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Abstract: Over the past decades, the asymptotic safety scenario has matured into a viable contender for a consistent theory of quantum gravity.
However, the pressing question of unitarity is far from being settled. |1 will present important steps towards tackling this issue and show the first
direct computation of the graviton spectral function in asymptotically safe quantum gravity with anovel Lorentzian renormalisation group approach.
We find a positive graviton spectral function, showing a massless one-graviton peak and a multi-graviton continuum with an asymptotically safe
scaling for large spectral values. For small spectral values, the effective field theory result is approached. | will indicate consequences for scattering
amplitudes and unitarity.
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Perturbative quantum gravity

Einstein-Hilbert gravity

1
Sen = m fx‘\/ det g,uU(ZA - R(gﬁV))

e Perturbatively non-renormalisable: [Gy] = —2

e Need infinitely many counter terms: No predictivity

Higher-derivative action 1

e (s w p2
SHD = l det g,ur./ (ﬁ vapa — 3—)\ R ) + SEH
e Perturbatively renormalisable: [w] = [A\] =0

e Perturbatively non-unitary
1 1 1

3 raviton =
graviton p2 i 94/M3| pz MSI L P2
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Asymptotically safe quantum gravity

UV behaviour of quantum gravity could be governed by an interacting FP

SeH = oy JxvVE (A= R)

g
A

0.8

0.2
/ 0.001

/
/

Predictivity < UV critical hypersurface is finite dimensional

Unitarity < Properties of the spectral function
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Kallén-Lehmann spectral representation

s o]

d\? p(\? : : :
G(q°) = f - qg(_ ))\2 with  p(w?) = —EITOIm G(w? + i)

bound states

multi-particle continuum
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Propagator in the complex plane
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Classical graviton spectral function

Einstein-Hilbert action: Sgy = mla [.v&(2N—-R)

Flat Minkowski background: g, = 1, + h,.

1
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Classical graviton spectral function

Higher-derivative action: Spyp = Sgn + fx\/g (aR? + ijupg)

1

— pr(w?)

e

— /(p* +p"/ME)
=== 1/p? |
Mrgu,rp-t
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EFT graviton spectral function

One-loop effective action:
F1_|oop = Sgy + fx\/g(qR In(D)R -+ CgChl(D)C) + ...
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EFT graviton spectral function
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The functional renormalisation group

A~ " rivlsative ranarimalicatinm ormarim el B - 1 22
Non-perturbative renormalisation group equation |wetterich ‘93

kakl'k = 1TI’ L

2 FE) + Ry

kO, R

Ry = regulator

[« = scale-dependent

effective action UV fixed point

Interpolation between
e bare action / UV FP

e quantum effective action
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Standard Euclidean formulations

e Modified dispersion (p?> — p? + Rk(p?)) introduces poles and cuts

00 2
e Can not use ghh(pz) = f d—ﬂ}“ ’\)ﬂ"gz) at finite k
0

e Analytic continuation possible at k =0

h ].lfllq2
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New Lorentzian formulation
e Callan-Symanzik cutoff Ry ~ k?

X 2
e Use th(Pz) = d—;\ A{Z"J(r;:z) at finite k
0

e Dimensional regularisation of UV divergences in d =4 —¢

1
Ol i = ETrgk Ot Rk — atsct,k

+ Img?
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Lorentzian setup

Einstein-Hilbert action expanded about flat Minkowski background

Directly compute flow of spectral function
Bupn = —21m G, (0T + O,Ry )

Flow of transverse-traceless graviton two point function

1 1 ® vh
BT — _ - Q+ f@\q b2 e Sk
)_

Schematically

d’q V3-point (P, q)
(2m)7 (g2 + A1)(a? + 23) (P + q)2 + A3)
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Flow equations

Parameterisation of p, with m? = k?(1 + u) and Z, = Zy(p? = —m?)

1

- Z—sza(f —m2) +0(\2 — 4m§)fh(,\1}

Ph

Regularised flow of d-terms with g = p/my

D ~4 =2 -3
2— 3(11p" — 8 56) arcosh(1 2
_ gm( znh)( (115 At ,,) ( +p/)—84+26ﬁ2)
reg, d-terms 8T H P2 e

e Flow equations for u, f,, and on-shell Zj

e Flow of g = Gyk? from three-graviton vertex at p =0
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UV-IR trajectories

(g, 1, p)|, = (1.06, 0.96, —0.34)

0 =249 %3171

10° 10?
k [Mp]
GN(k) = g(k)/k2 ﬂ) G

k—0

—2A(k) = k*u(k) — —2A =0
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Graviton spectral function

—  Gnn
=== Gpp — 1/p?

102
10° 1= 104 10! 10° 10 10° 103
A [My] p [My]

Massless graviton delta-peak with positive multi-graviton continuum
Matches effective field theory below M,
Asymptotically safe scaling above M,

Qualitative agreement to reconstruction results (e..

Pirsa: 22010078 Page 17/23



Graviton propagator in the complex plane

)
—y
=
—
=
R
1"""‘1.
i

|
o
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g

=
)]

=5 k&

—10

0
Im‘p [Mp]]

Flow does not generate additional cuts and poles in the complex plane

Pirsa: 22010078 Page 18/23



Pirsa: 22010078

Analytic approximation

e Simplified trajectory for Newton's coupling & neglecting ghosts

g*
P

e Analytic solutions

Cn nh Mpl

1 e\
7, (k)= (1 ! 2)

. 2N aMi—2A .
k) = p* = 75 + “}{2 [Zh(k)~ — 1]

with c; = 2.17g*/(1.77 + g*), ¢ = 0.45, and ¢, = 0.49
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Finite cosmological constant

101

100

0L
181 gk 10! 100 101 102
A [Mpl]

Need on-shell background for finite cosmological constant
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Roadmap to unitarity

e

s (/__ _Unitarity

Vs r #x
{ "'15;‘

S Boun&-state

W © operators
"E::"w i

Processesy f"‘?
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Summary

First direct computation of graviton spectral function

Massless graviton delta-peak with positive multi-graviton continuum

No additional cuts and poles in the complex plane

Key step towards scattering processes and unitarity
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Summary

First direct computation of graviton spectral function
Massless graviton delta-peak with positive multi-graviton continuum
No additional cuts and poles in the complex plane

Key step towards scattering processes and unitarity

Thank you for your attention!
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