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Kinematics

Q2 _ Q3 :
€Tro = — fractions of the
2p1q’ 2 2p2q

longitudinal momentum of the hadrons A and B carried

Ir1 =

by the quark and antiquark which annihilate into virtual

photon

s = (p1 + p2)? ~ 2p1p2 - the center of mass
energy squared
Q? = M? ~ z1z35

2l
Z2
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yz%ln

Tp = X1 — T2
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e+ 4T4
Ir]1 = £ = \/Fey
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rpt4t—xp

x2 5 = /Te Y

6 — production angle in the dilepton rest frame — polar

angle of the lepton pair in the dilepton rest frame

S
N“PS ® ¢ - azimuthal angle of lepton pair
Iy !
/dr B N ® ¢ - azimuthal angle of the hadron polarization mea-
N —F —ayi _
h=p zraxis sured with respect to lepton plane
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Cross-sections

QPM: (D. Boer, PRD 60 (1999) 014012 )
Unpolarized DY: H{Hy, — [T~ X

do(0) (H{ Ho—11X 2 _
e e = To97 g 63{(1 + 05260 F[fiq frq] +

. . hi hi-
sin29cos(2qb).7: (2h-kir h-kor — ki1 - kKo7) Airiﬂé}gq] }

Single polarized DY: HlH2T — [T~ X
PAX: pp! — ete X
COMPASS, J-PARC: 7 p! — prp= X

do M (H H] —1Ix)

2 _
dQdz, dzod?qr 12(1@2 2 q 63{(1 + cos?0) F | f1f1]

=1
hi hjy
My Mo

—i—sin29(:os(2qb).7: [(2fl o le fl o kQT —le . kQT)

+(1 + cos20)sin(¢ — b5, )F {h ki1 %} —sin?0sin(¢p + ¢s,)F {h - kot hjlwhgl ] }

h= ar/|ar]
FIffl = [ d?kir d?kor 6% (ki + ko — ar) fq(z1,k3;) fq(z2, k2 ,)
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Unpolarized DY H{Hy — 71~ X

do O (H, Hy—IlX) a2 9 9
dchxlldazjchT ) = 120222 Zq eq{(l + cos®0)F [fqulq]

_|_
sin20008(2§15)~7:[(2fl kirh - kop — ki1 - kor) ZZEJ }

3
R = ——(14 Acos®6 + psin 26 cos ¢
167

+ ksin®fcos2¢), A~1,u~0k=v/2)

his(z,p2) = &L %OM% e TPT f1 () (M. =2.3GeV,ar = 1GeV ™

%)
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qr Integration approach

* eTe™ annihilation: D. Boer, R. Jakob, P.J. Mulders, NPB 504,
345 (1997); PLB 424, 143 (1998)

¢ SIDIS: A.M. Kotzinian, P.J. Mulders, Phys. Lett. B406 (1997)
373

® Single-polarized DY (Sivers function investigation) A. Efremov
et al, Phys. Lett. B612 (2005)

We introduce [Phys. Rev. D 72 (2005) 054027; Eur. Phys. J. C46
(2006) 147 ]

_é — fd2qT[|qT|2/M1M2][do'(o)/dQ]

f d2QT0(O) )

R = 22 (y(1 + cos?8) + k sin? § cos 2¢)
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Factorization

| darla/MiMs] 3, €3 F[(2h - karh - kor — kar - kor) 377 ]

k=

| @ar 3, e2F[fifi]

FIff] = [ d*kip d*kor 6%(kir + kor — qr) fo (21, K37) f4 (72, K57)

6% (k17 + ko — qr)(2 (QTle)équgT) — kirkor)a7

AT

=2k?, k35, + k. (kirker) + k3, (kirker) + 2(kirkor)? — 2(kirkar)?

! !
0 0

k

[ — SZq eg(ﬁqul)(i’fl)hfq(l)(952)+(1<—>2))

Zq eg(flq(wl)flq(x2)+(1‘_>2))
= [ ke (55) by (213)
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Single polarized DY process HlH2T — T~ X

DB 3 2 (14 cos0) F 1 ]
+sin20cos(26) F [(Qh ki h - kop —kyp - ko) 000 }
+(1 + cos20)sin(¢ — bg, )F [ﬁ - le%fl]
—sin?0sin(¢ + ¢g, ) F [fl - kot hjl\?j} }

Let us consider SSA

A [ dQdgs, sin(¢pEes,)[do(Ser)—do(—Sar)]
h(f) — [ dQ2dés, [do(Sar)+do(—Sar)]

l [h kT hi b ] B lzq eﬁf[ﬁﬁifpff #J}
. el [fqulq] T2 D4 egf[fqu1q]
) !

/N

A. Sissakian et al, PRD,2005 Anselmino et al, PRD, 2003; Efremov et al, PLB, 2005
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Factorization

By analogy with A,

Aj, =

Sin(¢—¢g) o

et al, PLB 612 (2005) 233, we introduce

YN considered in ref. A. Efremov

[ dQd¢s, [ dar(|ar|/Mi)sin(¢+¢s,)[do(Ser)—do(—Sar)]

[ dQdes, [ d>qr(do(Sar)+do(—Sar)]

So that after integration

e2[hi ) (1) hig(z2) +(12)]

1q

i lz
A== > €alf1g(m1) frg(z2)+(12)]
hia (@) = [ P (555 ) by (2,13)
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pp — 1T~ X and pp! — [T1-X

By virtue of charge conjugation symmetry:

il _ g Xyl @ohy @) +hy, @)k, (@)
pp—ITI—X Z [f1q(331)flq($2)+f1q(5’71)f1q($2)] 7

Ayl LX) hg(aa) g ()i, o)
hﬁpT—Jﬂ_X_ 2 Z [f1q(331)f1q(952)+f1q(951)f1q(332)] 7

where now all PDF refer to protons. Neglecting squared
antiguark and strange quark PDF contributions to proton

and taking into account the quark charges and « quark
dominance at large x, we get

A pL@) 1(1)
(x1)hy, " (x2)
k(xlaxQ)’pp%H‘l X — 8 f1u($1)f11u($2) ’

10 (@) by (s)
Ah(xlax2)|ppT—>l+l_X — flu(:cfl)fli@f; '
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7 p— utu=X and 77 p! — ut X (COMPASS, J-PARC)

Why 7~ p but not 7 p?
TC: U > uud

N
/N

pe I

T ud p: duu

d-quark i s suppresed

by the charge fuctor 1/4
p ML
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A o ()| i ()
k(Tr, @p)g—p = 8— i =3
S1u(T7) W_flu(xp) )

A P (@n)| ()
A (e T = =2 R - L
h(m mp) pT 2 flu(mw)w_flu(mp)p

Assumption:

P (@)= _ oy Fru@)a

hL(l)(a:)p ~ ff@)p

lu

IS consistent with the Boer’'s model, where
C, = Mpcﬁ/Mﬂcz’

The simulations results show that C, ~ 1
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Upper bounds on k. hW and Ah

lu

T1 >~ X9 >~/ Q?/s (xp ~ 0)
* (|kp|/M)hi(z,k%) < fi(z,k2) (A Bacchetia et al. PRL. 85, 712

(2000))

(k7) ~ 0.8 GeV (A.V. Efremov et al, PLB 612, 233 (2005))

hiV < 0411 ().

lu ~

® Soffer inequality:

Collider mode Fixed target mode
N 1(1) N N 1(1) ~
W (e 2 e hlu(max) ~ 1.2 il rnas) 22 1Ll hlu(max) ~ 0.8

l%(maa:) ~ 1.2 |Ah (maa:)| ~ 0.14 l%(maa:) ~ 14 |Ah (maac)| ~ 0.17
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Simulations results (unpolarized DY,

pp — 1717 X)

hit(x) =

lu

flu('r)

hlu(:c) —

oy

Enflonanflonwnflonaallonsollonneflonnallonnallons
01 015 02 025 03 035 04 0.45X

_4\/_ Ap(z, 37)
\/ k(z,x)

r=x1 >~ 2 (xp~0+04)

k(z,r)
g

fru()

R S R R B P A R AR
0.1 0.15 0.2 0.25 0.3 0.35 0.4 O.45X
1

blue points: collider mode, red points: fixed target mode

TRANSVERSITY AND T-ODD PDF’s at PAX, CGSWHP 2006, Thilisi—p .13



Simulation results (unpolarized DY, 7 p — [T~ X)

r=x1 >~ 2 (xp~0+04)

1(1 k T,T
W) (z) = fru() <T>

A Ap(z,z)

Rﬂp ppX h{{ll)

4 2.5
3 2r %
. g

R % '
1 ﬂ + + 0.5F ﬁ ?
o o- + o
AT | \ ! | 0.5 I \ \ |

0.2 03 04 05 N 0.2 0.3 0.4 0.5 ‘

closed circles: 60 GeV, open cirles: 100 GeV
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Estimation of SSA flh (single-polarized DY, pp! — (T~ X)

SSA, collider mode

- 2 2
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Estimation of SSA flh (single-polarized DY, 7~ p! — [T]~X)

-0.04r VN
- -0.06 Ay

-0.05F .

0.06f 0.07

007 -0.08f

0.08] -0.09;

0.09f o1

0f Nk T T P DO L
0 001 02 03 04 05 06 07

xF Xg

Left: 100 GeV (Q? = 6.2 GeV?), Right: 60 GeV (Q? = 5.5GeV?)

average average
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Sivers function from the single-polarized Drell-Yan

A. Efremov et al ( Phys. Lett. B612 (2005))

qr-integrated asymmetry

ASin(‘b_‘ﬁS)J\i—% _ ] dQdés, [ ar(lar|/My)sin(é — ¢s,)[do(Sar) — do(—Sar)]
o [ dQdés, [d2qr[do(Sor) + do(—Sar)] '

As a result:

Sin(cb_(ﬁs)]&_?] ; . 63 flLT(l)q/p(xl) 1@/5(”_)(932)

UT - ol ’
Zaeg i]/p@?l) il/p( )(332)

u-quark dominance:

sin(cb—cbs)]\(i_,—:']:]N2 J_(l)U/p(xl) f/ﬁ(w_)(xQ)

17T
urT — W =
fl /p(xl) 1/19( )(332)

Y

|
TRANSVERSITY AND T-ODD PDF’s at PAX, CGSWHP 2006, Thilisi—p .17



sin(¢p—¢s) T—
Estimation of SSA AUT 7 My

Two fits for Sivers function extracted from the HERMES data are

used:

A. Efremov et al, Phys. Lett. B612 (2005)
J. Collins et al, hep-ph/0511272

Aar_}(%' ¢5)q,/My
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0.05

=--._ COMPASS: pi—p " X

~

Fitl —

~
| | [ 1=~
! Lo L !
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inplmT— 117X at COMPASS

T T\T | T I T | 1T T T |
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<
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Summary

® The procedure of direct (without any model assumptions) extraction of transversity
and its accompanying T-odd PDF is proposed

® Both unpolarized and single-polarized DY processes necessary to extract the

quantities h; and hf(l)

® The preliminary estimations performed for PAX kinematics demonstrate that it is
quite real to extract both h; and hf(l) in the processes pp — (71~ X and
ﬁpT — T~ X.

® The preliminary estimations performed for PAX kinematics demonstrate that the
single-polarized Drell-Yan processes pp! — {71~ X can provide us the access to
the Sivers function.
DY n=p — puTpu~ X at COMPASS and J-PARC can provide us by:
® Purely unpolarized DY = first moment of the Boer-Mulders function
® Single-polarized DY = first moment of the Sivers function

® Both unpolarized and single-polarized DY = transversity
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