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1) Large Extra Dimensions
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Fundamental ASSUMPTION:
only gravity propagates in the extra dimensipns

Expected deviations from Newtonian gravity:
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Experimental bound:
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andn=2 is a
serious possibility!
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2) Transplanckian scattering
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Model independent features rfi'tnfneosvn)

Impact parameter) > ¢ — weak gravitational field
(linearization)

Vs> Mp = Rg > A\p > Ap
— quantum-gravity effects are small

j> (we can use just QM and linearized X

Forward scattering at small angles
— elkonal regime, predictive computation is possible

TransPlanckian eikonal regimp:| REMARKABLE FACTS!
Mp/\/s < 1, —t/s< 1 - Predictivity

- Model independence
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FIRST APPROACH: Eikonalization

evaluate leading behaviour at high energy and small
angles by summing an infinite number of diagrams

R o
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SECOND APPROACH: Shock wavegeneralized)

Replace one particle by its AS shock wave:

ds? = —drtdr— 4 (I)(;’I,‘L)(S(;If_)(d.‘I.'_)Q 4+ dIi

Solve Einstein equations: 1
——c) O = 871G pESP (IL)

the particle moves in the positive z direction 2
x| denotes D — 2 transverse directions
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AS shock

wave. ds® = —da"dx” + (I)(4I"L)(3(;IT_)(d-;If_)Q + de)L

Perform a (discontinuous) change of coordinatakaothe

metric becomes continuous acrotxz— = 0
xt =21+ (9(;2’,-‘7)[(1)(;ITL) + (dﬂbi{ﬂ))gx]
N |
= + 9(.‘1?_) di(I)grl);I'_ (? = 1, 2)

Solve Klein-Gordon equation in these new coordmate
(imposing continuity of the wavefunction):

before collision: % (x) = exp(+ip'z) = exp(—iE'(z + 1))

after collision : (') = e}{p(_—iEf;z:J” ) = exp(—i L' (_;1:+ — P(x))

eikonal amplitude: | = exp(iE'®) >ame a
:> before!




3) PROJECT: Including QCD radiation

Best way: shock wave approach

e - X

General formula: using Green’s functlons

Main point: evaluation of this integral!
(Green'’s functions are obtained via ‘t Hooft method)



STUDY OFM: leading log corrections

Including all factors: total cross sectisrwithout gluon
+ large logarithms (IR singularity if quark massless)

— |AP equationp

(the usual DIS scaling violation)

What we find:
— QL’)C E 1 :>
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[Really avery peculiar fact! Physical interpretation: saddle po]nt
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4) Conclusions

Generalization of ‘t Hooft shock wave method In
transPlanckian scattering in order to include ramina

For large momentum transferq, 5. > 1 € BDF must
be normalized at a scale different than usual.
Physical reason: RESCATTERING EFFECTS
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Future developments: WORK IN PROGRESS
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Feynman rules

a B

{Feynman rules in De Donder gauge)

In evaluating the vertex factors, we ignore the recoil of the matter field
p.p,+p.p.—m,(pp +m’)y=2p p,

In the matter propagators, we ignore k° relative to p - k
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Eikonalization vs Shock wave:
e konal resummation
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Eikonalization vs shock wave:
snock wave computation:

Let us consider the plane wavetunction colliding with the classical AS shock wave. The wavetunction
describes a particle of energy E' moving in the negative z direction. Thus p’ = (E'. —E’,0) and
before the collision the wavefunction is:

(x) = exp(+ip/e) = exp(—i'(z + 1))
After the collision the wavefunction remains continuous in the z' coordinates. i.e.
(') = exp(—iE'x") = exp(—i B (2t — ®(xy)) . 27 =2 >0small

(i.e. immediately after collision). Thus we get eikonal amplitude:
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Example of signal at the LHC
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Figure 4: The di-jet differential cross section doj;/d|An| from eikonal gravity for n = 6,

M;; > 9TeV, when both jets have || < 5 and pr > 100 GeV, and for Mp = 1.5TeV and
3TeV. The dashed line 1s the expected rate from QCD.



Green’s functions
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AP equationgoughly, many factors missing)
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