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Semi-inclusive Deep Inelastic Scattering
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Distribution Functions

Leading twist:

3 DFs survive the integration over transverse quark momenta

unpolarised DF f;(x) Helicity g1 (x) Transversity h; (x)
also q(x) also Aq(x) also dq(x)
well known known unknown
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Transversely Polarised Target

Transversity h; (x)
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combined with y-odd
fragmentation function Hy (z)
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Azimuthal Asymmetries

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

1 N(¢,ds) — Nt(¢, ¢s)
SJ_ NT (¢7 ¢S) + N/ (¢7 ¢S)
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Azimuthal Asymmetries

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

A(¢, ¢S) _ 1 NT(¢7 ¢S) _Nl(¢7 ¢S)

SJ_ NT(¢7 ¢S) + Nl(¢7 ¢S)
~ . sin(g+s)Y €2 T { hd(x,p2) - Hi9(z,K2) |
- _

+osin(o—0s) €2 T[. . E(xpE) DiakE)
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Azimuthal Asymmetries

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

T .\
A(gb, ¢S) _ 1 N (¢7 ¢S) N (¢7 ¢S)

SJ_ NT (¢7 ¢S) + N/ (¢7 ¢S)
~ ...sin(¢ + ¢S)Z ei ' { hi(x,p7) - HLq(Z k3 T) _
. |

+osin(o—0s) €2 T[. . E(xpE) DiakE)

Z[...] : convolution integral over
initial () and final (k1)

quark transverse momenta
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How to Disentangle . . .

. . . Distribution and Fragmentation Functions?

Weight the events with P, :

T 1
S, N (¢, ¢s) + N(¢, ¢s)
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How to Disentangle . . .

. . . Distribution and Fragmentation Functions?

Weight the events with P, :

T 1
S, N (¢, ¢s) + N(¢, ¢s)

~ ..sin(¢ + ¢s) Y e2 [hi(x) Hy'V(z)
q

+ ...sin(g — ¢s) Y €2 fip 4x) Di(z)

q

(1): p2, k2 moment of
distribution / fragmentation function

X
§

No assumption necessary!
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How to Disentangle . . .

. . . Distribution and Fragmentation Functions?

Weight the events with P, :

T 1
S, N (¢, ¢s) + N(¢, ¢s)

~ ..sin(¢ + ¢s) Y e2 [hi(x) Hy'V(z)
q

+ ...sin(g — ¢s) Y €2 fip 4x) Di(z)

q
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moments Asin(¢+¢s) gnd Asin(¢—¢s)
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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

proton beam line

transversely polarised atomic Hydrogen (P) ~ 80 %

Target Chamber

ABS
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV

] since -
[ proton beam line - _ | electron beam line | l/&
transversely polar'lsed atomic Hydrogen (P) ~ 80 % y 4
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The HERMES Experiment at HERA

ot Ml B — e <2,
proton beam line ! -_ . F | : . -.__ 5 = //&
. 4P s '. e _...‘. | ) %

transverse
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV HERMES spectrometer
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Results for the P,,;, Weighted Asymmetries

Asin(gb-HbS) ~ hy (X)Hi_(l) (Z) Asin(gb—gbs) N flJ_rI(‘l)(X)D1<Z>
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Extraction of the Distribution Functions

S OFY(x)-FF%(z) @ measure AS™(¢%%s) in many (x,z) bins
q =» large statistics necessary

@ information about fragmentation functions
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Extraction of the Distribution Functions

S OFY(x)-FF%(z) @ measure AS™(¢%%s) in many (x,z) bins
q =» large statistics necessary

@ information about fragmentation functions

L — . e
> fir(x) - Di(z) & D{ "(z) for some hadrons h sufficiently known
q
, .LODM™
10 ¢ :NLO DV~
Q® = 2.5 GeV?
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Extraction of the Distribution Functions

S OFY(x)-FF%(z) @ measure AS™(¢%%s) in many (x,z) bins
q =» large statistics necessary

@ information about fragmentation functions

> fii(x) - D(z) & D{ "(z) for some hadrons h sufficiently known
q

-» Sivers function extraction possible

basic expectation of QCD:
sign opposite in Drell-Yan
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Extraction of the Distribution Functions

S OFY(x)-FF%(z) @ measure AS™(¢%%s) in many (x,z) bins
q =» large statistics necessary

@ information about fragmentation functions

> fii(x) - D(z) & D{ "(z) for some hadrons h sufficiently known
q

-» Sivers function extraction possible

basic expectation of QCD:
sign opposite in Drell-Yan

POV (o)) L & H; % "(z): results of different asymmetries
from other experiments,

for example ete~ annihilation: BABAR, BELLE
will make Transversity extraction possible
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Extraction of the Distribution Functions

%: DF%(x) - FF(2)

> fi-2(x) - D{(z)

DF“(x)

@ measure Asn(?£9s) in many (x,z) bins
=¥ large statistics necessary

@ information about fragmentation functions

& D{ "(z) for some hadrons h sufficiently known

-» Sivers function extraction possible

basic expectation of QCD:
sign opposite in Drell-Yan

@ H;97"(2): results of different asymmetries
from other experiments,
for example ete~ annihilation: BABAR, BELLE
will make Transversity extraction possible
7

oyt

combination of Asin(?£¢s) of various hadrons T~V
=» quark flavour decomposition
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First Glimpse of Transversity and Collins Function

@ neglect contributions of strange sea quarks
s(x) =5(x) = hj(x) =hj(x) =0
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First Glimpse of Transversity and Collins Function

@ neglect contributions of strange sea quarks
s(x) =8(x) =hj(x) =hj(x) =0

@ assume isospin symmetry among fragmentation functions
Df =D%" ~ D¢~ ~ DI ~ DI~ favoured

-~ 1 G = ot e
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First Glimpse of Transversity and Collins Function

@ neglect contributions of strange sea quarks
s(x) =5(x) = hj(x) =hj(x) =0

@ assume isospin symmetry among fragmentation functions
Df =Dv~" ~DI¢=" ~ D=7 ~DI-" favoured

— + .~ o+ e
Dg=Dy¥"" ~D{™ ~D¢~" ~DV¥~™ disfavoured

0 0 3 0 — 0

+ 4(D; + Da) ~ Dy ™" ~ D" ~ D" ~ D§7

= QPM expressions for AS7(?F?s) pAsm(+0s) ASMOTOs) gimplify
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First Glimpse of Transversity and Collins Function

sample Af:i%WS) about measured values according to statistical variances
=¥ likelihood distribution:
2 | | | | 7OO I
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@ Data do not constrain Transversity (Jr). 5p — hiGI+4nE ()
: . Hg h{ (x)+zh{ (x)
@ Inplausible range of dr: 32 <0 %%\
-» disfavoured Collins function has opposite sign, 4&’&
probably significant magnitude //
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Summary and

@ First measurement of transverse target spin asymmetries in DIS.
@ First evidence for non-zero Sivers function.

@ Disfavoured Collins function appears to be of opposite sign and similar
magnitude to favoured function.

X
AN
W

\g
)

Q&

Ulrike Elschenbroich, Transverse Spin Physics at HERMES - p.12



Summary and

@ First measurement of transverse target spin asymmetries in DIS.
@ First evidence for non-zero Sivers function.

@ Disfavoured Collins function appears to be of opposite sign and similar

Number of pol. DIS events

magnitude to favoured function.
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@ Number of DIS events doubled,

@ Sivers function extraction

HERMES continues data taking.

possible =» work in progress.
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Results for the Unweighted Asymmetries

Asin(o+és) hl(x)-Hf(l/”(z) Asin(é—¢s) fL(l/Z)(X),D1<Z>
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