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WHAT IS QUANTUM GRAVITY PHENOMENOLOGY?

OLD “DOGMA”: YOU SHALL NOT ACCESS ANY
QUANTUM GRAVITY EFFECT AS THIS WOULD REQUIRE
EXPERIMENTS AT THE PLANCK SCALE!

THIS HAS CHANGED IN THE LAST TWO DECADES, AS SEVERAL
PROPOSAL FOR MESOSCOPIC QG EFFECTS HAVE BEEN PROPOSED.

¥ AFTER SEVERAL DECADES OF EFFORTS WE HAVE NOWADAYS SEVERAL WORKABLE
QUANTUM GRAVITY THEORIES AND VARIOUS SCENARIOS FOR HOW THE CONTINUOUS
AND SEMI-CLASSICAL LIMIT ARE REACHED WITHIN THEM

¥ |.E. WE HAVE FOR THE FIRST TIME A CHANCE TO ASK THE HARD QUESTIONS ABOUT
HOW AND WHAT WE CAN PROBE OF THE FABRIC OF SPACETIME.

¥ MISSING A DEFINITIVE SCENARIO FOR THE CONTINUUM LIMIT OF QG, WE CAN TRY
TO CATEGORISE WHAT CAN GO WRONG IN OUR CERTAINTIES...

LET’S SEE WHERE THIS GOES...



| Dlmensmnal reductlon |n QG (early

QG phenomenology a la carte

Broken or deformed Symmetries

Lorentz
[Translations
SUSY (still missing obs. evidence so far)
Diffeomorphism (e.g. strong bounds from pulsar timing
Donoghue et al. PhysRevD.81.084059. See also Bluhm talk)
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Locality

QG induced non-locality
Uncertainty Principle->GUP (no strong
constraints)
Non-commutative geometries
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DYNAMICAL FRAMEWORKS FOR LIV

Frameworks for preferred frame effects
See e.g. SL. CQG Topic Review (2013)

See e.g. Amelino-Camelia. Living Reviews of Relativity

Non EFT proposals:
Spacetime foam models
DSR/Relative Locality

SME: local EFT with LIV

v Non-renormalizable ops,
CPT ever or odd
Minimal Standard Model Extension (no anisotropic scaling),
Renormalizable ops. (UV LIV - QG inspired LIV)
(IR LIV - LI SSB)

NOTE: CPT violation implies Lorentz violation but LV does not
imply CPT violation in local EFT.
“Anti-CPT” theorem (Greenberg 2002 ).
So one can catalogue LIV by behaviour under CPT

E.g. QED, rot. inv.dim 5 operators
electrons E? =m? + p? + ng’) (E°/Mp)

E.g. QED, rot. Inv. dim 3,4 operators
electrons E? =m? + p? + fél)p + fé2)p2

photons w? = (1 o f,(y2)> k?
photons w? = k? &+ ¢(w®/Mp))

(Colladay-Kosteleky 1998, Colemann-Glashow 1998) (Myers-Pospelov 2003)



EFT WITH LORENTZ BREAKING OPS.
MATTER SECTOR CONSTRAINTS

Terrestrial tests: Astrophysical tests:

Penning traps
Clock comparison experiments
Cavity experiments

Cosmological variation of couplings, CMB
Cumulative effects in astrophysics
Anomalous threshold reactions

Spin polarised torsion balance
Neutral mesons
Slow atoms recoils

Shift of standard thresholds reactions with new

threshold phenomenology
LV induced decays not characterised by a threshold
Reactions affected by “speeds limits”

ny K"
E,? — g 5; )W photons
M
E- ., nin') ]\fn_2 leptons/hadrons ,

SL, CQG Topic Review 2013
where, in EFT, £ = {SL”) = (=)™ and ™ = nﬁ” = (=)™,

Table 2 Summary of typical strengths of the available constrains on the SME at different orders.

Order | photon | e et I Hadrons INeutrino s?

n=2 NA. 0(10-13) 0(10~27) 0(1078)
n=3 0(10~14) (GRB)  |0(10~16) (CR) 0(10~4) (CR) 0(30)
o - |0(10—8) (CR) |0(10-3) (CR) |0(10-9) (CR) |o(10-4)* (CR)

Warning
GZK ISSUE!
i p+Ycms -> p+11°

. p+YcwmB -> n+11*
GRB=gamma rays burst, CR=cosmic rays

2 From neutrino oscillations we have constraints on the difference of LV coefficients of different

flavors up to O(10~2%) on dim 4, O(10~8) and expected up to O(10~!*) on dim 5 (ICE3), expected
up to O(10~%) on dim 6 op. * Expected constraint from future experiments.

Furthermore puzzling cut off above 2 PeV in UHE neutrinos at IceCube maybe consistent with p* LIV at MLy~10°
GeV. EW. Stecker, S.T. Scully, SL, D. Mattingly. JCAP 2015



LIV constraints with Gravitational Waves

+ GW SPEED VS LIGHT OR NEUTRINO SPEED MEASUREMENT
(E.G. SUPERNOVA, GRB, NEUTRON BINARIES MERGING)
COULD PROVIDE CRUCIAL TEST FOR LOW ENERGY LIV.
PRESENTLY WE KNOW FROM BINARY PULSARS Ac/c<1%

Inspiral Merger Ring-

+ TO AVOID GRAVY-CHERENKOV FOR UHECR ONE HAS THE
CONSERVATIVE BOUND (CpLicut-Cerav)/CLicur<107'°

+ TOGETHER WITH TIME OF ARRIVAL OF GW 150914
AT THE TWO LIGO DETECTORS ONE THEN GETS
OS (CGRAV-CLIGHT)/CLIGHTSO°7 °

+ E.G. IF FAINT GRB DETECTION ALMOST SIMULTANEOUS
AND CO-LOCAL TO GW 150914 WOULD BE ROBUST THEN

(CGRAV~CL|GHT)/C]_1GHT< L(er¥¥ (ELLIS ET AL. ARXIV:1602.04764).
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TEST NATURE OF
HORIZON VIA RINGDOWN OR EVENT HORIZON TELESCOPE

This is the dawn of a new channel also for QG phenomenology!


http://arxiv.org/abs/arXiv:1602.04764

BREAKDOWN OF TRANSLATIONS IN DISCRETE QG:
THE CAUSET CASE STUDY

F. DOWKER, J. HENSON AND R. D. SORKIN,
QUANTUM GRAVITY PHENOMENOLOGY, LORENTZ
INVARIANCE AND DISCRETENESS,
MobD. PHYS. LETT. A 19, 1829 (2004).

1:% TREAT MASSIVE PARTICLES AS POINT
PARTICLES
2. PARTICLE CAN ONLY HOP FROM POINT TO
POINT ON A CAUSAL SET.
SPACETIME PACHINKO!

SEE ALSO SIMILAR IDEAS BY S. HOSSENFELDER,
PHYS.REV. D88 (2013) No.12, 124031
PHYS.REV. D88 (2013) NO.12, 124030

<

THE PROBLEM WITH THIS DIFFUSION IN MOMENTUM SPACE IS BASICALLY THAT COLD
STUFF BECOMES RAPIDLY HOT. EVEN ASSUMING THIS APPLIES ONLY TO ELEMENTARY
PARTICLES YOU GET STRONG BOUNDS FROM COSMOLOGY.

N.KALOPER AND D.MATTINGLY, PHYS. REV. D 74, 106001 (2006). —61 3
STRONG BOUNDS FROM RELIC NEUTRINOS NOT VIOLATING BOUNDS ON HOT DM. k = 110 GeV
SIMILAR BOUNDS ALSO FOR PHOTONS W.R.T. CMB (PHILIPOT, DOWKER, SORKIN, PHYS. REV. D 79, 124047 (2009).)

Hence
1. IF DISCRETENESS SCALE IS PLANCK THEN YOU NEED ANOMALOUS
SUPPRESSION OF DIFFUSION
2 OR PARTICLES ARE NOT POINT-LIKE BUT THEY FEEL AN ‘“AVERAGED SPACETIME”
c OR CAUSET AND DISCRETE MODELS MUST BE ENDOWED WITH AN EXTRA,
MESOSCOPIC, SCALE OTHER THAN THE DISCRETENESS ONE

Remarkably, points 2) and 3) lead in CAUSET to non-local EFT scenarios...



NON-LOCAL D’ALAMBERTIANS

LET US FOCUS ON FREE PARTICLES NON-LOCALITY

Generic expectation if you want to introduce length or energy scale in flat spacetime

Causal Set Theory

String Field Theory

KG equation without giving up Lorentz invariance.
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NON-LOCAL D’ALAMBERTIANS

LET US FOCUS ON FREE PARTICLES NON-LOCALITY

— f(0)

Generic expectation if you want to introduce length or energy scale in flat spacetime

KG equation without giving up Lorentz invariance.

Causal Set Theory ~ a 2 5 £ In T2 1/ Vz
u p (g B e o o IO — ol
VP /RN
String Field Theo 2 =i A=1/¢
g ry — ( _I_ m, ) eXp A2 nl

A TYPICAL SIGNATURE OF NON-ANALYTIC NON-LOCAL PROPAGATORS ARE VIOLATIONS OF THE HUYGEN
PRINCIPLE (E.G. CAUSET): THE PROPAGATOR OF MASSLESS PARTICLES CAN HAVE SUPPORT INSIDE THE
LIGHT CONE IN 3+1

A.Belenchia, D.M.T.Benincasa and S.Liberati,
JHEP 1503, 036 (2015)

TIMELIKE

SPACELIKE

Possibly very relevant for
relativistic quantum information tests as detectors can influence
each other at timelike separations

OPPORTUNITY FOR PHENOMENOLOGY?

R. H. Jonsson, E. Martin-Martinez, and A. Kempf, Phys.Rev.Lett. 114, 110505 (2015). Ana Blasco, Luis J. Garay, Mercedes Martin-Benito, Eduardo Martin-Martinez. Phys.Rev.Lett. 114 (2015) 14, 141103



TESTING NON-LOCAL EFT WITH  *® 0o Serimn Ly ereen
OPTOMECHANICAL OSCILLATORS

E.g. let’s consider its non-relativistic limit of a non-local KG with analytic f(C).

1l 1

n+1 __
A2(n—1) ES = SNL- 2 So we get (SNL — V) ¢(t, ZC) =_(J.
s_ngrzh—v?

WHERE CAN BE TEST THIS?

I I U M O I { 1 - Front view of DWO (SEM image) with the central coati 2 - Back view DWO (SEM image) with the insulation

Heisenberg Uncertainty Measured with Opto-
mechanical Resonators (LENS - Florence, Italy)

Designed to test generalised uncertainty principle
Macroscopic harmonic oscillator.
m~101/10°Kg w~10*°/10+*3Hz

With € the small

In order to solve the non-local Schroedinger, one needs to adopt a ¢ B ¢ X & w dimensionless
perturbative expansion around a “local” Sch. solution — 0 W parameter for this
problem.

And at the lowest order we can solve

s 2\ 2, 1 9
zh@t+ 8m Y + eas s Sw—Qmwxw.



SPONTANEOUS SQUEEZING FROM NON-LOCALITY

Results

Let’s consider Wigner quasi probability distribution for a coherent state of our quantum harmonic oscillator,

P(z, p; t)% /OO dy ¢(z +y, )" ¢(z —y,t) 2P

— 00
and confront its evolution for a coherent state (easier to experimental realise
than the ground state) in the case of S and S+&S?

The Coherent state Wigner function
shows a periodic almost perfect
squeezing.

Very difficult to produce
spontaneously...

— standard

— non - local

— Var(x)
— Var(p)

—— 2Var(p) Var(x)

Current best bounds on the non-locality scale by comparing nonlocal relativistic EFTs to the 8 TeV LHC data ln< 10-'°m

Forecast with experiment in preparation (in absence of periodic squeezing) imply ln< 10-2°m !
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CONCLUSIONS

Locality

- QG induced non-locality
Work in progress
New link with Relativistic Quantum
Informations techniques

iviodified gravit

bouncing universes
Regular Black holes.
Work in progress. New link with BH imaging
(EHT) and GW physics.

QG PHENOMENOLOGY IS EVOLVING AND DEVELOPING INTO SEVERAL RAMIFICATIONS. A
CLOSER LINK WITH QG MODELS IS NEEDED BUT A CONSISTENT LANDSCAPE SEEMS TO BE
EMERGING AS WELL AS LINKS WITH RELATIVISTIC QUANTUM INFORMATION TECHNIQUES.

THERE IS MUCH MORE TO COME...
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The surface of the Earth is the shore of the cosmic ocean...Recently, we've waded a
little way out, maybe ankle-deep, and the water seems inviting... (Carl Sagan)



