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The HERMES experiment

27.5 GeV et /e~ beam of HERA

— — >
W —
—

transversely/longitudinally
polarized as well as unpolarized
internal gas targets

(H,D, He, N, ..., Xe)
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The (original) quest: proton spin

our understanding of the proton changed
dramatically with the finding of EMC that the
proton spin hardly comes from spin of quarks

quark spin

1 1

5 = 37 AX (=
+AG 4=
+ L L = orbital angular

momentum

gluon spin
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Deep-Inelastic Scattering

use well-known probe to study hadronic structure:

Q° = 4FEF sinQ(%)

v = E—-F

inclusive DIS: detect scattered lepton
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Deep-Inelastic Scattering

use well-known probe to study hadronic structure:
Q2

v = FE-—F

O

2 4EE sin® ()

inclusive DIS: detect scattered lepton

semi-inclusive DIS: detect scattered lepton and
some fragments
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Deep-Inelastic Scattering

use well-known probe to study hadronic structure:
Q2

v = 5=

O

12 i sinz(g)

(E, p)

‘ Factorization = ¢—¢hX =% DFP71 @ g¢—¢ @ FFI " I

exploit strong correlation between flavor structure of leading hadron and struck quark
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Inclusive DIS



Inclusive DIS

Spin Plane

d?c(s,S) 2ma*y?
dz dQ? go L (SSWHE(S)

Scattering Plane
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Inclusive DIS

Spin Plane

d?c(s, S 2T’y g
) ATy (s W (8)

dr dQ? _y

Lepton Tensor

Scattering Plane
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Inclusive DIS

Spin Plane
d?o( 2ma? y
— WW
dz dQ2 /
Lepton Tensor

Hadron Tensor
parametrized in terms of
Structure Functions

Scattering Plane
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Inclusive DIS

Spin Plane

d?o( 2w y?

/W / /

Lepton Tensor
P Hadron Tensor

parametrized in terms of
Structure Functions

d3o Y
x Q°) -
dxdydg 2 22y
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Parton-Model Interpretation of Structure

structure function

G. Schnell - DESY Zeuthen

<  parton distribution

AT
z Ze?,ff ()

_Z qgl

0

-

HEDT - 2" anniversary - July 7, 2009



Parton-Model Interpretation of Structure

structure function <>  parton distribution

1
Fia) = 53 efi)

Fya) = a Ze?,ff(x)

e - @ - @

quark-spin contribution to nucleon spin
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Parton-Model Interpretation of Structure

structure function <>  parton distribution

1
Fia) = 53 efi)

Fya) = a Ze?,ff(x)

;T s- @ - @
g2(z) 0 \
\ quark-spin contribution to nucleon spin
related to transverse force on struck quark
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Why measure F, at HERMES?

e I
E 10 L Collider experiments
o f '
g | H1
1045— ] ZEUS
. Fixed target experiments
3| SLAC, BCDMS
10 F NMC, E665, HERMES
3 HERMES
10}
10 - . .
§ £ complementary kinematic
: coverage compared to colliders
1 e * higher statistics compared to
I other fixed target experiments:
10 | » HERMES: 58 million DIS (P+D)
Al el ekl el » NMC: 9 million DIS (P+D
10° 107 107 107 107 1w 1 (P+D)
X
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e SLAC = BCDMS A H1
¥ JLAB = NMC v ZEUS (x) c
O HERMES 0 E665

prOtOH PRELIMINARY e 0008 1-622 Comparison
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GDO07: hep-ph0708.3196
SMC: Phys. Rev. D,Vol. 58, 112001
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World data on 09/ gP
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Polarized Structure Function gi

A.Airapetian et al., PRD 75 (2007)
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Integral of gi(x)

A.Airapetian et al.,, PRD 75 (2007)
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Integral

Saturation

s close to full integral?

AY, =

AC's

theory
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Integral of gi(x)

. 1/g\.Airapetian et al,, PRD 75 (2007)
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Integral of gi(x)

A.Airapetian et al., PRD 75 (2007)

0.16[
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most precise result; only 1/3 of nucleon spin from quarks
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Spin Plane

Extraction of g
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Spin Plane

Extraction of g
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fit to double-spin asymmetry
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Spin Plane

Extraction of g
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Results on A2 and xg2
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@ consistent with (sparse) world data

@ low beam polarization during HERA II = small f.o.m.
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Two-Photon Exchange

k

@ interference between one-
and two-photon exchange
amplitudes leads to SSAs
in inclusive DIS off transversely polarized Targe’rs

@ interference sensitive fo beam charge due to odd
number of e.m. couplings to beam

@ proportional to S(kxk’) - either measure left-right
asymmetries or sine modulation

@ two-photon exchange best candidate to explain
discrepancy in form-factor measurements
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Any Sign of Two-Photon Exchange?
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Any Sign of Two-Photon Exchange?

002 " HERMES PRELIMINARY HERMES PRELIMINARY
ep e e'p! *; X | consistent
| Q ¢ 494 | é 9 b .
R A & LA e o r--¢---¢--¢"' iy €= with zero at
| ? | |
| % | i 10-° level
-0.02 | - .
10 | M M T 1 ' .;..
‘..... ‘.'.. °
[ ]
Jfo° <Q )(GeV) o © (Q )(GeV) i
10 s 2 2 2l M M M 22 MR | M M o 2 a8 ron VIew
..2_@__agg_ep_t_a_ngg _____________________________________ 2_@__agg_ep_t_a_ngs_e_ ___________________________________ of HERMES
0.6 o I o detector
[ () I () S
04 | o O 0O .."0000000' B o O 00 ..‘00000000’ « o ﬂ o kr
| °, acceptance || °.  acceptance =
0.2 | - factor : - factor
“amms W B B B pa BOTTOM
0 e
05 F o elastic - o elastic e fac. — (AN)ace
: fraction : fraction ' L in
107 10 1 102 10 1

G. Schnell - DESY Zeuthen X 19 X HEDT - 2" anniversary - July 7%, 2009



Semi-Inclusive DIS



Quark Structure of the Nucleon

(integrated over transverse momentum)

| |

fi'= ° gﬁ=°—'—@—' hf=6—o
U U U

Unpolarized quarks  Longitudinally Transversely
and nucleons polarized quarks  polarized quarks
and nucleons and nucleons

fi(x): spin averaged gj(x): helicity  h{(x): transversity
(well known) difference (known) (hardly known!)
= Vector Charge = Axial Charge = Tensor Charge

(PS| W4T |PS)= (PS| Uyt U|PS)= (PS|WoH 50| PS)=
Jdx(f{(z) = fi(z)) Jdz(gi(z) + gf (2)) Jdz(hi(z) — hi(z))
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Quark Structure of the Nucleon

(integrated over transverse momentum)

| |

fi'= ° gﬁ=°—'—@—' hf=6—o
U U U

Unpolarized quarks  Longitudinally Transversely
and nucleons polarized quarks  polarized quarks
and nucleons and nucleons

fi(x): spin averaged gj(x): helicity  h{(x): transy
(well known) difference (known) (hardly ky
= Vector Charge = Axial Charge = Teng

(PS|¥yH|PS)= (PS| Tyt~ T|PS)= (PS| U8
Jdz(fi(x) — fi(x)) Jdz (g1 (z) + g1 (x)) Jdx(hi(z) — hi(z))
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Strange-quark distributions

@ use isoscalar probe and target to extract strange-quark distributions

® only need inclusive asymmetries and K+K™ asymmetries, i.e. A alz, Q%)
and AK TR (2, 2,Q?), as well as K*+K~ multiplicities on deu’reron

2 a1 K
S(x)/D (z)dZNQ(x)[ d°N” (x) /D (z)dz}

d2 NDIS (x)
dZNDIS
Ajp,a(X) dde(zx) = K11(x, Q%)[54Q (%) + 2A5()|
. d*NK®x)
A|I|<d(x) dx dQZ

= Krr(x, Q*) AQ(x)[Dg(z)dz AS(X)/D (z)clz

A. Airapetian et al., PLB 666, 446 (2008)
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Strange-quark distributions

@ use isoscalar probe and target to extract strange-quark distributions

® only need inclusive asymmetries and K*+K~ asymmetries, i.e., A 4(z, Q?)

_|_ _
and Aﬁ(d +K

—_—

au4?

0.2 |

0;

_ Fit
... CTEQSL
. X(u(x)+d(x))

A. Airapetian et al., PLB 666, 446 (2008)

G. Schnell - DESY Zeuthen
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(x, 2z, Q%) , as well as K*+K~ multiplicities on deuteron
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Strange-quark distributions

@ use isoscalar probe and target to extract strange-quark distributions

® only need inclusive asymmetries and K'+K™ asymmetries, i.e., Ajalz, Q%)
and Aﬁ(d TR (2, 2,Q%), as well as K*+K™ multiplicities on deuteron

goa .. o e

Strange-quark distribution

softer than (maybe) expected

A. Airapetian et al., PLB 666, 446 (2008)
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Strange-quark distributions

@ use isoscalar probe and target to extract strange-quark distributions

® only need inclusive asymmetries and K*+K~ asymmetries, i.e., A 4(z, Q?)

+ 4K e
and Aﬁ(d TR (2, 2,Q%), as well as K*+K™ multiplicities on deuteron
- , 0.2 [ — Leader etal, PRD73, 034023 (2006)
L . —_ Fit - :
@04 [ .. CTEQL

. x(u(x)+d(x))

Strange-quark distribution

softer than (maybe) expected

A. Airapetian et al., PLB 666, 446 (2008)
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Strange-quark distributions

@ use isoscalar probe and target to extract strange-quark distributions

® only need inclusive asymmetries and K'+K™ asymmetries, i.e., Ajalz, Q%)
and Aﬁ(d TR (2, 2,Q%), as well as K*+K™ multiplicities on deuteron

0.2 [ — Leaderetal, PRD73, 034023 (2006)

334_‘ . CTEQL |
; T L x@E+H®)

Strange-quark helicity distribution

Strange-quark distribution

softer than (maybe) expected consistent with zero or slightly positive

in contrast to inclusive DIS analyses
A. Airapetian et al., PLB 666, 446 (2008)
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The "Trouble"” with Transversity

chiral-odd transversity involves quark helicity flip
| |

Q@ =@ -@ 0@
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The "Trouble” with Transversity

chiral-odd transversity involves quark helicity flip
{

fi- Q gf=e*—°* - - @
% ﬂ % o

G. Schnell - DESY Zeuthen 23 HEDT - 2nd sary - July 7%, 2009



The "Trouble"” with Transversity

chiral-odd transversity involves quark helicity flip
{

T
@ 00 0@
| % ')ffz |
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The "Trouble” with Transversity

chiral-odd transversity involves quark helicity flip
P

q_ q_ _
+-@ - @ @@

need to couple to chiral-odd fragmentation function:
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The "Trouble” with Transversity

chiral-odd transversity involves quark helicity flip
P

q_ q_ _
+-@ - @ @@

need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
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The "Trouble” with Transversity

chiral-odd transversity involves quark helicity flip
P

q_ q_ _
+-@ - @ @@

need to couple to chiral-odd fragmentation function:

@ transverse spin transfer (polarized final-state hadron)
@ 2-hadron fragmentation
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The "Trouble” with Transversity

chiral-odd transversity involves quark helicity flip
P

q_ q_ _
+-@ - @ @@

need to couple to chiral-odd fragmentation function:

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

spin-dependent 2-hadron production: .

(Unpolarized beam, Transversely pol. target)..
o). ~sin(¢r + ¢s) Y e; hi HY
i = Hi(- G022
(€~ 21 /(21 + 2))
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2-hadron fragmentation

spin-dependent 2-hadron production: .
(Unpolarized beam, Transversely pol. target):
0, ~sin(¢rl + ¢s5) Y e; hi HY
Hi = Hi (.2
(€~ z1/(z1 + 22))

O only relative momentum of hadron pair relevant

= integration over transverse momentum of hadron
pair simplifies factorization and Q¢ evolution
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2-hadron fragmentation

spin-dependent 2-hadron production: .

(Unpolarized beam, Transversely pol. target)-.
0, ~sin(¢rl + ¢s5) Y e; hi HY
e = (-

(€~ z1/(21 + 22))

O only relative momentum of hadron pair relevant

= integration over transverse momentum of hadron
pair simplifies factorization and Q¢ evolution

& however, cross section becomes quite complex
(differential in 9 variables)
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Model for two-pion fragmentation

Ay ~ Sil’l(gbRJ_ -+ gbs) sin (9h1[‘[1<z
Expansion of H;* in Legendre moments:

Hf(z, cos 0, M%T) = H{9%P (2, Mgﬁ) + cos O H1 PP (2, Mgw)

~~ /

describe interference between 2 pion pairs
about H;"*: coming from different production channels.

Jaffe et al. [hep-ph/9709322]:

; | H%P (2, M2.) = sind sin &1 sin(dg — 61) H P ()
/‘/M\K / oo (01) — S(P)-wave phase shifts
| M P(M2)HE (2)

©
o

o
»

sind,sing, sin(6,-9,)

©
no

o

SO A = Ay might depend strongly on M,
m(GeV)
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HERMES results (complete data)
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A.Airapetian et al., JHEP 0806:017,2008
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HERMES results (complete data)
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M first evidence for T-odd 2-hadron fragmentation
function in semi-inclusive DIS!

A.Airapetian et al., JHEP 0806:017,2008
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HERMES results (complete data)
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M first evidence for T-odd 2-hadron fragmentation
function in semi-inclusive DIS!

M invariant-mass dependence rules out Jafte model
A.Airapetian et al., JHEP 0806:017,2008
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Collins fragmentation function

Pp 1 :
quark Py
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Collins fragmentation function

quark

® provides a correlation between spin of quark and transverse
momentum of produced hadron
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Collins fragmentation function

quark

© provides a correlation between spin of quark and transverse
momentum of produced hadron

© example of transverse-momentum-dependent (“unintegrated")
parton distribution/fragmentation functions
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Unintegrated PDFs

—Q—} nucleon with transverse or longitudinal spin
. o L
-O-> (® parton with transverse or longitudinal spin flT =
hi -
1
],LJ_ _ ® @
1L — -O> - =
hi
hJ_
17T -
Courtesy of A. Bacchetta
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parton transverse momentum
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1-hadron produc’rlon (ep—ehX)

do = dol;; + cos2¢ dojry + @ cos ¢ doty + A

1
+St. {Sin2¢daéL+§SingbdaéL—l—)\e { ]}

+ST {Siﬂ(¢ — ¢3) dogrp + sin(¢ + ¢g) dogrp + sin(3¢ — ¢s) dogry

1

Oxy @(Sm(% ¢s) dopip + sin g doiir)

Beam Target 1
Polarization  +c [COS@ bs) dorn + — 0 (cos g5 dop7 + cos(2¢— ds) do i%)} }

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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1-hadron pr'oduchon (ep%th)

do = dol;; + cos2¢ dojry +

+Sr, {sin 20 dojr; +

Cosgbda + e —
Q UU

sin ¢ do; s

|

Q

1
— sin ddorF i+ Ae {
Q UL

+ST {Siﬂ(¢ — W) dg?]T +Gin(gb + ¢g) dU?JT + sin(3¢ — ¢s) da(lfoT

1
oxY @
Zo

Beam Target
Polarization  +. {cos(qﬁ —

G. Schnell - DESY Zeuthen

p
Collins Effect:
sensitive to quark transverse spin
T YTZ’
Pp “
qark - L\/l;’u
TT
g

29
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1-hadron pr'oduchon (ep%th)

do = dol;; + cos2¢ dojry + écosgbdaUU + Ae — 0 SmgbdaLU
1
+St. {Siﬂng dot + ésingbda?m—l—)\e { ]}

+ST {Siﬂ(¢ — ¢g) dogpl+ sin(¢ + ¢g) dogrp + sin(3¢ — ¢s) dogry

1

. do (1]2T)
Sivers Effect:
| 15
@ correlates hadron’s transverse |+ cos(2¢ — ¢s) dOLT)} }
momentum with nucleon spin . Phys. B 461 (1996) 197
q ) 57 (1998) 5780

@ requires orbital angular momentum g5 5004 309

2~ \ ZD Dacueua el al., vrncr uruz (2007) 093

“Trento Conventions”, Phys. Rev. D 70 (2004) 117504
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1-hadron produc’rlon (ep—ehX)

do = dol;; + cos2¢ dojry + @ cos ¢ doty + A

1
+St. {Sin2¢daéL+§SingbdaéL—l—)\e { ]}

+ST {Siﬂ(¢ — ¢3) dogrp + sin(¢ + ¢g) dogrp + sin(3¢ — ¢s) dogry

1

Oxy @(Sm(% ¢s) dopip + sin g doiir)

Beam Target 1
Polarization  +c [COS@ bs) dorn + — 0 (cos g5 dop7 + cos(2¢— ds) do i%)} }

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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The HERMES Collins amplitudes

2<Sin (¢ T ¢S)>UT —

J‘?
> €qhi(x, pp) ® Hy (2, K7)

-
B .
= orpm -HERMES PRELIMINARY 2002-2005
= _ lepton beam asymmetry, Collins amplitudes
:g_/ i i 8.1% scale uncertainty
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The HERMES Collins amplitudes

2<Sin (¢ T ¢S)>UT —

>, e2hd (x,p2) © Hi (2, K3)
>, 2 [1(x)DI(z)

P T
= oipm g -HERMES PRELIMINARY 2002-2005
= I | lepton beam asymmetry, Collins amplitudes
E_ i :8.1% scale uncertainty ]
€ 005 |- + = |
") i |
N~ I . w
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o L ] I R SRR L I
= — T S i _ C ”
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& i
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The HERMES Collins amplitudes

2<Sin (¢ + ¢S>>UT —

J‘?
> €qhi(x, pp) ® Hy (2, K7)

=
e .
= orpm ~HERMES PRELIMINARY 2002-2005
= _ lepton beam asymmetry, Collins amplitudes
:g_/ i i 8.1% scale uncertainty
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[A non-zero Collins
effect observed!

[A both Collins FF and
transversity sizeable
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The HERMES Collins ampll'rudes

2iq

eah(z,p7) @ Hi (2, K7)

2<Sin (¢ + ¢S>>UT —

|_ T
2 o1lm -HERMES PRELIMINARY 2002-2005
-é—n I | lepton beam asymmetry, Collins amplitudes
E_ - 8.1% scale uncertainty
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2.q €31 (@) D1(2)

b publishedJr results confirmed with much

higher statistical precission

9

overall scale uncertainty of 8.1%

positive for 7" and negative for 7 as

s

maybe expected (0u = h{ > 0
od = h¥ < 0)

o unexpected large 1 asymmetry

—> role of disfavored Collins FF

1L dzsf HJ_,faU

most likely: /7, ]

o isospin symmetry among charged and

neutral pions fulfilled

T [A. Airapetian et al, Phys. Rev. Lett. 94 (2005)

012002]
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First glimpse at transversity
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First glimpse at transversity
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2 <Si n(¢'¢s)>UT 2 <Si n((l)'(l)s»UT

2 <Sin(¢'(|)s)>UT

o
bk
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o

=
=3

o

S
= N
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-0.05

Sivers ampll‘rudes for pions

7.3% scale uncertainty
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[A. Airapetian et al., arXiv:0906.3918]

HEDT - 2" anniversary - July 7%, 2009



Sivers amplitudes for pions

7.3% scale uncertainty

5 041 C - + [A. Airapetian et al., arXiv:0906.3918]
ﬁo.osf—lll ++++f—+ +++f— bt
A ;+++ [A clear observation of
Y S N A T-odd Sivers effect
5 o R L 4ot 1 [ u-quark dominance
R " suggests sizeable
= 005/ g i u-quark orbital
£ Lot bt 4 h.. | motion
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"Chromodynamic Lensing”

approach by M. Burkardt: [hep-ph/0309269]

ux(z,b.) dx(z,by)

. / \

. /\
Yy
0

spatial distortion of g-distribution
(obtained using anom. magn. moments
& impact parameter dependent PDFs)

by
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"Chromodynamic Lensing”

approach by M. Burkardt: [hep-ph/0309269]

UX(ZU, bL) dX(:U7 bJ_)

. / \

. /—\
Yy
0

spatial distortion of g-distribution
(obtained using anom. magn. moments
& impact parameter dependent PDFs)

by

+ attractive QCD potential
(gluon exchange)

= transverse asymmetries

o=
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"Chromodynamic Lensing”

approach by M. Burkardt: [hep-ph/0309269]

UX(ZU, bL) dX(:U7 bJ_)

. / \

. /—\
Yy
0

spatial distortion of g-distribution
(obtained using anom. magn. moments
& impact parameter dependent PDFs)

by

+ attractive QCD potential
(gluon exchange)

= transverse asymmetries

‘Lg > O|

o=
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2 (sin(¢-dg))yr 2 (SiN(P-dg))yr

2 <Sin(¢'¢s)>UT
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Sivers amplitudes for pions

2<Sin (gb - ¢S)>UT a
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1,
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7.3% scale uncertainty
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2.q €31 (2)Di(2)

1u u—m T
i (z,p7) ® Dj (2, K7,)
fi(z) D= (2)

[A. Airapetian et al., arXiv:0906.3918]
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2 <Sin(¢'¢s)>UT 2 <Sin(¢'¢s)>UT
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Sivers amplitudes for pions

2<Sin (¢ - ¢S)>UT a

1,
> g Cafin!(z,pr) ® Di(z, K7)

o

o

> eafi(z)Di(z)

_7.3% scale unce_rtainty |
3 T NI SRR n* dominated by u-quark
' : ' LA ++ . .
_________________ N scattering:
- — L S L,u u—m T
L (%) © DI~ (2, K3)
£ - C T U U— T
: a o fi(x) Dy=7 (2)
——_ir S ® y-quark Sivers DF < O
T - -
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AR 1

00 M B Gev) [A. Airapetian et al., arXiv:0906.3918]
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2 <Sin(¢'¢s)>UT 2 <Sin(¢'¢s)>UT

2 <Sin(¢'¢3)>UT
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Sivers amplitudes for pions
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7.3% scale uncertainty
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2.q €31 (2)Di(2)

n* dominated by u-quark

scattering:

i1 (z,p}) @ DY (2, K7)
fi(x) DY~ (2)

® y-quark Sivers DF < O

® d-quark Sivers DF > O
(cancelation for m°)

[A. Airapetian et al., arXiv:0906.3918]
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Sivers amplitudes for kaons

7.3% scale uncertainty

0.1

[A. Airapetian et al., arXiv:0906.3918]
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Sivers amplitudes for kaons

7.3% scale uncertainty

@ large & positive

[A. Airapetian et al., arXiv:0906.3918]
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Sivers amplitudes for kaons

@ large & positive

1w slightly positive

[A. Airapetian et al., arXiv:0906.3918]

7.3% scale uncertainty
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The "Kaon Challenge”
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2 <SI n((l)'(l)s»u'r
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L

7T+/K+ production dominated L

2 D’LL—>7T+/K+ 2
by scattering of f u-quarks: ~ — == (@,p7) ® D, (2, KT)

fu(z) DYTTET ()

G. Schnell - DESY Zeuthen 37 HEDT - 2" anniversary - July 7%, 2009



The Kaon Challenge”

KT — T

X

o o

o © .

Gl = O
"

o
IIII'III
—

—

S
(-
(&)
b

2 (sin(¢-9¢))lir - 2 (Sin(¢-0)

: : 10
7" /K" production dominated | X

’ 2 ’u,—>7'('+/K+ 9
by scattering of f u-quarks: ~ JiT (ffP(T))@@ lulﬁ/m( ()ZaKT)
1 Z
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The Kaon Challenge”

KT — T

Xor

o o

o © .

Gl = O
"

o

IIII'III

—
—

S
(-
(&)
b
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1 Z

[ Kt = |u5)&n" = |ud) = non-trivial role of sea quarks
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The "Kaon Challenge”
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by scattering off u-quarks: ~ i
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[ K = |us)&n" = |ud) = non-trivial role of sea quar'ks

[} convolution integral in numerator depends on Kr dependence of FFs
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The "Kaon Challenge”
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by scattering of f u-quarks: ~ JiT (ffP(T))@@ fﬂﬂm( ()ZaKT)
1 Z

] K = |us)&n" = |ud) = non-trivial role of sea quarks

[} convolution integral in numerator depends on Kr dependence of FFs

[] difference in dependences on kinematics integrated over
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Exclusive Reactions



Probing GPDs in Exclusive,

B factors Parton Distribution GPDs t
Functions
Correlation between
Transverse distribution of Quark longitudil'qal transverse position and
s momentum fraction longitudinal momentum unpolarized polarized
qUAtRs ™1 space distribution in the fraction of quark in the
coordinates nucleon nucleon —
no nucleon /_/ /_/
l hel. flip
nucleon —
q | q .
/dXH (x. & t) = F(t) Hi(x,£=0,t=0) = qg(x) hel. flip E £

/dxgq(x,g, t) = FI(t) Hi(x,£=0,t=0) = Ag(x) (+ 4 more chiral-odd functions)
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Probing GPDs in Exclusive,

Tye=~/

Generalized Parton Distributions

'y 'y
N Ji relation (1996)
‘-—-*"""':P .H“\ 1
Jg = lim / dxx (Hq(x, &, t) + Eq(x, &, 1))
+ p(b,) =0/ -1
™|
\
] N

Form factors

~. | =*Moments of certain GPDs relate
directly to the total angular

Correlation between
transverse position and
longitudinal momentum
fraction of quark in the

nucleon

Quark longitudinal
momentum fraction
distribution in the
nucleon

4

/dxHq(X,E, ) =FH Hix £=01t=0) = g(x)

Transverse distribution of
quarks in space
coordinates

unpolarized

polarized

~

no nucleon
hel. flip H H
nucleon —
hel. flip E £

/deq(X,g, t) = FI(t) Hi(x, £ =0,t=0) = Ag(x) (+ 4 more chiral-odd functions)
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0% SDMEs from HERMES

A. Airapetian et al., arXiv:0901.0701]
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0% SDMEs from HERMES

A. Airapetian et al., arXiv:0901.0701]
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. Airapetian et al., arXiv:0901.0701]
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0? SDMEs from HERMES

[A. A/rapet/an et al., arXiv:0906.5160]
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0? SDMEs from HERMES

[A. A/rapet/an et al., arXiv:0906.5160]
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DVCS/Bethe-Heitler interference

DVCS Bethe-Heitler

d*o Y2

(|Toves)® + | Tenl” + Z)
dQ2 dxa dt dd 32(2m)) \/1 e
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Azimuthal asymmetries in DVCS

Cross section:
o(p, ¢s. Ps, Cs, Pr)=ouu(®) - [1 + Ps AR (P) + CePsAly(9) + CaAc(d)

+Pr AN (., ds) + CBPTAST(CP, ¢s)]
Azimuthal asymmetries:

* Beam-charge asymmetry Ac(®):
do(e™, ¢) — do(e™, ¢) oc Re[F1H] - cos qb

* Beam-helicity asymmetry ALu/(P):
do(e™, @) —do(e™, p) o< Im[FH] - sin¢
* Transverse target-spin asymmetry Aut'(P):
do(¢, ¢s) — do(@, ¢s + ) oc Im[FoH — F1E] - sin(¢p — ¢s) cos ¢
+ Im[FoH — F1EE] - cos(¢ — ¢s) sin ¢

(F1, Fp are the Dirac and Pauli form factors)
(H,£E ... Compton form factors involving GPDs H, E, ...)
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Beam-spln asymme"‘r'y All data
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Transverse target-spin asymmetry

A.Airapetian et al., JHEP 0806:066,2008
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Transverse target-spin asymmetry

A.Airapetian et al., JHEP 0806:066,2008
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Outlook



HERMES detector (2006/07)
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DVCS event selection

measured with RD

» Missing ¢: Ap = Preas — Peale
» Missing p: Ap = pmeas — Pealc
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inferred from forward
J spectrometer
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Exclusive VM event selection

HERMES 2007 data
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