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motivation: v's In astroparticle physics QAT

particle physics: absolute neutrino mass scale (m,)
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motivation: v's In astroparticle physics
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motivation: v's In astroparticle physics QAUT

Karlsruhe Institute of Technology

., A
mol : - 1
cosmology: role of relic-v's as hot dark matter (€2,)|. btk enoray
tritium R-decay | dark matter
Imj< 6.6 eV (3v) 01 —f
+ baryons
Tmi<08eV(3v) 001 -
T stars
T gas
Tmi>0.05eV (1v) 200" T
v—oscillations
Q
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motivation: v's In astroparticle physics

tritium [3-decay

Imj<0.6eV(3v)

equation of state w

Tm;i > 0.05 eV (1v)

v—=oscillations

cosmology: role of relic-v's as hot dark matter (Q,)|, _:*
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dark matter
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stars
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degeneracy between m, and

dark energy equation of state w
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motivation: v's In astroparticle physics QAT

cosmology: role of relic-v's as hot dark matter (Q,)

—
L

calculated anisotropies of the
CvB for m, = 10 meV
(S. Hannestad, 2009)

el L
Y s ——. CvB

M idea: capture of relic neutrinos on
R-unstabile isotope (3H, 187Re):

KoMl v. + °H — °He + e

advantage: no threshold! Smi<06eV (V) 001 o
08 | E dipole
06 | m(ve) =0 eV Smi>0.05eV (1v) 2001 7
04 / E, + m(v,) . .
i B experimental challenges in case of 3H:
o2 f a) >10°% KATRIN T, target mass required
o —— (~100g), 24 g T, are on site at TLK
3 2 1 0 b) resolution AE <50 meV for 18.6 keV 3's
E-Eo[eV] would severely cut solid angle of source
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motivation: v's In astroparticle physics QAUT

Karlsruhe Institute o f Technolo gy

cosmology: role of sterile v's as warm dark matter
(see talk by M. Lindner)

dark energy

dark matter

M idea: sterile v'sin the 1-10 keV mass regime
would constitute warm dark matter (WDM)

1.5 . ‘ —

baryons

L1 1T
«Q
Q
(0]

0 DM & dwarf statellites

E.-E, [keV]

B sterile neutrino v, would manifest itself as a
tiny kink (10-7-10-19) deep in the R-spectrum
& need reliable calculation of spectral shape
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[3-decay — Fermi theory & v-mass AT

B 3-decay kinematics close to endpoint E;: model independent measurement
of m(v,), based solely on kinematic parameters & energy conservation

T —cop(E+m)-(E,~E)(E,~EY - -F(E 2).0(E,~E-m)
Gé 'm—i'COSZ ecl M |2 observable mZ(Ve): Fermi function F(E,Z2)

effective
“electron-v-mass’

| o
l ﬂ% m(v,) =\/ ;

“Incoherent” sum of the
mass eigenstates m.

B small modifications by final states, radiative & recoil corrections
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[3-decay — Fermi theory & v-mass AT

Karlsruhe Institute of Technology

B (3-decay kinematics close to endpoint E,: model independent measurement
of m(v,), based solely on kinematic parameters & energy conservation

dr;
£ =C P (E+m,)(E,~E): J(E,—E)2—m? -F(E,Z)-6(E, —E—m))
> region close to E,
N |
i 2 6 10 14 18
S electron energy [keV] E-EqleV]
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[3-decay — Fermi theory & v-mass AT

B 3-decay kinematics close to endpoint E;: model independent measurement
of m(v,), based solely on kinematic parameters & energy conservation

d_EIZC' p'(E+me)'(Eo_E)'\/(Eo_E) —m; 'F(E’Z)’Q(EO_E_mi)
which isotope S~ ‘ only 2 -10-13 of all
yields the highest < 0.8 R-decays in last 1 eV
R-intensity & ? g
v-mass sensitivity? S 3 °F
é 04
s
e 02
D L
0 | | | | /_-—ff-Sllll-lelJllllD

2 6 10 14 18
electron energy [keV]
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[3-decay — Fermi theory & v-mass AT

Karlsruhe Institute of Technology

B 3-decay kinematics close to endpoint E;: model independent measurement
of m(v,), based solely on kinematic parameters & energy conservation

d_EIZC’ p'(E+me)'(Eo_E)'\/(Eo_E) —m; 'F(E’Z)'Q(EO_E_mi)
[3-source requirements
short half life t,, & high luminosity
low endpoint energy E,
superallowed/allowed transition -

\d\ i/ simple atomic/molecular structure i/
34 ¢ 187 e *
\ Re -

3Heq SH: super-allowed @i 1870

E, 186keVv  E, 2.47keV
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[3-decay — Fermi theory & v-mass AT

Karlsruhe Institute of Technology

B 3-decay kinematics close to endpoint E;: model independent measurement
of m(v,), based solely on kinematic parameters & energy conservation

dr;

G =C-p-(E+m,)-(E,-E)- \/(E —E)?—m?-F(E,Z)-6(E,—E —m)

. 7 . .
which detector” R-detection requirements

large solid angle (~2m)
low background rate

high energy resolution (~eV)
short dead time, no pile up

calorimeter spectrometer \ / :

3-source =detector external [3-source

R-source: 1¥’Re,183Ho R-source: 3H
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[3-spectroscopy IT

B experimental challenges, requirements and characteristics of
micro-bolometers and electrostatic spectrometers for high-
precision [3-spectrocopy

_ calorimeters spectrometers

source metallic Re, dielectric AgReO, high-purity molecular gaseous T,
3-energy arrays of crystal bolometers MAC-E filter: electrostatic retardation
activity low: <10° 3/s high: ~10% 3/s

response entire decay energy (longitudinal) kinetic energy of electrons
interval entire 3-decay spectrum very narrow interval close to E,
method differential spectrum Integral spectrum (ToF mode possible)
set-up modular, size can be upscaled integral design, spectrometer size limits
resolution  AE ~ few eV (FWHM) AE = 0.93 eV (100%)

spectrometer & calorimeter techniqgues complementary (different systematics)

16 Sep. 10, 2012 G. Drexlin — NOW 2012 KIT-KCETA



Karlsruhe Institute of Technology

bolometric approaches:
MARE

LRy
“HEEREa R

PS-1, Wed. 18.00-18.20 Elena Ferri Nu mass with 187-Re and 163-Ho in MARE
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bolometer experiments for 13/Re ﬂ(“‘

e of Technology

B 18’'Re-experiments (MANU, MIBETA, MARE)

187Re as R-emitter: natural isotope content = 62.8 %
187Re — 18705 + ™ + v, 5/2* — 1/2" "unique” 1stforbidden Eo 2.47 keV
= 56 transition (shape factor), BEFS ty, 43.2 Gy

.

B previous 18’Re-experiments MANU, MIBETA
MANU: metallic Rhenium group in Genova
MIBETA: dielectric AgReO, crystals group in Milano

heat bath

measure entire
/ Al-bonding wires R-d ecay energy % Y
\ , K
E |
epoxy
glue thermistor time
source =
X-ray- .
calibration source MIBETA:
> 10 crystals
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bolometer experiments QAT

B 18’'Re-experiments (MANU, MIBETA, MARE)

187Re as R-emitter: natural isotope content = 62.8 %
187Re — 18705 + ™ + v, 5/2% — 1/2" “unique” 1stforbidden Eo 2.47 keV

85 86 transition (shape factor), BEFS tyo 43.2 Gy

.

B previous 18’Re-experiments MANU, MIBETA
MANU: metallic Rhenium group in Genova
MIBETA: dielectric AgReO, crystals group in Milano

- analysis of 18’Re-Kurie plot

N(E)
pEF(ZE)S(E)

6.2:10° 18’Re 3-decays:

m(v) < 15 eV  (2004)

|

- several months of measuring time

1 15 2 25 3 35
energy [keV]
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MARE experiment

B Microcalorimeter Arrays for a Rhenium Experiment

B general strategy to increase sensitivity to sub-eV regime:
- deploy large arrays of cryogenic micro-bolometers
up-scaling of source intensity with 1 mg Re = 1 decay/s
- avoid pulse pile-up: develop faster detectors
- develop multiplexed read-out technologies
- Improve energy resolution to 1 eV-level

- set-up small bolometer array: v-mass sensitivity m(v,) ~ few eV
- test & select different isotopes (1°3Ho-EC/187Re-3-decay)
and read-out/sensor techniques (TES, Si-thermistor, MMC, ...)

~ 104 3-decays
- full set-up, large bolometer array with 104-10° pixels
- aim for statistical v-mass sensitivity m(v,) ~ 0.1-0.2 eV

.
YAREN -~ 109-101° R-decays A

20 Sep. 10, 2012 G. Drexlin — NOW 2012
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MARE experiment: phase-|

SEEFFY

m(ve) ~ 2 eV A

- metallic Re absorbers, up to 300

-m =(0.2-0.3) g & ~0.25Bq

- TES sensors (Ir-Au bi-layer),
multiplexed SQUID read-out

-AE ~11 eV

~ 160 us

= Trise

m = 0.2 mg with SQUID
| AE=11eV
= 160 s

~L

%
=5

AT

Karlsruhe Institute of Technology

~

- 6x6 arrays of AgReO4 crystals
(upto 8 arrayscanbe
housed Iin cryostat)
-m=0.5mg%0.27Bq |
- readout: Si-implanted
thermistors
-AE ~25eV
- Trise ~ 290 US
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Troitsk & Mainz experiments QAT

Karlsruhe Institute of Technology

. : ; ™
Jrolisi ApSrmEn! . W 2011 re-analysis of selected
B windowless gaseous tritium source . data from 1994-2004: no
F s == | e %) i evidence for Troitsk anomaly
i w:@,g;@ & m>(v,)=(-0.67+1.89+1.68) eV>

m(v,) < 2.05eV

V.N. Aseev et al., Phys. Rev. D 84 (2011) 112003
\

Mainz experiment

l quench condensed tritium source

L u lL

B 2004 final analysis of Mainz
phase |l data from 1998-2001.:
analysis of last 70 eV

m’(v,)=(-0.6+£2.2+£2.1) eV’
m(v,) <2.3eV

- 'L,
L —

AR C. Kraus et al., Eur. Phys. J. C 40 (2005) 447
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KATRIN experiment AT

Karlsruhe Institute of Technology

fafl .
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- a large-scale, next-generation direct neutrino mass experiment
- currently being installed at Tritium Laboratory Karlsruhe at KIT
- push spectrometer technology to limits, sensitivity m(v,) = 200 meV

-_—
WESTFALISCHE
WILHELMS-UNIVERSITAT

MUNSTER

TOF gy
. -
o .
5/ > < C_::. THE UNIVERSITY
= W WA l[ Vi of NORTII CAROLINA
A VAR A a1l CHAPEL HILL
Z- 86\
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KATRIN experiment - overview

lll‘=n=||mmb-ll° "I""IWEH;"Ill Buuuﬂ| -!—

B 8 H o -
! i E
‘_ Tk -__I-_ oA & =B X X s— Tk I

tritium-bearing components electrostatic spectrometers & detector
tritium source: 10 3-decays/s total background: 102 cps

experimental challenges

%, 1073 stability of tritium source column density pd (T, p.,)
& on-line & in-situ measurement (10-3) of isotope content in source
& retention factor of flux of molecular tritium R > 1014
L effective removal of ions R = 108
S fully adiabatic (meV-scale) transport of electrons over > 50 m
& avoid particle storage in Penning traps, UHV in spectrometer
_ % precise monitoring of HV on ppm-scale

11 Il -
(S ol
el ™ SN

~N
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tritium source

=

© 1L

T 10

m i

1072

< 20}

g | PS-1 Wed. 18.20-18.40 Ernst Otten R
§ -10 Electrostatic filter potential at KATRIN

o

= O | | | "_J | H
40 -30 20 10 410

distance from analysing plane [m]
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http://www.google.de/search?q=Hans+Christian+%C3%98rsted&hl=de&ct=orsted09&oi=ddle

magnetic field & electrostatic potential QAT

Karlsruhe Institute of Technology

tritium source
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tritium source AT

Karlsruhe Institute of Technology

B KATRIN tritium throughput per year is equivalent to ITER fusion facility
tritium source Is operated as closed cycle:
thoughput of 40 kg/year

CMS-R | DPS1-R WGTS DPS1-F DPS2-F CPS
95% 1 95% 5%
inner Igop batch
mode,
\ .| control system |_ ¥ 60 days
T, injection | (=<1 Ci)
1% ) 1% T, retention-
Y v _| T2 preparation | ¥ ) system
g isotope B
outer loop separation | ReAULEI@[ele]¢)
KIT-KCETA
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trittum source: loop system AT

Karlsruhe Institute of Technology

W 10 stability for p,, achieved
In test set-up
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Karlsruhe Institute of Technology

trittum source: loop system AT

B Laser-Raman spectroscopy: 103 in 60 s

98.0 . , . , : T,

9.0 W
94.0 |-

Rel. intensitiy (%)
o
I
L. 1.0

S. Fischer et al.,
Fus. Sci. & Techn., 60 (2011) 925-930 .

Time (d)

30 Sep. 10, 2012 G. Drexlin — NOW 2012 KIT-KCETA



WGTS — windowless gaseous tritium source QAT

Karlsruhe Institute of Technology

- 0 [
NS — e - hod
.l i
1 i e

N | '- = = f = 3 = =

B \WGTS
- a molecular trittum source of
highest luminosity
highest stability

WGTS design value precision
luminosity 1.7 x 10 Bqg
injection rate 5 x 10 mol/s + 0.1 %

column density pd 5 % 10" mol/cm? +£0.1 %
tritium purity > 95% + 0.1 %
magnetic field 36T + 2%
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WGTS — windowless gaseous tritium source QAT

Karlsruhe Institute of Technology

.
o T —— 1 - N
I
[ 1 IR

O =i\ T =

BWGTS

one of the world’s most complex cryostats:
tritium — cryo — magnet issues
12 cryogenic circuits

6 cryogenic fluids

- Instrumentation:

~ 500 sensors for

temperature (4 — 600 K),
B-field, pressure,

gas flow, liquid levels
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WGTS — demonstrator

519y
= |

o )
B objectives of measurements

- demonstrate feasibility of
novel 2-phase (LNe/GNe)
beam tube cooling system

- WGTS-BT requirements:

a) operation at Tg; = 28-32 K

b) AT=230 mK
- stability (1h)
- homogeneity (10 m)

33 Sep. 10, 2012 G. Drexlin — NOW 2012
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Karlsruhe Institute of Technology

WGTS — demonstrator QAT

B objectives of measurements\
- demonstrate feasibility of
novel 2-phase (LNe/GNe)
beam tube cooling system
- WGTS-BT requirements:
a) operation at Ty = 28-32 K| |
b) AT=£30 mK
- stability (1h)
- homogeneity (10 m)
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WGTS — demonstrator QAT

Karlsruhe Institute of Technology

v - u i Tl
W e - b
[y B Ty e _hY); -
i . 1 ] NIIE —_
[l [l E 0=

stainless steel
beam tube
@=90mm

2-phase
Neon
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WGTS — demonstrator QAT

Karlsruhe Institute of Technology

= — . N a—
v - | 0 Tl ) —7 1
! lg!:' _'- W bgﬂll'l.ll\-!!? —— i
= e g i I N E
i i i N =S

30_35 I I I I I | I I I T T ] I I I I I I I I I I I
I 4h measurement )
3 : :
I_E 30.30F —
) . KATRIN specification
é - — — — — — — — — —
z i |
L i !
qE) i Jp = IEONMIKS(417) ]
30.20 —
s vapour pressure sensor .
I noise band width < 0.2 mK ]
i 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1 1 1 |

06:00 07:00 08:00 09:00 10:00
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tritium retention techniques QAT

Karlsruhe Institute of Technology

| tritium flow rate out of the WGTS has to be reduced by factor > 104

e

:

el

=

O T OlOf

I -
(e hod
\ i iy

(o

' |
[T H
=]

—

Injection
10!
10
103
10
107
10
10-11
10-13
10-15
10-17

[ =
I

tritium bearing components tritium free

i ==
! !

differential &  cryo- pumping
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tritium retention techniques QAT

| tritium flow rate out of the WGTS has to be reduced by factor > 104

B differential pumping section DPS
active pumping by TMPs
reduction R = 2.5-10* achieved @RT

B cryogenic pumping section CPS
cryosorption on Ar-frost
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electrostatic spectrometers AT

Karlsruhe Institute of Technology

I\ e
fixed retarding potential . variable retarding potential
Uo =-18.3kV - U,=-18.4 ... -18.6 kV
AE ~ 100 eV 04 AE ~ 0.93 eV (100% transmission)
filter out all -decay oz} onm(y S b
electrons without L\ - 08 §
m(v)-info 2 6 10 14 18 % 06 | (v =0 &V
- reduqe pa_ckgrou.n(_j electron energy E [keV] ? y /
from ionising collisions e

only 2 x 103 of all
decays in last 1 eV

tandem design: pre-filter & energy analysis

10! electrons/s = 103 electrons/s A T [ev)
-E, [
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main spectrometer AT

Karlsruhe Institute of Technology

W ultra-precise energy analysis of [3-decay electrons close to endpoint E,
with “energy resolution” AE = 0.93 eV (0% — 100% transmission)

B features: @ =10m, length =24 m, surface = 690 m?, volume = 1240 m3,
p < 10 mbar (world’s largest UHV recipient)
Inner electrode system & external Helmholtz-type air coil system

external
air coil system

41 Sep. 10, 2012 G. Drexlin — NOW 2012 KIT-KCETA
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Inner electrode system — objectives AT

Karlsruhe Institute of Technology

B a double-layered inner electrode system for [3-spectroscopy

= shallow cone
&= 3x20 modules

#1: background suppression

cylindrical part
5x20 modules inelastic reactions of cosmic muons

& low-energy secondary electrons
from the 690 m? inner surface are
repelled electrostatically

#2: fine forming of retarding field

- precision HV power supplies:

Intrinsic HV precision ~1 ppm
steep cone . : .
1x10 module - dipole/ECR mode: eject particles
1x4 module stored in Penning traps
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KASSIOPEIA: signal & background QU7

Karlsruhe Institute of Technology

B KASSIOPEIA: detailed simulation of electron trajectories

B [T] B transmission of R-electrons:
I magnetic guiding &
electrostatic retardation

N

S S O IR DS
(ll ';:?:IO;'

' X

/5

B trapping of bg-electrons: e
spectrometer acts as .:O
a magnetic bottle, =
long storage (h) |
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radon induced background AT

Karlsruhe Institute of Technology

B 21°Rn emanation from St707 NEG getter strips (3-1 km) in pump ports of
spectrometers 21990 215pg

@ N @ F.M. Frankle et al.,
3 Astropart. Phys. 35 (2011) 128

He2+

©,, shake-off
\o@/ electrons S. Mertens, PhD thesis KIT (2012)
conversion

¥

b \@é/electrons

v Auger @@- SIS

~ electron -

shell reorganisation electrons

AN/
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KASSIOPEIA: signal & background QU7

Karlsruhe Institute of Technology

M passive background reduction: LN2-cooled baffles to cryocondense %1°Rn

©,, shake-off
electrons

\\O’Mconversion

v

‘ \@é/electrons
e

¥ Auger J - G

electron -

shell reorganisation electrons
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KASSIOPEIA: background reduction QAT

Karlsruhe Institute of Technology

W 219.220Rn emanation from bulk material of vessel: need active bg-suppression

55T B stored multi-keV electrons:
| rapid cyclotron motion

time [S]  intermediate axial oscillation
I].bOe—OS :
slow magnetron drift
s -~ 1.20e-05
| IB.OOe-Ob

A
)

I 4.00e-06

energy [eV]

B ECR technique: oo _B
stochastic heating
by short RF pulses l
With @ge = ®yq; .
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KASSIOPEIA: background reduction QAT

Karlsruhe Institute of Technology

B ECR-tests at pre-spectrometer very successful: promise of low bg!

5]

4 ] mstored multi-keV electrons:
it rapid cyclotron motion

—+— 0.5 amplitude
—+— full amplitude

5

4

Relative Reduction

M

[
IIIIIIIIIIIIIIlIIII|IIII|IIII

=

L L L L L L L 1 1 L L L1 i L L L L I L L L L I 1 1 L L E L1 L1
10 15 20 25 30 35 40
Magnetic field [Gauss]

sl
=
=
=

o

;

/

energy [eV]

B ECR technique: J ecoon B

stochastic heating |
by short RF pulses

WIith @ge = g ,
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focal plane system — final commissioning QAT

Karlsruhe Institute of Technology
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KATRIN sensitivity QAT

Karlsruhe Institute of Technology

B reference v-mass sensitivity A .
for 3 “full beam” years: % 0.99
- statistical & systematic errors 2
contribute equally: E 0.98
statistics o, = 0.018 eV? 'Es
systematics o, < 0.017 eV? 0.97
sensitivity m(v) = 200 meV (90% CL) 0.96 I - S
66 68 70 72 74
L 350 meV (50)

electron energy +18.5 keV [eV]

- precision external value end point E,
- atomic tritium source?

R
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- differential 3-energy spectrum: g 1000 T —— —
: o BOOf s e
cryo-bolometer array with AE ~ 1eV?| 5 .\ e o
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sterile neutrinos: (sub-)eV scale ﬂ(“‘

Karlsruhe Institute of Technology

B Hannestad et al. - initial estimates of KATRIN sensitivity for sterile v's
assume very light active neutrinos m(v,) ~ 0 eV, mixed with sterile m (v,)

B 3 o detection of "kink” by m,,. if active-sterile mixing |U_.|?> 2 0.055
3+2 scenarios can also be disentangled, measure absolute value m (v,)

\.
05 O L G. Peres, A. Esmaili arXiv:12.032632 [hep-ph]
| A. Sejersen Riis & S. Hannestad ol
JCAP 1102 (2011) 011 -
0.4
"heavy” sterile m(v
0.3 y (Vs) |
p%‘ C
0.2f | | ;
light active m(v,)
0.1} 07 '
. [ e my=0.90%C.L. &N
“h“h\hﬁﬁ\Hﬁ\”‘~\\\\\\ [ ==== m=1eV.90%CL. b
| mmme— o =2eV.90% C.L.
] global fit . 90% C.L.
L ! I L [ — Bugey3 , 99% C.L.
-04 '03 '02 '01 O —Buge 4+Rovno . 99/ CL. \

1072
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E - EO [eV] Sin?26,
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AT

Karlsruhe Institute of Technology

novel approaches: Project 8
163Ho EC experiments
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Project 8 — a novel technology ansatz QAUT

Karlsruhe Institute fThIgy

M basic concept (J. Formaggio, B. Monreal et al.) |||"' ‘W j
- source: WGTS in an NMR-type constant B-field i /
max. 3-intensity: ~10° Bg (~102 of KATRIN) %
- spectroscopy: array of microwave antennae to pick up
coherent cyclotron radiation of single electrons
as Ao ~ 1/t. & long sampling time t, ~ 40 ps for AE = 1 eV
L Y trapping in magnetic bottle

Doppler effect: array picks up blue- & red-shifted signals

B basic parameters:
\_; N \} \\

o(y)=—"=
B field — y m+E

e,kin

el - precise measurement of ®
— yields electron kinetic energy

TINY 11 il NN M'w | "" [ | II\
AT ’ [ .fw'n“""."“|| lnl' 1)1 ,|‘|l lf'ﬁ ViU || |1"|"' '1 ! l.f't TATRIAY
I v '“~"Jl.‘ui'.""'-“H'H RS L LML AR A

-B=1T&E,,, =18.575 keV
combined antenna signal Q{} fo=w / 2’ ~ 27 GH7
B. Monreal, J. Formaggio, Phys. Rev. D 80, 051301(R) (2009) 0 70 T
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Project 8 — a novel technology ansatz QAUT

Karlsruhe Institute of Technology

B experimental challenges:
- very small power P of emitted synchrotron radiation by single keV-electron,
requires adequate antennae & amplifier technologies

2% @) B?-sin® 0| Pgigna ~ 1015 W (1T, 18.6 keV)
47ng A 1— 2 | Proise =107 W (thermal noise ampl.)

P(B,7)=

B MC simulation: 30 us measuring interval with 10° 3-decay electrons

(10° events}
= L]
: LI
1L 2. .; 5— ‘
E % rare high-energy many overlappihg
E E electrons low-energy electrons
3 a “F- ' H ||
10 T af
B E=17572eV
- Theta = 15§55
26 26.05 261 26.15  26.2 i3 .’
______________________________ = :
signal: 3 lines (trlplet) """ e i y
1 unshifted (central) coherent line P B -
2 side bands (incoherent Doppler) Frequency (GHz)
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Project 8 — a novel technology ansatz

B experimental status:
- prototype experiment running at UW Seattle
- aim: detect cyclotron emission from single electron
- source: 17.8 keV electrons from 83mKr (K32-line)
- cryostat: B = 1T, small magnetic bottle (V = 1 mms3)

.

B R&D on:
- antenna technology
- receiver & DAQ technology
- study Doppler shifts

Power Spectrum

¥ Project 8 aims for

sensitivity m(v) =
100 meV (90% CL)

W a lot of R&D work still to be performed
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electron capture & v-mass

AT

Karlsruhe Institute of Technology

B electron capture: non-zero m(v,) value affects the EC de-excitation spectrum
EC of %3Ho is suitable candidate: *3Ho + e” — v, + 193Dy* — 163Dy + E

dA I 1
€~ (Q-Ec)(Q-Ec)*-m*(,)- Y0, -C; 57 B,
dE, Z e (E.—E)*+I2/4
o102 N1 full de-excitation spectrum |5~ spectrum close to Q
>0 3B here: Q = 2.5 keV
D L RN (here: Q = 2.5 keV)
=<, i M1 (_)12__ g
@) 10 g LL] B k!
L 310_—
< Breit-Wigner - i m(v.) = 0 eV
% 1 resonance () : 8:_ . ( e)
< - 6 N N
=107 E ~ = e
- 5 41— / \N\(\G‘e
2 B \\
w0 b m(v,)=05eV .0 /\
10_3_ S P RPN B B BT D .
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163Ho experiments QAUT

Karlsruhe Institute of Technology

B 163Ho EC-decay parameters: Q. ~ 2.5 keV, t;, =4570y
detection of de-excitation of 193Dy* (Dysprosium) by micro-calorimeters
- MARE groups in Genova and Milano (& collaborators)
- ECHO collaboration (Electron Capture *3Ho experiment):
Uni Hd, MPIK, Saha Inst. of Nucl. Phys., CERN — ISOLDE, Petersburg

\.

M interesting and promising new detector technology:
MMC: magnetic micro-calorimeters with paramagnetic sensor Au:Er

= change in magnetism 8M of sensor

LLL concept: 8T in absorber from EC-decay ) L

thral link M M 1
calorimeter signal: |0® ~ M AT ~ M xo=
oT or C,,

thermal bath

58 Sep. 10, 2012 G. Drexlin — NOW 2012 KIT-KCETA



163Ho experiments

B micro-fabrication of MMC detectors
- absorber: 1%3Ho ion implantation at CERN — ISOLDE

early design:

thermal bath

163HO

Au-absorber -
implanted
AU:Er sensor 4 planar sensor Ls:: SQUID
| & meander . coupling
: pick-up loop o

SQUID | :x:x:x e x:x:x:

QLD ey L EHEEEE 7+ 57 EFCEEL 2

__ o] o]l Jeo 0 el Jeol |®
.x.x.x X.x.x.
bod b %1 bl J% x =& x

thermal bath
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163Ho experiments

B micro-fabrication of MMC detectors
- absorber: 1%3Ho ion implantation at CERN — ISOLDE
- test results: magnetic & thermal properties as expected
AEr v = 11.8 eV, latest designs AE. v <3 eV
fast rise-time: 15 = 90 ns

_ - extracted end-point value Qg = (2.8 £ 0.1) keV == 4.
200 I | ] |
% N1
N 150} : L SQUID
5 planar sensor “s QUII
o & meander coupling
42 100 L | pick-up loop } 51
-
S M1 cere =oer
- R R
S0+ 7 b 1 0 o M 3 e B
N2 M2 XUIXLUIX XAIXUIX
0 0.5 1.0 1.5 2.0

Energy E [keV]
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Conclusions AT

Karlsruhe Institute of Technology

B studies of R-decay/EC kinematics — the only model-independent method to
determine absolute v-mass scale

B KATRIN will probe cosmologically relevant scale down to m(v,) = 200 meV
studies for phase Il to go beyond this value

M calorimetric experiments (MARE, ECHO) will provide an independent check
advantage: scalable approach, still a lot of R&D work for m(v,) = 200 meV
new ideas: Project 8 and others

B KATRIN next steps:
- electromagnetic tests of main spectrometer
- commissioning of CPS (end of 2013) and WGTS (end of 2014)
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Conclusions QAUT

Karlsruhe Institute of Technology

the complete picture of neutrino masses is obtained only
by comparing high-precision results from direct neutrino mass searches
with Ov[3l3 experiments and cosmological studies

~
[3-decay Ovi3M3
m(ve) Mepg
a_ . )

3He q

2 m;
cosmology

\_
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AT

Karlsruhe Institute of Technology

backup
slides
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history of tritium 3-decay experiments

ITEP

T» in complex molecule
magn. spectrometer (Tret'yakov)

Los Alamos

gaseous T» - source
magn. spectrometer (Tret'yakov)

Tokio

T - source
magn. spectrometer (Tret'yakov)

Livermore

gaseous T»- source
magn. spectrometer (Tret'yakov)

Zirich

T» - source impl. on carrier
magn. spectrometer (Tret'yakov)

My

17-40 eV

<93eV

A

13.1eV

<7.0eV

Troitsk (1994-today)

gaseous T»- source
electrostat. spectrometer

Mainz (1994-today)

frozen T- - source
electrostat. spectrometer

<2.05eV

<2.3eV
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technigues in [3-spectroscopy ﬂ(lT

e of Technology

magnetic: Tret yakov

detector

U

source L\\[@ @w O
Ap/lp =7 x 10*

oQ =103 principle: analysis of electron momentum by magnetic field

electrostatic: MAC-E — — Yo — h

—— \__\:T

\ /
source detector

AE/E =1 x 10
SO ~ 2 1t principle: analysis of electron energy by electrostatic retardation
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background sources

AT

Karlsruhe Institute of Technology

- 3-decay electrons from areas

with different electrostatic potentials
- 3-decays from T-/T* ions, clusters

- X-rays, gammas & electrons from
natural radioactivity or scattered
[3-decay electrons (beam-halo)

\

tritium source

Jall L. . A=
P— MH_rL4mnnaMﬂﬂﬂlb Gﬁ:lﬁﬂ&gﬂ!kmplﬁﬁﬂlndlﬂr!lIlh!!!llllll”lI%IIlNMN = :
| | ; TTEC T 2 4B £Bp AB ALBLIA EI EI __=____I N

| & T RE T AE =

spectrometer

total bg - rate

Rpy < 10 cps

.

- stored [3-electrons (Penning traps, scattering)

- trapped electrons from 21°.220Rn a-decays /
T,-3-decays in central spectrometer area

- cosmic p-induced secondary electrons

G. Drexlin — NOW 2012
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systematic effects — | ﬂ(“'

Karlsruhe Institute of Technology

- precise measurement of experimental response function
- special unfolding technique to derive cross section o, at E = 18.6 keV
- narrow analysis window around E, to maximise no-loss electron fraction

Inelastic scattering of electrons iIn WGTS

fluctuations of spectrometer retarding HV potential

\

- stabilisation of HV: precision HV units

- monitoring of HV:
1. ultra-stable HV-divider & precise digital voltmeter
2. Rb/Kr-source & separate monitor spectrometer

.

general relation for
tritium-3-decay
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systematic effects — II QAUT

- stabilisation of pd: injection pressure, beam tube T = 27K, Laser-Raman
- cyclic scans of pd: high-intensity electron gun
- monitoring of pd: rear detector/system, forward beam monitor

fluctuations of WGTS column density pd

— - 1 I I — =
3 .. I .
[ Bl ':‘l!h. .’! S ml|'|.|.|.u | k
J l | | [

E iy [ 2R M
oy
i i i |

hysteresis effects from HV and pd scanning

- minimisation of trapped particles from
scanning of column density pd

- optimised scanning strategy

- randomized steps of HV

.

general relation for
tritium-3-decay
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systematic effects — Il ﬂ(“'

Karlsruhe Institute of Technology

- stabilisation of plasma: neutralise ions (® < 20 mV), injection of meV-e-
- cyclic scans of plasma: high-intensity electron gun runs at different pd
- monitoring of plasma: rear detector/system

plasma fluctuations in WGTS (charging)

final states (molecular excitations in *H°He)

- reliable quantum-chemical calculations for
all isotopologues available (up to continuum)

- very good agreement among the different

_ calculations, sum rules correct

general relation for
tritium-3-decay
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sterile neutrinos: (sub-)eV scale AT

Karlsruhe Institute of Technology

J. A. Formaggio, J. Barret, arXiv:1105.1326

> N
8 BT — "‘”’)
((
@ 10 N\
8 B - —
g i N \
g e~
Q —
2 1= \*3;\-.‘1
© = N
© =
~ Foreground: KATRIN exclusion curves
_ for 68%, 90%, 95%, 99% C.L. (3 years data)
5 o . . Background: Allowed region by reactor data
l0g,5(ms [eV7) log, IV %) 10-'|-, G. Mention et al. (2011), hep-ex:1101.2755.
1072 10™ 3
sin“(20.)

® Single B decay experiments (MARE, Project8, KATRIN) can detect a sterile neutrinos
signature.

® KATRIN: for mg.. > 3.2 €V a 30 detection could be made for any mixing angle.
Single 3 decay offers a complementary input, independent of CP phases.
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AT

Karlsruhe Institute of Technology

163Hq

TES array NASA/GSFC type

micro-
striplines |~

v

r Y

Use TES arrays with 32x32 pixels
Resolution 1 — 2 eV FWHM

Need 5 TES arrays for 0.2 eV/c? sensitivity G — ) =

a Makes 5000 pixels (vs. 50000 for Re) LJ)—

163Ho production has been demonstrated copper

micro-trenches

Embedding process is under investigation 500 - K FWHM: 1.60 + 0,032 eV

Readout developed and tested as prototype - | Amplitude: 505.3 + 10401 counts
. < - Counts: 4266
Next: TDR for funding g y0: 0.0 + 0 counts

2
X “:2.25

+
0 DLl N .m

F. Gatti, ISAPP 2011 and

Residual

-40 - t
I I I I

1480 1485 1490 1495 1500eV
Energy [eV]

J Low Temp Phys (2008) 151
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