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assessing the neutrino mass scale: an overview ﬂ("'

Karlsruhe Institute of Technology

M three complementary approaches: laboratory-based & cosmology

kinematics of weak decays search for Ov/33-decay large-scale structures

- R-decay: °H, EC: 1%3Ho - RR-decay: °Ge, 13¢Xe,... - CMB, galaxy surveys,...
- model-independent - model-dependent (a;) - model-dependent (H,)
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assessing the neutrino mass scale: an overview ﬂ("'

Karlsruhe Institute of Technology

M three complementary approaches: laboratory-based & cosmology

kinematics of weak decays search for Ov/33-decay large-scale structures

- 3-decay: 3H, EC: 1%3Ho - BR3-decay: "°Ge, 136Xe,...

- model-independent - model-dependent («;)
\d - o H
(AN
. O @)
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Where are we going?
v
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- CMB, galaxy surveys,...
- model-dependent (H,)

\_

Cosmology oand/
Neutrino-Properties
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assessing the neutrino mass scale ﬂ(IT

Karlsruhe Institute of Technology

® model independent approaches: sources

molecular T W
_ ~tritium [
future: ) e . ) § R
combination of all | i S TR

source technologies
required!

23: ‘ - HOLMES /;:::\

Project8 =\/ 2. |Ue| -M ECHo /7 /:?“\ \

Ptolemy 7 K’F\"\*\II;H
iIncoherent sum

. atomic 7
T tritium EC of Ho-163 \“i:f'i:f/
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assessing the neutrino mass scale ﬂ(IT

Karlsruhe Institute of Technology

B model independent approaches: read-out technologies

electrostatic T fﬁ#&if/‘;‘;ﬁ
Filter (MAC-E) KATRIN 7~/

future: %
combination of all e
read-out technologies e
required!
HOLMES
. ECHo
Projects Ptolemy
cyclotron
radiation phonons
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v-mass from electron capture

AT

Karlsruhe Institute of Technology

B EC-process of 1%3Ho : 183Ho + ™ — v, +193Dy* (no K, L shell capture due to Qg¢)

t1/2 — 4570 a QEC — 28 keV
full de-excitation spectrum
102 — b
S 4R spectrum close to Qgc
> o
< o e
L 104 i < 12E N
< s 108
o 1 finite hole : S 8k m(ve) =0 eV
= - Breit-Wigner < AF
= 1041 - resonance (T;) = °F %
N 4 / X
< I -
— 102 — 2;— m(v,) = 0.5 eV N
| | Ty O WO T e O ey 1
14 12 -10 -08 -06 -04 -02 O
10-3 1 1 L Il I 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 1 1 |
0 0.5 1 1.5 2 2.5 Tc — Qgc (€V)
Te (keV)
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counts/ 5 eV

v-mass from EC: calorimetric approach ﬂ("'

Karlsruhe Institute of Technology

B Quantum sensors (MMC, TES) to measure atomic de-excitation of 163Dy*

s - 4 pixels (Apix = 0.2 Bq) over 4 days (275000 counts)
10 | | | l l
— Lorentzian broadening
104 - — Mahan broadening —
— Experiment
3
10 -
- /ﬁ;n _ Qcc = (2838 + 14) eV
m(v,) < 150 eV
10" |- " . (95% C.L.)
10° | |
| | | 1 Il
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Energy [keV]
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v-mass from EC: calorimetric approach ﬂ(IT

Karlsruhe Institute of Technology

B Quantum sensors (MMC, TES) to measure atomic de-excitation of 163Dy*

Metallic Magnetic Calorimeter Transition Edge Sensor

M . o
kH- N ST in absorber absorber /‘

| . after

= SQUID

&= SQ EC-process thermal
thermal link ||nk

thermal bath T

= change in magnetism 8M of param. sensor = changein temp. 8T of TES thermistor

signal: 00 ~ Z—I\_I{I AT ~ M - 1 ¥o = signal: AT :i

oT C,, V-C,
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v-mass from EC: calorimetric approach ﬂ(IT

Karlsruhe Institute of Technology

B Quantum sensors: large arrays with read-out via muliplexing

- enclosing 1%3Ho source via ion implantation
Mainz university / Genoa university

- 60 MMC pixels with ~ 1 Bg of 1%3Ho (2020) TES
>108 EC events, achievable sensitivity:

m(v,) < 20 eV (95% CL) H@){.MES Boe= ,,_b o
apsorper

NN

" NENENENENEN
\ I \
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v-mass from EC: calorimetric approach ﬂ("'

Karlsruhe Institute of Technology

B ongoing R&D: multiplexing & reliable operation of arrays (102...10% pixels)

- ECHo & HOLMES:
moving forward to reach sensitivity at eV-scale
163Ho source available in suitabale amounts / purity
- theoretical description of *3Ho shape & Qg.:

further work required H%M E S _

ToHok

o : L f = L
100 k: 16 o |
12000 pixels o _! g ::_l 2
each 10 Bqg pEe Statuy of HOLMES 10
m(ve) < 2eV ERENAEERER A0 EREY 7 .
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AT

Karlsruhe Institute of Technology

[3-DECAY OF TRITIUM: KATRIN, PROJECT 8
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count rate (arb. units)

13

Tritium [3-decay: kinematics and v-mass

AT

Karlsruhe Institute of Technology

B Fermi’s Golden rule: kinematic parameters & energy conservation

dr

dE

=C-p-(E+m,)-(E,—E)-+/(E, —E)>£m? \F(E,Z)-0(E, ~E -m,)

9.9.2022

5 10
electron energy (keV)
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Tritium (3-decay: kinematics and v-mass ﬂ("'

Karlsruhe Institute of Technology

B Fermi’s Golden rule: kinematic parameters & energy conservation

‘;E C-p-(E+m,)-(E,—E)-\/(E,—E)* £m? \F(E,Z)-0(E,—~E—m,)
5 =fs 'L,w
= < ;Lﬂ_""’“ Y
2 iy
S . m2
_Q' I
s
9
g
£
S
© I 1 1 UPM%’OW
0 5 10 15 PTOLEMY project
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Project 8: a new spectroscopic approach ﬂ("'

Karlsruhe Institute of Technology

B CRES: Cyclotron Radiation Emission Spectroscopy

— trapped electrons from tritium 3-decay in homogeneous, strong B-field
— precise measurement of frequency o yields electron kinetic energy Eg yin

17 \), N N
o(y) =2 - e-B - Y ~— 5
14 m, + Ee in B-field — trapped electron Ao ~ 1/ |
| B e st SN sampling time
18.57 keV T, gas ts ~ several us
It A et R s thAAAD (magnetic bottle)
fo=wy/ 2n=27 GHz combined antenna signal

B. Monreal, J. Formaggio, Phys. Rev. D 80, 051301(R) (2009)
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Project 8: proof-of-principle ﬂ(IT

B CRES:

792
790
788 B
786
784

782

Frequency — 24 GHz (MHz)

780

778

9.9.2022

Karlsruhe Institute of Technology

first detection of cyclotron radiation from a single keV-scale electron

17.8 keV
5 scattering off residual gas: 5500 ¢
e energy loss & change of
Q) .
pitch angle N 83m
8 . 2000} Kr _
B conversion
= & TS line
= _ ]- AE =14 eV w 1200
T i 1000}
*~-> 1 fW synchrotron energy loss
- 500+
s 18.0 keV
*<->onset o = initial 83mKr electron E; (30 keV) A
; ‘ , J
0 N
1 2 3 4 5 0 20 40 60 80 100

Start Frequency - 25875 (MHz)

Time (ms)
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Project 8: a first spectrum & v-mass limit ﬂ("‘

Karlsruhe Institute of Technology

® Phase-ll result: 3 months of data taking — 3770 events observed

—a 1 mm3 volume yields the first CRES endpoint measurement: no bg-events!

200F ~— Fitted rnc)del1 = endeInt
— Predicted endpoint, Bodine et al. . .
150} | 1o interval = 18550'3Z eV energy (frequentISt)
) }{ Data
: - 22
g 3 100 EO 18550 18 eV
b 50} o
- mass limit
3.0 ' (frequentist):
£ 1sf
T 0.0F"  fL e L.t Te Y L Tet Tesessesnsssstsscsasecens
g -15¢ m(v) <178 eV
& -3.0

16500 17000 17500 18000 18500 19000 19500 0
Energy [eV] (90% CL)
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Project 8: near & long-term future ﬂ(IT

Karlsruhe Institute of Technology

M towards a large volume demonstrator & an atomic tritium source

— a large-volume demonstrator
based on multi-antenna array
tritium data ,competitive with m(v,) ~ 2 eV*

— towards an atomic tritium source TNAL decay volume
R&D for an atomic tritium source (loffe trap)
goal: inverted mass o  AmmmmmEs

hierarchy for m(v,) Se'eCtor | / / RS TE !
;) — 4 : Vo™ 10'm3 -
cracking  cooling -

1T Solenoid

low-field seekers

1 T Solenoid
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KATRIN Collaboration AUT

Karlsruhe Institute of Technology

H international team of ~ 150 members from 8 countries ™ o

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

The Czech Academy
of Sciences

EDEGLIS’I‘UDCI UNIVERSITY OF
IS Il WASHINGTON
= <] = I H Bl Massachusetts
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POLITECNICO Zldf 2 Technology _\wxmascererr
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KATRIN experiment: overview ﬂ(IT

Karlsruhe Institute of Technology

W a /0 mlong set-up: a gaseous tritium source & high resolution MAC-E filter

electrostatic high-pass filter analysing plane

U
‘ SRR
|-

T,

\ 1
- ;[T
RBroABEE T Ymi o S
[ r 3 A ] <SS —

N

—a
(&[5 Pl

[T L BEm=m=r t 't' transport &

‘‘‘‘‘‘‘‘‘‘

main spectrometer

20 9.9.2022 G. Drexlin — KATRIN & direct v-mass searches Institute of Experimental Particle Physics



KATRIN experiment: tritium loops by TLK ﬂ("'

Karlsruhe Institute of Technology

W a dedicated laboratory to handle large tritium inventory & throughputs

- license for 25 g gram of T,, 30 ug in KATRIN source

Tritium loops of KATRIN Main infrastructure of TLK

Tritium
transfer
system

Tritium
storage

HD, HT, DT,
H2= D2= T2

3-10" Bg/day

HTO, He, CO,
N2= CT4= H2= DZ:
T,, HD, HT, DT, ...

Tritium
recovery &
removal

“~ He, CO, CO,,
N,, H,0, CH,, ...

- permanent purification by TLK for large isotopic purity
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a high resolution MAC-E filter ﬂ("'

Karlsruhe Institute of Technology

W challenges: ultra-high vacuum, HV stabilisation, background, and...

\ | | ‘;“‘ ::’-\\ . i ) 1

,,,,,,,
o s

T
-

- -
I = iy,

main spectrometer
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a high resolution MAC-E filter ﬂ(IT

Karlsruhe Institute of Technology

main spectrometer
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a high resolution MAC-E filter ﬂ("'

Karlsruhe Institute of Technology

B challenges: ultra-high vacuum, HV stabilisation, background, and transport

% N

D : gk 1.
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W - e 3 =S\ 5
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‘ e
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[ o = 4
» @ i !
E 1 ~ /‘,
ﬁ; y 7
et |/ 7
’

ttelmeerf /

main spectrometer transport
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a high resolution MAC-E filter ﬂ(IT

Karlsruhe Institute of Technology

W challenges: ultra-high vacuum, HV stabilisation, background, and transport
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a high resolution MAC-E filter & neutrino vessel AT

Karlsruhe Institute of Technology

M future challenges: transport

Low Water Levels Disrupt European
River Cruises Ehe New ork Times
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Cumulative electrons in ROl

KATRIN data taking: 2018

AT

Karlsruhe Institute of Technology

W Science runs from first day after inauguration on June 11, 2018

x :I'QI]I|I 11 11 1| 11 11
ll7‘~'. ll__,: ll7‘7. ll7~: ll7§ ll7‘7.
6 - = = = = = =
= = = = = =
— MJ (] = un (=)}
5 1 ’ ey
£ A
3 -
2 7 (4 “ : E )‘ » > N - : )\ ‘ -
y = T IR N e L W Sy — S PAEN ﬁ_ - cdy I
MK KARLSRUHE TRITIUM NEUTR| |
N wi i NO EXPERIMENT (KATRIN)
AUG
URAT'ON KIT, 11th
D J M
—— | T i | T i | T i | T i | T i | y
12 Jun 26 Apr 21 Oct 09 Jul 21 Oct 21 Apr 09 Oct
2018 2019 2019 2020 2020 2021 2021
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Cumulative electrons in ROl

KATRIN data taking: 2018

W Scientific results from first day after inauguration: searching for sterile v's

AT

Karlsruhe Institute of Technology

FT run = first tritium (0.5% of nominal column density)

12]un
2018

28

26 ;ﬂhpr

2019

09 Jul
2020

21 Oct
2019

G. Drexlin — KATRIN & direct v-mass searches

residuals (o)

count rate (cps)

102
10°
{ KATRIN data with 50 o errorbars
—fit result
-400 -350 -300 -250 -200 -150 -100 -50 0
2 Mlstat stat+sys
'Y
Qe o ‘“
[ ] . .
-2 . ‘ o o . . o .
-400 -350 -300 -250 -200 -150 -100 -50 0

retarding energy - 18575 (eV)
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Cumulative electrons in ROl

KATRIN data taking: 2018ff... QAT

Karlsruhe Institute of Technology

B many more data taken in specific campaigns KNM1...KNM2...

>I<:I'QI:||I 11 11 11 11 11
6_ 1I§ L 1I§ 1I§ 1I§ 1I§
= = = = =
p—t w N LN o
5_
£
3_
2_
1_ //
—-——'__‘_—"
—
D___
— | - i | - i | - i | - i | - i | -
12 Jun 26 Apr 21 Oct 09 Jul 21 Oct 21 Apr 09 Oct
2018 2019 2019 2020 2020 2021 2021

29 G. Drexlin — KATRIN & direct v-mass searches Institute of Experimental Particle Physics



KATRIN — measurement principle & strategy A\‘(IT

Karlsruhe Institute of Technology

B measurement: integrated rate above spectrometer retarding potential U,

- calendar year: B-decay : background

several measurement campaigns 10! SPectrum : region
(KNMXx), typically 4-5 -
2y
- campaign: =
several (up to 8) weeks & 1004

hundreds of 3-scans (up-down mode)

ey

.

ey
.
.

- [3-scan:
typical scan time: 2 h
30 HV set points with specific
holding time & U, distribution | | | | |
iInterval [ Eq - 40 eV, Ey + 130 eV | 18940 mfjtardmgff;m (eﬁm 18020

W
=

Measuring
time (h)
]
o

=
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Cumulative electrons in ROI

KATRIN data taking: overview 2019 — 2021 S‘(IT

Karlsruhe Institute of Technology

B number of electrons in ROI of detector: the first 6 campaigns

x10’ | N — | ||
6 1= = = = = =
= = = = = =
= = = = = =
= L d Y LN oh
[a1] O
5_
34d 57d 28 d 73 d 71d 87d
4,
3 ‘
N .
1_' /
--'-'._-_.- "-'-.r.-r.-.
L
- || . | i —— | . ) , I} .
26 Apr 21 Oct 29 Jun 19 Jul 21 Oct 21 Apr 14 Oct
2019 2019 2020 2020 2020 2021 2021
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Cumulative electrons in ROI

[
I

I

w

V)

32

KATRIN data taking: first campaign KNM1

AT

Karlsruhe Institute of Technology

W 2019: initial 34 days of 3-scanning (spring)

x107 |
. 7{ 1
=
=
H PHYSICAL
- REVIEW
e LETTERS
; icies published wesk ending 29 November 2019
£
g
2z
’
.
I I 22
26 Apr ‘
2019 | | ’ |
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m(v) < 1.1 eV (90%) CL
Aker et al., PRL 123 (2019) 22, 221802
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Cumulative electrons in ROI
L

KATRIN data taking: first 2 campaigns KNM1+2 ﬂ("‘

Karlsruhe Institute of Technology

® 2019: initial 91 days of B-scanning (spring & autumn)

x10° 1 |
34 d 57d
m(v) < 0.8 eV (90%) CL
Aker et al., Nature Physics (2022) 18, 160-166
— | . | s = N
26 Apr 21 Oct | Blinded by thelightn 1
2019 2019 .
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Cumulative electrons in ROI

KATRIN data taking: first 2 campaigns KNM1+2 S‘(IT

® 2019 improvements — better /B ratio

x107

stitute of Technology

TINNI

34 d

oL —

15 campaign

2" campaign

57 d time
golden scans
measuring time
gas density

background rate

2019

34 9.9.2022

| |
26 Apr

ST total e in ROI

spring 2019
274

21.7d
22.2%

292 mcps

2.0 million

autumn 2019
361

27.1d

84.5 %

220 mcps

4.3 million
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KNMZ1 vs. KNM2: improved S/B ratio QAT

Karlsruhe Institute of Technology

M analysis in 40 eV wide
| Spectrum for KNM1 data with
energy below EO (+ bg) 2 10" - t 16 error bars (x50)
- Increased sianal strenath Y : | Spectrum for KNM2 data with
g g E . 1 10 error bars (x50)
S 10° -
- reduced background level 8 ;
: b }
. ; t
- better overall statistics 10- ] | ,
X 0 50 100
(errOr barS 50) Retarding energy (18,574 eV)
: : | 25—
- comparison of data points - y
to best-fit model 2 ottt :
_-B . o o .. .'
- ring-wise (FPD) analysis £ 25 Al rings Statistical S‘;;‘:tgfna;ﬁgd
0 50 100

Retarding energy (18,574 eV)
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KNM1 & KNM2: scan procedures ﬂ("'

Karlsruhe Institute of Technology

B KNM1 and KNM2 - different scan strategies due to different §/B ratio

optimum v-mass sensitivit
PHITHM v Y~ Eo=(18573.69 % 0.03) eV

_ DY A

ol ! KNM1
5 |

: l background region KNM2
D~ L l

= S b L, | : ‘

7 o | hormalization :
S £ 4+ : :
oS “l endpoint E, .
= : ; i
21 : \ :
i : :
i : I

0 1 | I ! (0 B R I I | ! I ! ! I I | ! 1 I ! | I

18500 18550 18600 18650 18700

retarding energy (eV)
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KNM1 & KNM2: v-mass results QAT

Karlsruhe Institute of Technology

W Results of individual campaigns: dominated by statistics!

- no Indication for non-zero neutrino mass

1ot KNM1 KNM2 ~ both campaigns
15t total
2"d total

210 _ total _ total

Z - stat. only : stat. only
wn 0.8 -

£ 0.6 -

m?2 (eV?) m?2 (eV?) m2 (eV?)
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KATRIN = 2022 result QAT

Karlsruhe Institute of Technology

B distribution of fitted m2 and E, values

- best-fit value for v-mass-parameter: II||||||||II
_ ____—---lll III--___
18,573.80

m2 = (0.26 + 0.34) eV? '.,
18,573.75 .=_
E, = (18,573.69 £ 0.03) eV e
1857370 | z BV
combined result KNM1 & KNM2: ¢ :
18,573.65 - § ==
m(v) <0.8eV (90%)C.L.| | g
, . 0 CE |

- only 7% of expected final data-set

m? (eV?)
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KATRIN — 2022 result and earlier values S(IT

B distribution of fitted m2 and E, values

- best-fit value for v-mass-parameter:

m2 = (0.26 + 0.34) eV?
E, = (18,573.69 + 0.03) eV

combined result KNM1 & KNM2:

m(v) <0.8eV (90%)C.L.

- only 7% of expected final data-set
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Karlsruhe Institute of Technology

—~200 ~100
Los Alamos (91) 1 ¢
Tokyo (91) -
Zlrich (92) - ! *
Mainz (93) - I
Beijing (93) 1 | :
Livermore (95) -
Troitsk (95) - s
Mainz (99) - . ]
Troitsk (99) 1 ‘ ¢ 1
Mainz (05) - | . |
Troitsk (11) - — 0 | °
KATRIN (19) - . 1
KATRIN (21) 1- I* 1
KATRIN (comb.) 1 = ] ¢
786 a2 0 3

200 -100 0
Best fit m2 (eV?)
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KATRIN — uncertainty breakdown

B dominated by statistical uncertainty

- systematics: dominated by
background & source potential

Backgound
- Non-Poisson component
- Retarding potential slope
- Penning trap

A A

Energy loss

Detection efficiency

Final States

Source

Poisson statistics
bg overdispersion
bg qU dependence

gas density f

magnetic fields

A activity fluctuations

molecular states

energy loss

Penning bg~

source potential

: - Column density Magnetic fields ¢ “HeT
- Activity fluctuations - Source B € Rydberg atom
- Plasma - Analysing plane Bana € Penning cation
- Maximum Brax
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AT

Karlsruhe Institute of Technology

0.00

>
Bl first campaign

wigs second campaign

s

0.25 050 0.75 1.00
1-0 uncertainty on m?
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KATRIN — searches for BSM physics A\‘(IT

Karlsruhe Institute of Technology

B Search for violation of Lorentz invariance

- rotation of Earth: relative direction
of WGTS acceptance angle changes
w.r.t Lorentz-violating vector a*

- LV-signature: endpoint energy E,
oscillates with sidereal time
(23 h 56 min 4s)
= aribitrary amplitude / phase

- sensitive to LV-parameter

(57),,
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KATRIN — searches for BSM physics

B analysis of data from first campaign (KNM1) — fit of endpoints E,

- use 2 h binning for fit of E,

- no significant oscillation of
E, observed

- conversion following
https://arxiv.org/pdf/2112.13803.pdf

(7)),

- for more detalls see

< 3.7-107% GeV (90%CL)

https://arxiv.org/abs/2207.06326
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https://arxiv.org/pdf/2112.13803.pdf
https://arxiv.org/abs/2207.06326

KATRIN — searches for BSM physics ﬂ("'

Karlsruhe Institute of Technology

B Search for local relic neutrino overdensities viav, + *H — *He®™ + e~

- capture on 3-unstable nuclei: no threshold ideal differential spectrum
- differential spectrum: peak above E electron
peak

- consider effects:
- Integral scan, finite energy resolution
- molecular smearing, source potential

Kurie plot

- 100 g of tritium: 10 CvB captures/year
but: only few 10 pg in KATRIN source!

— i

. N : m(ve)  mM(ve)

- constrain local CvB overdensities Y

excellent AE required
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KATRIN — searches for BSM physics ﬂ("'

Karlsruhe Institute of Technology

B Search for local relic neutrino overdensities viav, + *H — *He®™ + e~

- no CvB signal in first two campaigns

- improved (factor ~ 102%) constraints
on local CvB overdensity

- KATRIN++
R&D twoards novel source &
read-out technologies

Thievry Lasserre

. KATRIN covstrainty
on local relic

neuwtrino background
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search for light eV-sterile neutrinos: principle

AT

Karlsruhe Institute of Technology

B signature: a characteristic "kink” in the energy spectrum of electrons

9.9.2022

diff. decay rate (a.u.)

G. Drexlin — KATRIN & direct v-mass searches
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search for light eV-sterile neutrinos: no evidence! ﬂ("'

Karlsruhe Institute of Technology

B KSN1 & KSN2: statistics dominated, combined best fit (1.2 6) no evidence

- scenario |

my,3 < my (mg = 0eV?)
. (‘\l/-\
- scenario >
2 . ol <f
m; unconstrained S
nuisance parameter

best fits yield no significant
Improvments (0.8 o, 1.4 o) over
no-sterile hypothesis
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search for sterile neutrinos: future prospects ﬂ("‘

B KATRIN - comparison to results of
disappearance oscillation experiments

- Am%, = m5 —m% =~ Am3, =~ Am2,

Karlsruhe Institute of Technology

103

102 :
- 5in®20 = 4 - |Ue4|2'(1_ |Ue4|2) N;
E.)/ I
. N T T
KATRIN: ——RAA 95% C.L. g 1071
——BEST + GA 95.45% CL |
Mg ana M4 — Neutrino-4 2o )
2 o~ 2 2 KATRIN (KSN1) 95% C.L. 10}
Ami, =mg —mp ——KATRIN (KSN2) 95% C.L.
sin220 = 4 - sin%0 —-=-KATRIN (KSN1+2) 95% C.L.
) win2pn) et KATRIN projected final 107"
(1 —sin®0) sensitivity 95% C.L. 102 10" 10
STEREO 95% C.L. sin“(26,,)
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KATRIN: FUTURE

9.9.2022

G. Drexlin — KATRIN & direct v-mass searches

Neutrino kinks
Precise measurements
of p-decay spectra
using the KATRIN
experimentare
potentially sensitive
tokeV-scale heavy
neutral leptons

AT

Karlsruhe Institute of Technology
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rate (mcps)

49

KATRIN: Improving v-mass sensitivity ﬂ(IT

Karlsruhe Institute of Technology

M goal: further reduction of current bg-rate (~140 mcps) by factor ~ 10

170 _ z:::;::i’ti:d(l:iii(:e):):, f;zjced xz: 1L3E7/ : :::?:ference . neUtraI H, O atOmS
¢  KNM4a ¢  SAP slope scan
b s boms sputtered off walls:
b KNM4c * KNM6
160 } KNM4d ¢ KNM3 reference background (warm baffles) |
KNM4e
150 - Rydberg states
- 2 e- states
140 | . -
= autolionization
130
120
110 ake-out bg-electrons
ake-ou -
5/2020 9/2020 12/2020 3/2021 7/2021 9/2021 range!
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Signal/background discrimination via TEF A\‘(IT

Karlsruhe Institute of Technology

B Transversal Energy Filter (TEF) to exploit different pitch angles

- forward peaked background vs. isotropic [3-decay signal

- requires micro-structured unit 15 isoérbopicsignkal e d
erg-nackgroun -
to be deployed before FPD _ YD EIAmathy d
(= filter cyclotron radius) 2
S 10,
@)
Rydberg- TEE >
O
. \gm
background e :v Z 5 |
8
B— AN >
isotropic 0 il hind | | | |
signal e~ /\M 0 10 20 30 40 50
FPD pitch angle of e~ (°)
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Background: study via passive TEF (pTEF) ﬂ("‘

Karlsruhe Institute of Technology

B Step 1: validity of background model (Rydberg & autoionizing states)

- temporarily installed to study
spectrometer background
(= energy scale of e™)

- pTEF located at =
centre of Bp,;

100 pm {
Rydberg- _ &
background e~ :v G ' P
B—AAA N QA A€
J V V.. . ,
|sotrop|c 7 | 4 .
signal e | SE TN
FPD ' - i
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Background: suppression via active TEF (aTEF) QAT

Karlsruhe Institute of Technology

W Step 2: microstructured detectors to suppress background

- University Munster:
silicon-semiconductor —
deep-teching process
= Si-aTEF

- KIT / University of Heidelberg: |
3D-printed scintillator
with SPAD-readout
= scint-aTEF
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KATRIN future: search for keV-steriles ﬂ("'

Karlsruhe Institute of Technology

m extending the measuring interval to (T CERN Corier |
the entire 18.6 keV phase space of T, " B 3-4/2022

- scans with high rates (up to 108 cps)

1004 -

80 Y . e

60 -

3 ' Ny
R N
- /A A
R / A -
R 7 >
P 7 -
-

differential decay
rate (a.u.)

40 - . "
TURNING THE SCREW ON
20 1 RIGHT-HANDED NEUTRINOS
0 - - - - - - Extending the elementary-particle inventory with heavy neutral leptons could
0 5 10 15 solve the key observational shortcomings of the Standard Model, explain
Alexey Boyarsky and Mikhail Shaposhnikov, with some models placing the new
e I eCtI’O n ene I‘gy (keV) particles in reach of current and proposed experiments.
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KATRIN future: search for keV-steriles ﬂ(IT

Karlsruhe Institute of Technology

M Silicon Drift Detectors: from a single pixel to a
large monolithic SDD-array

- excellent energy resolution

TRISTAN
array

- fast signals, able to handle huge
rate of 3-decay electrons

166 SDD
pixels

| pcB Ettore ASICs Cu

CeSiC thermal link cooling
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KATRIN sensitivity & other bounds

B KATRIN will advance experimental sensitivity by many orders

AT

Karlsruhe Institute of Technology

101

1073+

La b()rtm

. TSsaa Possible DM reali

zations

!
\ HUNTER 1

-~

T ———— —

10—13 i F. Benso et al, Phys. Rev. D 100, 115035, (2019) it . UL
~ 7
F. Bezrukov et al JCAP 06, 051 (2017) Ve s VNI iy
L/*v»/ :
LB i T TR
10-—15 /'\J/l" l"u_

55 9.9.2022

Bl

G. Drexlin — KATRIN & direct v-mass searches

10!

Institute of Experimental Particle Physics



long-term future: from KATRIN to KATRIN++ QAT

Karlsruhe Institute of Technology

B R&D on novel source & read-out technologies

electrostatic
Filter (MAC-E)

molecular
tritium

differential
[3-spectroscopy
free of background
using atomic tritium beam

quantum
Sensors

atomic
tritium
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Direct neutrino mass searches — conclusion ﬂ("‘

Karlsruhe Institute of Technology

v-mass scale, BSM physics, eV/keV-steriles, relic v's,...

Everything comes to him who knows
how to wait.

— WG/é'g;ang, Pauli —

AZ QUOTES

THANK YOU!
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