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Neutrino mass
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A Neutrinos are massive
particle
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A Flavor eigenstates are linear
combinations of mass eigenstates
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A Squared mass difference measurable
with neutrino oscillations experiment
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[3-decay kinematics
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Experimental challenge

@ _ 5
TR,
Only 1063 of all decays

Superallowed decay , .
O = 18.6 keV - In the last 1 eV
Ty = 12.3yr

le—4

1.5 - mp = 0 eV le—11 \

A Strong tritium source: 10 decays/s

A Very low background level: < 0.1 cps

A Very high energy resolution:1 eV

A Precise understanding of the spectrum shape
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Working principle

Gaseous tritium source

s molecular tritium in closed loop
s 30 ug of gaseous, T

O 10T, decays/s

Rear section

s rear wall

s high intensitye-gun
e precise determination of raxis
column density and

energyloss function

Rear section
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Magnetie

adiabatic collimation

Detector section

s focal plane detectorl48 pixels

Spectrometer
s MAGE (Magnetic adiabatic

Transport section
s magnetic guidance

s tritium gas/ion removal collimation + electrostatic filter) PINdiode
O reductionby > 104 O high resolution: O(1) eV s counts electrons: rate vs potentia
O Jarge acceptance angle:51° °©<les!
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Measurement strategy

Uret @(
Electrostatic higipass filter

Integral spectrum measurement

Ax 30 scan steps with varying duration

Ax 2 h scan duration 10" - 3
A scan intervalg,¢40 eV, E+ 135 eV R S

g ~
A several campaigns per year e -

100
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Data taking overview
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Analysis strategy

Beta spectrum:

theoretical inputs (Fermi theory, molecular excitations)
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First campaign:

A Total statistic: 2 million events
A Bestfit. 1~ ( 8 §)eV
A Limit: 1 8 "HrY90% CL)

v

Second campaign:

A Total statistic: 4.3 million events
A Bestfit: T (8 | )eV
A Limit: 1 8 "Hr{90% CL)

v

Combined result

8 eV (90% CL)
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Systematic breakdown

statistics

systematics

0.00 0.05 0.10 0.15 0.20 0.25 0.30

bg rate overdispersion
bg time dependence
plasma

bg voltage dependence

KATRIN preliminary (MC)

B fields

gas density

molecular states \

energy loss 1 B KNM2

0.00 0.02 0.04 0.06 0.08 0.10 0.12
1-0 m? uncertainty (eV?)

0

0

Total uncertainty dominated by statistical
uncertainty

Significant systematics

A dominated by backgroundelated
uncertainties

A significant source plasma uncertainty
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1stand 29 campaigns combined
A 6.1¢ e in ROI
Al <0.8eV (90% C¢ statistic dominated
A first direct neutrinemass experiment to reach
sub-eV sensitivity and limit

First five campaigns (work in progress)
A D30.1¢ e in ROI
Al <0.5eV (90% CL)
A data unblinded during the summer

Final target (2025)
A D70.1¢ e in ROI
Ai  <0.2-0.3eV (90% CL)
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Beyoundneutrino mass in KATRIN J
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eV-scale sterile search motivation

Reactor antineutrino anomaly (RAA) Gallium anomaly

[Phys. Rev. D 83, 073006 (2011)] [Phys. Rev. C 83, 065504 (2011)]
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t Hint for the existence of light sterile neutrino?
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Imprint of sterilev on! -decayspectrum
A 4t mass state will appear as a kink in the spectral shape
A Kink close to the endpoint: excellent energy resolution required
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Sterile neutrino fit Y

[Phys Rev D 105 072004]

{ KATRIN data with 1o error bars x 50 : _
— 3v+1 best fit model : : (r] Y)
Active branch
-------- Sterile branch

O O, fir ferg s gYOM QO |

Maximum likelihood fit of model for ® + 1

| | - i free amplitudeA

|

I | | ] :

S i squared neutrino masisy?
20 40 60 80 100 120 140 uendp()in’[EO

i=98_3 eV, |Ue4|2=0,027'§ i backgroundB

—3p+1 stmulation m

. th - I/ 1
u 4™ neutrino mass and MIXINGS . S

No significant sterileneutrino signal is
observed in KATRIN sensitivity

| 20I | .40 | I60I | I80I | IlOOI | I120I | 140
Retarding energy - 18574 (eV)

16/27



Sterile neutrino systematic breakdown

Statistical uncertainty
= Combined systematic uncertainties
= =Non-Poisson background
—==Source-potential variations

Scan-step-duration-dependent background = -High voltage stability and reproducibility

Magnetic fields Activity fluctuations

Molecular final-state distribution Energy-loss function
qU-dependent background e Detector efficiency
Column density X inelastic scat. cross section ===Theoretical corrections

[Phys Rev D 105 072004]
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Overview of sterile experiment results N
RAA Gallex/Sage/BEST
L S S
| ‘ A Exclude larg¥a  solutions from the reactor
antineutrino and gallium anomaly
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Overview of sterile experiment results

059 C.L. exclusion contours
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A Exclude larg¥a  solutions from the reactor
antineutrino and gallium anomaly

A Improve the exclusion bounds set by shbaseline
oscillation experiments fa¥d mp 1A 6

A KATRIN will probe the positive result claimed by
Neutrino-4

t KATRIN provide a complementary
probe of sterile neutrino
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ke\-scale sterile neutrino search motivation

A Righthanded neutrinos: natural extension of SM and
straightforward way to introduce neutrino mass

A Excellent candidate for warm dark matter

Leptons

>

Lelft chirality

Y
!

Right chir:ality

S

Unexpected xray emission line around 3.5 keV observed in nearby galaxy

e Hint of sterile neutrinos with a mass around 7 keV?
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Need of model independent measurements across a
wide range of mass
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