ICS

in Physi

Sp

at
MAMI and MESA

— !

=




Outline

e Selected recent results and plans from MAMI
* Outlook on Spin Physics program at MESA

Selection of topics which are flashed
Thanks to T. Kolar, M. Thiel, A. Thomas, M. Ostrick, C. Sfienti, S. Schlimme
for the many transparencies



MAMI Electron accelerator

Electron Accelerator E,,x =1.6 GeV (CW)
operated at JGU Mainz (Germany)
Hallmarks

Tagged Photon Scattering (A2 hall)
Crystal Ball / TAPS calorimeters;

. Polarized frozen-spin target
" |ntensity max. 100 pA P g

= Resolution 6 < 0.100 MeV
= Polarization 85%
= Reliability: up to 7000 h / year

- /) Electron scattering
MAMI B e ™ e (A1 hall)
RIM2 — 1 % High resolution
l] |- o 1{ RTI;& ’ '~"-g Magnetic spectrometers
l"l*. S < ® z [ J [

X1

Test beam facility;
Radiation physics
2000 h test beam for P2 components




A2 Setup at MAMI

Pb glass

LH, target
MWPCs VETO
bremsstrahlung /
~ beam Bea.m camera

PbVVO4 crystals

/ BaF, crystals

Nal crystals

Crystal Ball TAPS

Polarized and unpolarized target available



Proton Polarizabilities

Paramagnetic

Diamaghnetic




PRL 128 (2022) 132503

n n n n 5
BxPT
Proton Polarizabilities @ A2/MAMI
HDPV
. . . 4 - [ PDG
Reaction of nucleon under influence of an EM field | S
provides fundamental information of the nucleon;
very sensitive test of theories (H/BxPT, Disp. Rel.). T B
= Electric Polarizability: ag gy 5
= Magnetic Polarizability: Bmi1 Compton scattering < 2-
Photon
Y. & .1, &
HD — _ar|tap B2 4 L 2 \AVAVAVAVAU I R
eff 2 2 Proton S Proton 1 -
" in addition 4 Spin Polarizabilities ‘
- . . do+ — doll 0 9 10 11 12 13 14
Exploit linear beam polarization to measure asymmetry y, = —— "~ e [10-4Fm3]
dot + doll =
= = 2 C — _ (" ~
g, @, =1303- 1404 MeV | 5,F ®,=98.1 - 118.7 MeV ot o oot el e,
f}zoz Of=xsz--- e CLLLTETTEEREEEEEEEREEE : e = 1099016 == 0.47 £ 0.17 £ 0.34
S ,, 02b Bwr = 3.14 4 0.214 0.24 + 0.20 + 0.35
o 15:— H A2 new il _043_ stat syst.  spin polar. model dep.
- ATAPS 01 %= ) a .
10t AT 0.6
T ByPT : PRL 129 (2022) 102501
e HByPT e
03 T i | sy _1:—
0 50 100 150 . 0
Ot [’ Talk by D. Hornidge 6



Polarized target which acts as detector
(active target)

12 4
Mike Biroth (UMainz): /,'EF

. . . . . Phot h of the t t part installed in th ixi hamber:
The Mainz Active Polarized Proton Target - Review and Perspectives e

20mm 20cm

@26mm
|

[Wave guide  Temperature Outlet nozzle of the Outer He-vacuum seal
with UHF tuner probes “He pre-cooling line and feedthrough
Target head with cooling slit LWave radiation shield

and one-turn NMR saddle coil

Recovered photon

replace

* find a suitable radical for DNP
e polarize
* getthelight out

Lost photon

butanol (C,Hs[OH])

Talk by H. Dutz 7



o Three-spectrometer setup (A1 hall, MAMI)

-l

Focal planc polarimeter

h— Oy
1 ! [T | ]
1 nre—HH i
/
I
R
'\\\
\
N Clam s
N [D:pol
L "\\_ \,
AN
SRR R .
N \ \ N 3 Dl
\\ \ e \ 2] pol
AN iy
\\ \‘ﬂ.
Dipoi\\ °
- - e ———— o — 5_—\—_.- \\\\\'.
i ;// \ ——

(.

©1§92, Arnd P, Liesenfeld



Proton generalized Polarizabilities @ A1/MAMI

Accessible via Virtual Compton Scattering:

Virtuality of photon gives access to Generalized Polaribilitiess :
ae(Q?%); Bu(Q?) (+ 4 spin GPs)
- mapping out the spatial distribution of the polarization densities

—> Fourier transform of densities of electric charges and
magnetization of a nucleon deformed by an applied EM field

in plane oop (8.5°)




REACTION PLANE

Proton generalized Polarizabilities @ A1/M

Accessible via Virtual Compton Scattering:

Virtuality of photon gives access to Generalized Polaribilitiess :
ae(Q?%); Bu(Q?) (+ 4 spin GPs)

- mapping out the spatial distribution of the polarization densities SCATTERING PLANE
— Fourier transform of densities of electric charges and PRLI23 (2016) 1982302
magnetization of a nucleon deformed by an applied EM field i
10+ Eg:oseriment
New MAMI data in two measurement campaigns: T 6l
= Detailed understanding of systematics (4 PhD students) TN
= Qut of plane (oop) measurement to access kinematic range, in which higher 3: ---------- thh
order terms small and extraction possible - ' ' '
) ) : Pl >
* Final extraction according to LEX (low S al-
energy expansion) and DR i = 5l
* First extration of N-A transition FF via i T ol
gamma channel ;E 1L S
o fif i

1
—r




Polarization transfer in A(e, e'p)

Elastic Quasi-elastic
A>1

(Py/P2)A o (GE/ Gm)a
(P/P)u — (Ge/Gm)u

Sensitivity to nuclear density, medium modifications and short range correlations

11

T.Kolar



Polarization d.f. in A(e, e’p)

el. analyzing power
A(e,e'p)

&’ P B ) w5 = [1+P +hA+ P )]
— - — O- o
dEefdQe/dEdep/ 82 Q4 i

mduced transferred
A(e, e'p)

o Electron analyzing power o Transferred polarization

T.Kolar



Polarization transfer in A(e, e’p)

A %0Ca (MAMI, Prelim.) 12C (MAMI, 2018) 4 “*He (MAMI, 2001) — We measured transfer for
several target nuclei
- p shell, 12C (MAMI, 2020)  # “He (JLab, 2010) 2H (MAMI, 2017) 2
s shell, 12C (MAMI, 2020) & “He (JLab, 2003)  # 2H (JLab, 2006) 2H b2
_1.2 i PLB 769 21 (2017) PLB 781 95 (2018)
< = |
o % i PLB 781 107 (2018)  PRC 101, 064615 (2020)
a_\’< §< i ot b + PLB 795 599 (2019)  PLB 811 135903 (2020)
el - 2H PWIA |
0.8 N 40Ca
s ' (arXiv:2306.05565, submitted to PLB)
0.6{a1y prora DWIA + MEC + IC 0 i i
- : - . .
it | R — Virtuality measures how
-0.15 0.1 -0.05 0 -0.05 0.1 -0.15 T S S e
v [GeVc?] ' =

. 2 2
B (mp )bound —m,

o The double ratio is sensitive to other many-body effects such as final state interaction

T.Kolar 13



supersonic Gas-Jet Target (a1/MAMI, later Magix/MESA)

Construction of a high-density gas jet target in cooperation with University of Miinster (A. Khoukaz)

= Future MAGIX experiment at MESA: combination of light gas jet target with ERL electron beam

» Commissioning at A1/MAMI already now
- Measurement of electron-proton scattering (proton EM factors = flagship project @ Mainz)
- Most precise determination of proton radius in electron scattering (Bernauer et al. 2010);
accuracy limited by scattering of electrons at walls of liquid hydrogen target

A = New measurement of Gg with gas jet target via Initial state radiation
%J'g - access low momentum transfer 0.01 GeV2/c?
.7 - Phys.Rev.C 106 (2022) 4, 044610
53 ) 10°
B 2
O
o e’
N " 103_
g
—
2 O.
104 -
< QVertex o
=
H
Z 101_
100

-100 -7.5 =50 =25 0.0 2.5
' AE (MeV)

o
o)
—
H
[EEY
I



Electrons for neutrinos A1

Interpretation of current and future generation of
neutrino experiments (DUNE,T2K, Hyper-K, Mini-Boone, ...)

(@)
requires knowledge of neutrino-nucleus interaction: §
0]
12c’ 160’ 40Ar f";
- Check and calibrate MC-generators via dedicated g
35
program of electron-nucleus measurements &
- MAMI energy range complementary to program at JLAB g
(0]
. ° o | ] . Ey = 855 MeV oo Ey = 705 MeV
® 160 —e—i MAM' 20I1g| " i 40 —-o— MAMI
X 40Ar (Jlab) i egias el al. B — M 1.
Mk oo Aowitera. 12C _ Ar = Ve
— DUNE E[< disapp. el R 220007 — NuWro
£ ) s | 6.=70° - S | f. = 20°
s new 12# data Sl € / S I <
g 80 g £ 1500 o
e B new Ar data 400 | @E I
8 7 gas jet target i 5 &
E % 300 k % 1000 i
n 40 - 5 3 i
200 | o [
2o ,/ g -~
100 B
0 - 1 L L : l | |
0.0 0.5 10 15 2.0 2.5 3.0 %0 20 300 40 500 600 o 20 B0 80 100 120 140 160
Energy (GeV) w [MeV] s{MeY) 15

15




Two photon exchange in elastic electron scattering

high-precision experiments » need to go beyond Born approximation

one-photon exchange two photon exchange
I i*
|
| target
|
purely real has i |mag|nary part

interference of one- and two-photon exchange causes
beam-normal single spin asymmetry A,

De Rujula et al., Nucl. Phys. B35, 365 (1971) Talk by M. Thiel and P. Blunden

»allows access of imaginary part of 2y exchange amplitude

16



Two photon exchange on elastic electron scattering

two-photon exchange

kK
g ; 9>
1
|
p LI

has imaginary part

« Many observables: Target normal spin
asymmetry, Beam normal spin asymme
» Different physics for proton target or nu

target
e

target

AT [ppm]

-20

-101

.#

A4 experiment, systematic measurements
p and d - target

- - e e
- - ...

L. Diaconescu et al., Ref. [80]

------- B. Pasquini et al., proton, Ref. [59]

/////| B.Pasquinietal., proton + xN, Ref. [59]
|:| M. Gorchtein, Ref. [81]

—f— 2005 data, Ref. [67]

e this work

0.2 0.4 0.6 0.8 1 12 1.4 1.6

Beam energy [GeV]
Guo et al., PRL124, 122003 (2020)

Talk by P. Blunden 17



the whole nuclear chart in a small band

0K i
2F PREX@)Lab
b 4 nuclei at:
- . i
W 2 scattering angles .
S 3 systematic study
< 10fF - —
: : four-momentum needed
TRE cme He transfers
Al T EG
gaz, = S 4 beam energies -
R
Q [GeVl_ 14 53
S. Abrahamyan et al., PRL 109, 192501 (2012] .+ Talk by M. Thiel
two-photon exchange
ko k) K )
| g disentangle

A3 " QZ, Zand E

3 AL
: } S !
. }

g ! ! EALEL S s 2 de,pendenCIES
imagi AL AR T AT AL T
res meqnary el o T NI L e o T LA | 18
PR Al d ! P *

iz ] s At 3 A [ 4 2
'..))f-)" il y TSR] ’.'-? \



T, = 3600°C

results — Q% dependence P AE-44 ey

0.02 GeV? < Q2 <0. 05 GeV?

0 M. Gorchtem et al.
spectrometerA @
spectrometer B O
o ERE S. Abrahamyan et al., Ref. [18] H—¢— -
£ .
5 e uncertainty of
% T Compton slope parameter:
£
g0 0 e
E +10% - +20%
‘g _25 | sassssssEEEEEEEEsEEEssssssssssssEEEs
IE | ]
3 best agreement -
_30 -
exp [theo. at low Q2 |
_35 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII |
0 0.01 0.02 0. 03 0.04 0.05 0.06
Q? [Gev?/c?]

A. Esser et al., PRL 121, 022503 (2018) Talk by M. Thiel 19



results — A dependence

-10

Beam-Normal Single Spin Asymmetry (ppm)

-25

-30

12¢, 285j, 907r (Q2 = 0.

04 GeV?)

-15 L

=20

*

T
M. Gorchtein et al.
Spectrometer A F—&—i
Spectrometer B F—%=—
Systematic Uncertainty C—1

12C 285i

90zr

A. Esser et al., PLB 808, 135664 (2020)

uncertainty of
Compton slope parameter:

-+10%

= 120%

Next steps: new DAQ electronics and
lead target in A1-Spectrometers at MAMI

Talk by M. Thiel 20



MESA Electron accelerator

-————

MESA

21



Mesa accelerator

Key parameters MESA:

= Two operation modes: extracted beam (EB) F®

or energy recovering (ERL)

= Max. beam energy 155 MeV (EB), 105 MeV (ERL)
= Beam current 150 pA (EB), 1 mA (ERL)
Superconducting cavities

Start commissioning 2024

= New research building (par. 91b GG)

Can run in parallel to MAMI

Polarized Source Test Setup

----- New underground experimental hall (par. 91b GG)
N1 0c?20: 5 Wl Oct. 22

-

Cryomodules successfully tested

22



ERLs world W|de (status faII 2022)

106 = T ™)
MESA Accelerator @ Comies e
- |@ Ongoing (cold) @ Off/ i
10° = |® Ongoing (warm) ~ FCC-ch @ o
RF Installation h @ In progress " . . o ERLC
! . Beam injector and dump PrOZIess S o
( ; ! —  Beamline L ® Proposed LIEET SN f?;{,
104 = - - _CEBAF 3
% E . (5—pa§s) .
= ~ Sy ) ‘-/Okz
= " CEBAF “. =
;.. 103 E- ® (1-pass) " ~PERLE =
£5 & S, o
E . t ~ ~ ~ 1
2 i i - * . JLab FEL “._ EICCeC f‘f%kl 1
W M - 9 S-DALINAC ~ MESA . @
Circul 10 E (2-pass) ~ . . - . . E
Single Pass Recirculating ATCIL AL E ) . CBETA Recup. S = .
mL&i;acd\ Linac G - . @ ALICE ® i . ~ @ ) . "~ _ DBERLInPRO  ° \’0,,3% ]
A ‘ N “o | e i ~
. : N p-
Energy Recovering LINAC 10" ¢ERL (-pas9)
B . . o]
o i - . .. p L ~lig,
@ ® ® - «from injector 100 4 4 4 R R O
beam dump 1073 1072 107! 10° 10! 10? 10°
Average current in mA
> VeV VeV VeV VeV

> NP NP — > — >

3 ® «—@ =

experiment

—> MESA is one of few ongoing ERL activities
- The first facility which will have a thin target
and be used for physics experiments

23



MESA experiments DarkMESA

= Beam dump experiment

Direct detection of light dark matter
PbF, and lead glass Cerenkov calorimeter
Staged approach

MAGIX experiment

= QOperated in ERL mode of MESA

= Double-arm spectrometers

= Internal gas target experiment nniers 208

= @Gas jet target commissioned oo '
at A1/MAMI already Y

Pb Glass

Main components of MAGIX
and P2 presently constructed

in industry and assembled . 4 acking | g
in house (funding via major eldi ' S¢ 2 Solenoid agnet | 5 ZoreY
research instrumentation '

Trackin

program of federal P2

government) = Extracted beam mode
Phase 1 detecctor for T e I = Parity violation experiment
DarkMESA almost ready. = 102 Electrons / a

= sin?0y and neutron skin

Talk by E. Downie, R. Thapa, M. Gericke 2



P2 Experiment

Integrating Cherenkov-
detector ring

Scattering : = 5 j b Luminosit
chamber . . - 5 . F uminosity

detectors

Beamline




Nuclear physics in P2: Equation of state?

» Neutron Stars are bound by gravity NOT by the strong force
» Neutron Stars satisfy the TolIman-Oppenheimer-Volkoff equation (vesc/c = 1/2)

dP__ .|

elc’+ Pl (M+4mr Pl

dr
dM

dr

r’(1-2GM I rc?)

L =4ntr’elc’, P=P(g) (EOS)

» Only Physics that the TOV equation is sensitive to: Nuclear equation of State

ey —— Nucleonic
L 36} ———. Quark Stellar
@) . -1 structure 2.5}
o) —-— Hyperonic ot i
c |||es Hybrid equations
> y —~ 2.0}
T 35 Parametrized e 1o
PO A $@ s
= .
7 0
v ©
n
& 24 210
o
o
(_3 » o | P8
33 !
14.2 14.4 14.6 14.8 15.0 15.2 0.0

Equation of state

AL

tts AIP 2127, 020008 (g%‘l 9)

Mass-radius

1uy10 vensity (g/cm?3)

10 11 12 13 14 15 1¢
Radius (km)



LEAD-208 SKIN THICKNESS (fm)

“MREX

P2-Detector ...we call it:

PV-Asymmetry Measurement of the neutron disctribution in lead
o~
:J:nlf;izede
Y, 29 Ly g e

J. Piekarewicz et al. Physics Today 72, 7, 30 (2019)

0.32

0.28

024 —

Tracking
Detectors

0.20

0.16 —

0.12 PREX-II

! T T T iquid Hydrogen Target

0 30 60 90 120 150

SYMMETRY PRESSURE (MeV)



Direct observation versus precision measurements @ PRiISMA+

Erler '18
1000 l_‘z' onaa’ RI, Rq (10) I 1 T l T T T T I T T T T I :
...... Z pole asymmetries (10) 11 |
500 — — - My (10) 11 .
e O ITeCT m, (1o0) i i 9 ;
300 direct M,, oy Direct measurements:
B 2!l except direct M,, (90%)| 11 P e
200F 11 s ¥ T

My = 125.1440.15 GeV
mt = 172.74 + 0.46 GeV

M, [GeV]
S
1
]

50_ {0 o i : Indirect prediction:
N 1 My=901{ Gev
20k // . 2 - mi — 176.4 + 1.8 GeV
/ /
/ /
1ol o o4 P " - I
160 165 170 175 180 185

m, [GeV] The last two particles of the standard model have been

seen in indirect searches before their direct production
28



P2: High precision determination of the weak mixing angle

at low energy

0.245
i E158
0.24 +
= i T~
~= : Qweak‘
; 0.235 |
D | 4PV
NC _ JLab-PVDIS |
o — 0.23
(Vp)] |
Iz
i P2@MESA MOLLER SOLID ATLAS
0.225 N | L M| N | N | Ll L
0.001 0.01 0.1 1 10 100 1000
QlGeV]

Parity violating asymmetry in elastic electron scattering

25 times smaller asymmetry, 5 times smaller relative error
Low energy test of the standard model

PV brother of the dark photon: down to 70 MeV

Proton: weak mixing angle, test of new physics up to 49 TeV
Carbon: weak mixing angle, test of new physics up to 49 TeV
Lead: neutron skin of nuclei: infer the radius of neutron stars
Transverse asymmetries: nuclear phjysics
Precise measurement of axial form factor

MREX

~
0.495 [~

049

eu ed.
2g7-g7)y —e—
0.5 —r—T—T— .16 22 .25 28 30 .33
l l P2(1.7%H aslymmelry) 1400 U / 208 ! . J J
= === P2(0.3% C asymmetry) Rskin(fm) o
2018 (all data)
2018 + P2 (H target) 1 1200 =
mmmmmm 2018 + P2 (H + C targets)
~~_ @  Standard Model prediction  _|] PREX Il
- >
£ <
s I 1000 NICER g
~ 1% <
o~ - - .
{ & < o
1 °s 800 / =
; 600} e E
] O/ |
e = N 400 | 1 ] | !
i 0.72 -0.715 0.71 -0.705 12 125 13 135 14 145 15
14
R (km)
29
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Physics sensitivity from contact interaction
(LEP2 convention, g2= 4pi)

precision Asinzgw(O) Nnew (expected)

Effective field theory
approach (EFT)

Qweak final 0.0008
PVDIS 0.005
0.00057
0.00026
0.00036
0.0007 jensErler 30




0.242

0.240

sin’6y (0?)
g
(\©)
'\)J
N

Z = cosOw W3 —sinbw B

A = sinBw W3 + cosOw B

Running sin?2 0, and Dark Parity Violating Z

@ PRISMA+

Qweak (first)

: "Anticipated sensitivities"

! | ! I ! I | | 1 | 1 |

Miark Z = 100 MeV
Miark Z = 200 MeV

SLAC

| Bill Marciano
1 1 1 1

2 1 0
Log,, Q [GeV]

2

3
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Future wEFT constraints from APV and PVES

JG U Adam Falkowski at Mainz MITP workshop: Impact on low energy measurements
Current QWEAK, PVDIS, and APV cesium experiments:

095 0.74 +2.2
e = |"2214 25805 107>
2098%, — 6454, —39 + 54

09% v 0 =X 0.76
8g5 =4 04+0.97") %10
20g¢% — 0ge, 074

1 € — i
LwEFT D — =3 Z gayv(€ape — e0pe®)(qaPq + ¢°0’q")

g=u.d

1 = DR o
2 Z gy 4(ETpe + e°0,E°)(G57q — ¢°0P ")
ity g=u.d



Three PV experiments with three @ ——
different probes for new physics

. Complementary access by weak charges of proton and electron

Weak charge of the proton: Weak charge of the electron:
Weak 0%=0.0716 0, =—0.0449
Charge jo—{ +0.0029 Experiment j—o—ri +0.0051
of | !
_ | !
Proton: —> SUSY-Loops -«
Qweak (Jlab), I I
P2 (MESA) I , !
B E— E‘5 Z -
Weak | |
Weak ch ea I I
Charge g;ge T RPV SUSY R
of Quarks: : :
Electron: ' I — > Leptoquarks |
SOLID
MOLLER (PVDIS) | |
(JLAB) I I

SM (Jens Erler, Ramsey-Musolf, 2003) SM

(JLAB)
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darkMESA

DarkMesa: beam dump experiment, search for dark photon

Phase A (prototype) Phase B
:0.004 m3 PbF, :PbF, Pb-glass _ i
.Lead shield -SF5 Pb-glass ap=05;m =3m,
.Scintillator bars as veto detector iLead shield < ¥
‘ b Back Veto layers e
\ Inner veto E
OV-Mount ~
~a Pb layer =
q ':‘*'\ov-sack Outer veto \E,
g ’ o
Prototype (N > ‘\‘ I IV-Back Nd 1 0—9
' 100 ”
Pb-Fro\n: voV-Mai% >
| —V-Main 20 %0 em —
Carrier Board ~ © PbF, calorimeter 2
IV-Front IV = Inner Veto 7 — 1 0—12
—_ OV = Outer Veto S - —
Collector Board OV-Front E
- C
Phase C (range extension) D.P.S (®)
options g 1 0—15
Radiation protection glas DRIFT -Time Projection Chamber 2 1 el sl o
e.g., SCHOTT-RD30 CS, at 50 mbar (0)) 3 5 >
Moderate cost: 137 k€ / m3 ~1 m3 active volume 10 10 10 1
High density: 3.13 g/ cm? Nuclear recoil threshold: 20 keV dark matter mass m (GeV/CZ)
X
= Extended parameter space Central cahode Field cage
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o darkMESA
o
. S

e

= e
i

tj

Magix: Magnetic spectrometer and Cluster Jet target
(selection of topics)

Gg and Proton Radius, projected

Dark Matter search with MAGIX stat. errors measurement
3
10'2_ U | T T LI | T 1.03 ' I ' ' ' ' ' ' I ' l I I 10 E - I19740yer
- 1 1987 Redder
- 1.02 ] * 1988 Kremer
W KLOE 2013 R R LRIy yynpn . 1999 R
[ onl N R R R LR Lr LTt =+ 2001 Gialanella
1.01 R R R LLLi L ppyysreeeny — 102 L 00 fe.
h - 6 2006 Assu‘r_u:ao
L TR ot b
g T T 1 =) L ——— AZURE2 Fit
= « MAGIX E = 20 MeV > g ot MAGIX Phase 2
3 Q099 + MAGIX E = 45 MeV € 10" | ; MAGIX Phase 2
10 |, w = MAGIX E =105 MeV o E
[© 0.98 - Data until 1980 [\
’ o Bernauer (Mainz 2010)
» Xiong (JLab 2019) i
0.97 100
0.96 |— —
L I 1 1 L l 1 1 1 I L 1 1 I 1 1 1 I 10—1 . 1 1 1 1 1 1 1
10% 1e-05 0.0001 0.001 0.01 0.1 0 05 1 15 5 25 3 35
Ecms[MeV]

«Coverage from Q2 =1-10-5 to 0.03
GeV? = proton radius!

:Dominated by systematic error

«Windowless target, negligible
background, high resolution, high
efficiency, ...

12C + a—160 + y:
one of most important reactions to
describe nucleosynthesis in burning of a
star:
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Sgi[keVb]
EX

10!

GE | Goipore

MESA Physics program

From Nuclear Physics to Hadron and Particle Physics

T T
PEEREEREEEEEEEEERI S MR e ¢
L RN “n:u:utu:u‘::o&:‘d&""“' W e

Precision
Measurement of
sin?0yy via p,12C

(P2)

Low Q2
EM Form Factor p,n
‘ | | (MAGIX)

L L
le-05 0.0001 0.001 0.01 0.1
@/ (GeV?/e?)

L« MAGIX at MESA  Ey = 20 MeV
+ MAGIX at MESA Ey = 45 MeV

L = MAGIX Ey = 105 MeV
* MAMI I 2

v ( 0
n (Dispersion Analysis 2007)

Neutron Skin Pb
(P2-MREX)

12C (a, y) 160

(MAGIX) Few Body

Physics (MAGIX)

Eems[MeV]

Light Dark Matter
direct detection
(DarkMESA)

sin20,(Q)

LEP1 Tevatron
x

P2 MOLLER

0.001  0.01 - 10 100 1000

Q[GeV]

Search for Dark
Photon and Axions
(MAGIX)

oy =0.5;m =3 m,; 3x10% EOT

) 4
=¢ aD(mx/mY.)
3

—_

o
&
°

174 AT

1072 107 1
Dark matter mass m, (GeV/c?)

Exclusion limit for y
=
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Summary and outlooK

= MAMI beam and experiment resultrs

= Diverse past and future program at MAMI with results at A1 and A2
(only small fraction in this talk, Hypernuclei, Pion transition FF in virtual Primakoff kinematics, FF ...)

= Test beam at MAMI for MESA detectors and accelerator components instrumental

= Construction of MESA accelerator and MESA experiments MAGIX, P2, DarkMESA continuing successfully
= Exciting experimental program at MESA in nuclear, hadron and particle physics

= Staged approach for construction, commissioning and first measurements with MESA experiments

= Very rich results expected from all MESA experiments
= First experiments Q1/2025
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