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1. Baryon-Number Violation

2. CP-Violation

3. Thermal Non-Equilibrium

theoretical ideas

understood

not enough !

Achim Stahl, July 2017
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Baryon to Photon Ratio:

𝜼 =
𝒏𝑩 − 𝒏ഥ𝑩

𝒏𝜸
≈ 𝟓 ⋅ 𝟏𝟎−𝟏𝟎

𝒏𝜸 ≈ 𝟎. 𝟒/𝒎𝒎𝟐

𝒏𝑩 ≈ 𝟎. 𝟐/𝒎𝟐

𝒏ഥ𝑩 ≈ 𝟎

Achim Stahl, July 2017
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antimatter
disappeared

antimatter
separated

More CP-violation needed !

baryo-genesis

JEDI - EDM

lepto-genesis

JUNO neutrinos

Achim Stahl, July 2017
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ഥ𝝂𝒆 + 𝒑 → 𝒏 + 𝒆+

inverse β-decay (IBD)

𝐸 ҧ𝜈𝑒 = 1…10 𝑀𝑒𝑉

Energy with ҧ𝜈𝑒:
𝑝 → 𝑛 1.3 𝑀𝑒𝑉
𝑚 𝑒+ ≈ 0.5 𝑀𝑒𝑉

Energy with ҧ𝜈𝜇:

𝑝 → 𝑛 1.3 𝑀𝑒𝑉
𝑚 𝜇+ ≈ 105 𝑀𝑒𝑉

Achim Stahl, April 2017
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Guangdong province
Jiangmen prefecture

Kaiping city
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Taishan
18.4 GW

Yangjiang
17.4 GW

JUNO

Jiangmen

Macao

Hongkong

Kaiping
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Taishan
18.4 GW

Yangjiang
17.4 GW

JUNO

Jiangmen

Macao

Hongkong

Kaiping
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surface lab.
entrance tunnel

January 2014

road to site
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January 2014

January 2016

power line
for JUNO

January 2016

Future: 2018
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Vertical shaft 
581m

Groundbreaking on Jan 10, 2015
• Slopped tunnel: 1032m done

• Vertical shaft: 485m done

Slope tunnel
1340m

Underground 
lab space:

~5600 m2

Civil engineering: Completion July 2018
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Vertical shaft 
581m

Groundbreaking on Jan 10, 2015
• Slopped tunnel: ~490m already

• Vertical shaft: ~75m already

Slope tunnel
1340m

Underground 
lab space:

~5600 m2start datataking in 2020

mass hierarchy to 3…4 sigma in 6 years



-oscillations with reactor neutrinos:
Mass hierarchy

Precision Measurements

Super Nova
- Direct observation
- Diffuse Super Nova background
Solar Neutrinos
- Oscillation parameters
- Metallicity
Atmospheric Neutrinos
- Oscillations
- Mass hierarchy ?
Geo Neutrinos
- Models of the earth‘s interior
- Heat production climate
Nucleon Decay
- i.e. p  K+ 

Dark Matter
-  

Sterile Neutrinos
- With radioactive sources

Mass Hierarchy Others

MC-studies:

>3 sigma in 4 years

(3% resolution @ 1 MeV)

1723



24Achim Stahl, April 2017



Achim Stahl, RWTH Aachen University 25



Tendenz: Sinkende Todesfälle für Herzinfarkte
und steigendes Lebensalter führen zu 
einer Erhöhung der Krebstoten
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Incidences

Death
Patients are individuals
Tumors are different
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Balance“Cure“ 
against side effects!
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Biological Effects of Radiation

On the DNA:
• death of cell
• mutation

On other biol. moclecules
• no strong impact

(destruction of some molecules)

On H2O
• Creation of radicals (HO∙)

cytotoxins

Impact depends on
• rate of cell division
• blood circulation
• oxygen concentration
• dosis time-profile 

Impact of radiation:
> 0 Sv ~5% cancer risk / Sv
4 mSv average annual dose (D)
> 1 Sv acute radiation syndrum

DNA: 1000 broken strands
40 broken double strands

~ 5 Sv Death of cells
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