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Motivation
The HERMES Experiment at HERA
Polarized Deep Inelastic Scattering

Inclusive measurements:

@ The structure function ¢,

@ Polarized quark distributions from NLO-Fits
@ The structure function ¢

Semi-inclusive measurements:
@ Flavor decomposition of the nucleon spin Aq(x
& Azimuthal asymmetries: a way to 1T ransversitt

Exclusive Reactions:
@ DVCS — accessto L,

Summary



Spin of the Nucleon

@

0.14...0.2 measured

@ Spin decompostion of the nucleon:

1 1
S, = 5h: §+AG+LQ+L9
with J

AY = Au+ At + Ad+ Ad+ As + A5 ~ {

0.58 expected

@ The Aqg = Au, Au, ... are the 1-st moments of polarized quark
distributions Au(x), Au(x), ...

¢

Polarized quark distributions: Ag(z) = ¢ (x) — ¢~ (x)

¢

Polarized gluon distribution: AG

¢

Orbital angular momenta: L, ,

Moskov Amarian, Spin Physics Ovelrvremsser- - RMES — p.2/2:



The HERMES Experiment at HERA




Polarized e*—beam of HERA

L ongitudinal
Potarimeter

Transverse
Polarimeter

@ Transverse selfpolarization due to
Synchrotron radiation

@ Longitudinal Polarization with spin
rotators

1

@ Measured on-line with two Compton
polarimeters
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@ Average Beam Polarization
(Pg) ~ 55%, 6Pg/Pg =1.8...3.4%

@ Average beam current ~ 25 mA



The HERMES targets
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@ In 2002 transverse
@ Until 2000 long. polarized H— and D-Targets polarlzed HT

@ Average Target Polarization:
(P)g = 0.824 +0.034, (P)g = 0.844 £ 0.037

@ Also: unpol. Targets H, D, He, *N, 2°Ne, 34Kr

with ~ 10'°nucleons/cm?

f =
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The HERMES Spectrometer

f FIELD CLAMPS ‘\ TRIGGER HODOSCOPE H1
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Kinematical range: 0.02 < z < 0.8 with Q% > 1 GeV? and W > 2 GeV
Resolution: ép/p =1.4...2.5%, 60 < 1 mrad

Particle Identification: TRD, Preshower, Calorimeter, also:
— 1997: Threshold gas —Cerenkov counter
1998 —: RICH (dual radiator)



General Formalism of DIS

2 2
E

d“o .« Ly Wi

dQ) dE’ M Q* E’

@ L, leptonic tensor — well under control

@ W,, Hadronic Tensor, parametrized via structure functions:

W o~ [...Fl(x,Cf)—|—...F2(:L',Q2)—|—...gl(az,Q2)+...gg(:U,Q2)

(for Spin 1)...b(x, Q%) + ... ba(z, Q%) 4 ...b3(x, Q%) + ... by(x, Q2)]

1



Polarized DIS and Spin Asymmetries

- I
—

§7+§N:1/

01/2 X q*(z,

@ Photon—Nucleon Asymmetry:
Qv PN 91(513,622) QPM Zq 62 AQ($7Q2)

A °) = =
1 (7, Q%) Cret+ o3 Fi(w Q) > €2 q(z, Q%)
@ Measured in the following way:
.1 1 @/ — /o)
Q)= TTmD B Pey (VDT + (VDT
= AH(xaQQ)
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NLO QCD Fits: Tuning to ¢; (exp.)
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& Parameterizing = - ¢""*" (2, Q2) (exp.) as:
x - Afi(z, Q%) =n; A; x4 (1 — :13)5"' (1 + VT + pz\/i)
@ assuming SU(3) ;/—symmetric see
Aqs(z) = Au,(z) = Ati(z) = Ad,(z) = Ad(z) = As(z) = A3(x)

@ Two different methods with Mellin moments and finite differencies show

%!" 7 good agreement
I S



04 |

0.2

NLO QCD Fits

xAgy(x) — NLO

[ ] Method 1
/////] Method 2

061 «AG(x) = NLO
[ ot Q; = 4.0 GeV*

04
xG(x) (GRV)

______ Method 1
............ Method 2

0.2

- exper. syst. uncertainties
- (Method 1)

-0.2F

I theor. syst. uncertainties
- (Method 1)
-04

107 107 107" 1

X
& AM5(z) =
Au(z) + Au(z) — [Ad(z) + Ad(z)],
as well as A (x) are well constrained
& AY =0.20 at QF = 4 GeV?

@ AG(x) with big uncertainty




Deuteron Structure function b¢(z)
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Proton Deuteron
R 5> Al 33 @ e @+ g+ ade)
n@: Y Alde-gw] 33 ¢ @ -6 )
bi() 23 20000 - (af () + a5 ()

b¢ mesures the difference of quark momentum distribution between tensor ar

@Z the sum of vector helicity states
S



First measurement of v{(x)
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@ bvi(z) > g¥(x) (x <0.05)!




Semi-Inclusive DIS

@ InSIDISe+p — €' +h+ X thereis a
correlation between struck quark ¢ and

detected hadron h

= Separation of the polarized quark
distributions is possible:
Au, Ati, Ad, Ad, As, (A5)

@ InLO QCD:

by = T2~ % g€ Aala) [ dz Dy

) _ Z eg q(x) [dz Dg(z) .Aq<
0?/2 + 0:’,}/2 > .e2q(x) [dz Dl (z) - > eg,q’(x) [ dz Dg,(z) q(:

\ 4
Ve

=Pl (x,z) “Purity”

@ Solving the system of equations

+ + - _ 7 _
T K _ [ Au Au Ad Ad As As __
ATy, ARG ) () und § = (B, 42,82 A 82 83 _ ) (4

A= (Al,p,Al,d,Aﬂi

1



Exp. Hadron- | 2
multiplicities
Nh/NDIS

Measured
Asymmetries
Al (z)

1

Monte Carlo Model for Hadronization

Unpol. PDF

q(z, Q%)

Detector-
geometry

P

e DIS Generator (LEPTO)
e Hadronization (JETSET)

e Spectrometer

!

Purities P/ (z)

polarized
quarks Agqg(x)

N, /(Np,cd2)

N, /(Np,sdz)
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u quark

Generated Purities

u quark

d quark

d quark

S quark

s quark

o

* proton
& neutron




Pion and Kaon Asymmetries on Deuteron

]

i n L L L
< o5 E 3 3 3
O F e ar, . AT, . AN Lo E e
04 — ® — —
- O SMC h+ L 0 SMC h- g :
0.3 5 3 > 3
0.2 F % 3 + + 3
01 F ¢ ’ + + +

—

ok pAat — - '?éﬁMH L— b4

01 F

—
1 1

@ Hadrons selected with 0.2 < z = E,, /v < 0.8, zp > 0.1, W2 > 10 GeV?

0.03

0.1

@ AK (2)=0,= K~ = (us)

= indication for small polarization of seal!

0.4

i

0.

@ corrected for radiative effects and kinematical smearing

@ systematic erros dominated by beam and target polarization uncertainties

1

1

[A Airapnetian et al hebn-ex/03070641



0.2

[A. Airapetian et al., hep-ex/0307064]

Polarized Quark Distributions (LO)

5 X[Au + f ..... }.é-ﬁ. :-:.:+:-:.+:\
dearwat S0
aa +' | |
{ 4 P == ;

0.2 ¢ .
X (Au-Ac
7/ @ \\
C ] NERN
0 - _ _ _ _ _ _ _ (y — | = = = = = I
[ )
0.1
- o
-0.2 B 1 1 1 Lo | 1 1
0.03 0.1 X C

@ Results consistent with SU(3)
symmetric sea assumption

@ Disagreement with the prediction for

Au(z) — Ad(x) from YQSM

[B. Dressler et al., Eur. Phys. J. C14 (2000) 1.
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Unpolarized
Quarks and Nucleons

Vector Charge:
(PS|ypyHo| PS) =

/ dr g(a) - 7(a)

q(x): sping averaged
well known

1

q _
=00 - (o>
Longitudinally polarized
Quarks and Nucleons

Axial Charge:
<PS|QE7”75¢\PS> —

/0 dx Aq(x) + Ag(x)

Aq(x): Helicity difference
known

HERMES: 1995 - 2000

Transversity

-®-@

Transversly polarized
Quarks and Nucleons

Tensor Charge:
(PS|o"" v5¢| PS) -

1
/ de 6¢(z) — 6q(c
0

dq(z): Helicity-flip
chiral odd!

unknown

HERMES: 2002. ..



Transverse Spin Asymmetries

O_ep—>e7TX _ Z fN—>q R ol g DI—T
q

Distribution Fragmenta
Function function
Chiral odd Chiral odd

Asm@ Zi\:; sin ® — Zi\;_l sin ¢
(NT+N7)/2

D, € 5q($) HLQ(Z)
Zq 2q(z) Di(2)

%ﬁgz H;~(z): Collins Fragmentation Function
S

Collins angle: ® = ¢ + ¢5 Asm<I>



First Hint on Transversity?

s ®ed-emX
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Interpretations. ..

@ In principle different explanations for g—Asymmetries on longitudinally polarizec
target:
& Collins-Effect — yQSM + “DELPHI-motivated assumption”: |Hi-/D;| ~ 12.}
[A.V. Efremov et al., Eur. Phys. J. C24 (2002) 407 .]

@ Sivers—Function [Sivers, Mulders et al.] — (sin ¢)yr, o flLT(l) - D1

@ Longitudinally polarized target: Collins— and Sivers—Effects indistinguishable

@ Transversly polarized target:
@ Collins— and Sivers—Effects distinguishable:

N

(sin (¢, + ¢5)) Moment «—— (sin (¢, — ¢5)) Moment
@ Large Asymmetries (sin ¢)yT expected, however ...

1



First Measurement of Transverse Asymmetries
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P, weighted Transverse Asymmetries
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L/%D y \e\D/gi
DVCS  Bethe-Heitler (BH)
do o< |Tu|* + |Tpves|?
+

HERMES, CLAS:

use BH as an amplifi er to study DVCS

H1, ZEUS:
measure DVCS cross section directly

A —
hémibs

DVCS: ep — e'vp

HERMES kinematics:
BH > DVCS

d o/ dp, dQ, dQ, (pb/GeV sr?)

= = = =
o o o o
w » (6] [<2]

[
o
N

T3
Q*=2Gev*]

O\M, deg
| R R
106=_ Q 5GeV“_]
=01
10°F =
104§— =
1035— I
0% E
N I I IIIII I 1 1 1 1
-10 0 10 20
Ow, deg

L 2
10 °L

L Q°=2GeV
x=0.3
10°%E
10k
103
1023; ----- DVC
—
E .......... BH
IR R
10 0 10
Ow,deg

[Korotkov, Nowak, hep-ph/0108077]



DVCS azimuthal asymmetries

do o< |Tu|* + |Toves|? + (TauToves + TovesTar)

Isolate BH-DVCS interference term non-zero azim%h%asymmetri
@ imaginary part o< beam helicity asymmetry:e—*@ﬁ Y (Detected)
dg; - dg; x  Im(ZgyTpycs) ‘

x sin¢ = H"(x,&,t)

\
= asymmetry measured by HERMES \

X (Not Detect

@ real part « beam charge asymmetry:
doo+ —do.~ o< Re(TgugTpyes)
x cosp = H"(x,&,1)
= asymmetry measured by HERMES =- unique to
HERA

@ no polarized target needed

A —
hémibs



DVCS beam charge asymmetry (BCA)

@ do.. —do.- sensitive 10 Re (T 7 pyog) = cOs @

o 0.6
<
s 04
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04 30 e p -eyX
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0.3
0.2
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! 01 |
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N Vx e by by by by by 1y PR - L 1
0.6 -3 ) 1 0 1 2 3 1 0 1 2 3 4 5 6
® (rad M, [GeV]
15 < My < 1.7GeV (rad)

Ne+(¢) — Ne-(9)
A —
A ORI
%@é @ azimuthal asymmetry appears at M, ~ M,




DVCS single beam-spin asymmetry (BSA)

@ do- —do- sensitive to Im (75,7 0g) = sin ¢

508 s 03
— i - 4 + cD [
< [ e p-eyxX (M<L7Gev) '<7<>(—1 F e*p e yX
06 [ fined 0.2
: SRS R SE s SO ) ; HERMES PRELIMINARY 2000
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0.2 0F o o ¢ .,
0 0.1 F +
-0.2 02 | * +
04 | -0.3 *
: P1=-0.04 + 0.02 (stat) i
06 | P2=-0.18 + 0.03 (stat) 0.4 |
08 - P3 = 0.00 + 0.03 (stat) 05 ;Asgg"’ |, <17 Gev = -0.18 £ 0.03 (stat) + 0.03 (sys)
L <t>=0.18 GeV?, <xz> = 0.12, <Q*> = 2.5 GeV” f <-t>=0.18 GeV?, <x> = 0.12, <Q%> = 2.5 GeV?
1 I I B A R AR R N 06 bt e
3 2 1 0o 1 2 3 1 0 1 2 3 4 5 6
@ (rad) M, (GeV)

& 96/97 - data set published: [prL87 (2001), 182001]

@ DVCS on polarized proton / deuterium target = access to H, E

1 @ DVCS data on nuclear targets (D, He, Ne, Kr)
%ﬁé —> coherent scattering on nucleus !



Summary

-

Polarized singlet and nonsinglet distributions are well constrained

-

Semi-inclusive measurements allow for the first time to extract
polarized quark distributions

-

Polarized gluon distribution AG has very large uncertainty

-

For the first time b1 structure function of the deuteron is measured

-

For the first time Collins and Sivers asymmetries are addressed
experimentally

@ Large amount of data on DV CSS is needed to access
orbital angular momentum

@ HERMES experiment will run until summer of 2007

@ COMPAS, JLAB and RHIC will contribute to the future efforts on
the spin structure of the nucleon

1
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