Emmy

UNIVERSITAT oether. %
HEIDELBERG ek
ZUKUNFT o
SElT 1386 DFG Forschungsgemeinschaft

Direct Dark Matter Searches: Part |

Principles of direct detection: nuclear recoil

ISAPP School ,Neutrinos and Dark Matter — in the lab and in the Universe®, 24.09.2024
Belina VON KROSIGK (bkrosigk@kip.uni-heidelberg.de)

Credit: Swinburne Astronomy Productions - J. Josephides



mailto:bkrosigk@kip.uni-heidelberg.de

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

Ways to detect dark matter particles

direct (scattering) searches

Dark matter

P Brake it

accelerator searches | Indirect searches

(collider, fixed target)
Matter



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

Ways to detect dark matter particles

direct (scattering) searches

Dark matter .
| See Elisa Pueschel’s |

lectures

P Brake it

accelerator searches | Indirect searches

(collider, fixed target)
Matter



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

Ways to detect dark matter particles

direct (scattering) searches

Dark matter

See Jan Heisig's
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(collider, fixed target)
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Ways to detect dark matter particles ‘

Non-scattering searches: |
' See Béla Majorovits’ lectures |

~

ubject of these direct (scattering) searches |

lectures

e —— s —— —— —_—— _ g B e —— D ——

Dark matter

Oeff.
Brake It

accelerator searches Indirect searches
(collider, fixed target)

Matter
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Direct dark matter detection

How to build a
dark matter detector




Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk 38
Direct dark matter detection ‘

I'e/,'c
How to build a E
dark matter detector
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Taking advantage of galactic dark matter halo

Milky Way dark matter halo revolution

(illustration) | ” ~30 km/s

Outer halo

Inner halo

- Thin disk

i
|
1
|
l

NASA, ESA, and A. Feild (STSch) STScl-PRC12-25a
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Taking advantage of galactic dark matter halo
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Place detector on Earth.

DM particles will
permanently cross detector.

Search for interactions of DM particles
with detector material.

revolution
~30 km/s
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How to design a dark matter detector

Expected candidates, interactions, and rates
Background considerations

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

eV keV MeV GeV TeV
Absorption DM-electron scattering DM-Nucleus scattering
Electronic recoil Electronic recoil Nuclear recoil

Hidden sector Dark Matter and others Standard WIMP
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How to design a dark matter detector
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Expected candidates, interactions, and rates

eV keV MeV | GeV TeV ‘
| «
Absorption DM-electron scattering DM-Nucleus scattering }
Electronic recoil Electronid recoil Nuclear recoil 4"
|
Hidden sector Dark Matter and others | Standard WIMP J‘
< C > < >
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How to design a dark matter detector
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Expected candidates, interactions, and rates

eV keV MeV | GeV TeV ‘
r «

Absorption DM-electron [scattering DM-Nucleus scattering i

Electronic recoil Electronid recoil Nuclear recoil 4"

| |

Hidden sector Dark Matter and others 1 Standard WIMP J‘

< C > < >

See Marco Cirelli’s

lectures
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How to design a dark matter detector

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

Expected candidates, interactions, and rates

Electron

-

.Y Nucleus

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

Expected candidates, interactions, and rates

Electron

Nucleus

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

Assume that the dark matter is not only

gravitationally interacting (WIMP).
Er

R for “Recoil”
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Elastic dark matter-nucleus scattering ‘

Assume that the dark matter is not only

gravitationally interacting (WIMP).

-

Er

R for “Recoil”

WIMP wind

,__’
...—.—-—},
’-‘_»

Maxwell distribution = average velocity

\'4
>

it
P

\'

WIMP Target Nucleus

from galactic halo in laboratory

6— @

v~ 220km/s v~ 0km/s

Elastic collision

——
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Dive-in: kinematics

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

— elastic scattering:  |p| = | p’|
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Dive-in: kinematics

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

— elastic scattering:  |p| = |p’] W

= momentum transfer ¢ : g = (p —p')> =2 - (p? —pp’) = 2p* - (1 — cos H)
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Dive-in: kinematics

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

— elastic scattering:  |p| = |p’] W

= momentum transfer ¢ : g = (p —p')> =2 - (p? —pp’) = 2p* - (1 — cos H)

— M reduced DM-nucleus mass
v : mean DM speed relative to target

= g>=2u’*v*- (1 —cos0)
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Dive-in: kinematics

Calculate Er, i.e. the recoil energy of a
nucleus, in the center of mass frame:
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— elastic scattering:  |p| = | p’| Be

= momentum transfer ¢ : g = (p —p')> =2 - (p? —pp’) = 2p* - (1 — cos H)

— M reduced DM-nucleus mass
v : mean DM speed relative to target

= g>=2u’*v*- (1 —cos0)

— E., = q_z — 'MZ‘_/Z
K 2mN OGN

(1 — cos 6)
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Dive-in: kinematics

Minimum DM particle speed V..
for which we can reach a certain recoil:
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Dive-in: kinematics
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Minimum DM particle speed V..
for which we can reach a certain recoil:

— maximum q in case of backscattering: cosd =—1
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Dive-in: kinematics
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Minimum DM particle speed V..
for which we can reach a certain recoil:

— maximum q in case of backscattering:

cosfd =—1

q

E, = —— =
| 2my

|
|
|

!
.v

_J
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Dive-in: kinematics

Minimum DM particle speed V.. %
for which we can reach a certain recoil: =L (1-cos0) :&

¥

mN i

— maximum q in case of backscattering: cosd =—1
I
2=2 2=2
V myLg q
maX:'u 1_(_1) :2//t_ = V p— == —
R min n
oy My \ 2 24
Implications

Lighter dark matter particles (m, << mn) require a larger minimum speed for a given Er

Inelastic scattering can further increase the minimum speed needed
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What recoil energies do we expect?

2=2
Fmax _ 2'” v — lm ‘—/2 4m)(mN
R 2 A (m)( + mN)2
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What recoil energies do we expect?
2=2
- UV 1, 4m%mN
E," =2 = =mp S —
’ m 2~ (m,, + my)?

= becomes maximal for a given m, when my =m, :

(choose your target wisely!)

max __
ER = —m.V
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What recoil energies do we expect?

2=2
Fmax _ 2'” 4 — (lm ‘—/2) 4m)(mN
K mN 2 £ (m)( -+ mN)2

= becomes maximal for a given m, when my =m, :

(choose your target wisely!)

Emax — —m ‘—/2

— assuming  my =m,=100GeV/c*  and v~ 220km/s = 0.75x 107 ¢

max 100 GeV/c? - (0.75 - 1()—3)2 o2

~ 30 keV
K )
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What recoil energies do we expect?
2=2
- UV 1, 4m%mN
E," =2 = =mp S —
’ m 2~ (m,, + my)?

= becomes maximal for a given m, when my =m, :

X
(choose your target wisely!)

~ 220km/s = 0.75x 1073 ¢

= -
_—S——— - ~ i ===
— —— = e — -

e ———

100 GeV/c?-(0.75 - 1072 ¢~ -,
T = ! S < (~ 30keV J

N p
R 5
y N p
= - e
B T - TR ——— 7
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But what about rates?
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Expected rates in a detector
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number of observed DM particles

pY

DM number density « DM velocity

—

N=t-n-v-Ny-o

observation time

)

N e
number of targets « scattering cross section

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

dN

dE,,

=t.n.v.NT.

do

dE,
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Expected rates in a detector - the laundry list

-

, Effectiv ,
PM \/CLOGLtg 2 . DM-nuelews Size 0_‘5 nuclews SLg nal
;L , movement o 5 g . /
distribution ement of SpLn Lnteraction (form factor) effictency
Earth

Both theoretical and experimental aspects need to be carefully evaluated for a sound rate prediction.
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Local velocity distribution i
| Need to consider the local velocity distribution, ./ (\7) of DM particles | —
, were v is the DM velocity in the reference frame of the detector. AN N e
DM veloeity E\-/Hwtufof dE R dE R
, , , MOVEMEW
distribution - mNER q
Vimin — -
6 DM velocity distribution ; 207 2
) ] k ) J
—-— Halo
5 - —====Substructure
Gaia (total)

—— SHM
SHM: Standard Halo model

(truncated Maxwell distribution)

‘-‘ -
. ' ‘ 'S . b '

l -, -
F l ' o e . l A n

10° f(v) [km/s] !

1 1
V) = e 22 O(v... =V
f( ) Nesc. (2][62)3/2 ( CSC. )

o= TeiEn
U 200 400 600 300
Vtot KM /S|

J. Buch, J. Fan, J. Shing Chau Leung, PRD 101, 063026 (2020)
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Local velocity distribution
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L
|

Effective

movement of

Earth

—

dN

dEy

t’n'NT I

Need to consider the local velocity distribution, f (Tf)) of DM particles
were v Is the DM velocity in the reference frame of the detector.

Yy min

-2 4
VIV 1%
dE
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-
B

| Local velocity distribution

| Need to consider the local velocity distribution, f (V) of DM particles

were v Is the DM velocity in the reference frame of the detector.

—
DM velocity Effective
distribution movement o-{-’
€arth
g, i J |
R Y 1min

local DM mass density —

Note that:

-2 4
VIV 1%
dE,

- exposure
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Local velocity distribution

[ |
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1
| 4
DM velocity Effective
distribution movement of
earth

dN

Note that:

dEy

Need to consider the local velocity distribution, f (Tf)) of DM particles
were v Is the DM velocity in the reference frame of the detector.

local DM mass density ———

)22 4y
VIV 1%
dE

t’n'NT I

Yy min

— exposure
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Local velocity distribution
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+

DM veLoci’cg
distribution

| Need to consider the local velocity distribution, f (V) of DM particles

—

4 were v is the DM velocity in the reference frame of the detector.

movement of

Earth

dN
dEy

)22 4y
= vV V
dE

t’n'NT I
R

Yy min

local DM mass density —

do
n . v —_—
" dE,
my L _49
2u? 2u

————————  @Xposure
Iy )
Note that: n = &, Ny=—, e=t-M;
m, My
dN . do dR . do
= = ¢ = J vfv)—dv = S j vfv)——dv
dEp m,my ), min dEp dEp m,my ), min dEp
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Local velocity distribution

[ |
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M
5
— - — '~‘

DM \/eLocitg
distribution

dE,

Effective

movement of

Earth

Need to consider the local velocity distribution, J (Tf)) of DM particles B -
were v is the DM velocity in the reference frame of the detector. ;Z?N Ny %
R R
myEp
dN - dd - min = 2u? =%
= t-n-Ny vi(v) dv k
dEg y min dER
local DM mass density ———
— exposure
Po My 4
Note that: n=—, = > e=1-Mp
m)( My
Po 5 do 5 dR Po N do R
vi(v) dv = = vi(v) dv
LN ) min dEp dEp m,my ), min dEp
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The DM-nucleon scattering cross section
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[ |
4
:

PM-nucleus dR [0 O

.
(1 — cos0)

spiw Lnteraction

dE,  m,my

X

The DM-nucleon cross section can be separated:

[

Vmin.

1 —cosé@
5 ( )

dE,

arises from scalar
or vector couplings
to quarks

do (da
| \dEg

)

Spin Independent

),

dE,
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i | . . HEIDELBERG
i | The DM-nucleon scattering cross section T
.
@ K7 (1 —cos@)
DM-nucleus Size of nucleus dR 10 O > - dG —
spin interaction (form factor) d — Vf (V) d d V (1 cos 8)
ER m)(mN Vmin. ER 2

The DM-nucleon cross section can be separated:

do (dd) +(do">
dEy  |\dkg ) \dE /)

Spin Independent

arises from scalar
or vector couplings
to quarks

20212

o6 FS1(ER) + 05 Fip(E)]

F: nuclear form factor
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é L The DM-nucleon scattering cross section ‘
@ ‘g | ——————— particle theory

DPM-nucleus Size o-f nucleus
S‘PLV\, tnteraction (-(-‘oym -factor)

——md——— nuclear form factors:
quantum mechanics of interaction with nucleus
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| | The DM-nucleon scattering cross section
&3 g particle theory

PM-nucleus Size of nueleus dG m

i nsrnsion. (o faor ~— [ FQI(ER) + o3P F2D(ER)]

dER B 2//t2V2

———i—0  nuclear form factors:
quantum mechanics of interaction with nucleus

Spin-Independent (Sl) Spin-Dependent (SD)
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Jf‘ !1 The DM-nucleon scattering cross section .

barl

DPM-nucelews Size o-f nucleuws

S‘PLW tnteraction (-(-‘oym -factor)

do

0
dER 2//t2V2 [

Spin-Independent (Sl)

SD
%0

S Fszl(ER) + 05" FS2D(ER)]

) : \‘

particle theory

nuclear form factors:

quantum mechanics of interaction with nucleus

Spin-Dependent (SD)

32GEu* J+1

T J

,(S,) + (S,
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The DM-nucleon scattering cross section
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DPM-nucelews Size o-f nucleuws

S‘PLW tnteraction (‘fOYVW -factor)

Spin-Independent (Sl)

do

My

dER B 2//t2V2

:Z]; + (A — Z)fn:

[aSI le(ER) + o5 F2D(ER)]

SD
%0

particle theory

nuclear form factors:

quantum mechanics of interaction with nucleus

Spin-Dependent (SD)

32GEu* J+1

T J

4,(S,) + (S,
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* [ The DM-nucleon scattering cross section ‘ o

];;f’
g particle theory
, do
PM-nucleus Stize of nucleus P
spin interaction (form factor) dE F SD(E R)]
R
——md——— nuclear form factors:
quantum mechanics of interaction with nucleus
Spin-Independent (SI) Spin-Dependent (SD)

= . tant expectation value of
rmpeonstan proton/neutron spin

\j’ ;—w T within nucleus

o M 12 , Sp _ 2G> J+1 71 © 2
oy =— |4, +(A—-2)f,| xA oy~ = a,(S,) + a,(S,)
. 1 A P
| | scalar couplings to | | effective couplings to
protons and neutrons nuclear angular/ protons and neutrons
momentum
In most models f, = fx. Nuclel with non-zero angular momentum required.

= Scattering adds coherently with A2 enhancement. No coherence effect!
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| The DM-nucleon scattering cross section ‘

‘Y
4£k

barl
DM-nucleus Size of nucleus da
spin interaction (form factor)
dEp
Spin-Independent (SI)
4u® 1 12
oy =— |Z2f, + (A= 2)f,| x A’
i B | ’§ _scalar couplings to
protons and neutrons

In most models 7, = fn.

= Scattering adds coherently with A2 enhancement.

particle theory

nuclear form factors:

quantum mechanics of interaction with nucleus
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Finally... the dark matter direct detection master formula

Qi J of () - -d
dEg  mymy J, dEg
do>! m
daER B 2/421:]»2 % FilEr)
f) = e~
V) = e 22
SI - Ve
SI = 2 > ”
dR GO pOT(V) FSI(ER) K p(r) xr™= and py~ 0.3GeVcm J

dER ¥N m){ VAN/ TT /’tz
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Finally... the dark matter direct detection master formula
X Milky Way dark matter halo S - )
: ookkenr dR  py [ . f(V) ﬁ i |

H d_ER - m)(mN

min.

—
(@)
N

R Nk

do! My
_ SIz2
dEp — 2u2v? % FsilEr)

=
(=]
o

dR/dEnr (events/kg-yr-keVnr)
o

=
S
N

1071 10° 10!

Recoil Energy (keVnr) | f(?})) . 1 e_ >

152

\S]

AN S ] QT | - o) ‘ \_/ZM _
dR GO | pOT(V) FSI(ER) p(r) < r~ and po ~ 0.3GeV cm 3

V\/?T p?

Dark Matter-nucleon gg [cm?]
o o o o o o
O O
o [e)} H N o (o]

—

<
o3
Y

1 10 100 1000
Dark Matter Mass [GeV/c?]
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Finally... the dark matter direct detection master formula

- dR = d
| —— = ,00 [ Vf(T/)) —6 d\_/)
l dER mme v dER
d SI
o _ My GSIFZI(ER)

dER B 2/12\/2 075

_ 2

e 2

\S]

1
- fO) =

dR ‘ GO | po T(D)) Fgl(ER) L p(r) xr 2 and py~0.3GeVcm™

p)
VA/ TT 12

1 0_38 7S

—
<
IS

—
<
N

—
<
IN

—
<
N

Dark Matter-nucleon gg [cm?]

—
<
N

—
<

50 | | \
0.1 1 10 100 1000
Dark Matter Mass [GeV/c?]
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Finally... the dark matter direct detection master formula
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10736
107
E
;}10*‘O
O
CC) 10—42
o
@)
=
l 1074
[
g
~46
. 10
(qV]
- 10748
10—50 L e i e
0.1 1 10 100 1000

Dark Matter Mass [GeV/c?]
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What nucleus (i.e. target) to pick?

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

o>

ISR,

C my = 500 MeV

= >

=39 Osi = 1045 cm?
~

= 0

t“:’qc)

n >
@

0.0 0.2 0.4 0.6 0.8 1.0
Recoil energy [keV]
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What nucleus (i.e. target) to pick?
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F. Toschi, calculated following Astropart. Phys. 6 (1996) 87

my, = 500 MeV

os| = 10-45 cm?

Differential rate
[events / (t yr keV)]

0.0 0.2 0.4 0.6 0.8 1.0
Recoil energy [keV]

1 o2 2 m2v?
E, = EQ_ g
My My

Light target nuclei are favorable!
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What nucleus (i.e. target) to pick?
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[ ||I|l|‘

A(Tungsten) = 184

A2 boost

| ] |I|I|l|

[ IIIIII‘

A(Oxygen) =16

Total (0.3keV) Calcium (0.3keV)

[ IIIIIII

Tungsten (0.3keV)

Oxygen (0.3keV)

Number of Counts Above Threshold (1/(pb kg d))

10 __ ..... ..... ................................ ................. ............. .......... II ..... ..... .......... e ........ — — Total (10keV) Calcium (10keV)

[ TTTII

; ll — — Tungsten (10keV) — — Oxygen (10keV) :

R ! | 00 il | RN

0.5 1 2 3456 10 20 30 100 20 1000
Dark Matter Particle Mass (GeV/c?)
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What nucleus (i.e. target) to pick?

o 10°E

= Elll

° 100

= = A(Tungsten) = 184

> il A2 boost

§ - A(Oxygen) =16

CECINEL N L R

S e Nl ; Total (0.3keV) Calcium (0.3keV)
=i b RV
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Heavy target nuclei are favorable!
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Cross section

J. Phys. G43 (2016) 1, 013001
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- threshold

Reference
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Signhal contour:

Smaller target
nucleus
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WIMP Mass
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Cross section

J. Phys. G43 (2016) 1, 013001

. Lower

energy
- threshold

Reference |
limit | -
Signhal contour:

Smaller target
nucleus

Higher
exposure

Group
13 14 15 16 17 18
He
Helium e

B C N O F | Ne

Boron | Carbon | Nitrogen | Oxygen | Fluorine | Neon

Si P S | Cl | Ar

Silicon |Phosphorus | Sulfur | Chlorine | Argon

Ge | As | Se | Br | Kr

Germanium | Arsenic |Selenium| Bromine | Krypton

Sb | Te I Xe

Antimony | Tellurium| lodine | Xenon

It depends on the parameter
space you are interested In!

WIMP Mass



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

Direct dark matter detection

Detector concepts



Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk 62

How to design a dark matter detector
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'PHONONS / HEAT

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

TSensor " | Cryogenic
g | bolometers

WW .| [PHONONS /HEAT
: |

Crystal Target ' X

Thermal Bath

Cryogenic bolometers
with charge readout

APPEC Committee Report 2021, arXiv:2104.07634 [hep-eX]
T. Marrodan Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001
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T-Sensor ‘\“ + | CryogeniC
= \El T bolometers
M S _

WN/ .| [PHONONS / HEAT
= J N
7 -
Crystal Target X
Cryogenic bolometers
with charge readout
Germanium
detectors

APPEC Committee Report 2021, arXiv:2104.07634 [hep-eX]
T. Marrodan Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001
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Germanium
detectors
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with charge readout
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3
S
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-~
S
~

-HV |

~2-dim
readout

)
_ )

Cryogenic
bolometers

'PHONONS / HEAT

APPEC Committee Report 2021, arXiv:2104.07634 [hep-eX]
T. Marrodan Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001
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How to design a dark matter detector
T-Sensor ‘\“ + | CryogeniC
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M Cs, _ Y
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with charge readout
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T. Marrodan 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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How to design a dark matter detector B
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Direct dark matter detection

Why combining two signals?
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Direct dark matter detection

Backgrounds...
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The dark matter direct detection master formula
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DM-nucleus scattering spectrum and backgrounds
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10°

Example: -
% 10*
Prediction for - -
SuperCDMS SNOLAB >
(Ge HV detectors) g o
% 1005
= 102

o
107

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

?Analysis threshold =
-0.04 keVnr
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Total
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Ge activation
Surface betas

e G
i T Coherent neutrinos
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_ Ll \
‘ W
\
|
| |
|
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C | L
1071 A 10° 101f
1+ Recoil Energy (keVnr) :

1 GeV/c2 WIMP

10 GeV/c2 WIMP

with o = 1042 cm?
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Backgrounds: cosmic rays

Going underground to mitigate
cosmic and cosmogenic backgrounds

Zi-yi Guo et al., Chinese Phys. C 45 025001, 2021
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At SNOLAB: ~0.3 muons per m2 per day.
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Backgrounds: cosmic rays

SuperCDMS

N
N
UOSIIM ‘N / 8VTONS / UoieIoge|jo] SINaD4edns ipaid




(&4

UNIVERSITAT

Principles of direct dark matter detection: nuclear recoil - Belina von Krosigk
o HEIDELBERG
Backgrounds: cosmic rays ‘ s

SuperCDMS

Cryostat Detector Volume

Cross section

Additional active and passive shielding
against cosmogenic secondaries
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Backgrounds: radioactive decays
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Expected DM spectrum

X 10-4
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600

Measured banana spectrum

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

~ With Banana

Channel Number

>100 000 events per banana per year
— electron recoills
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Backgrounds: cosmic rays and radioactive decays ‘
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Backgrounds: cosmic rays and radioactive decays
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Cosmic radiation
0,01 mSv
Radionuclides

0,26 mSy ‘
05

Radionuclides

1,0 mSv

222

. IRn
N

atural decay chains

http://www.goerudio.com/izpratnes-lapa/radioaktivitate
(modified)

Mitigation strategies
going underground
storing materials underground
passive and active shielding
Radon mitigation
use of materials with high purity
characterize the background
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DM-nucleus scattering spectrum and backgrounds
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Example: -

> 10
Prediction for - i
SuperCDMS SNOLAB 3
(Ge HV detectors) g 1o
% 1005

Still not e

background z
free! g

107

SuperCDMS Collaboration, Phys. Rev. D 95, 082002 (2017)
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with o = 1042 cm?
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DM-nucleus scattering spectrum and backgrounds ‘
6 _
e -Analysis threshold =
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Prediction for £ Ge activation
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SuperCDMS Collaboration, Phys. Rev. D 95, 082002 (2017)
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Background discrimination using two signals

Example: measurement of PHONON/HEAT and IONIZATION signals

T-Sensor _;_..‘j,;'
5 A © A Sl
qe! - : :‘:1;: .
o & Electron regon!_.l‘i; A
g 0 (ER) R
O - il
Q -t
= @) .
- - .
N A
rystal Target X S Pl .
- L& - Nuclear recoils -
Cryogenic bolometers with charge readout ~ Jf:f":“.:-g,,;.c:" P (NR)
3 il

Phonon signal

Two signals offer strong discrimination power between WIMP NR signals and backgrounds with ER signatures!
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Background discrimination using two signals ‘

Example: measurement of PHONON/HEAT and IONIZATION signals
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: l .- [Ty
4 ] \ L F o hmeet (NR)
10 4 - 1 ! ‘ .J '“’ .«
1072 10° Y il 1 [
1 GeV/c2 WiMp  Recoll Energy (keVnr) 10 GeV/c2 WIMP Phonon signal

Two signals offer strong discrimination power between WIMP NR signals and backgrounds with ER signatures!
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Summary
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How to build a dark matter detector

1. pick your interaction

-

- 4 Nucleus

-

F. S. Queiroz
arXiv:1605.08788

(modified)
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1. pick your interaction 2. pick your parameter space

10736
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e
a P38
= 10—46 Y
< \ ‘
- © N LZ oM ge2d0h
L 24 Nucleus o -48 -~ c =X =
10 DARWIN
F. S. Queiroz 10—50_ |
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(modified) 7 2
o Dark Matter Mass [GeV/c“]
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2. pick your parameter space

1. pick your interaction

10736,
\ b
—_ 10_38 \ /Vé\Pl/S |
KSR N &
o 10" \ %
\
s} AN
C \ g ~ Ko o
3 1074 o ¢
E %o oo\
-] N
T 10-44 — Lo
4 10 \
2
m oeAP-98
= 1046 |
=< . :
8 = ~ LZ XENON%Tar\(S\de 200%
-48 )
” DARWIN
1 0—50 . ‘

Dark Matter Mass [GeV/c?]

P

3. pick your target material

Group
13 14 15 16 17 18
He
Helium
B C N O F | Ne
Boron | Carbon | Nitrogen | Oxygen | Fluorine | Neon
Si P S Cl | Ar
Silicon |Phosphorus | Sulfur | Chlorine | Argon
Ge | As | Se | Br | Kr
Germanium | Arsenic |Selenium| Bromine | Krypton
Sb | Te I Xe
Antimony | Tellurium | lodine | Xenon




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

How to build a dark matter detector

89

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

1. pick your interaction

4. pick your underground lab
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2. pick your parameter space
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3. pick your target material

Group
13 14 15 16 17 18
He
Helium é
B C N O F | Ne
Boron | Carbon | Nitrogen | Oxygen | Fluorine | Neon
Si P S Cl | Ar
Silicon |Phosphorus | Sulfur | Chlorine | Argon
Ge | As | Se | Br | Kr
Germanium | Arsenic |Selenium| Bromine | Krypton Ta
& L9
Sb | Te I Xe ~y
Antimony | Tellurium | lodine | Xenon 1
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1. pick your interaction

Nucleus

4. pick your underground lab
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2. pick your parameter space
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5. design your shielding

Detector Volume

3. pick your target material

Group
13 14 15 16 17 18
He
Helium
B C N O F | Ne
Boron | Carbon | Nitrogen | Oxygen | Fluorine | Neon
Si P S Cl | Ar
Silicon |Phosphorus | Sulfur | Chlorine | Argon
Ge | As | Se | Br | Kr
Germanium | Arsenic |Selenium| Bromine | Krypton
Sb | Te I Xe
Antimony | Tellurium | lodine | Xenon
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How to build a dark matter detector

1. pick your interaction 2. pick your parameter space 3. pick your target material
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4. pick your underground lab 5. design your shielding
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How to build a dark matter detector
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And last but not least...
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s a team effort

... pick your team - it

And last but not least...
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