LIGHT FERMIONS IN QUANTUM GRAVITY

Astrid Eichhorn

in collaboration with Holger Gies
based on arXiv:1104.5366

Friedrich-Schiller-Universitat Jena

Asymptotic Safety Seminar, 18.07.2011

seit1558

RESEARCH TRAINING GROUP
QUANTUM AND GRAVITATIONAL FIELDS

DHa



@ MOTIVATION: TESTING QUANTUM GRAVITY

e EXISTENCE OF LIGHT FERMIONS: FLOW EQUATION STUDIES

@ RESULTS: LIGHT FERMIONS IN QG

@ SumMMARY AND OUTLOOK

Q>



PHENOMENOLOGY OF QUANTUM GRAVITY

@ new (to be observed) effects from QG

» problem: (expected) typical scale of QG effects Mpjanck ~ 101°GeV
» cosmology/ astrophysics?
» extra dimensions?

e compatibility of QG with physics that has already been observed

» existence of semiclassical regime, where GR description holds
» compatibility with existence of matter, in particular preserve observed
low-energy properties of matter

— mandatory requirements! — can be used to rule out QG proposals



MATTER AND ASYMPTOTICALLY SAFE QG

. 1/2 - f/ \) +1/2 Y “
coupling to matter: 0:[y = :

metric FP-ghosts bosonic matter fermionic matter

o What happens to the NGFP under the inclusion of matter?

— minimally coupled matter compatible with NGFP at G, > 0 for
many matter models (e.g. Standard I\/Iodel) [Percacci,Perini (2002,2003)]

e What happens to matter coupled to asymptotically safe quantum
gravity?

— YM theory probably remains asymptotically free
[Daum, Harst, Reuter (2009); Folkerts, Litim, Pawlowski (2011)]
QED possibly asymptotically free/safe
[Harst, Reuter, 2011]
Higgs sector possibly asymptotically safe

[Zanusso, Zambelli, Vacca, Percacci (2009); Vacca, Zanusso (2010) ]



FERMION MASSES
Standard Model:

@ no explicit mass terms in microscopic action (quark sector: chiral
symmetry SU(N¢); x SU(N¢)R)

e strong fermionic correlations (e.g. in QCD by strong gluon coupling)
generate condensate (7)) and break chiral symmetry

@ — fermion masses << Mpianck

similarity between Yang-Mills theory/ QCD and gravity:

CAN METRIC FLUCTUATIONS INDUCE STRONG FERMIONIC
CORRELATIONS AND BREAK CHIRAL SYMMETRY?

— fermion masses ~ Mpianck
not compatible with observation of light fermions in our universe!
— existence of chiral symmetry breaking mechanism in quantum gravity

might rule out quantum gravity models!
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FRAMEWORK
QG parametrised by metric fluctuations

o effective description below ky < Mpianck

metric: effective degree of freedom
fundamental degrees of freedom can be very different (LQG, strings,
causal sets ...)

microscopic UV completion for gravity determines values of couplings
on this initial scale kp

below kg our description applies — can study compatibility of initial
conditions with existence of light fermions at low energies

e fundamental description (valid far beyond Planck scale) within
asymptotic-safety scenario



How TO DETECT xSB FROM THE RG FLOW?

SU(N¢), x SU(Nf)g chirally symmetric 4-fermion interaction:
-2 =i 2 : .
At [(@Z}"yuw’) + (@D’fyu%@b’) } (Fierz complete) i = 1, ..., Ny

CRITERION FOR YxSB
XSB: By, have no real fixed points!

M [(@7u)? = (st )] = Ao [(D79)2 = (Ds9)?], Ag = =52+
composite boson field ¢ ~ i A(Y1h)? — —%qﬁQ — hepp
Vigl

XSBi(yy) # 0 & (¢) #0

onset of Y\SB: m=0< A\ — o0 \ /
NN\
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xSB 1IN QCD
fermions coupled to gauge field: VDAY

e e SR SRR .-
IR S ,;
N TN L N '

B =2+ 77111))‘/'/"‘ AmAmnAn + bn/\ng2 + cg” (i,mn=+,0)

gauge coupling g = 0: xSB depends
B on initial conditions

gauge coupling g = gerit

gauge coupling g > guit: no
initial conditions exist in UV such
that x symmetry remains unbroken

Gies, Jaeckel, Wetterich (2004), Gies, Jaeckel (2006), Braun,

Gies (2010)

induced masses: Mpyroton ~ AQCD Q



COUPLING FERMIONS TO GRAVITY

vierbein formalism:

e;(x) transition from local orthonormal frame to coordinate frame
— b

8w (x) = €i(x)e,(x)1ab

Vlﬂj} = 8u¢ + %[’yaa Wb]wu abd), PYM(X) = eg(X)’Ya
spin connection from: Vel =0 — wzb E— (aue;j _r ea)

TRUNCATION
M= fd4xx/—[lzﬁ%z( R+ 2A(k))] + Tgr + Tgn

+ ] d*x B Zy(K)FV 0 + A (k) ((F)”  (Fpse)?)]




COUPLING FERMIONS TO GRAVITY

TRUNCATION
M= d*xy/E [ F2EL (<R + 2X(K)] + Tr + g

T dyB[i 29, 4 0w () £ (T

(] G* and )\* as in [Percacci, Perini (2002)]

e 3y, and ny: flat background sufficient

background field gauge: g, = g + hyw — S + hyw
_ f v 4o/ v
Fu= 5% (D"hu — 552Dt

|Oca| 0(4) Gabl = euaguyéyb - e“bg'uyéya van Nieuwenhuizen (1981), Woodard (1984)
— (5el‘j = 5huexad”™ + ... — metric fluctuation propagators
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xSB IN GRAVITY: SIMILARITIES TO QCD?
M = f d4X\/>[lz6,¥réz/( R + 25\(/())] + Fgf + rgh

+ [ d*xy/E[i 2y + e (k) (@) & (Fsi)?) |

Ot Ay from Ol k|4—fermion ~ — diagrammatically:

~
- %Q‘/ngy N SN
% &
2.
AR 8 - .
AEERN g .
’ I ] LS
g RN
g AN
g
g b
.

ﬁ)\i = (2 + W)/\i + )\mAmn/\n + bgrav G )\ifl()\) + Cgrav sz—2()\)
cf. QCD: By, = 2X\s + AmAmndn + badng? + cg?
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xSB IN GRAVITY: SIMILARITIES TO QCD?

ﬁ)\i = (2 + 77111))‘:& + )\mAmn)\n + bgrav G >\:|:fl()\) + Cgrav G2f2()\)

expect: if metric fluctuations break chiral symmetry: masses ~ Mpianck

severe conflict with observations!
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Questions?
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RESULTS *: EXISTENCE OF FIXED POINTS

G=0, G=0.2, G=0.5,

o FPs exist even for large G — XxSB can remain unbroken
o GauBian fixed point is shifted and becomes interacting

* Landau deWitt gauge a = 0 = p, regulator Ry(p?) = Fi2)(p2)rk(p2), where

(2) (2
egran (P?) = (rk ) _ 1) 002 — p?) and rierma(p2) = (/5 — 1) 0K — p?)
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RESULTS: ASYMPTOTIC SAFETY

RG flow with gravity (Nf = 2)

RG flow without gravity
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asymptotically safe quantum gravity supports universes with light fermions

DECOUPLING MECHANISM:

ed point )\ < 0 [Percacci, Perini, 2002]

1
22\

fix

metric propagator
fermions shift the

= metric fluctuations are strongly suppressed
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UNIVERSALITY CLASSES
critical exponents {#} = spec(—B;jj) = spec (%gﬁjg’) ‘

£=8+
0; > O:relevant direction: UV attractive (IR repulsive)

— IR value has to be fixed by experiment — free parameter

0; < 0: irrelevant direction: UV repulsive (IR attractive)
— no free parameter, since complete RG trajectory in critical hypersurface of UV fixed point

0

4
. =0Bg _g_ —9B8x -, . R . .
Here: =526 = (0 = %22 .
R Ot critical exponents in fermionic mixed NGEP y
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DIFFERENCE BETWEEN GLUONS AND GRAVITONS
fixed-point structure: A% vs. Ay
QCD: Bay = 2Xx + NiAjAj + bgluejAjg” + Goueg”

gluonic fluctuation mainly strengthen fermionic fluctuations (terms ~ g* dominate over terms

~g%At)

gravity: Ba. = (24 ng) A+ + NAjAj + bgray G A+ fi(X) + Carav G2hH(N\)
metric fluctuations mainly enhance anomalous scaling (terms ~ GA4+ dominate over terms
~ G?)
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RESULTS: EFFECTIVE THEORY

G=01ny=0A=01N;=6
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UV completion for gravity deter-
mines initial conditions for the
RG flow at scales kg < Mpjanck

to avoid xSB: initial condi-
tions within basin of attraction of
GauBian fixed point

— in principle restriction on
generic UV completion for gravity



REsuLTs: SHIFTED GFP

Bry = 2)t + NAGN + bGALA(N) + ¢ G2h(N) E3° c G2hH(N) £0

- &

diagrammatically:

G=0.2, G=0.5, G=1
— possibly strong interactions even at shifted GFP

general remark:
similarly NGFP for G = shift of GFP for other operators
— non-minimal couplings will be generated (truncation not closed)
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SUMMARY

quantum gravity must be consistent with observed low-energy
properties of matter

quantum gravity should not break chiral symmetry and induce
fermion masses ~ Mpianck

in fRG: xSB signalled by divergent four-fermion couplings

If quantum gravity fluctuations are metric fluctuations, light fermions
can exist! *

asymptotically safe quantum gravity supports universes with light
fermions

decoupling mechanism in asymptotic safety: metric fluctuations do
not alter properties of fermionic sector strongly

any UV completion for gravity has to provide initial conditions for the
RG flow that avoid x SB

*
this claim is within a truncation of the full fRG equations...

(similar truncation in QCD is sufficient to detect xSB; all channels for xSB included in pointlike and minimally coupled limit)
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OUTLOOK

terms beyond the truncation:

non-minimal couplings M
eg. & [d*\/gRY VY Op ——--Bo B

expect £, # 0 at G, #0
= non-trivial backreaction on the whole system

possible influence on fixed point structure in fermionic as well as metric
subsystem

Bxy ~ €2 — may destroy dominance of ~ A\ G terms
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OUTLOOK

terms beyond the truncation: 0'67‘&\\\\\\Q7“,{f//// /| M////7
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Thank you for your attention!
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