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1. tests of in-vacuo dispersion could use data from GRBs at z>1
but do we have test theories to handle spacetime expansion?
open issues for LSB scenario
a definite picture for DSR scenario

2.    nonlocality in DSR

GAC+ Marciano+Matassa+Rosati,
arXiv:1006.2126

GAC+ Matassa+Mercati+Rosati,
arXiv:1006.0007

3. precision of   1 part in 109 in the measurement
of the d220 lattice spacing of the WASO04 silicon 
crystal might have implications for QG phenomenology

Massa+Mana+Kuetgens+Ferroglio,
New J. Phys 11 (2009) 053013

GAC+Mercati ,
arXiv:1004.3352
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but we evidently need
an “old quantum-gravity theory strategy”: 
....QG clearly requires a totally new paradigm...



several research programmes within QG phenomenology
could stumble on the first  item in the “old quantum-gravity theory
puzzle”.....but are we really ready?

“searching for the Old Quantum Gravity Theory”



much work on momentum dependence of the speed of photons....

but nearly all analyses and arguments only apply to flat (Minkowski-like) spacetime

now we have “good” data and of course z>1 
is going to be a key player 
but are we ready? how does the expansion 
of a spacetime affect the momentum
dependence of speed of light ?

pioneering work by
Ellis+Mavromatos+Nanopoulos+Sakharov+Sarkisyan
and by Jacob+Piran

GAC+Ellis+Mavromatos+Nanopoulos+Sarkar, Nature393,763(1998)

and by Jacob+Piran
which eventually led to the adoption
of a description based on (for dS spacetimein conformal coordinates)

all this ASSUMES “LSB” (or “LIV”), 
i.e. requires a preferred frame

“canonical energy” “canonical momentum”



coordinate artifact?

a DSR framework compatible with
spacetime expansion 
arXiv:1006.0007

GAC+Marciano+Matassa+Rosati)

coordinate artifact?

artifact of leading-order truncation?

a “feature” due to preferred frame?

let us see if this is found in a DSR setup
we showed that there is no deformed
deSitter boost compatible with the
invariance of



DSR idea: departures from Special Relativity
but without a preferred frame

much studied prototype: deformed Lorentz invariance of 
energy-momentum space, with EXPLICIT DESCRIPTION
of deformed boost generators that leave invariant
on-shell relationships of the type, e.g.,

invariant in the sense that    is the same in the entire
family of observers connected by deformed boosts

a DSR framework compatible with spacetime expansion 

GAC+Marciano+Matassa+Rosati, arXiv:1006.0007

GAC, PLB(2001) 
IJMPD(2002)
Nature(2002)

Kowalski-Glikman ,PLB(2001)
Magueijo+Smolin, PRL(2002)

family of observers connected by deformed boosts

for nearly a decade we had no idea how to generalize this setup to expanding spacetimes
but that is not satisfactory when we have data from z=4
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GAC+Marciano+Matassa+Rosati, arXiv:1006.0007



2. nonlocality in DSR

Sabine’s nonlocality....not obtained imposing covariance of worldlines
under any of the EXPLICIT deformations of boosts in use in
the DSR literature....



one of the implications of not relying on covariance of worldlines one of the implications of not relying on covariance of worldlines 
under deformed boosts...







text from
Smolin,
arXiv:1007.0718
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3. QG-deformed deBroglie relation
GAC+Mercati , arXiv:1004.3352

• deformations of the deBroglie relation are “natural” (naturally
considered) in quantum gravity…..e.g. can be used to introduce
a minimum wavelength principle…

•we have good data on this from cold neutrons
and of course deBroglie relation for cold neutrons is

•measurement of Krueger et al
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(done between 1995 and 1999)
determined  λλλλv/d220
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and now (2009) we have 
a much improved 
measurement of d220[W04]

Krueger

Massa+Mana+Kuetgens+Ferroglio,
New J. Phys 11 (2009) 053013

4 standard deviation significance!!!



• Mercati and I went looking for this because of
– desire to test accurately the deBroglie relation 
-- intuition that IR/UV mixing should be there

• but what did we find?

hypothesis 1: NOTHING (4 σσσσ ����99% no effect…systematics?)

hypothesis 2: something else (no quantum gravity)

GAC+Mercati , arXiv:1004.3352

hypothesis 2: something else (no quantum gravity)

hypothesis 3: quantum gravity…surely unlikely…but we must be ready!!
considering this is with cold neutrons it would have
to be IR/UV mixing



points are not “point-like”…..
roughly like position in phase space….

FuzzinessFuzzinessFuzzinessFuzziness

very general prediction of QG problem….
more general than dispersion(!!)….
and “seen” in most QG formalisms…
but how big is this fuzziness??
an ansatz

GAC+Smolin,PhysRevD(2009)

GAC,ModPhysLettA(1994)
Ng+VanDam,ModPhysLett(1994)
Garay,IntJournModPhysA(1995)
Ford,PhysRevD(1995)
GAC,PhysLettB(1997)����with kappaMinkowski

N.B. dispersion               fuzziness (but not necessarily same order)
but fuzziness does not imply dispersion, so it is possible

GAC+Smolin,PhysRevD(2009)

surely testable with bursts ofγγγγ-rays…
can’t say if it can compete with other
bound-setting strategies Lieu+Hillman , Astrophys.Journ.(2003) 

Ng+VanDam+Christiansen, Astrophys.Journ.(2003)



absorption of TeV photons

Albert et al,
Science 320, 1752 (2008)



absorption of TeV photons

Aharonian et al
Nature 440, 1018 (2006)



CONCLUSIONS:

we are in the (slow but certain) process of
starting to understand noteverything

Einstein’s theory-of-everything utopia :
“ I would like to state a theorem…: there are
no arbitrary constants ... that is to say, nature
is so constituted that it is possible logically 
to lay down such strongly determined laws 
that within these laws only rationally      
completely determined constants occur…”

starting to understand noteverything


