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31 Introduction

- Gravitational Shock Wave Background

e P.C.Aichelburg and Sex| (1971)
On the Gravitational Field of a Massless Particle

e T.Dray and G.'t Hoot (1984)
The Graviational Shock Wave of a Massless Particle

e G. 't Hoot (1987)
Graviton Dominance in Ultra-Heigh-Energy Scattering

T__ : Energy-Momentum Tensor

> Electromagnetic field
\ ||mm“””m”" > Fluids with the light velocity
\”WHH > Particles with the light velocity
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Bi-Local Fields

-

e H.Yukawa (1949) Quntum Theory of Non-Local Fields. Part I

\

[Py, [p", U] + m?c*U = 0 U(X,z) = («'|U]z")

[z, [24, Ul -NU=0 ( = g+,
X = , L =X —X

[x'ua [p,u7 U]] — O y 2

- - - T.Takabayasi, I.Sogami, S.Ishida, T.Goto

L
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1
H=P2—|——/aT-a—|—m%zO,

o€y > relativistic bound state
> prototype of string
« > purpose of this work

T=P-p~0 (— P-a~D0)

(.

X" =0

} o o o effective 7




32 Bi-Local Field in G. S. W. B

0 G.S.W.B.
ds®> = —2dzTdz™ + f(z)é(z)d°zs~ 4+ d°z |,

o) = so=20109 (). (r= /A, 9= 2435~ £7)

|} embedding of a bi-local model

( )

1o {ON0
S = /dTEi_Zl { guv e(@) - Y (w(g 33(2))/ e(z)
B | bi-scalar function |

V = 2/-620'(33(1),33(2)) —|— w

X op —o1 [92
J_ geodesic distance O'(QC(]_)7 a’,'(Q)) = 2 1 / d
Xy () = X(3)) 2 o1

1_
— 5332 , ( Guv — 77/ﬂ/)




[1 Constraints
(55/56(7;) =0 — g/“/p(i)ﬂp(i)y —+ VO, (7, = 1,2)
~ J
sum. : H = 0---wave equation S 5(x7)
sub. : T ~0---supplementary condiition ()

[] Canonical transformation

.2
U = exp {—; Z f(x(i)J_)Q(:c(Z.))p(i)}

=1
J
U{I;} Ut = {IJZ} 5 0(zy), $(agy)

H~0 & T ~ 0 are complex / not compatible

~ 0(Q?),0(Q)




0 Approximation: (Q2),0(a/Q) ~ 0

H ~ (PQ-I-O/_laT-a—I—mQ-I—AMQ) ~ 0,
(IT'~P-p~0)— P-a=~0,

AM? = -2 22: ({pL,A}Qp_)
i=1

ON
1
Az ) = =5 (0L f(x1)) = Q%
( =[P a,H #0)
[1 Projection:

AM2 = [AM2?] (= L [27 49eiON Ap2e—i0N N = PalPa
21 P2




83 Scattering amplitudes

U light-like time : T7 = X

- 1 -
) = - {d/ (P2 +m3) +a' -a+o[AM]}|D)

= (Ho + AH)|®)

( ﬁozﬁ{a’(Pf—l—m%)—l—aT-a} )

AH ~ 5[Ho, Y o1 f;]P~0(X™)

[] S-matrix

i [12 ar—(af)p
S= lim Ul|Te ™ Uy, ([P7,S]=0)

T2_—>oo
Tl_—>—oo

= (Pp|S|Pa) = (Pp|Pa) +i(2m)6(Fy — By )Tp,




~ examples: states/T-matrices
|P) = |Prel.) ® |PL) Q|P7)
Tho = ToD + To + -+, (Tu) ~ O((AH)™)

-

0
. A =

[¢i) =10-)®10), (i=a,b)

-

— 4Py Qlog <T1£2)
0/7101), (AP, =P, —P,)

d°X, _
am2e TR0 e
70

i L 1-LP;Q
n (1 - 5P Q) 4 : -
—xr% y 2 @ = 5 [1—O(P aQ)]
r(jpa Q) To(APJ_)
't Hooft gmplitude

7

Tb(al) = ifoP; T 4 Qipa—e%fopa_ﬁ

S (e—%foPa_T(O))




= |2a) ®101), |¢p) =10-) ®|0)

/ ——\2
/d pen(X 1) |1 —ima’ Py Q5% (X, )—E(Q];a) + - ]

( /dQMtH(XL) x 1 = ("tHooft amplitude) )

|¢a) = |0-) ® |0, ), |pp) =10-) ® |Z )

2ia/QP,
T>|<(c9) = \/é/d2 J_bT( ) ~ /dutH(XJ_) [1— Zarg _|-]

[ ] Corrections to the 't Hooft amplitude appear with the factors

'QP™, (Qp7)° (> Q%)

( x o 1Q~kQ terms )




34 Summary

72 Bi-local model in G.S.W.B.
ds? = —2daVdz™ + f(z)é(z™)d?z™ + d?z |,

2 Embedding of a bi-local model in a curved spacetime:
two-body potential: V(CE(l),CU(Q)) = Ii2 20‘(:6(1),33(2)) “+w

geodesicvdistance

@ Primary constraints:  H; = g"’p(;y,py, +V = 0, (1=1,2)
contain a o-function singularity

% Canonical transformation: A, =UH,;UT 3 6(z~), 3(z™)

>  S-matrix

—ing_ dT—(AH)p
S= lim Ul|[Te ™ Uy
2
T2_—>oo
Tl_—>—oo

— lim UlU; , (AH —0)
T2_—>oo
T, — —o©

— "tHooft amplitude , (&’ — 0)




% Correction due to o/: o/QP~ ( >>Q2) , (% Oé_lQ)

2 7 infinite slope limit o/ — oo

J s

al 2

heigher spin summetry?




