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‘atics— Cross section.

(1 Invariant cross section
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(1 Angular distribution of a lepton in the photon (dilepton) rest frame

St = qry (L Aeos?67)
(1 where A\ =1
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d kinematical regions |

=T = z,1, = q*/s = M?/s gives the lower z that can be reached

1 COMPASS(7~ p):
(] 7 beam of 50 = 200 GeV/e, s = 100 = 400 GeV?
0 M ~ 4 +9GeV/c?: for s = 100 GeV?, 7 = 0.16 = 0.8

for s = 400 GeV?, 7 = 0.04 =~ 0.2
[ RHIC(pp):

[0 s = 40000 GeV?2
O M~4+-20GeV/c2: T =4x107* =1 x 102

[1 PAX-GSI:(pp):
[0 Collider: p beam of 3.5 GeV/e, p of 15 GeV/e, s = 210 GeV?
0 M~2=-9GeV/c?, 7 =0.02=0.4
[ Fixed Target: p beam of 15 (or more) GeV/c, s = 30 GeV?
0 M ~2-+4GeVic?, 7 =0.13 +0.53
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lerse motion | .

[1 If we consider the transverse motion of partons then:

Pa = %gxa(l -
V'S (1—

Pb = "5 Lp

2 2
k_La 2k, 4 1 _|_ kJ_a)
287 Tg4/S’ x2s

2 2
K1y 2kip 1+ k14 )
x257 Tpy/s’ Ti's

2

[] ... and the ~* (dilepton) momentum has a transverse component in the h.c.m. frame

q = pa+ o = (q0,97,91)

U qr=Fkiat+kiyp
Only low g7 (¢7 < ¢*)
have a non-perturbative origins
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-erse motion |1 .

[1 Collinear Parton Distribution Functions:

fa/A(xa)’ Aq(zq), h1(zq)

[ Transverse Momentum Dependent (TMD) PDF:

A unpolarized: fa/A(wa, kla), Af;ly/A(:I:a, ki)

-~

Boer-Mulders

AT Afa/AT (xa,p k_]_a,); A Asqw/T(an kJ.CL)) A_figy/T(xa7 k—l—a)

4

v '

Sivers h1

A AFL ) (waskia) AfY ) (20 K La)

Aq
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[] New terms in the unpolarized cross section:

do [% ]Ea/A(xaakJ_a)]Eb/B(xbakJ_b) opd
+2 AfE A (@0, k1) ASY  p(xn, k1) d6T?

~~

Boer-Mulders

where:

do® = M2, [P+ M2

~T1 _ pq0 0
do* > =M-, M~ , . cos&




-Iarized DY cross section.

[] Let us give a parametrization to the PDF’s:

2
kJ_a

(k3 )

0 faya(@a,kia) = fasa(a) Sy

2
kJ_a

~ e_< a’
0 Afar/a(Tas kia) = (V20) Afat ja(@a) 3755 S 7

where:

1
*Z YoM (’f >+ M3

[] ...and try an analytical approximated integration:

2

T e 2 - q:g
|:| d UN fa/ <q0+QL> fb/B (q0\;qu> 27T<Iiia> 49q — |:1 _|_ O (_g>i| e 2<7€J_>
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-lon of the unpolarized DY.

[] C.S. Lam and W. Tung, Phys. Rev. D 18,2447

do __ 1
diqdQ) — 327%q?s?

[WT(l + cos? 0*) + W (1 — cos? 6*)

+W A sin 20" cos ¢* + Wana sin? 6* cos gb*}

[J J.C. Collins and D.E. Soper, Phys. Rev. D 16,2219

1 do __ 3
odQ*  4w(A+3)

[1 + A cos? 0* +psin 20* cos ¢* + (v/2) sin® 6* cos qb*}

[J Lam-Tung sum rule:

1—AN=2v
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ibution of the unpolarized DY

Ov#0,AX#1,(1—X—2v) #£0:
[1 TMD: Boer-Mulders Effect

do [% fa/A(xaakJ_a)fb/B(xbakJ_b) do"
+2 A (e kia) ASL g2y, k1p)do"

7

Boer-Mulders Effect

[1 Again, we give a parametrization to the PDF’s and under the approximation

g5 < q*, q%, g5 we try to find an analytical expression
of the angular distribution in the dilepton helicity rest frame

. 1



o of the unpolarized DY

2
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. (2)
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[] Single transverse spin asymmetry:

_dOATB—>l+l_ _doAtB—1TI o AdeATB—1tT1~
T deATB=ITIT L jpAlB—ITIT T 9qpAB—ITIT

AN

[1 In the collinear approximation Ay =0
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lerse DY cross section .

[J Numerator of the single transverse spin asymmetry:

AdgA' B=1 o [% Afa/AT(xaak_La) fb/B(mbakJ_b) do¥

N~

Sivers

+ 2 A_fgy/T(xa, ki) Afsy/B(ZCb, kip) do’!

7\

N~

~
“transversity” Boer-Mulders

+ 2 Affm/T(%?kLa) Afgy/133(5’“7?’I‘“b) dﬁm}

o\

“transversity” Boer-Mulders

AN

O hi(za,k1a) = A2 (@0, Kk 1a) €08 Ga + ASE 1 (24, K 1a) sin ¢,

~U __ 0 2 0 2
do~ = |M—+;—+| + IM—+;+—|
and where: .
dO'Tl == M9+,__|_M9_|_,_|__ COS€

~T2 _ pg0 0 -
do**=M=-, M~ , . sing
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-ansverse single spin asymmetry.

[] Let us give a parametrization to the PDF’s:

K,
A e (F1g)Siv
0 AN faar (o ki) = (V2€) AN fo a1 (2a) g2 w<kij
¥,
e (k1 o)
[l hl(ﬂia,kj_a) — hl(xa)m

where:; ,
G -y Ve

[] ...and try an analytical approximated integration:
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-: Angular distribution.

AdoSVers N g + qr. qo — qL
o A
S Gagaes X 2 Jaa ( v )\

J/

-~

Sivers

X ]\jsT*w { Sl + cos® ") cos gbz —i—O(qT/q)} (3)

~

analogous of the A liketerm in unp. DY

Adgti—BM qo + qL do — gL
h A
U Tagan 1( NG ) f””B( Vs )

transversity x Boer-Mulders

x| sin® 0 cos(, +20") +0(ar/a) | (4
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-se DY cross section.

[] Double transverse spin asymmetry:

A _dUATBT_>l+l—_dUATBl_>l+l— o AdO.ATBT—>l+l_
TT = 4oATBT —1t1= L goATBlwiti= = 9gpAB—ItI—

[I In the collinear approximation there is one contribution...
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-erse DY cross section.

_ 1 .
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!nclusi ons I

[1 The DY process is a unique chance to study:

¢ the intrinsic partonic transverse momentum (unpolarized cross section);
¢ the Boer-Mulders function (unpolarized angular distribution);
¢ the Sivers function and its sign (transverse polarized DY)

¢ the transversity function, if some pieces of information on the BM function are
known (transverse polarized angular distribution);

¢ the transversity function (double polarized DY)

[1 In order to perform this kind of study:

e the kinematical region should be similar to that of COMPASS or PAX

e the initial hadrons should be proton and anti-proton
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Unpolarized cross section I

. 1 1 ] 1 .
Wr} = 5(1 -+ COS2 623)W% -+ 5 SlIl2 ﬁwW‘i — 5 SlD(Qﬁij)Wi + 5 SlIl2 6ijWiA
Wi = sin® Bis Wr} + cos? Bij Wi + sin(25ij)Wi — sin? Bis WiA (6)
Z, 1 1 . 1 .
WA = 5 sm(ZBij)W% — 5 SlH(Qﬁij)Wi + COS(Q,BZ'j)Wi — 5 SlH(Qﬁf,;j)WiA
. 1 1 ] 1 .
Wi = 5 sin® B3;; Wi, — 5 sin® B;; W7 + 5 sin(20;;)WA + 5(1 + cos® Bi; ) WAA
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