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Semi-inclusive Deep-Inelastic Scattering
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evaluation of the cross section contains
quark distribution and fragmentation functions
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Distribution Functions

Leading twist:

3 DFs survive the integration over transverse quark momenta

unpolarised DF Helicity Transversity
q(z, Q) Aq(z, Q%) 0q(z, Q)
well known known unknown
A
HERMES 1996-2000 HERMES > 2002 (g~
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Transversity dq

@ non-relativistic quarks =» transversity = helicity

& chiral-odd = helicity flip
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Transversity dq

@ non-relativistic quarks = transversity = helicity @ @

@ chiral-odd =» helicity flip

D N N7
/.\ /.\ JB

+ Ddgx) == Aqx

@ access of dg in combination with other chiral-odd object
-» x-odd fragmentation function

%

single hadron production or double hadron production
Collins Hi- IFF H% {PP
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Sivers Function fi-

@ describes correlation between intrinsic
transverse quark momentum pr and
transverse nucleon spin

& chiral-even function

& T-odd = forbids its existence?
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Sivers Function fi-

@ describes correlation between intrinsic
transverse quark momentum pr and
transverse nucleon spin

@ chiral-even function q

@ T-odd functions allowed due to
final state interactions (FSI):
quark rescattering via a soft gluon

time-reversal invariance condition change
=» naive T-odd p

P
5

“ON

74

-

@ non-zero Sivers function requires non-vanishing quark
orbital angular momentum (contributing to nucleon spin)
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Azimuthal Asymmetries

Measurement of cross section asymmetries depending on the azimuthal
angles ¢ and ¢g

1 NT(¢7 qu) B Nl(gba qu)
S1 N (e, ¢s) + N, ¢s)

AUT (¢7 ¢S) —
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Azimuthal Asymmetries

Measurement of cross section asymmetries depending on the azimuthal
angles ¢ and ¢g
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Azimuthal Asymmetries

Measurement of cross section asymmetries depending on the azimuthal
angles ¢ and ¢g

AUT (¢7 ¢S) —

.. |+ convolution integral over
initial (57) and final (k1)
quark transverse momenta %,
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How to Disentangle . . .

.. distribution and fragmentation functions?

Assume a Gaussian distribution for 7y and k7 dependence:

Aut(o, ¢s) ~ ...sin(¢ + ¢s) Z 2. 5q(x) - Hy P z)

sin(6 — os) 22 TRRE RS

(1/2):
distribution / fragmentation function
%eg;;
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How to Disentangle . . .

.. distribution and fragmentation functions?

Assume a Gaussian distribution for 7y and k7 dependence:

Aur(¢,¢s) ~ ...sin(¢ + ds) Z 2. §q(a) - Hy P (2)

. sin(¢ — ¢s) Z o fir ') - DY(2)

7

~

asymmetry amplitudes AZ:9T9s) and AZn(@~?s)

\/

bin Aur (¢, ds) in 12x12 bins, %&
perform two dimensional fit /
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The HERMES Experiment at HERA
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV
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The HERMES Experiment at HERA

BRP Target Chamber
ABS
5 3
| 5 - g
! e
| ' TGA ¢ b
proton beam line ¢ : : : electron beam line

transversely polarised atomic Hydrogen (P) ~ 80 %
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The HERMES Experiment at HERA

HERA posu’rr'on beam 27.5 GeV

e

- ' i8] since 2002 Vit
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‘rr'ansver'sely polar'lsed atomic Hydrogen (P) ~ 80 % y 4
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The HERMES Experiment at HERA
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV HERMES spectrometer

& since 2002 Wi
‘rr'ansver'sely polar'lsed atomic Hydrogen (P) ~ 80 % y 4
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Results for the Asymmetry Amplitudes
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Results for the Asymmetry Amplitudes
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Results for the Asymmetry Amplitudes
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Double Pion Production in Semi-inclusive DIS

Detection of two final state pions with opposite charge:

> g €5 0q(@) - H (2, M7,
2_q € (@) - Di(z, MZ,)

Aur(drL, ds) ~ ... sin(¢r1L + ¢s)

+ ...

H(z,M?2), Di(z, MZ2_): two pion fragmentation functions

& no assumptions for pr and kr
distributions necessary

@ completely independent from
single pion analysis

@ less statistics D
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Interference Fragmentation Functions H;*", H'"”

Partial wave expansion:
Hi(z,cos0, M2 ) =sinf [Hf"gp(z, M?2_) + cos H"PP(z, Mﬁw)}

_|_
-
Integrationover 0 < 0 <=

-> H."PP(z, M2 ) drops out

IFF H;*? and H; *? describe interference between two pion pairs
coming from different production channels
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Interference Fragmentation Functions H;*", H'"”

Partial wave expansion:

Hi(z,cos0, M2 ) =sinf [H"*(z, M7 )+ cos 0 H{"PP(z, M2 )]
-
Integration over 0 < 0 <

) = HP(z, MZ) drops out
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.. H* (2, M2,) = sin 6o sin 61 sin(3y — 0 H{ (2)
£ . 2 spf
g | =P(Mz,) - H{™" (2)
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= phase shifts
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Interference Fragmentation Functions H;*", H'"”

Partial wave expansion:
Hi(z,cos0, M2 ) =sinf [Hf"gp(z, M?2_) + cos H"PP(z, Mﬁﬂ)}

_|_
-
Integrationover 0 < 0 <=

-> H."PP(z, M2 ) drops out
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= @ completely different model for H;"*"
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Azimuthal Asymmetry Results

A 0.1
2 0.08
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+ HERMES PRELIMINARY

@ hadrons assumed to be pions

@ fit Aur(prL + ¢s)/(sinb)
with p1 + pasin(érL + ¢s)

@ significant sin(¢r1 + ¢s) behaviour!

: < sin6 > =0.89 ] . -
3 0.51 <M__< 0.97 ; & extract A%fr}(chL-HbS)sm from
0 1 2 3 4 5 6 Aut(pri, ¢s,0) by three
(0g,+0g) [rad] dimensional fit
AZn@rL+0s)5I00 2 0 040 4 0,009 (stat) + 0.003 (syst) FeU

%xﬁ =X
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Invariant Mass Dependence
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Invariant Mass Dependence
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Extraction of the Distribution Functions

Information about fragmentation functions necessary:

“A(x)- DI(z) D?"(2) for some hadrons h sufficiently known

, — LoDM™
10 ¢ :NLO D™
i Q? = 2.5 GeV?
1 F
.17
10 3
2|
10 3

N_L
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Extraction of the Distribution Functions

Information about fragmentation functions necessary:

“A(x)- DI(z) D?"(2) for some hadrons h sufficiently known

-» Sivers function extraction possible
universality violated?

basic expectation of QCD: sign opposite in Drell-Yan

4
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Extraction of the Distribution Functions

Information about fragmentation functions necessary:

“A(x)- DI(z) D?"(2) for some hadrons h sufficiently known

-» Sivers function extraction possible
universality violated?

basic expectation of QCD: sign opposite in Drell-Yan

5q(x) - H-%(z) H;"""(2): First measurements of transverse spin

asymmetries for double hadron production inete™
annihilation at BELLE!
- sensitive to Collins function

X
§
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Extraction of the Distribution Functions

Information about fragmentation functions necessary:

i (x) - Di(z)

D?7"(z) for some hadrons h sufficiently known

-» Sivers function extraction possible
universality violated?

basic expectation of QCD: sign opposite in Drell-Yan

H{-"""(2): First measurements of transverse spin

asymmetries for double hadron production inete™
annihilation at BELLE!
- sensitive to Collins function

IFF can also be measured at BELLE, BABAR N

L
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Summary and

@ Transversity is accessible in single and double pion production
in semi-inclusive DIS.

@ Sivers DF can be measured in single pion production.
Transverse spin asymmetries show first evidence for non-zero
Sivers function.

@ In double pion production, transversity is coupled to IFF.
Measurement of transverse spin asymmetry gives first evidence
for non-zero IFF.
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Summary and

* 2002/03 / @ 2005: Number of DIS events

R I /_/ already almost doubled
gowo - T /! HERMES continues data taking
%2000 I @ Sivers function extraction
5 possible = work in progress.
g
il @ Neutral pion and charged kaon

500 |- asymmetries will be presented soon.
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