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Is there new physics out there somewhere?

- BNL E821 experiment saw 3.6σ discrepancy with SM value for muon anomalous 
magnetic moment aµ 
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Very high precision calculations & measurements of Fundamental  
quantities may help answer this
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What is the origin of the discrepancy?
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Experimental Sensitivity?

• Could better precision experiments help?

Could it indicate new physics?
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Ongoing effort in the experimental community

- Fermilab E989 experiment

- J-PARC E34 experiment

Fermilab E989

3.6 σ
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Set to decrease experimental errors by factor 40 
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On Theory side:

γ

µ µ

Contributions from SM:

=

Have we included all SM contributions and taken care of all theory uncertainties? 

+ + +

well known  significant work ongoing 

Purtabative QCD Lattice QCD
BNL E821 
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3.6 σ

Theory

Could go either way

Significant reduction  
theory uncertainty could mean 

New Physics 3.6σ simply not  
enough to cry New 

Physics



What BSM scenario could be responsible for this anomaly?

Plethora of viable BSM scenarios able to accommodate g-2 anomaly  

Focus for this talk:   Dark Photon A0

Dµ = @µ + igDA0
µ
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Has been extensively searched for at low energy experiments 

Visible Decays

BABAR collaboration: Phys.Rev.Lett. 113 (2014) no.20, 201801 NA 48 collaboration: Phys.Lett. B746 (2015) 178-185
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Invisible Decays

BABAR collaboration: Phys.Rev.Lett. 119 (2017) no.13, 131804 NA64 collaboration: 

χ̄

χ

A′
µ



Invisible Decays

BABAR collaboration: Phys.Rev.Lett. 119 (2017) no.13, 131804 NA64 collaboration: 
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Dark Photon explanation for  
g-2 is ruled out
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Maybe we can look to the dark sector for help

Consider pseudo-Dirac Dark Fermions 

Couple inelastically with the dark photon and heavier state decay 

�1 & �2

States are split by � ⌘ m2 �m1

Izaguirre, Krnjaic & Shuve: Phys.Rev. D93 (2016) no.6, 063523 

Semi-Visible Decay



Search Strategies

Electron Beam Dump: SLAC E137 

Electron-Positron Colliders: BABAR, BELLE II
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FIG. 10: a) Scalar DM pair production in electron-nucleus
collisions. An on-shell A0 is radiated and decays o↵ diago-
nally to 'h,! pairs. b) Inelastic up scattering of the lighter
'! into the heavier state via A0 exchange inside the detector.
For order-one (or larger) mass splittings, the metastable state
promptly de-excites inside the detector via 'h ! '! e

+e�.
This process yields a target (nucleus, nucleon, or electron)
recoil ER and two charged tracks, which is a instinctive, zero
background signature, so nuclear recoil cuts need not be lim-
iting.
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New Electron Beam-Dump Experiments to Search for MeV to few-GeV Dark Matter

Eder Izaguirre, Gordan Krnjaic, Philip Schuster, and Natalia Toro
Perimeter Institute for Theoretical Physics, Waterloo, Ontario, Canada

(Dated: November 19, 2013)

In a broad class of consistent models, MeV to few-GeV dark matter interacts with ordinary matter
through weakly coupled GeV-scale mediators. We show that a suitable meter-scale (or smaller) de-
tector situated downstream of an electron beam-dump can sensitively probe dark matter interacting
via sub-GeV mediators, while B-factory searches cover the 1–5 GeV range. Combined, such exper-
iments explore a well-motivated and otherwise inaccessible region of dark matter parameter space
with sensitivity several orders of magnitude beyond existing direct detection constraints. These ex-
periments would also probe invisibly decaying new gauge bosons (“dark photons”) down to kinetic
mixing of ✏ ! 10�4, including the range of parameters relevant for explaining the (g " 2)

µ

discrep-
ancy. Sensitivity to other long-lived dark sector states and to new milli-charge particles would also
be improved.

I. INTRODUCTION AND SUMMARY

Dark matter is sharp evidence for physics beyond the
Standard Model, and may be our first glimpse at a
rich sector of new phenomena at accessible mass scales.
Whereas vast experimental programs aim to detect or
produce few-GeV-to-TeV dark matter [1–12], these ex-
periments are essentially blind to dark matter of MeV-
to-GeV mass. We propose an approach to search for
dark matter in this lower mass range by producing it in
an electron beam-dump and then detecting its scatter-
ing in a small downstream detector (Fig. 1). This ap-
proach can explore significant new parameter space for
both dark matter and light force-carriers decaying invisi-
bly, in parasitic low-beam-background experiments at ex-
isting facilities. The sensitivity of this approach comple-
ments and extends that of analogous proposed neutrino
factory searches [13–16]. Combined with potential B-
factory searches, these experiments would explore a well-
motivated and otherwise inaccessible region of dark mat-
ter parameter space. Experiments of this type are also es-
sential to a robust program searching for new kinetically
mixed gauge bosons, as they complement the ongoing
searches for such bosons’ visible decays [13, 14, 17–37].

Various considerations motivate dark matter candi-
dates in the MeV-to-TeV range. Much heavier dark mat-
ter is disfavored because its naive thermal abundance ex-
ceeds the observed cosmological matter density. Much
beneath an MeV, astrophysical and cosmological con-
straints allow only dark matter with ultra-weak couplings
to quarks and leptons [38]. Between these boundaries
(MeV � TeV), simple models of dark matter can ac-
count for its observed abundance through either thermal
freeze-out or non-thermal mechanisms [39–54]. The con-
ventional argument in favor of weak-scale (& 100 GeV)
dark matter — that its annihilation through Standard
Model (SM) forces alone su! ces to explain the observed
relic density — is dampened by strong experimental con-
straints on dark matter with significant couplings to the
Z or Higgs bosons [12, 55] and by the absence to date of
evidence for new SM-charged matter at the LHC.

The best constraints on multi-GeV dark matter inter-
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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.

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, fast
neutrons, and noise. Similar layouts with much smaller detec-
tors or shorter target-detector distances than shown above are
similarly sensitive. To improve sensitivity, additional shield-
ing or vetoes can be used to actively reduce high energy cos-
mogenic and other environmental backgrounds.

actions are from underground searches for nuclei recoiling
o" non-relativistic dark matter particles in the Galactic
halo (e.g. [1, 2, 5–9, 12]). These searches are insensi-
tive to few-GeV or lighter dark matter, whose nuclear
scattering transfers invisibly small kinetic energy to a re-
coiling nucleus. Electron-scattering o" ers an alternative
strategy to search for sub-GeV dark matter, but with
dramatically higher backgrounds [56–58]. If dark matter
scatters by exchange of particles heavier than the Z, then
competitive limits can be obtained from hadron collider
searches for dark matter pair-production accompanied by
a jet, which results in a high-missing-energy “monojet”
signature [9, 10]. But among the best motivated models
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FIG. 6: a) Scalar DM pair production from electron-beam col-
lisions. An on-shell A0 is radiated and decays o↵ diagonally to
'h,` pairs. b) Inelastic up scattering of the lighter '` into the
heavier state via A0 exchange. For order-one (or larger) mass
splittings, the metastable state promptly de-excites inside the
detector via 'h ! '`e

+e�. The signal of interest is involves
a recoiling target with energy ER and two charged tracks to
yield a instinctive, zero background signature.
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FIG. 7: a) Scalar DM pair production in electron-nucleus col-
lisions. An on-shell A0 is radiated and decays o↵ diagonally to
'h,` pairs. b) Inelastic up scattering of the lighter '` into the
heavier state via A0 exchange inside the detector. For order-
one (or larger) mass splittings, the metastable state promptly
de-excites inside the detector via 'h ! '`e

+e�. This process
yields a target (nucleus, nucleon, or electron) recoil ER and
two charged tracks, which is a instinctive, zero background
signature, so nuclear recoil cuts need not be limiting.
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FIG. 7: a) Scalar DM pair production in electron-nucleus col-
lisions. An on-shell A0 is radiated and decays o↵ diagonally to
'h,` pairs. b) Inelastic up scattering of the lighter '` into the
heavier state via A0 exchange inside the detector. For order-
one (or larger) mass splittings, the metastable state promptly
de-excites inside the detector via 'h ! '`e

+ e�. This process
yields a target (nucleus, nucleon, or electron) recoil ER and
two charged tracks, which is a instinctive, zero background
signature, so nuclear recoil cuts need not be limiting.
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BUT, what about Dark Matter? 
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BUT, what about Dark Matter? 

Inelastic coupling Coannihilation
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We can look for  
these Displaced tracks 
with BABAR DATA

BABAR would have Vetoed 
these in their invisible decay search

Belle II
With dedicated Mono-Photon Trigger,  

Search for Invisible  
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Conclusions

- Is the Dark Photon Contribution to muon g-2 completely dead, dead?  

Most Certainly NOT

- Semi-Visible decay channel opens up narrow parameter space in which 
to search for Signal

- BABAR & Belle II should search for this signal

Why am I so excited about this? 

If nothing is found, we would kill the dark photon contribution to g-2 
dead dead. 

Definite Progress
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How does this help for muon g-2

Izaguirre, Kahn, Krnjaic & Moschella: Phys.Rev. D96 (2017) no.5, 055007 

Muon  
g-2 line

For what mass splittings can we still explain muon g-2?

What new signals can we expect?



For the Inelastic Dark Matter
Izaguirre, Kahn, Krnjaic & Moschella: Phys.Rev. D96 (2017) no.5, 055007 Muon  

g-2 line
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