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Inclusive DIS



Inclusive DIS

Spin Plane

d*o(s,S) 2ma’y?
de dQ? QS

L, (s)WH(S)

Scattering Plane

gunar.schnell @ desy.de 4 BNL/RBRC “Summer Spin" - July 2010



Inclusive DIS

Spin Plane
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Inclusive DIS

Spin Plane

d?o( 2may?

/w / /
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Scattering Plane
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Inclusive DIS

Spin Plane
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Check the details!
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Check the details!

@ two-photon exchange
important?!

Xg
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Two-photon exchange

® Candidate to explain discrepancy in form-factor

k

measurements

@ Interference between one-
and two-photon exchange :
amplitudes leads to SSAs
in inclusive DIS off transversely polarized targets

@ sensitive to beam charge due to odd number of e.m.
couplings to beam

@ cross section proportional to S(kxk’) - either measure
left-right asymmetries or sine modulation
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No sigh of two-photon exchange
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Why measure F2 at HERMES?
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Collider experiments

Fixed target experiments

HERMES

complementary kinematic
coverage compared to colliders
direct info at HERMES kinematics
higher statistics compared to

other fixed target experiments:
» HERMES: 58 million DIS (P+D)
» NMC: 9 million DIS (P+D)
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® SLAC = BCDMS
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Agreement

with world

data in the
overlap region

e SLAC

* JLAB

O HERMES
PRELIMINARY

+ BCDMS
% NMC
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— GDO7 fit
SMC fit

0.008
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Comparison
with
parameterization
by SMC and
GDO07

0.366

0.509

GDO07: hep-ph0708.3196
SMC: Phys. Rev. D,Vol. 58, 112001
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New region

covered by
HERMES

Agreement

with world

data in the
overlap region
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F2 ?

deuteron

e SLAC & BCDMS
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World data on 09/ gP

Many systematic errors
common to proton and
deuteron cross sections

cancel in ratio

Normalization
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Polarized Structure Function g;
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A.Airapetian et al., PRD 75 (2007)
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Integral of gi(x)
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Saturation

w close to full integral? 2
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Integral of gi(x)
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Integral of gi(x)
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most precise result; only 1/3 of nucleon spin from quarks
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Spin Plane

Extraction of g
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Spin Plane

Extraction of g
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Spin Plane

Extraction of g

fit to double-spin

parameterizations
asymmetry
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Results on A2 and xg2
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@ consistent with (sparse) world data
@ |ow beam polarization during HERA IT = small f.o.m.

@ in analysis stage: low-x/Q? data
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Semi-Inclusive DIS



Spin-Momentum Structure of the Nucleon
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Spin-Momentum Structure of the Nucleon
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U L T

Ul 5 Strange-quark distributions
T f1LT giT hl,th

@ use isoscalar probe and target to extract strange-quark distributions

® only need inclusive asymmetries and K'+K” asymmetries, i.e. Aja(z, Q%)
and AK TR (2, 2,Q?%) , as well as K*+K™ multiplicities on deuteron

ZNK
S(x) f DK (2)dz ~ Q(x)[ dZNDIS(X) . ] DX (2) dz]

dZNDIS (X)
dxdQ ?
Ki d?NK (x)
dxdQ 2

= K1 (x Q?)[5AQ (x) + 2AS5()]

Aj.dx)

= Krr(x, Q°) AQ(X)/D (z)dz AS(X)/D (z)dz
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U L T
U | fi hi
L giL hiLL
T flLT gir | hi, th

Strange-quark distributions

@ use isoscalar probe and target to extract strange-quark distributions

@ only need inclusive asymmetries and K'+K~ asymmetries, i.e.,AH,d(a:, Q%)

KTi1K~

(z,2,Q%), as well as K+K™ multiplicities on deuteron

it
... CTEQ6L
. X(ux)+d(x))

A. Airapetian et al., PLB 666, 446 (2008)
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U L T
U | fi hi
L giL hiLL
T | fi5 | 917 | b1, hip

Strange-quark distributions

@ use isoscalar probe and target to extract strange-quark distributions

@ only need inclusive asymmetries and K'+K~ asymmetries, i.e.,AH,d(x, Q%)

_|_ —
and A,

(z,2,Q%), as well as K+K™ multiplicities on deuteron

QM
0.2

0

_ Fit
... CTEQ6L
. x@E)+AX)

Strange-quark distribution

softer than (maybe) expected

A. Airapetian et al., PLB 666, 446 (2008)
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U L T

j B Strange-quark distributions

giL hiLL

H || G

fis | gir | h1, hip

@ use isoscalar probe and target to extract strange-quark distributions

@ only need inclusive asymmetries and K*+K™ asymmetries, i.e.,AH,d(m, QQ)

—|_ o ° ° ° °
and Aﬁ(d +iR (z,z,Q%), as well as K*+K multiplicities on deuteron
— , — 0_23_ —— Leader et al., PRD73, 034023 (2006)
X - __ Fit I E
"(UL N ... CTEQ6L ! 0.1 |
i e . x@E+HE) N
0.2 ¢

Strange-quark distribution

softer than (maybe) expected

A. Airapetian et al., PLB 666, 446 (2008)
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U | L T . . .
Ul 5 Strange-quark distributions
L girL hiLL
T | fiz | o1 | ha, Py
@ use isoscalar probe and target to extract strange-quark distributions
® only need inclusive asymmetries and K'+K” asymmetries, e, Ay a(z, Q%)
and Aﬁ(d +iR (z,z,Q%), as well as K*+K multiplicities on deuteron
— - — 0.2 [ — Leaderetal, PRD73, 034023 (2006)
_ — ; |
a‘u‘ ; | . CTEQSL 01 |

. x(u(x)+d(x))

0.2 |

0]

Strange-quark helicity distribution

Strange-quark distribution

softer than (maybe) expected consistent with zero or slightly positive

in contrast to inclusive DIS analyses
A. Airapetian et al., PLB 666, 446 (2008)
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AR Helicity density
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AR Helicity density
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U L T
Ul fi hi
L giL hiLL
T | fix | 17 | ha, hir

Transversity distribution

chiral-odd transversity involves quark helicity flip

ﬂq

gunar.schnell @ desy.de
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U L T

AR Transversity distribution

= G

giL hiLL

T | fix | 17 | ha, hir

chiral-odd transversity involves quark helicity flip
| |

- @ a-@-@- -
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U L T

AR Transversity distribution

= G

giL hiLL

T | fix | 17 | ha, hir

chiral-odd transversity involves quark helicity flip

I I
Q@ @0 »O @
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U L T

AR Transversity distribution

giL hiLL

= G

T | fix | 17 | ha, hir

chiral-odd transversity involves quark helicity flip
| |

q 9_ —
- @ -@ "-O-@

need to couple to chiral-odd fragmentation function:
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U L T

AR Transversity distribution

= G

giL hiLL

T | fix | 17 | ha, hir

chiral-odd transversity involves quark helicity flip
| |

Q@ «@-@ O @

need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
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U L T

AR Transversity distribution

= G

giL hiLL

T | fix | 17 | ha, hir

chiral-odd transversity involves quark helicity flip
| |

Q@ «-@--@- -

need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
@ 2-hadron fragmentation
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U L T

AR Transversity distribution

= G

giL hiLL

T | fix | 17 | ha, hir

chiral-odd transversity involves quark helicity flip
| |

Q@ «-@--@- -

need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
@ 2-hadron fragmentation
@ Collins fragmentation

gunar.schnell @ desy.de 20 BNL/RBRC “Summer Spin" - July 2010



U L T
Ul fi hi
L
T ffT git
<~ 305
]

Transversity distribution
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AR Transversity distribution

giL hiLL

H |5 G

“oims  (transverse-spin transfer)

@ non-zero longitudinal spin
Q T transfer (based on complete

¢ ¥ *é* : HERMES data set)

0.0 | §—+

-0.5-

{v @ statistics much lower for
transverse-target data

@ spin-transfer already puzzle
for longitudinal case

-1.0{ ™= HERMES Preliminary
1996 - 2007 (eN —> e'AX))
® NOMAD (v N - pAX) v

1 w E665 (LN - wAX) = no real pr'OSpeC"'S at
A COMPASS (uN — p'AX) o
a5 — 1 HERMES for measuring
-0.8 -0.4 0.0 0.4 . . .
X transversity via spin transfer
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AR Transversity distribution

giL hf_L

o s (2-hadron fragmentation)

-

A.Airapetian et al. [HERMES], JHEP 06 (2008) 017
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[ first evidence for T-odd 2-hadron fragmentation function in semi-inclusive DIS
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[ first evidence for T-odd 2-hadron fragmentation function in semi-inclusive DIS

[ invariant-mass dependence rules out Jaffe model
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[ first evidence for T-odd 2-hadron fragmentation function in semi-inclusive DIS
[ invariant-mass dependence rules out Jaffe model

[] difference in magnitude between COMPASS and HERMES
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Transversity distribution
(2-hadron fragmentation)
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[ first evidence for T-odd 2-hadron fragmentation function in semi-inclusive DIS

[ invariant-mass dependence rules out Jaffe model

[] difference in magnitude between COMPASS and HERMES

] more amplitudes coming out soon

gunar.schnell @ desy.de

22

BNL/RBRC "Summer Spin" - July 2010



U L T

AR Transversity distribution
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[ 7 Lo M (Collins fragmentation)

@ significant in size and

[A. Airapetian et al, Phys. Rev. Lett. 94 (2005) 012002]

opposite in sign for charged .5 o2[ . B
ions + 01 f i
P - T * ______ RSP
® disfavored Collins FF large ~ ;L. ... ...
and opposite in sign to _0:’ *+“+ """ + """""""" g ++
favored one ' -
0.2 + .

0.1 0.2 0.3 0.3 04 05 0.6 0.7
X z
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[A.Airapetian et al., arXiv:1006.4221]

Transversity distribution
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Transversity distribution
(Collins fragmentation)

[A.Airapetian et al., arXiv:1006.4221]
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Sivers amplitudes for pions
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@ hint of Q° dependence of kaon amplitude
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AT Pretzelosity
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@ chiral-odd = needs
Collins FF (or similar)

® |eads to sin(3¢-os)
modulation in Ayt

@ data consistent with zero

@ suppressed by two powers
of Pn. (compared to,
e.g., Sivers)
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AR Pretzelosity
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i h Subleading twist I - Sin(2(|)+(|)s)
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Subleading twist IT - sin(2¢-¢s)

@ no significant non-zero signal
observed

@ suppressed by one power of Ph.
(compared to, e.g., Sivers)

@ various terms related to
pretzelosity, worm-gear,
Sivers efc.:
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Subleading twist III - sin(¢s)

@ significant non-zero signal
observed for negatively
charged mesons

@ must vanish after integration
over Pn. and z, and
summation over all hadrons



Subleading twist III
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significant non-zero signal
observed for negatively
charged mesons

must vanish after integration
over Pn. and z, and

summation over all hadrons
[PhyS [ett.B682 (2010) 351]
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@ significant non-zero signal

observed for negatively

charged mesons
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@ must vanish after integration
over Pn. and z, and
summation over all hadrons
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Subleading twist III - sin(¢s)
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Subleading twist III - sin(¢s)
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@ chiral even

Worm-Gear git

@ first direct evidence for worm-gear git from JLab
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@ first direct evidence for worm-gear git from JLab

@ HERMES results on ALt coming out soon
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Multi-dimensional analyses

kinematic dependences often don't factorize
bin in as many independent variables as possible:
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Modulations in spin-independent
SIDIS cross section

d° o y o2 1+12 {A( )F —I—B( )F
drdydzde, dP?, xyQ? 9 y)fuu,T Yy)f'uu,L

+C(y) cos on Fi s Pn B(y) cos 20, Fi 2¢h}

BOER-MULDERS
EFFECT

o St - L _
%noc 2B k)P - pr)—kp-p

CAHN EFFECT

MM
h —
o St Interaction dependent
<L 10 e i M I ﬁ _ - - “Jterms neglected
ne . .
FUCSS% o< — C __“hl pT X hIJ_HlJ_ _ PhJ_ kT )C lel +/
() M M
= h B

(Implicit sum over quark flavours)
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Extraction of cosine modulations

x P P ; Ry i
S o T A
S ) L S S - b s
@ Fully differential analysis I S T e
- ;; IIIIIIIIIIIIIIIIIIIIIII First y bin
0,

probability that an event generated with
a certain kinematics is measured with a
different kKinematics

@ Multi-dimensional unfolding:
correction for finite N
acceptance, QED radiation,
kinematic smearing, detector
resolution My =S~ My = g, ]

includes the events smeared
into the acceptance
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Extraction of cosine modulations
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| Signs of Boer-Mulders?!
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[V. Barone et al., Phys. Rev.D78 (2008) 045022]

@ opposite sign for charged pions (as expected for BM
effect?!), with larger magnitude for

gunar.schnell @ desy.de 42 BNL/RBRC “Summer Spin" - July 2010



-

| Signs of Boer-Mulders?!
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[V. Barone et al., Phys. Rev.D78 (2008) 045022]

@ opposite sign for charged pions (as expected for BM
effect?!), with larger magnitude for

@ prediction including Cahn effect does not describe data
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BOER-MULDERS CAHN EFFECT 7
- EFFECT ‘Aemﬁon dependent C ahn effeC"' y

13 . ]3 ]g terms neglected
" Pr Lyl :
————x h H L x fD +.7
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I I ! IIE I
T R -
- W 1 = x
il 1
I 1 ﬁ ]
.
10™ 04 06 0.8 04 0.6 0.2 0.4 0.6 0.8 1
X y y 4 Phl [GeV]

® no dependence on hadron
charge expected
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Cahn effect?
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Difference of pion amplitudes

i
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@ charge-symmetric contributions (e.g., Cahn) cancel
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Target (in)dependence of cosine modulations
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Target (in)dependence of cosine modulations
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U L T
J1 hi
L giL hiLL
fiv | o1 | ha, hir
9
and deuteron targets
available
9
J
to describe K* and K-
simultaneously
J

need multiplicities and
fragmentation functions

Momentum density & FFs

plenty of data on proton

N,/(Np,sdz)

standard Jetset does not
describe HERMES data

even after tuning difficult

N,/(Np,sdz)

not only binned in z but

also in Pn. "* coming soon

gunar.schnell @ desy.de
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(in HERMES acceptance)

0.1

0.05

0.02

0.015

0.01

0.005

A

0.5 1

B
,,,,,,,,,,,,,,, *o%sian
’ Fm [ ’ ‘

0

0.5 1

U L T o
| Momentum density & FFs
L girL hiLL "
Fo g | B b I;I‘:ERMES preliminary
- | e 7T+ o K+
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Momentum density & FFs

HERMES preliminary

U L T

f1 hi
L giL hiLL

fir | oir | h1, hig -
@ plenty of data on proton .

and deuteron targets
available

N,/(Np,sdz)

L J
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e Data
m 7003a
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* Jetset

0.06

0.04 —

(in HERMES acceptance)

0.2

standard Jetset does not =
describe HERMES data
even after tuning difficult
to describe K* and K-
simultaneously

need multiplicities and &

fragmentation functions
not only binned in z but

also in Pn. "* coming soon
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T Momentum density & FFs

-

giL hiLL

1 1
17 | 91T hlath

3 | 0:025<2<035 4:045<2<060 gt
%Z m:035<2<045 v:060<z<0.75
S
~
*
©
N
NZ
S
@ (for the afternoon
discussion:)
effect of exclusive VM
production on multiplicities
-1 HERMES Preliminary
10 - o excl. VM substracted proton target
~ 0 excl. VM included Q? = 2.5 GeV%/c®
xbj
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Back to the beginning of Sivers effect
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Back to the beginning of Sivers effect

\/S =49 GeV 6.6 GeV
60 60
[ PRL 36, 929 (1976) [ PRD 65, 092008 (2002)
40 b 40}
: . .Q [ .ﬂ
— 20 O o® 20 f ."
e OT ® .
L] . & [ &
5 J P e A - el 5 [ i R R
<< | [
[ [ O
-20 F %’ -20 Oc}
-40 | -40 |
- ANL - BNL
-60 Loduluulluubibululualig -60
02 04 06 08 1 02 04 06 08 1
Xe Xg

gunar.schnell @ desy.de

19.4 GeV 62.4 GeV
60 60
| PLB 261, 201 (1991) [ PRL 101, 042001 (2008)
40 :_ PLB 264, 462 (1991) + 40 BRAHMS
[ ® [
20 F . 20 °?
: &
0:'“‘é'c-)-c)- --------- On----Q-O- ___________
20 L O 20 L
20: o 20: @)
_80 IFI\IIAI Lasual Laul Liaasl :|R| I|C| Viiodi cckinnil |
02 04 06 08 1 0002704 06 08 1
X- Xe

¢
.
1 L4
4
o,
4
1e
4
e
e 1
¢ ]
L4 1
< 1
]
1
1
‘” 1
1
1
48 '

BNL/RBRC "Summer Spin" - July 2010



Inclusive hadron electro-production

gunar.schnell @ desy.de

ep! — hX

lepton beam going
intfo the page
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Inclusive hadron electro-production

@ scattered lepton undetected

= |epton kinematics unknown

gunar.schnell @ desy.de

49

ep! — hX

lepton beam going
intfo the page
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Inclusive hadron electro-production

@ scattered lepton undetected €pT — hX
= |epton kinematics unknown

@ dominated by quasi-real
photo-production (low Q?)
= hadronic component of
photon relevant?

lepton beam going
intfo the page
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Inclusive hadron electro-production

@ scattered lepton undetected €pT — hX
= |epton kinematics unknown

@ dominated by quasi-real
photo-production (low Q?)
= hadronic component of
photon relevant?

@ cross section proportional to
SN (k X pn) ~ sind lepton beam going
intfo the page
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Inclusive hadron electro-production

@ scattered lepton undetected
= |epton kinematics unknown

@ dominated by quasi-real
photo-production (low Q?)
= hadronic component of
photon relevant?

@ cross section proportional to
SN (k X pn) ~ sing

AUT(pTa Lr, ¢) —
Azi%b (pr,zF)Sing

T—» this is what we measure!

gunar.schnell @ desy.de 49
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Inclusive hadron electro-production

@ scattered lepton undetected GpT — hX
= |epton kinematics unknown

@ dominated by quasi-real
photo-production (low Q?)
= hadronic component of
photon relevant?

@ cross section proportional to
SN (k X pr) ~ sing lepton beam going
intfo the page

J27d¢ oursing — [T d¢ oursin ¢
JZTde ouy

AUT(pTa Lr, ¢) —

A?Ji’r# (pr,zF)sing AN =

T—» this is what we measure!

2 g &
—;AGI%
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xr dependence of Ayt sin¢ amplitude
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xr dependence of Ayt sin¢ amplitude
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- opposite in
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- increasing
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>
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xr dependence of Ayt sin¢ amplitude

¢
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- opposite in
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sign to pp
- increasing
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pr dependence of Ayt sin¢ amplitude
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pr dependence of Ayt sin¢ amplitude
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pr dependence of Ayt sin¢ amplitude
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Inclusive hadrons in pp & ep

@ factorization intricate
@ sign in ep opposite to pp and to prediction (see talk by Jian)
@ so far results for charged pions and kaons only

@ plan to have Ks, n° and n

@ data with beam polarization allows extraction (and model
prediction) of A.r
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What else to expect on
(semi-)inclusive hadron production
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What else to expect on
(semi-)inclusive hadron production
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What else to expect on
(semi-)inclusive hadron production
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What else to expect on
(semi-)inclusive hadron production

*Q)/f(y)

My,
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\\\\\A1f12:>+Jw

transverse force on transversely pol. quarks [M. Burkardt]

M, | E\]z
_ih%_>r
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® large data set on p and d on tape
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What else to expect on
(semi-)inclusive hadron production

0.18
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transverse force on transversely pol. quarks [M. Burkardt] ~ | 2 |

® large data set on p and d on tape

@ RICH allows extraction of amplitudes for kaons as well
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What else to expect on
(semi-)inclusive hadron production

0.18

ep—e ' X
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transverse force on transversely pol. quarks [M. Burkardt] y

@ large data set on p and d on tape
@ RICH allows extraction of amplitudes for kaons as well
@ work on P, -weighted (Sivers/Collins) asymmetries ongoing
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Exclusive reactions



Probing 6PDs in Exclusive Reactions
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Probing 6PDs in Exclusive Reactions
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0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0901.0701]
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0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0901.0701]
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0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0906.5160]
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0% SDMEs from HERMES

[A. Airapetian et al., arXiy:0906.5160]

[A. Airapetian et al., arXiv:0901.0701] im @+ en) [
m(ng-ng,) | %> pp
1= | A Y* _ po 4 L pd
2 I’} 1 " TL L ———— Im (n.. +n_, +2en,,) GP
s N 0 e )|
“2Im TR e N e N dl L
5 * 0 * 0 N Im (s, - S, ) ominant transitions ——t
2Vv2Reris | B:Interference y; — py & Y1 —> P —o— 0
6 L L T T —— Imn +—e—+
-2v2 Im 5 or o -0 4 2en”) |
m(n, -n,_ +<c€en +———+
2V2 Im fj } = i ; S o+ 00+ B
;0 S —— Im ni * > 0 —_—
2v2 Re 15, +—e—+ m® [ TR de
2 Re r04 * : :: 0+ -0 m§3+ B
10 B C: Y T — p L ! » Im (s++ - s++ + 28800) A
=2 Re r10 B 1 4@ t Im sf)+ .
2 1m 12 | —— = proton R SRR I LU
iy - H e deuteron ™ (Mg, + M. )| T
1/vV2 1% | . r4 Im ng, v > 0 ot
: ++ - B L T
=h1)o ".:" o Im (s, +S,,) re—
2 "m r?o E = Im S;;:r +—o—
—1/v2 1 o Im (ng, - ng.) | ——
N r?ﬂ B D: v ;: — p T __..__E Im (n:'_ + en;;) i ——t
V21 | 0y mnl s po —
V2 1m r§_, > Im (sy, - Sp,) | —t
—v2 1Imr}_, i —e—i Im (5., + €50 ) - R N
o 8 == ' Ims.’ single spin flip ——
M1 = I 00
= 5 mn e
-v2 i == v
rlzt“ * 0 [} Im n_f i _
Sl Eyn— el mri, e
s 4+ Imn’, I —
Im ri_ S v L
1-1 == i IS A ‘ S R S ‘ NSNS Ji-q-lf | 1 IS t SN A ‘ R —— 1 Il l S SSN N § N Im S_+ + ® +
-0.53 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 Im s’ i ——
scaled SDME ImSo, |  double spin flip IR
Im S:; ‘ 1 1 1 1 ‘ 1 1 1 1 _.-\ 1 1 1 ‘

target-polarization independent SDMEs ez w1 o o

“transverse” SDMEs & 2
gunar.schnell @ desy.de 57 BNL/RBRC “Summer Spin" - July 2010



0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0906.5160]
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0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0906.5160]
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0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0906.5160]
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0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0906.5160]
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DVCS/Bethe-Heitler interference

DVCS

Bethe-Heitler

d*o Y2

(IToves|® + | Tenl* + Z)
dQ2 dxg dt dd 122 \/1 e
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Azimuthal asymmetries in DVCS

Cross section:
o(¢. ¢s. Ps, Cs, Pr)=ouu(®) - [1 + Pe AR (@) + CaPsAly(d) + CaAc(d)

+PrAGY= (¢, ¢s) + CePrAlT(9, ¢s)]
Azimuthal asymmetries: i

* Beam-charge asymmetry Ac(®P): |
do(et, ¢) — do(e™, ¢) x Re[F ] - cosd N
* Beam-helicity asymmetry ALu/(P):
do(e™, @) —do(e™, p) o Im[FH] - sin¢
* Transverse target-spin asymmetry Aut'(P):
do(¢, ps) — do(p, s + ) o< Im[FoH — F1E] - sin(¢ — ¢ps) cos ¢
+ Im[FoH — F1£E] - cos(p — bs) sin ¢

(F1, Fp are the Dirac and Pauli form factors)
(H,E ... Compton form factors involving GPDs H, E, ...)
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All data

Beam-charge asymmetry

1996-2005
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model prediction “VGG": Phys. Rev. D60 (1999) 094017 & Prog. Nucl. Phys. 47 (2001) 401
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o Beam-charge asymmetry

2-D analysis

04 0.03<x,<0.08 i 0.08<x,<0.12 i 0.12<x_<0.35
S 02 (@%=1.55 GeV> & | (@%)=2.53 GeV?> . (Q%)=4.32 GeV?
an B - i
8<° 0 [—--g--®d b .p----1----"'---.y.---,}------—---------i'--ir--*--ir--.F--
Y e e
0.6 - -
f: 0.4 :— B B
o O B +
°< 0.2 — + B + B + +
: ‘ o ' ! :
0 —---#----T-- R bt nELRLEE LS S R EEEEEEEE
& o02f i i +
: ' t L |
5 T X M - S % ---------- SR TP B
0 ¥ 0
& o2l |
§O 0 F---- l-------j---i___+___+_ ________ i---!--.*.--i___*___% _________ +___* ______ i___*__ﬁ___
< '0-2 _ 1 " 1 A . e ——t " — L. : ro— *u : I_I
10 10 107 10™ 107 10
-t [GeV?] -t [GeV?] -t [GeV?]

gunar.schnell @ desy.de 62 BNL/RBRC “Summer Spin" - July 2010



All data

Beam-spin asymmetry

1996-2005
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I;*;'éj*;ggsl Beam-spin asymmetry

2-D analysis
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Transverse target-spin asymmeftry

A.Airapetian et al., JHEP 0806:066,2008
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Transverse target-spin asymmeftry

A.Airapetian et al., JHEP 0806:066,2008
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DVCS Overview

(A) Beam-charge asymmeftry:
GPD H

(B) Beam-helicity asymmetry:
GPD H

(C) Transverse target spin asymmetry:
GPD E from proton target

(D) Longitudinal target spin asymmetry:
6PD H

(E) Double-spin asymmetry:
6PD H
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HERMES detector (2006/07)
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recoiling proton
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.. still to come ..

'

kinematic fitting
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__kinematic fitting .. still Yo come ..
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2500 =
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15005 Fit probability <1 -
1000 T >1 3 @ reduce semi-inclusive DIS
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HERMES 2007 data M2 [GeVZc*]

@ At pre-recoil era
@ Ay with RD
® Ac with RD

@ Associated DVCS Ay / Ac
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