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Observable:

tritium [-decay theory
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the Integral f-spectrum
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KATRIN First Neutrino Mass Analysis Project (KNM1)

m Analysis coordinato!
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Simulations Selection
Task Ieaderl Task Ieaderl
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Common Trunk = all what concerns modeling & calibration
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(2 independent methods)

|

I ‘ Tritium B- Beamline Focal Plane Measurement . Data Quality Energy/qU Neutrino Mass
| decay Model Model Detector Strateqy Run Summaries Control Calibration Backgrounds Fake MC-Data Estimation (Fit)
I Two convene:| Two convenersl Two convenersl Two convenersl Two convenersl Two conveisl Two conveﬁl Two convene

|

1] Nuclear Beta E & B-field I_ Effici I_ MTD I_ Column Slow Control Work Functi Background I_ ) I_ )

1| Decay Model &B-fields ciency Density (x o) Run Selection ork Function Stability Fit Team A Fit Team A

I Task Ieaderl Task Ieaderl Task Ieaderl Task leadei Task leade Team leade
! librati

| Energy Loss I_ I_ Calibration Isotopologue Run-wise Fit Background I_ . I_ i

| FSD Theory I_ function ROI Coverage C i Fractions Run Selection Plasma Effects Shape Fit Team B Fit Team B

I Task Ieaderl Task Ieaderl Task Ieaderl Task leade Team leade
|

1JFSD in KATRIN . . Rate Monitor Background

I rlnodel I_ Synchrotron I_ Pile-up I_ Blinding I_ (FBM/BI)I(S) HV Fit Team C Fit Team C

I Task Ieaderl Task Ieaderl Task Ieaderl Task Ieaderl Task Ieaderl Team leade
|

| WGTS+!VIACE Backscatte.rmg Data- Background I_ Unified MC I_

| Transmission Systematics Production MTD

I Task leade

|

|

|

|

final fits



project

KMN1 MINIMAL MODEL

Analysis Schedule

SFB 1258

Dark Matter !g N
Messengers

.
‘ 201 461 AgriMTD A t{#80hwaticn A ] [Pra-a on Stutsgioal [t [roea t/FPD H#P18 [B MAXAVGTS & Aprsemanthin StruiFt Reauls Agrsement| TAUP 2015
[ IAM 'Mw 'une 'Juy 'swmr
|l W KMN{ MINIMAL MGDEL
[1f7H18 -BH7/B

© KNM1 TRITIUM BETA DECAY
o T-beta decay Modelling Proposals

o T-beta decay Modelling / Systematics Review

o T-beta decay Modelling / Systematics Agreement

o KNM1 RESPONSE FUNCTION

v o rhoDsigma
o rhoDsigma Systematics Proposals
o rhoDsigma Systematics Review

o rhoDsigma Systematics Agreement

4 N KNM{ TRITIUM BETA DECAY
[ 11718 -2/14/18]

T-heta docay Modoling Proposain
[ 1/7119 -2{711%

T-bete decay Modeling { Systematics Review
[2/8/1%9 -2{14/19

© Toetn decay o /8
2115419

KNM1 RESPONSE FUNCTION
[1f7H8 -6 7{1B

|l N thobegma

(11719 -612/18 ]

rhoDeigme Syntemeticn Propoeln
[ 1/719 -8/4{18

hoDeigme Syntemetics Review
[ 6/5/1% -8/12/1%

¢ HoDagme Systemeticn Agresment

v

v

v

v

o Scattering Probabilities

o P-IS Systematics Proposals

o P-IS Systematics Review

o P-IS Systematics Agreement
o Energy Loss
o Energy Loss Parametrization Proposals
o Energy Loss Parametrization Review

o Energy Loss Parametrization Agreement
o Energy Loss Systematics Agreement

o B-MAX/WGTS
o B-MAX/WGTS Systematics Proposals
o B-MAX/WGTS Systematics Review

o B-MAX/WGTS Systematics Agreement
o B-AP
o B-AP Correction Maps Review

o B-AP Systematics Proposals

6/13/1%

Schltedng Probebiltion

«‘— [ 17118 -8/12418 ]
P48 Systsmeatica Proposein
[ 1f719 -8/4/18

8/13/19

P8 Syntomaticn Review
[ 6/5/1% -8/12/1% T
&

Pli8 Systematicn Agreement

[ {719 -8/12/19]

Enggy Lo

Enggy Loes
[ 117115 -6/4/19

[ 645129 -8/12/1%

Engry Lom Paremobization Reviow

gy Losn Peremsbization Agmement
ﬂisﬂ ET

6/13/19

4 Ep

By Lo Systemeaticn Agreement

[ /7119 -8117/1%

| BMAXANGTS

TS Systsmatics Proposeis
[ 17115 -8/4/18 ]

(6417115 -6/17/18

B-MAXANMGTS Syntomelicn Review

B-MAXAMGTS Syntomatics Agresment

¢ B-AP Comection Mepe Review




count rate (cps)

time (s)

T T T T T T T T T T T T T

L B R A B A R B B R B R
I KATRIN data with 5 ¢ errorbars

10!} : Fit v2/dof = 19.9/24
: méﬁxed _
& By = 1857347 £025¢V -
B = 291.3 + 10.4 mcps
10°¢ '

]T I Rbgf

40 -30 -20 -10 0 10 20 30 40
retarding energy - 18574 (eV)

—
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3 parameter fit
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n Endpoint, Eo
= Background, R,

High quality data
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modified molecular
physics model
veiling m,?only

Analysis on fake data

implement & freeze analysis
using fake data mimicking
actual 15t science run

Bias Free

Model blinding Analysis

Strate Independence &
‘ \ gy, ‘ Complementarity

2 independent
approaches to

assess systematics
Covariance matrix
Monte Carlo propagation
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Integral tritium 3-decay spectrum: Fake Data

Run (fake MC data) - 561 hours, 2 10% " in [E,-39 ; E,+47] eV

retarding energy - 18573.7 (eV)

Full analysis chains developed with simulated fake data, before turning to real data
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Integral tritium 3-decay spectrum: Real Data
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Count rate (cps)

Residuals (o)

Time (h)

Neutrino Mass Inference
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2 million of events

4 free parameters: background,
tritium activity, ko, mg
excellent goodness-of-fit:
o-value = 0.56

Neutrino mass best fit

m3= — .O+O‘9

97 eV

Uncertainties dominated by
statistical fluctuations (0.97 eV?)
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Best-fit m,, 2 is tully consistent with our expectations
(10 statistical fluctuation)

T. Lasserre — KIT — 16/09/2019



Background rate
Tritium activity fluctuations
Background slope

Molecular final states

HV fluctuations
Magnetic fields
Gas density and inel. scattering cross section

Syste m ati CS ON m\2} Detector efficiency
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--7 Energy loss function

Theoretical corrections

Systematics identified &

evaluated independently
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mz(ue) c* systematic uncertainty (eV2)

Improvement of Systematics
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truth ( eVZ )
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MC-Propagation Method

Conservative Upper Limit on the Neutrino Mass
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Covariance Matrix Method
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m, < 1.1 eV at 90% CL (Lokhov-Tkachov)
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18573.7

18573.6

18573.5

Endpoint Measurement

Maximum electron energy in tritium decay

/

E, = (18573.720.1) eV

= Q-value = (18575.2 £ 0.5) eV

\

Mass 3H — Mass 3He

Fully consistent with the prediction:
Q-value = (18575.72 £ 0.07) eV
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First KATRIN Neutrino Mass Results
= Data collected over 780 hours @25 GBg = ~5 days of nominal KATRIN @100GBqg
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* High quality data acknowledging the
State-of-the-Art KATRIN Hardware

= World Best Direct Neutrino Mass Measurement: m, < 1.1 eV (90% C.L.)
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= Expected sensivity m, < 0.2 eV (0% CL) within 5y
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Thanks a lot
to the Analysis Team

for all their longstanding efforts



