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Outline

Physics motivation

Unpolarized and longitudinally polarized
target data.

— Single Spin asymmetries
— Double Spin asymmetries

Studies of A, from dihadrons

Summary



SIDIS kinematical plane and observables
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Transverse spin effects are observable as correlations of
transverse spin and transverse momentum of quarks.
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SIDIS cross section
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Transverse Momentum Dependent (TMD) Distributions
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Transverse Momentum Distributions (TMDs) of partons describe the
distribution of quarks and gluons in a nucleon with respect to x and the
intrinsic transverse momentum k; carried by the quarks
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Nucleon TMDs
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Experimental configuration

Polarized target (NH3/ND3)

Pol. NH;, ND; targets <P,> =0.75-0.8, <P,>=0.3
Longitudinal polarization

Inner Calorimeter (424 )
PbWO, crystals) to detect e p 9 e J'EX
high energy photons at
forward lab angles. M. Aghasyan PacSPIN 2011, Cairns 7




SIDIS kinematic coverage with IC

Scattering of 5.9 GeV electrons off
unpolarized and polarized proton
and deuteron targets
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2009 data

CLAS provides a wide kinematical coverage

M. Aghasyan PacSPIN 2011, Cairns

> DIS kinematics,
Q2>1 GeV?, W2>4 GeV?, M, 2>2 GeV?
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Dilution factor for NH3/ ND3

NNHs ~ ANH;0 + BNH,Op

_ BNH,0p
ANH3U —+ BNH3Up

fDF

A and B hold density information
for all materials in the carbon
and ammonia targets

P.E. Bosted and M.E. Christy Phys Rev. C 77, 065206 (2008)
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DF from E05-113 (NH3)
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Longitudinally polarized NH3 target

Avakian PRL105 (2010)
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H. Avakian et al.

PRLL05 (2010) Longitudinal pol. target: A;-P; dependence
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e Data shows slight preference for R< 1

e New experiment with 10 times more data will study the P.-dependence for different
quark helicities and flavors for bins in x
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New data

Avakian et al. PRL105 (2010)

New data for m°
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New data with IC for neutral pions significantly improves

statistical errors and allows more than one dimensional extraction of A, an A ;.
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Beam Spin Asymmetry of m®

arXiv:1106.2293
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Beam Spin Asymmetry of m®

sin 2M P
FLU(d)h) = ax /dszdsz 5 (pT - 7T — kT)

arXiv:1106.2293 {PT pr [Mh L L p gD ]
& 041 £ 04 M M o
'5<3° 05;- P %Eo.os— e Pr b !Mh fi ¢ +xpeH L] }

: e o : e b Mp, M & s

Pasquini and Yuan,
Phys.Rev.D81:114013,2010

=)

=)

<
T
1

o

=)

G
T

L 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 0 0102 03 04 05 06 07 08 09 1

P; (GeV) P; (GeV)
h;(GeV 2
£ 0.1 & 0.1
53 0.3<x;<0.4 £3 0.4<x, 0
0.05 0.051 -50
X ¢ ¢ { : + -100
o—* o3& 1 ~150 ]
: ¢
009 0-05p 0.05 84
07704020304 05 06 07 08 09 1 0770402 03 04 05 06 07 08 09 1 k_2L (GeVz) 0.025
P; (GeV) P; (GeV) :

First time: A, two dimensional mapping for 0.4<z<0.7

M. Aghasyan PacSPIN 2011, Cairns 15



R =
arXiv:1106.2293
< 0.4 =
£D - E
] <—l - 0.05<PT<0.2 3 0.2<PT<0.4
0.05— 3
C = e ¢ 'Y
of ¢ ¢ ¢ E ¢
0.1_....I....I....I....I....I....I....I....5_“..I....I....I....I....I....I....I....
: 0.4<P_<0.6 3 0.6<P,<0.8
0.05[- 3
- ¢ é ¢ ; E ¢ ° +
o ——t
o ————— : _________________________

Beam Spin Asymmetry of m®

oM
7 / dszdzszé(?)(

P
T——T—kT)
z

H@h fi +xBer]}.

leading twist TMDs

E
hL——l—:r;Bg Ds

Pr-pr | M,

M M

Pr -kt
My,

quark
U L

u (e
L g1(&--@-| @

m@ 65 hi

T f;(b-@

S0 —0C S

015 02 025 03 035 04 045

For fixed P; x dependence is flat.

015 0.2 025 0.3 035 0.4 045

X

M. Aghasyan PacSPIN 2011, Cairns

Higher twist TMDs
N/q| U T
U - D) h.@
L fl% : hy, e
T | fr, f7 hr,er, ht, eT

16



Beam Spin asymmetry of xt®

P, (GeV)

E01-113 experiment results on A, extends the x; range
and improves uncertainties.
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HT-distributions in SIDIS

HT function related to force on the
quark. Burkardt (2008),Qiu(2011)

HT SSAs comparable at JLab and COMPASS
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Summary

ALU of °in multidimensional bins.
ALU, AUL and ALL of %+ in multidimensional bins is coming.

The data consistent with factorization (no x /z-dependence observed in single and double
spin asymmetry measurements).

Measured asymmetries (<sing>, <sin2¢>, ...), provide access to new transverse momentum
dependent distribution and fragmentation functions.

Measured spin and azimuthal asymmetries are in agreement with theory predictions and
measurements at higher energies.

Measurements of azimuthal dependences of double and single spin asymmetries in SIDIS
indicate that there are significant correlations between spin and transverse distribution of
guarks.

Sizable higher twist asymmetries measured in SIDIS indicate the quark-gluon correlations may
be significant at moderate Q2.
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Phys.Lett.B648:164-170,2007.

e-Print: hep-ex/0612059
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FI1G. 2: Beam SSA as a function of & for =7 electroproduction
at mid-z range. The solid curve represents a sin ¢ fit, and the
dashed one includes also the sin 2¢ harmonic. Only statistical
errors are shown.

What about p*->mt*n® ?
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FIG. 4: Top panel: amplitude A)'L” for ' mesons originat-
ing from p” meson decays, obtained with Monte Carlo (band)
and data (full circles). The open cross displays the asymmetry
for the p” itself (Monte Carlo). Bottom panel: the fraction of
pions in the SIDIS sample originating from VM decays.

According to MC VM contribution is less than 5%.

What do | have in data?
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FIG. 5 Dependence of A})” on z, z and P, for charged pi-
ons. The contribution from VM decays has been determined
from a Monte-Carlo simulation and subsequently subtracted
from the ssymmetries. The messurement of the r and P
dependences s made separately for low (0.2 < 2 < 0.5) and
middle (0.5 < z < 0.8) z-ranges (indicated by open and full
circles, respectively). The error band indicates the uncertain.
ties from PYTHIA and RHOMC.
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