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If observed, could help explain matter/anti-matter 
asymmetry in the universe!

Jansen (1996)
Bödeker, 
Moore, 

Rummukainen 
(2000)

Fodor (2000) 
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Neutrinoless mode can be isolated using spectroscopic methods

Experiment



0"$$ decay Experiment

nEXO
136Xe

Sno+
130Te

Gerda
76Ge

Cuore
130Te





How can LQCD 
contribute?
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Short-range contribution: probe for 
heavy physics

 

Valle & Schecter, Fig.: H. Päs, W. Rodejohann New J.Phys. 17 (2015) no.11, 115010

Black
 box:

l

http://inspirehep.net/author/profile/P%C3%A4s%2C%20Heinrich?recid=1380604&ln=en
http://inspirehep.net/author/profile/Rodejohann%2C%20Werner?recid=1380604&ln=en


Short-range contribution: probe for 
heavy physics

 ~1/MRm$$ ~1/MRx
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decay rates
in big nuclei

two nucleon
amplitudes

9

u

d

u

d

e-
e-

e-
e-

e-
e-

effective 4-quark
operators in QCD

n n

p

p

Your favorite
BSM theory

e- e-

W- W-νR

e-̃ e-̃χ0̃

uu

dd

NP
LQCD

Pen & Paper



duu

dud

uud

dud

e- e-

O(p-2) long-range π exchange

e- e-

p p

nn

In χPT



duu

dud

uud

dud

e- e-

duu

dud

uud

dud

e- e-

O(p-2) long-range π exchange

e- e-

p p

nn

O(p-1) new πN vertex

e- e-

p p

nn

In χPT



duu

dud

uud

dud

e- e-

duu

dud

uud

dud

e- e-

O(p-2) long-range π exchange

e- e-

p p

nn

duu

dud

uud

dud

e- e-

O(p0) NN contact operator

e- e-

p p

nn

O(p-1) new πN vertex

e- e-

p p

nn

In χPT



e-
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π–

π+

Easy to compute on the lattice
• Cheap
• Clean signals
• Mild systematics
• %=2: no disconnected pieces

Most important piece
• Assuming naive χPT counting

π exchange operators
also give π– to π+ transition

Long Range π physics



• Nine operators:

• ! → !: only need 

parity even

• Vector operators 

suppressed by me

Prezeau, Ramsey-Musolf, Vogel (2003)

Effective Lagrangian



• Nine operators:

• ! → !: only need 

parity even

• Vector operators 

suppressed by me

Prezeau, Ramsey-Musolf, Vogel (2003)

Effective Lagrangian

Calculate LECs; EFT then determines nn → pp transition via pion exchange diagram
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Left-right symmetric models

Prezeau, Ramsey-Musolf, Vogel (2003), Savage (1999)
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• Möbius DWF on HISQ
• Gradient flow method for smearing configs

• mres < 0.1 ml  for moderate L5 

• Wall + point sources for pions
• ~ 1000 cfgs, 1 source/cfg

163 ⇥ 48,m⇡L ⇠ 3.78 243 ⇥ 48,m⇡L ⇠ 3.99 323 ⇥ 48,m⇡L ⇠ 3.25
243 ⇥ 64,m⇡L ⇠ 3.22

243 ⇥ 64,m⇡L ⇠ 4.54 323 ⇥ 64,m⇡L ⇠ 4.29 483 ⇥ 64,m⇡L ⇠ 3.91

403 ⇥ 64,m⇡L ⇠ 5.36

323 ⇥ 96,m⇡L ⇠ 4.50 483 ⇥ 96,m⇡L ⇠ 4.73

MILC Collaboration Phys. Rev. D87 (2013) 054505
Narayanan, Neuberger (2006), Luscher (2010)
K. Orginos, C. Monahan (private communication)
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• 0"$$: search for Majorana mass signature
• Lepton number violation could be source of matter/anti-matter 
asymmetry
• Huge experimental efforts planned/underway
• LQCD can make major impact on understanding of short-range 
operators

• Preliminary results for !- →  !+ matrix element
• Multiple pion masses, lattice spacings, volumes
• Pion mass dependence as expected from chiral EFT counting

•To do:
• Renormalization
• Extrapolations in pion mass/lattice spacing
• Other contact operators....

Summary

Buras, Misiak, Urban (2000),  Tiburzi (2012)



• LO almost complete!π N 0νββ 
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nuclear transitions



• NLO: disconnected diagrams

• LO almost complete!π N 0νββ 
diagrams

O(p-2) O(p-1) O(p-1) O(p0)

✔

• Don’t contribute to 0+ → 0+ 
nuclear transitions

• nn → pp contact operators



Stay tuned!


