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Tritium (7 decay: last decade
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s 2 running experiments: Mainz, Troitsk

» Mainz 1991/1994 and Troitsk 1994
only data close to endpoint: m7 = 0
down 10 500 eV below endpoint: m2 =2 —100eV*
— undetected additional energy loss




Magnetic Adiabatic Collimation
+ Electrostatic filter

*Solenocid Retarding Spectrometer” (Mucl, Inst. Meth. BB3 (1992) 345)
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T, SOURCE ELECTRODES SOLENOD  DETECTOR

F = (jiV)B + qE j = 5 = constant
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» magnetic guiding field
= Al =2y

» adiabatic transf I, — Ej; + electrostatic retardation
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IMPROVEMENTS OF THE
EXPERIMENTAL SETUP

-

T
r" NEW GUIDING MAGNETS NEW HIGH FIELD

[

ELECTROBE DESIGN
S

S
e

LHe COOLED TRAP

# tritium mol. from source are cyrotrapped
@ residual gas mol. from spec. afe cryotrapped

NEW LHe
CRYOSTAT

aTH1TK —p
adjustable

= larger sounce \ / \\\-
area d = 20 mm

o max starting angle NEW SUPERCONDUCTING -
T80 457 GUIDING MAGNETS

s monitor film e #lectrons are guided from source to spectrometer
roughness # intum malecules not




Summing up all 1998 data
Q3+Q4+Q5
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The Fitfunction
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2.4
N(E) = amp E P € ,}1 - E’E_*ﬁes;m‘éa;
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_ with g = Eg — V; — E: final 5tates

final states: JTE:

sudden approx. transmission fcn

(Kolos, Fackler) (analytically known)
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Systematic uncertainties

®  Inelastic Scattering  fMim thickness (49 %)
Sl M pree
‘}FW T, shape of energy loss function
®  Final states {efects due to solid state) (37 %)

spectator excitation
changes of exciled states energy levels

® T, film charging up ﬁ:} (14 %)
& T, ‘.T
m{. |
L T, film roughness favoided ) {-)
N
®  Backscattering (smuali) < 1%}
carhon
®  Detector efficiency (small) {-)

\ {eontribution to systematic uncartainty for 5, last 70 eV ta',n/




Energy loss function

0.2 . guench candensed L;
WMainz

el gaseous Ty, Troitsk
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energy loss & [eV]

Determination with conversion &~ Ihrough Dy films:

+ — shape for guench condensed film is
significantly different to shape for gas!
Influence of Pauli blecking for excited molecular states!
o — Ty = 3.00 + 0.16 - 10718 em*:

14% smaller than expecied
influance af Pauli biocking for excited molecular states!

Ny



Charging up of T» film

Shift of endpoint enargy (run 1997)

Charging up of the T3 film (40 mCi)

= Measurements with K conversion electrons of Kr-83
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Does microscopic picture fit?

1) Expectation from picture:

Ul'ﬂi.l.

Uﬂu: - El‘l‘i‘l dl“::
{as in experiment)

I - dma:

2) Measured critical field E_;, :
Ecir = 6V / 288 Monolagen
e Wp:n =e-Eqi - dy = 250K
(right order of magnitude 1)

D charging up effect probably understood
= deterioration of energy resoclution

(10% — 90% : 3.5eV — 6.0 eV)
¢ take effect into account in analysis

estimate for uncertainty: ~ 50 % of total effect




Detection of Roughening Transition

Observation of stray light




Temperature Dependence
of Roughening Transition

condensation roughening desorption

stray light intensity [a.u.]

transition

1.6 K 3.8-4.4 K > 5K

1404 ;

T=16 K:

“— eandensation

1200} | T=4.4 K T=40K T=38K -

|
=
2
=
T

400 =

time [sec|

Extrapolated time constants for T»

(ok, if T- decays do not matter)

T|42K|28K|16K
r | hours | days | years

0 500 1000 1500 2000 2500 3000 3500 4000 4500
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Result 1994

a2
m2 [

8 58 o888 8

S

1838 184 1844 1848 1852 1856 186
lower limit of fit [keV]

l ¥
—»  fit abuses fit parameter m? “f

to compensate systematic discrepancies

between data and fit function

— trend explainable by missing energy loss

. .




How to treat negative m2- values
in_the fit function ?

Find a suitable analytical continuation of g-spectrum
beyond Eg which produces a parabolic x2(m2) -
curve around m2 = 0 to accomodate statistical
fluctuations of excess count rate

X
a3 _I ( &
3.'"'_" Kurie plet & m')
mce mse
P —» m, L
However:
systematic distortion of X 1(my

spectrum, e.qg. by under-
estimated fraction of
inelastic processes
produce significant but
unphysical negative
m2-values




m? (fit) versus fit interval
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Mainz upper limits on neutrino mass 2

2.) If one believes in step as correct solution:
—» fit step and sublract it (only possible for Q4):
last 70 &V (C4, 1998 run II):

mic! = —18+51+ 2.0eV?
— myc < 3.0eV (95%C.L., unified approach)

3.) Considering Q5, 1998 run Il alone:

~20
< 15 QVEr0ge K =1.0
i
:1 10 ‘I
E 5
D. I T' F lII
_5 | E 1’ t l
~10
-15
e ik i B 1 [ | B L 5 g [ " 2 5 1 5
205 35 18.4 18.45 8.5 1B.55
Elow [keV]
—+ Standardanalysis:

last 70 eV (05, 1998 run 1l):
moc' = —3.7453+2.1eV?
\ — muct < 286V (95%C.L, unified approach) /
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Systematic uncertainties

1998 run lll: Q5

9r
total systematic uncertainty
sk film thickness + mean free path
i neighbour meolecule excitotion
7 E final states in guench condensad film
charging up of the film
g 'F backscatter, detector efficiency
sk
4
i
3 F
L
2E
P
: ; PR 1 —_'_'__—h::‘-_ -
P35 T84 TE.45 75.5 855

lower limit of fit interval fkeV
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Statistical and systematic
uncertainties
1998 run lll: Q5

total uncertainty

[ sys. unceriainly stal. uncertainty

PR

.

L b L i | M i i
23 16.4 18.45 18.5
Iowar limit of fit intervol SkeV

18.55




Statistical Error smj

given: S = Signal rate
B = Background rate

2 V(5 +B)/t
SmZ(E) = (B — B)*

Optimal point in the spectrum

Ra
S(Eqpt) = 2B

'qu' El- ".E
There the dependence on
& source strength R

¢ background rate B

e measuring time t

is given as

£ -
dm2 x R™3.BE - ¢

[ | g



Correlation of errors

e of (mass)?

: dm2 and

« Endpoint Eg: 4Eg

as function of point of measurement E

SM2(E) = E%;ED - E)$Eg

Example (1):

Example (2):

Introduce an external value of Eg
from some other measurement
into the fit which is too large ,
then the fit finds: m2 > O
(Ljubimov effect)

Ep is determined from fitting
the experimental spectrum,

but found too low , because the
fraction of inelastic events

has been underestimated

than the fit yields: m? < 0
(Mainz effect and others)



ground state fraction [%]

Fraction of Ground State Transitions

in Ty S—Decay

100
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differential spectrum
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Mainz upper limits on neutrino mass 1

1.) Decorrelate m” from systematics:

Sum of all 1988 data (Q3+04+Q5) (taken under same conditions)

« Take last 15 eV of 3 spectrum

— free of systematics (atomic phyiscs thresholds)

—+ no influance from “Troitsk-like® anomaly as observed in Q4
¢ Add two data points at 18470 eV and 18500 eV

to decomelate m_. from endpeint Eq and amplitude

—+ minor influence of systematics

—+ minor influence from "Troitsk-like" anomalias

m
&

;u-.-uq- ¥

£, E,
e T T T 'W'
—

mic* = -0.1+38+18V (F/dof = 1)

\ — muc® <296V (95%C.L., unified approach) j
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