A\ {

Karlsruher Institut flir Technologie

B-decay spectrum

Direct model-independent way to determine the absolute scale of neutrino mass
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Kinematic neutrino mass measurement with KATRIN

The KArlsruhe TRItium Neutrino experiment performs a high precision and direct
kinematic measurement of the electron anti-neutrino mass with the target sensitivity better

than 0.3eV/c? at 90% CL ?iH s %He"' +e” +v,

Analysing plane

Electrostatic high pass filter
Uana(r)

U,‘(I’)

Electron
¢ Ty

T, out Tain

r-axis ¢

T, out

Tritium source
Rear wall and

electron gun

Pitch angle
15/49~ ity
Magnetic  --------me-== TR
adiabatic collimation
Bsie =25T

Cyclotron
motion

Ll i2)
c) |
f

¢ 3HeTt

© Radon atom
© Rydberg atom
C Positive ion

Nature Physics 18,
160-166 (2022)

o }/}}}
“

\
W ,.,‘ T _—
oy I
=1 -

TranEporE and RVER L SN/ e assss ), IV N\ i Segmented
: \ LR AAAA L
PrTPITY ' detector
Main spectrometer /
. et -
P e &
/ --------------------------- o Bmax =4.2T Phys. Rev. D 105,

_________
.....

Field line direction

Bana = 6.3 x 1074 T 072004 (2022)

* The expected electron rate can be calculated as
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* Rate converted to counts through multiplication with associated measurement time ¢

Count rate (cps)

¢ KATRIN data with 1 ¢ error bars x 50
== 3_1 model '

40

Nmodel(qU) L Nmodel(qU) ) t(qU)

'y el .
:wﬁj&ﬁiﬁ*wﬂﬁﬁnj2+ n—_
[ 3+l model } 3+ simulationm, =10.0eV |U_[*=0.01 ]

- OI.I2OIII4O.I
Retarding energy - 18574 (eV)

Simulated sterile neutrino signal in KATRIN (Phys. Rev. Lett. 126, 091803, 2021)

Sensitivity contours at 95% C.L. (2 dof)

Impact of active neutrino mass
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Exploring eV-Scale Sterile Nevutrinos:
Insights from the KATRIN Experiment

Shailaja Mohanty for the KATRIN collaboration (IAP, KIT, shailaja.mohanty @kit.edu)

Sterile neutrino in B-decay

* Fourth mass eigenstate m, can contribute to the spectrum via an extended PMNS matrix

* Sterile neutrino proposed as solution to anomalies in short baseline neutrino experiments

which can be
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probed with B-decay
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—— active neutrino only: R(m,) —— active neutrino only: R(m;)

active branch: (1-|Ugs|?) - R(m))

——- sterile branch: |Uea|? - R(m3)

active branch: (1-|Ugs|?) - R(my)

——- sterile branch: |Uea|? - R(ma)

active + sterile neutrino:
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active + sterile neutrino:
(1-]Ues|?) - R(my) + [Ues|? - R(My)

18566 18568 18570 18572

Energy (eV)

: . : ] 0L—
18568 18570 18572 Eq 18564

Energy (eV)

0076564 18566

Sterile branch at E < Ey — my, kink-like spectral distortion

Analysis Method

Study performed on simulated data sets of first five science runs ( 35.8 X 10° electrons )

Full analysis chain developed and tested on Monte Carlo twins
Grid scan over [mﬁ, sin’ @ (|Ue4|2)] 2-D logarithmic plane [50 X 50]
Sensitivity contour drawn at 95% CL (AxZ..icq = 5.99) for 2 dof

Analysis case (I) m,z, = 0 eV? (1) mg fitting parameter

Comparison of KATRIN Bounds with Oscillation-based
Sterile Neutrino Searches

DANSS (95% C.L.)
Stereo (95% C.L.)
Prospect (95% C.L.)
BEST+GA (20)

RAA (95% C.L.)
Neutrino-4 (20)
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KATRIN Sensitivity (m2 =0 eV?)
(KNMfinal expected, 95% C.L.)

KATRIN Sensitivity (m2 =0 eV?)
(KNM1 to KNM5 combined, 95% C.L.)

KATRIN (m2 =0 eV?)
(KNM1 & KNM2 combined, 95% C.L.)

JUNO-TAO Sensitivity (90% C.L.)
Daya Bay+Bugey-3 (90% C.L.)
NEOS (90% C.L.)

Coverage of small allowed
sterile parameter regime
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Conclusion

* Probing a large parameter space of interest for light sterile neutrino anomalies

* Consideration of various options for treating the active neutrino mass

* Evaluation of the optimized sensitivity condition: mﬁ > m12, > 0

Outlook

* Analysis of data from first five science runs ongoing

* New release expected this fall
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Statistics
i Systematics
Impact of systematics 10-5 104 10-3 10-2 To-1
Gas density
* Sensitivity is statistically Energy loss
. Source potential
dominated for all mﬁ
Bg qU dependence
* Impact of systematics Bsource
. . Real wall 2 ~ 2
differs as function of the B mi=2zeV
Bmax 1 mﬁ ~ 37 eV?
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