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asymptotic safety

e RG scaling of gravitational coupling

e fixed points o
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Gaussian g=>0 classical general relativity
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asymptotic safety

e RG scaling of gravitational coupling
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renormalisation group

e for quantum gravity: “bottom-up”
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renormalisation group

e Callan-Symanzik equation (caian 70, Symanzik 70)
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renormalisation group

e functional RG equation (wetterich '93)
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renormalisation group

e Callan-Symanzik equation (caian 70, Symanzik 70)
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renormalisation group

e functional RG equation (wetterich '93)
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renormalisation group

e functional RG equation (wettericn '93)
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renormalisation group

e Callan-Symanzik equation (caian 70, Symanzik 70)
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renormalisation group

e functional RG equation (wetterich '93)

= = =
dl'g 1 " WAL) d R 1
k = — Ir R;. — = —
k& 2 ( Yo “) dk 2

irsa: 09110053 Page 11/65

Db e hesunannnnes D alaies = ™



renormalisation group

e functional RG equation (wettericn '93)
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renormalisation group

e functional RG equation (wettericn '93)

_——— =3 :

dl’g 1 " WAL) d R 1
k — T R; sz = —
2 : ( = ;\) dk 2

00 00

e definition of the theory

e initial (boundary) conditionat k= A: T')
and finite flow equation kdiI'x . regulator function R
altogethe -
=K + 3-/(”&' 6krk[Ff’:Rk]
_-’L

irsa: 09110053 Page 13/65

Db e hescnannniis Ealaine o dhi™



renormalisation group

e functional RG equation (wettericn '93)
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renormalisation group

e for quantum gravity (Reuter '96)
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renormalisation group

e functional RG equation (wettercn '93)
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renormalisation group

e for quantum gravity (Reuter '96)
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renormalisation group

e for quantum gravity (Reuter '96)
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renormalisation group

e for quantum gravity (Reuter '96)
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e effective action
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local symmetry
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gauge-variant flows

covariant

background field flows

covariant
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axial gauge%

gauge-invariant flows
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Yang-Mills + gravity

S. Folkerts, DL, JM. Pawlowski ('09)
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Yang-Mills + gravity

S. Folkerts, DL. JM. Pawlowski ('09)

e background field flow
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e background field flow
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e background field flow

background field dependence
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e flat background
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e flat background

e 1-loop result
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e flat background
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e Yang-Mills contribution to gravity
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e Yang-Mills contribution to gravity
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e Yang-Mills contribution to gravity
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e Yang-Mills contribution to gravity
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Yang-Mills + gravity
S. Folkerts, DL, JM. Pawlowski ('09)

e Yang-Mills contribution to gravity
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phenomenology for asymptotic safety




phenomenology for asymptotic safety

e low-scale quantum gravity

vhat if the fundamental Planck scale Mp obeys
Mp = O(Mgw) = O(1TeV) < Mp;
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phenomenology for asymptotic safety

e low-scale quantum gravity

what if the fundamental Planck scale Mp obeys

Mp ~ O(Mgpw) = O(1TeV) < Mp;

quantum gravity accessible at colliders
- - z L
e large extra dimensions (Arkani-Hamed, Dimggoulcs, Dvali ‘98)
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gravitational fixed point

DL (03), P. Fischer, DL ('06)
e higher dimensions
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gravitational fixed point

DL ('03), P. Fischer, DL ('06)
e higher dimensions

)
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e Einstein-Hilbert scaling exponents

pow mexp exp mod . 0Pt

D=4| 1.63 1.51 1.53 151 | 1.48
5 3.19 2.80 2.83 2.77 2.69

6 5.31 4.58 4.60 4.50 4.33

7 7.83 6.71 6.68 6.54 6.27

8 10.7 0.14 9.03 3.86 8.46

13.9 11.9 11.6 11.4 10.9

10 174 14.9 14.5 14.2 13.5

11 21.3 18.2 17.6 173 16.4
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running gravitational coupling

Fischer, DL ('06)
hl g - UV fixed point
IR (higher-D) Gk = gk kj_D
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gravitational fixed point

DL ('03), P. Fischer, DL ('06)
e higher dimensions

critical dimension for gravity D = 2
expect similarities under R RG flow for D > 2
e weak cutoff sensitivity
T pow mexp exp mod . 0Pt
= 0.132 0.132 0.134 0.135 0.137
5 0.463 0.461 0.468 0.469 0.478
6 0.943 0.933 0.946 0.946 0.963
7 1.528 1.502 1.521 1.521 1.544
s 2.1586 2.142 2.165 2.162 2.192
9 2.900 2.834 2.858 2.853 2.888
10 3.655 3.568 3.591 3.585 3.623
11 4.445 4.336 4.356 4.348 4.389
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running gravitational coupling

'
Fischer, DL ('06)
hl g - UV fixed poimnt
IR (higher-D) Gk = gk kj_D
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-

-

! ;
Inl/L InMp

- nk

Pirsa: 09110053 Page 41/65

Dhasrsninstassr s bassnmrmnntnes Cabams = T




RG running and anomalous dimension
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collider signatures of quantum gravity

e real gravitons
‘PP—jet+G

signature: mis=ing energ
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collider signatures of quantum gravity

e real gravitons
graviton production viapp — jet+ G

=

signature: mi==in

8

e virtual gravitons
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gravitational Drell-Yan

e effective theory Giudice, Rattazzi, Wells ('98)
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collider signatures of quantum gravity

e real gravitons
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e virtual gravitons

e : e
signature: deviations in SM reference process
¢ mini-black holes
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gravitational Drell-Yan

e effective theory Giudice, Raftazzi, Wells ('98)
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collider signatures of quantum gravity

e real gravitons
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gravitational Drell-Yan

e effective theory Giudice, Rattazz, Wells ('98)
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gravitational Drell-Yan

e effective theory + Monte Carlo simulations Giudice, Plehn, Strumia ('04)
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gravitational Drell-Yan

e renormalisation group + Monte Carlo simulation DL, Plehn ('07)
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black holes at the LHC

Dimopoulos, Landsberg ('01)
Giddings, Thomas ('01)

e classical Schwarzschild black holes

- "
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. Gy M
ds? = —f(r)de® + f(r)dr? +r%d05 5, f=1——3 =
.r_'l'

ro = (.Gﬁr" ﬂr[)l/{d_jl

e production cross section

: ) — :
semi-classical o = F x nr5(M = /s) X 0(\/s — Muin)
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gravitational Drell-Yan

e renormalisation group + Monte Carlo simulation DL, Plehn ('07)
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black holes at the LHC

Dimopoulos, Landsberg ('01)
Giddings, Thomas ('01)

e classical Schwarzschild black holes

. . = Gy M
ds® = —f(r)d2 + f Y (r)dr? +r2d03_,, f=1-— _rfj_g
classical Schwarzschild radius -

e production cross section

: ) — _
mi-classical o = F x nr5(M = /s) X 0(\/s — Muin)
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black holes at the LHC

e RG improved black holes K_Falls, DL, A. Raghuraman (ERG 08, 09)
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black holes at the LHC

e RG improved black holes K. Falls, DL, A. Raghuraman (ERG 08, 09)
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black holes at the LHC

e RG improved black holes K. Falis, DL, A. Raghuraman (ERG 08, '09)
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black holes at the LHC

e semi-classical vs renormalisation group G. Hiller, DL ('09)

1
do 2M M?
— = i = BH 2
tJ M2/s m
1 stio CTEQS61
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black holes at the LHC

e semi-classical vs renormalisation group G. Hiller, DL ('09)
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unitarity bounds

J. Brinkmann, G. Hiller, DL ('09)

e Higgs-Higgs elastic scattering
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unitarity bounds

\ 5
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