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Coherent Elastic Neutrino-Nucleus Scattering
* Neutrino interacts with a whole nucleus when gR < 1

* Precisely predicted cross section in Standard Model

do GiM

« N?-dependent cross section
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 Dominant process at low neutrino energies

 Hard to detect: Ty = 2EZ/M

~ 0(10 — 100 keV)

— Need a low-threshold detector + intense neutrino source

Flux-averaged ross section (10~*% cm?)
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SNS at ORNL

CAPTURE
~99%

° DECAYS AT REST DECAY AT REST
T: ~26nsec 1=2200ns
« 1.3 GeV, 2.0 MW proton beam G e
« Produce: ~6.4 x 1022 neutrinos/year ° a
« At COH-Ar-750: ~3.7 x 107 /cm? /s v flux
i Il P N L

* Beam pluse: 60Hz, 350 ns FWHM
« Background rejection from beam duty factor ~4 x 107°
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CEVNS Measurement in CENNS-10

24-kg single-phase LAr detector with two PMTs

 First measurement of CEVNS on Ar at 3.50 significance -
o system
* 159 + 43(stat.) + 14(syst.) CEVNS (SM prediction: 128 + 17)
~27% statistical uncertainty —
« Haemin Jeongq'’s previous talk for details e
Recoil Energy (keVnr)
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8y : pfisa shbie - B o 40— -~ CEVNS Cross Section Prediction _ chamber
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COH-Ar-750 (aka CENNS-1ton)

Liquefier Gas Panel

Controls GAr
Three purifiers

Optical Package

122 PMTs Argon Vessel

ST TARAnY
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Physics Cases

Expected CEVNS signal

Weak Charge Radius
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« ~3,400 CEVNS events/year e Fy(0%) =1-— CRw 4 0(0%)

6
Sensitive to the neutron distribution in Ar

Rp™mal = 3.41 fm

o RPT = 345%05% iy

« ~4 000 beam-related neutron events/year

« Uncertainty: 5.3% (stat.), 10.1% (with syst.)

* Flux uncertainty will be reduced using D20 results
« ~10,000 CEVNS events in 3 years
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Physics Cases

Non-Standard Interactions Inelastic Scattering
] — : 18 : : ‘
I',-”JAr
B 16 . ES
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d,v Energy [MeV]

€

(=14

Ve + *°Ar - e~ + *°K* : ~1200 CC events /3 yr
v + *Ar > v, + *°Ar* : ~300 NC events /3 yr
Cross sections 30-100% lower than CEVNS
MeV-scale signals (vs. keV-scale CEVNS)
Relevant to supernova-v detection in LAr

« OV'=0Qw —2[2Z + N)e¥ + 2N + Z)e&
* NSI modify the effective weak charge

 Constraints on €/ and e/

» Projected >10x improvement over CENNS-10
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Slow Controls / DAQ b,

@ COH-Ar-750 Slow Control . sz -—r

¥ ORNL SNS + Cryogenics « Vacuum + Gas + Temperature + Compressor 0/17 RUNNING Runtime 00:00:02
M System [ Temperature Heater ] \ Vacuum Argon gas “ Level ‘ ’ Compressorsl P&ID l Log l [ Control ‘ PMT HV
Liquefier Temperature
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Argon Flowrate

FC-405: 0.00 SLPM FC-410:  0.00 sLPM
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 Integrated slow controls and DAQ for detector monitoring and data acquisition
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Built and Tested in Korea

GAr — LAr L] LAr Fill - Evaporation

Cold head
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» Detector built and tested in Korea, including GAr condensation and LAr fill/evaporation tests
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Commissioning at ORNL

Cooldown €= Accumulation =——3 |evel Maintenance
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« Successful LAr filling to the operating level with stable level maintenance at ORNL
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Cooldown & Muon Signal
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PMT Readout Test

« Test conditions: 1360 V, no LAr purification

 Installed two PMTs and performed a cosmic-muon signal
test after cooldown and LAr filling

« Coincident top-bottom PMT signals consistent with
cosmic-muon events
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TPB Coating fiid
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« Wavelength shifting of 128 nm Ar scintillation light to visible light (~400 nm)
« Custom-built coating chamber with demonstrated uniform coating thickness
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Optical Package Installation
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 COH-Ar-750 (aka CENNS-1ton) aims for a precision CEVNS measurement
« ~10,000 CEVNS / 3-years, enabling new physics studies

« Commissioning in Neutrino Alley is underway, with stages through 2027

Late 2027
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Steady State

Last Change
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LAr Level

To illustrate current level,
include every PMTs

4 J Current LAr Level  Spark gap
& RTD Ladder — '

\ o o From Scale = =
1 » LAr Level
l ' « The system is submerged in LAr 1.4 cm above the PMT base.
-- - Verified by Spark gap.

« ~3% difference was observed between scale and RTD ladder.
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LAr Level

| . Height
— PIT-
T 4 ; T RTD RTD. Height from weight
Q | — PIT-404 [inch] .
@ 35 ‘ [inch]
% 3 TE-306 51.575 1592 49.68
- 25 TE-307 51.2 1583 49.42
10 TE-308 50.825 1576 49.21

Temperature [K]
o
o
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20:00 20:00
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Photos Fiid,

Spark Gap

TE-308

Current
Level
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First Accumulation

05/16 - 05/17

115

\

110 =1 Argon vessel bottom

105

100

Temperature [K]

|88.5K _plateau. ... g7¢g

>~

Started cooldown on May 11

First accumulation started on May 16
~increasg

Temperature at the bottom of the argon vessel
- Dropped rapidly and reached a plateau

Mass [Ibs]
=

LII|III|III|III|III|III|III|III|III|IIL1||||||| |||‘I||I||III ‘IIII| I|II||
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- Argon mass started to increase

05/15 05/16 05/16 05/16 05/16 05/16 05/16 05/16 05/16 05/17
23:00 02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00

, > - Accumulate rate: 36 |bs/day
1 tick: 30min
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Accumulation Rate

05/19-05/20
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To improve the accumulation rate,
1. Maintained GAr pressure at a stable level

2. Reduced the GAr flow rate (FC-405)
- FC-405: Circulation flow rate
- FC-410: GAr supply

|IIII|I|II|II|I|IIII|IIII|III-

Pressure [psig]
O . N W & O

i s R
Ar flow rate _L‘ -

Reduced the flow rate step by step:
- 15 slpm —14 slpm — -+ —10 slpm

Flow Rate [slpm]
ao

At 12 slpm, accumulation rate increased to 48 Ib/day

—

]
TTT13 =
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A.__.4_8_____lbs[_.d_a_y_______..

Reduced to 9 slpm

Mass [Ibs]
N
o

- Did not improve the accumulation rate
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tick: 1hr

e

- It does not seem to improve over 48 Ibs/day

October 27, 2026 Se Wook Oh @ K-neutrino Symposium



October 27, 2026

Matainining Level

Accumulation State

Cryocooler:
L) 168 W
Gas Argon
System
heat load: mm—p
+100 W
[ +100W+ -168W=0 |
9 — Accumulation state )

Replace GAr
heat load

—

Level maintained State

Cryocooler:
Uil 168 w
Gas Argon
System :. ﬁArt
heat load: ms=p : lead
+100 W iy
vj
[ +100 W + - 168 W =0 |

\-

— Level maintained state

J

— Maintain thermal equilibrium using heater instead of GAr heat load
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Heat Load

100 > T 1T 1 1 °"71°
- GAr heatload - -
- Input flow rate: 8.4L/min 80 | -
- Gas density: 1.8g/L —_—

- Gas input rate: 5 - -
. 8.4L/minx1.8g/L + 60 = 0. 25g/s -*;g 60 |- /‘\ T T—
- Q=C,AT+ L, = i i
- =0.52J/g/K x (300 -87)K +160J/g = (3,, 40 |- -
2717 /g = _ -

- 0.25g/sx271]J/g = 68W 8 20

Reference Performance @ 50 and 60Hz -
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