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Boosted Dark Matter
Exploring sensitivity in the DarkSide detectors



   

OUTER VETO     
600 tonnes AAr

TPC                   
51.1 tonnes UAr

INNER VETO           
32 tonnes UAr

~26  photosensor 
coverage

m2 SiPM 
sensors

3 x PDE

10 x lower 
noise

> 10 x lower 
radiogenic 

background

Compared to 
PMTs… 

{}

The DarkSide-20k detector: a dual-phase argon direct detection experiment   

Excellent SPE 
resolution 

21  in 
TPC
m2 5  in 

vetoes
m2

2

5 cm

5 cm

Zo
ë 

Ba
lm

fo
rt

h 
- A

PP
, H

EP
P 

& 
N

P 
IO

P 
co

nf
er

en
ce

 - 
10

/0
4/

20
24



Dark matter direct detection: what are we looking for? 
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WIMP             
v ~ 220 km/s

Target nucleus             
v ~ 0 km/s

Elastic 
collision

WIMP

 ~ keVEr



5%

68%

27%
Dark Matter
Dark Energy
Baryonic Matter

Motivating boosted dark matter: looking beyond the -CDM model Λ

Increase sensitivity 
of detectors

Consider other 
DM models

Boosted Dark 
Matter {

DM produced at late 
times can be relativistic 

BDM exists as subdominant 
DM component within SHM

Cold DM component is 
dominant: accounts for most 

of DM energy density 

BDM remains 
consistent with 

-CDM modelΛ

-CDM model 

Predicts several properties of 
dark matter


Dark matter non-relativistic at 
freeze out


BUT no observations of particle 
dark matter to date

Λ
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Can be searched 
for using existing 

detectors and 
technologies 



Boosted dark matter: a two component model

BDM has higher energy 
than equivalent ‘normal’ 
WIMP DM with mass  m1

Boosted dark matter can then be 
detected via  or nuclei scattering 

in terrestrial detectors
e−
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χ1 χ1

e− e−

Two component model 

2 dark matter components:   &   ( ) 

 created by  self-annihilation: 


Dominant  , subdominant , only  couples to SM

χ0 χ1 m0 > m1

χ1 χ0 χ0 χ0 → χ1χ1

χ0 χ1 χ1

χ1χ0

χ̄1χ̄0

 kinematically boosted 
due to mass difference 
by a factor 

χ1

γ =
m0

m1

Can probe lower masses 

https://doi.org/10.1016/j.physletb.2018.03.043

https://doi.org/10.1016/j.physletb.2018.03.043


Boosted dark matter: expected interactions

 scatters to an unstable particle ( ) following 
interaction in detector


 decays back to  —> detector resolution limits 
if this is detectable or merged with primary 
interaction 

χ1 χ2

χ2 χ1
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χ1 χ2

T T

                                

                

                χ1 χ1

T T

                                
                

                

Target:  or nucleus e−

Elastic scattering Inelastic scattering 

χ1
     



Poisson counting limit: zero background 90% CL

7

Zo
ë 

Ba
lm

fo
rt

h 
- A

PP
, H

EP
P 

& 
N

P 
IO

P 
co

nf
er

en
ce

 - 
10

/0
4/

20
24

σ >
2.3

texp × NT × Flux × Efficiency



Elastic nuclear recoils: expected BDM event rate

dR
dEr

=
1

mT

ρχ

mχ ∫
∞

|v|>vmin

dσ
dEr

f (v; vE) |v |d3v

Assume: 
mT = mArgon
ρχ = 0.3 GeV/cm3
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Energy spectra: boosted dark matter signal  corresponds to standard WIMP scenarioγ = 1
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Backgrounds: sources and mitigations

Radio assay materials
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 &   decays 
from LAr bulk 
39Ar 85Kr β

Radioactive contaminants 
from detector materials 

Radioactive contaminants 
from photosensors

Radio assay 
photosensor materials

Purified UAr

Cosmogenic muons

Underground detectors 
and instrumented muon 
veto

Radiogenic neutrons

Instrumented neutron 
veto



Detector response: ionisation spectra

11

Zo
ë 

Ba
lm

fo
rt

h 
- A

PP
, H

EP
P 

& 
N

P 
IO

P 
co

nf
er

en
ce

 - 
10

/0
4/

20
24

BDM model 
mχ = 2 GeV
γ = 2

BDM model 
mχ = 2 GeV
γ = 2

Shaded bands represent systematic errors



Projected sensitivity: DarkSide-50
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PRELIMINARY

DS-20k sensitivity in progress



Conclusions & future work
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• Two-component boosted dark matter model presented 


—> dark matter velocity boosted, generates higher energy recoils, allowing lower DM masses to be 
probed in existing detectors


• Projected sensitivity presented for DarkSide-50


—> Sensitivity gained at lower masses 


• Zero background sensitivity in DarkSide-20k shows promising potential 


—>  2 - 4 orders of magnitude increased sensitivity compared to DarkSide-50


—>  PLR in progress 



Back up



What is Boosted Dark Matter?
BDM formation and properties

- 2 DM components: dominant  and subdominant                       



-   forms by self-annihilation of  in galactic centre:                   



-  is kinematically Lorentz boosted ( ) due to mass difference 
between 2 components 


- higher energy ( ) compared to equivalent ‘normal’ 
DM with mass , allowing lower masses to be probed


- Only  couples to SM


- BDM could then be detected via  or nuclei scattering in 
terrestrial detectors


- Paper refs

χ0 χ1
m0 > m1

χ1 χ0
χ0 χ0 → χ1χ1

χ1 γ1

E1 = γ1m1
m1

χ1

e−
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Expected event rate

dR
dEr

=
1

mT

ρχ

mχ ∫
∞

|v|>vmin

dσ
dEr

f (v; vE) |v |d3v

Differential cross-section  Velocity distribution  
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Expected flux
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