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Other than being the only conserved global symmetry in the standard model it can also help 
explain other BSM physics:

Motivations for U(1)B-L
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Portal to DM

G. Choi et al., arXiv: 2008.12180
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Motivations for U(1)B-L

Portal to DM Baryon Asymmetry Massive neutrinos

ν
G. Choi et al., arXiv: 2008.12180 N. Sahu & U. Yajnik, arXiv:hep-ph/0410075

Other than being the only conserved global symmetry in the standard model it can also help 
explain other BSM physics:
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Gauging U(1)B-L
SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B−L

4



Gauging U(1)B-L
SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B−L

SU(3)2U(1)B−L

SU(2)2U(1)B−L

U(1)3
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Anomaly free with the standard model 
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Gauging U(1)B-L
SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B−L

SU(3)2U(1)B−L

SU(2)2U(1)B−L

U(1)3
B−L ∂μℳμ ≠ 0Xμ

Xν

Xρ

Anomaly free with the standard model 
…but not with itself

Helps generate Dirac neutrino masses

∂μℳμ = 0νR Anomaly-free
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Introduce new heavy fermions to cancel the anomaly

Dror et al. 2017, arXiv:1705.06726

Dror et al. 2017, arXiv:1707.01503
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Couple X axially to the new 
fermions to induce a mass term

Introduce new heavy fermions to cancel the anomaly

Dror et al. 2017, arXiv:1705.06726

Dror et al. 2017, arXiv:1707.01503
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Couple X axially to the new 
fermions to induce a mass term

Introduce new heavy fermions to cancel the anomaly

Dror et al. 2017, arXiv:1705.06726

Dror et al. 2017, arXiv:1707.01503

Use this amplitude to search for 
rare Z decays and FCNC meson 

decays.
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Holds for SU(2)

Xμ

Bν Bρ

What’s new then: 
We couple to the conserved current 
U(1)B-L , where for these amplitudes 

we do not need to include new 
fermions to cancel the anomaly. 

Rather, we use SM fermions to obtain 
a non-zero amplitude to do 

phenomenology with.

For conserved currents one may expect these divergences to go to zero, and 
thus there is nothing to gain, but we will show that this is not true if we are 

careful about the energy regime we choose to work in.
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Holds for SU(2)

Xμ

Bν Bρ

{

Massless 
Goes to zero when 

 we sum over SM fermions
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Bν Bρ
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= 1 for p2, q2 ≪ m2
f
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Fermions decouple

Massless limit
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What’s new then: 
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U(1)B-L , where for these amplitudes 

we do not need to include new 
fermions to cancel the anomaly. 

Rather, we use SM fermions to obtain 
a non-zero amplitude to do 

phenomenology with.



Holds for SU(2)

Xμ

Bν Bρ

When summing over all the 
standard model fermions  
we obtain 0 contribution, 

but…

{

= 1 for p2, q2 ≪ m2
f

= 0 for p2, q2 ≫ m2
f

{

Massless 
Goes to zero when 

 we sum over SM fermions

Fermions decouple

Massless limit
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The massless piece will go to zero 
The massive piece will have all fermions but the top 

quark contribution go to zero 

Thus, there will be a leftover non-zero amplitude 
which we use to search for the B-L vector boson.

t
mt ∼ 175 GeV

bcd
u

eμ τ
ντ νμ

νe
Energy
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The massless piece will go to zero 
The massive piece will have all fermions but the top 

quark contribution go to zero 

Thus, there will be a leftover non-zero amplitude 
which we use to search for the B-L vector boson.

t
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The massless piece will go to zero 
The massive piece will have all fermions but the top 

quark contribution go to zero 

Thus, there will be a leftover non-zero amplitude 
which we use to search for the B-L vector boson.

t
mt ∼ 175 GeV

bcd
u

eμ τ
ντ νμ
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The massless piece will go to zero 
The massive piece will have all fermions but the top 

quark contribution go to zero 

Thus, there will be a leftover non-zero amplitude 
which we use to search for the B-L vector boson.

t
mt ∼ 175 GeV

bcd
u

eμ τ
ντ νμ

νe
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NA 48/2
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The massless piece will go to zero 
The massive piece will have all fermions but the top 

quark contribution go to zero 

Thus, there will be a leftover non-zero amplitude 
which we use to search for the B-L vector boson.

t
mt ∼ 175 GeV

bcd
u

eμ τ
ντ νμ

νe
LEP

BaBar
LHCbCHARM

NA 48/2
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The massless piece will go to zero 
The massive piece will have all fermions but the top 

quark contribution go to zero 

Thus, there will be a leftover non-zero amplitude 
which we use to search for the B-L vector boson.

t
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bcd
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eμ τ
ντ νμ
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The massless piece will go to zero 
The massive piece will have all fermions but the top 

quark contribution go to zero 

Thus, there will be a leftover non-zero amplitude 
which we use to search for the B-L vector boson.

t
mt ∼ 175 GeV

bcd
u

eμ τ
ντ νμ

νe
LEP

BaBar
LHCbCHARM

NA 48/2

KTeVBelle

Etc…
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Slight Detour
Goldstone Boson Equivalence Theorem

At high energies the interaction of a longitudinally polarized massive 
gauge boson is equivalent to the interaction of the corresponding 

Goldstone boson that it ate.
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Slight Detour
Goldstone Boson Equivalence Theorem

gXXμ → 1
fX

∂μφ

At high energies the interaction of a longitudinally polarized massive 
gauge boson is equivalent to the interaction of the corresponding 

Goldstone boson that it ate.
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Rare Z Decays
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Rare Z Decays
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Rare Z Decays
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Xμ

We then can use experimental 
data from the LEP detectors 
that search for visible decays 
to electrons and muons as well 

as invisible decays



Flavor Changing Neutral Currents

We plug in our effective vertex and obtain the effective Lagrangian for this process: 
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Flavor Changing Neutral Currents

We plug in our effective vertex and obtain the effective Lagrangian for this process: 

ℒ = gXdidj
Xμd̄jγμPLdi + h . c .

We can then calculate B to K and K to pi decays. 
First, to translate this to an amplitude for meson decays we need to 

calculate the necessary form factors…
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Flavor Changing Neutral Currents

P. Ball, R. Zwicky arXiv:hep-ph/0406232

P. Ball, R. Zwicky arXiv:hep-ph/0412079

The form factors are given in 

B → K

B → K*
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Flavor Changing Neutral Currents

P. Ball, R. Zwicky arXiv:hep-ph/0406232

P. Ball, R. Zwicky arXiv:hep-ph/0412079

The form factors are given in 

B → K

B → K*

f+ ∼ 0.3
A0 = 0.37410



Flavor Changing Neutral Currents

We then have for our decay widths:
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Constraints
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P. Ilten et al. arXiv: 1801.04847 12
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Summary

U(1)B-L is an interesting theory to study 

Within particular energy regimes we can obtain non-zero anomalous 
amplitudes that lead to enhanced processes 

These processes can then lead to leading bounds in some regions of 
parameter space 

Note: This phenomena is more general than U(1)B-L and can be 
applied to say U(1)Lμ−Lτ
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Thank you!
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