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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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Experiment HERMES

HERMES Running History

» 1995: longitudinally polarized 3He

» 1996 - 2000: longitudinally polarized hydrogen/deuteron;
unpolarized nuclei from Hydrogen to Xenon.

» 2002 - 2005: transversally polarized hydrogen;
unpolarized nuclei from Hydrogen to Xenon;

» 2006 - 2007: recoil detector with unpolarized target.
» 30.06.2007 - End of HERA running.
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Deep-Inelastic Scattering

Q= —q* = —(k — K')?
2
xg = zg—.q
P.
Y =Pk
W2 = (P +q)
_ PPy
zZ= 55

inclusive DIS: detect scattered lepton
semi-inclusive DIS: detect scattered lepton and
some fragments

Ww? >10GeV?, 0.1<y<0.85 @Q>®>1GeV? 02<z<0.7

< @ >=2.4GeV? < x >=0.00, < y >=0.54, < z >=0.36, P, = 0.41 GeV?
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Inclusive DIS
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Inclusive DIS

Spin Plane
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F>(x), Proton, Deuteron

JHEP 05 (2011) 126

O ¢
0.008 1.6°
0.011 1.6% 107 0.008 1.6%

— GD11-D
0015 1.6% 0.011 1.6%
0.019 1.6¥ 0015 167
- 0.019 1.6%
0.025 1.6 %
35 107k > 0025 1.6
0.033 1.6]4 0.033 1.6%
0.040 1.6:J 0.040 1.6%
0.049 1.6 0.049 1.6%
0.060 1.6% 0.060 1.6%
0.073 1.6 10°F 0.073 1.6™
0.089 1.6% 0.089 1.6%
0108 16% N 0108 16

x0 ¢

Fd e

0.134 1.6* 0.134 1.6%
0.166 1.6” 105 0.166 1.6
26
0.211 16 0211 1.6%
25
0.273 1.6 M 0.273 1.6%
0.366 1.6™ 24
104k 0366 1.6
* JLAB
0509 1.62 ¢ BCDMS
o E665 0.509 1.6%
# NMC
10°F . SLAC
0.679 1.6”
© HERMES 0.679 1.62
. . . . . . . . ! .
10* 1 10 10° 107 1 10 o

10° 10°
Q*[GeV] Q*[GeV?]
e New region covered by HERMES: 0.006 < x < 0.9, 0.1 GeV? < Q% < 20 GeV?

e Agreement with world data in the overlap region
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Az, g2(x)

e +pt e’ + X 0.023 < x < 0.7

(Pr)y ~ T1% 1<Q*<15 GeV?
(Pp) ~3 ERA Run 1 (Pp,) > 50%) W2 >4 GeV?
o . 2. N
< o HERMES ((G%) <1 GeV?) 2 o5
= HERMES ((Q?) >1 GeV?)
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g2(x, @) = & (x, Q%) + &(x, @7, & (x, Q%) = —gi(x, @°) + [, La&i(x, @)
Eur.Phys.J. C72 (2012) 1921
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SIDIS: Leading-twist TMDs

beam and target.

Quark polarisation
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| Chiral-odd DFs, need chiral-odd FF: H,La=h
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SIDIS: Extraction of the amplitudes, UT

ematic bin, the probability density function for hadron type h:
S) >l[1jT7 2< Sin((b_ ¢5) >l[1jT7 sy SJJ ¢7 ¢S) -

1+5, - (2 <sin(¢ + ¢s) >fr -sin(¢ + ¢s) +
2 <sin(¢ — ¢s) >Pr -sin(¢ — ¢s) +

2 <sin(3¢ — ¢5) >0 -sin(3¢ — ¢s) +
2 <sin(2¢ — ¢s) >0+ sin(2¢ — ¢s) +
2 <sin(2¢ + ¢s) >{7 -sin(20 + ¢s) +
2 <sin(¢s) >0 - Sln(¢5))

< sin(¢ + ¢s) >0+ — signal for the Collins FF Hi- and the transversity DF h; :
< sin(¢ — ¢s) >0+ — signal for the Sivers DF fﬁ-’q
< sin(3¢ — ¢s) >0+ — signal for the pretzelosity DF hffq
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SIDIS: 5’”¢ bs) OSi”(¢+¢5)
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Exclusive Reactions



Motivation: Total Angular Momentum of Quarks

Ji's relation (1005):
Jo.g= f dx - x[Hg,g(x, &, 0) + Eqg(x, &, 0)]
A measurement of Generalized Parton Distributions (GPD) H and E is required.

— Hard Exclusive reactions, e.g. DVCS, meson production

'Y*T Y 'Y'L M

5o
x+& x-& -z
o OPDIEY o _GPDOED
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Motivation: Total Angular Momentum of Quarks

2 GPDs H, E, H, E (x,¢&,t) for spin 1/2

x k& dinal momentum fractions of the partons,
£ fraction of the momentum transfer, & ~ QXE;B
t: invariant momentum transfer, t = (p — p’)>.
GPDs = Form Factors: GPDs = PDFs :
J1ydx H (x,6,8) = F{ (1), Hq (x,0,0) = g (x)
[t dx-E, (x £, t) = Fi (1), Hq (x,0,0) = Ag (x)
[LoxAylegn =6, 00 =e)
Hg (XaO’O) =Ag (X)
Sy e By (6 8) = G2 (1)

DVCS depends on four GPDs H., E, ﬁ, E.
DVCS TTSA provides an access to GPD E without a kinematic suppression.

Exclusive production of vector mesons (p, w, ¢) depends on two GPDs, H and E.
V' Korotkov Protvino Overview of the HERMES Results 16/20



Deeply Virtual Compton Scattering

doo| Ten|*+| Toves [*+
TerTpves+Ten Toves
—_————

T

» Ty depends on known Dirac and Pauli FFs Fi, F>

» Tpvcs depends on Compton FFs H, &, ﬁ and 5 which are convolutions of
respective GPDs with hard-scattering kernels.

» At HERMES, |Tsu| > [Tbves|.

» Z contains an information on the amplitudes and phases of the Compton FFs.
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DVCS: Beam-Charge Asymmetry
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JHEP 11 (2009) 083
Ac(¢) ~ i:o A?S("¢) cos(ng)

e VGG model: Phys.Rev.D60(1999)094017, Prog.Nucl.Phys.47(2001)401
e Dual model: Phys.Rev.D74(2006)054027, Phys.Rev.D79(2009)017501
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DVCS: Beam-Helicity Asymmetry
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e VGG overestimates the magnitude of the asymmetry amplitude
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DVCS: Transverse-Target Spin Asymmetry
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sensitive to J,, allows a model-dependent constraint
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DVCS: Double-Spin Asymmetry
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e Sensitivity to J,suppressed by kinematic pre-factor
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DVCS: LTSA, Proton
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e Unexpectedly large Aiiji(%) asymmetry amplitude
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DVCS: LTSA, Deuteron
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e Results for deuteron are compatible with that for proton for leading amplitudes

o Different results for AS&TM): compatible with zero for deuteron
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DVCS: Recoil Detector
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DVCS: Recoil Detector
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e Indication that leading amplitude for pure elastic process is slightly larger than for unresolved
signal (elastic + associated)
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DVCS: Recoil Detector
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M.Vanderhaeghen, P.A.M.Guichon, M.Guidal, Phys.Rev. D60 (1999) 094017

K. Kumericki, D. Mueller, Nucl.Phys. B841(2010)1.
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DVCS: Summary
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Summary

witched off more than 7 years ago, HERMES community still
nteresting results.

e DIS: Structure functions Fa(x, Q?), g1(x, Q%) and g»(x) are measured in new
kinematic region.

e SIDIS: The Fourier amplitudes of various azimuthal asymmetries for pion/kaon
production on the unpolarized and transversely polarized targets are extracted.

e Data on the Collins asymmetry were used by various theory groups to extract the
transversity distribution.

e HERMES has obtained the most complete data set of various DVCS
asymmetries.

e First results on the DVCS asymmetries using data from the recoil detector are
obtained. Its using allows essentially increase the purity of the DVCS sample.

e Many other topics (hyperon production, quark hadronization inside nucleus, ...)
are not covered in this talk.
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