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Questions from last lecture-1 Neutrino masses in the SM

Easiest way: Include right-handed neutrino singlets in SM

> y - I/(
L"l"]lk — —('VI/H(D' + Ji-.(‘-
€L
| L
= vV Why i tri h lighter?
v y is neutrino so much lighter?
V2
u 'r) t e [t T
d’ I .s'" I b’ I Ve ) Yu/ 1 Vr]) 1
UR dn SR CR bpr n €R [LR TR-
YR YERLY, . .
VgV uR Vo More symmetric solution
You have to explain why c, is so much smaller than the other couplings
N

M

DRESDEN

Neutrinos would be Dirac particles (4-state objects like the other fermions)
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Questions from last lecture-2

Versuch einer Theorie der g-Strahlen. IY). E. Fermi (1934)
Von E.Fermi in Rom.
Mit 3 Abbildungen. (Eingegangen am 16, Januar 1034.)

Eine quantitative Theorie des f-Zerfalls wird vorgeschlagen, in welcher man
die Existenz des Neutrinos annimmt, und die Emission der Elektronen und
Neutrinos aus einem Kern beim f-Zerfall mit einer &hnlichen Methode behandelt,
wie die Emission eines Lichtquants aus einem angeregten Atom in der Strah-
lungstheorie. Formeln fiir die Lebensdauer und fiir die Form des emittierien
kontinuierlichen f-Strahlenspekirums werden abgeleitet und mit der Frfahrung
verglichen.
7. Die Masse des Neulrinos.

Durch die Ubergangswahrscheinlichkeit (32) ist die Form des konti-
nuierlichen f-Spektrums bestimmt.  Wir wollen zuorst diskutieren, wie
diese Form von der Ruhemnsse p des
Neutrinos abhingt, um von einem Ver-
gleich mit den empirischen Kurven diese
Konstante gu bestimmen. Die Masso u
st in dem Faktor pl/v, enthalten. Die
Abhiingigkeit der Form der Energie- .

verteilungskurve von u ist am meisten

Tig. 1.

susgepriigt in der Nithe des Endpunktes
der Verteilangskurve. Ist Ey die Grenzenergie der f-Btrahlen, so sicht
man ohne Schwierigkeit, dall die Verteilungskurve fir Energion E in der

7\

Nithe von FE, bis auf einen von F unabhiingigen Faktor sich wie

]
Po 1 9 n Vi TN VT A 1T |
St (pe* - Eg—E)Y(E,— E)* + 2uc*(E,— E) (86) ol
concepl
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Questions from last lecture -3 Fermi theory of weak interaction

Neutron was discoverd 1932 by Chadwick
Gr
V2

The most general Lagrangian for S-decay. which transforms as a scalar under a
Lorentz transformation, is given by

C(ll) = 'IJ’. . J”

b5

Liz)= Z[(f}p(.?:)()j n(;’i‘)("(.]?)();U(.‘l‘)

J=1

+ Cip(x)0jn(x)e(x)O)ysv(zx)] + h.c.

Operator  Transformation Representation
properties (W ;) with -y matrices

Os (S) scalar i

Oy (V) vector Yu

()T (T) tensor i(‘}‘l v + Yv ”]",u) ﬁi

O, (A) axial vector Y Yo

Op (P) pseudo-scalar Y5 mm:
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Questions from last lecture-4 Fermi theory of weak interaction

proton p electron . proton electron «

. . antineutrino
antineutrino » 17,

W.
M =G (T _Tu )T Tu,) 1
P79 et TN M =G0 )55 (0,Ty,)
P Myt -qn) ¢

heutron neutron

a. Fermi's 4-point Interaction, 1934 b. Weak Interaction mediated by boson,

V-A structure of weak interactions

~
—
Il

= e(x)yu(l —75)v(z)

Tor = (2 (1 — ~=)d(z
g = u(x)y"(1 — v5)d(x) -
Ju = p(x)y (gv — gays)n(z) y

DRESDEN
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Questions from last lecture -5

Grpr
\/%Jr, - Ju

Operator  Transformation Representation

L(x)=

Proton

properties (¥ O;¥;)  with ¥ matrices

Os (S) scalar 1
Oy (V) vector o
Neutron Or (T) tensor %(";’,x Yo + Yo Yu)
Proton < Oa (A) axial vector YuYs
Op (P) pseudo-scalar Y5
'] [y
Gr g?
- 2
8mz,,
\/§ W 5
Nentron ¢ nnrs;
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Questions from last lecture -6

Helicity and nuclear f decay correlations

Ran Hong,a) Matthew G. Sternberg, and Alejandro Garcia
Department of Physics and CENPA, University of Washington, Seattle, Washington 98195

(Received 13 May 2013; accepted 13 October 2016)

We present simple derivations of nuclear fi-decay correlations with an emphasis on the special role
ol helicity. This topic provides a good opportunity to teach students about helicity and chirality in
particle physics with exercises that use simple aspects of quantum mechanics. In addition, this paper
serves as an introduction to nuclear f-decay correlations from both a theoretical and experimental
perspective. This article can be used to introduce students to ongoing experiments searching for hints
of new physics in the low-energy precision frontier. © 2017 American Association of Physics Teachers.

[http://dx.dororg/10.1119/1.4966197|
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Questions from last lecture - 7a

8 r(m) _— air colls
IeN=—4T7D A IeN=870 A leN=—470 A
4 |- tonk, U==1B4 W = _—  -42em
o ¥ire el., U=<18.5 kv
\ _
WS U184V
o bl B=3.36G Electron
. detector
7 [B=35T ~—
. \ 3-3.025//
-8 ——
1 L A i [ i " " " 1
-10 -5 [
Detector inside or outside? "N
A
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Questions from last lecture - 7b et foodhrough e e
o Mlange Lm;:.;;l.mu boads § al‘lfﬂ‘l“”: inks

| Preamplifier Hi l Anakog links E S 1 ’ 1
] modules - b I
PULCINELLA . _Vacuum gauges T | V= l

. - w I
electronics ! //Coeling tower WV HVac Alr g E !
y and e sources Ambremjalr e S Ak vt : |
electronics T T Postaccolnion potenial regen | H [=
Pinch magnet | [ U
60T I (B E’ g ;ﬂ gl 1
|| B \5a x| 2] I Link to
| P t. jﬁ | E [ DAQ computer

Flux tube for SesehsimBagy
e from main lpower supplio I

spectrometer ] Ibolabon tranatormer

Detector wafer e Kapton
insulator film
Post-acceleration it
electrode pin
Detector magnet :
- 3'6 T Deteetor wafer Pogo pins

Vacuum system

Gilass

Feedthrough

148 Pixel p-i-n diode aarray on Si

F cuﬁ.ll}.!r:{ulzllm ﬁ‘
J. Amsbaugh et al., Nucl. Inst. Meth. A 778, 40 (2015) e

18.07.2018 Kal Zubet

Pirsa: 18070027 Page 14/62



IRt
DRESDEN
From last lecture-8 Birthday party (4.12.1930)

.

\

Pirsa: 18070027 Page 15/62



TECHNISCHE @ e @

UNIVERSITAT = J
DRESDEN B a9 "
. B. Monreal, J. Formaggio, PRD 80 (2009)
Project 8
Idea: Use frequencies (and later T atoms) 1 ¢B
Cyclotron radiation emission spectroscopy (CRES) f - L2
2nm,+E,, /c
Energy emission of microwaves to be [ ’)quQ ‘Bz'ﬂiﬂz[ 0)
detected by antenna array P(ﬁ. (}] = — 0

3¢ ] — [32

Freguency - 25.285 GHz [MHz|

"N\
7 F g \ e i f #‘
80, " . - " " a DRESDEN

0 5 10 15 20 25 30 35 40 45 50 concept

Tima [mal

18.07.2018 Kal Zubetr

Pirsa: 18070027 Page 16/62



.TECHNISCHE
@ UNIVERSITAT
DRESDEN
Alternative: Electron capture (EC) and neutrino mass

Measures the neutrino mass (not anti-neutrino mass like in beta decay -> CP 1 test)

F// %{b é/ \\

\

\L“"\ / ¢
‘\61 ///
Radiative EC, internal bremsstrahlung —
Ly
dW , 3 2
JE = A(Qpc —Ec) 1- ( Hq)H : 2
C ec ~ +c 2 H
(EC -Eg ) + 4
- De-excitation spectrum depends on neutrino mass 7\
- Calorimetric measurement A

18.07.2018 Kail Zuber
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The case of Ho-163

e +'“Ho->'s:Dy +v,

ol 163 163
on / Dy 2Dy + E.
10"
N | NI M
oM N'l'_ M| _ _
10 I ‘ Endpoint of internal bremsstrahlung spectrum
> 8
o 10 Py
il Current bound : m < 225 eV
S LA
:‘E 10 P.F. Springer et al., Phys. Rev. A 35 (1987)
5
o 10*
@
10
10° 4
0.0 0.5 1.0 1.5 2.0 25 130 "‘E
|
Energy [keV] " A

Q(( = 2.8 keV DRESDEN
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EC signal

Very low Q-value, allows only M-capture and higher shells

ol
ol ‘/
5 |
101- [ 8 — 1 T T T
Y
ol N Mi

Ml |

Counts/0.1 eV
)

1} 25770 I %;7.5 I 25;8.0 I ‘25}3.5 ‘ 25}5,0 I 25795 2580,0
00 05 10 15 20 25 ‘?’3,0 E/eV
Energy (keV] l
Q, = 2.8 keV -

Again, precision mass measurement is heccesssary -

DRESDEN
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Ho-163 measurement

Use cryo-detectors (same technology used in most dark matter experiments)

"N-Q.U

" Thermal bath

7\
A

DRESDEN
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300

Holmes and ECHO  The ECHo Collaboration  2s| st 1sse f ECHO
EPJ-ST 226 8 (2017) 162 ; . \

-
i
B. Alpert et al, 3 150 1
Eur. Phys. J.C 75 (2015)112 % _ p\ 1
. A
|
50 I\
J ‘v/ \
0 | A N
5.86 5.88 6.90 5.92
_ . | o [N"V]
s Wso, Wsin, lve lc Mo W 0 A live «
up:clmmof a‘|l‘|irl layor 163-Ho
0 compound onto Bismuth-Indium microcalorimeter T T T T
4 . 1 T T 163
1000 | NI . Ho 4
. HOLMES | ECHO
3
r?-. 0 NI - O keV, 38 eV rms 4 800 + p
~ >
- Y
s (<)
=]
£ o 800 | 4
e 0y M 11T 205 kel and tall o -4
g for Auger clectran loss _ij
18 €
“ a 400
5 10 | N O| Ml
- 200 -‘ | l
0 1 - | | 144pm ” ﬁ‘
| N Somn |
4] - § A l W | j|I J
0 50 100 160 200 0 M N i —— B
Ring (an) 0.0 0.5 1.0 1.5 20 nan:N:
Energy £ [keV] "
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EC signal

Very low Q-value, allows only M-capture and higher shells

ol
ol ‘/
5 |
101- [ 8 — 1 T T T
Y
ol N Mi

Ml |

Counts/0.1 eV
)

1} 25770 I %;7.5 I 25;8.0 I ‘25}3.5 ‘ 25}5,0 I 25795 2580,0
00 05 10 15 20 25 ‘?’3,0 E/eV
Energy (keV] l
Q, = 2.8 keV -

Again, precision mass measurement is heccesssary -
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Kinks in beta decay - Mixing and sterile neutrinos

[ 1
K(E K(E
(E) Total (8)
k\
\ —
N\ my =
\
\\
n=1\\
N\
N
(0) (b)
\\n=2
\\
n= \\\_
SN —~E - E
R My—M ™
——— - m
MS-MZ 2 1 EO UEO nRH;
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The ,famous” 17 keV neutrino (around 1990)

N Sulphur-35
Tritium
3 . S w e’ ' I T 1
113 ' ~+4l,%l s ‘ . -
- I 4l i/
: Al M
U—qumlﬁn"iiﬂhﬁmf ey . _.“_:_',.v'_,_'..,f.'..l".u'uin.'...;t*’iﬂrN'rfllrF,}ld I]ﬂJTH ...ﬁo
a aw -1F k
10’ % ) = f | H
3} c : S RN m—— t ,I,,,,,_,
2k FH
HJﬂHl | | 1 " b | L Lol H i ijﬂ
ol s
_ 11 ‘ é é o :‘ '''' o ' T ! ) 56
TP (kev) Ty (xev)

Finally ruled out (almost as many positive than negative observations)

2. Observational evidences for the existence of 17.4 keV decaying degenerate sterile neutrinos near the Galactic Center

Man Ho Chan, Ming-Chung Chu. Sep 2010. 6 pp.
Published in Astrophys.J. 727 (2011) L47

DOI: 10,1088/2041-8205/727/2/L.47

e-Print: arXiv:1009.5872 [astro-ph.HE] | PDF

7\
A
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Double beta decay
e (AZ) = (A, Z+2) +2 e + 2V, 2vBp
- (AZ) > (AZ+2) +2 & Ovpp

@ B r
ox\,ﬁ Qo

»©

Unique process to measure character of neutrino

The smaller the neutrino mass the
longer the half-life

Neutrino mass measurement via
half-life measurement

7N\
Requires half-life measurements well beyond 1020 yrs!l!

DRESDEN
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Double beta decay
« (A)Z) — (AZ+2) +2 e + 2v, 2vpP

\

. (AZ) - (AZ+2) + 2 & OvBp

Unique process to measure character of neutrino

The smaller the neutrino mass the
longer the half-life

Neutrino mass measurement via
half-life measurement

N
Requires half-life measurements well beyond 1020 yrs!l! =

DEN
1
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Within a few years...

PHYSICAL REVIEW

Double Beta-Disintegration

M. Gorrirt-Mavir, The Johns Hopkins University
(Received May 20, 1935)

(X B C

DECEMBER 15, 1939 PHYSICAL REVIEW

On Transition Probabilities in Double Beta-Disintegration

W. H. Furry
Physics Research Laboratory, Harvard University, Cambridge, Massachusetts
(Received October 16, 1939)

+ Racah (1936) and Majorana (1937) N\
A

DRESDEN
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Requirements - 1

126 wese-
A m.,,:t,
s : |
L - );u
—§ f
ot
s
Q
o
—
Q. Il stable
[ ] ﬁ+fEC decay
O F decay
[] «decay

Bl p emission

B spontanecus fission
[] predicted

- 2 maglc number

neutron number

1.) m(A,Z) > m(A,Z+2)

ﬁ
2.) Single beta decay must be forbidden (m (A,£) <m (A,Z+1)) j
or at least strongly suppressed (large change in angular momentum) SRERDEN
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Example: Ge-76

. C BB o qmey A=76 e
, NDS 42, 233(1984) T
L NDS 74. 63(1995)(U)
2Nl &
X 2o 00 g e .
. b g (000 ”‘j‘ £ . o T I 4
ﬂ:gCu e — ST
i o B S | , X 3:358r
109 a4 ¢ Chge 81
- i 1208 L . 129 t—fﬁ
C apZn l_“ I 120 . ¢ RTRA ’ ” e
B ’ 3?‘3’ fo
i e '\;;o:-rr' 14 B h
B ezn ko KT
ko 35Br
L !
e
: Evaluator: B. Singh
13430
"N
There are only 35 isotopes in nature for double electron emission v
DRESDEN
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Signal information

Signal: One new isotope (ionised), two electrons (fixed total energy)

- Single electron energies
- Angle between electrons
- Sum energy of both electrons

- Daughter ion (A,Z+2)

- Gamma rays (eg. four 511 keV photons in g*g*
or excited state transitions)

nnnnnnn
concept
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2V[3PB All even-even ground state transitions are 0* — 0*

(A,Z) = (A,Z+2) +2 & + 2v,

. 7]. 2
. 7 <f‘Hﬁ|m ><m|H’r ‘l>
Fermi‘'s Golden rule: dA=2a0(E,- Y E,)
’ I E-E -p -E
I m.f3 i m pl-’ ¢
Single electron spectrum £ oois | 2vBB VBB
(1:'\; e D NG s o2 vy . A0 E 0014 ; n=7
{”,FN(I,+1} (Q—T.)"[(Q—T.)"+8(Q —T.) + 28] % ooz | -
001 :
Angular distribution oous |-
) a . s + 0006 |
P(()]z) x1-— .-'31 _,"32 cOSs 012 ((] — () ) o0l :_
H — 0.002
with B = p/E 0 AN CIECRTN VRSV PRRET b Dy ¥
250 500 750 1000 1250 1500 1750 2000
energy [keV]
A 13 14
dN : 4E* E’ E o
Sum energy spectrum: — = E(Q - E)ﬁ(] +2F + + + ) 4
dE 33 30 oo
18.07.2018 Kal Zubet e
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Ovpp -Total lepton number violation

Any AL=2 process can contribute to 0Ovpp

v R, violating SUSY
V+A interactions

e Extra dimensions (KK- states)
Leptoquarks
Double charged Higgs bosons
Compositeness
Heavy Majorana neutrino exchange

u . . .
Light Majorana neutrino exchange

Nice interplay with LHC 1
7N\

1/T,,=PS * NME2 *¢? )

DRESDEN
concept
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Light Majorana neutrinos

e 2
A — > £E<m,>=2Ujm,
11,! V cl "f
U,,

9 b b 9 2 1 ) r "
| v <m‘_,> = EU;”’%. = ‘(’.‘I“zcl}in, +5,c5e' " 'm, + s]“3c>'”‘~i713‘
i
H,'! 4

wmw\r\ 5> 1/T,,=PS*NME2* (<m>/m,)?

€

Schechter and Valle 1982:

Independent of mechanism for neutrinoless DBD
Majorana neutrino mass will appear in higher order!

I QObserve v 33 decay -

F N
Neutrinos are Majorana particles A
Actual calculation: M. Duerr, M. Lindner, A. Merle, JHEP 1106,091 (2011) -> very small RN

eoncept
) _ s
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Light Majorana neutrinos

e 2
A — > £E<m,>=2Ujm,
11,! V cl "f
U,,

9 b b 9 2 1 ) r "
| v <m‘_,> = EU;”’%. = ‘(’.‘I“zcl}in, +5,c5e' " 'm, + s]“3c>'”‘~i713‘
i
H,'! 4

wmw\r\ 5> 1/T,,=PS*NME2* (<m>/m,)?

€

Schechter and Valle 1982:

Independent of mechanism for neutrinoless DBD
Majorana neutrino mass will appear in higher order!

I QObserve v 33 decay -

F N
Neutrinos are Majorana particles A
Actual calculation: M. Duerr, M. Lindner, A. Merle, JHEP 1106,091 (2011) -> very small RN
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Ovpp -Total lepton number violation

Two more phases (Majorana phases) only appear in double beta decay

cosd W sind S0 (@ ons OSEOE sin B aat ) ([IEE() el
U=|-sinf, cosf, O 0 1 0 (08 cos i sing (108 et ()
0 0 1)\-sinfe® 0 cosf, \O -sinB,, cosf,\0 0O e™
_ 2 1202 2 2 i2a, 220ty -0)
<m.v> =| EUW.m‘,i I=lccom, + s5c5e ™ ' m, + s5e m, |
i
Compare to beta decay
"(”2(’}(’) - E ("rf’i|2'”32(ui) -~
|

1
DREGDEN

uuuuuu P
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Ovpp

If peak is ever observed 0vpp, the real work begins

~— Neutrino mass

ey
< Rp violating SUSY
e
. - Right handed weak currents
«—

There could be more contributions....
N
A

DRESDEN
concept
Haasllons sus

However, constraints from LHC
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Spectral shapes

Sum energy spectrum of both electrons  VMleasured quantity: Halt-life

§ oo 3 2vBp OvBp
Foos E el _ * 2 % 2
W ooz ;'_ 1 /T‘Il2 - PS NME (<mv> / me)
0.01 :—
0.008 -"— . L
008 b Experimental sensitivity depends on
0.004 ;
ooz b -1 BG limited
o Eetrrlilin it Syl N L 7;/1 X AE ( )
250 500 750 1000 1250 1500 1750 2000 e
. . 1
4 Energy resolution T;/'E X ath (BG free)
% ! / ‘Background
g 4 |AEB
4 P If background limited m, X N
1 1 Mt A
)
{']‘(J()U 2020 ?(:40 2060 20080 2100 ‘
’ anergy, keV DREGDEN

concept
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Double beta decay - a rare event search

or

M

DRESDEN
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Double beta decay - a rare event search

or

7N\
M

DRESDEN
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Perfect world experiment

\J

*%* No background

¢ 0 function as peak

¢ 100 % abundance

*¢* 100% detection efficiency
\/

*%* Infinite measuring time
¢ Infinite mass

In perfect case half-life goes linear with measurement time

Life is easy, the rest is just details

18.07.2018 Kal Zubet

Pirsa: 18070027 Page 47/62



L®

e °
iy Back of an envelope

This is the 50 meV option, just add 0‘s to moles and kgs if you want smaller
neutrino masses

Typ2=In2+a*Ny* Mt/ Ngg .n (Background free)

For half-life measurements of 1026-27 yrs

1 event/yr you need 102%6-27 source atoms

This is about 1000 moles of isotope, implying about 100 kg

Now you only can loose: nat. abundance, efficiency, background, ...

7\
A

DREGDEN
concept
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11 isotopes of interest

Ca-48 0.187 4262.96 + 0.84 Candles
Ge-76 7.44 2039.006 = 0.050 GERDA, Majorana
Se-82 8.73 29979203 SuperNEMO, LUCIFER
Zr-96 2.80 3356.097 + 0.086
Mo-100 9.63 3034.40 £ 0.17 MOON, AMore
Pd-110 11.72 2017.85+ 0.64
Cd-116 7.49 2813.50+ 0.13 COBRA
Sn-124 5.79 2292.64 + 0.39 Tin.Tin
Te-130 33.80 2527.518 £+ 0.013 CUORE, SNO+
Xe-136 8.9 2457.83 £ 0.37 EXO, KamLAND-Zen, NEXT, XMASS
Nd-150 5.64 3371.38 £ 0.20 MCT
7N\
There is no super-isotope! ot
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@ TECHNISCHE Going underground

; u.r[m.} ur:o:-:ncmomm 2
SCIENCE LABORATORY “TH&H

.t_tr Elevator
1.5 Milps Dowr,

N
w
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UNIVERSITAT Next enemy - primordial decay chains of U, Th

DRESDEN
:;l]‘\_ ..“]‘\. Uranium series > Actinium series Thorium series
) U —="Pb U .Pb “Th —="Pb | Uranum

%) -
| (P8
Y
“nﬁ’
A

Protactinium

2P [=

Actinides

Alkall Metals

Alkaline Earth Metals
Halogens

Metalloids

Noble Gases

Pos! Transition Metals

Transition Metals a Francium
F jor
Astatine
f nium
I It
1d
Vi
h |
Thalliur Y
SDEN
neept
A Mercury | o
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UM Experiment around 1995 R
DRESDEN Xperiment aroun 1.99%°¢

Example: Isotope of interest: 76Ge

- The detectors are decaying!!

« 5 isotopical enriched Ge-detectors
* Sum energy -> Peak at 2039 keV

Early stage: Still only 1 decay per year per 10 kg Ge

Background obtained 0.1 count/keV/kg/yr

DRESDEN
t
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UNIVERSITAT -

DRESDEN nw ‘*i—f‘ rﬁ”ﬂ'-;. ":?Q_;“E
- R A A A L PR
o |2 E

Ge-spectrum

counts/kg-d-keV
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@ﬂﬁ?&"ﬁ'gﬁﬁ GERDA-Principal Setup
DRESDEN

Idea : Running bare Ge crystals in LAr

Phase | array:

r Coa\nal detectors

Ultrapure water (580m”):
n moderator, Cherenkov
medium for p veto

' High-purity LAr (64 eld and coolant

Option: active veto
The Gerda experiment for the search of 055 decay in °Ge
Eur. Phys. J. C (2013) 73:2330
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DRESDEN

GERDA

counts / | keVkgyr )
o

Phase |l - enrichec coanal 5.0 Ryt

| keVhgyr )
=

© 10
l.
&8
[
10
- | 3 i
-g Phasze Il - enrches BEGe ! + 18.2 kgyr
4 £ @
> 10 !’
R

counts

10'[ I-'
o X

7950 2000 2050 2160 7150 Next step: LEGEND
enargy [keV] ’

o 25 M. Agostini et al., PRL 120, 132503 (2018 2\
1o M. Agostini et al., : ( )
> &8 x 107 yrs ’

DRESDEN

T

1/2
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UNIVERSITAT

@ TECHNISCHE  \what have low background experiments and a
DRESDEN good bottle of vine in common?

BORDEAUX

"hron g guestit

K. Zuber, TU Dresden
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ﬂﬁ?#s”déﬁ'ﬁ The ,red wine" files g

DRESDEN

Sat May 31-. 2008

A case of 6 magnums of Chateau Mouton Rothschild, vintage 1945, is
seen going under the hammer at a fine wine auction in a hotel in Hong

Kong, on May 31, 2008. The auction has raised an Asian record of "‘L\
more than eight million dollars, organisers said, highlighting the region's A
growing passion for fine vintages. (AFP/Antony Dickson) ORESDEN

concepl
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UNIVERSITAT The evidence: Cs-137

DRESDEN

**The wine ,remembers" the year of growth

Atmospheric nuclear bomb testing

-
~ Nudclear fallout . . i
2 Calibration with
= 10004 "
g red wine from
< Bordeaux-area
& 800
600
400 -
Reactor Accident 1986
L ]
200 . : a Chernobyl
-z, .
04 [ ] —e-8 g
Tt rttflrftftrfrJjftrrrfrrrrr {111
1950 1960 1970 1980 1990 2000
Year 7

A

DRESDEN

Determine Cs-137activity and you know the agel... Before 1952 no Cs-137
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@ UNIVERSITAT The next suspects
DRESDEN

** Wine reference: Fronsac 1964, 2 Bordeaux 1945

150 / Fakelll

Bordeaux 1945

O | W N, JIL"]! I o
A A ot A i

150
Bordeaux 1945

100 ,Il,mlrlm " ‘I]"'||kllh'”“'mlll|']""’l“'lr‘rlllﬁrn- l1||||]\._1]|1 [V o I\ oy -"l!lnlq‘llll‘rl,l N all"\rml“"lﬂlﬂ; 'r'ln,l‘lllr"\'[llL

2
5 so0
8 200 A J'll
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f{.‘!f!fl!{](.'f!
100 - f /
lq"
it JJJU'][Lu'Jll]P;]p.qp.J | }"']ﬂ['*’“kl" g I'L,,Vﬂlllln_m.ll;.‘,umr] Jg s gl
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(8] '
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Energy (keV) DRESDEN
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ﬁ,%.‘f&”.{éﬁ'ﬁ Mouton-Rothschild + Lafite 19007 €

DRESDEN

*¢* 6 bottles provided by French government (franz. Justiz),

|
) ) 1000 T T T T ® Mouton
Einzelpreis 80003 [ 2 Vaen 7
y ‘-_ 800 A 4
S 7o} 1
E
E 600} 4
‘3 500 * \ 1
l.é\ aw0F A 1
g 300 N -
® el ® [ ] x E
100 b r'y p
0 1 1 '} 1 1 1
1 2 3 4 5 6

bottle number
e ernid o AN
thaTcay LAFITE MCRATEAY LAFITE

1900

Mnron a guest®

........ B R B G Bottle 5 was opened and date with radiocarbon
= - method (C-14). Wine is from the sixties!

All bottles showCs-137, i.e. none is correct t!
Even worse, different values, some mixing was done!!

A

DRESDEN
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() Inenertis The 100000$ bottles oF L

DRESDEN

g — ; " _.) I‘.\. N \

Photographie der Weinflaschen von Thomas Jefferson hochstwahrscheinlich aus den Jahren 1784

%

7N\

und 1787. Zwei Flaschen sind vom Chateau Lafite, zwei weitere von Branne Mouton, heute Mouton A
DREGDEN
concept

Rothschild genannt.
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5,%.%;“.{3.%‘-15 Mouton-Rothschild + Lafite 19007 €

DRESDEN

¢ 6 bottles provided by French government (franz. Justiz),

|
) . 1000 T T T T ® Mouton
Einzelpreis 80003 [ 2 Vouen |7
§ 800 4 1
5 oo b -
S

E oo f .
‘3 500 * ¢ J
> aw0F A -
é 300 N -
200 b ® [ ] x J
100 b r'y p

0 1 1 '} 1 1 1

1 2 3 4 5 6

bottle number

HATEAU LAFITE All bottles showCs-137, i.e. none is correct t!
1900 _ o
; Even worse, different values, some mixing was done!!

PAnvon . au

- .
‘‘‘‘‘ sy

........ - ) & Bottle 5 was opened and date with radiocarbon
— - method (C-14). Wine is from the sixties!

A

DRESDEN
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