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HERMES spectrometer and accumulated data set

Inclusive Deep Inelastic Scattering (DIS) and quark
contribution to the nucleon spin ΔΣ

Semi-inclusive DIS and Δu(x) , Δd(x) and Δs(x) –quark
helicity distributions  in the nucleon

Gluon contribution  to the nucleon spin ΔG
from high PT hadron production

Outline



HERA polarized positron beam

e  beam+

HERMES

HERA−B

H1
E

S
W

N

transverse polarimeter

longitudinal polarimeter

p beam

ZEUS

spin rotator spin rotator

Comparison of rise time curves

0

20

40

60

80

6 6.5 7 7.5 8
Time [hours]

Po
la

ri
za

tio
n 

[%
]

Transverse Polarimeter

Longitudinal Polarimeter

Sokolov-Ternov effect

5 4

1 1
38.5min 16.2

30 min
1/ 5.38 10!

spin flip for e

w w
h

pol rise time τ
τ γ γ

∼
∼ i

+

↑ ↓

−

= =

=

Beam polarization  flips
about  monthly

40 50beamTypical P
with fract. sys. err. <3.5%

%−

27.5eE GeV=



HERMES SPECTROMETER
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hadron/lepton  separation                           pion/kaon/proton separation
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Summary of HERMES data-taking with polarized targets

year          type          target
polar. %

1995 3He            46
1996 H             76  
1997 H             85
1998 D            86
1999 D            83
2000 D            84.5

1994    HERMES test  RUN

1995-2000    HERMES RUN I

Beam pol.  =51%

Lumi H,D pol=259 pb-1

Lumi unpol = 593 pb-1

(H,D, 3He, 4He, 14N, 20Ne and 84Kr)

2001-2002   HERA lumi upgrade
2002-2007    HERMES RUN II

Longitudinal polarization

Transverse polarization
years          type   polar.%
2002-2005     H          78

2006-2007      unpol (RD)
Beam pol.  =36%
Lumi H pol=161 pb-1
Lumi unpol ~ 530 pb-1
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Integrals of spin-dependent structure functions
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Evaluation of  ΔΣ
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Evaluation of       , BJSR
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ΔS -content in nucleon
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Quark helicity distributions from semi-inclusive DIS

, 12e p d X   at Q GeVhe+ ⇒ + >+′

semi-inclusive case
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Measured asymmetries

Kinematical conditions:
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Measured asymmetries deuteron target

u-quark dominance

all asymmetries
are  apparently
positive except 

that for K-



quark polarizations

Constrained by

and

 at 
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Extracted using purity
calculations in the frame of
LUND fragmentation model.

LUND MC tuned by fit to 
unpolarized pion / kaon
multiplicity distributions



quark helicity distributions.

theory: QCD fit to 
inclusive DIS,
SU(3),  BJSR 
required.

Agreement looks fine

2
0Q 2.5 2at GeV=evaluated 

Δs compatible
with zero



Integrals of Δq(x) in explored x-range
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ΔG is poorly known till now.  In principle , it can be
accessed by  investigating NLO structure function g1:

E155, SMC →pQCD fit to NLO  g1
/J.Blumlein,M.Hirai,D.de Florian,Leader et al/

Unfortunately , the  results obtained  are very uncertain:
1

2 2

0

( , ) ( , ) (0.5 1) 1G x Q g x Q dx toΔ = Δ ≈ ±∫

PHENIIX&STAR new 
results   are expected 

0. . LL

may be also accessed in polarized pp collg i   
gA pp X
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ΔG from HERMES hadron high PT data



In polarized charged lepton scattering (NLO),
access to  ΔG  is possible via   PGF mechanism

LL

DIS leading
qA

q
Δ∼ LL

PGF
gA

g
Δ∼ LL

QCD Compton
qA

q
Δ∼

PGF dominates in the case of CHARM PRODUCTION
,q c q c= =

low bgr experiment, but usual
problem is lack of statistics 



Another option to enhance PGF mechanism is
detection of hadrons  with high PT.
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, ( ) ( ) LLe p d h h e X asymmet Ary measured±+ ⇒ + +∓

Most of data collected from d-target  in “untaged (e)” variant, 
i.e., scattered positron not detected, PT is defined in respect 
to e-beam direction
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Extraction of  ΔG/G , ( )signal meas MC
LL LL LL B
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ΔG  final result compilation
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Summary

2 2

0.330 0.025(exp .) 0.011(theo.) 0.028(evol.)
( s s ) 0.085±

Q 5

0.013(theo.) 0.008(exp)

GeV at
ΔΣ = ± ± ±
Δ + Δ = − ±

=

Using well -saturated        and under SU(3) f.sym. assumption
it  is found

dΓ

Quark polarizations and  helicity distributions are extracted
from SIDIS data for 5 quark flavors (of 6) for the first
time. ΔS(x) is compatible with 0.

talk M.Varanda
From analyis of high PT hadron production, 
ΔG/G is estimated to be
with theor. uncertainty of ~0.1.  

other hermes topics…

. . .0 078 0 034 0 011± ±



( )LUA⇒ Φ

Transverse spin effects at HERMES

HERMES measured transverse spin effects
in semi-inclusive                        production related toK K0, , ,π π± + −

longitudinal beam polarization  

longitudinal target polarization

transverse target polarization

( )ULA⇒ Φ

( , )UT SA⇒ Φ Φ

access to
q(x)=q (x)-q (x)↑ ↓δ

Collins FF, Sivers DF

Deep Virtual Compton 
Scattering     DVCs,
Hard exclusive meson

production 

GPD,
access to
quark orbital
moments 

q

Phys. Rev D 2007
Phys. Lett. B 2005
Phys.Rev. Lett. 2005 

J
talk of V. Korotkov



Vector Meson   (VM) production at HERMES

*γ *γ ρ

g

P’P P

qg q

P’

φ

Exclusive VM production provides access to GPDs: 
both unpolarized H H and polarized E E, ,

First     POLARIZED  data for  Φ-meson production

→ gluon exchange

talk of  A. Borissov



Polarized Λ physics at HERMES

Self-analyzing polarized Λ –decay gives a unique opportunity
to measure (in addition to  DSA and SSA )
new  polarization observables related to 

polarization of the produced Λ hyperon

HERMES has measured:
In semi-inclusive DIS  
spin-transfer  from 
polarized beam beam

nP at Q2 0Λ ≈

In quasi-real photoproduction
with Λ inclusively detected

LLD at Q GeV2 20.8Λ
′ >

•Transverse Λ polarization
•Spin-trasfer from long.
polarized target LLK at Q2 0Λ ≈

talk of
D. Veretennikov

Phys Rev. D 2006



HERMES Recoil Detector

Design and performance,
first results talk I.Vilardi

THANK YOU VERY MUCH
FOR ATTENTION 
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The HERMES experiment from 1994 to 2007
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HERMES polarized target
HERMES  POLARIZED TARGET
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Evaluation of  ΔΣ

neglecting 
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Quark helicity distributions from semi-inclusive DIS

, 12e p d X   at Q GeVhe+ ⇒ + >+′

semi-inclusive case

22 2 2
2 2

1 222 2 P
h

qq q hh
h qq

q qq

e q(x,Q ) q(x,Q )A (x,Q ,z)
e q(x,Q )

D (Q ,z)
(x,Q ,z)

D (Q ,z) q(x,Q )′′′

Δ Δ
= = ⋅
∑

∑∑

SIDIS kinematics
2

2

2 ′′= =

=

−

h

e e
p

hadron frac

QQ ,

tio

x ,

na

E E

Ez

M

l energy
ν

ν
ν

FF  q to hadron fractional q-contribution

2P 1=∑ h

q q
(x,Q ,z)

Phys. Rev. D 2005



Purity distributions

Lund MC tuned to experimental HERMES 
multiplicities,K ,, Kπ π+ − + −



Comparison with SMC
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Contributions from various subprocesses

0

0.2

0.4

0.6

0.8

1

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25

low pT
QCD 2→2(q)

ela./diff. VMD
LO DIS
QCDC

PGF
QCD 2→2(g)

pT(beam) (GeV)

S
ub

pr
oc

es
s 

F
ra

ct
io

ns
( )i TR p fraction of i subproce Iss PYTH A− ⇐



SSA in semi-inclusive hadron 
production

,e p d e H X′+ ⇒ + +Under study is 

Azimuthal asymmetry around virtual photon direction is measured related to:

longitudinal beam polarization  

longitudinal target polarization

transverse target polarization

LUA⇒
ULA⇒

UTA⇒



Motivations

Helicity DF               Transversity
q(x)=q(x)-q(x) q(x)=q (x

D
)-q ( )

F
xδΔ ↑ ↓

Transversity DF is   practically unknown till now. 
SSA measured on transversely polarized target 
gives access to 

qδ



Transversely polarized target and Collins FF
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Correlation between
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Very recent results, Collins FF
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Very recent results, Sivers DF
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Transverse effects related to longitudinally polarized
beam and/or target

0

S

S
φ π

⊥ ≠
=



Measured asymmetries /Phys.Lett.B 648 (2007) 164/

 0.06

-0.02

      0

 0.02

 0.04

A
LUsi

nφ

e
→

 p → e Xπ+

HERMES
5.5% scale uncertainty

-0.04

-0.02

      0

 0.02

 0.04

 0.06

A
LUsi

nφ

e
→

 p → e Xπ-
● 0.2<z<0.5
● 0.5<z<0.8

-0.04

-0.02

      0

 0.02

 0.04

 0.06

0.5 0.80.2 1

z

A
LUsi

nφ

e
→

 p → e Xπ0

10-1

x
10.80.50.2

Ph⊥ (GeV/c)



saturation of integrals
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HERMES VS CLAS
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HERMES high PT experiment, 
semi-inclusive, PT in respect to virt. photon direction
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Longitudinal spin-transfer to Λ- hyperon
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