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CEⱨNS: Coherent Elastic Neutrino Nucleus Scattering

What is CE ʉNS?
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o First predicted in 1974 by D. Freedman

o Neutrino scatters off the entire nucleus

o Low momentum transfer ȿÑȿ ρȾ2

o Flavor independent neutral current process

o The SM cross-section „ᶿὔȟὔᴼÎÅÕÔÒÏÎ ÎÕÍÂÅÒ

Å Enhanced for heavy nuclei but recoil energy reduces

o Recoil energy ַײρπρπππ Å6
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ÅNew light mediator, ὤ

ÅSearch for sterile neutrino

ÅElectromagnetic properties of ʉ
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Form factor: Neutron distributionweak mixing angle(— )

Eur. Phys. J. C (2023) 83
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ÅSuitable for low recoil energy detection

ÅProvides excellent baseline resolution

C
u

rr
e

n
t 
(ʈ
ὃ)

Time (ʈί)Detector under bias voltage

Hole

Primary phonon

Electron

Luke phonon

E Ў╥

Superconducting Thin Film (QETs) 

’



Dipanwita Mondal, NISER, India 3rd February, 2026

¢ÙÎëĀĆúĆçĴ íĀ MĀĚġĖĥÿÙĀġÀġíĆĀ
̪ sÀĖġíÎúÙ sëĴĚíÎĚ -ĆĀæÙĖÙĀÎÙTIPP2026Sapphire detector with phonon sensors

6

Sapphire detector 

inside copper 

housing

QET sensors in zoomed-

in view

A single QET sensor  u
nder 

microscope

Al fin
,

phonon collector TES, tem
p. 

sensor



Dipanwita Mondal, NISER, India 3rd February, 2026

¢ÙÎëĀĆúĆçĴ íĀ MĀĚġĖĥÿÙĀġÀġíĆĀ
̪ sÀĖġíÎúÙ sëĴĚíÎĚ -ĆĀæÙĖÙĀÎÙTIPP2026

MINER: Mitche l l Institute Neutrino experiment at reactor

7

Inside the experimental hall Infront of the reactor core

Dilution unit

Pb shield

Al frame holding 
cryogenic system

Data acquisition 
systemBiological shielding

1 MWth TRIGA reactor

core

Composite shielding



Dipanwita Mondal, NISER, India 3rd February, 2026

¢ÙÎëĀĆúĆçĴ íĀ MĀĚġĖĥÿÙĀġÀġíĆĀ
̪ sÀĖġíÎúÙ sëĴĚíÎĚ -ĆĀæÙĖÙĀÎÙTIPP2026

MINER: Mitche l l Institute Neutrino experiment at reactor

7

Inside the experimental hall Infront of the reactor core

Dilution unit

Pb shield

Al frame holding 
cryogenic system

Data acquisition 
systemBiological shielding

1 MWth TRIGA reactor

core

Composite shielding



Dipanwita Mondal, NISER, India 3rd February, 2026

¢ÙÎëĀĆúĆçĴ íĀ MĀĚġĖĥÿÙĀġÀġíĆĀ
̪ sÀĖġíÎúÙ sëĴĚíÎĚ -ĆĀæÙĖÙĀÎÙTIPP2026

MINER: Mitche l l Institute Neutrino experiment at reactor

7

Inside the experimental hall Infront of the reactor core

Dilution unit

Pb shield

Al frame holding 
cryogenic system

Data acquisition 
systemBiological shielding

1 MWth TRIGA reactor

core

Composite shielding



Dipanwita Mondal, NISER, India 3rd February, 2026

¢ÙÎëĀĆúĆçĴ íĀ MĀĚġĖĥÿÙĀġÀġíĆĀ
̪ sÀĖġíÎúÙ sëĴĚíÎĚ -ĆĀæÙĖÙĀÎÙTIPP2026

MINER: Mitche l l Institute Neutrino experiment at reactor

7

Inside the experimental hall Infront of the reactor core

Dilution unit

Pb shield

Al frame holding 
cryogenic system

Data acquisition 
systemBiological shielding

1 MWth TRIGA reactor

core

Dilution refrigerator

Detector stack



Dipanwita Mondal, NISER, India 3rd February, 2026

¢ÙÎëĀĆúĆçĴ íĀ MĀĚġĖĥÿÙĀġÀġíĆĀ
̪ sÀĖġíÎúÙ sëĴĚíÎĚ -ĆĀæÙĖÙĀÎÙTIPP2026Reactor ON and OFF spectra

8

Detector Baseline resolution [eV]
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Veto ρςπ

ÅRegion of interest: 250 eV ς 3 keV

ÅBaseline distance: ͯ4.5 meters

ÅData: 341 ± 229 (stat.) ± 23 (sys.) events/day/kg

ÅTheory prediction ͯ 0.14 events/day/kg
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ü Reactor ON-OFF spectra agrees with simulation

ü Data is dominated by reactor-related background

ü Neutron background dominates over ɾ background

Data (ON-OFF) vs simulation
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ü Reactor ON-OFF spectra agrees with simulation

ü Data is dominated by reactor-related background

ü Neutron background dominates over ɾ background

Data (ON-OFF) vs simulation

Ⱶ - minimization 

ü ”  Oratio between data to SM cross section

ü Upper limit set on ”

ü No hint of CEʉNS event observed
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Experiment Power [Mἥ◄▐] Baseline [m] flux [Ἣἵ Ἳ ] Event rate [ἳἯἬἩὁ]

MINER 1 4.5 χͯ ρπ πͯȢρτ

MINER@HFIR 85 5 υͯ ρπ ρͯπ

Upgrade:

ÅNew location: ORNL (Oak Ridge National 

Laboratory)

ÅReactor: HFIR (High Flux Isotope 

Reactor)

ÅAlmost 100 times larger event rate 
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ÅCryogenic system operated successfully

Å4 mm sapphire detector shows excellent baseline resolution 40 eV

ÅNo signature of CEʉNS has been observed in MINER at TRIGA

ÅReactor-correlated backgrounds dominates

ÅUpgraded: at HFIR with 85 MWth flux would be 100 times larger

ÅAt HFIR σʎ could be achieved with ͯ 30 kg-days exposure
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ÅCryogenic system operated successfully

Å4 mm sapphire detector shows excellent baseline resolution 40 eV

ÅNo signature of CEʉNS has been observed in MINER at TRIGA

ÅReactor-correlated backgrounds dominates

ÅUpgraded: at HFIR with 85 MWth flux would be 100 times larger

ÅAt HFIR σʎ could be achieved with ͯ 30 kg-days exposure

Stay tuned !
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BACKUPS
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ü Reactor antineutrino production

Å Avg. 6 ’ per fission

Å ‰
ἂ ἃ
ὔ  ͯ ρπ Ӷ’Ⱦί

Grand unified neutrino spectrum at earth

(Rev. Mod. Phys 92(2020)45006)



Dipanwita Mondal, NISER, India 3rd February, 2026

¢ÙÎëĀĆúĆçĴ íĀ MĀĚġĖĥÿÙĀġÀġíĆĀ
̪ sÀĖġíÎúÙ sëĴĚíÎĚ -ĆĀæÙĖÙĀÎÙTIPP2026Coherency for reactor as a source

Å Reactor power: 1 MWth 

Å Fuel fraction: U235 (20%) , Pu239 (2%) , U238 (77 %) , Pu241( 1%)
Å Duty cycle: 100%
Å Baseline distance: 4.5 m
Å Detector efficiency: 100% (above threshold)

V Coherency almost 100% up to 10 MeV
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EPL, 143 (2023) 34001 

V Excess can be observed in the lower 

recoil energy region

V Internal structure of the nucleus

o Neutron distribution is unknown
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MCNP simulated reactor gamma and neutron


