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e The Collins and Sivers Effects
e Ay Data Analysis and First Results

e Some Interpretation ...

Thanks to superb analysis crew!

Gunar Schnell (Tokyo)
Ralf Seidl * (Erlangen)
Ulrike Elschenbroich (Gent)

* Thank you for use of slides from CIPANP!
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E704: Sivers or Collins?

The E704 single-spin asymmetry could be due to ...

Sivers Effect COIIinS EffeCt
T-odd dist function | fi5. T-odd frag™ function | Hy
06 mo T ] 0.6 | | | |
0.4 — 7'('+ } — 0.4
AN i { ]

0.2 | - 0.2
0.0 Ay 0
—0.2 — ‘i\i. — 0.2
—04 [ T \‘\%.\ N 04
PN S T D D D 06

O 02 04 06 0.8 1 '

Xp

=P Collins Effect

= access to transversity!

Av~f@DH)  S= (@)= (?
= access to D = @

QCD T-invariant : T-odd DF or FF == interference




E704: T-odd Frag® or Dist? Function?

Transversity * Collins
Fragmentation Func

T @

Helicity distributions
Au >0, Ad<QO0

Transverse distfs
ou > 0, od < 07?

@
Model of Meng, Chou, & Yang

Valence quarks = relativistic Dirac p’cles in central potential

e relativistic quarks in eigenstates of J
.. Shared between L and S

e symmetrized wavefunction /
— Au =4+4/3,Ad = —-1/3 :
e forward = produced from orbiting w,
guark at front surface of beam

.7
“)
d
Sivers ldea
Consider dependence fir (e, k7a) @
of parton densities on

Intrinsic k& == quark orbital motion




The Leading-Twist Sivers Function

Can it exist in DIS?

A T-odd function like fi+ must arise from interference ...
but a distribution function is just a forward scattering amplitude,
how can it contain an interference?

q q q
/> ~ Im
T p p

Brodsky, Hwang, & Schmidt 2002

Vb“i e 4 N
’ can interferere %‘é :
pT | vlp . ;;T vlp
with o
- . ) 5 =

and produce a T-odd effect!
(also requires L, # 0 ... so does F5(q) form factor )

It looks higher-twist, but it’s not ...
=P these are soft gluons

Such soft-gluon reinteractions
with the soft wavefunction are
final (or initial) state interactions ...
and may be process dependent !

=P new universality issues ...




T-odd Distribution vs Fragmentation Function

SIDIS xsec doyT with polarization
has two similar terms:

© sin(¢, + ¢%) ®h1=®_® @le@-@

@ sin(¢g), —d5) @ fip = é @ ®D1_

seperate an mechanisms
y
¢ S 2 (¢ - ¢s) = angle of hadron
a a relative to initial quark spin
/
R S @ (), + ¢5) =7 + (¢}, — ¥) =
! 2 hadron relative to final quark spin
X (e-e' plane)

Cannot distinguish in:
® |ongitudinal-target case ...
— transverse component has ¢ = 0.

® inclusive 7 production , e.g. p'p — 71X
— jet axis not known
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sin(¢p—¢g)

Unweighted Sivers Moments A

AT HERMES [ PRELIMINARY
| not corrected for smearing and acceptance effects
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=P asym’s small, but Sivers <A7T+> IS 30 away from zero




sin(¢p+¢g)

Unweighted Collins Moments A
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=P A7 small, but large negative 7' and 7~ asym’s




p4

L0 90 S0 ¥0 €0

gy

€0 ¢0 ToO

&

o 1]

............. :

SUOSaW 10108A BAISN|OXD J0'108)48 3|qd

1

_._
—o—
e i

o

ssod wnwixe ]

T._IIIIIIIII

a|bue ,suljjoD, i

)

(shsdyurs V

=
I.I_I.-l_l L1 1 I 1

.............. ++ﬂ

Ajurensaoun a[eoas %8 g
$199449 9our1daooe pue Bulied

AdVNINIT1ddd

WIS 10} Pa1034J0D J0U

S3dNd3H RIA 4

SJUSWO SUlfjOD,,

¢0-

T°0-

T0

A0

1n

(shadbyurs V

L pue L 1oj abue| wAse sul|joD

(shsdbyurs V

0Jo”Z C‘_OKC. \A®>>® o¢ A+kv\
v4 gy
L0 90 90 ¥0 €0 €0 0 T0
rrrryrrrrprrrryrrrryrriJjrrprrrrprToT [rrr
................ | I R
1 % 'y §
_ 4 ] o ]
% 1 e -
SuoSaw 10109A m>_m3_uxm J0 108}J8 m_D”_mmOQ wn E_Xﬁs_ D %lh . H

a|bue ,SIBAIS,,

...... i,

-
T ..

=
|

-+
_4_
o ol

A1uren@oun a[eos %8

@|

q

$109)49 9oue1dadoe pue Bull

AdVNINIT1ddd

wis 10} pa3da4i0d jou

S3dNd3H RIA 4

Sluswl

O ..SI9AIS,,

) SI9AIS

(shdyuis V

1n

(shdyurs V

T0

A0

1N

(shdyus V

T0

A0

SjuUswolN paryblamun

| SYNsay




(Ld u1 adueldaooe [eluawiiadxa 10j 18A UO11091100 ON)

z

L0 90 G0 ¥0 €0

9x

€0 <0

T0

L

SUOSBW J0108A BAISN|OXD JO 108)48 8|

ssod wnuwixep _H_

Alureraoun aeos %8
[oF

S109}J8 9ouridasoe pue Hulled

AHVNINITIAE |

wBem A g

w's 10} paldalliod jou

S3ANY3IH

q'0-

1n

(sdnd))ugsv

g0

S0

1n

(sd)+d))u!sv

S0
G'0-

S0

(sd)+d))u!sv

z

L0 90 G0 ¥0 €0

9y

€0 <¢0 TO

|

——
—o—

-
||||||||||_I’_||

SUOSBW J0108A BAISN|IX3 4O 108)48 8|

=

—e—
-o-
1 1 1 i

ssod wnuwixep _H_

le

a|bue ,sIaAIS,

_|Ar~’

—-
-
-
-
I 1 1 1 1 I 1 1 1 1 I 1

=
=

Aurel1aoun ajeoas 9,8

b

$109440 9oueldadoe pue Bulied

AdVNINITT3dd

_4.5_

—4—5
-,
-

WuBiem Iy’ g

w's 10} paldalliod jou

S3NYG3IH

MY

SJUSWO ,S19AIS,,

1N

(sh-d)uis V

T0

¢0

T'0-

1n

(sh-dyuis V

10

¢0

1n

(sh-dyuis V

T0

¢0

|| S}NSaY

SJUBWOIN palybBlam-*p/Ld




“raabre|pue 0 > LV = Vg 0< WV

co 7o To €= MOUS .55 101 ered MaN
4
A L L L X X
k I 2°0- - o . T 80 90 ¥0 2O 0
H mm,o N,o m._”,o ._”,o mmwo T T T T 9'0-
_ ] > i — I 0
471054 - - - 170
L1 x
) M 0 3
......................... ++ 0 mr W_ i ¥ q1¢0
WAYeIIP xew ] oﬁ.u 110 > ¥ ¥
. c o IR AN 11 I g--0q 0
L L L L % +$ 32 HE%B
‘A= i} o
E 20 % L + I i i 144
i ® u U e AU v
k IH T0- muwbh u'yv =00 - % oL @ 40
_ + + W ooe H ¢
.--------------------------.ﬁl O 1 1 1 1 @O
: uojoud uo 1y XL «—ddyo,3

lplews 0 > LY pue (< LV R LY S

0> pv ‘0 <ny uonezuejod dienb pue
(S1@ ul 'dss) aoueulwop dJenb-n  :z108adx3

1 10

+
|
1n
(9d)+d))u!sv

Aurensoun aeas 9,8

AAVNINITdHd | 20
SINYIH  uv: * u4aned paroadxaun

ue MOYS L ‘_ L ‘, 1 J0} S}NSal suljjo) ayL

S1|Nsay Sul||o)D Jo uoielaidialu|



Interpretation of Collins Results

Minimalist Assumptions
o ACHNS is |eading twist
e Collins FF obeys favoured / disfavoured symmetry:

_|_ _ _ _ i
— u—mT d—m u—mT d—m

_ u—mT d—nt _ u—mT d—n~
Hais = Hu — Hu — Hu — Hu

+ (46u + 8d) Heay + (8d 4 460) Hgis -
=k — , A =k—, etc
(4u + d) Dyay + (d + 47%) Da;s

= A"

Consider Asym Ratios a~ = A™ JA™ , a0 = A™/A™"

7a_cl—l—élﬂ 77_Ddis _ (477H—|—5r>(4—|—r77>
— — — [0
u+d/4 Doy N dn +r 4+ ornu
_ 4d + 46w _ Has 0 (4—1—57“)(1—|—77H)( 44 rn )
or = — N = o =
Su + 6d/4 Hay, (4+7r)(1+n) \4+drmu

= Constraint Equ? involving only unpolarized q'ties
Adn+r
44 nr

a C=a’(14+C)—-1 where C =

= Solution Space in ngy vs ér can be determined:

_or—4(a”C) Cor—4(’(1+C)—-1)
= (0= Cor — 4 and i = (a%(14C) —1)dr — 4
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Interpretation of Collins Results

Artru model
@ —— leading =

heads DOWN
qq pair (into page)
produced in becauseof L =1
string frag.
L=1
S=1
= JP =0t

=P npolarized Lund Monte Carlo result on
¢ correlation between favoured and disfavoured pions ...

600 £ 1000 — all pions
400 £ L
200 £ 800 [
0 C | | | | C
—4 —2 0 2 4 B
600 —
phihfav B
E 400 —
600 E -
400 % 200 —
200 £
O E ‘ L ‘ L ‘ L O C L
—4 -2 @) 2 4 —5 O 5
phihdis phinfav—phihdis
400 . . C . .
E ...and min(pfav,pdis) > 1.5 140 = ... and min(zfav,zdig) > 0.2
520 = 120 B
300 (£ C
= 100 &
250 £ C
E 80 —
200 &= C
150 [ 60
100 £ 40 =
50 E 20
ot o)
phinfav—phihdis phihfav—phindis

Perhaps Hyis ~ —H:,, 1S Not only reasonable, but likely ?
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Other Ways to Measure h(x)

@) Interference Fragmentation Function to two pions

Analysis is in progress ...

@) Higher Twist Fragmentation Function E

dour ~ cos(@) |- gr(@) Di(z) + g5 - @) B2

. calculation of Ji & Zhu suggests E(z) = Z2zD1(z) ~ 12D (2)

doyrr ~ cos(dg + ¢g,) - hi(z) Hi(z)

I
[N}

Method requires significant spin spin
spin transfer from quark to A transfer: G1 transfer: H1

in fragmentation process ... f i
5:0.6 1 B HERMES PRELIMINARY E_=27.5 GeV @_> @_>

g, T T } ] But Iongitudinal spin-transfer

; 5 % H results from

2ot HERMES 2000 data

} 1 indicate G1(2) ...

B I TR TR TR R v PR P not too promising ®
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	$k_perp $ dependent DFs or FFs
	MC: reconstruction of moments
	MC-studies: resolutions

