The photon structure function in all x region
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Introduction

1.1 ¢y Deep Inelastic Scattering (DIS)
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Equivalent photon approximation (EPA),
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/.. The flux of target photons.
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Single—tag e¢*e” experiments — y~0-— E/ 0
*Bjorken scaling variable x (Fig.1.1.3)
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* The fraction of the real photon’s momentum carried by the struck

parton

The fraction of the incoming electron energy carried by the
exchange photon

* QCD Factorization Theorem (Fig.1.1.5)

Distribution functions

NS (Non-Singlet) distribution function : g (x,0%) = Mw (e? = (e*))g, +q,)

T (Singlet) distribution function : J(x,0%)= M.;:\ (g, + ﬂ
G (Gluon) distribution function

G(n,Q%)
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Coefficient function  (Fig.1.1.6)
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Photon structure function
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*QCD Lagrangian .
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* Renormalization
Dimensional regularization
MS-bar (Modified Minimal subtraction) scheme
Next-to Leading Order (NLO)

Effective running coupling
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1.3 Dokshitzer, Gribov, Lipatov, Altarelli and Parisi

(DGLAP )Equation
Q.
agin e - the log type factor

Inhomogeneous integro—differential equations
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* Splitting function 7,(z,2,(Q%)  (Fig.1.1.7)
Quark with a momentum fraction x
-2 Parton of a momentum fraction (1-z)x

Parton of a momentum fraction zx
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2 Photon distributions at small x

. oto, H.Kan and T.Kikuchi: Prog.Theor.Phys.Vol. 102No.4(1999)]

mh Hadronic part of photon %mﬁﬁ.vﬁﬁobmapm 2.1, 1)
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2.2  Hadronic input of photon distributions
Vector meson dominance model (VMD)
Q2 : Initial value, 1GeV2
Regge Theory: Amplitude in large s and smallt — x=0

Counting rules: Amplitude in large s and larget — x=1

t=(p-q)?=-2p-q-Q0*=-2p-q(l+x)



Regge Theory (Fig.2.2.1)
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s=(p+q) =2p-q-Q°=2p-q(1-x) ) .
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A(s,1) m B.(4)
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A :
w%“m (n,02), Z,(n,02), Gy(n;Q2) * Hadronic input of photon distributions

Pomeron—cut exchange
2V (x) =a "% 0-x),
x ™ (x)= kx_gis,\ F@ / x))1-x)8
x G (x)= b ("D /1In(1/ x))1-x)3,
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Ogegge V= @, (1)
a,®)={a, O+a,O—1
a-(0))a,(0)=1.08
Effect of the Pomeron—cut exchange
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* Lipatov behavior: x™".

* 1/In(1/ x) term:- screening effect
* xGV(x,0%) o« (x% Min(1/x)]"):
BFKL(Balitzkij,Fadin,Kuraev,Lipatov) Eq.(Fig.2.2.2)
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Log type factor resummation
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2.3 Point-like part of photon distributions(Fig.2.3.1)
Particular(point-like) solutions of the inhomogeneous equations
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sults (Fig.2.4.1)

Comparison of our predictions with the OPAL mnwanmn-mbnmu data

K. Ackerstaff et al., OPAL Collab.: Phys. Lett. B411, 387(1997).
K. Ackerstaff et al.,, OPAL Collab.: Z.Phys. C74, 33(1997).-




3. Photon distributions at large x
[M.Imoto and F.Kawane: submitted to Prog.Theor. Phys.]

3.1 Gluon Distribution Function (0* =75 GeV2)

ig.3.1.1)
Our predictions (solid curve) _ - ; .

BA---H1 experimental data [T.Ahmed et al, H1 Collab::Nucl Phys. B445, 195(1995) ]

GRV predictions.(Valence-type Gluon, Q7 =0.3 GeV2, x =1.6)

B, (x)= g@aw +(1- avJ_:E ~1+8x(1- x@
V P “
3
Singular part of term, 3 \Amav % B,(x) is absorbed into
7z

NS-distribution
B,(x) = By(x)= A?N In(1- avv
PR (%) =3f(e"Y—(e"NWPY. = Py, V(x)+ 8Py, " (x)
Oy (%) = (12 By ()P ()

Boundary conditions in the MS scheme for the point- like

butions,
G0 (5, 08) =2 (5,08) =G, (5,03)=0.
3.3 Renormalization —scheme dependence
Renormalization-scheme dependence of perturbative predictions
Factorization-schemed dependence
Extra renormalization in addition to the ordinary renormalization

Modified MSscheme




0 =1 GeV?, A =200MeV and £=4
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5h=10.80 for nonsinglet,
h=180 for singlet,
b=1.75 for gluon,,
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DGLAP-
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BFKL{(Bal ,_NW&%@&FNswmmﬁbwwmﬁo& Equation

BFKL {only gluon—gluon ladder)
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no ordering in k2.

(assume bm evolution in Q?)

k2, ~Q?
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Summing up all ladder diagrams in In(1/z) gives the BFKL equation: -
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(Fig.3.1.1)
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