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Context of the research
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Hidden sector

Context

Hidden sector: extension of both the Standard Model of particles and the ẒCDM 
cosmologicalmodel.

Purpose: addressingsomeshortcomingsas questions of darkmatter and darkenergy, 
hierarchyproblems, unification problems, etc. 

Hidden sector

Duplication of the SM content: 
Mirror partners

Geometrical sense: 
Braneworld hypothesis

Subclassof hiddensector models: fermions couldexistin both the visible and the hidden
states. In particular, a neutron ὲwouldhave a sterilehiddenstate ὲȭ. Mixingsbetweenthe 
two states couldlead to ὲᴼὲȭtransitions.
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Passing-through-wall neutron

Braneworldmodelsare often consideredin the literature!

Neutrons couldundergofast oscillations betweenthe two braneworlds!

ĄPhenomenologicalway to probe braneworld scenarios 
with ▪ᴼ▪ᴂO ▪transitions

Parameterof interest:

Ὣͯ
ά

ὓὄ

ĄNew physicsreachableevenat the Planck scale!

Context 4

C. Stasser, M. Sarrazin, Int. J. 
Mod. Phys. A34 (2019) 1950029.

M. Sarrazin, F. Petit, 
Phys. Rev. D81 (2010). 

Ⱦ▌

ὴͯ Ὣ

With ὓ the energy scale of the brane (TeVor Planck scale?) 

and άthe mass of a constituent quark (340 MeV)



Neutron passing-through-wall
experiment
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Neutron passing-through-wall experiment

Neutron passing-through-wall experiment

Neutron disappearance/reappearance toward/from a hidden brane can be induced thanks to 
nuclei with high scattering cross section.
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Neutron passing-through-wall experiment

Neutron disappearance/reappearance toward/from a hidden brane can be tested with high-
precision experiments.
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M. Sarrazin, G. Pignol, J. Lamblin, F. Petit, G. Terwagne, V. V. Nesvizhevsky, Phys. Rev. D91 (2015).
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Neutron passing-through-wall experiment

MURMUR:improveddetector placednearthe BR2 nuclearcoreat Mol in Belgiumto 
constrainbraneworldcosmologicalscenarios.

First experimentof this kind at the ILL (France) in 2015: regenerator=  detector (ὌὩcounter).

ὴ τȢφρπ at 95% CL.

M. Sarrazin, G. Pignol, J. Lamblin, F. Petit, G. Terwagne, V. V. Nesvizhevsky, Phys. Rev. D91 (2015).

M. Sarrazin, G. Pignol, J. Lamblin, J. Pinon, O. Méplan, G. Terwagne, P.L. Debarsy, F. Petit and V. V. Nesvizhevsky, Phys. Lett. B758 (2016).

ÁNoise substractionthanksto ON/OFF 
reactormeasurements

ÁRegeneratormade of 50 kg of lead
ÁPSD
ÁActive veto
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C. Stasser, M. Sarrazin, G. Terwagne, EPJ Web Conferences(2019). 



The MURMUR detector
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MURMUR detector

The MURMUR detector

(a) (b)

Designof the MURMURdetector: (a) completeview and (b) sectionalview. 1. ὌὩproportional
counter, 2. Regenerator: ςσȢφ ρχȢχ ρρȢυὧάof lead (50 kg), 3. Boroncarbidebox of σȢφὧάof
thickness, 4. plasticscintillatoractingasa veto.

10

ὌὩ ὲᴼ ὴ Ὄ χφτὯὩὠ
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MURMUR near the BR2 core

MURMURexperimentnearthe BR2 corein the3#+ɇ#%.
at Mol in belgium. 1. BR2 corewhich has a beryllium
moderator, 2. light water pool, 3. concretewall, 4.
paraffinwall, 5. MURMURdetector.

MURMUR

BR2

(a)Geometryof the BR2 nuclearcoreof the3#+ɇ#%.at
Mol in belgium. (b) Mid-plan of the BR2 core for the
Cycle02/2019A. Orange: Fuel. Red: control roads in
cadmiumorhafnium.

(a) (b)

11The MURMUR detector

C. Stasser, G. Terwagne,  J. Lamblin, M. Méplan, G. Pignol, B. Coupé, S. Kalcheva, S. Van Dyck, M. Sarrazin, arXiv:2007.11335, submitted paper
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First results
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New constraint on p

◔╓▄◄ Ȣ ▼ at 95% CL

First results 13

▬ Ȣ at 95% CL

ÁThe BR2 efficiency to producehidden neutron
flux isweakerthan the ILLby a factorχȢτ.

ÁLead as regenerator material and noise
substraction both make possible to give a
similar constraint than the previousone found
at the ILL depistea moderator lessefficient to
producehiddenneutrons.

C. Stasser, G. Terwagne,  J. Lamblin, M. Méplan, G. Pignol, B. Coupé, S. Kalcheva, S. Van Dyck, 
M. Sarrazin, arXiv:2007.11335, submitted paper

C. Stasser, M. Sarrazin, Int. J. Mod. Phys. A34 (2019) 1950029.

)
Î
 
Ô
È
Å
 
Æ
Õ
Ô
Õ
Ò
Å
ȣ

https://arxiv.org/abs/2007.11335


Perspectives
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Á Improvementsof the experimentalsetup: 

üAddition of cadmium as shieldingto reducethe epithermalneutron background.

üAddition of PE to reducethe fast neutron background.

üAddition of plastic scintillatorsby the sidesof the experimentto reduceneutron 
background due to muons in lead.

ÁTest of the detector nearthe high flux nuclearcoreof the ILL.

15Perspectives



Thank you! J

StasserCoraline for the MURMUR collaboration

My room on zoom: Link: kkzefizanazf, Pass: 



Braneworld

Our visible world: 3+1 hypersurface (a 3-brane) embeddedin a hyperspace(the bulk) of more 
than 3+1 dimensions.

Manybraneworldscouldcoexistin the bulk!

Context

V.A Rubakovand M.E Shaposhnikov, Phys. Lett. 125B (1983) 126.

G. Dvali, G. Gabadadze, M. Shifman, Phys. Lett. B 497 (2001) 271.

D.J.H Chung and K. Freese, Phys. Rev. D62 (2000) 063513.

P. Horavaand E. Witten, Nucl. Phys. B460 (1996) 506.
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Framework

Problem: Manycomplexbraneworldmodelsto probe, ignoringwhichis the right one!

Solution: A two-braneuniverseisnaturallydescribedat low energyby a noncommutative
two-sheetedsystem, whateverthe nature of the branes(strings? Domain walls?) and the 
propertiesof the bulk (numberof dimensions? Metric? Compact?).
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M. Sarrazin, F. Petit, Phys. Rev. 
D 81, 035014 (2010) 
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Passing-through-wall neutron

Neutrons couldundergofast oscillations betweenthe two braneworlds!

ὴ with  
ᴐ

and   
ᴐ

, where

ὠ is the energyof the particlein eachbrane.  

Meanvalue of the probability ▬:

ĄPhenomenologicalway to probe braneworld scenarios 
with ▪ᴼ▪ᴂO ▪transitions

Parameterof interest:
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ĄNew physicsreachableevenat the Planck 
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M. Sarrazin, F. Petit, 
Phys. Rev. D81 (2010). 
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C. Stasser, M. Sarrazin, Int. J. 
Mod. Phys. A34 (2019) 1950029.
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Neutron passing-through-wall experiment

Neutron disappearance/reappearance toward/from a hidden brane can be tested with high-
precision experiments.
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Numerical computations 
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Numerical computations 

Map of the thermal neutronflux  in the mid-plan of the
BR2 corecalculatedthanksto MCNP6 simulations.

Regeneratedneutrondetectionefficiency‚Ϸ in
function of the neutron energy calculatedwith

MCNP6. Fit functionin red: ὅ.

First results



Neutron counting rate

(a) OFF1 ( Ἳ ) (b) ON ( Ἳ ) (c)OFF2 ( Ἳ )

ȟ ȟ
ȟ ȟ ȟ

ȟ ȟ ȟ
ȟ

Neutroncountingrate in the ὌὩcounter. (a)831hoursof acquisitionduringthe shutdownperiod(OFF)of
the BR2 nuclearcoreof December2018/January2019. (b)760hoursof acquisitionduringthe Cycle02/2019A
of April2019. (c)998hoursof acquisitionduringtheshutdownperiodof May/June2019.

(a)PSDquantity in functionof the measured

chargein the ὌὩcounter. (b) ὌὩcounter
chargespectrum.

◔╓▄◄ Ȣ ▼ at 95% CL

First results

C. Stasser, G. Terwagne,  J. Lamblin, M. Méplan, G. 
Pignol, B. Coupé, S. Kalcheva, S. Van Dyck, M. Sarrazin, 
arXiv:2007.11335, submitted paper


