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e Scaling behavior in field theory

e 4-point string amplitude: linear relation

e 5-point string amplitude: stringy scaling
e n-point string amplitude
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Bjorken Scaling

(1968 Bjorken) scaling behavior of DIS

. 2
structure functions: W(Q — o,v) ~ F (ZQTV)

A property of hadrons is determined not by
the absolute energy but by dimensionless
kinematic quantities, e.g. scattering angle

Hadrons behave as collections of point-like £ o2

constituents

Bjorken Scaling and parton model leads to

asymptotic freedom in QCD
Stringy scaling?
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4-Point String Amplitude
e (Gross conjecture: linear relation in hard limit

e 3 tachyons + a massive string state
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Kinematics in CM Frame: 4-Point

DOF:
(p’ d3, 44, ¢3' ¢4) — (E, ¢)

Scattering Plane: (e’ e?, el)
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Hard Limit

* High energy, fixed angle limit: E — oo, ¢p = constant, e’ ~ e

e Relevant states: (aZ )VN*P(al)?™(ak,)|0,k) p+2m+2g=0
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4-Point String Amplitude
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Saddle Point Approximation
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4-Point String Amplitude
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The Effective Momentum K
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Linear Relation
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5-Point String Amplitude

e 4 tachyons + a massive string state
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Kinematics in CM Frame: 5-Point

DOF:

e Polarization: (eL,eP,eTl,eTZ) o
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Hard Limit

* High energy, fixed angle limit: p, q; — ©0, gbl] fixed, et =~ e
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5-Point String Amplitude

1 X3
AP1P22ma) — f dx3f dxy u(xy, x3)e ™M (F2xs)) A=—k{ k,~E?>
0 0

kq - ks ZRLE

ks - Iy
A lnx3 - A

A

Ko Ka

A

In(1 —x,) —

f=Ilnx, — In(x3 — x,) — In(1 — x3)

u = (KTl)N+p1(KT2)p2 (KL)Zm(K,L)q
k1 k3 k,
K _f ~
(XZJ x3) xz x3 — xz 1 — xz
1 (kl . kZ k3 . kZ k4 . kz)

M, \ x5 X3 —Xy 1—x,

> K=K el =

A
= Vz 0, f (x2,x3)



Saddle Point
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Saddle Point Approximation
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5-Point String Amplitude
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The Effective Momentum K
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Stringy Scaling
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n-Point String Amplitude

e (n—1) tachyons + a massive string state
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Kinematics in CM Frame: n-Point

e Polarization: (eL, el eli=1r )
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Hard Limit

* High energy, fixed angle limit: p, q; — 0, gbl] fixed, et =~ e

e Relevant states
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n-Point String Amplitude
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Saddle Point
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n-Point String Amplitude
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The Effective Momentum K
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Stringy Scaling
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Summary

* Linear relations of 4-point string amplitudes in hard limit
* Stringy scaling of n-point string amplitudes in hard limit

* Saddle point method
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* The effective momentum: K =Y. =>Kl=0

* The identity in hard limit: K? + 2MK't =0



