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M otivation
fo LONGITUDINAL spin versus TRANSVERSE spin: T

q(x, Q%)
Ag(z,Q?)

q(z, Q?)
ATQ(xJ Q2)

e both are equally important: Aq = ¢g; and Apqg = hy are #0
at twist=2 level
J. P. Ralston and D. E. Soper, Nucl. Phys. B 152 (1979) 109

X. Artru and M. Mekhfi, Z. Phys. C 45 (1990) 669
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e tfransversity is CHIRAL ODD

W o

+ 4 ‘-I—

(a)
DIS Semi-inclusive

— it decouples from DIS

— It can be accessed in semi-inclusive or in Drell-Yan
L but HARD to measure (appears in pairs) J
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Transversity GPD

transversity GPD = NON-FORWARD generalization of hq

e transversity GPD decouples from diffractive meson prod.

J. C. Collins and M. Diehl, Phys. Rev. D 61 (2000) 114015
>

\ | F--—  or (0lgo*Pq|pr)
W—(—\‘“y (028 =i/2[v*, ~P])

ola JO‘BWM =0

|
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Our 1dea:

- N

probing the transversity GPD in production of TWO mesons

D. Y. Ivanov, B. Pire, L. Sz. and O. V. Teryaev, Phys. Lett. B 550 (2002) 65
R. Enberg, B. Pire and L. Sz., Eur. Phys. J. C 47 (2006) 87

Xl P2 X2 p2
Py =k = py1-0)

N(p1) N(p2)

v*(¢) = 2 gluons = “Pomeron

the v# o F~,, = 0 problem is avoided

o |
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We studied

the process WITH the transversity GPD

7(q) p(p2) — P2(9p) pF(Pp) n(Ph)

and the reference process, WITHOUT the transversity GPD

Y (q) p(p2) — £Y.(ap) P} (pp) n(Ph)

o |
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Kinematics

fSudakov vectors: p; and P = 1/2(p2 + p2)
with S = 2p1.P

v*p-system s = (q +p2)2: s+Q%=(1+ £)S

2 — 2
" = p}} — & pr gp = ap) + L Pt 4+ pl . ph=—p?
59
pp=ap) + EsPF —pfp,  a=1-a
ph=1+&Pr, ph,=(1-¢&PH
2 — 2
=300 g = (qp+p)? =L sa=(p,tpr):=8a (l-¢§)

Rapidity gap: virtuality of "Pomeron"= the hard scale

52
S s1=2S¢&, s> p? 82—>g—5(1_§>

L a—1, as;—p?, £~ 1 J
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Thescattering amplitude
kl%éﬁj%%%—‘

p2+

e the QCD factorization method

|~ p0)

e
a

M~ > fdz fdu fda:Tq (z,u,2) HU(x,£,0)¢,+ (u)Ppo(2)

qg=u,d 0
® ¢,+(u) and ¢ (z): the (non-perturbative) meson DAs
o Hi(x,£,0): the (non-perturbative) GPDs of the target

e 17 (x,u,z): the hard (perturbative) part

the hard scale: “Pomeron” virtuality p? = p2 = —52

o |
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M eson DAS
-

e longitudinal o9 (¢,) or p} (p,)

(Olg(—2)v"q(2)|p7.(ap)) —qu“"Ofdu6 =206 ) (u)

¢)(u) = 6uu fpo =216 £5MeV
f,e =198 47 MeV

e transverse pk(p,)
or(pp, T) | 4(x)oq(—x) | 0)
= if} (phey —ppeT)fdue Rum)Per) ¢ ) (u)

L ¢ (u) = 6uu for = 160 i 10 MeV J
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Transversity GPDs

- N

%eixP+z‘<N(p2,7n)\g(—§)m (%)’N(p27 )>

— Qp%a(p?a )ZO_—i_Zu(pZa )H%(:Ca 57 t) +
M. Diehl, Eur. Phys. J. C 19 (2001) 485

—> need a model for non-pert. H7.(z,&,t), see later

Remark:
for "the reference process” with p7 = “a usual” non-pol. GPD

dz_ivP =" (N (por, 0)|G(—2) v a(3)| N (p2, n))

= gp=a(p/, N )y ulp, VH (€, 1) +

L:> need a model for non-pert. H(x, &, 1) ... J
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r- the hard part TF (z1, u, 2)

up
[
O=—"h n O=" O="h
X1 Py X, Py X1 P2 X3P X1P2 X2P2
Py o 1) Pyt = Py Q) g S SE— G )
a b
zq p

upp

u pp u pp
o O=—"h O=" b O=h
X1 P2 X2 Py X1 P2 *2P2 X1 P X2 P
Py =k L= Q) Py = = pyl-Q) Py =k L= 0
b’ b c

. . () 0
it involves the impact factors J'2/77PX (up, up)

|
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(*) " ea s 7
AR ) = — f, 2 o2l fdz 22¢)(2) P(k1, k) o

2P mi+Q3zz + Z2p2+m2+Q22%2
1 1

(k1—2p)2+m2+Q%22  (k1—ZP)24+m2+Q222

(x)_. 0, 7 7 - 7 €EQs T o 1 =0)
JIT Py kg = p—ky) = ——ﬂ]{p Ofdz (22=1) ¢y (2) (EQP)

S _ 2P Zp
Qp(k1, ke =p—k1) = 2pP+Q2zz2+m2 22 pP+Q? zzZ+m2
—I_ El—zﬁ L El_'gﬁ

(k1—2z P)24+Q?2 z Z4+m?2 (k1—z P)24+Q?2 z Z4+m?2

() — — —
umportant: JVL/T%p%(kl, ko) — O when k; — 0 J

the gauge invariance
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Resultsfor the scattering amplitudes:

|70 for "the reference process” T

Y (q) p(p2) — £Y.(4p) P (pp) n(ph) with non-polar. GPD

M'Vé/)Tp_)pL pL —

du<ﬁ“

u2u?

0
[H“(€(2u —1),6,0) — HYE(2u — 1),€,0)]

1 () 0
1167 sas f € f CF 2f JVL/THpL(uﬁ,ﬂﬁ)

for v*)(q) p(p2) — % (q,) p+(p,) n(py) with the transversity GPD

M'Yé/)T p _>:0L PT _

— sinf 167 SQSfo\/1+§N 2

H(6(2u — 1),€,0) — HE(§(2u — 1),&,0)]
LRemark: only ERBL region (—¢ < £(2u — 1) < &) contributes J
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M odeling non-polarized GPD
=

e based on the double distribution
A. V. Radyushkin, Phys. Rev. D 59 (1999) 014030

-

H(z, &, t) =

1

O(¢+z) pmin[ S 1=¢] Etz—2¢
l—l—g fO B ‘ dqu( f_|_§ yayat)

£

mlIl

1+§ fo

5 ’1 ]dqu (6 zlc—l—gfyayat)

and a factorized ansatz for the dd

Fi(X,Y,1) = fhthq(X)6 X050

Ff (t) - e-m. form factor of the nucleon but t = ¢,,,;n

o |
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Resultsfor the p} + p, production

1
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Modeling thetransversity GPD: 2 models
. -

e Non-forward generalization of the meson pole model for
the forward h;
L. P. Gamberg and G. R. Goldstein, Phys. Rev. Lett. 87 (2001) 242001

LANN = gANN NO',LLI/VE)ﬁyAMN (a)
R* — A = b1(1235) axial meson 17—

the DA of A e o
(01q(— 2)0*Py53-q( 2)| A(k, X)) =

i f47 (e (N)KP — P (\)k] fl du e!1=2wk= gl ()

- . v gblNNfb1<kJ_> lJ)_1<x2—2£>
the transversity GPD: Hi(x, &, t) = NI o
N 1Ty,

L bj (u) = 6uu J
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Remarks:
i the Isospin symmetry implies T
(n|dOulp) = (p|uOulp) — (p|dOd|p)
from which: HY = HY — HY
o (k7)=(0.58 + 1.0)GeV?
e Parameters:
o = miifal . fa, = (0.19 £0.03)GeV?
gbNN = %galNN , Ga,NN = 7.49% 1.0

e the scattering amplitude
0 O . 21678 saleCr 9NN Sp o foy (K1) 1-¢ 1
Yp—pPL, PN _ s F J51 pJpJby
M L FT ’QQZO — Slne N02 Mpmgl 1_|_€ |]5“5

o |
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fo 2nd model: the bag model

S. Scopetta, Phys. Rev. D 72 (2005) 117502

The comparison of two (very different) models

2.5 . | | |
Our model §=0.1 ——
¢=0.3 -----
2 r E:OS ............ ]
Scopetta £=0.1
£=0.3 ———-
15| £=05 |
o7
X 1 | _
|_
T
o Yo -
O R L/“’“"'*’;’—‘"—':'::;»»_-;_(__/_ ------------------ \ ..... i
-0.5 | . . | |
-0.4 -0.2 0 0.2 0.4
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The cross-section with transversity GPDs
. -

e OUr model:

do 7297T oz Qlem, C’F [leNpr fpfb1<kJ_>] sin” 6
) | 2 10
dpZ. dtdé — N? Mzmy, E(1+€)[p]
1 1
10 T T o1~ 10 ' ' 57=2GeV
4Gevs -----

100 6 GeV~

3 3

g 10" 2

Y Y 10t | 3

L .

g g Ll T

S 031 s 0 e T
10-4 . 10-3 -----------------------------

2 3 4 5 6 7 8 9 10 0.1 0.2 0.3 0.4 0.5 0.6
P’ [GeV?] £

The photoproduction of 9 and p.

o |
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The electroproduction from

o

do/dp;? dt d& [nb GeV™]

6 7 8 9 10

0
10 T T T T T T
Q°=1GeV; -----
5 GeV2 ------------
10 GeV? ==
'8 EIN E
S 107 A
(] N
O] \\
o) N
= ~
%, 10 2 L ..:\\\ 4
% ) N ."-\.\\\
~N e So
— TN
% "--...-\..\\\
s 3 \\\\ i
_8 10 ‘ ..... iy \\-.?._\
10'4 1 1 1 1 1 1 1 ]
2 3 4 5 6 7 8 9
2 2
pr- [GeVT]
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1
10 Ourmodel ¢ =0.1 ——

f 100 - 0.3 —----- 7 —‘

do/dp; dt d& [nb GeV™]

pr° [GeV?]
The comparison of cross-sec. from 2 models

PT2 [ZGVZ] ' i i ° pT2 [GeV?]
. 0 + 0 .+
LThe comparison of photoprod. cross-s. for p; p7 and pj pr
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Conclusions

e We proposed a family of processes which probe the
transversity GPDs T

e using two, very different models of the transversity GPDs
we estimated the cross section for 4*) p — p? ptn

e for a comparison we calculated the cross section for "the
” 0+
reference process” v*) p — p% pln

— the magnitudes of both cross-s. are similar

— if one could see y} p; one should also see } p7. with

the transversity GPD
COMPASS 77?7

— Prospects: extension to lower energies as at JLab
— the favoured (experimentally) process

o Y p— 7t o

the quark e_xchan%es contribute, work in Pprogress
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Post scriptum

if in our process v*) p — 7t pOT p’ the meson ﬂ% j

is replaced by a REAL photon, i.e. v*) p — 7+ ~(p,) p/
— access to the transversity GPDs

AND to the magnetic susceptibility of QCD vacuum

V. M. Braun, S. Gottwald, D. Y. lvanov, A. Schafer and L. Sz., Phys. Rev. Lett. 89 (2002)
P. Ball, V. M. Braun and N. Kivel, Nucl. Phys. B 649 (2003) 263

(0]g(0)0? q(z) |y N (p)) =

1 .
= ieq X (99) (E&A)m - eg)pa) [ du exp™™@) . (u, 1)
0

by (u, ) — 25 (u, ) = 6u(l —u) for pu>1GeV
X (Gq) =~ 40 — 70MeV at u=1GeV

o |
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