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HERMES mission: Nucleon Structure
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HERMES mission: Nucleon Structure

Spm” Vo= 12A> + Lq +J4 Dynamuc”
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qu\[;rk J \1’ W(x,bj_,kJ_)

SPIN quark  gluon spin  probability of finding a quark
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angular position and momentum
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transverse position 4 g
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Wigner phase-space distributions /.
[X. Ji, PRL 2003; A. Belitsky, X. Ji, F. Yuan, PRD 2004] | L d @S
“mother distributions” i
A

[Meissner, Metz, Schlegel, JHEP 0908:056, 2009]
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TMDs and GPDs
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TMDs and GPDs
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HERMES @ DESY
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Hadron—typé separation (pions, AN ‘
kaons, protons) with RICH detector | 1995-2007
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HERMES @ DESY

rapid SPIN
reversal ~Tmin

Hadron-type separation (pions,
kaons, protons) with RICH detector !

o L \ I“]‘ ) salh

w- Longitudinally
polarized leptons

wm Regular helicity
switch (few months) (200 /pb)
w Positrons and
electrons

w Unpolarized
"H (1200 /pb), 2H (800 /pb)
He, N, Ne, Kr, Xe (300 /pb)
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w- 'H with longitudinal (50 /pb) &
transverse polarization (150 /pb)

w °H with longitudinal polarization
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Inclusive measurements
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spin- spin-
_ independent dependent
Y,
WH parameterized —— —

by 4 structure
functions (spin-Y2):
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Inclusive measurements

Spin structure function g
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(HERMES final result 2007)

A. Airapetian et al. [HERMES], Phys. Rev. D 75 (2007) 012007
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Structure function F»>

A. Airapetian et al. [HERMES], JHEP 05 (2011)
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- x JLAB
+ BCDMS 23 . . .
- E665 0-509 16 ® Agreement with world data in overlap region
* NMC .
0% , sLAC ® New region covered by HERMES
5 HERMES 0.679 1.6
el il il ® GD11 global fit
10 1 10 10 10 . .
Q%[ GeV? ] HERMES rel. normalization ~2%, 0.5% for p/d.
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Structure function F»>

A. Airapetian et al. [HERMES], JHEP 05 (2011)
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Spin Plane

Spin structure functiongz /. ]!

/ ? 0
A. Airapetian et al. [HERMES], accepted by EPJ C (in press) [arXiv:1112.5584] /\
N - \ \ \
D 0.15 | o HERMES ((QZ><1 Gevz) E Ny
[ = HERMES ((Q")>1 GeV") N : : o Scattering Plane
o E155 w Sensitivity to gz highest if =90
ﬁ I A E143
0.1} xg'W w QPM: g2 =0
L o (no transverse degrees of freedom)
I u! 1
0.05 | 14
0
-0.05 | o _
- HERMES: 10% polarization uncertainty
L \ \ o \ \ L
-2 -1
10 10 1
X
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Spin structure function go

A. Airapetian et al. [HERMES], accepted by EPJ C (in press) [arXiv:1112.5584]
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Spin Plane

B, - o
{ Nt f
: .

m Sensitivity to gz highest if a=90°

m QPM: g2 = 0
(no transverse degrees of freedom)
w OPE: twist-2  twist-3
g2(2, Q%) = g3 " (2, Q%) + g (z, Q%)
1 dy

oW (2, 0%) = —gy (2, Q) + / 700"

x

Scattering Plane

Wandzura-
Wilczek relation
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Spin structure functiongz /7

A. Airapetian et al. [HERMES], accepted by EPJ C (in press) [arXiv:1112.5584]

N i
E’ 0.15 | o HERMES (<QZ><1 GeVZ)
- = HERMES ({Q°)>1 GeV~)
o E155
A E143
0.1 xgi™
1
1
0.05 | .
0
-0.05 | o _
- HERMES: 10% polarization uncertainty
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-2 -1
10 10
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Spin Plane

Scattering Plane

m Sensitivity to gz highest if a=90°

m QPM: g2 = 0
(no transverse degrees of freedom)
w OPE: twist-2  twist-3
g2(2, Q%) = g3 " (2, Q%) + G, Q%)
1 dy Wandzura-
g;NW(x7 Q2) — — 01 ('CE) QQ) + / g1 (ya QQ)? Wi|czaenk i:|raation

w | est of deviation

1
] I5(0?%) = 3 2% Go(z. Q%) da
from WW part: d2(Q%) /0 v G2(2, Q) da
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Spin Plane

Spin structure functiongz  /

o & AT
A. Airapetian et al. [HERMES], accepted by EPJ C (in press) [arXiv:1112.5584] /\
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[ 1
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0 g;NW(x’ QQ) = 91 (aj’ QQ) + / 91 (y’ QQ)? Wilczek relation
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I . do(()°) = 3 e golx, Q) dx
-0.05 | from WW part: 2(Q . g2(z, Q%)

HERMES: 10% polarization uncertainty
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-2 -1 -
10 10 1
X

w Burkhardt- ! 5 =0 in absence of
Cottingham sum rule: /O 92 (:C, Q )d$ =0 higher-twist effects
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Semi-inclusive
measurements

Analysis of harmonic azimuthal
modulations (®, ®s) in the cross section. P >

0%~ = 54 (DF 04~ *IaFF)
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hadron . ‘& T . .
U L T

dependent PDFs)

c

e

Leading §
-twist 8
TMDs 2
(transverse- 8
momentum 6
-

2

Courtesy M. Contalbrigo

Semi-inclusive
measurements

Analysis of harmonic azimuthal

modulations (®, ®s) in the cross section.

Quark polarization

O—ep—»th

>q (DF®o®I~eagFF)

Indication to be not-zero !

Number Density Boer Mulders -

N Preliminary result

/ Cons:stent w:th zero N

He”City Won'n_gear

8, @n-@» | by - O ——

PLB 562 (2003) 182
S PRL 84 (2000) 4047

&

_Different from zero '\

h& -

1 8) -(2)
1L & - L » - ,
f °) = (o gn‘ o) - (w0 ) Transversity
1T v - A .
Pretzelos:ty _—

,//\

PRL 94 (2005) 012002
PLB 693 (2010) 11

Consistent with zero

Preliminary result

(Ferrara) e g
P “Different from zero = Indication to be
PRL 94 (2005) 012002 non-zero’
RL 103 (2009) 15200 rellmlnary resy
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Diagonal elements
‘Survive’ integration over
transverse momentum Kr.

“Collinear analysis”
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Courtesy G. Schnell

(Bilbao) and U.
Beckmann

Sivers amplitudes

L.¥>0
DF  ® FF -
| | S €2 fl‘l,'l','l (x,p3) @w DY(z, K3) [M. Burkardt, Phys. Rev. D66 (2002) 114005]
2<h‘ill (.(:) o (")-5'.)>("r - L 2 -'l. 2\ o 94y . "2 ‘
Zq exfi(x,p7) @ Di(z, K7) /5 0.1 g = =
> ;

| | )4 't pe bt

w T1* dominated by u-quark scattering: = 005 ty + b1 oy o

L 2 + 2 5 P t

- U—>T !

~ — fir(z,p7) ® Dy (2, k7) N Op ey T b ooooooeee e

m U-quark Sivers function < O

0.05 T - 3

w d-quark Sivers function > O - + - * ; i | + ‘ oy +
(cancellation for Tr) 0 _—--'----‘---;---;--_— ------ P -jr-_—'-- ot
[ | [ [
-0.05 - . :
A. Airapetian et al. [HERMES], Phys. Rev. Lett. 103 (2009) 152002 10 -1 04 0.6 0.5 1
X z P, [GeV]
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s
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2 <COS(([)-(|)S)>

K
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2 <COS((|)-(|)S)>
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0.2F + HERMESFPRELIMINARY
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Worm-gear TMD

DF @ FF

JCOS(¢_¢5S) x gf_T ® Dl

LT

e 4

%ivs
-
‘
»>
-

Related to parton orbital motion -

requires interference between wave functions
with OAM difference by 1 unit

Longitudinally polarized
quarks in transversely
polarized nucleon

Wandzura-Wilczek type approximation:

1
dy
g () ~ / Y ()
o Y
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Exclusive measurements

Deeply Virtual
Compton ,
Scattering (DVCS) ©

Hard
exclusive
reaction
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Cross section of ep—epy :

e
DVCS

e e

Bethe—-Heitler (BH)

= |tovesl? + Iteul? + (TovesTee™ + Toves™ Ten)

Small at Exactly
HERMES calculable
in QED

DVCS-BH interference term
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Exclusive measurements

Compton o Cross section of ep—epy :
Scattering (DVCS)

2
O s«
Y YN + +
Hard -~ - o
exclusive DVCS Bethe—Heitler (BH)
reaction > > % %
= |tpvcsl? + ITBHIZ + (TovesTer™ + Toves ™ Ten)
Small at Exactly |  DVCS-BH interference term
HERMES calculable
in QED
4 chiral-even quark GPDs at leading twist
> (|(X)
forward limit
E H > Ag(x)
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Exclusive measurements

Compton o Cross section of ep—epy :
Scattering (DVCS)

2
O«
Y YN + +
Hard -~ - o
exclusive DVCS Bethe—Heitler (BH)
reaction > > % %
= Itpvesl? + Il + (TovesTey™ + Toves™ Tey)
Small at Exactly | DVCS-BH interference term
HERMES calculable
in QED

Ji sum rule for the nucleon

-Ji, PRL 78 (1997) 610-
de x |[HY(x,&,t) + E9(x, &,
s () (A2, €,1) + B9(w, £, 1)

1
forward limit 5 = + J
t-0, t—0 g

» Ag(x)

1

M
1

Orbital angular momentum
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DVCS Amplitudes

(A)|Beam-charge asymmetry:
GPD H

[JHEP 11 (2009) 083 - Nucl. Phys. B 829 (2010) 1-27]

(B) Beam-helicity asymmetry:
GPD H

[JHEP 11 (2009) 083 - Nucl. Phys. B 829 (2010) 1-27]

(C) Transverse target-spin asymmetry:
GPD E

[JHEP 06 (2008) 066]

(D) Double-Spin (LT)
asymmetry: GPD E

[Phys. Lett. B 704 (2011) 15-23]

(E) Longitudinal target-spin asymmetry:
GPD H~

[JHEP 06 (2010) 019 - Nucl. Phys. B 842 (2011) 265-298]

(F) Double-spin (LL) asymmetry:
GPD H~

[JHEP 06 (2010) 019 - Nucl. Phys. B 842 (2011) 265-298]
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Beam-charge asymmetry
amplitudes in DVCS
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1996-2007

HERMES proton data

% Detection of
e and y

v KM10

Global fit

including data
from JLab,
HERMES and HERA

colliders
(dashed excludes JLab

Hall A cross section)
K. Kumericki and D.

Miiller, Nucl. Phys. B 841
(2010) 1
[arXiv:0904.0458]

¢ GGL11
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Beam-charge asymmetry
amplitudes in DVCS
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DVCS event samples
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