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Spin-Momentum Structure of the Nucleon
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Spin-Momentum Structure of the Nucleon
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Ex.: Appearance of TMDs in SIDIS

Leading-Twist
Distribution Functions Fragmentation Functions
) v, - @
BB o ® - O o @- @ @ - ©

43 Wb - @
b - o ied - @

“-® - © H-@ - @

b =@)— - @ th=é - @ H =@~ - @~ Hé - é

Chiral-odd transversity .; must couple to chiral-odd FF
can use kp-unintegrated chiral-odd FF = T-odd Collins FF
= leads to Single-Spin Asymmetrie (SSA)
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Ex.: Appearance of TMDs in SIDIS

1
do = doty + cos2¢ doiry; + g cos ¢ dody + A

1
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1

+—= (sin(2¢ — ¢s) dogrp + sin ¢g dogrr)
OXY Q

Beam Target 1
Polarization  + ¢ {COS@ — ¢3) dUiST =+ @ (COS ¢s dU#T + cos(2¢ — ¢3) dUFT)] }

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
Bacchetta et al., JHEP 0702 (2007) 093

“Trento Conventions”, Phys. Rev. D 70 (2004) 117504
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fragmentation functions not
only binned in z but also in Pn.

® some efforts to get
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7 Momentum density
@ plenty of data available
@ but only for integrated
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@ spin asymmetries involve
unintegrated f1 in
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version of fi
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Helicity density
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AR Helicity density

U
L Jg1L hiLL [M.G. Alekseev et al., Phys.Lett. B693 (2010) 227-235]
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Avakian et al. [CLAS], arXiv:1003.4549
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Avakian et al. [CLAS], arXiv:1003.4549
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only weak if any dependence on Pn, seen
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chiral-odd transversity involves quark helicity flip
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A Transversity distribution

giL hiLL
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chiral-odd transversity involves quark helicity flip
| |

q q_ 5
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need to couple to chiral-odd fragmentation function:
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A Transversity distribution
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chiral-odd transversity involves quark helicity flip
| |
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need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
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chiral-odd transversity involves quark helicity flip
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need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
@ 2-hadron fragmentation
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A Transversity distribution

= | G

giL hiLL

T | fir | o1 N

chiral-odd transversity involves quark helicity flip

| |
- @ -Q O @

need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
@ 2-hadron fragmentation
@ Collins fragmentation

gunar.schnell @ desy.de 8 GPD 2010, ECT* Trento
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— Quantization axis for transverse A polarization

2 Transversity distribution
mn  (transverse-spin transfer)

A y
T T’
a | a
Scattering T
plane
U~ plane _
Nt g
s X
/4

T (initial quak spin) : component of target spin perpendicular to y*
T’ (final quark spin) : symmetric of the 7" w.r.t. the normal to the scattering plane

M. Anselmino & F. Murgia,
Physics Letters B 483 (2000) 74-86
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compatible with zero

low sensitivity to u & d
quark polarization?

measured at lower x
where transversity is
expected not to be large

2010 data will reduce

statistical uncertainty
by factor 2

need to look at other

hyperons?
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Quark polarizations in hyperons

Ay Ad As
p | 3(AX + D + 3F) 0.79 £ 0.04 $(AX - 2D) —0.45+0.04 | 3(AX 4+ D —3F) | —0.16 £ 0.05
n (A% — 2D) —0.45+0.04 | (AX + D + 3F) 0.79+0.04 | (A + D —3F) | —0.16 £0.05
>t | 3(AZ + D + 3F) 0.79+0.04 | ;(AX + D —3F) | —0.16 £ 0.05 $(AX - 2D) —0.45 4 0.04
3 +(AZ + D) 0.32 4+ 0.04 +(AX + D) 0.32 4+ 0.04 $(AX - 2D) —0.45 4+ 0.04
¥~ | 3(AX+D—-3F) | —0.16£0.05 | :(AX + D + 3F) 0.79 £+ 0.04 $(AX - 2D) —0.45 4 0.04
A +(AZ - D) —0.20 4 0.04 :(AX® - D) —0.20 4 0.04 $(AZ + 2D) 0.58 4 0.04
=0 T (AX - 2D) —0.45+0.04 | :(AX+D —3F) | —0.16£0.05 | 1(AX + D + 3F) 0.79 £ 0.04
E- | 3(AX+D—3F) | —0.16 £ 0.05 (A% — 2D) —0.45+0.04 | 3(AX + D + 3F) 0.79 £ 0.04
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Quark polarizations in hyperons

Ay Ad As
p | 3(AX + D + 3F) 0.79 £ 0.04 $(AX - 2D) —0.45+0.04 | 3(AX 4+ D —3F) | —0.16 £ 0.05
n (A% — 2D) —0.45 + 0.04 | (AX + D + 3F) 0.79+0.04 | (A + D —3F) | —0.16 £0.05
»t | 1(AZ + D + 3F) :(AX + D —3F) | —0.16 £0.05 $(AX - 2D) —0.45 4 0.04
3 +(AZ + D) 0.32+0.04 —0.45 4+ 0.04
»~ | 3(AX+ D —-3F) | —0.16 £0.05 —0.45 4 0.04
A +(AZ - D) —0.20 4 0.04 :(AX® - D) —0.20 £ 0.04 $(AZ + 2D) 0.58 4 0.04
=0 T (AX - 2D) —0.45+0.04 | :(AX+D —3F) | —0.16£0.05 | 1(AX + D + 3F) 0.79 £ 0.04
E- | 3(AX+D—3F) | —0.16 £ 0.05 (A% — 2D) —0.45+0.04 | 3(AX + D + 3F) 0.79 £ 0.04

@ better sensitivity to u and d quarks via charged Sigma's
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Transversity distribution
(2-hadron fragmentation)

[A. Airapetian et al., JHEP 06 (20

08) 017]
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Transversity distribution
(2-hadron fragmentation)

[A. Airapetian et al., JHEP 06 (2008) 017]
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[ first evidence for T-odd 2-hadron fragmentation
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function in semi-inclusive DIS!
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R T Transversity distribution
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o Tt (2-hadron fragmentation)

[A. Airapetian et al., JHEP 06 (2008) 017]
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[ first evidence for T-odd 2-hadron fragmentation
function in semi-inclusive DIS!

[/ invariant-mass dependence rules out Jaffe model
predicting a sigh change to rho mass
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T Transversity distribution

U

L girL hiLL °

7 Loe i (2-hadron fragmentation)

® non-zero amplitudes both 5 ou|E 3 M
from COMPASS and HERMES, o | ‘ : i héeres

Tomff 1 ] ; l

@ similar M. dependence pisit T TS bl ahn A i o

® COMPASS: hadron pairs ™| * . = =°E®... . ol ] : )
HERMES: pion pairs o A T T e

® larger amplitudes at b g Z
COMPASS than at HERMES&& "ot pairs S

. . ¢

~ o . ¥ N |
data from pp.consus'ren’r with {§§ * ‘I'§ Pii. ', 5 9 &}i ? {
zero but dominated by gluons

0.1 § } ?
@ first results from e*e” by - —T

M ST | ! | | 1 | | |
10 107 102 04 06 038 0.5 1 1.9 2

BELLE - H. Wollny X z M, [GeV/c?]

gunar.schnell @ desy.de 12 GPD 2010, ECT* Trento



U L T o o o o
EAEE Transversity distribution
L girL hiLL °
7 Loe i (2-hadron fragmentation)
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T Transversity distribution
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Inclusive hadron electro-production
ep! — hX

virtual photon going

into the page
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Inclusive hadron electro-production
ep! — hX
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Inclusive hadron electro-production

@ scattered lepton undetected GpT s hX
= |epton kinematics unknown
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Inclusive hadron electro-production

@ scattered lepton undetected GpT — hX
= lepton kinematics unknown

@ dominated by quasi-real
photo-production (low Q?)
= hadronic component of
photon relevant?

@ cross section proportional to
SN (k X pn) ~ sing
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Inclusive hadron electro-production

@ scattered lepton undetected epT — hX
= lepton kinematics unknown

@ dominated by quasi-real
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AR w# Inclusive hadrons in ep
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p = Boer-Mulders function

o
)
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( do
lepton plane (cm) \ @ d Q

@ Lam-Tung relation: 1-4 = 2V

1+ Acos” 0 + usin26 cos¢ + L sin? 0 cos2¢
A 2

@ insensitive to QCD corrections

@ clear sign for Boer-Mulders effect (~v)

@ violated in pion-induced Drell-Yan
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Signs of Boer-Mulders
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Signs of Boer-Mulders

valence BM fctn
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Modulations in spin-independent
SIDIS cross section
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A Signs of Boer-Mulders

giL hiLL

=E e

T B VG el

TR AT

IR

o2f ep—~ehx 1 -~ o L L

107 B~ 04 06 08 0.4 0.6 02 04 06 0.8 1
X y z P,, [GeV]

3 oo ﬁ o & % -_
« H. Wollny, Ki% :f éu Ji;¢ﬁéi }i
L. Pappalardo 1‘ %% ke T ﬁ“HHHJ
Ng . "1; o " '.)'o.':' :;; 2 fo.':'fo.'s"'z :.':o.:(;(:l c}éev]

gunar.schnell @ desy.de 37 GPD 2010, ECT* Trento



CAHN EFFECT

BOER-MULDERS 7
EFFECT
/\ad'ﬁxgy yrd Interaction d;:pen;ient Ca h n ef f e C T S
«t 10 eﬂ 2M — . — terms neglecte
o FJS,S% K —— _—Tx hlLHlJ‘ _IDhJ_—ka lel +ﬂ)
7 M
o L. Pappalar'do o H.Wollny
= o8 oIl I 1ed—enX 4 HERMES preliminary | :3§
=] =Py T o RIS L]
f: o—F § ! '%!I E;E w §§.§§§§ ::;igf §§§%§
% : 2 : 0.1 - i t o
o -0.1- T ol
o : ]
T 015 s R R . 01512 17 J Eor
"1'(')-1 ' '0.'4' : '0:6' : '0_'8" : '0:4 0.6 BF 0_2 0_4 0|6 0|81 COMPASS SLID (25% of the 2004 data) preliminary
X y Z PhJ_ [GeV] H1I(|].2 — H1I(|].1 xu 0.2 0.4 0.6 0.80 n.ls ) 1
z P! [GeVic]
-z
E=a
‘ no dependence on hadron % E 0_ ........................................................................................................................................................
b u s ¥ ]
i 3
charge expected R :
-0.1—
o [ ] I
@ prediction off from data 0al Araolo o of af
COMPASS °LiD
(o)
0.3 (25% of the 2004 data) Schweitzer et al.
. h+ preliminary
| | | |
0 0.2 0.4 0.6 0.8
Z

gunar.schnell @ desy.de

38

GPD 2010, ECT* Trento



CAHN EFFECT

BOER-MULDERS h 7
_ EFFECT :
/\eadﬁlgyﬁt _ K Intfractlon ;iizpinjent Ca n ef f ec T -
e tt - —_ . — crms ncgiccic
o oo B (| BBy Buks g
= Mh M
o L. Pappalar'do @ H.Wollny
S 0.055_ ;yﬂc; I _f_edeenx _ HERMES preliminary | %fc
S 0E 1 : | & T E {3 | P P g ””ii igg%i
sékzagzn';“ﬁf R EEEEEE N A A L
_6_5'0.05_ Q T = ﬁ T ] ;
3 it 01 T
s ™ | |
~ 0158 s R R . 01512 17 i
"'1'(')-1 = '0.'4' : '0:6' : '0_'8" = '0:4' o6k 0|20|4OI60|81 COMPASS SLID (25% of the 2004 data) preliminary
X y 4 PhJ_ [GeV] I ....1.(;-2 — H1I(|].1 xu 0.2 0.4 06 080 n.ls X 1
z P! [GeVic]
&
‘ no dependence on hadron % E‘: u_ ........................................................................................................................................................
b u s ¥ ]
L 3
charge expected R :
-0.1—
[ ] [ ] i
@ prediction off from data 0al Are s o al
COMPASS 6LiD
o 11} " ) + .
cos¢ modulation or “real * k" preliminary
twist-3? 0 0.2 0.4 0.6 0.8
Z
gunar.schnell @ desy.de 38 GPD 2010, ECT* Trento



Other (twist-3) TMDs
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Other (twist-3) TMDs
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