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Measurement of v mass from kinematics of 3 decay.
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Requirements for ATV
experiment -

‘The number of electrons close to the endpoint should
be small

«Good (and well-understood) electron energy resolution
¢No (or minimal) electron energy loss within the source
«Minimal atomic and nuclear final state effects, of
excited transitions

Gaseous Tritium:"H — He + ¢ +V

Endpoint is at 18574 eV

No molecular excitation above 18547 eV
Only 107 electrons in this region

Gaseous so you can have a very large source



History of tritium-B decay ,.rwicx

ITEP

T2 in complex molecule
magn. spectrometer (Tret'vakov)

Los Alamos

gaseous |- source
magn. spectrometer (Tret'yakov)

Tokio

T - source

magn. spectrometer |(Tret'yakov)
Livermore

gaseous T; - source
magn. spectrometer [Tret'yakov)

Zirich
T2 - source impl. on carrier
magn. spectrometer | Tret'yakov)

results

m'kr

17-40 eV

< 9.3 eV

< 13.1 eV

<7.0eV

< 11.7 eV

Troitsk (1994-today)
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Mainz (1994-today)
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electrostat. spectrometer
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<23eV
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experimental results
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Mainz Experiment WARWICK

The current standard for tritium beta decay experiments

T,-SOURCE SOLENOID .A—ELECTHII.IES

<21 acceptance \

‘High energy resolution Electrostatic Filter
AE
—~0.03%

E
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Pre nt Status
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Troitsk Malnz
windowless gaseous T, source quench condensed solid T, source
analysis 1994 to 1999, 2001 analysis 1998/99, 2001/02
g
m?=-2.3+25+2.0eV? m,=-121£22+2.1eV"
my< 22eV (95% CL.) mys  22eV (95%CL.)

Both experiments have reached the intrinsic limit of their
sensitivity.
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KATRIN

Expected limit : mv_< 0.2 eV (90% CL)
Discovery potential : mv, =0.35eVat5oc
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Due to start 2012
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KATRIN on the move
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Katrin data WARWICK
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10m diam. spectrometer 1year; [18555,18580]
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reference

setup 2004

sensitivity/discovery potential [o]

o
—

I

v—mass m,, [eV]

3 year run period

sensitivity (90% CL)

m(v) < 0.2 eV

discovery potential

m(v) = 0.35 eV (50)

Starts in 2016
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Easiest way iIs to use pion decay at rest

Ol«l/+' 2 _ 2 2 2 2
v ‘ m =m _+m 2mﬁ\/pu—|—mH

e u

m_=139.56995+0.00035 MeV
m =105.6583580.000005 MeV Emi:(—o.om +0.023) Mevﬂ
p,=29.792:0.00011 MeV

| m,<190keV (90%CL) |




V. Mass
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Cosmology

WARWICK
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‘Density fluctuations
are affected by
neutrino mass in the
early universe
‘Highly model
dependent
“WMAP,2dF,ACBAR,
CBI

> m <0.3eV
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2vBB Decay

Neutrinoless double beta decay is considered a
channel for the measurement of neutrino

Mass.

In some nuclei 3

decay is forbidden
but double
beta decay is not

(Z,A)=(Z+2,A)+2e+2V,

THE UNIVERSITY OF WARWICK

Maoss difference

MNuclides with A =100

dNb S MTe L' Rh

‘?1MAg
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2vpp Decay WARWICK

L3 "_'.: 2V _1_ 2V Y

%?L<E- [TI/Z/G (Q,Z)/“Mz
”’_5_<EF Calculable  Nuclear

" = 3 phase space matrix element

2

«Second order process in perturbation theory
«Severe test for nuclear matrix element calculation

*Nuclear structure effects cause variations in the nuclear
matrix elements of factors of 10
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2vBp Decay

2v 3 mode

Half life (x10°* years)

s0Ca — 55T
ggGe — EESB
giSe — g%KT
02T — 5Mo
100775 s 100Ry,
fléUPd — LlléUCd
wCd — 11%Sn
%343?1 — é§4T8
é;DTe — éiDXe
éiﬁXe — égﬁBa
50N s B05m

4.1
40.9
9.3
4.4
D.7
18.6
0.3
9.9
5.9
5.5
1.2
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Neutrinoless BB Decay  warwick

M

E ¥

(RH chiral

LH helical)
w‘é‘g

, (CHchirar ®
—v ! ° LH helical)

e

.'B-

‘Neutrino must have
Mmass

« Neutrino is a Majorana
particle

‘Violation of lepton
number conservation

‘Experiments are crucial
to understanding

n ="
+ m
Vi=Vp—_1T 7 Vp=41
L ? 1 E fh +
helicity states
2
rOV_GOV MOV Zi ‘Uei

2 |2 ST~ 1027
iy 112 years
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What is the signal?

Double beta decay
with neutrinos

Mumber of Electrons
o
-

Double beta decay
without neutrinos

H

L

sum of Both Electron Energies (MeV)

THE UNIVERSITY OF WARWICK
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Extremely slow decay rates

Experimental W
Requirements o

OvBR T12 ~ 1028 - 1027 years £ -2y
(OvBg T yaars) 5 = OvBh v = 1 /100
P 1% resolution
£
Best 8
st case, . b
o Source Mass » time
0 background ! CEP
Requires 0 0.5 1 15 2
Summed 'fi Energ;r [ME"-I']

Large, highly efficient source mass

- detector as source

Best possible energy resolution

- minimize Ovpp peak ROl to maximize S/B
- separate from Ovpp from irreducible 2vBp (~ Tz ~ 10" - 10?! years)

Extremely low (near-zero) backgrounds in the OvpB peak region

- requires ultra-clean radiopure materials
- the ability to discriminate signal from background



Types of experiments  warwick
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1. the source is inserted as thin foil inside a tracking detector

- 2e” are| detected separately
- different channels of OvDBD can be distinguished

- particle identification
— background suppression
1 - source - poor energy resolution
2 - tracking — Important 2vDBD background
(limitation on isotope choice)

2. the detector is itself the source

- solid state detectors
— several candidates, high resolution
no info on kinematic
techniques for background suppression

- gaseous detectors for Xe




Passive Source - NEMO3  "#is

- \ _[ ’ Source: 10 kg of Bp isotopes

cylindrical, S = 20 m?, 60 mg/cm?

Tracking detector:

drift wire chamber operating
] in Geiger mode (6180 cells)
fﬁ: Gas: He + 479 ethyl alcohol + 1% Ar + 0.19 H,0
S Al
.E.'E Calorimeter:
] A q 1940 plastic scintillators
!... Al V coupled to low radioactivity PMTs

Magnetic field: 25 Gauss
Gamma shield: Pure Iron (18 cm)

Neutron shield: borated water
+ Wood

Background: npesst—mtemmtiniiotst iRl SiImLLy 6 MeV)
nmmp | Able to identify e-, e*, y and o r
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Typical pp2v event observed from "Mo
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Cuoricino/Cuore

WARWICK
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Heat sink

Thermal coupling
— Thermometer

Double beta decs

Crystal absorber }

example: 750 g of TeO, @ 10 mK
C ~ T° (Debye) = C ~ 2x10° J/K
1 MeV vy-ray = AT ~ 80 uK

= AU ~10 eV



Cuoricino Results WARWICK
60Co OVBB
& 2529 keV
- N !
1
i ] 'l | |
) IR AT i __i o F | LT
o= - II I1l 1 L'FIII LT L Irl \LJ"‘[IJ‘

T1,>3.0x10%years = (m,)<0.68eV
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Heidelberg-Moscow AVIE

11 kg of Ge enriched to 86% of "°Ge in the form of 5 Ge
diodes surrounded by Cu,Pb,Bn shielding

Ovpp electrons detected by Ge detectors themselves
Only sum of electron energy measured
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Heidelberg-Moscow WARWICK

11 kg of Ge enriched to 86% of "°Ge in the form of 5 Ge
diodes surrounded by Cu,Pb,Bn shielding

Ovpp electrons detected by Ge detectors themselves
Only sum of electron energy measured




Heidelberg-Moscow WARWICK

| HEIDELBERG-MOSCOW, 2004 717 kgy

]
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Counts/keV
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oLl ..hl_i : }‘h .al'l r; Ll | _ hi I

2000 2010 2020 2040 2050 2060
G.Douysset etal,, PRLS6(2001)425 nergy, keV

el Rt BVl H.V. Klapdor-Kleingrothaus et al. NIM A 2004, in Press




GERDA WARWICK
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muon & cryogenic tg _1 I
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» Designed to test
Heidelberg-Moscow

» Uses the same Ge-76

isotope and technique
>

» Been running since 2010

g water tank (part of muon detector)
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GERDA WARWICK

%‘E;F— 1 = background in1erpnla1inn—; ] - 55 o
=t K 2| 2 [] withoutPSD 2| || £ t1/2>2.1 X 10 yr @ 90% CL
EE___ > S - W afterPSDcut 2| ||
= 41— v =
E Sl & Inconsistent with HdM, but not
| | &l definitive (yet)
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Future Program

Calorimeter

Ge diode
e, AE
\ tGe J

Bolometers
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m (eV)

Bp

Current global limit

WARWICK
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Absolute mass status

\ALARNALCIC
Tritium B decay < mB > <2.3eV

Katrin extends sensitivity to 0.2 eV

2 <0.3-1.2 eV
«Ov2[ decay ‘Zz U mi‘ <mpBp><300 meV
«Cosmology Z m.<0.7eV
i=e,U,T
‘Pion decay m_ <190 keV

«Tau decay m <18.2MeV




Regquirements for e
*The numl@%ﬂ@ﬁim@ﬂst to the endpoint should
be small

*Good (and well-understood) electron energy resolution
*No (or minimal) electron energy loss within the source
*Minimal atomic and nuclear final state effects, of
excited transitions

Gaseous Tritium:"H — He + ¢ +V

Endpoint is at 18574 eV

No molecular excitation above 18547 eV
Only 10 electrons in this region

Gaseous so you can have a very large source



BRSSO

E\II"\’\I":M’\I’\J——\II\I
l
] 104, 2v2p n ()
T e, "l;_* v, T, ﬂ=t:.?:x']iJ‘5 VI
054 "
h=01M
0 ] o
_ ;P
u 2500 3000 3500
[
3 1 T
5 ] 7 = s (b
2 Dsl v Tty O
= e 12 ]
A Tip = 3010 yr ‘l_
= 0.5 -
= Y :
= ¥
& & o N\ M
2500 3000 3500
1_
] 2 a  (€)
Yol v, T, = 3007 yr
_ T, = 3010 yr
0.5 '
: h=M& M
0 :

e B
3000

350

Energy ikeV)

WARWICK

From Zdesenko, Danevich,
Tretyak, J. Phys. G 30 (2004) 971
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The ldeal Deatactnr WARWICK

Source serves as the detector

Elemental (enriched) source to minimize active material.

Large Q value - faster O rate and also places the region of interest
above many potential backgrounds.

Relatively slow 2vpp rate helps control this irreducible background.

Direct identification of the decay progeny in coincidence with the Ovpp
decay eliminates all potential backgrounds except 2vpp.

Full Event reconstruction, providing kinematic data such as opening
angle and individual electron energy aids in the elimination of
backgrounds and demonstration of signal (can possibly use 2vpB)

Spatial resolution and timing information to reject background
processes.

Demonstrated technology at the appropriate scale.

The nuclear theory is better understood in some isotopes than others.
The interpretation of limits or signals might be easier to interpret
for some isotopes.



NFMO?R WARWICK

Source serves as the detector

Elemental (enriched) source to minimize active material.

Large Q value - faster O rate and also places the region of interest
above many potential backgrounds.

Relatively slow 2vpp rate helps control this irreducible background.

Direct identification of the decay progeny in coincidence with the Ovpp
decay eliminates all potential backgrounds except 2vpp.

Full Event reconstruction, providing kinematic data such as opening
angle and individual electron energy aids in the elimination of
backgrounds and demonstration of signal (can possibly use 2vpB)

Spatial resolution and timing information to reject background
processes.

Demonstrated technology at the appropriate scale.

X The nuclear theory is better understood in some isotopes than others.

The interpretation of limits or signals might be easier to interpret
for some isotopes.
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Dirac vs Majorana

A Dirac particle is different from it's antiparticle
(e.g. electron and positron). A majorana particle is
the same as it's antiparticle.

Dirac

VL e
Lorentz

VR =
- Boost,
1] e
vV

R _

Ma jorana
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From Zdesenko, Danevich,
Tretyak, J. Phys. G 30 (2004) 971
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WARWICK
vEIectror§ %n%tlc szQ N d G UTS

and weak forces have very

|If supersymmetry is valid 50
their strengths are the same
at around 10'° GeV '

¢To explain light neutrino 20;
masses through the see-saw
mechanics, we need a heavy

neutrino with mass 10'° GeV 0 Do voum el s o ol s v o vl o o ol e s
102 104 100 10° 100 102 10™ 10" 10'8
u (GeV)

«Probing of GUT scale physics
using light neutrinos!
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Neutrinos detected WARWICK

Four neutrlno etectors operating at the tlme
Kamiokande |l, IMB, BST, Mont Blanc

2 | ' ' ' I | |
[ B Kamiokande II B
* JINB
40 = T 4 PBalisan il
L ]
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N

Relative Time (seconds)



ass from Velocity
WARWICK

The neutrinos had travelled 180,000 light years - 'eénough
for small mass differences to show up as a difference in
arrival times

2 4
L LEV L m_c
IF:t—tO: — c~—|1+ ;
V. ¢ p, C 2FE

Lmi
2c

1 1

E* E°
Jj i

Ot=t —t =0t +
J i 0

Estimate dependent on models of supernova process
(emission intervals, size of the neutrino shell etc)

m_<5.7eV (95 CL)
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[ BP2v measurement

(“ﬁﬂd 405 ¢
Qqp= 2805 keV

Wir S4x
Qep= 3350 keV

150Nd 37.0 g
.< Qpp= 3367 keV

BCa 1T0g
Qep= 4272 keV

¥
130Te 454¢
14 15 Qgp=2520 keV

100Mo 6.914kg  %2Se 0.932 kg | WTe 491g

External bkg
’| measurement

|

Qpp = 3034 keV Qaz = 2005 keV
— SRR — Cu 621g

A

[ BBOv search } (All enriched isotopes produced in Russia)
~ 5 kg '""Mo purified in INL (USA)
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