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Electroweak Framework
The Standard Model Picture

𝐒𝐔 𝟐 𝐋 ⊗ 𝐔 𝟏 𝐘 ⊗ 𝐒𝐔 𝟑 𝐜

Electroweak
interactions

Strong 
Interactions

Weak Mixing Angle
Key parameter of the electroweak unification

*PDG 2022

➢ To what extent can we consider this 
measurement reliable?

➢ Are there other probes to 
investigate this low-energy regime?

𝐴𝜇
𝑍𝜇

= cos𝜃𝑤 sin𝜃𝑊
−sin𝜃𝑊 cos𝜃𝑊

B𝜇
𝑊𝜇

(3)
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Low-Energy Electroweak Processes

APV
Atomic Parity Violation

CE𝛎NS
Coherent Elastic 𝛎 Nucleus

Scattering

PVES
Parity Violating

Electron Scattering𝒁𝟎
𝑒− 𝑒−

𝛾
𝑍0

The measurements from 
these probes depend on 
the nuclear structure!

warning

A
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Global Electroweak Fit

But if you cannot wait… 
have a look at

MAC et al. 
PRD 110 (2024) 3, 033005



NEW SUM RULES FOR THE ANAPOLE 
AND ELECTRIC-DIPOLE MOMENTS

Volodymyr Biloshytskyi
in collaboration with M. Gorchtein and V. Pascalutsa

FOR5327

EPIC 2024, Geremeas, Sardinia, Italy, September, 22-27, 2024



: anapole moment̂P : electric dipole moment̂P ̂T
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 and  violation for spin-1/2 particleŝP ̂P ̂T
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Doubly-virtual forward Compton scattering

Sum rules

 scattering and forward Compton sum ruleseN

q q

 polarized 
cross sections
γN

Low-energy 
observables 
e.g. dipole moments, 
polarizabilities etc.model-independent!

∫
!



•Sum rules for anomalous magnetic moment  - knownϰ

•Sum rule for anapole moment a

•Sum rule for electric 
dipole moment d

1966 - Gerasimov-Drell-Hearn sum rule 1975 - Schwinger sum rule1970 - Burkhard-Cottingham sum rule

Sum rules for electromagnetic moments

(qN /e + ϰ) a = M3

8π2αem
lim

Q2→0 ∫ dν
∂

∂Q2 [σ−
TT − σ+

TT](ν, Q2)

(qN /e + ϰ) d = M2

4 2π2αem
lim
Q→0 ∫ dν

Q [σ−
LT − σ+

LT + σ+
TL − σ−

TL](ν, Q2)

he = ± 1
2

hN = ± 1
2

N

e

observables:
2

NEW !

 Perturbative verification in simple models

∝ ϰ

̂P

̂P ̂T

I look forward to seeing you at my poster!
Thank you for attention!



Three-nucleon neutrinoless double beta decay 
potentials with chiral EFT

EPIC 2024 Workshop
Calaserena, Geremeas, Sardinia
Sept 22-27th, 2024

Graham Chambers-Wall
Washington University in St. Louis

Advisors: Saori Pastore & Maria Piarulli
 
in collaboration with Lustin Lieffers & Emanuele Mereghetti



Neutrinoless double beta decay (0"##)

• Observation clear signal of BSM physics
• Next generation tonne-scale experiments improve 

bound by order of magnitude and rule out inverted 
ordering (in minimal scenario)

• In standard mechanism, rate is proportional to 
nuclear matrix element times effective Majorana 
neutrino mass

 ⇒ Need input from nuclear theory to extract 
    neutrino mass

RevModPhys.95.025002



Chiral effective field theory ($EFT) 
• Based on approximate chiral symmetry of QCD

• Pions, nucleons, deltas as fundamental degrees 
of freedom

• Provides hierarchy of many-nucleon forces and 
currents

• Derive 0"## transition operator, dubbed 
“neutrino potential,” within $EFT 

 ⇒ input for nuclear matrix elements

Piarulli and Tews, Front. Phys. 30 (2020)
Entem and Machleidt, J. Phys. Rep 503(1) (2011) 



Three-nucleon potentials

NLO

N2LOOutlook
• Derived three-nucleon potentials within !EFT
• Can be input into many-body computations to calculate 

nuclear matrix elements
• Currently implementing into quantum Monte Carlo

Thank you!



The n2EDM experiment at PSI

A precise measurement searching for the 
neutron electric dipole moment

Wenting Chen, on behalf of the nEDM collaboration
Cagliari, EPIC 2024 - Electroweak Physics InterseCtions, 24.09.2024



𝐻el ~ Ԧ𝑑 ⋅ 𝐸 ~ 𝑑 Ԧ𝑆 ⋅ 𝐸

𝑇𝐻el ≠  𝐻el

T-reversal

Ԧ𝑑
𝐸

Ԧ𝑑
𝐸

Ԧ𝑆

Ԧ𝑆
If EDM 
𝒅 ≠ 𝟎

EDM as a probe of New Physics

CPT theoremViolation of T Violation of CP

?
Matter

Anti-
matter

within Standard Model:
• Small background from CKM mechanism→ 𝑑𝑛,CKM ~ 10−32 𝑒 ⋅ cm [3, 4]

• Tuning of QCD ഥ𝜃 - term, associated with the “strong CP problem” [4].

  Beyond Standard Model: 
• EDMs as powerful constraints on new physics models at or above 

electroweak scale.
   Example: SUSY (MSSM)[4, 5], g2HDM[6] ...

10-26

10-28

10-27

10-29

10-30

10-31

10-32

10-33

Current limit[1]

Goal of n2EDM[2]

SM background
CKM[3, 4]

𝑑n (𝑒 ⋅ cm)

BSM[4, 5, 6], ഥ𝜽 [4]

2

Sakharov 
conditions
(EWBG?)

BAU
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n2EDM experiment @ PSI

Ultra-cold
neutrons

Measuring the neutron precession frequency 𝑓n = 𝜇n
𝜋ℏ

𝐵 ± 𝑑n
𝜋ℏ

𝐸 

in a double-chamber setup.

Using the Ramsey method and counting spin-up/down neutrons.

𝐴
≈

−
𝛼

co
s

𝜋
𝑓 R

F
−

𝑓 n
Δ𝜈

 

𝑩 𝑬

The design of the n2EDM experiment[2]

UCN storage chambers

New result: Ramsey asymmetry plot



Thank you for your attention!

References:

Goal [2]!
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 - Harnessing the Power of 
Neural Networks

αD



Motivation - Why  and Neural NetworksαD

•  is closely related to the symmetry energy  nuclear EoS  neutron starsαD → →

n p
ppn

n n
n

p

With electric field 

Without electric field 
• Scarce experimental dataset


• Theoretical calculations are challenging 


 Require validation


• Testing: AI applied to small datasets in 
nuclear physics


→

2



The Solution - Neural Networks

Gradient descent on a loss surface in parameter space 

Z-axis = Loss

X-Y-Plane = NN 
Parameter space

3



Results

4

152Sm
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π

Fig. 2.1. Naive view of the proton, consisting of a pion cloud and a quark core, placed between the plates of a parallel plate capacitor. The left (right) figure
shows the capacitor discharged (charged).
Source: Plot courtesy of Phil Martel.

Fig. 2.2. Naive view of the proton, consisting of a pion cloud and a quark core, placed between the poles of a magnet. The left (right) figure shows the
external magnetic field turned off (on).
Source: Plot courtesy of Phil Martel.

quark core. In the case of themagnetic dipole polarizability �M1, the diamagnetic contribution of the pion cloud is competing
against the paramagnetic contribution of the quark-core excitation, see Fig. 2.2. The two contributions are largely canceling
each other, leaving the nucleon with a relatively small magnetic polarizability, cf. Section 2.4 for details.

Other intuitive pictures of the nucleon polarizabilities emerge in quark models [72–76], the Skyrme model [77–82],
and the Nambu–Jona-Lasinio model [83]. All of them point out the large paramagnetic contribution due to the nucleon-to-
�(1232)M1 transition.

While for the atoms the polarizabilities are of order of the atomic volume, the nucleon being much tighter bound (nearly
99% of its mass coming from the binding force) has polarizabilities which are about three orders of magnitude smaller than
its volume. It is customary to use the units of 10�4 fm3 for the dipole polarizabilities of the nucleon.

The critical electric field strength needed to induce any appreciable polarizability of the nucleon can be estimated as the
ratio of the average energy level spacing in the nucleon to the size of the nucleon, i.e., Ecrit. ⇡ 100 MeV/(e fm) = 1023 V/m.
Static electric field strengths of this intensity are not available in a laboratory, andwill never be available. However, a classical
estimate of the electric field strength of a 100MeV photon Compton scattering from the nucleon is approximately 1023 V/m.
Given the absence of static e.m. fields of the required immensity, the CS process is currently the best available tool for
accessing the nucleon polarizabilities experimentally, cf. Section 4.

In the rest of this section we introduce the nucleon polarizabilities and discuss their calculation from first principles. We
shall focus on describing the efforts to compute the nucleon polarizabilities in lattice QCD and chiral EFT. In the latter case,
calculations of the CS observables will be discussed too.

It is worthwhile noting that is a number of sophisticated theoretical approaches, other than lattice QCD and chiral EFT,
applied to the nucleon polarizabilities and low-energy CS. They include: the fixed-t dispersion relations [84–87], effective-
Lagrangian models with [88–91] and without [92–94] causality constraints, the Dyson–Schwinger equation approach to

Magnetic dipole polarizability:


for polarization induced by 
magnetic field

~P = �M1
~H
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Improvements
• 70% more data
• Reduced model dependence
• Accounting for normalisation 

uncertainties
• Refined fitting method Do you want to take a 

closer look?


Then come and visit 
me at my poster.
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Electroweak corrections to 
𝑉𝑢𝑑 via nuclear theory

Michael Gennari
TRIUMF and University of Victoria

Collaborators: Mehdi Drissi, Mack Atkinson, Chien-
Yeah Seng, Misha Gorchtein, Petr Navrátil
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1max += NN

Standard Model

Barrett et al. (2013)
Haydock (1974)

Entem et al. (2017)
Somà et al. (2020)

Chiral Effective Field Theory
Weinberg (1991)
Epelbaum (2009)

Haxton et al. (2007)
Seng et al. (2023)

𝑆𝑈 3 𝐶 𝑆𝑈 2 𝐿 × 𝑈 1 𝑌
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Follow us @TRIUMFLab
www.triumf.ca

Thank you
Merci



NUCLEUS: recent results 
and prospects

                Marco Giammei

http://nucleus.roma1.infn.it/
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CEνNS
● The Coherent Elastic Neutrino-Nucleus Scattering (CEνNS) was 

predicted by Freedman in 1973 within the Standard Model

● It was firstly seen only in 2017 by the COHERENT collaboration

● The CEνNS cross section is several orders of magnitude bigger 
compared to that of other low-energy process involving neutrinos, but 
the nuclear recoil produced (the observable) is very small

Observable: kinetic energy of nuclear recoil
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NUCLEUS Cryogenic Target Detector 

NUCLEUS-10g Cryogenic Detector: 
two 3x3 matrices of target detectors 
made of Al2O3 and CaWO4

Absorber crystals + Transition Edge Sensors (TES)

● Baseline resolution 
well under 10 eV

● Rise Time ~ 0.5 ms
● Decay Time ~ 15 ms

CEνNS produced 
upon scattering on 
CaWO4 
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Active Vetoes and Passive Shielding

Muon Veto

Borated 

Polyethylene

Lead

Outer 
Shielding

Inner Veto

 

Boron 

Carbide

Cryogenic 

Muon Veto

Lead

Polyethylene

Copper

●

Inner Shielding

Outer Veto



Boosting of the Generalized Contact
Formalism

Nitzan Goldberg

Prof. Nir Barnea

The Racah Institute of Physics

The Hebrew University of Jerusalem

EPIC,

Sepetember 2024
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GCF and Lab calculations

I Nuclear Short Range Correlations (SRCs) are pair of nucleons

that are close together in the nucleus.

I The General Contact Formalism (GCF) describes SRC using the

Ansatz

 (k1,k2, . . . ,kA) �!
kij!1

'ij (kij)Aij

⇣
Kij , {kn}n 6=i,j

⌘

I Lab frame calculations show good results for the exclusive

cross section. However, for the inclusive case, there is a

disagreement with the data.

Boosting of the Generalized Contact Formalism September 2024 2 / 4



Boosted frames calculations

We have calculated invariant quantities such as
�inc

k0 and
�
4
He

inc

�
d

inc

in

boosted frames.
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We also defined the semi-Breit
frame for each value of xB to find

the optimal frame.
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MREX: The Mainz Radius EXperiment
Nikita Kozyrev

Institute for Nuclear Physics, Johannes Gutenberg-University Mainz

Electroweak Physics InterseCtions 2024



Connecting different scales

18 orders of

magnitude
? ?



Connecting different scales

18 orders of

magnitude

Neutron star208Pb Nucleus

? ?



Neutron Skin and PREX-II

N >> Z: an = ap, Rn > Rp

N = Z: an = ap, Rn = Rp

J. Phys. G, 46 (2019), 093003

Neutron Skin

Neutron star

Nucleus

Λ★(LIGO) 
R★(NICER)
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▪ Want to use Mainz Energy-recovering Superconducting 

Accelerator (MESA) and the P2 experiment detector setup

▪ Need to match  <Q2> = 0.0062 (GeV/c)2 of PREX-II

▪ Must account for and minimize non-elastic contributions
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IN ATOMIC AND MOLECULAR 
PHENOMENA

Andrew Mansour

Supervisor: Prof. Victor Flambaum
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Rolando Martinez-Ramirez         

Towards Form Factor Effects in the P2 Experiment

1

Institute for Nuclear Physics, JGU
Supervisor: Prof. Jens Erler         



• The goal: Clear determination of  at low-energiessin2 θW

P2 Experiment in MESA Accelerator at Mainz

APV(Q2) ≡ σ+ − σ−
σ+ + σ−

• The observable: Parity Violation asymmetry in elastic electron-proton scattering

Parity-violating asymmetrye p → e p :

• The way: Precise measurement of proton’s weak charge Qp
W

γ Z,

SM precision test

Extraction of weak mixing angle

Qp
W = (1 − 4 sin2 θW)

Precision Measurement of weak charge of 
the proton, The Jefferson Lab Qweak 

Collaboration



F(Q2 → 0) → 0• At low momentum transfer,  is dominated by APV
p Qp

W

APV
p = − GF

2 2πα
Q2 [Qp

W − F (Q2)]

How the Form Factor contributions affect the  measurement? 
 

How can we quantify and minimize uncertainties?

Qp
W

• The proton inner structure plays a role in the asymmetry:

Form Factors in Parity Violation Asymmetry

Form Factors: Encode contributions from the hadronic structure of the nucleon

• …but Form Factor effects have to be considered to achieve the desirable precision:

DESY: “The most precise picture of the 
proton”

D. Becker et. al., Eur. Phys. J. A 54 (2018) 11, 208



See you at the poster session!



An improved description of neutrino emission 
from SN1987A

Riccardo Maria Bozza1,2, Vigilante di Risi1,3, Veronica  Oliviero1,2,
Giuseppe Matteucci1,2, Giulia Ricciardi1,2, Francesco Vissani4

1Department of Physics ‘Ettore Pancini’, University of Naples Federico II, Naples, Italy
2Istituto Nazionale di Fisica Nucleare, Sezione di Napoli, Naples, Italy

3Quantum Theory Center (ℏQTC), Danish-IAS, IMADA, Southern Denmark Univ., Denmark
4Laboratori Nazionali del Gran Sasso (INFN), Assergi, Italy



In 1987 a type II supernova (SN1987A) exploded in the 
Large Magellanic Cloud, 51.4 kpc far from Earth.

Over 30 seconds, 29 neutrinos were detected, supporting 
the prediction that neutrinos are the primary energetic 

emission from such stellar events.

The neutrinos were observed by three experiments: 
Kamiokande-II (Japan), Baksan Neutrino Observatory 

(Russia), and the Irvine-Michigan-Brookhaven detector 
(USA).

To this day, SN1987A is the only supernova we’ve caught 
through neutrinos, making it a one-of-a-kind event worth 

examining further.



We analyzed SN1987A data with a new and state-of-the-art
model of the neutrino flux based on physical parameters.

The strengths of our analysis:
• Energy and temporal distributions based on supernova models
• Accurate temporal description of both emission and cooling phases
• Rigorous handling of experimental responses specific to each detector
• Incorporates all available data for robust analysis
• Utilizes the latest estimates of IBD cross-sections
• Two independent Python and Mathematica codes to ensure reliability

The parameters of our model:
• Temperature scale
• Radius of the resulting neutron star
• Accretion and cooling times
• Emission peak time (new!)
• Sync time for each detector



We can’t wait to observe a new supernova!
What if today’s the day?

Give a look to our poster to be prepared!

Thank you

pictures generated with FLUX.1, an open-source image generation model
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Istituto Nazionale di Fisica Nucleare

LNF

Laboratori Nazionali di Frascati

F������� N���
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I����������� & M���������
Pauli Exclusion Principle (PEP):

Fundamental principle in Quantum Mechanics: two electrons in an
atom cannot share the same set of quantum numbers.
Quantum Gravity models suggest possible violations of PEP due to
non-commutative spacetime [�].

Goal of the experiment
Look for possible PEP violations using the VIP experiment to test
di�erent non-commutative quantum gravity models.

Motivation:
Quantum Gravity as unification theory of Quantum Mechanics and
General Relativity.
VIP Experiment explore several classes of Non-Commutative
Quantum Gravity models.

� �



VIP E��������� & M����������

The VIP Experiment:
Conducted at Gran Sasso
National Laboratories (LNGS).
Searches for forbidden X-ray
transitions in atomic
electrons.
Focus on copper (VIP-�) and
lead (VIP Lead) atoms.

PEP Violations:
Indicated by shifted X-ray
emissions.
Non-commutative spacetime
can generate deformed
symmetries, leading to PEP
violations.

Figure: VIP location at LNGS

� �



R������ ��� F����� P��������
Current Findings:

Constraints on the scale of
spacetime non-commutativity.
Limits on Quantum Gravity
models.

Future Plans:
Upgrade to VIP-� [�] in ���� to
study elements with higher
atomic numbers.
New insights into Quantum
Gravity and PEP violations.

Ai, Mk Lower limit on
⇤ in Planck scale unit

A�, k = � �.� · ����
A�, k = � �.� · ����

A�, k = � �.� · ����

A�, k = � �.� · ����
A�, k = � �.� · ����

A�, k = � �.� · ����

A�, k = � �.� · ����
A�, k = � �.� · ����

A�, k = � �.� · ����

Table: Lower limits ⇤ obtained for
the scale of non-commutativity for

each analyses performed [�].

Thank you for the attenction!
References: [�]Piscicchia et al. Universe �.� (����): ���., [�]Manti et al. Entropy ��.� (����): ���.

� / �
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Constraints on new physics in 
SMEFT Framework

Electroweak Physics InterseCtions  
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Calaserena Resort, Geremeas, Sardinia (Italy)
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• Describes elementary particles and their interactions 
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SM contents

 Symmetry magazine, a joint Fermilab/SLAC publication.

“All things EFT” lecture series: How well do we know the SMEFT by Veronica Sanz 

Limitations of SM 
• Experimental tensions:muon g 2, W mass, CKM unitarity) 
• Unexplained phenomena: Neutrino masses, Dark matter,… 
• Theoretical incomplete(Higgs/ flavour hierarchy, Strong CP,  Quantum gravity,…  )

−
EFT parameter space

Standard Model Effective Field Theory(SMEFT) 
• Framework to interpret deviation from SM predictions 
• Model-independent approach to explore new physics 
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Bottom-up EFT: Captures new physics effects by systematically adding higher dimension operators(d>4) to the SM

Assumptions: 
• New physics scale EW scale  
• No new light d.o.f  
• Operators are invariant under SM gauge group

(Λ) ≫ (v)

My work: 
• Study the effects of dim.6 operators on the electroweak observables  
• Explore the complementarity between low and high energy experiments to constrain new physics. 

ℒSMEFT = ℒ(4)
SM + 1

Λ ∑
k

C(5)
k $(5)

k + 1
Λ2 ∑

k
C(6)

k $(6)
k + 1

Λ3 ∑
k

C(7)
k $(7)

k . . . AUV

Integrating out 
heavy BSM fields



Thank you
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TOWARDS AB INITIO CALCULATIONS 
OF NEUTRINO-NUCLEUS SCATTERING

Immo Reis, JGU Mainz
In collaboration with: Joanna Sobczyk, Sonia Bacca
EPIC 2024, 24/09/2024

1



https://lbnf-dune.fnal.gov/about/overview/ 

NEUTRINO-OSCILLATION EXPERIMENTS

2



Efros, Leidemann, and Orlandini Phys. Lett. B 338, 130 – 133 (1994).

THE AB INITIO APPROACH

3



THE DEUTERON AS A SANDBOX

4

Sobczyk and Roggero, Phys. Rev. E 105, 055310



24.09.2024 1

Weinberg Angle Detection
-

Developing New Methods via simulated 
Z-Boson Events

Sabrina Saul
Johannes-Gutenberg University Mainz
EPIC Sardinia 2024



The struggle with measuring 
the Weinberg angle
• SLD at SLAC with 80% polarized beam

à !!" with electron beam

• L3, ALEPH, DELPHI, OPAL at LEP with 
unpolarized beam

à !#$ with electron/positron beam

• Two measurement methods lead to 
deviations of 3.7'

24.09.2024 2

From Aziz, T. (1997). Asymmetry measurements at LEP/SLC revisited. Modern Physics Letters A, 12(33), 2535-2541.



Now (almost) everyone is measuring !! …

24.09.2024 3
From Erler, J. (2011). Radiative corrections and Zʹ. Hyperfine Interactions, 200, 57-62.



Another try: ATLAS @ LHC

24.09.2024 4

• Simulation of 1 Million Z production events via PYTHIA
à Include detector simulation 

• Use decay products to gain information about parent particle helicity
• Test different cuts and selection methods to obtain polarization of

decay products



Neutrino Experiments

EPIC2024 Poster Jamboree - Luca Wilhelm, JGU Mainz

Long-baseline (LBL) neutrino experiments: e.g., DUNE (US), HyperK (Japan)

- observe and detect neutrino oscillations, near & far detector

- nuclear effects are main component of the systematic error

1

[DUNE, Fermilab]

24.09.2024



Why using electrons for neutrino physics?

EPIC2024 Poster Jamboree - Luca Wilhelm, JGU Mainz

• Similar properties:

• Useful to constrain model uncertainties

• Electrons have precisely known energies 

→ Test incoming energy reconstruction 
methods

Target nuclei used in LBL experiments:

• 12C, 16O and 40Ar

224.09.2024

Existing inclusive data for relevant ‘electrons for 
neutrinos’ - target nuclei



Experiments in Mainz @ A1

EPIC2024 Poster Jamboree - Luca Wilhelm, JGU Mainz 324.09.2024

• We have data for different 

kinematics of carbon and argon  

• And measured oxygen (not 

analyzed yet)

If you want to see the results, come 

to my poster!!

• covers a broad range of 

scattering angles 

• beam energies from     

50 MeV to 1.6 GeV

→ possible to investigate 

different nuclear effects

A1 setup is an unique tool for 

electron for neutrino experiments:



Thank you to all the speakers!

We will reward the best teaser and best poster contributions.
Up to 3 preferences allowed!

Express your 
preference using 
the google form 
at the following 
QR code

And Please, remember to Vote!


