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Coherent Elastic Neutrino-Nucleus Scattering (CEvVNS)
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CEVNS Potential - Application

. . Gradient of di limit, n = —(dlne/dIn N)™!
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* Neutron floor: (irreducible) background for
Dark Matter experiments

 Miniaturization of neutrino detectors

* Reactor monitoring
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: S _g § Plot from arXiv:2203.07361 [hep-ph],
https://sno.phy.queensu.ca Original work: C. A. J. O‘Hare, Phys. Rev. Lett. 127, 251802 (2021)
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https://arxiv.org/abs/2203.07361

CEVNS Potential - Physics

* Complementary measurement of the weak do G&M > (4 MT E2 (02
neutral current dT ~ 4m "\~ 2E2 w(@”)
* Precision test of the Standard Model H. Bonet et al. (CONUS), JHEP 05 (2022) 085
5
* Physics beyond the Standard Model, e.g.: - el = e = 0.05
. = V= WV =05
* new v-quark couplings > 4 eV _aV o5
* new mediators ~ — el = —aV =05
i —— CEvNS
* magnetic neutrino moment, w3
. . ~
* sterile neutrino searches 2
: 3 2]
e Important for stellar collapse physics (Type Il SN) -
=}
.20
* Application in nuclear physics P 1
k=0.16
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Neutrino Sources for CEVNS

used by experiments these days

n* — pu*+ v, (prompt)

ut— e + v, + v, (delayed)
"0 e [@QCHOT V

from Kopeikin 2012
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* High flux: 0(10?°v/s) @ power reactors

* Flux at SNS in Oakridge (US): 4.3x107 v/(cm? s)

* High neutrino energy: start of incoherent
* Background suppression based on reactor-off regime
time periods

* Low neutrino energy: coherency

* Background suppressed: pulsed beam
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Overlap with

DM searcheg
Wishlist for a CEVNS Experiment
flux 40m from 4 GWy, reactor
V ] |
X = T 103 [T— — Li2WO4 |
v » e [y S— \ ----- CaWO,
<~ , By T \'\,\' —— Ge
v 102; o2 =
& 77 1 BI=100 counts/ (keV kg o) \ -------- Al,03
~ /N et S A
£ 101 — N
3 Lo
S &
f (sub-)k | | signal Ho W
Measure of (sub-)keV nuclear recoil signals: ‘ P P L L L
( ) 8 100 10! 102 103

Low energy threshold Eq [eV]
Low signal rate expected, O(1 CEVNS event/ few days):
Low background

from J. Rothe
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Wishlist for CEVNS Experiment(s)

taken from K. Scholberg, talk at PANIC 2021

—
o
w

stopped

* Complementary CEVNS measurements SOUrCes

* At different v energies
* With different CEVNS targets (c~N?)
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CEVNS Experiments /" COMERENT: results on Csl & Ar

More complete list e.g. arXiv:2203.07361 0! ReaCtor experiment set IlmltS

- - - Future experiments ~_~ =———p— I\ 7 o

—— Reactor neutrinos e | 5'7'/1'\'\' o on CEVNS (so far)
— Neutrino beams Sresden '@.deus' .@ SPALLATION |
| | =

Coherent
Captain Mills

A |
/o
IVETIN IR

"\ TEXONO 4

| mmmmmmma + many more ideas

*——— VIOLETA . + DM experiments
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The COHERENT Experiment (c@&P /SNS

modified from https://coherent.ornl.gov/the-coherent-detector-suite/

| stopped n-beam

Hg TARGET

SHIELDING MONOLITH

@Spallation Neutron Source (SNS) at Oakridge National Laboratory

Target | technology Threshold
[keVy]

Csl[Na] Scintillation 14.6 6.5 Decommissioned
CONCRETE AND GRAVEL
._.—F“ Ar Scintillation 24/610 20 Running
. Single phase LAr Update 2024
NIN cubes,
CENNS Ge ARRAY' Cs' Nallsskg Ge lonization 18 <5 Commissioning
d ‘ m HPGE PPC in 2022
Nal[TI] Scintillation 3388 13 Commissioning
in 2022
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COHERENT Experiment - Cs| (cev>

* By now > 3 years of data
* Final result: CEVNS observationon Cslat 11.6 ¢

flux averaged cross section of (c)4 = (165752)x10~*cm?
* Consistent within 1 o with the SM prediction

D. Akimov et al., Science

First observation of CEvNS |n July 2017 10. 1126/SC|ence 3200990 (2017)
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Latest COHERENT Results on Csl

D. Akimov, et al. (COHERENT Collaboration), Phys.Rev.Lett. 129 (2022) 8, 081801

“Flavored” CEVNS cross-section
L DL B B B

o~[Z(gh + 268 + e4V) + N(gh + 4/ + 2:40)]°

1 Bioc -
gV +——251n9w B2c ]
Z i; ll 30 ]
= BestFit -
. 3 1
New v-q couplings 2 400 +~ SM#1c
o

* Measurement of the weak mixing angle
sin? 0,, = 0.220+0.028 at Q%= (50 MeV)?

* Improvements on CEVNS constraints on
neutrino-quark NSI scenarios
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Latest COHERENT Results on Ar ((CQ\J&X\@;@&

D. Akimov, et al. (COHERENT Collaboration), Phys.Rev.Lett. 126 (2021) 1, 012002

e Data set: July 2017 — Dec. 2018

CEVNS observation on Ar with > 3o
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https://arxiv.org/abs/2111.07033

Reactor Experiments

Detector Energy
threshold

CONUS Ge ionization
TEXONO Ge ionization
Nu-GEN Ge ionization
Dresden Ge
ionization
NEON Nal(Tl)
ionization
RED-100 Liquid Xe TPC
CONNIE CCD (Si)
MINER Cryogenic (Ge,
Si)
RICOCHET Cryogenic (Ge,
Zn)
NUCLEUS Cryogenic
(CaWO,)

08.09.22, IPA2022
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Reactor Sites

Reactor Experiments \c&vus|

Detector Energy
threshold

Brokdorf, Germany

CONUS Ge ionization O(1keV,,) Running PhySiCS data: 2018 _ 2021 Power 3.9GW
Background data: since 2022 R
TEXONO Ge ionization O(1keV,,) Finished Cores 1
Commercial p-type point-contact HPGe
Nu-GEN Geionization  O(lkeVy,) Running detectors (m=4kg) Baseline 17m
Threshold: 300eV,, eflux D e
Ge O(1keV,,) Running
BIESEI0 ionization /
NEON Nal(TI) O(1keV,,) Running
ionization
RED-100 Liquid Xe TPC O(1keV,,) Construction
CONNIE CCD (Si) ~300eV,, Running
MINER Cryogenic (Ge, 0O(100eV,,) Commissioning
Si)
RICOCHET Cryogenic (Ge, 55eV,, Construction
Al : : o -
NUCLEUS Cryogenic 206V, Construction Multi-layer passive shielding + efficient muon veto
(Cawo,)

Slide adopted from R. Strauss
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CONUS Results

H. Bonet et al. (CONUS), Phys. Rev. Lett. 126, 041804

* Low background achieved

* Upper limit on CEVNS, factor 17 above SM expectations
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https://arxiv.org/abs/2112.09585

CONUS Results on BSM Physics

H. Bonet et al. (CONUS), JHEP 05 (2022) 085

* New constraints on different NSI models
* new light bosons
* new v-g couplings

w

Signal counts / kg / yr / eV
[\)

I I
— gs=10"*", my = 1 MeV
-=== gy =10""% my = 1 MeV
—— g5 =10""°, my =1GeV
-=== go=107*" my = 1GeV
—— SM CEVNS

k=0.16

+ results on neutrino
magnetic

moment from
neutrino-electron
scattering

1072
---- COHERENT (CsI) .
— comerent (A SCalar mediators
CONNIE (8i)
CONUS (toy MC):
107 — k=0.12
— k=016
— k=020
<
:; —— Electron
R=
E —4
§ 10
E
<
Q
v 1 e -
1075 +—
X
90% C.L.
10°° : . ,
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Reactor Sites

Reactor Experiment cleus

as a next generation example

EXPERIMENT

Detector Energy A\
threshold CHOOZ, France
CONUS Ge ionization O(1keV,,) Running Power 4.25GW,
S - Multi-layer passive
Ge ionization O(1keV,,) Finished ) | Cores 2
TEXONO shielding
Nu-GEN Ge ionization O(1keV,,) Running + efficient veto Baseline 72 ,102m
systems
G O(1keV,) RUNN v-flux 2x10'2 cm2s-!
Dresden e eV unning
ionization Lowest energy threshold for i
NEON Nal(Tl) O(1keV,,) Running nuclear recoils Eth = (19 7+0 8) eV Prefiminary
ionization U : R s E
. K " —CaWo, || 3
RED-100 Liquid Xe TPC O(1keV,,) Construction Cawo, + ALO, ]
— 100 —ALO, .
(1} - - =
CONNIE CCD (Si) ~300eV,, Running —% .
MINER Cryogenic (Ge,  0O(100eV,,) Commissioning : E’ 102 prbeictidencnanctene -2
Si) ”~ g ‘ ]
;m\‘ ' @ :
RICOCHET Cryogenic (Ge,  55eV,, Construction m s
Zn) (&) E
NUCLEUS Cryogenic 20eV,, Construction :
(Cawo,) S i NN P
10°° 10™ 1

Recoil energy [keV]
08.09.22, IPA2022 CEVNS (V. Wagner) Slide adopted from R. Strauss 17



Prospects for CEVNS

Much more on CEVNS than can be covered in a short summary talk ...

Rich physics program with CEVNS

* Precision measurement of CEVNS provides SN detection

with RES-
NOVA

many interesting SM and BSM physics

CEVNS is a very active field, with great advances

L. Pattavina et al.

* Many different CEVNS experiments currently running JCAP 10 (2021) 064

or under way

* New detector ideas 4 L. Thulliez et al,. 2021 JINST 16 PO7032 N\
* Challenges addressed in community: ( <> DM) oo |—Total J|"WW
2
* Low energy excess _ L ﬂ] K 1 Calibration of nuclear
« Calibration of nuclear recoil in sub-keV g M \ H recoils at the 100 eV
_ S 4o scale using neutron
* Quenching factor measurement at sub-keV : Fd capture
* Scalability of detector read-out ( <> Ov[3[3) o M )

P RN NN NP o - P40 JSLT L
] 20 40 60 80 100 120 140 160 180
Energy [eV]
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Save the Date!

More will follow soon
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Neutrino Sources for CEVNS

from U. F. Katz and Ch. Spiering, Prog.Part.Nucl.Phys. 67 (2012) 651-704

: %+ Radioactive sources, e.g. Cr-51

==10%
% i
102 [
,_E - Cosmological v \
10T
w02 b Solarv
’-‘E E Supernova burst (1987A)
S10° | \
X . i Reactor anti-v
1 F ackground from old supernovae
104 F \
10 F Terrestrial anti- /
1012 : \- Atmospheric v
1046: v from AGN
10720 S
1024 [ Cosmogenic
10
10 103 1 10° 10° 10° 10" 10" 10™
peVv.  meV eV keV MeV GeV TeV PeV EeV

=+ Stopped pion decay at rest sources

Neutrino energy
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COHERENT — Ar Results

1.0
CENNS-10
cryocooler
system
0.5 1
vacuum
jacket
>
i)g e detector

chamber

PMTs

water
shield

https://sites.duke.edu/coherent/detectors/

CHARM
Csl[Na] 2017 Pb-Cu
E=1 CENNS-10 2020 Shield
-1.0 . : '
-1.0 -05 0.0 05 1.0
gdv
ee
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CONUS Results

H. Bonet et al. (CONUS), Phys. Rev. Lett. 126, 041804

* Low background achieved * Constraints on CEVNS on Ge, in dependence of QF
* Followed by quenching factor measurement down
nity !3| =(11.5 £ 0.9) counts/ (kg d) to 400 eV, A Bonhomme etal, 2202.03754 [physics.ins-det]
commu in [0.4,1] keV,, o0
m-ﬂes’(,O'ﬂe  k=0.162 + 0.004 C1, RUN-1
] —data reactor ON
8 45' LI L B I 140'|78_88K', Limit 0.34 kgd-1 @ 90% C.L |, 80: O i
% 3.5 Conus-1 RUN-1 reactor OFF E 190, : > x17 above SM prediction £ i
g 35 — measurement _E : . 6o
"-5" - — sum of all contributions . 3 100 ! .
';2.5;[ MC ( f all contributions) _; § | of 1t
*E oF = g@) 80'/ i
Y= - . g I 20 -
3 1.5 -+ & 60 I 7 . M
8 ~ . O I \LLLL\F
1; + ++ _: 40_ : ,,l’:,” o:wltm..“‘x,;””;”.,h; trrrrrr
T T AR . ' S A TR
0'55 | J[ | 'Il' + + +| o { % 20 1 : — 90% C.L. OHHJ[ #HJHLJ[ Jq H]lj[“-}]llﬁ PL} Plﬁﬂ»}
=5 1 15 2 25 3 ; — theory pred. M ] 1l l
H. Bonet et al. (CONUS) 2112.09585 [physics.ins-det] energy/keV 0 03 035 04 045 05 055 06 068 07

0.15 0.20 0.25 0.30 energye,
k (mod. Lindhard theory)
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https://arxiv.org/abs/2112.09585
https://arxiv.org/abs/2202.03754

Tensor-type NSI

H. Bonet et al. (CONUS), JHEP 05 (2022) 085

(dg)_(dg) + 208 or 2y (1
ar,) = \ar, - Qnsr My

with Qys(2€55 +

CEvNS
)Z+(e + 2¢€2 )N

Signal counts / kg / yr / eV

— I = 0 03
- el = =0.06
-=== e‘geT =€l =0.12
— - = g;f =0.06
— CEvNS

Large boost

threshold

Ho

3 0.001

Signal extends well above

k=0.16

~~~~~~
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H. Bonet et al. (CONUS), JHEP 05 (2022) 085

Vector-type NSI

COHERENT (CsI)
COHERENT (Ar)
—— XENONIT
CONUS (toy MC):
— k=012
—— k=0.16

=

———=
-

~
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~——

[~ ———

550

500
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400

I
,
|
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T
[In] <t ™

(o] —
A® / 1A / 3y / syunoo [eudig

600

Ionization energy I [eV]
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Light vector bosons

H. Bonet et al. (CONUS), JHEP 05 (2022) 085

1072 "
---- COHERENT (CsI) . =
— commmnt(ay  LiBHt vector boson 2
—
CONNIE (Si) >
10°§ —— NCC-1701 (Ge) ;
CONUS (toy MC): o
S k=012 e~
N — k=016 @
S =
1074 — k=020 o =
% —— Electron 8
=] e -
; =
g .20
‘g 107° e
=
1074
90% C.L.
1077 ! — ,
10° 10* 10° 108 1010
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T T
— gz =107, mzy = 1 MeV
-=== gz =107 mzy = 1MeV
— g7 =102, my =1GeV
---= gz =1073%, my = 1GeV
—— SM CEvNS
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