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COHERENT: CEvNS and More at the SNS



 M
.P.

 G
re

en
 | C

OH
ER

EN
T 

| N
EU

TR
IN

O 
20

24

Broad Impact of CEvNS Studies

Supernova 1987a

J.R. Wilson, PRL 32, 849 (1974) 
C. Horowitz et al., PRD 68, 02005 (2003)

deNiverville et al., PRD92 (2015) 095005

+: model 
predictions

Ar-C scattering

P. S. Amanik and G. C. McLaughlin,  
J. Phys. G 36:015105 
K. Patton et al., PRC86  (2012) 024612 A. Anderson et al., PRD86 (2012) 013004

2

Largest σ in Supernova 
Dynamics Nuclear Form Factors Non-Standard Interactions Sterile Searches

Background for Dark  
Matter Searches

COHERENT

arXiv:1608.02671

Weak Mixing Angle Accelerator Dark Matter 
Searches

See Kosmas et al., arXiv:1505.03202

K. Scholberg

Neutrino Magnetic 
Moments

C. O’Hare, Magnificent CEvNS 2024

CEvNS measurements are relevant for a wide array of physics. 
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Neutrino Production at the SNS

• Proton Beam:  
– 0.9-1.3GeV  
– 0.9-1.7MW, soon 2MW (PPU). 

• Total ν flux: ~4.3 x 107 cm-2 s-1 at 20m 
• Beam timing & duty cycle (60Hz, 380ns 

FWHM) allow for powerful reduction of 
steady-state backgrounds (~10-4) 

3

Storage Ring

⇥+ � µ+ + �µ

µ+ � e+ + �̄µ + �e

11

2-body π+-decay: Prompt (26nsec) 
Monochromatic: 29.9MeV νµ 

3-body µ--decay:  
Delayed (2.2µsec) 

0-53MeV ν̅µ , νe
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Neutrino Production at the SNS

4
COHERENT, Phys. Rev. D 106 032003 (2022)

Energy Time
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COHERENT’s Home: Neutrino Alley

5

SNS Backgrounds
• Steady-state: Cosmic-ray muons, 511-keV gs, environmental radioactivity
• Beam-related neutrons

• Measured in several locations with multiple detectors
• Flux depends strongly on location in Neutrino Alley

Diana Parno -- The current status of the COHERENT experiment 27
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Figure 8.16: A comparison of all BRN measurements of the baseline neutron �ux in Neu-
trino Alley, with a position estimated relative to the alcove wall. We show both 50% (solid)
and 75% (do�ed) uncertainties on the NSC measurements; the exact uncertainty is very
large, but not precisely known. �e “Atypical Con�g” label on some of the Timing Cart
data correspond to the shaded-gray rows from Table 8.1. �e shaded red region indicates
the approximate location of the Concrete/Gravel shielding between Neutrino Alley and
the SNS target, and the vertical lines indicate the approximate locations of the CsI and
LAr subsystems.

160

Figure 6.2: An illustration of Neutrino Alley, highlighting the location of various BRN
measurements by di�erent subsystems at various times. Figure updated from [180].

BRN spectrum is dominated by the few- to tens-of-MeV range, which helps inform the
CEvNS detectors about the type and amount of shielding to use in their designs. �e
BRNs generally arrive within 2 µs of the beam spill, which corresponds to the “prompt”
analysis window associated with the ⌫µ arrival in Neutrino Alley, suggesting that the
“delayed” analysis window will be an excellent tool for any subsystems which are espe-
cially neutron-sensitive. �e NSC observed a prompt BRN �ux of 5.3 n m�2 MWh�1 in
the center of Neutrino Alley (near the CsI deployment) and a prompt BRN �ux of 272.1
n m�2 MWh�1 in the alcove (near the LAr deployment). �e measured �uxes from the
NSC have very large uncertainties (>50%) due to poor statistics and limited understand-
ing of the double-sca�er detection e�ciency [180, 184, 185]; precision measurements of
the BRN �ux and spectra are needed to build con�dence in the neutron background model
for COHERENT detectors.

6.2.1.2 SciBath

While the NSC identi�ed Neutrino Alley as the best possible deployment location in the
SNS target hall, SciBath was deployed to take precision measurements in the higher-

101

PhD thesis, Rebecca Rapp (2022)
R. Rapp, PhD Dissertation (2022)

• Steady-state backgrounds:  
– Cosmic Rays (8 m.w.e. overburden) 
– 511keV 𝛾-rays (SNS infrastructure) 
– Environmental 𝛾-rays 

• Beam-related backgrounds:  
– Fast neutrons 
– Neutrino-Induced Neutrons (NINs)

CONCRETE & 
GRAVEL

Neutrino Alley

https://kilthub.cmu.edu/articles/thesis/Characterizing_neutrino_and_neutron_fluxes_from_the_Spallation_Neutron_Source_for_the_COHERENT_experiment/21308442
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COHERENT’s Home: Neutrino Alley

6
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COHERENT’s First 2 CEvNS Measurements

7

CEvNS on Ar

COHERENT, PRL 126 012002 (2021)

COHERENT, PRL 129 081801 (2022) 

CEvNS on CsI
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COHERENT’s First 2 CEvNS Measurements

8

CEvNS
CEvNS, form factor 

corrected

First data point

Second data point
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COHERENT’s Physics Impact

9

Atzori Corona et al.,  
arXiv/2405.09416

CEvNS & APV combined fit of θwConstraints on Light Z’ 

Atzori Corona et al.,  
2202.11002, JHEP 2022

Limits on Non-Standard 
Neutrino Interactions

C. Giunti, PRD 101, 
035039 (2020)
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CEvNS
CEvNS, form factor 

corrected

First data point

Second data point

COHERENT’s Next CEvNS Measurement: Ge

10

This talk



 M
.P.

 G
re

en
 | C

OH
ER

EN
T 

| N
EU

TR
IN

O 
20

24

HPGe Detectors for CEvNS

• P-Type Point Contact (PPC) 
Ge detectors well-suited to 
precision CEvNS 
measurements: 

– Excellent energy resolution 
– Low thresholds 
– Well-understood systematics.  

• Inverted Coaxial form factor 
(ICPC) allows for large 
detector masses (>2 kg) with 
superior noise characteristics. 
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COHERENT’s Ge Array: Ge-Mini

12

• 18-kg array of ICPC Ge 
detectors at the SNS. 

• NSF MRI Award 1920001 
• Detectors: 

– 8 detectors ~ 2.2 kg each 
– Mirion Tech., Meriden, CT USA 
– < 150 eV FWHM pulser  

resolution 
– < ~500 eV noise threshold 
– < ~3 keVnr CEvNS threshold  

• Compact Cu, Poly, Pb shield 
• Pl-scintillator muon veto 
• Site: 19.2m baseline; CsI[Na] 

location

190cm

202cm
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COHERENT’s HPGe Array: Ge-Mini

13

103cm

190cm

202cm
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Ge-Mini Assembly & Commissioning

14
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Ge-Mini Campaign 2

15

Calibration
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Energy & Time Reconstruction

16

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

energy (keVee)
0

10

20

30

40

50

co
un

ts
(0

.5
ke

V
ee

)°
1

0.2

0.4

0.6

0.8

1.0

R
ec

on
st

ru
ct

io
n

E
±

ci
en

cy

External

Cut from Analysis

Internal

Timing E±ciency

Energy E±ciency

105 110 115 120 125

time (µs)

°1.0

°0.5

0.0

0.5

1.0

1.5

2.0

2.5

en
er

gy
ke

V
ee

t50

Energy

Event

Asym Trap Filter

Trap Filter

Current Analysis Threshold = 1.5 keVee.  
Limited by timing reconstruction in this analysis

arXiv:2406.13806
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CEvNS Timing Distribution

17
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• Neutrino signal timing distribution convolution of: 
– Neutrino production (prompt: ~0-0.8 µsec; delayed: ~0-8 µsec) 
– Detector drift-times (~0-3 µsec) 
– Waveform time reconstruction resolution (<0.5 µsec)

Measured Drift Time

SNS v Time Distribution

Signal Time Distribution (Time since POT signal)
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Ge-Mini Campaign 2 Results

18
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Counting analysis: 
– E,t : [1.5, 8.5 keVee],  

[0, 8 µs] 
– CEvNS-like events: 21.0 ± 

7.8  
2D, unbinned extended-
likelihood fit: 

– CEvNS signal 
– Steady-state background 
– Prompt n expected: 

0.67±0.34

Off-Beam On-Beam

Off-Beam

On-Beam

arXiv:2406.13806
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Ge-Mini Campaign 2 Results

19
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Best Fit: 20.6+7.1-6.3

SM Prediction: 35.1±3.6

Systematic Uncertainties: 
– SNS v flux: 10% 
– Active detector mass: 2% 
– Total: 10.3%

2D Unbinned Extended Likelihood Fit: 
– Null Hypothesis rejected at 3.9σ 
– Reduced 𝞦2: 1.84 (p=0.40) 
– 1.8σ separation from SM prediction

Nuclear Physics

Neutrino Source

Ge Detectors}
}

}

See Poster 55: Janina Hakenmüller

arXiv:2406.13806
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Ge-Mini Campaign 2 Results

20
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Improving Neutrino Flux Precision: D2O
• SNS π-DAR v flux unmeasured. 
• Disagreement between theoretical 

models. 
• ve + d xsec well-understood. 
• Ultimate ~3% precision. 
• D2O data-taking currently underway. 
• Bonus: ve + O xsec at SN energies.

21

2021 JINST 16 P08048
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Figure 8. Expected statistical uncertainty following eq. 7.1 of the number of charged-current-deuterium
events as a function of mass and time. The SNS operates for 5000 h every year at 1.4 MW.

uncertainty of a one-bin counting experiment, with an expected precision of 4.7 % in 2 SNS-years
of running time, as seen in figure 8.

Table 1 summarizes the expected event rates in the single-module heavy-water detector fol-
lowing 2 SNS-years of running both with and without the energy cut discussed earlier. As seen in
the table, a total of 1070 signal events are expected in 2 years of run time, with 910 of those events
occurring within the optimal energy range for a counting experiment.

8 Potential physics impact

The Standard Model predicts that the CEvNS cross section is approximately proportional to the
square of the number of neutrons in the nucleus (/ #2). One of the main goals of the COHERENT
experiment is to verify this #2 prediction by using a suite of detectors with di�erent nuclei. In such
a comparison, the SNS neutrino flux represents a common factor among the detectors and drops
out in the ratio. Furthermore, physics studies that depend primarily on recoil spectrum shape will
not be especially sensitive to absolute flux uncertainty. However, the neutrino flux is a significant

Table 1. Expected signal and major-background event rates in the single-module heavy-water detector
following 2 SNS-years of running at 1.4 MW and a duty factor of 6 ⇥ 10�4. Energy, timing, and veto cuts will
remove much of the backgrounds for the ⌫e + d signal as discussed in the text. An optimal energy region of
interest from 22–68 MeV will produce an expected statistical precision for a simple event-counting analysis
of 4.7 %.

Total Events Events in Region of Interest
.e + d 1070 910
.e + U 390 160

Cosmics 21150 315

– 11 –

Module 1  
549kg  
D2O

Module 2  
495kg  
H2OCOHERENT, JINST 16 P08048 (2021)

See Poster 444: Gen Li
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Precision CEvNS: COH-Ar-750
• Single-phase LAr calorimeter 
• 3000 CEvNS events/yr; 

500 inelastic events/yr 
• Phase I detector funded 
• R&D for Phase II upgrades: 

– SiPMs 
– Xe-doping 

• Commissioning late 2024 
• First data: 2025

22
4

CENNS-1ton Test at SNU

COHERENT Collaboration Meeting2024-05-29 Jonghee Yoo (SNU)

5

Mockup PMT Array @ SNU

COHERENT Collaboration Meeting2024-05-29 Jonghee Yoo (SNU)

Indiana University made 
the PMT array structure 

Test assembly in the cryo-chamber 
will be done at SNU (in 2-weeks)  

160 frosted PMTs are delivered to IU
TPB coating work in late summer(?)

3COHERENT Collaboration Meeting2024-05-29 Jonghee Yoo (SNU)

COH-Ar-750 (CENNS-1ton)

See Poster 453: Vinicius Da Silva
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NaIvE – Sodium Iodide neutrino 
Experiment

• 185 kg of NaI à 24x 7.7kg NaI crystals
• ~20 m from the target
• Has been running in low voltage (low gain) mode since 2017 

for CC measurement
• Five years of exposure led to the xscn measurement of 
9.2$!.&'".!×10$()-." which is ~41% less than predicted by MARLEY 

• Published Nov 2023 in PRL
• Is continuing to collect data

Lightest Target: NaI

23

NaIvE

NaIvETe

• Repurposed Advanced Spectroscopic Portal 
program NaI detectors; 7.7 kg ea. 

• NaIvE: 185 kg 
– 127I CC measurement 
– CEvNS background measurement at the SNS: 

~200-400 ckkd before timing suppression. 

• NaIvETe: 2.4 tonnes 
– Nominal threshold of 3 keVee 
– More crystals on hand for possible expansion 
– Detector designed with dual gain bases to allow 

measurement of CEvNS and higher-energy CC events

An, P. et al. PRL131, 221801 (2023)

See Poster 96: Sam Hedges
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COHERENT Inelastics: NuThor

• Neutrino-induced fission 
of Th 

• 3000 SNS-hrs of data 
collected 

• Higher power data this 
summer 

• Neutrino-induced 
Fission & Neutron 
Emission analyses on-
going and reaching 
maturity

24See Poster 200: Tyler Johnson
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New Initiatives!

25

Cryogenic Undoped CsILead Glass

LAr TPC H2O

See Poster 265: Dmitry Rudik

See Poster 442: Charles Prior 
See Poster 495: Chenguang SuSee Poster 568: Nixon Ogoi
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Summary

26

COHERENT continues to leverage the SNS for new 
measurements of CEvNS, inelastic scattering and BSM 
searches 

First measurement of CEvNS on Ge (3rd CEvNS target) 

COHERENT is pursuing precision CEvNS! 
– Proton Power Upgrade (2 MW) is accelerating our progress. 
– D2O v flux measurement is addressing our leading systematic. 
– Large-scale detectors are on the horizon.
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COHERENT Collaboration

27
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