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Introduction: Phenomenology of BSM theories

e Many new interesting BSM theories (Supersymmetry, Composite Higgs, extra
dim...)

e To test the model:

compute observables (cross sections) and compare with data

e Problem: Which process should we look at first? large parameters space to
explore.

Oblique parameters

A generic way to constrain a BSM theory and sensitive to high energy new
physics
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Oblique parameters: Loop corrections

e In particle physics, all observable quantities are computed perturbatively.

e Concretely, it looks like a series expansion:

1
flateg = fl@  +  fe) + @)+
observable Oth order 1st order 2nd order
Feynmann
diagram tree level 1-loop 2-loop

e The particles even very heavy, are involved in these loops,
(no need to produce them to see their impact!)

e Corrections to EW observables are described by 3 measurable quantities S, T and U
also called Peskin-Takeuchi parameters or oblique parameters.
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1-loop correction to EW propagator

e Most particles couple to EW bosons:
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All fermions (quarks + leptons), Higgs (apart from ), EW vectors themselves.
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1-loop correction to EW propagator

e Most particles couple to EW bosons:

v, Z,W*

All fermions (quarks + leptons), Higgs (apart from v), EW vectors themselves.

e In comparison, gluons are only binding the quarks together.

Christian Verollet (IP2I France) FCC Jamboree July the 2nd 2024

4/9



1-loop correction to EW propagator

e Most particles couple to EW bosons:
V. ZWE
All fermions (quarks + leptons), Higgs (apart from v), EW vectors themselves.

e In comparison, gluons are only binding the quarks together.

e Through vacuum polarisation functions, observables associated to EW vector
bosons (m, T, sg, Gr, @) undergo a correction due to the addition of new particles
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e Experimentally, all three parameters are measured by means of EW observables.

S = New physics contributions to neutral currents
T = Difference between neutral and charged current processes

U = New physics contributions to charged current (usually very small)

e By definition in the SM: (S,T,U) = (0,0,0)

S = 0.03 £0.10 < s T U4
. . 1 0.8 -0.5
T =0.05+0.12 with correlations T 1 -0.80
U =0.03+0.10 U 1
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Experimental values

e Experimentally, all three parameters are measured by means of EW observables.

S = New physics contributions to neutral currents
T = Difference between neutral and charged current processes

U = New physics contributions to charged current (usually very small)

e By definition in the SM: (S,T,U) = (0,0,0)

S =0.03+0.10 3 ‘ Sl 0£9 OU54
T =0.05+0.12 with correlations T 1 -0.80
U =0.03 4 0.10 U 1

Need more precise values!
FCC prediction — Divide the uncertainty by roughly 10!
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Fits example for U free

Confidence ellipse at 1o, 20,30 for S, T parameters with U free
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Fits example for U free

Confidence ellipse at 10,20, 30 for S,T parameters

. Confidence ellipse at 1o, 20,30 for S, T parameters with U free s with U free for FCC ee prediction
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e The huge improvement on precision of EW observables coming from FCC would
be useful in order to constrain much more new high energy BSM theories.
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Conclusion

e Oblique parameters are an efficient generic way to constrain BSM theories.

e Unfortunately so far, they lack precision

e The huge improvement on precision of EW observables coming from FCC would
be useful in order to constrain much more new high energy BSM theories.

Thank you!
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Fits example for U=0

Confidence ellipse at 10,20, 30 for S, T parameters
with U = 0 for FCC ee predictions
Confidence ellipse at 1o, 20,30 for S, T parameters with U =0
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