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Electron accelerators in Mainz

New 1966++
Mainz University Electron Linac (MUELL)
~80-300 MeV, pulsed beam

Upgrade 1972++
Mainz Linear Accelerator Improving System (MALAISE)
Enhancement of the energy resolution

New 1990++

Mainz Microtron (MAMI-B)

Three-staged racetrack microtron cascade
~180-855 MeV, cw beam

Upgrade 2007++
Harmonic double-sided microtron (MAMI-C)
Energy increase to ~1600 MeV

New 2024++

Mainz Energy-recovering Superconducting Accelerator (MESA)
Double-sided Multi Turn Energy Recovery Linac (ERL)
~20-155 MeV, high-intensity cw beam
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Let's build MESA 1/6

Injection Linac
5 MeV

Beam
Dump

Cavities

+25 MeV

30 MeV

Electron Linear Accelerator (Linac)

Soéren Schlimme (JGU Mainz)
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Let's build MESA 2/6

Injection Linac
5 MeV

Beam
Dump

Cavities

+25 MeV

80 MeV

Multi Turn Linac

Soéren Schlimme (JGU Mainz)
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Let's build MESA 3/6

Injection Linac
5 MeV

E O

o g Cavities

mn A
+25 MeV

AN

o

155 Mev\ +25 MeV

Cavities

Double-sided Multi Turn Linac
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Let's build MESA 4/6

Injection Linac

E O
g £ 6‘“6“ Cavities
m A 4,’\9
AN
o
155 Mev\\
Cavities
- - U(t)A acceleration Isochronous
Double-sided Multi Turn ERL operation
Energy Recovery Linac

> {

deceleration
Soéren Schlimme (JGU Mainz)
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Let's build MESA 5/6

Injection Linac

E O
S £ ste“ Cavities
m A 4,'\‘
(Q\|
o
155 MeV\
Cavities

Double-sided Multi Turn
Energy Recovery Linac
= with internal target experiment
thin target — don’t disturb the beam too much for ‘ERL recollection’...

Soéren Schlimme (JGU Mainz)
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L Let's build MESA 6/6
8% | nomore
electrons Injection Linac

E O
§ § é@\«o@e“ Cavities

AN

o

155 Mev\
Cavities

Double-sided Multi Turn

Energy Recovery Linac

= with internal target experiment

= with extracted beam experiment
= and beam dump experiment
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P Let's build MESA 7/6
8% | nomore
electrons Injection Linac

E O

o g Cavities
m Q0

AN

o

155 Mev\
Cavities

MAGIX when beneficial:

* extracted beam mode, including
* useful at the early stage of the accelerator
* possibility to use thicker targets
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MESA: Mainz Energy-Recovering Superconducting Accelerator

electron source
(pol. dc photo-gun)
& low energy injector

injector linac
& spin manipulator
& polarimeter

Recirculation arcs

. . Cryo modules /
-4 - o superconducting

Recirculation arcs
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MESA EB-mode: P2

P2 - Parity violation experiments

Superconducting solenoid
Integrating Cherenkov detector ring
Tracking detectors

LH2 target or solid state targets Beam dump

Polarimeter
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Parity Violating Electron Scattering

longitudinally polarized

beam electrons
)

<

>

P2 - Parity violation experiments

Superconducting solenoid .
Integrating Cherenkov detector ring unpo arized
Tracking detectors target
LH2 target or solid state targets

Gy T
PV — ot +o .o
flip the helicity with 1kHz:
+ -+ - + - - +
Multi-talent ! ~85% beam polarization
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in a nutshell

Acknowlegements:
The E158, HAPPEX, PREX, CREX, MOLLER, SOLID, P2 and MREX Collaborations

Many thanks to numerous collaborators for ideas, photos, slides, text....

Parity Violating Electron Scattering

Recent Results and Future Plans

Krishna Kumar
University of Massachusetts, Amherst

MENU 2023, Mainz, Germany
October 19, 2023
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v Physics programme at P2

‘ I/-n")/;v {
= Hydrogen at foryvard angles: | sin? oy~ © —4Qw Proton structue -
Apy - Quw(p) - sin26,, - BSM physics? \
GrQ? [
APV — W — F Q
4\/§7T()éem (Q 4 ( ))
= Hydrogen + Deuterium at backward angles: : /
. . . . Hadronic structure
Apy - axial FF + strange contribution to magnetic FF of proton sizable
at not-so-small Q2
= Carbon:

Complementary sensitivity to BSM physics
Dominated by

= |Lead: neutrons
Apy - Fuea(Q?) ‘ \‘

n
- neutron radius \ P 2 2
. c Fwea
g - neutron skin thickness \ \ Apy = GrQ K(Q 2)
§ Ao 4\/§7T(Xem Fcharge(@ )

density
J
|
|
|
Y

related to the R .

/

- symmetry energy - nuclear Equation of State,

e.g., - modeling of neutron stars STt B
protons, ~known
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The P2 Beam Dump

aluminum pellets
surrounded
by water

~ 16 000 hours of high intensity heam ON the dump
(150 MeV, 150 pA, 5-10% Electrons On Target)
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The P2 Beam Dump

beam-dump \ air & concrete

water cooling

big beam dump in- and outflow
function: stop all particles

500 mm

aluminum pellets
surrounded
by water

2023-10-19
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The P2 Beam Dump

beam-dump \a@[ & concrete . DarkMESA

water cooling

big beam dump in- and outflow
function: stop all particles

aluminum pellets
surrounded
by water
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The P2 Beam Dump

7 ; » beam dump experiment

L . detect
| “ some of
those?

water cooling

big beam dump mystical particles in- and outflow
function: stop all particles may be produced

and may traverse
reinterpretation: the dump

big fat target

aluminum pellets
surrounded
by water
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Physics at DarkMESA:
Light dark matter searches

Some say:
24% /5%

DARK MATTER ATOMS

y
Composition of the universe

95% invisible and unfamiliar

DARK ENERGY
72%
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Physics at DarkMESA:
Light dark matter searches

keV MeV GeV TeV
I I I I » DM Mass
4
Light Dark Matter Weakly Interacting Massive
(LDM) Particles (WIMPS)

= Speculation that dark matter might be "light" has
gained interest

= Related: idea of rich but unexplored dark sector, ?oolm:jng
which communicates with SM through one (or yet

more) dark mediator particles

SM Y
Sector
U(1)

Heavy charged leptons
(carry U(1), U(1)4 charge)

coupling: e.g. through kinetic mixing
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Light dark matter searches at DarkMESA

eam-dump ' alr & concrete - DarkMESA
|

~ detection

contrast to underground experiments:

x elastic scattering kinematics

= DM particles can have reasonable V
amount of kin. energy o
= recoiling electrons / nuclei as well! 0.08
= simple detection o

O o | e ] J

0 20 40 60 80 100 120 140
Kinetic recoil energy (MeV)
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Phase A (prototype) Phase B (increase volume / yield)

= 0.004 m® PbF, PbF, Pb-glass
= Lead shield SF5 Pb-glass | calorimeter

= Scintillator bars as veto detector Lead shield
Veto layers
Pb-Back

\ Inner veto
OV-Mount

Pb layer

Prototype

A <
100
80
Pb-FrO\nAt ¥OV-Main 60 > ’
) 40 (cm)
, 2 20
. 0 .
Carrier Board PbF, calorimeter
IV-Front IV = Inner Veto J
OV = Outer Veto 's/b

=~ OV-Front

N,

|
|
Outer veto

Collector Board

Phase C (range extension) D. P. Snowden-Ifft, et al., PRD 99 (2019) 06111333;&?)

options WTomcs, ¥ e
+1 Torro\

Radiation protection glas  DRIFT -Time Projection Chamber
e.g., SCHOTT-RD30 CS, at 50 mbar

Moderate cost: 137 k€ / m3 ~1 m?3 active volume
High density: 3.13 g / cm3 Nuclear recoil threshold: 20 keV/

% beam

Readout

= Extended parameter space Central cathode Field cage
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4 LR DARK
<) @‘MREX M=SA
= P2 / MREX: Several highly prestigious physics objectives
= DarkMESA: A highly specialized search experiment

complement:
versatile and flexible
electron scattering experiment

Soren Schlimme (JGU Mainz) The MESA physics programme (MENU 2023) 2023-10-19



Multi-purpose experiment MAGIX

\"4 A

Mainz Gas Injection Target Experiment
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Multi-purpose experiment MAGIX

\"4 A G A

Mainz Gas Injection Target Experiment
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Multi-purpose experiment MAGIX

typical target (LH2)

\"4 A G A

Mainz Gas Injection Target Experiment
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MAGIX: MAInz Gas Injection target eXperiment
) Eiﬁ i;:} gii&r o0 o

Supersonic, __ H D 3He “He
cryogenic

. ;
electrons p L
“target nuclei” ’ -
i //
"o / o
| Sl A A

Ap to 105 MeV
s @

—

Energy
Recovery
Linac

P2/DM-EB mode: ~155 MeV, 150 pA
MX-EB mode: 20-105 MeV, < 150 pA
ERL mode: 30-105 MeV, 10000 pA
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MAGIX: MAInz Gas Injection target eXperiment

Energy
Recovery
Linac

P2/DM-EB mode: ~155 MeV, 150 pA
MX-EB mode: 20-105 MeV, < 150 pA
ERL mode: 30-105 MeV, 10000 pA
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STARPORT Spectrometer Setup

jet target +
scattering chamber

spectrometer

spectrometer

rotatable\
15°-165°
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Electron/positron detection, magnet system, optics

vertex

—— required for 1%
analyses

e quadrupole followed by two 45° dipoles
* double-focusing with a horizontal focal plane ()

measurable i
MR e 4
ULt [ ain

LIV TARTEIT A

| particle momentum |

= N .
tracking +

tnigger detecto.i's
+ scintillators

Soren Schlimme (JGU Mainz)



Additional recoll detectors

o o P B

detection of low-energy
recoil nuclei

SRS

/

i %;‘ o h.p,=1000 um

‘\
Silicon Strip + Scintillation Detector o %

AE¢g, (MeV)

uterons
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The MAGIX Physics Programme

ANIEAA EDA AC DICANV/EDY 2 oo

Office of Nuclear Physics
National Science Foundation
Division of Physics

THE 2023 LONG RANGE PLAN FOR NUCLEAR SCIENCE  McteerPhysics Program

2023 | VERSION 1.1 OCTOBER 2023

[...], the Mainz Gas Injection Target Experiment
(MAGIX) is a multipurpose spectrometer for a
precise determination of the proton charge radius

and dark matter searches.
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Physics at MAGIX:
Structure of nucleons and nuclel

use point-like, structure-less electron
to study structure of nucleons and nuclei

measure e.m. form factors, extract charge radii, join the proton radius puzzle club

Arscimed



13 years later, experts still disagree.

CODATA-2010
(@ copaTA-2018

Mihovilovic et al. 2021
Prad: Xiong et al. 2019
Zhan et al. 2011
Bernauer et al. 2010

(b)

Antognini et al. 2013
© Pohl etal. 2010

Brandt et al. 2022

(d) Bezginov et al. 2019
Fleurbaey et al. 2018
Beyer et al. 2017

Gramolin et Russell 2022
Atac et al. 2020
Cui et al. 2020
Lin et al. 2020
Zhou et al. 2019
Alarcon et al. 2019

(e) Sick 2018
Horbatsch et al. 2017
Higinbotham et al. 2016
Griffioen et al. 2016
Arrington et Sick 2015

Graczyk et Juszczaket 2014

Lorenz et Meissner 2012
Ron et al. 2011
Hill et Paz 2010

Soren Schlimme (JGU Mainz)
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P rOtO nra d | us puzz | e discrepancy between different determinations

of the proton radius

MAMI / Al
VAV G
= measurements at lower Q2 <r2> _ dGg
(~beam energy) p dQ? | p2—g

= significant background reduction

(gas-jet target) unconsidered effects,

new p_hysics, . a‘ed‘
experimental / analy5|3e¢\0 o
: : issues ?! \ ¢ o Qv
scattering experiments, e and y, co (0\13
each with different beam / systematics: WP

PROton o 1 CT000

e
/ Apparatus for Meson and Baryon
a I u s Experimental Research
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The MAGIX jet target at

proton FF measurements

AWESOME

SINCE

AG Khoukaz / Munster

Soéren Schlimme (JGU Mainz)
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«4
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\’l

| ‘;j N )
’“ gl ér n)JU
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The MAGIX jet target at

Counts

proton FF measurements A1

10* 5 same kinematics!
; radiative tail +
R energy loss straggling
10° _ ‘ 1"_%! N
4t -
~pure radiative tail
10! 3
] — | H, target
Jet target, colli in, 15001,/h
100 A

—6 -4 -2 0 2 4 6 8 10
Mpmiss — Mp [MeV]

B.S. Schlimme et al., NIMA 1013 (2021) 165668
Y. Wang et al., PRC 106 (2022) 044610

Promising results.
However, we were statistically limited.

dlstrlbutlon

We need higher beam intensities! f‘ z ?r’rﬁnann/J '\
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Soren Schlimme (JGU Mainz)

projected stat. errors

oo b b bbb
IR R R R SR 238282800000
O B IR R RXRII000 00 AR TdiL,,

* MAGIX E = 20 MeV
+ MAGIX E = 45 MeV
= MAGIX E =105 MeV
» Data until 1980

o Bernauer (Mainz 2010)
+ Xiong (JLab 2019)

The MESA physics programme (MENU 2023)
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Beyond proton charge radius

G4 (Q?) < magnetization distribution

M, T'Zemach

A(Q2)7 B(Q2)7 rd
D Q) spin 1 — 3 elastic e.m. FFs

= expensive Significant improvement of
existing data is possible
at loN momentum trahsfers

3He Oj‘\ spin 1/2 — 2 elastic e.m. FFs
% ultra-expensive

spin 0 — 1 elastic e.m. FFs, rag,
4
He ? ()  almost boring...
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Beyond proton charge radius

G4 (Q?) < magnetization distribution

M, T'Zemach

A(Q2)7 B(Q2)7 rd
D Q) spin 1 — 3 elastic e.m. FFs

= expensive Significant improvement of
existing data is possible
at loN momentum trahsfers

3He Oj‘\ spin 1/2 — 2 elastic e.m. FFs
% ultra-expensive

spin 0 — 1 elastic e.m. FFs, rag,
4
He ? ()  almost boring...

: elastic, INELAST!C
- elastic, SCATTERING
elastic...
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Physics at MAGIX: Few-body systems

Physics within a nucleus

can, in principle, be derived
. (theory of strong interaction between quarks - mediated by gluons)
limited direct applicability: non-perturbative in low-E regime; - lattice-QCD (promising tool)

Quarks N' Gluons

/ atomic
nucleus



Physics at MAGIX: Few-body systems

Physics within a nucleus

can, in principle, be derived
. (theory of strong interaction between quarks - mediated by gluons)
limited direct applicability: non-perturbative in low-E regime; - lattice-QCD (promising tool)

can be described

. (CD-Bonn, Argonne V18, Nijmegen I+ll, ...)
e protons, neutrons as degrees of freedom
* drawbacks: difficult to assign theoretical errors, implement gauge and chiral symmetry, ...
e connection to QCD not obvious at all

non-relativistic system of nucleons,
Interacting via nuclear forces

atomic
nucleus



Physics at MAGIX: Few-body systems

Physics within a nucleus

can, in principle, be derived
. (theory of strong interaction between quarks - mediated by gluons)
limited direct applicability: non-perturbative in low-E regime; - lattice-QCD (promising tool)

can be described

. (CD-Bonn, Argonne V18, Nijmegen I+ll, ...)
e protons, neutrons as degrees of freedom
* drawbacks: difficult to assign theoretical errors, implement gauge and chiral symmetry, ...
e connection to QCD not obvious at all

can be derived non-relativistic system of nucleons,

. (XEFT) Interacting via nuclear forces
* protons, neutrons, pions as effective DOF
 starts from most general Lagrangian consistent with all
symmetries & conservation laws of QCD
e power counting scheme, that specifies which terms are
required at a desired accuracy
e predictive low-energy theory, various applications /=‘=

p— \i
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\nucleus



Physics at MAGIX: Few-body systems

Physics within a nucleus

can, in principle, be derived
. (theory of strong interaction between quarks - mediated by gluons)
limited direct applicability: non-perturbative in low-E regime; - lattice-QCD (promising tool)

can be described

. (CD-Bonn, Argonne V18, Nijmegen I+ll, ...)
e protons, neutrons as degrees of freedom
* drawbacks: difficult to assign theoretical errors, implement gauge and chiral symmetry, ...
e connection to QCD not obvious at all

can be derived non-relativistic system of nucleons,

. (XEFT) Interacting via nuclear forces
* protons, neutrons, pions as effective DOF
 starts from most general Lagrangian consistent with all
symmetries & conservation laws of QCD
e power counting scheme, that specifies which terms are
required at a desired accuracy
e predictive low-energy theory, various applications /’f

___ﬁ e ‘
* With great power comes great responsibility: & :
test the theory in the low energy regime

atomic

study the excitation of light nuclei with e.m. probe
nucleus



T peak height = 70000

‘He(e, ')*He*

40 60

Mmiss(4He) [MeV]

PHYSICAL REVIEW LETTERS 130, 152502 (2023)

Measurement of the a-Particle Monopole Transition Form Factor Challenges Theory:
A Low-Energy Puzzle for Nuclear Forces?

S. Kegelﬂi:i_,1 P. Achenbach®,' S. Bacca®,"? N. Barnea®,’ J. Beri¢i¢,* D. Bosnar®,” L. Correa,®' M. O. Distler®,'
A. Esser,' H. Fonvieille,’ I. Frid¢i¢®,” M. Heilig,' P. Herrmann,' M. Hoek®,' P. Klag,' T. Kolar®,”* W. Leidemann®,*’
H. Merkel®,' M. Mihovilovi¢,"* J. Miiller,' U. Miiller®," G. Orlandini®,*’ J. Pochodzalla®,' B. S. Schlimme®,’
M. Schoth,' E. Schulz,' C. Sfienti®,"" S. Sirca®,”* R. Spreckels_,] Y. St('jttinger_,1 M. Thiel®,' A. Tyul-\'in_,1
T. Walcher®,' and A. Weber'
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theory

¢ H This experiment, spec. A
| This experiment, spec. B
. i Frosch et al.
expe rrme nt Koebschall et al.
B #  Walcher
= B-spline fit
Model confid. band
M Bacca et al., (N°LO + N*LO)
-~ == Bacca et al., AV18 + UIX

Soren Schlimme (JGU Mainz)

T peak height = 70000

‘He(e, ')*He*

40 60

Mmiss(4He) [MeV]

experiment

@  This experiment: data/fit
£ 1 [ worra ——.SU4
Error band fit

. ——SU4+Coulomb
experlment -

-—- AV18+UIX ——Kegel et al.
Central 3N [ ¢ Kegel et al.
% Walcher

0.6
¢* [fm™?]

The MESA physics programme (MENU 2023) 2023-10-19
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T peak height = 70000

‘He(e,e') X

20

Mmiss(4He) [MeV]

TN
e Saclay ' N _——
. \ NN

g=50 MeV/c

q=300 MeV/c

R, [10°MeV'']

80 100 120 50

o [MeV]

Theory agrees with experiment Strong 3NF effect at low q predicted

Soren Schlimme (JGU Mainz) The MESA physics programme (MENU 2023) 2023-10-19
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Few-body systems: key reactions

reaction objection
= d breakup D(e,e’), D(e,e’p) polarizabilities - nucl. structure corr. in muonic atoms
= 3He inclusive 3He(e,e’) el. FF, radius, structure functions, R,

= 3He exclusive 3He(e,e’p/d)d/p MEC, 3NF
= 4He exclusive 4He(e,e’p/d) do/dQ, ...

= 4He inclusive 4He(e,e’) el. FF, radius, structure functions, R;, 3NF

= 4He monopole 4He(e,e’)*He* transition FF, 3NF, E, I, rq, Ry,

= 12C Hoyle 12C(e,e’)12C* transition FF, ..., - cluster EFT

= 160 inclusive 180(e,e’) R,, Coulomb sum rule - coupled-cluster theory
= 40Ar inclusive 40Ar(e,e’) structure functions - e4v

Soren Schlimme (JGU Mainz) The MESA physics programme (MENU 2023) 2023-10-19



Physics at MAGIX:
Study of reaction cross sections of astrophysical interest

To model stars and explain the element abundances accurately, precise cross-section

estimates are required : :
9 Cross section measurements in the lab:

 particle energies of interest are small
 often tiny cross sections
« often dominated by background



Stellar nucleosynthesis

Helium burning of a main
sequence star:

30& — 12C _|_ 27 triple-alpha process

radiative alpha

120 + o — 160 —+ “Y particle capture by

a carbon nucleus

3a-process is known

12C + a - 180 + y: one of most important reactions to describe
nucleosynthesis in burning of a star

Outcome of competition determines 12C / 160 ratio
dominant role in subsequent processes + nuclear abundances!

Soren Schlimme (JGU Mainz) The MESA physics programme (MENU 2023) 2023-10-19



¥

Soren Schlimme (JGU Mainz)

available data
f—————

1 MeV - 0.3 MeV:
drop by 6 orders of magnitude

Total Cross Section 2C(a, v)!°0

The MESA physics programme (MENU 2023)
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Soren Schlimme (JGU Mainz)
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available data

2023-10-19

56



Phase 1

small CM energies

Soren Schlimme (JGU Mainz)

F—+—11974 Dyer
= 1987 Redder
% 1988 Kremer
11996 Ouellet
#1999 Roters
-1 2001 Gialanella
B 2001 Kunz

© % 2004 Fey
&1 2006 Assuncao
—e—1 2009 Makii
—+—1 2012 Plag

— AZURE2 Fit
\ —*— MAGIX Phase 1
; —*— MAGIX Phase 2

Phase 2

super-small CM energies
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Study of reaction cross sections of
astrophysical interest - key reactions

use the time-reversed technique
to measure cross-sections of various

radiative alpha, proton, and
neutron capture reactions

12C(a,y)**O  C/O - ratio (holy grail of astroparticle physics)
24Mg(a,y) 22Si  significant within silicon-burning phase in late evolution
22Mg(y,a)*°Ne of massive stars prior to core collapse

5N(p,y)**O key process in CNO cycle; benchmark reaction
d(p,y)*He rate of deuterium burning, primordial deuterium abundance

8Rb(n,y)*’Rb #Rb: branching point in the s-process within massive AGB stars
204T1(n,y)?°°TI  2°4TI: branching point in the s-process

“versatile and flexible
electron scattering experiment”

Soren Schlimme (JGU Mainz) The MESA physics programme (MENU 2023) 2023-10-19






Dark sector searches at MAGIX

Search for Light Dark Matter

X
//y'<g few events / very few
AN i ARK SM background
& contributions
|
M=SA\
|

Z
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Dark sector searches at MAGIX

Search for Light Dark Matter

X

/;'< \g few events / very few
./ i ARK SM background
& contributions
|
M=SA\
|

DP If mass of DM is too large.
May decay to lepton pairs (here: e+e-).

Y

Z
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Dark sector searches at MAGIX

Search for Light Dark Matter

X

//;< \5‘_1 few events / very few
./ i ARK SM background
& contributions
|
M=SA\
|

DP If mass of DM is too large.
May decay to lepton pairs (here: e+e-).
Complementary investigations:

Y

Z

Search for Dark Photons

48

e
/< look for DP decay to SM particles
2y’ e
. two free parameters (kinetic mixing model):

Y

* m~: mass of the dark photon M N 4« X
° €. mixing parameter few events / significant
= £ parameterizes strength OL the coupling of DP SM background
. to ordinary SM matter: €? = o'/« . .
visible decay (a the QED fine structure constant ) contributions
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Dark Photon - Visible Decay

A sharp peak (limited by
resolution) in the measured
Invariant mass spectrum, sitting

on a large but smooth

background dominated by
irreducible QED background

invariant mass mg,.. (MeVIcZ) and accidental coincidences.

events / (0.1 MeVI/c?)

M~y = Mete— =
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Dark Photon - Visible Decay: Expected sensitivity

102 T —3| two free parameters
W F KLOE 2013 : (kinetic mixing model):
- KOS WASA « M.~ mass of the dark photon
I — |l ¢ €:mixing parameter
| . - A parameterizes strength of the coupling of DP
103 NA48/2 . | to ordinary SM matter: €2 = o’/
C ; BABAR ] (o the QED fine structure constant )
B 2014 i]
. MAGIX / i
[ E774 ;@é& i
l l ;ﬁ*@’; il
- l NAG4 waﬁ il
A y/f-wn’
10-4 — .!"'!\ ﬂw-f*‘f —]
B “E141 LHCb 7
B 1 1 || I 1 1 [ 1 1 1 L1 | 1 ¥
107 10 5
m'.'" [GeVlc ] i sun% 8Be'anoma|y
% fjun +;H, é
Competitive sensitivity in an interesting parameter range 5 ‘ﬁm
e.g., X17 particle: £ N R
signal anomaly in excited ®Be, *He, and 12C atomic transitions B
= vector boson candidate with mass around POre i D B

Soren Schlimme (JGU Mainz) The MESA physics programme (MENU 2023) 2023-10-19



Great Competition
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4 scenarlos

4t Rl
J .

We are the first to find it there

Spectacular!

e —
e
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4 scenarlos

We are the first to find it there ;‘?

Spectacular! !

We are not the first to find it there \

Verify the discovery, study the reaction mechanism, ... / / \ 4
I
=
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4 scenarlos

We are the first to find it there ?7
Spectacular! i
We are not the first to find it there A

Verify the discovery, study the reaction mechanism, ... / /0 \ 4

We are the first to not find it there | (v

| \
At least we were the first! W / \ '

Soren Schlimme (JGU Mainz) The MESA physics programme (MENU 2023) 2023-10-19



4 scenarlos

We are the first to find it there

Spectacular!

We are not the first to find it there

Verify the discovery, study the reaction mechanism, ...

We are the first to not find it there

At least we were the first!
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DP “Visible Decay”

Soren Schlimme (JGU Mainz)

DP “Displaced Vertex” DP “Invisible Decay” DP “Neutron Target”

The MESA physics programme (MENU 2023)

DM at DarkMESA
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< X > =E =E C W0

MESA - Electron Energy Recovery Linac

= up to 105 MeV and = 1000 pA (ERL)
= up to 155 MeV and 150 pA (EB)

Exciting experimental program in nuclear, hadron and particle physics

DarkMESA - Beam Dump Experiment

P2 — Parity Violation Experiments = quest for dark matter and other exotic

prec. meas. of sin26,,, / search for particles

physics beyond the SM

axial FF + strange contribution
to magnetic FF

neutron skin thickness of lead

- I yi==ie - MAGIX - Versatile Electron Scattering Experiment

Structure of Nucleons and Nuclei
Few-Body Systems

Nuclear Astrophysics

Dark Sector Searches

First experiments Q1/2025
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https://www.mesa.uni-mainz.de https://www.blogs.uni-mainz.de/fb08p2

schlimme@uni-mainz.de
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