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The COHERENT Collaboration
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Beam Energy: 1.3GeV
Beam Power: 1.8MW soon to 2MW

60Hz and 380ns FWHM

Neutrino time distribution Neutrino energy spectrum



Results from COHERENT
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More data on the way
Moving to precision measurement

CsI(Na)

Argon 

Germanium 



CE𝝂NS

• Coherent elastic neutrino-nucleus scattering (CE𝝂NS): 
neutrino scatters off a nucleus acting as a single particle

• Predicted in 1974 by Freedman

• Observed for the first time in 2017 by COHERENT

• Cross section 𝜎 ∝ 𝑁2

• Low detectable energy: sub keV ~ keV
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Low threshold detector



Why CryoCsI 
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High light yield and good resolution High quenching factor Low afterglow

241Am

𝐿𝑌 ≥ 35.2 ± 0.6PE/keVee
𝐹𝑊𝐻𝑀 = 6.9%@60keV for cubic CsI

~15%@77𝐾
~8%@293𝐾

1𝜇𝑠 for CryoCsI
17𝜇𝑠 for CsI(Na)

A Lower threshold down to 1keVnr

Higher statistics and better sensitivity to physics
Important to precision CEvNS



Detector Overview
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System features:
• Cryocooler + N2: ~ 24h to start liquidizing
• Closed loop operation
• Remote control available
• Modularized: Easy for upgrade

2 modules

Detector module:
• 3.3kg crystal x2 (from Shanghai Institute of Ceramics)
• Real-time calibration system

Crystal: 
• All surface polished
• Side surface wrapped with 

4 layers of BC-642 Teflon
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• Shielding structure(inner to outer): 5cm HDPE + 5cm Lead + steel frame
• Size: 𝟏𝟎𝟎 × 𝟏𝟐𝟎 × 𝟏𝟖𝟖 𝐜𝐦
• Mass: 𝟕. 𝟑𝐭𝐨𝐧 ≈ 0.4ton dewar + 5.1ton lead + 0.8ton HDPE + 1ton steel frame
• 3 wiring holes for cables and gas tubes

Shielding 

Lead 

HDPE

Frame



CryoCsI Performance
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• Calibrated by Am241 
60 keV gamma ray

• Remarkable results 
for 3.3 kg pure cryoCsI

NO.1

NO.2

Spatial UniformityEnergy deposition spectrum of NO.1 crystal



Long Term Stability
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PMT gain

Temperature

Light yield

Over one month, the 
crystal performance and 
system remained stable
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Self trigger data of 24h: 

Background peaks for energy and resolution calibration
Crystal Cs134 (796 keV) Cs137 (662 keV)

NO. 1 <4.45 4.8 ± 1.5

NO. 2 4.6 ± 1.4 <1.31

Unit: mBq/kg

Much better than CsI Na from AMCRY

Radioactivity Estimation



Background Study
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Prompt neutron (irreducible)

Steady state 
background 
(Reducible)

Radioactivity Env gamma

CsI self-rad

material rad

Afterglow

Cosmic muon (vetoed, negligible)

Bkg types: 

PS

Dewar

Lead 
HDPE

Cave 

PS

Dewar 

CsI module

Full structural modeling

Neutron spectrum

Env gamma spectrum
• Geant4 based simulation
• Full modeling of detector and shielding
• Neutron spectrum: 

• Gamma flux: 0.433 gamma/cm^2/s



• Material and crystal radioactivity simulation: 
• Decay equilibrium assumption: daughter isotopes have same radioactivity with mother isotope
• Sample decay randomly inside:
a) Quartz, for PMT
b) Iron shell, for dewar
c) Crystal, for CsI self-radioactivity

Background Study
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Radioisotope Radioactivity 

Cs134 19mBq/kg @ Jinping

Cs137 (gamma) 25mBq/kg * 0.851 @ Jinping

Cs137 (electron) 25mBq/kg @ Jinping

Rb87 0.63mBq/kg @ Hamamatsu

CsI self-radioactivity used for bkg calculation

Material radioactivity 

• Afterglow modeling: 
• Directly comes from radioactivity signals’ scintillation tail  
• Parameterize the afterglow using an exponential function
• Use MC method to sample the afterglow events

Afterglow

Averaged Waveform



14

NPE 7-100NPE 5-7

• PSD =
σi
N Ai×(Ti−T0)

σi
N Ai

, The mean arrival time of P𝐸s

𝐴𝑖: 𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐴𝐷𝐶 𝑝𝑜𝑖𝑛𝑡 𝑖
𝑇𝑖: 𝑇𝑖𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐴𝐷𝐶 𝑝𝑜𝑖𝑛𝑡 𝑖

𝑇0: 𝑆𝑡𝑎𝑟𝑡 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑝𝑒𝑎𝑘

Actual physical signal from experiment data

Afterglow ~ 1.3ms

Physical signal ~ 1us

PSD Method

Afterglow

Averaged Waveform



Cut Applied
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Cherenkov cut: 
Highest peak’s Q over width

Cherenkov light

𝑄 𝑊
𝑜
𝑓
𝑝
𝑒
𝑎
𝑘
𝑤
𝑖𝑡
ℎ
𝑙𝑎
𝑟𝑔
𝑒𝑠
𝑡
𝐴

Cut Name Condition

PT Cut Npt ≤ 1

Coin Cut Niw
0 ≥ 1 && Niw

1 ≥ 1

Total Peaks Cut Niw
total ≥ 4

Cherenkov Cut See picture at right

Anti Coin Cut Only one crystal pass cuts above

PSD Cut See picture below

MC of PSD
Red: Physical Events
Blue: Afterglow

𝑄0 − 𝑄1
𝑄0 + 𝑄1
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QF =
𝐿𝑌𝑛𝑟
𝐿𝑌𝑒𝑟

QF Measurement



QF Result
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• Black and Green
• Results @ 77K, two independent analysis
• Discrepencies, subtle things like:

• Neutron energy;
• Integration window;
• Afterglow;

• Difficult and need to be very carful
• More experiments on the way
• Publish after complete understanding

• Blue:
• Past measurement:@ 108K arXiv: 2101.03264

• ~15%@ 77K
• Around twice as 108K or Room Temperature 293K

• Help to lower the threshold

Result from: 



Sensitivity 
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Signal-background distribution

Background type Events in 5 – 50 NPE / year

Prompt neutron 3.1 ~ 6.5

Steady state Env gamma 1.7

Material rad 42.4

CsI self-rad 11.3

afterglow 9.7

Total bkg 68.3 ~ 71.7

• Beam power: 1.4MW
• Distance: 19.5m
• Crystal mass: 6.6kg

• Expected neutrino signal: 387 per year

• 5𝜎 detection for 1 month beam time, better 
when arrival time information considered

𝑆𝑁 =
𝑁𝑠𝑖𝑔

𝑁𝑏𝑘𝑔 + 𝑁𝑠𝑖𝑔

Threshold: 5PE; S/B > 4



Summary

• 𝐴 6.6kg CryoCsI detector working very well

• LY: 29PE/keVee, FWHM: <8% @ 60keV

• Stable in one month Run

• Simulation shows low background level compared with neutrino signals

• Background: 68.3 ~ 71.7 / year, material radioactivity dominates

• Signal: ~387 / year

• Sensitivity:

• Threshold down to 0.8keVnr with 15% QF

• 5𝜎 detection for 1 month beam time

• Moving to deploy procedure: seismic study etc.
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COHERENT Collaboration
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Backup: self-trigger data

• Data taking time: 1 day at normal PMT gain

• No Cs134 and Cs137 peaks can be observed
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Residual Am241 peak

Positron annihilation peak

Residual Am241 peak

Positron annihilation peak

Total peak area method



NO.1 NO.3

Radioactivity Estimation

• Energy resolution parameterization: using 60 and 511 keV peaks

• 𝑅𝑒𝑠 = 𝛼2 +
𝛽2

𝐸

• Take 2σ as 662 and 796 keV peak range
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Radioactivity Estimation

Activity (mBq/kg) Cs134 (796 keV) Cs137 (662 keV)

NO.1 Not detected: 𝐴𝑈 = 4.45 Detected but no significant: 4.80

NO.3 Detected but no significant: 
4.60± 1.40

Not detected: 
𝐴𝑈 = 1.31
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• Emission rate 𝐼𝛾 from IAEA data base

• Efficiency: given by Geant4 simulation 𝜀662 = 38.35%, 𝜀796 = 32.54%,

Measured radioactivity for CsI at SNOLAB

Fields, Nicole Elizabeth. CosI: Development of a low threshold detector for the observation of coherent elastic 
neutrino-nucleus scattering. Diss. The University of Chicago, 2014.

A =
𝐺

𝐼𝛾 ∙ 𝜀2 ∙ 𝑚 ∙ 𝑡𝑚



Self-trigger data
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• CsI radioactivity much lower than initial guess: ~0.3Hz
• Self-trigger rate: no shielding : with shielding = 500 : 30 Hz
• Other trigger sources: cosmic muon, env gamma, dewar radioactivity…

Hint: 511 peak mainly from cosmic muon
Cosmic Muon Simulation Result

• Cosmic muon simulation:
• Using 511keV peak to normalize 
• Cosmic muon can contribute 

20~35% of bkg

• Env gamma simulation:
• Shielding can reduce env gamma 

by a factor of ~1300
• Env gamma cannot be the main 

bkg
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The External trigger run in UCAS: 
Forced Trigger Run 60Hz, 3 weeks:

40us window = 30us PT + 10us ROI (5us IW)

PT ROI

All Bkg are Steady − State Background
Cosmogenic background is higher in UCAS

No Muon Veto Applied
A convervative estimation



Steady State: Radioactivity
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Energy deposition spectrum of steady state bkg
Energy deposition spectrum of 

CsI self-radioactivity

Fluctuation 
comes from 
low statistics:



Afterglow modeling
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Averaged Waveform

Afterglow

A1
Tau1
A2
Tau2

LY: 0.734 PE/keVee

1.5ms time window
Average ~9e5 waveform
Average nearby 1000 points in the final 



Afterglow MC Simulation
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Self Trigger Run:
Background Event rate: 500Hz

E(keV)

Background spectrum

13ms ~ 10*Tau2

Sig region

1. Randomly generate physical signal with Poisson 
distribution (Mean: 6.3Events) in this time window

2. Sampling PE time according to the decay time, PE 
number according to Energy and LY

3. One afterglow event is generated 



Compare between Exp and Sim
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Cuts Applied

1. PMT Coincidence
2. Cherenkov cut (data)
3. Pre-trace No-PE cut
4. For sim data, additionally require the Signal time is 

60us away from sig region to veto the strong light 
from the main part which not considered in 
simulation.

Sim Results = Physical events + Afterglow Events

Simulation and experiment agrees very well.
The method has been proven reliable.



Validation of MC Simulation
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External Trigger Data  NPE: 2-10

PSD(ns)

Self Trigger data: 3-20keV

Afterglow events Physical events

The MC modeling is reliable



31

Quenching factor Fitting

QF: adjust position of the model
Sigma: width of the model
Norm: height of model

Energy(keV)

C
o

u
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