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THE GENIUS

"Because, you see, in the world there are various categories
of scientists: people of a secondary or tertiary standing, who
do their best but do not go very far. There are also those of
high standing, who come to discoveries of great importance,
fundamental for the development of science.

But then there are geniuses like Galileo and Newton.
Well, Ettore was one of them. Majorana had what no one
else in the world had" .

E. Fermt




PARTICLES & ANTIPARTICLES

SAME MASS

OPPOSITE ELECTRIC CHARGE

OPPOSITE HELICITY

A (ELECTRICALLY) CHARGED FERMION
SUCH AS THE ELECTRON AS LEFT AND
RIGHT STATES FOR PARTICLE AND
ANTIPARTICLE (WHICH ARE DISTINCT
VO » BY ELECTRIC CHARGE)

IF A PARTICLE IS MASSIVE
LEFT AND RIGHT STATES
MUST EXIST

CHARGED FERMIONS COUPLE LEFT-
RIGHT STATES TO A SCALAR (THE
HIGGS) TO GENERATE MASSES
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MAJORANA’S INSIDE

Charged fermions: 4 states

2(particle/antiparticle)x 2
(left right)

The neutrino does no have

electric charge.

It could be the only known
(elementary) particle that is
1ts own antiparticle

Neutrinos: can use the right

handed state (that must be

there if massive) to describe
the antiparticle




MAJORANA’S NEUTRINO
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NEUTRINO DOUBLE-BETA DECAY

>2 36%1021 y 2 136
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spectrum of electron
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Number of electrons

Endpoint of
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NEUTRINO DOUBLE-BETA DECAY

BB2v:two simultaneous B decays

(Z,A) = (Z+2,A)+e; +e5 + Ve, + Ve,

1

e

= G(Q. Z)| M ]

-

BBOV: requires massive Majorana
neutrinos. Non-SM process.

(Z,4) = (Z+2,A) + e] + €5 + or<Te,
(AL = 2)

1

y?

= G"(Q, 2)|M%|?(mgg)?

Neutrino double beta decay
(standard but rare decay. Lifetime of
the order of 10'® y for most nuclei

Neutrinoless double beta decay
can only happen if neutrino 1s a
Majorana particle

If neutrino mass too small difference
vanishes




BBONU & MASS HIERARCHIES

FFE? P2

A s

‘ solar~5x10 JeW2
atmaospheric

~3x 10 ev?

e

atmospheric
~3x10 dev?

solar~3=x10—2cWV?2

\ 4

Degenerate

Normal hierarchy Inverted hierarchy

- 90% CL (1 dof)

107 107 107!
lightest neutrino mass in eV




Diodes & Bolometers

GIERIDA
Majorana

Cuore
COBRA

Calo+Tracko

SuperNEMO

Xenon TPCs
EX©&
NIEER

EXPERIMENTAL TECHNIQUES

Liquid Scintillator
CANDBLES, CAMEGSSINGES




THE ENERGY SIGNATURE
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ENERGY RESOLUTION IS A MUST
ONE IS TIPICALLY AIMING TO
SEPARATE 5-7 ORDERS OF MAGNITUDE




RESOLUTION ONLY MAY NOT BE
ENOUGH

Y. G. Zdesenko et al., J. Phys. G 30 (2004) 971-981 Klapdor-Kleingrothaus et al., [arXiv: hep-ph/0302248].
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3500
Energy (keV) Example: KK’s claim in Heidelberg-Moscow experiment.

BB2v background can only be separated Backgrounds other B2V than become dominant if only total

from BPOV signal using energy resolution. energy available: any energy deposition under signal peak fakes
the signal. Need extra handles!!




The natural radioactivity chains (or, the
experimentalist nightmare)

(4.47-10%y)
238|

a |4.2 MeV
B
(2414d) F

[Q;=0.273 MeV]

(19.9 min) (5.01 d)
[Q;=3.272 MeV] [Qz=1.162 MeV]

(525_3 min) (22.3
=1.024 MeV] [Qs=63.
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MODULAR DETECTORS MUST

PRICE & EFFORT SCALES LINEARLY
BACKGROUNDS (PROPORTIONAL

TO SURFACES) SCALE LINEARLY

BE DUPLICATED




THE TPC DETECTOR

Time Projection Chamber: invented by D. Nygren in the 1970’s.
Can be seen as an electronic bubble chamber.

REQUIRES A NOBLE GAS TO OPERATE

CHARGED PARTICLES TRAVERSING TPC IONIZE
GAS LEAVING A TRACK

IF TRACK STOPS INSIDE TPC THEN ITS ENERGY
IS CALORIMETRICALLY MEASURED (WITH GOOD
RESOLUTION)

LARGE VOLUME POSSIBLE (THUS LARGE MASS)

NO SURFACES IN FIDUCIAL VOLUME FOR
BACKGROUND IONS TO ATTACH TO




WHY A XE TPC

Ideal Gas Law (15 °C)

p e GOOD IONIZATION DETECTING MEDIUM.
0 - PROVIDES ALSO SCINTILLATION LIGHT. CAN BE
LARGE (SCALABILITY).

XENON IS A NOBLE GAS: EASY TO ENRICH,
PURIFY AND MANIPULATE.

NO LONG-LIVED ISOTOPES THAT CAN BE
ACTIVATED.

XE-136 HAsS A sLow 32V MODE.

detect the 2 electrons
(1onization + scinfillation 1n Xxenon detector)

KINEMATICAL SIGNATURE (OBSERVE TWO
ELECTRONS)
136Xe —>+ (+ 2ve)
BATt TAGGING USING OPTICAL SPECTROSCOPY.

NO SURFACES/WIRES FOR 214B] TO ATTACH TO.

positively identify daughter via




Liquid Xenon: EXO

- Mass scalability (compact detector).
- Ba+ tagging.

- Energy resolution.
- Lost of tracking capabilities.

Gas Xenon: Gotthard

-

- Good energy resolution.
- Mass scalability.

| - Bat tagging and event kinematics.

s

- Equalization & calibration
- Mechanics

LXE |ONIZATION - SCINTILLATION
ANTICORRELATION %'

&
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Ground

Central HV plane APD plane (copper) and
(photo-etched acrylic supports grid plane (photo-etched
phosphor bronze) - phosphor bronze)

flex cables on back of APD plane | field shaping
teflon light rings (copper)

6.Gratta - EXO Valencia, Dec 2007 reflectors 29

G.Gratta - EXO

One readout pancake




BACKGROUNDS FOR EXO

o v (2449 keV) from 214Bi decay (from 238U and ?22Rn decay chains)
e ¥ (2615 keV) from 208T1 decay (from 232Th decay chain)

e ¥ (1.4 MeV) from 9K (a concern for the 2vAf)

e 90Co: 1173 + 1333 keV simultaneous y’s (from 93Cu(a.n)%Co)

e other ¥’s in 238U and 23°Th chains

e other cosmogenics of Cu (a concern for the 2vf3[3)

e 222Rn anywhere (Xe, HFE, air gaps inside lead shield)

e in situ cosmogenics in Xe, neutron capture de-excitations, ...

EXO DOES NOT DISCRIMINATE GAMMAS FROM TWO ELECTRONS!




A XE DETECTOR FOR THE NEXT GENERATION

NEXT

A Neutrino Experiment with a
gas ‘e | PC may:

Have all advantages of a Xe
monolithic detector (like EXO)

Outdo Liquid Xe by getting
topological info

Override tradicional limitation of gas
TPCs (Gothard) by applying the
latest developments on TPC readouts

Be a competitive option for the next
(ton scale) generation of
experiments




AN SPAGUETTI WITH TWO MEAT
BALLS

PID

KINEMATICAL SIGNATURE ALLOWS
TO REJECT NON BB BACKGROUNDS

EXO: GAMMAS WILL FAKE THE
SIGNAL

GXE: TRACKS ARE SEEN, GAMMA
NEED TO CONVERT IN FIDUCIAL
VOLUME TO BE A BACKGROUND

PLUS, SIGNATURE OF TWO
ELECTRON DIFFERENT FROM
SINGLE ELECTRON. EXTRA
REJECTION




SCALING A TPC

cathode

Laser meshes

detection )
region »

1

|
|

\ pressure
|
|

~ equalizing
»~ membrane

Laser
detection
region

cathode
_meshes

pressure
equalizing

-~ membrane

No MODULES! WIN WITH L3. PAY WITH L2 (FOR
ELECTRONICS) NO INTERNAL SURFACES!

TARGET=DETECTOR!




ETTORE MAJORANA MEETS HIS SHADOW

THE NEUTRINO, AS ETTORE MAJORANA HIMSELF IS
A MISTERIOUS PARTICLE.

WHY DID MAJORANA DISSAPEAR? DID HE COMMIT
SUICIDE? DID HE CHOOSE TO VANISH, TO RETIRE
FROM THE WORLD, TO BECOME A SHADOW?

IF SO, HE COULD BE STILL ALIVE, 100+ YEARS OLD
AND STILL WANDERING IF THE NEUTRINO IS ITS
OWN ANTIPARTICLE ITS OWN SHADOW

MAYBE THE ANSWER CAN COME SOON. THE NEXT
GENERATION OF BBONU EXPERIMENT MAY ANSWER
THE QUESTION...
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