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Renormalization

@ loop diagrams NO\/ are in general UV divergent

@ Regularization by momentum cut-off A or dimensional
regularizationd =4 — ¢

@ Renormalization by adding counterterms introduces
renormalization scale p

@ comparison with bare theory yield running of couplings
g(n) and other parameters, e. g. masses, which is encoded
in the g function

dg

ﬁgzﬂa
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Gravitation

Gravity as an effective field theory

@ Perturbatively quantized Einstein gravity is famously
nonrenormalizable
@ Nevertheless it can be treated consistently as effective
field theory onoghue'ss)
1

rav — dd - A
St / xﬁ{ * T6xGy

@ The higher derivative terms arise in loop expansions, the
values of their couplings are largely undetermined,
eg.cy,c2 < 107 (stele7s)

R+c1R2+02RWR””+...}
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[ JeJele]
Gravitation

Gravity as an effective field theory

@ Perturbatively quantized Einstein gravity is famously
nonrenormalizable
@ Nevertheless it can be treated consistently as effective
field theory onoghue'ss)
1

rav — dd - A
St / TV g{ * T6xGy

@ The higher derivative terms arise in loop expansions, the
values of their couplings are largely undetermined,
eg.cy,c2 < 1074 (stelie7s)

@ Question in this framework:

Does inclusion of gravity alter the running of the Standard
Model couplings

R+c1R2+02RWR””+...}

gMaxwell (1), 8Ym(£), Wyukawa (14), )\Lp‘* (1), ? [Robinson, Wilczek'06]
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Gravitation

In four dimensions
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[Robinson,Wilczek'06] in background
field method and cut-off
regularization:

1 3

S g2
16722 ~ 8

/Bg‘,izz_
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In four dimensions
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[Robinson,Wilczek'06] in background
field method and cut-off
regularization:

1 3

S g2
16722 ~8
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[Pietrykowski’06], [Toms’07] and [Ebert,
Plefka, AR'07] found independently:

ﬁg‘,{zzo
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Gravitation

The Einstein-Hilbert Action

/d R + Lmatter (80, P)

dimensionful coupling x = /327Gy, [k] =1—4%

Splitting the metric in flat background and graviton field:

Suv = M + /fhuu

VoE=145h+ 5 (h2 2haﬂhaﬁ) + O
g = Y — ghMY 4 KZRFORLY + (’)(/13)
R = x (Oh — 9,0,h") + O(x?)

with i = K2,
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Gravitation

The Einstein-Hilbert Action

/d R+£matter(g,u1/7 )+£gf+£gh

dimensionful coupling x = /327Gy, [k] =1—4%

Splitting the metric in flat background and graviton field:

Suv = M + /fhuu

VoE=145h+ 5 (h2 2haﬂhaﬁ) + O
g = Y — ghMY 4 KZRFORLY + (’)(/13)

R = x (Oh — 0,0,h") + O(k*)  with h = hS.

We use de Donder gauge: 9"hy, — 19,h = 0
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Gravitation

Expansion in the field variables yields Feynman rules for
vertices of arbitrary order in A:

hO hl h2 h3 h4

A2W¢Mw%...
NN
e b I T

z.B. ElO(h,Az) = ”&LAﬁa[pAﬁ} (h“pn”” + nuphua _ %hnupnyg)
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Gravitation

Expansion in the field variables yields Feynman rules for
vertices of arbitrary order in A:

hO hl h2 h3 h4

A2W¢Mw%...
NN
e b I T

z.B. ElO(hAz) = ”&LAﬁa[pAﬁ} (h“pn”” + nuphua _ %hnupnyg)
Which vertices are needed?
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Large Extra Dimensions

@ Space Time topology

M =R x1°

@ The coordinates are denoted
by XM = (x'uayi)

@ In large extra dimension
senarios the actual gravity
scale can be much lower as
the experienced Planck scale
on the brane [ADD'98].

2 0 -2
M{,_yy = (27R)° My,

Vs
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Large Extra Dimensions

S= [ dLouk + [ d%Lorane
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Large Extra Dimensions

Introduction

= /dDXﬁbulk‘F/ddXEbrane

@ For a generic Bulk field ®:

/ 8M<1>8M<1>:>/dd > 30uP( 0" iy + smi

inczs

wﬁ.l
3

with (X) = V; /> 35 9P (x)el ¥ and m?, =

Andreas Rodigast
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Introduction

= /dDXﬁbulk‘F/ddXEbrane

@ For a generic Bulk field ®:
/ S0P > = /dd > 30uP( 0" iy + 3min O
YAl
with ®(X) = V;* 305 P ()% and m?, = 21
@ The induced brane metric
77,(;1/‘*’/4v (d) Z h(n

Gun(X) = mun+rpyhun (X) = g (x)
ez’

4 brane tension effects
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Yang-Mills Theory

The Yang-Mills Lagrangian

LyM = —%\/—gg“”gp" i85 7]

Fu = 0,A, — 0,A, —iglA,,A)]
Fo, = 0,A% — 0,A% + gf " ADAS,

@ Due to Slavonov-Taylor indentities only the renormalization
of the two-point function is needed to calculate the gravity
contribution to 3,

@ The higher derivative (HD) terms expected to appear at
one-loop are

tr {D"F,,D,F""} and tr {FaﬁFﬁWFvo‘} .
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Yang-Mills Theory

Graviton Loop Corrections to the Gluon Two and Three Point Function
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Yang-Mills Theory
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Yang-Mills Theory

The Gluon—Graviton Vertices with Two Gluon Lines

= —lﬁjéab [Pl“/’aﬂp.q + n/“’p(aqﬂ) + %naﬂpyqu
ma 1% b _pl’nﬂ(aqﬁ) — q:u'ny(ap/g)]
b q
vb
na q af _ £H25ab [(pyqu _p.qnw/)Paﬁ,’yJ
p 2 +pq(2]”yua(7n6)lg -+ 2[/-“’75(7775)0‘
_ ]uwaﬂn% _ 1#1177577&6)

—’—{2pany[unﬂ} (’Yq(s) —+ vany[un(s](aqﬂ)
(o) (@)} ]

where we have defined P28 = L(prap8 4 pubpre — puvpal),
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Yang-Mills Theory

Field-Strength Renormalization

(D i (P - ')A+ PG — ')A

—4 2)( fs ddk
A:mzdgd <d2—4d+8+(d >

. (d—2)?
A= mzm@—d

Z / d% 1
2m)4 k2 (k ’27)

QJ@)
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Yang-Mills Theory

Field-Strength Renormalization

M@’\t\a :ié‘ab(an,uV7qp‘q1/)A+i5abq2(q2an7qqu)A+.”
d—4 (d 2)( % 1
2 2

8d (d 4d+8+ )Z/dekz

A =ik

Gravitational contribution to the YM g3

function in 4+6 dimensions

Bg’,izzo

Gravitational Renormalization in Large Extra Dimensions Andreas Rodigast



Gravitational One Loop Divergences
[e]e]e] lele]

Yang-Mills Theory

Field-Strength Renormalization

D i (P - ')A+ R — ')A

2 d—4
A= (4m)P/2-1T(2) (D — 2)? ((d—3)(d—2)

5 AP=2 —

Gravitational contribution to the YM 3

function in 446 dimensions

5g’,{2:0
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Yang-Mills Theory

Graviton Loop Corrections to the Gluon Two and Three Point Function
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Yang-Mills Theory

The Divergences of the Three Gluon Graphs

= gf™ [n" (p*(2p-q + p-k + 3q-k)
—q°(2q-p+q-k+3pk)+...
() + )
— 3(pPgtk” _pvqpku)] A
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Yang-Mills Theory

The Divergences of the Three Gluon Graphs

= gf ™[ (p°(2p-q + p-k + 3q-k)
—q”(2q-p+q-k+3p-k)+...
— (KK (p—q)P +...)
— 3(pPqtk” — p”q/’/\’/‘)] A

In four (brane) dimensions the only counterterm needed in
one-loop Einstein-Yang-Mills theory is

£t — ! 8 A — tr {D"F,,,D,F""}
YM — 5 28 1 ,0+2 puptlv
(4m)1HO2T (5 +1) 30 M2
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Scalar Field

Ly =/=gg" [(Dm)TDm —mgp'o + %(aﬁT ¢)2] }

D, =0, —igA,

The higher derivative terms expected to appear at one-loop are

(D*$)ID,p, (D?¢)'D*¢, ig(Dud) F*Dyd, g F*Fo.
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[o] le]e}

Scalar Field

———-—-- - = N - -

(D'¢)' Do, (D*¢)'D*¢, ig(Dud) F* Dy, g*¢ F"F,,¢
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Gravitational One Loop Divergences
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Scalar Field

~

. Y RN <N PN

s -, Ve N Ve

(D'¢)'D,o, (D*¢)'D*¢, ig(Dud) F*' Dy, g¢ F*™F,,é
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Gravitational One Loop Divergences
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Scalar Field

. \\\(f{ \g*(/
+crossed Y/ + crossed \ . + crosbed ’ + crossed ™
AN / N\ s \\

/ 4
7+ crosaed ’ + crossed 7+ crossed ’ + croased

O

\

ol ol \
\
/7 + crossed 7+ crossed 7+ crossed /7 + crossed

(D*¢)'D¢, (D*¢)'D*¢, ig(Dud)'F*'Dyo, g ¢ F*"F,,¢




Gravitational One Loop Divergences
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Scalar Field

Scalar field-strength and HD renormalization

] 2(8 +50) AS2 542
L3 = : [ (Do) D~
G ()@ O
; v v Aé — ,U,5
~{(?0) D% — Lig(Du0) "Dy + 46T )} Ma+]
(4+9)

Note: Without extra dimension (6 = 0) the HD corrections
vanish.
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Scalar Field

Renormalization of the ¢* coupling — for a real scalar
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Gravitational One Loop Divergences
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Fermions

Ly = /=g ¥ (iD — my — V)b J

D= v'el'Dy
D, = 0, — i, — igA,,

The higher derivative terms expected to appear at one-loop are

By, WPPPYy,  iWPD*, DBy,  ipD,PD").
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0e00

R
e gk R
ALAA

Wy,  WPPRYy, ipPD*p, DBy, D, PD")
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Fermionic field-strength and HD renormalization

3(11 + 96) AOF2 — 042

@mI+r (§+2) 7| 0+22 M7

+ {10+ L6)pDB - (£ + E6)pD?

+ (4 + 195\p%p 4 (4 + %6)&@0#}

Aé . N6
6M5+2 ¢

D+

(4+5)

o’
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Gravitational One Loop Divergences
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Fermions

Renormalization of the Yukawa coupling

for uncharged fermion and scalar
|

SN

Ly = Zyidhp = Zypymyibih = Z5,Y o0 + . ..
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Gravitational One Loop Divergences
oooe

Fermions

A A A

2
1
Zy—1=—— —pp?

16724 d — 4
K 1 2 2
Zmy — 1= 63" g3
2
K
Zﬂw—l: 1671‘2(% + m
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Conclusion

Summary and Outlook

@ The Yang-Mills g-function receives no contributions form
gravitational self-coupling.

@ Yukawa and ¢* interactions receive gravitational
corrections

@ The spectrum of HD corrections is not restricted to
Lee-Wick terms.

@ Next step: Non-Perturbative Methods

Functional Renormalization Group Equation

a0 = 5 10 w2t )|
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