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Introduction

The fundamental distributions of partons inside a nucleon

Unpolarised
Distribution

fi(x) or q(x)

©

Distribution of

unpolarised partons in
an unpolarised nucleon.

Well known

Helicity
Distribution

g1(x) or Ag(x)

-6

Distribution of
longitudinally polarised
partons in a
longitudinally polarised
nucleon.

Known

Transversity
Distribution

or ATq

5o

Distribution of
transversely polarised
quarks in a transversely
polarised nucleon.

Little known!

HERMES and COMPASS
first experimental
measurements
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Introduction
Transversity in SIDIS

Transversity in Semi inclusive Deep Inelastic Scattering

Transversely polarised quark fragments into an unpolarised hadron:

1 " .
Dpyqi(2,p1) = Dyjg(2,[p1]) + 55¢ - (Pgr X pL)AND, q1(2, pLI),

where p | is transverse momentum of produced hadron with
respect to fragmenting quark — non-perturbative effect.
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Introduction
Collins FF

Collins Fragmentation Function

There are two different notations for Collins FF:

1 " .
Dpyq1(2,p1) = Dpyq(z,[pLI) + 5S¢ - (Bgr X pL)AND, 1 (2, |pL])
and

Sq - (PgxpL
Dpjqt(z,pL) = Dpyg(2, |pL]) + qil\;)Hllq(L lpLl),
™

both ANDh/qT (z,|p.|) and Hqu(z, \p.|) refer to Collins FF
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Introduction
Collins FF

Collins Fragmentation Function

There are two different notations for Collins FF:
1 o "
Dpyq1(2,p1) = Dpyq(z,[pLI) + 5S¢ - (Bgr X pL)AND, 1 (2, |pL])

and

Sq' - (Pyxp.1)
Dpjqt(z,p1) = Dijg(z, |pL]) + * H9(z, |pL),

Relation

2\PL| AL
N
ANDy1 (2, lpi]) = S FL( e )

\

Trento conventions: A. Bacchetta, U. D’Alesio, M. Diehl, and C. A. Miller,
Phys. Rev. D70, 117504 (2004).
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Introduction
Collins effect

Collins effects A o sin(¢p + ¢s)

The azimuthal asymmetry arises due to modulation in
fragmentation function, the Collins function ANDh/qT (z,|pL])
couples to transversity Arq( )

An ~ sin(pn + ¢s) - A1q(x) @ AVDy 01 (2, [p.L])

é; é v

- _ADh/q()

J. C. Collins, Nucl. Phys. B396 (1993) 161
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Introduction
Collins effect

Collins effects A o sin(¢p + ¢s)

dq e(27XATQ(X)ANDh/qT (z)
Zq egqu(x)Dh/q(z)
Positivity constraints :

|ANDh/qT(Za pJ_)‘ < 2Dh/q(z7 pJ_)
Soffer bound :

fa/p(x) + Aq(x)]

Aij’jlg(ph'i'd)s)(X’ z) ~

ATl < 5 |

J. C. Collins, Nucl. Phys. B396 (1993) 161
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Introduction Collins effect in SIDIS and e™e™ annihilation S  The model for Collins FF and transversity Description of the ¢

SIDIS and eTe™ annihilation

Collins effect gives rise to azimuthal | Collins effect gives rise to azimuthal
Single Spin Asymmetry asymmetry, g and g Collins func-

tions are present in the process:
ANDy 1 (21, Q%)
(!)—(!):A , Q? h/ql ot
7q(x, Q) ANDh/af (22, Q%)

N 5 D. Boer, R.Jacob and P. J. Mulders Nucl.
@ - Q = A"Dy/q1(z, Q) | Phys B504 (1997) 345

J. C. Collins, Nucl. Phys. B396 (1993) 161
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Introduction Collins effect in SIDIS and eTe™ annihilation S  The model for Collins FF and transversity Description of the

SIDIS and eTe™ annihilation

Cross Section ~ sin(¢y + ¢s)- Cross Section ~ cos(¢p, + d,)-
Atq(x, Q%) ® ANDy 41 (2, Q%) ANDy 41(21) ® AVDy 51 (22)
A7q(x, Q%) #07? ANDy g1 (21, Q%) #0 7
ANDh/qT(Za QZ) #0 B ANDh/L—ﬂ(ZQ,Q2) 750 ?

N N,

J
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The model for Collins FF and transversity Description of the ¢

SIDIS

=5 = THERMES PRELIVINARY 2002-2004
& o1 p Evirtual photon asym: mplitudes.
& oos | &
& oo b 3
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oo | 3
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x z

HERMES, proton target,
Plab = 27.5 (GeV)

HERMES

ATq(X7 QZ) 7é 0!
ANDy 1 (2. Q%) #0 !

HERMES Collaboration, A. Airapetian
et al. Phys. Rev. Lett. 94 94 (2005) 012002

02 04 06 08

T
Py clGeV]

8
2,,2,-bin-id
2z, T MO |

02 03 05 07 103 05 07 105 07 1007 10

z L I I L
os 07 10

BELLE, /s = 10.52 (GeV),

BELLE
ANDy g1 (21, Q%) #0 !
ANDy g1 (22, Q%) #0 !

Belle Collaboration,
K. Abe et al., Phys. Rev. Lett. 96(2006)232002
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COMPASS, deutron target
Plab = 160 (GeV)

COMPASS

ATC](X, Q2) 7é 07
AND, 01 (2, Q%) £0 7

COMPASS Collaboration, E. S. Ageev et al.,
Nucl. Phys. B765, 31 (2007).

The model for Collins FF and transversity Description of the ¢

cos(2ay) method
0z |-
N
. A L4
P4
o Lk 4 4t
& e T
0z |- ‘
o1 - oy +
olh 4 4 41y \
) 2 4 6 s
2,.2,bin-id

B Y T S O R
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z L I I L
os 07 10

BELLE, /s = 10.52 (GeV),

BELLE

ANDy g1 (21, Q%) #0 !
ANDy g1 (22, Q%) #0 !

Belle Collaboration,
K. Abe et al., Phys. Rev. Lett. 96(2006)232002
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Introduction Collins effect in SIDIS and eTe™ annihilation S  The model for Collins FF and transversity Description of the

SIDIS and eTe™ annihilation

Are HERMES and COMPASS data
compatible?

Fit HERMES & BELLE and check if

we describe COMPASS data.

:ANDe‘e

ANDSIDIS(Z) e

h/q’

(2) 7

v

Fit simultaneously HERMES, COM-
PASS and BELLE data sets.
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Collins effect in SIDIS and et e~ annihilation The model for Collins FF and transversity Description of the

Unpolarised distribution and fragmentation functions.

fq/p(x, k1) and Dy /q(z, p1) TMD distribution and fragmentation

functions are used.
We assume the k| and p, dependences to be factorized in a

Gaussian form

ok = f ()e—ki/<k%>
X, K1) = X) —Fo
q/p q/p 7T<ki>

e—PL/(PL)
m(p)

(k?) =0.25 (GeV?)
(p1) =02 (GeV?)

Dh/q(z7 PJ_) = Dh/q(z)

M. Anselmino, M. Boglione, U. D’Alesio, A. Kotzinian, F. Murgia, A. Prokudin,
Phys. Rev. D71, 074006 (2005).

Transversity, Collins and Sivers Effects
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Collins effect in SIDIS and et e~ annihilation The model for Collins FF and transversity Description of the

Unpolarised distribution and fragmentation functions.

fq/p(x, k1) and Dy /q(z, p1) TMD distribution and fragmentation
functions are used.

We assume the k| and p, dependences to be factorized in a
Gaussian form

Distribution functions:
fq/p(x) GRV LO 1998

M. Gluck, E. Reya, and A. Vogt, Eur. Phys. J. C5, 461 (1998).

Fragmentation functions:
Dp/q(2) Kretzer

S. Kretzer, Phys. Rev. D62, 054001 (2000).
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Collins effect in SIDIS and et e~ annihilation The model for Collins FF and transversity Description of the

Collins function

Model for Collins FF

ANDh/qT (z,|p1|)= we use factorization of z and p;
and Gaussian dependence on p|

AVDy 1 (z,p1) = 2N (2) Dyyqe(2) h(pL)

with

5 (v +8)0t9)
7160

h(p.) = \/2epﬁL e PL/IM*

NE@Z) = NS 27(1 - 2)

where NqC, v, 6, and M are parameters.
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Collins effect in SIDIS and et e~ annihilation The model for Collins FF and transversity Description of the

Collins function

Model for Collins FF

ANDh/qT (z,|p1|)= we use factorization of z and p;
and Gaussian dependence on p|

AVDy 1 (z,p1) = 2N (2) Dyyqe(2) h(pL)

with

positivity constraint |ANDh/qT(z, PL)| < 2Dy q(z,p1) is fulfilled.
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Collins effect in SIDIS and et e~ annihilation The model for Collins FF and transversity Description of the

Transversity

1 T e_ki/<ki>T
Brq(x ki) = 5 N7 (%) [fyrp(x) + Ag(x)]

m(kf)r
where (o 4 BYetD
NG (x) = NJ x*(1 = x)P e
NJ, «, B and <ki>r are parameters.
NJ(x) <1

thus Soffer bound

is fulfilled.
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Collins effect in SIDIS and et e~ annihilati The model for Collins FF and transversity Description of the

5”7(<Dh+@5)

Description of A

We use HERMES and COMPASS data sets on Af}"T((ﬁ”Jr(bS) in the
fitting procedure, we use one of the two sets of data from BELLE
corresponding to either cos(¢1 + ¢2) or cos(2y) extraction
method.

Favored and unfavored fragmentation functions are defined as
follows:

DfaV(Z) = Du—>7r+(z) — pd—r~ (Z) — pi—m (Z) _ d—»ﬂ*(z)
DunfaV(Z) = pu—T (Z) _ Dd*ﬂ(“*—(z) _ DUHTF*—(Z) _ Dd—'ﬂ‘_ (Z)

HERMES Collaboration, L. Pappalardo et al., in the proceedings of the XIV
International Workshop on Deep Inelastic Scattering, Tsukuba city, Japan, April
20th - April 24th. (2006).

COMPASS Collaboration, E. S. Ageev et al., Nucl. Phys. B765, 31 (2007).

Belle Collaboration, R. Seidl et al., Phys. Rev. Lett. 96, 232002 (2006) .
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the ¢
p

Description of the data Anselmino et al Phys.Rev.D75:054032,2007

Table: FIT I cos(yp1 + ¢2) and FIT Il cos(yp) are within 1o

Transversity

FITI N] = 048£0.09 NI = —0.62+0.30
FITIL N = 04240.09 NJ = —-053+0.28
FITI o = 1.14+0.68 B = 4741545
FITI o« = 120083 B = b5.09+5.87
Collins FF

FITI NS, = 035+0.16 NC¢. = —0.85+0.36
FITI NS, = 0.41£0.10 NE, = —0.99+1.24
FITI v = 1.14+0.38 5 = 0.14+0.36
FITI v = 0.81+0.40 5 = 0.02+0.37
FITI M? = 0.70£0.65 GeV?

FITII M? = 0.88+1.15 GeV?

Alexei Prokudin Dubna, 4 September 2007 Transversity, Collins and Sivers Effects



Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Description of BELLE data

0.2

%% 02<2,<03 [ 03<z<05 02<2,<03 [ 03<z<05
0.151 L . 015 L
= N'
N 01 t 1o r =3
NS [ e < o ﬁ I ,,’“
5 S B
o = ———— | = | S
< 0 = - < 0 : =
02 05<2,<07 [ 07<z<1 02 05<2,<07 [ 07<z<1

-0.05! L P L L L L L
02 04 06 08 02 04 06 08

Z; Z Z 2

&

L L L L L L
02 04 06 08 02 04 06 08

Ay(z4, 25)
1)
Ax(24, 2)
\‘ =
\\

Solid line corresponds to FIT Il, dashed line corresponds to FIT |
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Description of BELLE data

0.2

%% 02<2,<03 [ 03<z<05 02<2,<03 [ 03<z<05

A(z4, 2,)
i ;

1\

l%

|

[ 1]
A(24 2)
\\l\
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. |
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\
Ax(24, 2)
\‘ =
\\
\E

L L L L L L L L
02 04 06 08 02 04 06 08

FIT I 'and FIT |l are compatible )
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Description of HERMES data AZ"T(QS”%)

HERMES Ai/ (¢nt+os)

ep — en X, plap = 27.57 GeV.

HERMES [ 2002-2004

sin (¢g+ 0,)
uT

i3
E Fl

-0.02 L L
-0.04 L L
-0.061- r r
= -0.08 r r
D o
< o T

o1 L L L I P
0 010203040506 02 04 06 08 02 04 06 08 1

X z P; (GeV)

sin (¢g+ 0p,)

HERMES Collaboration, L. Pappalardo et al., in the proceedings of the XIV
International Workshop on Deep Inelastic Scattering, Tsukuba city, Japan, April
20th - April 24th. (2006).
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Description of COMPASS data AZ"T(%”’S”)

in(op+os+m
COMPASS AZn(ontostm)

uD — phX, pap = 160 GeV.

f i h* [ COMPASS [ 2002-2004

< oos t L

é” o '.o..A&L SPYY SPSR | o KA

E = zwt;+ t L +
<

sin (0g+ O + )
°
- 8 2
Fe—T T
>
o
&:
-
>
o
—o—
F&
e

10" 1 0.26 05 074 098 0.5 1 1.5
X z P; (GeV)

COMPASS Collaboration, E. S. Ageev et al., Nucl. Phys. B765, 31 (2007).
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Description of COMPASS data AZ"T(%”’S”)

COMPASS ASn(ontéstr)

uD — puhX, pap = 160 GeV.
5o h* [ COMPASS [ 2002-2004
< o005 t
;” o ,_.j_nAkL Y I s | o KX
=g | ¥y hd +
‘0 3-0.057
< 0.1 F r
‘: o1l B L 8 +
< oot r t ¢
B 9,0 o000y 4 & & | a0 ¢
= e e ’ e
c
5 5-0.057
< o1

“;-2 10" 1 D.‘ZS 0.‘5 0."’4 0.98 D.‘5 ‘1 |.‘5

X z P; (GeV)

Why AZ’;£¢h+¢5+ﬂ) ~ 07 One of the reasons is that < x >~ 0.03
(< x >HermEs~ 0.1)is very small and Arg(x) — 0.
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Description of COMPASS data AZ"T(%”’S”)

COMPASS ASn(ontéstr)

D — phX, pap = 160 GeV.

5o h* [ COMPASS [ 2002-2004

< o005 L L

é” o ,_.j_nALi '“.‘A“ﬁ—‘é’ - _.#*

£ Souf , , t
< 01 L L

sin (9g+ 0y + )

°

- & 2

o7 T

p

o

&:‘

»

»

-

b

-

L

T—f
e

102 10" 1 026 05 074 09 05 115
X z P; (GeV)

But deuteron target allows us to fit Ard(x) as combination of
Atu(x)+ A7d(x) enters into the asymmetry.
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Collins fragmentation function

8 1 2 2

H = Q°=2.4GeV’
a osl o o8l z2=0.36
ol N
N os- 3 o0sl

] a
a o4l =, 04
=z |l = /e
< oz 02}
N
< 1 — 1

3 = Q*=2.4 GeV?
Q o8l 2 o 2=0.36
=) =
= o8 T 06

< a
o oaf = 04
= =
T o2 02

0 ol L L s
0 02 04 06 08 1
P1(GeV)

compared to Ref. [1] (dashed line) and Ref. [2] (dotted line)
[1] A. V. Efremov, K. Goeke, and P. Schweitzer, Phys. Rev. D73, 094025
(2006) .

[2] W. Vogelsang and F. Yuan, Phys. Rev. D72, 054028 (2005).
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Collins fragmentation function

q 4 1 - A
H = Q%= 2.4 GeV’
a osl o o8l z=0.36
9 N
N os- 5 o0s-
K a
a 04- =z 04|
=z Y ... 5
- % =
E 1 77 1
I = | Q%= 2.4 GeV?
Q o8| & osr 2=0.36
o o6 E 0.6
5 [=]
[~ Y1 z 04
= <
T o2 02
0 0
0.2 04 0.6 08 o 02 04 06 08 1
z pL(GeV)

Right panel: solid line corresponds to FIT Il, dashed line
corresponds to FIT |
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Transversity
@ This is the first
, extraction of transversity
oL g from experimental data.
3 02l =]
4'- 0.1 4'-
X x
0.1 . . . . 0.1 . . . . .
0.1 E‘ 011
R 085 5 0051
T o T 0
by M o0
'3 0.1 '3 0.1
i 0.15
0.2 L L L L 0.2
02 04 06 08 1
X
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Transversity
@ This is the first
. extraction of transversity
il 2 from experimental data.
X o3 X
g g e Atu(x) >0 and
& g ATd(X) <0
X x
0.1 . . . . 0.1 . . . . .
o1 o o
’;0.057 ><" X
T o 3
= .
< M g™
X 0.1 X -
02 T — 2l
02 04 06 08 1 0 02 04 06 08 1
X k, (GeV)
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Collins effect in SIDIS and e"e™ annihilati The model for Collins FF and transversity Description of the

Transversity

@ This is the first
. extraction of transversity
il 2 from experimental data.
X 03 X o
g g e Atu(x) >0 and
& g ATd(X) <0
X o X @ Both Atu(x) and
01 K
N ey Ard(x) do not saturate
R 085 :- Soffer bound.
T o 3
[ [
< M <
x 01 X
] —
02 04 06 08 1
X
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

Transversity

@ This is the first
extraction of transversity

il 2 from experimental data.
§ :: % e Atu(x) >0 and
& o I ATd(X) <0
o0 X @ Both Au(x) and
:: — 2 - A1d(x) do not saturate
R 085 % 0 Soffer bound.
° M ° . e HERMES data alone
% - fixes well A7 u(x) while
ol by HERMES+COMPASS
02 04 06 08 x1 0 02 04 ois(l((u.;aev)1 alows us to extract
ATCI'(X).
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Collins effect in SIDIS and e"e™ annihilati The model for Collins FF and transversity Description of the

PREDICTIONS

ep — enX, plap = 6 GeV. wp — whX, pap = 160 GeV.

0.12, —
— 01k E S o1t + L L
& ool [ JLab 6 GeV * h
*,  oosl L S oo [
S oo t £ 9 ——
£ oo F c = N T
» D B D005 3
< -0.02 F < -0.1- L

o L - .
—_ 0.1 o F
S am 2 h
+ oo Z 0.05] L
3 s ‘e':) o A e
£ 008
w D -0.1 % 5‘“'057 [
< -0.12] Tr < -0.1 L

02 04 06 08 1 0.‘2 0.“ 0.‘6 0.‘8 02 04 06 08 1 107 10" 1 0.‘25 015 0.‘74 0.98 05 1 15
X z P; (GeV) X z P; (GeV)

JLab can improve our knowledge of transversity in high x region.
COMPASS operating on proton target is expected to measure 5%
asymmetry at x ~ 0.2
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Introduction Collins effect in SIDIS and e e™ i i The model for Collins FF and transversity Description of the

PREDICTIONS

eN — en X, pap = 6 GeV. ep — eKX, ppp = 27.57 GeV.
0.2t F E
= [ JLabN 6 GeV =
?:;. oos| L © f.; ot K*i b HERMES+ L 20&2_224——}4
g £ - | 4
e || 5% AR B
< . , <
L L L L L L L L L o L L L L L I L L L L I L L L L
—_ 04 - - - - —_ 0.2} F
< <
+ 0.05 + 0-‘*# + r +
P [e—=—|| ¥ ' gt Tty
5 ':-7‘“5 EI '5 -0.1—‘ k
< o < |
02 04 06 08 1 0.2 04 06 08 02 04 06 08 1 0 010203040506 02 04 06 0.8 02 04 06 08 1
X z P; (GeV) X z P; (GeV)

JLab can improve our knowledge of A1d(x) transversity using
neutron target. Prediction of the model are compatible with Kaon
data from HERMES.
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Collins effect in SIDIS and e e™ annihilation The model for Collins FF and transversity Description of the

PREDICTIONS

eN — enn X, pap =6 GeV. ep — eKX, ppp = 27.57 GeV.
= g [ JlabN 6 GeV = [ [
al e r
T g t T o K t HERMES+ 8 2032—2&_4}9
£ £ +Aa% — = -
% %
% SMS— Q 3 5 '5 u.|—+ L L t
< . i <
0.2t F I
—_ 041l —_ 0.2t I - - - -
< <
+ 0.05| + “-"L + r +
P Al [ — & g o 1 pald
€ c ~~S——— |
‘@ D005 ‘@ D -oif
< . — L < | L
02 04 06 08 1 02 04 06 08 02 04 06 08 1 0 010203040506 02 04 06 08 02 04 06 08 1
X z P; (GeV) X z P; (GeV)

AT aATu(x X)AND, ) ,1(2) + Ard(x)ANDy 41 (2)
AZ’Z[_(Dh+¢S |neutron ~ 4D Td(x)ANDy )1 (2) + A1u(x)ANDy 41 (2)

Alexei Prokudin Dubna, 4 September 2007 Transversity, Collins and Sivers Effects



S The model for the Sivers function Description of the data & |

Sivers effect

Sivers effect A o< sin(¢p, — ¢s)

The azimuthal asymmetry arises due to modulation in parton
density, the so called Sivers function A7, o/p! Is the difference of
parton distributions in a polarized hadron.

An ~ sin(¢p — ¢s) - ANE, 1 (x, kL) ® Dpyg(2)

g) O -

- Dh/q

D. Sivers, Phys. Rev. D41(1990) 83
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Sivers effect

Sivers effect A o< sin(¢p — ¢s)

Z e 2xzAN fq/pt (x )Dh/q(z)
Zq equCI( )Dh/q(z)

Positivity constraints :

’A /pT(X kJ_)’ < 2f, (X kJ_)

AZnT(qﬁh—qbs)(X7 z) ~

Two different notations:

forpr (k1) = fopplx ki) + 5 N N o1 (x, k1) Sy - (P x kL)

ST'(PXkL)

= (ki) — 52 (x, k1) o
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Sivers effect

Sivers effect A o< sin(¢p — ¢s)

Z e 2, zANF q/p 1(x )Dh/q(z)
Zq egxfq(x)Dhyq(2)
Positivity constraints :
]A q/pT(x, k)| < 2fg(x, k1)

AZ’ZIS¢h_¢S) (x,2) ~

Two different notations:

Relation
2|k, |

p

ANE (5 k) = — 9 (x, ki) -

Trento conventions: A. Bacchetta, U. D’Alesio, M. Diehl, and C. A. Miller,
Phys. Rev. D70, 117504 (2004).
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Sivers function

Model for Sivers function

Aqu/pT (x, k1 )= we use factorization of x and k.
and Gaussian dependence on k|

N e_pi/<ki>
A f-q/pT(X, kL) :2Nq(X) fq(X) h(kJ_)T 5
m(ki)

with
by (ag + bq)(aq+bq)
20p

KL i
h(kL):\/2eML/e L

Nolx) = Ngx®e(1 - x)

where Ny, a4, bg, and M’ are parameters.
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Sivers function

Model for Sivers function

Aqu/pT (x, k1 )= we use factorization of x and k.
and Gaussian dependence on k|

N e_pi/<ki>
A f-q/pT(X, kL) :2Nq(X) fq(X) h(kJ_)T 5
m(ki)

with

Nq(x)

<1
h(k) <1

positivity constraint |Aqu/p¢ (x, k)| < 2fy(x, k) is fulfilled.
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sin(¢n—os)

Description of A7

We use HERMES and COMPASS data sets on AZ"T(¢“_¢5) in the
fitting procedure.

u, d and sea Sivers functions are fitted.

For sea Sivers functions we use

ANfa/pT(X, kl) ,ANfa/pT(X, kL) ,ANfs/pT(X, kL) ,ANfg/pT(X, kL)-

HERMES Collaboration, Diefenthaler M., HERMES measurements of Collins and Sivers

asymmetries from a transversely polarised hydrogen target, arXiv:0706.2242
COMPASS Collaboration, Martin A. COMPASS results on transverse single-spin

asymmetries Czech. J. Phys. Bb56, F33-F52 (2006).

Alexei Prokudin Dubna, 4 September 2007 Transversity, Collins and Sivers Effects



S  The model for the Sivers function

Description of the data

Table: Best values of the free parameters for the u, d and sea Sivers

functions.
2/d of. = 1.

0.062
u N, = 0337507
Sivers ay = 0.58755% b, = 2653
function

0.004
d Ny = —1.00T0000
Sivers ay = 0.7570% by = Litge
function
sea Ny 0. 005++30§;5‘1 Ny —0. 36*8 5
Sivers Oen = 1.5J_r1.2 bsea = 11?%
function
K2y = 025 GeV2 M? = 041700

Alexei Prokudin

Dubna, 4 September 2007

GeV/?

Transversity, Collins and Sivers Effects
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Description of HERMES data AZ"T(@_%)

ep — e X, pap = 27.57 GeV.

o1l 3 3
ofl TP L HERMES L 2002-2005
. 05| L L
ool L L
oozl L L
=
2

2
g
£
@ 002 L
<
&
g
=
7
<

ut
il
:?iﬁq

~ o T
E4
. oosl- L
¢ et | —ee ——
St o T | N
=)
< o L
0 o1 02 03 04 05 02 04 05 08 02 04 05 o8 1
X z P; (GeV)

HERMES Collaboration, Diefenthaler M., HERMES measurements of Collins and Sivers
asymmetries from a transversely polarised hydrogen target, arXiv:0706.2242
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Description of COMPASS data AS'"(‘/’h ¢s)

COMPASS A

uD — phX, pap = 160 GeV.
2 01r ™ [ COMPASS [ 2003-2004
' 0.05- F L
§ ol |r,.\. . M L S P |
—— *7"51::$:::%
% 570,05— .W, r
< o I I
— 0.1+ i F
T#) 0.05+
G q 1/ P + PEDE
% 5*0,05, * L W
< 0.1 -
1(;1 1(;2 1[;1 1 0‘2 0‘4 0‘6 D‘B 0‘5 ‘1 1‘5
X z P; (GeV)

COMPASS Collaboration, Martin A. COMPASS results on transverse single-spin
asymmetries Czech. J. Phys. Bb56, F33-F52 (2006).
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Description of COMPASS data AS'"(‘/’h ¢s)

in(oh—¢
COMPASS AT (?n—9s)

uD — phX, pap = 160 GeV.
@ o1r ™ [ COMPASS [ 2003-2004
' 0.05- r
g e U L |
£ 5w oW T e T
< L

0.1

¢

3’ 0.05+ F
g q L/ PP + e
< -0.1- F

10° 102 10* 1 0‘2 O.‘4 0‘6 0.‘8 015 ‘1 1.‘5

X z P; (GeV)

Why ASR=99) 07
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Description of COMPASS data AS'"(‘/’h ¢s)

in(¢n—¢
COMPASS AZn(#n=9s)

uD — phX, pap = 160 GeV.
2@ o1r ™ [ COMPASS [ 2003-2004
' 0.05- r
g et U "&* gyl |
EN R Y I ’
< | L
—~ 0.14 i
Td) 0.05+ F
§ 0 LA o 4 + &4 4
% SVUOSW’ m
< -0.1- F
1(;3 107 1(‘)1 1 0‘2 0.‘4 0‘6 D.‘S 0.‘5 ‘1 1.‘5
X z P; (GeV)

( Asin(@n—0s)

~ 4 AN, DN ANF,, L DE
ur )hydrogen 5/ + d/pl ~d
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Description of COMPASS data AS'"(‘/’h ¢s)

in(¢n—¢
COMPASS AZn(#n=9s)

uD — phX, pap = 160 GeV.
2@ o1r g COMPASS [ 2003-2004
0.05- r
g = U "&* gyl |
E Y I ’
< -0.1- F
rg) 0.1+ i F
0.05+ F
§ 0 LA o 4 + &4 4
S A
< -0.1- F
10° 102 10% 1 0‘2 0.‘4 0‘6 D.‘S 0.‘5 ‘1 1.‘5
X z P; (GeV)

in(¢n—os) h h
(Aiqu' ' ’ >deuterium (A f/pT a A fd/pT) (4 Du + Dd)

Alexei Prokudin Dubna, 4 September 2007 Transversity, Collins and Sivers Effects



S The model for the Sivers function Description of the data & |

Description of COMPASS data AS'"(‘/’h ¢s)

in(¢n—¢
COMPASS AZn(#n=9s)

uD — phX, pap = 160 GeV.
2 ™ [ COMPASS [ 2003-2004
' 0.05- r
g et U "&* gyl |
EN R Y I ’
< | |
—~ 0.14 i
Td) 0.05+ F
§ 0 LA o 4 + &4 4
RN Y B
< -0.1- F
1(;3 107 1(;1 1 0.2 0.4 0‘6 D.‘S 0.5 1 15
X z P; (GeV)

(Aiijr;gtz)hid)S))deuterium - (ANf”/ pl T ANfd/ ”T) ~0
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Description of COMPASS data AS'"(‘/’h ¢s)

in(on—¢
COMPASS AZn(#n=9s)

uD — phX, pap = 160 GeV.
2 L COMPASS [ 2003-2004
0.05- F
g = U L IS R |
% 57005 W 'V\A—* t
< -0.1- F
@ 0.1+ T L
0.05F +
é 0 LA ¢ 4 + o 4
g 5'0057 ¢ %\:/7 H’QR‘
< -0.1- L
103 102 101 1 0‘2 0‘4 0‘6 D‘E 0‘5 ‘1 1‘5
X z P; (GeV)

But deuteron target allows us to fit better ANfd/pT as combination
of A f/pT + A fd/pT enters into the asymmetry.
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Sivers function
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ANV () = [ d?ky £ AN (6 kL) = — 7 P9(x).
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KAON HERMES AND COMPASS DATA

ep — eKX, ppp = 27.57 GeV. ep — eKX, ppp = 27.57 GeV.
pss HKNS
02 + s [ 2002-200
2 of K* HERMES 2002-2005 2 od ¢.K HERME‘ L ¢ —
& optt * /‘/‘/+ e / .
»w D 0 2D oy
< o <
3 02| + g, N
g el ) pb—t | g wd—jﬁl —— M
== T ¢ M ¢ T £k f_(r —
n D o1 » D o
< 0.2 KV < 0.2 Kr
0 01 02 03 04 05 D‘Z O‘d 0‘6 D‘E 02 04 06 08 1 0 01 02 03 04 05 0‘2 0‘¢ 0‘6 0‘3 02 04 06 08 1
X z P; (GeV) X z P; (GeV)

Kaon FF as given by De Florian et al. in Ref.

de Florian D., Sassot R., and Stratmann M. Phys. Rev. D75 114010 (2007)
(right panel) are compared the Kretzer (dotted lines) and HKNS
set (dashed lines) of fragmentation functions (left panel).
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Fragmentation function

z D(z)
u

K+ (us), nt(ud) thus knowledge of 5 — K FF is very important
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KAON HERMES AND COMPASS DATA

COMPASS HERMES

D — KX, pap = 160 GeV. ep — eKX, piap = 27.57 GeV.
2 K* — 20032004 2 0% * HERMES F 200272#005
i — L ;
uga '5—005— ﬁt& t ! il ! % 5 -0
< o < 0.2|
N . M o L

Q 0.05- L T ? 0.1 i
g q l Vi L | $+ g ,4—*/—\ M
= o NG ] S5 — [
< of + < | K

e X ' z P; (GeV) X z P; (GeV)

Model description of COMPASS and HERMES Kaon data. )
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PREDICTIONS

ep — en X, pap = 6 GeV. up — prX, pap = 160 GeV.

2 o g JLab 6GeV, 2 0: s /: _—
g ] g :%
£ =% £k
n D » D -0.05 L
< . < L

0.1 0.
@ 0.05; 3 0.05| "
S B N 2 5 Y
< T < o

02 04 06 08 1 02 04 06 08 02 04 05 08 1 10° 10° 10' 1 02 04 05 08 05 1 1s
X z P (GeV) X z P (GeV)

JLab can improve our knowledge of Sivers function in high x
region. COMPASS operating on proton target is expected to
measure 5% asymmetry for h™.
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PREDICTIONS

JLab

eN — en X, pap = 6 GeV. ep — eKX, pap = 6 GeV.
2 o JLab N 6GeV 2 OB+ et I ae
§ é 0.1
= = | 008
B D o4l » D
< <
s L L h L

’g] 0.1 @ a8
i — N 0.05|
g [ —— g % = | _—
e se [ ~I [
0 D o2 T » D -005] )
< 03¢ L L L L < o K L L L L

02 04 06 08 1 02 04 06 08 02 04 06 08 1 02 04 06 08 1 02 04 06 08 02 04 06 08 1

X z P (GeV) X z P (GeV)

JLab can improve our knowledge of ANfd/pT using neutron target. J
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CONCLUSIONS

@ First extraction of transversity for v and d quarks, A7u(x)
and A7d(x), from HERMES, COMPASS and BELLE data is
presented.
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CONCLUSIONS

@ First extraction of transversity for v and d quarks, A7u(x)
and A7d(x), from HERMES, COMPASS and BELLE data is

presented.
@ Transversity Arq(x) is found not to saturate Soffer bound

(a(x) + Aqg(x))/2.
Atu(x) >0and Ard(x) <0

Alexei Prokudin Dubna, 4 September 2007 Transversity, Collins and Sivers Effects



CONCLUSIONS

@ First extraction of transversity for v and d quarks, A7u(x)
and A7d(x), from HERMES, COMPASS and BELLE data is
presented.

@ Transversity Arq(x) is found not to saturate Soffer bound
(a(x) + Aq(x))/2.

Atu(x) >0and Ard(x) <0
@ Estimates of the Collins fragmentation functions for favoured

and unfavoured fragmentation have been obtained.
AND[V(z,|p.|) > 0 and ANDE(z, |p,|) < O
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CONCLUSIONS

@ First extraction of transversity for v and d quarks, A7u(x)
and A7d(x), from HERMES, COMPASS and BELLE data is
presented.

@ Transversity Arq(x) is found not to saturate Soffer bound
(9(x) + Ag(x))/2.

Atu(x) >0and Ard(x) <0

@ Estimates of the Collins fragmentation functions for favoured
and unfavoured fragmentation have been obtained.
AND(z,|p. ) > 0 and ANDE (2, ]p. ) < 0

@ Sivers functions for u, d and sea quarks are extracted from
HERMES and COMPASS data.
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CONCLUSIONS

@ First extraction of transversity for v and d quarks, A7u(x)
and A7d(x), from HERMES, COMPASS and BELLE data is
presented.

@ Transversity Arq(x) is found not to saturate Soffer bound
(a(x) + Ag(x))/2.
Atu(x) >0and Ard(x) <0

@ Estimates of the Collins fragmentation functions for favoured
and unfavoured fragmentation have been obtained.
AND(z,|p. ) > 0 and ANDE (2, ]p. ) < 0

@ Sivers functions for u, d and sea quarks are extracted from
HERMES and COMPASS data.

@ Predictions for Collins and Sivers asymmetries at JLab and
COMPASS (with the proton target) are presented and
expected to be sizable.
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CONCLUSIONS

@ First extraction of transversity for v and d quarks, A7u(x)
and A7d(x), from HERMES, COMPASS and BELLE data is
presented.

@ Transversity Arq(x) is found not to saturate Soffer bound

(a(x) + Aqg(x))/2.
Atu(x) >0and Ard(x) <0

THANK YOU! J

AND[?V(z,|pL]) > 0 and ANDIM(z,|p|) <O
@ Sivers functions for u, d and sea quarks are extracted from
HERMES and COMPASS data.

@ Predictions for Collins and Sivers asymmetries at JLab and
COMPASS (with the proton target) are presented and
expected to be sizable.
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