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OUTLINE: Background to talk

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

2) The Proton Structure Function F2
p(x,Q2) : “Small-x 

behavior of parton distributions from the observed 
Froissart energ dependence of the deep inelasticFroissart energy dependence of the deep-inelastic-
scattering cross sections”, 
M M Block Edmund L Berger and Chung-I TanM. 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, 
Ph R L tt 98 242001 (2007)
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OUTLINE: Talk

• New Analytic LO Gluon Distributions using the Froissart 
Bound  and massless quarks:q
“Analytic derivation of the leading-order gluon distribution 
function G(x,Q2)=xg(x,Q2) from the proton structure function

2F2
p(x,Q2)”, M. M. Block, L. Durand and D. McKay, 

arXiv hep/ph 0710.312 (2007).
• Analytic LO Gluon Distributions using the Froissart Bound, 
for 5 quarks:  3 massless quarks + massive c and b quarks:
M M Bl k L D d d D M K A Wi Ph iM. M. Block, L. Durand and D. McKay, Aspen Winter Physics 
Conference, Jan. 2008
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Part I: Cross section fits for Ecms > 6 GeV, anchored at 2.6 GeV,

π+p and π-p

ln2(s/s ) fitln2(s/s0) fit

M Block and F Halzen Phys Rev D 72 036006 (2005); K Igi and M Ishida
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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 Ecms > 6 GeV, anchored at 4 GeV,

pp and pbar ppp p p
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γp log2(ν/m) fit, compared to the πp even amplitude fit

M. Block and         
F. Halzen,      

Phys. Rev. D 70, 
091901, (2004)
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Part 2: Proton Structure Function F2(x,Q2), from Deep Inelastic 
Scattering, Block, Berger & Tan, PRL 99, 88 (2006); Berger,Scattering,      Block, Berger & Tan, PRL 99, 88 (2006); Berger, 
Block and Tan, PRL 98 242001 (2007).

Jan, 2008 M. Block, Aspen Winter Physics 
Conference

7



so the ZEUS data were fit to:
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Global (Simultaneous) Fit of ZEUS F2(x,Q2) to x and Q2

Scaling 
Point
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Differentiate the F2 fit to obtain:

1 ≤ Q2 ≤ 100 GeV2

Predictions are made 
using ZEUS data in 

global fitglobal fit

Experimental data are 
from H1 collaborationfrom H1 collaboration

NO 
RENORMALIZATIONRENORMALIZATION 

made!
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Part 3: Analytic gluon distributions from the proton structure 
function F (x Q2): M M Block L Durand and D McKayfunction F2(x,Q2): M. M. Block, L. Durand and D. McKay, 
arXiv hep/ph 0710.312 (2007).

“Free to SKI”
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We now derive a differential equation for the LO gluon 
distribution G(x Q2)=xg(x Q2) from the integral A-P equationdistribution G(x,Q )=xg(x,Q ) from the integral A-P equation
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Introducing the LO Splitting functions we write theIntroducing the LO Splitting functions, we write the 
Alterelli-Parisi evolution equation for the proton 

structure function as: 
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Inhomogeneous r.h.s. of the linear 2nd order 
differential equation is completely determineddifferential equation is completely determined 

by the proton structure function, F2(x,Q2)

.
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We will illustrate the procedure using the Froissart p g
bound fit of Berger, Block and Tan to F2(x,Q2), 

although any good parametrization of the g y g p
structure function data can be used.
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ln2(1/x), for small x

Quadratic in

lnQ2lnQ
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4 massless 3 massless massive c massive b

W. K. Tung et al, 
JHeP 0702:053 

(2007)
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New lower limits due to 
step functions
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First, solve 4 quark differential equation,  
3 massless u, d, s                               and               

a massive c quark

Note evaluation at shifted argument vc
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Note evaluation at shifted argument vc



Jan, 2008 M. Block, Aspen Winter Physics 
Conference

27



Jan, 2008 M. Block, Aspen Winter Physics 
Conference

28



Differential equation for five quarks:               
3 l d i d i b3 massless and massive c and massive b  

quarks

Note the displaced arguments v and vNote the displaced arguments vc and vb
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Solution for G4+b(x,Q2) 4+b( ,Q )
5 quarks:  3 massless (u,d,s) quarks                       
+  massive c quark (Mc = 1.3 GeV)                        
+  massive b quark (Mb = 4.2 GeV)

ln2(1/x), for small x
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Comparisons with LO CTEQ5 and ZEUS
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CONCLUSIONS

• Using only the 1st Alterelli-Parisi equation and an 
experimental global fit to the proton structure 
function F (x Q2) we showed that one can obtainfunction F2(x,Q2), we showed that one can obtain 
an analytic LO gluon solution for 5 quarks: 3 
massless (u,d,s) and 2 massive c + b  quarks, ( , , ) q ,
G4+b(x,Q2)=xg(x,Q2), with rather small errors.

• We illustrated this procedure using a Froissart-

To be done:

We illustrated this procedure using a Froissart
bound fit to F2(x,Q2), in ln2(1/x) and ln2(Q2) .

To  be done:

• NLO Gluon distributions:

• Quark distributions: needs much more detail.
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“Global QCD analysis of parton structure of 
the nucleon: CTEQ5 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 ofuncertainties associated with the choice of 
functional forms for the non-perturbative initial 
parton distribution ”parton distribution. ….
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