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Abstract: Much work on quantum gravity has focussed on short-distance problems such as non-renormalizability and singularities. Ho
guantization of gravity raises important long-distance issues, which may be more important guides to the conceptual advances required
include the problems of black hole information and gauge invariant observables, and those of inflationary cosmology. An overview of aspe
these problems, and apparent connections, will be given.
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Impertant early refs: 't Hooft; Amati, Ciafaloni, Veneziane

Recent work: SBG & Srednicki, 0711.5012; SBG & Porto, 0908.0004
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This i1s a short-distance issue. We seem
to have deeper problems at

(Can examine in the context of
candidate regulators:







= — !“l A'} e ! ! T .

Z : l

free amplitfude

9

- T -2 . 2
Tt ree ™ h:T('I DS A.’

! _H:E;' f: _uq




E vl - .
Al ;1'2 ! !
\ ! C
\ /
/ :
tree amplitude
ﬂ ree T S:T(;L}.‘ﬁz / ,{,*2
S E" f — __qj

Sew
together to get N-loop amplitude:




e k1 k- ) : A[ 1

tree amplituae

' . ¥ 2 [ 1.4 F .
ﬂrt&: i b”(-"}:)"“ ;"; T — E— =4

Sew together to get N-loop amplitude:

¢ = perpindicular fo CM momenfum

/. e _ e T Tireels. —41

b ! (.:'g s A B

£

.. eikonal phase”




/ \ {
i
E — 3 ko = : l T 1
\ /
o #
tree amplitude /
) % . 2 I d : :
T-“-EE ~ hTT(Ij__}H if, ¢ — E.? o ___q_“’

Sew together to get N-loop amplitude:

2

ITx(s.t) ~ /rfi B ) "-_;\{_1-_,,5;_‘\ :

(| = perpindicular fo CM momentum

. .l-’r". g
s LN s I = -
) / k3 D—2 L tre . £ _
“ d

b (;E ) | A

f
I .

.. eikonal phase”




)3

| L
| _ , | _ Y—9 k TR S
1 eik(s,t) = 2s / d” " 2r e ML ZL (e*x(Zs 1)

x{zi,5)y= {'run..ﬁf.'_](.r';_).w,,.-".r'ﬁ_4 <




el ;

- .- - -2 — 24 Xy f 2xlx, .5)
il eiicls,. t) = 2s / ) s ) | S s | S ot §

X\Z ] . H) - [p“”_qf"}(;i.}_q .-",rf‘}_i g < E

But:




>

. \ ) = i : [ z .
1l i S k) = 2a / ) e LN L Ar__ )

[

x(x1,8) = (const. VG ps/ .rL 4

But:

q < E




-1

= e / dbb*e™ "
J 2\




|

I = / dbb’ ™9’
JA-?

oy 8

(1—A") &
g 1:‘)‘.1 N+

)

]
3

2 g

=A%)+ -~




Further explanation:

= ; p. — -|‘ - / 1 O -1 \
II,IE{{-H.T)—EH/(]D ‘g e Tt lgfAVELSY 1)

N ~ ( x ~1 : bdy of eik regio




Further explanation:

" . & — - ) I T = | -+ \
1 (s.t) =25 / d” 2y, e T ELFL(LENELS) 1)

ClK

. )—4
Yy x Gps T’

N ~ x ( x ~1 : bdy of eik region)

e

S .
o N
o

p_—

‘-I
-
e
]

|

f
<
o




1005.5408 w/ Schmidt-Sommerfeld & Andersen

? B

Mi(s.t) = _;'i._.;-;:(;” fi;-**l [lih‘.f] —-—[T i) + [1'5_ it )

I'(s,t) / d”k 1
0 ) (@2m)P B2 (py — k)2 (p2 + k)% (pr +p3 — K)?




J[;I.'(ih‘;l (s.t) =

;3 J'r-'.'n‘ ¥l : > ; J
I ik - T L_) \ f S ]

~cutoff dependent

-
Page 46/174




(High energy / long distance)
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- previous incomplete theories (4 Fermi, massive vector
bosons, efc.):
linked and problems
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Indeed, subleading loop diagrams:
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Buft:

= Infinite remnant species M ~ Mpj.,..
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QM, LI -- cant see how to sensibly modify,
respecting consistency and observation







Indeed, Page (1993): basic info. theory tells us for unitary
evolution, information must start to be returned by
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of needed long-distance modifications)

- nonlocality -- extendedness
- perturbative calculations of S-matrix

- dualities - AdS/CFT, etc; "holography”







SBG, hep-th/0604072; SBG, Gross, Maharana, 0705.1816

Momentum fractionation; timescales
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