
Pheno 2022

University of Pittsburgh, May 09 2022

Discrete Symmetries,
Proton Stability, 

and Cosmological Lithium

Seth Koren

Oehme Postdoctoral Fellow

University of Chicago

Omitted details 
explained in
2204.01741
2204.01750



(2020)



4
He

= 2p + 2n

2
H = D
= p + n

(2020)



The Lithium
Problem

7
Li

= 3p + 4n

4
He

= 2p + 2n

2
H = D
= p + n

(2020)



For new physics effects, the big question is



For new physics effects, the big question is

Look to the Standard Model!

a)Discrete global symmetry of the SM fermions
b)Discrete gauge symmetry of the SM fermions?
c) Write simplest UV completion 

… … 
g) Cosmic strings destroy lithium nuclei
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- Empirically: 𝜏𝑝 ≳ 1035 years

- In the Standard Model: yes!
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Dynamically you can compute divergences of global currents

𝜕𝜇𝐽𝐵−𝐿
𝜇

= 0 → Δ𝑄𝐵−𝐿 = 0

𝜕𝜇𝐽𝐵+𝐿
𝜇

= 2 × 𝑁𝑔 × ׬
𝐹 ෨𝐹

16 𝜋2
→ Δ𝑄𝐵+𝐿 = 2 × 𝑁𝑔 × integer

There really is an exact discrete subgroup of B+L, ℤ6
𝐵+𝐿!

Okay but really why?

Well-motivated to consider BSM extensions 

which respect this symmetry!

Is the proton stable?

Why? 



An unbroken discrete gauged subgroup ℤ𝑁
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doesn’t come along with massless bosons!

What is the IR gauge symmetry of the SM Fermions?



An unbroken discrete gauged subgroup ℤ𝑁
𝐵−𝐿

doesn’t come along with massless bosons!

Simple UV completion is just 𝑈 1 𝐵−𝐿 with a 
Higgs field Φ with Φ 𝐵−𝐿=6

Φ → Φ𝑒𝑖2𝑁𝑔𝜆 𝑥

V(Φ)

𝜆

What is the IR gauge symmetry of the SM Fermions?



Unbroken gauge symmetry

𝑔𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 =
2𝜋

𝑔𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐

Here, the magnetic objects are cosmic strings 
in which fractional 𝐵 − 𝐿 flux is confined

Why might this to be 
interesting cosmologically?

𝑘 = 10

𝑅 ∼ v−1

Enormous cross sections!



Cosmic strings are 
necessarily formed 
dynamically during the early 
universe phase transition 

Dynamics very nontrivial, evolve 
toward fixed point with tons of 
cosmic strings



Topological defects + charged fermions

Callan-Rubakov effect in GUTs:  

Here, we preserve SM ℤ6
𝐵+𝐿, add correct leptoquarks:



Can the rate be large enough to destroy O(1) of lithium? 
TL;DR: Yes!



Conclusions

• Remarkably close to the SM

• Lots of well-motivated further study. Precise predictions require better 
understanding of many topics. 

• Pb + string -> Au + string + 3 leptons! Alchemy!



𝑆𝑈 2 → 𝑈 1 breaking

‘t Hooft-Polyakov
Magnetic Monopoles

Φ𝑎 𝑥 : ൘
𝑆𝑈(2)

𝑈 1 ≃ 𝑆2 → 𝑆∞
2

𝑈(1) → ℤ6 breaking

Φ 𝑥 : ൗ
𝑈(1)

ℤ6
≃ 𝑆1 → 𝑆∞

1

Cosmic Strings

Graphic from Wikipedia by 刻意
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Systematics? 

Nuclear reaction uncertainties? X – by now all relevant rates measured, nuclear theory agrees well

Standard model uncertainties? X – long since good enough precision on e.g. neutron lifetime

ꓥCDM uncertainties? X – not since WMAP at least 

Stellar dynamics uncertainties? ? –Difficult to imagine what subtle effect might be missing, but 
astrophysicists have been thinking about it for 40 years. No 
accepted answer yet.

It’s at least worth thinking about new physics solutions!



What symmetry is responsible for SM proton stability?

Charged fermions with global 
chiral U(1) can induce anomaly

Ng generations of SM fermions → 𝒜 = 0 ( mod Ng )

Continuous anomaly-free global symmetry is baryon minus lepton number



String intercommutation

Figure from Tong (2005)

Strings must exchange partners!

Ruback ‘88; Shellard ‘88; Ruback & Shellard ’88; Matzner ‘88; Samols ’92; Moriarty, Myers, 
Rebbi ’90; Myers, Rebbi Strilka ’92; Hashimoto & Tong ‘05; Hanany & Hashimoto ‘05  



Ensmallening

Vilenkin ‘81



Pitrou et al. (2018)

1982



Dual BF TQFT


