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Reminder on Generalised Parton Distributions|
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Reminder on Generalised Parton Distributions|

DVCS Mesons Production
R p? 7T7
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, g = fixed and t < fixed
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GEESIE
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TDASs : 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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TDASs : 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.

8 8 Y hadron
Q> Pert. Q> Pert. .-
t —u
—_—
/\Z/\
hadron ~ ~ hadron hadron PhOtOﬂ

«~ The same occurs in pp — vv* reactions at ¢t < (GSI)
~ and in vv* — 7 reactions at t < (through ete~ collisions )
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GPD in terms of usual parton distributions

o(V"H — X) o< Sm(AYY(v*H — ~v*H))

\
~ hadron

hadron ~

usual parton distribution
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GPD in terms of usual parton distributions

o(V"H — X) o< Sm(AYY(v*H — ~v*H))

\

hadron ~ ~ hadron

usual parton distribution

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

Sum over spect.

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

J-Ph. LANSBERG, CPhT, Polytechnique Trieste — 22-05-2006 04/18



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

/
Az 7 X . !
. y = X | ~~
p Poop %

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

whereas

<~ The baryonic TDAS 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 TDAS

Matrix elements | (M(p)|®T(2)®(0)[M(p)) (v, e)|PT(2)P(0)|M(p))

Diagonal limit GPDs — PDFs

£§—0,t—0 H(z,0,0) = q(x) N/A

Sum rules : [dz B B
— local operator /dxH(x>§’t) = F(t) /dwT(iU,&,t) = Fa_p(1)

< In view of the sum rules, both GPDs and TDASs are such that
their integral on zx is independent of ¢!

— possible modelling of the TDAs through double distributions
(cf. Radyushkin)
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Example : v — 7 TDASI

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

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

1 e

,uEPAlvﬂ' T /
Z+:O,ZT—O P+ fﬂ' ( 5 )

| S i el ) w)

1 e
_ - = H AT
h=0.z—0 Pt fw(s A)PPA™ (z,€,1),

/ S P (pe (- DL u(E) (D)

[ S el Do u ), 2)

Z+:O, ZTZO

N 1 B
= FE“VPUPU [SPT{T (iU, f,t) — ﬁ(c‘f : A)AJ_/)CZZr (:U7£7t)}
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Example : v — 7 TDASI

=~ Sum Rules :

=
-t /_11 dx A + ¢ (2,86,1) :f—w ?;}(t)

VT M
F, et Fy are measured (cf. PDG)

w0 [ e (QUVT (@, 60) + QUVT (2.6.8)) = fr Froen ()

NB : Sum rule for A™
— 10 — Z% — vy (not measurable) or
— 70 — Z0%y — ¢T¢—~ (with huge background from the electromagnetic process) ;

J-Ph. LANSBERG, CPhT, Polytechnique Trieste — 22-05-2006 08/18



Example : v — 7 TDASI

1 1-|5]
For G = (A, V), GO(z,¢) = / 1 dp / . da §(x — B — €a) f(B,a) with £(8,a) = q(B)h(B, )

r(2b+ 2 1—18])2% —a?]
and a profile function h(®(8,a) = 225+(1|—222_|_)1) i a _|B|g|)2b+041 L

(b characterises the strength of the £—dependence.)
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Example : v — 7 TDASI

1 1-|5]
For G = (A,V), GOz, ¢) = /_ 1 dg /_ . da §(x — B — €a) f(3,a) with f(8,a) = q(B)h(3,a)
r(2b+2) [(1-16)2—a?
22+12(p + 1) (1 — |B)2b+1

and a profile function K (8,a) =

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

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

Gz, 6,8) = GO (e, 8) - T Far) .

7T

Setting b = 1 and taking the g—dependence of ¢ to be ¢(B) = 2 (1 —03) 6(3) .

V(x.E.t)

0.04
0.03
0.02 _
D01 a—

This Model (1) Tiburzi's Model (2)
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v~ — 1 TDAS :Applicationl

v p*
. . 1\[H
= o — m pair production at small ¢ wl |
= Cross section fore~y —eéep w
. . . . TDA
= m flies in the direction of the ~ N
(<« ~ 180° between p and = or large W) ~
-
: . v
= Complementary kinematics compared to GDASs
= No BremBtrahlung
&~ sey = 40 GeV?, t = —0.5 GeV?, Q2 =4 GeV? and £ = 0.2
20 "Model 1 —— 1000
Model 2 -
¢% 15 + %\ A
g 9 100 b
o 10 ¢ —
9 9 Ll
€ 5 )
s ©
© .l
00 2 3 4 é 6 7
Q2 (GeV?)
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v~ — 1 TDAS :Applicationl

(fo/GeV*

do /(d& dt dQ?)

0 02 04 06 08
S

1

—~

(fo/GeV*

do /(d€ dt dQ%)

100

10

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

Axial Transition Form factor FATO.
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TDAS vs GDAs|

OTDA t W2

= Expected behaviour : N
OGDA @< Q

ds/ (dpdW2 dQ2 dt ) fb/GeV~4
100 ¢

{g2->3, t>-0.5, s>200, ¢ >0}

10 |
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DVCS on pionl

= To be analysed by HERMES through : ep — ¢/vnTn

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

TDA + GDA

proton /O\ eutron
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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 ¢t-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 ¢t-channel

L1 T2 3 L1 T2 3

proton — =« 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 ?

would suit some regions only ?

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

=~ p — = (at Leading twist accuracy)
= Ar=0:3 TDAs (3 x p(1) — uud(11]) + )

(similar to Baryon DAS)

TDA DA
4(r° 6ijkué(zln)ué(zgn)ds(zgn) |p) 4(0|eijkué(zln)u‘é(@n)dg(z?,n)|p> X
VI (0, € A (P Chap(N)+ V(@) (POas (PN )1+
AT (1,&, A (P 7°C)ap(v°N), — 3 A(z:) (B7°C)apNy+
Tfo(ﬂfz’a &, Az)(UpPC)a,B(’YpN)W} T'(x:)(iopp C)aﬁ('?’p’yk_)N)v}
J-Ph. LANSBERG, CPhT, Polytechnique Trieste — 22-05-2006 15/18



p — m . parametrisation

=~ p — = (at Leading twist accuracy)
= Ar=0:3 TDAs (3 x p(1) — uud(11]) + )

(similar to Baryon DAS)

TDA DA
4 (x| eijkué(zln)u/jé(zgn)ds(zgn) |p) 4(0|eijkué(zln)u‘é(@n)dg(z?,n)|p> X
Vi (21,6, A2 (P Oap(N)+ V(@) (BOYas (PN )1+
AT (21,6, 82) (P v°C)ap(v’N), — 3 A(z:) (7> C)apNy+
Ty (2,6, A7) (0,pC)ap(¥ N, T(2) (10 OVas (11N, |

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

470 (px)| €7Ful, (z1n ) (zam) dE (23m) [p(p1, 5)) = —Qf—}vx

Vi (0,6 A2 (P Cap(N), + VE (20,6, A2) (P Cap( BN,
+AT (21,6, D) (P 7 C)ap(WWN)y 4 A5 (21,6, A7) (P ¥°C)ap(Hry°N),
=377 (21,&, A%)(0,pC)ap(YN)y + T35 (24,6, D) (02,,C)ap(N)y
+T5 (2i,€, %) (0,pC)ap(d" > N)y + T7 (21,6, A2)(02,,C)ap(LHTN),

(1)
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|
(@)

=

u(@r) u(y1) u(as)
u(@s) u(y2) ﬂ - V+T - d(xs)
d(xs) d(ys) 3 (2€_$1+Z€)2(x3+26)(1_y1)2y3

u(ar) —>— u(y)
ul@) u() u(s) u(y2) 2 V+T
u(az) % ulye) 0 i) L 3 (26 —z141€)2(zat1i€) (1—y1)2y2
d(z3) d(ys)
u(a1) —— u(y)
u{x2 uly2 2 v+T
_4 . T . 3 (26—z1+ie)?(z2tie) (1—y1)2y2
3 (z1+1€) (26 —zo+i€) (z3+ie)y1 (1—y2)ys
u(w) — ()
u(xy) u(yr) (@) L )
ul@) E ulye) 4 - Y - d(zs) A d(;{) 0
d(z3) d(ys) 3 (ml +Z€)(2§—$3+Z€)($3+Z€)y1(1—y1)y3

s

-8
5 5 =
s § =
nnino ‘ nninh ‘ nn{no ‘ 000000 ‘ nnin:’(
)

u(zy) u(yr) u(as)

P E " o ﬂ V ' ‘-)
. - - d(z;

d(as) i) 3 (w2+tie) (26 —z3+tie) (w3 +ie)y2(1—y1)ys

u(@r) u(y1) u(zy) S u

u(s) uly2) O u(s) E;g— u(yz) 1 T

d(zy) d(ys) d(x3) L d(ys)

3 (z1+tie) (26—z1+ie) (zatie)y1 (1—y2)y2

u(w) u(yr)
. . u(e) —————— u()
- E nyn) 2 v ( L + L ) u(zs) g u(y)
d(z d(y 3 2 Y2
(x3) (y3) (I2+16)y2 g S Vv

T 3(26—x3+i€)2(1—y3)2 ' 1
(26—z3+1€)?(1—y3)2 \ (z1+ie)yr HVE. I CE= [ CETP¢Tarwr o ¢ wmy

1 %
3 (@1+ie) (watie) (26 —z3+ie)y1 (1—y1)y2

—1+¢ 1 14
2 2112
ME = —ie,u(k, N)vFyu(p, S)Qf}\f (47T;éi(QQ4 ) / d3x/d3yZTa($i,yj) (2)
14¢ 0 a=1
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p— Y . parametrisationl

<~ p — v (at Leading twist accuracy)
= Ar=0:4 TDAs
(3 x p(l) — wud(17]) +~(1) and p(l) — wud(ll]) +~¥(T))

In the elm gauge s.n =0 :
40(py) | €7l (sl (zn)db (23m) [p(p1, 8)) = frx
Vi (1,6, AR (BOYap (PN,

+ A5 (21,6, A2) (Y C)ap(PPENT),
+T17 (i, &, Az) (Upuc)aﬁ(UMN_l_)v

+15 (2,6, A%) (Upsc)aﬁ(N—F)V}
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p— Y . parametrisationl

=~ p — v (at Leading twist accuracy)
= Apr=0:4 TDAs
(3 x p(l) = wud(17]) +~(1) and p(l) — vud(ll]) + (1))

In the elm gauge sn =0 :
4(y(py)| €%l (z1n)ul(22n)dE (23n) |p(p1, ) = fux
Vi (21,6, AR (BOYap (PN,

+ A5 (25,6, A2 (BY°C)ap (Y ENT),
+T5 (24, &, A7) (0puC)ap(a"NT),

+15 (21, €, 8) (0 C)ap(N ),

= Ap7#=016 TDAs (3 x2x(2%x2x2)x2)

4(v(py)| €7 ul, (z1n)ul,(zon)ds (23n) [p(p1, 8)) = frvx
[VlT(s-AT)(ﬁc)ag(N+)7 + Vi(PC)ap(#NT)y + V5 (6. A1) (PC)ap (L NT)y + V5 (PC)ap (a2 NT) +

AT (e. A7) (BYPC)ap(YPNT), + AT (BYP ) (VP ENT), + AT (6. A7) BY° C)as (P L N ), + AS(BY° C) s (VP02 N ).+
T (e. A7) (0ppC)ap(Y*N )y + T5 (0ppCap(0**NT)y + T3 (e. A7) (0puC)ap(c" " NT)y 4+ T5(0peCas(N 1)+

75 (e.A7)(0p2:C)ap(N Ty + T5(0pa:C)ag(ENT)y + T (e. A7) (092, C)ap(Lr N 1), + Tz(opgc)ag(%zvm}
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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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