Title: Recent developments in asymptotic safety: tests and properties
Date: Apr 22, 2014 09:10 AM
URL: http://pirsa.org/14040085

Abstract: <span>The talk will review recent tests of the asymptotic safety conjecture within functional renormalisation group studies and progressin
understanding the properties that such afixed point would have.</span>
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Recent developments in
asymptotic safety:
tests and properties

RG approaches to QG, Perimeter, 22/4/14
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GR:

@ gu is a field

@ which must be consistent with QM

|

o Effective quantum field theory
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Wilsonian RG

Critical Manifold

Fixed Point
Bare
~ L
Actions

Renormalised

\ \ Trajectory

TRM, Prog. Theor. Phys. Suppl. 131 (1998) 395.
G is irrelevant about Gaussian FP.

So what is the UV completion?
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Non-perturbative UV FP

® HigQgs? K.G. Wilson & J. Kogut, Phys. Rep. 12C (1974) 75

@ Large N Gross-Neveu model (four-fermi) in <4
dimenSions K.G. Wilson, Phys. Rev, D10 (1973) 2911

Gravity: asymptotic Safety

g GraV”'y D=2+E S. Weinberg, in *Hawking, S.W., Israel, W.: General
Relativity™ (1979) 790-831; Proc. Int. School of Subnuclear physics, Erice

[ ‘ '_} fl, t(s:I

o Large N L. Smolin, Nucl. Phys. B208 (1982) 439; R. Percacci, Phys
Rev. D73 (2006) 041501(R)
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Exact RG...

K.G. Wilson & J. Kogut, Phys. Rep. 12C (1974) 75; F.J
Wegner & A. Houghton, Phys. Rev. A8 (1973) 401

0 1 §2r 17'o
Bl 175 i
gl = o1 [R+ 5905(,0] ok

C. Wetterich, Phys. Lett. B301 (1993) 90;
I.R. Morris, Int. J. Mod. Phys. A9 (1994) 2411,

1768

Momentum dependent mass term (IR cutoff):

1
BT P

suppresses momenta p < k

. K—0 gives full Legendre effective action.
® If k—oo exists then continuum limit constructed
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... applied to QG

M. Reuter, Phys. Rev. D57 (1998) 971

Reviews...

M. Niedermaier & M. Reuter, Living Rev. Rel. 9 (2006) 5;
R. Percacci, in *Oriti, D (ed.)* arXiv:0709.3851;
D.E Litim, arXivi0810.3675;

M. Reuter & F. Saueressig, New J. Phys. 14 (2012) 055022
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Einstein-Hilbert truncation

1 4
[~ iog |42 Va{-R+20)

G =k Gomalk), » A= NS E=  tsdlin (k)

oA
oG

7

M. Reuter & F S

E.g. using sharp cutoff:

—(2—m)A — G [5111(1—21\)—2(( ) + §r]} ;
s 2
(2+n)G,
2G 18
6 i [1—21\

5ln(l — 2A) — ((2 )+()] :

aueressiq, Phys. Rev. D65 (2002) 065016, New J. Phys. 14 (2012) 055022

Page 8/44




/

- p.sf

Type Ib VUL

|
|

‘I \ " OI:'L-" Sl"

Figure 4: RG flow in the g-A—plane. The arrows point in the direction of increasing coarse
graining, i.e., of decreasing k. (From [14].)

M. Reuter & F. Saueressig, Phys. Rev. D65 (2002) 065016, New J. Phys. 14 (2012) 055022
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Less severe truncations

-~

Einstein-Hilbert truncation
polynomial f(R)-truncation

It? 4+ C*-truncation

Cus? Cpa"* Crat ROR + 7 more
(_:“_.,'.,-,(,I.Mr,':f) !?““1?,“,

also with matter..

Figure 3: Overview of the various truncations employed in the systematic exploration of the theory
space of QEG. The lines indicate the interaction monomials contained in the various truncation
ansatze for I'x[gl, eq. (4.4). All truncations have confirmed the existence of a non-trivial UV fixed
point of the gravitational RG flow.
M. Reuter & F. Saueressig, New J. Phys. 14 (2012) 055022; M. Reuter, F. Saueressig, O.
Lauscher, D. Benedetti, P. F. Machado, A. Codello, R. Percacci, C. Rahmede, M. Nierdermaier,
K. Groh, S. Rechenberger, O. Zanusso ...
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AtmneVAOOOYA®RE VA YadomeVA OYaAeme

data sets

non-Gaussian cigenvalues at order NV; oo
L]
Figure 1: The complete sets of eigenvalues at the ultraviolet iy
fixed point @D for all N, sorted by magnitude. The results at o
the highest order (N = 35) are linked by a line to guide the ol A3
eye. The long dashed line indicates Gaussian scaling. The J (N) ’
: - n vas ¥y
inset (upper panel) relates the data sets at approximation (
order N with the symbols used in the lower panel. .:""l' /
“‘ x s
L)
Y ofe”
K. Falls, D.F. Litim, K. Nikolakopoulos & § b
; q Gaussian line

C. Rahmede, arXiv:il301.4191

irrelevant
.5“ relevant
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non-Gaussian eigenvalues at order N: 0o
[ ]
Figure 1: '[jm complete sets of eigenvalues at the ultraviolet I/
fixed point (SD for all N, sorted by magnitude. The results at o
the highest order (N = 35) are linked by a line to guide the ol ;l
eye. The long dashed line indicates Gaussian scaling. The ﬁn(N) o "
inset (upper panel) relates the data sets at approximation ool
order N with the symbols used in the lower panel. .:"'fl' J
‘*‘ x s
p?
vy ”‘gm
K. Falls, D.F. Litim, K. Nikolakopoulos & ol ¥
C. Rahmede, arXivil301.4191 *; ¢ Gaussian line
il
gl
Go beyond polynomial lix
2 |- i
- A
truncations to explore 'l
R~ O(1) g
oft |
s irrelevant
ofF - ~
“' relevant
o s 0 s Tw T Tw Ta
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Split into background + fluctuation:

Juv = gpu A hp,u

g~ / Dh e~ °lo+h]

Intuitively results should be background independent
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Split into background + fluctuation:
Qoo = gp,u - hp,u
IR cutoff: R ~ R(=V?/k?)

Impose Landau gauge: D. Litim & J. Pawlowski, Phys. Lett. B435 (1998) 181

T i?,,h

Ghosts get IR cutoff too, so BRS invariance recovered only in
the limit k=0 (if we're careful).

TT decomposition (ghosts similarly):

o i L, gy, ¥ 1
h'p,u e ,),’1”/ g V,u,gu T szf,u, £ Vu,vua =+ Z.(}[U/h’

Jacobian = auxiliary fields & they get IR cutoff too.

r'"‘f';, !'-.’(’LL?(", !.:}'I‘}/“» F'\’:”.f' DSI" (‘i'_f“[.;?‘\’._\) 9 /1
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IR cutoffs (basic idea):
D (Pl [ A

Ok 2 Sl

R ~ R = k’r(=V?/k?) = (k* + V3)0(k* + V?)

D.E Litim, Phys. Rev. D64 (2001) 105007

Effectively in inverse 2-pt: NNy = R
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IR cutoffs (basic idea):
5T } %, ;

L.

()/1

-

| ¢
- —tr |+ —
2 0OY

k2r(=V2/k%) = (k* + V2)0(k? + V?)

D.F. Litim, Phys. Rev. D64 (2001) 105007

Effectively in inverse 2-pt: ORI = k*
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Adaptive IR cutoffs:

On constant scalar curvature R background...

o<l =2 A =9
6060 (—V i 5) &V

¢’

: Fyie
Re (PR ) TR -

3

52T R
so effectively: oy + R = (k:2 o 3) k*
o000

h-;m = h-,[”, T V;:.f.:/ =i v:}fﬂ. ST {\v}‘i.vug “,’r- 1,(];”;/1
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Performing the space-time trace

1 52 1710
. /m{[RJr 590(590] 3_kR} K

heat kernel expansion
short distance (small R) expansion
background independence
0(k* +V?) = finite number of terms

E.g. on 4-sphere => coeffs polynomial in R
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Performing the space-time trace

=9 15
L b e
— T[] = = L s e (RSl v 8 B
ok Pl= 5 2D <’ {‘ | (mrsp] ok ’>

A<k
heat kernel expansion

short distance (small R) expansion
background independence
0(k* +V*) = finite number of terms

® E.q. on 4-sphere => coeffs polynomial in R
e Buf asymptotic so ferms are neglected
@ E.g. on 4-sphere really “staircase”

o Ta I o I
vH i/-\:‘ /\: if:}

/
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D. Benedetti and F. Caravelli, JHEP 1206 (2012) 017.
J. A. Dietz & T.R. Morris, JHEP 1301 (2013) 108.

1

02 04 ¥ 10

Figure 2. Smooth approximations of the staircase function > 6(1 — tn?)n* (black line). The
curves obtained from the replacement (5.11), truncating the sum at N, and N, — 1 are given by
the blue (top) and magenta (bottom) curve, respectively. The average of the two approximations

resulting from eq. (5.12) gives rise to the red (middle) line.

M. Demmel, F. Saueressig & O. Zanusso, arXiv:1401.5459
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Other typical approximations:

@ k dependence of ghosts & auxiliaries
neglected

@ Mixed hag and Gur terms neglected
(single field approximation)

Exceptions:

A. Eichhorn, H. Gies & M.M. Schere, Phys. Rev. D80 (2009) 104003; K. Groh & F. Saueressig,
J. Phys. A43 (2010) 365403; A. Eichhorn & H. Gies, Phys. Rev. D81 (2010) 104010;

E. Manrique, M. Reuter, Ann. Phys. 325 (2010) 785;

A I J . O . ] o y Az fAaMm11) . v
E. Manrique, M. Reuter & F. Saueressig, Ann. Phys. 326 (2011) 440 & 463;

A ] ’ =7 ; 1 . p . 1 "
A. Codello, G. D Odorico & C. Pagani, arXiv:1304.4777

N ™ - Fa o~ | . [#] mn - - N/ 2¢ % ) ©( o
P. Dona, A. Eichhorn & R. Percaccl, arXiv |.28Y68

D. Becker & M. Reuter, arXiv:1404.4357 (last Friday!)
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Beyond polynomial truncations
E.g.

@ Project on four-sphere background (R > 0)

@ Effective action: I' = [d4:n V9 f(R,t)

@ Get non-linear PDE flow equation for f(R,?)
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Fixed points: f(R,t) — f(R)

76872 (2f = Rf') =
[5R% (1- 8) - (12+4R- 8 R?) | [1- %]—l 13y
+[1(JR29(1 _ By "Rag 4£8) _ (36 48R = RY) ] [1 x #]_
+[(2f' = 2Rf") (10-5R - ¥LR? + B RY) + f/ (60 - 20R - 2L R2) | [£ + f/(1- B)] "
R [(21" —2Rf") {"'(—f) +2r(— &)} +27'0(1L + &) + 4£6(1 + %f‘)] [A+ 7z f—f)]hl

2

+|@f ~2RFF (6+ 3R+ BR + 15 R)
—2Rf" (27— [R* — 5 R’ — 55 1)

D D1 [ : ( v v ‘ 3
+f" (216 — 3 R* — BR®) + f' (36 + 12R + ’;,il?z)] [2f +3f'(1—2R)+9f"(1 - {—;’)3] :

)  E =10R*(1 - R/3)

F. Machado & F. Saueressig, Phys. Rev. D 77 (2008) 124045

Codello, R. Percacci & C. Rahmede, Annals Phys. 324 (2009) 414

Pirsa: 14040085 Page 24/44




2 h] 10 ] N 235 0 L]

T T T T T T T
ASROTACDOYASRETAODOYASROVACIIOYASRS
data sets
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Figure 1: The complete sets of eigenvalues at the ultraviolet
fixed point @D for all N, sorted by magnitude. The results at .
the highest order (N = 35) are linked by a line to guide the ol ;l
eye. The long dashed line indicates Gaussian scaling. The ﬁn(N) . "
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**opeh
vy ”‘aw

K. Falls, D.F. Litim, K. Nikolakopoulos & ol
C. Rahmede, arXiv:1301.4191 ; ¢« Gaussian line
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.3“ relevant
| NP T S S S T T TN N CR CR T vRNn ren————-.
0 5 0 15 20 25 W0 15
T

Pirsa: 14040085 Page 25/44



Pirsa: 14040085

Fixed singularities and parameter space

E(f, [ R)
R

Suppose we have normal form: f"(R) =

with fixed singularity at R=0.

1
Substitute: f(R) =ag+aiR+ =asR*+ - --

2

u(ao, a1, az)

R

regular in R = + regular in R

u(ag, a,az) is non-trivial constraint on parameters ag, a1, az
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Fixed singularities and parameter space

Ll 1 Al
R

Suppose we have normal form: f"(R) =

with fixed singularity at R=0.

1
Substitute:  f(R) =ao + a1 R+ 3 0 2 2

u(ao, a1, az)

R

regular in R = + regular in R

u(ap, ay,az) is non-trivial constraint on parameters ag, a1, az
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Fixed points:  f(R,t) — f(R)
76872 (2f = Rf') =
[5R% (1- 8) - (12+4R- 8 R?) | [1- g]_l 1555
+[10R?9(1 - %)~ R20(1+ %) - (36 + 6 R — & B?) | [1 - f—f]_l
+|@f - 2Rf") (10=5R LRI+ BRRE%) 4 £ (60 - 20R = LLRA| [F+ 50— B)]
+55 (2" — 2Rf") {r(=£) + 20(~B)} + 2001+ &) + 47'6(1 + %f-)] [f+7a=-28)]"
+|@f = 2Rf") S (6+ 3R+ BR? + 3 B
—2Rf" (27 - 55R* — 2 R® — 33 RY)

- r « 8 v =1
+f" (216 — H R* — BR*) + f' (36 + 12R + ’;,;1?2)] [2f+3f’(1 ~ %n\\w”(l - {—{)-} :

=0, 2.0065

-2)0(1—-2) X =10R*(1 - R/3)

Parameter counting => no global solutions
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D. Benedetti and F. Caravelli, JHEP 1206 (2012) 017;
D. Benedetti, New J. Phys. 14 (2012) 015005

40 (Rf" — Af")
(R=-2)f' — 2f

R (R* - 54R? — 54) " — (R3 + 18R®* + 12) (Rf" — f') + 18 (R2 + 2) (f" + 6/")

\ Of" — (R —3)f' +2f

R =0, 7.4150

L

— 48 — 5R?

768m% (2f — Rf') =

+

f(R)=AR*+R { §A + Bcosln R* + C'sinln R2} + O(1)

Parameter counting => lines of fixed points

0 ™S A A rucn ~1 T
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Rph'ys > Aj?
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0.001

T T T T T T T T T

— =

T 0015 T T0.0010— — ——0.0005= =2 0

—
)

-0.001 -

0.0005

tl”

1
f(R) = ap ‘|" (llR + 5 GZ(QO;GI)RQ _|_ A

0.0010
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J. A. Dietz & TRM, JHEP 1301 (2013) 108,

M U S S S S S S L A S A S |
() hill 100 120 140 160 180 200
I

Continuous eigenspectrum!
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Extend to -co<R<eo

40(Rf" —4f")

(R—-2)f"—2f

R (R* - 54R? — 54) " — (R3 + 18R? + 12) (Rf" — f') + 18 (R2 + 2) (f" + 6")
9f" — (R—3)f' +2f ‘

768m2(2f — Rf!) = — 48 = 5R?

f(R)= AR’ + R{SA + Bcosln R* + C'sin 11'1R2} + O(1)

Parameter counting => discrete set of fixed points
Quantised Eigenoperator spectrum
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Extend to -co<R<eo

S o BN
7687 (2f — Rf") = B2 —2f 48 — 5R
R (R* — 54R? — 54) " — (R® + 18R* + 12) (Rf" — f') + 18 (R2 + 2) (f" + 6")

of " — (R—3)f' +2f

+

3

f(R)I=AR*+R §A + Bcosln R* + C'sinln R2} + O(1)

No global solutions! 121 o g2, 2

2()

Parameter counting => discrete set of fixed points
Quantised Eigenoperator spectrum
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Break-down of f(R) approximation
FP action s = /d‘l:r; V9 f(R)

J.A. Dietz & T.R. Morris, JHEP 07 (2013) 064

Eigenoperator /d‘l.r gu(R)

Ie(r) = gl (c) B, [g](x)

Eigenoperator redundant if of the form:

| 1 . y:
d'z /g Fy {5 g f — R + VIV — " D j’} .

Fo=((R)gw ~ = u(R)=((R){2f(R) - Rf'(R)} .

Does not vanish for any R20 = entire space is redundant!
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Split into background + fluctuation:

Givin, = gp,zz - hp,u

Z ~ / Dh ¢Sl th]

Intuitively results should be background independent
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Scalar field theory @ LPA

LH. Bridle, J. Dietz & T.R. Morris, JHEP 03 (2014) 093
rlo] = [t {5 @07 + V(6]
b=0+¢
R(-0%, @(x)) = (k* + 8% — h(@)) 0(k* + 0° — h(p))

Single field approximation:

(1 h)4/2
1-h+4+V"

| |
oV — ;(([ —2)pV' + dV =

1 1
(1 — B Ol A 2)(_,’)h’) 0(1— h)

= pathologies
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Keep both fields & impose Ward Identity:
p=p+p @—o+e(z) and ¢ — ¢ —e(z)
ST 0T 520 \ 7' 6R
2 (R+ 590590) 0Pa

0@ ST 2
Reuter, Wetterich, Litim, Pawlowski.. E. Manrique, M. Reuter, Ann. Phys. 325 (2010) 785; E.
Manrique, M. Reufer, F. Saueressig, Ann. Phys. 326 (2011) 440 & 463;
D. Becker & M. Reuter, arXiv:1404.4357

(e h)4/2

s ‘ s : , i 1 . ;
OV 5((1 - 2) (0o V + @0aV) +dV = h o+ 62V (l —h - 5(),-}:, + —1((1 — 2)ph ) (1 —h).

I.LH. Bridle, J. Dietz & T.R. Morris, JHEP 03 (2014) 093
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Keep both fields & impose Ward Identity:
p=¢+¢ @ op+e(z) and @ —e(z)

5 2P X
Tl (B (R+5r) oR

Juf S
0Pa  O0pa 2 0pdp ) 0@q

Reuter, Wetterich, Litim, PawlowskKi... E. Manrique, M. Reuter, Ann. Phys. 325 (2010) 785; E.
Manrique, M. Reuter, F. Saueressig, Ann. Phys. 326 (2011) 440 & 463;
D. Becker & M. Reuter, arXiv:1404 .4357

| 1 — h)4/2 1 1
5((1 — 2) (0, V + @0aV) + dV = ( ) (l — h — =Och+ —1((1 - 2);,9/:') (1 - h).

T—h+ 32V )
[.LH. Bridle, J. Dietz & T.R. Morris, JHEP 03 (2014) 093

Need flow & broken sWI to determine a solution!
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Keep both fields & impose Ward Identity:
¢p=¢p+¢ g op+e(r) and ¢ =9 —e(T)

ST 2L \7" SR
5pa Opa 2 (R+ 590590) 5%] '

G, 1 82r 1770
O i S e R.
Al r[ +6(p5<p} ok
I3 T4 AT(q] « with %AP[@:@

I.LH. Bridle, J, Dietz & T.R. Morris, JHEP 03 (2014) 093

Need flow & broken sWI to determine a solution!
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Keep both fields & impose Ward Identity:
p=¢+¢ @ op+e(z) and @ p—e(T)
ST 0T PLXT 6R
e A e (R i 590590) 5@a

Reuter, Wetterich, Litim, PawlowskKi... E. Manrique, M. Reuter, Ann. Phys. 325 (2010) 785; E.

Manrique, M. Reuter, F. Saueressig, Ann. Phys. 326 (2011) 440 & 463;
D. Becker & M. Reuter, arXiv:1404.4357
! s
b (1 =SR2

DoV = 0pVi= — —mminee Gy
0,V — 05V 2 1- hoZV (1 =.h)

| 1 — h)d/2 | 1
~(d = 2) (9 V + @pV) +dV = ( ) (1 —h— ~0th+ 1(4 A 2)-,91;’) 0(1 — h).

T—h+0o2V 2
I.H. Bridle, J. Dietz & T.R. Morris, JHEP 03 t’_'(:’t")lﬁ) 093 !
Need flow & broken sWI to determine a solution!

)

(1L R)2Y, " G e e D o S 1n /1 — h

T T

Pirsa: 14040085 Page 41/44




Pirsa: 14040085

Keep both fields & impose Ward Identity:
¢=p+p o o+e(z) and ¢ o —e(x)

—1
ol oI 1 i R
= i I
0Pa  Opg 2 dpdp ) 0Pq
Reuter, Wetterich, Litim, PawlowskKi... E. Manrique, M. Reuter, Ann. Phys. 325 (2010) 785; E.
Manrique, M. Reuter, F. Saueressig, Ann. Phys. 326 (2011) 440 & 463;
D. Becker & M. Reuter, arXiv:1404.4357
IV 9.V h' (1 — h)d/z
0V =03V = ———rrtrr
i/ v 21— h.()f,V

A : (L= h)4/2 1 1
O E(d - 2)(p0uV + p0aV) +dV = =Ry, - BV 1 —h-— Er),-h + 1((1 — 2)gh' ) 8(1 - h).
[.LH. Bridle, J. Dietz & T.R. Morris, JHEP 03 (2014) 093

Need flow & broken sWI fo determine a solution!

(TR o=(1-h)7 $—¢ t=t—1InV1-h
1

1402V

=implements background independence!

0(1 — h)

B i | 100 A
o0;V +dVe— —2~((l —2)p0,V =
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Bimetric truncations:

Gy = g;u/ p hp,u

Matter matters: keeping separately the wavefn

renormalisation of hyy and all other fields in an EH fruncation
P. Dona, A. Eichhorn & R. Percacci, arXiv:1311.2898

TABLE 1V: Fixed-point values, critical exponents and anoma-
lous graviton dimension for specific matter content.

Full momentum dependence, model Ns No Nv G. A. 62

. no matter 0 0.01 330 195 0.27
keeplng Only huv SM 4 45/2 12 1.76 -2.40 3.96 1.6 2.98

45/2

C o4 : SM +dm scalar 5 45/2 1: 87 -2.50 3.96 1.63 3.15

M. Christiansen, B. Knorr, J.M. Pawlowski & N EE T B R U L R A B

A. Rodigast, arXiv:1403.1232 SM+3v's
t axion+dm 6 24 2 250 -3.62 3.96 1.63 4.28
ThUT'SdCly 9am MSSM 19 61/2 z s B & &

SU(5) GUT 124 24
SO(10) GUT 97 24

D. Becker & M. Reuter, arXiv:1404.4357 (last Friday!)

Recovering both sWI & asymptotic safety within a double EH
truncation.
-> this Friday 9am & 9:40am!
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Conclusions

® Huge body of work showing asymptotic safety in
various truncations/approximations

@ Important to go beyond polynomial truncations
to explore R ~ O(1)

@ New effects become visible in this regime &
much more sensitive to issues with
approximations. More work needed to:

@ Disentangle cutoff pathologies from physics...

@ Work with less drastic approximations (inc. hyy)

Litim, Bonanno, Koslowski, Saueressig... talks
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