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7.

INfroduction

Lepton flavour is violated!
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Latestv'’s

Normal hierarchy: Inverted hierarchy:
1_ I I I | |2 I I ] 1_ | |2 I I i
- : A =149 - - A =149 -
05~ 4 05F -
- - M. Tortola et al.
S 0:— —: S 0:— —: arXiv:1205.4018
051 4 05F -
_l: | | | | | | : _l: | | | | :
0 0.02 0.04 0.06 0 0.02 0.04 0.06
.2 .2
sn, sn,
T2K (arXiv:1106.2822):
. 0.03(0.04)< sin? 2013 < 0.28(0.34)
Last mixing Double Chooz (arXiv:1112.6353):
angle has finally sin?(2013) = 0.086 =+ 0.041(stat) + 0.030(syst)
been measured: 013 Daya Bay (arXiv:1203.1669):

sin?(2013) = 0.092 & 0.016(stat) 4= 0.005(syst)
RENO (arXiv:1204.0626):
sin?(2013) = 0.113 £ 0.013(stat.) 4= 0.019(syst.)
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% Don’t know v°s

I

Amgl > () Amgl <0

Open qguestions:
Which hierarchy: Normal or inverted?

What is the absolute neutrino mass scale?

Is there CP violation in the lepton sector?
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% Don’t know v°s

I

Amgl > () Amgl <0

Open qguestions:
Which hierarchy: Normal or inverted?

What is the absolute neutrino mass scale?
Is there CP violation in the lepton sector?
Is lepton number violated???
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Absolute mass scale

Tritium decay end point searches:
KATRIN:
ml) = /3 [Uei2m? < 2.2 6V mb <0.2eV
2017 (?7?)

Double beta decay: Majorana neutrino!

mi” =3, U2m; < (0.5—1.0) eV

Cosmology (CMB + LSS + - - - ):

S my, < (0.4—1.0) eV

= Recall for hierarchical neutrinos:

\/AmZ, ~ 50 meV and \ /Am?D ~ 9 meV
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J, OvpB6 experiments
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The experiments from the
| AExb point of view

O done
O ant mpa‘l‘ed bY MC
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Experimental sensitivity: Tyj2> c a
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Future experiments

Currently under construction / comissioning:

EXO-200 GERDA-I/II CUORE KamLAND-Zen
AZ 136Xe 76@6 130'|'e 136Xe
Mass 160 kg 35 kg 200 kg 400 kg
Method liquid TPC jonization bolometer scint.
Location WIPP LNGS LNGS Kamioka
Starts (?) 2010 2010 2012 2011
Ty (est) | 6.4 x10%° | 3x10%°- 1.6 x10%20 * | (2-6.5) x102 6 %1026
(my)(est) eV 0.19 0.28-0.12 0.03-0.05 * 0.02-0.06 **

Assumptions:

* - Background level 1072 - 1073 ¢/(y - kg - keV), i.e. improvement ~ 20 — 200
** - Phase Il with T ton: 0.020 @ 5 years, BG with MC simulation
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Majorana M,

If Lepton Number is Violated:

Weinberg, 1979

my = i (LH)(LH)

vy vy
Many possible models:
(i) Seesaw mechanism: Type-l, Type-ll,

Type-lll, Inverse seesaw, etc ...

(i) Radiative models: Zee, Babu, LQs ...
(i) SUSY neutrino masses: K,

(v) - --
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Majorana M,

If Lepton Number is Violated:

Weinberg, 1979

my = i (LH)(LH)

Many possible models:

Experimental tests?
(i) Seesaw mechanism: Type-l, Type-ll,

Type-lll, Inverse seesaw, etc ... Ol/ﬂﬁ decoy!
(i) Radiative models: Zee, Babu, LQs ...
i) SUSY neutrino masses: &, LHC (?77)
GQv) - - -
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Seesaw mechanism

Seesaw type-l, right-handed neutrinos: <i ) “;_f )
YV2’02 M \\\ VR ,,
my /2 ~ (= v M) /%e\
vy, vy,
(H) (H)
: —+=< -
Seesaw type-ll, scalar triplet: AR
2 M7
myzYT<A%>:YTU— LA
mAa /\
vy vy,
(H) (H)
Type-lll: Replace vy by & = (1,39, %7) 1 +
\\ 30 II
Y202 —
my /o~ (— s , M) / \
vy vy,

IMFP 2012, 25/05/2012 - p.11/4¢



ﬁ Linear & inverse seesaw

Inverse seesaw, basis (v, v, S):

Mohapatra &

O mp O Valle, 1986
Mz/ — mg 0 M ’
0 MT

After EWSB the effective light neutrino mass matrix is given by
M, = mDMT_l,uM_lm%.

Linear seesaw: Akhmedov
0 mp My, et al., 1995

M, = m% 0 M

M{ MT0

Light neutfrino mass:

—1\T —1 T
MV:mD(MLM ) —I—(MLM )mD
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Charged Lepton Flavour violation
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% Experimental status: CLFV

Decay Current Limit
T — [y 4.4-1078
T — ey 3.3-1078
[ — ey 1.2-10711
T — 3y 2.1-10"
T —e utu” 2.7-107%
T —etuTuT 1.7-107%
TT —pete” 1.8-1078
TT —puteTe” 1.5-1078
T — 3Je 2.7-1078
u— 3e 1-10712

All values from:
Partficle Data Group

http://pdg.lbl.gov/
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% Experimental status: CLFV

Decay Current Limit
T — [y 4.4-1078
T — ey 3.3-1078
[ — ey 1.2-10711
T — 3y 2.1-10"
T —e utu” 2.7-107%
T —etuTuT 1.7-107%
TT —pete” 1.8-1078
TT —puteTe” 1.5-1078
T — 3Je 2.7-1078
u— 3e 1-10712

All values from:
Partficle Data Group

http://pdg.lbl.gov/

MEG 2011,
PRL107, 171801:
Br(n — ey)< 2.4 x 10~ 12
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% Experimental status: CLFV

All values from:

Decay Current Limit Particle Data Group
http://pdg.lbl.gov/

T — Wy 4.4-1078
T — ey 3.3-1078 MEG 2011,
L — ey 1.2. 10—11 PRL107, 17180T:
Br(n — ey)< 2.4 x 10~ 12

T — 3 2.1-1078

TT e utpT 2.7-1078
ety 1.7.10-8 Limit on p — 3e from:
SINDRUM 1988

TT —pete” 1.8-1078
_ T 3 New experiment could reach:
T- —ute e 1.5-10 Bri — 3¢) ~ 10-16 (2)
T — 3¢ 2.7-107° A. Schéning et al.,
1 — 3e 1.10"12 Physics Procedia 17 (2011) 181
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% Experimental status: CLFV

Capture Current Limit
e 32 _, o— 324 7.10~ 11
pu~ 328 — et 3284 9.10~10
uw=Ti— e Ti 4.3-10712
u - Ti— etCa 3.6-10"11
1~ Pb— e Pb 4.6-10~11
1w Au — e Au 7-10713

All values from:
Partficle Data Group

http://pdg.lbl.gov/
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% Experimental status: CLFV

All values from:

Capture Current Limit Particle Data Group
http://pdg.lbl.gov/
. 326 5 e~ 328 7.10"11

pu~ 328 — et 3284 9.10~10

1y Ti — e~ Ti 43.10-12 Future experiments:
T s 561011 Sensitivities of O(10719) (?)
w 1ir—e a 010~
1~ Pb— e Pb 4.6-10~11 COMET:
_ — 13 Letter of interest @:
poAu — e Au 710 http://j-parc.jp/
MuZ2E:
Proposal Q;

http://mu2e.fnal.gov/

Timeline: 2016 (?)
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Guaranteed CLFV

Oscillations experiments have shown that m, # 0:

Br(u — ey) ~
Am? 2

327r (ZZ 2,3 ’U,Z m%vl )
< 10—53

Y
Y

= GIM suppressed by small neutrino masses
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Guaranteed CLFV

Oscillations experiments have shown that m, # 0:

Br(u — ey) ~
Am? 2

327r (ZZ 2,3 ,Lu, m%vl )
< 10—53

Y
Y

= GIM suppressed by small neutrino masses

Any observation of charged LFV
points to physics beyond neutrino masses
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CLFV beyond m,

Simple example: Heavy neutrinos (N) with mpy O(TeV):

Br(s — o) ~
a3s%v mi % m?\fk 2
25672 m%/VFP« (Zz KpiKeiG( m%/V ))

2 2
<9 x 10—6(2 K* K G(m))
> i Dpithed 2

w

Y
Y

— K, heavy neutrino - lepton mixing
— G(x) loop function, G(1) = 1/8
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CLFV beyond m,

Simple example: Heavy neutrinos (N) with mpy O(TeV):

Y
Y

— K, heavy neutrino - lepton mixing
— G(x) loop function, G(1) = 1/8

Br(p — e) ~
m5 m?\r 2
w * . k
i (0 KGKaGEe))

2

—6 * N )
<9 x 10 (Zi KW.KQ,L-G(m—Q))

w

Practically any extension of SM
with new states at TeV scale
generates large charged LFV!
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(OLFV - Models

= Example models that produce sizeable CLFV:

- TeV scale seesaw: Inverse seesaw, linear seesaw, etc.

- Radiative neutrino mass models: Zee-, Babu-Zee model, efc.

- RPC Supersymmetry
- RPV Supersymmetry

- Practically any extended Higgs sector:
Little Higgs models, addifional Higgs doublets, triplets, efc...

- Extra (large) dimensions
- efc ...

= In fact, many models generate way to much CLFV;
"Flavour problem” of BSM
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ol

Schematically:

U — e: u — 3e p-capture:

Can we learn about
different BSM models
from different LFV processes?
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1 — ey versus . — 3e

Consider i — ex:

Some physics
beyond SM
generates blob:

€

W
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{ 1 — ey versus . — 3e

o
Consider u — en:
Y

generates blob:

Some physics f
beyond SM 1 ‘ e

Compare u — 3e:

e “ e
Same blob \

appears in €

u — 3e u____ e + e e
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{ 1 — ey versus . — 3e
T

Consider i — ex: oo
photon

Y diagram dominates:

beyond SM
generates blob:

a X Br(e —1; + )

Some physics f Br(l; — ljlklk) ~

Compare u — 3e:
e

N

Same blob
appears in

u — 3e u .

+
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Simple example

Babu-Zee model for neutrino mass:
Cheng & Li, 1980

L= f(LTD)hY + g(eher)k ™ — ph TRt R~ Béii' 1222
/”1—\\
’ I s
h e : \\ h Neutrino mass is
K ' \ 2-loop suppressed!
1 | \
|
|

Babu & Macesanu, 2003
Avristizabal & Hirsch, 2006

8 m2 Large neutrino mixing angles
of = E 5 faamagaymy frsT(—5), require large CLFV
b (1672)2m3 m3
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CLFV in Babu-Zee model

2 2 2 2
9 By if 1~ 9.
If < o If <o
fr y éf |
h ] kK
! : I ' :
V a
€ IJ e
e K €
A |
U e
V e
Photon dominance! u — 3e free-level!
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u-capture: Different fargets

Fig. from Cirigliano et al., 2009

' Kitano et al., 2002
4l
: v (2)
3L
L | -capt
5 | p-capture
§2; bl on different
2 !l nuclei
| v normalized
— to 26|
1 D
@/\F 5
0 B e —
VA

= use different nuclear targefts to distinguish different operators
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111,

SUSY, neutrino masses and LFV
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SUSY flavour problem

Soft SUSY breaking:

2 T*T

Off-diagonal elements induce decays,

such as:
Y
Example only!
rl // \\ é
! I, \| e ~ (m%)m
0
Xk
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SUSY flavour problem

Soft SUSY breaking:

Off-diagonal elements induce decays,
such as:

Example only!

A very old problem indeed!

Ellis and Nanopoulos, 1981
Donoghue et al., 1983
Gerard et al., 1984
Hall et al., 1985
Romao et al., 1985
Borzumati, Masiero, 1986
. many
2
)21 012 = (n;f’)gl <10_4
Msusy

IMFP 2012, 25/05/2012 — 0.25/4¢



msugra

Boundary conditions: mSUGRA ("minimal Supergravity”) :

My = My = Mz = M, /5,

mg =mj =mg,
MC% = M?] = M% = M% = M% =mZls, < Flavour blind SUSY breaking!

Ag=AgYy, Au = AgYa, Ae = AgYe.
= # of parameters: 41 (mo. M 2, Ao. tan 3, sgn())

= Sometimes also called the CMSSM (C = constrained)

= All low energy masses can then be calculated by RGE
(“renormalization group equations”)

= No neutrino masses and no LFV

IMFP 2012, 25/05/2012 - p.26/4¢



ﬁ mSugra and RGEs

Seesaw type-I: Borzumati & Masiero, 1986

(AMI%)v;j ~ —SLf(moon,Ml/z, ---)(YJLYu)v;j Hisano et al. 1996, 1999

2 Arganda & Herrero, 2006

Note: L; = log[Mg/Mi].
= 9 new independent parameters

Seesaw type-ll: Rossi, 2002

1
(AM%)ZJ ~ _8?9(’”?/0, AO, Ml/g, )(Y;YT)W log(Mg/MT)

= @ entries, but proportional o YT%

= Measuring all enfries in (AM%)Z-]- “over-constrains” type-Il seesaw!

Note: type-lll equation as type-l, but larger LFV ... see below

IMFP 2012, 25/05/2012 - .27 / 4¢



u — ey IN mMSugra sessaw

Esteves et al., 2011
my=M,,»,=300 (GeV), tanB=10, Ay=0 (GeV) my=M;,,=1000 (GeV), tanf=10, A;=0 (GeV)

10”7 10° ———
-8 L
10 1010
10° ¢ |
= sl SR N Ay B
1 1 ‘ ‘ 1
2 o1t 2 [
5 10 5 10'12 S S /A S
10—12 i ‘ ‘ ‘
_ TeEC] o _
1033 - i i ]
10-14 12 - “I13 - ”””il4 I””i15 — ”””16 10-14 12 - “13 = ”””il4 I””i15 — ”””16
10 10 10 10 10 10 10 10 10 10
MSeesaw (GeV) MSeesaw (GeV)

= The three different seesaws are: type-lll, type-Ill and type-|
= General expectation: "Large” LFV for “large” Mgeesaw

= General expectation LFV in type-lll > type-|
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Only for Type-|

Neutrino angles fix relative size of entries in Y Hirsch et al., 2008
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Here: (ri3)? = Br(r — ey)/Br(r — ) efc.

Ratios of BR's “predicted” as function of neutrino parameters
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i SUSY LR model

Consider gauge group:

SU(S)C X SU(Q)L X SU(Q)R X U(l)B_L

Advantages:

¢ . Restoration of parity at high energy

¢ | Generates seesaw: N€ is part of theory

¢ . Provides (potentially) solution to CP problems
¢ . Can be embedded in SO(10)

® | R-parity conservation can be automatic

IMFP 2012, 25/05/2012 - 0.30/4¢



LFV in SUSY LR model

Esteves et al., 2010

Mgeesaw™ 1012 (GeV) tanp=10, Ay=0 (GeV) Mgeesan™ 1013 (GeV) tanP=10, A,=0 (GeV)
1500 | LI I L I L I LI I I | I L I L i 1500 | LI I L I LI I\I L I L I L ]
' : L~ \ozactl
,,,,,,,,,,, 10121013_'
,1;2)(1,6-,,1,1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \ ]

\ ]
| | o ]
1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 II 1 I 1 1 1 L ]
500 750 1000 1250 1500 250 500 750 1000 1250 1500

My, (GeV) My, (GeV)

= As in seesaw Br(u™ — et+) strong function of Mgeesaw
. but ...
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LFV in SUSY LR model

Esteves et al., 2010

Mseesaw= 10' (GeV) tanB=10, A,=0 (GeV) Mgeesay= 10 (GeV) tanB=10, Ay=0 (GeV)
1500_III!IIII!IIII!IIII!IIII!IIII_ 1500_III!IIII!IIII!IIII!IIII!IIII

250 500 750 1000 1250 1500 250 500 750 1000 1250 1500
My, (GeV) My, (GeV)

Asymmetry:

[AL|? — |AR|?
|AL|? + |AR|?

Ap™ — ety) =

= Note: In mSugra seesaw A = 1 always

IMFP 2012, 25/05/2012 - 0.32/4¢



SUSY Inverse seesaw

\ ~
v -

Higgs diagrams

u — 3e

BN /-penguin -

\~__ y-penguin-

Hirsch, Staub
& Vicente, 2012

/-penguin dominates
when MSSM extended:

(i) particle content (v°)
(i) new Yukawa-like interactions
(example also: RPV)

See talk by:
A. Vicente

IMFP 2012, 25/05/2012 - 0.33/4¢



V.

Discrete symmetries and LFV
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% Discrete flavour symmetries

Group d Irr. Repr.'s Presentation

Dy~ S 6 1,12 A% = B = (AB) =

D, 8 1y, At =B = (4B) =1

D; 10 .12 A= B (AB) =1

Dg P 129 A% =B = (AB)* =1

Dy % | Liage AT=B*= (AB)* =1

A4 12 11,173 A3=B*=(AB) =1

A5~ PSLy(5) | 60 1,3,3,45 A= B = (BA)f =1

it % 1401799 9" 3 2= (AB) =R*=1, B*=R

S 24 11,233 BM:A*=B*=(AB)=1
TB: A= B' = (BA} =1

A~y % Zy | 14,..19,3,3

PSLy(7) 168 | 133678 | A =B'=(BA) =(BATBA) =1

Tl w0 Iy 21 111043 AT=B*=1, AR=BA*

Many Refs in
Reviews by:

Altarelli & Feruglio
arXiv:1002.0211

Ishimori et al.
arXiv:1003.3552

IMFP 2012, 25/05/2012 - 0.35/4¢



summary: A,

- 12 elements: rotations
-4irreps: 1,1/, 1”7 and 3

- smallest group with 3

= Symmetry of the tetrahedron:
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summary: A,

- 12 elements: rotations
-4irreps: 1,1/, 1”7 and 3

- smallest group with 3

= Symmetry of the tetrahedron:

A4 is spontaneously broken in

Z3 in the charged sector Z2 in the neutrino sector

Assign:

L, 15, Hy (oo o)

TBM to different irreps of Ay
:> PO

IMFP 2012, 25/05/2012 - 0.36/4¢



% Ay models

Type L, 5 v A References
Al = [1-14] [15}#
A2 2 LT % 1.3 173 116-18]
A3 L3 [19]

Bl 3 L1 3 - [4,20-27]# [28-30]* [31-48]

B2 1.3 LRy

Cl - [2,50,51] [52]#

C2 3 3 ) 1 [53,54] [55}#

3 1,3 [56]

C4 LI 13 [57]

DI 2 [58,50]# [60,61]* [62]

D2 3 3 3 1 [63] [64]*

D3 ¥ i65]*

D4 .3 66]*

El 3 3 1 i [67, 68|

E2 1 6]

R % o 3 3 lor 0]

G E S IO 15 D P L9 n [T1]

H 3 1,11 . = [72]

I 3 1L1L1 1 - [73)*

J 3 L1l Ll i [74]* [75]

K 3 1 U TH 16 1 = 76]*

L 3 3,11 L2310 - [77]

M 3 1,11 7 = [12,39,78,79]

N 3 k1Ll ki 1 80

& ER 5 0 P 15 ol ] - (81

B Lagar 1N I 3 = (82,83
0 0 A O 0 A O L) - [84

Barry & Rodejohann,

PRD81 093002 (2010)

Many - but not all! -
can give TBM

IMFP 2012, 25/05/2012 - .37 /4¢



% Ay models

Type L, £ v A References
Al = [1-14] [15}#
A2 3 LI1 1,1,1% 3 16-18]
A3 1.3 [19]

Bl 3 L1 3 - [4,20-27]% [28-30]* [31-48]
B2 13 49]#

Cl - [2,50,51] [52]#
2 3 3 1 [53,54] [55]#
3 1,3 [56]
4 1,1, 173 [57]

Dl = [58,59]# [60,61]* [62]
D2 3 3 3 1 [63] [64]°
D3 v 657+

D4 I3 i66]*
il 3 L1 (67,68
E2 1 ()

S 0K o 3 3 Lor I 0]

G 3 101 LI.L - [71]

H 3 133 = [72]

I ] L11 1 - [73)

1 F 11 14 : (74" [75]

K 3 1,11 1,11 - [76]*

L 3 1,31 L3210 - 77

M &4 23331 B - [12, 39,78, 79]
N 3 ELl 1l 1 a0]*

o Li1" L1.1* 3 = [81]

5B 1. 1 O 3 5 L QO 5 | - [82,83]

g LY 110y 3y - [84]

Barry & Rodejohann,
PRD81 093002 (2010)

Many - but not all! -
can give TBM

Predictions?

(a) High-scale models
— Qv 36 decay?
— 913 ?

Others?

IMFP 2012, 25/05/2012 - .37 /4¢



% Ay models

Type L, £ v A |Ri"l-[.‘rl{.‘[1][‘ﬁé; BOI’ry & ROdejOhCIhn,
Al : 1-14] [15]#
A3 L3 [19]
Bl 3 P 3 - [4,20-27]% [28-30]* [31-48]
ci : 2.50,51] 2] can give TBM
C2 , : 1 [63,54] [55]#
3 3 - o
C3 18 56
1 Lr13 [57] Predictions?
D1 : [58,59]* [60,61]* [62] .
D2, . s 1 163] [64] (a) High-scale models
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% Discrete sym’s and 0v 303
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$ Linear and inverse SS in A,

10710
10711 - .
N Br(u — ey) for 3
1072 - different values of my
&l for inverse and linear
1 seesaw
107 \\\\\\\
1075 |- \\;\\
10—16 Ll L
102 10t 107
v (blue), u (red) (eV)
140
12 |
Ratio: 10 ¢
Br(t — pvy)/Br(r — ev) for 8 - —
inverse and linear seesaw assuming 61 \
exact TBM mixing as function of 4 B
Am2 2t
o= ——F52 ‘ ‘
AmAtm 0.025 0.03 0.035 0.04 0.045
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i Discrefe Dark Matter

A4 is spontaneously broken in

Z3 inthe cXged sector  Z2in the neutrino sector
stabilize the DM

X
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% Discrefe Dark Matter

A4 is spontaneously broken in

Z3 inthe cXged sector  Z2in the neutrino sector
stabilize the DM

X

Hirsch, Morisi, Peinado & Valle
arXiv:1007.0871

Boucenna et al.
arXiv:1101.2874
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0.09 < Qh* < 0.13
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summary

= Neutrino oscillations show LF is violated
= |last neutrino angle 6,3 has been measured
= CLVF infteresting model discriminator

= Discrete symmmetries may help, but - - -

IMFP 2012, 25/05/2012 — p.41/4¢



summary

= Neutrino oscillations show LF is violated
= |last neutrino angle 6,3 has been measured
= CLVF infteresting model discriminator

= Discrete symmmetries may help, but - - -

= Flavour problem not understood!

= New ideas nheeded!

IMFP 2012, 25/05/2012 — p.41/4¢



Backup slides
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KamLAND-Zen

Electronics Hut

— Calibration system at access chimney

A

1200 m?3 LS+1800m* BO
1325 | 7"PMTs + 554 20"PMTs

:

Energy Res.=7 %/ +E

Ty

Water Cherenkov Outer Detector
225 20” PMTs
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KamLAND-Zen

With 136Xe 400 kg loaded liquid scintillator in mini-ballon:

— 45
g L = ~Total ~ — Tl
20l By oy o PO
= 10°E B 4
©  E — 13ye oy _1;5‘3
Satig —r MC background
2 Yk simulation
A
1= Experiment
10_,3_ """""" has started!
102: |
_3_| 5’ | | Ii..l'l 1 | | | | 1 | | | | | | | | I.‘ll | |
107 15 2 2.5 3 35 4
Visible Energy[MeV]

= 2 year sensitivity limif: (m,) < 60 meV

= 1 ton 136Xe & 5 years: (m,) < 20 meV
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i KamLAND-ZEN: Reality

arXiv:1201.4664v1 [hep-eX]

4
10 —— Data - B8 Series
- ——TFaldl == == B2Th Series
gy = Total (OvBB upper limit) - 21°Bj
10°E; ¥Xe Ovpp - BK
2 (90% C.L. upper limit) ---- %®B;
E : "-,I = 135Xe hBB EEY
S 1023 "TAg
= = ¥ - External BG
= I Wi B \ — - Spallation
7 E " ackel]
g 1054 N Sl
L il \ ‘ uatl .
4 L | i \ - I’-r. 11:' /! F S ) iR
E e A LA I
In ‘ % o A TRy LA
I ! p: )i '
10‘1 L I I | b L Y '|I 1 JI -'I\ I R N [ L1 | I L1
1 2 3 4

Visible Energy (MeV)

- 2v33 decay measured: T} /o = (2.38 £0.14) x 102! ys
- but: unexpected background in Ov35 decay region
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