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Motivation: Hierarchies
. AE pvac - 10_122 Mj’

® m ~10_16Mp

Higgs

@ m <H,  (slowroll)

inflaton



Scale Invariance
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Scale Invariance

3G

2 _ F 2 o902 2 2\ A2
om, = 2(4mt 2m;, —n, mh)A
4N 21
Field theory: dm’ not measureable
2 2 2w . "
.only m”=m;+0m" “physical
. dm  3m , 3g 3g’
Only m”>=0 special dlnl=ﬁ(2“ t—Tz—z—(;]

.. but
What about Gravity?

How is scale symmetry broken?



Gravity and scale invariance
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Brans-Dicke gravity
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Inertial symmetry breaking
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Hierarchy generation:
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Hierarchy generation:
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Hierarchy generation:
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Hierarchy generation:
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Radiative corrections?



Weyl invariant Coleman-Weinberg calculation
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Weyl invariant Coleman-Weinberg calculation
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Dilaton decouples!
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Hierarchy stabilisation:
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Hierarchy stabilisation:
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Gravitational corrections

o 20 = gravitational corrections to 1,5
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Gravitational corrections

o 20 = gravitational corrections to /1,5
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Hierarchy problem reintroduced through new massive (ghost) state



Gravitational corrections

o 20 = gravitational corrections to /1,5

AYY
Einstein gravity : 0 <o A

P

v
: d
A-gravity : (47’ — 6(: =—aB(5/; + f; (6 +1)(68+1)
08 - _ Salvio, Strumia
1
S R2_R?
R? woooo B
S=[d*xy- +3 ~Z9R-L 4R
J e 6/, IS PAMATL
> . 1 1|1 1 o1,
ropagatrtor. - - M =—f"'M
pag M22p2_p4 M22 p2 p2_M22 27 2
d‘w d'w .
...unless — —z .. =>C=C(A,0,E.)
d¢ 2 2 d¢ 2
¢o°=M ¢"=K(¢,)

c.f. Ghilencea, Lalak, Olszewski



Summary

® “Inertial symmetry breaking : Weyl (scale) invariance is always
spontaneously broken independently of the potential.

@® Massless dilaton - decouples ...no 5™ force avoiding BD bounds

® Slow roll inflation with acceptable properties possible

r<0.01,n <0.967

@® Spontaneously broken scale-invariant "SM"+gravity
- only dimensionless ratios meaningful .
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Hierarchy related to hierarchy of couplings

®  Hierarchy stability : y
Non-gravitational corrections

Gravitational corrections Ghosts? Unitarity?






