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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section
&.yh

i

- structure function Fxy o TV D ® FF

P—{TMDs ;X

Q v\

transverse momentum distributions (TMDs) fragmentation functions (FFs)

quark ‘ leading ’rwis’rl quark

&

U L T U L T
NI () @)-@ [|nfu]| D1 (o) Hi (3)- (%)
L n®-QO |k -

e i
ol T|f - anr -
| T/ Do, o 2

v nucleon with transverse/longitudinal spin

- @ quark with transverse/longitudinal spin quark transverse momentum



Semi-inclusive DIS cross section
&yh

-

ot O

— A
=

o

- structure function Fxy < TA/ID® FF

transverse momentum distributions (TMDs) fragmentation functions (FFs)

quark ‘ leading ’rwis’rl quark

U L

T
hiU| D @ Hf@-@

00 —-—-0C 3

'K_f’ @ nucleon with transverse/longitudinal spin

- @ quark with transverse/longitudinal spin quark transverse momentum



Semi-inclusive DIS cross section

&./,,

~ structure function Fxy o 7V D ®@ FF

P—-{TMDs > X
transverse momentum distributions (TMDs) fragmentation functions (FFs)
quark lleading ’rwisf! quark

T U L T
n /1{@"(3 hiU| D Q H#@-@
u N
? hi @ - (&
o 1?1"€; - W C” ® 6 more leading-twist FFs
0 : b ® 16 subleading-twist TMDs and FFs
n h {’r@--l&‘

v nucleon with transverse/longitudinal spin

- @ quark with transverse/longitudinal spin quark transverse momentum




Au‘r and ALT

unpolarized & longitudinally polarized e*/e- beam
transversely polarized H target




&®

- - Collins amplitudes _ . . ..

Phys. Lett. B 693 (2010) 11-16

10'1 04 0.6 0.5 1
X z P, [GeV]

e " amplitudes positive; T~ amplitudes negative

e 1~ amplitudes increasing with x 10



Phys. Lett. B 693 (2010) 11-16

~ 0.08 :
£ LAl :
= 0.06- 2 -
_i- 0-04_ | l _ + +:_ |
< : X :
< 0.02F S 7 i
£ : . Py
a3 0;__+__+_+f-----*___ﬂr_:____’f__Jf ______ Tt
N 002

0.05|

0f

-0.05
0.1F

.0.02

-0.04

-0.06 |

-0.08

N Io.5| N 1
P, [GeV]

2 <Sin(¢+¢s)>u n

1
e
—-—h

-0.2

0.00<P, [GeV]<0.23 0.23<P, [GeV]<0.36 0.36 <P, [GeV]<0.54 0.54<P, [GeV]<2.00

-+ = ~  HERMES }’RELIMIN[ARY

B c E 7.3% scale | “uncertainty

= , = = =

IR 1IN DU PR T N S| T O AR, 1. S

+ [ + _‘ & ] + +

e T —-t¥---&--- mputill [ Sl T -

25 A =

. .

SUUR LI SN Y LA P

3y 1 ] T

- - - -

?\ \ ! ; ! ; y— ? ? ———————

bR L e,

S LA PR SN S

%_F_V_#;Fi\ ] \ ;H\ \ ! \ ?\q \ ] \

0 0.2 0 0.2 0 0.2 0 0.2
X

e " amplitudes positive; T~ amplitudes negative

e 1~ amplitudes increasing with x

11

Collins amplitudes _ ;. . ;.

6Y°0>2>.€°0 LE£0>Z2>82°0 82°0>z>02°0

0L'0>z>6V0



Q_é Collins amplitudes _ ,; . ;-

Phys. Lett. B 693 (2010) 11-16 0.00<P, [GeV]<0.23 0.23<P, [GeV]<0.36 0.36 <P, [GeV]<0.54 0.54<P, [GeV]<2.00

= 0.08/ +f - S 02— - - ~  HERMES PRELIMINARY
53 - U+ - P~ - JU E 7.3% scale | funcertainty
- 0.06:— - - &P o - - - = g
< 004" F ! +} | T ool g
= - - - € 01- = = = S
‘50.02:_ T + - i + + :_+++| , + ! \‘7,/ 015 E E S
-(7) 0:__+__*_+* ________ i-! _____________ :_____T__* _________ [V -0'25‘ e — - e —_———
~ s s - 0.2 - = =
N 002 —— :
0.053 0—.F+1|-"T"-—+-H' ------- —-H-"r"—*n ------- ﬁ
0E -0.1? - . ? ? I + §
: e ‘ — ————
-0.05 | 0_2; | ; ;
B 0.1 — S = = 2
0.1} ; T ; ; x
- b e
- 01 ! - - g - ! ! 3
OE - F 02— — PR —
-0.02f oy + : 02 3 3 3
004, SRARRE| SR | B : :
-0.06 - + l — - 0—*"‘+“‘+““_+I+“‘+““_+‘+‘+———‘r————+—; ———————— ﬁ
B L C C | C C ©
-0.08 - ' orp 1 3 3 - boc
T L L1 L1 ! Lo Lo | -0.2 — F!-; — ‘
10 -1 04 0.6 0.5 1 0 02 0o 02 o 02 0 o2
X z P, [GeV] X

e " amplitudes positive; T~ amplitudes negative
e 1~ amplitudes increasing with x at Iarg?ZPh 1



&®

‘ protons

Collins amplitudes _ . . ;.

o
© b
N O

HERMES PRELIMINARY

7.3% scale | “uncertainty

o
-
a

o

o ©
Gl -
[T

2 (sin(¢+dg))y,

-B-
-
-
-
-
t
—~
‘m
-
-
-
-+
|
B
-
.-
——
-

-0.05

1
e
Y

-0.15

©
N

-0.25
0.25

0.2
0.15
0.1
0.05

'l
5
i

[TITTTITTTreTT]
——

-0.05
-0.1
-0.15
-0.2
-0.25

—

|

©

——

AN R L L I L N
-
_-_

o
‘HH‘HH‘HH HH HH‘HH‘HH‘HH‘HH

|

13



2 <Sin(¢+¢s)>u n

Collins amplitudes _ . . ;.

0.00<P, [GeV]<0.24 0.24<P, [GeV]<0.40 0.40<P, [GeV]<0.57 0.57 <P, [GeV]<2.00

‘ protons

3 0.5 - = HERMES | PRELIMINARY
N C p = - 7.3% scale | funcertainty °
0.25 - = = g 0% = = = 8
0z b  HERMES PRELIMINARY £ o-boobospdio by o)
015~ P = 7.3% scale | ‘uncertainty T 005 + + 3 + T £ s 1 5
01 - s s B0 : : :
0.05 ; = = ++ o 0= — =
I N e e S : s
oo THEATTERRRTEETT 025 C + 3 3 -
01 - = = - c + | E SN A
015 — = = O ft4----- Lo ‘1‘""1."—*}‘1‘""+“—. ________ F A
02 E 3 - 0zt : 2 2 -
e S | I s PO § e e SR - u - -
02 - . : 05 = —— —_—
02 -~ = = = 0.5 - - - =
0.15 g— P ? ? + 0.25 - - Jﬂ - 3
SE ol obytimnp b S
N - o - 025 = S S o
0 jIlTI = 1T o = |Tl “““““ 025 ¢ - - - >
-0.05 j |+ | + + ; | + | -05 — r — ‘ r -
0.1 — — — C C C C
0415 & | = = T T 0.5 - o l -
0o E = = 0.25 — — = = &
oy R e S N S SN S | I R L I n
' 0.1 0.2 0.2 0.4 06 0 0.5 1 T - F T e FoV A
X y P, [GeV] 0.25 - T - = S
05 — | c | c c
0 0.2 0 02 0 0.2 0 0.2

14



®_® Sivers amplitudes _ ;...

Phys. Rev. Lett. 103 (2009) 152002

E 01F +
= [ TU

< : | J-+ R
£ 005F, 't t1EL JrTp

= [ 1 b IR -

s [ $

N 0:_ ---------------- I e

0.05 7 : : |
_ o _
I ) t Lwl
0__1____‘_f_$____|___+ . ___+__+__+__| _|_T_T_I__+__-+ ______
DL N i
-0.05 - - '
10" 0.4 0.6 0.5 1

X z P, [GeV]

e 1" amplitudes > O; increasing with P, up to 0.4 GeV
15



Sivers amplitudes _ ;...

phys RGV. LeH‘ 103 (2009) 152002 0.20<z<0.28 0.28 <z<0.37 0.37<z<0.49 ) 0.49<2z<0.70
B B HERMES | PRELIMINARY

5 01F & S 02 + -~ -
= L P~ SR E c 7.3% scale | funcertainty )
& | l + ‘b ; + ?"_’ 0.1 ;i . - . . = + b = +_ | + ¥ | B
i | C L " . b C ot L. L ------ A
Loost, teottE TR g ottt ot Ao -t :
s [T tooptd ! A ] 3 3 S
o~ ] . I T N T e e T
Oj 0.2 — - - -
0.1 — PR = I T T S - f §
o?“'—-'l'-----lr---f»- ---------- "+--T--+---1-I-- +—-+--+ ------ x
- - ¥ - - o
01 E = = = 8
02 e — -
-
0.1 = = = b8
NTUEI SN CURAIN PN PR AR
0.05 - B - + ozi——i—;
I | I I = = = =
SRR R B PR oy 02 - - - -
0_—'"""Jl'il'.lt"“l“_lil'jl'""I""i"'+"|'__"T 'I"+“‘+ """ 01— = . S L b S 'y g
SR | R S Sl
-0.05 |- - o1 E 3 3 3 2
BE—— I I ! —— : EE— EE— -0.2 ;7‘ p— :7‘ ) ;7‘ S B ;7 r—————
10 -1 04 0.6 0.5 1 0 0.5 0 0.5 0 0.5 0 0.5
X z P, [GeV] P, [GeV]

e 1* amplitudes > O; increasing with P, up to 0.4 GeV: concentrated at large x and z
16



®_® Sivers amplitudes _ ...,

‘kaons

Phys. Rev. Lett. 103 (2009) 152002
0.2 K+ - -

e I TN A B AV L

2 <Sin(¢'¢s)>UT

e K* amplitudes >0; increasing with P,, up to 0.4 GeV: concentrated at large x and z
17



2 <Sin(¢'¢s)>UT

‘kaons

Phys. Rev.

Lett. 103 (2009) 152002

0.2_—K+ -
0.1__| ++T+++ :—
NS !

2 <s.i n(¢'¢s)>u 1

1 © o
© © N N ©
ol o o !

0.25

-0.25

-0.5
0.5

0.25

-0.25

-0.5
0.5

0.25

-0.25

-0.5

0.20<z<0.28 0.28<z<0.37 0.37<z<0.49 0.49<z<0.70
— + — - HERMES PRE\FM\MNARY
- K - - 7.3% scale | luncertainty
: L vl '
SRR s LA
L 2 - 3
S L Lt - R N PR T
SRR T S s O . A L
= - - - H
H+--+----1---J--+--+---+--H*--*--+---’f--H;- LA
RN
:;v—v—v—!—m:;—v—v—v—ﬁ-ﬁi ““““ =
? 1 ? ? ; ? LI
I T R SLECEEts
: | : .
—_—)t—_—_——_——— —_
0 0.5 0 0.5 0 0.5 0 0.5

P, [GeV]

Sivers amplitudes _ ...,

8€1'0>X>8600 860°0>X>2.00 ¢L0°'0>Xx>¢€200

009°0>X>8€EL0

e K* amplitudes >0; increasing with P,, up to 0.4 GeV: concentrated at large x and z

18



®_® Sivers amplitudes _ ...,

‘ protons

HERMES PRELIMINARY

7.3% scale mecertainty

o
© p ©
N g oW

o
o
o N
|~
|
1
\
.-
1
|~
1
1
1
1
\
| -
\
|
D .
1
|-
1
Com
1
.
=
1
1
1
-
1
1
[T
|
1
| -m-
|-
:—-—
i
-
\
1
|
\
1

T3
|
| &

2 (sin(¢-9g))y,

-
© o 1
== O

\

-0.15 —

S +
: M |

-0.05 —

0.1 — = =
oy e e e e
0. . ;

o
w»

o
(V)

| ——
\H‘HH‘HH‘HH‘ ‘ ‘ ‘
\ — .
—-—a—
_:._
_E_._

e Positive Sivers amplitude for protons!

19



2 <Sin(¢'¢s)>u_|_

o
w

0.25
0.2
0.15
0.1
0.05

-0.05

-0.1

-0.15

-0.2
0.35

0.3
0.25
0.2
0.15
0.1
0.05

-0.05

-0.1

-0.15

profons

p
TR AT TR T
3 3 3

HERMES

7.3% scale

PRELIMINARY

>
o
®
-
D,
>
-
<

‘HH‘HH'HH Hu_im RRRNRRRRN RARRR AR
—_——
—=— Ol

\‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH

________ [ | '|'
0.1 0.2 0.2 0.4 0.6 0 0.5 1
X y 4 P, [GeV]

2 <Sin(¢'¢s)>u_|_

20

-0.25

-0.5
0.5

0.25

-0.25

-0.5
0.5

0.25

-0.25

-0.5
0.5

0.25

-0.25

-0.5

0.00<P, [GeV]<0.24 0.24<P, [GeV]<0.40 0.40<P, [GeV]<0.57 0.57<P, [GeV]<2.00

= = ~ HERMES | PRELIMINARY
= p = | + = 7.3% scale | uncertainty
= o 1 S SR
bbb R S
= ! S = 1[ =
:iFH : e = : l'!-!-Hi
- 2 B 2
-1 i vE T LI
S N ,+__+_¥ _____ ,T____'L_{_ E'---+--|---+-_
- - E - I—
S 3 . oy 3 |
;, _____ I__+__,_+__+__E__+._ ,_+__T__T___+_-,.+__‘__£__!_
= ‘ :FH-FF = ‘ :FPE
S 2 2 2
r ! C T C r |
R AT At +--r-'-+--*-t--*--
ii-H- i‘:;PPH-v—O—FH—
0.25 0.5 0.25 0.5 0.25 0.5 0.25 0.5

4

Sivers amplitudes _ ;... .

LS1'0>X> 2010 0L1'0>X>€L00 €.0°0>X> €200

009°0>X>/SL'0



* Pretzelosity
x hyj @ Hy

0.20<z<0.28 0.28<z<0.37 0.37<z<0.49 0.49<2<0.70

¢L0'0>Xx>€200

860°0 > X>2.0°0

8€1°0 > X>86070

009°0>Xx>8€L0

_| L L L L
o> 05— + E = HERMES PRELIMINARY
“— - K - c 7.3% scale | luncertainty
» 0.25 — - - -
< . . SR .
e o e b el i= b o
N L L L L
< 025 = = =
= 05 _ : = : = : = :
AN C C C C
05— o o a
0.25 = = =
- 4 - S S
S, ST | S I S|, R Y
S TEIRE BRIt B R YE
025 = 2 2
05 E | - | - | - |
05 - 3 - 2
o, =k
PR N | SR W SO T N | O S
°F b 1 SR a1 ToEe v *
025 = - -
05 _ : = : = : = :
05 - 3 - 3
- - - I - [ ]
e e e - - - - - - - - ———I—————— —'——I———r————— -—— - e - —
0 -4 1 h FooEE
-0.25 — I E - -
-O-Si\ 1 1 1 i\ 1 1 1 i\ 1 1 1 i\ 1 1 1
0 0.5 0 0.5 0 0.5 0 0.5



ST 90

Pretzelosity = Worm-gear

q®H1L’q C><91T ® Df

0.20<z<0.28 0.28 <z2<0.37 0.37<2<0.49 0.49<z2<0.70 0.00<P, [GeV]<0.23 0.23<P, [GeV]<0.36 0.36 <P, [GeV]<0.54 0.54 <P, [GeV]<2.00

R
=
S

3 0.5 + = = HERMES PRELIMINARY j 0.5 + = - HERMES | PRELIMINARY
T~ - K - - 7.3% scale | [uncertainty o _~ - TJT E F 8.0% scale | [uncertainty
’?,)025; il - il o “0 025 — e - il o
S T z : ' z I S T S
I e e e T S T AL At S AR et S AR S
C -025 = = - g 8 025 - = = B
T C C C C N (T C C C C
\fl)/ 05 o - - :“/ 05 - o o
N 1 1 1 1

05 |- - - - 05 - - -
C C C C o C C I C C o

0.25 — — - — 5 0.25 — — — - Y
- b E S S PR T I 2 O L ! b bbbl n
S S N T | | b ek SRR et skl Sk s

-0.25 — — ' — — 3 -0.25 — =1 — — 9
- - - - e - - - -

_05; ‘ - ‘ - ‘ - : _05; : - - -

05 - - - - 0s - - - -

025 — = = - S 0.25 — . = = = I 2
c ) c . oy 4t c e ] ) : L - +_l i - I N
0t -~ i SRR S T e e R O S e T R ;
- t 1 - I HE ! A - T Y Y S 3

0.25 = — - 2 0.25 — -~ = = B
- - - - ® C C C C

05 } o 1 - } - 1 05 1 - : o o

05 - - s : 0s - : - -

025 . - = 3 025 = = L = 2
- - o - , - m | I - = ©
OHr-+--+--1---H*--i--+---+---H#-#--+___+___H+_'__*______ % 0—+_|-T—--T______+_+___+.____I+_I___l____+_ }___ - - ﬁ

025 - L E - - : 025 - - | - 3

-0-5 i\ 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 i\ 1 1 1 1 1 1 1 i\ 1 1 1 1 1 1 1 -0.5 i : 1 i i 1 1 1 1 1 i \_#
0 0.5 0 0.5 0 0.5 0 0.5 0 0.2 0 0.2 0 0.2 0 0.2

P, [GeV] X

22



ALy

longitudinally polarized e*/e- beam
unpolarized H & D tfarget

23






ALy results pions & kaons 1D
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ALy results pions 3D
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ALy results protons 1D
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Summary

e Twist-2 and twist-3 amplitudes in 3D on transversely polarized hydrogen target -
beam longitudinally polarized and unpolarized:

kinematic dependence of Collins and Sivers located in certain kinematic corners

e Twist-3 non-zero ALy observed for mt, M, K*
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