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%e{m > HERMES at DESY

27.5GeV positron beam of HERA
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HERMES at DESY

® atomic beam source

=> pure gas target

® transversely pol. hydrogen
polarization ~ 75%

® other targets possible
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o
%6@ S Transversity Measurements

How can one measure the chiral-odd transversity?
Need another chiral-odd object!
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Y=
Qumes Transversity Measurements

How can one measure the chiral-odd transversity?
Need another chiral-odd object!
= Semi-Inclusive DIS

O_ep—>th _ Z hc_ll R gl Fquh
q

U U
chiral-odd chiral-odd
DF FF
CHIRAL EVEN

— chiral-odd FF as a polarimeter of transv. quark polarization
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Semi-Inclusive 2-Hadron Production
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=
%el})\m[é 2-Hadron Fragmentation

polarized 2-hadron cross section:

(L‘anolarized beam,  Transversely pol. target)

e
o)/~ sin(ory + ds) Y €2 hi Hf

Hi = qu(ZvaM?w)
(€ ~ 21/(21 + 22))
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=
%e{% 2-Hadron Fragmentation

polarized 2-hadron cross section:

(Unpolarized beam, Transversely pol. target)
o, ~sin(oRy + os) €2 hi Hf
HY = Hf(zv Cv M%r)

(¢ ~ 21/(z1 + 22))
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=
%e@fé 2-Hadron Fragmentation

polarized 2-hadron cross section:

(Unpolarized beam, Transversely pol. target)
o, ~sin(oRy + os) €2 hi Hf
HY = Hf(zv Cv M%r)

(¢ ~ 21/(z1 + 22))

difficult to measure directly o,,. = o o

vt YUy

= measure cross section asymmetry Ayr.

1 Ny (¢r1,¢s,0) — Ny_(or1, 6s.0) 11 - target i states.
- ... (norm.) 27 yie
<‘ST‘> NQTW(¢RJ_7¢579)+N2l7r(¢RJ_7¢S79> ; :

ST. .. target polarization

AUT —
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%e@fé 2-Hadron Fragmentation

polarized 2-hadron cross section:

(Unpolarized beam, Transversely pol. target)
o, ~sin(oRy + os) €2 hi Hf
HY = Hf(zv Cv M%r)

(¢ ~ 21/(z1 + 22))

difficult to measure directly o,,. = o o

vt YUy

= measure cross section asymmetry Ayr.

1 Ny (¢r1,¢s,0) — Ny_(or1, 6s.0) 11 - target i states.
- ... (norm.) 27 yie
<‘ST‘> NQTW(¢RJ_7¢579)+N2l7r(¢RJ_7¢S79> ;

ST. .. target polarization

AUT —

But: asymmetry involves unknown unpolarized 27T cross section
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%6@ S Interference Fragmentation — Models

Ay ~ Sin(¢RJ_ + ¢S) sin thﬂf
Expansion of H;® in Legendre moments:

H(z,cos0, M2 ) = H1P (2, M2 ) + cos 0 H1 PP (2, M? )

~~ /

describe interference between 2 pion pairs
about Hf’SPZ coming from different production channels.

Jaffe et al. [hep-ph/9709322].
H;%P(z, M2 ) = sindy sin 1 sin(dy — 51)H1<’8p/(z)

/ 56 (51) — S(P)-wave phase shifts

= P(MZ)H™ (2)

W ‘: Ayr might depend strongly on MMI
m(GeV)
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Interference Fragmentation — Models

Ay ~ Sin(¢RJ_ + ¢5) sin thHf
Expansion of H;® in Legendre moments:

H(z,cos0, M2 ) = H1P(2, M2 ) + cos 0 H1 PP (2, M? )
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Radici et al. [hep-ph/0110252]:

® completely different model, not predicting a
sign change of the asymmetry
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=
%e@fé Mass Dependence of Ayr

0.07 ¢ ;
E 0.06 | HERMES PRELIMINARY ® 2-hadron (aka Interference) FF is not
¢ 0.05F zero!
& 0.04F | _ 0
T L003E 1 ® asymmetry grows with M .. below p
£ 50.03} |
"< 0.02 - ‘ mass
0.01 ; . o
oE | A ® positive asymmetries in all invariant
-0.01 _?60/? sca}le uPcer'faintyl/ | | mass bins
A - ] A S rules out predicted sign change at 0
Toof u o= & Josf P Jnenange st P
2 08F " a H0.4 mass (Jaffe et al.)
B A <7> ]
0.7 ¢ 5 <§|n 0>1 0.3 @ to extract transversity ( hq) need Inter-
O|30|40|50|60|70|80|9|11|11 2 ference FF from Belle (or BaBar etc.)
M__[GeV]
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}6‘(5 SSA & Unintegrated Distribution and
%6@ S Fragmentation Functions

Leading-Twist

Distribution Functions Fragmentation Functions
6 =@ p, =@
@@ m® - |o-e--@] o-b - &
" zé B H, =é B
- ® " ® o=@ - ©
n-@ - @ W= -

e @ - -® - ® i@ - @ e ® - ®

Chiral-odd transversity h; must couple to chiral-odd FF

b
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}6‘(5 SSA & Unintegrated Distribution and
%6@ S Fragmentation Functions

Leading-Twist

Distribution Functions Fragmentation Functions
6 =@ p, -®
B @ e ® - B o B @ on® - @
R |-d - &
n-@ - @ W= -

=@ - @~ h;=é) - @ Hy= (2>~ (@~ Hé - é

Chiral-odd transversity h; must couple to chiral-odd FF
= H; Is the only kr-integrated chiral-odd FF = DSA

(Example: transverse-spin transfer in A-production)
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}@f SSA & Unintegrated Distribution and
%6@ S Fragmentation Functions

Leading-Twist

Distribution Functions Fragmentation Functions
f =@ p, =@
VB @ e ® -0 0B @  0.-® - ©
" zé B H, =é B
b - ® - ®
n-@ - @ W= -

=@ - @~ h;=é) - (193 Hy= (2>~ (@~ Hé - é

Chiral-odd transversity h; must couple to chiral-odd FF
can use kr-unintegrated chiral-odd FF = T-odd Collins FF
= |leads to Single-Spin Asymmetrie (SSA)
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}6‘(5 SSA & Unintegrated Distribution and
%6@ S Fragmentation Functions

Leading-Twist
Distribution Functions Fragmentation Functions

@ - @

g =05~ - ©— g1T=é - é G, =

"o - T } T-odd {

=@ - @
=@ - @~ h;=é) - (193 Hy= (2>~ (@~ Hé - é

SSAs require one and only one T-odd function
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}6‘(5 SSA & Unintegrated Distribution and
%6@ S Fragmentation Functions

Leading-Twist

Distribution Functions Fragmentation Functions
f =@ p, =@
VB @ e ® -0 0B @  0.-® - ©
" zé B H, =é B
b - ® - ®
n-@ - @ W= -

=@ - @~ h;=é) - (193 Hy= (2>~ (@~ Hé - é

SSAs require one and only one T-odd function
= SSAs through Collins function
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}6‘(5 SSA & Unintegrated Distribution and
%6@ S Fragmentation Functions

Leading-Twist

Distribution Functions Fragmentation Functions
f =@ p, =@
B - @ w® -0 o8- @  o.-® - &
b - Wb
b - ® - ®
©® -

h =@ —@/‘é/ e

hfL:@_,_ (&) é o=@~ - @ Hffé) - é

SSAs require one and only one T-odd function

= SSAs through Collins function or Sivers function
(Boer-Mulders DF couples to Hy, but SSA requires polarization of final state!)
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}@f SIDIS Cross Section
%6@ S (up to subleading order in 1/Q)

1
do = dojyy + cos2¢ dojyy + g o8 ¢ dofry + Ae

1
+Sr {sianbdaéL—Fésingbda%L—k)\e ]}

+ST {sin(gb — ¢g) dofrp +sin(¢ + ¢g) dofrp + sin(3¢ — ¢s) dojry
1
Q
AN

Beam Target 1 15
Polarization +Ae [cOs(¢ — ¢s) dULT + — 0 (COS ¢s dULT + cos(2¢ — ¢g) dULT>

(Sin(Zgb — ¢g) da(lle + sin ¢g d0(1]2T)

Mulders and Tangermann, Nucl. Phys. B 461 (1996) 197
Boer and Mulders, Phys. Rev. D 57 (1998) 5780
Bacchetta et al., Phys. Lett. B 595 (2004) 309

“Trento Conventions”, Phys. Rev. D 70 (2004) 117504
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}4\{5 SIDIS Cross Section
%6@ S (up to subleading order in 1/Q)

1
do = dojy; + cos2¢ dojy + g o ¢ dotry + Ae

1 1
+Sr {sianb da?]L + @ sin @ da?]L + Ae dU%L + @ COS ¢ dUZL] }

i {sin0  0s) do + sin(6 -+ 6s) doy +sin(36 — 0s) dofy
N
0

AN

Beam Target 1
Polarization +Ae [COS(¢ — ¢3) dgi?fr + @ (COS ¢s dg}ftlr + cos(2¢ — ¢g) dUFT)] }

(Sin(Zgb — ¢g) dallle + sin ¢g d0(1]2T)

This talk: ,sing doj;;, ... Subleading Twist
sin(¢ — ¢g) doPr ... Sivers Effect
sin(¢ + ¢g) doprr ... Collins Effect
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}@f SIDIS Cross Section
%6@ S (up to subleading order in 1/Q)

1
do = dojy; + cos2¢ doj,; + g < ¢ dofry + Ae

sin ¢ do} ;

Q

1 1
+Sr {sin2q5 da?]L + @ sin @ da?]L + Ae dU%L + @ COS ¢ dUZL] }

+ST {Sin(¢ — ¢g) dofrp +sin(¢ + ¢g) dofrp + sin(3¢ — ¢s) dojry
1
Q
AN

Beam Target
Polarization +Ae COS(¢ ¢S) dULT +

(Sin(Zgb — ¢g) dallle + sin ¢g d0(1]2T)

; (cos g5 do 7 + cos(2¢ — ¢s) daﬁp)] }

Also Interesting: sin ¢g do(?n, cos g doj7. ... = Transversity, go
(and under study!)  cos ¢ dO’UU ... Cahn Effect
cos 2¢ dojyy; ... Boer-Mulders Effect
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%6@ S Azimuthal Single-Spin Asymmetries

1 N\(¢,65) — Ni (o, 6s)

A p—
vr(8:95) = S N (6,65) + N (6, 69)

. kP 1 ]
~ sin(¢ + ¢g) eg Z TMM hi](%p?r)Hl 4z, k%)
h
. i i
, prP. .1 _
+ sin(¢ — ¢g) Z 63 A TTM 1Tq(a:,pf2r)Di1(Z, k%)
. i _
+ .. Z[...]: convolution integral over initial (  p7)

and final ( k1) quark transverse momenta

= 2D-fit of Ay to get Collins and Sivers asymmetries:

Aur(,6s) = 2 sin(6—6s) ), sin(é — 6,) + 2{ sin(9+s) ), sin(6 + )
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o
%6@ S Resolving the Convolution Integral

Weight with transverse hadron momentum 7, to resolve
convolution: . i

~ 1 Z]\L PhJ_'—ZJ-\L PhJ_'
A — 1=1 X 1=1 X

: 1(1),
~  sin(¢ + ¢c) - Zeg hi(z) z Hy ) (2) () pa.-Ik3-moment of
distribution / fragmentation

—  sin(¢ — ¢g) Z 2 L(l)q z DY(z)  function

_|_

= 2D-fit of A;;1 to get Collins and Sivers asymmetries:

dur(6,65) = L Gin(g+s) ) p(7,2)  sin(6+ 6,)

—+ Mp Sin(gb T gbs)
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% }6{5 Monte Carlo Test of the Extraction
=S Method

® generate Collins and Sivers asymmetries (Gaussian Ansatz in p.2)

® analyze MC data like experimental data and extract asymmetries:

03

g + -
s, COTt Tt i
7 ] L L L
< 02p - ,

i o i EEF i

01F -
e I I
1 S — e e
Sivers

g 02 ‘ : :
g [ o= %ﬁ:ﬁ E?eecndnes\{eenvtgl)’lts) i i

L > over all quark flavours

0.1

x
|

o S e I T

01 Collins M

r OO generated events
r @@ reconstructed events

_0-27\\\\\\\\\\\\\\\\7\\\\\\\\\\\\\\\\7\\\\\\\\\\\\\\\\

0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
4 4 4

® Collins-Sivers cross contamination negligible

® insensitive to cos(2¢) moments in unpolarized cross section

® insensitive to transverse target tracking corrections
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Collins Asymmetries 2002-2004
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Gunar Schnell. Universiteit Gent

9

published T results confirmed with much

higher statistical precission
overall scale uncertainty of 6.6%

positive for 7 and negative for 7 as
maybe expected ( du > 0
od < 0)

unexpected large m~ asymmetry

—> role of disfavored Collins FF
HL,disf N HlL,fcw

1 ~

most likely:

partially large contribution from decay of

exclusively produced vector mesons

[A. Airapetian et al, Phys. Rev. Lett. 94 (2005)
012002]
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}6‘{5 Understanding the Collins FF -
%‘e@ S String Model Interpretation (Artru)

transverse spin (polarization component in lepton scattering
of struck quark plane reversed by photoabsorption)
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}6‘{5 Understanding the Collins FF -
%‘e@ S String Model Interpretation (Artru)

transverse spin (polarization component in lepton scattering
of struck quark plane reversed by photoabsorption)

gg-pair with vacuum
quantum numbers (° Py-state)
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}@\[Z Understanding the Collins FF -
%e@ S String Model Interpretation (Artru)

transverse spin (polarization component in lepton scattering
of struck quark plane reversed by photoabsorption)

outgoing pion
deflected into page
(positive Collins FF)

gg-pair with vacuum
quantum numbers (° Py-state)
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The Collins Effect
Artru Model vs. HERMES



' W The Collins Effect
=S Artru Model vs. HERMES

0.1

0.08

0.06

2 [$in( @+qg)Jr

0.04 |

0.02 |

2 sin( prog) Jr

-0.08 |

01 F
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C [ lepton beam asymmetry amplitudes
:_ :_not corrected for acceptance and smearing ¢ S — O

/2 sin(¢ + ¢g) > 0

-
]

0.1 0.2 0.30.2 0.3 04 05 0.6 0.2 04 06 08 1
X z P [GeV]
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' W The Collins Effect
=S Artru Model vs. HERMES

T+ UP

ilos

T+

® L=1 B
0@00/ ¢Sﬂ/2}sin(¢+¢s) >0

\ °© o eo@ 6= 0
/ y

Artru model and HERMES results in agreement!
(assuming u-quark transversity positive)

Gunar Schnell. Universiteit Gent OCD-N’'06 — Frascati. June 14t 2006

ps= 0 | .
/ * ¢W/2}Sln(¢—|—¢5)>0
v

h
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2(sin(6-05)) o = 2, 3 T [ 1500, 0) DG, 13|
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Results on Sivers Amplitudes from
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z

P, [GeV]

2002-2004 data

® 7 positive; 7 : consistent with zero

= first evidence for non-zero Sivers fct.:
fiz* < 0 (u-quark dominance)

® Exclusive p® asymmetry (2005 prel.):

—~ 037
91-” HERMES PRELIMINARY
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> i
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o3 L et 1
0 1 2 3 4 5 6
@@, (rad)

= small syst. error from vector mesons
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W Chromodynamic Lensing
%e@ S Understanding the Sivers Moments

approach by M. Burkardt: [hep-ph/0309269]

. . . ] ] ] ux(r,by) dx(x,b,)
spatial distortion of g-distribution

(obtained using anom. magn. moments
& Impact parameter dependent PDFs)

by
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W Chromodynamic Lensing
%e@ S Understanding the Sivers Moments

approach by M. Burkardt: [hep-ph/0309269]

. . . ] ] ] ux(r,by) dx(x,b,)
spatial distortion of g-distribution

(obtained using anom. magn. moments
& Impact parameter dependent PDFs)

by

+ attractive QCD potential .
(gluon exchange) e oo eroer . we e er o

= fransverse asymmetries

u mostly over here

} sin(¢ — ¢g) > 0
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W Chromodynamic Lensing
%6@ S Understanding the Sivers Moments

approach by M. Burkardt:

"E“; L ' HERMES PRELIMINARY 2002-2004
\% ;)1 E_ E_not corrected for acceptan:i:e and smearing
é 0.08;— * — - I
spatial distortion of g-distribution —°=, v P4 tF ]
. . 0.04 _—|+ + - + - ' !
(obtained using anom. magn. moments 002 - ;* +
& impact parameter dependent PDFs) |,  ° S
= Coowscdencerany [
. _ fo
+ attractive QCD potential R T S
(gluon exchange) ° ;—'-;—-¢---T-----l—--;—*‘---*----? """ + —H:fT
= fransverse asymmetr:"" ° g g
u mostly over here S x  z o P[Gev]

g =1/2 .
. > anqi\ gbﬂ}s (¢ js')>o
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\Longitudinal SSAS|
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=
%e{y[\nré Mixing of Azimuthal Moments

Experiment. Target Polariza-
tion w.r.t. Beam Direction (I)!

Theory: Polarization along virtual photon di-

rection (q)

— mixing of “experimental” and “theory”
asymmetries via:

[Diehl and Sapeta, Eur. Phys. J. C41 (2005) |

( <Sin(,b>(|]L \ (COS@W* \ ( <Sin¢>[q]L \
|

<Sin(qﬁ—¢5)>UT = | Zsinf,- cosf., 0 <Sin(qb—q55)>UT

Qo) Nt 0 st )\ (o),

(cosfy+ ~ 1, at HERMES energies)
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A~
%e{}’[‘pfé Mixing of Azimuthal Moments Il

( <singb>(|]Ll\ [ cosb,. \( (siw); )

< Sin(qﬁ—gbs))UT = % sinfy«  cos B« 0 < Sin(¢_¢5)>UT
\ <Sin(¢+¢s)>(|]T) \psindre 0 coste )\ (sin(o+69),,,

solve for photon-axis moments:

< sin gb)iL ~ < sin gb>(|]L -+ (( Sin(gb—kqﬁs)):ﬁ + < Sin(qﬁ—gb5)>(|]T>
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A~
%e{}’[‘pfé Mixing of Azimuthal Moments Il

( <singb>(|]Ll\ [ cosb,. \( (siw); )

< Sin(qﬁ—gbs))UT = % sinfy«  cos B« 0 < Sin(¢_¢5)>UT
\ <Sin(¢+¢s)>(|]T) \psindre 0 coste )\ (sin(o+69),,,

solve for photon-axis moments:

< sin gb)iL ~ < sin gb>(|]L -+ (( Sin(gb—kqﬁs)):ﬁ + < Sin(qﬁ—gb5)>(|]T>
q I

<Sin(gbi¢s)>UT o~ <Sin(¢i¢5)>UT
_% (( singb>[|]L + <sin(<b¢¢s)>;T>

\ \ 7

Ve Ve

max. 0.4% absolute max. 1% relative
correction
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A — What About Longitudinally Polarized
o'

Targets?

<sin gb>;L = <sin ¢>(le + sin 0. (< sin(gb—|—gbs)>(le + <sin(gb—gb5)>lle)

M [PthT (Mh

q
<sin ¢>UL x —Z g1 G+ + thHlL)

Q Mh M
P, pr My, %
+ h]\} (ZMh%LH_ZEfLLD1>]

Bacchetta et al., Phys. Lett. B 595 (2004) 309

= they are all subleading-twist expressions!

|
< sin qb> Ul ... Alirapetian et al., Phys. Rev. Lett. 84 (2000) 4047

|
< Sin(qbzlngs)>UT ... Airapetian et al., Phys. Rev. Lett. 94 (2005) 012002
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<sin gb>;L = <sin ¢>(le + sin 0. (( sin(gb—|—gbs)>(le + <sin(gb—gb5)>lle)

2[8in @O

2[8in

0.05

-0.05

0.05

-0.05

What About Longitudinally Polarized

L [ = -2siney*(E¢in(cp+<pS)[@T +

- fT H : 8in(¢-g)ly )

e T S
T A ZBin(p[gL

- o 2in g,

X

Gunar Schnell. Universiteit Gent

03 02 03 04 05 06 0.7

z

Targets?

» twist-3 dominates
measured asymmetries
on longitudinally polarized
targets!

# significantly positive for

Il

® consistent with zero for =—

Airapetian et al., Phys. Lett. B 622 (2005) 14
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=
%e{y[\nﬁé The Other Longitudinal SSA

pol. beam & target = subleading-twist
M 1 Mp |
X )\GQ T\xe(x)Hi (2) — th T(x)E(2)

= for long time candidate to access ¢(x)

(hlL () contribution either assumed to be zero (T-odd!) or small(?? ))
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=
%el})\m[é The Other Longitudinal SSA

longitudinally pol. beam & unpol. target = subleading-twist

M M
<SH1 ¢>LU x )\ea I[xe(x)HlL(z) — Z—]\th(a:)E(z)
+ iw—]\Zfl (LC)GJ_(Z) — ZIJgJ_(ZC)Dl (2)
guark-mass suppressed = 4+ %hf(x)Dl(z) _ %fl(x)]{f(z)}

Bacchetta et al., Phys. Lett. B 595 (2004) 309
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=
%ely[\nré The Other Longitudinal SSA

pol. beam & target = subleading-twist
M Loy o Mago
X )\GQ T\xe(x)Hi (2) thl (x)E(2)

+ y—ﬁfl(w)GL(Z) — 29" (1) D1(2)

# many terms contributing — difficult to separate
# maybe some terms small?

Bacchetta et al., Phys. Lett. B 595 (2004) 309
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%6@ S Longitudinal Beam-Spin Asymmetries

%30:02 wﬁﬁﬂ x H+++ . Extraction:;
)&iﬁ Z+T;_ﬁ_z—fg_ﬁ
Goex [ L 2(sing) ;= —1; :
232_ -+ e g §(N++N_)
2 eeerll i
oee LT
Rl g EH i Vector Meson Contribution:
006 LSP—erX | i + Max. possible contribution to
o2 || | + + + - + systematic uncertainty  esti-
230 4 Te Tl i mated using PYTHIA MC (tuned
0.02 ;J: :T for HERMES)
0.2° '0'5; 08 1 "1')(()-1 0'2I'DT'o(fgec/'g 1
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0.1

Comparisons with CLAS Results

_}
ep—oen X
0.08 |-

® HERMES (Preliminary) » nOt SO gOOd agreement a-t
0.06 - A CLAS (Eg=4.3 GeV) } hlgh >

Gunar Schnell. Universiteit Gent
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e’

0.1

Comparisons with CLAS Results

_>
ep—oen X
0.08 |-

® HERMES (Preliminary)
0.06 - A CLAS (Eg=4.3 GeV)

0.04 E

LU

- e

-0.02 ' '

0.12
ﬁ
ep—en X

0.09 -

® HERMES (Preliminary)
A CLAS (Eg=4.3 GeV)

0.06 - %

S

IR
i

-0.03 ' '

0.2 0.4 0.6

Gunar Schnell. Universiteit Gent

0.8

# not so good agreement at
high -

® have to correct for different
y range at CLAS and HER-

MES:

. 2 1—
(sing),, o fly) = L0

strong suppression at HER-
MES for high z compared to
CLAS

= rescaling of asymmetries
leads to good agreement
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Y
ermes What can we learn from A

x )\6% T |ze(z)Hi (2) — y—ﬁhf(x’)E(z)
—xg-(2)D1(2) + iw—]\Zﬁ(x)GL(z)

any help from other observables to separate contributions?
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Y
ermes What can we learn from A

x )\6% T |ze(z)Hi (2) — y—ﬁhf(w)E(z)
— 29" (1) D1(2) + @G )

any help from other observables to separate contributions?

# jet SIDIS = only ¢"-term survives
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Y
ermes What can we learn from A

x )\6% T |ze(z)Hi (2) — Z—th(a;)E(z)
—xg-(2)D1(2) + 34—]\;]”1(:C)GL(2)

any help from other observables to separate contributions?

# jet SIDIS = only g--term survives

# 2-hadron production:

0., xXsingp| |ze(r)H(z,(, M;%) + %fl(az)(f[(z, ¢, M,%)
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°

=
%e@{é Summary

First evidence for non-zero Interference FF
Non-vanishing Collins effect observed for ==

Most likely scenario: H;"/ ~ —H;-7%

First in DIS
Significant positive Sivers asymmetries for positive pions
and kaons = L! > 0

sin  amplitudes on long. polar. target dominated by
twist-3

Observation of significant non-zero beam-spin
asymmetries
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# More data taking in 2005
= doubled statistics

Gunar Schnell. Universiteit Gent

Outlook

x103
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1000

Integrated DIS HERA Run Il (polarized)

2002/03
2003
2004
2005

50 100 150 200 250 300 350
Day of Running
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# More data taking in 2005
= doubled statistics

# polarized beam

Outlook
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%G@g Outlook

#» More data taking in 2005
= doubled statistics

# polarized beam

— Arr In 7 production (measurement of twist-3
fragmentation function and transversity)
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%G@fé Outlook

#» More data taking in 2005
= doubled statistics

# polarized beam

— Arr In 7 production (measurement of twist-3
fragmentation function and transversity)

# Extraction of P, -weighted asymmetries underway
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%G@fé Outlook

#» More data taking in 2005
= doubled statistics

# polarized beam

— Arr In 7 production (measurement of twist-3
fragmentation function and transversity)

# Extraction of P, -weighted asymmetries underway
= Model-independent interpretation of amplitudes possible
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r" -/
%G@fé Outlook

#» More data taking in 2005
= doubled statistics

# polarized beam

— Arr In 7 production (measurement of twist-3
fragmentation function and transversity)

# Extraction of P, -weighted asymmetries underway
= Model-independent interpretation of amplitudes possible
o of Sivers function
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}6‘{5 Extracting Quark Distributions
%6@ S Purity Formalism

o Tacifir (@) Jdz DY (:)Ala, 2)

> e, f1 (x) fdz DI (2) A(w, 2)
) A (@) DIM(@)  f
- © Z 2 D@ S
1(1),q

:CZPh .1T ()

1

# purities are completely unpolarized objects — present
Monte Carlo-tunes can be used

# probabilistic interpretation of purities possible
# “easy’. Sivers — fragmentation function (D;) known

Gunar Schnell. Universiteit Gent OCD-N’'06 — Frascati. June 14th. 2006 —n. 31/36



}6‘{5 Extracting Quark Distributions
%6@ S Purity Formalism

Cahi(x) [dz H H- M () Az, 2)

Zq’ eq i ( v) Jdz DI (2) A(w, 2)
¢y La i) ﬁf“”q’f}gx B

Yy () DY () F

q

:CZPh h

sin h
Agg "0 (@)

~—

7(@)

q

# purities are completely unpolarized objects — present
Monte Carlo-tunes can be used

# probabilistic interpretation of purities possible
# “easy’. Sivers — fragmentation function (D;) known

o Collins: these purities still depend on parametrization of
Collins FF function
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%6@ S A Closer Look at Collins Asymmetries |

rewrite asymmetries in terms of favored and disfavored fragmentation:
® neglect strange quarks
® assume Gaussian kr dependence of Collins FF — can resolve convolution

® employ isospin symmetry among fragmentation functions, i.e.

.
~
I

Du—7nt)~Dd—-n")~D(d—nt)~D(a—n")
Dd—1)~Du—7n)~D@—n")~D(d— ")

.,
ISH
1l

1 _
E(Df +Dyg) ~ D(u—7°)~D(d—7")~D(d— %) ~D(a— =?)

. . 40 od)H 40u + o0d)H
(4u —+ d)Df/d + (4u + d)Dd/f
-0 4(0u + 0u) + dd + dd] (Hy + Hy)

4(u+1u)+d+d] (Df + Dy)
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Az
%6@ S A Closer Look at Collins Asymmetries |l

express asymmetries in terms of flavor ratios:

~+ 4 + orH
AL = Kz, z) 15D
N 4H 4 or
AT, = K(w,
C @)
Fr0 K(z, 2) (44 6r)(1+H)
¢ " (44 r)(1+D)
Polarized Objects Unpolarized Objects Mixed
D
Hy, b= D_d
H = — ! (but+16d)zH
H _ — 477 f
5; A4S r = d—l—liu_ k= (u+3d) Dy
or = i - ° u+ zd
du + $dd

e.g., CTEQ6,R1990 and Kretzer et al.

\:> 3 constraints and 3 unknowns!l
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. 4+ 6rH
A7(5+ = K(z,z) y ':D
_ 4H 46
Ac = Klz,2) 4D+:
—— (4+6r)(1+H)
Ao = MeD o)
Polal The three asymmetries are not independent (C'(xz, z) = Zggggﬁ):
H irt AT G
AC’ (CE,Z)—I—C(QS,Z)AC (ZIZ‘,Z) —(1+C($,Z))AC (x,Z) =0
or

e.g., CTEQ6,R1990 and Kretzer et al.

\:> 3 constraints and 3 unknowns!l
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~+ 4 + orH
AL = Kz, z) 15D
- 4H 4 or
AG = K(z,z) D17
Fr0 K(z, 2) (44 6r)(1+H)
¢ " (44 r)(1+D)
Polarized Objects Unpolarized Objects Mixed
D
Hy, b= D_d
H = — ! (but+16d)zH
H _ — 477 f
5; A4S r = d—l—liu_ k= (u+3d) Dy
or = i - ° u+ zd
du + $dd

e.g., CTEQ6,R1990 and Kretzer et al.

\:> X constraints and 3 unknowns!l
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eliminate /C and relate H to or

= scan solution space for H# and ¢r by sampling set of (A%, A%, A%)

(around measured values according to statistical uncertainty)
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= scan solution space for H# and ¢r by sampling set of (A%, A%, A%)
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%ﬁé Limits on Transversity and Collins FF

look at slice of distribution in or:

or ~ 0d/du from yQSM

strong hint for ‘ H,/H; negative I
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