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OUTLINE: Background to talk

1) Fitting the accelerator data---“New evidence for the
saturation of the Froissart bound”,
M. Block and F. Halzen, Phys. Rev. D 72, 036006 (2005).

2) The Proton Structure Function F,P(x,Q?) : “Small-x
behavior of parton distributions from the observed
Froissart energy dependence of the deep-inelastic-
scattering cross sections”,

M. M. Block, Edmund L. Berger and Chung-I| Tan,
Phys.Rev. Lett. 308 (2006).

“Analytic expression for the joint x and Q2 dependences
of the deep-inelastic structure function”,

Edmund L. Berger, M. M.Block and Chung-I Tan,
Phys.Rev. Lett. 98 242001 (2007).
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OUTLINE: Talk

 New Analytic LO Gluon Distributions using the Froissart
Bound and massless quarks:

“Analytic derivation of the leading-order gluon distribution
function G(x,Q%)=xg(x,Q?) from the proton structure function
F.P(x,Q%)", M. M. Block, L. Durand and D. McKay,

arxXiv hep/ph 0710.312 (2007).

e Analytic LO Gluon Distributions using the Froissart Bound,
for 5 quarks: 3 massless quarks + massive ¢ and b quarks:
M. M. Block, L. Durand and D. McKay, Aspen Winter Physics
Conference, Jan. 2008
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Part I: Cross section fits for E_ > 6 Ge@ored at 2.6 GeV,

ntp and T p
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M. Block and F. Halzen, Phys. Rev. D 72, 036006 (2005); K. Igi and M. Ishida,

Phys. Lett. B 262, 286 (2005). It gives 4 constraints! Only 2 parameters needed
for cross sections.




Cross section fits for E_ > 6 GeV, anchored at 4 GeV,

pp and pbar p
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Jan, 2008

vp log?(v/m) fit, compared to the np even amplitude fit
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M. Block and
F. Halzen,

| Phys. Rev. D 70,

091901, (2004)



Part 2: Proton Structure Function F,(x,Q?), from Deep Inelastic
Scattering,  Block, Berger & Tan, PRL 99, 88 (2006); Berger,
Block and Tan, PRL 98 242001 (2007).

The invariant s, the square of the center of mass (c.m.)
energy W of the ~*p system, is s = W2 = (¢ 4+ p)? =

2mrv — Q2 4+ m2. The Lorentz invariant variables x and vy

: Q2 _ Q? _ pq :
are defined as ¢ = »*— = » and y =L where k is the
p-q iy - Pk

incoming electron’s four-vector momentum. T hus,

2
3:W2:Q—(1—m)—|—m2.
x
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The H1 collaboration determined that, for fixed x, the QQ

dependence of FY(z,Q?) was reproduced by

FS(2, Q%) = ag(z) + ay(z) IN(Q?) 4 ax(z) In*(Q?),

so the ZEUS data were fit to:

[ F
Fi(z,Q%) = (1 - ) l_f;P

+ (a0 + a1 In(Q2) + a2 1n?(Q?)) In |Ze1-1)

r(l—xzp)

+ (bo + b1 In(Q?) + b>1n2(Q?)) In? (2R -2

r(l—zp)|’
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Global (Simultaneous) Fit of ZEUS F,(x,Q?) to x and Q? ‘
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Differentiate the F, fit to obtain: .. oot

Oz F:

c)mQQ

\ 1<Q2<100 GeV? \
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Predictions are made
using ZEUS data In
global fit

Experimental data are
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Part 3: Analytic gluon distributions from the proton structure

function F,(x,Q%): M. M. Block, L. Duran
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Traditionally, gluon and quark distribution func-
tions have been determined simultaneously by
starting with a virtuality Q%, typically in the
1 to 2 GeV? range, and using the two cou-
pled integral-differential (DGLAP) equations
to evolve individual quark and gluon trial distri-

butions to higher Qz. T he results are adjusted
to fit the overall data (mainly the experimental

data for proton structure function F(xz, Q2))
by adjusting the parameters in the initial par-
ton distributions, thus determining the evolved

distributions.
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New Strategy for Determining Gluon Distributions

We propose a new and more accurate method
for determining gluon distribution functions,

Illustratating it with a Froissart bound-type fit

to the proton structure function Fg(m? Q2)

1. First, make a global parametrization of the
experimental proton structure function £,

simultaneously in x and Q2.
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2. T hen, use only the DGLAP equation involv-
Ing the evolution of the (now known) proton
structure function ED(x, Q?) to solve explic-
Iitly for the gluon distribution function. We
require no model-dependent assumptions
about shapes of the gluon distribution or
individual quark distributions. Ve find a
global gluon distribution function G(z, Q2)
which is unique within uncertainties of the
experimental data on F5(x,Q%).
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e now derive a differential equation for the LO gluon
ictrihiitinn (>(v nZ\—vn/v (\2\ frn tho in D
LIINULIVIL I U\ 1

tan
u I N )T AY\N,\Y ) 11U m tne HiC Yy

e
lution of the proton structure function

= == = = A 2 [T e

8}75(% Qz) f:;r: 1 F5(z, Q% )><2qu(33/3) -

01In(Q?)
e ffcl thf_leiz(zj QQ)G(Zan)szqg(m/z) Fie|

Here G(x, Q%) = zg(x, Q%) and e?(z, Q%) = e20(2—
x;) Where e; is the electric charge of the quark
with flavor i, x; = z[1 + (4M?/Q?)], and the

step function enforces the parton level thresh-
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old condition s > 4M? for the production of a
pair of quarks of mass M. T he sum runs over
all quarks. Ky and Kyg are the LO splitting

functions for quarks and gluons, respectively.
Temporarily, we will ignore the threshold fac-

tors, which become irrelevant for Q2 >> 4]\f[f,
and illustrate our method using the massless 4
quark families, u.d.c,s. Then zf)fef = 20/9.
Results will later be generalized to include the
mass-dependent effects associated with both

the charm quark ¢ and the bottom quark b.
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Introducing the LO Splitting functions, we write the
Alterelli-Parisi evolution equation for the proton

structure function as:

OFL (x, Q2
a?n((é%) 4??{41’5)( Q)+ [F(x,Q?) InL=x

A

SR+
200 100, Q2) (£GP &)
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After integrating by parts and some manipula-
tion, we define F5(x, Q%) by
2y _ OF5(2,Q?)

16 dF

—2—;{ 222 Q2)Ind
1de 24
108,02 (S +22) o }

After multiplying both sides by (“"*) - Wwe write

X g

(E) (2, Q) =
20 1G(2,Q?) (ZHG) 4

22"
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‘Analytic solution for G(x, Q2)|

To simplify the notation, we define G(u«. QQ) by

s 80) 1 483(FE(=, Q%) /)
S T .
47 O O3

G(z, Q%) = — (

Inhomogeneous r.h.s. of the linear 2" order 5
differential equation is completely determined |: Q°)
by the proton structure function, F,(x,Q?)

Introducing the new variabdg v = In(1/x), we

now write the linear differential &gquation as

02 %, .
(81}2 | 3@@ | 4) G(%Qg) —
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Given a smooth analytic parametrization of
EB(x,Q?) as a simultaneous function of = and
Q% in a domain xmin <z < rmax, Q3, < Q? <
Q3,5x, We calculate G(v, Qz), determining the
gluon distribution function G(z, Q2) to the ac-
curacy of the parametrization.

Different smooth parametrizations that fit the

data on Fg(a::, Q<) equally well in the specified
domain should give equivalent gluon distribu-

tions within that domain.
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‘Analytic solution for G(w,,@z)\

We will illustrate the procedure using the Froissart
bound fit of Berger, Block and Tan to F,(x,Q?),
although any good parametrization of the
structure function data can be used.

Jan, 2008 M. Block, Aspen Winter Physics 21
Conference



The final analytic answer is ‘ In(1/x), for small x

O S TR W N TR TR sy

O<x<1, where
g = —0.47 — 0.16 In(Q?) — 0.01Y1n?(Q?)
B, = 0.2340.012InQ2 — 0.014{In? Q=
~a = 0.084 4+ 0.0631n Q2 4 0.01)
We used
C‘lfs(@z) = i , | Quadratic in
251In(Q%/N\?) )

for four active flavors, with A = 0.153 GeV
adjusted to give as(M%) = 0.118.

Jan, 2008 M. Block, Aspen Winter Physics 22
Conference



We emphasize that only experimental Fg data
in the region x > 0.0001, were needed to ob-
tain our numerical results.. The 6-parameter
fit which we used was constructed using all of
the available ZEUS data with zp > = > 1073
to 10~% (depending in the viruality and Q%)
0.11 < Q2 < 1200 GeV2. The fit was excel-
lent, with a Xz/d.o.f. — 1.09 for 169 degrees

of freedom.
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‘3 massless u,d, s and 2 massive ¢ and b quarks\

The sum over the 4 massless quark charges in
the integral over G(z,Q%?) is replaced by

4 massless | 3 massless massive c massive b

|I |~

ditions for the reactions

W. K. Tung et al,
_ | e=——— JHeP 0702:053
v*+g — b+ b, (2007)

Y*¥+g — cT+cC
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|Integra| Alterelli-Parisi Evolution for Heavy Quarks‘

OFY(2,Q%) _

8|I’1(Q2) ,
T2 fm 2u,d,s € :}%C(ZQ )Xng(m’/z) dz

1 G, QQ)qug(bL/z) s

Pr.. M2
fl F5(2,Q )Zquq(m/z) s

5 New lower limits due to
2 1 G(z,Q )>< Z step functions
T a2 az °
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First, solve 4 quark differential equation,
3 massless u, d, s and
a massive c quark

2
G300 = (2 3; 4) Gt (0.2
+20(ve) |A(ne) 2 + B(ne) 2
O(nc>103+c<m@ )m

_—

Note evaluation at shifted argument v,
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n
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5
=

C
Q
s

Gayo(w, Q%) = azqe(l — )%+ B31c(1 — ) In(1/z)
+ 34 IN?(1/x), 0 <z <1, with
— —0.68—-0.15InQ? — 0.021In? Q2

X3+4c —

B34, = 0.48 —0.040In Q% —0.013In°Q*

Y34, = 0.14 4 0.069In Q% + 0.011 In? Q=
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180 ——————+rrm —
160 |
140 1 4 massless quarks, u,d,s,c ]
120 [ 3 massless quarks, u,d,s and massive ¢ :
G 100 ¢ ]
o) _ i
< SORX N minimum x of ZEUS data :
105 104 103 102 10"
X
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Differential equation for five quarks:
3 massless and massive ¢ and massive b
guarks

G(v,Q?) = (;fz 35+ 4) Gapa(v)
‘|“9(‘UC)2 AC_Q + B C()U N CC] é4—|—b(’b’ca
+0(vp)z Abj + Bbd + Cb] Gatb(vp. G )

Note the displaced arguments v, and v,
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Solution for G4, (X,Q?)

TN 7 ~ 7

5 quarks: 3 massless (u,d,s) quarks
+ massive c quark (M, = 1.3 GeV)
+ massive b quark (M, = 4.2 GeV)

. 2+f.84_|_b(l —:r)ll’l%
O <ax<xp, with

4 4p
Batyp
Ya+-b

In2(1/x), for small x

- . 5
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180 —
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140 1 4 massless quarks, u,d,s,c ]
120 [ 3 massless quarks, u,d,s and massive candb
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Comparisons with LO CTEQS5 and ZEUS

140 T T T 1 T T 1rrf T T B N | T T T 1 T T 1] T T LI R B
. Q° = 20 GeV®, CTEQ5
120 - — Q’=5GeV’, CTEQ5 .
Q° =20 GeV?, ZEUS
ool 000 T ———- Q°=5GeV’, 4+b,In"(1/x) ]
| —_——— - Q%= 20 GeV?, 4+b, In* (1)
<~ 80 . )
e I minimum x of ZEUS data
5 -
= _
> 60 k. J
SN .
B '\__ x\h‘ *°._
40 -E%”"—-:\ S H\"ﬂ;_'. .
i HH:":'K T
20 | e TN :
I _""'-..h.“',h_‘_:--..__;_'n__"""--.__‘_ J
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CONCLUSIONS

« Using only the 1t Alterelli-Parisi equation and an
experimental global fit to the proton structure
function F,(x,Q?), we showed that one can obtain
an analytic LO gluon solution for 5 quarks: 3
massless (u,d,s) and 2 massive ¢ + b gquarks,

G 4. (X,Q%)=xg(Xx,Q?), with rather small errors.

e \We illustrated this procedure using a Froissart-
bound fit to F.,(x,Q2), in In2(1/x) and In2(Q?2) .

To be done:
II,
e NLO Gluon distributions: CONSTRUCTION
ﬂ/l’ —

e Quark distributions: needs much more detall.
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“Global QCD analysis of parton structure of
the nucleon: CTEQS parton distributions”,
H.L. Lai et al, Eur. Phys. J. C12, 375 (2000).

p. 389

“Last, but by no means last, there are hidden
uncertainties associated with the choice of
functional forms for the non-perturbative initial
parton distribution. ....”
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