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Coherent Elastic Neutrino Nucleus Scattering
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CEVNS at Reactors
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CONUS Experimental Site

Overburden:
» 10-45 m w.e. (angle-dependent)

> muon-induced background
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Reactor core:

> thermal power

CONUS experiment: 3.9GW

» Four 1 kg low threshold
Ge detectors

ST SO
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» neutrino flux
2*108 cm?2st
@ 17 m distance

> electric cryocoolers :
> high duty cycle

> elaborate shield Ain’t no lab! (~1 month/yr off)

No remote control, no cryogenic liquids, ... 5/16



CONUS Detectors
Four p-type point contact HPGe detectors (1 kg each)

> pulser resolution: <80 eV__

Preamplifier

~ CP5-plus > energy threshold: ~300 eV __

Pumping port

Stainless steel flange
CP5 Controller

> low background components

> electric cooling (instead of N,)
necessary at KBR

Copper cryostat | 107 -
CP5 cable 3.5m
) @0.8'
g
. . £ 0.6 1 —— CONUS-1
For full discussion see ?‘8 —— CONUS-2
Eur.Phys.J.C 81 (2021) 3, 267 o Gowes
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CONUS Shield Design
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Steel cage:

Active muon veto:

> SUppPress cosmic ray > keep everything tOgether

muon-induced background -~y > flushed with breathing air
: ﬁ | /\W'Jz, to reduce radon

=

[Inspired by the GIOVE ‘
spectrometer shield design
(MPIK, Eur. Phys. J. C z
(2015) 75: 531)] i
W
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Lead (Pb):

> shield radioactivity
Borated PE / PE:

> moderate & capture neutrons

> high radiopurity
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Background Suppression
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Residual backgrounds described
by Monte Carlo simulations:

"~ active shield » muon-induced (after ~97% vetoed)

50 100 150 200 250 300 350 400 » metastable Ge states
energy [keV]

Total suppression factor: 10*
For reactor correlated bkg. discussion see

Eur. PhyS. J.C (2019) 79:699 (in cooperation with PTB) 8/16

» 210Ph in shield and detector
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Data Selection & Noise Cuts

Thermal Power [% of 3.9 GW]

time difference to next event/ s
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Region of Interest for BSM searches
Criteria:
* trigger efficiency: ~100%
» exclude region with temperature correlation
> fit electronic noise with exponential

L
C2, RUN-1, reactor OFF

e o Det. RuN ON [d] Orr [d] (ROI [eVee]\
: C1 R1 96.7 13.8 276 - 741

C2 R1 14.6 13.4 281 - 999
C3 R1 97.5 10.4 333 - 991
total 208.8 37.6
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Data Analysis Overview
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Input for analysis:

o
o
S

T T

—data reactor ON

—data reactor OFF (scaled)

counts/0.01keV,,

o
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* theoretical expectations for BSM

o
S

* reactor description

50

> fission fractions & thermal power known B SOt sl
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o . 5 Bt T L AT

> Huber & Mueller and Kopeikin spectra god B e fi ﬂ_
+ Daya Bay correction e,

* background description Egi[m_gmetemp']
> Monte Carlo for physics events mlzz
> exponential fit for electronic noise gis
* selected data for ON / OFF N i

0.15 0.20 0.25 0.30
k (mod. Lindhard theory)

For discussion of SM results see
':D Run PRL 126 (2021) 4, 041804 11/16



Tensor Non-Standard Interactions (NSIs)
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(935 = (Uq0""vg) (qouq) + h.c. > effective tensor operator

T _ (o.uT uT > degeneracy of couplings €
Cnst = ( Cap Tt 60‘5) 2+ ( + 200 ) N can be broken by using

different detector materials

dodsi (B, T) _ 4G% r 2/ ( MT)
QNSI

dT 4E2 > higher kinematic cutoff
than SM
1.00 -
25
0.75 1 el — ¢dT — 0,03
0501 NN 20 - el = —ell =0.06
005 Lo . —ed =elf =012
15 - —etl = —¢lT =0.08
58 000 pme=eeloee b - —— CEwNS (all k=0.16)

CONUS (toy MC):

CEvNS counts / kg / yr / 10eV

| — k=0.12 101
—0.504 —— k=0.16
e 51
o5 ] k=0.20 \
—— COHERENT .
—1.00 ; ; ; ! ! ! ] 0 S=s . ; . . .
—1.00 —0.75 —0.50 —025 000 025 050 075  1.00 300 400 500 600 700 800 900 1000

dT Recoil energy T' [eV]
ee 12/16



Vector Non-Standard Interactions (NSIs)
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0% = (Fay*Lvg) (§7,Pq) + h.c. > effective vector operator
(Z’ mediator integrated out)
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Simplified Models: Light Scalar
>/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/@\

> generic new scalar

> universal couplings

> especially important at low
recoil energies
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Simplified Models: Light Vector
>/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/@\

> generic new vector Lz D ZL, (g%/cﬁ“q + g2 vpytvr) + %m%,ZLZ/,,L

> universal couplings
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Summary & Outlook

* New CONUS BSM results (papers to appear soon):

» full-fledged spectral shape analysis of CEVNS channel RUN-1 data

+ competitive limits for tensor NSls as well as for light scalar and vector mediators;
in part of the parameter space even better limits than COHERENT

+ exact strength of limits is quenching dependent

1 ) Existing data:

» Further analyses; e.g. magnetic moment p, < 10,

2 ) Continued data taking:

v

upgraded DAQ (e.g. pulse shape discrimination, anti-coincidence)

v

improved control of environmental parameters (e.g. thermal stability)

v

both enables improved data taking in RUN-5 (just started)

v

Brokdorf shutdown end of 2021 allows for balanced ON/OFF statistics with improved data
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