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%e Status and perspectives of the
*%f direct neutrino mass
measurements
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Outline:
 motivation: m(v) in astroparticle physics
« status of direct m(v) measurements
 the KATRIN experiment
goal, set-up and status
* e.g. the test experiment pre-spectrometer
« conclusion and outlook

= . bmb-+f - Forderschwerpunkt
@ | Astro-Teilchenphysik
. GroRgerdte der physikalischen
. = Grundlagenforschung
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| ﬁﬁ Neutrinos in astroparticle physics ﬂ("’
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cosmic architects: role of relic v's as hot dark matter?

of Technology

large scale structures: free streaming of v's on Gpc scales
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cosmic architects: role of relic v's as hot dark matter?

Q,h*=Xm,/92eV
336v/cm3/ _ it

dark-energy

Q, <0.17 (3v)
dark matter

my <
-
E baryons
001 L
1 stars & gas
| | : Super-Kamiokande 1
structure of the universe Tmy>0.05eV (1lv) 0001 ——
(Millenium Simulation) Q,>0.0013 (1v) Q
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‘z Neutrinos in astroparticle physics
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cosmic architects: role of v's as hot dark matter?
microscopic keys: origin of the v-mass?

particle physics
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Karlsruhe Institute of Technology
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structure of the universe > 4
(Millenium Simulation) Gl massless
bosons
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I ?’T”{l Neutrino mass: status and perspectives ﬂ("‘
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search for OvRR3
eff. Majorana mass mg,

q"‘fﬂ '\.LA-

kinematics of B-decay F- W s
absolute ve-mass: m, Y é‘
3Heq

model-dependent (CP-phases)
status: mg, < 0.35 eV, evidence?
potential: mgz = 20-50 meV

GERDA, EXO, CUORE

model-independent

status: m,<23eV
potential: m, = 200 meV
KATRIN (MARE-II)

neutrino masses
experimental techniques:
status & potential

cosmology
sum Xm;, HDM Q,

model-dependent (multi-parameter fits) .
status: Xm, < 1 eV [Hannestad et al., arXiv:0803.1585v2] l
potential: ¥m; = 20-50 meV
Planck, LSST, weak lensing
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I ?’T“"Z Neutrino mass: status and perspectives ﬂ("‘
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kinematics of R-decay [ WL
absolute ve-mass: m, KNI

-

direct mass measurements:

single B decay
* no further assumptions needed
« use E2 = p%c? + m2c* =
m?(v) is observable
« Sensitive to incoherent sum
M2(ve) = X |Ug?| m*(v))

of Technology

search for Ov3l}

eff. Majorana mass mgg

Ov[3p decay: :

Very sensitive, but
* needs Majorana type v's
! « helicity flip: m(v) # O,
| or other type of new physics
* sensitive to coherent sum:
, Mga(v) = |2 |Ug?| €O m(v,)
= partial cancelation possible
. * uncertainty of nuclear matrix
. elements
uit

me Evidence for mgy(v) ~ 0.4 eV ?

Planck, LSST, weak lensing

KIT - The cooperation of Forschungszentrum
Karlsruhe GmbH and Universitit Karlsruhe (TH) I— in der Helmholtz-Gemeinschaft
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‘z 3-decay: Fermi’s theory & v-mass S(IT
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a model-independent measurement of m(v,)
based on kinematics & energy conservation

sruhe Institute of Technology

Fermi’s theory

(v— mass)?
/ [ region close to 8 end point
0.8 [
E
1.0 : ® R
entire — 06
spectrum 9 [ m(ve) =0 eV
08 ® I
— 04r /
E 3
06 [ only 2 x 103 of all
02 F decays in last 1 eV
0.4 I
(ve)=1eV
0.2 0r
| | |
ol 1 1 _— -3 2 1 0
2 6 10 14 18
electron energy E [keV] E-Ey[eV]
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% R-decay: Fermi’s theory & v-mass T

Source requirements:
 low endpoint energy, high  decay rate, ...
= 187Re: E,=247keV;T,,=43.2Gy;
unique 1stforbidden
= SH: E,=1857keV;T,,=123y;
superallowed

Detection requirements:

* very high energy resolution &

* very high luminosity & = MAC-E-Filter

« very low background or bolometer for '®’Re

Details about Re-experiments see next talk
M. Galea221 ,,Status and perspectwes of MARE*
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T, in complex molecule experimental results for m,
magn. spectrometer (Tret'yakov) 17-40 eV g s v £ e
Los Alamos 100 i
gaseous T, - source <93eV 50 F
magn. spectrometer (Tret'yakov) N;‘ i
Tokio A = E ey -
<13.1eV & | 4 ) ? _{
T - source =
magn. spectrometer (Tret'yako -50 |
gn. sp (Tretyakov) i 4 o |y ¥ Livermore
Livermore 100 k A Los Alamos
gaseous T»- source <7.0eV ) _ 1 = Mainz
magn. spectrometer (Tret'yakov) 150 L ) m Tokio
Ziirich i 1 ° -Tr’o!tsl;
T, - source impl. on carrier <11.7eV 200 | o Trolisk (step)
magn. spectrometer (Tret'yakov) A _ztnch
Troitsk (1994-today) 250 1 |—cectrostafic
gaseous T»- source <23eV i magnetic | spectrometers
electrostat. spectrometer 300 T spectrometers |
Mainz(1994-t0day) Y7o [T S S N EN PRI PRI B S
frozen T» - source <23eV 1986 1988 1990 1992 1994 1996 1998 2000
electrostat. spectrometer vear
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MAC — Magnetic

Adiabatic Guiding

adiabatic guiding
of electrons along s.c. solenoid s.c. solenoid
magnetic field lines . = =

souzrce detector
inhomogenous B-field: —
superconducting solenoids
Bhax=3—6T
B, <1mT
solid angle dQ ~2x Bs Bmax Bmin Bp

adiabatic transformation E;, — E,
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2 MAC-E filter — principle ﬂ(".
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E Filter — Electro-
static filter J_ J__l_ J_ J_
HV electrodes

energy analysis by an
electrostatic .c. solenoid s.c. solenoid
retarding field = =

variable E-field: Source detector
inner electrodes
Uy =18.5-18.7 kV

integral transmission —

for E > U, B. B B
high pass filter s max min

M-

conversion — retarding
adiabatic transformation E;, — E,
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KATRIN — set up IT
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tandem spectrometer

transport system

detector
tritium source ‘ i
el
70 m _
Tritium SrMagnetlrc;) Spectrometer Detect
Source [T ransport  pe----====-=1 Energy Filter]=====""""1 ector
«~ System (Energy ]
1) Very high 1) No disturbance of 1) Very high 1) Very low
source strength kinetic energy of energy resolution background
beta decay electrons
2) Very good (adiabatic transport) 2) Very low 2) Segmented
understanding background
of systematic 2) No loss of electrons
effects
3) Elimination of residual
tritium molecules
eBomecrain 082009 e . vty ({) Unverstt karrune 71

Research University - founded 1825
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A Goals of KATRIN A{]]
s s
T after 3 ,full beam*” years data taking:
14 _ _________________ _________________ ___________ reference ____________ _
12 _ ................. ................. ........... S .QIHP...ZQQ4 ........ ]

E discovery potential
‘ m(v) =0.35 eV/c? (50)

sensitivity (90% CL)
m(v) <0.2 eV/c?

sensitivity/discovery potential [oc]

2_|_G

with 6 ,> =0 2~0.025 eV?/c*

and o_...=0©

stat systot

stat systot

v—-mass m, [eV/c’]

requires better sensitivity on m 2 by a factor of 100

= precise knowledge of systematic effects necessary
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« %‘z The tritium source S(IT

tandem spectrometer
transport system detector
tritium source -' g2
el
70 m — -
longitudinal source profile (approx.)
W
a
« g
. . [=]
priciple of a E
1] . - >
Windowless Gaseous —]
Tritium Source” (WGTS)
= T | | T ==
«— E— i
P . = | | | B
tritium loops required! l l
tntium tntium tntium
pumping injection purmping
. KIT - The cooperation of Forschungszentrum orschun ntrum Karlsru '
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|2,/ Tritium technology - TLK AT
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Karlsruhe Institute of Technology
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ﬁ. KATRIN source parameter ﬂ("'

Ag = source area
pd = column density
gr = tritium purity

source strength: N(T,) =Aq * pd * ¢;

optimized source design parameters:
* pd = 5*10"7 cm2 (= 86% of maximum count rate of unscattered electrons)
*Ag=53cm?, B=3.6T, ¢ =95%

—> KATRIN needs closed tritium loop with stabilized

gas injection rate of 1.8 mbar /s = 1.5*10'®Bqg/d
longitudinal source profile (approx.)

E
3
source stability requirements: E /\
B >
column density pd
has to be stabilized on 0.1% i.e.: le
Ag;/e; <0.001 purity —
AT/T <0.001 temperature gll
Ag/g <0.001 injection rate
tritium tritium tritium
pumping injection pumping
Lz samecnain stonzums 0 [ wesnanem ({T) Universs ke (11



WGTS & closed tritium loops ﬂ("'
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a,'&? fL-HJ]P nstitute O 1NOLO )
,:,hmﬂ@_-@ I l he | Technology
) Differential Pump Cascade
" Differential
Pump Cascade
Inner L :
Sr=00p © ©
: )
stabil (£0.1%) ) Source tube ‘ to DPS2-F and CPS
tritium injection ‘ ?
. Palladium
Outer Loop: QD Membrane Filter 5 K
. Transfer : ;
>0hK9 : Pressure | —(PIRCAt
hlgh ( 95 A)) Pump Pure Q2 Pure T2 ontrolled
> > Buffer WGTS
and Vessel Buffer @
Vessel

stabil (£0.1%)
tritium purity SRR B '

from TLK Isotope
Separation System

Gaseous
Waste
Buffer
Vessel

Inner Loop
—Outer Loop

to TLK Tritium Recovery
and Purification System ISS glove box
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I <”AWlndowIess Gaseous Tritium Sourceﬂ("'
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16 m long complex magnet-cryostat:
-12 cryogenic circuits

- 6 cryogenic fluids

- instrumentation:

~500 sensors for

99 temperature (4 — 600 K),

v,
- Acce ‘- "" A —

, 0 i at ;{ LHe level,
Ll -“iﬂ g

gasflow,

B-field,
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I f <”‘Tntlum source: WGTS demonstratorﬂ(lT
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el il Ly I

]
L

TS

=y

N

N

WGTS demonstrator (12m)

Y TRl 45y B currently being assebled
L o delivery early 2010
WGTS design value precision key technological challenge:
Wileslyy 17 x 10" Bq precise cooling of beam tube
injection rate 5 X 101° mol/s + 0.1%
temperature stabilsation
' x 1017 2 +0.19
column density pd 5 X 10" mol/cm 0.1 % of beam tube of 10-3
triti it > 959
ritidm purtty & 2-phase-Neon @ 30K
_rr_l_eignetlc fleldm 36T R I - et imszanirum Kaclarshie Universitét Karlsruhe (TH)

Karlsruhe GmbH and Universitat Karlsruhe (TH) i— in der Helmholtz-Gemeinschaft
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*;if’* reduction of tritium flux by 104 ﬁ(“.

tandem spectrometer
transport system detector
tritium source ' e e e
—
70 m
DPS2-F
e
. WGTS CPS

il
‘ | WML iR /ih AR ZENZN

T,-injection rate 1.8 mbar I/s (STP) =107 mbar l/s <10-'* mbar I/s
=1.7*10" Bq/s = 40 g/d

=» tritium reduction factor > 1014

Lutz Bornschein | 31082000 KT - The cooperation of Forschungszentun [ Forsohungszenirum Krsruhe Universitt Karlsrune (TH)
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;. DPS2-F: T,-flux reduction by 10° ﬂ(l

nology

WGTS DPS2-F CPS

1

U W wiw W 'y

differential pumping
pumping

!

5 -
= 3x1017
molecules/s

=~ 3x1012
l molecules/s

}

pumping

pumping

Lutz Bornschein | 31.08.2009 Mt

The cooperation of Forschungszentrum
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|*;,ﬁ DPS2-F: T,-flux reduction by 105 NKIT
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WGTS DPS2-F CPS

1

EUE E-E ;-; :-: -. IEUE i =
differential pumping

N

» differential pumping of T, (TMPs)

« magnetic guiding of electrons
(5.6T)

* identification and removal of
positive ions (FT-ICR & dipoles)

Lutz Bornschein | 31.08.2009 KIT - The cooperation of Forschungszentrum ™ i“gf’:;m?zfg:m?&’::ﬂ“ Universitat Karlsruhe (TH)
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?;'f‘l arrival of DPS2-F QAT
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I ﬁ, - arrival of DPS2-F QAT

status:
74 * Acceptance tests in 2009
2 - extended test program 2010

(gas reduction factor, identification
and removal of charged particles -

. . trum Karlsruhe H | he (TH
with FT-ICR and dipoles ...) Gemenscnat e

ta v
o f
R v .



I“?;pf’* CPS: T,-flux reduction by 10/ ﬂ("'
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WGTS DPS2-F CPS

=107 mbar l/s <104 mbar /s

CPS: Cryogenic Pumping Section
principle: cryosorption (< 4.5 K)

cryo-sorption

tritium molecules
might pass the CPS

stainless steel due to migration

Lutz Bornschein | 31.08.2009 L e it e ] B s el Dbt Universitat Karlsruhe (TH)
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I ‘l CPS: status of assembly QAT
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Cold valve
DN 150

status:
areiirgsifdtiulel  « presently being manufactured at ASG
1= 5=4 oK - delivery to FZK in fall 2010

KIT - The cooperation of Forschungszentl. CommISSIOnlng 201 1 )
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I*'?;;‘l electrostatic Spectrometers QAT
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=nae
W=

10" mbar

é Hr precision filter - Scanning
fixed retard. potential g °e variable retard. potential
Uy =-18.3 kV g 08 - U,=-184 ... -18.6 kV
N T 04| NO AE ~ 0.93 eV (100% transmission)

AE ~ 100 eV mv)- 7
- filter out all R-decay [ Info 08

electrons without m(v)-Info ot g
- reduce background from T

Elektron Energie E [keV]

o
»~

ionising collisions

o
[N

tandem design: pre-filter & energy analysis | _ . ‘
-3 -2 -1 0
10" electrons/s = 103 electrons/s E-E, (8V]
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I ‘z - Spectrometer vessel — assembly g(IT

f Technology
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N

MAN DWE GmbH

lengthi—28-3-m |
surface: 690, m=| |
volume: 1 "

KIT - The cooperation of Forschungszentrum
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;;9 main spectrometer: transport QAT
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. L : ogne
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ISLANDS liari

Mediterranean Sea —~—

Alglers - \ o
= r . . A .
Y g B, g "'i'ui'lls : Scale 1: 19,500,000

@

J Ora gt - L {t:‘::w
ARy P = L Y ” ’ Vallatts% _ Lambert Conformal Conic Projection, .
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I '% the final 7km: passing Leopoldshafen
:e A
No&gmber 25, 2006: after an 8800 km sea-going voayge the main
Spectrometer was manoeuvred by an SPMT over 7km to the final
destination at the KATRIN experimental halls...
(30.000 visitors) P ————

In pictures: photos of the year 2006

arrival at Leimersheim ferry & reloading
onto SPMT W|th heavy-duty crane

- KIT - The cooperation of Forschungszentrum Forschu trum Karlsruhe . s
Lutz Bornschein | 31.08.2009 Karlsruhe GmbH and Universitét Karlsruhe (TH) r Lo Hem?z—aemelnmhan Universitat Karlsruhe (TH)
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July 2007: first UHV test of the vessel
after baking with 6 TMPs

outgassing rate [[lf= 20" C |
1.18 X 107" mbarf/cm?s
p = 10:"“ mbar

‘z baking and first vacuum test

temperature distribution

o
=350 C
. KIT - The cooperation of Forschungszentrum
Lutz Bornschein | 31.08.2009
| Karlsruhe GmbH and Universitat Karlsruhe (TH)

NDMO09 | Madison, WI
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I%aﬂ] of directors
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I ‘l inner electrode system S(".

ruhe Institute of Technology
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spectrometer inner surface: covered by a ‘'massless’ inner wire-based electrode

#1: fine forming electric field #2: background suppression

- precision-HV-supplies - inelastic reactions of cosmic muons
measurements with 1ppm & low-energy secondary electrons

- dipole mode to empty stored from 690 m? large inner surface
electrons in Penning traps reduction =

10-100

I

o
g AU, =100V
CN] e o« a a /s o« o« a\s o o o os/a s o & o &=
______ Q
L
l AU, =200 V

248 moduies: =
23120 wires

- KIT - The cooperation of Forschungszentrum Forschu trum Karlsruhe . s
Lutz Bornschein | 31.08.2009 Karlsruhe GmbH and Universitét Karlsruhe (TH) r e Hem:z—aemelnmhan Universitat Karlsruhe (TH)
NDMO09 | Madison, WI |- Research University - founded 1825

wire plane #2



‘l inner electrodes: single module ﬂ(lT

ruhe Institute of Techno

q"‘fﬂ '\.LA-

posmoning precision of wires + 200 um, wire sag < 200 um
assembly = - wire frame in 3 geometries
ANILECE = 2 @y B - UHV compatibility

= || - low wire radioactivity

- 24.000 wires (intense QA!)

KIT - The cooperation of Forschungszentrum Forschungszentrum Karlsruhe Universitat Karlsruhe (TH)
Karlsruhe GmbH and Universitit Karlsruhe (TH) I— in der Helmholtz-Gemeinschaft Research University - founded 1825
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IJ ﬁfl mounting system for inner electrodes AT

ruhe Institute of Technology

% fs?’

i mas S

- access to main spectrometer via 85 m?2
clean room at rear end

- specially cleaned & electropolished _

mounting system with large-area platform.

for precision mounting of inner electrodes’

. KIT - The cooperation of Forschungszentrum Forschu trum Karlsruhe . s
Lutz Bornschein | 31.08.2009 Karleruhe GmbH and Universitat Karlgruhe (TH) r Lo Hem?z—aemelnscr:an Universitat Karlsruhe (TH)
NDMO09 | Madison, WI |- Research University - founded 1825



IJ ﬁfl mounting system for inner electrodes AT

5, . @*f Karlsruhe Institute of Technology
iy g

- access to main spectrometer via 85 m?2
clean room at rear end

- specially cleaned & electropolished _

mounting system with large-area platform..

for precision mounting of inner electrodes’

. KIT - The cooperation of Forschungszentrum Forschu trum Karlsruhe . s
Lutz Bornschein | 31.08.2009 Karleruhe GmbH and Universitat Karlgruhe (TH) r Lo Hm@?mmr:m Universitat Karlsruhe (TH)
NDMO09 | Madison, WI |- Research University - founded 1825



IJ ﬁfl mounting system for inner electrodes g("'

ruhe Institute of Techno

% fs?’

qﬁf-'l.".\::& e

- access to main spectrometer via 85 m?2
clean room at rear end

- specially cleaned & electropolished F

mounting system with large-area platform..

for precision mounting of inner electrodes’

* Mounting of inner electrode system
2009/10

» Electro-magnetic test measurements

2010

KIT - The cooperation of Forschungszentrum Forschungszentrum Karlsruhe Universitat Karlsruhe {TH)
Karlsruhe GmbH and Universitit Karlsruhe (TH) I— in der Helmhaoltz-Gemeinschaft Research University - founded 1825

Lutz Bornschein | 31.08.2009
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|¥?;;‘Z detector system ST

(]
aﬁ. Karlsruhe Institute of Technology

pinch magnet
provide maximum field B, =6 T (bore 340mm)

detector magnet
strong field By, =3 —6 T (bore 440 mm)

focal plane detector
segmented Si-PIN diode array
read-out electronics

KIT - The cooperation of Forschungszentrum Forschungszentrum Karlsruhe Universitat Karlsruhe {TH)

Lutz Bornschein | 31.08.2009 -
| Karlsruhe GmbH and Universitit Karlsruhe (TH) l— in der Helmholtz-Gemeinschaft Research University » founded 1825

NDMO09 | Madison, WI


http://www.washington.edu/

B-field [Gauss]

radius detector [cm]

(]
@as?
<ff-'l '\.LAJ-F“Q'

inhomogeneity B-field

‘2; compensation of field inhomogeneities ﬂ("'

sruhe Institute of Technology

B (detector) =

~ 4
4 2 0 2 4 radius B (analys. plane) = 3x 10+ T
3-4 L 1 Lt L1 | 1 [ | L | »
I d analysing to first order
33} / plane[m] © » =
L/ 232 lys. pl 100
32} / = r (analys. plane)
& ’ O < c =
3.1F / —_— 0 —_—
- /] 35
3.0 |-/ | | =@ r (detector) 1
: ‘ : 5
40 : _\ B 40 -
~ N | 5 without inhomogeneities
= - \ -
20 B \\ — 2.0 O
- - - @ i
i - - ® = 1001 AE=0.93 eV
i s L 2 [
- - B - &
0 [ - 0 @ ¢ sof
- - — .% i
i : : < 2 eof
20 - 20 m E |
i i i L 2 aof
: ! i (T-Dh o i
-40 - -40 & T oa0f
|||||||||||||\|\|\r-| | | | oil\l‘lllllll\l T I R R N N B B
-4 -2 0 2 4 0 04 08 1.2 1.0 -05 0 0.5 1.0
radius detector [cm] AUyet [V] surplus energy E -qU [eV]
. KIT - The cooperation of Forschungszentrum F hu trum Karlsruhe .
h‘glfn(?:{':\:::ies:nl, 2‘3I;lli08.2009 Karlsruhe GmbH and Universitit Karlsruhe (TH) l— iﬁﬂ?ﬁf H;m-G:melnMr:aﬂ g;:?c?';?;:grlsf::l::d{;razg



B-field [Gauss]

radius detector [cm]

g
o
@a;ff
':fe.-. st

inhomogeneity B-field

'f’ |2 P ? ‘ll radius
4 / ~_________ | analysing
33| / plane[m] 5 o 3
/ D=2 a
32 / S8 %
31} / .2.?12_ «
3.0 ~/ 1 | E-tg
40| _—\ — 4.0
I E \ I
= - \\ -
201 N \ [ ?°
of : K
Py u .20
a0l status:
- | K assembly and initial commi

4 2 0 02/2010
radius detectc® delivery to FZK 03/2010

Lutz Bornschein | 31.08.2009 ';'TI ) hThg “I’O‘;pmgizn.“ F‘.’tr..sfzunlgsz:"";f
NDMO9 | Madison, W arlsruhe GmbH and Universitat Karlsruhe (TH) l—

compensatlon of field inhomogeneities g("'

Karlsruhe Institute of Technology

B (detector) =
B (analys. plane) = 3 x 104 T

to first order

r (analys. plane) 100

r (detector) 1
=
= B
5 with inhomogeneities
o)
@ = 100] AE=0.93 eV
D = | AE=2.40eV
M < 80 .
= .2 [
< 9 eof
I-|rl rg- AR L
ssioning until | . |
-0.5 0 0.5 1.0
surplus energy E - qU [eV]
Forschungszentrum Karlsruhe Universitat Karlsruhe (TH)

in der Helmhaoltz-Gemeinschaft Research University - founded 1825



|¥i}f€ a lot of tricky thingstodo ... ~ AKIT

%)"’ .l? 6,&? 5 te of Technology
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- developments, test experiments, simulations, ...

— develop, set up and test of ,small“ components
(HV-divider, e-guns, ion sources, monitor detektor, air coils, ...)

— test experiments as proof of priciple for KATRIN-components
(pre-spectrometer, Test of Inner LOop, TRitium Argon frost Pump, ...)

— test experiments to investigate systematic effects
(pre-spectrometer, Laser-Raman measurements, FT-ICR, Kr-sources, ...)

— modelling und simulation
(electro-magnetic design, gas dynamical model of the WGTS, ...)

predominantly tasks of graduated students

KIT - The cooperation of Forschungszentrum Forschungszentrum Karlsruhe Universitat Karlsruhe {TH)

Lutz Bornschein | 31.08.2009 ; . - 2
Karlsruhe GmbH and Universitit Karlsruhe (TH) I— in der Helmholtz-Gemeinschaft Research University » founded 1825

NDMO09 | Madison, WI



|w§]ﬁ a lot of tricky thingstodo ... ~ T

g
s
& of Technology

o
o
o= ]

— develop, set up and test of ,small’
(HV-divider, e-guns, ion sources, |

aproof of pricip

o5t of Inner L~ o0 i

S to mvestlgate Sys
(pre-spectrometer, Laser-Raman 1 oo

7m 3y 10mHz

3 >
90%CLupper limit on my, [eV]

— modelling und simulation "'"'.'.".'_"'"‘,f_‘i'ij'_'j':";i'f;;t--:;-::-::-:-f:-_-:r:-_-A____ a8

electro-magnetic design, gas dyn oo} B R T
( 9 gn. g y . 10m 3y 1mHz opt|m|zed

. 7.IHH\HH\HH\....\HH\HH\HHI...\M

predominantly tasks ¢  ° 7 %5 2 » % ®» 0 &
measuring interval below E;=18575.0 [eV]

. KIT - The cooperation of Forschungszentrum orschun ntrum Karlsru . e
hlg:m?; F:VT: :iesl:;nl, 2">,;lli08.2009 Karlsruhe Gmprand Universitat Karlzruhet(TH) I— |I|:'| dermelmlzgem'::h::ch:: E;L:i;%?;:g”i:‘::ﬂ(ﬂ:g



*iiﬁ Pre-spectrometer test set-up  A(IT

6 2 3 4 2 6
Z=
1 e | e
|
| * ZAal r

| : L.
| _ Al ? Z AN z

1 detector 2 magnets (4.5 T)

3 vessel 4 electrode system

5 electron gun 6 valve

prototype for main spectrometer:

« vacuum concept successfully tested (p = 10-""mbar, routinely)

active HV stabilization tested

test of new electromagnetic design
background suppression
optimization of electrode system

Lutz Bornschein | 31.08.2009 ';'TI ' hThg C‘l’)zperzﬁan.d F‘.’tr.‘.c‘tc:('”"lgszﬁmr;?
NDM09 | Madison, WI arlsruhe GmbH and Universitat Karlsruhe (TH)

F“{';"“":":ﬁ“:““‘ém K‘?'"s’;“: Universitat Karlsruhe (TH)
[~ ' cerhelmholtz-Gemeinsoha Research University - founded 1825



| Pre-spectrometer bg studies

""f-'l '\.LAJ-S“Q'

2 @ 4) (2
7=
eefl
|
|4 : :.- l
\ : ¥ 5 %
S I

A{]]

Karlsruhe Institute of Technology

%_dim scanning e.gun

Background at high B-fields (B 2T)

max

« strong dependence on B (threshold) =*°
» delayed ignition 3

» background strongly correlated with pgmé— ------ S N .
* strong dependence on voltage B s

Endplih it
DO 20 40 €0 80 100 120 140 160 180 200

time [s]

background caused by trapped particles

KIT - The cooperation of Forschungszentrum
Karlsruhe GmbH and Universitat Karlsruhe (TH) I—

Lutz Bornschein | 31.08.2009 Forschu

NDMO09 | Madison, WI

m Karlsruhe
in der Helmholtz-Gemeinschaft

18 20 22 24

Energy [keV]

8 10 12 14 16

Universitat Karlsruhe (TH)
Research University - founded 1825
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%%zg

Sy oS

Problem: very small, but deep Penning traps near geometrical corners

file 3 run 100 variable

Pre-spectrometer bg studies S("'

sruhe Institute of Technology

file 3 run 100 mag Spsll' vanabl!

0.24 —— 18000 |
022 | 16000
oz | 1d000:—
1 I 7~ 12000 |
018 U e e
= T + t $ 10000 ©
E o1 3 E
b BOOO |
014 E
6000 |
0.12: 4000 |
&t 2000 -
0.08 A <l L L L - i L | 0 M PR SS e
-11.9 118 117 -11.6 115 11,4 19 18

Solution: - very precise and very detailed Ve e Sieps g

electromagnetic calculations ?t r'ng

(special codes developed by KATRIN) !

- avoid Penning trap by optimally @ 0151
N L
—

shaped electrodes

0.2}

00N
Result: Background reduction by 10*: v

- with small Penning traps: bg 1000 s o5E~ "~ “hew ground electrode:
- optimally shaped electrodes with . surface aciltOpted to the
: . 1 - . magnetic field lines,
resndugl shallow I?"ennlng trap bg 1s 0= s
- no residual Penning trap bg 0.1s z (m)
Lutz Bornschein | 31.08.2009 KIT - The cooperation of Forschungszentrum ™ Forschungszentrum Karisruhe Universitat Karlsruhe (TH)

Karlsruhe GmbH and Universitit Karlsruhe (TH) I— in der Helmholtz-Gemeinschaft

NDMO09 | Madison, WI Research University - founded 1825



Ig ;;fz Pre-spectrometer bg studies ~CIT

1':@3 f Karlsruhe Institute of Technology

) &
Proble

qﬁ'ﬂ'l.' I :L“‘d*

' :ar geometrical corners

file 3 run 100 variable:

18000

16000 F

12000 |

10000 -

z (m)

. . . 0.25F
Solution: - very precise and very detailed i ”ea"l‘; ‘:’irr‘]gpe

electromagnetic calculations

(special codes developed by KATRIN) !
- avoid Penning trap by optimally "E\ 015k
shaped electrodes -

0.2}

Result: Background reduction by 10%: -

- with small Penning traps: bg 1000 s [ 5E -7 “new ground electrode:
- optimally shaped electrodes with . surface a?:Opted to the
. . 1 - . magnetic field lines,
reS|du§I shallow I?ennlng trap bg 1s 0= s
- no residual Penning trap bg 0.1s z (m)
Lutz Bornschein | 31.08.2009 KIT - The cooperation of Forschungszentrum ™ Forschungszentrum Karlsruhe Universitat Karlsruhe (TH)

. i ita in der Helmholtz-Gemeinschaft
NDMO09 | Madison, WI Karlsruhe GmbH and Universitat Karlsruhe (TH) I— Research University - founded 1825
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Pre-spectrometer bg studies

energy over time pixelgroup 1

Result:

no residual
Penning trap
bg 0.1s

magnetic field

energy [keV]

A{]]

Karlsruhe Institute of Technology

21 —
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150 10000 20000 30000 40000 50000

rate pixelgroup 1

4.5 T (max. field) |

measured time: 14 h
no increase of rate!

Lutz Bornschein | 31.08.2009
NDMO09 | Madison, WI
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KIT -

time [s]

300

250

200

150 l u
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50

0 10000

The cooperation of Forschungszentrum

Karlsruhe GmbH and Universitat Karlsruhe (TH)

20000 30000

Forschungszentrum Karlsruhe
I— in der Helmholtz-Gemeinschaft

40000 50000

time [s]
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Result:

no residual
Penning trap
bg 0.1s

magnetic field
4.5 T (max. field)

measured time: 14 h
no increase of rate!

status:

* end of test measurements 12/2009

Pre-spectrometer bg studies ST

Karlsruhe Institute of Technology

energy over time pixelgroup 1 |

-
[=2]
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> e
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T 300 —
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250 [
200 [ I

* relocation of pre-spectrometer to

main spectrometer hall 2010

Lutz Bornschein | 31.08.2009
NDMO09 | Madison, WI

10000

KIT - The cooperation of Forschungszentrum
Karlsruhe GmbH and Universitat Karlsruhe (TH)

[1] ({1 1]
20000 30000 40000 50000
time [s]
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E jf summary & outlook ST
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* direct measurements are the only model independent way to determain
the neutrino mass

* currently best upper limit for neutrino mass: m(v) < 2.3 eV
(tritium decay experiments Mainz, Troitsk)

* near goal for Re-187 experiments: sensitivity of Mainz and Troitsk

e Ultimate tritium decay experiment KATRIN will measure m(v) with a
sensitivity of 0.2 eV
* Tritium source: construction 2011/12

* Tritium retention:
DPS: has arrived; 2009: acceptance tests; 2009/10 test program
CPS: TDR finished, delivery to FZK 10/2010

« Main Spectrometer: electrode installation & start of EM test program 2010
 Detector: assembly & initial commissioning, delivery to FZK 03/2010

» Assembly of components & system integration 2011/12

« Start of T, measurements: 2012 = 2018

KIT - The cooperation of Forschungszentrum Forschungszentrum Karlsruhe Universitat Karlsruhe {TH)

Lutz Bornschein | 31.08.2009 ; . - 2
Karlsruhe GmbH and Universitit Karlsruhe (TH) I— in der Helmholtz-Gemeinschaft Research University » founded 1825
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E jf summary & outlook ST

of Technology

f-'l'\.d-

* direct measurements are the only model independent way to determain
the neutrino mass

* currently best upper limit for neutrino mass: m(v) < 2.3 eV
(tritium decay experiments Mainz, Troitsk)

* near goal for Re-187 experiments: sensitivity of Mainz and Troitsk

* Ultimate tritium decav experiment KATRIN will measure m(v) with a
sensit

" If we are lucky we might find the
g: neutrino mass in 2015 ?
‘Mo 2010

 Detector: assembly & initial commissioning, delivery to FZK 03/2010
» Assembly of components & system integration 2011/12
« Start of T, measurements: 2012 = 2018

KIT - The cooperation of Forschungszentrum Forschungszentrum Karlsruhe Universitat Karlsruhe {TH)

Lutz Bornschein | 31.08.2009 e ) o in der Halmholtz-Gemeinschaft
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%ﬁ KATRIN collaboration g(IT

arlsruhe Institute of Technology

L]

: oy e Forschungszentrum Karlsruhe — .
Universitat Karlsruhe (TH) in der Helmholtz-Gemeinschaft e — Y STFALISCHE _.
Forschungsuniversitat « gegriindet 1825 EH““M-"'U”""E“'T”

NSTER

Hochschule Fulda

University of Applied Sciences

W Mbversily of ashington
Swansea University "R G dﬁ*ﬁ&%g&

Prifysgol Abertawe
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e energy spectra A{]]

. .@A’&. arlsruhe Institute of Technology
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‘”";;fj; beam tube cooling for T= 30 K ﬂ("'

i

arlsruhe Institute of Technology
qﬁf-'l."h:m“w:

PrinGIple:

2 separate’coolingitubes(=46mm) with
polling ENeratipr=ibar(thermosiphon)

Tritium
Ne/Ar

temperature:

AT < £30mK

- spacial homogeniety
- stability/time

beam tube
@=90mm Helium

Lutz Bornschein | 31.08.2009 ';'TI - h“‘g Sl GO S G e L Universitat Karlsruhe (TH)
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