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How well do we know the PHOTON?

- a realistic spectra of partons inside a photon

Ne present (at PHOTON 2001 - a promise):
) new LO analysis of the 'structure’ of an unpolarised, real photon

~all available F>(z, Q?) data are used, including new LEP data at high
)2 (up to 2001)

- a special treatment of the heavy quarks threshold a’la ACOTX
S. Kretzer, C. Schmidt, W.Tung — J. Phys. G28, 983 (2002)
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Stage I: two fits, one parametrization (analytic) CJKL

e Radiatively generated u,d, s,c,b and gluon densities in real ~.

e Global 3 parameter fit, based on LO DGLAP evolution equations
(Klasen et al."” 02 NNO fit to extract as)

e All available data for the structure function Fg(x,QQ)

e A new theoretical approach ACOT,, originally introduced for the
proton to deal with heavy quark thresholds.

e =>CJKL model => FFNS_;;,; model (for a comparison)

e a good description of the experimental data on Fg(:c,QQ)
CJKL better than FFNSCjkl

e A simple analytic parametrization of the resulting parton densities in
the CJKL model
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Stage II (new): three fits, two parametrizations (grid) CJKL 1, CJKL 2
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Parton Model for the photon — Bethe-Heitler process

Deep Inelastic Scattering on a real photon (target)

Structure Functions for v, eg FJ => sum over ¢7(z, Q2)
large at large x
log Q2 - dependence in PM !
-or energy W larger than 2 mg => production of two quarks is possible

%z*
V — —

& A
LCD modifies this "PM" log Q2 behaviour: collinear configuration of

mission of gluons leads to corrections: aslog Q?
—=> DGLAP evolution equation
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NG’

da? (z. O2 o (02 J N |
qd|(n QQQ ) — 5 i k(:c) T (Q )/ = Pyq (= )qz(y,QQ) + P, G(y)Gv(y,QQ)] (1
1G7 (z, Q2 as(Q?) [1dy 2><Nf

The k(x) term is from the Bethe-Heitler process, describes a photon
nto quark splitting function, Py (for 3 colours)

k(z) =3 |2° + (1 — z)?]
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O (x) - are the LO splitting functions,

_ 4 1—|—332 3
Pgq(z) = 3 (1— 37)-|— + 55(1 - 33)]
Pyo(e) = [+ + (1~ 2)?]
— )2
Poatey = 3 140
x 1l —=x 11 Ny
Faa(e) =6 | s+ 1 +a1 - 0| + [ - o1 -



ACOT, approach for a photon— heavy quarks h

n DGLAP evolution egs.heavy quarks as partons and/or Bether-Heitler
yroduction of heavy quarks (FFNS=B-H)

h h — T _|_
O= G ﬁ - G%f -
T O= K

* *
[here is a double counting 7% 7777%
—h — h

lere, one should subtract some

erms: logaritmic contribution in

liagrams with “=" | h | h
Y 5 Y 5
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Threshold for heavy quark h

S3ethe-Heitler process leads to:

1 o)
_th(wa Q2)|direct — 3—620.)(513, QQ)
X ’ s

vith

w(z, Q2) = [5 < 148z(1 —x) —2(1 — a;)4gh>

+ (:UQ + (1 —2)2+z(1 - 333)% — IEQ%) In <—1 T B) ] :

Q4 1-p
- 4mh:c \/ _4—771;%
B_Jl (1 —2)Q2 ! w2
for large Q2: In (ﬁ‘f[g) > In Q2 /m?

B
Threshold: 1 — ﬂ > 0 - In the evolution Q2 is a natural variable -

etting a threshold condition difficult
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x variable

\nother heavy quark contribution to FJ:

v*G7—=hh,

with a gluonic parton of the initial real photon

2 1

as(Q x X

th(a:, Q2)|resolved — 8; )G}QL/ —w(—, QQ)G7(27 QQ)dZ
’ 7 X < z

X = z(1 4+ 4m?/Q?)
<inematics OK: x - lower limit of integration over z -

the (relative) momentum of gluon in a photon
¢ — 1 contribution — 0!
Note, that x approaches x for a large Q2
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This analysis CJKL (DIS02)

Ne follow ACOT, approach, and introduce the x variable instead of x
0 deal with the heavy quark threshold

-inally, we have

) (z, Q%) = =223 xe?q] (2, Q?) + Z%x% » erq) (X, Q%)
2X2

+ th c,b [FQ h(w QQ)‘dzrect + FQ h(a? QQ)‘resolved]

X2 I T e 5k OO + RS2 1 WP a(DE (1, Q)]

Note, that the direct contribution does not disappear at x — 1
tage II.
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Solving DGLAP evolution egs.

n the solving the DGLAP evolution egs. we use Mellin technique.

=> point-like (PL) and hadronic part for each parton density.

°|. can be obtained without any input, hadronic parts need input at Q%
cale. We take Q3 = 0.25.
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Input: VMD model at low scale

~ollowing GRV our input scale is low : Q3 = 0.25.

-or hadronic part we have to model

f}z/ad(wa Q%) - Z

4t

fV fv(w Qo)

4
£l (2,Q3) =x J?Q“fp(a:,c;%).

xvP(x, Q%) = Npx®(1 — x)ﬁ,

2GP(z,Q8) = Nyzv’(z, Q3)

P = (uP @ +d )4
with normalization to 1.
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Constraints

Ne impose two constraints on the parameters of both models

1 2
/O 2vP(z, Qf)dr = 2

1
/O £(20° (2, Q2) + GP(z, Q3))dz = 1

Jsing them =2> the normalization factors Ny, Ng

Ne have |a, 8 and k| as free parameters

Ne fix them by fitting the F) experimental data.
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The fits: stage I

Vf=3 (FENS), Nf=5 (CJKL)
XS(QQ)

he direct contribution does not disappears for x — 1 (large x)
10 error analysis

model || x2 (208 pts) | x2/por K o 3 Ny Ny
FENS. ki 471 2.30 || 1.726 | 0.465 | 0.127 | 0.504 | 1.384
CJKL 431 2.10 || 1.125 | 0.843 | 2.359 || 2.435 | 2.982
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Comparison of CJKL and FFENS_;x; fits with other parametrizations

model | # of par. | x2 (205 pts) | x?/por | x2 (182 pts*) | x2/por

SaS1D 6 657 3.30 611 3.47
GRS LO 0 499 2.43 366 2.01
FENS .k 3 442 2.19 357 1.99

CJKL 3 406 2.01 320 1.79
- no TPC data
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Comparison with F) data

1.4F Q2 =20 GegRS LO - -

Sas 1D -
OPAL -=- -

001001
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Stage II

New models vs old models - changes introduced.

1. Subtraction terms

dgy(z,Q%) o

Direct: dTC?Q = %€%k<$)
Before Fy | dgirsubtr ~ k(2)In % Now ~ k(z)ln 8—;
) 771h 0
2. aig running
4 2
o (Q2) W) = with Gy =11—=N,

Bon(Q*/Abp) 3

Before  N; =3 1in FEFNS¢c k1 N; =5 1in CJKL

Now N; = N;(Q?) in all models

3. Ajop is a free prameter

Former value was too high and caused high 2 of the fits
4. High-z Fy behaviour

The "by-hand’ imposed condition in CJKL F; p >0
At hlgh x F;,h < FZh(xa Q2>|di7"ect + FZh('xa QQ)Iresolved
CJKL 1 - old CJKL condition

CJKL 2 - new condition F., EV (e O, 4 FY (r O2)] g
Z,N — AN AN 2Vl T 2.7\ X J[Tresotrvea
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5. Vector Meson Dominance model

= 2.00

1

J, 2v°(z, Qf)dx = 0.91
= 1.99
= 191

THEORY
FENSckL
CJKL 1
CJKL 2

/01(21}” +G")(z,Q%)dr =1 FIXED!

2y Gay) /o

< @Q?>=74CeV?  CIKL?2---- .

CJKL 1 —
FENScykp === .
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Parton distributions with uncertainties
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Conclusion

O analysis of FJ based

-ix Flavor Number scheme and ACOT (x) scheme

on existing data

_JKL model based on ACOT (x)
- L O parton parametrizations CJKL, CJKL 1, CJKL 2

NLO analysis in progress
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