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να + N(A, Z) → να + N(A, Z)

λν ≃ 1
⃗q

≳ rN ≃ 5 fm ≃ 1
197.3MeV for N ≃ 100

thus the momentum transfer is of , such that the 
recoil energy is

𝒪(10) MeV

Er ≃ q2

2MN
= 𝒪(1 ∼ 10) keV  early 2000s✓
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dσναN

dEr
= G2

FMN

4π (1 − MNEr

2E2να
) [ZQpFp (q2) + NQV

n Fn (q2)]
2

The standard event rate per nuclear recoil energy (after integrating over the time for 
simplicity)

with the SM proton and the neutron weak charges being (tree-level)

QSM
p = 1 − 4 sin2 θW ≈ 0, QSM

n = − 1

ν ν

q q

+
ν ν

q q

Qp = QSM
p + ∑

i
#i

1 ci
ννqq

Qn = QSM
n + ∑

i
#i

2 ci
ννqq

Q: Full story?

Clearly, these charges will be modified in the presence of new physics/interactions, and 
it’s often seen in literature to consider the neutral current 4-fermion operators 
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p π+ νμ

μ+ ν̄μ
νe

e+⏟Interactions of  type 
on last page

𝒪ννqqModified by  operators, but 

absorbed in 

𝒪μνμeνe

GF

(γ̄αβμPLνℓ) (ν̄λβμPLγξ), (γ̄αPLνℓ) (ν̄λPRγξ) (q̄βμq) (ν̄αβμPLνℓ), (q̄βμβ5q) (ν̄αβμPLνℓ)

ℒ ⊃ − 2Vud

v2 {[1 + ϵL]αℓ (ūβμPLd) (γ̄αβμPLνℓ) + [ϵR]αℓ (ūβμPRd) (γ̄αβμPLνℓ) + 1
2 [ϵS]αℓ

(ūd)(γ̄αPLνℓ)
− 1

2 [ϵP]αℓ (ūβ5d) (γ̄αPLνℓ) + 1
4 [ϵT]αℓ (ūσμνPLd) (γ̄ασμνPLνℓ) +  h.c. }

Modifies !!Φνα



q2 ≈ m2
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Ax ! X↵⌫, ⌫By ! Y�

ℳD
ℓk = UℓkAD

L + ∑
X

[ϵXU]ℓk
AD

X

ℳP
αk = U*αkAP

L + ∑
X

[ϵXU]*
αk

AP
X

Xα

ByAx

Yℓ

νk

RS
α = NS(t)

32πL2mSm𝒩Eν ∑
j,k,l

e−i LΔm2
kl

2Eν

× ∫
dΠP

dEν
ℳP

αkℳP
αl ∫

dΠD

dEr
ℳD

jkℳD
jl

CEvNS:  
, L = 𝒪(10) m

Eν = 𝒪(10) MeV  ≈ 1

A consistent treatment on new physics modifications to neutrino production and detection 
is outlined earlier Falkowski, Gonzalez-Alonso, Tabriziet, 1910.02971

 number of source particle (  
for example), the time info is also 
largely ignored in previous analyses, 
but it allows distinguishing prompt 
vs delayed weak charges

NS(t) π±

Dobrev, Melnikov, Schwetz, 2504.10600
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Dobrev, Melnikov, Schwetz, 2504.10600
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For example, for  decay,π+

ℳP,π
αk = − imγα

fπ±
Vud

v2 [CU]*αk(ūνk
PLvγα)

ℒ ⊃ − 2Vud

v2 {[1 + ϵL]αℓ (ūβμPLd) (γ̄αβμPLνℓ) + [ϵR]αℓ (ūβμPRd) (γ̄αβμPLνℓ) + 1
2 [ϵS]αℓ

(ūd)(γ̄αPLνℓ)
− 1

2 [ϵP]αℓ (ūβ5d) (γ̄αPLνℓ) + 1
4 [ϵT]αℓ (ūσμνPLd) (γ̄ασμνPLνℓ) +  h.c. }

the modified amplitudes are

Cαℓ ≡ δαℓ + [ϵud
L ]αℓ

− [ϵud
R ]αℓ

− [ϵud
P ]αℓ

m2
π±

mγα(mu + md)

Modified prompt neutrino flux from NP!

RS
α = NS(t)

32πL2mSm𝒩Eν ∑
j,k,l

e−i LΔm2
kl

2Eν

× ∫
dΠP

dEν
ℳP

αkℳP
αl ∫

dΠD

dEr
ℳD

jkℳD
jl

dNprompt

dT = nPOT f π
ν/p

NTF(q2)2(mN + T)
32π2v4L2 fμ(T )Q̃2

μ

plug in

Q̃2
μ = Q2

SM + 2QSM[δΓ]μμ

δΓLO
μμ = 2 ((A + Z )ϵuu

μμ + (2A − Z )ϵdd
μμ)

∫ dΠP

dEν
ℳP,π

μk ℳP,π
μl = 2mπ±𝒬π→μν

[CU]μl[U†C†]kμ

[CC†]μμ

δ (Eν − Eν,π)
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χ2 = ∑i, j 2 −Nexp
ij + N th

ij ( ⃗Q 2
N; ⃗x) + Nexp

ij ln
N exp

ij

N th
ij ( ⃗Q2

N; ⃗x)
+ ∑n ( xn

σn )
2

Given the limited number of signal events, Poissonian likelihoods are constructed for CsI 
and LAr detectors based on the 2D datasets released

Marginalizing over the nuisance parameters, accelerator results (CsI + LAr) lead to

0.67ϵu + 0.74ϵd = − 0.002 ± 0.010
0.74ϵu − 0.67ϵd = 0.0 ± 1.3

Flavor general Flavor universal

Bresó-Pla, Falkowski, González-Alonso, Monsálvez-Pozo, 2301.07036

Results: Accelerator ones
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Flavor universal (LEFT) Flavor universal (SMEFT)

ϵuu
αα = δgZu

L + δgZu
R + (1 − 8s2

θ

3 ) δgZνα
L − 1

2 [c(1)
lq + c(3)

lq + clu]αα11

ϵdd
αα = δgZd

L + δgZd
R − (1 − 4s2

θ

3 ) δgZνα
L − 1

2 [c(1)
lq − c(3)

lq + cld]αα11

Bresó-Pla, Falkowski, González-Alonso, Monsálvez-Pozo, 2301.07036

Results: Accelerator ones
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Results: Adding CONUS+
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Data: [2018 - 2022]  2023 [119 days]→
Location: Germany  Switzerland→

L

Distance: 20.7m

Flux: 1.5 × 1013ν̄e/ cm2 ⋅ s

Operation time: 
          327 kg day [On] 
          60   kg day [Off]

⋅
⋅

Detector: HPGe

# of Events: 
           kg day [Observed] 
             kg day [Off]

(395 ± 106) ⋅
(347 ± 59) ⋅

Results: Adding CONUS+
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Reactor-type CEvNS are special since one only has  from . Based on 
a similar computation, one has only one generalized weak charge, given by

ν̄e n → p + e− + ν̄e

Q̃2
e[Ge] = Q2

SM + 2QSM[δΓ]ee Ge
δΓGe

ee = 2 ((A + Z )ϵuu
ee + (2A − Z )ϵdd

ee )
Ge

These parameters are already constrained (though only strongly in one direction) by 
accelerator-type experiments.

What is the gain then from CONUS+?
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PRELIMINARY

Results: Adding CONUS+



SM

Reactor [15%]

CONUS+

EWPO+CEvNS (general)

CEvNS (general)
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EWPO+CEvNS (U35)
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Q
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1.0 ± 0.15

1.14 ± 0.36

0.22 ± 0.63
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1.0 ± 0.15

1.03 ± 0.55

0.85 ± 0.34

Yong Du (IMP-CAS) DMv Focus

PRELIMINARY

Results: Adding CONUS+
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Global efforts: several more proposals/on-going projects (just to name a few)

RICOCHET w/ HPGe@ ILL, France RELICS w/ LXe@ Sanmen, China

vGen w/ HPGe@ Kalinin, Rusia CONNIE w/ Si@ Angra 2, Brazil

Upcoming: More reactors



Summary
✤ The observation of CEvNS has motivated tremendous studies within/beyond the SM. 

We highlight the consistent treatment on NP-modified event rates. 

✤ Reactor-type CEvNS events are found to significantly improve the determination of 
the generalized weak charge:  

❖ 15% (30% now) relative precision matches that from the U35 global fit 
(Preliminary, subject to change). 

✤ More results to come very soon…
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