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Ways to detect dark matter particles
2

Make it

Shake it

Brake it

direct (scattering) searches

indirect searchesaccelerator searches

Matter

Dark matter

Φ

(collider, fixed target)
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Ways to detect dark matter particles
3

Make it

Shake it

Brake it

direct (scattering) searches

indirect searchesaccelerator searches

Matter

Dark matter

Φ

(collider, fixed target)

See Elisa Pueschel’s 
lectures
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Ways to detect dark matter particles
4

Make it

Shake it

Brake it
indirect searchesaccelerator searches

Matter

Dark matter

Φ

(collider, fixed target)

See Jan Heisig’s 
lectures

direct (scattering) searches
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Ways to detect dark matter particles
5

Make it

Shake it

Brake it
indirect searchesaccelerator searches

Matter

Dark matter

σeff.

(collider, fixed target)

direct (scattering) searchesSubject of these 
lectures
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Ways to detect dark matter particles
6

Make it

Shake it

Brake it
indirect searchesaccelerator searches

Matter

Dark matter

σeff.

(collider, fixed target)

direct (scattering) searchesSubject of these 
lectures

Non-scattering searches: 
See Béla Majorovits’ lectures
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How to build a 
dark matter detector

Direct dark matter detection
7
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How to build a 
dark matter detector

Direct dark matter detection
8

relic
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Taking advantage of galactic dark matter halo
9

~220 km/s

revolution 
~30 km/s

DM wind

Milky Way dark matter halo 
(illustration)

Our solar 
system
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Taking advantage of galactic dark matter halo
10

~220 km/s

revolution 
~30 km/s

DM wind

Place detector on Earth.

DM particles will 
permanently cross detector.

Search for interactions of DM particles 
with detector material.
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How to design a dark matter detector
11

Expected candidates, interactions, and rates


Background considerations


Experimental signatures
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How to design a dark matter detector
12

Expected candidates, interactions, and rates
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How to design a dark matter detector
13

Expected candidates, interactions, and rates
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How to design a dark matter detector
14

Expected candidates, interactions, and rates

See Marco Cirelli’s 
lectures



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk

How to design a dark matter detector
15

Expected candidates, interactions, and rates

Farinaldo S. Queiroz 
arXiv:1605.08788 
(modified)

Electron

Orbit
Nucleus

DM-nucleus scattering

DM-electron scattering

DM absorption

DM Compton scattering

F. S. Queiroz 
arXiv:1605.08788 
(modified)
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How to design a dark matter detector
16

Expected candidates, interactions, and rates

Farinaldo S. Queiroz 
arXiv:1605.08788 
(modified)

Electron

Orbit
Nucleus

DM-nucleus scattering

F. S. Queiroz 
arXiv:1605.08788 
(modified)
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Elastic dark matter-nucleus scattering
17
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Elastic dark matter-nucleus scattering
18

ER
R for “Recoil”

mN

mχ 

Assume that the dark matter is not only 
gravitationally interacting (WIMP). 
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Elastic dark matter-nucleus scattering
19

ER
R for “Recoil”

mN

Assume that the dark matter is not only 
gravitationally interacting (WIMP). 

mχ 
- -

average velocity

WIMP wind

Maxwell distribution ⇒ ER

v̄ ≈ 220 km/s v̄ ≈ 0 km/s
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Dive-in: kinematics
20

Calculate ER, i.e. the recoil energy of a  
nucleus, in the center of mass frame: θ
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Dive-in: kinematics
21

Calculate ER, i.e. the recoil energy of a  
nucleus, in the center of mass frame: θ

→ elastic scattering: | ⃗p | = | ⃗p′￼|
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Dive-in: kinematics
22

θ

→ elastic scattering: | ⃗p | = | ⃗p′￼|

⇒ momentum transfer     :⃗q q2 = ( ⃗p − ⃗p′￼)2 = 2 ⋅ (p2 − ⃗p ⃗p′￼) = 2p2 ⋅ (1 − cos θ)

Calculate ER, i.e. the recoil energy of a  
nucleus, in the center of mass frame:
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Dive-in: kinematics
23

θ

→ elastic scattering: | ⃗p | = | ⃗p′￼|

⇒ momentum transfer     :⃗q q2 = ( ⃗p − ⃗p′￼)2 = 2 ⋅ (p2 − ⃗p ⃗p′￼) = 2p2 ⋅ (1 − cos θ)

→    : reduced DM-nucleus mass 
        : mean DM speed relative to target 

μ
v̄

Calculate ER, i.e. the recoil energy of a  
nucleus, in the center of mass frame:

q2 = 2μ2v̄2 ⋅ (1 − cos θ)⇒ 
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Dive-in: kinematics
24

θ

→ elastic scattering: | ⃗p | = | ⃗p′￼|

⇒ momentum transfer     :⃗q q2 = ( ⃗p − ⃗p′￼)2 = 2 ⋅ (p2 − ⃗p ⃗p′￼) = 2p2 ⋅ (1 − cos θ)

ER =
q2

2mN
=

μ2v̄2

mN
(1 − cos θ)⇒ 

→    : reduced DM-nucleus mass 
        : mean DM speed relative to target 

μ
v̄

q2 = 2μ2v̄2 ⋅ (1 − cos θ)⇒ 

Calculate ER, i.e. the recoil energy of a  
nucleus, in the center of mass frame:
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Dive-in: kinematics
25

Minimum DM particle speed  
for which we can reach a certain recoil:

vmin
ER =

q2

2mN
=

μ2v̄2

mN
(1 − cos θ)
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Dive-in: kinematics
26

→ maximum q in case of backscattering: cos θ = − 1

ER =
q2

2mN
=

μ2v̄2

mN
(1 − cos θ)

Minimum DM particle speed  
for which we can reach a certain recoil:

vmin
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Dive-in: kinematics
27

→ maximum q in case of backscattering: cos θ = − 1

vmin =
mNER

2μ2
=

q
2μ⇒ 

ER =
q2

2mN
=

μ2v̄2

mN
(1 − cos θ)

Emax
R =

μ2v̄2

mN
(1 − (−1)) = 2

μ2v̄2

mN

Minimum DM particle speed  
for which we can reach a certain recoil:

vmin
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Implications

Lighter dark matter particles (mχ << mN) require a larger minimum speed for a given ER

Inelastic scattering can further increase the minimum speed needed  

Dive-in: kinematics
28

→ maximum q in case of backscattering: cos θ = − 1

⇒ 

ER =
q2

2mN
=

μ2v̄2

mN
(1 − cos θ)

Emax
R =

μ2v̄2

mN
(1 − (−1)) = 2

μ2v̄2

mN
vmin =

mNER

2μ2
=

q
2μ

Minimum DM particle speed  
for which we can reach a certain recoil:

vmin
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What recoil energies do we expect?
29

Emax
R = 2

μ2v̄2

mN
= ( 1

2
mχv̄2) (

4mχmN

(mχ + mN)2 )
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What recoil energies do we expect?
30

Emax
R = 2

μ2v̄2

mN
= ( 1

2
mχv̄2) (

4mχmN

(mχ + mN)2 )
⇒ becomes maximal for a given        when                  :mN = mχmχ

Emax
R =

1
2

mχv̄2
(choose your target wisely!)
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What recoil energies do we expect?
31

mN = mχ = 100 GeV /c2→ assuming and v̄ ≈ 220 km/s = 0.75 × 10−3 c

Emax
R = 2

μ2v̄2

mN
= ( 1

2
mχv̄2) (

4mχmN

(mχ + mN)2 )
⇒ becomes maximal for a given        when                  :mN = mχmχ

Emax
R =

1
2

mχv̄2
(choose your target wisely!)

Emax
R =

100 GeV/c2 ⋅ (0.75 ⋅ 10−3)2 c2

2
≈ 30 keV
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What recoil energies do we expect?
32

mN = mχ = 100 GeV /c2→ assuming and v̄ ≈ 220 km/s = 0.75 × 10−3 c

Emax
R = 2

μ2v̄2

mN
= ( 1

2
mχv̄2) (

4mχmN

(mχ + mN)2 )
⇒ becomes maximal for a given        when                  :mN = mχmχ

Emax
R =

1
2

mχv̄2
(choose your target wisely!)

Emax
R =

100 GeV/c2 ⋅ (0.75 ⋅ 10−3)2 c2

2
≈ 30 keV
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But what about rates?
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Expected rates in a detector
34

Spectrum of DM recoils, i.e. the energy dependence of the number of detected DM particles:

dN
dER

= t ⋅ n ⋅ v ⋅ NT ⋅
dσ

dER

N = t ⋅ n ⋅ v ⋅ NT ⋅ σ

number of observed DM particles

observation time

DM number density • DM velocity 

number of targets • scattering cross section 
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Expected rates in a detector - the laundry list
35

DM velocity 

distribution

Effective 

movement of 

Earth

DM-nucleus 

spin interaction
Size of nucleus 

(form factor)

Signal 

efficiency
…

Both theoretical and experimental aspects need to be carefully evaluated for a sound rate prediction.
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Local velocity distribution 
36

vmin =
mNER

2μ2
=

q
2μ

f ( ⃗v)
⃗v dN

dER
= t ⋅ n ⋅ NT ⋅ v ⋅

dσ
dER

J. Buch, J. Fan, J. Shing Chau Leung, PRD 101, 063026 (2020)

f( ⃗v) =
1

Nesc.

1
(2πσ2)3/2

e− | ⃗v |2

2σ2 Θ(vesc. − v)

SHM: Standard Halo model 
(truncated Maxwell distribution)

Need to consider the local velocity distribution,         , of DM particles 
were      is the DM velocity in the reference frame of the detector.
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Local velocity distribution 
37

vmin =
mNER

2μ2
=

q
2μdN

dER
= t ⋅ n ⋅ NT ∫v min

v f( ⃗v)
dσ

dER
d ⃗v

dN
dER

= t ⋅ n ⋅ NT ⋅ v ⋅
dσ

dER

f ( ⃗v)
⃗v

Need to consider the local velocity distribution,         , of DM particles 
were      is the DM velocity in the reference frame of the detector.
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Local velocity distribution 
38

vmin =
mNER

2μ2
=

q
2μdN

dER
= t ⋅ n ⋅ NT ∫v min

v f( ⃗v)
dσ

dER
d ⃗v

n =
ρ0

mχ
, NT =

MT

mN
, ε = t ⋅ MT

exposure
local DM mass density

Note that:

dN
dER

= t ⋅ n ⋅ NT ⋅ v ⋅
dσ

dER

f ( ⃗v)
⃗v

Need to consider the local velocity distribution,         , of DM particles 
were      is the DM velocity in the reference frame of the detector.
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Local velocity distribution 
39

vmin =
mNER

2μ2
=

q
2μdN

dER
= t ⋅ n ⋅ NT ∫v min

v f( ⃗v)
dσ

dER
d ⃗v

n =
ρ0

mχ
, NT =

MT

mN
, ε = t ⋅ MT

dN
dER

= ε
ρ0

mχmN ∫v min
v f( ⃗v)

dσ
dER

d ⃗v

Note that:

⇒ 

dN
dER

= t ⋅ n ⋅ NT ⋅ v ⋅
dσ

dER

f ( ⃗v)
⃗v

Need to consider the local velocity distribution,         , of DM particles 
were      is the DM velocity in the reference frame of the detector.

exposure
local DM mass density
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Local velocity distribution 
40

vmin =
mNER

2μ2
=

q
2μdN

dER
= t ⋅ n ⋅ NT ∫v min

v f( ⃗v)
dσ

dER
d ⃗v

n =
ρ0

mχ
, NT =

MT

mN
, ε = t ⋅ MT

dN
dER

= ε
ρ0

mχmN ∫v min
v f( ⃗v)

dσ
dER

d ⃗v
dR
dER

=
ρ0

mχmN ∫v min
v f( ⃗v)

dσ
dER

d ⃗v

Note that:

⇒ ⇒ 

dN
dER

= t ⋅ n ⋅ NT ⋅ v ⋅
dσ

dER

f ( ⃗v)
⃗v

Need to consider the local velocity distribution,         , of DM particles 
were      is the DM velocity in the reference frame of the detector.

exposure
local DM mass density
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Local velocity distribution 
41

vmin =
mNER

2μ2
=

q
2μdN

dER
= t ⋅ n ⋅ NT ∫v min

v f( ⃗v)
dσ

dER
d ⃗v

n =
ρ0

mχ
, NT =

MT

mN
, ε = t ⋅ MT

dN
dER

= ε
ρ0

mχmN ∫v min
v f( ⃗v)

dσ
dER

d ⃗v
dR
dER

=
ρ0

mχmN ∫v min
v f( ⃗v)

dσ
dER

d ⃗v

Note that:

⇒ ⇒ 

dN
dER

= t ⋅ n ⋅ NT ⋅ v ⋅
dσ

dER

f ( ⃗v)
⃗v

Need to consider the local velocity distribution,         , of DM particles 
were      is the DM velocity in the reference frame of the detector.

exposure
local DM mass density
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The DM-nucleon scattering cross section
42

=
Emax

R

2
(1 − cos θ)

dR
dER

=
ρ0

mχmN ∫
∞

vmin.

vf ( ⃗v) dσ
dER

d ⃗v
ER =

μ2v2

mN
(1 − cos θ)

dσ
dER

= [( dσ
dER )

SI
+ ( dσ

dER )
SD]

The DM-nucleon cross section can be separated:

Spin Independent Spin Dependentarises from scalar 
or vector couplings 

to quarks

arises from axial-
vector coupling to 

quarks
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The DM-nucleon scattering cross section
43

=
Emax

R

2
(1 − cos θ)

dR
dER

=
ρ0

mχmN ∫
∞

vmin.

vf ( ⃗v) dσ
dER

d ⃗v
ER =

μ2v2

mN
(1 − cos θ)

dσ
dER

= [( dσ
dER )

SI
+ ( dσ

dER )
SD]

The DM-nucleon cross section can be separated:

Spin Independent Spin Dependentarises from scalar 
or vector couplings 

to quarks

arises from axial-
vector coupling to 

quarks

=
mN

2μ2v2 [σSI
0 F2

SI(ER) + σSD
0 F2

SD(ER)]

F: nuclear form factor
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The DM-nucleon scattering cross section
44

dσ
dER

=
mN

2μ2v2 [ σSI
0 F2

SI(ER) + σSD
0 F2

SD(ER)]
nuclear form factors: 

quantum mechanics of interaction with nucleus

particle theory
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The DM-nucleon scattering cross section
45

Spin-Independent (SI) Spin-Dependent (SD)

dσ
dER

=
mN

2μ2v2 [ σSI
0 F2

SI(ER) + σSD
0 F2

SD(ER)]
nuclear form factors: 

quantum mechanics of interaction with nucleus

particle theory
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The DM-nucleon scattering cross section
46

Spin-Independent (SI) Spin-Dependent (SD)

σSD
0 =

32G2
Fμ2

π
J + 1

J [ap⟨Sp⟩ + an⟨Sn⟩]
2

effective couplings to 
protons and neutrons

expectation value of 
proton/neutron spin 

within nucleus

Fermi constant

nuclear angular 
momentum

dσ
dER

=
mN

2μ2v2 [ σSI
0 F2

SI(ER) + σSD
0 F2

SD(ER)]
nuclear form factors: 

quantum mechanics of interaction with nucleus

particle theory



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk

The DM-nucleon scattering cross section
47

Spin-Independent (SI) Spin-Dependent (SD)

σSI
0 =

4μ2

π [Zfp + (A − Z)fn]
2

σSD
0 =

32G2
Fμ2

π
J + 1

J [ap⟨Sp⟩ + an⟨Sn⟩]
2

scalar couplings to 
protons and neutrons

effective couplings to 
protons and neutrons

expectation value of 
proton/neutron spin 

within nucleus

Fermi constant

nuclear angular 
momentum

dσ
dER

=
mN

2μ2v2 [ σSI
0 F2

SI(ER) + σSD
0 F2

SD(ER)]
nuclear form factors: 

quantum mechanics of interaction with nucleus

particle theory
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The DM-nucleon scattering cross section
48

Spin-Independent (SI) Spin-Dependent (SD)

σSI
0 =

4μ2

π [Zfp + (A − Z)fn]
2

∝ A2 σSD
0 =

32G2
Fμ2

π
J + 1

J [ap⟨Sp⟩ + an⟨Sn⟩]
2

In most models fp ≈ fn. 
⇒ Scattering adds coherently with A2 enhancement.

Nuclei with non-zero angular momentum required. 
No coherence effect!

scalar couplings to 
protons and neutrons

effective couplings to 
protons and neutrons

expectation value of 
proton/neutron spin 

within nucleus

Fermi constant

nuclear angular 
momentum

dσ
dER

=
mN

2μ2v2 [ σSI
0 F2

SI(ER) + σSD
0 F2

SD(ER)]
nuclear form factors: 

quantum mechanics of interaction with nucleus

particle theory
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In most models fp ≈ fn. 
⇒ Scattering adds coherently with A2 enhancement.

Nuclei with non-zero angular momentum required. 
No coherence effect!

dσ
dER

=
mN

2μ2v2 [ σSI
0 F2

SI(ER) + σSD
0 F2

SD(ER)]

The DM-nucleon scattering cross section
49

Spin-Independent (SI) Spin-Dependent (SD)

σSI
0 =

4μ2

π [Zfp + (A − Z)fn]
2

∝ A2 σSD
0 =

32G2
Fμ2

π
J + 1

J [ap⟨Sp⟩ + an⟨Sn⟩]
2

scalar couplings to 
protons and neutrons

effective couplings to 
protons and neutrons

expectation value of 
proton/neutron spin 

within nucleus

Fermi constant

nuclear angular 
momentum

nuclear form factors: 
quantum mechanics of interaction with nucleus

particle theory
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Finally… the dark matter direct detection master formula
50

dR
dER

=
ρ0

mχmN ∫
∞

vmin.

vf ( ⃗v) dσ
dER

d ⃗v

dσSI

dER
=

mN

2μ2v2
σSI

0 F2
SI(ER)

f( ⃗v) =
1

2πσ
e− | ⃗v |2

2σ2

ρ(r) ∝ r−2 ρ0 ≈ 0.3 GeV cm−3and( dR
dER )

SI

χN
=

σSI
0

mχ
⋅

ρ0T( ⃗v)

v π
⋅

F2
SI(ER)
μ2
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Finally… the dark matter direct detection master formula
51

dR
dER

=
ρ0

mχmN ∫
∞

vmin.

vf ( ⃗v) dσ
dER

d ⃗v

dσSI

dER
=

mN

2μ2v2
σSI

0 F2
SI(ER)

f( ⃗v) =
1

2πσ
e− | ⃗v |2

2σ2

ρ(r) ∝ r−2 ρ0 ≈ 0.3 GeV cm−3and( dR
dER )

SI

χN
=

σSI
0

mχ
⋅

ρ0T( ⃗v)

v π
⋅

F2
SI(ER)
μ2



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk

0.1 1 10 100 100010-50

10-48

10-46

10-44

10-42

10-40

10-38

10-36

10-12

10-10

10-8

10-6

10-4

10-2

100

Dark Matter Mass [GeV/c2]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[c
m
2 ]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[p
b]

Created Dec 21 2021

XENON1T

XENON1T Migdal

DarkSide-50

XENON1T

Combined

CYGNUS
HD-10

4He

DAM
IC-1K

(2020)

DarkSide
200tyLZ XENONn

T

CRESST 1000kgd

DARWIN

NEWS-G

DEAP-36
00

Finally… the dark matter direct detection master formula
52

dR
dER

=
ρ0

mχmN ∫
∞

vmin.

vf ( ⃗v) dσ
dER

d ⃗v

dσSI

dER
=

mN

2μ2v2
σSI

0 F2
SI(ER)

f( ⃗v) =
1

2πσ
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What nucleus (i.e. target) to pick?
54

ER =
1
2

q2

mN
≲

2 m2
χ v2

mN

ER

mNmχ 

F. Toschi, calculated following Astropart. Phys. 6 (1996) 87

mχ  = 500 MeV

σSI = 10-45 cm2
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What nucleus (i.e. target) to pick?
55

ER =
1
2

q2

mN
≲

2 m2
χ v2

mN

ER

mNmχ 

F. Toschi, calculated following Astropart. Phys. 6 (1996) 87

mχ  = 500 MeV

σSI = 10-45 cm2

Light target nuclei are favorable!
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What nucleus (i.e. target) to pick?
56

A(Oxygen) = 16

A(Tungsten) = 184

A2 boost
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What nucleus (i.e. target) to pick?
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A(Oxygen) = 16

A(Tungsten) = 184

A2 boost

Heavy target nuclei are favorable!
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What nucleus (i.e. target) to pick?
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A(Oxygen) = 16

A(Tungsten) = 184

A2 boost

Heavy target nuclei are favorable!
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What nucleus (i.e. target) to pick?
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J. Phys. G43 (2016) 1, 013001 

Smaller target 
nucleus

Higher 
exposure

Lower 
energy 
threshold
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What nucleus (i.e. target) to pick?
60

J. Phys. G43 (2016) 1, 013001 

Smaller target 
nucleus

Higher 
exposure

Lower 
energy 
threshold

It depends on the parameter 
space you are interested in!
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Detector concepts

Direct dark matter detection
61
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How to design a dark matter detector
62

T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001
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How to design a dark matter detector
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T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001

APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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How to design a dark matter detector
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T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001

APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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How to design a dark matter detector
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APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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How to design a dark matter detector
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T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001

APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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How to design a dark matter detector
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T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001

APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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How to design a dark matter detector
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T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001

APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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How to design a dark matter detector
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T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001

APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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How to design a dark matter detector
70

T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001

APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]
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Why combining two signals?

Direct dark matter detection
71



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk

Backgrounds…

Direct dark matter detection
72
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The dark matter direct detection master formula
73

dR
dER

=
ρ0

mχmN ∫
∞

vmin.

vf ( ⃗v) dσ
dER

d ⃗v

dσSI

dER
=

mN

2μ2v2
σSI

0 F2
SI(ER)

f( ⃗v) =
1

2πσ
e− | ⃗v |2

2σ2

ρ(r) ∝ r−2 ρ0 ≈ 0.3 GeV cm−3and( dR
dER )

SI

χN
=

σSI
0

mχ
⋅

ρ0T( ⃗v)

v π
⋅

F2
SI(ER)
μ2

0.1 1 10 100 100010-50

10-48

10-46

10-44

10-42

10-40

10-38

10-36

10-12

10-10

10-8

10-6

10-4

10-2

100

Dark Matter Mass [GeV/c2]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[c
m
2 ]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[p
b]

Created Dec 21 2021

XENON1T

XENON1T Migdal

DarkSide-50

XENON1T

Combined

CYGNUS
HD-10

4He

DAM
IC-1K

(2020)

DarkSide
200tyLZ XENONn

T

CRESST 1000kgd

DARWIN

NEWS-G

DEAP-36
00



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk

DM-nucleus scattering spectrum and backgrounds
74

Example: 

Prediction for 
SuperCDMS SNOLAB 

(Ge HV detectors)

1 GeV/c2 WIMP 10 GeV/c2 WIMP with σ = 10-42 cm2

SuperCDMS Collaboration, Phys. Rev. D 95, 082002 (2017)
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Backgrounds: cosmic rays
75

Going underground to mitigate 
cosmic and cosmogenic backgrounds

C
redit: S

uperC
D

M
S
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ollaboration / S

N
O

LA
B

 / M
. W

ilson

SuperCDMS

Zi-yi Guo et al., Chinese Phys. C 45 025001, 2021

At SNOLAB: ~0.3 muons per m2 per day.
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Backgrounds: cosmic rays
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SuperCDMS
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Backgrounds: cosmic rays
77

SuperCDMS

C
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D
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ilson

Additional active and passive shielding 
against cosmogenic secondaries

SuperCDMS
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Backgrounds: radioactive decays
78

Expected DM spectrum Measured banana spectrum

<0.1 event per kg per year 
→ nuclear recoils

>100 000 events per banana per year 
→ electron recoils

B. Hoeling, D. Reed, P.B. Siegel, Am.J.Phys. 67, 440 (1999)

mDM = 20 GeV

σSI = 10-46 cm2

dR
/d

E
R
 [1

 / 
kg

 k
eV

 d
]

ER [keV]

x 10-4
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Backgrounds: cosmic rays and radioactive decays
79

SuperCDMS

C
redit: S
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ollaboration / S
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ilson

Additional active and passive shielding 
against cosmogenic secondaries

SuperCDMS
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Backgrounds: cosmic rays and radioactive decays
80

Radionuclides

Radionuclides

Cosmic radiation

Natural decay chains

Mitigation strategies 
going underground 
storing materials underground 
passive and active shielding 
Radon mitigation 
use of materials with high purity 
characterize the background 
…

http://www.goerudio.com/izpratnes-lapa/radioaktivitate 
(modified)
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DM-nucleus scattering spectrum and backgrounds
81

Example: 

Prediction for 
SuperCDMS SNOLAB 

(Ge HV detectors)

1 GeV/c2 WIMP 10 GeV/c2 WIMP with σ = 10-42 cm2

SuperCDMS Collaboration, Phys. Rev. D 95, 082002 (2017)

Still not 
background 

free!
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DM-nucleus scattering spectrum and backgrounds
82

Example: 

Prediction for 
SuperCDMS SNOLAB 

(Ge HV detectors)

1 GeV/c2 WIMP 10 GeV/c2 WIMP with σ = 10-42 cm2

SuperCDMS Collaboration, Phys. Rev. D 95, 082002 (2017)

Still not 
background 

free!

Electron 
recoils!
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Background discrimination using two signals
83

Example: measurement of PHONON/HEAT and IONIZATION signals

Cryogenic bolometers with charge readout

Two signals offer strong discrimination power between WIMP NR signals and backgrounds with ER signatures!

Phonon channels

(ER)

(NR)
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Background discrimination using two signals
84

Phonon channels

Example: measurement of PHONON/HEAT and IONIZATION signals

(ER)

(NR)

1 GeV/c2 WIMP 10 GeV/c2 WIMP

Two signals offer strong discrimination power between WIMP NR signals and backgrounds with ER signatures!
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Summary

85
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How to build a dark matter detector
86

1. pick your interaction
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How to build a dark matter detector
87

1. pick your interaction 2. pick your parameter space
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How to build a dark matter detector
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1. pick your interaction 2. pick your parameter space 3. pick your target material
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How to build a dark matter detector
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1. pick your interaction 2. pick your parameter space 3. pick your target material

4. pick your underground lab



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk

How to build a dark matter detector
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1. pick your interaction 2. pick your parameter space 3. pick your target material

4. pick your underground lab 5. design your shielding



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk

How to build a dark matter detector
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1. pick your interaction 2. pick your parameter space 3. pick your target material

4. pick your underground lab 5. design your shielding 6. select and characterize your material
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How to build a dark matter detector
92

1. pick your interaction 2. pick your parameter space 3. pick your target material

4. pick your underground lab 5. design your shielding 6. select and characterize your material

And last but not least…
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How to build a dark matter detector
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1. pick your interaction 2. pick your parameter space 3. pick your target material

4. pick your underground lab 5. design your shielding 6. select and characterize your material

And last but not least…

… pick your team - it’s a team effort!


