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A Introduction/Motivation

A B Factory Searches
i CLEO B*Mht/h- I PRD65, 111102 (2002)
i BaBar B'THK II*  PRD85, 071103 (2012)
i BaBar BTb[ I* PRD83, 091101 (2011)
i Belle B'MH5 IIQ PRD84, 071106 (2011)

A Looking to the future
A Conclusion
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Introduction/Motivation

A Charged Lepton Numberig.approximately conserved in
the Standard Model (SM) and can be violated at high
energies by e.g. chiral anomalies.

A In GUTtheories, quarks and leptons are part of the same
multipletsso baryon number B and lepton number L are
expected to be violated in almost all models.

A Lepton Number Violation_.(N\J becomes possible if
neutrinos areMajoranaparticles iL=2 process).

A Neutrino-less double beta decagX | )ireleases about
~3MeV via{channelMajorana neutrino exchange. Upper
limits placed on Majorana electron neutrino mass ~1eV.
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LNV Iin Hl*lI* processes

A Some theories suggest a neW generation
neutrino.

A In B'THI*l* processes, can look for resonance
production viaMajorananeutrino exchange with
masses In range 0-:3.5GeV

A Caveat: do not knownassnor coupling

ACanredza S Yl yeé 2F (0KS 0&OF
I analyses.
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science 336, 1003 (2012) Are we too late?

Signatures of Majorana Fermions in
Hybrid Superconductor-Semiconductor
Nanowire Devices

V. Mourik,™* K. Zuo,** 5. M. Frolov," 5. R. Plissard,? E. P. A. M. Bakkers,*? L. P. Keuwenhoven't

Majorana fermions are particles identical to their own antiparticles. They have been theoretically
predicted to exist in topological superconductors. Here, we report electrical measurements on
indium antimenide nanowires confacted with ene normal (geold) and one superconducting
(niobium titanium nitride) electrode. Gate voltages vary electron density and define a tunnel
barrier between normal and superconducting contacts. In the presence of magnetic fields on the
order of 100 millitesla, we observe bound, midgap states at zero bias voltage. These bound states
remain fixed to zero bias, even when magnetic fields and gate voltages are changed over
considerable ranges. Our observations support the hypothesis of Majorana fermions in nanowires
coupled to superconductors.

Is this the signal for a Majorana patrticle?
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The BaBar and Belle Detectors <&

Common Features: asymmetric beam momenta, 3 (4S) production, low multiplicity,
low background, ~ /K particle identification, good muon and electron identification
with wide coverage.

BABAR

Belle De_tector

_ ™ RN Aerogel Cherenkov cnt.
%Y ﬂ %1 n=1.015~1.030

Instrumented
Flux Return

1.5T Solenoid

Detector

SC solenoid %
1.5T

Drift Chamber 3.5GeV el

CsI(Tl) 16X, —=

TOF counter

e* (3.1 GeV) SGE\LE: >

S raelking ;'“‘d_ddx
_small cell + He/C,H,

e (9.0 GeV) NEENIAR
Electromagnetic Si vt!; det. I .5 1/ K, detection
Calorimeter 3 lyr. DSSD - 14/15 lyr. RPC+Fe

Ch kov Detect
e sl Silicon Vertex

(RIRE) Detector
BaBar maximum 3 (4S) dataset: Belle maximum 3 (4S) dataset:
~470 x 10° BB pairs ~770 x 10° BB pairs
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Common Analysis Technigues
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Plus Fisher Discriminants (F), Boosted Decision Trees (BDT), Neural

Networks (NN) and unbinned Maximum Likelihood (ML) fits
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PRD65, 111102 (2002) 9.6M B"’ﬂj‘rl"‘l"’ CLEO

A Based on CLEO search.fofHM*.

A Look for 3 pairs of I$(Ptone*(e+,e+>+,>+>+) and 4 hadronic final

states (h=K, K0 ThY,K" ) ;7 -and” - (12 modes in total).
A Major backgrounds

I Continuum (g4,d,s,0

I Other Bdecays (e.g. B and D sel@ptonic).

I Particle mididentification e.gK as>.
A Reject background using ML with 4

variables taken from MC:

I I\/Icand

I J'-]. 9 . . . . CLEO
I Fisherdiscriminant using 4 event —
shape variables

I Emiss
A MC Signal efficiency a fgvercent
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