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What can we do with 
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Precision CEvNS  (see O. Tomalak’s talk)

❖ Loop induced corrections shift Wilson 
coefficients. 

❖ Nuclear form factors can be calculated with %-
level precision. 

❖ This shifts the weak nuclear charge.

❖ Light degrees of freedom introduce new 
photon mediated scattering. 

❖ It is essential to include kinematic dependence. 

❖ In arXiv:2011.05960 we provide a full and 
comprehensive error budget for all of this. 
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Precision CEvNS  (see O. Tomalak’s talk)

❖ Loop induced corrections shift Wilson 
coefficients. 

❖ Nuclear form factors can be calculated with %-
level precision. 

❖ This shifts the weak nuclear charge.

❖ Light degrees of freedom introduce new 
photon mediated scattering. 

❖ It is essential to include kinematic dependence. 

❖ In arXiv:2011.05960 we provide a full and 
comprehensive error budget for all of this. ❖ Now what can/could we use this for?
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Applications of Precision CEvNS Cross Sections

Weak-mixing angle/Weak nuclear charge

Nuclear reactor/
weapons monitoring 

IsoDAR 

CEvNS vs  
nu-e scattering

Low-recoil regime
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Two different “themes”

1. Flavor dependent corrections.  

2. Flavor independent corrections. 
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Prompt-Delay Ratio Studies
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Prompt vs Delayed Event Rates
❖ One ``handle’’ on flavor content with 

piDAR is the prompt vs delayed signal.  

❖ Very well understood, naive 2:1 ratio 
assuming perfect cut + LO cross section.  

❖ Flavor dependent radiative corrections 
break naive prediction.  

❖ COHERENT collaboration includes some 
radiative corrections, but they are not 
published. Will be good to compare. 
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Applications to Non-Standard Interactions

❖ Flavor dependent radiative corrections 
break naive prediction.  

❖ Hallmark of NSIs is an asymmetry between 
prompt and and delayed samples.  

❖ Important to use proper SM prediction if 
searching for small(ish) values of NSI 
couplings.  
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Tau neutrinos below threshold
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Flavor dependent CEvNS to Detect  ντ

❖ The flavor asymmetry can be 
calculated very precisely. 

❖ It turns out that kinematic dependence 
is small for both mu- and tau-leptons. 

❖ A CEvNS detector at 15 km benefits 
from  maximal oscillation into  .

❖ 1 kt detector + 120 x 1023 piDAR would  
yield about 10,000 prompt events 
(~1.3% stat. error) and 30,000 delayed 
events (~0.6% stat. error). 

ντ

σντ
− σνμ

σνμ

= O(G2
Fα)(1 ± 0.0035)

σντ
− σνμ

σνμ

≈ 0.7 %
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Flavor dependent CEvNS to Detect  ντ

❖ The flavor asymmetry can be 
calculated very precisely. 

❖ It turns out that kinematic dependence 
is small for both mu- and tau-leptons. 

❖ A CEvNS detector at 15 km benefits 
from  maximal oscillation into  .

❖ 1 kt detector + 120 x 1023 piDAR would  
yield about 10,000 prompt events 
(~1.3% stat. error) and 30,000 delayed 
events (~0.6% stat. error). 

ντ

σντ
− σνμ

σνμ

= O(G2
Fα)(1 ± 0.0035)

σντ
− σνμ

σνμ

≈ 0.7 %

Conclusion: Optimistic, but possible
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Neutrino electromagnetic properties 

“Measuring the neutrino charge-radius”
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CEvNS probes Neutrino EM Form Factors, F(Q2)
❖ Same light-lepton loops induce a neutrino-

photon interaction.  

❖ This introduces flavor dependence.  
 

❖ Electrons are very light compared to 
CEvNS kinematics i.e. .  

❖ This introduces important  dependence.

Q2 ≫ m2
e

Q2

σνμ
≠ σνe

≠ σντ

Π(Q2, me)
See talk of O. Tomalak11



CEvNS probes Neutrino EM Form Factors, F(Q2)
❖ Electrons are very light compared to 

CEvNS kinematics i.e.  and this 
introduces important  dependence.

❖ Naive effective mixing angle prescription 
overestimates asymmetry by a large 
amount.

Q2 ≫ m2
e

Q2

Π(Q2, me) ≠ Π(0,me) for Q2 ≫ m2
e
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Two different “themes”

1. Flavor dependent corrections.  

2. Flavor independent corrections. 
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Low energy Electroweak physics

“Measuring the weak-mixing angle”
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CEvNS is Sensitive to the Weak Nuclear Charge
❖ Recent work by the vIOLETA collaboration  

predicts future %-level sensitivity to the weak 
charge.  

❖ The Weak charge is a convention and depends 
on a renormalization-scheme and 
renormalization-scale.  

❖ Loop level effects matter at the %-level  

❖ Explicit low-energy loops are also crucial and 
include hadrons, muons, and electrons. 
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CEvNS vs Electron Neutrino Scattering
❖ There are two main sources of uncertainty

1. Point-neutron (i.e. nuclear) form-factor.

2. Hadronic correlators.  

❖ If  then the hadronic correlators 
can dominate uncertainty (amusingly HEP 
becomes more important at low-energies). 

❖ These same uncertainties limit our 
knowledge of e-nu scattering. 

❖ CEvNS and e-nu scattering are both 
``correlator limited’’.

Q2R2
n ≪ 1
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IsoDAR as a Source of  “Very Coherent” Neutrinos
❖ CEvNS is ``correlator limited’’ for 

.  

❖ This is the same uncertainty that dominates 
the e-nu scattering theoretical error.  

❖ CEvNS is an equally good candidate for 
precision electroweak studies.  

❖ Can be paired with IsoDAR at  
a high intensity source of low-energy  . 

Eν ≲ 15 MeV

DAEδALUS
ν̄e
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Nuclear Reactor Monitoring
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Radiative corrections are largest at small Q2

❖ Kinematic dependence from lepton loops is 
largest when momentum transfer is small.  

❖ This corresponds to small nuclear recoil. 

❖ The  dependence steepens the IR behaviour of  
the cross section at the level of 4%.  

❖ Similar to the signature of plutonium breeding 
blankets proposed in Cogswell & Huber (2018).

Q2

Cogswell & Huber 
InSpire:1825864 
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Conclusions

❖ CEvNS has a bright future as a precision 
observable (with a quantified error budget).

❖ 5% level shifts in cross sections occur 
relative to tree-level results. 

❖ Flavor differences are induced but are 
smaller being ~0.5%-1.5%. 

❖ Important for nuclear facility monitoring, 
prompt-delay ratios, NSI, and precision 
measurements. 

❖ Possible applications for low-energy  . ντ
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Thank you for listening. 

Based on: arXiv:2011.05960
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