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The problem at hand

(Super)-Planckian-energy:collisions of lighi particles
WiTHin G consisienirguantim Heory el gravity
(Supersiringiinesry)lin d =iD=1i8argesdimensions

Since)supersiiring eeryiisiesseniialiian; S-maiirix
Tneoery, e deseripiionwiliNse; narurally,

e|Llei iy ifsy elflel Unlreiry




Three reasons for going about it

III

i Weinbergisi Because I'can

i eoreical informaiion paradox:
2 lisiie) S-manhrix deseripiion breaking down inisome regime?
ARG o s e inalsiaie N (Close o) ihernal?

s EPhenemenological - inding signaliresiol stiring/quaniinm
graviiy @Nuiurescolliders;
2 Iin KK modelsiwithilargerexirardimensions
7 Inibrane-world 'scenarios
INBE EUittre collicers willlberairbesitrarainalitor producing BHs!
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With very few exceptions, we do not have much of
a handle on string theory in extreme regimes
(strong coupling, stirong curvature)

Superplanckianicollisionsimay:lielpras gedanken
experiimeny s by providing:

Alway o findlotitiow @S Iris ablerfe eprecice
expeciations rrormeERiaitlargedisiances

ANWay o naroui oW @ SHFGEIFHES GIRaVITYAainSHor;
disiances

Tyo comlol2i2iiary dooggaenzs (F o LIS of));
Grosseiiender s iende=@ogirN198y~1990)

oo MUZIRICH G SolaaieAmaiil ClaalonitenGN;
Verlimderan Ve EPYASNArcIonin derEaror . (198y=04)




Gross-Mende-Ooguri (6GMO)

Genus by genus (i.e. loop by loop) calculation (GM,
1987-88)) oif elastic scattering at very high energy

and' fiixed sc. angle 6 (h = number off loops):

A,y ~ (gj)z—i—Zh exp (_

os f (8))
_ ol | (From cormplexisaddle
1+h rajeciory)

Allrgenusiresiimmanoni(iME 1990 onivajusiiiEiediinian
2z Wigeaw, fealls e 1iifinliz 22y

S 2, -
— <log’(1/g?)

Shiall proablyaoerconservaiveNizestliraivenibelon)




Amati, Ciafaloni, GV (ACV) et al.

Work in energy-impact parameter space, A(E b)

Canigo o arbitrarily hightenergy provided biisialso
increasediaceordingly,

b > Rs(E) ~ (GyE)7=

@hesinen geesioveriorA(E g0 E) By RIRan eSS
(Ieading?)conirilouiions comingizom e aboVe region o to:
IrAstisIWaysenercanireachisieregimeroiixed b=

1) iraliiy, Flizel O Seerizeifle) cf 26y fign & 15 elogligeizel
o ladegz disianez dnvsies (9gggsfyz of CIED)) Nz
2 ¢oldifzel 929,




GMO vs ACV et al.

UNPHYSICAL

verlap (small 6)

ow energyﬂ (ACV et al)

>
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The comparison (to which we shall come back) is

quite striking

Acmo(s,0) ~ exp (—qu\/log(l/Bz)log(l/gf))

Aacy(s,0) ~ exp (—qu\/log(a"s)log(l/gf))

Ciatreerlevelixediivsirixeadr smalle

(o's)*" vs. exp(ctlog(1/6?)
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Corr's to eik. ~ (Rg/b)?(®-3)

I SCATTERING
0 ~ (Re/b)P-3

WITHOUT STRING THEORY

11 COLLAPSE

Ry(E)



CGR arguments for Collapse @ b < Rg

Penrose 1974 (unpublished)
CTS arguments:
Eardley and Giddings), gr-qc/0201054,
Giddingsiand Rychkov, liep-1hy0400151
s Finite-size effects: »
YAIRIsever 1986 S :> b _I_ ZS
Kohlpraitirand GV gr=qe/ 0205095

VS Thistringiheory ihercollapseicritierion shouldibe amended!
We shallsakerhie siring couplingrfixed and very small (gL << 1), Ouridefs.

=Mz P n=1
ls = (gs) _ﬁlﬂ > Ilp,i.e. Mp = Ms(gﬁ)_m > M




String/Black-Hole correspondence

0

Sl

‘{;//{?W//

Many properties of BHs and FSs
match along correspondence curve

I25 = Is (M = Ms 95_2)

/

g ~ string coupling

>




WITH STRING THEORY

I
corr's to eik. ~ (Rg/(b+l,))2(®-3)

11
/ large
small
v
111 > BH
é Eth — 1\/Isgs_2
lp 1,

Ry(E)



Three regimes in super-Planckian scattering

I) Small angle scattering (relatively easy)

IT) Large angle and collapse (very hard, all’ aitiempiis have
failed so far)

L) Stringy (easy again) isiisiwhere: GMOiand ACY can
bercomparedWiiiiamazingly good agrecenirgIVenine
completelyidiierenitapproachesi(ar OrE)

Acuio(s.0) ~ exp ( ~Latog(1/0)log(1/)
Aacy(s,0) ~ exp (—qu\/log(a"s)log(l/gf))

Cirreeevelfaxed Vs, fixed smallfo

(o's)*" vs. exp(a'tlog(1/6?)
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Approximate (but exactly unitary)
S-matrix in regions I and III

Operaitor fiormula encoding previous ACV. results;

S=exp(il), [ = (5+8") + \/—21‘(5 —d(C+ChH =1

c,c'1=1, 16,6 =[C,8]=[C,87=0

(2
:4J'IZZA 0







Inserting tree-level amplitude (and forgetting “s!) we get

Wiherefiore, fior b>> by (Region 1), We  caniforgeir abeuirC, G In
ihisiregion weralsorfing:

Irsering iisiphase shlifis and ol oVer 1o scaitering
anglerbrwertinhd arsaddlerpoerniia

Corresponding preciselyaenieelaiionbeweenimpacs
parameser andiscatering angleNnsne(AS)neiric offa
relanivisticipariiclesclear|yisixediO N argerENpropbeN argents




= This also explains why

s Because of eikonal exponentiation, Re 6 also gives the
average loop-number. Thus the total huge momenium
fransfier q = 0 E isishared anmoeng Re 6! gravitens| o give:

meaning A e process isisoi- 1 ai largeios
2N EZssoR W@ EDNNS TR ol geit Gl arge: ransyerse
momeniumViasne exchangeroirasENigI oS asipoSssibIENin
@SENNSIbETTerorshareNitamongias Ny asipessible
gravitons




We still have to take into account the operators in 6

Physically, they describe “diffractive excitation” (DE) via
graviton exchange. As a result, the elastic amplitude is found
o) be suppressed:

NinisiiniroducesiarseconaicriticaliVvaliereimon o e el owiwnich

diffraciiverexcifianion iakesioverthe el asiic processs

bpeg = by atS:MEEME/gL
NIM ~ My My,

istnewiscal eV (ME=SMsRRE D=4 SIS0  D>4) Wil Splay an
imporianirreleNnsesoliowing R Doesiihiaveralaeepimeaning?
ForN e memenipeifusN ook aitinai i deesi e ol pdidgran
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Region 111
Let us forget for a moment that Im é# O, C and C*

corresponding ordesfilecion rormiantnomogeneoisi bear
oi trransyerse size s
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Region III: diffractive excitation

While still neglecting Im 6 # O (C and C*), let us consider DE
Like in region I one finds:

Iniehneriwords) difffractiverabsorpiien sattraies aitlor= by




Region III: effects of Im 6% O

The opem’rors C and C* are now activated” , recall:

=2i(0-0") €' in/~2i(6-07) €

e elas’rlc ampll’rude, <0]/5)0>, is now, suppressedias
exp(=2l in) o)land Siherefore:

GDS[§:|

Oc ~ exp(—4Imd) = exp [_W
3§,

s dampihgladdsHiortlierone dlreadyrdisclissed die o DE:

andicormbined erecirsimplyidolbles e exponen’r! INGile iihah
iherexponeniiisioiforder =(s/M:2)l= g, < = S @ E=EL




Which final states saturate unitarity?
Recall once more:

S e final state; S| 0% sia colierenit siaile of quaniia
associared WitinhCy CaWhnairare T ney2 inioraerse arrivedr
aboyVerexpressiohnior S onehiadsioruser e AGK Ul esioif
Griyey siReggeoniCalcliusR (G anninilaiesi(creates) a el

gravicReggeen PNCER) e probabiliiy o prodUcing itCERS
obeysialPoissonidistiribuiion Wil antaveragergiven: by:

PRhe CRASS e sirFingy graviions alCERIBWaevervsdialoe
iNiAersense ool DI Sralialiiy




At this point we can compute the average energy of a

final state associated with a single CGR:

Wehaverhussound e hesfinal=staterenergies ey asori
ol =aniicscaling>lan

DS aniiscalingisiveryaunlikeswhaipwerare amiliarwiiNni= ER

inisseweyerisimilars o whaimWerexXpecinint Bl physics!
I partictlar o D=4 el evental E < B iwhiile for
D>4 Teff __> THGW for. E __> E-‘-h




M//g?

BH

=My/g,
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My/g,
M
MS




Typical final state via the optical theorem

Unifarify it iirolghisiCERs




An interesting question raised by S. 6iddings (p.c.)

GMO! (and alsor ACV. in the regioniof overlap) had found:
(1+h) ~E

And IN@IF~ Eanasiiiclaimediairfixedi b b i arsweris
SifplerandNnsiruCHVERSACTUIy NRNHEenergyAwina o

0

e Hidax

(l —|—h>GV => <1 —|—h>(_";v

(1 +h)emo/acv ~

sinceNnregioneing consiaered >0

@nrneohneriiand o EReXpIains
TnerdifierenirEsaependence




0=9,

ACV/GMO

0=1




Outline

General considerarions and S iwor complermeniary approdchies
erphiaserdiagramioii siiper=Planckian collisions
AlUnIarysS-anrixsoriregionsil and i
Ahalysisteiriesfinalishate, antiEscaling:

SUmmary.




Our results show that, at least (much) below E.,, there is
no loss of quantum coherence. However the spectra are not
thermal

Wihen we go above .. we can no-longer neglect classicalf
correcijions, Miiey correspond foNhieraciions amoengrour
CERs epesulliy ey willSdrnSieirPoisson distribuiion
itoraNapproximanely)Rermalfonesorseir decay

BrodUCHS) BUISHIErENSIN0 FEason 1ol eXPECira rreaka oW ol
WATSGERI.

erdifraciivershahestiay carry olirconserveaigloal
quanhtmnumbersiifSiliere arerany)
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Summarizing the main points:
2 We have been able to recast the main results of ACV
in the form of an approximate, but exactly unitary, S-
maitrix whose range of validity: covers a large regioniof tihe
Kinemalic energy=-angular-mormentum plane;

><oWehave s idieditiernaitiireroi irerdominanis NGl Siaiesin
aWindoWiGI-energy andNmpacifparamerer airwiose

polldaryaerexpecirblack=holerermanion oregin

Werhaver:ound aisoriroi prececioisisl dek=te) e beiavic iz in
parhicllaian s anii=scaling  dependence el iine GVerage
energyreiimefinaliparicliessromanenniiial energy, quite
reminIsScenitoi e nVerserelaiicnibesweenolack=ele
mass;andsiermperature;




& This anti-scaling behaviour introduces, through the variable

X = ® E/ M+?, a new energy scale M. = M, /g., whose
physicall origin we have fried to trace back

These resulisimay have arfwoeiold applicaiion:
= alconcepiualione Wit N e search o antexplichy
d259|Uilo) g a2 i dileriia) deidelelo,e
AorE PREROMENe)0aICalFCHEN NN CORTEXIROIRE
Siring/quanitim=gravity signalsiexpecicelaircol lidersiin
moedelsiwiihyarge exira ditensions;




