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”Luxusprobleme“

Wie baut man einen neuen Beschleuniger und überlebt trotzdem?

Ansätze für eine ”nachhaltige Strategie“
(persönliche Auswahl)

Präzisionsmessungen von Nukleon-Formfaktoren
Paritätsverletzung
Suche nach exotischen Teilchen
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”Luxusprobleme“

MAMI genießt großzügige Förderung, u.a.:

Sonderforschungsbereich SFB1044⇒ MAMI

Exzellenzcluster PRISMA und neuer Forschungsbau⇒ MESA

Finanziell ”ausgesorgt“, aber:

Manpower bleibt begrenzt (insbesondere Werkstätten etc.)!

Grundfinanzierung bleibt angespannt (Schuldenbremse!)

Förderung ist zeitlich begrenzt (z.B. SFB1044: 2. FP bis 2019, 3. FP bis 2023)

Struktur des Instituts, so dass es auch danach überleben kann
Permanente Neuanträge

⇐ nur ”exzellente“ Wissenschaftler werden gefördert
⇐Wissenschaftler müssen permanent Physik-Ergebnisse veröffentlichen
⇐ gleichzeitig neue Experimente aufbauen

⇒ die Zeiten des ruhigen Aufbaus eines Beschleunigers sind vorbei
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MESA – Warum ein neuer Beschleuniger?

Supraleitender Linac E0 = 155 MeV

Hoher Strahlstrom I = 1 mA

Hohe Polarisation

Hohe Strahlqualität

⇒ P2: 6P-Experimente

Energy-Recovery-Mode:

Bis zu I = 10 mA

Energie E0 = 105 MeV

Hohe Luminosität bei verschwindender Targetdichte

⇒ MAGIX: Präzisionsexperimente
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Paritätsverletzende Elektronenstreuung

Beste Messung bisher: Z-Pol

3σ Diskrepanz

Messung bei niedrigen Energien erreicht gleiche Signifikanz

Herausforderndes Experiment!
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Paritätsverletzende Elektronenstreuung
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Beam-Normal Single-Spin Asymmetry AT L

Strahl transversal polarisiert

AT L =
σ↑−σ↓
σ↑+σ↓

≈ 10−6−10−5

JLab, S. Abrahamjan et al., PRL 109, 192501 (2012) ⇒ Input für P2 nötig!
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Beam-Normal Single-Spin Asymmetry an MAMI

PV-Technik an A1 etabliert

Erste Ergebnisse mit ppm Fehler

Systematisches Programm
PR-A1-01-2016

⇒ Kontinuität

A4→ A1→ P2
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Präzisionsmessungen von Nukleon-Formfaktoren

8σ Diskrepanz zwischen Atomphysik und Elektronenstreuung

Situation immer noch unklar

Ernstes Problem weit jenseits der Kernphysik: Rydberg-Konstante

Experimentelles Programm Atomphysik/Kernphysik
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Problem: Extrapolation Q2→ 0 für die NORMIERUNG

Absolutnormierung des Wirkungsquerschnitts nicht besser als ca. 1%

Extrapolation Q2→ 0, d.h. zu GE
p(0) = 1, Extraktion < r2 >= d

dQ2 GE(Q2)

Unsicherheit aus Modellfehler
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MAGIX
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Idee: Information im Strahlungsschwanz enthält Formfaktorinformation

Final State Interaction enthält bekannten Formfaktor (elastische Linie)

Initial State Interaction: Wirkungsquerschnitt ändert sich linear mit Formfaktor

Entfaltung über Vergleich Simulation↔ Daten
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Ergebnis Initial State Radiation

Strahlungskorrekturen
zweiter Ordnung

Besser als Prozentniveau
erreichbar

Erste Messung von GE
p(Q

2)
im Bereich
0.001GeV2 < Q2 < 0.004GeV2

Systematische Fehler:

Targetwände
Rückstreuung am Targethalter
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Präzisionsmessungen von Nukleon-Formfaktoren

MAGIX Internes Target

Überschall-Gasstrahltarget

Keine Targetwände

Punkttarget (2mm Targetlänge)

Einbau zuerst in A1

Luminosität bis zu L = 1034cm−1s−1

Kein Untergrund durch
Targetwände oder Rückstreuereignisse

Q2 = 0.0001GeV2 erreichbar

Zentrale Komponenten von MAGIX
werden getestet/verwendet

In Kollaboration mit A. Khoukaz et al. (Univ. Münster)
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Suche nach exotischen Teilchen: Dunkle Photonen
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Dunkle Photonen: Wechselwirkungsträger des dunklen Sektors

Radiative Produktion

e+Z → e+Z + γ
′

→ e++ e− (Nachweis in Magix)
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Beam-Dump Experimente: Motivation
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Direkter Nachweis dunkler Materie:

Immer noch kein klares Signal

Grenze der Sensitivität: solarer ν-Untergrund

Niedrige Massen (d.h. niedrige Rückstoßenergien) sind nicht erreichbar

P. Cushman, et al., arXiv:1310.8327
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Beam-Dump Experimente: Idee
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FIG. 1: Schematic experimental setup. A high-intensity
multi-GeV electron beam impinging on a beam dump pro-
duces a secondary beam of dark sector states. In the basic
setup, a small detector is placed downstream so that muons
and energetic neutrons are entirely ranged out. In the con-
crete example we consider, a scintillator detector is used to
study quasi-elastic �-nucleon scattering at momentum trans-
fers ⇠> 140 MeV, well above radiological backgrounds, slow
neutrons, and noise. To improve sensitivity, additional shield-
ing or vetoes can be used to actively reduce cosmogenic and
other environmental backgrounds.
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FIG. 2: a) ��̄ pair production in electron-nucleus collisions
via the Cabibbo-Parisi radiative process (with A0 on- or o↵-
shell) and b) � scattering o↵ a detector nucleus and liberating
a constituent nucleon. For the momentum transfers of inter-
est, the incoming � resolves the nuclear substructure, so the
typical reaction is quasi-elastic and nucleons will be ejected.

Produktion im Strahlfänger, z.B. Paarproduktion
2

MeV � GeV dark matter are those whose interactions
with ordinary matter are mediated by new GeV-scale
“dark” force carriers (for example, a gauge boson that
kinetically mixes with the photon). Such models readily
account for the stability of dark matter and its observed
relic density, are compatible with observations, and have
important implications beyond the dark matter itself. In
these scenarios, high energy accelerator probes of sub-
GeV dark matter are as ine↵ective as direct detection
searches, because the missing energy in dark matter pair
production is peaked well below the Z ! ⌫⌫̄ background
and is invisible over QCD backgrounds[? ? ].

Instead, the tightest constraints on light dark matter
arise from B-factory searches in (partly) invisible decay
modes [? ], rare kaon decays [? ], precision (g � 2) mea-
surements of the electron and muon [? ], neutrino ex-
periments [? ], supernova cooling, and high-background
analyses of electron recoils in direct detection [? ]. These
constraints and those from future B-factories and neu-
trino experiments leave a broad and well-motivated class
of sub-GeV dark matter models largely unexplored. For
example, with a dark matter mass ⇠> 70 MeV, existing
neutrino factories and optimisitic projections for future
Belle II sensitivity leave a swath of parameter space rel-
evant for reconciling the (g � 2)µ anomaly wide open
(see Figure 3). More broadly, the interaction strength
best motivated in the context of models with kinetically
mixed force carriers (mixing 10�5 . ✏ . 10�3) lies just
beyond current sensitivity across a wide range of dark
matter and force carrier masses in the MeV�GeV range.
These considerations, along with the goal of greatly ex-
tending sensitivity to any components of MeV�GeV dark
matter beyond direct detection constraints motivates a
much more aggressive program of searches in the coming
decade.

The experimental setup we consider can dramatically
extend sensitivity to long-lived weakly coupled states (see
Fig. 3), including GeV-scale dark matter, any component
of dark matter below a few GeV, and milli-charged parti-
cles. This includes a swath of light force carrier parame-
ters motivated by the (g�2)µ anomaly, extending beyond
the reach of proposed neutrino-factory searches and Belle
II projections (see Figure 3). The setup requires a small
1 m3-scale detector volume tens of meters downstream
of the beam dump for a high-intensity multi-GeV elec-
tron beam (for example, behind the Je↵erson Lab Hall A
or C dumps or a linear collider beam dump), and could
run parasitically at existing facilities. All of the above-
mentioned light particles (referred to hereafter as “�”)
can be pair-produced radiatively in electron-nucleus col-
lisions in the dump (see Fig. 2a). A fraction of these
relativistic particles then scatter o↵ nucleons, nuclei, or
electrons in the detector volume (see Fig. 2b).

Within a year, Je↵erson Laboratory’s CEBAF (JLab)
[53] will produce 100µA beams at 12 GeV. Even a simple
meter-scale instrument capable of detecting quasi-elastic
nucleon scattering, but without cosmic background re-
jection, positioned roughly 20 meters downstream of the
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FIG. 2: a) ��̄ pair production in electron-nucleus collisions
via the Cabibbo-Parisi radiative process (with A0 on- or o↵-
shell) and b) � scattering o↵ a detector nucleus and liberating
a constituent nucleon. For the momentum transfers of inter-
est, the incoming � resolves the nuclear substructure, so the
typical reaction is quasi-elastic and nucleons will be ejected.

Hall A dump has interesting physics sensitivity (upper,
dotted red curves in Fig. 3). Dramatic further gains
can be obtained by shielding from or vetoing cosmogenic
neutrons (lower two red curves), or more simply by us-
ing a pulsed beam. The lower red curve corresponds to
40-event sensitivity per 1022 electrons on target, which
may be realistically achievable in under a beam-year at
JLab. The middle and upper red curves correspond
to background-systematics-limited configurations, with
1000 and 2 · 104 signal-event sensitivity, respectively, per
1022 electrons on target. Though not considered in de-
tail in this paper, detectors sensitive to �-electron elas-
tic scattering, coherent �-nuclear scattering, and pion
production in inelastic �-nucleon scattering could have
additional sensitivity. With a pulsed beam, comparable
parameter space could be equally well probed with 1 to
3 orders of magnitude less intensity. A high-intensity
pulsed beam such as the proposed ILC beam could reach
even greater sensitivity (orange curve). The parameter
spaces of these plots are explained in the forthcoming
subsection.

The beam dump approach outlined here is quite com-
plementary to B-factory � + invisible searches [50], with
better sensitivity in the MeV � GeV range and less sen-
sitivity for 1 � 10 GeV (see also [54]). Compared to
similar search strategies using proton beam dumps, the
setup we consider has several virtues. Most significantly,
beam-related neutrino backgrounds, which are the lim-
iting factor for proton beam setups, are negligible for
electron beams. MeV-to-GeV � are also produced with
very forward-peaked kinematics (enhanced at high beam
energy), permitting large angular acceptance even for a
small detector. Furthermore, the expected cosmogenic

Ein ”Strahl“ aus dunkler Materie?

DM-Teilchen haben ausreichend Rückstoßenergie m→MeV

Einfacher Detektor

... oder nach Art von DM-Detektoren
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MAGIX Sensitivität

Sensitivität bei niedrigen Energien

Multidimensionale Darstellung: Masse des dunklen Photons, mχ

Rechnung: G. Krnjaic
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Zusammenfassung

Wie kann man über Jahre aufbauen und gleichzeitig Ergebnisse liefern?

Beispiele:
MESA MAMI

Paritätsverletzende Elektronstreuung

Rosenbluthseparation
bei niedrigen Energien⇒ GE

Polarisationsobersvablen
magnetischer Radius⇒ GM

Initial State Radiation⇒ GE

Neutron-Formfaktoren

Präzisionsmessungen von Formfaktoren

Weinbergwinkel sin2(θW)

Messung der Neutronenhaut

Transversale Strahl-Asymmetrie
Z-Abhängigkeit

Suche nach exotischen Teilchen

”Klassische“ Suche
Unsichtbarer Zerfall
Beamdump-Experiment

Ausschlussgrenzen
Beamdump-Experiment

Und vieles anderes...


