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Spin-Momentum Structure of the Nucleon

1 1 i i, L T

|07 +X0P6) @] = S1fy ST il Mg+ ASTE - g
1Tr[(nyr — sji(fﬂ%)q)} - J1 +SieijkjiffT Jrfsf"ef‘jl-ﬁjih1L I 5" S"h;
2 2 m m

: ak: N | . | O |
helicity e o] + s*(2k" k7 — k25w)532_ B 4 A st b

m? m
. U @ functinne in hlgck survive integration
S | U | fi Boer-Mulders se momentum
§ L @ functions in green box are chirally odd
o
=1 i fT @ functions in red are naive T-odd
Sivers Twist- . = MDs pretzelosity
transversity
worm-gear

gunar.schnell @ desy.de 2 TMD 2010, ECT* Trento



U | fi hi
L giL hiLL
T 777 & |G o

@ plenty of data available

@ but only for integrated
version of f1

@ spin asymmetries
involve unintegrated f1
in denominator

@ need multiplicities and
fragmentation functions
not only binned in z but

also in Pn.

gunar.schnell @ desy.de

©m
F, -log,,(x)

=&l -S

Momentum

HERA F,

o0 le2

llllllll

QY GeVY)

density

TMD 2010, ECT* Trento



U | fi hi
L giL hiLL
T 777 & |G o

@ plenty of data available

@ but only for integrated
version of f1

@ spin asymmetries
involve unintegrated f1
in denominator

@ need multiplicities and
fragmentation functions
not only binned in z but
also in Pn,

gunar.schnell @ desy.de

I-: -Iogm(\)

Momentum density

- b Y
VARL-S Conenie2

HERA F,

10* | —— HERA-I PDF (prel.) Q% = 10 GeV?
B experimental uncertainty
model uncertainty

Qi (GeVY) |
08

»  HERA Structure Functions Working Group
. Nudl Prys, B 181-182 (2008) 57-61

0.6

xf

04

0.2

Xu,

102 10"

X
TMD 2010, ECT* Trento




U L T
U | fi hi
L giL hiLL
T 777 & |G o

plenty of data available

but only for integrated
version of f1

spin asymmetries
involve unintegrated f1
in denominator

gunar.schnell @ desy.de

Momentum density

HERA F,

P Y
vl L a2

I
sl a] & — 0
. s M2 SS
' P IRIYY
a PR LA
y Al es 12
AL 000N
& /
g ." // " _ Aol )
J ‘ ..
. a2
/ » b
> a 3
$ " .‘ '-" IR
. - ..‘
3 ."-'/4”' . )
- .
4 .y o o w“ ’.."n
N g™ .
. » -
3 - A

._-.w.:'... 5 e0ns
..... agetemagealgbg -0LOK

e ————— bt e g g~ L 013
1 z DR LA S . o s o ‘-l 24018

—— i . he Mapaal ! ] -8 . ’ : "“.25

IR Loy DL 2 S e o. et

i

“n6S
- oy w—u B e e =065 1

¢ | —— HERA-I PDF (prel.)
- I experimental uncertainty

Q% = 10 GeV?

model uncertainty

»  HERA Structure Functions Working Group
. Nudl Prys, B 181-182 (2008) 57-61

Xuy
086
Frists
X
0.4
0.2
10+ 10 102 107 1

X
3 TMD 2010, ECT* Trento



U | fi hi
L giL hiLL
T 777 & |G o

@ plenty of data available

@ but only for integrated
version of f1

@ spin asymmetries
involve unintegrated f1
in denominator

@ need multiplicities and
fragmentation functions
not only binned in z but
also in Pn,

gunar.schnell @ desy.de

I-: -Iogm(\)

Momentum density

- b Y
VARL-S Conenie2

HERA F,

10* | —— HERA-I PDF (prel.) Q% = 10 GeV?
B experimental uncertainty
model uncertainty

Qi (GeVY) |
08

»  HERA Structure Functions Working Group
. Nudl Prys, B 181-182 (2008) 57-61

0.6

xf

04

0.2

Xu,

102 10"

X
TMD 2010, ECT* Trento




A Helicity density

U
L giL hiLL T
« COMPASS prelimina T o I
T S5 B |Gl . s 3 - HERMES PRD71(2005) } L } % Ty
X 02 ~—DNS parametrization ra - 3 $
ok [ 3 I W— o I"%I I
Ll 1 Lol e BEN
e =
: 2 O {i]*'}ﬂi}[ T
@ smaller range in (x,Q°) than  °T 1. I§
0.2 : ’}“—H—‘_ﬁ
for fl Q3Fr ol 1 #ll '

XAU

@ data mainly for integrated Y i t }, T ——
Y g 0.1 |_\_,—r¥-\’l“—{\—

version of giL :
" TR 1 1 111111f_-1_.1 L1
|-§ f
o -4 e e — i_k _{%’%{
[ ) .{
@ need asymmetries not only ( L L]

binned in x but also in Py,

g]’ 0.02 : T
x 0 4 ; - i {-}}\ { ]
0.02F { . T
004} | — e
0.06 m L1 I2 ] m "
10° 10 X

gunar.schnell @ desy.de 4 TMD 2010, ECT* Trento



U L T
fi hi
L gir hiLL
1LT g1t | ha, hf_T
Avakian et al. [CLAS], arXiv:1003.4549
5 0.6 . i
Oly - 0 L -
0.4 #Q . i g
s I
0.1 | B + B
0 L e
_0.1 i T | | ﬂﬁ\/—
0 0.5 0 0.5 0
P; (GeV)
002 - — —
E 0.016 E— 4‘6%
= C
9 amf \\ _//
= F )
0,006 ;— # *
Pty
.00 i—
-0.01 ;—
E & b
N.016 :— a b
032 TRINETHE TN | | 1 | | | | 11

@ 041 92 o3 o4 06 08 07 08 08 1

p:.Ge‘u' 'c

gunar.schnell @ desy.de

Helicity density

A 0.023 < x < 0.055
< 0.055 < x < 0.100
O 0.100 < x < 0.600

"';%}:{;;;;ﬁ;i}:

(unintegrated)

}il;;;irf};;;;;;zgzgz

0.2
0.0
0 2:**“.—** e — .- == -
00 02 04 06 08 Pm
A A7,  HERMES Preliminary

TMD 2010, ECT* Trento



U L T ° ° S
Tal 1o Helicity density
L girL hiLL b
0 8 I (unintegrated)

Avakian et al. [CLAS], arXiv:1003.4549 AT % AT
<—z:: ar; e P TTR
0.4 Ll .:::::: _::2}:_:"{::% __:}:_::::::::i::: 0.0::;;;__“" T% :}i::f ::::::é{::::::
0.308 ‘Tm*#:.\ ++++’+“% i =i - = =~ -al .- _021— -
0.2 I ] %0 B 04 o6 08 P 00 02 04 o o8 P
0.1 7 i | |
ol - ot R A—
0.1 — |

‘ I at
| - i
TR | N . || e = t O 0.100 < x < 0.600
- ~= - : F-
Ny A .l - . - - -

aaz b

only weak if any dependence on Pn, seen

TMD 2010, ECT* Trento

gunar.schnell @ desy.de 5



U L T

A Helicity density

giL hiLL

=E e

o [ (unintegrated)

Avakian et al. [CLAS], arXiv:1003.4549

0.4/

o e s e ]
< 0.5 T Y T oz}%ﬁ{ %} ....... §§E ozhl;u‘hil‘} %

K :
i '.".'9:?6?-};-:3 ......... I [ [--3
0.3 | *; + R B W

~L # he
0.1} - + N
0 /_L —e | R L ey : A7, HERMES Preliminar
> y Lo | 0.4/ AiD & 0.055<x<0.100 0.4 o Y

-0.1 0 T ' a . | O 0.100 < x < 0.600 | 5 E
@ H. Avakian @ | : b —

aaz b

only weak if any dependence on Pn, seen

gunar.schnell @ desy.de 5 TMD 2010, ECT* Trento



U L T
U | fi hi
L giL hiLL
T | fir | o1 N

Transversity distribution

chiral-odd transversity involves quark helicity flip
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T Transversity distribution

7 Lo (2-hadron fragmentation)
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T Sivers function
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i el (some surprises)
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(some surprises)
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® W? dependence?
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p = Boer-Mulders function
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@ Lam-Tung relation: 1-4 = 2V

@ insensitive to QCD corrections

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

@ violated in pion-induced Drell-Yan
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A Signs of Boer-Mulders
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Modulations in spin-independent
SIDIS cross section
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Other (twist-3) TMDs
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Other (twist-3) TMDs
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Other (twist-3) TMDs
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Other (twist-3) TMDs
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g2 structure function

deviation from WW related to transverse force acting on struck quark [M. Burkardt]
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g2 structure function

deviation from WW related to transverse force acting on struck quark [M. Burkardt]
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Check the details!
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Check the details!
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Check the details!

@ two-photon exchange
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Don't forget these hyperons?

Comprehensive review of data by A.D. Panagiotou (Int.J.Mod.Phys.A 5 (1990) 1197)

. 0 ! 1 ! T 0 | I T ] T T I
5 »096 GeV/c + * + =
(JP + -0.1F -
10 - é | | O
|
_ 5 -02f 7 ® _
3 = z
= = '
S ~20F - _<l '-0.3"" I + =
: s T 4 I
™~ a M -
o F P
= -04F m 039 056 .
Sl o 058 081
=301 7 A 077 092
| 1 ] 1 § | |
30 40 50 60
@ (Vs=62)
O (\[5327}
O (Vs=3.6)
0 02 04

gunar.schnell @ desy.de 36 TMD 2010, ECT* Trento



Instead of a summary ..
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Instead of a summary ..
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Instead of a summary ..

S00

= transversity 79
Ralston & Soper

Citations

oS a4 I v 0 o o I v 0 o OO T v <« o
0 X D D N DN DYDY DN ©
N &N &N &N & OO OO & o0 &0 O ©oO o o o o o
MMMMMMMMMM AN O O OO aoa o

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



Instead of a summary ..
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