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 Neutrino properties: kinematic measurements & search for 𝟎𝝂𝜷𝜷 −decay

Recap of Lecture 11

- combining an ultra-luminous molecular 𝑇2 − source with a 𝑀𝐴𝐶 − 𝐸 filter

- direct kinematic experiments: incoherent mass sum 𝑚 𝜈𝑒 = σ𝑖=1
3 |𝑈𝑒𝑖|

2 ∙ 𝑚𝑖
2

- KATRIN experiment: scanning the 𝛽 − decay endpoint region at 𝐸0 = 18.6 𝑘𝑒𝑉

- exchange of a virtual Majorana−𝝂: coherent sum with (unknown) 𝐶𝑃 −phases

- search for decay 0𝜈𝛽𝛽 −decay: violation of 𝐿 −number with Δ𝐿 = 2

- all 𝛽𝛽 −isotopes are 𝑔𝑔 −nuclei: especially interesting are 76𝐺𝑒, 136𝑋𝑒, 130𝑇𝑒
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 Hunting for 𝟎𝝂𝜷𝜷 −decay events: passive vs. active techniques

Recap of Lecture 11

130𝑇𝑒active target

=

detector

136𝑋𝑒

electrons result in an ionisation signal or

in a heat increase in a quantum sensor

NEMO-3

passive target

=

thin foil

76𝐺𝑒

100𝑀𝑜

electrons leaving foil are detected

via ionisation signal in a 𝑇𝑃𝐶*  

*Time Projection Chamber
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 From the observed events 𝑵𝒆𝒗 to the half-life 𝒕½ of the 𝟎𝝂𝜷𝜷 −isotope 

Search for 𝟎𝝂𝜷𝜷 −decay: experim. observable 𝒕½

measuring time 𝒕𝑵𝒆𝒗 ~ 𝒕𝟏/𝟐
𝟎𝝂𝜷𝜷 −1

∙ 𝑵𝒎𝒐𝒍 ∙ 𝜺 ∙ 𝒕

number of 

𝛽𝛽 −target nuclei

(# moles)*

such as 76𝐺𝑒

*1 𝑚𝑜𝑙𝑒 = 6.022 ∙ 1023 (atoms)

experimental 

detection efficiency

𝜺 ≤ 1

deduced

half-life 𝒕½
or upper limit (95% 𝐶. 𝐿. )

observed 0𝜈𝛽𝛽 −events  

or statistical upper limit

(95% 𝐶. 𝐿. )
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 From the observed events 𝑵𝒆𝒗 to the half-life 𝒕½ of the 𝟎𝝂𝜷𝜷 −isotope 

Search for 𝟎𝝂𝜷𝜷 −decay: experim. observable 𝒕½

𝑵𝒆𝒗 ~ 𝒕𝟏/𝟐
𝟎𝝂𝜷𝜷 −1

∙ 𝑵𝒎𝒐𝒍 ∙ 𝜺 ∙ 𝒕

//upload.wikimedia.org/wikipedia/commons/b/bd/Cryostat.png
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 How do I optimize my 𝟎𝝂𝜷𝜷 −set-up to be better than the competitors? 

Search for 𝟎𝝂𝜷𝜷 −decay: optimized sensitivity

𝑡½
0𝜈𝛽𝛽

~ 𝑎 ∙
𝑀 ∙ 𝑡

∆𝐸 ∙ 𝐵
𝑡½
0𝜈𝛽𝛽

: half-life (limit) for 0𝜈𝛽𝛽

𝒂: fraction of 𝛽𝛽 −isotope used in set-up (natural fraction, or enrichment grade) 

𝑴: mass of target in set-up

𝒕: measuring time with set-up

𝚫𝑬: energy resolution at endpoint (𝑄 − value) 

𝑩: background rate (events 𝑘𝑒𝑉−1 𝑘𝑔−1 𝑦𝑟−1)
in region close to 𝑄 − value 
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 How do I optimize my 𝟎𝝂𝜷𝜷 −set-up : use of a highly enriched 𝜷𝜷 − target! 

Search for 𝟎𝝂𝜷𝜷 −decay: optimized sensitivity

𝑡½
0𝜈𝛽𝛽

~ 𝑎 ∙
𝑀 ∙ 𝑡

∆𝐸 ∙ 𝐵
𝑡½
0𝜈𝛽𝛽

: half-life (limit) for 0𝜈𝛽𝛽

𝒂: fraction of 𝛽𝛽 −isotope used in set-up

enrichment

of 136𝑋𝑒

- 𝑡½
0𝜈𝛽𝛽

scales linearly with 𝑎 

- considerable cost factor 

(no longer possible in Russian plants)
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 How do I optimize my 𝟎𝝂𝜷𝜷 −set-up : use of a huge target mass!

Search for 𝟎𝝂𝜷𝜷 −decay: optimized sensitivity

𝑡½
0𝜈𝛽𝛽

~ 𝑎 ∙
𝑀 ∙ 𝑡

∆𝐸 ∙ 𝐵

- 𝑡½
0𝜈𝛽𝛽

scales only with 𝑀 

- often in a modular set-up, can be scaled up

𝑴: mass of target in set-up

- in mid-term future we aim for a 76𝐺𝑒 − experiment of target-mass of 𝑀 = 1 𝑡𝑜𝑛

//upload.wikimedia.org/wikipedia/commons/b/bd/Cryostat.png
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 How do I optimize my 𝟎𝝂𝜷𝜷 −set-up : use of a large (long) exposure

Search for 𝟎𝝂𝜷𝜷 −decay: optimized sensitivity

𝑡½
0𝜈𝛽𝛽

~ 𝑎 ∙
𝑀 ∙ 𝑡

∆𝐸 ∙ 𝐵

- 𝑡½
0𝜈𝛽𝛽

scales only with 𝑀 ∙ 𝑡 

- typcial experimental time scales 𝑡 = 1…10 𝑦𝑟𝑠

𝑴 ∙ 𝒕: exposure of set-up (𝑖𝑛 𝑘𝑔 ∙ 𝑦𝑟)

- long time scales 𝑡 only useful if background rate 𝐵 is small (due to fluctuations!) 

×
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 How do I optimize my 𝟎𝝂𝜷𝜷 −set-up : use of a high-resolution detector

Search for 𝟎𝝂𝜷𝜷 −decay: sharp energy resolution

𝑡½
0𝜈𝛽𝛽

~ 𝑎 ∙
𝑀 ∙ 𝑡

∆𝐸 ∙ 𝐵

- 𝑡½
0𝜈𝛽𝛽

scales only with Δ𝐸 

- goal: use sharp Δ𝐸 (~𝑓𝑒𝑤 𝑘𝑒𝑉) to discriminate 0𝜈𝛽𝛽 from 2𝜈𝛽𝛽

∆𝑬: energy resolution of set-up (𝑖𝑛 𝑘𝑔 ∙ 𝑦𝑟)

- sharp Δ𝐸 requires state-of-the-art electronics & 𝐷𝐴𝑄 −systems 

0𝜈𝛽𝛽

Δ𝐸

2𝜈𝛽𝛽

energy

(𝑘𝑒𝑉)

e
v
e

n
ts

/ 
𝑘
𝑒𝑉

//upload.wikimedia.org/wikipedia/commons/b/bd/Cryostat.png
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 How do I optimize my 𝟎𝝂𝜷𝜷 −set-up : use of advanced shielding concepts

Search for 𝟎𝝂𝜷𝜷 −decay: background shielding

𝑡½
0𝜈𝛽𝛽

~ 𝑎 ∙
𝑀 ∙ 𝑡

∆𝐸 ∙ 𝐵

- 𝑡½
0𝜈𝛽𝛽

scales only with 𝐵 

- goal: use optimum shielding method (see ch. 2.2.2)

𝑩: background rate of set-up (𝑖𝑛 𝑒𝑣𝑒𝑛𝑡𝑠 𝑘𝑒𝑉−1𝑘𝑔−1𝑦𝑟−1)

- combine passive elements (𝐶𝑢) with active elements (𝜇 −veto) 
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 How do I optimize my 𝟎𝝂𝜷𝜷 −set-up : use of modern analysis techniques

Search for 𝟎𝝂𝜷𝜷 −decay: gamma discrimination

𝑡½
0𝜈𝛽𝛽

~ 𝑎 ∙
𝑀 ∙ 𝑡

∆𝐸 ∙ 𝐵

- 𝑡½
0𝜈𝛽𝛽

sensitivity improvement via event topology

- technique: Pulse Shape Analysis / Discrimination

- discriminate single-site event (0𝜈𝛽𝛽) from multi-site (Compton 𝑒− from 𝛾´𝑠)

𝛽

𝛽

single-site

multi-site

𝑩: background rate of set-up in  (𝑒𝑣𝑒𝑛𝑡𝑠 𝑘𝑒𝑉−1𝑘𝑔−1𝑦𝑟−1)
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- the actual background rate has a

major impact on the sensitivity

Dec. 15 , 202213

 rare event search for 𝟎𝝂𝜷𝜷 −decay: reduction of 𝑩

Search for 𝟎𝝂𝜷𝜷 −decay: total background rate 𝑩

- case 𝟏: no background (𝑩 = 𝟎)

linear scaling of sensitivity

with exposure 𝑀 ∙ 𝑡

- case 𝟐: non-zero background (𝑩 > 𝟎)

scaling of sensitivity

with exposure only as 𝑀 ∙ 𝑡
due to Poisson fluctuations

of background rate 𝐵

~ 𝑀 ∙ 𝑡

~ 𝑀 ∙ 𝑡
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- operation of 5 enriched 𝐺𝑒 −diodes with enrichment grade 𝒂 = 𝟎. 𝟖𝟔 (86%)

Dec. 15 , 202214

 A pioneering effort at LNGS (𝟏𝟗𝟗𝟎 − 𝟐𝟎𝟎𝟑) with target mass 𝑴 = 𝟏𝟏 𝒌𝒈

𝟎𝝂𝜷𝜷 −experiments: Heidelberg-Moscow

Cu-

Abschirmung

Cu-

Kühlfinger𝑃
𝑏
−

s
h
ie

ld
in

g 𝐶𝑢 −shielding

𝐶𝑢 − cooling

finger
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- analysis of final data set without blinding of the signal region at 𝑄 − value

Dec. 15 , 202215

 A pioneering effort at LNGS (𝟏𝟗𝟗𝟎 − 𝟐𝟎𝟎𝟑) with target mass 𝑴 = 𝟏𝟏 𝒌𝒈

𝟎𝝂𝜷𝜷 −experiments: Heidelberg-Moscow claim

- (private) analysis performed by 𝑷𝑰*

after calibrated energy data were available

*Principal Investigator

e
v
e
n
ts
(𝑘
𝑒𝑉

−
1
)

energy (𝑘𝑒𝑉)2000 𝑘𝑒𝑉 +

- 0𝜈𝛽𝛽 − events expected at an energy

𝐸0 = 2038.7 ± 0.44 𝑘𝑒𝑉

- highly controversal claim for 0𝜈𝛽𝛽 − signal

with 𝑁𝑒𝑣 = (28.75 ± 6.86) events (≡ 4.2 𝜎)

- this result has not been confirmed by later

experiments (today: blind analysis methods)
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- analysis of final data set with blinding of the signal region at 𝑄 − value

Dec. 15 , 202216

 Current state-of-the art analysis methods based on blocking of signal region

𝟎𝝂𝜷𝜷 −experiments: blind analysis method

data

sum energy (𝑀𝑒𝑉)

model

- test of background model outside of signal region: does it describe data? 

1 2 3 4 5 6 7

e
v
e
n
ts

 (
3
0
𝑘
𝑒𝑉

−
1
)

unblinding-

the final step

103

102

101

100

10−1

s076.dvi (lbl.gov)PDG 2022 on 0𝜈𝛽𝛽

https://pdg.lbl.gov/2022/listings/rpp2022-list-double-beta-decay.pdf
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- location: Sanford Underground Laboratory 

in Lead, South Dakota

Dec. 15 , 202217

 Overview & classical hielding concept

𝟎𝝂𝜷𝜷 −experiments: MAJORANA

𝐺𝑒 − diodes 

in 𝐶𝑢 −
cryostat

shielding & 

infrastructure

//upload.wikimedia.org/wikipedia/commons/b/bd/Cryostat.png
//upload.wikimedia.org/wikipedia/commons/8/83/The_Majorana_Demonstrator.png
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 Overview & shielding concept

𝟎𝝂𝜷𝜷 −experiments: MAJORANA

𝐺𝑒 − diodes 

in 𝐶𝑢 −
cryostat

- ´classical´ 𝐶𝑢 −shielding concept

- ´conventional´ set-up with ultra-clean

𝐶𝑢 −holders

HV ring

insulator

//upload.wikimedia.org/wikipedia/commons/b/bd/Cryostat.png
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- set-up with 𝑀 = 44 𝑘𝑔 of enriched 𝟕𝟔𝑮𝒆
𝑀 = 15 𝑘𝑔 of natural 𝑮𝒆

Dec. 15 , 202219

 Experimental result & future plans

𝟎𝝂𝜷𝜷 −experiments: MAJORANA

- no signal events observed

- MAJORANA (US project) will merge with

GERDA (EU project) into LEGEND 

- published 2021 limit on 0𝜈𝛽𝛽 half-life of 𝟕𝟔𝑮𝒆

𝑡½
0𝜈𝛽𝛽

> 39.9 ∙ 1023 𝑦𝑟 (90% 𝐶. 𝐿. )
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 Please take your time to evaluate the ATP lectures & exercises/tutorials

Dec. 15, 2022

lectures: QR-code & link exercises & tutorials: QR-code & link

https://onlineumfrage.kit.edu/evasys/public/online/index/ind
ex?online_php=&p=D6CZR&ONLINEID=6531479768302787876
80879409014532250250735

https://onlineumfrage.kit.edu/evasys/public/online/index/inde
x?online_php=&p=WYU4G&ONLINEID=4182527920698284911
4048375636802168934315

evaluation period – Dec. 5 – 16, 2022

https://onlineumfrage.kit.edu/evasys/public/online/index/index?online_php=&p=D6CZR&ONLINEID=653147976830278787680879409014532250250735
https://onlineumfrage.kit.edu/evasys/public/online/index/index?online_php=&p=WYU4G&ONLINEID=41825279206982849114048375636802168934315
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 The GERmanium Detector Array – novel technologies

𝟎𝝂𝜷𝜷 −experiments: GERDA

- novel design based on ´naked´ 𝑮𝒆 − 𝐝iodes housed in 

large-volume liquid-argon-cryostat (surrounded by a

large-scale water Cherenkov detector at RT*)

- novel (improved) shielding concept based on:

a) avoid any structural materials in close proximity to

𝐺𝑒 −diodes, plus rigorous material selection

- site: LNGS, hall A (3400 𝑚.𝑤. 𝑒. )

b) active 𝜇 −veto-detector with LAr = Liquid Argon) 

*room temperature
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 Set-up

𝟎𝝂𝜷𝜷 −experiments: GERDA

clean room diode insertion system

𝑯𝟐𝑶 − veto

650 𝑚3 :

𝜇 −identification

plus shielding

against 𝛾´𝑠 and 

neutrons

Liquid Argon

70 𝑚3 :

ultra-pure

Cooling fluid +

PMTs for scint. light

cryostat &

internal

𝑪𝒖 − shielding

𝑮𝒆 − 𝐝iodes

18…40 𝑘𝑔
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 Set-up: modifications for

further background reduction

𝟎𝝂𝜷𝜷 −experiments: GERDA phase II

- novel element: 

𝐺𝑒 −diodes surrounded by

a) nylon bag against Ar-ions

b) fibres with WLS* and

readout by 𝑆𝑖 − 𝑃𝑀𝑇𝑠

*wavelength shifter

- strings with 𝟒𝟏 𝑮𝒆 −diodes:

35.6 𝑘𝑔 enriched 76𝐺𝑒
7.6 𝑘𝑔 natural 𝐺𝑒
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 Significant improvements of sensitivity

𝟎𝝂𝜷𝜷 −experiments: GERDA phase II

nylon

bag

against

ions

- energy resolution: DE ~ 3.0 keV

- corresponding exposure

𝑀 ∙ 𝑡 = 127.2 𝑘𝑔 ∙ 𝑦𝑟

- measurements from 12/2015 – 11/2019 

- achieved (world-leading!) background rate  

𝐵 = 0.00052 events 𝑘𝑒𝑉−1𝑘𝑔−1𝑦𝑟−1

𝑡½
0𝜈𝛽𝛽

> 1.8 ∙ 1026 𝑦𝑟 (90% 𝐶. 𝐿. )
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 Significant improvements of sensitivity

𝟎𝝂𝜷𝜷 −experiments: GERDA phase II

𝑡½
0𝜈𝛽𝛽

> 1.8 ∙ 1026 𝑦𝑟 (90% 𝐶. 𝐿. )
Final Results of GERDA on the Search for 

Neutrinoless Double-β Decay (aps.org)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.252502
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 GERDA and MAJORANA merge to LEGEND: the ´ultimate´ step

𝟎𝝂𝜷𝜷 −experiments: LEGEND

- first stage: 

LEGEND-200

- 14 strings with 𝟕𝟔𝑮𝒆 − diodes

total mass 𝑴 = 𝟐𝟎𝟎 𝒌𝒈

- expected sensitivity (1 𝑡𝑜𝑛 ∙ 𝑦𝑟):

𝑡½
0𝜈𝛽𝛽

> 1 ∙ 1027 𝑦𝑟 (90% 𝐶. 𝐿. )
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𝟎𝝂𝜷𝜷 −experiments: LEGEND

- final stage: 

LEGEND-1000

- strings with 𝟕𝟔𝑮𝒆 − diodes

total mass 𝑴 = 𝟏𝟎𝟎𝟎 𝒌𝒈

- expected sensitivity (10 𝑡𝑜𝑛 ∙ 𝑦𝑟):

𝑡½
0𝜈𝛽𝛽

> 1 ∙ 1028 𝑦𝑟 (90% 𝐶. 𝐿. )

 LEGEND-1000: the ´ultimate´ sensitivity
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𝟎𝝂𝜷𝜷 −experiments: CUORE

 The coldest heart in the universe: CUORE - the

Cryogenic Underground Observatory for Rare Events

- final stage: 

988 𝑻𝒆𝑶𝟐 bolometers

in 19 towers

- total mass 𝑴 = 𝟕𝟓𝟒 𝒌𝒈

thereof 𝟏𝟑𝟎𝑻𝒆: 𝑴 = 𝟐𝟎𝟔 𝒌𝒈

- 𝑸 −value: 𝟐. 𝟓𝟕𝟐𝑴𝒆𝑽

- massive shielding outside of

cryostat by Roman Lead
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𝟎𝝂𝜷𝜷 −experiments: CUORE

 𝑻𝒆𝑶𝟐 −bolometers: a novel technology to observe 𝟎𝝂𝜷𝜷 −events 

*thermistors: see chapter 4.5.2

- bolometer: low-temperature-

detector (crystal) operated at

𝑻 = 𝟔𝒎𝑲

- 𝛽𝛽 −decay leads to local

energy deposition in a crystal: 

 small increase of the

detector temperature 𝑻

 read-out via quantum sensor

thermistor* 
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𝟎𝝂𝜷𝜷 −experiments: CUORE

 𝑻𝒆𝑶𝟐 −bolometers: results

TeO2 crystals: 5×5×5 cm3

- bolometer energy resolution Δ𝐸 = 5 𝑘𝑒𝑉

- no 130𝑇𝑒 − signal events observed

𝑡½
0𝜈𝛽𝛽

> 1.5 ∙ 1025 𝑦𝑟 (90% 𝐶. 𝐿. )
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𝟎𝝂𝜷𝜷 −experiments: from 𝑡½
0𝜈𝛽𝛽

to 𝒎𝜷𝜷

- we need nuclear theory (maxtrix elements 𝑴𝑭,𝑮𝑻
𝟎𝝂𝜷𝜷

) to obtain this, uncertainties

for various nuclei typically very large (up to ~200%) 

 How does my half-life limit transform into the Majorana neutrino mass?

1
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𝟎𝝂𝜷𝜷 −experiments: from 𝑡½
0𝜈𝛽𝛽

to 𝒎𝜷𝜷

- comparison of a typical upper

limit from experiment on 𝒎𝜷𝜷

 How large is the effective Majorana

neutrino mass 𝒎𝜷𝜷?

lightest neutrino mass (𝑚𝑒𝑉)
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to different theoretical models of

neutrino masses:

- 𝑁𝐻 normal hierarchy: 𝑚1 < 𝑚2 < 𝑚3

- 𝐼𝐻 inverted hierarchy: 𝑚3 < 𝑚1,2
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 Many fundamental open questions in neutrino physics remain!

Neutrino physics: a most fascinating topic…

Are there right-handed

neutrinos?

Higgs-Mechanism vs. see-saw, Lepton number violation?
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CHAPTER 4 – DARK MATTER
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 Evidences for Dark Matter (DM) from Cosmology & astrophysics

4.1 Introduction

- cosmology*: physics of the early universe, analysis of CMB, structure formation

- astrophysics: galaxy clusters, rotation curves of galaxies

- evidences for DM are (up to now) only based on their gravitational action due 

to Newtonian gravity

*see my lectures on cosmology

- possible (but unlikeky) alternative: theories based on MOdified

Newtonian Dynamics (MOND)

- searches for DM in astroparticle physics: particle interaction with

nucleons/electrons, annihilation, or DM-production (LHC) 
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 DM-Triangle

Searches for Dark Matter

direct detection
Indirect detection

production at collider
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- CMB shows characterisitic very small temperature fluctuations 𝜟𝑻
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 Cosmology: signatures in the 𝟑𝑲 cosmic background radiation (CMB) 

Evidences for Dark Matter

- multipole analysis reveals distinct peaks

(#1, #2, #3,… )

peak#𝟏

peak#𝟐
peak#𝟑

- peak height of #2 ∶ #3

gives 𝜴𝑫𝑴~𝟎. 𝟐𝟕

- popular scenario:

DM-production in the

very early universe by

thermal processes
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- 𝜦𝑪𝑫𝑴 ´concordance´ model of cosmology consists of (beyond baryons):

Dec. 15 , 202238

 Cosmology: Dark Matter fraction 𝛀𝑫𝑴 on the overall matter-/energy- budget

Evidences for Dark Matter

a) dark matter 𝛀𝑫𝑴 : non-baryonic component

with Newtonian gravitational attraction

cosmological density Τ~ 𝟏 𝑮𝒆𝑽 𝒎𝟑

b) dark energy 𝛀𝑽 : component due to

properties of vacuum (Einstein´s

famous cosm

- DM: large local overdensities (𝑒. 𝑔.

center of Milky Way)
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- details are provided by large-scale N-body simulations
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 large-scale distribution of (cold) Dark Matter: evolution over time & space

Evidences for Dark Matter

galaxy cluster

- filament-like DM-structures

- galaxy clusters at intersections

of DM-filaments

- simulations in agreement with

large-scale galaxy surveys

- dominant form of DM is cold

(i.e. non-relativistic)
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- details are provided by large-scale N-body simulations
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 large-scale distribution of (cold) Dark Matter: evolution over time & space

Evidences for Dark Matter

IllustrisTNG - Main (tng-project.org)

- state-of-the-art code:

Illustris (2015)

- 19 ∙ 106 CPU hours

- new code:

Illustris-TNG (public release in

12/2018)

https://www.tng-project.org/


Exp. Particle Physics - ETPG. Drexlin – ATP-1 #12Dec. 15 , 202241

 Fritz Zwicky ´discovers´ DM via the Virial theorem

Evidences for Dark Matter: F. Zwicky

- galaxy clusters: gravitationally bound (´virialised´)   

systems with relation 𝑬𝒌𝒊𝒏 = −½ ∙ 𝑬𝒈𝒓𝒂𝒗

DM- the peculiar velocities 𝒗

of galaxies in a cluster (along

the line-of-sight) are too large:

 ´missing mass´

- Dark Matter comprises ~90% of

entire mass of a galaxy cluster (1933)
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 Vera Rubin ´discovers´ DM via rotation curves

Evidences for Dark Matter: V. Rubin

- all galaxies show a flat profile of the rotation

speed of their stars 𝑣𝑟𝑜𝑡 from center

to the outer edge

- modelling requires the existence of a 

´Dark Halo´ (of Dark Matter particles)

- density distribution 𝜌𝐷𝑀 𝑟 of Dark Matter

(important for direct/indirect detection):

𝑀 𝑟 ~ 𝑟  𝝆𝑫𝑴 𝒓 ~ Τ𝟏 𝒓𝟐
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 Vera Rubin ´discovers´ DM via the Virial theorem

Evidences for Dark Matter: V. Rubin

- all galaxies show a flat profile of the rotation

speed of their stars 𝑣𝑟𝑜𝑡 from center

to the outer edge

- modelling requires the existence of a 

´Dark Halo´ (of Dark Matter particles)

- density distribution 𝜌𝐷𝑀 𝑟 of Dark Matter

(important for direct/indirect detection):

𝑀 𝑟 ~ 𝑟  𝝆𝑫𝑴 𝒓 ~ Τ𝟏 𝒓𝟐

lo
g
𝜌

log 𝑟
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- let´s use the rotation speed 𝑣𝑟𝑜𝑡,𝑠𝑢𝑛 = 230 Τ𝑘𝑚 𝑠 of the sun

at our radius 𝑟𝑠𝑢𝑛 = 8 𝑘𝑝𝑐 in the galaxy to calculate it

Dec. 15 , 202244

 How many Dark Matter particles are in my cup of coffee today?

Local Density of Dark Matter

𝑣𝑟𝑜𝑡,𝑠𝑢𝑛
2

𝑟
=
𝐺 ∙ 𝑀𝑟

𝑟2

with DM-halo mass 𝑀𝑟 = Τ4 3 ∙ 𝜋 ∙ 𝜌 ∙ 𝑟
3

 𝜌𝐷𝑀,𝑙𝑜𝑐𝑎𝑙 = Τ3 ∙ 𝑣𝑟𝑜𝑡,𝑠𝑢𝑛
2 4 ∙ 𝜋 ∙ 𝑟𝑠𝑢𝑛

2 ∙ 𝐺

 𝜌𝐷𝑀,𝑙𝑜𝑐𝑎𝑙 = 𝟎. 𝟑 Τ𝑮𝒆𝑽 𝒄𝒎𝟑

𝑀𝑟
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 There is about 1 Dark Matter particle (WIMP*) of 50 GeV in my coffee cup

Local Density of Dark Matter revealed

𝑣𝑟𝑜𝑡,𝑠𝑢𝑛
2

𝑟
=
𝐺 ∙ 𝑀𝑟

𝑟2

with DM-halo mass 𝑀𝑟 = Τ4 3 ∙ 𝜋 ∙ 𝜌 ∙ 𝑟
3

 𝜌𝐷𝑀,𝑙𝑜𝑐𝑎𝑙 ~ 𝟏𝟎𝟓𝝆𝑫𝑴,𝒖𝒏𝒊𝒗𝒆𝒓𝒔𝒆

 𝜌𝐷𝑀,𝑙𝑜𝑐𝑎𝑙 = 𝟓𝟎 Τ𝑮𝒆𝑽 𝟏𝟓𝟎 𝒄𝒎𝟑

𝑀 = 50 𝐺𝑒𝑉

𝑉 = 150 𝑐𝑚3

- let´s use the rotation speed 𝑣𝑟𝑜𝑡,𝑠𝑢𝑛 = 230 Τ𝑘𝑚 𝑠 of the sun

at our radius 𝑟𝑠𝑢𝑛 = 8 𝑘𝑝𝑐 in the galaxy to calculate it

*Weakly Interacting Massive Particle


