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65 | Lepton Polarization in §-Decay 233

To produce resonance scattering, the y-ray energy must slightly exceed the 960
keV to allow for the sackear recoil. It is precisely the “forward™ y-rays, carrying
with them a part of dac acwinino-recoil momentum, which are able to do this, and
which are therefore automatically selected by the resonance scattering.

(iv) The last stop s to-detenmine the polanization sense of the y-rays. To do
this, they were madeito pass ¢heough magaetized iron before impinging on the
'*ISm absorier. Am clectron in the iron with spin ¢, opposite to that of the
photoa caa absorb the unit of angular momentum by spin-flip; if the spin is
paraiid it cannoz. Tikis is idicated in Fig. 6.8(d). If the y-ray beam is in the same
direction asthe ficid B, the transmission of the iron is greater for left-handed y-
rays then for night-hamded

A schematic dingram of the apparatus is shown in Fig. 6.9. By reversing B the
sense of polarization conld be determined from the change in counting rate.

Fig. 6.9 Schemnic dingvams of sppmetes ud by Goldiaber of of. in which y-rays from the
decay of "’W.m‘ﬁﬁlmh "ﬁ.mmmh
5m,0,. and are mtﬂmmmmmmen The transmission
ofphotonstl'um-ghlhiwnﬂmummme '“Eumwonmeirheﬁcityandthe
direction of the magnetic feld 8.
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Remduols spectrum

t

400
v, - 18000. v

Fig. 3. Residuals fromithe fit .of the whtinm spectruar. The nesidual
tor each point is the difference between the measancd valme and
the calculated one dividled by the comesponding e, The zero
fine is the standud sprotmm (m? =6) Gitted with fixed back-
ground and £, ~18350¥ and extrapolated to 18600 cV. The
solid line is fitted spoaion with vadiasion of o, AN, EMJ,
Pm!ﬁdwmwmhmm&w
tac diffcreace in-measumocnt timees of different points.

one c2a get od of the low-energy anomaly by the
mestiction E . > 18350 V. Taking this into account,
wchvemdcaﬁtwuhEh=18350devmod
adytwopannms:thenormalmonfaaorand
ﬁ‘md—pomtmgy,:ﬁiin’g"thebadcgmimdwm
age between- theVpoints*18570 and 18770 VS The
residual spectrum of this fit, extrapolated down to
18000 V;: is shown m:Fig. 3 20d part-of. the fitted
mupruggémzﬂmﬂ,\, e
«mxrnwwmnm
afﬁaedoﬁ%utﬁtﬁﬁgrﬁuﬂﬁg.ﬂmwm
Mthcmmmnm'buﬁﬁi‘tox #comies * from the
area in the vicinity-of theicad point;sThe difference
between the experimental snd fitted spectra consists
in an excess of counts observed at about 7 ¢V below
errors. The simplest representation of such an
anomaly appears to be a step-like structure corre-
qaondmgtolheqﬂb-otbmp-likcsuucturemthe
differential spectrams.

Thcslopeoftheﬂpsaxmabhhtceuuy
resolution (~ 4 ¢V) which is an apemest in favor of
the monochromaticity of this excess in the differen-
tial spectrum.

The low-cpergy anomaly of the experimental
spectrum is a rise in the cownfing rafc at cnergies

below 18300 V. A similar deviation has beea ob-
served carlier in the experiment of the Mainz group
[3), where it was found that it can be represented as a
certain partial branch of the beta decay, has been
missed in the calculation of the final state spectrum,
with the end-point encrgy around 18500 eV and
relative intensity of about 4%. In our case the cud

point of this missed component should be around -

18400 cV.

Both anomalics give risc to 2 negative m..

To confirm that the step-fike structure can be the
teason for the unphysical negative value of m, 2 fit
was made with the standard spectrum sommed up
with a step-like spectrum in the form of a ¢-function,
which depended on two variable parameters: AN,
and E,,,. It was taken that AN, # 0 for E<E,,,
and AN, =0 for E> E,,,

The fit with these additional variables pives
AN, =2.90 1 0.60 mH (this is (6.3 £ 1.3) X 107"
ofthctotaidecaynte)and E ., = 18566.1 + 0.8 eV
forE,,,=18350eVandpuwcn]lythesamcfouﬂ
E,. up to 18500 cV. The comresponding x2/d.o.f

has proved to be ~0.8whlchls(6-10)‘%lcsthm "E

in our first fit.

one can'ialso try- to,vuy*'mc otha
whxd:wempmwslyﬁied.?ust ofall,*thm

cunpletelycxdndathspmibmty

'lhcvamuonoflheﬁnalstatespeannnappms
1o be a rather arbitrary procedare since the calcula-
tions made in {5} and, receatly, in [6] do not Jeave
anyroomforsudlavariaﬁonuptoanadmacyof
m2 ~ 1 eV, as claimed by the authors. One can only
note that this spectram has never been measured
experimentally.

The variation of the population of the growed state
and of the dwwe first excited states (2845 <V) was
and for (e spectrum with a subtracted step famction
that correspoads 1o the standard spectrmm. b the first
case the y? distribution has given Ap=(—08+
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Residuols spectrum

-~ <

(Nul - Nc&)/a
Q L)

R =

we have made a fit -\iirith‘E'-k,w = 18350,V and varied

only two: patameters:: the; normalization
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Al Belescu ot d/ﬁmwsﬂ 350 (1995) 23-272 o 7

15-25 &Y fc? umm P,,,<5%(9’5‘!’:CL}
thusmt_’aﬁggﬁegﬁmun#m{éﬂ-

5-Gonclusign

excitation cacrgy of 173 1 14 ¢V and refative proba-
bility (42 +0A4)% (crvors are statistical oaly). This
anomaly appears © be similar to the cffect observed
cahtby&liazﬂnﬂumym['ﬂmm:n
mangyofme\(andwonmﬂdythc
same - probability: (for ‘more - details see (7). The -
differeace in-excitation encrgy (if it éxists) can be
attributed to, the differcace in the phase state of the.
lmum:smmr:csml!metwo1:xpcmnems(froa.v:enTz

Mamz.ﬂ‘gaseonsT2 m'[_‘ron_r.k)ortosomenn-
known New mcasurements of the Mainz
group - m“'mﬁmt Variation ofTthis

ekl - A e

eﬁeaﬁommmtomn,sothcongmofﬂulgw—en- :

“sym'llls.qmtcmystulous[ﬂf
Bothmomﬂ?gmotbeundastondnprmm
hungmﬂwknawnptopuﬂmotthcmuumdemy
oraphmedbysystmuceﬁects,lmlcmoneoon-
sadasaveryubmarymodxﬁumonoftheﬁmlm
spectra.’ o
‘I‘hcnc.nrunsmthanlq)gradedsctupwﬂl_emble

", < &ﬁfﬂ/ﬁ*'d% €L, EEC

¥

Cro-e 3|

and 1o obtam an uppcr fimit oti‘the possible mixing

with a heavy neutrino in the mass range of 15-25

eV/ct:

Py<5% a95% CLL. (7
The Gmit on the lightest neutring mass is now the

most gestrictive one and has beea obtained with

accobating of the systematic effect represented by an
anomaly which was aever seen before.
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L ,The‘ I.rmum expenmcalsl

measure mMass squared. Any eﬂ' ; ol
itproved fimit, therefore requices use of thc mass sqanned

here. Note that we exclude the cesults of BORIS 67 hecausse of conlsd-
versy owver the posﬂbkexﬁemeoﬂargewepmwmadcamw
BERGKVIST 858, BERGKVIST 86, SIMPSON: 84, ang w 89

3 review see ROBERTSON 88.

For
LUE (eV2) % DOCUMENT i0 TECN_ COMMONT . . EEL R
107+ 60 OUR AVE GE .
: I K AWAKAMI 91 (TR Fe, TRIUM

10 ROBERTSON 91 - CNTFR: e, Wrifiamy R _,7_;_‘;
11 FRITSCHI 86 CNTR e, Wil -

»

11+ 63£178

u MASS

™, .

L APP"!CS 10 vy, the. pﬂmaty mass eigenstate in vy. Would also. apply 13
c:ently smalil mxﬁ

o ny other v; which mu:cs stroagly in vp and has suili
" that it can occur in tf . respective decays. (This would be nontrmal only

for j > 3, given the ve mass limit above.)

wE mass, in conjuncti>
G_mamt

1 ABELA 84 used the PDG 84 value for

 f-rupariy
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T Energey r%olut.ion of about 2-3 keV at the
end pomt of 2,039 keV.

detector | total [ active enrichment
number | mass | mass | in ™Ge

kel | [ke] (%]

| at, mgw

flety]

enrs#l | 0.980 | 0.920 | 859 = 1.3
enr#2 12906 | 2.758 | 86.6 = 25
enr#3 | 2.446 | 2.324
enr#4 |2.400 | 2.295
enrf#5 | 2.781 | 2.666

86.3 + 1.3
85.6 + 1.3

243 £ 0081
883£26 |

255 + 005 |

2R+ 000 )

2.71 + 0488 |
214 + 0.04 |

Table 1: Technical pammetcrs of the ﬁvc enﬂdtd m

detector | statistical | statistical significance background
significance | without first 200 days  2000-2080 keV
| [kg-y] [kg-y] [counts/keV-y-kg]
- enrstl - 3.15 2.18 "7 0.18 £ 0.03°
enr#2 7.87 7.02 0.20 + 0.02
ear#3 | 540 440 0.21 3 0.02
_enry4 0.93 — . —
T . 17.70 Pl 3 L T
Table 3:, #ull dota of the diperiment &MG- after S
for the uation of the OvfBB decay !
a
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