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Dark reality

courtesy: JB



Direct searches: status
After 200 kg-year exposure:
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Shape

     DM flux / 1

mDM      Nuclear recoil below 
      detector thresholds at low mass
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Dark kitchen sink

B. Kavanagh, 1712.04901

DAMA 1999



Hunting the heaviest reachable

Is dark matter here?

B. Kavanagh, 1712.04901

DAMA 1999



B. Kavanagh, 1712.04901
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DAMA (1999):  10 cm x 10 cm 
————————————— 
PICO-60:           50 cm x 50 cm 

LUX/PANDAX/XENON1T:               
                          100 cm x 100 cm

AD

Have these experiments already gone there?

Is dark matter here?

Hunting the heaviest reachable



How many scatters in the detector?

MANY

ONE

# scatters = max(1, ��TnDLD)



(WIMPs)

DETECTOR

x

ONE

All current experiments seek 
the ‘one-scatter’ signature: 
the WIMP search PICO-60 or  

LUX/PANDAX/XENON1T

# scatters = max(1, ��TnDLD)



(MIMPs)

DETECTOR

x

MANY

x
x

x
x

PICO-60 or  
LUX/PANDAX/XENON1T

- DAMA ’99 was based on this ‘multiple 
scatters’ signature: a “MIMP” search 

- Not sought today. If done, would double 
the reach of all current experiments!

# scatters = max(1, ��TnDLD)

Totally different signature!



High-mass frontier

MANY

ONE

need MIMP search  
to probe highest 
masses reachable 

PICO-60 or  
LUX/PANDAX/XENON1T

# scatters = max(1, ��TnDLD)

J. Bramante, B. Broerman, R. Lang, N. R.
                              1803.08044



High-mass frontier

J. Bramante, B. Broerman, R. Lang, N. R.
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(mPlanck)



IDing MIMPs
PICO-60 LUX/PANDAX/XENON1T

Train of scintillation pulses + 
              electroluminescence pulses Track of bubbles

- Background ~ 0 (from daughter neutrons of surrounding material & coincident electron recoils)

- Concept of neutrino floor doesn’t apply

WIMP:

MIMP:



Characterizing WIMPs

Encounter rate (spin-independent) =
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Redundancy in 
{cross-section, 
mass, 
local density}



Characterizing MIMPs

# scatters per transit detector dimension

cross-section

target number density



Characterizing MIMPs
Overburden & underburden



Characterizing MIMPs

N(scatters) ∝ DM kinetic energy / recoil energy
nshieldLshield� / m�v

2
� / recoil energy

More accurately:(

)

     Dark matter tracks  
=> measure max angle of entry 
=> angle of rejection in 
     Earth underburden in this band 
=> mass



Characterizing MIMPs

flux detector area

local density
velocity

run-time
mass



Summary
— Dedicated searches for multiscatter-inducing dark matter 
would double the reach of direct detectors. 

— Meter-scale experiments (current and imminent)  
are poised to probe Planck mass and beyond, with a  
few years of run time.  
  (Time projection chambers: LUX/PANDAX/XENON1T, DARWIN, 
     Bubble chambers: PICO-60, PICO-500) 

— Signatures are simple, backgrounds negligible. 

— Double overburden & angle of entry helps pinpoint 
{cross-section, mass, local density}. 



Future fun

— Large volume detectors, e.g. Borexino, SNO+, DUNE, JUNO, 
MATHUSLA, … 

— Leptophillic MIMPs 

— Theory models (GUTs with MIMPs, cosmological production)   



Thank you!
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MANY
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1: highest mass reachable already reached with 
single-scatter searches 

2: need dedicated multi-scatter searches 

(Note: need multi-scatter searches anyway 
to probe the upper half with fluorine, xenon, etc.)

Answer: 2.  
Ideally, when N(events) = integrated flux, 
optical depth = 1. In practice, it’s < 1. 
Multiscatter search required to probe  
highest masses.

Hunting the heaviest reachable



Spin-dependent multiscatters


