increase the thermal neutron yield at low 

cost. 

 

 

Fig. 5. Schematic drawing of a compact target-moderator setup with thermal and cold moderator 

 

2.4.1 Moderator design     
At first the influence of the outer shape of the thermal moderator on the neutron yield was 

studied by calculating the maximal flux of thermal neutrons (E < 30 meV) as a function of the 

moderator volume for a spherical, cylindrical, conical, and elliptical geometry (Fig. 6). A 

cylindrical shape exhibits the highest neutron yield, where the ratio of cylinder height to 

radius is 1.3. As the maximum thermal flux becomes saturated for increasing volume, a 

reasonable approximation for the dimensions of the cylinder would be r = 31 cm and 

h = 41.4 cm, which corresponds to a volume of 125 liters. These dimensions are considered in 

all further simulations. The maximal thermal flux is obtained on the symmetry axis of the 

cylinder, at a depth of 16 cm. 

 

*) U. Rücker, T. Cronert et al. The Jülich High Brilliance Neutron Source Project 



 

Apart from the fact that solid methane delivers a higher cold neutron yield, the maximum 

yield in para-hydrogen is achieved at 8 meV corresponding to 90
 
K, while solid methane 

shows a smooth maximum of the cold flux between 20
 
K and 80

 
K. This can be understood by 

considering the steep slope around 100
 
K of the para-hydrogen’s scattering cross section 

given in Fig. 11. Simulations have shown, that multiple vacuum channels do not interfere with 

each other. Therefore the thermal Be moderator can be equipped with various cold and 

thermal finger moderators for various beamlines.  

The MCNP calculations shown here will be validated at the AKR-2 reactor at TU Dresden, 

which provides a source strength of 10
8
 n/s with the fission spectrum delivered to our 

prototype moderator surface [14]. The nominal thermal power of 2W and the relatively low 

flux guarantee that thermal energy transfer to the cold moderator, activation of the 

components used, radiation damage and tritium production in the D2O are negligible. 

 

2.4.3 Adjustable ortho- to para-hydrogen cooling systems     
To test the MCNP calculations and to be able to adjust the neutron spectrum to the needs of 

the experiment, an adjustable ortho- to para-hydrogen cooling system has been designed. As 

mentioned above the mixture of ortho-hydrogen with parallel proton spins forming three 

higher energy states and para-hydrogen with antiparallel proton spins as ground state will tend 

to its thermodynamic equilibrium ratio, which is determined by temperature only. At ambient 

temperatures the ortho- to para-hydrogen ratio is 3:1 and at temperatures below 20 K the 

equilibrium shifts to a para-hydrogen fraction of nearly one (Fig. 13, left). 

 

 

Fig. 12. Spectrum of neutrons leaving a cylindrical liquid para-H2 or solid CH4 moderator at 20 K 

for three different radii. The corresponding lengths of the cylinders are 4, 5 and 6cm for para-H2 

and 2, 2.5 and 2.5cm for methane. 

Spectrum of neutrons leaving a cylindrical liquid para-H2 or solid

CH4 moderator at 20 K for three different radii. The corresponding

lengths of the cylinders are 4, 5 and 6cm for para-H2 and 2, 2.5 and

2.5cm for methane.

*) U. Rücker, T. Cronert et al. The Jülich High Brilliance Neutron Source Project 
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