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Self-trapped exciton luminescence

Why LAr ) 5
g = @D H©

- Complementary to heavier Cs and | ° @
- Map out low N ocens ﬁ
- Lower o but more energetic recoils

- Large scintillation yield @C @

=
- 40+y/keVee ° G °

- Quenching factor well measured
- Pulse Shape Discrimination (PSD)!
- Argon scintillates with 2 time constants osl

1. Singlet light: ~6ns
2. Triplet light: ~1.6 ys

- Electronic Recoils mostly triplet light o O

Recombination luminescence
Cs* pata Cf*** Data
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- Nuclear Recoils mostly singlet light P, M L oa
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9Scint. diagram based on B. Jones Introduction to Scintillation Light in Liquid Argon



CENNS-10 Detector

Specs

- Single-phase liquid argon
detector
- Constructed at FNAL

- 2x Hamamatsu R5912-20 PMTs
- Caen 1720 digitizer
- 12 bit, 250 MS/s

- PT90 cold head

- Saes MonoTorr gas purifier
- Running at SNS 20716-present
- “Engineering Run”: This talk
- “Production Run": Light
collection upgrade, add'l
shielding
- Analysis in progress,
stay tuned

Water Shield Tank

Pb-Cu Shield



Engineering Run

Run Summary

18 Engineering Run

- 29 kg fiducial volume § 160
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- Tetraphenyl butadiene (TPB) coated acrylic cylinder 8 ::‘ g 2
S °F o 2
backed by teflon SE EE
© E o [2
- TPB coated acrylic disks in front of PMTs % 08 G (@
e oe &
- Water, Cu shielding % oab |8
- 1.5GWh (3.5 x 10% pot) full shielded config. = o2 \ \ |
0
- Light collection upgrade Summer 2017 02-22:17 03-24-17 04-2317 05-23:17
— Production Run 25— Engineering Run
N F No Shielding
= 2 * Water Shielding
% E » Water+Copper Shielding
% 151
z L
2 10
) L
Z
S °F o
E v—\imrwﬂr‘ W‘”’f*’f‘ /-v--rﬁ""“‘f""""

0 EETER = 052317 3




Engineering Run

Detector Characterization !

inglet Light Only
inglet Fit

inglet + Triplet Light
inglet + Triplet Fit

- Weekly calibration runs

- LED for SPE calibration
- 7¢s for light yield calibration

<E>§112.1:06
05186+

»21 NDF: 17.3/16

Arbitrary

<E>:337.0+0.7
6, 272406
G, | <E>:8.1%
»% 1 NDF: 62.6 / 60

- Monthly %*Cf source for
nuclear/electronic recoil discrimination
- Light yield 0.55PEs/keVee oL

Engineering Run

) . . "% Recorstiucted Enaeurgy (Phou:elgctmns) 0 o0
- Much improved for Production Running! o A Stopped:Pion GEWS Recoil Spectrum
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- General waveform quality cuts: no A § o
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- > 99% waveforms pass < oap 2 :
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- Event specific cuts: pileup, pre-trace... 0z 4 f
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Engineering Run

Beam-Related Backgrounds: Fast Neutrons

- BRNs cause nuclear recoils in time with the beam
- Mimic CEvNS signal!

- SciBath neutron measurement in LAr location Fall 2015

- Prompt fast neutron flux ((5-30) MeV): (2.1 0.4) x 107° n/m?/ps/MW
- Limit > 30 MeV flux

- Delayed fast neutron flux consistent with 0
- Evidence for thermal neutron captures
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Engineering Run

CEVNS Analysis Outline

- Characterize expected backgrounds
- Steady-state bkg from beam-off triggers
- Beam-related neutrons from SciBath measurement,
CENNS-10 no shielding run

— Prompt v,

—— Delayed v, and V,

a.u.

- Finalize energy/psd/time cuts

- Verify bkg subtraction with ‘pre-beam’ data

‘Box Opening!’ o ~1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
. , time from POT onset (ns)
1. Counting exp't: prompt and delayed
2. Full likelihood analysis

) Protons on
Trigger Target
t=-10us t=8us t=24us

Pre Beam  Prompt 6



Engineering Run

—— Beam On
Beam Off

No-Shielding Neutron Run

- Minimal shielding run to further characterize
‘Neutrino Alley’ neutron flux

Events /100 ns

- 2 weeks of data
- Excess of (61 £ 12) events with PSD cut

Residual

Engineering Run

- Delayed flux consistent with zero |
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Engineering Run

Engineering Run ngineering Run 10° 2

Full Shielding Analysis S
- Addition of 20.3cm H,0 and 1.27cm Cu .

- 2 analysis methods: s

1. Counting exp't: cutin 107

PSD/energy/time and count events

Prompt excess consistent with
neutron prediction

) 1 ba0®
T 12 14
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Engineering Run

Fu'[_]_ Sh ie'[_ding Analysis | : N . .Engmeerngun ?Ig‘meelrngun 10,§
- Addition of 20.3cm H,0 and 1.27cm Cu "
- 2 analysis methods: :
1. Counting exp't: cutin 0

PSD/energy/time and count events
- No indication of neutrons/CEVNS in
delayed window
Cross section limit:

L x10°
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Engineering Run

Full Shielding Analysis

Engineering Run

- 2 analysis methods:

0.75
2. Full likelihood analysis 050
- Full 3D likelihood fit in energy/time/PSD with wider cuts
- No CEVNS excess: ofiiys < 24 x 107 cm?(68.3 % CL) 0.25 1
following Feldman-Cousins
- Non-standard interactions constraints' 3¢ 0.00 A
. T o ~0.25
10 Fake Data A(-2InL), _68.3% CL
Fake Data 68.3% Fit
Traditional Ay’ (ndf = 1): 68.3% CL
~0.50

......... 68.3% CL Sensitivity Point
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. Csl 2017
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"To appear in M. R. Heath, IU Thesis



Production Run

. CENNS-10 Production Run Light Yield
CENNS-10 Production

Run g suo;
- Light collection upgrade E
Summer 2017 a0
- TPB-coated teflon, PMTs ok
- 4.3PEs/keVee
(~20 kevnr thresh.)! 100
- Add’l shielding installed I ‘1‘0‘5"‘5@;1(5‘5;%)
- Low-energy 3™Kr results
.. T — A= **—‘ 10°
promising! i
- Results soon! g
- 6.1GWh (1.5 x 102 pot) 10
Steady-State Beam-Related CEVNS @
Background Neutrons f
Prompt 264 298 53
Delayed 924 <1 67 o
Production Run Event Predictions vzlprﬂdu‘Ct‘JO”‘ R e "
20 40 60 80 100 120 140 160 180 200

Photoelectrons



CENNS-10

Summary

- Results from LAr detector Engineering Run!?

- Confirm all beam-related neutrons prompt and can be predicted
- CEVNS limit from likelihood analysis

- Confirm CsI NSI results even with high threshold, high bkg rate, and short run time
- CENNS-10 taking data
- Production Run results soon!
- Lower threshold, lower bkg rates, longer exposure time!

Engineering Run
— Stay tuned! o
Engineering Run
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Backups



COHERENT

Coherent Elastic Neutrino Nucleus Scattering Scattored

neutrino
- Neutrino collides with large nucleus which recoils coherently d

hc nuclear
- E, S — = 50MeV

z
N boson'\_recoil
N

- Small recoil energy iz, i G
2

/
2F ' ‘ )
- B g Y = 50key Y- AN :/igﬁ“w

3 N recoils
- Difficult to detect

scintillation

=
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- Deploy a suite of detectors to measure &
N? cross section dependence %
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Q
%
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https://arxiv.org/abs/1407.7524

SPE Spectrum

Channel 1 (Voltage 1475)

10° |

u=0.06 £0.00
PE calibrate'= 55.55 + 2.46

o= 29.84 + 2.56

%% I'NDF: 184.54 / 144

|

Data Ped Int: 8604.00
Fit Ped Int: 8465.03
Ratio (data/fit): 1.02
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Event Quality Cuts
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Engineering Run

Beam Off Beam On
Steady State Backgrounds g e . °
- PAr, 511 vs, wall + floor gammas dominate : : 1 :
- Bkg calibration runs give *°Ar, wall + £ E

0, 200 400 600 800 100012001400 60

floor rates : [T

Strobe Data (1902 Events /)

* 511 s from beam on strobe triggers 3 B e ! [ R
) 2 v+ Fior (2 Events 1) v e wat oo asogvents )
- From beam exhaust pipe iy B e csoscvns o

- ~1.9 kHz steady state bkg rate 20 400 60 B0 1000 100 140 W0 a0 s 60 w0 0 10

E,o (keVee)  SPringData E oo (keVee)



No-Shielding Delayed Residual
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Full-Shielding Pre-Beam Residual
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Likelihood Fit Results
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Triplet Lifetime

Pre-Doping Post-Doping
Channelt Channel1
@ 10 «»
2 ' = ok
a2 . m\ /\/\ .
— ANV : LA A
e " ! ,f\J s IRl !
F | !l U |~ [
-101— ol -10 III |
E 0y i
155 W -15 |{
—20F- B x‘"?! Lifetime: 1.24 + 0.06 ps 20 Ill Lifetime: 0.10+ 0.01ps
25:— "'!I i' Ring Period: 0.46+ 0.01pus s | Ring Period: 0.45+ 0.02 us
-301— ':.: -30 I‘
e e e B e
Time to Trigger {1s) Time to Trigger (us)
- As data quality check introduce N, after spring run
- ~25ppm

- Triplet lifetime changed from ~1.2 us to 0.2 ys
- Roughly 1ppm and 20 ppm respectively?
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N2 Contamination

2 O Triplet %
S | e £
g X Intermediate s * Total
H r © Singlet E 1 " © Triplet
= - T = ® Singlet
&’ ----------- X Intermediate
-
10
-1
10
2
10
10'3; L PRI B L 10-2
R -1 2
107 1 10 102 10° 10 1 10 10
N2 Concentration (ppm)

N2 Concentration (ppm)

2arXiv:08041217 [nucl-ex]


https://arxiv.org/abs/0804.1217

	Backups
	Appendix

