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Evidences for Dark Matter 
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Length Scale

~102 kpc

Vera C. Rubin and W. Kent Ford, Jr., “Rotation of the Andromeda Nebula from a Spectroscopic Survey of Emission Regions”, 1970 .
D. Clowe et al., “A direct empirical proof of the existence of dark matter”, 2006.
D. Potter et al., “PKDGRAV3: Beyond Trillion Particle Cosmological Simulations for the Next Era of Galaxy Surveys”, 2017.

~1 Mpc ~1 Gpc
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3M. Cirelli et al., “Dark Matter”, 2024.

¿strings?
¿extra -dimensions? ¿axions?

¿dark sectors?¿composite?
¿dark magnetic monopoles?
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“All physical theories are effective theories”                              
Riccardo Penco, “An Introduction to Effective Field Theories”, 2020.
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Parametrizes our ignorance by 
including all allowed terms in
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Which EFT?
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SM + DM candidate

 massive
 SM gauge singlets
 higher spin (3/2 and 2)

Problem:

EOM, IBP, Fierz …

… SYSTEMATICALLY!
… to ALL ORDERS!

Remedy: HILBERT SERIES

matuto
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Field content:

complex variables
(“ spurions ”)

number of       with

•

• …
•

• derivatives.
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Example: SMEFT (1 generation)

B. Henning, X. Lu, T. Melia, H. Murayama. “Higher dimension operators in the SM EFT”, 2019. 
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Example: SMEFT (1 generation)

Dim -5:

B. Henning, X. Lu, T. Melia, H. Murayama. “Higher dimension operators in the SM EFT”, 2019. 
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Example: SMEFT (1 generation)

Dim -6:

B. Henning, X. Lu, T. Melia, H. Murayama. “Higher dimension operators in the SM EFT”, 2019. 
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Fields      transform under (Lorentz/gauge) group irreps

In practice, we use their trace (the “characters”):

F. Peter and H. Weyl, “Die Vollst ¨andigkeit der primitiven Darstellungen einer geschlossenen kontinuierlichen Gruppe” , 1927. 

Haar measure
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The plethystic exponential

complete operator basis

selecting                              from a representation that contemplates ALL
possible (anti)symmetric tensor powers of the (fermionic) bosonic field irreps.
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IBP relations:
total divergences    0

B. Henning, X. Lu, T. Melia, H. Murayama. “Operator bases, S -matrices, and their partition functions”, 2017. 
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L. Gráf , B. Henning, X. Lu, T. Melia, H. Murayama. “Hilbert Series, the Higgs Mechanism, and HEFT”, 2022. 

Single Particle Module (SPM)
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Lorentz rep. -

Lorentz rep. -
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spin

field

Lorentz rep. -

Lorentz rep. -

SPM character
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Counting the effective operators 

dim 5, at least one spin 3/2 field
Total: 8

C. B. Marinissen, R. Rahn, W. J. Waalewijn . “Efficient Hilbert Series for Effective Theories”, 2020.
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Counting the effective operators 

dim 5, at least one spin 3/2 field
Total: 8

C. B. Marinissen, R. Rahn, W. J. Waalewijn . “Efficient Hilbert Series for Effective Theories”, 2020.

dim 6, at least one spin 3/2 field
Total: 194
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Operator growth ( Nf = 1) 

C. B. Marinissen, R. Rahn, W. J. Waalewijn . “Efficient Hilbert Series for Effective Theories”, 2020.



22
mass dimension

To
ta

l #
 o

f 
o

p
er

at
o

rs

-  # SM + spin 2
-  # SM + spin 3/2
-  # SM

Operator growth ( Nf = 3) 

C. B. Marinissen, R. Rahn, W. J. Waalewijn . “Efficient Hilbert Series for Effective Theories”, 2020.
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Conclusions 

• Compelling evidence for DM and a plethora of models to describe it;

• EFTs is a powerful model independent tool;

• Hilbert Series can address IBP and EOM redundancies;

• Higher -spin fields can be embedded into the Hilbert Series formalism;

• Higher -spin fields => more operators allowed.
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THANK YOU!
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EXTRA 
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Counting the effective operators 

dim 5, spin 3/2 dim 5, spin 2

C. B. Marinissen, R. Rahn, W. J. Waalewijn . “Efficient Hilbert Series for Effective Theories”, 2020.
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Counting the effective operators 

dim 6, spin 3/2 dim 6, spin 2

C. B. Marinissen, R. Rahn, W. J. Waalewijn . “Efficient Hilbert Series for Effective Theories”, 2020.
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