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Outline

The context is the one of an EFT of gravity

Trace anomaly

Evidence of new massless degreees Explicit analytic
of freedom, not contained in the perturbative computations
Einstein-Hilbert action on specific correlators
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The trace anomaly

The trace of the stress tensor obeys at the classical level

T;:L (el) — gw/T;u/ (el) _ —772'1;@{5

At the quantum level this symmetry under global scale

transformations cannot be maintained

[ Duff, NPB 125 (1977), Capper, Duff, HalPern, PRD 10 (1974) ]

We end up with a well defined TRACE ANOMALY
e?

<Tl’,l£L>A ’m:o - Q472

also for a vanishing mass fermion

LV
FF*
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The role of the trace anomaly

The trace anomaly provides additional terms to be included in the

classical Einstein-Hilbert classical action

Seff[g] = SEH [g] + Sanom[g]

The trace anomaly implies the existence of
new massless scalar degrees of freedom

[ Antoniadis, Mazur, Mottola, New J.Phgs.9:ll,2007

Giannotti, Mottola, PRD79 (2009),

R.A., Coriand, Delle Rose, Phgs.Lctt.5682:§22_~327,2009,
R.A., Coriand, Delle Rose, arXiv:0910.3381 to appear in PRD ]
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The non local effective action

Starting from the trace anomaly

2
T =bF +V (E -3 DR) +0'0OR+ cF""™F,

Riegert found this non local gravitational effective action

Sanom [9 ) A] —
%/d‘lx\/—g/d‘lx’\/—g’ <E - %DR) AN (w2 [2bF—l—b’ (E— %DR) +20FWF‘“’]

[ Riegert, PLB 134 (1984)]

113'/

by solving the variational equation satisfied by the trace of the energy momentum tensor

A=V, (V“V” + 2RMY — %Rg“"’) V,=0%+2R*"V,V, + %(V“R)Vu — %RD

)
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The local formulation

The non local effective action can be recast in a local form after the introduction of
two auxiliary fields

Sanom|9; A; p, V'] = / 'z /=g [ §c~’+%FaaF“%

satisfying the equations
r N [Antoniadis, Mazur, Mottola, New
v = b[] v,
c p J.Phys.9:11 (2007)
‘:l L’ — ‘_ CYIBFC! - ;
2 Giannotti, Mottola, PRD79 (2009)]
R
LA

%U:U\NW e e : INEN
Bipartimento di'Fi'sic'a Roberta Armillis - QCD@Work 2010 — Martina Franca, 22 June 2010 C



The local formulation

The non local effective action can be recast in a local form after the introduction of
two auxiliary fields

Sanom|g. Az p. V'] = / d'z V=g [_L”D o — 5 U + 5 FapF” *‘]

Expanding around flat space the local formulation of Riegert’s action can be

Sanom|g. Al — —%/(14L1‘\/—g/(1’41"\/—g’ RFQ.ABFQB]:U,

Given a solution of a variational equation it is mandatory to check

whether the solution is indeed justified by a perturbative expansion

INFN
Dipartimento di Fisica
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The coupling of QCD to gravity
1

In the weak gravitational field limit Ly = ——Kh'" T,L w

where

1 1
Ty = —gwlocp — F,,F)" — 290" (A,0°A5) + €

up— v 5
b [— = . a pAa — . a Aa A = . a pAa
+ 1 [?/J%( 0, — gl Au)w — (0, + 19T Au)%ﬂ/) + Uy ( au —igT A/L)?v/)

— 4=
= (B, +igT AL | + 0,5 (O — gf P AG") + 0,5 (D — g ATw)

(Agau (80143) + Azal/ (aaAg))

The <Tgg> correlator is the first (leading) order contribution to the infinite sum of

the <Thgg> correlators in which the anomalous effective action is expanded
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The perturbative expansion 1.

The perturbative expansion is obtained by taking into account all the possible
diagrams in which a graviton (initial state) and two gluons (final state) appear.

Al « g #

QUARK SECTOR W< e v o

(000 40

— Ved

g
] ~Z
q
/ (a) (b) () (d)

4
K [2a] ab K o brra d*l , 1 1 1
B — 22 T(T'T - o

- 4
_.E [2c| ab :_E 2T TaTb / d*l / 1 ) 1
22 Flu/aﬁ (p7Q) 29 r( ) (27_(_)4 tr W,uz/a/l . q . m/}/d/l —m

[R.A., Coriand, Delle Rose, arXiv: 1005.4173] -

Setmme e e INFN
T LA, Roberta Armillis - QCD@Work 2010 — Martina Franca, 22 June 2010 (s



The perturbative expansion 2.

A h,, A%, Al
4 - s
k p . P
+ I-q I-q m
N AbB Abﬂ Abﬂ q\‘
GAUGE 1 = A
q
SECTOR (a) b) (d)
4
K [3a] ab K 9 cade pbde\ [ A1 1 a
—i—T —_ 1/ 99 _ ] _
v7:30a(_l7 l + P, _p) VpgTﬂ(_l -+ q, l? _Q) )
G
K F[3b] ab 1k 2 d4l Vv/u/f)%gﬂ(_l?l — D _Q) ngaa(kv —D; —[+ p)

i _ _ ade gbde

[R.A., Coriand, Delle Rose, arXiv: 1005.4173] )
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The perturbative expansion 3.

— A h‘“W

¢ peln 000 UM 7
GHOST SECTOR M ‘ Y ] + exch. 4 I , ‘ I-q + exch.

,/”’ Ab
[R.A., Coriano, Delle Rose,
arXiv: 1005.4173] / )
. Z— 4a ab fadefbde d l C;u/po q _|_p al l . q
2 ;waﬁ l — q

d*l CM,,MZ"(Z —q)s
2m)* 12 (1 —q)?

R [4b] ab K ade e
o Z§F£Ll/clﬂ (p7 q> — 592f ¢ fbd

All the diagrams are computed analytically by means

of tensor reduction in dimensional regularization
/')
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Ward 1dentities for the correlator

1) for the conservation of the energy-momentum tensor

K (T (k) Ag (0)AB(0)) trune = quDayn ()98 + puDy (0)9aw — @Dy (p) — pvDas(q)

D;,; (p) = (])anﬁ — paq/g)H(pQ)

inverse gluon propagator
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Ward 1dentities for the correlator

1) for the conservation of the energy-momentum tensor

K (T (k) Ag (0)AB(0)) trune = quDayn ()98 + puDy (0)9aw — @Dy (p) — pvDas(q)

2) for the trace of the energy-momentum tensor at zero momentum transfer

0,
(T[LL(O)Aa(P)Aﬁ(_])»trunc = (2 —d+p- —Op> Dag (p)
(TH(0)AZ(p) Ab (—p)) = ;’3(()—a —27(9) + m(ym(g) — 1)—0 D_l(p)
p \YV)A\P)Ag\—P))trunc P g g 9 \Tm\9g O af

0 0 Om
B(g) :“’a_i‘ W9) = pg log v/ Za, "”2”"’”(9):“0;;
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Ward 1dentities for the correlator

1) for the conservation of the energy-momentum tensor

K (T (k) A% (p) A% () Ytrune = quDay )9y + PuDgy (0)90r — D35 (p) — pvDos(q)

2) for the trace of the energy-momentum tensor at zero momentum transfer

0 _
<T;/ZL(O)A?1 (]))A%(_p»trunc = (2 —d+p- C)—])> Daé (p)
3) generalized Ward identity p” (16 T p (k)Agq(p )A% (9))trunc =0

These three Ward identities turn out to be satisfied in dimensional regularization
[R.A., Coriand, Delle Rose, arXiv: 1005.41731
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Expansion of the whole amplitude

The sum of the quark and gluon/ghost contributions is written as

form factors tensor structures

M lfan s 113 .
- — ne 201
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The massless pole evidence

The sum of the quark and gluon/ghost contributions is written as

3
L (p,q) = T4 (p, q) + T4 (p,q) = Y _(®i(5,0,0) 6
izl/

form factors tensor structures
The contribution of the trace of the energy momentum tensor is given by

LUV (@ /6 (0%
9 T (p,q) = 35 ®1(s;0,0,0) u™ (p, q) = —2%”& B (p,q)

The relevant form factor shows a massless pole

- q 11 2
g Pl9) = 1672 (‘?(’” §”f)
(1)1(87070) :_727T QTlf—llCA)

o u(p.q) = (p-q) g™ — " p”
[R.A., Coriand, Delle Rose, arXiv: 1005.4173]
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The massless pole in the effective action

The effective action expanded around the flat space is

Sanom [g.. A] d4I VY / (14411! V _g, R:U Da—:}c’ [FaﬁFaﬁ]a:’

and now the direct computation of the massless pole contribution yields

Spole = _% /d4ajd4yR(1)(x) D_l(.i?,y) Fgﬂ Faaﬁ

_ 1y —EC'A—I—gnf /d4azd4yR(1)(x)D_1(az y) Fop
3162\ 3 3 !

[R.A., Coriand, Delle Rose, jol) = 8; o) hH" — [h, h =1, K

arXiv: 1005.4175] linearized expression of the Ricci scalar
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Conclusions and ...

The non-local gravitational effective action can be rewritten in a local
form in terms of two auxiliary fields whose interpretation is still an
open issue

The flat metric expansion of the effective action exhibits a massless
scalar pole, confirmed by the perturbative expansion

These long-range gravitational interactions modify the IR region of
gravity

)
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... perspectives

Further studies on the relation between the cosmological

constant value and the trace anomaly

Phenonemological studies in the context of
the Arkani-Hamed, Dimopoulos, Dvali model of TeV-scale

gravity for collider processes involving gravitons

Extension of the coupling of gravity to the whole SM

=

5Fmnem b, 2 INFN
Ty el SR Roberta Armillis - QCD@Work 2010 — Martina Franca, 22 June 2010






K
—i5 Vi, (k1 ko)

—ig {% (k1 + k2)o + (k1 + ko) ] — %gpv[’Y'\(kl +k2)x - 2m]} |

—i g Sab V.98 (K1, o)

K 1
=i% 8o {11 b2 G + Dy b2) + Bl o) |

K
— g [Vt (ko k)

K
_gifabc {vapa'(kl - k2)z\ + CpupA(k3 - kl)a
+ Cuvor(k2 — k3)p + Fuvpox (k1, k2, k3)}




