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History of studies of pure NaI/CsI

Inconsistent results on absolute light yield, 
the best are about twice higher than those of doped ones at RT



Light readout devices

PMTs working at 77 K (Hotta, DM2014)

Crystal at LNTLight guide Light guidePMT at RT PMT at RT

Light loss in complicated readout system cancels out the gain from light yield L



DAMA

X-rays/Auger electrons from Ar-40,  
the daughter of K-40 EC-decay

Energy spectrum of NaI(Tl) from DAMA

NaI/CsI based effort:

• COSINE
• DM-ICE

• KIMS
• ANAIS
• SABRE                               

• etc.

Focus:

• Location
• Purification

• Active shield
• PMT 
• Light collection

How about here?





Proof-of-concept measurement

CsI

NaI

PTFE wrapped side surface Bottom CF flange

R8778MODAY (AR)



Energy 
calibration of 

a pure CsI 
crystal

Room temperature

77 K



Room temperature

77 K



arXiv:1612.06071



Scintillation mechanism in inorganic crystals

Where electrons cannot move freely, they are bound to nearby atoms

, where electrons move freely

Band gap structure 
of a pure crystal

Band gap 
structure 
of doped 
crystal



Self-trapped excitons

Doi: 10.1002/pssb.201451464Doi:10.1103/PhysRevB.51.2167



Afterglow:
        CsI(undoped)
        NaI(undoped)
        NaI(Tl)
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• NaI(undoped) & CsI(undoped) VS 
NaI(Tl) and CsI(Na)

• 40 K
• Minimal after glow rate
• Maximal light yield

Eur. Phys. J. C (2012) 72:2061

Phys. Rev. B 5 (1995) 2167
J. App. Phys., 123(11):114501, 2018

Operation temperature

77 K

arXiv:2101.03264 





𝜈𝑒 scatterings

https://cds.cern.ch/record/248487/files/ppe-93-065.pdf 

https://cds.cern.ch/record/248487/files/ppe-93-065.pdf


𝜈𝑁 scatterings

Elastic scattering at low 
energy (<~10 MeV)

Quasi-elastic or inelastic scatterings at higher energies

De-excitation 
after scattering:

http://mtv.engin.umich.edu/wp-
content/uploads/sites/431/2020/
06/VRS-0609-1320-Johnson.pdf 

http://mtv.engin.umich.edu/wp-content/uploads/sites/431/2020/06/VRS-0609-1320-Johnson.pdf
http://mtv.engin.umich.edu/wp-content/uploads/sites/431/2020/06/VRS-0609-1320-Johnson.pdf
http://mtv.engin.umich.edu/wp-content/uploads/sites/431/2020/06/VRS-0609-1320-Johnson.pdf


K. Scholberg, Lomonosov, 2021

江门中微子实验

Cross section of CEvNS





Good and bad

Tiny nuclear recoil energy

K. Scholberg, Lomonosov, 2021



Astroparticle Physics 89 (2017) 51–56





Proton beam energy: 0.9-1.3 GeV
Total power: 0.9-1.4 MW
Pulse duration: 380 ns FWHM
Repetition rate: 60 Hz

Oak Ridge National Laboratory, TN



The Spallation Neutron Source

• Pion Decay-at-Rest Neutrino 
Source

• 𝛎 flux 4.3x107 𝛎 cm-2 s-1 at 20 m

• Pulsed: 800 ns full-width at 60 Hz

<1% contamination from non-CEvNS scatters ~4x10-5 background reduction
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Comparison of pion decay-at-rest n sources
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脉冲越短，
y轴值越大



The COHERENT Detectors at the SNS
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The CsI Detector in Shielding in Neutrino Alley at the SNS

A hand-held detector! Almost wrapped up...



First light at the SNS (stopped-pion neutrinos)
   with 14.6-kg CsI[Na] detector

Background-subtracted and
integrated over time

DOI: 10.5281/zenodo.1228631 

D. Akimov et al., Science,  2017
http://science.sciencemag.org/content/early/2017/08/02/science.aao0990

PE / T / Q2

→ measure of the Q spectrum

http://science.sciencemag.org/


For COHERENT CsI(Na) detector

Afterglow cut removes ~25% low energy events

Cherenkov cut 
removes most 
low energy 
events

• Replace PMTs with SiPM
• Eliminate Cherenkov lightJ generated 

in PMT’s quartz window
• PDE of SiPM > QE of PMT J
• high dark count rate L

COHERENT Science paper

Reason for SiPM



IEEE Trans. Electron Dev. 64 2, 2017

Dark counts of large SiPM arrays

Suppressed by 10! after 2 
PE coincidence

Must be cooled down to at least 77 K



Afterglow:
        CsI(undoped)
        NaI(undoped)
        NaI(Tl)
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• NaI(undoped) & CsI(undoped) VS 
NaI(Tl) and CsI(Na)

• 40 K
• Minimal after glow rate
• Maximal light yield

Eur. Phys. J. C (2012) 72:2061

Phys. Rev. B 5 (1995) 2167
J. App. Phys., 123(11):114501, 2018

Operation temperature

77 K

arXiv:2101.03264 



2 MicroFJ-SMTPA-60035
• sensor size: 6×6 mm2

• pixel size: 35 × 35 μm
• total number of pixels: 18980



Single PE response



Energy calibration



Down to 5.9 keV



Light yields





100 à 1000 neutrinos/year 



Non-standard neutrino interactions (NSI)

LNSI
⇤H = �GF⇤

2

�

q=u,d
�,⇥=e,µ,⇤

[⇥̄��µ(1� �5)⇥⇥ ]⇥ (⇤qL
�⇥ [q̄�µ(1� �5)q] + ⇤qR

�⇥ [q̄�µ(1 + �5)q])

“Non-Universal”: eee, eµµ,  ett
Flavor-changing: eab, where a¹b

“Model-independent” parameterization

Davidson et al., JHEP 0303:011 (2004)
Barranco et al., JHEP 0512:021 (2005)



Signatures of Beyond-the-Standard-Model Physics

45

Look for a CEvNS excess or deficit wrt SM expectation

Match SM rate

Suppression

Excess

Excess

Match SM rate

CsI 

Ratio 
wrt SM

New ne-d quark interaction
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Road map and resources

• Resources:
• IHEP: detector development
• UCAS: CEvNS detection at CSNS
• SIC CAS: crystal growth with the help of

• Suerfu Burkhant (NaI)
• Soo-Bong Kim (CsI)

• Tsinghua: dark matter search in underground lab
• Road map:

• IHEP + SICCAS (KEK & SYSU) @ SNS
• IHEP + SICCAS (KEK & SYSU) + UCAS @ CSNS
• IHEP + SICCAS (KEK & SYSU) + UCAS + Tsinghua @ CJPL

• 77 K
• mili K


