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• explain Yukawa couplings & fermion mass hierarchies


• Froggatt and Nielsen [1979] proposed using horizontal 
symmetries  to explain flavour structures
U(1)H

Λ̂ij = aij⟨ϕ⟩nij
-coefficients𝒪(1)
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Motivation

• top-down computation of Yukawa couplings in heterotic line bundle standard models can be 
achieved - but it is HARD + done on a case-by-case basis [Constantin et al. 2402.01615, also Butbaia et al. 2401.15078]


• salient feature of these models: flavour symmetries  [Anderson et al. 1202.1757]  

   i.e.  


• correct spectrum  models [Anderson et al. 1307.4787]


• Goal: additional constraints from flavour symmetries from a bottom-up EFT approach

𝒢

𝒢/nℤ ≅ U(1)n q𝒢 ∼ q𝒥 + n

∼ 𝒪(105)
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Overview
• Heterotic standard models with split bundles - bottom-up


• Strategy of search + simple example


• Genetic algorithms


• Implementation


• Results


• Conclusion



4d  SUSY Standard Models [Anderson et al. 1202.1757]𝒩 = 1
• These bottom-up models are inspired by heterotic SMs with split bundles.


• Gauge symmetry -   , 


• For field :     


• Charge pattern of matter and moduli fields in :


GSM × 𝒢
𝒢

nℤ
≅ U(1) f−1

F Q𝒢(F) ∼ Q𝒢(F) + n

𝒢
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Specifies Split Bundle Structure Group


n = (n1, n2, . . . , nf) |n | = 5

H = S(U(n1) × . . . × U(nf))

field SM rep name SU(5) G charge pattern SU(5)⇥G
Q (3,2)1 LH quark 10 ea 10a

u (3̄,1)�4 RH u-quark

e (1,1)6 RH electron

d (3̄,1)2 RH d-quark 5̄ ea + eb 5̄a,b

L (1,2)�3 LH lepton

H
d

(1,2)�3 down-Higgs 5̄H
d

ea + eb 5̄H
d

a,b

H
u

(1,2)3 up-Higgs 5H
u �ea � eb 5H

u

a,b

� (1,1)0 pert. FN scalar 1 ea � eb 1a,b

� (1,1)0 non-pert. FN scalar 1 k = (k1, . . . , kf ) 1



4d  SUSY Standard Models [Anderson et al. 1202.1757]𝒩 = 1
• These bottom-up models are inspired by heterotic SMs with split bundles.


• Gauge symmetry -   , 


• For field :     


• Charge pattern of matter and moduli fields in :


GSM × 𝒢
𝒢

nℤ
≅ U(1) f−1

F Q𝒢(F) ∼ Q𝒢(F) + n

𝒢

Different to traditional FN: 

• discrete quotients 

• small SM charges 

• non-perturbative contributions
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Strategy of search for bottom-up string-inspired models
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• Avoid Fine-Tuning with -coefficients
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𝒪(1)
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Example in  with n = (1,1,1,1,1) Hd
4,5
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• A family of optimisation-search algorithms.


• Two parts: Environment + Evolution from [Abel et al. (’23)]
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Charge Patterns + 
VEVs 

10a,10b,10c, 5̄a,b, 5̄c,d, 5̄e,f, Ha,b,1a,b . . .

Bitlist Fitness
ENVIRONMENT

Superpotential 
Operators 

 𝒪Yu
∼ Y(IJ)

u 10(I)Hu10(J)

𝒪Yd
∼ Y(IJ)

d 10(I)Hd5̄(J)

Physical Observables 

 

 

v = ⟨H⟩,

mu, mc, mt, md, ms, mb

VCKM

Fitness Functions 

• log-deviations of physical 
observables to measured SM 

values 

• texture contributions


• anomaly cancellation


• -coefficient fine-tuning𝒪(1)
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Conclusions
• We have constructed a GA environment that allows us to search for 

heterotic standard models with split bundles using flavour symmetries.


• We have performed searches on the perturbative sector of the system and 
found a list of viable models + found examples of viable models with non-
perturbative insertions.


• Guidance to top-down model building!
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Outlook
Extension to the neutrino sector. R-
parity violating terms, the -term and 
Weinberg operator. Neutrino mass 
generation?


Possible to use RL?


Consistent heterotic line bundle 
Standard Models? 

String perspective - guidance on 
systematic computation with non-
perturbative corrections?

μ
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