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“Spin‘and Nucleon structure:=
Testbed to theories

Spin isextremely relevant to the understanding of
matter , many surprises whenstudying spin quantities

naive spin composition by otherwise successful quark
model not valid A Spin crisis

Traditional pQCD did not care about transverse
momenta and expected small transverse spin effects
Large asymmetries seenresulting in boost of our
theoretical understanding of the nucleon AND QCD,
connection to LHC
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Outline

Valence, sea quark and gluorhelicities
DIS status
SIDIS, Wimprovements
Gluons from SIDIS and RHIC
Near term improvements (high x at Jlak lower x gluon reach at RHIC)
. EIC
TMDs
Consolidation of Siversand Collins effects, evolution(?), connection to pp very
interesting
AN findings
Ways to disentangle AN contributions,

Near term improvements (high x at Jlah DY,W/Z at COMPASS, STAR and
fSPHENIX)

- EIC
GPDsA Andreas Metz
Recent results
Future improvements
Various new detectors or upgrades
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Longitudinal Spin: Main Questions

The momentum of the proton is made up to 50% by

gluons and 50% by quarks, is it similar for the spin?

What happens to quark spins when approaching x=1,
helicity retention?

The unpolarized sea is not symmetric, Is the polarized
sea symmetric?

Are the strange (and other sea) quarkhelicities really
negative at unmeasured low x?

Not just spins but also Orbital angular momentum can
contribute z does it? If so, how much? p
4 ®
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Hyperon decay info
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Flavor information.via SIDIS andy

/

production In pp

scattered lepton

incoming lepton

uud

target nucleon

9/13/2014

String. Breaking - P

Semtinclusive DIS: detect at
least one final state hadron

Hadron type relates to initial
parton via fragmentation
functions ( important new
results from Belle, Babar,
RHIC, LHC and SIDIS)
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W production in pp
collisions selects
participating quark and
antiguark flavors and its
helicity
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Current highlights: sea quaHeIiM
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COMPASS pl_Jrity analysis
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rrent highlights: sea gu Icities

COMPASS pl_Jrity analysis

STAR: PRL 113 (2014) 072301
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Substantial uncertainty improvement

of the sea quarkhelicities

DSSV framework ready to include W
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Dc? t DSSV++
3 incl. proj. W data

Dc?=2% in DSSV anal.
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~Near future: high xelicities

Flag-ship measurements of 12 GeV Upgrade
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Gluon polarlzatlon

Barely access via DIS
data through DGLAP
evolution (no large Q?
lever arm)

Some access in SIDIS
through high Pt hadrons
and charmed mesons

Polarized pp collisions at
LO Iin agsensitive to
gluons
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smaller due to evolution

Pionsat slightly smaller x

and smaller PtA Dg
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10 1072 10"

Existing 2013 + future data will extend
gluon x coverage below x=18in forward
pion and jet measurements

Di-jets to scan x range

Improved precision in central jet and pion
measurements
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~Longerterm-question:sea armglm

contributions at lower xA EIC

1[}3 - Current polarized DIS data:
| OCERN ADESY ¢Jlab 0SLAC

Answer questions

[ Current polarized BNL-RHIC pp data:

L | erence asmasia whether light quark sea
2 . .

G " is really symmetric or

5 not

Resolve strangenelicity
puzzle (or shoot down
SU(3) applicability from
hyperon decays)
Large impacton .~ 4
integrals :

o

1
[ Ag(x,Q%) dx
0.001
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~ Longerterm-guestion:sea an/d/gluﬁ

contributions at lower xA EIC
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Transverse spin: Main question

How are quarks and gluons distributed in transverse
momentum space?

What do we learn from all the different spin and orbit
correlations ( obviously OAM needed for nonzeroSivers
function, but so do anomalous magnetic moments)

Is our understanding of TMDs via gauge links correct?A
universality, sign changeof Siversand BoerMulders
function

How do Transversity distributions differ from helicity
distributions?

. connection to lattice calculations via tensor charge
- Any sizeable sea?
what is the connection between SIDIS and pp?
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Transversity

Collins and dihadron SIDIS
(HERMES,COMPASS HallA)
and Collins FF (Belle,
BABAR) results very
consistent,

OCl I AAIl 6 AZEOO Ol PDEI | #1 1 1 EI O
(Torino) and di-hadron

(Pavi a) with similar § ls0'04__S:'AR'F{ij'n;ﬁ"'P'r'é'I'iif'lnary\fs=2'UU"'GeV
transversitites N S A Sl e l
Still need to be included in : |
fits: 0.02f
. First Collins and di-hadron 5 | L
results from RHIC. "o T |
. Kaon SIDIS results of ‘
_ preliminary Kaon FE from g rel. systematic uncertainty of 4.6% not shown
Belle 2080604 02 0 0.2 04 0.6 0.8
oy
9/13/2014 R.Seidl: Nucleon spin 24 @

RIK=N



//’\A e
Transversity
0.0 Belle Preliminary

Collins and dihadron SIDIS =k
(HERMES,COMPASS HallA) I &
and Collins FF (Belle, 300 D T o0 | T T
BABAR) results very
consistent,
OCl | AAl 6 AEOO Ol {w= :
(Torino) and di-hadron R ] S .
(Pavia) with similar Egtosmry 1] SN
transversitites R L S T
Still need to be included In -
fits: 0.02f

First Collins and di-hadron : | L

results from RHIC. . T |

Kaon SIDIS results of ‘

prelimin ary Kaon FF from E rel. systematic uncertainty of 4.6% not shown
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Almost) Consolidation oj/

Slversn SIDIS

= COMPASS positive pions x<0.032 prelir
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Similar effect on proton targets, but smaller
magnitude at higher scalez effect of evolution
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Almost) Consolidation o
/ Slversn SIDIS

,_:h-_': COMPASS pns;z p_ {nm 2 prelimin L 7|
<ol 5 CRRSRNERRE S Hall A: PRL 107, 072003 (2011)
[ —
7]
¥e! o
0.05}- % # = 5 g 0.2— -
‘i) * $ @O e n L
T ¢ $38 =~ : SRRV TR N
O . .f-\-.m Or = &L_ L "HFE[frrrrgllmgﬂrfﬁ“.?”-'""':mm
S L U ]|, _ =
é‘c -0.2- : ||I||HHH|||| LTS 98 u
—0.05F____, | - | £ :
a B2 COMPASS rative pions v<0.032 prelimina - ~ o ~ .=
2 00l o COMPASS neimive blomsso052 brctiminar & 04 SIS - T
S COMPASS negative pionsx || ememzm | [ e ——

0.05- + - Xy

_U.US_I raal L ol R T |||_ L L
- = 0.5 1 0.5 1 i
10 10 . . f’?.- (GeV/c)

Similar effect on proton targets, but smaller
magnitude at higher scalez effect of evolution
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higher twist contributions P e
related to Siversand Collins kt ST TS S B L}*é
moments of et ;"‘*é‘é"”'é""@ """" ERLLr # """
However, more higher twist 008 YRR R 1T |
functions exist o;;---s-;a-:--;---:------L;-?-a%&o-a--o- ----- o Hi ------------ N
Initial assumptions of Sivers 005 EA
like only contributions not oosgsst s gl iee o ____Fggs__;___f ___________ i1
correct or at least of wrong . b

slgjn i L t *

Indications of smaller NG A 3 i LA

AOUI | AOOEAO EI o wZo ] .
events could point to other OHf#4hse-s L ThEE

mechanism such as diffraction 5 3 4 5 62 4 6 8 4 weSaovicd

All backward and central
asymmetries zero pions, eta,
jets) --indication of small
forward jets
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Connection to pp s

higher tWiSt.ContributionS. <‘:20.055M-JetEnergy=40-60GeV ;k+ STARG(;?:.()eﬁzinary ; ‘ 80-190GeV ‘ E
related to Siversand Collins kt ST TS S B L}*é
moments 0;*5"'6"*"'3"*"@ """" 4',*"‘?¢'¢°¢'€*"é""';;, """" + Wy # """"""" ;
However, more higher twist 008 YRR R 1T -
functions exist o;;---s-;a-é--z---:------3~;-3-a38-o-a--6 ----- - H ------------------ N
Initial assumptions of Sivers 0.05" + o+
like only contributions not ohosgett s albest o 4] gs&........’. ___________ i1
correct or at least of wrong . ],
sSign 0_ beoge 00; ol +p—> jets, ve=500 Gev il
Indications of smaller SRAI g A (ototitieat emore)
A O U I A O O E A O E I 0.05¢ ZQF 0.015} ) ) "
_ 3A, {systematic error)

events (_:ould point to other oftgrses | +
mechanism such as diffraction 23 4 s 't AnDY ‘3
All backward and central 0005}
asymmetries zero ions, eta, | oo’ t
jets) --indication of small | *
forward jets -o00s-9 ¢
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Near future

Precise higher xSiversand
Collins measurements
from Jlabat 11GeV

More IFF and Collins
measurements from RHIC

Forward direct photon and
jet measurements atRHIC

- Dis-entangle initial state
and final state
contributions to A s

- Roman pots in STAR

2 (sin(¢+dg))UT

9/13/2014 R.Seidl: Nucleon spin
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N [ m  E06010, PRL 107 072003 (2011)
I,:/ L SO Ll D Vogelsang and Yuan (Collins)
£ & Anselmino et al.(Collins)
== 0.2 [ <P,>=1.1(GeV) Pasquini (Collins)
U<D r . 90 days SoLID
C <ep=09Gev) f° T " #
0.0 T
L <P>=0.7 (GeV) " m T
m <P>=05(GeV)* |+ ¢ & & = .
-0.2— ~
B =0.3 .
| <B>=0.3 (GeV) 2< Q<3
DA PG e 0.40 <7< 0.45
......................
0.1 0.2 0.3 0.4 0.5
X
01y ot ~  CLAS12 projected results
HERMES COMPASS 2010
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EmEm EEN |[EEEEEEE ® W ]
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L [] E06010, PRL 107 072003 (2011)

L S O L | D Vogelsang and Yuan (Collins)
Y Anselmino et al.(Collins)

0.2— <P >=1.1(GeV) Pasquini (Collins)

r . 90 days SoLID

ol inS(Tr,.)

Coll
uT

//\ C <@s=09Gev) 1 " T ’
Near fUture =
L <P>=0.7(GeV) "m0 T
[ <P>=05(GeV)*|s o o & = . .
. L]

A

0.2
| <P>=03(GeV) 2<gi<3
e }dfﬂ'l GV 0.40 < 7 < 0.45
......................
0.1 0.2 0.3 0.4 0.5

Precise higher xSiversand S T
Collins measurements

'i:? 01 = —F - broie recsults |

2 | Jet+h™ Col:?anAf;yzmmetry‘::t:d vs Z :
rom Jlabat 11:eV g . .
More IFF and Collins § | o [SPHENIX
measurements from RHIC o 4

Forward direct photon and 2 J//

jet measurements atRHIC

. Dis-entangle initial state of [ T
. = '4__
and final state i S S

contributions to A S | o
) Tt %01 02 03 04 05 06 0.7 08 09 1
- Roman pots in STAR

01 ':_|+1L|’J+|+|+|+1+J| |I| E )’+ +$$ f E +4+++ |A | ‘
0 0.25 05 04

X z P; [GeWc] 4= N

AN(%)
o
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SiversSIDIDY:
The sign changé

e — Re-analysis of 2010 data in same
r 4 <0 N 10 oy Q?range as DY shows still
Sizeable asymmetry of 45 %A
: } direct comparison to DY
measurement in one experiment
| R R e T pOSSibIe
A 140 days of dataaking sufficient
to see sign change on the 2
sigma level
I e N B will need additional
ﬂwj* _ confirmation:
A j ﬁ!}- Hﬁﬁ{ ﬁ _ i more Compass running>20177?
e * | i RHIC
9/13/201(4:hIOSSO@TransveRrgélt}/ l\%u(c)lc:alaﬂ-spln 32 RI@
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DYSiverssign change in the US

Possible 2016 51GeVpp data
taking: STAR W AsS
(reconstruction of W
Kinematics)

- feasabillity study shown at
DIS2014

. Also forward electron DY?

200 and 500GeV polarized pp
at RHIC~2020+ : DY capabilities”
at STAR andfsPHENIX

Polarized target in E9QG:
unfortunately wrong

kinematics z mostly sensitive to
seaSivers(but also interesting)

Polarizing Main Injector very
unlikely

9/13/2014 R.Seidl: Nucleon spin

syst.(%)

-0.5}

W —=1v

STAR preliminary

1:

[

0.5}

o

l

[E—

-1:

STAR p-p

500 GeV f L=25pb"

05<
3.4% bed

P <7GeV
m pol. uncertainty not shown

10

0
-0.6

04 -02

0 02 04

33 SIK=H
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DYSiverssign Change INn the US
A
Possible 2016 51BeVpp data Z: STAR projechn
taking: STAR W As :
(reconstruction of W b |
kinematics) bt} I %Jl
- feasability study shown at 04 i
DIS2014 _0_22 W:-f:].(d el)= 90001;:1
- Also forward electron DY? 0.3 i xr[::;
200 and 500GeV polarized pp e e
at RHIC~2020+ : DY capabilities =¥ '
at STAR andfsPHENIX o

Polarized target in E9QG:
unfortunately wrong

kinematics z mostly sensitive to
seaSivers(but also interesting)

Polarizing Main Injector very
unlikely

9/13/2014 R.Seidl: Nucleon spin 34
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Possible 2016 51GeVpp data 0:3 i
taking: STAR W As oo
(reconstruction of W 0d :
kinematics) bt} I %Jl
. feasability study shown at WO S i
DI1S2014 0.2 Wi-f}fd €l).= 9°0°bj
. Also forward electron DY? 03 TR
200 and 500GeV polarized pp R 1
at RHIC~2020+ : DY capabillities c '
at STAR andfsPHENIX < ok o
Polarized target in E906: 0251 0<Gr<3 GeV 20 020 g
unfortunately wrong N ook
kinematics  mostly sensitiveto |
seaSivers(but also interesting) i
Polarizing Main Injector very 005t No
unlikely %/ evolution
2151050051 15 2
9/13/2014 R.Seidl: Nucleon spin Yw
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DYSiverssign Change IN the US
Possible 2016 51@eVpp data Z: ST projectan
taking: STAR W As I
(reconstruction of W 0d :
Kinematics) bt} I %Jl
- feasability study shown at WORI - i
DIS2014 0.2 Wi-f}fd el)= 9°0°bj
. Also forward electron DY? 03 TR
200 and 500GeV polarized pp R 1
at RHIC~2020+ : DY capabillities c '
at STAR andfsPHENIX < oalf 7 0.06F
Polarized target in E906: 0251 0<Gr<3 GeV / 0.04
unfortunately wrong N ol /[ 002
kinematics z mostly sensitiveto ¢ ol &
seaSivers(but also interesting) L / 002
Polarizing Main Injector very 005t /NO ;0. oah WO';Si case
un“kely ’ evo - L evolu |On L
“_;_:5_1 ot 008, 51050051 152
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~Longer Term“seSiversand 3d-—"
omentum tomographyA EIC

103 | Current data for Sivers asymmetry:

[ COMPASS h*P,,<16GsV, z>0.1 //
HERMES 2™ K% P,y <1GeV,02<z <07 r
P
- @ Jlab HalkA % P, =045 GeV, 04 =z =06 y.

Planned:
- B JLab 12

Also ideas on how to access gluon Sivers via D meson production

Similar reach for Transversity A Tensor charges of the nucleon for variou
Quark flavors and comparison to Lattice calculations
9/13/2014 R.Seidl: Nucleon spin 37
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sediversand
momentum tomographyA EIC

i

d quark

W

1%} Current data for Sivers asymmetry:
- ® COMPASS h*%:P;<18GeV, z-0.1

i HERMES  a™ K%Fg<1GeV,02<z<0.7
- @ JLab HallA % P, =045 GsV, 0.4 =z <06

| Planned:
10°F BRE JLab 12

Q2 (GeV?)

i | - .
10 10 10 ok . . L e
1072 102 107! 102 102 107

Also ideas on how to access gluon Sivers via D meson production

Similar reach for Transversity A Tensor charges of the nucleon for variou
Quark flavors and comparison to Lattice calculations
9/13/2014 R.Seidl: Nucleon spin
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Planned experiments

And upgrades in the near future




 Jlab12: HathA

Second Tracker —

— CH2

Front Tracke

Super Big Byte

A (Moderately) large
acceptance

A Full PID (K and p)

A Well-matched to high-
luminosity 3He target

Magnetic Shield —/

SoLID
A Large acceptance (2p)
A Kinematic coverage out to N S
moderately large P+ 100
A Capable of quite high
luminosity (1036 cm2s) b . |
A Requires major new funds 2

9/13/2014 R.Seidl: Nucleon spin 0 200 400 600 800
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JLabl12: Hall B

Future longitudinally
polarized target for CLAS12 (11

GeVprogram at Jefferson Lab)

A VERY |arge acceptance A Horizontal “He evaporation cryostat

A Eull PID (K and p) A 5T Bfield provided by central detector
(K ID requires major new -~ "l i
funds for RICH) — —

A Moderately high
luminosity (103° cm-2s1)
(matched to NH;, ND,)

Polarized Targets
A Standard DNP longitudinal
NH3, ND targets
(funded by NSF MRI, under
construction)
A HD-Ice target —
(suitability for e beam
9/13/2014 remains to be demanstiated):on sp




| JLab12: Hall C

- Super HMS

A High momentum
capability and resolution

A Full PID

A High luminosity polarized
3He target (as in Hall A)

9/13/2014

: Nucleon spin
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HIC: PHENIX ais@HENIX

Forward Preshower

(MPC-EX), currently NN\
being installed ) S\ “ N 3

Utilize proposed central sPHENIXaround Babar magnet +
initially forward GEM tracking and hadronic calorimetry
uptoh=4

Maximal overlap with zero-day eRHIC detector includingﬁ
O

IR constraints

9/13/2014 R.Seidl: Nucleon spin 43
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RHIC: STAR upgrade

Onglng n=0 11=+1.D .*T1=+1.ﬂ9
FMS-Preshower =AST E
Roman PotsPhasell*

. FMS-Postshower : 58
ECal i

Tungsten-Powder-Scintillating -fiber 2.3cm Moliere
Radius, Towersize: 2.5x2.5x16m3 23 X,

H Cal: jatis i ?‘ : | e - | _________ i ———

.....

Lead and Scintillator tiles, Tower size of 10x10x81 ém AL
4 interaction length LL
- Tracking: — e

Silicon mini -strip detector 3-4 disks at z ~70 to 140 cm
Each disk has wedgesovering/ £01 1 a3t OAT A ci
and 2.54 in h other options still under study

9/13/2014 R.Seidl: Nucleon spin 44
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Summary?2

Recent highlights in nucleon spin structure ( since last LRP)
- Valence and sea quarkelicities ( SIDIS, W)
- Gluon spin from RHIC

. Consolidation of Siversand Collins effects in SIDIS, evolution(?),
connection to pp very interesting

- GPDs
Near term progress
- Siverssign change test (COMPASS, RHIC)
Lower x gluons from RHIC and improvedDgbar precision

- Jlab11GeV valence quatkelicites (d helicity retention?), multi -
dimensional transversity and Siversmeasurements

Longer term progress
- Gluon and quark seahelicities to much lower x

. Transverse Spatial and momentum imaging of the nucleon, tensor
charge

9/13/2014 R.Seidl: Nucleon spin 45 ' O




Backup
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Dg

Dgbar

Quark OAM
Gluon OAM
Spatial

tomography
Sivers TMDs

Transversity

9/13/2014

R.Seidl: Nucleon spin

Helicity retention?

Nonzero? Rest of
Sum rule?

Light sea symmetric?,
low X negative?

Direct integral not
possibleA models

Via higher Twist
GPDs?

Sign Change?
Evolution, connection
to ANs?

Tensor charge,
calibration for lattice? '
47 ' ‘.
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Final 2009 RHIG Aesults

STAR: arXiv:1405.5134

PHENIX: Phys.Rev. D90 (2014) 012007

C = = DSsv08
F EII1 GRSV Ag(x)=0

— GRSV-std ~
PHENIX Run5+6+9 /

[ P, Correlated Systematic Uncert. /

-

< 0.025

D.02

0.015

-1
~

/ jiml 1
Iﬁ»ﬁujmm .

L Run5+6+9 Not Included:

0.01

0.005

-1\!."'-

[=]

0.005 [ 4.8% Global Scaling Uncert.
T 4.2x10” Global Shift Uncert. (a)
0.01—
T 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 |
2 4 B 8 12
P, [GeWic]

+various other published
results such as charged
pion A ;s,h A, HF
electron A,

9/13/2014 R.Seidl: Nucleon spin

007 STAR 2009

0.08 p+p — Jet+X ] -
0.05 1s=200 GeV T
D.04 -
4 - -~ . .
<OUEE mcos 7 -

0.02 e -
oo &j J-
001

= M 1 1 Lo sl

E [+ sTeR
007E | — B0
0.08E- DEEW B

C | —-Lss10p
D.OSE [--- L5510
no<E HNPDF e

4 naE ~ 1
<UBE os5<pm<1 " - _

n.02E - }- {" -
ook :

S it T :

o= S F

= +5.5% seale wncartalnty
-‘:'D1:— fraom F*:l|3.rI-3'.h:ll'l not shaown

= | P S T S S S R S S T S R MR

5 10 15 20 25 a0 35

Parton Jet [+ (ZeVit)
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COMPASS, PLB718(2013),
PRD87 (2013)

urrent highlights: gluohelicities

:’ 1 | m COMPASSall p, Q*>1 (GeVic)’, 2002-06
> [ ® COMPASS highp, Q%<1 (GeVic)? 2002-04
: L] COMPASS, open charm, all @%, 2002-07, NLO
0.5} O sMchighp, Q2%>1 (GeVlc)?
A Hermes high p,, all Q?

i 1
L
COMPASS NLO QCD fitto g, 2 = 3 (GeV/c)*

-0 . 5——— Dssv++ model, NLO 12 = 3 (GeVic)?

-------- DSSV++ model, NLO 12 = 13 (GeV/c)?

L + g(x): MSTW2008, LO u? = 3 (GeVic)?

+ g(x): MSTW2008, NLO uZ = 13 (GeV/c)?
| | | | |

_1 Lo
10 10"
9/13/2014 R.Seidl: Nucleon spin

n° p. (GeV/c)
0 5 10 15
T T T T I T T T T I T T T T I T T
| @ PHENIX Prelim. =°, Run 2005-2009 n

PHENIX shift uncertainty
—— DSSV++ for °
0.04- w STAR Prelim. jet, Run 2009
B STAR shift uncertainty

[ —— DSSV++ for jet /

—
<C 0.02

PHENIX / STAR scale uncertainty 6.7% / 8.8% from pol. not shown
1 1 I 1 1 1 1 I 1 1 1 1 I 1

0o 10 20 30
Jet P, (GeV/c)

A DSSV:Phys.Rev.Lett. 113 (2014)
012001
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DSSV++

I T T T T I T T T
004 [ === NEWFIT | : ———
C with Ax’=1 and 00% C L. bands ] : ] . 'I R A
- b e i ] : : . T T
0.02 L DSsY % S ] 15 : i |I S N

At o ottt oo

L

b Ml=035 2
o0 L % 05=mi=<1o + E ]
jf_‘l =] E_J__‘j_--ﬁ"'.'?‘__--__é__--:'ﬂ: - 7 - -
App 0 primEEes 5
| 1 1 | | B 1':"
10 20 30 N 5/
pr [GeV] Wata
1 2 3 0 ')I;III|'IIII|I-.III|'.IIIIII-.IIII"IIIIII-.IIII"I.III|IIII
0o [ PEENTY ' ' ] -0.1-0.05 0 0_05_: 0.1 0.15 ,,0'2 0.25 0.3 0.35
R N R YA j Jdx Ag(x.Q%)
¥ s =200 GeV (2009 mun) E— 0.5 =
AT, 0 s . :
: + Pionsat slightly smaller x
-0.02 ~ —
| | | | | | | | | | |

0.06 F
0.04 £

0.02

] L
AF o

LL
-0.02

9/13/201 .

T T T T T T T
STAR 2009 run (preliminary}

r === NEWFIT

with Ay’=1 and 90% C.L. bands
——— DSSV

012001

RE and smaller PtA Dg
smaller due to evolution

A DSSV:Phys.Rev.Lett. 113 (2014)
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9/13/2014 R.Seidl: Nucleon spin parameter A4 spatial structure s:

‘GPDsOrbital"angular momentum

(OAM) and spatial imaging

Y %
o %_ﬁ_d,_,_-f _—
Some indications for +e/ \e-¢ . /g—(
OAM from magnetic = - - —
moments of p and n,

nonzero-ness ofSivers pdfs and form factors:
function

Jisum rule allows Ol BT, gl

quantitative access tod, - [meen =m0, Te [aBean=m0
via exclusive reactions: * .

1 Any access to gluon
Ja— Eff-f_;-,r (HY(x,€,t = 0) 4+ E4(x,£,t = 0)] OAM only via Twist 3

t =(p=(ppB AFT of impact ﬁ

RIK=H

GPDs related to regular




Transverse momentum depe |
/ distributions (TMDs)

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

(V) (L) (T)

S.Pisano, Transversity 14
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Status at 2007/

HERMES Collins Asymmetries indirectly confirmed by
first Belle FF results, consistent with zero COMPASS

deuteron result, first global fit by Torino group

Siversfunction discovered by HERMES, zero
COMPASS result on deuteron

Transverse single spin asymmetries from ZGS,
AGS,E704 and RHIC

what is the connection between SIDIS and pp?

9/13/2014 R.Seidl: Nucleon spin



Consolidation of Collins x
/ transversity

<3 o1 B Hall A"PRL 107, 072003 (2011)
H“‘w ) COMPASS positive piont '
. COMPASS positive pion: € Neutron
- O HERMES = PLB693 (C = ot - AT
0.05 S I I
S )
0 ? %@@ {) Q‘J) icf* . é g ;m i : + mimi Quark-diguark
é 1) ? * ;__: L wes Phenomenological Fit
-0.05- % B r-1 L L sumn Light-Cone Quark
®» _qEL B =1ve Axial Diguark
—0.1~ | “{: 0'5_ S fl Fit T ’ ,
— 1 | s — e
- :’:3 0.1+ - P | i E.x|p'. . | ] | | |
~ i 0.1 0.2 0.3 0.4 0.1 0.2 0.3 04
0.05- % & ﬁ’ Y ; {ﬁr Xpj Xy
1 P:‘ = I
IR i3 ELCILA SRS+, 7 S S
—0.05-
COM PASS negative pions x<0.032 preliminary
L] COMPASS negative pions x>0.032 preliminary
—0.1+ < HERM|E<; n PLB 693 (2010) rLsLdlLd by (} -<y=)/(1- ﬁy‘**{)} )
P | L1 a vl L |
-2 - 0 5 l 0 5 1 1 5
10 107" . - p" (GeVie)

Very good agreement for HERMES and COMPASS proton results despite
substantially different scales (at around x=0.2 @4 vs 12)

Hall A He3 results within expectations
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The Spin sum rule

1 1
5 — §AZ + AG + Jaffe, Manohar

AY = fd:c (Au(z) + AT(z)) + ( ) + ( )]

Other decompositions exist

D Sand DG can be accessed in longitudinally polarized
(SI)DIS and pp collisions

more on orbital angular momentum later

9/13/2014 R.Seidl: Nucleon spin



Deeply Virtual Compton Scattering

Unpolarized cross sections, unpolarized beam and target

oo ~ Re{F\H — {mFLE — &(Fy + F)(H + E)}

Polarized beam and Unpolarized target (BSA)
Ary~Tm {FiH + €(Fy + R)H + gfn BE |

Unpolarized beam and Polarized target (TSA)
Ayr~Tm Pl +E(F + F) (H - 3£B) — ¢ (£ F — in Fy) B}

Polarized beam and Polarized target (DSA) v
ALLNRG{FJ:I + &(F1 + Fo)(H + £25"5")}

A.Kim, Transversity 14
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HERMES DVCS 2 baienam
" _Hydrogen Pure| & Beam charge asymmetry

A e GPD H H: PRL 87 (2001) 182001

aes B / PR b 75 (2007) 011103

e Ap ey S~ JHEP11(2009) 083

c : JHEP 07 (2012)032

A; A THEP 10 (2012) 042 (recoil det.)
AL bt JHEP 01 (2014) 077 (recoil det.)
s e D: Nucl. Phys. B 829 (2010) 1

e iy . g N nuclei: PR C 81 (2010) 035202

Al AL i & Beam helicity asymmetry

AL il GPD H
A e

LTSRS :
A e - \

Pt A UT »

urli

: Transverse target-spin mmetries
n::;{u- ::-._]u]nn ! ‘ g P GSY

S - GPD E

3}.‘ . A i H: THEP 06 (2008) 066

e LT ——t H: PLB 704 (2011) 15

n:_:;i-nl]tntn . .
oA ~ ~ - | |
A UL wen @& Longitudinal target spin asymmetries
A:-:-:uqr H—'l—l —— / GPD H
AT A LT H: JHEP 06 (2010) 019
pcown e | D: Nucl. Phys. B 842 (2011) 265

04 -03 -02 001 0O 01 02 03

Amplitude Value

KR. DIS2014 7



More DVCS and exc@M
/—\
measurements

(ﬂ:a) 0.179, (@*) =

= 1.521 GeV?

{zg) = 0.256, (Q*) = 1.972 GeV?

(zp) = 0.256, (Q%)

= 2.412 GeV?

+ 1.2 1.2 1.2
331 1f 1
. o8- o8- Hall B 0.8F
VarIOUS Jlab 06~ 06 ¥ __ o 0.6 x’-\,h-— _______
04 oI, 0.4 ey 0.4|
results, much T -
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- DVCS reach with an EIC
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Neutron SIDIS Using SBS+BB e
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