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Proton structure

¢ ]ooks simple in static quark model
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Proton structure

¢ ]ooks simple in static quark model

much more complicated in QCD
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Motivation

Motivation I

Where does the Nucleon Spin come from?

1
SAY + AG + LI+ LS
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Motivation

eMotivation I

Where does the Nucleon Spin come from?

1
SAS +AG + L + L

s Motivation Il

Parton Distribution Functions
sunpolarized g(x), g(x)
chelicity 4q(x), Ag(x)
stransversity Arq(x)
*Transverse Momentum dependent (TMD) distributions
¢Generalized Parton (GPDs) distributions
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Helicity distributions
* What do we know?

* But how do the different Ag(x), g=u,d,s, ... look like?
* How they can be measured?
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{ Find a process where one probes ]

A . . |
’ interaction with quark of a given polarization |
. with respect to the parent nucleon |
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Helicity distributions
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* But how do the different Ag(x), g=u,d,s, ... look like?
* How they can by measured?

Semi-inclusive Deep-Inelastic Scattering

The possible contributions to the DIS cross section in the semi-inclusive measurement

h h h h h h

‘ two structure functions appear ‘
S \/ 1 — 2Fr + /2¢(1 — €)cos(¢) F9?

F LL™ C { qr, Dl} Helicity distributions
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HERMES experiment
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HERMES experiment

HERA positron beam properties:
« E,=27.6GeV, I.<50mA, P,=0.55

e lifetime=12-14h

* transversely polarized et in storage ring

¢ polarization build-up by emission

of synchrotron radiation ( Sokolov-Ternov effect)
* Spin rotators around HERMES IP
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HERMES experiment

Transverse
Polarimeter

Typical HERMES target

properties :

e P,~0.85; polarized H'—, D~

e dilution factor=1

e Thickness =1014-10%> nucl / cm?
* Temperature=100K

R T Al g \ . s {A.' A : ‘ fe
proton beam line A - electron beam line
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HERMES experiment

'r— FIELD CLAMPS — TRIGGER HODOSCOPE H1

Transverse

DRIF'T CHAMBERS l". - 270 mrad
Polarimeter | x 1

PRESHOWER(Hz) -
~ " 140 mrad

| i ‘ LUMINOSITY 27. 5 GeV

‘ i MONITOR e+

CALORIMETER
-~ 140 mrad

Cerenkov™ - - N
© - 270 mrad

~~ MAGNET

¢Trackin g: Drift Vertex Chambers, Front
Chambers, Magnet Chambers, Back Chambers

e Particle Identification:
Cerenkov (RICH) Detector, Transition Radiation

4 »‘ Detector, Preshower, Calorimeter
Luminosity Monitor (Bhabha/Mgller scattering)
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Helicity distributions

LO D _yg 2Aq (z Q2 ) [ dzDh (z,Q?) A. Airapetian et al., PRD 75 (2007)

Al (z,Q%) '~




Helicity distributions

Semi-inclusive Deep-Inelastic Scattering

Method (Flavor tagging):
Use correlation between detected hadron

and struck quark — ‘LO Purity method’

LO w A. Airapetian et al., PRD 75 (2007)

h 2
A Q)™ S (@) [ Dy (5 Q)

What about additional information
about fragmentation process?




Helicity distributions

Semi-inclusive Deep-Inelastic Scattering

Method (Flavor tagging):
Use correlation between detected hadron

and struck quark — ‘LO Purity method’
Observable: semi-inclusive double-spin asymmetry

. S
A (2. %) > qCalq(x, Q%) [dzDy (2, Q%) A. Airapetian et al., PRD 75 (2007)
> e2q(x, Q?) [dzDh(z, Q%)

What about additional information
about fragmentation process?

3D binned asymmetries
Provide a dataset of semi-inclusive asymmetries

binned simultaneously in x, z, and pn. Ox “f-;: 01<z<035

0.0<p,1<0.3

0.3<p,1<0.5

3 P h 0.5<p,1<2.0

to better isolate different
regions of fragmentation




2D binned asymmetry Ai(x,pn.)

Ay HERMES
preliminary

A 0.023 < x < 0.055
¢ 0.055<x<0.100
® 0.100 < x < 0.600

Theoretical prediction
No significant pn.

M. Anselmino et al., PRD 74, 074015 (2006) dependence observed
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2D binned asymmetry Ai(x,z)

A 0.023 < x <0.055
¢ 0.055<x<0.100
m 0.100 < x < 0.600

HERMES
preliminary

No significant z
dependence observed
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Hadron charge difference asymmetry

Provides additional spin-

Ah+ -h
) 1d HERMES PRELIMINARY

structure information

Smaller error bars on the
kaon sample due to larger
difference in kaon yields
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Valence helicity distributions

Separation of quark contributions into

HERMES preliminary

valence and sea quark contributions : = Purity
e Diff. Asym.

* LO parton model
* Charge conjugation

* No MC usage

HERMES PRELIMINARY
from purity method

from nt and K charge difference asymmetries
from inclusive g‘:

DNS LO, <Q*>=25GeV*

Proton target:

“0.02 0.03 0.04 0.05 0.1 0.2 0.3 04 05 06 07 X

HERMES PRELIMINARY

09
. I(Auv'l'Adv)dx ] from purity method

[ from nt and K charge difference asymmetries

Deuteron target:
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Transverse momentum dependence of the quark helicity
distributions in SIDIS

The possible contributions to the DIS cross section in the semi-inclusive measurement

h h

o = oly + Noty + Spop + NiSpoty - Sroly + NSto}r

‘ two structure functions appear ‘
Sr\ \/ —2Fpp 4 /2e(1 — €)cos(d) 0

¢ angle is the azimuthal angle of the hadron plane around the virtual-photon direction

Unintegrated helicity
distributions

To access
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cos ¢ moments of semi-inclusive
double spin asymmetry Arr(pni, X)

"HERMES preliminary |,
PROTON TARGET i

®(0.023< x < 0.1
00.1<x<0.6

DEUTERON TARGET
M(0.023< x<0.1
[0.1<x< 0.6

Theoretical prediction x| M. Anselmino et al., PRD 74, 074015 (2006)
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cos ¢ moments of semi-inclusive
double spin asymmetry ArL(z, x)
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2| p - onx + | HERMES preliminary |,
ol ' PROTON TARGET '

'_’_§_+_+"" [ ) & ®0.023<x<0.1
| I 00.1<x<0.6

DEUTERON TARGET
M(0.023<x<0.1
[0.1<x < 0.6

Theoretical prediction ! M. Anselmino et al., PRD 74, 074015 (2006)
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cos ¢ moments of semi-inclusive
double spin asymmetry ArL(x, z)

" ed — eh'X

= —|
L

" ed— eh'X

--.---l-.--l-—-—f:]—[f]-[j—El——El—

HERMES preliminary
PROTON TARGET

002<z<04
00.4<x<0.8

DEUTERON TARGET
M02<z<04
[10.4<z<0.6

Theoretical prediction M. Anselmino et al., PRD 74, 074015 (2006)
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Summary

A" asymmetries in x, z and pn, are available for flavor

separated quark helicity distribution extraction.
Hadron charge difference asymmetries have been measured .
Valence helicity densities are presented in comparison with the

same quantities from previous HERMES purity extraction.

The cos ¢ moments of semi-inclusive double spin asymmetry as
a function of x, z and pn. are shown and compatible with zero.
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Backup slides
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cos ¢ moments of semi-inclusive
double spin asymmetry Arr(pni, X)

"HERMES preliminary |,
PROTON TARGET |

®0.023<x < 0.1
00.1<x<0.6

DEUTERON TARGET
M0.023<x<0.1

[0.1<x<0.6
— Anselmino et al. u2=0.10

-Anselmino et al. u2=0.25
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cos ¢ moments of semi-inclusive
double spin asymmetry ArL(z, x)

eath ]

“HERMES preliminary | .
PROTON TARGET
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cos ¢ moments of semi-inclusive
double spin asymmetry ArL(x, z)

HERMES preliminary |
PROTON TARGET |

002<z<04
00.4<x<0.8

DEUTERON TARGET
M02<z<04

[00.4<z<0.6
— Anselmino et al. u2=0.10

- Anselmino et al. u2=0.25
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2D binned asymmetry Ai(x,z)

Y2/16DF = 0.7842 i | Y2/16DF = 0.6694
a=0.0191 b=1.85 a=-0.0356 b=0.965 a=0.0321 b =0.741
1 L‘ 1 ' 1 1 1 ' 1 1 1 i 1 1 1 i ' 1 1 1 i 1 1 1 i i 1 1 1 1 1 1 1 1 i 1 1 1 i 1 1 1 i 1 1 i

A7, 4 0.023<x<0.055 | T
I ¢ 0055 <x<0.100 |
m 0.100 < x < 0.600 |

¥2/16DF = 0.6271 I I Y2/16DF = 1.6
= 0.0524 b =0.681 a=-0.0414 b=0.941 a=-0.0165 b =0.6¢

~02 04 06 08 02 04 06 08 02 04 06
4

No significant z
dependence observed
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Hadron charge difference asymmetry

Provides additional spin-
structure information

Smaller error bars on the
kaon sample due to larger
difference in kaon yields

Polina Kravchenko
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Longitudinal semi-inclusive
double-spin asymmetries at HERMES.
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Longitudinal semi-inclusive

double-spin asymmetries at HERMES.
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