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The Nucleon structure in 3D ‘gpep

GTMD(z, k., A)
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The Nucleon structure in 3D ‘gpep

= Most complete up to date: GTMDs
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The Nucleon structure in 3D @

= Most complete up to date: GTMDs
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The Nucleon structure in 3D “

= Most complete up to date: GTMDs
= |nclusive measurements(1D): FF, PDF...
= SIDIS/Exclusive(3D): GPD, TMD...
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The Nucleon structure in 3D “

= Most complete up to date: GTMDs

= |nclusive measurements(1D): FF, PDF... CTMD(e. EL. A)
= SIDIS/Exclusive(3D): GPD, TMD... o
= Complicated: TMD(z,

= Beam polarization

= Target polarization

= Complete kinematics TMSD(%))

)
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Inclusive

GTMD(z, k., A)
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Inclusive DIS (A2,92)
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Inclusive DIS (A2,92)
AR
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Inclusive DIS (A2,02)

a3 o A20,2
dxdyde QM 20y
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Inclusive DIS (A2,02)
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Inclusive DIS (A2,02)

a3 o A20,2
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Inclusive DIS (A2,02)
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Inclusive DIS (A2,02)
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Inclusive DIS (A2,02)

a3 o A20,2
dxdyde QM 20y
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A. Airapetian et al. [HERMES], EPJ C 72 (2012) 1921
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A. Airapetian et al. [HERMES], EPJ C 72 (2012) 1921

N

< 0 HERMES ((@°) <1 GeV?) §<J> 0.15 | o HERMES ((Q%<1 GeV?)
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Unique measurement:
= Pure hydrogen target (no dilution, low systematics)
= Full unfolding (no systematic correlations)
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A. Airapetian et al. [HERMES], EPJ C 72 (2012) 1921
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= Burkhardt-Cottingham sum-rule test

0.9
/ go (ZU, Q2) dr = 0.006 + 0-024stat - O~O]-7syst
0.023
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A. Airapetian et al. [HERMES], EPJ C 72 (2012) 1921
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= twist-3 monl‘lent, related to quark-quark-gluon correlations

d2(Q?) =3 / 2° go(z, Q%) dz = 0.0148 4 0.0096,,.; & 0.0048,,;
0

)
l
%ue)é/n\wﬁg Eduard Avetisyan 5 DESY PRC 73, Hamburg, 2012



emi-inclusive

GTMD(z, k1, A)

Charge S &
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Semi-inclusive unpolarized asymmetries
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_beam virtual-photon
polarization polarization
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Semi-inclusive unpolarized asymmetries
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Semi-inclusive unpolarized asymmetries
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Semi-inclusive unpolarized asymmetries

d° o s 72 {F o
€
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= Extract azimuthal moments: )
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Semi-inclusive unpolarized asymmetries
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Semi-inclusive unpolarized asymmetries

d° o s 72 {F o
€
dSEdded¢thf%J_ D vu,T UU,L
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= Extract azimuthal moments: )
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Semi-inclusive unpolarized asymmetries

d° o s 72 {F o
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Semi-inclusive unpolarized asymmetries
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Semi-inclusive unpolarized asymmetries
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Semi-inclusive unpolarized asymmetries
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Semi-inclusive unpolarized asymmetries
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A. Airapetian et al, submitted to PRD carxiv:1204.4161)
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A. Airapetian et al, submitted to PRD carxiv:1204.4161)

= most complete data up to date
= fully differential 4D extraction (in 900 bins!)
= employ full 5D unfolding
= requires large statistics!
= includes the data taken in 2006/2007
= even larger MC sample needed (20x data, generated on GRID)
= available for pions, kaons (RICH) and unidentified hadrons
= hydrogen and deuterium targets

= fully differential results available online with a tool to integrate the
moments in an arbitrary kinematic range:

http://www-hermes.desy.de/cosnphi/
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http://www-hermes.desy.de/cosnphi/
http://www-hermes.desy.de/cosnphi/

A- Ai ra peti a () www-hermes.desy.de/co

4 C O www-hermes.desy.de/cosnphi/cherryPicker Kaons html

m) mOSt Complet Binnmmg for kaons.

Bins where a measurement was made are depicted mn yellow, bins where a measurement was not possible are
) fu | |y d |ffe re nt| shown m red. Bins where a measurement was not possible due to a zero cross section are marked m yellow but
do not have an 'x"
= eam ploy fu ” 5 | Select an mtegration range with the check boxes on the left and push the "Plot this range" button to present 1-
dimentional results for kaons, pions, and hadrons versus all four vanables.

= requires large - O =
= includes th HEER (e —
= even large —
= available fc 5-EE

x 1l

= hydrogena X vvYYY.

= fully differenti{ . ... o

N x X.
moments ina| pt: v v v

Plot this range!

Please enable pop-ups
Eesults may take several mmutes
to load,

please do not refresh
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A. Airapetia

=

= most complet

m Fiallv:, AiFFArAantl

C

Binning for kaons.
Bins where a measurement was made are depicted mn yellow, bins where a measurement was not possible are

chown in red Rins where a measurement was not nossible due to a zero cross secthon are marked in vellow bt

) www-hermes.desy.de/cosnphi/cherryPicker Kaons.html
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Cos2¢ MOdUlatIOH [arXiv:1204.4161]
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> 0.1

cos2¢d Modulation [arXiv:1204.4161]
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= flavor-dependence indicates significant Boer-Mulder-Collins effect

= Cahn effect (expected to be) flavor-blind in first approximation
= hardly any difference between H and D targets
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Strange Kaons cos2d¢
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Strange Kaons cos2d¢

/\3 ; h+ T I I Aep%eh;((
cﬁ 0.1 T T ‘::ggjgf(x _
< SN S S SE U S
~ TR T Ot s sy
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= Kaons: larger magnitude than pions

= Same sign for K* and K-

= Boer-Mulders function expected similar for pions and kaons - Collins
function role important

= K- opposite sign to n - pure sea object
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cosd moment of AL asymmetry

d° o - ,}/2 {F o
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Beam: long. /

twist-3

inclusive limit: g1(x)
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cosd moment of ApL asym metry
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cosd moment of AL asymmetry
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= Consistent with zero
= Compatible within hydrogen and deuterium targets
= No significant kinematic dependence observed
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cosd moment of AL asymmetry
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= Compatible within hydrogen and deuterium targets

= No significant kinematic dependence observed o 5992
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SIDIS Amplitudes Summary @HERMES:

1
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SIDIS Amplitudes Summary @HERMES:

DUD ‘-'a

updatewith higher
statistics pending
DUD a

sin(3¢ — ¢, )doiry + é sin(2¢ — ¢, )dogip + % sin(¢s)doyr

1 1
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SIDIS Amplitudes Summary @HERMES:

published;

update with higher
statistics pending
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SIDIS Amplitudes Summary @HERMES:

published
k update with higher
- statistics pending
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SIDIS Amplitudes Summary @HERMES:

published;

update with higher
statistics pending
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Exclusive

GTMD(z, k., A)

.
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Exclusive measurement: GPDs

Simultaneous access to ‘
= |ongitudinal momentum fraction (PDF) e
= position in transverse direction (FF) /

&
1

Quantum numbers of produced particle

combination of GPDs involved

«DVCS(Y) H E H E
*Vector mesons( P ¢) H, E
*Pseudoscalar mesons(Tn) H E
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Real-photon production
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Real-photon production
DVCS o Bethe-Heitler

e e e e’
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Real-photon production
DVCS o Bethe-Heitler

(|7E>vcs\2 + |Tenl” + )
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Azimuthal dependences in DVCS/BH

with unpolarized target

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:
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Azimuthal dependences in DVCS/BH

with unpolarized target

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:

D KBH BH
TeH|” = DL (@) Pa(d) nzz:o c°" cos(ng)
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with unpolarized target

Azimuthal dependences In DVCSBH

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:

2 KBk BH
Teul” = P1(¢)P2(¢) Z c°" cos(ng)

Toves|? = Kovcs Z cy "> cos(ng) + P ZSDVCS 5'”('7<b)
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Azimuthal dependences in DVCBH

with unpolarized target

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:

2 KBk BH
Teul” = P1(¢)P2(¢) Z c°" cos(ng)

Toves|? = Kovcs Z cy "> cos(ng) + P ZSDVCS 5'”(”@

Cs Kz

L= P )Pa9) Z:O e cos(np) + P ,;5% Sm(nd))_
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Azimuthal dependences in DVCBH

with unpolarized target

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:

Toves|® = Kbves

CeK1

. 2 |
L= Piloypa(@) | 2 O O+ Fo 2 5o sin(nd)
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Azimuthal dependences in DVCS/BH

with unpolarized target

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:
O'((b, PB, CB) ZUuu(¢) [1 + P ADVCS(¢) + CBPBA%U (Cb) + CBAc(Qb)}
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Azimuthal dependences in DVCS/BH

with unpolarized target

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:
O'((b, PB, CB) ZUuu(¢) [1 + P ADVCS(¢) + CBPBA%U (Cb) + CBAc(Qb)}
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Azimuthal dependences in DVCS/BH

with unpolarized target

® heam polarization Pg
® beam charge Cg

Fourier expansion in ¢:

O'((b, PB, CB) ZUuu(¢) [1 + P ADVCS(¢) + CBPB %U(Cb) + CBAc(Qb)}
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Azimuthal dependences in DVCS/BH

with unpolarized target

® heam polarization Pg

® heam charge Cg
Fourier expansion in ¢: S smgé 2
0 (. Ps. Ca) =0ouu(9) - [1 + Pe. AR (¢) + CoPeAlu(d) + Cadc (@)
G T
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Azimuthal dependences in DVCSBH

with unpolarized target

® heam polarization Pg

® heam charge Cg
Fourier expansion in ¢: S SUWSD; 2
O‘(gb, 'DB, CB) :gUU(¢) [1 1P ADVCS(¢) —%Qb) + CB.AC(Cb)}
W D

beam charge allow to decouple from twist-3

¥

(F1is the Dirac form factor)
(# is Compton form factor involving GPD H)
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Airapetian et al, submitted to JHEP [arxiv:1203.6287]

0.2 - - —— KMI0(a) - GGLII i
| - KMIO(b) I
S - 0
D
n
< -0.2
-0.4
0.2
e 0 1-
m [}
S o
<
0

Overall -t [GeV?]
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Airapetian et al, submitted to JHEP [arxiv:1203.6287]

0.2 - — KMI0(a) - - GGLII
| KMIO(b) i

-

£D

"

<
<
o
o O

<

10° 10° 10° 1 10
Overall -t [GeV?] Xg

Q* [GeV?]
= Full hydrogen dataset used (incl. 2006/2007 data)
= More than double statistics w.r.t. previous

publication (JHEPI I (2009) 083)

ﬂ = Sensitivity to Re and Im parts of CFF #
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cos(0¢)
AC

cos ¢
AC
cos(2¢)
AC

A208(3¢)
sin ¢
ALU,I
sin¢
ALU,DVCS
sin(2¢)
ALU,I
sin(o- ¢,)
uT,l
sin(o- ¢,)
UT,DVCS
sin(¢- ¢ ) cos ¢
uT,l
cos(¢- ¢)sin¢
uT,l
cos(¢- ¢,)
LT,
cos(¢- ¢,)
ALT,BH+DVCS
sin(¢- ¢)sin ¢
ALT,I
cos(¢- ¢, )cos ¢
ALT,I
sin ¢
AUL
sin(2¢)
AUL

cos(0¢)
ALL

cos ¢
ALL

cos(2¢)
ALL

HERMES DVCS

® Hydrogen
A Deuterium
O  Hydrogen Preliminary

P

h~
%ugé/n\gg Eduard Avetisyan

%, Re H

R e H
'_H’__'H_F_HH—A—H

Im (7—[ — 5)

@

- _

@ H
e Re#
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Amplitude Value

Full set of DVCS
Asymmetries

Beam-charge asymmery

Beam-helicity asymmetry

Transverse target-spin asymmetry

Double transverse target-spin asymmetry

Longitudinal target-spin asymmetry

Double longitudinal target-spin asymmetry
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SDMEs of exclusive ¢ meson production

production and decay angular
distributions W parametrized by helicity
amplitudes T or alternatively by SDMEs r:

oo
i
Im(rfq)
Re(rfo)
Im(rfo)

Im(r;’

h,~
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— A:

-
Ty

-
Tt

o

HERMES Preliminary

O ¢ proton
O ¢ deuteron

0.2 0.4
SDMEs

YL, — @L access to GPD %

*

Y

¢

*

Y

~

vr — ¢ access to GPD H
= SDMESs of A and B classes are

significantly nonzero

= (,D,E mostly consistent with zero
= SCHC mainly conserved

= helicity amplitude hierarchy tested:

20
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SDMEs of exclusive ¢ meson production

production and decay angular

A v—, e distributions W parametrized by helicity
A T amplitudes T or alternatively by SDMEs r:
Re(rfo) \ . a *
m®) | B: Interference v, — ¢ &v. =0, Y
m(r.) &
mﬂ& '

Re(r}) x
Re(r‘:g) 0-;} HERMES Preliminary q) Y
Re(r" ) _ C- Y*T ~ 4, *’é}:oﬂ O ¢ proton ¢

. i O ¢ deuteron *
ime?) | o YL = #L access to GPD %

= o Y- — ¢ access to GPD #H
im(e2) | . ,; e | | = SDMEs of A and B classes are

e — significantly nonzero

s [ D: T~ o = C,D,E mostly consistent with zero
me?) | of = SCHC mainly conserved
Im(r:_1)

g = helicity amplitude hierarchy tested:

il I | i AR

| E: v a5 - DIS 2012 A B C D E
im(e® ) L = I 2 2 2 2 2

06 0.4 0.2 0 0.2 0.4 Too|” ~ |T11|* > |To1|* > |Thol” ~ |T-11]

SDMEs
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Summary

= HERMES continues actively publishing papers
Publications since last PRC

= [Inclusive Az, g2 measurements EPJ C72(2012) 1921
= Cosine moments in semi-inclusive unpolarized asymmetry
measurement arXiv:1204.4161

= Beam-helicity and beam-charge asymmetries in DVCS
arXiv:1203.6287

Released results
= Semi-inclusive asymmetry A.L cos ¢ amplitude
= Exclusive ¢ meson production SDMEs

Ongoing activities
= 10 papers in preparation
= Data preservation activity crucial for ongoing and
future analyses/publications (see Michael’s talk)
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Backups
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cosd Modulation
Fog? o« —g S b (esh) ® B K

M
0 > fi(z.p7) © Di(z, K7)
q
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cosd Modulation

M LE\//\//USLE“'S)
F((}(z? o) x 1 1.,g—h

Q q

M

|
l
%M Eduard Avetisyan 23 DESY PRC 73, Hamburg, 2012



cos¢d Modulation

EWISE=S
PRt « -g M
uUu Q
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cos¢d Modulation

EWISE=5 :
G %M SOSTENURISISICH
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cos¢d Modulation

EWISE=5 :
G %M SOSTENURISISICH
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cosd Modulation
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cos¢d Modulation

= increase in z, no flavor dependence: Cahn-effect dominance
= transverse momentum dependence: Boer-Mulders contribution

3 off ot T T f wep senX
'8‘ I Ded —-enX -
§ . . sl . side  1Fe, .
P I L T I I Efge
0l 1 1
[ , I, r o]
Sl {1 -;;- ! |
ﬁ"gfgg e ﬁr‘}%%?
| -;;- £
-ff- -ff- ;| _
T 04 06 08 04 06 0204 0608 1
X y Y4 PhL [GEV]

)
l
%ugé/n\gg Eduard Avetisyan 23 DESY PRC 73, Hamburg, 2012



Stran

S 0.2F , + : sep >ehX
= - h ] mep venX
8 0.1t g eep »>eKX
I S e 2 R g
- 1 = [
-01F 2 hy 4 - A* J ? . A; ) . P ) !
: o : 1 s !
-0.2__ § _: : T § i
'03:_ . . _f-_ A R S SR B SR I A B N PPN B S i| .....
3 0.2F .- i f
=> > h i zz : |
N 01_ T T
O : |
e e
0.1 3 ? a
0.2 : 1
'0-35_. e A IR R R T N S | | |"||||'
10! 04 05 06 0.7 0.4 0.5 06 03 04 0.5 0.
X y z P, [GeV]
h~
%ue)é/n\wﬁg Eduard Avetisyan 24 DESY PRC 73, Hamburg, 2012

ge Kaons cosd




Strange Kaons cos¢

3 0.2F ,+ 1 T T aep 5ehX

- h 1 1 I mep —senX
0.1 I E T eepoekx 4
5 . | } ;
otk # £ K4 Y O I T Tt !
02 @ : 1 : ;

“% h 55 T S
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KSR MR R A

'0.35_ o . T | | . I . I . 1 T . . . T
10! 04 05 06 0.7 0.4 0.5 06 03 04 05 0.
X y 2 P, [GeV]

2 (coSs0)

uu

2 (CcOS0)

= Kaons: larger magnitude than pions
= K+ cos2phi similar to K+ cosphi - Boer-Mulders role important
= K+ difference from K- attributed to Cahn effect
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Exclusivity: missing-mass technique

a 0.3 e’ data
g - o e data
S | — MC sum
S I - elastic BH
0.2— associated BH
- ok e semi-inclusive
i 3
0.1— ¢':'
0_ I
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Exclusivity: missing-mass technlque

%) 0.3— e’ data
g - o e data
S | — MCsum |
= I O A elastic BH
0.2— associated BH
- ok e semi-inclusive
B 3
0.1— ¢':'
0_ I
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Exclusivity: missing-mass technique

(x-

%) 0.3— e’ data
g - o e data
S | — MC sum
e elastic BH
0.2— associated BH
- ok e semi-inclusive
B 3
0.1— ¢':'
0_ I
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Exclusivity: missing-mass technlque

‘é’ 0.3— e’ data
g = o e data
S | — MCsum
S L g e elastic BH
0.2— associated BH
- ok e semi-inclusive
i >
0.1— ¢':'
0_ |
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