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The COHERENT Experiment
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«  First predicted in 1974, first measured in :Zo § F
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*  Physics accessible includes supernova CENNS 10 VARS Pb Cube, Fe Cube, Nal 185kg

neutrinos, nuclear physics, sterile neutrinos, A B m
reactor monitoring, nu magnetic moment
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Neutrinos at the SNS YE ssmroceny

I *  Pulsed proton beam ::
« 1.4 MW 3 o
« 5000 MWhr/yr (1.5E23 POT/yr) 1100
« ~350 ns FWHM, 60 Hz 10 50 100 150 200 250 300

E, MeV
*  Liquid mercury target
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Iqumd Argon (LAr) for CEVNS | [ ﬁ)o

lonized Molecule \
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Excitation Excited Molecule

. Low N nucleus for CEVNS measurement

*  Map out N2 dependence of CEVNS cross
section after Csl measurement

o Charge .
. Large scintillation yield of 40 photons/keVee

lonization

Recombination

. Well-measured quenching factor

. Pulse shape discrimination (PSD) capabilities for
nuclear/electron recoil separation

. Two scintillation time constants

Cross section (10 cm?)

* ~6 ns singlet light

e ~1.6 us triplet light

*  Electron recoil (ER) events mostly triplet light, L/
Nuclear recoil (NR) events mostly singlet light i
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| The CENNS-10 Detector

. Originally built in 2012 by J. Yoo et al. at FNAL for CENNS effort at FNAL
. ~24 kg fiducial volume

. 2x 8" Hamamatsu PMTs, 18% QE at 400 nm

. Tetraphenyl butadiene (TPB) coated side reflectors/PMTs

. 10 cm Pb/ 1.25 cm Cu/ 20 cm H,0 shielding |

C ler Syst
. SAES MonoTorr Zr getter for LAr purity management — yoroolroysiem

. Moved to SNS for use in COHERENT late 2016 Vacuum Jacket

. Engineering Run (early 2017) with TPB coated acrylic parts, ~80
keVnr threshold, no lead shielding, blind analysis finished (1.8
GWhr), published results (arXiv:1909:05913 [hep-ex], accepted to
Phys. Rev. D)

Detector Chamber

. Production Run (July 2017-present) after upgrade to TPB coated
Teflon/PMTs, ~20 keVnr threshold, expect ~140 CEVNS
events/SNS-yr, blind analysis with two parallel groups in end stages

(6.12 GWhr) Water Shield Tank

Pb-Cu Shield




CENNS-10 Analysis

. Read out 33 us around each beam spill

*  Pulse finding algorithm to find events
. Calibrate detector with variety of sources
. Characterize backgrounds

*  Measure and subtract beam unrelated backgrounds with beam-
off trigger

*  Measure beam related neutrons with no-water shielding runs

. Optimize cuts using signal/noise in energy, pulse shape (PSD), and
time

. Analysis consists of two steps
*  Counting experiment, “prompt”, and “delayed”

*  Full likelihood analysis
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] LAr Quenching Factor

. Multiple measurements of LAr quenching factor in CEVNS region
of interest

. Analysis performed within collaboration to fit quenching factor
model

*  Use linear fit model to describe quenching factor
*  x?/ndf=138.1/36
» Scale error band such that y2/ndf =1
* 2% average uncertainty on quenching factor value in ROI

*  O(1%) uncertainty on predicted CEVNS counts
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Engineering Run Cuts

Cuts to waveforms include T
|
« Saturation, baseline O-S*T
i
« >99% of waveforms pass o H
S 06 4\
e o
« Event specific cuts 8 ot
_ M 0.4l
* Pile-up, etc. -
B —— Detected Events
- Likelihood Cuts
* > 98% events pass 0.2— Counting Exp't Cuts
° Beam-relatedevents 07llllll\ll\;&lllllllllllllllllllllllllllllllllllll
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Engineering Run Results

Threshold not low enough for sensitive CEVNS search

. Understand beam related neutron (BRN) backgrounds

Counting experiment results

. Optimized cuts based on signal/noise

30

Events /100 ns

10

Excess after cuts seen in time with beam consistent with prompt beam related neutron (BRN) rate

. Delayed window excess consistent with zero

. Place limit on CEVNS cross section

. Place constraint on beam related neutrons for Production Run
Recoil Energy (keVnr)
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M. R. Heath (IU PhD Thesis) (2019) region

http://inspirehep.net/record/1744690?In=en
Accepted to Phys. Rev. D
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http://inspirehep.net/record/1744690?ln=en

| Engineering Run Results

- Full likelihood analysis sample size 4663
beam-unrelated background 4700 + 34

«  New limits on CEVNS cross section fit BRN 126 + 18(stat.) & 28(syst)

lo (68 % C.L.) CEvVNS events <74

*  SM predicted cross section of 1.8 x 10-3° cm? 1o cross section < 3.4 %1032 cm?

lo cross section sensitivity < 7.1 %1073 cm?

*  Non-standard interaction (NSI) constraints

Engineering Run Results, arXiv:1909:05913 [hep-ex],

_ _ M. R. Heath (IU PhD Thesis) (2019)
* Confirms constraints from 2017 COHERENT Csl http://inspirehep.net/record/17446902In=en
result ' ' '

Accepted to Phys. Rev. D
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http://inspirehep.net/record/1744690?ln=en

CENNS-10 Production Run Light Yield

Production Run Analysis
8
é 500{—
«  Detector upgraded to TPB coated Teflon/PMTs =t
400|—
. Same strategy as Engineering Run 3005_
*  Measure and subtract beam unrelated backgrounds 200:_
*  Measure beam related neutrons with no-water shielding runs 1002—
«  Counting experiment, likelihood analysis O e
Energy (keVee)
. Calibration determined light yield as ~4.5 photoelectrons/keVee CENNS-10 Production Run
1 3 T T T
. Improved nuclear recoil pulse shape discrimination (PSD) 0.9 ' o
0.8
. Pulse shape discrimination, background rates, energy resolution, threshold 07

(~20 keVnr) sufficient for measurement of CEVNS in 4CAr 05
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. SM prediction of ~130 CEVNS events in 6.12 GWhr Production Run dataset
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. Results soon! o
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IBeam-UnreIated Background

With addition of lead shielding, largest background
is 39Ar

« Cosmogenic background in atmospheric Ar at
~1 Bg/kg

e CENNS-10 simulations ran of beam-unrelated
background

Other components measurable are naturally
occurring U/Th backgrounds

39Ar backgrounds reduced via extraction of 40Ar
from underground

* Idea for future COHERENT LAr operation,
see talk by R. Tayloe tomorrow

Strobe Data vs Env. Bkg
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| Summary

» Liquid Argon is low N target for CEVNS measurement due to high
scintillation yield and PSD capabilities

«  CENNS-10 detector built at FNAL and moved to SNS for COHERENT
measurement of CEVNS on 4%Ar

« Engineering Run placed new limits on CEVNS cross section on 4°Ar and
confirms Csl constraints for non-standard interactions

CENNS-10 upgraded, production data taking continues, results from first
physics run soon!

» For future COHERENT LAr program, see talk by R. Tayloe
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| Thank you! Questions?

https://coherent.ornl.gov
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Engineering Run SPE

Channel 1 (Voltage 1475)
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Event Quality Cuts

Bad Local Baseline
1-bOchl

Bad Fit Result (usually too close to beginning for valid baseline)
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Events /s

Engineering Run Beam-
Unrelated Background

107!

1072

0 500

Fit Rates

1000

I —+— Background Data (177 evts/s)
| B *Ar Sim. (36:3 evts/s)
j,——— Wall + Floor Sim. (1392 evts/s)

400 600 800 1000
Reconstructed Enerav (keVee)

1200

1400

Events /s

100

80

(o2}
o

40

201

500

1000

Fit Rates

Background Data (1891 evts/s)
%Ar Sim. (41 = 3 evts/s)

Wall + Floor Sim. (160 = 2 evts/s)
HOG Sim. (1625 = 29 evis/s)

- I i — ] Ta—
400 600 800 1000
Reconstructed Energy (keVee)

N
1200

1400




Engineering Run No-Shielding Data
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Beam-Related Neutron
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Events

Engineering Run
Likelihood Results

x10° E x10° : x10° ;
25 25 45 10°F
C — 3 4F . i
L = F £ 102k
- or 10¢ 35 i
C i i3 3 10g
15 107 B 2 15— ARRTOTOTTTT e b
05 1 15 2 25 3 35 4 S C 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.9t 5 2 5; 0 50 100 150 200 250 300
B —_— = (i B,
11— —+— Beam Data 11— * —+— Beam Data E —+— Beam Data
C ——— Summed Best Fit r ——— Summed Best Fit 150 ——— Summed Best Fit
- Beam-Unrelated Bkg. L Beam-Unrelated Bkg. “E Beam-Unrelated Bkg.
05 CEVNS = CEVNS 1i CEVNS
e - Beam-Related Neutron 0.5~ - Beam-Related Neutron = - Beam-Related Neutron
L r 0.5
0 0;-.- ................. == 0: e
Al b b b Lo b Lo Lua T e T e e s e e T | i A B
0.5 1 1.5 2 2.5 3 35 0.55 6 065 07 075 08 08 09 095 0 50 100 150 200 250 300

Time to POT (us) Forompt Reconstructed Energy (keVee)




Engineering Run
Likelihood Results
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