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From cosmology, we can learn the
sum of neutrino masses:

Zim(v;) = m(vy) + m(ve) + m(vs)

This method is extremely sensitive,
but the results are dependent on
the model used...
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The Karlsruhe Tritium Neutrino (KATRIN) Experiment
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KATRIN Collected Elect

Cumulative electrons in 40 eV range
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Systematics Breakdown
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Example KATRIN Systematic: The Rear Wall

o The Rear Wall helps control the
—— starting potential of electrons in
Rear wall data the gaseous source.

Rate (cps)

Rear wall Eo
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Example KATRIN Systematic: The Rear Wall

o The Rear Wall helps control the
—— starting potential of electrons in
} Rear wall data the gaseous source.

Tritium from the beamline
chemisorbs onto the Rear Wall
during operation, and this

! Rear wal £ results in a tritium spectrum
with a different shape and

B ) endpoint.

Rate (cps)
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Retarding eneray (V) o Modeling a Rear Wall spectrum
in fits mitigates this systematic.
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Preliminary Systematics Breakdown for KNM1-5

Uncertainty breakdown of the first five KATRIN measurement campaigns
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Preliminary Systematics Breakdown for KNM1-5

Uncertainty breakdown of the first five KATRIN measurement campaigns
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Preliminary Systematics Breakdown for KNM1-5

Uncertainty breakdown of the first five KATRIN measurement campaigns
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Preliminary Systematics Breakdown for KNM1-5

Uncertainty breakdown of the first five KATRIN measurement campaigns

Background Source Electro-Magnetic Field
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Preliminary Systematics Breakdown for KNM1-5

Uncertainty breakdown of the first five KATRIN measurement campaigns

Background Source Electro-Magnetic Field
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How Does KATRIN Extract m? from the T 3-Spectrum?

Example Using Sim Data

—— @ Generate a model for the
2 sicnal tsim data error bars x50) integral tritium S-spectrum and
response of the apparatus

Background

Endpoint (E,)

Residuals (o)

Livetime (hours)

Q
20 18530 18540 18550 18560 18570 18580 18590 18
Retarding Energy (qU)
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How Does KATRIN Extract m? from the T 3-Spectrum?

Example Using Sim Data

—— @ Generate a model for the
2 sicnal tsim data error bars x50) integral tritium S-spectrum and
response of the apparatus

Background
Count the number of electrons
produced with a specific amount
of energy

Endpoint (E,)

Fit the measured data to the
generated model and extract the
spectrum parameters: neutrino
mass, amplitude, endpoint, and

Q
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Currently Published KATRIN Results for

Nat. Phys. 18, 160-166 (2022)

{  KATRIN data (2"¢ campaign) Los Alamos (91)
{  KATRIN data (1%t campaign) Tokyo (91)
Fit result (24 campaign) Zarich (92)
—— Fit result (1%t campaign) Mainz (93)
Beijing (93)
Livermore (95)
Toitsk (95)
Mainz (99)
Toitsk (99)
Mainz (05)
Toitsk (11)
KATRIN (KNM1)
KATRIN (KNM1-2) n
KATRIN (KNM1-5) Coming Summer 2024

m, < 0.8eV (90%CL)

Count rate (cps)
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Time (h)

-20 0 20 T
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combination of its first 5 campaigns in Summer 2024
o Significant improvement of systematics and reduction of background
o x6 the total statistics
o Sensitivity: 0.5 eV (90% CL)
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o Data taking will conclude end of 2025, but the experiment will later
continue in the TRISTAN phase.
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@ Multiple beyond the neutrino mass searches: (Please look at recent
Snowmass White Paper: J Phys G 49.10 (2022): 100501)

Summary and Outlook
Daniel, Byron (CMU) Status of the KATRIN Experiment May 14th, 2024 29/30




The KATRIN Collaboration
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KATRIN DOE Award Number: DE-SC0019304
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