MURMUR: a new lownoise experiment for the search
of neutron-hidden neutron transitions in the context
of braneworld scenarios
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Context of the research
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Hidden sector

Hidden sector extension of both the Standard Model of particles and teDM
cosmologicaimodel.

Purpose addressingsomeshortcomingsas questions oflark matter anddarkenergy,
hierarchyproblems unificationproblems etc.

Hidden sector

Duplication of the SM content: Geometrical sense:
Mirror partners Braneworld hypothesis

Subclas®f hiddensectormodels fermionscouldexistin both the visible and thdnidden
states. Inparticular, a neutrore would have asterile hiddenstate € .Mixingsbetweenthe

two statescouldlead to¢ © ¢ ransitions.
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Passingthrough-wall neutron

Braneworldmodelsare often consideredn theliterature!

Neutronscouldundergofast oscillationdbetweenthe two braneworldd

PN
A 4

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

C.Stasser M. Sarrazinint. J.
Mod. Phys. A34 (2019) 1950029.

A Phenomenologicalway to probe braneworld scenarios
with = O = & = transitions

Parameter of interest:
ey O
Q —
U
With 0 —the energy scale of the bran@&gVor Planck scale?)

andda the mass of a constituent quark (340 MeV)

A New physicsreachableevenat the Planckscale
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Neutron passingthrough-wall
experiment
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Neutron passingthrough-wall experiment

Neutron disappearance¢appearance toward/from a hidden brane can be induced thanks t
nuclei with high scattering cross section.

Visible braneworld

. @\/@ . @

Hidden braneworld

(1) o (vis. n + vis. nucleus — hid. n) = gz (vis. n + vis. nucleus — vis. n) -p/2

(2) o (hid. n + vis. nucleus — vis. n) = o¢ (vis. n + vis. nucleus — vis. n) - p/2

C.Stasser M. Sarrazin, G. Terwagne, EPJ Gfatferencef2019).
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Neutron passingthrough-wall experiment

Neutron disappearance¢appearance toward/from a hidden brane can be tested with high
precision experiments.

W U W
®, | Converter Hidden neutron flux Detector
(Moderator: (*He, ..)
D0, Be, C, Wall
=) (Shielding: Ipet~P*
_ Visible |H
High neutron neutron =) Regenerated
flux source background neutron flux
C.StasserG. Terwagne, Uamblin M.Méplan G.Pigno| B. Coupé, Kalchevas. Van Dyck, M. SarrazanXiv:2007.11335ubmitted paper
o > — tp > & » Q1 &2
U L e
M. Sarrazin, GRigno| J.Lamblin F. Petit, G. Terwagne, VNésvizhevskyPhys. Rev. D92015). MUR@ MMR
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https://arxiv.org/abs/2007.11335

Neutron passingthrough-wall experiment

Firstexperimentof this kind at the ILL (France) in 201f&generator= detector ( ‘OCzounter).

n t1&p 1 at95% CL.

M. Sarrazin, QRignol J.Lamblin F. Petit, G. Terwagne, VNésvizhevskyPhys. Rev. D42015).
M. Sarrazin, GRignol J.Lamblin J. Pinon, QMéplan G. Terwagne, P.DebarsyF. Petit and V. WesvizhevskyPhys. Lett. B752Q016).

MURMURiImproveddetector placednearthe BR2nuclearcoreat Mol inBelgiumto
constrainbraneworldcosmologicakcenarios.

A Noisesubstractionthanksto ON/OFF
reactormeasurements
A Regeneratomade of 50 kg of lead
A PSD
A Active veto
C.StasserM. Sarrazin, G. Terwagne, EPJ Gtatference019). M UR@ M MR
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The MURMUR detector
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MURMUR detector

) (b)

Designof the MURMURdetector (a) completeview and (b) sectionalview. 1. "OQproportional
counter 2. Regeneratar¢ @ p & p @ wa of lead (50 kg), 3. Boroncarbidebox of & w ¢of
thickness4. plasticscintillatoractingasa veto.

C.StasserG. Terwagne, amblin M.Méplan G.Pignol| B. Coupé, Kalcheva$S. Van Dyck, M. SarrazanXiv:2007.11335Submitted paper
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https://arxiv.org/abs/2007.11335

MURMURnNearthe BR2core

) (b)

= ‘ O ‘
Shroud Cooling Water Outlet ‘ . . ‘
Cooling Water Inlet / \
- $30200mm
- 643084
- Jov050mm
Reactor Vessel
Reactor Core - Be Matrix (
‘
Outlet

czss

MURMURexperimennearthe BR2 coreinthe 3 # + ¢ # (&).Geometryof the BR2 nuclearcoreofthe 3 # + ¢ &t %
at Mol in belgium 1. BR2 corewhich has a beryllium Mol in belgium (b) Mid-plan of the BR2 core for the

moderator 2. light water pool, 3. concretewall, 4. Cycl®2/201A. Orange Fuel Red control roads in
paraffinwall, 5. MURMURlJetector cadmiumor hafnium

C.StasserG. Terwagne, Uamblin M.Méplan G.Pigno| B. Coupé, Kalcheva$S. Van Dyck, M. SarrazanXiv:2007.11335Submitted paper MURQMM@
The MURMUR detector 11 And™ NNy



https://arxiv.org/abs/2007.11335

First results
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New constraint on p -

O
e
A ' < 8 \ 4 at 95% CL 10_151015 1016 1017 1 1019 102010_15
107" {1077
- 8 at 95% CL o - o
10721} = 110721
A The BR efficiencyto produce hidden neutron _ ' . 10
fluxisweakerthan the ILL by afactorx§. E 0= 2 10
1077} 3 11077
A Lead as regenerator material and noise o=} £ {10
substraction both make possible to give a s 2 |
similar constraint than the previousone found | |
at the ILL depiste a moderator lessefficientto ., -
. 1015 1016 101? 1018 1019 102{]
producehiddenneutrons Vs (GeV)
C.StasserG. Terwagne, Uamblin M.Méplan G.Pigno| B. Coupé, Kalcheva$S. Van Dyck, C.Stassey M. Sarrazinint. J. Mod. Phys. A34 (2019) 195002¢
M. SarrazinarXiv:2007.11335ubmitted paper M U R@ M U @
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Perspectives
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001 OPAAOO A1 O OEA £00008
A Improvementsof the experimentalsetup:

U Addition of cadmium ashieldingto reducethe epithermalneutron background.
U Addition of PE taeducethe fast neutron background.

U Addition of plasticscintillatorsby the sidesof the experimentto reduceneutron
background due to muons in lead.

A Test of the detectonearthe high fluxnuclearcoreof the ILL.
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Braneworld

Our visible world3+1 hypersurface (al8ane)embeddedin ahyperspacgthe bulk) of more

than 3+1 dimensions.

into I:xigher.dimens‘ions

Manybraneworldscouldcoexistin the bulk! L

V.ARubakowand M.EShaposhnikgwPhysLett. 125B (1983) 126.
G.Dvali G.GabadadzeM.Shifman PhysLett. B 497 (2001) 271.

D.J.H Chung and RreesePhysRev D62 (2000) 063513. niiclsar-

P.Horavaand E. WittenNucl Phys. B460 (1996) 506.
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Framework

Problent Manycomplexbraneworldmodelsto probe,ignoringwhichisthe right one!

Solution: A two-braneuniverseis naturallydescribedat low energyby anoncommutative
two-sheetedsystem,whateverthe nature of thebranes(strings? Domainvalls?) and the

propertiesof the bulk Gumberof dimensionsMetric? Compact?). ,\p}i‘g

||_/
— »

M. Sarrazin, F. Petit, PhyRev
D 81, 035014 (2010)
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Passingthrough-wall neutron

Neutronscouldundergofast oscillationdbetweenthe two braneworldd

Meanvalue of the probability s

/Z__e/ f] —— with O— and T, where

711’ w isthe energyof the particlein eachbrane

— ___>_
n : :
f p A Phenomenologicalway to probe braneworld scenarios
\/ with = O = & = transitions

Parameter of interest:

M. Sarrazin, F. Petit " G X , X v )
Phys Rev D81 (2010). Q O . p1td mat E Qo
o

C.Stasser M. Sarrazinint. J. ]
Mod. Phys. A34 (2019) 1950029. A New physicsreachableevenat the Planck

scale( | P et )ip MUR®MUR

And™ NNy



Neutron passingthrough-wall experiment

Neutron disappearance¢appearance toward/from a hidden brane can be tested with high
precision experiments.

\ r‘] ] \ 1
W —-tpe 0w U W
C
®, | Converter Hidden neutron flux o, Detector
(Moderator: (P*He, ..))
D0, Be, C, Wall
) (Shielding: rnetmpz
) ViSibIE H;;_:{j_, PEr EI4C,
High neutron neutron = Regenerated
flux source background neutron flux
C.StasserM. Sarrazin, G. Terwagne, EPJ Gtafiferencef2019).
N P —~
o > — t > & > QI &
U] L g
M. Sarrazin, GRigno| J.Lamblin F. Petit, G. Terwagne, VNésvizhevskyPhys. Rev. D92015). MUR@ MMR
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Numerical computations

y%)

Hidden neutron flux @, Detector
(*He, _..)
Wall
(Shielding: Ipee~p?
Visible |HRREEN

@, | Converter

(Moderator:
’ D-0, Be, C,
---)

High neutron neutron Regenerated
flux source backgrnund neutron flux
o t by »a »PHOQ T @
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Numerical computations

®(x10%sem?) 30+

Toward
6,7 | + MCNPG®6 results
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BR2 corecalculatedhanksto MCNP simulations MCNP. Fitfunctioninred — e 0.
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Neutron counting rate

(a) OFF1 ( 1) (b) ON ( 1) (c)OFF2 (

Neutroncountingrate inthe "O'Czounter (a) 831hoursof acquisitionduringthe shutdownperiod(OFF pof
the BR2 nuclearcoreof DecembeR018January2019Q (b) 760hoursof acquisitiorduringthe Cyclé®2/201A
of April2019 (c)998hoursof acquisitiorduringthe shutdownperiodof May/June2019

(a) PSDquantity in functionof the measured

chargein the "OCrounter (b) 'OCcounter
chargespectrum

3 v at95% CL

Tm <

C.StasserG. Terwagne, Uamblin M.Méplan G.
Pignol| B. Coupé, Kalcheva$S. Van Dyck, M. Sarrazin,

arxiv:2007.11335ubmitted paper M U R M U R
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