Search for Axions on the MIVER CEVNS Experiment
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Coherent Neutrino Scattering: Connection to WIMPs
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Requirements: Low Threshold Detectors
combined with Low-background achieved
through reduction and rejection

CEVNS observed at SNS (~50 MeV v), thus accessible by
many detector technologies: E, _ ocE 2

CEVNS process is yet to be discovered at a reactor!
E,~”MeV hence need low threshold detectors



Experiment Plans

Side +View

Confinement building —,

v‘ - .,;‘:':ifz‘:’.“A‘A‘A‘L‘I‘Z‘?‘;‘A‘A‘1-..v_ l
{:_: ™ " 0.3 m
/
L
S
o
::’ K Upper Research
! %
" b Lavel
7z |
: /— Movable Bridge
1 i / 2am
Grround [ A i'ihpplr Grround
Eve
: [~y =
: ‘\ i \—Water e A5 \
""-\__‘______d_,.—-ﬂ"" [~
— : Reactor Core — g ——
\\-—-._______—-—-"'"ﬂ i \ ! 4
) 19m 4 Lower Besearch T
[ Pool e Level 48
i . 1 |ﬂ ]
i r S - (| !
e P A A P
Thermal-coluran
Precisely Movable Core to Probe m-scale oscillation -~ -




Wire-bonds

gm-kg scale ;
MINER Detectors

SRR NN

Ge, Si, Al203
oV, LV (few V), HV (400V)
Smallest — 10 gm Si

Largest — 1.5 kg Ge
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~100gm sapphire detector with ~15 eV o baseline resolution

sapphire 4mm baselne
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~100 gm 3”x 4mm sapphire detector show Faster phonon pulses provide s within 15-18 eV, based on peak
~200 gm 3”x1cm sapphire detector tested better position information,
background rejection
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Low-Thr'eshold Ge Detector inside Fully Hermetic Ge Shielding
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Inner copper shielding to for additional
hermetic shielding being designed.
Capable of hosting gm-kg scale detector







Axion Search on MINER from Reactor v
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Gayy = 1073 GeV™Y, guee = 1074, my = 10 keV

- _ —— 1 MW Reactor Flux
Bounds on couplings to photons <« e
Core Core |Bkg Rate é e
Thermal | Proximity | in ROI |Exposure g
Experiment Power (m) (DRU) | (kg-days) E
MINER (Ge) 1 MW 2.25 100 4000
v-cleus (CaWOy4) | 4 GW 40 100 10
CONNIE (Si CCD)| 4 GW 30 700 100
CONUS (Ge PPC) | 4 GW 17 100 4000 £
]-00 5 1 2 3 4 5 6
{ —— MINER Ge (4 kg) E [MeV]
10_1_: --- NUCLEUS CaWO04(Al,03) (0.01 kg)
§ CONNIE Si Skipper CCD (0.1 kg)
1 CONUS Ge PPC (4 k
‘T'_I 10-2- e (4 kg)
% 10—3 NOMAD ete”™ = . + Y
1044
g-. ]-0 T
=) . ]
]-0 CAST $ Stellar Cooling - 'f:' ﬁ:'j S
1061 N1987a . p
] 10" S

10 10 102 10% 10* 10° 105 | see N\
ma [eV] 5 ;L(()‘ i 107 108




Csl(Tl) 100-kg prototype (room temp)

X > 4
e~ Shielding CsI(TI) CsI(TI) CsI(TI)
0/ v R
Csl(Tl) CsI(TI) ™ <: Csl(TI)
X > 4 > 4
Csl(TI) Csl(TI) Csl(TI)

True Event: Single Scatter event inside the inner CsI(TI) crystal, without any of
the surrounding crystals vetoing it.



5x5 CsI(TI) prototype setup is kept at a distance of approximately 4
meters from the reactor core at the MINER experiment.



Shielding And Background Control (Passive Veto)

Shielding Across 3x3 Csl(Tl) Setup

 4” |lead is used as
gamma shielding.

e 1/4% inch copper
housing to stop
lower energy x-
rays.

» Water bricks for
neutron control.
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Ar-41 Reduction Using Air Purge
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Shubham Verma (Texas A&M University) Detection of Axions/ALPs using Csl(Tl) Scintillator Detectors



Background performance
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Experimental Reach

Promising ALP Sensitivities (new 5x5 setup):

Csl ALP 90% CL sensitivity, 50 keV threshold
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Work is in progress to scale up (have 2 tons of Csl) and reduce background by more shielding



Missing Energy Searches

JBD, B. Dutta, D. Kim, A. Kubik, R. Mahapatra, S. Rajendran, H. Ramani, A. Thompson, and
S. Verma, PRD (2021)



ALP Search via Missing Gamma in Nuclear Decays
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Disappearance signal from ALP processes with nucleon and photon
couplings
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Candidate T1 Ey < E17| Eprobe|MeV] | Eirigger [ MeV]
207Bi |31 year| Yes 0.57 1.06
%0Co |30 years No 1.33 1.17
16Sc 83 day Yes 0.89 1.12
8y 16 day Yes 0.98 1.31
18Sc 43.6 hr Yes 0.98 1.04 or 1.31
24Na 15 hr Yes 1.37 2.75
Candidate T1 multipole | £y obe[MeV]
65N 2.5 hour M, 1.11
ONb |14.6 hour Ey 1.80
17074 2 day M, 2.82

E2

not E2
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Summary

Reactor searches for ALPs
carving out new parameter
space due to high reactor flux

Missing gamma search —
nuclear couplings
competitive with astro
limits, include Primakoff
effect for disappearance
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