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Reminder on Generalised Parton Distributions|

DVCS Mesons Production
. Py
W2
hadron ~ ~ hadron hadron ~ ™~ hadron

Non-pert. object Non-pert. object

<~ Factorisation between the hard part (perturbatively calculable) and the
soft part (non-perturbative) demonstrated for

Q2 — oo, zg = fixed and t < fixed

Q2
e
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TDAS : transition distribution amplitudes |

B. Pire, L. Szymanowski, PRD 71 :111501,2005; PLB 622 :83,2005.

~ For u < DVCS, the non-perturbative part does not describe
anymore a H — H transition, but rather

a hadron-photon or baryon-meson transition.
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~ For u < DVCS, the non-perturbative part does not describe
anymore a H — H transition, but rather

a hadron-photon or baryon-meson transition.
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< The same occurs In pp — vy* reactions at ¢t < (GSI)
< and in vv* — 7w reactions at ¢t < (through ete~ collisions )
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GPD in terms of usual parton distributions

c(Y"H — X) o< Sm(AYY9(v*H — v*H))
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GPD in terms of usual parton distributions

c(Y"H — X) o< Sm(AYY9(v*H — v*H))

\
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Sum over spect.

<~ The PDFs give the probability to find, within the hadron, a parton with a
momentum fraction x.
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GPD in terms of usual parton distributions

~ The GPDs possess an interpretation at the amplitude level and provide
with information about correlations between quarks

Sum over spect.

<~ The PDFs give the probability to find, within the hadron, a parton with a
momentum fraction x.
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Interpretation of the TDAsl

/
r#4z T L o
. = X
p p p

<~ The mesonic TDAS possess an interpretation at the amplitude level and
provide with information on how a meson looks like photon

whereas

<~ The baryonic TDASsS rather provide information on how one can find a
meson or a photon in it
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TDAS vs GPDs : meson case|

GPDs TDAsS

Matrix elements | (M(p)|®T(z)P(0)|M(p)) (7@, &)|PT(z)P(0)|M(p))

Diagonal limit GPDs — PDFs

£E—0,t—0 Hi(x,0,0) = q(x) N/A

Sum rules : [dx . B
— local operator /de(x’g’t) = F(t) /d-fUT(%ﬁ,t) = Fa_p(t)

«~ In view of the sum rules, both GPDs and TDAs are such that
their integral on x is independent of ¢!

= possible modelling of the TDAs through double distributions
(cf. Radyushkin)
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Example : v -« TDAS'

JPL, B. Pire, L. Szymanowski, PRD 73 :074014,2006.

There are 4 leading-twist helicity amplitudes for v — qqm
— 4 TDAs : A, V, T7 and 15

1 e

EuaPALVW T t
zt=0, z2p=0 P+ f7T ( 5 )

/C;Z—;emp+z_<7r_(pw)\J(—%)[--]V“U(g)"Y(P%5)>

l e
- - = H AT
2+=0, 2r=0 - pt fﬁ(s A)PRAT (x,€,1),

| S e el DL u ) )

dz~

& (o= (D) Py (s 9)

2+=0, 2,=0
€ vpo T 1 T
= ﬁé'a P7 P, [5pT1 (ZE,f, t) - ﬁ(a ’ A)AJ—PTQ (SL‘, 3 t)
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Example | v — 7 TDAsI

=~ Sum Rules :

i + . 1 AW:I: — fﬂ' Tt
e e (268 = T ()

F, et Fy are measured (cf. PDGQG)

w0 [ de (QUVI (e 6.8) + QUVI (2,6,0)) = frx Fropn (1)

NB : Sum rule for A™
— 10 — Z% — vy (not measurable) or
— 70 — Z9y — ¢T¢—~ (with huge background from the electromagnetic process) ;
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Example | v — 7 TDAsI

1 1-|3|
For G = (A, V), GO (a,¢) = / a / | a8 =B €)1 (8,00 with £(8,0) = a(K(B,)

r(2b+2 1—|8])?—a?]®
and a profile function A®(5,a) = 22b+(1r2?_b+)1) [((1 —W’Bl)%-l—al] -

(b characterises the strength of the £—dependence.)
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Example | v — 7 TDAsI

1-[B]

1
For G = (A, V), GO (a,¢) = /_ a5 /_ dov (z — B — £a) F(B, ) with £(3,a) = a(B)h(B, )

1+|B|

and a profile function h(®(8,a) =
? (6,a) 220+1r2(b+1) (1 —|B))20+1

(b characterises the strength of the £—dependence.)

The t-dependence is implemented to get the sum rule :

Gz, 6,6) = GOz, 8) - T ma(r)

mr

Setting b = 1 and taking the B—dependence of ¢ to be q(B8) = 2 (1 - p3) 6(B3) .

V(x,E,t) V(x,E,t)
0.03 [ 0.04 ¢
T 0.03
0.02
0.01 | -

0 _‘++,1,+ﬂ

This Model (1) Tiburzi's Model (2)

r(2b+2) [(1-[8)>—a?)’
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v~ — m TDAS :Applicationl
* +

g p
.
. . My
= p — 7 pair production at small ¢ wl ld
= Cross section fore v — ée'p w
= 7 flies in the direction of the ~ —
(«» ~ 180° between p and = or large W) T
s
g

= Complementary kinematics compared to GDASs
= No BremBtrahlung

& sey = 40 GeV?, t = —0.5 GeV?, Q° =4 GeV? and ¢ = 0.2

20

"Model 1 —— 1000
Model 2 oo

15 F
100 |

(fo/GeV*)
(fo/GeV*)

10 |

10 |

do /(d€ dt dQ?)
do /(d€ dt dQ?)
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v~ — m TDAS :Applicationl

= T — T paig production at small ¢
~ 100 ;

(fo/GeVH

do /(dE dt dQ?)

0

0 02 04 06 0.8
S

1

<t

(fo/GeV

do /(dE dt dQ?)
o

10

= Any measurement of ey — e/7970 would provide with information on the

Axial Transition Form factor F}{O.
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TDAS vSs GDAs|

OTDA t W2

= Expected behaviour " 9 A0
capa Q@ Q

ds/ (d¢dW2 dQ2 dt ) fb/GevV~ 4
100 ¢

{92 >3, t>-0.5, s> 200, ¢ >0}

10 |
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DVCS on pionl

= To be analysed by HERMES through : ep — e/v7Tn

= Non-trivial kinematics; DVCS subset of 2 — 4 process
« Cannot trivially distinguish between
the small ¢t (GPD) and small v (TDA) regions

TDA + GDA
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TDAS : baryonic casel

B. Pire, L. Szymanowski, PLB 622 :83,2005.
JPL, B. Pire, L. Szymanowski, in preparation.

<~ Both for Baryon — Meson and Baryon — photon,
3 quarks should be exchanged in the ¢-channel
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TDAS : baryonic casel

B. Pire, L. Szymanowski, PLB 622 :83,2005.
JPL, B. Pire, L. Szymanowski, in preparation.

«~ Both for Baryon — Meson and Baryon — photon,
3 quarks should be exchanged in the ¢-channel

€1 €2 zs3 x1 €2 €3

proton — 7 proton — ~

<~ More than the two regions ERBL and DGLAP

<~ In principle, one has Sum rules
— &-independence of the moments of the TDA

= Triple distributions?
= Diquark picture and double distribution 7

would suit some regions only ?

<~ (Closest object : Baryon Distribution Amplitude : — SOFT LIMIT 7
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p — m . parametrisation

~ p — m (at Leading twist accuracy)
= Ar=0:3 TDAs (3 xp(1) = wud(11]) +7)

(similar to Baryon DASs)

TDA DA
4(r| eijkug(zln)u‘é(zgn)df;(zg,n) Ip) 4(0\eijkug(zln)u‘é(@n)d:(z;m)\p> X
V' (@i, D) (P Cap(N)y+ V(@) (BCap(1° N+
AT (21,6, A2 (P ¥°C)ap(v°N)y — 3 A(2:) (Pr°C)apNy+
T (2:,€, A2) (0,pC)as(¥*N), T (1) (i0pp C)ap(¥*7°N),
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p — m . parametrisation

~ p — m (at Leading twist accuracy)
= Ar=0:3 TDAs (3 xp(1) = wud(11]) +7)

(similar to Baryon DASs)

TDA DA
4(r| eijkué(zln)u‘é(zgn)df;(zg,n) Ip) 4(0\eijkug(zln)u‘é(@n)d:(z;m)\p> X
V' (@i, D) (P Cap(N)y+ V(@) (BCap(1° N+
A71T0(xi7 §, AQ)(F 750)0@8(’75]\7)7 -3 A(xi)(]é'YSC)aﬁN'y‘l‘
T{TO(CI%’; £, AQ)(UpPC)aﬁ(’YpN)W T(xi)(iapp C)aﬂ(7p75N)7

= Ar7#=0:8 TDAs (3 x2x (2x2x2)x1)

2 fr

VI (20, &, A (P C)ap(N)y + V5 (24,&, A% (P C)ap(HrN),
+AT (21, €, AP Y°CYap(PPN)y + A3 (21,6, A2 (P 7°C)ap(Hry°N),
=377 (24, &, D) (0,pC)ap(YN)y + T3 (2i,&, A%) (02,C)ap(N),
+T5 (21,6, %) (0,pC)ap(d"> Ny + TF (21,6, A2)(02,pC) ag( LT N),

4(r%(pr)| eijkuf)[(zln)ué(zzn)dg(%n) p(p1,s)) =

(1)
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u(ry) g ul)
u(z1) u(y) u(xy C— u(ys
| g VT I B
u(z2) ulae) = — . 5 d(zs) 2— ()
d(zs) dlys) 3 (26—z1tie)?(z3+ie) (1—y1)2ys
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d(z) ) 3 (z1tie) (28 —za+ie) (z3+ie)y1 (1—y2)y3
u(@1) 3 u(yr)
e v i b
ulae = . . ‘ d(zs) L i)
d(xy) d(ys) 3 (z1+ie) (28 —z3+ie) (z3+ie)y1 (1—y1)ys :
ur) ————g—— ulp)
u() u(wn) o) g
ule) E u(v:) _4 - - 12 - d(xy) E:EE_ d(ys) 1 - - 12 -
d(es) () 3 (z2+ie) (2§ —w3+ie) (z3t+ie)y2(1-y1)ys ‘ ' 3 (z1+ie) (watie) (2§ —z3+ie)y1 (1-y1)y2

u(wy) u(y) uan) 3 uw)
o
u(xs) u(ys) (2) —  u(y2)
— 0 PRI B, . z
d(3) d(ys) d(a3) —  d(ys)

3 (w1+ie) (26—x1+ie) (zatic)yr (1—y2)yo

u(xy) u(yr)

“(_7»2) ,“(!/2) 'll(IL'[) —C_ u(yl)

d(zs) E d(ys) 2 ~V 2 2 ( - + 1' ) ) : ) )%
: 3 (26 —z3+ie)2(1—y3) (z24i€)y2 8

T 1
(@1+ic) d(es) 6 dlw) 3 (z1+ie) (zotie) (26 —z1+ie)z3y1y2(1—y3)

-1+ 1 14
2 2112
ME = —ieyu(k, )y v u(p, s)éf}v (47Tgi(QQ4 ) / d3x/d3yZTa(xi,yj) (2)
14¢ 0 a=1
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p— Y . parametrisationl

=~ p — ~ (at Leading twist accuracy)
= Ar=0:4 TDASs
(3 x p(l) = wud(17]) +~(l) and p(l) — wud(l]]) +~(1))

In the elm gauge en =20 :
4(y(py)| €7%ul, (zan)uy(z2n) di (23n) [p(p1, 8)) = fx
Vi (@i, &, A%) (PC)ap(#NT),

+ A5 (21,6, A2) (P C)ap(VENT),
+T5 (21, €, %) (0puC)ap(a"NT),

+75 (s, &, Az)(apsc)aﬁ(N‘l'%]
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p— Y . parametrisationl

< p — ~ (at Leading twist accuracy)
= Ar=0:4 TDAS
(3 x p(]) — wud(T7]) +~(1) and p(l) — uud(ll]) + (1))

In the elm gauge s.n = 0
4(y(py)| €7%ul, (z1n)u(z2n)df (23n) |p(p1, 5)) = fiv
Vlg(xiagaAQ)(isc)aﬁ(¢N+)’7

+ A5 (24, €, A2) (B C)ap(VPENT),
+T5 (24,6, A2) (0puC)ap (0" N,

+15 (21, €, A7) (0 C)ap(N ),

= Ap7#=0 16 TDAs (3 x2x (2x2x2) x2)

4(y(py)| €%l (z1n)uls(2om)dk (23n) Ip(p1, 5)) = fiv X
|:V1T(€°AT)(7$C)aﬁ(N+)’Y + VE@C)ap(EN )y + V2 (€. A7) (PC)ap(Dr N )y + V3 (PC)ap (02T NT)+

AT (e.AD) BV C)ap(YP N + AT (B C)ap(PENT)y + AL (. A7) (B Cap(YW - NT)y + AS(Py°Cap(v’ 02" N )+
T1T(5-AT)(UWC)(1/B(’Y“N+)V + Tf(apuc)aﬁ(0u5N+)v + TQT(&AT)(UpuC)aB(U“ATN_'—)V + TS(Upsc)aﬁ(N—i_)v"'

75 (€. A7) (0pa,C)ap(N )y + T5(0pa: O)ap(ENT )y + T4 (. A7) (02, C)ap(Hr N )y + T5(0peC)ap(LrNT),
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Conclusions |

< Transition Distribution Amplitudes

give new information on hadrons
<~ Need non-perturbative inputs

=~ Need precise data expected from
= GSI

= JLab

= Hermes

- B-factories
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