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First KATRIN Neutrino Mass Result (2019) =l

Squared neutrino mass values obtained from tritium ( -decay in the period 1990-2019
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KATRIN Working Principle
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KATRIN Working Principle
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Tritium flow

reduction by

14 orders of
magnitude

N\ TN\

Differential pumping
Cryogenic pumping

active pumping by TMPs

cryosorption on Ar-frost
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KATRIN Working Principle
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Spectrometer Section
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KATRIN Working Principle v B
' 4

excellent energy
resolution: ~ 3 eV

large angle
acceptance: ™ 50°

1/ //ﬁ;" ~ Magnetic adiabatic

7 qor collimation + electrostatic
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KATRIN Working Principle
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Scaﬂﬂlﬂg Strategy endr;oint

Lol B-decay background
spectrum : region
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Optimized to maximize v-mass sensitivity =
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... combination of 32058 spectra
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Sterile Neutrino Search Dataset v ]

April 10— May 13 2019: 522 hours within Eg-40eV

\ 274 x 2 hour B-scans — 27 HV points
= Tritium gas density: 22% of nominal
S/B=68 -t :
= Tritium purity: 97.5%
= Activity: 2.45 - 1010 Bg (24.5 GBq)
= FPD: 117/148 (79%) pixels - ROl 14-32 keV
= Data collected 2 108 electrons in the 40eV range
= Background 293 mcps /117 pixels

6.4% non-poissonian component
tritium

1.510%¢e background: 0.5 106 e’



Sterile Neutrinos — General Idea

No — or extra-weak SM interaction
Mixing with active v's
_AL

@credit: C. Giunti
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Amgor,  Amiry

SV-mixing
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eV-Sterile neutrino signature in KATRIN

1
ag =2 pO
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Sterile Neutrino Modeling

—3- umodel
¢+ KATRIN data with errobars ><50
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dE

af = (1= 1Ueal?) §5 (m3) +|Ueal® G (m13)

L ]\ J
| |

light neutrino heavy neutrino

Fit Parameters:

m? neutrino mass (fixed/free/constrained)

Eo fit endpoint

N signal normalization

B energy-independent
background rate

m,%> 4™ neutrino mass

|Uos|? 4™ neutrino mixing
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Systematic uncertainties

Magnetic

fields Q

Column density
X cross section
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Count rate (cps)

Residuals (o)

Time (h)

KATRIN 3+1 Neutrino Fit (40 eV range)
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Best fit 3v (NH) 3+1
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Confidence Interval (95 % C.L.) g <> O

= 2 analysis, systematic effects included via covariance matrix

= Likelihood ratio for given sterile parameters: AXZ (er4|2, m2) = XZ (|Ue4|2, mi) - X%est

parameters for which
Ay?> Ay? are excluded

accepted

|Ue4|2

=  Good approximation by Wilks’ theorem: A2 = 5.99 for the 95% C.L.
95 % quantile of y? distribution with 2 dof was verified with >5000 MC simulations (A2 = 6.18)
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Complementary Investigations 24 == O

Analysis performed in non-physical regions

Global best fit

|Ue4|2

= |Ue?| <0 negative B-decay rate at
the heavy neutrino branch
2

= |Ues”| > 0.5 ynphysical mixing

= m2<0 tachyonic sterile neutrino
unphysical 2

g

< 0 >

unphysical unphysical

Raster scan

choose a fixed value of m% and extract a |Ue4?|
repeat for all physical m2 - extract o(|Ues?|)

68.27% C.L. (1 parameter) - 40 eV range

10 -+ Total 3
F — Stat. only 3
Syst. only

aal 2 M 23 3 3231 M 2 a3 3 231
10" 102 10°

mi (eV2)

Systematic uncertainties are negligible for all m,
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Case i) 40 eV fit range, mg=0 eV fixed

. — — Troitsk 95% C.L. : mi —0eV?

[ —KATRIN95% C.L.: m’=0¢cV?
e KATRIN 95% C.L. 1 m” free

[ —-—-KATRIN 95% C.L.: m’ free , o(m_)=1eV’

Mainz 95% C.L. : mi —0eV?

KATRIN sensitivity 95% C.L.: m>=0eV?

-2 -1

10 10
2
|

= Results in the |U,,?| - mZ plane
= mg=0 eV fixed
= Sensitive to

= m3 <1000 eV?
= |U,|?>0.02

= Limit directly comparable to Mainz/Troitsk
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Case ii) 40 eV fit range, free mg 3

T " Freemg
3 /
107F ¢
o\ .
\ -> mg can be negative
10° . .
| " The most generic analysis
[\
>
8 L
OST olp o Mainz 95% CL.: m>=0eV? N
 — — Troitsk 95% C.L.: m”>=0eV’ N = |oosing sensitivity w.r.t. case i) for m4 < 60 eV?
[~ KATRIN sensitivity 95% C.L.: m?=0eV> 4 Iati | Ue,2
T KATRINOSS L+ 206" — mg and my correlation at large |Ue,“|
107K ... KATRIN 95% CLL. - m? free
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107 10"
2
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Case iii) 40 eV fit range, constrained mg v L]

Fal = Constrained mg
1035' {
N Arbitrary constraint value, for illustration : 1 eV?
2L
107 ¢ . . . .
= " |ntermediate case, for illustration of the impact of
(@]
> .
L - an external constraint (here mg < 1 eV)
OST olp o Mainz 95% CL.: m>=0eV? |
 — — Troitsk 95% C.L.: m”>=0eV’ SN
| KATRIN sensitivity 95% C.L.: m2=0eV2 . .
. ;L = Could be later used with with a bound
0 —— KATRIN 95% C.L. : mV=OeV
107 . KATRIN 95% C.LL. m? free ] from cosmology for instance
[ —-—-KATRIN 95% C.L.: m’ free , o(m_)=1eV’

1072 107!

2
Ul
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Synergy with oscillation experiments A o2 p)

Mainz 95% C.L. @ =——RAA + GA 95% CL

— — Troitsk 95% C.L. Neutrino-4 2o
Prospect 95% C.L. === KATRIN 95% C.L.
DANSS 95% C.L. =x=x===- Projected KATRIN final

Stéréo 95% C.L. sensitivity 95% C.L.

Oscillation Electron Disappearance Experiments
" Amgy? = my2 —my? = Amyy? = Amys?
" sin?20 = 4{Ug|%(1-{Ues?)

KATRIN
" mgand my
" sin%0 = [Ug|?

Conversion KATRIN -to- Oscillation
" 5in?26 =45in?6(1- sin%©)

Projected KATRIN final sensitivity

(1000 days of data — reduced background) —/ﬁ o L~
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Interplay with OvBP experiments

¢ m;}/;' = |(1 - |Ue4|2) mg’}/; +el? |Ue4|2 my |

complex phase with ¢ € [—m, 7]

AN

* Experimental constraint: mgg° < 0.165 eV at 90% C.L.

exp

Mgpp

. . exp
MC: Calculate Mgp

* mg} € [0,0.005eV] (NH), mg; € [0.01,0.05 eV] (IH)

« Grey bands show all (4m2,, |U,4|?) combinations for which m;’;p <0.165¢Y — |

= mgp = (1= |Ug4l?)- mgp + e'? |Ugy|? /Amﬁl

pE [—71', Tl']

for each each grid point, sampling

active-to-sterile mixing

th . . 2 — Neutrino-4 20
A'"mass eigenstate =~ \/AmJ,  ——KATRIN95% C.L.
S Projected KATRIN final
DANSS 95% C.L. sensitivity 95% C.L.
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; — —————— .
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Conclusion

High-quality data collected over 780 hours @25 GBq in 2019

2019: World Best Direct Neutrino Mass Measurement:

m, < 1.1eV (90% C.L.), Phys. Rev. Lett. 123, 221802

2020: First Results on the light sterile neutrino search, Arxiv

x 10 more statistics already acquired
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‘We report on the light sterile neutrino search from the first four-week science run of the KATRIN
experiment in 2019. Beta-decay electrons from a high-purity gaseous molecular tritium source are
analyzed by a high-resolution MAC-E filter down to 40 eV below the endpoint at 18.57 keV. We
consider the framework with three active neutrmos and one sterile neutrino of mass mas. The
analysis is sensitive to a fourth mass state m3 < 1000 eV and to active-to-sterile neutrino mixing
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