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Deep-Inelastic Scattering (DIS)
Lepton-Nucleon DIS: 7 + N — /' + X
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Deep-Inelastic Scattering (DIS)
Lepton-Nucleon DIS: 7 + N — /' + X
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Nucleon in Leading Order

In leading order three parton distributions are
needed to describe the structure of the nucleon:

a(x) , quark distribution
o in unpolarized DIS
LN —0'X

helicity distribution

Aq(x
al )%- -°-> in polarized DIS

IN = 0'X

Arq(x)=q'"(x)—q™(x) transversity distribution
in polarized SIDIS

INT — 0'hX

CNT — ¢'hhX

INT = OAX
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Unpolarized PDFs: g(x)

F} from lepton-proton scattering
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Unpolarized PDFs: g(x)

F2 from lepton-proton scattering F¢ from lepton-deuteron scattering
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Unpolarized PDFs: g(x)

F} from lepton-proton scattering
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Unpolarized PDFs: g(x)

FY from lepton-proton scattering
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Nucleon in Leading Order

In leading order three parton distributions are
needed to describe the structure of the nucleon:

q(x) o

Aq(x) L= A

Arq(x)=q""(x)—q™(x)

“”" Heiner Wollny (University of Freiburg)

quark distribution
in unpolarized DIS
LN —U'X

<~ well known

helicity distribution
in polarized DIS
[N — X

transversity distribution
in polarized SIDIS

{NT — ¢'hhX

INT — 0'hX

INT — /AX
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Helicity PDFs: Ag(x)
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Helicity PDFs: Ag(x)
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Nucleon in Leading Order

In leading order three parton distributions are
needed to describe the structure of the nucleon:

q(x) o

Aq(x) RGN

Arq(x)=q""(x)—q™(x)

“”" Heiner Wollny (University of Freiburg)

quark distribution

in unpolarized DIS - wkell
ON =X rown
helicity distribution

< known

in polarized DIS
[N — X

transversity distribution
in polarized SIDIS

ONT — ¢'hX

ONT — ¢'hhX

INT — /AX
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Nucleon in Leading Order

In leading order three p

arton distributions are

needed to describe the structure of the nucleon:

q(x) °

quark distribution

1) L s

in unpolarized DIS - wkell
ON =X rown
helicity distribution

< known

in polarized DIS
[N — X

Arq(x)=q""(x)—q™(x)

transversity distribution
i arized SIDIS

(NT — 'AX
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Transversity: What is the challenge?

Helicity Aq(x) Transversity Arq(x)

oo b-d

Pictures look pretty similar!

~» Why is Transversity only accessible in SIDIS?
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Physikalisches

Optical Theorem

Optical theorem:

DIS cross-section is proportional to imaginary part of
compton forward scattering
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Optical Theorem

Optical theorem:

DIS cross-section is proportional to imaginary part of
compton forward scattering
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PDFs in hand-bags

e B o wl ep
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PDFs in hand-bags

e B o wl ep

Aq(x) ~
e el e
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PDFs in hand-bags

b-4
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PDFs in hand-bags

a(x)  ~
S

Aq(x) ~
e

ATq(X) ~

b-d
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PDFs in hand-bags

e B o wl ep

Aq(x) ~
e

helicity-flip in inclusive
DIS is suppressed with

O(mq/ Q)

ATq(X) ~

b-4
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PDFs in hand-bags

chiral-odd Fragmentation-
Function balances
helicity-flip

~» SIDIS

10
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Collins-Asymmetry

Fragmentation into single hadron:
(NT — 0'hX
~> Collins-Fragmentation Function A%D:

fragmentation of a transversely polarized quark into an unpolarized

hadron
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Collins-Asymmetry

Fragmentation into single hadron:
(NT — 0'hX
~> Collins-Fragmentation Function A%D:

fragmentation of a transversely polarized quark into an unpolarized

hadron

~» azimuthal asymmetry of produced hadrons
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Collins-Asymmetry: A simple interpretation £

Favored fragmentation:

u — 7 (ud) spin flip ofg _ Y

o



Collins-Asymmetry: A simple interpretation £

Favored fragmentation:

u— 7t (ud)

u

U L =1— T heads out of page
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Collins-Asymmetry: A simple interpretation

Unfavored fragmentation:

u— m (do)
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Collins-Asymmetry: A simple interpretation E

Unfavored fragmentation:

u— m (do)

— subleading 7T heads into page
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Collins-Asymmetry

Proton: ACO,, —AL £0

Deuteron: ACO,, AC g~ 0

(we’ll keep that in mind..)
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Collins Asymmetry

Measuring transversity with Collins-FF A9.D/(z, p7)
Hadron production depends on two azimuthal angles:

¢s: azimuthal angle of spin
of the initial quark
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Collins Asymmetry

Measuring transversity with Collins-FF A%.D!(z, p%)
Hadron production depends on two azimuthal angles:

¢s: azimuthal angle of spin
of the initial quark

¢n: azimuthal angle of hadron
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Collins Asymmetry

Measuring transversity with Collins-FF A9.D/(z, p7)
Hadron production depends on two azimuthal angles:

¢s: azimuthal angle of spin
of the initial quark

¢n: azimuthal angle of hadron

~» azimuthal asymmetry:
Nh o 1+ A-sin ¢Co/l

Ocoll = Gn+ s — T
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Collins Asymmetry

Measuring transversity with Collins-FF A9.D/(z, p7)
Hadron production depends on two azimuthal angles:

¢s: azimuthal angle of spin
of the initial quark

¢n: azimuthal angle of hadron

~» azimuthal asymmetry:
Nh o 1+ A-sin ¢Coll

Ocoll = Gn+ s — T

A= A 0(qu -A7q(x,kT)®A5 D) (2,p7)
Coll= ¥PD,, >, €-a(xk3)@D}(z,p%)

f = target dilution
Pr = target polarization

D,, = transverse spin transfer
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COMPASS Detector (muon setup)

ECAL2
HCAL2

ECALL > Muon-filter
HCAL1 g

RICH

SM1 N
3

Polarized

~ Muon-filter

> high energy muon beam (160 GeV)
» high intensity beam (2 - 108.% /spill)
> two stages spectrometer:

~» large angular acceptance (0 < 0., < 180 mrad)

~» broad kinematical range in x and Q?
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COMPASS Polarized Target

COMPASS target (> 2006):

» 3 target cells

» acceptance: 180 mrad

> target material: NH3

» dilution factor: f ~ 15%

» polarization: P+ ~ 90 %

COMPASS 2007 TRANSVERSE PROTON DATA

20000~ hh

> reversal of polarization every 4-5
days

150001

100001

L L L
e -50 0 50

Z,, [cm]
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Challenge of Measurement

Measuring Collins Asymmetry is challenging:

» Asymmetries are expected to be in the order of few percents

~ ~ 0.1 = few permille

1
f PTDnn

» Coupling of data-samples with opposite target polarization

~> stable working detector (timescale weeks)
~» extensive data stability checks

» Non-uniform angular acceptance of detector 1w

1600
~+ Orthogonal Collins- and Sivers-
Modulation mixes via acceptance

~» need of advanced extraction methods

“" Heiner Wollny (University of Freiburg) Seminar CEA Saclay, Dec 03 2010 20



Collins: Results Proton 2007

COMPASS 2007 proton data

Q.<§ 0.1 + + B : E:;:tll\;/eel;;(gr(:?;s B
3 ¢ +
0 byt piti d daped, ¢
AR bt T[T %
0.1 — 7 — M —
_— —— —
- ERE— ‘ 0I5 ‘ 1I OIS | 1I5
-2 1 . . .
10 10 X . p" (Gevic)

v

Bt _ AhT
ACoIl - _ACoII
» Large asymmetries in valence-quark region
~» Transversity and Collins-FF are not Zero
» Small asymmetries in sea-quark region

» Published in PLB 673 (2009) 127-135
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Collins: Results Proton 2007

§ 0.1-® COMPASS h" x>0.050 prelit )
< O HERMES rt* > Nice agreement between COMPASS

and HERMES data!

Q@
pbﬁi » Not obvious, because of different Q?
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Collins-Asymmetry: Access to Transversity

Anselmino et al arXiv:0812.4366 A 2 0 Pph 2
R i Iv e "‘CCIIOCATq(Xa kT) ® ATDq (X, pT)

Q"
é: °7’% v T + T ]
55 . | 70 | » HERMES Proton
i, 4 _
S ol E E ™ T
" |t I ~ Alon = —ACol
’g 5 % ¢
< o
';w )
+ w
&
%(5 b e T

X z P; (Gev)
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Physikalisches Institut

Collins-Asymmetry: Access to Transversity

Anselmino et al arXiv:0812.4366 A 2 0 Pph 2
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Collins-Asymmetry: Access to Transversity

Anselmino et al arXiv:0812.4366 A 2 0 Pph 2
nse.mi S A xATq(x, kT) ® ATDq(x,pT)
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Collins-Asymmetry: Access to Transversity

= Transversity
ATU > 0, ATd <0

xA1q
A
04 x84
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< 03
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S o2 S
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x 0
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Collins-Asymmetry: Access to Transversity

= Transversity = Collins-FF A9.D
0 ~ 0
ATU > O’ ATd <0 2ATDr’avored ~ ’ATDunfavored
xATq ~N
0.4 xAq . 1r
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Collins-Asymmetry: Access to Transversity

= Transversity = Collins-FF A9.D
0 ~ 0
ATU > O’ ATd <0 2ATDf'avored ~ ’ATDunfavored
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Collins-Asymmetry: Access to Transversity

= Transversity = Collins-FF A9.D
ATU >0, ATd <0 2A07'Dfavored ~ ’AQ/'Dunfavored
xATq N
04 R, O
Arq < 3 lg+Ad] &
< sl @ 08~
Y N o6l
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Dihadron-Asymmetry

Fragmentation into pair of hadrons:

¢ N — ¢'hhX
~» Dihadron-Interference-FF H(z, M?):

Fragmentation of a transversely polarized quark

into two unpolarized hadrons and rest X
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Dihadron-Asymmetry

Fragmentation into pair of hadrons:

¢ N — ¢'hhX
~» Dihadron-Interference-FF H(z, M?):

Fragmentation of a transversely polarized quark

into two unpolarized hadrons and rest X

~> Azimuthal asymmetry of produced
hadron-pairs

In leading order interference

between hadron pairs in relative s- and p-waves
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Dihadron: What to be measured

Dihadron production depends on
two azimuthal angles:

¢s: azimuthal angle of spin
of the initial quark
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Dihadron: What to be measured

Dihadron production depends on
two azimuthal angles:

¢s: azimuthal angle of spin
of the initial quark

¢Rr: azimuthal angle of
two hadron-plane
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Dihadron: What to be measured

Dihadron production depends on
two azimuthal angles: bs: azimuthal angle of spin
of the initial quark
¢r: azimuthal angle of
two hadron-plane

Dihadron-Interference:
~ Azimuthal asymmetry in:

Npip- o« 1+ A-singrs -sinf
Ors =¢r+Ps —
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Dihadron: What to be measured

Dihadron production depends on
two azimuthal angles: bs: azimuthal angle of spin
of the initial quark
¢Rr: azimuthal angle of
two hadron-plane

Dihadron-Interference:

~ Azimuthal asymmetry in:

Nh*h* o 1iA‘Sin¢R5'§j\D\Q

Pps = pr+ s —

hth™ cm. P
f \9
rame
—————— >
Py = Py + P,
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Dihadron: What to be measured

Dihadron production depends on

two azimuthal angles: bs: azimuthal angle of spin

of the initial quark

¢Rr: azimuthal angle of

two hadron-plane
103 COMPASS 2007 TRANSVERSE PROTON DATA

h*h Dihadron-Interference:

10001 ~» Azimuthal asymmetry in:

I Nyip— o 14+ A-singrs -sind
500 <Sm 9> = 0.94 Prs =dr+ s —7

r hth™ cm. P

L c \9

[ rame

0 05 B Py =P+ P>
sin(6)
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Dihadron: What to be measured

Dihadron production depends on

two azimuthal angles: bs

“7" Heiner Wollny (University of Freiburg)

: azizmuthal angle of spin
of the initial quark

¢r: azimuthal angle of
two hadron-plane
Dihadron-Interference:

~ Azimuthal asymmetry in:

Nh*h* o 1+ A-sin ¢RS

Pps = pr + s —

A >q & ATq(x)-Hf (2,M°)
Ars = 7pr.p, & >, €2-q(x)-D1(z,M?)

f = target dilution

Pt = target polarization

Dpn = transverse spin transfer

Seminar CEA Saclay, Dec 03 2010 25



Dihadron-Asymmetry: Results

o &) 01 h*h pairs COMPASS|2007 transverse proton data
. - ¢ I
P 3 ¥ t
jrees, Fi, G [ ety t
-0.1F { }
— d ¥\ — 1 ! 4\_ |
102 10" 102 04 06 08 05 1 15 2
X z M, , [GeV/c?]

» ~» Polarized DiFF and Transversity are not Zero
> A2s(Miny) < 0; (0.4 < Min, < 2GeV/c?)

» Signal enhanced around p®-mass (0.77 GeV)
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Dihadron-Asymmetry: Results

o &) 04 —&— /'l pairs, x > 0.032 COMPASS|2007 transverse proton data
hh pairs, x < 0.032
° [ ]
$ (Y] ¢
¢ pEals X
T |
e ——] e — ]
1 1 1 1 | | 1 1 1 1 1
102 10" 102 04 06 08 05 1 15 2
X z M, , [GeV/c?]

» cut on x > 0.032 to enhance asymmetries in z and Mj,,

~ ARs(z) = ARg(Miny,) = const.
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Dihadron-Asymmetry: Results

0.1
7
oo

—&— 'l pairs COMPASS| x > 0.032 COMPASS|2007 transverse proton data
h*l pairs COMPASS}x< 0.032
- ' pairs, HERMES, (scaled with 1/Dnn)
I

fiy0 f*%{? ey
-0.1F i} -

_— |_\_\ |
102 101 102 04 0.6 08 0.5 1 1.5 2
X z M, [GeV/c?]

» HERMES results scaled with —1/D,,
» COMPASS measurement covers much larger range in x

» Good agreement in overlap region

“”" Heiner Wollny (University of Freiburg) Seminar CEA Saclay, Dec 03 2010

Physikalisches Institut _\
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Dihadron-Asymmetry: Results

o &) 0.1 —&— 1*h pairs COMPASS|2007 transverse proton data
B Bacchetta et al.
A 7 ¢ =% {
L 2K T [ 2P %
{ ¢ L $ ¢ st ¢
-0.1f { }

| . ¥‘ —— - ——
10? 10" 102 04 06 08 05 1 15 2
X z M, , [GeV/c?]

Recent prediction (Bacchetta, Radici, Phys.Rev.D79:034029,2009)

» Transversity-Distribution of Anselmino et al. (arXiv:0801.0173)

» Model for polarized DiFF
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Dihadron-Asymmetry: Results

&) 0.1 —&— 1*h pairs COMPASS|2007 transverse proton data
% B== Bacchetta et al.
A = ; < i {
L 2K T [ 2P %
{ ¢ L $ ¢ st ¢
-0.1f { }

| . ¥‘ —— - ——
10?2 10" 102 04 06 08 05 1 15 2
X z M, , [GeV/c?]

Recent prediction (Bacchetta, Radici, Phys.Rev.D79:034029,2009)

» Transversity-Distribution of Anselmino et al. (arXiv:0801.0173)

» Model for polarized DiFF

was downscaled with factor ~ 3 | (Fit on HERMES results!)
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Dihadron-Asymmetry: Results
0.1

—&— 1*I pairs COMPASS|2007 transverse proton data

—— Maetal.: SU6
-=-Maetal.:pQCD, arXiy:0711.0817

(2]
Qo

HOH
HOH
-
o
—@r—

1 ¥\ p— 1 ! 4\_ 1
102 107 102 04 06 0.8 05 1 15 2
X z M, , [GeV/c?]

Recent prediction (Ma et al., Phys.Rev.D77:014035,2008)
» Two different Transversity models: SU6 and pQCD

» Model for polarized DiFF from Bacchetta et al (non-scaled)
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Dihadron-Asymmetry: Results

A
Q2 0 —&— 1*h pairs COMPASS|
—— Maetal.: SU6
-=-Maetal.:pQCD, arXiy:0711.0817
0 =

HOH
HOH
-
o
—@r—

1 ¥\ p— 1 ! 4\_ 1
102 107 102 04 06 0.8 05 1 15 2
X z M, , [GeV/c?]

Recent prediction (Ma et al., Phys.Rev.D77:014035,2008)
» Two different Transversity models: SU6 and pQCD

» Model for polarized DiFF from Bacchetta et al (non-scaled)

... Belle showed first results of polarized DiFF !
(A. Vossen, Dubna Spin 2009)

~» significant asymmetry
“”" Heiner Wollny (University of Freiburg) Seminar CEA Saclay, Dec 03 2010 28



Dihadron-Asymmetry: Results

o &) 0.1 —&— 1*h pairs COMPASS|2007 transverse proton data

—— Ma et al.: SU6
-=-Maetal.:pQCD, arXiy:0711.0817

HOH
HOH
-
o
—@r—

1 ¥\ 1 1 1 1 4\— 1
102 04 06 038 0.5 1 1.5 2
X z M, [GeV/c™

Recent prediction (Ma et al., Phys.Rev.D77:014035 2"~ tYaCt

> Two different Transv ivw" is 10 €
o different Transversit a\ys\s C\,\eCk

> Model e g Cr0SS™

ransvefs‘ "7 3pin 2009)

o-utiCa nt asymmetry
“7" Heiner Wollny (University of Freiburg) Seminar CEA Saclay, Dec 03 2010 28



Transverse Momentum
Dependent Distributions
TMDs
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TMDs

Three parton distribution functions when integrating over k|

momentum helicity€ quark
A U N L T
N\
e [\
c \
| L L gk a i
transversity

e $ 4)/——
o -
nlT
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TMDs

Eight parton distribution functions when taking into account k|

helicity
momentum € quark Boer-Mulders
AV N\

L T >
U \o \\ O -

L —o»->--<9—> DS

_ -4
il e
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TMDs

Eight parton distribution functions when taking into account k|

helicity
momentum € quark Boer-Mulders
AV N\

L T >

t‘u ™ \\ D -
C
.

L -8 DS

-4
AN
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Sivers-Asymmetry

Sivers-Function A q(x, k%): & %
1 | |

distribution of unpolarized quarks with transverse

momentum K T tn a transversely polarized nucleon

~> azimuthal asymmetry of produced hadrons
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(e proton spin

“”" Heiner Wollny (University of Freiburg)

// \ 0.4f
S
N \ o2
[ B | by,
< // o
o

proton spin

» angular momentum ~»
non-symmetric quark-density
(in impact parameter space)
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» angular momentum ~»
non-symmetric quark-density
(in impact parameter space)

// \ 0.4f
S
N \ o2
[ B | by,
< // o
o

(e proton spin

proton spin

Chromodynamic lensing:

» strong force pulls fragmenting quark
towards center of momentum

(e proton spin momentum feel stronger force

» more displaced quarks w.r.t center of
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» angular momentum ~»
non-symmetric quark-density
(in impact parameter space)

// \ 0.4f
S
N \ o2
[ B | by,
< // N
o

(e proton spin

proton spin

Chromodynamic lensing:
» strong force pulls fragmenting quark
towards center of momentum

» more displaced quarks w.r.t center of
momentum feel stronger force

(e proton spin

= More reactions in upper part of proton
= More hadrons will be deflected downwards

“”" Heiner Wollny (University of Freiburg) Seminar CEA Saclay, Dec 03 2010 31



Sivers Asymmetry

Sivers PDF A{ q(x, k%): -—

A non-zero Sivers-Asymmetry requires angular
momentum of the quarks
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Sivers Asymmetry

Sivers PDF A{ q(x, k%): $ -— $

A non-zero Sivers-Asymmetry requires angular
momentum of the quarks

~> azimuthal asymmetry:
N, o 1+ A-sin(¢pp — ¢s)
bsiv = ¢n — ¢s

¢p: azimuthal angle of hadron

¢s: azimuthal angle of spin of initial quark
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Sivers Asymmetry

Sivers PDF A{ q(x, k%): & -— $

A non-zero Sivers-Asymmetry requires angular

momentum of the quarks

~> azimuthal asymmetry:
N, o 1+ A-sin(¢pp — ¢s)
bsiv = ¢n — ¢s

¢p: azimuthal angle of hadron

¢s: azimuthal angle of spin of initial quark

VTP TN, ek @D;(2.pT)
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Sivers: Results Proton 2007

COMPASS 2007 proton data

<& of | e T
; : 44 ;
0 ﬂéiéiri;§l %iélé 3 % % 7§1%I§§ i
¢ ¢ Tee? + 1 §+§ T + ?*‘ b4 + L i
=015 ——— M ——————— - e————
i — ] —
T I B ‘ 0|5 ‘ ! OIS i 1|5
2 -1 . 1 . .
10 10 X . p" (Gevic)

for h™ additional absolute systematical uncertainty of £0.01

» Positive asymmetry for AT
» Asymmetry for h~ small, compatible with zero

» Published in PLB 673 (2009) 127-135
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Sivers: Results Proton 2007

COMPASS 2007 proton data

COMPASS h* x>0.032 prelimijc
<t Y| o HERMES n* PRL 103 (2009)

s <}<§ ofd 9
%Qiofﬁ fﬁé % é*

P
Siv
o
—
T
°
Q
3

—e—
o
——
—e—
——
—e—
—o—
—_—

-0.1 - -

I I 1 1 1 1
>

3 0.1-* COMPASS h'x>0.032 preliminary L

O HERMES 7 PRL 103 (?O‘))

p

0 %%éoé 5 o5 x%p
XTI I T?T* f

| | L L 1 L | 1 1 1
102 107 03 1 03 1 15

p (GeV/c)

» COMPASS and HERMES data show similar trendsI
» COMPASS h™ about factor 2 smaller than HERMES
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Sivers: Results Proton 2007

Physikalisches Institut

. COMPASS 2007 proton dats
[sXy0)) 0.1 positive hadrons - negative hadrons
positive hadrons:
%}
. T i } .
! % B S 1l : % » possible W dependence
I§ Tl }
% | » Asymmetry only non-zero
*  x>0.032
od - oo | J for small W, where
| L | L | L | L
£ 5 : 5 HERMES measures
W (GeV/c?) W (GeV/c?)
w00 - HERMES
3000 [
2000 7
1000 7
04
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Sivers: Results Proton 2007

. COMPASS 2007 proton dats
[sXy0)) 0.1 positive hadrons - negative hadrons
%}
: ] 1 }
teto gyl
1 1 1 3 T It
t
b
o x>0032 |
—0q ° x<0032 L
| L L | L | L
5 10 5 10
W (GeV/c?) W (GeV/c?)
N ., COMPASS 2007 proton data
T 15 o]
> e x>0.032 1l e
8 * x<0.032 . 10 Eoee o o
T 10+
o
& .
s, " e
01”‘. | 107F |
5 10 5 10
W (GeV/c?) W (GeV/c?)

Heiner Wollny (University of Freiburg)

Seminar CEA Saclay, Dec 03 2010

Physikalisches Institut

positive hadrons:

» possible W dependence

» Asymmetry only non-zero
for small W, where
HERMES measures

4000

3000

2000

1000

o

HERMES

S R ARRRSARRARRRRERRRRAS

34



Sivers: Results Proton 2007

. COMPASS 2007 proton date
[sXy0)) 0.1 positive hadrons - negative hadrons

positive hadrons:

11 % % > possible W dependence
T T 1 T
t
% | » Asymmetry only non-zero
L oo l for small W, where
-0.4F : -
5 15 s HERMES measures
W (GeV/c?) W (GeV/c?)
COMPASS 2007 - F
5, 5 . s000 - HERMES
S . e F
§ | L L peT S
T 10 d-‘“e‘e“ < 9‘0‘0“ 2000 |-
o 9\3‘“ RN\ . 1000 £
e * a 2 ‘. g
N\\% S an ° 0§
pRO™ - ‘ 107 ‘
CO = 10 5 10
W (GeV/c) W (Gev/c?)

34

“7" Heiner Wollny (University of Freiburg) Seminar CEA Saclay, Dec 03 2010



Physikalisches Institut

Sivers-Asymmetry: Access to Sivers-Function
Anselmino et al. arXiv:0805.2677

T 2 h 2
015 HERMES 2002-2005 .
ol ™ preliminary ASIV X AO q(X, kT) ® Dq (X7 pT)
0.0!
Y . » HERMES Proton
~ 01 F
%{5 oos—m b /
SIV’ ASIV7 ASIV >0
0.1 T
009 et e o
= ~ - A
o1 SIV’ Slv ~
0 0102030405 02 04 06 08 02 04 06 08 1
X z + (GeV)
N [ HERMES 2002-2005
0.1 s L preliminary
@ 0.1 N -
04 |
& 0.2F K+ E . R
E 5 01 "ﬁsg E %
w{ 0.1
02
0.2 K
1 m_/.k——;‘ ﬁ PR S
-0.1 ﬁﬂ—‘
VDZO 0102 030405 02 04 06 08 02 04 06 08 1
X P: (GeV)
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Sivers-Asymmetry: Access to Sivers-Function
Anselmino et al. arXiv:0805.2677

UZ; 0 B COMPASS | 2003-2004 ASiv X AOTCI(X, k2T) %) Dg(x’ p2T)
@ -0.1
Yoo i » HERMES Proton
~ 0.05-
£ =) ° 4 . |
w<5 R A I IR |

Si — [ r SIV’ ASIV7 ASIV >0

0.05 e L N N + . N

ety g —
A 5 102 10t 02 04 06 08 05 1 15 S’V’ ASIV ~
z P; (GeV)
. » COMPASS Deuteron

o K L COMPASS 2003-2004

0.05 ﬁr/J_CV— = ‘ = TQ‘T
3’ 0.1 ++ I + + l ASIV = ASIV - 0
€ o Kol [
5 ﬁ‘*ﬁgﬁlﬂ TLCF* ste— AKY ~ AKT ~ 0
< | I I Slv - Slv -

0.1 K

E S I e

N ?’:% = s =

10° 107 10 N 1 N P, (GeV)
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Sivers-Asymmetry: Access to Sivers-Function

006 [Q°=24 Gevz'g 0.6 - ‘-.‘ x=0.1 . . .
> oot | | swa~ % | Extraction of Sivers-Function:
00z | T 0.2 1
S 0 y < 0 ~... | Anselmino et al. arXiv:0805.2677
2 &3 0 =
o 0 =
= ° -0.02 |- z ° S- F -
| < = divers-Function
< -0.04 - < 04l
~0.06 |- i _06 1 -
002 [ % 02 50
001 | 5 o1l AO u > O
15 > 1= s
~0.01- Zoal » T
P SO P e Ayd <0
001 |- | 01t
s | o
-0.01 ] —0a P g
-0.02 ) i —02F 1/
002 [ 02
o 00 F o1l
o, %} o -
-0.01 | ol
002 “o2|
002 [T 02 F
0.01 - 01f..
n - 0w
-0.01 - -0.1f
002 bl i 02F o
10° 102 100 1 0 02040608 1
X ki
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Sivers-Asymmetry: Access to Sivers-Function

0.06 1Q°=2.4GeV’} 06 Y x=04 . N .
> oo |- | =3~ | Extraction of Sivers-Function:
=z 0 -, x__‘ 0'; v Anselmino et al. arXiv:0805.2677
“ - ¢ é - ° = . .
ER ER = Sivers-Function
Y Agu >0
I I
-001 ' ’ —01f - .
F e Ayd <0 a \N‘\\
o L "“ o | \f‘,:::. da" X
EEE e
17 0’001 . %) 001 - .
-0.01 ~01 17 hss ‘\0“

0.01 +
" o

oRE CON\?

-0.01 - (
002 bt . Q .
10° 107 107 1 \ v8 1
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Summary

Transversity

» Sizeable Collins asymmetries

First extraction of Transversity distribution and Collins Fragmenation
Function

» Sizeable Dihadron asymmetries

Data is ready to extract Transversity

Sivers

» Significant asymmetry for positive hadron

First extraction of Sivers distribution
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Summary

Transversity

» Sizeable Collins asymmetries

First extraction of Transversity distribution and Collins Fragmenation
Function

» Sizeable Dihadron asymmetries

Data is ready to extract Transversity

Sivers

» Significant asymmetry for positive hadron

First extraction of Sivers distribution

Outlook

» 2010 full year of data taking with transversely polarized protons
~» statistical errors are expected to improve about factor 1.5
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Back up

Back Up
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Single Hadrons: SIDIS Event Selection

DIS cuts: Q wf
N s
> Q%> 1(GeV/c)? g izi
> 01 <y<09 10‘;
» W2 >25GeV?/c* e
10
if 20 40 60 80 100
Q? (GeV/cf
N -
= N i
=
I .
];H‘HH\HHHH\HHHH\HHHH % |
0 100 200 300 400 1 102 10
W3(GeV/?)? X
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Single Hadrons: SIDIS Event Selection

DIS cuts:
» Q%> 1(GeV/c)?
» 0.1 <y <09
» W2 > 25GeV?/c?

107

O’ (GeV/cf

—_
(=]

102 10!
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Single Hadrons: SIDIS Event Selection

h

hadron cuts:
» pr > 0.1GeV/c

» z>0.2

dN/dp

Total statistics:

pos hadrons neg hadrons

15-10° 12 -10°
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General Expression of polarized SIDIS Cross-Section

A
dx dy dvp dz doy, d}:‘fl n
o ¥ 1+l2 Fuur +eFuun +v/2e(1 + €) cos gy Fos larized t t
ryQ? 2(1 —¢) 2 ' : uu unpolarized targe
+£cos(20) Fyip ™ + A V/2(1 — ¢) sin gn Fyp)*"
+8) [V2e(l+¢) singy F(S/iz(b" + esin(2¢y,) “‘“2‘1’"} longitudinally
polarized
+S)Ae {m Frp+\/2e(1—e) cos gy, Fip target
+1S11 | sinon — 6s) (Frg = + e i)
transversely
+ ¢ sin(¢y, + ¢s) Fyp Sm(‘z”l+¢5) + & sin(3¢, — Bs) F[SJi;(3¢h*¢s) pO|ar|2ed
target

+v/2e(1 + ) singg FSB95 4 \/22(1 + £) sin(2pp — ) Frnl2on—9s)

+1S1| e [\/ 1 — €2 cos(¢n — ¢g) Fy. m;((p,, )y 2¢e(1 —¢€) cos ¢g Fz‘j’f")s A.Bacchetta et al
JHEP 0702:093,2007

+/22(1 — ) cos(2gn — ¢g) Frs@on—os)

}: E-print number: hep-ph/0611265

“7" Heiner Wollny (University of Freiburg) Seminar CEA Saclay, Dec 03 2010 43



Dihadron Interference

Measuring transversity with polarized
Dihadron-Interference-FF H:

~» azimuthal asymmetry:

Nh*h— o 1+ A-sin QbRS -sinf

COMPASS 2007 TRANSVERSE PROTON DATA

300001 -
[ hh Ors = Or + s — T
B _ __A 2

20000/ Ags = FPpn X Zq e Arqg- ,l-/1<I
f < _ s <,pP

10000 Hi = H;"™" + cos OH;

(cosd) = 0.01 ~> only sensitive to H;"*

A I -

cos(0)
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Definition of R+ and ¢g
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DiHadrons: SIDIS Event Selection

COMPASS 2007 TRANSVERSE PROTON DATA
DIS cuts:

h*h
» Q2> 1(GeV/c)? 10
» 0.1 <y <09 10°4
» W >5GeV/c? 1wl
10% ‘
1 10 10?
Q?[(GeV/c)]
COMPASS 2007 TRANSVERSE PROTON DATA pOMPASS 2007 TRANSVERSE PROTON DATA
b h*h’ F h'h’
400001 10°F
30000 103%
20000~ 10°F
100001 10p <ij> = 0.043
ol L3N R |
100 200 300 102 10" 1
W2 [(GeV/c)] X
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DiHadrons: SIDIS Event Selection

hadron cuts:

40000
» z; > 0.1, XF,i > 0.1
30000
> Zeum = 21 + 20 < 0.9
20000
» Rt > 0.07GeV/c
10000
Total statistics for this analysis: o
0 0.5 1 1.5 2 2.5
— - 2:
11-10° hth~-pairs M. [GeV/c']
COMPASS 2007 TRANSVERSE PROTON DATA COMPASS 2007 TRANSVERSE PROTON DATA
N L . i -
0.8 h'h 30000 h'h
061 L
L 20000~
04f i
: 10000)
02 i
i i (Zsum) = 0.47
%%z 04 06 08 02 0d 06 08 1
z, 242,
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