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» Experiment HERMES
» Inclusive DIS: Measurement of g»(x)
» Semi-Inclusive Longitudinal Double-Spin Asymmetries

» 2D binned asymmetries A:i(x, pp1) and Ai(x, z)
» Hadron charge difference asymmetry
» Valence Quark Distributions

» Summary
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e e/h rejection: TRD, Preshower, Calorimeter, RICH
e magnetic spectrometer: Ap/p < 2.5% and Af# < 0.6 mrad
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Polarized Inclusive DIS
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Polarized Inclusive DIS
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Measurements of A?

p.
2 82
SMC (D.Adams et al., Phys.Rev. D56, 5330 (1997))
o E143 (K.Abe et al., Phys.Rev. D58, 112003 (1998))

E155 (P.L.Anthony et al., Phys.Lett. B553, 18 (2003))

? JLAB (resonanse region)

Scattering Plane

d _pd
HERMES has measured A7"“, g{*® (A.Airapetian et al., Phys.Rev. D75, 012007 (2007))
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Experimental Data

005 : data taking with transversely polarized hydrogen target.
ntially unpolarized beam.

» Flip of the target polarisation direction every 90 sec in 0.5 sec;

» Electron beam polarization reversed every few months.

The following kinematic requirements were imposed on the data:
0.004 < x < 0.90, 0.18 < Q% < 20 GeV?, W > 1.8 GeV, 0.1 <y < 0.91
10 million events were accepted.

The target polarization (Pr) = 0.708 + 0.064
The beam polarization (Pg) = 0.338 +0.013
(HERA Run 1 (Pg) > 50%)
Pg>0: (|Pg - Pr|) = 0.266 + 0.024
Pg <0: (|Pg - Pr|) = 0.222 4 0.024
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A, Measurement

dent cross-sections, o< o o7 o=
ruct two independent definitions of asymmetrty A, :

o.<—ﬂ(¢, X,y QZ) B 0-<—U(¢, X, Qz)

o =M(p,x, Q%) + o Y(,x,Q?)

Uéﬂ(‘b’ X, Qz) — O'_N}((ﬁ, X, Qz)
o7, %, Q%) + o7 (e, x, Q)
= Ar(x,Q%) -coso

—yy/1 —y=2F (%gl(x, Q) + ga(x, Qz))
$F1(x, Q?) + 55 (1 — y — v2y2/4)F2(x, Q?)

Extraction of At provides an access to g».

AL(¢7X7 QZ) =

AT(X, Qz) =
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A, Measurement

angle ¢ is defined by vectors k, k', and Sy:

o= M arccos (k x )
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Asymmetries for two beam polarization directions:
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Ar’ and Ai_ measure the same physical quantity - can be averaged.
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Unfolding of the Asymmetry

symmetries have to be corrected for:
radiative effects

» Event migration is simulated by Monte Carlo which includes a full detector

description and a model for the cross section.

» The approach is independent on the model for the asymmetry in the measured

region.

Unfolding procedure as in HERMES 81 paper (AAirapeu‘an et al., Phys.Rev. D75, 012007 (2007))

. 2 Npins 1 L.
A% () =-1+ —pMC oy Z [SHU + Sﬁﬂ (4,1) x
Ng () =
Nbins
A (7) - NpEME (i) — nbaC(i) + D S0, k) - NE™MS(k)|
k=1

Here, 5(i,/) is the smearing matrix.
Unfolding procedure produces a correlation between data points.
The covariance matrix should be used for any further analysis of the data.

V. Korotkov, Protvino N of Semi-Inclusive Double-Spin A ries and Spin-Structure Function g2 at HERMES

9/17



Ax(x) and g»(x) Extraction
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Here, Fi(x, @) = 1+ Fa(x, @%)

© 2x(1 4 R(x, Q2))

The following parameterizations were used:
R(X, Qz) = UL/O'T — R1998 ( E143 Coll. K. Abe et al., Phys.Lett. B452, 194 (1999))

F2(X, Q2) — HERMES data ( A. Airapetian et al., JHEP 0511, 126 (2011))
gl/Fl (X, Qz) - (E155 Coll. P.L. Anthony et al., Phys.Lett. B493, 19 (2000))

Systematic uncertainties were estimated to be much less then statistical ones.
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Ax(x) and xg>(x) Results

— Eur. Phys. J. C 72 (2012) 1921
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d» = 0.0032 4 0.0017 (E143 and E155)

Burkhardt—Cottingham integral at Q* = 5 GeV?
S5 82(x, Q) dx = 0.006 + 0.024 & 0.017

22 &(x, Q%) dx = —0.042 + 0.008 (E143 and E155)

HERMES made first measurement of g» using the target with the dilution factor = 1
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Semi-Inclusive Long. Double-Spin Asymmetries

hoton nucleon asymmetry:

°1/2793/2 g 20q(x,Q?)

71/2793/2 ~ Ygqe3a(x,Q?)

DIS doesn't allow to study the flavor structure of the nucleon.

Semi-Inclusive virtual-photon nucleon asymmetry:

ot p—oh g €28a()D!(z.pp 1 )

Ar(x. 2 _ 71277372, 2q% q(2:Ph, L
1(x, 2, pnL) Pty SqRa0IDkEe, 1)

SIDIS provides additional information about the flavor-dependence of the parton distributions and

about the fragmentation process. Three additional kinematic variables: z, p,; and ¢.

HERMES studied 3D binned kinematic-dependent asymmetries A;(x, z, pr1 ).

The asymmetries could be useful for many future possible studies:

— e.g., the intrinsic parton k; and the fragmentation related p; combine to produce the p,; dependence
of the asymmetry. A multidimensional dataset potentially provides a possiblity to disentangle the individual
contributions.

— empirical results should be made available with as few model assumptions and model-related kinematic
requirements as possible in order to allow for the broadest range of theoretical models and assumptions.

Kinematic dependencies were studied at proton and deuteron targets in the following region:
Q% >1GeV?, W2 > 10 GeV?, y < 0.85,02< z< 0.9
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2D binned asymmetry A;(x, ps.)
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No significant p,, dependence observed.

V. Korotkov, Protvino M of Semi-Inclusive Double-Spin A ries and Spin-Structure Function g2 at HERMES 13/17




2D binned asymmetry A;(x, z)
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No significant z dependence observed.
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Hadron charge difference asymmetry
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Valence Quark Distributions
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Summary

unction g»> and the virtual photon asymmetry A, were measured.

This is a measurement using the target with dilution factor = 1.

e For the covered x-range the measured integral of g»(x) converges to the null
result of the Burkhardt-Cottingham sum rule.

e The x2 moment, da(x), is found to be compatible with zero, in agreement with
expectations on its smallness from lattice calculations.

e The results are overall in good agreement with measurements of SMC, E143
and E155, but they are not statistically precise enough to detect a deviation

of g» from its Wandzura-Wilczek part, as seen by the SLAC experiments.

e Kinematic Dependence of Semi-Inclusive Longitudinal Double-Spin Asymmetries
is studied
e No significant py; and z dependence of the asymmetry observed
e Hadron charge difference asymmetry constructed and the valence quark
distributions are extracted. The distributions are in a good agreement with
those measured by HERMES using the purity method.
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