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wa - Introduction (1/3): 5%

g

Timent

methods and upper limits T
B-decay: absolute v-mass OvpBp-decay: eff. Majorana mass
model independent, kinematics v-nature (CP), peak at EO
status: m <2.3eV status: m <0.35eV
potential: m <0.2eV potential: m_ <0.03 eV
e.g.: KATRIN, MARE e.g.: CUORE, EXO, GERDA,

Majorana, Nemo 3

neutrino mass
measurements

cosmology: v hot dark matter Q_

model dependent, analysis of LSS data
status: m <0.7eV

potential: m <0.07 eV
e.g.:. WMAP, SDSS, LSST, Planck

V.M. Hannen, INPC2007 [ 2



Westfailische

e Introduction (2/3):
kinematic determination of m(v )

Simplified form of the 3 spectrum:
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Tritium: ideal 3 emitter
for this purpose

° Eo = 18.6 keV

° T1/2 =12.3a
3H R-Zerfall "m

3He q

SH — 3He + e + v,

Requirements:

* high energy resolution
e large solid angle (AQ ~ 2m)
* low background rate

— use MAC-E filter
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L= Introduction (3/3): g’ **9%
MAC-E filter concept % ’%@&

Magnetic Adiabatic Collimation with Electrostatic Filter

 electrons gyrate around magnetic

UD
| J_ -—1 J_ * field lines
HV electrodes .
« only electrons with E; > eU, can

< ¢ solencid s.c. solenoid pass the MAC-E filter
. == —— — Energy resolution depends
2 detector AU d E
source = on 0 anaonkc
e B drops by a factor 20000 from
solenoid to analyzing plane,
u=E,/B=const. — E, —» E|
B Bmax mII"I

«AE=E*B_. /B__=1eV
ff//}r ;7/4/  MAC-E filter acts as a high pass
A,:f!'___y filter with a sharp transition

adiabatic transformation E | —>E|| function

A. Picard et al., Nucl. Instr. Meth. B 63 (1992)
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experiment overview % i
%Neu‘f‘&@

. Electron r
Windowless Gaseous Pre-Spectrometer (MAC-E) ° ttiljetecto
U Source (WGTS) e retardation voltage 18.3 kV . 2e1gr|l1ee\|/1 reesolution
e Tritium flow rate of e reduce flux to 103 e-/s EozeT

5x10™ molecules/s e p < 10-11 mbar « veto chield

(40 g of T,/ day)
e column density pd:
5x10" T /cm?

» temperature stability + 0.1%
e e- flux towards spectr. 1010 e-/s

’,_1 e u...-_".
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Cryo pumping section

Differential pumping section Main-Spectrometer (MAC-E)

e T =4K
e e- guided along beamline by « argon frost as cryo pump * @ 18.6 keV (endpoint)
strong magnetic fields « T, reduction by 10™ * 1 eV resolution
o T, removed by TMPs in kinks (DPS+CPS) * p <1011 mbar

1000 days of data — 0.2 eV at 90% CL 55, 10 cx7o00 "
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max. starting angle
0.3 45° 60° 80
0.2
Omax = 51°
0.1 KATRIN - 17
working point pd=5x10
0 D 10 15

column density pd [ 1017 molecules / cm?2]

w7 The KATRIN experiment (2/4):
A windowless gaseous tritium source

beam pipe

WGTS design:

* tube in long superconducting solenoids

[J 9cm, length: 10m, T =30 K

——

heater

AT =% 30 mK

vessel

e near optimal working point @ pd =5 [110"/cm?

e temperature stability of £ 0.1%
achieved by 2 phase Neon cooling

V.M. Hannen,

INPC 2007 [ g
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Tritium Laboratory Karlsruhe %@ o

. =

L o former focus on fusion resarch for ITER
(development of T, fuel cycle)

e area : ca. 1000 m?
e current T, inventory: 25 g

e will house all T, carrying components of
the KATRIN experiment 7
V.M. Hannen INPC 2007 _
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v The KATRIN experiment (4/4): J’ 5 ’1;
arrival of the main-spectrometer zﬁ ; &

Qb.l’mNeutS'\QO

25.11.2006

|

= Design parameters:
e AE =0.93 eV
. e p < 10" mbar
e temperature: 10 ... 350°C
l] « diameter: 10 m
e length: 23.3 m
e volume: 1258 m3

N * surface: 650 m?

e p=6-10% mbar with
1 TMP, no bake-out

V.M. Hannen, INPC 2007 8
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i KATRIN wire electrode (1/2): 5%
screening of background electrons % ’,i

e Cosmics and radioactive contamination
can mimic e in endpoint energy region

s.. solenoid s.C. solenoid » 650m2 surface of main spectrometer
=] = ..
T, - — ca. 10> u /s + contamination
sojrce | detector
== = e Reduction due to B-field: factor 10>-106

* Real signal rate in the mHz region

T T HV electrodes e Additional reduction necessary
UD

L e Screening of background electrons
. U with a wire grid on a negative potential
| i e : 7, e Proof of principle at Mainz MAC-E filter
¢ e 00 ’,"’ °* L'y U-ouU — at 200 V shielding potential the
'S ) d background rate was reduced by a
/4 factor 10 with a single layer electrode

V.M. Hannen, INPC2007 [ ©



J KATRIN wire electrode (2/2):

technical design and quality assurance

KATRIN: double layer electrode

18.4 kV

22cm10000\0000018.5kv

e ©o 0 ol\le o o e 18.0kV
- %

25mm JG0.3mm 9 0.2 mm

» improved shielding and electric field homogeneity
— expected background reduction by 10 - 100

large cone p
3 x 20 modules

2> = 240 modules
23000 wires

3D measurement table
in Munster clean-rom

V.M. Hannen, INPC2007 [ 10
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status and outlook %/% 4
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e KATRIN main components are either set up (e.g. pre-spectrometer,
main-spectrometer vessel) or under construction (e.g. WGTS, DPS);
test experiments are running (TILO, TRAP, calibration sources)

* Main spectrometer: installation of full vacuum system and
test of heating cooling system summer 2007,
production of inner wire electrode starts June 2007,
installation of wire electrode beginning of 2008

* Begin of KATRIN measurements: 2010,
expected measurement time 5-6 years for 3 years worth of data

e Sensitivity: upper limit of 0.2 eV with 90% C.L. ;
a neutrino mass of 0.35 eV could be determined
with 50 significance

V.M. Hannen, INPC 2007 11
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= The KATRIN collaboration
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Neutrinoless double B-decay

Weak interaction: left-handed fermions ‘¥, = (1- v,)/2 ¥

couple to charge current p ]e_ e—I p
Ovpp: decay rate is proportional to fraction of R L
positive helicity state within ' Ve = Vg
n n

I' ~uyup =W{(H=+1)

1
— 5(1 — Bv)

S5 (1- 2y - (B

INPC 2007 [ g
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J Kinematic determination of m(v) g:} {7‘
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T = Cp(E+me) (Ea— B) /(B — EP ~@)P(E) (Es— = m,)

\

5 3
m ) . .
C = G%Q = cos® Oc | M|? my, = | Y |Uei2m? experimentally
n i=1 observable
/ ‘ region close to 8 end point
08
T
10} H m L
il | M(ve) = 0 eV
08 S
— 04 F
[11] i ;
08} WiEy only 2x 10 of all |
i 0.2 - decays in last 1 eV
! m(ve)=1eV
02} 0
RN — 2 1 0
2 ¢ 10 1418
electron energy E [keV] E-EqyleV]
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” J Stability and Neutrino mass Y
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s simplified form of the B-spectrum: :—'; « (E,~E)V(E,~E)>*—m3c*
B

: dN (_AEZ

s gaussian fluctuation: dE (m’=0) ® e % « (E,—E)+o*
B
: dN 1
s Taylor series around m 2= 0: aE. - (EO—E)Z—Emi
B

2 2
>Am,=—20

+ fluctuation 02 causes a downward shiftin m 2

Example: Am 2 < 0,007 eV*> - 0<60meV

AU _ 0.06
U 18575

D T. Thimmler 06.03.2007 16
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- | Transport of the main spectrometer f ﬁ—c‘

%%Neu“‘cp

auernsey (LK1,
Jersey ME) s 1

18800 km |

Alglers I
T Scale 1: 19,500,000/
Lambert Conformal Cg

staru:lardparallds W
mlﬂ 1 4i=p

T. Thimmler 06.03.2007 | 17

¥ b4 ’”- |‘II r*" ..F
¥ —s
: _._. Letr dﬂ'h“ﬂfﬁ_

Valletia ™
MALTA




differential and cryo pumping sections %}

L J The KATRIN experiment (4/8): i ﬁ?%
, &

DPS: differential pumping of T, | Ny
g THPS 000 1 PR a3 Ak

T, cryosorption

Ar/Kr frost SIRSPapasIDRsste,

stainless steel

* 6.2 mlong
e 5 solenoids
ewithB=56T

e maximum allowed tritium flow into
the pre-spectrometer: 10-'* mbar |/s

 |ast tritium retention stage before
the spectrometers

e tritium suppression factor > 107

— T, reduction by 10’
I V.M. Hannen, INPC 2007 18




The KATRIN experiment (5/8):
Pre-Spectrometer

e Pre-filter with a fixed potential: E = 18.3 keV
AE =100 eV

e Test-bed for the main spectrometer technology

Vacuum tests:
e turbo-molecular pumps

NEG pumps (getter)

e outgassing
e p <10 mbar

* heating/cooling

Electro-magnetic tests:
e test of el.-mag. design

 high voltage on outer
vessel

e Inner wire electrode
e electrical insulators
* S.C. magnets

V.M. Hannen, INPC2007 [ 19



J The KATRIN experiment (8/8): i ’?’_9&
. F

detector %

Task

 detection of electrons passing the main
spectrometer

Requirements
* high efficiency (> 90%)
e low background (< 1 mHz)
e good energy resolution (< 600 eV)

Properties
e silicon PIN diodes
e thin entry window (50nm)
e segmented wafer (150 pixels)
e post acceleration (30kV)

Status 'l s.c. maghnet

e 2007: design report (FZK, Seattle, MIT) oot
e 2009: commissioning

. V.M. Hannen,  INPC2007 [ g
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v Calibration and monitoring (1/3): &;FQ
2

main spectrometer

pre-spectrometer

detector

T, or calibration

source ,
HV-supplies

* up to 35 kV
) g 5 ppm/8h

monitor spectrometer (enlarged):
 former Mainz spectrometer

« adapted to 1 eV resolution HV divider / HV monitoring
0 < 1 ppm/month

Calibration sources #

* monoenergetic around 18 keV
» stable and reproducible
* nuclear or atomic standard

calibration detector

error budget: Am *<0.007 evV> 0 o<60meV U 3 ppm long term stability

. V.M. Hannen,  INPC2007 [ g
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e Calibration and monitoring (2/3):
i precision high voltage divider

 Precision HV divider for monitoring of 15} | - sﬁﬁéng?%?gé)égga?; >2h k]
KATRIN retardation voltage 5 b= 197248016
E& 6 =0.31 ppm
e 100 Vishay bulk metal foil resistors = _
with a total resistance of ; 7
R =184 MQ, TCR <2 ppm /K o x 111 T Jﬁ """"""""""""
. . : HE %T
e divider ratios 1:3944 / 1:1972 R g e 1} rrrrrrrrr % rrrrrrrr Jr rrrrrrrrrrrrr
° 05 ]
e Temperature regulated with N2 flow ) '
toT =25°C with AT <0.1 °C 10 5 10 15 20 2 30
time [days]
 KATRIN stability requirement o < 60 meV
— long term stability of < 1 ppm/month required
scale factors 1972,48016(61) : 1 3944,95973(138) : 1
rel. standard deviation 0,31 ppm 0,35 ppm

long term stability (Sept. 2005)
long term stability (Okt. 2006)
long term stability 2005 - 2006

3,0(1,0) ppm/month 1,6(7) ppm/month
0,17(33) ppm/month 0,25(59) ppm/month
0,604(53) ppm/month 0,564(52)ppm/month

preliminary

T. Thimmler with support from Dr. K. Schon und R. Marx, PTB Braunschweig.
N puelinminaryivi, SppmiMenat:
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condensed Krypton source %4, ﬁ
Newts™®
e Natural standard via conversion electrons from 83"Kr decay 0
e Production via ®'Br(a,2n)%*Rb at the Uni-Bonn cyclotron o 83m, ./TW:BWEQ
e Measurement at Mainz: 17826.529 eV = 10.2 meV T1/2=1,83h
e over 3 hours: o = 39.5 meV 2;222?151 "
* over weeks with pre-plating: o = 56 meV = T 015

a=20

Eaaie ' AE= keV
<« 9draphite substrate pre-plated Y
with stable Kr

Line Position Fit and Chi2 with fixed width 2.83 eV

17.826700 . : ; . ; 24
Measurement krO041 - 15 lines ————
17.826650 Ghi2 values . 1 202
17.826600 |- 12
E 17.826550 |- 118
- = {1186
S 17.826500 |
Z 114 o
S 17.826450  * . 5
] . 112
L ]
£ 17.826400 I
T
+= L
£ 17.826350 . e | os
17.826300 | . 1 06
reeeoso | 3 hour measurement | ..
L ] [ ]
17.826200 ' ' ' ' ' ' ' 02
0 2 4 6 8 10 12 14 16

Line Number (13.5 min per line)

EEEEEEE——— V.M. Hannen,  INPC2007 (g3
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e Electrode design (1/3): g’ **Qg
schematic view / modular setup % ’E$

. first wire'layer‘ -18500 V:
second wire: Iayer 18600 V:

' ' ' ' ' '
........ T T T e S e e L T R Ty ey e
1 [ ] 1 1 ] 1

:Spect:!‘ome:ter ve:sselzé A
-18400V | =

lane

O--
(®)]
=
.gl.\-

radial position [m]

0 V
-14 -12 -10 -8 -6 -4 -2 0
axial position [m]

overview: electrode system of the main spectrometer
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J Background suppression (3/3): @’F%

g
wire electrode modular design "%%

" central modules: PN R25

ca. 1.50 m x 1.80 m /

2 combs joined by N
\ 4 C-profiles — =

stainless steel comb:
produced by water
cutting

Y

il

ML T I 1)

v’ !\I I\I 0.3°
, i
IS

H.-W. Ortjohann 1440 |
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