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@ Parton helicity distributions
@ Transverse momentum dependent parton distributions (TMDs)

@ Generalized parton distributions (GPDs)
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Parton helicity distributions

COMPASS: Marcin Stolarski, New COMPASS Results on
Polarized Parton Distributions inside Nucleon

COMPASS: Christian HOppner, Cross section for quasi-real
photoproduction of charged hadrons with high p_ in u-d scattering

HERMES: Polina Kravchenko, Longitudinal semi-inclusive
double-spin asymmetries at HERMES

PHENIX: Young Jin Kim, W Physics in Polarized Proton-Proton
Collisions at PHENIX

PHENIX: Scott Wolin, Recent Results of Double Helicity
Asymmetries at PHENIX

STAR: Bernd Surrow, Recent STAR results on jet and W
production of the high-energy polarized p+p program
at RHIC at BNL

BELLE: Martin Leitgab, Measurement of Hadron Fragmentation
Functions (FFs) at Belle



Quark flavor structure

ggf PHENIX oo

dﬂ'pp X f1 ® fo ®op ® D? Factorization

- courtesy of Bernd Surrow -



Flavor separation

Semi-Inclusive Asymmetries
¢ semi-inclusive asymmetries were measured on both p and d targets

e for the first time Kaon asymmetries were measured on p target

3, €aAa(2,Q?) Dy (2,Q%)
3, €24(z,Q?)

e in the LO approximation A% (z, Q% 2) =

. DQ‘ are fragmentation Functions (FF) of quark ¢ into hadron h

e with 10 asymmetries (A}}% Af;'fd, Alp =) and 5 unknown parameters

(Au, Ad, Ati, Ad, As) a flavor separation is 1}03511}19
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Flavor separation

LO Flavour Separation
e results are published in PLB 693 (2010) 227

e curves are DSSV NLO parametrization Phys. Rev. Lett. 101 (2008)
072001; Phys. Rev. D80 (2009) 034030.

e good agreement between COMPASS data and DSSV parametrization
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Flavor separation

Separation of quark contributions into
valence and sea quark contributions

» LO parton model
» Charge conjugation

* No MC usage

Proton target:

Deuteron target:

Valence helicity distributions

xAd, = Purity
» Diff. Asym.
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Cos ¢ moments of A |

The possible contributions to the DIS cross section in the semi-inclusive measurement

h h h h h : h h
ag = JUU — AEJLU — SLJUL — AESLJLL Fi STJUT — AISTJLT

‘ two structure functions appear ‘
S \/ 1 — 2Fy; + 1/2¢(1 — €)cos () Fo**

95 angle is the azimuthal angle of the hadron plane around the virtual-photon direction

Unintegrated helicity
distributions

To access

b L do(¢)—do (9)
Y B g o
n(¢) +do; ()

= A}:L (:‘l:, Y, <, phJ_) = mS¢AEﬂE¢($: Y, Z,phj_)




Cos @ moments of A |
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Cos @ moments of A |
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Parity violating W production

¥ boson production in p + p collisions
= Parity violation of the weak interaction and
u- & d-quark polarizations in proton
» control over helicity states of colliding
partons
= [arge scale (~ my;) and independent of
knowledge of fragmentation

pclean interpretation of the results in hard
scattering QCD framework

o Asymmetry measurement of # boson production

1s ideal method
: : = Forward/backward muons
Single spin asymmetry for W™ Ser separim
AW _ —Au(zg)d(zp) + Ad(za)u(zs) = High luminosity and longitudinally polarized
T u(ze)d(z) + r:f(:rﬂ)u(:r:b) p+tp cplhsmns at 500 Ge‘f

ot (Experimental goal to achieve:

Ta > Tp: Ay ~ (y >0) integrated &= 300 pb-!, polarization = 60%)
e = Experimental issues of W — lepton

To > Ta i AL R (y <0) pneed good control of backgrounds at high P,

-incorrectly reconstructed high Py, cosmic
rays, beam background



Parity violating W production

2 r ATLAS JHEP 12, 060(2010) W2’ WeZ° *
= [ mmweTT [ p, > 30 GeVie p, > 30 GeVie
? 105— Jl.dtihﬂ-!iﬂnh" 0.5 C|y|<0.35 0.5 C|y|<0.35 T
C W L L - ,_,-‘r_d__._.-.':,_.—.f_‘
g : ::.—-:'\: - e s .:--';_-:-;_:/"df’—
= » [ — oo
14} =L
x5
z I — DsSY
° - " NNLO GCD #15 COF W+ (V) ! T e mg:g::-‘f
....... WIER) 0! DOW-S falpe i T i --- GRSV std
10-1 E .'__,-' _ w IW:I L] U.I.,|1 :|'||—| I+ J'_ | — GHEU “\al
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PHENIX Collaboration: Phys. Rev. Lett. 106, 062001(2011)

arlpp— WTX) 2 BRIWT — ¢7p,) = 1441 + EI.Il_Hlul]lff'[i'Atsysl] + 21.6(norm) pb
olpp — WX) % BRIW™ — ¢7r,) = 31.7 212, 1(stat) T (syst) = 4.8(norm) pb

oFirst measurement of W= cross section in p + p collisions
-Good agreement between PHENIX and ATTLAS data and NNLO pQCD calculations
*At 8.6 pb-! with average polarization 0.39+0.04, we get . _ 0.8 6-un
L — e —0.14

+0.12

A;-_ = 0.88-:.11

-Asymmetry is corrected for dilution by QCD backgrounds
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A, results from STAR

O First STAR A_ result
S L Ap L P4 p s WELX S et 4 X pe—
045 STAR /5 =500 GeV Sddate
03: 25 < Er <50 GeV [__—__—__—_r
A% = 0.14+0.19 (stat.) + 0.02 (syst.) = 0.01 {norm.) L aiainh EEREE
} 02f V" S |
AW —0.27 £ 0.10 {stat.) = 0.02 {syst.] = 0.03 (norn.) r - *_T______:_l
. -
S et o, +0
O A(W*) negative with a significance of ~30 0= o W~ W+ RHICBOS
O A(W") central value positive —0 1_ S gEgEKP
L T --- — DSSV08
_ ] 02— CHE
O  Measured asymmetries are in agreement S —— —— DSSVO08
with theory evaluations using polarized “osl » E:. —
pdf's (DSSV) constrained by polarized DIS
data —0.4r Syst. uncertainty due to background, 1
L | w/o pol. norm. uncertainty of 9.2%
= Universality of helicity distr. functions! ) _Il [IJ I1 2
He
XX International Workshop on DIS and Related Subjects - DIS2012 STAR Collaboration, PRL 106, 062002 (2011) Bemd Surrow

Bonn, Gemmany, March 16-30, 2012
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Gluon polarization

N
PH-ENIX Y|

Jet 1

2 o S
doep ox Fy = Z ze, fo(x) 5 &N
p .
= Universality W

dcrpp X f1® fa ®op ® D?s' Factorization

- courtesy of Bernd Surrow - 14



Gluon polarization

Aglg
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COMPASS, highyp, 07« 1 {GaWicy’, A2 4] asa =¥y - 1 fabicr’. proiminary
COSPASE, Ope Charr, L0, ol OF, O 00 chnin, =" = 1 k¥, prmdionirsry

Summary of AG/G from COMPASS

NLO

[ = COMPASS, Opan Charm, NLO, all 7, all data, () = 13 [GeWic)
—— DSSV a0’ - 10 iGewcy’

R T S 1 I I A A Bt LSS a8t 07 = 13 (GeVicy, ag =0
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e all results agree with each other
e the AG is small, but the data are not precise enough to determine its sign
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A,  : ©° Mid-rapidity |n|<0.35

Dataset <Pg> (%) <P> (%) Lanalyzed (pb™) FOM (P4L)
Run5 50 49 Vs 0.15
Run6 56 5 5.5 0.66
Run9 57 57 14 1.5
4 FOM increasing every year %70.021 pH T ENIX
JCombined asymmetries consistent with o4/ P"e'"“'“ary'[
DSSV, and also with 0 to O(103) : 1 I
<4 [° Runs ojwi.ﬂ_””iw ].
0.04F0  Run-6 i l
0.02|-* ““““9§ ’ -0.0t
B I 2
: -0.02" . pssv
-0.021 00T i
-0.04f = 0%%?'; '0'03? * Run5+6+9
.0.05;— -0.005 T :T(zése\fil ! _0'04_
g e S s |
p, (GeV/c) _ U e I | el
03/3u1L2 005754 6 8 10 12



Gluon polarization

O STAR: Mid-rapidity Inclusive Jet A;, measurement

4006 _
! 0.05F GRSV.ZERO 10° 1 Inclusive Jet Cross Section
% ) - | = DSSV pp @ 200 GeV

= | [ D88V y2.2% Uncert
0.045| —— Relative Luminosity Uncert / Cone Radius = 0.7
0.03 - a 2008 STAR Preliminary 10* 1 08<n=<08
“E m 2006 STAR Preliminary
0.02 /7"‘
- ______..--"" ""-—‘- ﬁm
0.01— = 10° 1 Preliminary Run &
SER . AT - St on st N C N 3
o= 2 [rat=539pb™
-'ﬂ.ﬂ";_ S . E 107
oos. \5=200 GeV P+p — jet+X n|<1 § Fo
= +8.8% scale uncertainty a 7oed
-0.03 from polarization not shown ,g 101 Prdn
: 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1
004 5 10 15 20 25 30 35
Particle Jet P, [GeVic] 1 * 5TAR Run-6
O Data are well described by NLO pQCD plus hadronization and N semalic Unosstiinly
H H 01 'I'I'BDW
underlying event corrections el oS
©  Run 6 AL measurement between GRSV-STD and GRSV-ZERO Bl Had. and UE. Comections
O Run9 A measurement between GRSV-5TD and DSSV 15 20 25 30 35 40 45 50 55
pr [GeV]
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Gluon polarization

O First STAR Di-Jet A;; measurement

d*afdMdnsdn, [pbiGeV]

10°

10*

-
=
]

-
=
*a

10 4

Dijet Cross Section
pp @ 200 GeV

Cone Radius = 0.7
max{p;) = 10 GeV, min{p;) = 7 GeV

0.8 <n <08, JAy <10

iael>20 b,

Preliminary Run &

_[Ldt = 5.39pb™"

O Dataare well
described by
NLO pQCD plus
hadronization
and underlying
event
corrections

M = /rix958

3 +ns=1In !

T
Ia

g

0.08 -

0.06 1

0.04 1

0.02 1

0.00 1

-0.02 1

Dijet Au m Data Run-6
pp @ 200 GeV -
Cone Radius = 0.7 H [ 1 Sys. Uncertainty
max(p;) > 10 GeV _
min{pt) > 7 GeV Preliminary Run 6 "
0B<n<08, [An<1.0 ——
-

lAg] > 2.0 _
=—=- GRSVSTD el

DSSV e il
-—-- GRSVAg=0 [ .
..... GRSV&Q:—Q JLdt—Em

30 40 50 60 70 80
M; [GeV]

O First Di-Jet Ay measurement in agreement with Ag constrained

by previous inclusive jet result, i.e. small gluon polarization

preferred|
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Pion and kaon multiplicities

4) F}rraa"lir'r'lir'|.'ar§,|I Results

z=E, KNsl2

. inning in . width = . ; ¥ields normalized to hadronic cross section
B ' 0.07;
« Systematic uncertainties: z ~0.6: 1% (2%) for 1 (K);
i~ . 0 0
z ~0.9: 14% (50%) for T (K) S
Ew? 7 | =.mm= Syst. () Uncert. for o
£ 10 R T T
. . ! n” (Statistical, Systematic Uncertainty) :|E 1 .
(] . : 510"
= #® K- (Statistical, Systematic Uncertainty) E
E 1“—2 ................. 1“2
=
= 10°
10° : : : : : : :
10 02 03 04 05 06 0¥ 08 09
z =E.ASIE
AL L AR iy
1“ !E".dI:IIT.IDI'IﬂI normalization uncartainty ar1.4% not shown.
Stat. Uncert. for K-
10° 2 107 . Syst. (-} Uncert. for K- )
.E 0 Syst. (+) Uncert. for K-
P S SN SN FOURE SO N S S N ) | g Prare i
1“ IIIIII|IIliIIIIIIIIII|IIIIIIIIIIIIII|III|| =:1
0.2 03 04 05 06 0.7 0.8 'I.'I'H'Nr_ 1 g
z=E s/2 2.0
Batte oxparim antet o atms ~220M ouanin particle =10
107
|mprovement of precision: cf. slide 10 107 : _
EI 10 gty 0.55"'i"'h.ir"'h.%"bié"
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Transverse momentum dependent parton

@ BELLE: Martin Leitgab, Measurement of Hadron Fragmentation
Functions (FFs) at Belle

@ COMPASS: Christoph Adolph, 1-Hadron transverse target spin
asymmetries at COMPASS

@ COMPASS: Christopher Braun, COMPASS results on transverse
spin asymmetries in two-hadron production in SIDIS

@ HERMES: Francesca Giordano, Flavor dependent azimuthal
cosine modulations in SIDIS unpolarized cross section

@ JLAB: Vincent Sulkosky, Single and Double Spin Asymmetry
Measurements in Semi-Inclusive DIS on Polarized 3He

@ PHENIX: Yousef I. Makdisi, PHENIX Transverse Spin Physics
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Leading-Twist TMD PDFs

Quark polarization

Unpolarized

(U)

Longitudinally
Polarized (L)

Transversely
Polarized (T)

- hi=(1) - (D
Boer-Mulders
|nt= (2=~ (@)
B Worm Gear
{Kzinianers}
PR B k2 ¥
T f 1T = \ ;zJ g,r = \vn—-f s ~—¢| - N *
Sivers Worm Gear sl -\/',- B '-/
Pretzelosity

Jefte_Zun Lab @ Quark Spin

- Courtesy of Vincent Sulkosky -

) : Survive trans. Momentum integration
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Collins and Sivers asymmetries on neutron

P-0DD-

B A e S S

Prys. Rev. Lete. 107 (2011) 072003

LEH ' Neutron + A .
s | S b Collins
N o QR — asymmetries are not
2= i E£EE Phencmenological Fit o
% * = amt-cone Guark large, except at x=0.34
a1 -0.5F i — == Axial Diguark :
sl Sivers

agree with global fit, and
light-cone quark model.
Consistent with
HERMES/COMPASS

7T (ud) favors negative

2(si n[¢h-¢9)} (Sivers)

Independent
demonstration of
negative d-quark
Sivers function.

Blue band: model (fitting) uncertainties
Red band: other systematic uncertainties

Radiative correction: bin migration + uncer. of asy.

mmm  Spin-dependent FSI estimated <1% (Glauber tf;g
UIT o, JefferSonLab

rescattering + no correction)  Diffractive rho: 3-1



A . on neutron

. ALT_

'Ft

O3He

A+

20';;,

ChE

A.UT _[ u

03613:831@
= —0.02800%

L Corrected for proton dilution, fp

o,
b predicted proton asymmetry contribution < 15/(3] (

o 4Tigfr®qq, sensitive to d quark

. Dc:minatec! by L:O [:S) and |_=J| (P) interference

), 0.6% (1)

b Consist w/ model in signs, suggest larger asymmetry

Phys. Rev. Lete. 108 (2012) 052001

Neutron

o7

+ 1

TEETTim- -t ereSRETRTTTET

......... WW-Type [28]
—— WW-Type [26, 27]
LCCQM [12, 18]
......... LCODM [27]

—

0.2 0.3
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Collins asymmetries

The Collins modulation

Comparison to HERMES data
for x > 0.032

COMPASS 2010 proton data
=
= o O.1F
< . COMPASS bositive hadrons +50.032 preliminary
0.05- o HERMES ©° PLB 693 (2010) rescaled by (1-<y=V(1-<y>+<y>")
B_ _____________________________________________________________________
IR R TS I LR T
—0.05F ¢ - 1 % % - ¢
-0.1 ~ B

ATR T IeeL, ||
o _____,3__%1__{?_ I % _________ iﬁ._ __é_ ______________________
—0.05

E‘DMPASS negative hadrons x<0.032 prEIlmmaI].-'

] COMPASS negative hadronsx=0.032 preliminary

0.1 (] HERI‘!.-'{ES T PLB 693 (20107 rescaled I:iy l[la-::y}}n’{la-.:y}—l-q:y} 1
Ll Lol L1111 1 1 | |
102 - 0.3 i 03 1 L3

x ph (GeVic)

nice agreement between COMPASS and HERMES y



Sivers asymmetries

The Sivers modulation

Comparison to Hermes data
for x > 0.032

) COMPASS 2010 proton data
= COMPASS positive hadrons x<(.032 imina
:"‘.,q:"q 0.1t . COMPASS |F:|ﬂ-51:nre hadrons x=0.032 ﬁilmmag -
] HERMES =* PRL 103 (2009}
é c
0.05F . %R}%i §° {% { - Mi, '}}}
2 § ;}; } gf’* "¢ {
I A 8
_UUS_......l L AT B ! . L ! ! !
o ﬁ COMPASS negative hadrons x<0.032 preliminary
- 0.1 . COMPASS negative hadronsx>0.032 preliminary —
o] HEEMES = PEL 103 (2009)
0.05- % —
te g *Qé %}jl + RS +
(NECYY A LIt N ZRTL . |
_[‘Lﬂﬁ_lllllll Ll Lo11 1 ] B ] ] ]
—2 - (}. 1 0.5 1 1.5
10 ot : p! (Gewc}

difference between COMPASS and HERMES results, but same trend -



Two-hadron asymmetries

Comparison with results from HERMES

COMPASS 2010 proton data
== 01F '@ h'h COMPASS 2010, x-0032 |-
= & h'h COMPASS 2010, x<0.032
=T ©  h'h COMPASS 2007, x=0.032
h*h COMPASS 2007, x<0.032
0,05+ ® ' HERMES (scaled with 1/Dnn)
g g -
Pt 3
o st n [Wiagde (0
SRR U PR TI AL E
—0.1r % — —
L 111 III | L1 1111 II % | L1 111 | I 1 I I |
X z M (GeVid)

Airapetian ef. al., JHEP, 06 (2008) 017 scaled with D}Tﬂ

— Good agreement with HERMES data within the error bars
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Cos ¢, cos 2¢ modulations

= Y T I HERMES preliminary ]
%: u.1:D;E+ I :Ep—}Ex}{ I B COS th
% IJ: S [ 3 I ; iOHS
L ] A ] [ 1
§ [ 5 g | * 3 I o i E : * i p
o % = R SRR @ 0 o * ! o
: ] o © g
0.2} .
0T 02 06 08 04 06 02040608 1
P, [GeV]
Boer-Mulders
2M o b ot
M. Anselmino et al., X Q C[_hl Hl % lel g ]
Phys. Rev. D71:074006, 2005 Cahn
Eur. Phys. J. A31:373, 2007 ,«’
Vof
A HERMES
= -+
@ 0.1 T
v | | Cahn expected flavor blind
02 | Too large!|
gl Cahn different 7r /7t ~amplitudes
. o > Boer-Mulders effect

1
0 D204 06 0.8 1 01 02 03 04 05
Z, Xg
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Cos ¢, cos 2¢ modulations

3 - el tep—oenX 1 1 HERMES preliminary ; COS 2¢h
25 oodh o ! : P |
g = 0.05¢ T 3 T g & T >3 :
- T . e ! 1 pions
@ I 3
8 o = £ 5 3 ¥ 5 o o
] 3 B ! : } n 28 g}k -
i 1 0 I I
-0.05¢ T T T
R AR R RN ] )

Gamberg, Goldstein
Phys. Rev. D77:094016, 2008

Fhang et al
Phys. Rev. D78:034035, 2008

Earone et al
Phys. Rev. D78:045022, 2008

| Cahn expected flavor b]jndl

-A" D, (2V2D,(2) AND,(2)/2D, (2)

Ep— different 7 /7 —amplitudes
02 04 o5 o8 =»Boer-Mulders effect
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Cos 2¢ modulations: kaons

%3 il :":I:- : 1 HERMES prellmlnanr_: COS 2¢h
& i T T : :

g e I ! | kaons
LR

ol [

S
—H—
—
—h— -
—t—
— il
—
—ap— T

S
-
1)
=]
[ |
L (D
>,
el

L e e e R e e
0.2 04 06 08 1
£

No model available! > ks

: (oY
U — don%mance X C[—hi‘ﬂf‘ +ﬂTZ+‘-B1'+ ]
Hfﬂu_}f‘f_ H Hlj_’u_}K_F Boer-Mulders
S len I I ! HERMES prellminary |
= 01 - T T ? T ]
S s Py i = i f N !
(=] 0 % *
- 11 o~ i 1 I :
progress ... 0.1 i ‘JE i 1 % $ 1 $ i { 1 $ i %
-ﬂ_E:—:Elpll_?lﬁh-x....:---l---|---|-_:_-"|"'|"'_--"|"'|"'|"'I"'I_-
" 04 06 08 0.4 0.8 0.2 04 06 08 1
X y z

P, [GeVl

Kaons, Hydrogen
£ {
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A, forward region

Asymmetries: forward region t° 3.1 <Inl<3.9

p'+p - 7™+X at 5 = 62.4 GeV

) ——— *P Guzey et al, PLB 803,173 (2004)
< B mmﬂﬁrﬂmﬁa ezaln (= .28 0.34 0.44 0.5 ‘E"'T"I n=3.3, 1s=200 GeV
015 | 17 energy calibration unl:ur.linl'; onx scale
:1 n*>as |
— & <35
I.'I.'I_— {
0.05 — } i ‘E
n_ I £ 1. (P = 064 0.T7 0.7 1.1 Gevle]
. ?
[ 1 IR | | |
B Y S R 0 0.2 04 0.8

« significant asymmetries similar to n*- (Brahms)

« quark-gluon is the dominant partonic component
BEROOKHFAVEN

NATIONAL LABORATORY
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A, forward region

PHENIX Pt dependence
| x.>0.4, Integrated Luminosity 40.0/pb, Polarization 0.60 |
f‘mlg s Run-8-pp Result
w 007 o Projected Error
-E 0.06 — p:m’]
3 oosE — p,
U ll.l]-lz— ]
E ﬂ.ﬂ!i— '
E ﬂ.ﬂii— \M—_,___
0.011
U:— | il Iﬁ # + | {' |
o 1 g e 3

No evidence of 1/pt fall off yet w/ 8 pb-1 so far
Projected statistical errors are indicated from Run 12 &13

with expected 33 pb-1

BROOKHFAEN

NATIONAL LABORATORY
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Interference FF at BELLE

week ending

PRL 107, 072004 (2011) PHYSICAL REVIEW LETTERS 12 AUGUST 2011
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FIG. 3 (color online). @y, modulations for the 9 X 9 z;, z; binning as a function of z; for the z; bins. The shaded (green) areas
correspond to the systematic uncertainties.
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Generalized parton distributions

@ COMPASS: Heiner Wollny, Hard Exclusive Meson Production at
COMPASS and Future DVCS Measurements at COMPASS-I|

@ HERMES: Morgan Murray, DVCS at HERMES

@ HERMES: Mayya Golembiovskaya, Hard exclusive ¢ meson
leptoproduction at HERMES

@ JLAB: Daria Sokhan, Vector Meson Production and DVCS at
CLAS and CLAS12
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Generalized parton distributions (GPDs)

GTMD Ab. WD
X(x,E,A L krkr.t) < oy > X(x,&,b. krkr.b,)

-+

| ®
%
o,
@
S
¢
[5]
®
0=3
1] J9A0 2e439U|

FTAL/b,
TMD  hi(xkr) GPD H(xgt «<— Spin Densities
g
=
Fl'ﬂlfbl Y %

FF «<— Charge Densities
Courtesy of Morgan Murray
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DVCS and DVMP

@ Different final state — access to different GPDs
35



DVCS at HERMES

DVCS @ HERMES

Ac(d) = dot (@) — do (¢) X Re(H)
' dot(¢) + do~(¢)
Al () = GO = do(@)*7) — (do(9)™ — do(¢)~) X Im(H)
LU T (do (@) T + da(9)7) + (do(9) = + do(¢) )
ADYCS g — (0@ +d0(6)) = (do(@)** + do(¢)*) & Im[HH*
OO (Go(@) 7 + do(9)) + (@o(@) 7 + do(6)) +HH

_ doT(¢,95) —doT (¢, 95+ w) — do (b, ¢5) + do— (¢, ¢s +7)
Aut(9:95) = G55 (6, 65) + dot (6, 65 + 7) + do— (6, 65) + do— (b, b3 + ) Im(%)

do" (9, @s) — do™ (¢, bs + ) + do~ (¢, ¢s) — do~ (¢, g5 + 7) Im (E)
dot (¢, dg) + dot (¢, ds + ) + do— (¢, ¢s) + do— (¢, s + )
Re(H+E)

—doT +do+ (@ - dF T - dET + dGY)]

Q

ADYCS (9, ¢5) =

Q

Q(

A8, d5) = Bd T el et e Rl +d;;—L)] 6‘& RE(H)
[o *:'(tia) +0 (A = [0 (4) + ()] ~

AVLO) = oS () + o3 (@] + (07 () + 0 () % Im(ﬂ)

A () = O+ 0T = [0 (¢) + 7 (0) & Re(H)

072 (d) + 0+ =(9)] + [0 2(¢) + = (4)]
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DVCS results at HERMES

Nuclear

HERMES

L]
&

DVCS

Hydrogen
Dreuterium
O Hydrogen Preliminary

A. Airpetian et al. Phys. Rev. C 81 (2010)
http://arxiv.org/abs/0911.0091

A. Airapetian et al, Nucl. Phys. B 829(2010) 1-27
http://www.arxiv.org/abs/091 1.0095

H

A. Airapefian et al, JHEP 11 (2009)

AT o http://arxiv.org/abs/0909.3587
A "£| +
2in g ——=—— i
m‘;‘ - i A. Airapetian et al, JHEP (2012) to be submitted E
Avupves T http://arxiv.org/abs/tomorrow!
2ini2a) H—b—”
ALI.I.?- H_li H—i—H
elmig- 40 1
Am; ; R
Aur v e A. Airapetian et al, JHEP 06 (2008)
il —e— http://arxiv.org/abs/0802.2499
A M
coBlg- 4
LT.I I
S Aﬁ?mm '_'_"E_'_' A. Airapetian et al, Phys. Lett. B 704 (2011)
. i http://arxiv.org/abs/| 106.2990
Aﬁjﬂ- gjcozd * .
At RIS
AL H+'?-|—A—Hi
u : A. Airapetian et al, JHEP 06 (2010)
sl i H——H
A. Airapetian et al, Nucl. Phys. B842 (2011) .- http://arxiv.org/abs/1004.0177
http://www.arxiv.org/abs/1008.3996
LL | AT T TN TR TR T [N TR TN TN T N |Hﬂ_||:l YRS TN [N TR N TR TR [N WO TR TN O N N W |
03 -02 01 0 01 02 03

Amplitude Value
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BCA complete data set

arXiv:1203.6287 [hep-ex]

=
Beam-Charge Asymmetries
A. Airapetian et al, JHEP (2012), (to be submitted) http://arxiv.org/abs/(tomorrow!) § :

=]
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< 01F - . —r 13 2
. 04 - i j ;
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- 0 * [ . . v ¢ A ..‘ - * P " « = . g >

1072 10" 10" 1 10 g
Overall -t [GeV2] Xg Q’[GeV’ 3
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BSA complete data set

arXiv:1203.6287 [hep-ex]

Beam-Spin Asymmetries

A. Airapetian et al, JHEP (2012), (to be submitted) http://arxiv.org/abs/(tomorrow!)
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| —-- kMl
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Spin-density matrix elements (SDMEs) for p°

Unpolarized (white areas) and beam-polarized (green areas) SDMEs

: 0 F
- Ar YL = pL —
L - 0
TT— Pr e
B: Interference 7, — pf, & 17— PJ} -
-
e i
+——t
L C: "f-l—apf, ! _‘:E._
- i""' = proton
- Iil . s deuteron
-'—l! o
= !
D:yL — pT 1;
¥ 4
iy
e
'l—.—!-l' ——t
[ E:1yopd %
=
=03 =02 =01 ©0 o1 02 03 04 05 OB

EPJC 62 (20089) 653-694, arXiv:0901.0701

scaled SDME

e no statistically significant diffe-
rence between proton and
deuteron

s-channel helicity conservation
(conservation the helicity of ¥* in
yi = pp andyz = pr) -
non-zero SDMEs of classes A,B
riy =—Im{r{ .},

Re{?’f’u} = =Fmfr2 ],

Re{r%} = Im{r/,} - fulfilled

e s-channel helicity violation
significant y — p; - non-zero
elements of class C, not so
significant y*, — p2 and y; — pp
- non-zero elements of classes D,E

Hierarchy of amplitudes at HERMES kinematics for p°:

|Tm|2~ |T11|2>> |Tg1|2}|Tlg|2~ |T_11]2

13
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A, for p° NH, 2007-2010

o 0'2: [ COMPASS 200742010 proton
Sa 3 3
£ S 01y 5 N
< | S Ry LA I
0_—!—$—i 1 - i %Lf_l\
0.1} : :
- :......l Ll . .:..I I T T
T 10" 1 10 0.2 0.4
Xy, 0% (GeV/e?)

P} (GeV¥c?)
e Asymmetries are small, compatible with zero within uncertainties
e In agreement with model: Goloskokov and Kroll, Eur. Phys. J. C 59 4 (2009)

3 (Ge+ 1Y+ E9))

~» approximate cancellation of E¥ and E¢ (Eo =
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A, for p° °LiD 2003+2004

) 0.2 : COMPAS S[2003-2004 deuteron.
< ;{T L] R
I pf@&q l 1
i | el [ e
T - 2 T A S T R B ¥
Xy 0% (GeVi/c?) P2 (GeVc?)

e Asymmetries are small, compatible with zero within uncertainties

e [n agreement with model: Goloskokov and Kroll, Eur. Phys. J. C 59 4 (2009)

e Paper will be published soon
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DVCS A , on proton

JLab Hall A VEE twist-3 &LU from fit to asymmetry:
- results / ) .
_ | ﬁs twist-2 4= A, sing
«~| Regge (TML) 1+ p, cos
 Regg Py COS @

Very preliminary measurement
from egi-dvcs experiment,
(uncorrected for 7° background)

¢ x,=0.3,0% =246

- MNETTTTT T P
& TV 0 U I Y NN B Y
“_Iz_ el Rt e _:
- " . : E
Previ CLAS PRSI 1 St ISR R -
PEV:.ZUS?JHSL F.X. Girod et al. (CLAS Collaboration), -n|5- i. N e
Phys. Rev. Lett. 100, 162002 (2008) o 0z 04 06 08 ! 12
. -+ (GeV)
Gary Smith,

VGG model: Vanderhaeghen, Guichon, Guidal University of Glasgow
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DVCS A, on proton

i : «@%=1.82, <-1>=0.31, <£>=0.16
L] . ol
) T
0. +- i + » x I G S
% i e { o oz = -__,-"‘r"',ﬁ?
0, e S o i D
1 "ﬁj:lr--l-l- [N (N I|I__-I--I-I _.I' . _--ll
& e | e U L] 15u’ U ‘E\:’-mm EE]
& R e i . . 5. Chen et al. (CLAS Collaboration),
T ez 03 os 18 0z 0z Phys. Rev. Lett, 97, 072002 (2006)

1 Gevige?

Very preliminary measurement from egi-dvcs experiment, (uncorrected for 7°
¥,=03,0°=231=0125

background):

%,=03,Q'=23¢=90" J,,,ﬂff'
q!"‘-'-"' B il T — j'ﬂ': aafnvﬁa::?n;'r
Prelimineary T
0.3- 7= -RO05 + 0008
oA =
01 M
0.1 0.2
Ern Squr, f = Preliminary
nmversily o 4t
Connecticut 02 : T35 : wﬁp_ﬂ 5" s w0 1m e im0 e 3%
t

44



DVCS A , on neutron

* Beam-spin asymmetry e+d—>e+n+y+(p,)
One previous measurement from Hall A (@ JLab, A, , ~ (. Big statistical

and systematic uncertainties.
M. Mazouz et al, PRL g9 (2007) 242501

Rt o P o bty s oo Pt e, from -7 plass
3 e 731711

£ + + A S Analysis of A, from neutron

| / DVCS on egi-dves data underway
3 L
T N % A

M- TP )

Integrated over all kinematics, extremely

preliminary, no background subtraction!

Never before measured on the neutron!
Also under extraction from egl—dvcs data.

* Target-spin asymmetry
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Conclusion

@ 16 experimental talks in the Spin Physics working group
@ Many talks cover several analysis topics

@ Thanks to all speakers!

@ Activity in spin physics is ongoing

@ Essential input to theoretical development

N
JefferdonLab  PH- ENIX
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WE— y* Slngle Spin Asymmetry at Muon Arms
{._I
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DIS 2012

First measured single spin asymmetries
at forward W= = y*

Beam averaged experimental results

In order to reduce statistical &
systematic errors, improve detector &

trigger performances and plan to
collect 500 GeV p + p collision data
over 2016 at least

Different lines are expectation from
RHICBOS calculation
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v Result < 2 weeks old (Kimiaki Hashimoto)

v Constrains event kinematics further

TOF-

v more accurately map out AG

v Sensitivity within the single
inclusive range, but more narrow

v Will be able to provide confirmation of
the single hadron result

v' Cost=statistics, heed more P-L

v.J

- 015
< [ o=
-~ PH “ENIX
*1 preliminary
nvarigntmass 1 © l

~\ 1 Single PiO
% 17 ~Pi0 Pair
~ o0

8.8% pol. scale unc.
not included

' S 01
. : 4-01
[~ — GRSV max. Ag| R i e

.= GRSV DSSV ay'p’=1% 015

C : . ] l
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