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FIG. 1: Two possibilities for collinear factorization of the annihilation process
NN — ~*(q)M(pp). Left panel: backward kinematics (|u| ~ 0) . Right panel:
forward kinematics (|t| ~ 0). N(N) DA stands for the distribution amplitude of
antinucleon (nucleon); MN(MN) TDA stands for the transition distribution amplitude
from a nucleon (antinucleon) to a meson; CF and CF’ denote hard subprocess

amplitudes (coefficient functions).



our 2 - component model for TDA'

~ A spectral representation with input fixed at ¢ = 1 through soft
pion theorem

and deskewing (i.e. £ —%= 1 ) through an ansatz
<~ A nucleon pole exchange in the uv—channel
These two components are additive and there is no double counting
(one may also add a A—pole exchange but small contribution )
<~ A model driven by a nucleon DA parametrization

various existing DAs : CZ, COZ, KS, GS, BLW ...

NEW'! ( LPS-2007 paper = only soft limit)



Nucleon exchange through a TDA|

Nucleon pole contribution

m u-channel nucleon exchange is complementary to the spectral representation
(D-term like contributions) non-zero in the ERBL-like region 0 < z; < 2¢.

P2

m The effective Hamiltonian for 1N N:
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m After decomposition over the Dirac structures:
N
{vi, Ay, Tl}(Tr (21,22, 73)
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Remarks|

Nucleon pole dominant almost everywhere

Confidential : seems to give right order of magnitude for
TDAs at JLab
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Forward and Backward Peaks|
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FIG. 6: Differential cross section do/dQ*d cos0* for pp — (T4~ 7° as a function of cos 6*
for W? = 5GeV? and Q% = 2.5GeV?. Forward and backward peaks are clearly visible.
COZ solution for the nucleon DAs is used as the numerical input. Dotted region denotes

scattering over large angles in which the present factorization description does not apply.

in Center of Mass frame!



From Center of Mass to Lab frame |
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FIG. 3: The solid lines illustrate the dependence of the CMS scattering angles 0 for
the u-channel (left panel) and the t-channel (right panel) factorization regimes for the

reaction (7) as functions of A%2. and AtTfmn respectively. The dashed lines illustrate the

dependence of the LAB frame scattering angles §LAB for the two factorization regimes as

the function of A%2. and ALZ

T'min T'min

and the backward peak is broadened due to the effect of the boost from the CMS to the

respectively. Note that the forward peak is narrowed

LAB frame which corresponds to the nucleon N at rest in the PANDA set up.

Forward peak narrowed ; Backward peak broadened



input dependence|

Cross section ( for electroproduction ) calculated from the modeled
TDA depends much on the DA model

CZ v.s. COZ v.5. KS v.s GS v.s BLW NNLO input nucleon DA
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Figure 1: Unpolarized cross section ‘f—gf (in nb/sr) for backward v*p — pr® (upper panel) and
for backward v*p — nn™ (lower panel) as the function of g computed in the two component
model for N TDAs for @ = 10GeV?, uv = —0.5CeV? as a function of 2. CZ [7} (red solid
lines), COZ [8] (dotted lines), KS [9] (dashed lines), GS [10] (dash-dotted lines) nucleon DAs
and BLWNNLO [4] (orange solid lines) were used as inputs for our model.
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FIG. 4: Integrated cross section d&/dQ? for pp — £+{~7° as a function of Q? for different
values of W2 = 5, 10 and 20 GeV? for various phenomenological nucleon DA solutions:
COZ (long dashes); KS (solid line); BLW NLO (medium dashes) and NNLO modifica-
tion [25] of BLW (short dashes).

depends much on DA input in TDA model
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FIG. 5: Integrated cross section da/dQ?* for pn — (T¢~7~ as a function of Q?, for
different values of W2 = 5, 10 and 20 GeV? for various phenomenological nucleon DA
solutions: COZ (long dashes); KS (solid line); BLW NLO (medium dashes) and NNLO
modification [25] of BLW (short dashes).

Isospin factor doubles the cross section



M productionl

N(pp) + N(ps) — v* (@) + n(py) = € (per) + £ (pe-) + 1(py)-

Pp - T, W=10 GeV?; |A%|< 0.2 GeV?;

Pp - T Wi=5 GeV?; |A2< 0.2 GeV?;
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FIG. 7: Integrated cross section d&/dQ? for pp — ¢+{~n as a function of Q? for different
values of W2 = 5, 10 and 20 GeV? for various phenomenological nucleon DA solutions:

COZ (long dashes); KS (solid line); BLW NLO (medium dashes) and NNLO modifica-
tion [25] of BLW (short dashes).

Smaller cross section ; less background ?



the PANDA®FAIR processes I
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Soft pion Iimitl

Soft pion theorem for 7N GDA
m Soft pion theorem Pobylitsa, Polyakov and Strikman'01 (Q? > A%CD/m):

. i P
(010587 (1, 22, 28)|maNe) = —— (0] [Q%, 0387 (=1, 22, 28)| VL),

T
with |Qg, W | = —1(0a)%75, 9%

m At the pion threshold (¢ = 1, A% = M? in the chiral limit) soft pion theorem
fixes TN TDAs/GDAs in terms of nucleon DAs VP, AP TP (see V. Braun,
D. Ivanov, A.Lenz, A.Peters’'08).

m E.g. soft pion theorem for uud proton to 7% TDAs:

0 0 1
(V™ AT™ Y1, 22,23, € = 1,A?% = M2) = ——{VP, 4p}(f’31 7 $2’ 333);
8 22 2
1 ° i 3
f?ﬂ' (x1’$2,x3,£ — 1aA2 — M2) . _Tp(ﬂ;l , 3322’ 5623

2 )
0 0 0 1 0 0 0 0
{vpm  ABT TP} = _5{\/11’” AT TP Y Ty =0
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A skewing ansatzl

“Skewing” & =1 limit for 1N TDAs

a1 +B1—as—0F2
2 7

w=asz— 03, A= a1_515a2+52) and introduction of “quark-diquark” coordinates

Z1—x2.
5 :

After suitable change of spectral variables (k = a3 + (3, 0 =

w=x3—& v=

1

H(w, v, 5):/_11d/<e/ f_l d@/lldm/i XS (w — %(1—5)—@)

T2

x5 (v— -9 —es) Fs, 0, 1, M)

m A factorized Ansatz for quadruple distribution Fj;:
F(k, 0, u, \) =V (k, 0) h(p, )

with the profile h(u, \) normalized as [ du [ d\h(u, ) = 1.
m Since H(w, v, £ = 1) = V(w,v) for V one may use input from the soft pion
theorem

m A possible choice for the profile: h(p, A) = 12 (1 + p)((1 — p)? — 42?);
vanishes at the borders of the definition domain.
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