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Studying the proton

virtual photon y*
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Studying the proton
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Studying the proton
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Studying the proton

e(E' k)
e E,E « e E,E
ED (B.F)
T —
Jirtual photon V*/ Q proton(E,, P)
H
= 15001 ! o
G E-4879GeV ﬂﬂ[} invariant mass W
& 6=10° }% ]I
2 2 __ 2
o] gty 4 =Pt
| b Ty 2 2
iy ®oo = M? +2Pq + g
ool | resonance region i
- = -
deep-inelastic latic scafter | W? = M?* — elastic scattering
scattering (dvidedby 15 | 5 5 . .
o+ 4oy 2y W > MY — inelastic scattering
28 3.0 3.2 3.4 3.6 3.8 4.0 4.2 44 4.6
E' [GeV]
2.0 1.8 1.6 1.4 1.2 1.0

W [GeV/c?]



fa (/o

oNB8BocHE cuwd oma
711

Studying the proton

elastic scattering deep-inelastic elastic scattering
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Deep-inelastic scattering cross section

=L,

W

d’c
dZI?BdQ2

ox L, WH

. 9
Q2= 2P 4EFE sin2(§)

Q’ 1
rp = — =
B 2Pq 1+ W2652M2

11



Deep-inelastic scattering cross section
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Deep-inelastic scattering cross section
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The parton model
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The parton model
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Spin-independent structure functions
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Spin-independent structure functions
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Spin-independent structure functions
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Helicity-dependent structure functions

measurement of
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Helicity-dependent structure functions

measurement of
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Helicity-dependent structure functions

measurement of
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Helicity-dependent structure functions

measurement of
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Helicity-dependent structure functions

measurement of
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HERMES: HERA I\/IEasurement Spln
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- HODOSCOPE HO

STEEL PLATE

track reconstruction \
_'{'— FIELD CLAMPS _H

DRIFT
CHAMEERS

|  oRIFT cHAMEBERS

- data taking from
1995 until

"June, 30 2007

140 mrad

IROMN WALL™

Beam | Gaseous internal tanet ? s, I;pton1-uhr;;1dron PID:

long tudlnally pol. transversely pol. H (~75%) high efficiency (>98%) &
e'&e unpol. H,D,He,Ne,Kr,Xe low contamination (<1%)

E— 27.6 GeV longitudinally pol. H,D,He (~85%) « hadron PID: RICH 2-15 GeV

26



HERMES: HERA I\/IEasurement of Spln
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Accessing g, at HERMES
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g, from HERMES

—» photon spin
—» proton spin
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Quark spin contribution from
HERMES data
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Quark spin contribution from

HERMESy
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Quark spin contribution from

HERMEsy
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Tagging the quark flavor

Inclusive deep-inelastic scattering
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Tagging the quark flavor

semi-inclusive deep-inelastic scattering
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Tagging the quark flavor

semi-inclusive deep-inelastic scattering
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distribution function (DF): fragmentation function (FF): fragmentation of

distribution of quarks in nucleon struck quark into final-state hadron
pr : transverse momentum of struck quark kr : transverse momentum of fragmenting quark35



Fragmentation
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Fragmentation
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Fragmentation

38



Fragmentation
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Fragmentation
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Fragmentation
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Fragmentation
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Quark helicity distribution
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Quark helicity distribution

= //

and

proportional to square
of quark electric charge
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Quark helicity dlstrlbutlon
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Quark helicity distribution

A. Airapetian et al., Phys. Rev. Lett. 92 (2004) 012005
A. Airapetian et al., Phys. Rev. D 71 (2005) 012003
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Gluon helicity distribution

$B,Q2) o A. Airapetian et al., JHEP 08 (2010) 130  photon-gluon fusion
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Gluon helicity distribution
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Transversity
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Transversity

access through single-spin asymmetry on transversely polarized target
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chiral-odd chiral-odd

1, : : :
H;%(z,k%): Collins fragmentation function
fragmentation of a tranversely polarized quark into an unpolarized hadron
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Collins fragmentation functions
Artru model

polarisation component in lepton scattering plane reversed by photoabsorption:
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Collins amplitudes for pions

A. Airapetian et al., Phys. Lett. B693 (2010) 11-16
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* isospin symmetry fulfilled
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A. Airapetian et al., Phys. Lett. B693 (2010) 11-16

« K" increasing with z
* positive for K" & larger than for ©t*

- role of s-quark
- u-dominance

1l u—asKT 1 u—s
H, > H; "

I)
4'>

_I_

e K= 0, # from 11U
K" Is pure sea object:

1 * sea-quark transversity expected

to be small

55



Transverse-momentum-dependent
distributions

Distribution functions

leading twist
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Transverse-momentum-dependent
distributions

Distribution functions

leading twist

L T

J— —-—

g 21T ~

the eight leading-twist transverse-momenum-dependent parton distribution functions
describing the DIS cross section for hadron production
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Transverse-momentum-dependent
distributions

Distribution functions

leading twist

L T

J— —-—

g gIT ~

only distribution functions that survive integration over transverse momentum
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Transverse-momentum-dependent

Distribution functions

T

—_.— e — -— = —

g1T ~

distributions
leading twist Fragmentation functions
D1 -
! :
o GlL: o - O Gy =17 -
! f
Hir= ! -
o
Dyr = - l
n-@ - @
T_{ ) o
- H,=l, — — — H = —
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Transverse-momentum-dependent

distributions
Distribution functions Ieading twist Fragmentatlon functions
f1 = ]:)1 =
f ! i i
gy~ VR ), giT = - % Gle = — [=0— GIT = [0~ - -
hi+=14 T T T
IT B H = * -
L]
fir = B DlLT: ! _
' ¢
o= - Wb -
. Lo 8 T T
by =@)— - — hyp =0 - | HTL: oy > HILT = [ - f

chiral odd: involve helicity flip of quark — appear in pairs in cross section
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Transverse-momentum-dependent
distributions

Distribution functions Fragmentation functions

leading twist
f1 = Dl )
. @, T ! ; 1
g T gir = T = ¢, -6~ - B~ ¢, -6 - &
t
th: } _ g I ~ T
IT i
fl _ T B . T
IT = D)y = _
' |
1
h, = — f i
1 ! Hl _ f — *
. Lo ! T T
h.. = e L h — | _ ol L _h— — . L _ . I
L=y = Hy=1, Hip =1

chiral odd: involve helicity flip of quark — appear in pairs in cross section

T-odd: appear in pairs in spin-independent x-section & double-spin asymmetries
single in single-spin asymmetries 61



Transverse-momentum-dependent
distributions

Distribution functions Fragmentation functions

leading twist
f1 = Dl )
L _ b
g oo T O gir= "~ = G, -6~ - & G- - &
f
hyp=11 - qo I ~ !
IT 1
fl _ T B . . T
T Sivers Dt _
: ¢
=@ - Boer-Mulders i@ - @
. LA L T T
hy=(— - (— hyp =7 - & HTL: 2> - (&~ HILT - — 9

chiral odd: involve helicity flip of quark — appear in pairs in cross section

T-odd: appear in pairs in spin-independent x-section & double-spin asymmetries
single in single-spin asymmetries 62



Sivers distribution function

fird(z, pr)= -

access through single-spin asymmetry on transversely polarized target

1 NT(¢7¢S)_N¢(¢7¢S)
<‘ST’> NT(¢7 ¢S) + N¢<¢7 ¢S)

] ET.phJ_ ~
~ sin(¢ — ¢g) Z eqL| M, {L:ﬁq(xa k%)D%(ZaP%’)]

q
* requires non-zero quark orbital angular momentum

 FSI —» left-right (azimuthal) asymmetry in direction of outgoing hadron

KV B .
)
£
e
63

Ayr =




o
o o
o —

2 <5in(‘~|}'{|)5)>u1—

o

0.1

-0.1

0.05}

-0.05

Sivers amplitude for pions

A. Airapetian et al., Phys. Rev. Lett. 103 (2009) 152002

+

T

- significantly pesitive
non-zero orbital
angular momentum!
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0.1

-0.1

0.05}

-0.05

Sivers amplitude for pions

A. Airapetian et al., Phys. Rev. Lett. 103 (2009) 152002

T 5 +_

. . ST
+++++++:**+++ ¥

RN
M*H*M“HNH%
3 s : +
_f__+__+_f_*_f_F_i'_L_+__+_+_f-1___+_H_+..+_-J+ ------
a | ___—'_f_f_; I T
101 " 04 06 05 1
X z P, [GeV]

+

° T
- significantly pesitive
non-zero orbital
angular momentum!
- clear rise with z
- rise at low P, 1, plateau at high Py, 1
- amplitude dominated by u-quark
scattering:

[ (@, pk) @ DY (2, k)
fu(z,p2) © D= (2, k2)

1
11;7«&(:67]9%) < 0

(a4

° n_
- consistent with zero
- U- and d- quark cancellation
1.d
- flT (I,p?p) >0

TCO

- slightly positive
- Isospin symmetry fulfilled



Sivers distribution for valence quarks

1

(0774

- _—

) — (oF,

— 97y

A7T+—7T_ .
UurT — - -~ + =
(ST)) (0fy — ofy) + (o) — of )
> suppressed exclusive VM (p°) contribution
i _ 4fJ_,’LLU L J—ad’u
> (sin(¢ — ¢s)) i | R ——— o
4]3{1/1) L fl v
] A. Airapetia_m et al., Phys. Rev. Le_tt. 103 (2009) 152002
:E 0.4 T - 3 3
b 0.3 + - - e Sivers distribution for
T o02C 3 + S d-valence >> u-valence
) _{ +++__++ +++E_ A or
™~ 0'1; - | B ++ e Sivers distribution for
0 —JF ——————————— oo - 1 u-valence is large & <0
0.1F - 3 (more likely)
ol ..|...|T._%._.IT..ﬁ
10" 0.4 06 0.5 1
X z P, [GeV]
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2 <Sin((.)'(.)5)>u'|'

Sivers amplitude for kaons

A. Airapetian et al., Phys. Rev. Lett. 103 (2009) 152002 ¢ K™

0.2f K+ m -
01l b i - +
SR AN I
K } ;
0.1F a + |
o“+-ff-}.+-+-+--}--+i-+ ....... 11_-___+_+_{_}_}_ { ]
R = ) - S —
10 -1 . 04 0.6 i P:f[GeV‘I]

- significantly positive
- clear rise with z
- rise at low P 1, plateau at high P, |

- larger than 1T

non-trivial role of sea quarks?

1.k

- slightly positive
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Spin-independent semi-inclusive
non-collinear DIS cross section

2 2

do Q
(1+ ;_x){A(y)FUU,T + B(y)Fuu,r

dedydzdP2 dén — zyQ?
+C(y) cos o FL0 7" + B(y) cos 205, Fo320m)

B 2M x

Q ’ F:F(ZU,Q,Z,P;J_)

~
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Spin-independent semi-inclusive
non-collinear DIS cross section

leading twist

2(Ph. ﬁT)(PhJ_ ET) — pp.krp

Fo52on = I[— hi Hi)

@ . Boer-Mulders DF Collins FF
* chiral odd <—» « chiral odd

* naive-T-odd * naive-T-odd
sub-leading twist

oM . P, .p P kr p?
cos ¢, hl-PT hl-RT P o | 771
: hA_Q/I[M J1D1 = My, M2h1 Hi +l]

Cahn effect
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Results for <cos 2@ >: pions

Q(PhJ_ Pr)(Pry kr) —

pT kT

My M

hi Hi]

A. Airapetian et al., arXiv:1204.4161

Lt

1 wmep —enX
1 Ded »enX

0.05 , !
o 04 06 08 04 06 0204 0608 1
y Z P, [GeV]
« H-D comparison: h;" ~ h® non-zero orbital
eTT>0 <« »1r< O: HL fav _HlL,unfav angular momentum!
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177l
I[_ My, M h H1 ] A. Airapetian et al., arXiv:1204.4161
> 0.1 I
3 [ K+ 1 eep -eKX
ﬁ i 1 ced - eKX
I | e e T LR
8 : % % i i -: %
~ o 80t $$ A T S
0z} | | b {
g 0-1r . .- 1 1 1 1 I'-' M 1 M 1 L T o o o 0 5 55 o1 o5 v o 0oy a1 353 5
§ o '
g Ot o e i Sttt
S 1 : :: §
N -0.4f % § 1 % % T % % T % }
0.2} |
' o 04 05 06 07 04 05 0.'5”'63',”64"65;"66”'
v y N y4 P, [GeV]
e K'<0: - Artru model: sign HL u— R = sign HL uom
_|_ -
. K'= K*: - u-dominance *» Hf’“_)K ~ Hf u— K
71

Results for <cos 2¢ >: kaons

2(Pp1 .pr)(Pay Jor) —

pT kT

- role of sea-quarks



Spin budget of proton
1 1
S =5AT+ LY 4 J9
\ J
Y
J¥
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Spin budget of proton
1 1
\ J
Y
J¥

GPDs
1 1

J? = lim — dex |[H? + EY]
t—>02 1

!
I
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X. Ji, Phys. Rev. Lett. 78 (1997) 610




Generalized Parton Distributions (GPDs)

» Xx=average longitudinal
momentum fraction
 2¢=average longitudinal
momentum transfer
e t= squared momentum
transfer to nucleon

Four quark helicity-conserving GPDs at twist-2
Hi(z, &, t) E(x,&,t) spin independent

Hi(x, €, 1) E(x, &) spin dependent
proton helicity non-flip | proton helicity flip
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Generalized Parton

helicity-(in)dependent probability distribution
of quarks as a function of their longitudinal
fractional momentum and transverse position

M. Burkardt, Phys. Rev. D 62 (2000) 071503

Distributions (GPDs)
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Generalized Parton Distributions (GPDs)

1.0}

05

=
= 00-
-Q)-
-0.5
_1'01 : re s 1 rE—— L — —1.01 e r e : e 5 -
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
b, (fm) by (fm)

pictures taken from A. Bacchetta and M. Contalbrigo, Il Nuovo Saggiatore 28 (2012) 1-2
helicity-(in)dependent probability distribution
of quarks as a function of their longitudinal
fractional momentum and transverse position

M. Burkardt, Phys. Rev. D 62 (2000) 071503 M. Burkardt, Phys. Rev. D 66 (2002) 114005

distortion of quark probability distribution
compared to unpolarized nucleon
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Generalized Parton Distributions (GPDs)

1.0}

05

c
= 00
-Q)-
-05
— 1.0 | ——— . ooy d -1.0H . - . ey e
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
by (fm) by (fm)
pictures taken from A. Bacchetta and M. Contalbrigo, Il Nuovo Saggiatore 28 (2012) 1-2
helicity-(in)dependent probability distribution : : e
of quarks as a function of their longitudinal gfr?rg?en dotf quﬁrklp?b%b'r:'ty Idls:]rlbutlon
fractional momentum and transverse position P O Unpolarized nucleo
M. Burkardt, Phys. Rev. D 62 (2000) 071503 M. Burkardt, Phys. Rev. D 66 (2002) 114005

gualitative link to Sivers distribution
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Deeply virtual Compton scattering
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Exclusive lepto-production of real photons

exclusive deep-inelastic scattering

DVCS
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Exclusive lepto-production of real photons

exclusive deep-inelastic scattering

DVCS Bethe-Heitler

do ‘TBH‘Z =+ ‘Tpvcsf2 + TBH TEVCS + TDvCs TEH

. |TBH| : calculable (form factors)
e |TBH| > |TDVCS| at HERMES
e interference term:

through azimuthal asymmetries




cos(00)
AC

cos ¢
AC

cos(2¢)
AC

cos(30)
AC

sin ¢
ALU,I
sin ¢
ALU,DVCS
sin(2¢)
ALU,I
sin(¢- ¢,)
UT,l
sin(¢- ¢,)
AUT,DVCS
sin(¢- ¢_)cos ¢
UT,l
cos(¢- ¢,)sin ¢
UT,l
cos(¢- ¢.)
ALT,I
cos(¢- ¢,)
LT,BH+DVCS
sin(¢ - ¢s) sin ¢
ALT,I
cos(¢- ¢,)cos ¢
ALT,I
sin¢
AUL

sin(20)
Ay

A

A

cos(00)
ALL

cos ¢
ALL

cos(2¢)
ALL

DVCS at HERMES

HERMES DVCS @ Hydrogen

A Deuterium

PR [T R S S

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Amplitude Value

beam-charge asymmetry
JHEP 07 (2012) 32
Nucl. Phys. B 829 (2010) 1

beam-helicity asymmetry
JEHP 07 (2012) 32
Nucl. Phys. B 829 (2010) 1

transverse target-spin asymmetry
JHEP 06 (2008) 066

double spin (LT) asymmetry
Phys. Lett. B 704 (2011) 15

longitudinal target-spin asymmetry
JHEP 06 (2010) 019
Nucl. Phys. B 842 (2011) 265

double spin (LL) asymmetry
JHEP 06 (2010) 019
Nucl. Phys. B 842 (2011) 265
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sin ¢
LUDVCS

A

sin (2)
LU,I
(=

A

04 |
04 f

Assoc
fraction

Charged-separated beam-helicity
asymmetry

A. Airapetian et al., JHEP 07 (2012) 32

—_— M09 (a)
L - - - KM09(B)

=== GGLII

0.2 |

0.2

_____ .141++e;i+il}¢i;*F¥
""" = '*“"'*'*"i"{,“ RLJNMS B S S L B S
° o ® e ° ® g o o @ ® [ o 00 0 " ¢

16'2 1 Eﬂ 11:1'1 1 1Iu
Overall -t [GeV?] Xg Q% [GeV]

 data collected from 1996-2007 (74% of data from 2006-2007)
 additional 3.2% scale uncertainty from beam polarization

KMO09: Nucl. Phys. B

841 (2010) 1:

fit to HERMES, ZEUS,
H1 data

Fit to HERMES, ZEUS,
H1, Jefferson Lab
data

GGL11:Phys. Rev. D
84 (2011) 034007
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DVCS event selection

f_ FIELD CLhMF‘S—* TRIGGEER HODOJCO PE HY

FRONT CRIFT CHAMBERS F
.~ 2F0mrad =
2 MUON e 70 Mrgde—— 9 op2 b
HODO - 2 [t !
PRESHOWER (M) _ — - R r4 L
ORIFT -4 \I,F;/"-_FJ_J_,-* 140 mrad - [
g - N g *
LT j =]
5 | j=] |
T H L]
—

unresolved sample

12

- ———
| I
I T T 1
[ T I
CHAMBERS ———
f :H: i _y_ : I : |- : ] 0.15
g | I | [T | ]
T T T 1 +
o} el == =) o Lirgary PR E 21O GEY 01 |
Tagger -“ o sty qF e |||||||I
CE e i
:n: P — i I
A | - T T T 1 0.05
|| Be e i = - — [
Tl BGas | TRO T CALOBIMETER  PLpipiply 1#0mrsd
W R = v _
2 RICH m " IRON nLE/ﬂ?mﬂ_‘ 0
I I WIDE ANGLE
~— e MAGNET MUON HODOBCOPE MLION HODOSGCOPES M}% [GEVE]
5 7 B g 10 m
pure sample unresolved-reference sample
2 [ o [
o [=
= © expermentaldata = recoil-detector
-;;F [ ——  simulation {sum) -.;(.- B { acceptance
sr ep—sepy = 1
o o .
— ap—eA’y — |
N semi-inclusive i 1
N Rl .
;’/7"‘!%
5 10 156 5 10 15
2 [GeV? M2 [GeV?]
M [GeV] X



Beam-helicity asymmetry

*  unresched

i A unresolved raforanca i
. I % purce

A. Airapetian et al., arXiv:1206.5683

R EART RN LA

= ﬁ 4 | *H *

10" 10" 1 10
overall 1 [GeV Xg Q° [GeV?

« additional 1.96 % scale uncertainty from beam polarization



Aglg

*-Au I ® HERMES
f - :.*-, - 4 Compass (Open Charm)
0.2 TS o~ 06-|
F * T ~ O Compass (Q° > 1 GeV?)
E——oompT :'%—’“—7 E 2 - = Compass (O < 1 GeV?)
o + 04 © SMC
n M|
x-Ad
o 0.2+
E= = -—* *.:.*:.:_'_ 7._.;,*;_;-: === + = + 1
oz t t e
r —
= n n 1 n n n 1
+» Jf Q?=2.5GeV? e T
N A S R 1 -
o — } + —
o | —— BBO1LO 04+
F xaG - - GRSV 2000
F————1 LO val
0.1 = n n n - n L L L L H HERMES fet. 1
L xad + 4

S

Y I
TR

HERMES DVCS ® Hydrogen
A  Deuterium
cos(00) i
AS s
cos ¢ :
AL : LI
cos(20)
AY e
A .
Sor e
Alus
sino
ALu.oves n—ar S
sin(2¢) o
Alu, )
PRGN i
uT,l
in- 0,) °
UT,DVCS
(0~ 0,)cos ¢ °
A IT,1 °
oél(o- o)sing ———t
cos(o- 6,)
e —_—
At "
A"“W @) ——y
LT,BH+DVCS
ASnG- e)sine ——u
LT
cos(o- ¢,)cos ¢
L a—
Al "
ARY ikt
ASREN O A
s(00) ——H
AZY [P —
os ¢ —_——
AL Ak
e ———
ACOS(20) — At

-0.3 -0.2 -0.1 (o] 0.1 0.2 0.3
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Thank you for your attention!
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Back up
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Extraction of the cosine moments

th. | dén cos(nop)ouu (w, ¢n)
<COS(n¢h)> B fd¢hUUU(wa ¢h) W = (5(;7 Y, 2, P}%J_)

<COS(n¢ )> 62?. fd¢h Cos(ngbh)eacc(w, gbh)erad((ﬂ, gbh)O-UU(W, ¢h)
" fd¢h€acc(w7¢h)€rad(w7¢h)O'UU(w,gbh)

extraction is challenging!

azimuthal modulations also possible due to
 detector geometrical acceptance

* higher-order QED effects
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Extraction of the cosine moments

th. | dén cos(nop)ouu (w, ¢n)

(cos(non)) =

(cos(nen))

[ donovu(w, én)

W = (x,y,z,PﬁL)

exp. | don cos(nop)eqace(w, dn)€raa(w, dn)ovu (w, o)

extraction is challenging!

azimuthal modulations also possible due to
 detector geometrical acceptance

* higher-order QED effects

[ doneace(w, n)érada(w, on)ovy (w, dn)

generated in 41t

M 5 M
- - w ¥ L=

-B—E-—8- |nside acceptance

2
*10°L MC
15‘05 o= "_.'.-"'-_ - -.,..
¥ sgtwoes aka
1000 |7 S S
_-l"l I.'h
500
- I D.ﬂ?ﬂ-{lx {0.145;
0 2 4 (3]

0,

, 89



Extraction of the cosine moments

th. | dén cos(nop)ouu (w, ¢n)
<COS(n¢h)> — fd¢h0'UU(w7¢h)

W = (x,y,z,PﬁL)

exp. | don cos(nop)eqace(w, dn)€raa(w, dn)ovu (w, o)
<COS(n¢h)> B f dtheacc (W, ¢h)€fr’ad (wa ¢h)O-UU(w7 ¢h)

extraction is challenging!

azimuthal modulations also possible due to
 detector geometrical acceptance

* higher-order QED effects

¥

fully differential analysis needed
unfolding procedure with 400 x 12 bins

BINNING
400 kinematic bins x 12 @-bins

Variable Bin limits #
X 0.023 | 0.042 0.078 0.145 0.27 5
y 0.3 0.45 0.6 0.7 0.85 4
z 0.2 0.3 0.45 0.6 0.75 5
P 0.05 0.2 0.35 0.5 0.75 4
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Extraction of the cosine moments

(cos(non)) =

th. | dén cos(nop)ouu (w, ¢n)

[ donovu(w, én)

W = (x,y,z,PﬁL)

exp. | don cos(nop)eqace(w, dn)€raa(w, dn)ovu (w, o)

(cos(nen)) =

extraction is challenging!

* higher-order QED effects

azimuthal modulations also possible due to
 detector geometrical acceptance

¥

fully differential analysis needed

(cos(noyp)) ~

unfolding procedure with 400 x 12 bins

[ doneace(w, n)érada(w, on)ovy (w, dn)

unfolding

V

bin i

[ dor, cos(nén)ouu (w, ¢p)

BINNING
400 kinematic bins x 12 @-bins
Variable Bin limits #
X 0.023 | 0.042 0.078 0.145 0.27 5
y 0.3 0.45 0.6 0.7 0.85 4
z 0.2 0.3 0.45 0.6 0.75 5
P 0.05 0.2 0.35 0.5 0.75 4

[ donovu(w, én)

bin i
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uu

2 (coso)

Py .pr Py kr Py oL
M Sy M, M? i Hy A. Airapetian et al., arXiv:1204.4161
0.1F -+ + } mep senX ]
1 ODed —-enX
] &'_. """"""""""" ﬁ'""""""""“. """""""""""
i i P g
L - L . ]
b £8P Ti0 P e By PR
: I 5 L E
0.2f : 1 :
of i -;
of -5 e I e S & T %#% .
5 f : e e ) g E % |
-0.1F ] T T )
-0.2f ]
| o 04 06 08 04 06 0204 0608 1
_ X y P, [GeV]
 H-D comparison: weak flavor dependence
* magnitude increases with z
« TU: magnitude increases with P_ 9

Results for <cos @ >: pions




Results for <cos @ >: kaons

« K'<0, larger in magnitude than 1’

. K'=0

P .pr Py kr -
Zl- M Jiby = M, M? i Hy A. Airapetian et al., arXiv:1204.4161
/j I K+ T ] eep -eKX
@ 0.2f - + oced »eKX i
@ I
° [
o O c - e PP ISRy
| P 1} 1 # 3 ¥
0.2} f i . ) % 1 ] é . E -
g ' . .- . L 1 1 . 1 1 1 . ' PP I PP P P
% 0.2- K } ; 1
2 [ .
5~ '
o 0-_"'% """ é __________________ # """ i ___________ % __________ $ _____ %L _____ {l
-0.2:' - %
o 04 05 06 07 04 05 0.'5”'6:3,”64”65;”66””
X y Z P, [GeV]
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