

Measurement of FL at HERA
Have we seen anything beyond (N)NLO DGLAP?
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Why measure FL?


How to measure FL?


FL results and interpretation







Before the HERA measurements most of the predictions for low-x behaviour of 
the structure functions and the gluon PDF were wrong – the steep rise at low-x 
was not expected by most of us..


But perhaps it should have been because this is what DGLAP predicts..


Have we seen anything beyond (N)NLO DGLAP at HERA?
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xg(x,Q2) ~ x -λg


At small x,


small z=x/y


Gluon splitting 
functions 
become singular


t = ln Q2/Λ2


αs ~ 1/ln Q2/Λ2


A flat gluon at low Q2 becomes 
very steep AFTER Q2 evolution 
AND F2 becomes gluon 
dominated


F2(x,Q2) ~ x -λs,     λs=λg - ε
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Nevertheless the first results were much steeper 
than had been anticipated 


And it was even more of a surprise to see the 
second results: F2 steep at small x - for very 
low Q2, Q2 ~ 1 GeV2


1. Should perturbative QCD work? αs is 
becoming large - αs at Q2 ~ 1 GeV2 is ~ 0.4


2. There hasn’t been enough lever arm in Q2


for evolution, so even the starting distribution 
is steep- the HUGE rise at low-x makes us 
think


3. there should be ln(1/x) corrections (BFKL) 
to the traditional ln(Q2) summations 
(DGLAP)


4. and/or there should be non-linear high 
density corrections for x < 5 10 -3 


But is there a ‘smoking gun’ for new physics at low-x?







When you look at the sea and the 
gluon deduced from the DGLAP 
formalism at  low Q2 there are odd 
features 


the gluon is no longer steep at small x – in 
fact its valence-like or even negative!


The problem is that we are deducing this from 
limited information
xS(x) ~ x –λs, xg(x) ~ x –λg


λg < λs  at low Q2, low x


So far, we only used  


F2 ~ xq 


dF2/dlnQ2 ~ Pqg xg


Unusual behaviour of dF2/dlnQ2 may come from


unusual gluon or from unusual Pqg- alternative 
evolution?. Non-linear effects?


We need alternative ways to probe the gluon


0


0.2


0.4


0.6


0.8


1
2 =1 GeV2Q


v
xu


0


0.2


0.4


0.6


0.8


1


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2


0


0.2


0.4


0.6


0.8


1


0


0.2


0.4


0.6


0.8


1
2 =1 GeV2Q


v
xd


0


0.2


0.4


0.6


0.8


1


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2


0


0.2


0.4


0.6


0.8


1


0


2


4


6


8


10
2 =1 GeV2Q


xS


0


2


4


6


8


10


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2
0


2


4


6


8


10


0


1


2


3


4


5
2 =1 GeV2Q


xg


0


1


2


3


4


5


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2
0


1


2


3


4


5


CTEQ6.5


0


0.2


0.4


0.6


0.8


1
2 =1 GeV2Q


v
xu


0


0.2


0.4


0.6


0.8


1


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2


0


0.2


0.4


0.6


0.8


1


0


0.2


0.4


0.6


0.8


1
2 =1 GeV2Q


v
xd


0


0.2


0.4


0.6


0.8


1


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2


0


0.2


0.4


0.6


0.8


1


0


2


4


6


8


10
2 =1 GeV2Q


xS


0


2


4


6


8


10


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2
0


2


4


6


8


10


0


1


2


3


4


5
2 =1 GeV2Q


xg


0


1


2


3


4


5


-0.2


0


0.2


-610 -510 -410 -310 -210 -110 1x
-0.2


0


0.2


-0.2


0


0.2
0


1


2


3


4


5


MSTW08







We need other gluon sensitive measurements like FL


In NLO DGLAP FL is given by


Even last year I’d have said:


FL looks pretty conventional- can be 
described with usual NLO DGLAP 
formalism


BUT there are new FL measurements 
from HERA ….


And at low-x this becomes gluon dominated 
LO approx, AMCS et al 
1987!!







Schematically


So how do we do the FL measurement at HERA?


We measure the NC e+p differentail cross-section at different beam energies


And here are H1’s actual measurements


y=Q2/sx







This is not an easy measurement


Most of our previous measurements have been at low-y


ZEUS DESY-09-046







H1prelim-09-044
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ZEUS DESY-09-046


Reduced cross-section 
measurements at three 
different beam energies







Impact of adding HER (Ep=920,44.5pb-1), MER (Ep=575, 7.1pb-1), LER 
(Ep=460, 14.0pb-1) : NC e+p ‘FL’ data to the ZEUS-JETS PDF fit


ZEUS-prel-09-010The new ‘FL’ data are well fit by 
the conventional DGLAP 
formalism


Dataset χ2/ndp ndp


LER 0.84 54


MER 0.73 54


HER 0.97 54


The uncertainties of the low-x Sea and 
gluon are reduced


The low-x gluon is a little 
steeper
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ZEUS DESY-09-046ZEUS extract F2 and FL from their reduced cross-section 
data via a Bayesian fit







1


1.5
2 = 2.5 GeV2Q 2 = 2.5 GeV2Q 2 = 2.5 GeV2Q


1


1.5
2 = 3.5 GeV2Q 2 = 3.5 GeV2Q 2 = 3.5 GeV2Q


1


1.5
2 = 5.0 GeV2Q 2 = 5.0 GeV2Q 2 = 5.0 GeV2Q


1


1.5
2 = 6.5 GeV2Q 2 = 6.5 GeV2Q 2 = 6.5 GeV2Q


1


1.5
2 = 8.5 GeV2Q 2 = 8.5 GeV2Q 2 = 8.5 GeV2Q


1


1.5
2 = 12 GeV2Q 2 = 12 GeV2Q 2 = 12 GeV2Q


1


1.5
2 = 15 GeV2Q 2 = 15 GeV2Q 2 = 15 GeV2Q


1


1.5
2 = 20 GeV2Q 2 = 20 GeV2Q 2 = 20 GeV2Q


1


1.5
2 = 25 GeV2Q 2 = 25 GeV2Q 2 = 25 GeV2Q


x


, y
)


2
 (


x,
 Q


rσ


H1 Preliminary


H1 Data H1PDF 2009
rσ


 = 920 GeVpE
 = 575 GeVpE
 = 460 GeVpE


 = 920 GeVpE
 = 575 GeVpE


 = 460 GeVpE
H1PDF 2009
2F


1


1.5


1


1.5


1


1.5
-410 -310 -410 -310 -410 -310


-410 -310


0.8


1


1.2


1.4 2 = 5.0 GeV2Q


0.8


1


1.2


1.4 2 = 5.0 GeV2Q


0.8


1


1.2


1.4 2 = 5.0 GeV2Q


0.8


1


1.2


1.4 2 = 5.0 GeV2Q 2 = 5.0 GeV2Q 2 = 5.0 GeV2Q


x


, y
)


2
 (


x,
 Q


r
σ


H1 Preliminary


H1 Data H1PDF 2009
rσ


 = 920 GeVpE


 = 575 GeVpE


 = 460 GeVpE


 = 920 GeVpE


 = 575 GeVpE


 = 460 GeVpE
H1PDF 2009
2F


0.8


1


1.2


1.4


0.8


1


1.2


1.4 -410 -410


-410


Home in on Q2=5.0 GeV2


The data is below the 
H1PDF2009 NLOQCD fit


H1 reduced cross-
section data goes to 
lower Q2 than ZEUS


Predictions differ more at low Q2
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Compare to variants of H1 
PDF2009 in which alternative 
(not NLO DGLAP QCD) values 
of R = σL/σT= FL/(F2-FL) are 
used


Data seem to require a larger 
value of R/FL than NLOQCD
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Now let’s compare this year’s 
new result to last year’s


Compatible- but the point is 
the extension of the kinematic 
range to low Q2


H1prelim-09-044
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Now let’s take the summary plot 
and compare it to various 
predictions


It’s not just H1 PDF 2009 that 
fails to fit


QCD PDF fits in the 
conventional DGLAP scheme 
all fall somewhat low
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You can of course argue that some fit 
better than others- but the differences 
are mostly the order to which FL is 
calculated


CTEQ6.6 (NLO)            O(αs)


MSTW08 (NLO)            O(αs
2)


MSTW08 (NNLO)          O(αs
3)


And since more orders should be 
better this doesn’t help
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And finally look at the 
alternative theoretical 
predictions:


White and Thorne (WT) which 
has NLL ln1/x resummation 
included


Dipole Models which can 
accommodate saturation eg 
IIM colour glass condensate


So do we have a smoking gun?


Maybe not- but the circumstantial evidence is building up







Summary


• HERA has now measured FL to low Q2 
and hence to x < 3 10-4


• The lowest x points are not well fit by NLO 
DGLAP
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