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The Standar'd Model
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# Tested to very high precis

Large number. '
The hierarchy
The triviality Problem
Unknown origin of flavor physics
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The Hiemrchy_ Problem

* We have a hierarchy in the standard
model:

MacuT ~ Auv

> Aew ~ 107 13A Ly

PHI (1 s :.' , [

+ The Higgs mass

m% ~ mp2 — dm?
—— S—— —

~104GeV?2
LiFesy ~1030<1+...1o—26> GeV?2

~1030(GeV)?




The Hierarchy Problem: caveat

* However: It is a problem of
naturalness or finetuning!

. Tt is notile e,




The Triviality Problem

» The triviality problem appears in the
of the SM
+ E.g., in QED we have the well known

t.‘fllggfkdown of .
perturbation theory:

50 100 __ 200 250
Landau 1955 log (A/MeV)




The Triviality Problem

- It isa ,
» A trivial theory must be an effective
field theory with g,&, UV cutoffl

* More important in the Higgs sector
bound on the Higgs mass

Hambye, Riesselmann, 1997 103 106 109 (1012) 1015 1018
A (GeV



on Group Flow



A Flow Equation for the Effective Action

Exact RG Flow Equation

IRkHOF=======q?=====qUVkHA

S
ory = 3 ST oY + Ry

Wetterich, 1993

>o-dim. Theory space



Non-perturbative Renormalizability

Weinberg, 1976

(hon-gaussian) fi xed
point: el




Non-perturbative Renormalizability

- UV attractive = relevant
‘BB UV repulsive  irrelevant
4O, =0 iIT depel "~ marginal

i ‘i."l i
L

- All r'elevanf:'*'fr'ajecTories together
form the

+ Starting on the critical surface we
end in g*for A — o




Non-perturbative Renormalizability

* The other way around:
starting points have

not alloweg .. = 0)
Wcritical surface
finite number of parameters




The Hierarchy Problem Revisited

* In the RG-context: large relevant
eigenvalues .very relevant”







A Composite Higgs ?

» Hierarchy and triviality caused by
scalar particle

make it a ¢
r il

Nambﬁ, 1Miransky, Tabanashi, Yamawaki, 1989

.

20\, ULtrtrYL — W (fRULO — UitR07) +m3 ¢




However

* Not perturbatively renormalizable

.+ Simplest models
- In bosonic formulation, still a
hierarchy problem



Towards the Standard Model

» Toy model with U(1)x gauge
and SU(N¢)xSU(N;) chiral symmetry

e _ B— Z VA -
/ (2,0 + ZGA+ ZEB) b+~ P, + BB,

2[R (V-A) + X5 (VAHA) + 3, (5-P) + Fua 2(V-A) "+ (1/No) (V-A)]]




Fermionic Sector

* Flow equations (for g2 ¢2 = 0)

. 2 fixed pointspern 16 FP

- (") FPwith
relevant directions
- All FP
problem
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Hierarchy Problem?

» For vanishing gauge couplings...
* At least one eigenvalue ©™a* > 2

non- vamshm Lgauge couplings
may cure Thls p lem
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Gauge Coupling Flow

* Naively: 8:92 = npg? + Ci )i g°

 Ward identity
Gies, Wetterich, JJ, 2003
ho contributrion at FP






Conclusions

* Many fixed points — toy model may
without «;_{’ plings — need

. Fermion interactions cannot induce
fixed point in gauge couplings

+ # of physica arameters may be less
than in the @%




Ou’rlook

- + SU(2) e
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