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Looking Forwards From 2022 Introduction

Disclaimers & Apologies

Some statements are oversimplified

Some illustrations recreated (i.e. stolen) from
� Vincenzo Cirigliano’s Snowmass talk

� Slides largely recycled from the � 2022
Vietnam Flavour Physics Conference in Quy
Nhon

Some illustrations are recreated from talks
given in 2022, see � slides for links

The purpose of provocative statements is to
provoke discussions (and not fist fights!)

� Weinberg [1989]

“Physics thrives on crisis.”

Michael Ratz, UC Irvine 21st Rencontres du Vietnam, 8/17/2025 1 / 17
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Looking Forwards From 2022 Introduction

Why study flavor? (. . . my personal take)

☞ SM parameters
3 gauge couplings

1 additional QCD parameter: θQCD
2 Higgs parameters
12 masses
8+2 mixing parameters 20+2 flavor parameters

☞ Other fundamental (?) quantities in Nature: MPlanck (or GNewton), ηB ,
ρvacuum and ρDM
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Parameters in Nature (Dirac νs)

3 gauge couplings

2 Higgs parameters
θQCD parameter

8 mixing parameters

12 fermion masses Newton’s constant
ηB

ρdark matter

ρvacuum
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Parameters in Nature (Majorana νs)

3 gauge couplings

2 Higgs parameters
θQCD parameter

12 mixing parameters

12 fermion masses
Newton’s constant

ηB

ρdark matter
ρvacuum

☞ The bulk of the (ununderstood) parameters of Nature resides in the flavor
sector of the standard model
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(A biased selection of) Big questions
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Standard ways of testing theories of flavor

New Flavour
Physics

Precision
Measurements

of BSM
Operators

Explicit
Models

“Direct
Detection”

SM new
physics

SM new physics
� at some point the standard

model (SM) was just a
model

EFT

� are there EFT’s that cannot
be derived from an explicit
model?

� how does the accuracy of
model predictions compare
to the precision of
measurements?

� how important is it that
models can be tested in the
near future?

how long did it take to find, say, the Higgs
or gravitational waves?
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Looking Forwards From 2022 Challenges & Opportunities

Challenge # 1: Precision

PrecisionPrecision
measurementsmeasurements

SMSM
predictionspredictions

BSMBSM
operatorsoperators

ModelModel
buildingbuilding
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Looking Forwards From 2022 Challenges & Opportunities

Progress in precision computations

☞ Better control of QED effects

☞ Progress in deriving quantum corrections to EFT operators

☞ Lattice QCD becoming a competetive tool

☞ In flavor model building some statements are more robust than others
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Looking Forwards From 2022 Challenges & Opportunities

Challenge # 1: Precision vs. convenience

ht
tp

s:
//

w
w

w
.re

db
ul

l.c
om

/i
nt

-e
n/

10
-m

ou
nt

ai
n-

hu
ts

-
th

at
-lo

ok
-li

ke
-r

ea
lly

-p
re

ca
rio

us

coupling size

co
m

pl
ex

ity

baryon and mesonbaryon and meson
spectrum from QCDspectrum from QCD

Some flavor model builders prefer
to hang out here

Michael Ratz, UC Irvine 21st Rencontres du Vietnam, 8/17/2025 8 / 17

https://inspirehep.net/authors/992219
https://ps.uci.edu/~theory/
https://indico.in2p3.fr/event/35724


Looking Forwards From 2022 Challenges & Opportunities

Challenge # 1: Precision vs. convenience

ht
tp

s:
//

w
w

w
.re

db
ul

l.c
om

/i
nt

-e
n/

10
-m

ou
nt

ai
n-

hu
ts

-
th

at
-lo

ok
-li

ke
-r

ea
lly

-p
re

ca
rio

us

coupling size

co
m

pl
ex

ity

baryon and mesonbaryon and meson
spectrum from QCDspectrum from QCD

Some flavor model builders prefer
to hang out here

Michael Ratz, UC Irvine 21st Rencontres du Vietnam, 8/17/2025 8 / 17

https://inspirehep.net/authors/992219
https://ps.uci.edu/~theory/
https://indico.in2p3.fr/event/35724


Looking Forwards From 2022 Challenges & Opportunities

Challenge # 1: Precision vs. convenience

ht
tp

s:
//

w
w

w
.re

db
ul

l.c
om

/i
nt

-e
n/

10
-m

ou
nt

ai
n-

hu
ts

-
th

at
-lo

ok
-li

ke
-r

ea
lly

-p
re

ca
rio

us

coupling size

co
m

pl
ex

ity

baryon and mesonbaryon and meson
spectrum from QCDspectrum from QCD

Some flavor model builders prefer
to hang out here

Michael Ratz, UC Irvine 21st Rencontres du Vietnam, 8/17/2025 8 / 17

https://inspirehep.net/authors/992219
https://ps.uci.edu/~theory/
https://indico.in2p3.fr/event/35724


Looking Forwards From 2022 Challenges & Opportunities

Challenge # 1: Precision vs. convenience

ht
tp

s:
//

w
w

w
.re

db
ul

l.c
om

/i
nt

-e
n/

10
-m

ou
nt

ai
n-

hu
ts

-
th

at
-lo

ok
-li

ke
-r

ea
lly

-p
re

ca
rio

us

coupling size

co
m

pl
ex

ity

baryon and mesonbaryon and meson
spectrum from QCDspectrum from QCD

Some flavor model builders prefer
to hang out here . . . where it is
convenient and visibility is good
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Looking Forwards From 2022 Challenges & Opportunities

Challenge # 2: Scales
☞ What is the scale of new physics?

☞ To be able to directly detect new states, we want the scale of new physics
to be rather low, say Mnp ≲ TeV

☞ In order to probe new states/interactions indirectly, the scale of new
physics cannot be arbitrarily high either

☞ Absence of large FCNCs, the longevity of the proton and the smallness of
the neutrino mass scale may suggest that the scale of certain kinds of new
physics is rather high
Naively M�B ≳ 1015 GeV and M

�L
≳ 1014 GeV

Scale
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violation

≪
Why?
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Looking Forwards From 2022 Challenges & Opportunities

Challenge # 2: Scales (continued)

Mnp vs. M
��B

New physics
accessible

in experiments

High–scale
theories of

flavor

� need (consistent) symmetries
to tame (or forbid) offending
operators

� relations between operators?

f hard to test directly
� unequivocal/precise

predictions?
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Challenge # 2: Scales (continued)
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Challenge # 2: Scales (continued)
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Looking Forwards From 2022 Challenges & Opportunities

Challenge # 3: Abundance and flexibility of models

☞ Observation can apparently be
accommodated by numerous models
� How do we know which one (if

any) is the correct one?
� Are the only worthwhile models

those which can be fully explored
in the not-too-distant future?

☞ Flexibility of some models

☞ What are the appropriate theoretical
constraints?

Back to the Swamp

Instituto de Física Teórica presents:

Madrid, 26-28 September 2022
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model
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M.	Wiesner	(Harvard	U.)

Swamp	keepers	
L.	E.	Ibáñez	
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A.	M.	Uranga
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F.	Quevedo	(Cambridge	U.)	
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Challenge # 3: Abundance and flexibility of models

☞ Observation can apparently be
accommodated by numerous models

☞ Flexibility of some models
☞ What are the appropriate theoretical

constraints?
� We all know that continuous

gauge symmetries need to be
anomaly-free but what about
discrete and/or global
symmetries?

� What are reasonable restrictions
on the representation content?

� Should we take string theory
and/or swampland constraints
seriously?
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Looking Forwards From 2022 Challenges & Opportunities

Can’t really comment on swampland, though
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Looking Forwards From 2022 Challenges & Opportunities

Organizing principles

Minimal
Flavour

Violation
Abelian

symmetries

Global
non-Abelian
symmetries Gauged

non-Abelian
symmetries

Discrete
non-Abelian
symmetries

Modular
flavor

symmetries

sufficient?

Goldstone bosons?

anomalies?

come close

needs to be
explored more

� Chivukula & Georgi [1987];
� Buras, Gambino, Gorbahn, Jäger & Silvestrini [2001];
� D’Ambrosio, Giudice, Isidori & Strumia [2002];. . .

� Froggatt & Nielsen [1979];. . .

� Zwicky & Fischbacher [2009]

� Chen, Knapp–Pérez, Ramos-Hamud,
Ramos-Sánchez, MR & Shukla [2022]
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Looking Forwards From 2022 Challenges & Opportunities

The dark side of ((((((hhhhhhthe Force Flavour
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da
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dark quarks?

dark leptons?

mediator(s)

☞ 20 years ago, dark sectors were not discussed in the context of flavour
(not only because they were called hidden sectors back then)

☞ Dark sectors may affect astrophysics and/or cosmology
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