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COMPASS Detector (muon setup)

~~~~~~~

ECAL2

EcaLt oM
HCAL1

RICH
SM1

Muon-filter

Muon-filter

> high energy muon beam (160 GeV)

high intensity (2 - 108u™ /spill)

naturally polarized ( ~ 80 %)

> two stages spectrometer:

~ large angular acceptance (0 < 6,,, < 180 mrad)

~+ broad kinematical range in x and Q?
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COMPASS Polarized Target
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COMPASS 2007 proton data
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purity of 7+ sample > 99 %
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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
in unpolarized DIS
° IN—U'X
Aq(x) helicity distribution

in polarized DIS
.‘.y- -‘-» TR — X

transversity distributio
Ara(x)=q""(x)-aq"(x) in poI:rizeldySI[l)ISI e

1. (N = ¢'hX  Collins FF
- 2. (N = ¢'hhX Interference FF

3. (Nt = ATX FF of gt — AT
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1. Collins Asymmetry: (NT — ¢/ X

Measuring transversity with Collins-FF AOTDC’;:

fragmentation of a transversely polarized
quark into an unpolarized hadron
~» azimuthal asymmetry:

Nh o 1+ A-sin gZSCo”
Pcoll = Pn+ ¢s — T

¢p: azimuthal angle of hadron

¢s: azimuthal angle of spin of initial quark
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1. Collins Asymmetry: (NT — ¢/ X

Measuring transversity with Collins-FF AOTDC’;:

fragmentation of a transversely polarized
quark into an unpolarized hadron
~» azimuthal asymmetry:

Nh o 1+ A-sin gZSCo”
Pcoll = Pn+ ¢s — T

¢p: azimuthal angle of hadron

¢s: azimuthal angle of spin of initial quark

A 0 nh
Acor= 7. X 2 eg ATq® ATDq

f = target dilution

Pt = target polarization

Dpn = —1=Y = transverse spin transfer
2
a2
1-y+%
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Collins Asymmetries:

PLB 673 (2009) 127-135
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systematical error: 0gys < 0.3 0gtat

all asymmetries are small,
compatible with zero
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Collins Asymmetries:

DIS 2010 PLB 692 (2010), 240
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Collins Asymmetries:

DIS 2010 PLB 692 (2010), 240
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» Large asymmetries for proton ~ 10 %

» Small asymmetries for deuteron
~» cancellation of A7 u and A+d
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Collins Asymmetries for 7= and K=:
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SPIN 2010 COMPASS 2007 proton data
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Collins Asymmetries for =

COMPASS 2007 proton data
®  COMPASS
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Collins Asymmetries for 7=:

COMPASS 2007 proton data

-0.1- I~ @ COMPASS 2007 proton data [~
M.Anselmino et al.
| TC- | Nucl.Phys.Proc.Suppl.191,2009]
_0'2”””\ R B . 1 . 1 1 ! 1
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X z p’; (GeV/c)

Predictions from fit to COMPASS deuteron, HERMES proton
and Belle eTe™ data
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Collins Asymmetries for 7=

COMPASS 2007 proton data
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2. Dihadron Interference: ¢NT — ¢ X

Measuring transversity with polarized
Dihadron-Interference-FF H:

fragmentation of transversely polarized quark

~» azi :
into two unpolarized hadrons and rest X azimuthal asymmetry

Npsp- o< 14+ A-singgs - sinf
Prs = Qr + s — T
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2. Dihadron Interference: ¢NT — ¢ X

Measuring transversity with polarized
Dihadron-Interference-FF H:

fragmentation of transversely polarized quark

~» azi :
into two unpolarized hadrons and rest X azimuthal asymmetry

Npsp- o< 14+ A-singgs - sinf
Prs = Qr + s — T

hth™ cm. P+
frame
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2. Dihadron Interference: ¢NT — ¢ X

Measuring transversity with polarized
Dihadron-Interference-FF H:

fragmentation of transversely polarized quark

~» azi :
into two unpolarized hadrons and rest X azimuthal asymmetry

Npsp- o< 1+ A-sin ¢gs --staf)

10° COMPASS 2007 TRANSVERSE PROTON DATA

h'h Ors = PR + s — T
1000}
[ (sinf) = 0.94 For this analysis:
T sin @ can be neglected
0 g 1

sin(0)
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2. Dihadron Interference: ¢NT — ¢ X

Measuring transversity with polarized
Dihadron-Interference-FF H:

fragmentation of transversely polarized quark

~~ azi :
into two unpolarized hadrons and rest X azimuthal asymmetry

Npsp- o< 1+ A-singgs
Prs = Qr + s — T

— A 7 T
ARS—fPTDnnOC qeq ATq Hl

f = target dilution

Pt = target polarization

Dnn = —Y5 = transverse spin transfer
1-y+%
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Dihadron Asymmetries:
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Dihadron Asymmetries:

DIS 2009

a &) hh p airs COMPASS|2007 transverse proton data
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Dihadron Asymmetries:

01 DIS 2009
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Dihadron Asymmetries:

a &) 01 h+ h- p airs COMPASS|2007 transverse proton data COMPASS 2007 TRANSVERSE PROTOZ :::TA
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COMPASS measurement covers much larger range in x
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Dihadron Asymmetries:
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Dihadron Asymmetry:

a g 0.1 —&— /'l pairs COMPASS|2007 transverse proton data
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3. Transverse A-Polarization: /NT — ¢/ X

Measuring transversity with polarized A-FF ATDQ:
transversely polarized quark transfers its spin to A-Baryon

A-Polarization:  Pp o< f PrDp 3, e2-Arq-ArD)

measured via parity violating decay
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3. Transverse A-Polarization: /NT — ¢/ X

Measuring transversity with polarized A-FF ATDQ:
transversely polarized quark transfers its spin to A-Baryon

A-Polarization:  Pp o< f PrDp 3, e2-Arq-ArD)

measured via parity violating decay

e
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Transverse A-Polarization:

P}

systematical error: osys < 0.74 0gtat
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PA, P§ small, compatible with zero ~» small analyzing power of ATD(’,\

PR, P§ for deuteron also compatible with zero
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TMDs

ess| Heiner Wollny (CEA-Saclay Irfu/SPhN) GPD 2010, Trento, 10-15 Oct 18



TMDs

Three parton distribution functions when integrating over k|
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GO

Eight parton distribution functions when taking into account k|

helicity
momentum % quark Boer-Mulders

Heiner Wollny (CEA-Saclay Irfu/SPhN)
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General Expression of polarized SIDIS Cross-Section

do .
dx dy dvp dz doy, dP,fl n
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SIDIS Cross-Section: Transversely Polarized Target

do
drdy dy dzdep dP?, twist-2
2 2 2 .
o y 142 twist-3
zyQ? 2(1—¢) 2z
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SIDIS Cross-Section: Transversely Polarized Target

do _
drdy dy dzdep dP?,
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SIDIS Cross-Section: Transversely Polarized Target

do _
drdy dy dzdep dP?,

a2 yZ ,72
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Sivers Asymmetry

Fif ) x o700 0}

Sivers PDF Ag-q: -

correlation between intrinsic transverse momentum
of the quarks and the transverse polarization of the nucleon
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Sivers Asymmetry

Fif ) x o700 0}

Sivers PDF Ag-q: -

correlation between intrinsic transverse momentum
of the quarks and the transverse polarization of the nucleon

~» azimuthal asymmetry:

Nh (o6 1iAsm(¢h — gbs)

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

Fif ) x o700 0}

Sivers PDF A/ ¢: -

correlation between intrinsic transverse momentum
of the quarks and the transverse polarization of the nucleon

~» azimuthal asymmetry:

Nh (o6 1iAsm(¢h — gbs)

¢n: azimuthal angle of hadron

¢s: azimuthal angle of spin of initial quark

Asiv= 74 x S, e2- A q @ D!
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Sivers Asymmetries:
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Sivers Asymmetries:

PLB 692 (2010), 240
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Sivers Asymmetries for 7= and K*:

SPIN 2010 COMPASS 2007 proton data
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Sivers Asymmetries:

COMPASS 2007 proton data
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SIDIS Cross-Section: transversely polarized target
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SIDIS Cross-Section: transversely polarized target
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Pretzelosity

Ff,i"T(3¢”_¢5) x hlLT’q ®A‘;—Dg, Pretzelosity PDF hf}q: $ - ‘

correlation of parton transv. momentum and transv.
polarization in a transversely polarized nucleon
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Pretzelosity:
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Worm-gear (TL)

Ff;’.s(¢h_¢5) x gfr ® Db, worm-gear PDF gqu: $ - ‘

correlation of parton transv. momentum and long.

polarization in a transversely polarized nucleon
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Worm-gear (TL):

Ff;’.s(¢h_¢5) x gfr ® Db, worm-gear PDF gqu: & - ‘

correlation of parton transv. momentum and long.
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Worm-gear (TL):

FEos(@n=9s) o g8 Dh, worm-gear PDF g/'-: & - $

correlation of parton transv. momentum and long.
polarization in a transversely polarized nucleon
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Twist-3 Structure Functi
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SIDIS Cross-Section: unpolarized target
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E-print number: hep-ph/0611265

> Fios? and Fips®?: Cahn Effect + Boer-Mulders (TpQED)

> FEE(')”: beam asymmetry (beam polarization: P,+ ~ —80 %)
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SIDIS Cross-Section: unpolarized target
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> Fios? and Fips®?: Cahn Effect + Boer-Mulders (TpQED)

> FEE(')”: beam asymmetry (beam polarization: P,+ ~ —80 %)
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SIDIS Cross-Section: unpolarized target
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and transv. polarization in an unpolarized
nucleon

> Fios? and Fips®?: Cahn Effect + Boer-Mulders (TpQED)

> in(j(')”: beam asymmetry (beam polarization: P,+ ~ —80 %)
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SIDIS Cross-Section: unpolarized target
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Unpolarized Asymmetries:
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Unpolarized Asymmetries:
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Summary &

Many new results from COMPASS:

Collins asymmetries for 7+ and K for deuteron and proton target
~> New proton results ready to be used in a global analysis

v

v

Dihadron asymmetries for deuteron and proton target
~» Ultimate cross-check for Transversity extraction

Sivers asymmetries for 7+ and K for deuteron and proton target
~> New proton results ready to be used in a global analysis

v

v

Large azimuthal asymmetries of charged hadrons produced scattering
off unpolarized deuterons
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Summary

Many new results from COMPASS:

» Collins asymmetries for 7+ and K* for deuteron and proton target
~> New proton results ready to be used in a global analysis

» Dihadron asymmetries for deuteron and proton target
~» Ultimate cross-check for Transversity extraction

» Sivers asymmetries for 7+ and K for deuteron and proton target
~> New proton results ready to be used in a global analysis

» Large azimuthal asymmetries of charged hadrons produced scattering
off unpolarized deuterons

COMPASS is a major player in nucleon spin physics
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Outlook: 2010 NH;

One full year with transverse data taking has nearly fi-
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Outlook: 2013 and beyond

COMPASS-II proposal approved by SPSC

...proposal for two years GPD and two years DY...
7Pt — upX

Predictions and expected statistical errors (2 GeV/c® < M, < 2.5 GeV/c?)
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Thank You

email: heiner.wollnyQcern.ch
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Measuring transversity with polarized
Dihadron-Interference-FF H:
~» azimuthal asymmetry:

Npp—- o 1+ A-singgrs -sinf

COMPASS 2007 TRANSVERSE PROTON DATA

300001 g
[ hh Ors = PR+ ¢s — T
B __A 2

20000/ Ags = FPpn X Zq e Arq- H1<I
r < _ pyLsp <,pp

10000~ Hi = H"™" + cosOH,
i (cosd) = 0.01 ~> only sensitive to H;"*
.

cos(0)

eS8 Heiner Wollny (CEA-Saclay Irfu/SPhN) GPD 2010, Trento, 10-15 Oct 40



Definition of R+ and ¢f
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Transverse A-Polarization:
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Sivers Asymmetries:
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Twist-3 Structure Functions:
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SIDIS Cross-Section: Longitudinally Polarized Target
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> I‘_LLO(AC/(X)D!?7

> F(5)2¢h, 322‘”, chs¢h: twist-3, complex parton picture
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Longitudinally Polarized Target:
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