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HERMES experiment: main research topics
# Origin of nucleon spin

#® Details of nucleon structure
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Inclusive measurements: DIS cross section @ F,

dgﬂ' —17‘0& FQ( Q ) 1 —. QQ "UQ + QQ/EQ From global fit GD11:
dr dQQ Q4 T Y- A2 (1 4 R( QQ)) HERMES relative normalization is

~2% for Proton and Deuteron
~0.5% for the Ratio

JHEP 05 (2011) 126 Exploring perturbative to non perturbative
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Semi-inclusive @ exclusive measurements
W, %(x,kp,r) Wigner distributions

Probability to find a quark in a nucleon with a certain polarization in a position r & momentum k
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Semi-inclusive DIS: Charged-hadron multiplicities |

LO interpretation: | o,,« f,9® D,a°h Proton-deuteron asymmetry:

h h
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Semi-inclusive DIS: Charged-hadron multiplicities Il

* Disentanglement of z and P, | dependences

* Access to the quark intrinsic transverse p; and fragmentation k

(R =27(PF)+{Kk7)
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Semi-inclusive DIS: Double-spin asymmety A,"

Refined studies =extend the results [OLL xg,9Q D1q_)h]
oublished in PRD 71 (2005) 012003

Sensitive to differences
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Semi-inclusive DIS: Double-spin asymmety A" -

) ) h
Refined studies =extend the results 0,%g9® D1

published in PRD 71 (2005) 012003
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distributions (TMDs).

# HERMES has access to all of them through specific azimuthal modulations (®,d.) of the

Semi-inclusive measurements: Leading-twist TMDs

® Nucleon structure described by 8 leading-twist transverse-momentum dependent quark

cross section.
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Semi-inclusive measurements: Leading-twist TMDs

Quark polarisation
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Semi-inclusive measurements: Worm-gear DF g,
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Exclusive measurements: GPDs

e Ji sum rule = access OAM

;Itiggjdxx[Hq(x,é,tH E"(x,&,1)]

Correlated information about longitudinal momentum xp @

and transverse spatial position r

HY9 and E9 : quark Generalized Parton Distributions (GPDs)

e
Spin-J target: 4 chiral-even leading-twist

quark GPDs H,E,H, 6 E

Final state sensitive to different GPDs
DVCS (y) H,E,H,E
Vector mesons (p, ®, ¢ ) H, E,

Pseudoscalar mesons ( 7,1 ) I:I, E
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Exclusive measurements: p®-meson production |

Meson SDMEs [Photon SDMEs
EPJC 62 (2009) 659
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Exclusive measurements: p°-meson production Il

Hierarchy predicted by theory: confirmed by HERMES
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Exclusive measurements: DVCS & GPDs

Bethe-Heitler

» Theoretically cleanest way
to access GPDs

> Interference between DVCS
and Bethe-Heitler amplitude

» | Tpyesl < |tgyl at HERMES

AXY

Access to GPD combinations through azimuthal asymmetries

/\
Y N

beam target

HERMES: Complete set of asymmetries

» Both beam charges

» Both beam helicities

» Unpolarized H, D and nuclear targets

» Longitudinally polarized H and D targets

» Transversely polarized H target
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Exclusive measurements: DVCS asymmetries at HERMES
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HERMES DVCS

® Hydrogen
A Deuterium

O  Hydrogen Preliminary

PR YU S S IS S S |

| I S S T

|

-0.1 0

0.1 0.2

Amplitude Value

0.3

#® Beam charge asymmetry

GPD H H: PRL 87 (2001) 182001
PRD 75 (2007) 011103

JHEP 11 (2009) 083
D: Nucl. Phys. B 829 (2010)1

® Beam helicity asymmetry
GPD H

® Transverse target-spin asymmetry
GPD E  H:JHEP 06 (2008) 066

® Transverse double-spin asymmetry

GPD E  H:arxiv:1106.2990 #

® Longitudinal target spin asymmetry

GPD H ™\ H: JHEP 06 (2010) 019
/D: Nucl. Phys. B 842 (2011) 265 S new

# |ongitudinal double spin asymmetry
GPD H
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Exclusive measurements: Double-spin asymmetry A ;

Beam charge

\

Beam polarization

~

Target polarization
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Consistent with zero, cancellations between E and H
Sensitivity to J , is suppressed by kinematic factors
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Sensitive to both GPDs
entering the Ji sum rule
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Exclusive measurements: DVCS with Recoil Detector

Bethe-Heitler

ep—eyX

+ e'data

v & dala

— MC sum

... elastic BH
asszociated BH

-------- semi-inclusive

1 T SC Solenoid

o
t
1 I

1000N/N,

o
i

Photon Detector

Scintillating fiber Tracker
IJ.1I_—

Silicon-Strip Detector

Unpolarized H and D targets

Exclusivity via missing mass: Recoil Detect It ; lusivit
szz(q +P- q.)z €COoll betector 1o tag exciusivity
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Exclusive measurements: DVCS with Recoil Detector

Without Recoil Detector S0 A A B A A
In Recoil Detector acceptance e Ijl{
= . L
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- No requirement for Recaoil

P . .
Kinematic event fitting technique: all 3 particles k‘“’_’ - Charged recoil track in acceptance
In the final state detected should satisfy — o - Kinematic fit probability > 1 %
4-constraints on energy-momentum conservation - Kinematic fit probability < 1 %
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Exclusive measurements: Pure elastic DVCS

'HERMES 3.4% scale uncertainty | ® without Recoil Det. e’ p— et Py
' PRELIMINARY} | W with Recoil Det. _ -
12006/07 data 4 in Recoil Det. accept.
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Indication that leading amplitude for pure elastic process is
slightly larger than for unresolved signal (elastic+associated)
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Summar
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Semi-inclusive DIS: Double-spin asymmety A,"

Refined studies =extend the results [OLL xg,9Q qu_)h]
oublished in PRD 71 (2005) 012003
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Semi-inclusive measurements: Boer-Mulders DF h,1 ¢

transversely polarized quarks
with p; in unpolarized nucleon
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2 1, 1,9—h
[GUU cos q)oc h1 q® H1 q- ]

# h tis chiral-odd and
naive T-odd (like f,*)
Requires FSI/ISI

#| Opposite sign for
nt and 1, larger
magnitude for

® h,tvand h e
have same sign

Large signal with
same sign for K*

# sea fragmentation
important
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Semi-inclusive measurements: Collins amplitudes

[z<sin<¢+¢s>>UTho< hyd (O® H#'q(Z)]
/ N

arXiv:1006.4221 / 1\
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u.nsi— E 3 # Both Collins fragmentation
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- Hl Jdisf— Hl [fev

function and transversity

D _T + FH_L _ 1}+_+_1'_F+ _____ ] _1'__".{" distribution function are sizeable
TR '\ - H\l
Surprisingly large T asymmetry

Possible source: large contribution
(with opposite sign) from unfavored
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2 (sin(p-hg)yr

-0.05[

Semi-inclusive: Sivers amplitudes for pions
[ 26in(@-09hr'<fi (0B D) |

PRL 103 (2009) 152002 _
Sivers DF

. ® First observation of non-zero
¥ Sivers DF in DIS

Rise at low P, |,
plateau at high P, |
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01t Clear rise with z

Non-zero at low x

¥

Experimental evidence for
orbital angular momentum L,
of quarks

0.1 ==
0.05FT

But: Quantitative contribution
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o 04 06 0.5 1 of L, to nucleon spin is still
X z P, [GeV] unclear
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Exclusive measurements: Target-spin asymmetry A,

=

Sensitive to J

- > Sm(F,% - F.E)

Not sensitive to J,

Sensitive to GPD E JHEP 06 (2008) 066
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Model: VGG with variation of J ,, while J =0

| SM[F,9 - (F, + &F,)E]
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Exclusive measurements: Pure elastic DVCS

Indication that leading amplitude for pure elastic process is
slightly larger than for unresolved signal (elastic+associated)
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Semi-inclusive: Anti-Lambda longitudinal spin transfer

’j_’?’:\T — AX [ o, xf; &Gy ]

Parity violating decay : proton preferentially

emitted along anti-Lambda spin
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