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What is the universe made of?

M. Raggi Cambridge Seminar

???Dark Matter???
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¤ Standard model only includes <20% of the matter in the 
universe
u We only know dark matter interacts gravitationally 

¤ Many open questions
u What is dark Matter made of?
u How dark matter interact, if it does, with SM particles?
u Does one or more new dark force exist?
u How complex is the dark sector spectrum?

à?à

Standard model ???Dark Sector???
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Why invisible decays? Why not!
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¤ Early searches inspired by strong priors:
u Heavy dark matter and universal fermion coupling!

¤ Its now time to take a step back in the priors and explore a wider 
panorama
u Any dark matter mass no prejudice on the coupling to fermions



How to search for invisible decays?
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N∝e4 ~1020 EOT (aD and e2) N∝e2 (e2 only)

Missing energy

Missing Mass

Positive evidence

N∝e2 sensitive to (e,A’) mass
Limited by MA’<sqrt(2me*EB) N∝e2 contains Emiss exp.

Negative evidence

B)A)

C)

D)



Parameter space end of 2016
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¤ Two techniques are used: missing E-P-mass A’ search, dark matter c scattering searches
u Missing E-P-mass searches for A’ only depend on 2 parameters : e2 and MA’

u c scattering searches depend on 4 parameters: e2, MA’,Mc and aD

¤ Kaon constraints are on the other hand more model dependent



Invisible session program
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Type C) Results shown e+e- collider MMiss

Type B) Results shown e- dump EMiss

Type C) In construction e+ on target MMiss

Type C) Proposal e+ on target MMiss

Type A) Proposal e- dump scattering

Type D) Proposal e- dump PMiss

Type A) Results shown p dump scattering



Babar result 2017
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BABAR collected ∼53 fb−1 of 
data with dedicated single g
triggers Υ(3S) and Υ(2S)
peaks Hard. trigger ≥1 EMC 
cluster with ELAB > 800 MeV

arXiv:1702.03327 sub. PRL



NA64 at CERN
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Missing Energy experiment
100 GeV e- from CERN H4 beam line
2.75x109 EOT in 2016



MiniBooNE at Fermilab
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1.86×1020 POT
Nov 2013 -Sept. 2014

arXiv:1702.02688



Present status of exclusions
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¤ Great progress in the beginning of 2017
u Still large regions of parameter space unexplored
u Only 1 experiment in most of the parameter space covered



Future MMiss experiments
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692 crystals
160cm

LH2 Target

CsI Calorimeter

Beam Dump

beam pipe (vacuum)

10 m

Chg'd particle veto Shielding

1013e+ on target at LNF 2018

MMAPS @ Cornell

PADME + MMAPS?   (2020?)
PADME: EB~500 MeV, 2 year @ INFN BTF 
Cornell: 12x EB, 104x EOT
PADME: Better Mmiss, faster detector

EPJ Web of Conferences 142, 0 01 (2017)

Adv. HEP
Vol.2014, ID 959802



Future dump experiments: BDX
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Drift @ BDX
Directional WIMP DM detector 

BDX @ JLAB 1022 EOT scattering experiment



LDMX: PMiss experiment
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Beam: individual tag of 1016 incident e-
- A low-current, multi-GeV, e- beam
(1016/year ≈ 1 e- /3 ns). 
Possibilities:
- DASEL@SLAC (4/8 GeV)
- CEBAF@JLab (up to 11 GeV). 
- Large beam spot (~10 cm2)

Two-stage approach to LDMX:
4×1014 “Phase I” late 2021
1x1016 “Phase II” late 2023-2024



Group photos
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¤ This is what we can do all together so keep pushing on your project!



Group photos
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¤ This is what we can do all together so keep pushing on your project!

See you in LDMA 2019 with new results!


