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Introduction - 1π fragmentation

I[· · · ] ≡
∫

d2pT d2kT δ(pT − kT −
P h⊥

z
)[· · · ]

h1 couples to H⊥
1 (z, z2k2

T ):

dσCollins
UT ∝

∑

q

e2
q sin(φh + φS)I

[

kT · P̂ h⊥

Mh
hq

1
H⊥q

1

]

Difficulties:

extraction of h1H
⊥
1

difficult, needs weighting with P⊥h

Sivers & Collins entangled:

dσSivers
UT ∝

∑

q

e2
q sin(φh − φS)I

[

pT · P̂ h⊥

M
f⊥q
1T Dq

1

]
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Introduction - 2π fragmentation

ζ ∝ z1/(z1 + z2)h1 couples to:

H⊥

1 (z, ζ, M2

h, k2

T , kT · RT ) & H^

1

′(z, ζ, M2

h , k2

T , kT · RT )

Integrate over P h⊥:

left with only H^

1
(z, ζ, M2

h) =⇒ dσUT ∝
∑

q e2
q sin(φR⊥ + φS)h1H

^

1

Advantages:

cross section asymmetry directly proportional to h1H
^

1

(No weighting needed)

No Collins/Sivers ‘problem’

Completely independent from 1π analysis

Disadvantages:

less statistics

H^

1
unknown (but can be measured at Belle & Babar)
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Single Spin Asymmetry

~Ph ≡ ~P1 + ~P2

longitudinally polarized deuterium target

CM π
+

π
−

Ph

Θ

AUL ∼ sin φR⊥ sin Θ
[

|~S‖|hLH^

1 − |~S⊥|h1H
^

1

]

~k′

~k

~q
~S

Θγ

|~S⊥| = sin Θγ |~S‖| =⇒ 〈sin Θγ〉 ' 0.05

If H^

1
6= 0: 2 hadron fragmentation can acces h1!
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Single Spin Asymmetry

~Ph ≡ ~P1 + ~P2

longitudinally polarized deuterium target

CM π
+

π
−

Ph

Θ

What is measured:

AUL(φR⊥) =
1

|PT |

N←(φR⊥)/N←
DIS

− N→(φR⊥)/N→
DIS

N←(φR⊥)/N←
DIS

+ N→(φR⊥)/N→
DIS
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Interference FF

AUL ∼ sin φR⊥ sin Θ
[

|~S‖|hLH^

1 − |~S⊥|h1H
^

1

]

Expansion of H^

1
in Legendre moments:

H^

1 (z, cos Θ,M2
ππ) = H^,sp

1
(z,M2

ππ) + cos ΘH^,pp
1

(z,M2
ππ)

about H^,sp
1

:
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Jaffe et al. [hep-ph/9709322]:

H^,sp
1

(z, M2
ππ) = sinδ0 sin δ1 sin(δ0 − δ1)H

^,sp′

1
(z)

δ0 (δ1) → S(P)-wave phase shifts

= P(M2
ππ)H^,sp′

1
(z)

=⇒ Asin φR⊥

UL might depend stongly on Mππ
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Interference FF

AUL ∼ sinφR⊥

(

|~S‖|hL − |~S⊥|h1

)

[

sin ΘH^,sp
1

+ sin 2ΘH^,pp
1

]

drops out since Θ ∈ [0, π]

about H^,sp
1

:

m(GeV)

si
nδ
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Jaffe et al. [hep-ph/9709322]:

H^,sp
1

(z, M2
ππ) = sinδ0 sin δ1 sin(δ0 − δ1)H

^,sp′

1
(z)

δ0 (δ1) → S(P)-wave phase shifts

= P(M2
ππ)H^,sp′

1
(z)

=⇒ Asin φR⊥

UL might depend stongly on Mππ
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The HERMES Experiment
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LUMINOSITY
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DRIFT

FC 1/2

TARGET
CELL

DVC

MC 1-3
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MONITOR

BC 1/2

BC 3/4 TRD

PROP.
CHAMBERS

FIELD CLAMPS

PRESHOWER (H2)
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270 mrad

270 mrad
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m

IRON WALL

e+

27.5 GeV

140 mrad
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140 mrad

MUON HODOSCOPES
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Forward acceptance spectrometer: 40 mrad ≤ Θ ≤ 220 mrad

Tracking: 57 tracking planes: δP/P = (0.7 − 1.3)%, δΘ ≤ 0.6 mrad
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Results
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first measurement ever
of Asin φR⊥

UL

small asymmetries
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x-dependence

Attempt to study x and z-dependence:

Asin φR⊥

UL ∝ h1(x)H^,sp
1

(z,Mππ) + (. . .)
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no strong x-dependence observed
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z-dependence
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z ≡
Eππ

ν

no strong z-dependence observed

no more than two bins possible
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comparison to model prediction

Model by Jaffe et al.:

predicts mass dependence

NO statements on size/sign
of the asymmetry
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Fit data with:
g(M2

ππ) ' c1P(M2
ππ) + c2

by extracting c1 & c2 a qualitative comparison
can be made to the model prediction
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comparison to model prediction

c1 = 0.040 ± 0.036
c2 = −0.001 ± 0.004

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

A
U

L

si
n

φ R
⊥

Mππ [GeV]

ρ0

sys. unc. = 0.007
x > 0.023 <x> = 0.074

<z> = 0.48

ed
→

  → e' h+h- X
HERMES PRELIMINARY

si
n

φ R
⊥

hint of a sign change at
the ρ0 mass

g(M2
ππ) ' c1P(M2

ππ) + c2
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x-dependence
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higher x: hint of sign change at
ρ0 according to Jaffe’s model

c1(x) ∝ h1(x) ?
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z-dependence
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sign change at ρ0 according to
Jaffe’s model for low z

c1(z) ∝ H^,sp
1

(z,Mππ) ?
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Conclusions & Outlook

Conclusions:

Presented first measurement of Asin φR⊥

UL

Asymmetries of order ∼2%, but also consistent with zero

Mππ-dependence consistent with model by Jaffe et al.

Comparison with model prediction hints at x and z dependence
=⇒ sensitive to h1(x)H^,sp

1
(z, Mππ)?

Outlook:

extract Asin φR⊥ sin 2Θ

UL =⇒ relates to h1H
^,pp
1

Outlook to Asin φR⊥

UT :

comparable error bars:

much larger transverse target polarization → ∼1/0.045 = 22 times bigger!
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