Functional Renormalization with fermions and tetrads }

Pietro Dona

SISSA

15/10/2012

Functional Renormalization with fermions and tetrads,
P.D., R. Percacci - arXiv:1209.3649v2

Pietro Dona Functional Renormalization with fermions and tetrads 1/22



Overview of the talk

@ Scheme dependence and fermions

e A puzzling ambiguity and its solution
e General discussion

® Constraints on matter content
e One loop results
® FRGE and tetrad gravity

Type Ia cutoff
Type Ib cutoff
Type Ila cutoff
Type IIb cutoff

@ Discussion
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A puzzling ambiguity

The modified effective action for a fermion field is:

I = —Trlog (1) = —%Trlog (12)2) Ty = —%Trlog <—V2 + % + Rk)

‘We will consider:

Type I: Ry (—VQ) or Type II: Ry (—V2 + %)

In the literature':

Cdle
Type I: T 871_2/61 \/_|: (

dD.
Type 11 : T 87r2/d \/_|: (

1 atRk atRk
) (e () e () »
1 Ot Ry,

A. Codello, R. Percacci, C. Rahmede, Ann. Phys.824 (2009) 44, [arXiv:0805.2909(hep-th)]
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Optimized cutoft

Cutoff function shape:
Ri(z) = (K* — 2)0(k* — 2)

In the two schemes:

1 4 4 1o
i o= —6k"—=k°R
Type I 482/dx\/§< 6k 5 )

1 4 4 2
Type Il : = d'z+/g (—6k™+k°R
T Vo ( )
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Also with exponential cutoff

Cutoff function shape:

_ 2
ze az/k

Bi(2) = T———m

In the two schemes:

() 71'2—92
TypeI: 871'2/d \/_< a k"R

Type 11 ; W/d \/_< 4<( ) g +—k R)
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Also with Kéahler fermions

{¢7 ¢M7¢ul/7¢ulfp7¢,ul/po'} < 4 % w

FRGE:

ar, 1 0 Rp(A) 1 O R (AD) 1 Ot Ri(A®)

with a general cutoff

ot ot el () (o (3) o (32)
£)- o (22)

Type II : ——4><—/ddx\/_[ (
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Spectral Sum

I' = —Trlog (D) = —%Trlog (—VQ + %)

I = ~Trlog () — T = ~Trlog (|1 + RE (11D)))
On a spherical background
dlx {&RE(WI)] OBy (| \n])
G = Mn—5 v
dt () 2 B2 ([Anl)

=303 bk — ) = % (~6k" + K?R)
+ n

n
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Defining a good cutoff

Ry, s RP

Formally

D =~ Trlog (1B + RE(D)) " =~ Trlog [~V + 2 4+ 2BIRP (D) + RP(D)?

=Ry

Inverting

RP(2) = —z+4+ 22+ Ry,

® must be continuous and monotonically decreasing in 22 and k,
® it must go rapidly to zero for 2% > k2,
e it must tend to a positive value for 22 — 0

® it must tend to zero for k — 0.
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Type I vs Type II

Type II cutoff: Ry(—V? + R/4) = Ry(I)*) = Ry(2?)
RP(2) = —z 4+ /22 + Ri(22) is always good

With Ry optimized

cutoff shape RkD(z) = (k—2)0(k - 2)

Type I cutoff R,(—V?) = Ry (Ip” — R/4) = Ry (z* — R/4).

With R optimized RP(2) = [ /K> + R_ 20 /k2+ R _ z
cutoff shape 4 4

R
4

. . —(1,(22—7)/162
With Ry exponential RP(2) = —2 + \j 2 (z2 _ E) e
1

cutoff shape 4 e )
im RP (=) = (/B _ i
for both cases 1113% Ry (2) = ( 1 z) 0 ( T
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Constraints on Matter from Asymptotic Safety

One loop approximation:

- 1 13 O Ry, Ot Ry,
s (50 () o (12

1 O:R ~
+ o (ns +2np —4nar) Q1 (tTk) G?

Requiring a positive FP:

ns +2np — 4ny — {13+ Qs (atRk)/Q (&Rk)} <0
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Type I:
Type II:




Tetrad Gravity

e This has been discussed recently by Harst and Reuter [3] (Type Ia cutoff,
a=1)

e Einstein-Hilbert truncation with the usual diffeomorphism ghosts and gauge
fixing (and symmetric vielbein)

® O(d) ghost contribution depending on a free ghost mass parameter

Sen = —/dxé (G, 5wy <\/§5_1(5“p52+f?“p) 0 ) (CP>

2672, D" 22ty )\

® Substituting the relation h., = 2e(,.) +£(,”€.), gives

6FEH EH

Euv€po + Cvgu%wﬂ
v

e, e] = 2o

e We used a Type Ib and IIb cutoff

3 U. Harst and M. Reuter, JHEP 1205 (2012) 005 [arXiv:1203.2158 [hep-th]]
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Type Ia cutoff [3] (h, h) Ri(—=V?)

Gauge o = 1, dependence on yu:
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3 U. Harst and M. Reuter, JHEP 1205 (2012) 005 [arXiv:1203.2158 [hep-th]]

Functional Renormalization with fermions and tetrads 13 / 22

Pietro Dona



Type Ib cutoff (RLL, & 0,h) Ri(—V?)

pv

Dependence on p:

a=0 a=1
4f_Re[6] 4k Re[d]
3 I
o /\ 777777 2F =
1f ‘ ‘ ‘ ‘ ‘
1 2 3 4 5
‘ ‘ ‘ ‘ Loy
1 2 3 4 5
_1 -2 Im[6]
e __Im[6]
_2F e T - T
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Type IIb cutoft (hTT

pv

Dependence on p:

a=20
4fk_Rel[6]
3r \
2
1F . [
1 2 mie) 3 4 5
-1r N e e B

Pietro Dona

,o,h) Ry (=V?+ CR)
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4k Re[6]
3N
/\
2
W L
. . u
1 ] 2 16 3 4 5
_1F T

Functional Renormalization with fermions and tetrads

15 / 22



Type Ib cutoff

Dependence on «:
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Type IIb cutoff (thT, ,0,h) Ry (=V?+ CR)

Dependence on «:
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Type Ib cutoff (hl:fVT, ,0,h) Ri(=V?)

Dependence on «:

Re(6)
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Type IIb cutoff (thT, ,0,h) Ry (=V?+ CR)
Dependence on «:
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Type Ila cutoff (RLE, h) Ri(—V?+ CR)

pv

This scheme coincides with IIb for a =1 [4].

Type Ila:
dt Pe(\n) — 2A
Type IIb:
Uy _ 3 O Rr(An") —nRe(An ") Z Bt R (A7) — nRe(A7)
dt . Pk()\ZT) —2A ()\5) —2A
OeRi (A7) — nRk (A O R(AR) — nRie(A})
+Z Pk )\G —2A +Z Pk Ah —2A

4C. Rahmede, PhD thesis, SISSA (2008).
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Discussion

@ Problems with bad cutoffs

e “squaring” is OK but must use Type II
@ Constraints on matter content from asymptotic safety

e in one loop approximation bounds on ng,ng, SM is OK
@® Tetrad formalism

e extended the results of Harst and Reuter to more general cutoff
schemes and gauges

e cutoffs of Type b are less sensitive to p for a = 0,1

e pathologies arise again for o = 2
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Thank you
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