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Subjects for investigation

Transversity: hi(x) = Arq(z) = dq(x)
Boer-Mulders function: hL( 122) = AY.f (=, k2) = —kMAquT/N(:c, k)

N o
AN foqryp = Jgrpp — ql/p B
Sivers function:  fi=(z, k2) = Al f(z, k%) = —%Aqu/NT (x, k%)

A

AN fq/pT fq/pT _fQ/pl
Collins function: A%Dh/q = %ANDh/qT

ANDh/qT — ZA)h/qT . ZA)h/qi

SIDIS:

Ap,ﬂ'"‘ ~ 4ATUJV A%Dl —I—ATCZV A%DQ A 4ATUJV A%DQ—I—ATCZV A%Dl
Coll — 4uy D1+dy Do COll T 4uy Do+dy D1

Ad at - (ATUV—FATdv)(ZlA%Dl —|—A%D2) A (ATUV—I—ATdv)(A%Dl —|—4A%D2)
Coll = (ay +dv)(4D1+D2) Coll = (ay +dv ) (D1 +4D3)
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Kinematics

2 2
° _ @ _ Q -
Tr1 = Tro = — fractions of the
1 2p1q’ 2 2pagq

longitudinal momentum of the hadrons A and B carried

by the quark and antiquark which annihilate into virtual
photon
s = (p1 + p2)? ~ 2p1p2 - the center of mass

energy squared
Q2 — M2~ xix98 = T58

_ 1 1
Y = §1HE
Ty =1T1 — T2
2
J s AT+ g
= 1+ = \/TeY
TF
To = = = /Te Y

6 — production angle in the dilepton rest frame — polar

angle of the lepton pair in the dilepton rest frame

¢ — azimuthal angle of lepton pair

lepton plane (cm)

¢g — azimuthal angle of the hadron polarization mea-

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: 7 p! — putu~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)

T pg+ME

hio (z,p2) = ez McMy o—orp2 ) (1) (M. =23GeV,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. Jorunal C,
DOI: 10.1140/epjc/s2006-02490-1 ]

_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

i — [ Parlad /MMy] Y, 2F[(2h - kirh - kor — ki - ko) 10t ]
[ d*ar Y, e2F[fifi]

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

62 (ki + kor — ar)(2 (QTlegéqugT) — kirkor)a7

=2k?, k35, + k. (kirker) + k3, (kirker) + 2(kirkor)? — 2(kirkar)?
| |
0 0

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

Zq eg(flq(wl)flq(x2)+(1‘_>2))
M (@) = [ Pl (552) b (2,13)

2M?2
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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 —kip - kor) ’“hﬂ
+(1 + cos?0)sin(¢ — ¢s,)F |B- kar Ll |
—sinfsin(¢ + ¢s,)F | B - kor " | |

Let us consider SSA

A [ dQdgs, sin(¢pEes,)[do(Ser)—do(—Sar)]
h(f) — [ dQ2dés, [do(Sar)+do(—Sar)]
| S EF[ BT S aF e ]

Ap = 4 e2f[f1qf1q] T2 qug}"[ﬁqﬁq]
l l

A. Sissakian et al, PRD,2005

Anselming et nl7 PRD_2003: Efremav et nl1 PLB_ 2005
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Factorization

sin(p— AT
By analogy with AUT((b P)3ix considered in ref. A. Efremov

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

A, — JdQdss, | Par(ar|/M)sin(é+6s,)[do(Syr) —do(~Sar)
h— [dQd¢s, [ dar[do(Sar)+do(—Sar)]

So that after integration

A _ lZq83[7@“)(x1)h1q(5132)+(1<—>2)]
" 2 Zqeg[flq($1>f1q<$2)+(1H2)] ?

k2
Wi (@) = [ dkr (5t ) by (2, K3)
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pp — 1T~ X and pp! — [T1-X

By virtue of charge conjugation symmetry:

g o il LD @) (@) 4R D (1) R (20)]
X = > €2 f1q(w1) frq(@2)+ frg(w1) frq(22)] ’

k|

pp—ITI~
Al gy = —hEail 1 (1) g (2) Hag (0B, (22)]
- g €alf19(1) fig(m2)+ f1q(21) f14(22))]
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

” L) 1(1)
(x1)hy, " (x2)
k(xlaxQ)’ﬁp%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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mp—utp Xand mp! — ptuX

Why 7~ p but not 7 p?

TC. U : uud

N
/N

pe I

TC. ud p: duu

/ But!

d-quark i s suppresed

by the charge fuctor 1/4
p ML
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: P ()| b ()]
k(xmmp)ﬂ p — 3 - - p7
fru(xr) __ flu(ajp)‘p
A P () hlu(xp)(p
A T 7T =75 f -
h(Zrs Tp)mpt 2 (@ e il Bl
Assumption:
B u(l)(a:)w— flu( )
h (1)(33)29 flu( )

IS consistent with the Boer’s model, where

Cy = Mpcy/Mrc,

The simulations reStHtS SITOwP thgtTCs reworfLLvan PROCE SSES AT COMPASS - p. 12



Simulation results (unpolarized DY)

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

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

A Ap(z,z)

hJ_(l)

‘ | ‘ \ ‘ \ ‘ | ‘ -0.5c_. I ‘ \ ‘ \ ‘ | ‘
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5

Xr Xn

closed circles: 60 GeV, open cirles: 100 GeV
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Estimation of SSA flh (sigle-polarized DY)

0.04r i
- -0.06f
-0.05F B
0.06f 0.07F
-0_073 -0.08:
0.08] -0.09F
0.09F o1
'0'1: R T T T T T
0 01 02 03 04 05 06 07 08 0 01 02 03 o4 05 06 07
Xp Xg

Left: 100 GeV (Q2 = 6.2 GeV?), Right: 60 GeV (Q> = 5.5GeV?)

average

Feasibility study of introduced % and A;, and, therefore, of PDFs

h, and hf(l) IS now In progress (Torino-Dubna group + T. Iwata —
see the talk at Workshop on Hadron Structure at J-PARC; can
be downloaded from COMPASS talks page)

average
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Sivers function from the single-polarized Drell-Yan

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

qr-integrated asymmetry

ne—es)sls [ dQdés, [ dar(|ar|/Mi) sin(g — ¢s,)[do(Sar) — do (=S

UT [ dQd¢s, | d?>qr[do(Sar) + do(—Sar)]
As a result;
sin(9—5) 2 Y €2 fir VP (@) fIT (w2)
UT o q/ T~
S [P (@) I (wa)

u-quark dominance for 7= p DY:

Asin(qb—qbs)q—T N 1J_T(1)u/p(x1) f/ﬂ_ (:C2)

- FUP(2) 3T

Y
”I"n\ |
Z

\ L/ J 1 \
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Estimation of SSA

Uur

Siﬂ(¢—¢s)]\3—§,

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

01 [~
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~
~
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Summary

DY 7~ p — utp~ X at COMPASS 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

Feasibility study of DY at COMPASS is now in progress
(Torino-Dubna group + T. Iwata — see the talk by T. lwata at
Workshop on Hadron Structure at J-PARC, “Possibility of
direct extraction of the transversity from polarized Drell-Yan
measurement in COMPASS")
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Simulations (testing)

Experiments on unpolarized DY: J.S. Conway et al, PRD /1
(2005) 074014, NA10O Collaboration, Z. Phys. C 31 (1986) 513,
Z. Phys. C 37 (1988) 545

T

R = 72-(1+ Acos? 0 + psin 20 cos ¢ + ksin? fcos 2¢),
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