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InclusiveDISKinematicsInclusiveDISKinematics
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InclusiveDISatLowQ2InclusiveDISatLowQ2

�� Measur e NC cross section
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dx dQ2 =
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�� Measur e NC cross section
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InclusiveDISatLowQ2InclusiveDISatLowQ2

�� Measur e NC cross section

d2s
dx dQ2 =

2p a2

Q4x
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Reduced cross section sr = F2(x, Q2) � y2

Y+
FL(x, Q2)

�� Par ton distribution functions (PDF) in pQCD

Fem
2 (x, Q2) = x å

i
e2
i [qi (x, Q2) + q̄i (x, Q2)]

qi – proba bility to �nd quar k with �av our i in proton
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InclusiveDISatLowQ2InclusiveDISatLowQ2

�� Measur e NC cross section

d2s
dx dQ2 =

2p a2

Q4x
Y+

�
F2(x, Q2) �

y2

Y+
FL(x, Q2)

�
Y� = 1 � (1 � y)2

Reduced cross section sr = F2(x, Q2) � y2

Y+
FL(x, Q2)

�� Par ton distribution functions (PDF) in pQCD

Fem
2 (x, Q2) = x å

i
e2
i [qi (x, Q2) + q̄i (x, Q2)]

qi – proba bility to �nd quar k with �av our i in proton

�� FL(x, Q2) – longitudinally polar ised photons
– Contr ibution only at high y
– Sensitive to QCD higher order s (gluon emission)

FL � asg — constr ains gluon density
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� ! LowQ2 =) Lowx� ! LowQ2 =) Lowx
strongly rising gluon
testing validitity of DGLAP
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� ! LowQ2 =) Lowx� ! LowQ2 =) Lowx
dense gluon states
search for saturation
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� ! VerylowQ2� ! VerylowQ2

as(Q2) becomes large =)
quar k con�nment

transition from quar ks to hadr ons
å phenomenological models
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F2 in pQCDRegionF2 in pQCDRegion
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II Scaling violations are well descr ibed

by NLO QCD DGLAP �ts

II Strong rise of F2 to wards low x

II No evidence for new dynamics at low x

in inclusive data

II Precision: 2 – 3% in bulk region

II Also very impor tant for LHC
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LowQ2 DISEventLowQ2 DISEvent
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For main detector: Q2 & 2GeV 2
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ExperimentalTechniquesatLowQ2ExperimentalTechniquesatLowQ2
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Initial StateRadiation– UntaggedInitial StateRadiation– Untagged

Equivalent to inclusive ep

scatter ing at reduced s

Q2 = xys

) Accesshigherx

pe

gISR�

BST e+
Hadrons

gp backgroundrejectedbyBST

V. Lendermann, MeasurementsofProtonStructureat Low Q2 at HERA 17 CIPANP, Puerto Rico, 29.05–03.06.2006V. Lendermann, MeasurementsofProtonStructureat Low Q2 at HERA 17 CIPANP, Puerto Rico, 29.05–03.06.2006

17



InelasticQEDComptonScatteringInelasticQEDComptonScattering
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�� Equivalent to inclusive ep scatter ing at low q =) low Q2

�� DISbac kground at low x: p 0 fakes g

�� Medium– highx aremeasured
�� Under standing of HFSat low masses = at low y
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CurrentResultsforTransitionRegionCurrentResultsforTransitionRegion
Fractal fit F2 and dipol FL

ALLM 97

H1 QCD fit 97

Q2 min = 3.5 GeV2

Precision � 2–4%
reached for inclusive data
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CurrentResultsforTransitionRegionCurrentResultsforTransitionRegion
Fractal fit F2 and dipol FL

ALLM 97

H1 QCD fit 97

Q2 min = 3.5 GeV2

Precision � 2–4%
reached for inclusive data
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x Dependenceof F2 atLowQ2x Dependenceof F2 atLowQ2
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II If saturation effects present,

expect taming of rise of F2 at low x

II Extract at �xed Q2
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Extractionof l (Q2)Extractionof l (Q2)

�� Riseof F2 at x < 10� 2

is well par ameter ised by
F2 = c(Q2) � x� l (Q2)

�� At Q2 & 3GeV 2 :
l � ln Q2 , c � const

Par tonic degr ees of freedom

�� At Q2 . 2GeV 2 :
Transition to hadr onic d.o.f . at � 0.3 fm

Q2 ! 0: l ! 0.08(Regge model)

�� H1 impr oved its l extraction by ISR
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CombinedExtractionof l (Q2)CombinedExtractionof l (Q2)

�� Riseof F2 at x < 10� 2

is well par ameter ised by
F2 = c(Q2) � x� l (Q2)

�� At Q2 & 3GeV 2 :
l � ln Q2 , c � const

Par tonic degr ees of freedom

�� At Q2 . 2GeV 2 :
Transition to hadr onic d.o.f . at � 0.3 fm

Q2 ! 0: l ! 0.08(Regge model)

�� Best precision from combined data

Looking forw ard to the �nal results . . .
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GluonandFLGluonandFL

ZEUS-JETS

 ZEUS-JETS fit

2 = 1 GeV
2

Q

xg

xS

2 = 2.5 GeV
2

Q

xS

xg

 uncorr. uncert.
tot. uncert.

2 = 7 GeV
2

Q

xS

xg

2 = 20 GeV
2

Q

xS

xg

2 = 200 GeV
2

Q

xS

xg

2 = 2000 GeV
2

Q

xS

xg

x

xf

-410 -310 -210 -110 1 -410 -310 -210 -110 1

0

10

20

30

0

10

20

0

2

4

6

8
MRST2003 FL

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

1

F L
(x

,Q
2 )

Q2=2 GeV2

NLOc fit
NNLOc fit
LO fit

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

Q2=5 GeV2

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

1x
F L

(x
,Q

2 )

Q2=20 GeV2

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

x

Q2=100 GeV2

�� Critical cor ner – low Q2 and low x
Gluon becomes valence-lik e or even neg ativ e

�� Large spread of calculations for gluon and FL
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Determinationof FLDeterminationof FL

sr = F2(x, Q2) �
y2

Y+
FL(x, Q2)

Reduced Cross Section

{{

�� Data sensitive at highest y only

�� Direct measur ement requir es data

at different s � ! lowerEp runs
Q2 = x y s

�� Indirect deter mination at high y

II Newest a ppr oach – Shape method

s�t = cx� l �
y2

Y+
FL

Shape dr iven by kin. factor rathen than FL

Model dependent
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FL atFixedy = 0.75FL atFixedy = 0.75
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II New constr aints from low Q2 data

II FL spans 3 order s of magnitude in Q2

II Basic agr eement with NLO pQCD �ts

II Non-negligible FL at low Q2

II x dependence is still missing � ! needlowEp run
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FutureLowEnergyRunFutureLowEnergyRun

H1 and ZEUSexpr essed inter est to perf orm low Ep run

DESYPhysics Research Committee recommended a run of 3 months � 10pb� 1

MRST CTEQ

Simulation

30pb� 1 at Ep = 920GeV

10pb� 1 at Ep = 460GeV

Abs. error � 0.05� 0.1
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SummarySummary

�� Inclusive data in pQCD region are well descr ibed by DGLAP

Strongly rising gluon to wards low x
No clear sign for different dynamics , saturation . . .

�� DIS–g p transition region is descr ibed by phenomenological models
Accessed using special exper imental techniques

Transition occur s at � 0.3fm
Looking forw ard to �nal results

�� FL is impor tant to pin do wn gluon at low Q2 and low x

So far deter mined only indirectly
FL is descr ibed by pQCD �ts at Q2 > 2GeV 2

FL > 0 also at Q2 < 1GeV 2

Planning low ener gy run at the end of HERAII
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ScalingViolationsatLowxScalingViolationsatLowx

Local der ivativ es ¶F2
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�� Consistent with DGLAP QCD �ts

for Q2 & 3GeV 2

�� No sign of new dynamics

�� Mor e precision desira ble



PDFsforLHCPDFsforLHC
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ModelsforLowQ2 RegionModelsforLowQ2 Region

�� Inspired by Regge a ppr oach — Pomer on + Reggeon exchange
Several models av aila ble

�� Dipole models for low x region

Example: saturation model (Golec-Bier nat, Wüsthof f)

using R0(x) – x-dependent saturation scale
= av erage gluon distance

r ~ 1/Q
dipole size

photon

protonL ~ 1/x

R0 ln Q
 
   

ln(1/x)

s
Q  (x)



DataAreDescribedbySaturationModelDataAreDescribedbySaturationModel
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SaturationRegionin DipoleModelSaturationRegionin DipoleModel
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�� For pQCD Q2 scales saturation region
is be yond HERAreach

�� For Q2 . 1 � 2GeV 2 saturation model

claims we see saturation

Appealing but not compelling
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AccesslowerQ2 andhigherx

Distinct topologies:

�� Initial State Radiation (ISR):~k k~l

�� Final State Radiation (FSR):~k k ~l0

�� QED Compton (QEDC) : ~q k ~l
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AccesslowerQ2

Additional exper imental challenges

�� Detector acceptance and calibr ation

�� Bac kgrounds from event overlaps
(DIS+ BH, g p + BH, ISR+ BH)



PreliminaryResults:F2 in ISRPreliminaryResults:F2 in ISR

W=25 GeV
(x 1)

W=35 GeV
(x 2)

W=45 GeV
(x 4)

W=65 GeV
(x 8)

W=105 GeV
(x 16)

W=135 GeV
(x 32)

W=155 GeV
(x 64)

W=170 GeV
(x 128)

W=190 GeV
(x 256)

W=210 GeV
(x 512)

W=230 GeV
(x 1024)

H1
H1 Radiative (preliminary)

ZEUS BPT

Regge Fit (ZEUS)
NLO QCD Fit (H1)
QMIN

2 =  3.5 GeV2

 Q2 [GeV2]

F 2

Accessbothperturbativeand
non-perturbativedomain

ZEUS
Q2 = 0.3 GeV2F 2 Q2 = 0.65 GeV2

Q2 = 1.3 GeV2 Q2 = 2.5 GeV2

Q2 = 4.5 GeV2 Q2 = 10 GeV2

Q2 = 22 GeV2

x

ZEUS 96/97

ZEUS SVX 95

ZEUS (prel.) ISR 96

ZEUS BPC 96/97 ZEUS NLO-QCD Fit

ALLM97

0

0.2

0.4

0.6

10 -5 10 -4 10 -3 10 -2

0

0.2

0.4

0.6

10 -5 10 -4 10 -3 10 -2

0

0.5

1

10 -5 10 -4 10 -3 10 -2

0

0.5

1

10 -5 10 -4 10 -3 10 -2

0

0.5

1

1.5
2

10 -5 10 -4 10 -3 10 -2

0

0.5

1

1.5
2

10
-5

10
-4

10
-3

10
-2

0

1

2

3

10
-5

10
-4

10
-3

10
-2



DirectDeterminationof FLDirectDeterminationof FL

Modi�ed kinem atics:
inter pret as incident E = Ee� beam � Eg
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NeedmuchmoreISRstatistics
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