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In SIDIS
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Introduction
- Transversity+friends : Theory see Mauro’s talk yesterday!
case: SIDIS

,f‘ —~ Details of extraction:
%M - acceptance effects
- VM contributions

Experiments:

- DF extraction
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polarised semi-inclusive DIS
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Q? ...hard scale
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of flavour f fragments into
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distribution
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generalised (unintegrated) DF+FF

at leading twist: 8 functions:
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functions surviving on integration over transverse momentum



sidis cross section 3
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mixing of azimuthal moments

experiment: target polarisation w.r.t. beam direction (I)

theory: polarisation w.r.t. virtual photon direction (q)
[Diehl, Sapeter EPJC41(2005)]
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at HERMES energies: cosf,= 1, sind,, up to 15%
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mixing of azimuthal moments

experiment: target polarisation w.r.t. beam direction (I)
theory: polarisation w.r.t. virtual photon direction (q)
[Diehl, Sapeter EPJC41(2005)]
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prerequisites

HERMES: _
27.5 GeV et~

Compass: |
100-190 GeV p* . “7,

Jlab: HallA,B _
up to 6 GeV €~ X

- good hadron
identification

— )

HERMES: d, p | —> full phi coverage!!

—»—»1

Compass: d’, p

Hall A,B: p, n'



e.g. HERMES

->forward spectrome’ L

—>split in two halfs “/U!” 'l ' i J
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acceptance coverage in ¢ and ¢.

- good acceptance in ¢

and ¢, though not perfect

- fit amplitudes <sin(¢+¢,)>

and <sin(¢—¢,)> simultaneously

1 Slhﬂu !
‘ prevents mixing of Collins + Sivers via acceptance!
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extraction method: MC tests

- generate Collins + Sivers asymmetries (gaussian ansatz in p3)

- analyse MC like data...

-

extraction method robust
to effects of:

—> acceptance+detector
smearing

= QED radiative effects

- target holding field

- Collins-Sivers cross
contaminations
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asymmetries and moments
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I[...] 2 convolution integral over initial (p;) and final (k;)
quark transverse momenta



solving the convolution integral

welghted asymmetries:
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- acceptance effects not yet under control ®

- gaussian ansatz (model dependent)



interpretative uncertainty from
exclusive VM

wanted: SIDIS process
epT —>e'nX & -

{E. p;
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exclusive p® production: * @ pT e ,Oop

different physics...
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T one of the © escapes...
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interpretative uncertainty from
exclusive VM

wanted: SIDIS process
epT —>e'nX & -

{E. p;
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exclusive p? production:
different physics...
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interpretative uncertainty from
exclusive VM

03

. HERMES F'HELIMIHAF'."r'
- transfer coefficients 02 epseplp

from MC o1 | T\L ]
0 bt T T
- decay angular distributions : I

n = Hedp'oip e 4 0037

Ayrlbb,)

spin density matrix for transverse <z}

[ox == 0.08 ~:u’ =200 <& =013 Gev’

target NEEDED

a CHECK:
- difference (n*—m~) asymmetries significantly non-zero!

however: NO agreement if processes should be excluded...



2 zsin(o-pg) V¢

Sivers asymmetries 2002-2004
Ase($—99) = fir(0)D; (2)
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purity formalism:

0

ei q (x) jdz
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... from ¢-0-2
hadron r

-0.2

e.g.: extraction of quark helicity
distributions: first direct 5-flavour .
separation
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extracting quark distributions

purity formalism:
e;q (x) [dz Di@  proay)
7Y e () [dzDi@) )
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Collins asymmetries 2002-2004
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why are nt~ Collins asymm. so large?

DIS on p target always dominated by u-guark scattering

T+ u 1L ] .y
~> o~ H o ... expected: positive

in— u .
> Coll hl H1,

minimal assumptions: - A/ is leading twist
—~> CollinsFF obeys fav/disfav symmetry

-

map out solution space:

... expected: ~zero

disfav

2 | |

I_ldisfav = Hfav

Sr ~ h" /h¢



revisiting the longitudinal target SSA



revisiting the longitudinal target SSA

[PRL 84 (2000) 4047 : 160 citations !]

uL

0.05

-0.05

- interpreted in terms of arising

from transv. Component

(tw-3 contributions essentially neglected)

- subtract A7 part from A, to obtain pure A, moments:
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revisiting the longitudinal target SSA
<.~r'.n r.';>:__L = <.~'inr_u {IL + siné.,. ({:&ill(r:;—l—r:;_c,-;I}{IT -+ {&111[}9—@;-5-}):?1)
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m'. . li li i - A, is almost-entirely
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n _...... bt ikl B m e nm————
B | :
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2hadron asymmetries
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interference fragmentation function

interference arises from different partial waves of m*nt— system

- Icollinear factorisation! < relativ. momentum: R=(P_.+P__)/2

can have transv. component even when integrating over P- of the pair

AT o () H (2)

[Jaffe etal,PRL80,1998] A,l:Radici etal,PRD65,2002]
EFE- -0 __'______F____,_._.—-—-—-—'_'_'_'_Fr___,__.._-n-—-n-n‘ 'E
= ot - -




interference fragmentation function

1 N (fe,85,0)/ N = N (8,,.6,,0) | N
S NT(¢RL9¢59‘9)/NIT)IS +N¢(¢RL’¢S’9)/NI¢)IS

Ayr (D - 95,0) =

= A%I}(¢RL+¢S)SinQSin(¢RL +¢s)sind

600 ‘
> for >2 hadrons: all combinations 50}

400 F
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200
100}




interference fragmentation function

_ A Sin(gg, +¢g)sinf
Ayr = Ayr SIN(P, +¢s)sin G
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single beam-spin asymmetry

I N () Nﬁ<¢>

Aly(f) =

P, | N, (4)+N; (9)

o ), sin(@) y/l-y %Zq e, x’
| e HS (2) + B () E (2)]

4

l

- QdQ-model prediction of
Z'dependence [Gamberg,Hwang,Oganessyan,PLB584]
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LJ\?&&Z Delia Hasch

Physics at Hermes
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HERMES future 92007

s Integrated DIS HERA Run Il {polarized)

6000 -

- till Nov2005: pT S

* 2002
o 2004
& 2005

Phad

transversity+friends s L
exclusive A (DVCS, p ,7c+) /

transversity+friends from 02-05 data: L

- 2D binning for single pion asymmetries
- charged kaon asymmetries
- working on weighted asymmetries

200
unning

> cos¢ and cos2¢p moments

- Sivers extraction (purity formalism)
.. waiting Belle data for CollinsFF



HERMES future >2007

> till Nov2005: p |

Phad

transversity+friends
exclusive A (DVCS, p°, )

- 2006-07:

dedicated measurements of hard
exclusive processes with recoi/



transversity+friends
@COMPASS

@JLAB
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TMDs @COMPASS

ll’l_dT % Il'l@?( 2002 data
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Sivers i A S
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-0.2

0.2

,udT —> ,U@X
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0.1+
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ol H{i*iﬂﬂﬁi HH}

| (March 23, 2!{05)

I | | |
0 02 04 06 0.8

—> all asymmetries compatible with zero

: t
—> proton target in 2006: 30 days NH;
- 2007/08 priority of hadron program

1 1.2 14
M, [GeVic’]



TMDs @JLab (6 GeV)
- longitudinal target/beam asymmetries from
424 PbWO4
..crystals
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TMDs @JLab (6 Gev)

- longitudinal target/beam asymmetries from
424 PbWO4
..crystals
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TMDs @JLab (6 Gev)

- transverse target polarisation:

approved proposal
with SHe - neutrer

=

e
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—

|

a

=

=

L

=

Beam Pipe T

_ (downstream) =2
o i

© valence region
© small z-range

® limited ¢ acceptance

projections for 24 days
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fragmentation in sidis

fragmentation
function

>
ete




FF from ete"

2 02 F  cos@pymethod g

'T-' 0.15 E ' : 5

- - '

5 0.1 F : : :

>0.05 . 1y $ i

© 0 ._ & 4 o p.A . ; ;

E:U'Ds 'F_l PR | i T | : 1 i PR
- add 7—:0- < 0 2 4 6 8

combined z-bin

favoured/unfavoured o 02 i maros | -pairs

:? 0.15 E systemalic errors :

el

r —— possible chﬂlmcuﬁhiblﬂion

- extension to /FF 5 o1 ¢
straight forward :




current facilities:
near+mid term future

- Collins/2hadron FF
with high accuracy

~— A —

e
PH><ENIX ‘is:TAF: | S
BRAHMS @

first extraction of TMDs feasible

very near  V Sivers function from HERMES
future: V transversity from HERMES+BELLE
v Mulders function from CLAS+BELLE



Backup slides

Statistics: 02-04 : ~70 pb-1
05 ~150 pb-1



Interpretation: Minimal Assumptions
o AR | leading twist
e Collins FF obeys favered /disfav symmetry:

. gl . . cml
Hge = HY|" " -Hi'u : _HI'I . _Hlil .

Hua = H, "% = Hfj_"' - HY o - Hfj_' o
T + 80 e + (8ed + A8 T
(du + d) Diee + (d + 47) Dyp.
Consider Asymmeiry Ratics

“=

Ast

Some definltlons
pedzin _ Da
w ~ efd Dy
P s

Son-odd """ Hu

it r

4 + ray A=t

- A'-_(4nrl+6r)(4+m)l “..=A'"_(4+6r}{1+nu}( 4+m)

(4471 +5) \4+drnn

= Leads to Constraint Equ® involving enly unpelarized quantities

a C=a"(1-C)-1 where

=» Solution Space In 5 vs ér can be determined.
dr —d{a—C)

dy —r
(= !

i -nr

_dr—4{a®(1 - C) - 1)

M (0 Cr -4 M0 TS i Z 0y = 1yér —d



L

(1) Constraint equation: well satisified by both welghted and unweighted
asymmetries {within 1o statistical) ™= ng problem with internal consistency

@ Solution space for| dr = 8d/du |ve| yy = N/ Hiw

e
(]

Neglecting possibie diffractive contamination , there seems fo be a
pronounced indication that H;,, = —Hy;;




Summary

pp = SIDIS -
Ay f_o_r inclusivg hadrons, Aur A Aol Alur Au
di-jets - Sivers for single and double hadrons
A; in jets: > Collins FF :
S IFF A production, VM
A inclusive jets, DY HERMES, Compass, JLab@6Gev

STAR, PHENIX, Brahms Mlsiest;

PAX l \ 1

- ete~ 2 CollinsFF, 1FF

- BELLE

future TMD pp sidis ere-
measurements RHIC PAX HERMES COMPASS JLab EIC BELLE summary




