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We havenõt found 

Dark Matter yet  

 

Experiments are probing  

our most popular models  

 

Many new experimental efforts  

bring discovery -level science 

back to the universities  
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Spoiler Alert  
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Possible Dark Matter Masses  

MeV meV meV MPlanck  GeV TeV eV 

excluded by 

gravitational 

lensing  

10 -21eV Msolar  

wavelength 

doesnõt fit 

in galaxies  

90 orders of magnitude  
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Possible Dark Matter Masses  

MeV meV meV MPlanck  GeV TeV eV 

Axions  

  axion -like particles  

WIMPs  

  thermal relics  

bosonic / field  fermionic / particle  astro  

10 -21eV Msolar  
1/year  optical  

90 orders of magnitude  
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COSINE  

Possible Dark Matter Masses  

MeV meV meV MPlanck  GeV TeV eV 

bosonic / field  fermionic / particle  astro  

10 -21eV Msolar  
1/year  optical  

90 orders of magnitude  

ADMX  

ABRACADABRA  

NEWS-G 

DarkSide -20k  

Deap3600  

CRESST-III  

XMASS  

XENON100  

LUX  

XENON1T  

XENONnT  LZ 

Gen3/DARWIN  

LBECA  

DAMIC  

SENSEI  

SF-He 

XENON10  

SuperCDMS  

Eöt -Wash  

MAGIS  

PICO 

CASPEr  

HAYSTAC 

Gaia  

GaAs/ Al2O3 

Sabre  

PandaX  DMRadio  DarkSide -50  

ColCen  

Argo 
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Dark Matter only has  

90 orders of magnitude  

to hide  
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Available Mass Space  
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Microwave cavity, 7T, 100mK  

Search for Primakov Effect:  

ADMX Resonant Search  
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Resonant search:  

Slow but rich signature  

simulated signal:  

Microwave cavity, 7T, 100mK  

ADMX Resonant Search  
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ADMX Initial Results  
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Initial results published  

 

Continues to probe  

QCD dark matter axion  
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ADMX  
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WIMP Direct Detection 101  

Å recoil spectrum: falling exponential at low energies  

Å rate prefers high -A (high -J) targets  

Åcoherent scattering  

or  
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WIMP Detection: Status  
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1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

Plot Cross Section 

versus WIMP mass  
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WIMP Detection: Status  
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1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

Low masses:  

fight threshold  

 

High masses: 

number density 

decreases as mass 

density is fixed  

ruled out  
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Best limits all from 

xenon experiments  
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Thermal Relics  & WIMPs  
 

Simple nonrelativistic scattering  

 

Pushing experiments to probe  

deeper, lighter, and heavier  
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Dual -Phase TPC: e.g. XENON1T  

bottom PMTs  

(S1, S2)  

top PMTs  

(position)  

xenon gas  

2000kg  

liquid  

xenon  

+ 

- cathode  

anode  

S1 S2 

e- 
e- 

e- 

drift time  

hn 
hn 

1mm/ ms 

3D position information  

S2 hit pattern :  

drift time:  
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Redundant event 

information:  

can fight  

detector artefacts  

 

(collect ~2.5MB  

 per event)  

 

The Secret of Success  
S1 

S2 S1 

S2 
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Reduce background with exp(-diameter/ lg)  

Self-Shielding in Xenon  

XENON  

preliminary  

XENON  

preliminary  
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ER/NR Discrimination  
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ER/NR Discrimination  
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Dark Matter Search  

Å WIMPs, SI & SD!  

Å iDM  and other EFT  

Å GeV DM  

First science data, 34 live days:  
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Ample Science from òBackgroundó 
Å leptophilic /axial -vector 

WIMPs, MeV DM  

Å Migdal  & Bremsstrahlung  

Å inelastic scatter, miDM  

Å ALPs, dark photons, 

SuperWIMPs , solar 

axions , luminous DM, 

mirror DM  

Å sterile n 

Å DEC on 124 Xe 

Å WIMPs, SI & SD!  

Å iDM  and other EFT  

Å GeV DM  to
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First science data, 34 live days:  
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Technology of choice for WIMPs:  

monolithic, scalable , cheap,  

redundant event information  
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Liquid TPCs  
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Excellent Data Taking & Stability  
As of today, 279 live days of dark matter data on tape:  

ScienceRun0  ScienceRun1  
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XENON1T Science Run 1  

recently  

unblinded  

 

still salted, 

desalinate next 

week 

 

results shortly 

afterwards  
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Very Near Future  
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Ruled out  

1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

ruled out  XENON1T with 

improved 

sensitivity this 

month  
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ÅRapid upgrade:  

 8t total  

 6t active  

 4t fiducial  

 start 2019  
 

ÅRe-use most  

 sub -systems  
 

ÅXenon in hand,  

 PMTs tested,  

 fixing design  

Upgrade: XENONnT  
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Near Future  
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Ruled out  

1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

ruled out  XENONnT  and LZ  

start 2019  
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Results from 1 year with 1300kg  

should be coming anytime now  
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XENON1T Results  
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Neutrino -Nucleus Scattering  
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Ruled out  

1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

Coherent  

Neutrino  

Signal  

ruled out  Simple scattering 

kinematics : 

degenerate in 

momentum  

 

Ƃ put on same plot 

8B 

atm  

B
ill

a
rd

, 
S

tr
ig

a
ri

, 
F

ig
u

e
ro

a
-F

e
lic

ia
n

o
 

1
3
0
7
.5

4
5
8

 



Rafael F. Lang: Direct Dark Matter Detection  32  

Solar 8B neutrinos ~2023  
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background  

dark matter  

nuclear recoils  

~36 8B solar 

neutrino  

nuclear recoils  

simulation: 1000 days LZ  
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few second burst  

flavor -independent: complementary information  

XENON1T sensitive across entire Milky Way:  

Supernova Neutrinos  
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Direct dark matter experiments 

become sensitive  

to solar and supernova neutrinos  
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Measuring Neutrinos  
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Direct Detection: Status  
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Ruled out  

1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

Coherent  

Neutrino  

Signal  

ruled out  

x1000  

best limits set by 

liquid xenon TPCs  
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Direct Detection: Outlook  
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Ruled out  

1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

Coherent  

Neutrino  

Signal  

ruled out  

x1000  

x10  

best limits set by 

liquid xenon TPCs  

 

strong program to 

improve factor 100  
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Ruled out  

1  10  100  1000  10000  

10 -42  

10 -43  

10 -44  

10 -45  

10 -46  

10 -47  

10 -48  

10 -49  

10 -50  

3  30  300  3000  

WIMP Mass in GeV/c 2 

Coherent  

Neutrino  

Signal  

ruled out  

x1000  

x10  

Require Generation -3 Detectors  

best limits set by 

liquid xenon TPCs  

 

strong program to 

improve factor 100  

 

current program 

leaves a WIMP gap  
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Signal from atmospheric 

neutrinos far, far away  

 

Need Generation -3 

experiments to  

cover WIMP space  
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Not There Yet  
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Direct Detection at High Mass  
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Generation -3 experiment can do it  
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Probing Planck Mass  


