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Poster Jamboree session

» We have 20 contributions on many
different topics!

» Each student will deliver a 3 minutes
“elevator pitch” talk.

» After we will move to the poster session
with beer, appetizers and lots of
time to discuss!
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best poster contributions.
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Electroweak Framework

The Standard Model Picture
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Key parameter of the electroweak unification u [GeV]

» To what extent can we consider this

: B
(Au) _ ( CO_SHQW Smgw )( é)> measurement reliable?
sinby,  cosby, /) \ W, > Are there other probes to
investigate this low-energy regime?

Mattia Atzori Corona — 24/09/2024 - EPIC 2024 2



Low-Energy Electroweak Processes

APV

Atomic Parity Violation
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CEVNS

Coherent Elastic v Nucleus
Scattering

PVES

Parity Violating

WARNING

Electron Scattering

The measurements from
these probes depend on
the nuclear structure!

Mattia Atzori Corona — 24/09/2024 - EPIC 2024



Global Electroweak Fit

But if you cannot wait ...
have a look at

— | MACetal.
PRD 110 (2024) 3, 033005

Mattia Atzori Corona — 24/09/2024 - EPIC 2024 4
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P and PT violation for spin-1/2 particles
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e scattering and forward Compton sum rules

Doubly-virtual forward Compton scattering

|

[ Low-energy
yN polarized S rule observables X
Cross sections e.g. dipole moments,
model-independent! NI
polarizabilities etc.




Sum rules for electromagnetic moments

* Sum rules for anomalous magnetic moment x - known

1966 - Gerasimov-Drell-Hearn sum rule 1970 - Burkhard-Cottingham sum rule 1975 - Schwinger sum rule o
e Sum rule for anapole momenta & observables: |
M3 0 21
le + x)a = lim Jdu— o = o (O ',f
(an ) 8720 00 902 o7 — of7] c
v
\
* Sum rule for electric %
dipole moment d
et
]\42 ) dv ok o i it 2
(gyle +x)d = lim | — |o77 — 6} + 63, — 077 | (v, 0%
4\/§n2aem 0-0

I Perturbative verification in simple models

Thank you for akttention!
I look forward to seeing you ot my poster’



Three-nucleon neutrinoless double beta decay
potentials with chiral EFT

EPIC 2024 Workshop
Calaserena, Geremeas, Sardinia
Sept 22-27th, 2024
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Graham Chambers-Wall
Washington University in St. Louis

Advisors: Saori Pastore & Maria Piarulli

in collaboration with Lustin Lieffers & Emanuele Mereghetti



Neutrinoless double beta decay (0vgp)

p

* Observation clear signal of BSM physics e
* Next generation tonne-scale experiments improve e
bound by order of magnitude and rule out inverted »

ordering (in minimal scenario)

1 X

=
ov | = _ ~ov Ov |2 2 & OvPp decay limit (90% CL), smallest NME
0| = o [N )
* In standard mechanism, rate is proportional to 107
times
107F
= Need input from nuclear theory to extract
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10702 10~ 1072 10! 1

neutrino mass m, . [eV]
RevModPhys.95.025002
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Chiral effective field theory (YEFT)

* Based on approximate chiral symmetry of QCD

A-less AAid]c)ilitional.in AA-fu[II‘V ‘ A-less i\dditional in A;ful\ll .
LO =ma —my ~ 300MeV ~ 2m, =ma —mpy ~ 300MeV ~ 2m,
@ X1 * Pions, nucleons, deltas as fundamental degrees
NLO >< "'::H*:j UM'U]D UU l M of freedom

(Q/A)? H[Jl

%/ , | / * Provides hierarchy of many-nucleon forces and
. 1 1] = \ |

<§;/LA«(3> |< )K currents
NLO ¥ 4 |}- REINEINE * Derive OvBf transition operator, dubbed
(Q/As) l } H >< f T - = 1 . .
ﬂx neutrino potential,” within YEFT
NLO g ,// = input for
@/ FEH
XK.

Piarulli and Tews, Front. Phys. 30 (2020) \ .

Entem and Machleidt, J. Phys. Rep 503(1) (2011)




. R } =
Three-nucleon potentials ?

(2a) (2b) (2¢)
e e i S—— — — 1 B e R ——
(1a) (1b) (c) (1d) (2d) (2e) (2f) (2¢)
(2h) (2i) (2j) (2k)
Outlook N2LO

e Derived three-nucleon potentials within yYEFT
e (Can be input into many-body computations to calculate

nuclear matrix elements Tha n k you I

e Currently implementing into quantum Monte Carlo
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The n2EDM experiment at P51

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




EDM as a probe of New Physics

r - Anti-
E
If EDM ‘ T-reversal ‘ Violation Of T CPT theorem Vio|ation of CP \' matter
E E Sakharov
Hy~d-E~d(S-E
° ( ) conditions R
THer # He (EWBG?)

1026 ™ Current limit!!

107 ™= Goal of n2ZEDMI?!

within Standard Model:
* Small background from CKM mechanism— d,, ckm ~ 1073% e - cm 34

* Tuning of QCD @ - term, associated with the “strong CP problem” 4, 10
1029 -
Beyond Standard Model: 10'3"'
* EDMs as powerful constraints on new physics models at or above 10~
electroweak scale. 1032 -
Example: SUSY (MSSM)4 31 g2HDM!e! .. 103 -

d, (e - cm)
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Measuring the neutron precession frequency f,, = %B + n—‘f‘lE

in a double-chamber setup.

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

Coil systems
MSR
UCN guides Vacuum vessel
UCN switch Precession chambers
Ultra-cold
neutrpn

Polarizing magnet -

UCN detectors

w L

* The design of the n2EDM experiment(?!
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f,-,/z (HZ)

New result: Ramsey asymmetry plot
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Neural Networks

O, - Harnessing the Power of
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Motivation - Why «a;,, and Neural Networks

* O Is closely related to the symmetry energy — nuclear EoS — neutron stars

» Scarce experimental dataset

Without electric field

» Theoretical calculations are challenging

— Require validation

3
“ -
------

» Testing: Al applied to small datasets in
nuclear physics

With electric field



The Solution - Neural Networks

Z-axis = Loss

X-Y-Plane = NN
Gradient descent on a loss surface in parameter space Parameter space



Results

4 1e—-6
by NN prediction
1969Vas_photoneut
..+"r "i +-r-- 2014Fil_photoneut
3 i }- { +=«t+- 2007Har_photoneut
f ' { ' -1+ 1974Ca5 photoneut
152gm
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Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Timon Esser
]G | 8J Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Par

Diamagnetic
N
N
S

Magnetic dipole polarizability:

P = pyH
for polarization induced by
magnetic field

Timon Esser
]G | ) Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz
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Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Q .'mmﬂl | |
Paramagnetic f
K.

Diamagnetic
N
N
T e

Magnetic dipole polarizability:

P = pyH
for polarization induced by
magnetic field
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Timon Esser
]G | ) Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from

partial wave analysis of Compton scattering data
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; Paramagnetic .EI
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Diamagréc
N

Magnetic dipole polarizability:

P = pyH
for polarization induced by
magnetic field

Timon Esser
JL€319] Institut fir Kernphysik
Johannes Gutenberg-Universitat Mainz
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Proton scalar and spin polarisabilities from

partial wave analysis of Compton scattering data
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Magnetic dipole polarizability:

P = pyH
for polarization induced by
magnetic field

Timon Esser
JL€319] Institut fir Kernphysik
Johannes Gutenberg-Universitat Mainz
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Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

RCS Differential Cross-Section

Experimental Data

Ziegerll 2

Oxley I 4
Goldansky I 5

Hyman I 12 Old World Data
Hallin NG 12 0 o5 50 75 100 125 150

Scattering angle [deg]

MacGibbon I 1
Olmos I, 0o

Timon Esser
JL€319] Institut fir Kernphysik
Johannes Gutenberg-Universitat Mainz



Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

RCS Differential Cross-Section

Experimental Data

Ziegerll 2

Energy [Mev]

Oxley I 4
Goldansky I 5

Old World Data
MAMI-A2 Data

Hyman _ 12 HIGS Data
Hallin NG 12 o5 50 75 100 125 150

Scattering angle [deg]

MacGibbon I 15
Olmos I 05

Li I S
Mornacchi Z; INNEGININGIIEGEGEGEGEGEEEEEE 36

0 10 20 30 40

Timon Esser
JL€319] Institut fir Kernphysik
Johannes Gutenberg-Universitat Mainz



Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

RCS Differential Cross-Section

Experimental Data

Ziegerll 2

Oxley I 4
Goldansky I 5

Energy [Mev]

Old World Data
MAMI-A2 Data

Hyman _ 12 HIGS Data
Hallin NG 12 o5 50 75 100 125 150

Scattering angle [deg]

MacGibbon I 1 RCS Beam Asymmetry 23
Olmos I, 0o

Li I S
Mornacchi Z; INNEGININGIIEGEGEGEGEGEEEEEE 36

Energy [Mev]

10 20 30 40

MAMI-A2 Data
HIGS Data

25 50 75 100 125 150
Scattering angle [deg]

Timon Esser
Institut fur Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Timon Esser
]G | 8J Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Improvements

Timon Esser
]G | 8J Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Improvements
* /0% more data

Timon Esser
]G | 8J Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Improvements
/0% more data
 Reduced model dependence

Timon Esser
]G | 8J Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Improvements

/0% more data

 Reduced model dependence

* Accounting for normalisation
uncertainties

Timon Esser
]G | 8J Institut fiir Kernphysik
Johannes Gutenberg-Universitat Mainz




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

Improvements A
* 70% more data Ny uare
- Reduced model dependence | | R&F
* Accounting for normalisation , ..

uncertainties ‘
* Refined fitting method ”'

J « t.
r‘:b o -(tt \,S-’ s

Timon Esser
Institut fur Kernphysik
Johannes Gutenberg-Universitat Mainz

JG|U




Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

PDG '20

Experiment ,BMlp [107% fm?]
MAMI-A2 '22 - —e—
HIGS 221 | ® :
Sokhoyan etal.'16 (23, ByPT fit) - : ®
alphaMinbets — 9.08°7 7 Sokhoyan etal.'16 (%3, HBYPT fit) T ! ®

Mornacchi etal. '22 -

Improvements A

R World Data -

* 70% more data e
» Reduced model dependence | .| R

Bignell etal. '20 -
HBxPT fit

McGovern etal.'13 - —e—
BxPT fit
Lensky-McGovern '14 —0—
BxPT p%/A

Lensky etal.'15 A I ®

* Accounting for normalisation e
uncertainties |
» Refined fitting method g

: b
r‘:b < '(2% \S’ "

Timon Esser
JL€319] Institut fir Kernphysik
Johannes Gutenberg-Universitat Mainz



Proton scalar and spin polarisabilities from
partial wave analysis of Compton scattering data

PDG '20 A
Experiment ,BMlp [107% fm?]
MAMI-A2 '22 - —e—
HIGS 221 | ® :
Sokhoyan etal.'16 (23, ByPT fit) - : ®
alphaMinbets — 9.08°7 7 Sokhoyan etal.'16 (%3, HBYPT fit) T ! ®

Mornacchi etal. '22 -

Improvements A

/ \ World Data T

A N gammaFIF1 = -2.5414% : 5A
/0% more data g A

é / \ McGovern egcj(lF.)_'rlﬁt— —0—
* Reduced model dependence /o sk cGover 14- ——
* Accounting for normalisation . | N R M SR M A R T A
uncertainties b J," \
. . S e [ | Do you want to take a
* Refined fitting method A closer look?

\ oo, e - --./ ..\--
S Ee ey Then come and visit

me at my poster.

Timon Esser
Institut fur Kernphysik
Johannes Gutenberg-Universitat Mainz

JG|U




& TRIUMF

Electroweak corrections to
V,.q Via nuclear theory

Michael Gennari
TRIUMF and University of Victoria

Collaborators: Mehdi Drissi, Mack Atkinson, Chien-
Yeah Seng, Misha Gorchtein, Petr Navratil

E::ﬂa; University g w

»y of Victoria jonannes GUTENBERG
FRIB UNIVERSITAT MAINZ
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NUCLEUS: recent results
and prospects

Marco Giammel

EXPERIMENT

TOR VERGATA cleus

UNIVERSITA DEGLI STUDI DI ROMA



http://nucleus.roma1.infn.it/

CEVNS

* The Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) was
predicted by Freedman in 1973 within the Standard Model

* |t was firstly seen only in 2017 by the COHERENT collaboration

* The CEVNS 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

(N,Z) (N, Z)
OCEvNS = G —LF%(¢*)Q3, E2 Observable: kinetic energy of nuclear recoil scattered
v A1 by 0 2 10 neutrino
4
Qw =N — Z(1 —4sin* 6y ) ~ N £ I >= B "
3 MA ey
i AN LN ] - nuclear
=2 E 10 k 2 boson
] : : E reCOII
o I | =10° redii
g i ; 2104 - <40 m_%
a| G10° | N
i 5102 b /
1044 i+p->n+e* . m;gﬁ_ D+p—on+et 3
10745 [ NN IR CEIVNSI(Ge)I L] 0 | | | | | CII'EVNSI(Ge)l | E
05 1 15 2 25 3 35 4 45 5 L econdary

05 1 15 2 25 3 35 4 45 5 recoils
E, [MeV] E, [MeV] scuntlllatnon




NUCLEUS Cryogenic Target Detector

Superconducting transition curve

Absorber crystals + Transition Edge Sensors (TES)

Resistance

operating point

r————————= —— =
| * Baseline resolution

NUCLEUS-10g Cryogenic Detector: | well under 10 eV : 10 Temperature, mK
midde of ALO. and Cawvoy oo 5 gise Time ~05ms |
| .~ Decay Time ~15ms _
CEVNS prodl_Jced . _
oo e oy TeSheatng —> P




Active Vetoes and Passive Shleldmg

Inner Veto

Outer Veto

Cryogenic
Muon Veto

Copper

Lead
Polyethylene

Boron  |nner Shielding
Carbide

S

Muon Veto ] ‘ Outer
Lead Shielding
Borated
Polyethylene




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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Boosting of the Generalized Contact Formalism



GCF and Lab calculations

» Nuclear Short Range Correlations (SRCs) are pair of nucleons
that are close together in the nucleus.
» The General Contact Formalism (GCF) describes SRC using the

Ansatz
U (ki ko, ... ka) — pij(kij) Aij (Kij,{kn}n#,j)

kij—00
» Lab frame calculations show good results for the exclusive
cross section. However, for the inclusive case, there is a
disagreement with the data.

=

04
I Data == N2l0(1Ofm) 2| | C b
== AvI8 == N2L0 (1.2fm) Al
— ava Fe

w

°
Ale. e'pp)/Ae, e'p)

°

Ale, e'pp)/A(e, e'p)
°

84 05 06 07 08 08 04 05 06 07 08 09
Pmiss [Gevic] Prmiss [GeVic]

ing of the Generali



Boosted frames calculations

4He
We have calculated invariant quantities such as ";‘;;C and Zige in
Tine

boosted frames.

We also defined the semi-Breit DA A 1
frame for each value of zp to find s »ﬂ/

the optimal frame. -

15 155 15 165 17 175 18 185 19 195

ing of the Generalized Contact Formalism
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MREX: The Mainz Radius EXperiment
Nikita Kozyrev

Institute for Nuclear Physics, Johannes Gutenberg-University Mainz

C) Cluster (:f Excellence + JG ‘ U
PRISMA Electroweak Physics InterseCtions 2024
Precision Physics, JOHANNES G UTE N B E RG

Fundamental Interactions
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Connecting different scales

18 orders of

? @ )

magnitude




Connecting different scales

208Pp Nucleus Neutron star

-

18 orders of

v
/”.\‘
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magnitude




Neutron Skin and PREX-II

Nucleus

Repin = Rn — R, e ~
Ro= VT | Y [E(0:0) = Ele) +0%8(p) + O(o')

R, = /<> a = (pn—pp)/(Pn+tpp)

(5,)
Neutron star L=3py | —
ap
[ AL (LIGO) J / -

R.(NICER)

Po /

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

N>>Za,=a,R,>R;,

n
___\

Neutron Skin \
\

density




Neutron Skin and PREX-II

Nucleus

Rskin — Rn - Rp / \ n
R, = /a5 N E(p, @) = Esnu(p) + a’S(p) + O(a’)
R, = /<y a = (pn—pp)/(Pn+pp) p
aS
Neutron star L=3pg (5)
A (LIGO) Al”.’\ AR
R, (NICER) R

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

N>>Za,=a,R,>R;,

PREX-II: PVES determination of Ry, in 2°8Pb
But: low statistics and tension with astrophysics

n

___\
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Neutron Skin and PREX-II

Nucleus

Rskin — Rn - Rp / \ n
R, = /a5 N E(p, @) = Esnu(p) + a’S(p) + O(a’)
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Accelerator (MESA) and the P2 experiment detector setup
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Outline

= Want to use Mainz Energy-recovering Superconducting
Accelerator (MESA) and the P2 experiment detector setup

= Need to match <Q?%> =0.0062 (GeV/c)? of PREX-II

/
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= Must account for and minimize non-elastic contributions
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o St of Mt
Neutron Skin Nuclear Equation of State

[ ]
Neutron and proton density in nuclei are well approximated 2 WG D Nuclear Equation of State (EOS) describes the density R0
° by two parameters Fermi distribution ] dependence of the nuclear energy per nucleon: 03
s P Tt 72 7190 2019)
A = T epl(r — Ryl é
where a = (.~ py)/ (4 ) 30d S(p) is the symmetry —~
When N = Z. p, and , are almost the same. When N >> Z. enargy. Performing Taylor expansion around Eox £\ 4
neutrons are pushed towards the nuclear periphery. creating " . saturation density i =
neutron skin (NS), characterized by NS thickness = £ " PR o 02 3 \\ g
E NwZa-a Rk, Sto) 3N %
; ] i %
: 2 [ B s ol w3 (5 016
Ruin = < 12> =y H P where x = (p ~ p,Y3p, and L= (53 -y
\ n
. . . . Experimentally and theoretically determined R, in Pt Neutron Skin The symmatry energy slope parameter L has strong 0.12) S PREXA[ o
] have had large systematic uncertainties. But precise study of correlation with R,,,, allowing for its model e T T
NS is crucial for restricting the Nuclear Equation of State. H extraction from neutron skin thickness determination M)

dge between nuclear physics and astrophysics

Electron weakly couples to neutrons better than to protons, and coupling depends. 3 x 2 :'» 0
| 28ppy 1, on polarization. Thus, R, from asymmetry in parity-violating electron scattering. RI%(fm) "
= E Apy = 22— GrQiQwl Fwl@) 120 4
. . E . ; Or+0L W2raZ FalG PREX I
= How to reduce uncertainty from non-elastics TR § i e e -
y 3 v i 3&' Aovie 02§  With theoretical models, R,.,, can also be restricted with astrophysical observables:
3 aE i §  + Tidal deformability of a neutron star A, from LIGO-Virgo GW170817 observation B
™ > ;- X g * Neutron star radis R, from NICER x-ray observation from PSR J0030+0451 L
1 The tension between results above and high uncertainty of PREX provide motivation for MREX. [T o T o

FY sopmmety Ay LEOR) 299Ph Nucleus Neutron star
sun1n2s

: hich uncertainty in R,, can we reach EERTECTTITE

Mainz Energy-Recovering Superconducting Accelerator (MESA}
will provide us with

Average momentum transfer of MREX: <Q7> = 00062 (GeV/c? to

match PREX and maximize sensitivity to neutrons skin,

_dludpy _ Re $Am
dinft, " Apv B8R

U

* 155 MeV beam kinetic energy
80707, ot conter @ 2= 30 mm  FOM = 7

)

2-150 A bears cument By exchanging the hydrogen target of the P2 -
* 85% beam polarization experiment with 0.5 mm 20%Pb target, MREX can
use the same detector set-up o determine Ryy,,

Experimental set-up is chosen to:

* < 1% systematic uncertainty from

beam monitors (polarization etc ) * Maximize signal from elastic electrons

= Minimize signal from non-elastic events
and secondary produced particles

= How much measuring time we need

Magnetic field is set to maximum 0.7T to
bend out most of non-elastic contributions.

The preliminary target position is chosen with
raytracing software developed for P2

e-Carlo simulation

General information Non-elastic contributions Additional shielding
The P2 simulation framework"! was modified for MREX. Solenoxd geometry leads to 25 MeV excitation energy Need to find a way to reduce uncertainty from inelastic
Ituses Geantd to simulate interaction of: acceptance. Precise modeling of non-elastic lines is necessary. contributions. Moving target upstream to let magnetic field

* Electron beam with target 5 e Cean bend non-elastic lines can halp, but then <Q7> changes.
« Generated scattered electrons and secondary produced : T Additional conical shielding next to the target helps:

208pp
@ 150Mev 30°

particles with the detector set-up all 1. 80707, targot conter @ 7 = 550 mm
It atso includes the Cherenkoy-detector response function. “ Qoo 001 - e
Pove) 454,208 0018 ~ | oo € 1500207 01 et St v o
F sl | =
& T ] T
(Rl = T CITATION ENERGY (MaT} £
We define rate and asymmetry uncertainties for each correction: -
. $1A VL _fiA
¥ e =5y 7 et
S0y Optimal target and shislding position is chosen to match <Q7>

and minimize total uncertainty.

ncertainties and measuring time

* Precise determination of NS thickness in **Pb is a great tool
to constrain Nuclear Equation of State and bridge nuclear

Total systematic uncertainty of non-elastic contributions from Monte-Carlo results:
2.31 ppb (0.37%) without and 155 ppb (0.25%) with additional shielding.

[ h physics and astrophysics.
Assuming 1% systematic uncertainty in A, from beam monitors and accounting for
sansitivity of Ary to neutron skin, we predict the measuring time o reach certain AR/R * Solenoid geometry of MREX allows for low statistical
AA 1165 1.12¢ o uncertainty but requires additional shielding to deal with
X g o = L non-elastic contributions.
e 9 No extra shiclding Siciding e

necrtainty fn Ry [ d + We use Monte-Carlo smulation to show that MREX needs

T | 4 at least 1500 hours of measuring time to reach 0.5%

3 2300
PREX-2 uncortainty: Aduuy/A = 20

e R R B ) uncertainty in neutron radws determination.
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Come by to learn:

Neutron and proton density in nucle are well approximated
by two parameters Fermi distribution:
m
! T% crpl(r — B
When N = Z. p, and p, are almost the same. When N >> Z.
neutrons are pushed towards the nuclear periphery. creating

E- - _ n Nuclear Equation of State (EOS) describes the density
o

where = (.~ p,)/(pu+ ) 30d Sip) is the symmetry
energy. Performing Taylor expansion around
saturation density p

neutron skin (NS), characterized by NS thickness:

2 Stp) =+ Lo+ 3K
: 2 ] ‘2 i a8
Ruia = \[<rd > = \J<ri> § where & = (p — p,)/3p, and L:.\m(”‘)“

Experimentally and theoretically determined R, in **/Pb The symmatry energy slope parameter L has strong

§  + Tidal deformability of a neutron star A, from LIGO-Virgo GW170817 observation <

P
H
§

s
neutr

. . . .
] have had large systematic uncertainties. But precise study of correlation with R,,,, allowing for its model |t ek
OW e S l I I I l I a I OI l ra I I I eW O r l S | I I NS is crucial for restricting the Nuclear Equation of State. extraction from neutran skin thickness determination. T MeV) L
dge between nuclear physics and astrophysics
f— - Electron weakly couples to neutrons better than to protons, and coupling depends 16 22t 0
‘.: 208pp |, on polarization. Thus, R, from asymmetry in parity-violating electron scattering: Y 14,;1 ’m'm by " 'o
~ P i ar—ay 12x0f- ]
. . B o : o+ 0L PREX 1
] o 5s \%ﬁ:}’ 03 &  PREX-2 utilized this to determine Ry, in ***Pb to be 0.28 + 0.07 fm. I . i
OW 10 reduce uncertainty Trom non-etastcs i =] BE e L
H

* Neutron star radius R, from NICER x-ray observation from PSR 10030+0451

380 s o

‘i The tension between results above and high uncertainty of PREX provide motivation for MREX.

- thh uncertalnty In Rn can we reaCh MESA, P2 and MREX pi—

Mainz Energy-Recovering Superconducting Accelerator (MESA)
will provide s with
* 155 MeV beam kinetic energy i

B82070T, target conter @ 22360 mm  FOM = 75
1,

Average momentum transfer of MREX: <Q7> = 0,0062 (GeVic)' to
match PREX and maximize sensitivity to neutrons skin,
dindpy _ Ry 5Am

dink, = Apv B8R,

* 150 pA beam current By exchanging the hydrogen target of the P2 o
experiment with 0.5 mm 20%Pb target, MREX can

use the same detector set-up o determine Ry,

* 85% beam polarization Experimental set-up is chosen to

* < 1% systematic uncertainty fi
e T * Maximize signal from elastic electrons

beam monitors (potarization etc)

* Minimize signal from non-elastic events

and secondary produced particles

= How much measuring time we need

Magnetic field is set to maximum 0.7T to
bend out most of non-elastic contributions.

The preliminary target position is chosen with
raytracing software developed for P2

e B e

e-Carlo simulation

Thank you for
your attention!

General information
The P2 simulation framework!!! was modified for MREX.
Ituses Geantd to simulate interaction of:
* Electron beam with target
* Generated scattered electrons and secondary produced
particles with the detector set-uj
1t also includes the Cherenkov-detector response function.

Non-elastic contributions
olenoid geometry Leads to 25 MeV excitation eneray
acceptance. Precise modeling of non-elastic lines is necessary.
T | e xam 208pp,
150Mev 30°

We define rate and asymmetry uncertainties for each correction:

. =¥ Al

v — 4y
(( 0] 7 (1

fidA
<7

Additional shielding
Need to find a way to reduce uncertainty from inelastic
contributions. Moving target upstream to let magnetic field
bend non-elastic lnes can help, but then <Q7> cha

Additional conical shieiding next to the target helps:
82070, tagot conter & 2.+ 550 mm

Optimal target and shielding position is chosen to match <Q7>
and minimize total uncertainty.

ncertainties an easuring tlme clusion

Total systematic uncertainty of non-elastic contributions from Monte-Carlo results: e S —

2.31 ppb (0.37%) without and 1.55 ppb (0.25%) with additional shielding, o |

sensitivty of Ay to neutron skin, we predict the me:

suring time to reach certain ARR,

Assuming 1% systematic uncertainty in A, from beam monitors and accounting for H

Ad, 1

Al = 112§

No extra shichling Witls extra shickling r

I
Uncertainty in R, a 1
R ime b | Bwa/A | T
5 w1 @
PREX-2 urcertaity. Aluu,

i Bae/ A o

| o

* Precise determination of NS thickness in **Pb is a great tool
to constrain Nuclear Equation of State and bridge nuclear
physics and astrophysics.

* Solenoid geometry of MREX allows for low statistical
uncertainty but requires additional shielding to deal wit
non-elastic contributions.

* We use Monte-Carlo smulation to show that MREX needs
st least 1500 hours of measuring time to reach 0.5%
uncestainty in neutron radiws determination.
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Standard Model of Elementary Particles
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We would not

exist!

COMPOSITION OF THE UNIVERSE
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Standard Model of Elementary Particles
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EVIDENCE FOR DARK MATTER

Observations
from starlight

Velocity
(km s-1)

Expected from
the visible disk

20,000 30,000 40,000

Distance (light years)

Gravitational lensing
[NASA, ESA, and J. Lotz and the HFF Team
(STScI)]

Large Scale Structures

[Millennium Simulation Project]
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Observations
from starlight

Velocity
(km s-1)

Expected from
the visible disk

; 10,000 20,000 30,000 40,000

Distance (light years)

HOW DO WE SEARCH FOR
(ULTRALIGHT) DARK MATTER?

* Atomic Clocks
 Highly-charged ions

* Molecules

e Nuclear Clocks

e Laser interferometers

* Atomic magnetometry

e Ultracold neutrons

* Solid-state magnetometry
* Electric dipole moments

Gravitational lensing L Scale S
[NASA, ESA, and J. Lotz and the HFF Team arge dScale structures
(STScI)] [Millennium Simulation Project]
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Observations
from starlight

Velocity
(km s-1)

Expected from
the visible disk

; 10,000 20,000 30,000 40,000

Distance (light years)

HOW DO WE SEARCH FOR
(ULTRALIGHT) DARK MATTER?

 Highly-charged ions
Molecules

Nuclear Clocks

Laser interferometers
Atomic magnetometry
Ultracold neutrons

Solid-state magnetometry
Electric dipole moments

Gravitational lensing l
[NASA, ESA, and J. Lotz and the HFF Team Large Scale Structures

(STScI)] [Millennium Simulation Project]
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P2 Experiment in MESA Accelerator at Mainz

0.245 RGE Running
e Particle Threshold

Measurements
Future experiment

. . . . 0.240 SLAC 5158
. The goal: Clear determination of sin? 0y at low-energies > SM precision test - T T
‘g 0.235 - l "\\
c E MOLLER % eDIS
: P2 3 Tevatron LEP] ILHC
0.230 3 SoLID I —><SLC—
« The way: Precise measurement of proton’s weak charge Qﬁ, 3
0.225 :—'—'-'-'-'-'-"' vl
1074 1073 1072 1071 1 101! 102 103 104
u [GeV]
P — — 4 Qin2
O = (1 4 s1in HW)
» Extraction of weak mixing angle
* The observable: Parity Violation asymmetry in elastic electron-proton scattering >
=
Precision Measurement of weak charge of
the proton, The Jefferson Lab Qweak
Collaboration
O, — O
. + —
eEp —¢€p. APV(QZ) — > Parity-violating asymmetry
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Form Factors Iin Parity Violation Asymmetry

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

« At low momentum transfer, Alf Y'is dominated by Qﬁ,

G -
Ay == ———0 |0~ E(Q°)
20/ 21 '

\4

N
S
S0

vvvvvv

Q N\,
", 09D
''''

oL S
S SR

,,,,,,,

,,,,,,
______
S Q3

0
o) ¢
o

DESY: “The most precise picture of the
proton”

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

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

How the Form Factor contributions affect the Qﬁl measurement?

F(O? - 0) -0

How can we quantify and minimize uncertainties?

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




See you at the poster session!
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In 1987 a type Il 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-Il (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.
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Rate [HZz]

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: The parameters of our model:

* Energy and temporal distributions based on supernova models * Temperature scale

* Accurate temporal description of both emission and cooling phases * Radius of the resulting neutron star
* Rigorous handling of experimental responses specific to each detector * Accretion and cooling times

* Incorporates all available data for robust analysis * Emission peak time (new!)

» Utilizes the latest estimates of IBD cross-sections * Sync time for each detector

* Two independent Python and Mathematica codes to ensure reliability

- Rate Kamiokande-II . | Energy spectrum Kamiokande-II ~, Angular spectrum Kamiokande-II
| — Model I — Model |
200 e Background i ---- Background | ol e
1 | SN1987A data = > — Mode1+BKG
1 s | SNI1987A data . 4° — Model
| = 1.5 = ---- Background
i 9 > — Model+BKG
10_ 4—'1_@_ w3 L
:1 o | SN1987A data
I > 24 |
AR T N W I 11
ol 1| | B O 0o e i e i i o -
0 5 10 15 20 25 30 a -1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

Time [s] E.. [Mev] cos(6)



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

Give a look to our poster to be prepared!

Thank you

pictures generated with FLUX.1l, an open-source image generation model
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INTRODUCTION & MOTIVATION

Pauli Exclusion Principle (PEP):

m Fundamental principle in Quantum Mechanics: two electrons in an
atom cannot share the same set of quantum numbers.

m Quantum Gravity models suggest possible violations of PEP due to
non-commutative spacetime [1].

Look for possible PEP violations using the VIP experiment to test
different non-commutative quantum gravity models.

Motivation:

m Quantum Gravity as unification theory of Quantum Mechanics and
General Relativity.

m VIP Experiment explore several classes of Non-Commutative
Quantum Gravity models.



VIP EXPERIMENT & METHODOLOGY

The VIP Experiment:

m Conducted at Gran Sasso
National Laboratories (LNGS).

m Searches for forbidden X-ray
transitions in atomic
electrons.

m Focus on copper (VIP-2) and
lead (VIP Lead) atoms.

PEP Violations:

m Indicated by shifted X-ray
emissions.

m Non-commutative spacetime
can generate deformed
symmetries, leading to PEP Figure: VIP location at LNGS
violations.




RESULTS AND FUTURE PROSPECTS

Current Findings:

Ai, My Lower limit on

m Constraints on the scale of Ain Planck scale unit
spacetime non-commutativity. A, k=1 3.1-10%
.. . A, kR=2 1.4-107"
m Limits on Quantum Gravity y— 4.9 107
models. A, R=1 2.8-10%
A, k=2 1.4-107"
. Ay k=3 5.1-10°
Future Plans: A k=1 42107
m Upgrade to VIP-3 [2] in 2025 to A, k=2 15-10"
study elements with higher Ay, k=3 5.6-10°

atomic numbers. .. .
Table: Lower limits A obtained for

] New.insights into Quantum the scale of non-commutativity for
Gravity and PEP violations. each analyses performed [1].

Thank you for the attenction!

References: [1]Piscicchia et al. Universe 9.7 (2023): 321., [2]Manti et al. Entropy 26.9 (2024): 752.
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M Otivati 0 n SM contents

Standard Model(SM) [ ‘

- Describes elementary particles and their interactions
. Tested to good precision I

QUARKS @ LEPTONS BOSONS @ HIGGS BOSON

Symmetry magazine, a joint Fermilab/SLAC publication.

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

2 “All things EFT” lecture series: How well do we know the SMEFT by Veronica Sanz
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- Model-independent approach to explore new physics
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M Otivati O n SM contents

Standard Model(SM) ‘ -

- Describes elementary particles and their interactions ¢
. Tested to good precision 4 I "

QUARKS @ LEPTONS @ BOSONS @ HIGGS BOSON

Symmetry magazine, a joint Fermilab/SLAC publication.

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

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

Bottom-up EFT: Captures new physics effects by systematically adding higher dimension operators(d>4) to the SM

| | |
— p4) Z: 3) 50) Z: (6) ;(6) | Z: (7) ;5(7) Agy
k k k

T
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ffc_ts f BSM physis 'r_e encoded _i_ the higher im- Oprators

Assumptions:
- New physics scale (A) > EW scale (v)

- No new light d.o.f
- Operators are invariant under SM gauge group

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.



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 @ MPA
EPIC 2024, 24/09/2024




NEUTRINO-OSCILLATION EXPERIMENTS

Sanford Underground Fermi National
Research Facility, Accelerator Laboratory,
South Dakota lllinois

https://lbnf-dune.fnal.gov/about/overview/
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THE AB INITIO APPROACH

R(w) = Z(%\@H\Pu ) (P,|®|Wo) §(@ — Ey + Eo)

sw? ® %

ground bound 2-body break-up  3.body break-up -  A-body break- up

state excited state
nnnnnnn

/K 6, 0)R(0)do = (Po|®'K(c,H — Ey)®

Po)

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




THE DEUTERON AS A SANDBOX

R(@) =Y (¥o|®'|¥y) (¥u|®|¥o) §(® — Ey + Eo)
u

/K o,0)R(w)dw Ko, w) = Z k(o) Ti(w)
=0

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




Weinberg Angle Detection

Developing New Methods via simulated
/-Boson Events

Sabrina Saul
Johannes-Gutenberg University Mainz
EPIC Sardinia 2024
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The struggle with measuring  sP4x® —er 023051 £ 0.00043
th e Wein be rg ang | e Ay Leptons (A) _le 0.23085 + 0.00056
A, (B) | N 0.23240 + 0.00085
e SLD at SLAC with 80% polarized beam
, A_(B) ‘ 0.23264 + 0.00096
- A; p with electron beam ¢
e L3, ALEPH, DELPHI, OPAL at LEP with Ars (B) —— 0.23246 £ 0.00041
unpolarized beam AS, (B) . 0.23155 % 0.00112
- Agpp with electron/positron beam
Quer (B) d 0.23200 + 0.00100
 Two measurement methods lead to LEP + SLD (A) o 0.23064 + 0.00034
deviations of 3.70
LEP + SLD (B) -l 0.23235 + 0.00031

IIII|III|IIIIIII|

0.23 0.231 0.232 0.233 0.234

From Aziz, T. (1997). Asymmetry measurements at LEP/SLC revisited. Modern Physics Letters A, 12(33), 2535-2541.
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Now (almost) everyone is measuring 8y, ...

Moller [JLab] =
Qweak [JLab] }
PV-DIS [JLab] T

S
%@/,. (had) [SLC]
% LR
eg(0) [LEP]

> >

|||||| T T1T7rm l|||||||| ||||||||| ||||||||I ||||||||I LI TTTI

- SM i
e current A_g(lep) [Tevatron] -

+  future _

i Moller [SLAC]{ §’ -
0 —

I APV(Cs) { v-DIS (5}0 ]

s B

1 llllllll 1 llllllll 1 llllllll 1 llllllll 1 llllllll 1 llllllll 1 llllllll 1 L

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



Another try: ATLAS @ LHC -

* Simulation of 1 Million Z production events via PYTHIA Ver V1 U
- Include detector simulation

e Use decay products to gain information about parent particle helicity

* Test different cuts and selection methods to obtain polarization of
decay products

24.09.2024 4
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Neutrino Experiments

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

[DUNE, Fermilab]

Am?2L
P(Ey; L)va—svs & sin® (26, ) sin® ( I L>

iE,
Sanford Underground

Research Facility Fermilab

NEUTRINO
PRODUCTION

PARTICLE
DETECTOR

UNDERGROUND
PARTICLE DETECTOR

24.09.2024 EPIC2024 Poster Jamboree - Luca Wilhelm, JGU Mainz 1



Why using electrons for neutrino physics?

- Similar properties: Existing inclusive data for relevant ‘electrons for
P neutrinos’ - target nuclei
a~-o
(dew) = our [ ArRe +ArFr | 140 1 ¢ e 12C |,,
€ ® 160 -
(120' 120 - X 40Ar Hg
( : ) =o00| AccRoc + AcLRep + ARy + ApRp &+ Ap Ry ] 8 [0
dQdw ), /5 v 100 T2K Flux DUNE Flux g
< 08 .2
« Useful to constrain model uncertainties £ w \ kS
» Electrons have precisely known energies 4 © oo, | ¥
. . . o o =
- Test incoming energy reconstruction g a0 odoe o . 0.4 &
methods “ oo ® $ ® E
20 \ 00 “( o © g o L o2 ~
Target nuclei used in LBL experiments: 0 . : 5

: :

Energy E,je (GeV)

* 1#C PO and PAr MAMI ﬁ
JLab

24.09.2024 EPIC2024 Poster Jamboree - Luca Wilhelm, JGU Mainz 2



Experiments in Mainz @ A1

A1 setup is an unique tool for » We have data for different
P . kinematics of carbon and argon

electron for neutrino experiments: . And measured oxygen (not

analyzed yet)
If you want to see the results, come
to my poster!!

N
=

p——

« covers a broad range of
scattering angles

« beam energies from
50 MeV to 1.6 GeV

- possible to investigate
different nuclear effects

24.09.2024 EPIC2024 Poster Jamboree - Luca Wilhelm, JGU Mainz 3
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