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Motivation
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— Warm dark matter candidate e T;
electron muon tau
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Experimental setup
Goal: Measurement of the effective electron anti-neutrino mass with 0.2 eV sensitivity at 90 % C.L.
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Tritium model
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Tritium model — differential spectrum

Differential 3-decay spectrum according to Fermi’s golden rule:
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Tritium model — 3+1v framework

Motivation: Sterile neutrinos (> 1eV) could explain observations such as reactor and gallium anomalies
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Measurement campaigns — overview

ag, IR _ _ _ — Seven KATRIN Neutrino mass
e : sz : : : Measurements to date
7
. — Published neutrino mass results:
KNM1 and KNM2
25
g KNM1: =m, <1.1eV
¢ Phys. Rev. Lett. 123, 22180 (2019)
§3 KNM1 & KNM2: = m, <0.8eV
°, Nat. Phys. 18, 160-166 (2022)
. /
e — TS — Currently analysing: KNM1 — KNM5
' :' oMy UL Ui 45 o QA Ol Gl Qo Ol Of e oLy oL — More data: KNM6, KNM7, ...
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Search for eV and keV scale sterile neutrinos

B iy s s — Using the same data sets we also
8 = = . .
E s e = . search for sterile neutrinos
7
— Published sterile neutrino results:
g First tritium:
¥ arXiv, 2207.06337v1 (2022)
O 4
o KNM1:
;. // Phys. Rev. Lett. 126, 091803 (2021)
2 KNM1 & KNM2:
) Phys. Rev. D 105, 072004 (2022)
/_/
. | / —— Neutrino mass scan
15Jun. 01 May 010ct. 01Nov. O1Jul. 01 0ct. 01 Nov. 01 Apr. 01 May 01 Jun 010ct. 01Nov. 01 Apr. 01 May 01 Jun. - Currently analysing: KNM1 — KNM5
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Motivation The KATRIN experiment Measurement campaigns eV-scale sterile neutrinos keV-scale sterile neutrinos Summary
o 0000 oe 000 o0oo o

9/16 Wednesday 9" November 2022  Leonard Kollenberger: Sterile neutrino search with the KATRIN experiment Institute for Astroparticle Physics



eV-scale sterile neutrinos

— Analysis of KATRIN data with 3+12 model 103k 0.28 1
s 1 2
— Grid scan over |U|2 and m? I
. > 2L TS R * S 10 J
— Exclusion contour: Ax? = 5.99 (95% C.L.) 10 028 T
i i i 2 2 N% . 2 2 ~ -3
— Sterile neutrino analysis up to m; < 1600eV e 10' f==-1) Fixedm =0eV oy -
< T
2 . S
— Evaluation using two analysis strategies 0 —II) Free m,, unconstrained -1
_ my2 = 0.0eV? 10 Isoline: mi (eVz) best fit for II) 0
- m? =free 0.28
10-1 L L
; 10”2 107!
— For KNM2, best fits at: 5
2-0.0eV?  |Uesl? =1.0; m2 =0.28eV2 Ul
m2 = free: |Ue|? = 0.027; m? = 98.3eV?;, m2 =1.1eV?
— No significant sterile neutrino signal was observed in KNM1 and KNM2
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eV-scale sterile neutrinos — impact of systematics

— Treatment of systematics via

Statistical uncertainty Magnetic fields Activity fluctuations
Covariance matrices’ based on = Combined systematic uncertainties Molecular final-state distribution ~--Energy-loss function

Non-Poisson background qU-dependent background -+ Detector efficiency
Monte Carlo Spectra —-- Source-potential variations Column density x inelastic scat. cross section —--Theoretical corrections

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

— Include covariance matrix in the oF =] 10°
2-minimisation
— Investigation of individual
. 2 L 4 R 2
systematics o 3 10
I [}
2 2 2 F g
OSVS(| Ue4| ) = A/ Ostatssys — Ostat 10'F 1 10!
— Results are statistics o . 100
dominated for all m? 10° 10 10" 0 .0 !
U, ? sensitivity at 95% C.L. >l
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eV-scale sterile neutrinos — comparison to other exeriments

— For comparison with
oscillation experiments:

2 _ 2
Amg =m;

sin®(20) =4|Ueal? - (1 — |Uea?) 2

— KATRIN already excludes
large Am2 range of the

reactor and gallium
anomalies

— Improved range with full data

set
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DANSS 95% C.L.
Daya Bay 90% C.L.
Double Chooz 95% C.L.
Prospect 95% C.L.
STEREO 95% C.L.
Neutrino-4 20
———RAA 95% CL
BEST + GA 95.45% CL
Ovf33 NH 90% C.L.
Ov331H 90% C.L.
Mainz 95% C.L.
— — Troitsk 95% C.L.

KATRIN (KNM1, m? =0 ¢V?) 95% C.L.

= == KATRIN (KNM2, ” = 0 eV?) 95% C.L.

= KATRIN (KNM1+2, m” =0 eV?) 95% C.L.

----- KATRIN projected final sensitivity
(m>=0eV?)95% CL.
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keV-scale sterile neutrinos — analysis

Motivation: keV-scale sterile neutrinos are viable

candidates for warm dark matter 10
— Comissioned during first tritium operation 104—;
with DT and at low column density ]
1034
— Performed scans deep into the spectrum & ]
(1.6 keV below the endpoint) o 1024
C
101-2

1}  KATRIN Data
100+

3 —— Fit result

_—_—T 7
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keV-scale sterile neutrinos — analysis

Motivation: keV-scale sterile neutrinos are viable

candidates for warm dark matter 1,006 -
— Comissioned during first tritium operation 1.0047
with DT and at low column density 1,002
=R
— Performed scans deep into the spectrum 32 1
. Q -
(1.6 keV below the endpoint) s 1.000 7
S} ]
. I © 0.998
— Additional effects play a more significant role: 1
0.996 - ) —— Magnetic traps
; ; ' 1 ==== Rear wall backscattering
— [3-decays in magnetic traps B — Detection effic
— Backscattering from the rear wall 0.994 elechion elficiency
— Energy dependent detection efficiency 1500 1950 —1000  —750  —500  —950 0
E — Ej (eV)
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keV-scale sterile neutrinos — results

— Search for sterile neutrinos with mass 107! E
up to 1.6keV ]
—> No significant sterile neutrino 10-2

signal was observed

Ll

sin%0

— Improved previous
laboratory-based bounds in the 1073
range 0.1 keV < m; < 1.0keV

Ll

L

—— Exclusion BF *  Best Fit Mainz 2013

— Outlook: Dedicated deep spectrum 104 Exclusion NH Troitsk 2017 Holzschuh 1999
scans with detector upgrade TRISTAN 1 === Sensitivity Troitsk 2013 Hiddemann 1995
2025+ T T —— T ———TT T T —
( ) 1072 1071 10°
my (keV)
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Summary

eV-scale sterile neutrinos: 10

DANSS 95% C.L.
Daya Bay 90% C.L.
Double Chooz 95% C.L.
Prospect 95% C.L.
STEREO 95% C.L.
Neutrino-4 20
——RAA 95% CL
BEST +GA 95.45% CL
033 NH 90% C.L.
0033 1H 90% C.L.
Mainz 95% C.L.
Troitsk 95% C.L.

KATRIN (KNMI, m’

— Publication of KATRIN exclusion contours based
on first and second campaigns

10’

an, V%)

== == KATRIN (KNM2, m;

— Improved 3+1v constraints from KATRIN excludes @
large Am3, range of gallium and reactor
anomalies "

= KATRIN (KNMI+2, m? = 0¢V?) 95% C.L.
----- KATRIN projected final sensitivity
(o’ =0ev?)95% CL.

sin’(26,)

keV-scale sterile neutrinos:

— Improved previous laboratory-based bounds

— Major milestone for the keV-scale sterile-neutrino program of KATRIN

—> New eV-sterile neutrino bounds with KATRIN published
— Analysis of additional data is ongoing
— KATRIN is getting ready for keV-sterile neutrinos (TRISTAN upgrade)
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