High Energy Physics(theory)
in pre-QCD era

M.G. Ryskin PNPI

. Mandelstam s, ¢, u variables

. Analyticy - Dispersion relations

. . s ~ 10 GeV
. Unitarity Vs
No ’hard’ inter’””

. Regge approach

kr are limited
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s=(p+p) t=m —P3)2 u=(py —P4)2
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stttu=y m
1=1

s+t+u = 32+ pi+pi+pi+2(pr.(pa—p3—pa))
with Po—P3 — P4 — —P1



Analycity

S(tr,ts) =—=> S(@) = s [ <HS@e0)d

converges at ImFE > 0 since t =1, — t; > 0

Analitic function ==>
dF F(z+dz)— F(z)
— = = const
dz dz

does not depend on dz ’direction’ for |dz| — 0.
Let FF=U +1:1V and z = x + iy then

dU  dV al dV
= and — = ——
dx dy dy dx

!

/(Udm—de)+i(Udy+Vdm) = /da‘d’y[U;JrV;ﬂ(U:—K;)] =0



Dispersion relation (¢t = 0)

1

L [T ds < ds
ReA(s) = / i discA(s) = / i Im[A(s")+A(u')]
0

271 s — s T s’ — s

Signature A*(u) = £A*(s) (Crossing symmetry)
(0" (pp) = 0" (pp) o (pp) = —0 (pp))

ImA(s) = so(pp), ImA(u) = —so,(pp)

(for s > m*). Thus

2s [ ds
ReA(s) = _Q/U 7 i SImA(s')

(s — S

ReA(s,t = 0) o< doy,/dIn(s)



Subtraction

A(s) = A(so) + A'(s — sp) + 5A"(s — 80)* + ... + a(s)

A(s) = A(sp) S /UC’C( 15 Im[A(s")+A(u")]

T s — sp)(s" — s)

If No singularities ==>  a(s) =0

Max analycity —— >

ALL singularities have the physical nature

a) poles 1/(Mz— s— il'Mp)

b) cuts (due to |p] = Vs — 4m? in dQ = d°p/2FE).




S-matrix unitarity ) prob® =1, S,,ng,:fj = 1;;.

S=1+4iT, 85" =1 ==> 2ImT =TT+
2 particles elastic unitarity equation:

2AmT1(b, s) = |T11(b, 8)|*+Giner(b, s) with Gine = ZT”‘ ol

[ImT <2 |ReT| <1 [ = by/s/2



Froissart limit
Assume: i) T(s) < s" usually n =2

ii) no singularity in t-plane for t < t; = 4m?

i.e. T'(b,s) < se”?"m ==> ImT(b, s) < elFi=0)2m=
small for b > R=1Ins/2m, forb< R ImT <?2

'S llTr I3
o < TR* = —211’12 S
m-

photon contribution (with ¢, = 0) is negelected



Regge theory, RFT (and multiperipheral model)

omER(r) — {ii (TZE) 4 Z(HURJrU(r)R}

2
,T'A =]

E = E()

Ay =giyy/(t—m3) x s' A, =s-8ra/t x st ....

+o J
Ay ox 57 = g0, Als) = / A(J) (g) d.J



Veneziano model — only resonances and Regge

poles.

[(1 = ag(s))I'(1 = ag(t))

Afs,t) = [(1—ag(s) — ag(t))

[(1 - ap(s)I(1 — ap(u)) Tl - ap(u))I(1 - ar(t)
['(1— agp(s

’ )—anw) | T(1— ap(u) - azll)




RFT
2Im7T" = ‘T‘z + Ginﬁf o

T(b,s) = i(l— {2_9("”5)/2)

Op(b, s) = f
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Miltiperiphery
Ao 5901 n ~ In(s/sg) Ab~ 1/ <k >

Bﬁ’.ﬂ ~ (Ab)g = B[_] + {Ii‘j IH(S/S[})

R<c-Ins o < 2rR?* < ¢ln*(s)
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