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Electroproduction of photons
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DifferentialDifferential  cross section:cross section:

••      Bjorken Bjorken variable:variable:

••      Lepton energy loss:Lepton energy loss:

••      Momentum transfer:Momentum transfer:

••   Photon mass:   Photon mass:

••      Scattering angle:Scattering angle:
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Building blocks

••      Squared Squared Bethe-HeitlerBethe-Heitler::

                                                                                                                        calculated exactlycalculated exactly

••   Squared DVCS and interference amplitude:   Squared DVCS and interference amplitude:

                                                                                                                        calculated to twist-3 accuracycalculated to twist-3 accuracy



Light-cone dominance

Bj

Quantum mechanical incoherence of physical processes at short and large distance scales implyQuantum mechanical incoherence of physical processes at short and large distance scales imply
factorization:factorization:
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T = CFF"= 2 +
1

Q
CFF"= 3 +K

= C"= 2 #GPD"= 2 +
1

Q
C"= 3 #GPD"= 3 +K

Hadronic Hadronic part of the Compton amplitude is computed to twist-3 accuracy:part of the Compton amplitude is computed to twist-3 accuracy:

BKMBKM’’01 framework: approximation of the 01 framework: approximation of the leptonic leptonic tensor to leading and first tensor to leading and first subleading subleading termsterms
in 1/in 1/QQ expansion; this yields matching expansions for both  expansion; this yields matching expansions for both leptonic leptonic and and hadronic hadronic parts of theparts of the
amplitude in inverse powers of the hard scale.amplitude in inverse powers of the hard scale.



CFFs and Fourier harmonics
Within the systematic 1/Within the systematic 1/QQ expansion, there is a one-to-one correspondence between Fourier expansion, there is a one-to-one correspondence between Fourier
harmonics and twistharmonics and twist  of contributingof contributing  CFFsCFFs..
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••      Squared DVCS amplitudes:Squared DVCS amplitudes:

••   Interference amplitude:   Interference amplitude:



••      Kinematical:Kinematical:

••      Choice of scaling variablesChoice of scaling variables

••   Exact    Exact vsvs. expanded form of process kinematics in lepton amplitudes. expanded form of process kinematics in lepton amplitudes

••      ““DynamicalDynamical””::

••      Target mass corrections (recovery of trace effects due to nonzero Target mass corrections (recovery of trace effects due to nonzero hadron mass/t-channelhadron mass/t-channel
          momentummomentum))

••   High-twist    High-twist parton parton correlationscorrelations
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Sources of 1/Q corrections



Scaling variables
••      Generalized scaling variables (Generalized scaling variables (skewness/Bjorkenskewness/Bjorken):):

••   Light-cone scaling variables (   Light-cone scaling variables (skewnessskewness): ):   
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Photon helicity amplitudes

••      Efficient separation ofEfficient separation of  power suppressedpower suppressed  effects emerging in the effects emerging in the leptonic leptonic part from correctionspart from corrections  
        induced due to different choices ofinduced due to different choices of  parametrization parametrization ofof  the the hadronic hadronic tensortensor

••   The choice of target rest frame with    The choice of target rest frame with zz-axis along the virtual photon allows one to localize -axis along the virtual photon allows one to localize 
        azimuthal azimuthal angle dependence in angle dependence in leptonic helicity leptonic helicity amplitudesamplitudes

••   Concise and systematic    Concise and systematic calculational calculational schemescheme

••   Straightforward reduction to previously used harmonic expansion   Straightforward reduction to previously used harmonic expansion



“Uncertainties” in hadronic tensor
Dependence of the Dependence of the hadronic helicity hadronic helicity amplitudes on the choice of amplitudes on the choice of parametrizationparametrization
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Our consideration assumesOur consideration assumes  validity of a hierarchy of validity of a hierarchy of hadronic hadronic scales associated with scales associated with hadronichadronic
matrix elements of higher twist operatorsmatrix elements of higher twist operators, i.e.,, i.e.,

••      Jlab Jlab kinematics (kinematics (E E = 5.7 GeV):= 5.7 GeV):

••   HERMES kinematics    HERMES kinematics ((E E = 27.5 GeV):= 27.5 GeV):

BKMBKM
VGGVGG



Squared DVCS amplitude
Expansion of squared DVCS amplitude:Expansion of squared DVCS amplitude:
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••      BKM approximation is improved byBKM approximation is improved by  exact accountexact account  for for kinematically kinematically suppressed contributionssuppressed contributions  
          in in leptonic helicity leptonic helicity amplitudes.amplitudes.

••        One-to-one correspondence between One-to-one correspondence between helicity helicity amplitudes and Fourier harmonics (no mixture!)amplitudes and Fourier harmonics (no mixture!)

••        ExactExact  amplitudesamplitudes  are built from mass-corrected QED are built from mass-corrected QED ““splitting functionssplitting functions”” (of lepton energy loss  (of lepton energy loss yy):     ):     



Numerical estimates I

••      HH only (admixture of higher harmonics arises from  only (admixture of higher harmonics arises from hadronic hadronic tensor):tensor):

••   twist-3 contamination of twist-2 (tiny):   twist-3 contamination of twist-2 (tiny):

••      twist-2 contamination of twist-3 (strong):twist-2 contamination of twist-3 (strong):

••      cfcf. BKM approximation:. BKM approximation:  
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TDVCS

2

= [2.99 " 0.53cos# + 0.01cos(2#)]HH
$

            = [2.97 " 0.35cos# + 0.01cos(2#)]HH
$

BKM BKM hadronhadron. . 

VGG VGG hadronhadron..
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BKM approx.BKM approx.

Jlab Jlab kinematics (kinematics (E E = 5.7 GeV, = 5.7 GeV, tt=-0=-0.3 GeV.3 GeV22, , xxBB=0=0.3, .3, QQ22=2GeV=2GeV22):):
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Interference
Spinless Spinless target as an example:target as an example:

with with leptonic helicity leptonic helicity amplitudesamplitudes
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Jµ

••      BKM approximation is improved byBKM approximation is improved by  exact accountexact account  for for kinematically kinematically suppressed contributionssuppressed contributions  
          in in leptonic helicity leptonic helicity amplitudes.amplitudes.

••        One-to-one correspondence between One-to-one correspondence between helicity helicity amplitudes and Fourier harmonics is lost!amplitudes and Fourier harmonics is lost!

••      Treatment of Treatment of hadronic hadronic amplitudes is plagued by uncertainties in the choice of the amplitudes is plagued by uncertainties in the choice of the Lorentz Lorentz tensortensor
          decomposition (e.g., exact decomposition (e.g., exact vsvs. light-cone . light-cone parametrizationparametrization) ) 



Numerical estimates IIa
Jlab Jlab kinematics (kinematics (E E = 5.7 GeV, = 5.7 GeV, tt=-0=-0.3 GeV.3 GeV22, , xxBB=0=0.3, .3, QQ22=2GeV=2GeV22):):

••      HH only: only:

••      twist-3 contamination of twist-2 (small):twist-3 contamination of twist-2 (small):

••      twist-2 contamination of twist-3 (strong):twist-2 contamination of twist-3 (strong):

••      cfcf. BKM approximation:. BKM approximation:  
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I = ["2.34 " 7.54cos# +1.21cos(2#)]ReH

= ["2.36 " 7.56cos# + 0.93cos(2#)]ReH

BKM BKM hadronhadron..

VGG VGG hadronhadron..
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"0.77Re[H 3 "1.57H ]cos(2#) exactexact
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I = ["2.3"12.9cos#]ReH "1.1cos(2#)ReH
3 BKM approx.BKM approx.



Hot fix
An approximation to exact results which accounts for the most significant source of powerAn approximation to exact results which accounts for the most significant source of power
suppressed effects.suppressed effects.

••        Replace BKM harmonics by exact ones.Replace BKM harmonics by exact ones.

••        Ignore admixture of harmonics induced by power suppressed effectsIgnore admixture of harmonics induced by power suppressed effects  for the same for the same hadron hadron 
      helicity       helicity amplitude.amplitude.
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Numerical estimates IIb
Jlab Jlab kinematicskinematics                                                                                            HERMES kinematicsHERMES kinematics

Even harmonicsEven harmonics

Odd harmonicsOdd harmonics

BKMBKM

exactexact

Significant deviations from BKMSignificant deviations from BKM’’01 for 01 for Jlab Jlab kinematics.kinematics.

exactexact

BKMBKM
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DVCS on the proton
Jlab Jlab kinematicskinematics  ((E E = 5.7 GeV, = 5.7 GeV, tt=-0=-0.2 GeV.2 GeV22, , xxBB=0=0.3, .3, QQ22=1.5GeV=1.5GeV22):):

Beam spin asymmetryBeam spin asymmetryCross sectionCross section

BKMBKM
approx.approx.

exactexact
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Dynamical higher twists
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Moderate effects assuming that the scaleModerate effects assuming that the scale            of the twist four contribution is identical to the one in DIS.of the twist four contribution is identical to the one in DIS.

from from Mankiewicz Mankiewicz et al.et al.
[hep-ph/98105267][hep-ph/98105267]

Renormalon Renormalon estimates ofestimates of  
twist-four effects:twist-four effects:
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Conclusion

••      Approach provides analytical framework for analysis of Approach provides analytical framework for analysis of elecroproduction elecroproduction observablesobservables

••      Exact treatment of kinematical effects is crucial for current Exact treatment of kinematical effects is crucial for current Jlab Jlab kinematicskinematics

••      Theory of dynamical higher twistTheory of dynamical higher twist  effects is neededeffects is needed


