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Introduction

A2 Collaboration
Experiments with real photons

New MESA Hall and Building

| Existing High-power Beam Dump
MAMLC (since 2007) !

Harmonic Double-sided Microtron

E= 1.5 GeV

MAMI-B
3 cascaded Racetrak Microtrons
E=180-883 MeV

Max beam current 100 VA c.w. 10 m

5*&
| {1 Existing Halls cleared for MESA

i |
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Injector Therm. Source
Linac + Pol. Source

Spectrometer
Hall
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MAGIX

windowless
internal gas
target
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Superconducting Cavities:

9-cell ,1.3 GHz

12.5 MeV/m gain
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windowless
internal gas
target

Superconducting Cavities:

9-cell ,1.3 GHz

12.5 MeV/m gain

XFEL-TESLA type

Modified Rossendorftype Modules
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Available Space for an
additional experiment

CIPANP 2018 Luca Doria, JGU Mainz



O
O
-
—
>\
-
O
>
S,
O
O
2’4
O\
O)
e
)
-
LL]

é Radio Frequency

c A
(0]
Q
s
©
-
O
X
//,l/é////%

\\.\\\\\

>?vI»

\\\/lzl/!//v/// A

\!\\l\!\\\\\ v

ﬂ_\V// “

\\-\\\\\\\
2O,

RF-Cavity

Injection

Wave length A

=n-A

[

Recirculation:

Luca Doria, JGU Mainz

CIPANP 2018



O
O
-
—
>\
-
O
>
S,
O
O
2’4
O\
O)
e
)
-
LL]

é Radio Frequency

>

Beam Dump

/,-/ ,////%

\

Wave length A

Injection

n [ ]

[

Recirculation:

get

Tar

(m+1/2) - N

[

Last Recirculation:

Luca Doria, JGU Mainz

CIPANP 2018



Light Dark Matter

CIPANP 2018 Luca Doria, JGU Mainz



(Light) Dark Matter

keV MeV GeV TeV

—’—'—'—'—} DM Mass

CIPANP 2018 Luca Doria, JGU Mainz 7



(Light) Dark Matter

keV MeV GeV TeV

DM Mass

/ N
/ N
/ N
/ N
N
/ N
/ N N
/ N
AN
! WIMPs N
I N\
S..:)f"C‘DP.f‘S Scucsr Low Threshold
10_39 7 -O‘I' "..::&Ls; i Ge Low Thveshold (2011) o e e e l()_3
1040 RN %\\‘ eod 10~

Y A%
3, %o NN

S COMS Si :
: N - (2013) '
— -41 O\ \\ ) -/ E(ZQ\'Z\ &
~, 10 %\\ X\\\\‘\\\\ C DAMA SIMPL OUPe 00\ 2 10

1

=
F S
2

] 0—47

WIMP-nucleon cross section [pb]

WIMP—nucleon cross section [cm

110 100 1000 10
WIMP Mass [GeV/c?]

CIPANP 2018 Luca Doria, JGU Mainz 7



(Light) Dark Matter
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Dark Sector

Dark Sector
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Dark Sector

Dark Sector
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The MAGIX Experiment
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The MAGIX Experiment

ImA

ERL beam

- New technique in low-energy part/nucl phys experiments
- Competitive luminosity (mA beam current)
- Double arm spectrometer (ns time coincidence)
- High-resolution tracking at low energies dp/p = 10
- Acceptance +/- 50mr
- Focal plane detectors current design options:
- low material budget GEMs
- Time Projection Chamber with GEM readout

RNRRENNNRRRRREN
ceEe (11T (T

Experimental Setup Gas-Jet Target

windowless #e
internal gas
target

gas-/cluster-jet beam

y position / mm

ww / uonisod x

areal density / a.u.
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MAGIX Physics Program

Physics: 10°

KLOE 2013
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BDX@MESA
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A Beam-Dump Experiment at MESA

Bjorken et al., Phys. Rev. D80, 075018 (2009)
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(Y] Opportunity: A BD Experiment at MESA

Beam Dump Experimental Area 109 g
- 20 Xo Beam Dump - 70 Xo (T 8m) barite concrete s - ?
- Material: Aluminum (+ Water) -~ no neutrons at detector position = - E’CE)
- Addition of a W plate? - no beam dump backgrounds N o g%
- Energy on Dump: 135 MeV - No neutrinos 5 o0 £
- 10# h of operation; 1022 EOT .3

Detector:

- Maximize active volume
Maximize Density
Directionality

Detector Concept:
- 81 lead glass blocks
- 30x30x150cm each
. -5’ PMTs or SiPM readout

- Other crystals under study

Background Rejection

Ll - Beam on/off
\ ﬂ I ~ - Comics Veto
| - Segmentation
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Predicted Limits
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Predicted Limits
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Summary

Potential for significant contributions to LDM searches:
Visible Decays: expand current limits in new territory (MAGIX)

Invisible Decays: still large parameter space to explore (MAGIX + BDX@MESA)
Unique test for both DM production and interaction.

High sensitivity: potential to “hit” the thermal target

Beam at MESA ideal:

Very large luminosity, CW beam, and excellent stability

Recirculation for MAGIX and parasitic operation + beam-off for BDX@MESA
Low backgrounds (below pion threshold: no neutrinos/muons)

Near-Future Directions:

MAGIX: Magnetic optics and detector R&D ongoing (GEMs, TPC)
BDX@MESA: Extend G4 Simulation+MadGraph , Calorimeter R&D started

many possibilities to investigate (Cherenkov/Scintillation crystals)

Many Experiments running or planned:
NA62, HPS, SeaQuest, MiniBoone,DarkLight, APEX,
B-Factories, PADME, LDMX, SHiP,
MESA and Dark Sector Experiments could start by >2020 !
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Thank You!
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Backup
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JG|U Thermal Relic Target

Secluded Annihilation

X
Med :
M 4 4 No SM coupling dependence:
Med My = MMed (ov) gD/mX arbitrary coupling possible.
X Hard to test experimentally.
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Thermal Relic Target

Secluded Annihilation

X
Med :
M 4 4 No SM coupling dependence:
Med My = MMed (ov) gD/mX arbitrary coupling possible.
X Hard to test experimentally.

Direct Annihilation

SM
X g%g%MmQ There is a minimum SM
Med X
gp p===>===<gsm My < MpMed <0'U> ~ - coupling compatible with
Y Med thermal history.
S
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Thermal Relic Target

Secluded Annihilation

X
Med :
SM 4 4 No SM coupling dependence:
Med My = MMed (ov) gD/mX arbitrary coupling possible.
X Hard to test experimentally.

Direct Annihilation

SM
X g%g%MmQ There is a minimum SM
Med X
gp p===>===<gsm My < MpMed <0'U> ~ - coupling compatible with
Y Med thermal history.
S

Experimentally testable target:

4
_ 9p95m [ ™Mx
47 ™M M ed

> mi <O-U> Relzc

~

Y
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Simulation

Geant4 Simulation

P2 Target, Magn. Field
Beam Dump, Exp. Halls

%0.26 M. Battaglieri
322 | | MadGraph A. Celentano
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(WIMP) Direct Dark Matter Searchs Thermal Relic Paradigm

oudan Low Threshold
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Freeze out: n(ov)(Tro) ~ H(Tro)

WIMP “miracle”:
- If light, smaller annihilation CS m/T > 1

- DM overabundance 9 _g 9
- “Overclosed" Universe opw ~ GpTro ~ 10 "GeV
But:

o~ g*/mpy = mpy > 0.1eV

Light Dark Matter

= Qpy ~ 0.2

The way out:
- postulate a new interaction

- annihilation via a new force carrier And in general:
L] [ ] I
If coupling small enough, DM can be light! 10 GeV < mpa < 120 TeV
Lee-Weinberg Unitarity Limit
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