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Simpler HME (than Nuclear   decays)0νββ

 Effective Majorana masses:  �  ⟨mee⟩, ⟨meμ⟩, ⟨mμμ⟩



Based on three old papers on   hyperon decays: 

BLNV-03: C. Barbero, GLC and A. Mariano, Phys. Lett. B566,98 (2003)  

BLNV-07: C. Barbero, L. F. Li, GLC and A. Mariano, Phys Rev D76, 
116008 (2007) 

BLNV-13: C. Barbero, L. F. Li, GLC and A. Mariano, Phys Rev D87, 
036010 (2013)
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Little experimental information (PDG 2018) 

BR (90% c. l.) Ref.
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Hai-Bo Li, Front Phys (2017): can reach   sensitivity at BESIII 10−7



Plan: 
   processes and Majorana neutrinos 

   hyperon decays (rare, background) 

   hyperon decays (forbidden) 
- Model-independent bound 
- Loop-model 
- Matrix elements within a Bag Model 

 Final comments

ΔL = 2

2νββ

0νββ



No fundamental reason for L (and B) conservation (unlike Q, C) 

Profoundly important to observe L & B  (BAU) 

Majoranas look unavoidable for massive neutrinos.   

�B = 1, �L = ±1 : p ! e+⇡, single nucleon decay

�B = 2, �L = 0 : n $ n̄, oscillations

�B = 0, �L = 2 : B� ! B0+`�`0�, 0⌫�� decays
<latexit sha1_base64="hjkiORcYDa0URBB7//lQZoAJGh0="></latexit>

νc
RMνR ⇒ ΔL = 2

Main motivation: Majorana neutrinos



No fundamental reason for L (and B) conservation (unlike Q, C) 

Profoundly important to observe L & B  (BAU) 

Majoranas look unavoidable for massive neutrinos.   

�B = 1, �L = ±1 : p ! e+⇡, single nucleon decay

�B = 2, �L = 0 : n $ n̄, oscillations

�B = 0, �L = 2 : B� ! B0+`�`0�, 0⌫�� decays
<latexit sha1_base64="hjkiORcYDa0URBB7//lQZoAJGh0="></latexit>

νc
RMνR ⇒ ΔL = 2

Main motivation: Majorana neutrinos

Different mass scales  
are technically possible  
and worth exploring!

Drewes, 1303.6912; 
de Gouvea, 0706.1732



• (A,Z) ! (A,Z + 2)e�e�

• M±
1 ! M⌥

2 `
±`0± (M = meson, ` = eµ, ⌧)

• ⌧± ! `⌥M±
1 M±

2

• e� ! µ+ conversion in nuclei

• pp, pp̄ ! `±`0±X

• B⌥
i ! B±

f `⌥`0⌥
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       Intensive experimental searches of  ΔL = 2

Sensitivities to different mass scales and mixings, 
complementary
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Sterile neutrinos would couple to matter only through the 
mixing with active neutrinos vía charged currents

ℒcc =
GF

2
ν̄ℓγμ(1 − γ5)ℓWμ + h . c .

+ crossed 
channels
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Sterile neutrinos would couple to matter only through the 
mixing with active neutrinos vía charged currents

ℒcc =
GF

2
ν̄ℓγμ(1 − γ5)ℓWμ + h . c .

- Very light neutrinos: 

- Very heavy neutrinos: 

- Resonant neutrinos:

⟨mℓℓ′�⟩ = ∑
i

UiℓUℓ′�imi

⟨m−1
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k
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mk
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Γk

LNV driven by an 
Effective Majorana 
mass parameter

+ crossed 
channels



Most sensitive is neutrinoless  
nuclear double-beta decay 

Tree- or loop-level phenomenon? 

⇣
T 0⌫
1/2

⌘�1
= G0⌫ ·

��M0⌫
��2 · hmeei2
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Nuclear matrix elements difficult  
to calculate &   in nucleigA

|hmeei| ⇠ O(0.1� 0.2) eV
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1.Very light Majorana neutrino
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Contribution of only one Majorana neutrino N

Resonance  
enhancement

BR =
G4

F |U`NU`0N |2 m2
N

�2
N

��V CKM
1 V CKM

2

��2 f(mN , · · · )
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A. Atre et al, JHEP05, 030 (2009) +many others

2. Intermediate mass neutrinos (0.1~ 5 GeV)
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Searches for   proceses at low energies  ΔL = 2

Three-body decays
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Exclusion plots
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 Intermediate states crucial (assumption: same octet) 

 Short-lived B* ( ) important background for   
hyperon decays. Long-lived ( ) easily discriminated 

No experimental searches so far 

Σ0 0νββ
n

A model

BLNV-03, 07

ℓ′�−

ν̄ℓ′�



Channel BR Dominant B⇤

⌃� ! ⌃+e�e�⌫̄⌫̄ 0.86⇥ 10�30 ⌃0

! pe�e�⌫̄⌫̄ 4.77⇥ 10�8 ⇤
! pµ�e�⌫̄⌫̄ 9.0⇥ 10�9 ⇤
! pµ�µ�⌫̄⌫̄ ⇠ 0 ⇤

⌅� ! ⌃+e�e�⌫̄⌫̄ 6.59⇥ 10�14 ⌅0

! ⌃+µ�e�⌫̄⌫̄ 1.20⇥ 10�15 ⌅0

! pe�e�⌫̄⌫̄ 4.68⇥ 10�7 ⇤
! pµ�e�⌫̄⌫̄ 3.80⇥ 10�7 ⇤
! pµ�µ�⌫̄⌫̄ 5.49⇥ 10�7 ⇤
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Assume decay chain:   

 B*=neutron decays outside detector, discriminated 

 B*=      decays at same vertex ( )τ(Σ0) = 7.4 × 10−20 sΣ0

B�
i ! B⇤0`�⌫̄ ! B+

f `�`0�⌫̄⌫̄0
<latexit sha1_base64="pH62f05SE5HnZpAPR6mMWWhtMhM="></latexit>

BLNV-07

Exact calculation 
BLNV-03

( 1.36⇥ 10�30
<latexit sha1_base64="E+klWgnqqM8wK4GfQXwyYmf0o10=">AAACCHicdVDLSgMxFM3Ud31VXbowWAQ3lqSVWneiGxcuKlgVOmPJpBkbmnmQ3FHK0KUbf8WNC0Xc+gnu/BvTh6CiBwKHc+7h5h4/UdIAIR9ObmJyanpmdi4/v7C4tFxYWT03caq5aPBYxfrSZ0YoGYkGSFDiMtGChb4SF373aOBf3AhtZBydQS8RXsiuIxlIzsBKrcKGeyICYFrHt5iWKlXsggyFwZRcZTsV0m8ViqRECKGU4gGhe1Viyf5+rUxrNkGGKKIx6q3Cu9uOeRqKCLhixjQpScDLmAbJlejn3dSIhPEuuxZNSyNmt3nZ8JA+3rJKGwexti8CPFS/JzIWGtMLfTsZMuiY395A/MtrphDUvExGSQoi4qNFQaowxHjQCm5LLTioniWMa2n/inmHacbBdpe3JXxdiv8n5+USrZTKp7vFg8NxHbNoHW2ibUTRHjpAx6iOGoijO/SAntCzc+88Oi/O62g054wza+gHnLdPE6GYGg==</latexit>

Largely dominated 
by intermediate  
on-shell states



B�
i ! B+

f `�`0�
<latexit sha1_base64="/h2SpltDFNM/JGIA6B7pvq92fqo="></latexit>

�
dd ! uu`�`0�

�
<latexit sha1_base64="gcvvF1mOXplardRGUbMkST31tJY="></latexit>

�S = 0 �S = 1 �S = 2
⌃+e�e� pe�e� -

⌃� ! - pµ�e� -
- pµ�µ� -
- ⌃+e�e� pe�e�

⌅� ! - ⌃+µ�e� pµ�e�

- - pµ�µ�

- - ⌃+e�e�

⌦� ! - - ⌃+µ�e�

- - ⌃+µ�µ�
<latexit sha1_base64="dXE+sg+b7LUV0uzN2I+tvTD5+KU="></latexit>

|Vud |4 |VudVus |2 |Vus |4

  hyperon decays0νββ

Allowed by 
phase space

  �  B(0νββ) ∼ mℓℓ′�
2
|VuiVuj |

2 ⋅ |ℳℰ |2 PS



B�
i ! B+

f `�`0�
<latexit sha1_base64="/h2SpltDFNM/JGIA6B7pvq92fqo="></latexit>

�
dd ! uu`�`0�

�
<latexit sha1_base64="gcvvF1mOXplardRGUbMkST31tJY="></latexit>

�S = 0 �S = 1 �S = 2
⌃+e�e� pe�e� -

⌃� ! - pµ�e� -
- pµ�µ� -
- ⌃+e�e� pe�e�

⌅� ! - ⌃+µ�e� pµ�e�

- - pµ�µ�

- - ⌃+e�e�

⌦� ! - - ⌃+µ�e�

- - ⌃+µ�µ�
<latexit sha1_base64="dXE+sg+b7LUV0uzN2I+tvTD5+KU="></latexit>

|Vud |4 |VudVus |2 |Vus |4

  hyperon decays0νββ

Allowed by 
phase space

  �  B(0νββ) ∼ mℓℓ′�
2
|VuiVuj |

2 ⋅ |ℳℰ |2 PS



Most general lagrangian for   semileptonic hyperon decays ΔL = 2

A model-independent estimate 

L�L=2 =
G2

F

⇤��

n
c``

0

ij (ū�idi)(ū�jdj)(¯̀�`
0c) + h.c.

o

<latexit sha1_base64="WFCrekh0+RummkwxDt+I4q9kdfc="></latexit>

 Ling Fong Li, 
0706.2815 



Most general lagrangian for   semileptonic hyperon decays ΔL = 2

A model-independent estimate 

L�L=2 =
G2

F

⇤��

n
c``

0

ij (ū�idi)(ū�jdj)(¯̀�`
0c) + h.c.

o

<latexit sha1_base64="WFCrekh0+RummkwxDt+I4q9kdfc="></latexit>

Order of magnitude estimates,   :cij ∼ O(1)

M ~1 GeV

1

⇤��
=

m⌫M

⇤02
<latexit sha1_base64="/HYx/PiCXRqF56+4lZqtl4pcLYA="></latexit>

Strong suppression for light Majorana neutrinos

 L. F. Li, 0706.2815 

B(B1 ! B2`
�`0�) < 10�14

<latexit sha1_base64="KvnF6VhpS/bQ0yFW15RmIYdfSTk="></latexit>

�(B1 ! B2``0)

�(B1 ! B0
2`⌫`)

=

✓
GF

⇤��

◆2 ����
hB2|(ū�idi)(ū�jdj)|B1i

hB0
2|ū�d|B1i

����
2

PS

=

✓
GF

⇤��

◆2

M6PS

⇡
✓

M

⇤��

◆2

⇥ 10�10

<latexit sha1_base64="IwlwBrbJfK5Q2+LjGdGsU3FdtKE="></latexit>

 Ling Fong Li, 
0706.2815 



p
<latexit sha1_base64="EY33+PQdqr2P5nLN6RnCOHe4s2k=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMckt6MVjFPOAZAmzk9lkyOyDmVkhLPkDLx4U8eofefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGV+554rLaLwzkxj7gZ0FApfMGqsdBsXBsUSLmOMCSEoI6R6gS2p12sVUkMksyxKsERzUHzvDyOWBDw0TFKtewTHxk2pMoJJPiv0E81jyiZ0xHuWhjTg2k3nl87QiVWGyI+UrdCgufp9IqWB1tPAs50BNWP928vEv7xeYvyam4owTgwP2WKRn0hkIpS9jYZCcWbk1BLKlLC3IjamijJjw8lC+PoU/U/alTI5K1duzkuNy2UceTiCYzgFAlVowDU0oQUMfHiAJ3h2Js6j8+K8LlpzznLmEH7AefsEXOiNQg==</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

⌅�
<latexit sha1_base64="jyT8pLDcbTY1TNjgDIAEdPvQIxw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW6b357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJ85qjqI=</latexit>

⌫M
<latexit sha1_base64="KlRK6gX/uTF/z3zAjjnp3v2d5qE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJjeZ33miSjMpHsw0pn6ER4KFjGBjpXZfJIO70qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUBaCt/zyKmnXqt5FtXZfrzSu8ziKcAKncA4eXEIDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfnno6v</latexit>⌅�

<latexit sha1_base64="jyT8pLDcbTY1TNjgDIAEdPvQIxw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW6b357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJ85qjqI=</latexit>

p
<latexit sha1_base64="EY33+PQdqr2P5nLN6RnCOHe4s2k=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMckt6MVjFPOAZAmzk9lkyOyDmVkhLPkDLx4U8eofefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGV+554rLaLwzkxj7gZ0FApfMGqsdBsXBsUSLmOMCSEoI6R6gS2p12sVUkMksyxKsERzUHzvDyOWBDw0TFKtewTHxk2pMoJJPiv0E81jyiZ0xHuWhjTg2k3nl87QiVWGyI+UrdCgufp9IqWB1tPAs50BNWP928vEv7xeYvyam4owTgwP2WKRn0hkIpS9jYZCcWbk1BLKlLC3IjamijJjw8lC+PoU/U/alTI5K1duzkuNy2UceTiCYzgFAlVowDU0oQUMfHiAJ3h2Js6j8+K8LlpzznLmEH7AefsEXOiNQg==</latexit>

⌫M
<latexit sha1_base64="KlRK6gX/uTF/z3zAjjnp3v2d5qE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJjeZ33miSjMpHsw0pn6ER4KFjGBjpXZfJIO70qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUBaCt/zyKmnXqt5FtXZfrzSu8ziKcAKncA4eXEIDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfnno6v</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

Tree: quark level Loop: hadron level

A loop-model for  B−
i → B+

f ℓ−ℓ′�−

B*0

�B*0 = Λ, Σ0, . . .

BLNV-03, BLNV-07



p
<latexit sha1_base64="EY33+PQdqr2P5nLN6RnCOHe4s2k=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMckt6MVjFPOAZAmzk9lkyOyDmVkhLPkDLx4U8eofefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGV+554rLaLwzkxj7gZ0FApfMGqsdBsXBsUSLmOMCSEoI6R6gS2p12sVUkMksyxKsERzUHzvDyOWBDw0TFKtewTHxk2pMoJJPiv0E81jyiZ0xHuWhjTg2k3nl87QiVWGyI+UrdCgufp9IqWB1tPAs50BNWP928vEv7xeYvyam4owTgwP2WKRn0hkIpS9jYZCcWbk1BLKlLC3IjamijJjw8lC+PoU/U/alTI5K1duzkuNy2UceTiCYzgFAlVowDU0oQUMfHiAJ3h2Js6j8+K8LlpzznLmEH7AefsEXOiNQg==</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

⌅�
<latexit sha1_base64="jyT8pLDcbTY1TNjgDIAEdPvQIxw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW6b357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJ85qjqI=</latexit>

⌫M
<latexit sha1_base64="KlRK6gX/uTF/z3zAjjnp3v2d5qE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJjeZ33miSjMpHsw0pn6ER4KFjGBjpXZfJIO70qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUBaCt/zyKmnXqt5FtXZfrzSu8ziKcAKncA4eXEIDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfnno6v</latexit>⌅�

<latexit sha1_base64="jyT8pLDcbTY1TNjgDIAEdPvQIxw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW6b357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJ85qjqI=</latexit>

p
<latexit sha1_base64="EY33+PQdqr2P5nLN6RnCOHe4s2k=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMckt6MVjFPOAZAmzk9lkyOyDmVkhLPkDLx4U8eofefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGV+554rLaLwzkxj7gZ0FApfMGqsdBsXBsUSLmOMCSEoI6R6gS2p12sVUkMksyxKsERzUHzvDyOWBDw0TFKtewTHxk2pMoJJPiv0E81jyiZ0xHuWhjTg2k3nl87QiVWGyI+UrdCgufp9IqWB1tPAs50BNWP928vEv7xeYvyam4owTgwP2WKRn0hkIpS9jYZCcWbk1BLKlLC3IjamijJjw8lC+PoU/U/alTI5K1duzkuNy2UceTiCYzgFAlVowDU0oQUMfHiAJ3h2Js6j8+K8LlpzznLmEH7AefsEXOiNQg==</latexit>

⌫M
<latexit sha1_base64="KlRK6gX/uTF/z3zAjjnp3v2d5qE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJjeZ33miSjMpHsw0pn6ER4KFjGBjpXZfJIO70qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUBaCt/zyKmnXqt5FtXZfrzSu8ziKcAKncA4eXEIDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfnno6v</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

Tree: quark level Loop: hadron level

hBf |jµ|Bii = ūf�µ
�
f if + gif�5

�
ui

<latexit sha1_base64="GGJcCzbYuZnLqMGY38QiC1LAYgE="></latexit>

Approximated hadronic  
matrix element

Logarithmic  
divergence IB⇤(p`) ⇠

Z 1

0
dx [( 6 pi� 6 p`) +mB⇤ ]

Z ⇤c

0

k3dk

(k2 +M2)2
<latexit sha1_base64="iWTqwwMcXn+6xS6P6jeqQMdDy9E="></latexit>

In       nuclear decays 0νββ ⇤ ⇠ 1 GeV ⇠ (dnn)
�1

<latexit sha1_base64="SZDU3Qrk9P7bCrUaWEP0rS6GtHk="></latexit>

A loop-model for  B−
i → B+

f ℓ−ℓ′�−

B*0

�B*0 = Λ, Σ0, . . .

BLNV-03, BLNV-07



⟨mee⟩ ∼ 10 eV

Λc = 1 GeVFor 

B(⌃� ! ⌃+e�e�) = 1.5⇥ 10�35
<latexit sha1_base64="7OG9l436s71658BpYIQGIhOXYxE="></latexit>

Since rates scales as         , larger rates expected for other channels(ΔMif)
5

BLNV-03



BLNV-07

hmeei = 10 eV,

hmµµi = 10 MeV
<latexit sha1_base64="q2ydlhbV2LKbBJ5hyEebxM7hSqs="></latexit>

 �Λc = 1 GeV

�0⌫/hm``0i2 B(Bi ! Bf ``)
[sec�1MeV�2]

⌃� ! ⌃+e�e� 1.0⇥ 10�15 1.5⇥ 10�35

⌃� ! pe�e� 5.0⇥ 10�9 7.4⇥ 10�31

⌃� ! pµ�µ� 4.3⇥ 10�10 6.3⇥ 10�20

⌅� ! ⌃+e�e� 8.4⇥ 10�14 1.4⇥ 10�33

⌅� ! pe�e� 1.1⇥ 10�12 1.9⇥ 10�32

⌅� ! pµ�µ� 4.8⇥ 10�13 7.9⇥ 10�21
<latexit sha1_base64="pZwkDe9H9KAa+Vlys8kj1nyY8t4="></latexit>



BLNV-07

hmeei = 10 eV,

hmµµi = 10 MeV
<latexit sha1_base64="q2ydlhbV2LKbBJ5hyEebxM7hSqs="></latexit>

|hMµµi| <

8
<

:

0.04 TeV, from K+ ! ⇡�µ+µ+
(2000)

2.90 TeV, ep ! Xµ+µ+
from HERA,

W. Rodejohann (2002)
<latexit sha1_base64="+YG9mLq4zZZHr3K8cTTzP+fKYH8="></latexit>

HyperCP  UL B(⌅� ! pµ�µ�) < 4.0⇥ 10�8 )
<latexit sha1_base64="xFpII5XSsinrAzOEWNuWyUv3RnU="></latexit>

|mµµ| < 22 TeV
<latexit sha1_base64="dGlsQMacpOx5VFW53JoSNIj9P48="></latexit>

 �Λc = 1 GeV

�0⌫/hm``0i2 B(Bi ! Bf ``)
[sec�1MeV�2]

⌃� ! ⌃+e�e� 1.0⇥ 10�15 1.5⇥ 10�35

⌃� ! pe�e� 5.0⇥ 10�9 7.4⇥ 10�31

⌃� ! pµ�µ� 4.3⇥ 10�10 6.3⇥ 10�20

⌅� ! ⌃+e�e� 8.4⇥ 10�14 1.4⇥ 10�33

⌅� ! pe�e� 1.1⇥ 10�12 1.9⇥ 10�32

⌅� ! pµ�µ� 4.8⇥ 10�13 7.9⇥ 10�21
<latexit sha1_base64="pZwkDe9H9KAa+Vlys8kj1nyY8t4="></latexit>



In an effective lagrangian approach

Lengthly most general form of vector and axial vértices 

�L�L=2 =
G2

F

⇤��

n
c1(ū�id)(ū�jd) + c2 [(ū�id)(ū�js) + (ū�is)(ū�jd)] + c3(ū�is)(ū�js)

o

⇥
n
d1(ē�ke

c) + d2(µ̄�kµ
c) + d3 [ē�kµ

c + (µ̄�ke
c))]

o

<latexit sha1_base64="Q4r5R5L9te/3KROrgIf8TPlumKE="></latexit>

hBf |(V �A)↵(V
0 �A0)� |Bii = ū(pf )

⇥
�V
↵� � �A

↵�

⇤
u(pi)

<latexit sha1_base64="B5EdiMgTQbqI9qQ249oBjErC1Bk="></latexit>

!   hyperon decays within the MIT Bag 0νββ

 L. F. Li, 0706.2815 

BNLV-13



- Only a few form factors contribute in the non-relativistic approximation 
   (neglect momentum transfer   )                                   

-Spin-flavor wavefunctions for hyperon states 

q/M → 0, hi(q2) = hi(0)

⌃� ! pe�e�
<latexit sha1_base64="8+ivjWisLEa88ap8/91KvCoeOYs=">AAACCnicdVDNSgMxGMz6b/1b9eglWgQvLZsqtr0VvXhUtCp0tyWbfq2h2eySZIWy9OzFV/HiQRGvPoE338asVlDRjwSGmW9IZsJEcG08782ZmJyanpmdmy8sLC4tr7ira+c6ThWDJotFrC5DqkFwCU3DjYDLRAGNQgEX4eAw1y+uQWkeyzMzTCCIaF/yHmfUWKrjbvqp7ILK7Zl/yvsRbZewb2KcYGiX7Bl13KJX9jyPEIJzQKr7ngX1eq1Capjkkp0iGs9xx331uzFLI5CGCap1i3iJCTKqDGcCRgU/1ZBQNqB9aFkoaQQ6yD6ijPC2Zbq4Fyt7pcEf7HdHRiOth1FoNyNqrvRvLSf/0lqp6dWCjMskNSDZ50O9VGAbNe8Fd7kCZsTQAsoUt3/F7Ioqyoxtr2BL+EqK/wfnlTLZLVdO9oqNg3Edc2gDbaEdRFAVNdAROkZNxNANukMP6NG5de6dJ+f5c3XCGXvW0Y9xXt4BZYeaEA==</latexit>

MIT Bag-model (A. Chodos et al, 1974)

BLNV-13



- Only a few form factors contribute in the non-relativistic approximation 
   (neglect momentum transfer   )                                   

-Spin-flavor wavefunctions for hyperon states 

q/M → 0, hi(q2) = hi(0)

⌃� ! pe�e�
<latexit sha1_base64="8+ivjWisLEa88ap8/91KvCoeOYs=">AAACCnicdVDNSgMxGMz6b/1b9eglWgQvLZsqtr0VvXhUtCp0tyWbfq2h2eySZIWy9OzFV/HiQRGvPoE338asVlDRjwSGmW9IZsJEcG08782ZmJyanpmdmy8sLC4tr7ira+c6ThWDJotFrC5DqkFwCU3DjYDLRAGNQgEX4eAw1y+uQWkeyzMzTCCIaF/yHmfUWKrjbvqp7ILK7Zl/yvsRbZewb2KcYGiX7Bl13KJX9jyPEIJzQKr7ngX1eq1Capjkkp0iGs9xx331uzFLI5CGCap1i3iJCTKqDGcCRgU/1ZBQNqB9aFkoaQQ6yD6ijPC2Zbq4Fyt7pcEf7HdHRiOth1FoNyNqrvRvLSf/0lqp6dWCjMskNSDZ50O9VGAbNe8Fd7kCZsTQAsoUt3/F7Ioqyoxtr2BL+EqK/wfnlTLZLVdO9oqNg3Edc2gDbaEdRFAVNdAROkZNxNANukMP6NG5de6dJ+f5c3XCGXvW0Y9xXt4BZYeaEA==</latexit>

MIT Bag-model (A. Chodos et al, 1974)

BLNV-13

ci, di ⇠ O(1)
⇤�� ⇠ 1 TeV

�
)

<latexit sha1_base64="gCo7Bd4QTto+NcENWCfp+3/lGKA="></latexit>

Bbag(⌃� ! pe�e�) ⇠ 10�25
<latexit sha1_base64="ApzHHFycKl6nLOOfmJ8Kv/hu9vY="></latexit>

compared to Bloop(⌃� ! pe�e�) =

✓
hmeei
10 eV

◆2

· 7.4⇥ 10�31

<latexit sha1_base64="sDo96KSxQHAPpDIClLC6wCsDQXM="></latexit>

BLNV-07

Possible stronger limits on   from   in the Bag model⟨mμμ⟩ Ξ− → pμ−μ−



B−
i

B0
f

ℓ−

ℓ′�−

νM
π+

BLNV with a resonant  
Majorana neutrino

m`0 +m⇡  mN  mBi �mBf �m`
<latexit sha1_base64="f6Ek8XZqVbxLa4pI9EbqLFXCh34=">AAACIXicbZBNS8NAEIY3flu/qh69LBZREEtSBXuUevEkFewHtCVstpN2cTeJuxuhhPwVL/4VLx4U6U38M27SClodWObhnRlm5/UizpS27Q9rbn5hcWl5ZbWwtr6xuVXc3mmqMJYUGjTkoWx7RAFnATQ00xzakQQiPA4t7+4yq7ceQCoWBrd6FEFPkEHAfEaJNpJbrAo36QLnh+lxRhFLcZfDPRbu9TckNZelJ3n285z1p26xZJftPPBfcKZQQtOou8Vxtx/SWECgKSdKdRw70r2ESM0oh7TQjRVEhN6RAXQMBkSA6iX5hSk+MEof+6E0L9A4V39OJEQoNRKe6RRED9VsLRP/q3Vi7Vd7CQuiWENAJ4v8mGMd4swu3GcSqOYjA4RKZv6K6ZBIQrUxtWBMcGZP/gvNStk5LVduzkoXtakdK2gP7aMj5KBzdIGuUB01EEWP6Bm9ojfryXqx3q3xpHXOms7sol9hfX4BaI6jrQ==</latexit>

Sensitive to Majorana neutrino in the range

⇤ ! pe�e�⇡+

⌃� ! ne�e�⇡+, ne�µ�⇡+

⌅� ! ⇤e�e�⇡+
<latexit sha1_base64="u5P+PaUhwSKyY8arFh6bHBbcOLM="></latexit>

Only possible channels

w/ C.S. Kim and D. Sahoo



Final remarks 

 First useful limits on forbidden   baryon decays can be  
    obtained at BESIII ! 

 Observe for the first time   ? 

 Direct limits on effective Majorana masses   and  . 

  Evaluation of hadronic matrix elements of BLN decays is  
    challenging. A more reliable evaluation is necessary and  
    important to draw meaningfull/competitive limits on other  
      entries from BLNV 

                 Thank you!

ΔL = 2

B(Ξ− → pℓ−ℓ′�−ν̄ℓν̄ℓ′�) ∼ 5 × 10−7

⟨meμ⟩ ⟨mμμ⟩

⟨mℓℓ′�⟩



Backup slides



M = G
2
X

j

mjU`jU`0j

Z
d
4
q

(2⇡)4
1

q2 �m
2
j

L
↵�(p`, p`0)H↵�(Q(q))

<latexit sha1_base64="FfcPTNaM0I+ACSmqIVQT8yyXnrw="></latexit>

L↵�(p1, p2) = ū`(p1)��(1� �5)��u
c
`0(p2)

<latexit sha1_base64="b9yb7M3ScnuxIf+HdzvDDh9tsoY="></latexit>

H↵�(Q(q)) =
X

B⇤

ū(pf )�↵(f
B⇤f + g

B⇤f
�5)

6Q+mB⇤

Q2 �m
2
B⇤

��(f
B⇤i + g

B⇤i
�5)u(pi)

<latexit sha1_base64="0bcTsxQoctIqPGi1kvr2Ky4ibkU="></latexit>

Decay amplitude for the loop proceses

Leptonic current

Hadronic current



p
<latexit sha1_base64="EY33+PQdqr2P5nLN6RnCOHe4s2k=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMckt6MVjFPOAZAmzk9lkyOyDmVkhLPkDLx4U8eofefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGV+554rLaLwzkxj7gZ0FApfMGqsdBsXBsUSLmOMCSEoI6R6gS2p12sVUkMksyxKsERzUHzvDyOWBDw0TFKtewTHxk2pMoJJPiv0E81jyiZ0xHuWhjTg2k3nl87QiVWGyI+UrdCgufp9IqWB1tPAs50BNWP928vEv7xeYvyam4owTgwP2WKRn0hkIpS9jYZCcWbk1BLKlLC3IjamijJjw8lC+PoU/U/alTI5K1duzkuNy2UceTiCYzgFAlVowDU0oQUMfHiAJ3h2Js6j8+K8LlpzznLmEH7AefsEXOiNQg==</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

µ�
<latexit sha1_base64="08va1qW24YWV2AiCum99Xevf7ME=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW4Y357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJwD1jsM=</latexit>

⌅�
<latexit sha1_base64="jyT8pLDcbTY1TNjgDIAEdPvQIxw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4sSRVbLsrunFZwT6gHUsmTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNCrWlDWoEkq3A2KY4JI1LLeCtSPNSBgI1grGl6nfumfacCVv7CRifkiGkg84JdZJzW6b357kevkCKiKEMMYwJbh8jhypVislXIE4tRwKYIF6L//e7Ssah0xaKogxHYwi6ydEW04Fm+a6sWERoWMyZB1HJQmZ8ZPZtVN45JQ+HCjtSlo4U79PJCQ0ZhIGrjMkdmR+e6n4l9eJ7aDiJ1xGsWWSzhcNYgGtgunrsM81o1ZMHCFUc3crpCOiCbUuoDSEr0/h/6RZKuLTYun6rFC7WMSRBQfgEBwDDMqgBq5AHTQABXfgATyBZ095j96L9zpvzXiLmX3wA97bJ85qjqI=</latexit>

⌫M
<latexit sha1_base64="KlRK6gX/uTF/z3zAjjnp3v2d5qE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJjeZ33miSjMpHsw0pn6ER4KFjGBjpXZfJIO70qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUBaCt/zyKmnXqt5FtXZfrzSu8ziKcAKncA4eXEIDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfnno6v</latexit>

Intermediate hyperon  
states contributions with 
leading form factors in 

SU(3) flavor limit

A B



⌃� ! pe�e�
<latexit sha1_base64="AHrXVmqxJk6VMrnK05IJKtgqGBo=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgENy1JFdvuim5cVrQP6ExLJk3b0MyDJCOUoeCvuHGhiFu/w51/Y6atoKKHBA7n3Mu993iR4Eoj9GFllpZXVtey67mNza3tHXt3r6nCWFLWoKEIZdsjigkesIbmWrB2JBnxPcFa3vgy9Vt3TCoeBrd6EjHXJ8OADzgl2kg9+8C54UOfdAvQ0SGMIOsWzOvZeVRECGGMYUpw+RwZUq1WSrgCcWoZ5MEC9Z797vRDGvss0FQQpToYRdpNiNScCjbNObFiEaFjMmQdQwPiM+Ums/Wn8NgofTgIpfmBhjP1e0dCfKUmvmcqfaJH6reXin95nVgPKm7CgyjWLKDzQYNYQHNpmgXsc8moFhNDCJXc7ArpiEhCtUksZ0L4uhT+T5qlIj4tlq7P8rWLRRxZcAiOwAnAoAxq4ArUQQNQkIAH8ASerXvr0XqxXuelGWvRsw9+wHr7BGgXlH4=</latexit>

MIT Bag Model A. Chodos et al  
(1974),  

- Calculation of hadronic matrix  
element, for example  

- Spin-flavor wavefunctions for  
hyperons 



A. Atre et al, JHEP (2009)



Neutrino mass matrix and mixings



 [GeV]Nm
-110×2 1 2 3 4 5 6 7

2 |
N
µ

|V

-910

-810

-710

-610

-510

-410

-310

-210

-110

1

 (NA48/2)µµπ→K  (LHCb revisited)µµπ→B

µµπ→sD

µµπ→D

µµπD→B

N. Quintero, private

Sensitiviy reduced if N decays outside detector


