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Outline

° Comcormal anomalies in the context of FrT of gravitg

e " vidence of new massless &cgrees of freedom not contained in

the [T instein-[Jilbert action

° Explicit analgtic Perturbative computations on anomalous

correlators in QCD and in the [ lectroweak Theorg
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Tl‘xe conformal anomaly

The trace of the stress tensor obegs at the classical level

QWT&I{) ~ md?

At the c]uantum level the sgmmetry un&erglobal scale transformations

cannot be maintained

We end up with a well defined conformal anoma]g

B LT #0

m=0
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(sravitational | Hective Action

T he conformal anoma]g Provicles additional terms to be included in the
effective theorg, beside the classical Einstein~Hi]ber’c action

Seff[g] — SEH [3] + Sﬂnom [8’]

T he conformal anomalg impliés the existence of

new massless scalar Cng!"CCS O1C Freeclom

Antoniadis, Mazur, Mottola, New ].Phys.9:11,2007
Giannotti, Mottola, PRD79 (2009),

Armillis, Coriano, L. D. R., Phys.Lett.B682:322-327,2009,
Armillis, Coriano, L. D. R., PRD81 (2010) 085001
Coriano, Luigi Delle Rose, M.S. , PRD83, (2011) 125028
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T he non local eftfective action

The trace anoma]g n 4 sPace~time dimensions generated bg quantum

effects in a classical gravitational and gauge background IS given bg

1 2
Tganom — _g [2502 + 20 (E' — §|:|R> + QCF2]
2
W69] an& CZ — CAFVPCA YP — RAP”PRAFUP _ ER R;.I!.-f R
Euler tensors E = Ryawp RAVP — RAFVPR}'F”P — 4R, R* + R2

The anomalous effective action is identified bg so]ving the variational

equation
jng 2 5Sanom _ Tpg
g \/__Q' 59‘&” 1 anom
s
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Non local Riegcr‘c’s solution

The solution of the anomalous effective action was given bg Rieger’c ina

non local formulation
Sanom 9, A] =
é/d‘lm\/—_g/d%'\/—_gf (E — %DR) Ay (2,2 [%F + b (E — §DR> + 2cFWFW]
) Riegert, PLB 134 (1984)

!

—1
Wl’]CrLA4 (x, x) denotes the Green’s function of the fourth order

differential operator
Ay =V, (VEVY + 2REY — 2Rgh")V,
= [? + 2R**'V ,V, + X(VER)V, — 3R]
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T he local formulation

The non local effective action can be recast in a local form after the

introduction of two scalar auxiliar9 fields

T o first order in metric variations around flat space

R
Sanom[ga A; #, ?F'}f] = / d433 v [ 'O et 7 g U

with the two {:iC!C}S 5at151cgmg the cquations

' = b0y,
c
il s E [Antoniadis, Mazur, Mottola, New ].Phys.9:11 (2007)
3 Giannotti, Mottola, PRD79 (2009)]
s
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T he local formulation

The non local effective action can be recast in a local form after the

introduction of two scalar auxiliar9 fields

R
Samm[g,ﬂ;so,tx’f]:/d%” [ ’D“P—gw — E;.g}eF’:’EHS ]

Coming back to the equiva!ent non local form

Sanom|9, A] = ——/d4$\/_/d4 "\/7}? FosFoP)y

he anomalg~inducecl action will be missing homogeneous contributions

—

here is current]g a c}isagreement over the correctness of this result
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Tl‘xe <TV\> correlator
QCD)

The <T\/\/> correlator is the Flrst kadmg) order contribution in the

expansmn oxc the anoma]ous egectxve action

From the standard QCD Lagrangian we extract the energgwnomentum

tensor (EMT}
1 1
T = ~gwLqep = Fj, B = 2ud(A507 A7) + 2 (A0,(0° A7) + 4;0,(5747))

+ i {%.5(1 — igT A% — BB, + igT A%Yy,t) + U (8 — igT Ao

o
— Y0+ igTﬂAﬂmﬂ + 8, (B — gf ™ ASWY) + 0,5 (80" — gf " ACWY)
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"or an exact non-abelian gauge theorg the Per’curbative expansion of the

<TV\V> correlator is more involved

,IIIV Aa[[
/ WA P
k P
+ exch. 4 i I-q + exch.
anrk sector
Ab

A(I
T /Y a
k L p
=+ —
7
CJa uge sector @%ﬁi
A P
Ab
£ 4 (d)
L0000
I P*L.’: ' :
Glﬂost Sector W \' 1 + exch. 4 [ ' A i-q + exch.
1 > . '
g Lo
\Q%Q/ v, .%Ab/}
T~
@ ®) © () /'7
0 iy s s INEN
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Diﬂ:eomorplﬁisms invariance

|nvariance under digeomorphisms imPlies constraints on the generating

functional of i F] graphs (@)

ol K o’ oI’ oI’ ol’
a:x— = — 35N - P .c — 9Pl - P ca — Va B
Shap 2{ 5¢c6 $e =0 c'b"“’aqzsj; 5/—1@&6 Aea =0 hAea

—ar ol 1 oI’ . oI’

_ Ab — el B, _ i e 7= BN af 7~
0 wcé'd)c + 5@53?#88 Ve 28&(6¢CJ Ve — Ve 6#’3) } 3

For the <TVV> correlators (\/,\/’ = gluons) the T M conservation gives

K

— z'g@” (Tyv(x)Va (z1) Vi (22))amp 9

{ — 0,0 (21 — 2)Prg ¥V (22, 2)
~8,0 (22 — 2)Pd YV (21, 2) + 0* [0 0 (21 — 2) Pgl YV (w2, 7) + g0 (22 — )Pyt V'V (a1, a:)]}
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BRST symmetry

BRST invariance of the theorg implements relations between correlation
functions in the form of Slavnov:raglor identities (STD

From the BPRST variations of the fields

- 1
dir = igduttT w® = ——gAfoewlur
s = apgp OV = NSt 3
f = —igPtAw” " = e Rl

the correspon&ing variation of the [T MT is obtained, i.e.

p
6T, = 8(T% + T = : 450,0° D + A50,0° D — g8 (450 D)

which in turn allows to derive the DR T S constraint on the amPlitucle, which is

%ﬂlﬁ”‘l 0 (T, (K) AL (P) A3() ) trune = 0 -
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Expansion of the amplitucje

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

3
7, q) = T4 (. 0) + T () = Y i(5.0.0) 6101 (. 0)
1=1
/ .

Form factors Tensor basis
elements
1 (pq) = (sg™ — K*E)u(p,q), >  Only traceful tensor in the basis
2 pa) = —2u(p,g) [s¢" +20" P +¢" &) -4 ¢’ +¢' ),
e = (¢ +PP)9P +3 (9 9% + g g™

—g" Gg”“ﬂ - q”‘p'g) - (gﬁ”p‘“ - HﬁFP”) g™ — (9" + g**¢")p’.
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The contribution of the trace of the energy momentum tensor is given by

/Y (@) /8 (@'
G TP (p,q) = 35 P1(5;0,0,0) u™’ (p, q) = —2%’& 5(p,q)

11 2
o) = 15z (-5 Ca+ 3)
| ______§HF Frro)}
ap == d4 d4 ol xtig-y nv
Hp.) = =g [ = [ & 5Aa(MA50)
®1(5,0,0) = 2n — 11C}4)

The form factor multiplying the traceful tensor shows the massless pole
searched for !
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The <TV\/> correlators in
FWSM

I” Hective action analgsis extended to the neutral gauge boson

sector oF the electroweak tlﬁeorg

The symmetric and conserved T MT may be obtained f:)g
coupling the SM Lagrangian to the gravitationa] field

1 1
5=58z+ 55m + 51 :_E fd4I1f—gR+fd4I1f—g£3M +Efd4I1f—gRHi?f
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The <TV\/> correlators in
FWSM

I” Hective action analgsis extended to the neutral gauge boson

sector oF the electroweak theorg

The symmetric and conserved T MT may be obtained bg
coupling the SM Lagrangian to the gravitationa] field

1 1
5=58z+ 55m + 51 :_E fd4r1f—gﬂ+fd4:rﬁ—gﬂgm +Efd4I1H—QRHTH

The full TMT is given bg a minimal tensor and a term of

imProvement generatccj bq the conformal coupling of scalars

M I
M7 8. . Hi Yuk Jix. host
Tuyzn — T[_{VS + ngfrm + Tuyzggs + Tuyu awa + Tgyfm + Tgy 0s
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Diagrammatic expansion (1)

One ]oop corrections are comPutecl in DR using on-shell

renormalization scheme and the ¢ Hoopﬁ\/e]tman Prescription for <

A Fu”y automated methoclologg IS imP]emented in the sgmbolic

manipulation program /\/]atﬁcmatica to manage hundreds of diagrams

T

\/\/e show some of them ®
with three, two and one

oint topolo £ el -7
point topology ‘.- ",
Wf\ Wt w&u::_ | R NMWb::_ Y-
~ - o
~ +‘.‘.‘ 1]_‘ r
e e

(2)

m iLlm n &
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Diagrammatic expaﬂsion (2)

. N
’ qg.t AR )
r 1 \ 4
w* L

ot

w \f ¢t

(a) (b) )
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Diagrammatic expansion (%)

Amplitudes with [Jiges r L@
i taclPole =5 ‘M@ WL";}"

(a) (b)
Amplituc}e with the
graviton~Higgs mixing .1
vertex generatecj bg the

improvement term

eo corrections to the A, o H
Leg , @ K ~" Q)
extemal gra\/lton

(a)

H
(b) (c)
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T he improvemc—:nt term

Comcormauy coupled scalars introduce an improvement term in the FTMT

71 = 5,6, —nw OlHtn = 10,0, — 0| (2 + & 4 gt~ +vH
S = 73|l ~ T T"‘?‘l'ﬁf)ff’ t+v

This turns out to be necessary for two reasons

* I hsures the renormalizabilitg of the <TVV> correlators

* I nsures that the anomal9 Pole term is the onlg non-massive

contribution to the trace of the correlators
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K enormalization

VC!
Renorma]ization IS PerFormecl in the on-shell scheme ;.
h#
Renorma]ization of | smis sufficient to cancel all the
ks
singu]aritics from the <TVV> correlators VB
B
O[T AAJMeB (ky, ko) = —za{kl < kg 1B o prveB (L, kg)} 6744,
S[TAZP*B(ky ky) = — g{ (8¢ % Ky - kg + 85 Z MZ) C*P 4 §ct? DHYeP (K, A:g)}
S[TZZ1Mv B (ky, ky) = —zg{ (6cZZ ky - kg + 6cE% M2) CHveb + 5c2% D”mﬁ{kl,kg}}
1 1
6cf? = 5 (0242 +0Zz4) , Sc? = 50224, 622 =67z, 6cEZ =M26Z75 + M2
s

m iLln g
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(:onﬂmﬂmﬂanoma%”mﬂein

As in the other cases the tracerul part o; the < V> amplituées contains

comcormal anomalg POICS

_ (F) (W) I _
<TAA (1)11?‘059 — (I)l,pole + (I)l,pole + (I)l,poie — @

(F) (W) (ZH) | &) o P1 | o P2
> (I)l,poie = (I)l,pale + {I)l,pole + (I:’l,poie + @1,;}01.& = Swg T Cy 92]
<T77 e [0,
Jshe coefficients of the Poles L &
, g5 [4 g2 1
depend on the beta functions of B2 = 1672 g”g ) * 6
the 2 )W X i)Y couplings e3 [32
DU coupling Be = cpbr+suBr= o5 |gme =7

Perturbative computations confirm Riegert’s effective action even in a

spontaneously broken gauge theory

s
i thlla's n INFN
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Comments

* The non-local gravitationa] effective action can be rewritten in a

local form in terms of two auxiliarg scalar fields

e The flat metric exPansion of this effective action exhibits a

massless POIC

e Perturbative computations confirm Riegert’s effective action even
P g

ina s[:)ontaneouslg broken gauge theorg
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The graviton correlators computccl allow to investigate the
interactions between a dilaton and the QCD and the e.w. neutral

sector of the Standard Model. T he dilatation current of QCD

develops an anomalg Pole both in the gluon and in the quark sectors

A complete Per’curbative computation of the <T T 1> correlation
function has been Perpormecl recentlg (M5, (. (Coriano, | . Delle
Rose and 7. Mottola). An expansion of the Riegert action in its
Purelg gravitational sector is needed in order to check wether

anomalg Poles appear there too

TR I INFN
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Conclusions

Corre]ation functions involving one graviton and two gauge currents
exhibit anomalg Poles in each gauge invariant sector.

These corresponc} to effective degrees of freedom Playing an
important role  in  the Phgsics of the earlg universe.

In a related work we have shown that these are inherited bg the QCD
dilatation current and can be studied at the [ FC.

In this case the current is an interpolating field which corresponds to a

éilaton, as for the Pion in the chiral case.

MR A - —fz
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