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INTRODUCTION
• Truth: the model fits the existing experimental data

– A measurement of an observable O places a constraint on the 
model parameters pi (dashed line)

• Beauty: a subjective criterion influenced by personal 
preferences, community views, etc.

– We consider examples where beauty can be quantified (z-axis)

• Examples of theory models:
– 1: beautiful and wrong

– 2: beautiful and true

– 3: ugly and true

– 4: ugly and wrong
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See Nobu’s talk “Truth, Beauty and Goodness in 
Grand Unification: a ML Approach” at 2:15 today.



QUARK SECTOR

• Mass matrices M’ in the mass-eigenstate basis are diagonal:

• Lagrangian and mass matrices M in interaction-eigenstate basis

• Change of basis, mass matrix diagonalization

• Lagrangian in the mass-eigenstate basis



ENFORCING THE TRUTH

• Solve explicitly and use the quark masses as inputs

• Observables: CKM matrix, Jarlskog invariant J

• Introduce terms in the loss function penalizing the mismatch

• Observables: quark masses at the top mass scale



BEAUTY = UNIFORMITY
• All entries in the mass matrix M have similar magnitudes

• Typical result:

• “Non-uniformity” penalty terms in the loss function

• Total loss function



BEAUTY = UNIFORMITY
• In each run, inputs are re-sampled 

within the experimental errors 

• The training results in low values of 
the total loss (10 runs, right table)

• Pictorial representation of the 
result from a typical run:



BEAUTY = SPARSITY*
• There are many vanishing entries in the mass matrix M

• “Non-sparse” penalty terms in the loss function

• Typical result:

• Total loss function

*Ramond, Roberts, Ross 1993

Figure 3: The learned massmatricesMu (upper panels) and Md (lower panels), corresponding to the uniform Yukawa texture case discussed in

Sec. 3.1. Each panel illustratesaspecific learnedmatrix, with thecolor bar denoting thevaluesof the individual elementsof thematrix.

3.2. Zero Textures

In our second example, we explore the concept of zero textures, as discussed in [42], where the “beauty” of a

model ismeasured by its sparsity. This concept aims to maximize the number of vanishing elements in theYukawa

matrices. Inour analysis, wetreat thenumber of suchvanishing elements, N, asavariablehyperparameter, asdetailed

inTable3. For eachchosenvalueof N, wearefreetoset tozeroN elements in thematrix. Thetotal number of possible

patterns is indicated in thesecond row of Table3. However, somepatterns can be immediately ruled out as they lead

to at least one zero mass eigenvalue. The count of the remaining, potentially feasible, patterns is presented in the

bottom row of the table.

For thisstudy, wefocuson several representativepatternsshown inFig. 4, where thecircles indicate thepositions

of the matrix elements set to zero. Let S denote the set of zero locations in a specific pattern, for example, S =

11,22,13 for the first N = 3 pattern in Fig. 4. The corresponding loss functions for these patterns are defined as

follows

Lzeros,up =
X

i j2S

|Yui j |
2 , (29)

and

Lzeros,down =
X

i j2S

|Ydi j |
2 . (30)

Wethenminimize the loss function that includes the following components:

L = LCKM + LJarlskog + cu Lzeros,up + cd Lzeros,down , (31)

wherecu = cd = 30,000.

Table3: A number N of vanishing elements in themassmatrix (top row), the total number of patterns (middle row), and thenumber of potentially

acceptablepatterns (bottom row).

N 1 2 3 4 5 6 7 8

All patterns 9 36 84 126 126 84 36 9

Acceptable 9 36 78 81 36 6 0 0
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BEAUTY = SPARSITY
• In each run, inputs are re-sampled 

within the experimental errors 

• The training results in low values of 
the total loss (10 runs, right plot)

• Pictorial representation of the 
result from a typical run:



FUTURE PLANS
• Explore other texture zero patters

– Find the sparsest true pattern

• Extend analysis to the lepton sector

• Consider other notions of beauty
– Symmetric matrices (done, see paper)

– Naturalness (absence of fine-tuning)

• Look for beautiful models that have 
escaped theorists’ attention 

• “Truth and beauty” session at the 
Miami Conference in December? ✗

✗
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