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Neutrino mass

KATRIN

Cosmology

ββ0ν 
(76Ge, 130Te, 136Xe)

(If Majorana)



  

Anthropic predictions for neutrino masses

[Tegmark et al. (2005)]



  

Atropic Principle

THAT’S 
TAUTOLOGY!

BEWARE THE
SELECTION RULE!

THERE’S PLENTY
OF EXOPLANETS

THAT’S 
THEOLOGY

DO YOU KNOW
THE NUMBER

10500?

IF ANYTHING IS 
CERTAIN, IT’S 

THAT I MYSELF 
AM NOT A 
MARXIST!

THERE ARE
 MULTIVERSES
EVERYWHERE 

OUT THERE

BIENVENUE, 
MONSIEUR

DE LAPALISSE

ZUCKERBERG 
HAS JUST 
CREATED

A METAVERSE

THE UNIVERSE
OBVIOUSLY IS

A CELLAR
AUTOMATON!

YOU FORGET
THE GOEDEL’S

THEOREM

BOLTZMANN
BRAIN IS WAY

MORE APPEALING! 



  

The Anthropic Principle  
is a giant and heavy boulder



  

Reference source

10 cm

(x 1 year)

10
 c

m
ρ = 0.2 mg/m2

(full loading)

→ 2 μg

716 MBq
(19.3 mCi)

(50% 
Efficiency 
for total
events)



  

Formulas

Cases:

S0,0   = Therotical spectrum with massless neutrino
S0,m  = Therotical spectrum with massive neutrino
Sσ,0   = Experimental spectrum with massless neutrino
Sσ,m  = Esperimantal spectrum with massive neutrino

Theory                             
                  

Resolution      
                      
                 



  

End-point



  

Sensitivity to neutrino mass



  

Counting analysis

Eth              Q – m   Q

Sensitivity 90%CL :=



  

Sensitivity 
from
counting 
analysis
Narrow prior
on resolution:

- Esperimental 
resolution
- Uncentainty principle 
smearing (Δ)



  

Profile likelihood approach

Sensitivity

P-value of the L 
medial over the L0

distribution



  

Median sensitivity

L0

median
L0

L

[Cowan et al. (2013)]



  

TOOL: PtSens (GitHub)
Plot your spectrum:

 ./ptsens plot mass [eV] sigma [eV]

Random sample from toy MC and fit:

 ./ptsens mc mass [eV] sigma [eV]

Profile likelihood for discovery (sensitivity):

 ./ptsens pf mass [eV] sigma [eV] nToys



  

A new option

./ptsens nm 0.200 0.050 1000

Neutrino 
mass 
option Neutrion 

mass (m)
[eV]

Energy 
resolution(σ) 
[eV]

Number of
toy MC
simulations

Output: ptolemy.root



  

New cfg file (part 1/2)

New option #1 
Explicit convolution range

New option #2
Nu mass energy interval [eV]



  

Example no. 1 (m=200 meV, σ=50 meV)

No events > 
medial

→ Better than 
3 σ



  

Example no. 2 (m=200 meV, σ=500 meV)

Close to
3 σ anyway



  

Example no. 3 (m=150 meV, σ=50 meV)

Still
sensitive



  

Reconstructed m in Ex. 3



  

Comparison KATRIN

[E0 – 40,  E0] eV

~1014  events

Current limit < 800 meV

Sensitivity 700 meV
Resolution 930 meV



  

Δ: A way out

“If you want to prove that pigs fly, 
show at a least one pig flying and 
not hundreds of pigs a little 
jumping”

(Unknown philosopher)



  

Sensitivity to (unknown) Δ smearing



  

Strategy

Region I: [-20, -3] eV

Extraction of σΔ 
With 1/10 of the total exposure
(1.56 e15 events)

-20 eV                                                                     -3 eV                    1 eV

Q

Region II: [-3, 1] eV

Fit on the spectrum
With penalty on σΔ



  

New cfg file (part 2/2)

New option #3
Δ strategy constraint
List of parameters



  

Example

Simulated:
σΔ = 500 meV
mν  = 200 meV

Returned from the fit in (-20, -3):
σΔ =  0.49 +/- 0.06 eV (12%)

Mass with prior from fit in (-3, 2):
mν = 0.196 +/- 0.026 eV (13%)

Preli
minar

y



  

Take-home message
Neutrino mass measurement is an extrimely 

important phyisical goal, and it is at our reach with 
the PTOLEMY demonstrator



  

Thank you very much Thank you very much 
for your attention!for your attention!
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