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Overview of CEy/NS

Freedman, 1974; Drukier and Stodolsky, 1984 Va
ATy ey T A W 2E7 E
v Ty
+ Fa(q®) (1 g P —)]
PI=? E,
W Sy
m Coherence condition: q << 1
m CEvNS has the largest cross section m Extremely tiny nuclear recoil, hence
among all electroweak processes in- difficult to detect
volving neutrinos.
. .g o m Needs efficient cryogenic cooling
m Within SM at tree level it is a flavour system and background reduction
blind neutral current process. strategy

m Cross section enhanced for large N
nuclei due to N? dependency.
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Overview of CEyNS

@) lISER Bhopal

PHYSICAL REVIEW D VOLUME 30, NUMBER 11 1 DECEMBER 1984

Principles and applications of a neutral-current detector
for neutrino physics and astronomy

CEVNS
A. Drukier and L Smdolsky .
Max-Planck-I) fiir Physik und Institut fiir Physik, is strong
Munich, Federal Republic of Germany
(Received 21 November 1983)
We study detection of MeV-range neutrinos through elastic scatteging o nuclei and identification
of the recoil energy. The yery large valuc. ol the neutrakgurrent &Foss section due to coherence indi- "
cates a detector would be relatively light and suggests the possibility of a W CEVNS is
F ry." The recoil energy which must be detected is yery small (10 0* gV) however. We examine a :
experimental ion in terms of the Jaca, which appears, in principle, 0 be feasible tiny

id through extension and extrapolation of currently known techniques. Such a detector could permit
ldeas determination of the neutrino energy spectrum and should be insensitive to neutrino oscillations
since it detects all neutrino types. Various applications and tests are discussed, including spallation.

supernovas, and solar and terrestrial neutrinos. A preliminary estimate of the

‘SOurCes. [eaclors, supernovas, and solar |
most difficult hack!mund: is attempted.

/ CENS is

T
Backgrounds (!) clean

[Freedman, PRD 9.(1974) 1389] . Experimentally the most conspicuous and most

Our suggestion may be an act of hubris, because difficult feature of our process is that the only
the inevitable constraints of interaction rate, res- detectable reaction product is a recoil nucleus

. . of low momentum. Ideally the apparatus should

OFUtllon; _and backgrqund posg grave exPerlment?l have sufficient resolution to identify and deter-
difficulties for elastic neutrino-nucleus scattering. mine the momentum of the recoil nucleus and
We will discuss these problems at the end of this sufficient mass to achieve a reasonable interaction|

note, but first we wish to present the theoretical rate. Neutron background is a serious problem

ideas relevant to the experiments. large.

because elastic n+A cross sections are generally
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Reactor vs stopped-n Y Sources SER Bhopal
Reactors
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Reactor vs stopped- v sources

Reactors

V' Low-energy neutrinos ensures small
momentum transfer, offering access to
near-complete coherence — ideal for
CEVNS studies.

v Multiple reactor sources available globally.

x Reactor environments have large
backgrounds and detection requires
extremely low recoil thresholds.

x Systematic uncertainty on the reactor
neutrino flux is large.

x Reactor neutrino flux is purely ve, limiting
sensitivity to flavor-dependent new physics
parameters.

R

@ HSER Bhopal

-DAR
 pros

v Higher neutrino energies enable probing of
nuclear structure.

v Powerful background rejection is achievable.

v Multiple neutrino flavors (ve, vy, V) allow
probing of flavor-dependent new physics
scenarios.

x Limited number of facilities worldwide
capable of producing stopped-pion
neutrinos.

x Higher neutrino energies reduce coherence,
limiting CEVNS signal strength.
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Experiments pro

[Science 357 (2017) 6356, 1123-1126]
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Experiments probing CEvNS
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CONUS+ experiment

m Location: 20.7 m from the 3.9 GW;, reactor core at Leibstadt Nuclear Power Plant (KKL), Switzerland.
m Neutrino Flux: ~1.5x10" 7e/cm?/s.
m Detector: High-purity germanium (HPGe) arrays (C2, C3, C5) with ultra-low thresholds.

80 —r -t

m CEvNS Observation: 3.7c detection significance 50 r oM bredicti ]
'_\4 p[E‘ iction

(327 kg-days exposure). " 60 ¢ Data ]

m Thresholds: Achieved recoil thresholds as low as: % 10 i ]

C3: 160 eVee, C5:170eVee, C2:1806Vee = | ]

20 | -]

= Quenching Model: Data consistent with Lindhard 2 T I +

theory (k = 0.162). %’ ok 1

= Excludes deviations seen in earlier Dresden-I| data § r + ]

[Colaresi et al., 2022]. g -20r ]

m - <

m Signal Modelling: Includes both CEvNS and EvES o
contributions, as the latter enhances sensitivity to 160 200 240 280 320

certain BSM scenarios. T35 [eV,,]
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GanESS program

ESS (European Spallation Source) is a next-generation neutron spallation source research
facility currently under development in Lund, Sweden, focused on producing the world’s
most intense neutron beams.

m Cutting-edge Neutrino Flux: ESS will generate a large, pulsed neutrino flux,
enabling high-statistics CEYNS measurements.

m Record Proton Beam Power: With a 5 MW proton beam, ESS will achieve
up to 2.8 x 1023 protons-on-target annually, resulting in a neutrino flux of 9.3 x
107 /cm2 /s—an improvement of almost an order of magnitude over the existing
SNS facility.

m Advanced Detector Technologies: Six innovative detector types (Csl, Xe, Ge,
Si, Ar, C3Fg) to achieve precise CEYNS measurements.
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2™/ INDIAN INSTITUTE OF SCIENCE EDUCATION AND RESEARCH SHOPAL

GanESS program

Steady-state background

Detector Technology | Detector [ mae (k@) | TP (keVi) | T (keVa) oo (keVi)
Cryogenic scintillator Csl 225 1 46.1 0.3 10 counts/keV, /kg/day
High-pressure gaseous TPC Xe 20 0.9 45.6 0.36 10 counts/keV, /kg/day
p-type point contact HPGe Ge 7 0.6 78.9 0.09 3 counts/keV  /kg/day
CCD Si 1 0.16 212.9 0.096 0.04375 counts/keV,, /kg/day
Scintillating bubble chamber Ar 10 0.1 150 0.04 0.1 counts/kg/day
Standard bubble chamber C3Fg 10 2 329.6 0.8 0.1 counts/kg/day

24th July 2025 9/24
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GanESS program
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Phenomenological implications



) [ISER. Bhopal

Weak Mixing Angle

The CEvNS interaction rate is proportional to 0, = (% — 2sin? 9W> Z- 1IN

CONUS+: ESS (projected):
) _ +0.050 in2 _ +0.011
sin“ By = 0.2477 054 sin“ By = 0.2397 010
[PLB 864 (2025) 139438] [JHEP 05 (2025) 064]
CONUS+
0.26 - (3?0,3 r l WX+ XnT (CEVNS imw NT sin® O |ys ] ]
I 5 \ ‘ ESS
[ # 02 1
£025 - 1
é 0,1I1 >

024 F sin® 0wl !

i APV _ 1

023 5 e Tevatron _ SLC _ LHCH

: Lol L \\\\Hll L \\\\\Hl’\” Ll Ll L Ll L \\\HH:
104+ 103 102 0! 100 10 10% 10%

Anirban Majumdar Neutrino Physics Conference 2025, ICISE, Vietnam 24th July 2025 11/24



Nuclear Neutron RMS Radius ) TISER Brop

The CEvNS interaction rate is proportional to:

LP 1
Fw(a®)Qy = (§ — 2sin? €W> ZFo(q?) — Ean(qz)

ESS projected limits (at 10)

Detector Csl Xe Ge Si Ar CsFg
R, (fm) [4.79,5.28] [4.78,5.27] [3.65,4.80] [2.08,4.25] [2.47,4.36] [1.64, 3.88]

[JHEP 05 (2025) 064]
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Nuclear Neutron RMS Radius

si1‘12 9w

SiI'\2 9w
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[JHEP 05 (2025) 064; M. Atzori Corona et al., 2024]
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v EM Properties

Parametrization and model-independent results derived by [Kayser PRD 26,1982 (1662) and
Neves PRD 26, 1982 (3152)]

LM = (5,Tvp) Ay

M = Fo(®)ewy* + Fa(a®)ewr [ = '] ¥° + 100 | Fu(®)eer — iFe(a®)eery "]
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v EM Properties

.Atng(), Fo—-Q, Fa—a Fu—u Fe—ce

m Nuclear recoil experiments cannot differentiate between magnetic/electric moments or transition. So
at effective level we define the effective parameter: (y,?‘f)z x |u— ie’. The helicity-flipping neutrino
magnetic moment contribution to the CEVNS cross sections adds incoherently to the SM contribution and

is given by
2
do,, 1% :n'chM LI B P () o
dTw m |Tv E w us |

mag

m Helicity-preserving EM contributions from the millicharge (Qy,,,) and neutrino CR ((ry"’u, )) can be expressed
through the following differential cross sections

dO'y CEVNS G%m,/\[ mNTN 2, 2 1 . 2 N 2 2 2

SM+EM )

ee!

with Q= v/2roew/Gr (<ry2 )/3=2/a" (Qu,./ 9))
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v EM Properties

Magnetic Moment |u,, | [10~"Tug]

Millicharge Q,, [10~"%¢]

Charge Radius (r2) [10-32 cm?]

<11.2 (CONUS+)
< 420 (COHERENT)
< 20.8 (Dresden-Il)
< 3.9 (Borexino)
< 7.4 (TEXONO)
< 0.9 (XENONNT)
<1.4(L2)

[-1.8,1.9] (CONUS+)
[-500, 500] (COHERENT)
[-8.6, 8.7] (Dresden-I1)

[~0.1, 0.6] (XENONNT)
[-0.3, 0.6] (LZ)

[-59.76,8.33] (CONUS+)
[—69, 14] (COHERENT)
[-57, 4] (Dresden-II)

[~4.2, 6.6] (TEXONO)
[~93.4, 9.5] (XENONNT)
[~121, 37.5] (L2)

Anirban Majumdar

[PLB 864 (2025) 139438]

Neutrino Physics Conference 2025, ICISE, Vietnam

24th July 2025 16/24




“@ ) IISER Bopal

Neutrino generalized interactions

NSI: Phenomenology of NSls is discussed with a model independent parametrization.

Wolfenstein, 1978

L = ~2V2Gr ey (vay*Puvp) (TyuPcq)

NGI: The conventional NSls can be extended by incorporating all possible Lorentz-invariant
interactions up to dimension 6 between neutrinos and other SM fermions—i.e., scalar,
pseudoscalar, vector, axial vector, and tensor.

C _ -
gl\l;fGI D — Z qz-i-—XIVIZ |:VrXV] [fl_xf] rX = {H7y57)//~17)/.“y57o-.UV}
X:."S,P,/\(/,_A,T X
—e,
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Neutrino generalized interactions
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o 1w 3
E oot @ E G ER ]
107F g d 107 B e -t i
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E % 8, E : , .
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10-2 107! 10 10! 10> 100 10* 1072 107t 100 10t 102 10 10t
Ms (MeV) My (MeV)

[PLB 864 (2025) 139438, JHEP 05 (2025) 064]
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Sterlle Neutrinos

#n

#n

#In the SM, neutrinos are massless and only left-handed, with no rlght handed |sosmglet
partners.

A minimal and natural extension introducing neutrino masses is the seesaw mechanism,
which adds right-handed sterile neutrinos as SM singlets.

Some models allow sterile neutrino masses in the eV to MeV range, far below the
typical seesaw scale.

eV-scale sterile neutrinos can mix with active neutrinos, leading to active—sterile oscil-
lations observable in short-baseline experiments.

MeV or sub-MeV sterile neutrinos, though inaccessible via oscillations, can be produced
via upscattering—where an active neutrino scatters off an electron or nucleus and
transitions into a sterile state. Such transitions often arise via scalar mediators or
loop-induced operators.

These upscattering processes require physics beyond the SM, such as generalized
neutrino interactions or electromagnetic portals like transition dipole moment.

CEvNS experiments are sensitive to these interactions and offer a powerful probe for
discovering light sterile neutrinos.
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Sterile neutrino dipole portal
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Sterile neutrino dipole portal
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Upscattering production of sterile v

(@) IISER Bropa

through generalized interactions

Cx [ x. 1re
LY N—NaN D Z ———— |Nglvy [NTXN]
" xesEyart T My [ }

a=e,u,T
Ve -
X
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Upscattering production of sterile v

ISER. Bhopal
through generalized interactions
ESS (Combined) COHERENT ESS (Combined) COHERENT
) DUNE ND XENONNT 9 DUNE ND XENONNT
10 | SEUAUL AL R L e i 10 E a
103 E o, E| 103 E E|
D i : z :
0tEg ¢ J_' =l 107 E =l
@ F i 1 2 F 1 :
7 . + -
105 2 4 1075 E y =
= 7 | 3 = s . E
[~ R 4 | - mNRzl()MS ] B // N e M5:0.1mNR ]
1076 E - | T my=Ms o 10-° — Ms=mn, o
Cosmology]  — — my,=01Mg § F T — = Mg=10my, 7
1077 ol ol ||||‘|,|,|| TR BN | ||||||,|,_|,| 10—7 TEEETT B ATTT AR RRTT R RRTTT M A | |||||,|,|]|
10-2 107! 10 100 10> 10° 10 10-2 107 10 10! 102 10® 10%
Ms (MeV) mn, (MeV)

JHEP 05 (2025) 064
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Upscattering production of sterile v ISER Bropa
through generalized interactions
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Conclusions

== CEvNS is a precision frontier for neutrino physics, enabling tests of the Standard Model
and sensitivity to several BSM scenarios.

= The recent CEvVNS observation by CONUS+ using reactor antineutrinos marks a major
milestone in low-energy neutrino detection, allowing for the extraction of SM and BSM
parameters such as sin? 8, and neutrino electromagnetic properties.

r== The upcoming ESS experiment has profound phenomenological implications, thanks to
its intense neutrino flux and state-of-the-art detector technology. ESS is expected to
provide new insights into both the Standard Model and beyond, significantly improving
sensitivity to a wide range of parameters.

THANK YOU
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Extras



Vector vs axial vector contribution in CEYNS (SM)

do _ G,2:mN >, 2 V2 my Ta Tn 2 my Txr Tn
‘ 37| = EP @y (1- B - ) + 7 (1+ B - )]

m For reactor-based experiments like CONUS+, the weak vector
nuclear form factor Fi(q?) ~ 1. However, for m-DAR sources,
weak vector nuclear form factor effects become significant.

m The axial-vector term is spin-suppressed and typically negligible

in CEVNS.
Detector Events (Vector) Events (Axial)
(3 years) (3 years)

Csl 15867 3

Xe 14830 -

Si 181 - = S

1073 102

Ge 3284 - 2 2
Ar 3012 — g* (GeV?)
CsFs 1283 46
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