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assessing neutrino masses: the three-fold way

OVRR-decay kinematics weak decays

- 313-decay: - B-decay: 3H - LSS: CMB,
5Ge,136Xe, ... _ EC: 163Hg GRS, lensing

- model- - model- | - model-
dependent: | independent: dependent:

Majorana-v conservation of E,p
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v-masses from kinematic studies — the challenge ﬂ(".

Karlsruhe Institute of Technology

B setting the stage: experimental observables m(v,) in 3-decay and m; in Ovl3[3-searches
(Majorana/CP-phases)
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O
o @ 1) tritium R-decay 77 | | " tritium R-decay m?
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from: C. Weinheimer, arXiv:0912.1619 Zm(\’i) (eV) Zm(Vi) (eV)
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Moore’s law of direct v-mass sensitivities
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Complementarity: tritium R-decay & EC of 163Ho QAUT

Karlsruhe Institute of Technology

Tritium
3H

T

3,01604

kinematics: shortt,, & low E,
(super-) allowed transition
good understanding of final state
high isotopic purity & source stability
well-established procurement method

only two isotopes of choice:
tritium & holmium
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Complementarity: tritium R-decay & EC of 163Ho QAUT

Karlsruhe Institute of Technology

2 x 10 atoms
for 1 Bqg

4 x 108 atoms
for 1 Bqg

[3-source requirements

°H: super-allowed AENEHEEE SRR, Le3Dy*: line width

(super-) allowed transition

E, 18.6 keV _ _ E, 2.8 keV

o 12.3y .goc.>d und.erstar]dlng of final stat-e- t, 4570 y
\ ; high isotopic purity & source stability

! well-established procurement method | v ’
molecular _ . . atomic, in solid state,
condensed M (but charging) only two isotopes of choice: .
. . embedded In
atomiC, gas (’?) tritium & holmium

(ordered) crystal
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direct neutrino mass experiments — read-out QAUT

MAC-E filter

Karlsruhe Institute of Technology

thermal p-calorimeter

min. longitudinal 3-energy E,
AE = 0.9 eV (100% transm.)

f : ——3. [y
—— = = — et
- P—— T — s L ;
o ’ ] S ,
N\ ! N
ES

released decay-energy
AE ~ 5 eV (FWHM)

[3-detection requirements
= || cover large solid angle (~ 2m)

T calorimeter:
w0 || vVery low background rate at E '
| y 9 | 0 source &
high energy resolution (~ eV) detector

short dead time, no pile up

cyclotron radiation MAC-E filter:

highest energy resolution

metallic magnetic calorimeter
max. transversal 3-energy E released decay-energy
AE = 2-3 eV (FWHM) AE = 2-5 eV (FWHM)
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direct neutrino mass experiments — the projects ﬂ("’

Karlsruhe Institute of Technology

thermal p-calorimeter

min. longitudinal 3-energy E, released decay-energy
AE = 0.9 eV (100% transm.) AE ~ 5 eV (FWHM)

Tritium
3H

T

3,01604

cyclotron radiation metallic magnetic calorimeter

max. transversal 3-energy E released decay-energy
AE = 2-3 eV (FWHM) AE = 2-5 eV (FWHM)
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m(v,) < 225 eV (1987)
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electron capture & v-mass ﬂ(“'

Karlsruhe Institute of Technology

B EC-process of 1%3Ho : %3Ho + e” — v, +193Dy* (only from s,, or p., orbitals)

O - after EC: Vv, carries away energy & momentum
67

N
Qe Q-value of EC-process Ho‘
M(163Ho) — M(163Dy) = 2833 (30)(15) eV

Holmium

- measured by SHIPTRAP

- Independently measured by MMCs
QEC - (2 843 + 9sta'[ B 6Osyst) eV

no capture from K, L shells possible due
to small small mass difference Qg

A. De Rujula, M. Lusignoli, Phys. Lett 118B (1982)
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electron capture & v-mass

AT

Karlsruhe Institute of Technology

B EC-process of 1%3Ho : ®3Ho + e” — v, +193Dy* (only from s,, or p., orbitals)

@ - atomic hole state de-excites to atomic g.s. = Auger & Koster-Kronig electrons, X-rays

102

M1

10

N2

= 1 TTTIT Té”ﬂw |
T ]

finite hole 7:
Breit-Wigner
" resonance (T")

101

1A dMAE, (keV-)

102

| TIHIIII T TTTI

108

N1 full de-excitation spectrum

o
o
o1
=
=
o1
N

. (keV)
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electron capture & v-mass \‘(IT

M1’M2’ Karlsruhe Institute of Technology
dA \ I 1
M shape: EC ~ Qe —T.) +/(Qee =T)2<mM?*(v.)- Y 'n.-C.- f*-B. - —.
dTC ( EC C) \/( EC C) ( e) Z I I ﬂl I 272_ (TC . Ei)z ‘|‘Fi2/4
] full de-excitation spectrum
10° ¢ N o 14k spectrum close to Qg

3 S -
— - ( - %
S 105 o M1 =~ 12: N\
D E Ll 10—_ \\\
> n . S L %
O 1 finite hole ~: = E m(v,) =0 eV
LL] . . © 8
5 Breit-Wigner < f
~ - _ ~ 6 \“\
= 101 resonance (I) - /
< F p
™ 10-2;_ - 2F m(v,) = 0.5 eV

- T PRI PRI R R BN B :

1030 | L 1.4 -12 -10 -08 -06 -04 -02 O
0 0.5 1 1.5 2
Te— eV
TC (keV) C QEC ( )
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calorimeters to measure 163Dy* atomic de-excitation ﬂ(“’

Karlsruhe Institute of Technology

B MMC: metallic magnetic calorimeters \ B thermal micro-calorimeters with \
with paramagnetic sensor Au:Er TES read-out
|Y| absorber
thermal link thermal
> I|nk
thermal bath T
OT in absorber from EC-decay oT in absorber from EC-decay
= change in magnetism oM of sensor = change in temperature 6T of TES thermistor
8M cM 1 ok
signal: 0@ AT ~ o= calorimeter signal: AT =——
_ ] > aT 0T Cg _ ’ V-C,
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163Ho-experiments: overview

AT

Karlsruhe Institute of Technology

B Common challenges to reach sub-eV sensitivity:

- source:
- detector:
- analysis/theory:

production of high purity 163Ho source:
high energy resolution & small pile-up rate: goals: AE ~ 2-3 eV, f;, ~ 10°
description of spectral shape & features (shake-off satellites, 2 holes)

goal: A=1KkBg— 10 MBqg

JeHo

- 14 institutions with ~ 50 scientists
- read-out technology: MMC
- main funding:

\_

~

H@)\LMES

- 6 Institutions with ~ 40 scientists
- read-out technology: TES

- main funding:

~

“ . _Au-absorber

UFG ““Eiﬁ with 18%Ho
| BRI = N P
Sleeiete o s s et =:CFC <N
Deutsche eredasee: L N \l‘&
Forschungsgemeinschaft i IO
European Research Council P R TES
ek \_ N2
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EC on holmium — sensitivity ﬂ(“'

Karlsruhe Institute of Technology

B requirements for sub-eV sensitivity ) < 10 . . . |
O
- good statistics in endpoint region: § — Qgc=2.833keV
N, > 10* — overall A~ 1 MBq o 8r fou=10° AE\ =26V 7
>
. . )
- limit unresolved pile-up (f,, ~a - ;) c 6t |
fpu <10° >
for . <1 ps = limit pixel a ~ 10 Bq \;/
4 - -
-
- very good energy resolution at endpoint ;
AE(FWHM) < 3 eV S otk _
(%
- very low background level 5
Ry, < 10-5 events/eV/pixel/day » 0 ' ' '
K 1010 1012 1014 1016

Based on v2018 transparency by L. Gastaldo event ensemble N,
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EC on holmium — source challenges ﬂ(“‘

Karlsruhe Institute of Technology

M generating a large number of Ho-163 atoms ( > 10" atoms — > 1 MBQ)

- pathway: n-irradiation of Er-162
- chemical separation of radioactive contaminants

HOINIM
15.0 m 0y
1+ 2-

%

2 x 1018
atoms

' lll H@LMES 2.7 x 10%°

H’%164 Hoi65
atoms

B NEUTRONS
FOR SCIENCE®

K “ EC EC
. . B\
B embedding of Ho-163 atoms into detectors laser for on optics . (0@
o _ lonization | V N
- resonant ionisation of chemically Ho-163 | —-— _ %
purified Ho-163 sample via laser sample dipole St Y‘. ’:
- very good mass separation ,mp|antat,on
- lon implantation energy 30-50 kV ion optics Into pixel
- optimised beam focalisation onto pixel
.
KIT-KCETA
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EC on holmium — spectral challenges

~

M challenges to be met for sub-eV sensitivity
- limit pile-up to fraction f,, ~ 10°
- detailed understanding of 2-hole excitations

108

106

>
b
N
~ 4
% 10 -
- \ -
- -
Q 102} structures due to
2-holes shake-up theory
100 k processes (?)

| [

0 05 10 15 20 25
energy (keV)
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EC on holmium — spectral challenges & spectra ﬂ(“’

Karlsruhe Institute of Technology

B ECHo data with limit on m(v,) to be released . 4 pixels, about 4 days
in the nearer future 10 ' ' ' ' '
~ -more dedicated theory works on spectral shape oL N EC@ . |
1 I 1 P
108 i > 1071
(9]
—~ 2
> 106 ] _.g 10" F
O -
N S 107
2 104 -
S P 10"
Q 102} structures due to
-5 ] ] 1 ] I
I A TR R FR TR T
} ' T E / keV
0 Oj5 11_0 1I_5 2I_() 2_15 A. Faessler et al. A. De Rujula et al.

energy (keV) Phys. Rev. C 91, 045505 (2015) arXiv:1601.04990v1
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HOLMES - status mid-2018 & plans

B HOLMES source production and purification:

130 MBq available for tests and experiments

B Detector arrays - characterization: -
: : Elenav
- very good single pixel performance | Fervi
The HOLMES Experint.-
-AE iy = (4.920.1) eV Statuy & Perspectives

- operating microwave SQUID multiplexing

- upcoming: loading of TES arrays with Ho-163

B timeline

- proof-of-concept (2013-18), 64 channels, 1 month running

- full scale (2019ff), 1000 channels, 3 years

Based on v2018 transparency by L. Gastaldo

19 Sept 14, 2018 G. Drexlin — direct neutrino mass searches

ST

Karisruhe institute of Technoiogy

Wq\‘t'»qra q«\ ~’~,-=.w, Lo,

5.88 5.89 5.9 5.91
Energy [keV]

KIT-KCETA



Karlsruhe Institute of Technology

ECHo — actual status ﬂ(IT

Absorber

B ECHo-1k
detector arrays

Source

........

Meander

lllllll

3-inch wafer:

64 pixels

(loaded with 63H0)

+ 4 detectors for
diagnostics

Sensor

B Design performance

AE(FWHM) ~ 5 eV

L EBHE an EEHBEB

T, ~90ns - :single channel o5y oy —_—
1, ~ 300 ns : multiplexed L amis ma[Ea]

Based on 2018 transparency by L. Gastaldo S.Kempf et al., J. Low. Temp. Phys. 176 (2014) 426
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ECHo — sensitivity & timeline ﬂ(“.

Karlsruhe Institute of Technology

© ECHO-1k: 2015 - 2018 A ;
- demonstrate scalability of arrays > 10 ' '
- MMC: AEr,yu < 5 eV, multiplexing A present limit 225 eV
total activitly A ~ 100 Bq & BN
- achieve 10'° decays after 1 year: O ]
: = sensitivity 10 eV (90%CL) §
® ECHO-100k: 2019 - 2021 ) = 1004 ECHO-TK N\ ool
- 20 arrays x 500 pixels x 10 Bq =
A =10° Bq (100 kBq) 2 e Tkl
- MMC: AE < 3 €V D 1000 NN 32 A0 F 44> SRR U I—
i = sensitivity 1 eV (90% CL) I - ECHo-10M Nl
© ECHO-10M: 2021-2027 (LSM?) £ 101 . .
- 5 cryostats with 108 pixels (10 Mbq) 10 108 10*2 106
- AE (FWHM) < 3 eV
! = sensitivity 0.3 eV (90% CL) event ensemble Ne,
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tritium 3-decay: kinematics ﬂ(“'

Karlsruhe Institute of Technology

B continuous R-spectrum described by Fermi’s Golden Rule, measurement of
effective mass m(v,) based on kinematic parameters & energy conservation

—(;E =C- p~(E+me)-(EO—E)-\/(EO—E)Z-—mf-F(E,Z)~6’(EO—E—mi)
3 g | m(v‘)= Oe!\/
m(ve) = Z‘Uezl . mi2 ...... m(v.) = 1.0 eV
6 1 151 - m(vy)=3.0eV |

—— m(v,)=0.0eV m(vg) =3.0eV
...... m(ve) = 1.0 eV m(vs) =3.0eV |

only 2-10-13 of all |
R-decays in last 1 eV -

~
~
. ~
~ ~
~ ~
~ -~
~
~
~
~ -
~ ~
~
~ i
~ >
~
~
~
~
-~

5 <
~
v
i S -
-~ e
T

s
~eo |
-
~

0 5 10 15 4 3 | 2 \; 0
electron energy (keV) electron energy (eV)

rel. rate (a.u.)
=

count rate (arb. units)
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R-spectroscopy: integrating & differential QAUT

M [3-spectroscopy of tritium: integral scan (MAC-E-filter)
differential read-out (CRES, MAC-E-ToF)

differential tritium [3-spectrum integrated tritium 3-spectrum
v T T T . .'q_') H : : : :

© —m, =0eV

@ e 10" ----m, -= 1eV
= .

S )

— &

% —

o o

&

o

elettronico
della velocita

|

0 E L | L | L | | T”IN.I\j . R 10-2 . ||] ..... e ] ..... e | .....I....'.'.‘.:.:;e....l ..... I. ——— f e
-2 -4 -3 -2 -1 0 1 -5 -4 -3 -2 -1 0 1
E—E, (eV) E—E, (eV)
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25

[3-spectroscopy: molecular & atomic tritium

molecular
source (T,)

atomic
source (T)

Sept 14, 2018
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relative probability

ﬂ(IT

Karlsruhe Institute of Technology

10 ] | | I

atomic tritium N
8 molecular tritium -
6 L ,molecular wall” at || |

m(v,) ~100 meV ||
I

4 ro-vib | | —
2 -

|
0 L 1 1 1 i — 1 1
-10 -8 -6 -4 -2 0 +2

relative endpoint (eV)



estimated sensitivities (statistics only) QAT

Karlsruhe Institute of Technology

1 year live time

. 1100 S I 0
> - .
Q - PRELIMINARY 6 o
o) 10 = L4 Q
I - S
(q\| : L 2 O
CIE) 1 - 3 x 10! T,-decays 1 g
o - e : D
S B o g
o 0.14 3x10% insufficient e- lifetime [ ? =
2 1 T,-decays \ , g
o) - ; .
- T2 final states N
o 0.01 = 3 x 1012 — 0.1 2
" : T.-decays S0 —
© 1 2 oetay SB/B ~ 107 [6
~  0.001-+ 7 4
' 1 x 102 decays of atomic T '
2

10° 10> 104 103 102 10! 10° 10! 102 10°
effective volume (m3)
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Project 8 — a novel spectroscopic approach _\g(“'

Karlsruhe Institute of Technology

B Cyclotron Radiation Emission Spectroscopy (CRES)
- CRES of trapped electrons from tritium 3-decay in homogeneous strong magnetic field B

o(7) = o, €B = precise measurement of ®
y  m+E.,, yields electron kinetic energy Eg i,
\) D L > 9
el 1= el &2
Ee in = 18.575 keV A
B=q1T B-field —— trapped electron Ao ~ 1/t
- AT YV ro‘: . .
WY g s LAY, sampling time
T2 gas t, ~ several us
TORN AR nnnns 0 | l INhnansnhl | |’ \ NA g dinacad K W |" .
AARAAR 'l'*J AR AN AN (magnetic bottle)
fo= o/ 2r = 27 GHz PP *,'.U, AR R AL 2 VTR
combined antenna signal AE=1eV

B. Monreal, J. Formaggio, Phys. Rev. D 80, 051301(R) (2009)
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Project 8 — single electron history

B first detection of cyclotron radiation from a single keV electron

792 25
’§ § scattering off residual gas:
S 730 % energy loss & change of : 20
: pitch angle

(I'; 788 §

< 786 5 15
(Q\|

| S

> 784 5

- o 10
S 782 MR e

g _. ~-> 1 fW synchrotron energy loss
. /80 e 5

*~->onset o = initial #MKr electron E, (30 keV)

778

0 1 2 3 4 5
Asner et al., PRL 114 (2015) 16501 Time (ms)
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Project 8 — single electron history _\X‘(IT

Karlsruhe Institute of Technology

B first detection of cyclotron radiation from a single keV electron

792 83mKr

’§ § scattering off residual gas: 17.8 keV
-— . e
= 730 % energy loss & change of |
~ 3 ' 2500 . . .
N 788 0 pitch angle
@) 0p)
o 2000+
N 786 O
| S

> 784 = 1500 PRELIMINARY
LC) 8 Krypton line from
% 782 I —— 1000 tritium-ready system
g _. ~-> 1 fW synchrotron energy loss
. /780 l‘_ : s >00; 18.0 keV

278 ‘<~ ->onset o = initial 83mKr electron E; (30 keV) b

_ , | | |
0 20 40 60 80 100
O 1 2 3 4 5 Start Frequency - 25875 (MHz)

Time (ms)
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Project 8 — a staged approach ﬂ(IT

Karlsruhe Institute of Technology

O Phase — I: 2010-2016 — proof-of-principle
. Phase - Il
test measurements with 83mKr T2 and Kr-83
CRES observed for first time co-magnetometry

<|
.o ° | ° ~§
Gas mT

multiple trapping coils

® Phase — II: 2015-2018 - tritium demonstrator
Improved read-out
circular waveguide
runs with 83mKr
first tritium (T2) data
(second half 2018)
record continuous 3-spectrum
m(v,) ~ 10.. 100 eV

15 cm

trap trap
coil coil
&
0<.
= >
g :

L& "

N 4 =
. 2l

o )

] O,

¢ 3 | s

L] .\

7 N

| gh ) °
b

O,

| )

! O

O,

i O,

¥ e °

| o

O,

- O,

. O,

. O,

: o

¢ Bdm 3

s
|
O,
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Project 8 — a staged approach E\\!("'

Karlsruhe Institute of Technology

©® Phase — llIl: 2019-2020ff — large volume demonstrator
conceptual design for multi-antenna array L1
tritium data competitive with m(v,) ~ 2 eV

O Phase —|V: ... - towards an atomic tritium source { |
conceptual design for very large set-up ",
atomic tritium source (loffe trap) |
inverted mass hierarchy for m(v,) ? AT Solenid

+
selector .

A A Z
cracking cooling - |
low-field
see ke rs 1 T Solenoid

decay volume
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KATRIN
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KATRIN overview: 70 m long beamline QAT

Karlsruhe Institute of Technology

cryogenic - 2ot AT
= pumping _. 2 ot e
tritium it P2\
source i &7 R—=|1);
i ' |'|H|'_. : = ;ﬂ‘* ))j R\ Gh :
diagnostics ’ g =! 2
: ~1s% % : 4 ’ i
: — é ! K
A i o integral electron
differential energy counting

pumping

analysis
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MAC-E principle: high-resolution tritium R-spectroscopy AT

Karlsruhe Institute of Technology

B Magnetic Adiabatic Collimation & Electrostatic Filter: adiabatic conversion E, — E;,

electron from eleCtrOde

source
solen0|d / < / \\ 2

\ solenoid

detector

T\ '\ _// 7
\&_/_//

magnetic u=E, /B =const. T
electron f|elc? line //// —_ g - ‘)/////
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Project milestones — first light (after NOW 2016) ﬂ(".

Karlsruhe Institute of Technology

technical inauguration of KATRIN
October 14, 2016

photoelectrons
with E ~ 100 eV
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science runs 2017: krypton campaign ﬂ(IT

Karlsruhe Institute of Technology

B monoenergetic conversion electrons from 83MKr sources
to investigate MAC-E filter spectroscopic properties

- gaseous Kr: > 10m long, full flux tube A NN
- condensed Kr: sub-monolayer, spot-like ‘; e

- .

/’,’* 7
L

74

gaseous Kr-source .,. v, \ condensed Kr-source
in WGTS (T=100 K) = at CPS (T=25 K)
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Krypton measurements — GKrS results

count rate (kcps)

38

B excellent filter characteristics of main spectrometer
- no large source tube potential systematics

1.6
1.4
12
1.0-
0.8
0.6°
0.4

- new method for HV calibration

K-32 line: 17.82 keV

e S | ."-\1i | measurement
fit result

---- differntl. shape

-
-
- i P
- e e g A
————

300
250
200
r 150
r 100

r 50

17815 17820 17825 17830 17835
retarding energy (eV)
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Karlsruhe Institute of Technology

(1.15 eV @ 17.82 keV)

L3-32 line: 30.47 keV

3.0
2.5
2.0

1.5

1.0

A} measurem. .

i fitresult | 1000 -

¢\ ---- diff. shape D

f 800 &

P <)

P - 600 T

- | =

preliminary N 400 5

f’ Y \\ D

//’ LN \\\ [ 200 B

4 . f‘: N .uE

_______________________ i S e | 0 [®)
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retarding energy (eV)
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Krypton measurements — line stability test QAUT

Karlsruhe Institute of Technology

M stability of mono-energetic conversion electrons from Kr-83m:
- repeated scans of L3-32 line over a week
=excellent stability of KATRIN energy scale over many days (later: 8 weeks)
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Project milestones — inauguration (before NOW 2018) ﬂ(“’

Karlsruhe Institute of Technology

B official KATRIN inauguration : June 11, 2018
successful start of long-term tritium data taking

e ———

o, | A
vl SRUHE TRITIUM NEUTRINO EXPERIMENT (KATRIN)

INAUGURATION

—

KIT, 11th June 2018
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first trittum campaign (engineering run) ﬂ(IT

Karlsruhe Institute of Technology

B method: inject known gas mix from prepared cylinders
- low tritium concentration: ~1% DT and ~99% D2
- verify functionality of all system components
- operate close to nominal column density pd (~80%),
need determination of pd via egun (systematics)

stability of source temperature stability of source composition
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-

first tritium campaign (engineering run) e \“(IT
f{’V&t tr l’gf% Karlsruhe Institute of Technology
B analysis of first tritium scan (200 eV): L KX%&WM _
- model gives very good understanding 80| ‘_ Fit result
] {  Measurement
of both rate and shape (even up to 2 keV!!) R
- fit results agree with expectations S0
@ i
i -'E; i
_ =40+
80 —— Model (no fit) S |
— i o |
QT {  Measurement © 20-
© 60 - I
2 o,
©
_: 40_— .
S 0 3
S 20r 2
- 2
Ob v o o o T o
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preparing egun measurements for systematics ﬂ("'

Karlsruhe Institute of Technology

B Angular selective precison egun: determine nelastic energy losses in source & pd

- well-defined pitch angle A@
- harrow energy spread AE
- excellent stability at high rates

......

egun commissioning works 2018

', e N ] l .

[; crvss 8
| 5 b i

L I - i AT
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KATRIN physics programme

ST

Karlsruhe Institute of Technology

integrated rate (cps)

44

B physics channels:
- model-independent effective electron (anti-)neutrino mass: m(v,) = 200 meV (90% CL)

- search for light...

heavy sterile neutrinos: sub-eV ...
- constrain local relic-v density, search for Lorentz violations, exotic currents, BSM physics ...

keV mass scale

' ' 1
—m = 0.0 eV
----- m = 2.0eV

toy measurement -
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i v -
- e
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KATRIN - reference v-mass sensitivity & beyond

AT

Karlsruhe Institute of Technology

B KATRIN reference v-mass sensitivity for 3 “full beam” (5 calendar) years:

analysis for nominal bg-level of 10 mcps
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sensitivity m(v,) = 0.2 eV (90% CL)
0.35 eV (bo)

- 2019ff detalled study of systematics:

MTD, plasma & molecular effects,...

® Differential tritium scan (2023ff)
- push for m(v,) ~ 0.1 eV and below

- ToF-technique using combination
of spectrometers (PS-MS)

- hi-res bolometer with fixed HV at
MS (bg-free scans)

\_

\

KIT-KCETA



A neutrino mass network

B March 2017: MoU signed at KIT on
sabsolute neutrino mass scale from
nuclear [3-decay and electron capture®

o
'121

L. Gastaldo & K. Valerius (spokespersons)

B Preparation of a Community ,,White Paper*
on ,direct neutrino mass experiments”
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AT

Karlsruhe Institute of Technology

termmatlen of the absolute
+ (anti)neutrino mass,
ECT* workshop series,

o Apr/l 2016, March 2018, .

KIT-KCETA



AT

Karlsruhe Institute of Technology

SEARCHING FOR KEV STERILE NEUTRINOS
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Tritium 3-decay and dark fermions ﬂ(“'

Karlsruhe Institute of Technology

ol

B BSM particles (sterile neutrinos, light fermionic DM) ” u . C ” t
In keV-mass scale will produce a “kink” in the 3-spectrum 2| w
- (U 4.8 MeV 104 MeV 4.2 GeV . .
- cover entire phase space (masses up to 18 keV) > | d g P LH chirality
- cover tiny couplings (~10°7) = left-right coulings (Rodejohann) oo v T
- ® eﬁ/ !\lll Y NZ tVT tl\.l3 RH chirality
B o o neutrind "G4l 1© neutringfUriNf * neutrino
o5 7 00 .. e no fermionic DM S [osuwer—| -
B — |1 e -1 < T
20 — 7 keV fermionic DM | dN '
c:é- ' characteristic dE
— 15 kink-like structure
% ~sin? 0
S 10 _— / 7 |
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2 4 o6 8 10 12 14 16 18
energy (keV)
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Science reach of KATRIN with TRISTAN detector QAUT

Karlsruhe Institute of Technology

B TRISTAN — a large array of SDD-pixels with AE ~ 200 eV to
search for tiny kink in 3-spectrum: expected sensitivity ~10-7
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Conclusion ﬂ(“‘

Karlsruhe Institute of Technology

B major experimental progress over last 2 years since NOW 2016!

KATRIN: y
first tritium R-spectra RN
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very promising AN
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| 2018

Eligo Lisi at Neutrino 2018:
Let the v-fireworks begin!

P8: first tritium R-spectra imminent HOLMES: excellent R&D progress
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