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GPDs and the Challenges of GPD pheno

Parametrizing the GPDs 7 — _ ~
GPDs give information about
Genaraiies P( ‘2%’:)0"“”"’””0"5 > Longitudinal momentum distribution
) » Transverse spatial structure
(P'[Vg (0)OY4(»)]p). » Spin and orbital angular momentum

o > Nucleon mass
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e That much information comes at a cost!
/ Kinematic regions of GPDs(x,§,t) \ / Constraints on GPDs(x, &, t) \
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f ¢ Kinematical limits of the variables: = € [-1,1], £ € [-1,1], t <0, |t| > |t|min = %
£=1 T =g -
e The forward limit: lim¢; ,c GPD(z,{,t) = PDF(x)
DA

Continuity at x = £&: Continuity between the two kinematic regions

x PDF PDF o e Polynomiality: F,,(£,8) = Y p_o cpen E¥Fnk(t)

We need to parametrize a high dimensional function of three variables, (x,é§,t),
thatis defined in two kinematical regions and must obey certain theoretical constraints




GPDs and the Challenges of GPD pheno

Lack of experimental data

Experimental data
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* Neglecting the real parts of the CFFs and TFFs

Lattice data
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Lattice data has limitations on x = +¢§



Experimental data
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The GUMP Project

Lattice data

THE GUMP PROJECT
Experimental + Lattice data
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Lattice data has limitations
onx = +¢

Experimental and Lattice data
are complementary !

Combining all the possible constraints on GPDs including both experimental and lattice calculations
and parametrizing the t dependence of the conformal moments of valence, sea distributions



Conformal wave expansion of GPDs
= (Consider we expand the GPD in terms of a complete set of polynomials: F(z,&,t) = ch(m)ci(m)Ff(g,t) ,
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= Thenthe F£(§,t) is simply the moment of F(x,&,t):  FE(,t) = / dzC;(z)F(z,€,t) .
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Conformal wave expansion of GPDs
=) _rc(@)Ci@)FE(6:1)

Consider we expand the GPD in terms of a complete set of polynomials: F(x,¢,t)

1
= Thenthe F£(§,t) is simply the moment of F(x,&,t):  FE(,t) = / dzC;(z)F(z,€,t) .
~1

O There are infinite possible choices for C;(x); which choice is the most suitable one for GPDs?

= Diagonal evolution at LO /1 H [V(O) (za :E)LCJ? (g) =C; (a;) :

_ NLO and Beyond.:
LO Evolution: The evolution is non — diagonal in conformal space,
The evolution is diagonal in conformal space, there is mixing of conformal moments

and there is no mixing of conformal moments.  pyt it is still easier than the coordinate space evolution
because it is matfirix multiplicative
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Conformal wave expansion of GPDs

= (onsider we expand the GPD in terms of a complete set of polynomials: F(x,§,t) = ch(m)C@(m)Ff(g,t) :
1
= Thenthe F£(§,t) is simply the moment of F(x,&,t):  FE(,t) = / dzC;(z)F(z,€,t) .
—1
O There are infinite possible choices for C;(x); which choice is the most suitable one for GPDs?

= Diagonal evolution at LO / Gl [V(O) (za :E)LCJ? (2) =C; (a;) :

pj(x,§): Partial wave function Conformal

moment
+J) z 2 $ [z
Pla 1) = Zg g= 1 (J+3) 1—(E) ]Cj (E).Fj(ﬁ,t) for |z| < £ .
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Gegenbauer polynomials

polynomials



Conformal wave expansion of GPDs
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Conformal wave expansion of GPDs
= (Consider we expand the GPD in terms of a complete set of polynomials: F(z,&,t) = ch(m)Ci(m)Ff(g,t) ,
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Conformal wave expansion of GPDs
= (Consider we expand the GPD in terms of a complete set of polynomials: F(z,&,t) = ch(m)Ci(m)Ff(g,t) ,
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Analytic continuation
(Sommerfeld — Watson Trans formation)

Mellin Barnes Integral: F(z,&,t) = = dj Fi(€,t)

1 /C—Hloo . pj(SB,E)
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Parametrizationof GPDs

Inverse conformal transform

c+100 .
F(z,t) = l/ gj— L) Fi€t)

20 )i sin(m[j + 1))
polynomiality
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parametrization
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DVCS and DVMP; complementary rather than redundant

DVCS DVV.P

U The gluons start contributing the hard part at NLO. Q The gluons start contributing to the hard part at LO.

Their impact at LO arises only through evolution.

Quark GPD Gluon GPD Quark GPD Gluon GPD
v 4 /V/ ! v d
LO : : There is no gluon contribution at LO! + ..
L'/ = \‘P\ Lo 2. P
pd .
14 ¥ ¥ 14
) , o o 7 o " e
NLO m\ + . + j NLO ﬁﬁgﬁ
- F1 ~F &9999 . o - " p Y + .
P ~ R B

U Contributions from vector GPDs H and E,

3 / Q Vector GPDs H and E contribute to vector meson production.
and axial vector GPDs H and E

Q At leading twist for small xg Q At leading twist for small xg
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(nb/Gev?)

do
E3

TFF(xg, t, Q)

p meson production fits using H1 data

Comparison of fitted do/dt at different Q?'s to the data Comparison of fitted do/dt as a function of Q° for fixed t
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» NLO corrections are important
- and significant

10° 4 e el %

o o 5 B e * » DVCS and DVMP are complementary
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NLO Hrer(t = 0,Q = 4 GeV)

Im[HTee](t =0,Q = 4 GeV)

50000 - 0% — o Including DVCS and
o000 — — =l possibly lattice data
-—- NLO (dashed) 'C_y: 15000 - —=r Fe (desherd)

] £ o Incorporating the ZEUS data
= with H1 data for DVMP
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