@ University Jefferson Lab

Byl

Tomography of the Nucleon:
Quark Dynamics under the

Microscope
Daria Sokhan /{% 7
N

University of Glasgow, UK

SPhN, Saclay, France — 24th June 2016







e 4 =

B ' ® . - . .
_ Nuclear Physics Landscape
-’ o . : ’ v .
%t el 12 Einge
R ’
. '. 5 .
u ' ’
! : . . . "
-~ ’ s ¢
Wi . \ -
’ 3 W 5 X y 2
o g ‘ '
’ . * ’ . ’
Hubble Ultra Deep Field 3 . Ve e | g

Image (NASA 2004) 2ol \



SO 4 . & Soll
Nuclear Physics Landscape

e o
5

‘ '

: -

) . .

' ) ’
o~ .\

Getty Images . .
Nucleon-nucleon ° | : 3 PN x>
interactions . v . \
1 . ' . . " ’
- . ’
. Y i3 v . ' "
\ -
e .
, - . . gt
ey / BT Bgae :
‘.o ; ' : | 4
* A \ ,
’ . . , » .
Hubble Ultra Deep Field C - \ ; 5 ' | #

Image (NASA 2004) \
2 L4 » -



- 4

Nuclear Physics La

Getty Images

Nucleon-nucleon
interactions .

- . . \ ' o \
Hubble Ultra Deep Field . " 2
Image (NASA 2004) N ke

L . -

ndscape
. , : ‘

Quark-gluon .
interactions |



- 4

Nuclear Physics La

Getty Images

Nucleon-nucleon

interactions > b,
. 4 5 b . g v - .
" »
. 2 -
& ' .
- . 2] 2
. 3 '\lt / >
" ;-
LR .
Hubble Ultra Deep Field +. " .2

Image (NASA 2004) .
& L » \ -

ndscape

-

-
Quark-gluon .
interactions |

. ”

\ :
Quantum

Chromodynamies



Electron scattering: the basics

Elastic scattering: initial Deep inelastic scattering (DIS):
and final state is the same, state of the nucleon changed,
only momenta change. new particles created.

e!

Measurements:

% Inclusive — only the electron is detected

* Semi-inclusive — electron and typically one
hadron detected

* Exclusive — all final state particles detected

Complementary
information on the
nucleon’s structure



A (very abridged) history

<1956: the nucleon is point-like and fundamental...

. . ELECTRON SCATTE;RING
1956: Elastic scattering at SLAC. .o-n[ \ FROM HYDROGEN — !
\ (188 MEV LAB)
The proton is not point-like and has
internal structure! Our field is born... \ ©
c
. POINT CHARGE,
Hofstadter: Nobel Prize 1961 o 107% POINT MOMENT -
s (ANOMALOUS)
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N N Robert Hofstadter LABORATORY ANGLE OF SCATTERING (IN DEGREES)
1915 - 1990
(Wikipedia)

R. W. McAllister & R. Hofstadter,
Physical Review 102, p.851 (1956)



A (very abridged) history

q=p.-P.
0’ =-(q'q)

Friedman, Kendall, Taylor: Nobel Prize 1990

U T .

1968: Deep Inelastic scattering at SLAC: scaling observed. The proton
consists of point-like charges: quarks.

\.El-AS TIC
\ SCAT TERING

q? (GeVv/c)®




A (very abridged) history

1968: Deep Inelastic scattering at SLAC: scaling observed. The proton

consists of point-like charges: quarks.
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Fra Mauro world map,
W 1450s (Wikipedia)



Scales of resolution -
an elephantine analogy

Lyuba, baby mamoth found in
Siberia, imaged with visible
light...

International
Mammoth Committee

Q2 ~ MeV?2



Scales of resolution -
an elephantine analogy

Lyuba, baby mamoth found in
Siberia, imaged with visible
light...

... and X-rays.

International
Mammoth Committee

Equivalent
’3\\\ wavelength of the
@9 probe:
N _7 1




What we would really like to know...

Wigner distributions
p(wa ET, gT) kr

or your favourite
representation...

Transverse momentum

Trahsverse

positiony
A o ©
Longltuchnal+momeniu m ‘ ®  Lartons
: A:z/ o °*
x: longitudinal N

momentum
fraction carried by
struck parton




What we do know...

It's a ...or “the story of the blind

Fan! p men and the elephant”

A &)L-

7 It'sa Its
Spear! ¥
\ - . Rope!
/;- ‘ 3k Elastic scattering
N 3k Deep Inealstic
o2 | It's Scattering (DIS)
2 Snake!| It'sa | 3k Semi-inclusive DIS
d Tree! 3k Deep exclusive
reactions

G. Renee Guzlas, artist.



Different views of the nucleon: I

Wigner function:

é full phase space parton

distribution of the nucleon

N
f d 2bT Transverse
\ Momentum
r.- Distributions
(TMDs)

% Semi-inclusive DIS




Different views of the nucleon: Il

Wigner function:

% full phase space parton

distribution of the nucleon

i )
4 f d bT Transverse
Z 09 E=—- HI1PDF 2000 10 Gev? M
= B ESNSN ZEUS-S PDF Q=10 Ge \4.
s "n,.‘ EEEY CTEQ6.1 . OII.leIlt.llIIl
'- Distributions
(TMDs)

/
d’k,
p J

_ Parton Distribution
« Functions (PDFs)




Different views of the nucleon: Il

Wigner function:

% full phase space parton

distribution of the nucleon

! 2
< . f d bT Transverse
=0 E—— HI1 PDF 2000 10 Gey? M
| = B B ZEUS-S PDF Q=10 Ge &
os i\  ESEEH CTEQ6.1 . oment}lm
'~ Distributions
(TMDs)

/
[d*F; /{
"4 \

\| Parton Distribution % Deep Inelastic
« Functions (PDFs) Scattering

—

— -t
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Different views of the nucleon: III

Wigner function:

% full phase space parton

distribution of the nucleon

7
P [d*F;

Generalised Parton
Distributions (GPDs)

* relate transverse position of
partons (b.) to longitudinal
momentum (x).

* Deep exclusive reactions




Different views of the nucleon: IV

Wigner function:

é full phase space parton

distribution of the nucleon

Factor: transverse charge density of a
nucleon

1.5

/
f d 2 kT Fourier Transform of electric Form

Generalised Parton
Distributions (GPDs)

5, [fm]
o
L~

N\
f dx |

«1.5 «1.0 -O.SD. 0.[0!.10.’ 1.0 1.5 -‘.fl.s -1.0 -O.’b. O.(Ol.lo.i 1.0 1.5
1 Form Factors proton neutron

eg : GE, GM C. Carlson, M. Vanderhaeghen
PRL 100, 032004 (2008)






Jetterson Lab: 6 GeV era

CEBAF: Continuous Electron Beam Accelerator Facility.

%k Energy up to ~6 GeV
% Energy resolution §E/E, ~ 1075
%k Longitudinal electron polarisation up to ~85%

Hall A: Hall B: CLAS

Hadron Arm

o P -
- * Tarpet
)
g’r‘ Fearslire Trassport Asusshiy
St

* High resolution( dp/p = 107%) * Very large acceptance, % Two movable spectrometer
spectrometers, very high detector array for multi- arms, well-defined
luminosity. particle final states. acceptance, high luminosity



Jetterson Lab: 12 GeV era

% Maximum electron energy: 12 GeV to new Hall D
%k 11 GeV deliverable to Halls A, B and C

10

Hall A: High resolution

spectrometers, large sfi &

installation experiments __

Very large acceptance,
high luminosity

i~ H1, ZEUS

et
Bessassangsssssese®

Hall D: 9 GeV tagged
polarised photons, full

acceptance detector

QS
'\Cf-‘:
W -

To Beam
»  Dump

Super-high Momentum
Spectrometer added, very

high luminosity



CLAS12

Design luminosity
L~10% cm? 5!

Central

Acceptance for Detector
charged particles:

* Central (CD), 40°< 0 < 135° CTOF
* Forward (FD), 5°< 0 <40°

Acceptance for photons:
«IC20<0<5°
* EC, 5°<0 <40°

| Forward
J Detector
High luminosity & large | ' '
acceptance:
Concurrent measurement
of deeply virtual exclusive,
semi-inclusive,

and inclusive processes CI QS

Torus

/aia ‘
<t

| -
Jl FTOF

PCAL



Deeply Virtual
Compton Scattering



Deeply Virtual Compton Scattering

p. / At high exchanged Q2 and low ¢
access to four GPDs:

Be B9 H9, [9(z,€.1)

Can be related to PDFs:

~

H(x,0,0) =q(x) H(xz,0,0) = Aq(x)

0’ =-(p,.-p.")’ t=(p,-p,')

. . o’ -
Bjorken variable: x; = . q fjll Hdxr = F f_+11 Hdr =G4

and form factors:

1 1 =
x+E longitudinal momentum £ Xp f_Jrl E dx = Fy f_+1 E dxr=GGp
"~ fractions of quarks 2 - X

IR




Measuring DVCS

* Process measured in experiment:

DVCS Bethe - Heitler
do o ‘TDVCS‘ +‘TBH‘ + @S"'T@
Amphtude Amphtude calculable Interference term
parameterised in from elastic Form 5 5
terms of Compton Factors and QED ‘ TDVCS‘ << ‘ TBH‘

Form Factors



Compton Form Factors in DVCS

Experimentally accessible in DVCS cross-sections and spin asymmetries, eg:

do-do Aoy,
do+do do+do

Aw =

+1
T ~IGPDS 5650) e 4. ~ +inGPDs (+&,&,1) + ..

Y xS +ie

OnlyEand ¢

are accessible
experimentally!




Which DVCS experiment?

Real parts of CFFs accessible in cross-sections and
double polarisation asymmetries, imaginary parts of
CFFs in single-spin asymmetries.

Beam, target E = Xy/(2-xy) k= t/4M?2
polarisation

_)
@ Aoy ~ sing Im{F /A + %(F1+F2)ﬁ—kF2E} do

_@_) AOy ~ sind Im{F1ﬁ+ E(F,+F)(H + x5/2F)

—EKF, E+...}d¢

@ Aoy ~ cosd Im{k(F,H —F.E) + ..... }dd
_)
_@_) Ao, ~ (A+Bcosd) Re{F H+E(F +F,)

(H + xy/2E)...}do

o
e'y*#'_l"""‘|

leptonic plane

Ry /
hadronic™.P
plane

Proton @ Neutron
miH 1, E,)
Im{H H,E }

Im{H  H}
Im{H _,E,E.}

Im{H _ , E }
o A

Re{H H
RelH \E., pE}n}




\X&\\P’ First DVCS cross-sections in valence region

% Hall A, ran in 2004, high precision, narrow kinematic range. Data recently re-analysed.
Q2 1.5-2.3GeV?, xp=0.36.

— % CFFs show scaling in DVCS: leading

vooig — ; - twist (twist-2) dominance at moderate
\ et / Q2 (1.5-2.3 GeV?).

- | % GPDs can be extracted at JLab
""""""" kinematics

[nb/GeV*

d ! o

: B .
| sk Extraction of |TDVCS| amplitude as well as
interference terms.

L, ‘ i ? Int.-Twistd . . .

S k. e - % Strong deviation of DVCS cross-section from
P S B =ty : S

il D S, A BH: experiment probing its energy-dependence
a° [T under analysis.

zp =0.36,0Q% = 2.3 GeV2, —t = 0.32 GeV?

, M. Defurne et al, PRC 92 (2015) 055202.



0.12
I - == KMS12
~ -~
0.09 — \\ - -e KMS12 + TMC S/
- O\ —— KM10a a
\ ’
- e . #
% 0,06 ‘ . KM10a + TMC /
= e VGG Pre
2 N N e, o1
T 0.03f- NSO e A
-—Q - o -
0
[— e — e — i
L 1 1 1
<7002 P
- P . =%
o A e T e
S |\ TN
< ofi R St
- RS oot . j
i | i 4
(S ~ T 1,7
- . e
4-0.02f ==
-0.04
e ————
L | | 1
0 60 120 180 240 300 360
¢ |deg]

rp =0.36,Q% =1.9 GeV?, —t = 0.32 GeV?

First DVCS cross-
sections in
valence region

%k KMS parameters tuned on very low xg
meson-production data

% Target-mass and finite-t corrections (TMC)
improve agreement for KM 10a model

VGG model: Vanderhaeghen, Guichon, Guidal
KMS model: Kroll, Moutarde, Sabatié
KM model: Kumericki, Mueller

M. Defurne et al, PRC 92 (2015) 055202.



CLAS unpolarised cross-sections

w—  BH only

—— VGG (H only)

=== KM10 (Kumericki, Mueller)
- == KM10a (Sets H to zero)
————— KMS

Ve

-t=0.153 GeV? -1=0.262 GeV? -t=0.447 GeV?

- g 1.
d Oep-tepy g
dQ*dxgdtd @ s N \
e 107F - 2y
|Qi=163GeV?| | T
. 08} =0.185
T 065/ e
@ 044
&)
. . 0.2
l( d4°ep-np:' ~ d4°¢p-bepr) g 0:
ot .l f
2\dQ2dxdtd®  dQ2dxgdtd @ c S:Eg
= 0.6
0.8

..... 1 .o

H.-S. Jo et al (CLAS Collaboration), 100 200 300 100 200 300 100 200 300
PRL 115 (2015) 212003 P (deg) @ (deg) ® (deg)

o



C\,P& What do the CFFs from the cross-sections tell us?

— VGG
- Aebt

% Slope in t becomes
flatter at higher xg

% Valence quarks at
centre, sea quarks
at the periphery.

Q%*=1.11 GeV? Q°=1.63 GeV? Q*=2.23 GeV?
Xg=0.126 X5=0.185 Xg=0.335
6F ___A=5.30+0.95} __A=4.98:0.56} _A=1.44:125
5k .| bz=4.25:0.98} b.=3.03+0.55 | b.=1.04:3.68
Eg 3 ~“.+\ T 3 \'*;»;_’;u 1
1E + ---- - Bk SRREREES I8 $--o---- }-—-:-:“.T-;
1 S B O
'1 - M ' 1 1 1 1 1 1 1 1 1 1
6F T : :
4 ” B b ) JEEr
;2 +1 -
"o : B
-2}

01 02 03 04 2oﬁs 01 0.2 03 ofd“gfs 0.4 0.2 ofé“dfa“zbfé
-t (GeV") -t (GeV") -t (GeV")

H.-S. Jo et al (CLAS Collaboration), PRL 115 (2015) 212003



O/Pﬁ Beam-spin Asymmetry (A, y) (»)

JLab Hall A VGG twist-3
results VGG twist-2 .
i ),{_} 1.'_/{6996 (ML) ALU from fit to asymmetry:
0.2
2 HeyT o /
0.1 | )g ==O:?.476 e A = a;sing
° I — — 1+ Bicos¢
QP = . -
_ o3 >< -023% Fo R R R
3 o2} : = |1 AN
= 2 :
3= 0.1 * i mem T T
< *b— —~ CLAS at 4.3 GeV
Q' = \ Q*=1.9 =22
¢\ Xg=025[/ . x3=0.25
) L
LN N
................. b [
o N oy | N )
+ 't
Y N
- '

o5 1 150 o5 -t (Ge\}z)
Previous CLAS

results VGG model: Vanderhaeghen, Guichon, Guidal S. Stepanyan et al (CLAS Collaboration),

PRL 87 (2001) 182002

F.-X. Girod et al (CLAS Collaboration), PRL
100 (2008) 162002



o> Target-spin

Asymmetry (Ay;)

"7 1+ B;cosg

oaf  E=E-0 CLAS 5.7 GeV
A= 0.2520.042+0.020
»
0.2
(5 g
0
02 o'=182GeV’ 5
4 =0.31 GeV? 1>~1 =
04 x = 0.32 |
q - R ————
,o.sA...l.‘A | Ralabelebolndafoadal PR
0 50 100 150 200 250 300 350

& Degree

S. Chen et al (CLAS Collaboration),
PRL 97 (2006) 072002
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E. Seder et al (CLAS Collaboration), PRL 114 (2015) 032001
S. Pisano et al (CLAS Collaboration), PRD 91 (2015) 052014
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o> Beam and target-spin asymmetries
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04F <x;>=0255 [ <xg>= 0345
03f *© e,
0_2 S Tt - ‘¢ # "-.. *
¥ 0 -1 .
0.1 "4 -..‘ ) 1 !
O —
0.4l <Q:> = 3.31 (Gc\V‘/C)l % data
<xg>= 0453
(1] A (e VGG
02f % KMM
2 ..
0.1F ! GK
Of GGL
0 05 1 15
-1 (GeV/ey

asing

1+ Bcosdp

GGL: Goldstein, Gonzalez,
Liuti

GK: Kroll, Moutarde,
Sabatié

KMM : Kumericki, Mueller,
Murray

S. Pisano et al (CLAS Collaboration), PRD 91 (2015) 052014
E. Seder et al (CLAS Collaboration), PRL 114 (2015) 032001
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E. Seder et al (CLAS Collaboration), PRL 114 (2015) 032001
S. Pisano et al (CLAS Collaboration), PRD 91 (2015) 052014

Double-spin Asymmetry (A;)

KLL + ALL COS @
1+ Bcoso

% Fit parameters
extracted from a

simultaneous fit to
BSA, TSA and DSA.

s CFF extraction from
three spin asymmetries
at common kinematics.
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| <Q™ = 152 (GeVicy
<Xy> = 0.179

b

25 <Q% =241 (GeVicy
b <xy>=0255

25F <% = 197 (GeViey
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S F | Im(H)
=02k ' 1 ~
Im(H)
A2
) ( 0.6 (Ift‘ | 1
t(GeVY)

What can we learn
from the
asymmetries?

Information about the relative spread of the
axial and electric charges in the nucleon?

E. Seder et al (CLAS Collaboration), PRL 114 (2015) 032001
S. Pisano et al (CLAS Collaboration), PRD 91 (2015) 052014



Asymmetries in Proton-DVCS with CLAS12

Approved experiment (E12-06-119):

Pl oom = 85%

L = 103 cm2s-!
1< Q%< 10 GeV?2
0.1 <xz< 0.65

mi

-t ,< —t < 2.5 GeV?

85 days (unpolarised target):
Statistical error: 1% - 10%

on sin@ moments

Systematic uncertainties: ~ 6 - 8%

120 days (polarised target)

Piarget = 80%

Statistical error: 2% - 15%

on sing moments

Systematic uncertainties: ~ 6 - 8%

®m Im H fit result : 6 GeV data

= Im H fit result : CLAS12 pseudo data

Impact of CLAS12 DVCS A,

data on model-independent
fit to extract Im(H)

<Q’ > w 2.4 GeV’, < x> = 0.35

| | |

|

-0.8 -0.6 -0.4

-0.2
1 (GeV’)

0



DVCS with transversely polarised
target at CLAS12

E12-12-010: transversely polarised HD target.

Aoy ~ cosd Im{k(F,/{ —F E)+ ..... }d¢ Sensitivity to Im(E)
- —
< < |
0.4 : L\MERIES 04 —
[ /: . - [ ¢ k‘“"**w '
0.2 1 e 1\‘::;\ . ::: & 02 F (r-ﬁ-t‘\.\ o .
e, e, A28 08 L[/ - Bas o
| % G—g. ~y oy Yo as ! - S ‘\ AD§ 06
0F | e e Ty, 00 o /y e Yo 4
! 4 ‘-"\‘:‘\{‘ ) - [l](I s 0 ~ . \ (0F | 0
L & Bag | 060 Aos s ! } ‘ﬁ Oo o
8-g 208 0 [ A o TR
02 : k:e—a U T \'\,/:’/'?—0—3; 8- des 0
I ~y Ay [ 8 06 08
| N\“ﬂ:ﬁ:ﬂ 2} & sss e
41 0 [ & ;4—;—6——‘9”“,’3
L x - o
’0.6P11.111‘111‘111+111+1 l‘ll | N 1. 1‘1‘-1'1{ l+ +111vl-11111
0 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14

t t
(x) = 0.2, (Q%) = 2.5 GeV? (x) = 0.33, (Q?) = 2.5 GeV*?



Neutron DVCS

%k GPDs from proton and neutron: flavour separation / Y ¢
%k Neutron DVCS extremely sensitive to E, least- e’ ¥ QL_'_,.H"
known and least-constrained GPD e leptonic plane

n

hadronic

—>
@ Polarized beam, unpolarized neutron target:
AG, , ~ sing Im {F,H + E(F,+F,)l - kF,E}dp =——3p IM {E } dominates.

% Ji’s relation: J? = %—Jg = %j:m’x {Hq(x,%,0)+Eq(x,E,0)}

Jy =—2 +L +J,

1
2 Important missing link in the
nucleon spin puzzle...

_1
2




Beam-spin asymmetry in neutron DVCS

M. Mazouz et al, PRL 99 (2007) 242501

w—g== This experiment

% First experimental constraint on E4, through
model interpretation gives constraints on
: orbital angular momentum of quarks.

u Cano & Pire calculation [34)

N
|
S —

'“'(c:)olp

o
||
-
—l—
-
-

C -
2 -
—— S
-‘ ’—. 1 | T S —— | PSR TR SR S ————
3
2 ~  wmm== This experiment
J =04
1E l J =06
o
| : LA B A J LA AR A J LA AR R J LA B LA AR AR J J=°l3 - o
S A S S ST e
E } J =06 -0.21- DLattice CCOSF (unquenched) [41)
- . . J =08 CILHPC Lattica (connected terms) [42]
2F = === AHLT calculation [36) ' o4l
3F = VGG calculation [37] ’ &o:-'::"u Pert. Wuct. Phys. &7 (2001, 408
- 0.6~ Cote VOGO (Vandemasghen, Guichon and Guloed)
FEPRTETE BT R EPRT EPEPET bvssa dssaa bsaaadaaaal 0.8 HERMES Preli
05 045 04 035 03 028 02 015 01 p-DVCS
t (GeV?) 708 08 04 02 0 02 04 06 08

% Analysis underway on CLAS data.



A;; in Neutron DVCS @ 11 GeV

0.2
- J,=03,],=-0.1 J =0.3,J,=0.1
s E, =11 GeV d d
- J=0117J,=01 J=037],=03
o.1;— +
005 ! + + J
P S %*l ________ i__,__ %k At 11 GeV, beam spin
LU ¢ e i :
oost - + asymmetry (A, ) In
- * | + neutron DVCS is very
01— .
’ - sensitiveto J,,J,
0.15—
0.2~ ~—55 100 180 200 250 300 350 sk Wide coverage needed!

0
VGG Model (calculations by M. Guidal) *C)

Fixed kinematics: X5 =0.17 0*=2GeV? 1=-0.4GeV*



A;,;in Neutron DVCS with CLAS12

, The most sensitive observable to the GPD En
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Neutron Detector for CLAS12

Detector design

Available:
* 10 cm of radial space * Plastic scintillator barrel:
* in a high magnetic field (~ 5T) 3 layers, 48 paddles in each

* Length ~ 70 cm, inner radius 28.5 cm
* Long (~ 1.5 m) light-guides
* PMT read-out upstream, out of high B field
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Q? (GeV?)

DVCS on the neutron with a longitudinally
polarised deuterium target

Expected statistics for requested 100 days of beam-time:
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DVCS on the neutron with a longitudinally
polarised deuterium target

Expected sensitivities:
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GPDs through

other channels




Deeply Virtual Meson Production

At high exchanged Q?2, access to four chiral-even
(parton helicity conserving) GPDs:

E E1 HY Hi(x, £, t)
and four chiral-odd (parton helicity flipping) GPDs:

B2, BY HY HY(z,€,1)

Enables flavour decomposition.

Meson Flavor Transversity GPDs can be related to transverse

nt Au — Ad anomalous magnetic moment:
Hr.Er 0 2Au + Ad +1 5
i u+ k= |, Er(z,&,t=0)dx
n 2Au — Ad + 2As S
and transversity distribution: Hy(x,0,0) = hy(x)
pT u—d
H.E 0 : . o

P 2u+d which describes distribution of
w 2u — d h=(s) (¥ transverse partons in a transverse

nucleon.
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Prospects at CLAS12:

%k Deeply Virtual Meson Production, e.g.: n and ﬂ-O (E12-06-108),
@ (E12-12-007).

%k Time-like Compton Scattering (E12-12-001)

%k Double Deeply Virtual Compton Scattering (Letter of Intent submitted).

TCS DDVCS



Looking to the future: Electron-Ion Collider
“Understanding the glue that binds us all”

% Two sites considered: JLab and Brookhaven National Lab
% Polarised e and light nuclei, unpolarised heavy nuclei

% Centre of mass energy range: 20 - 140 GeV

* High luminosity (1033 - 103* cm2s1)

% High resolution detectors

The Next QCD Frontier

E===1 HI1PDF 2000
B ZEUS-S PDF Q=10 GeV?

_ xf(x,QY

% Gluon contribution to nucleon spin

% Tomography of the quark-gluon sea

% Saturation of gluon density

% Colour charge propagation in the nuclear medium




Summary

3k Electron scattering is a clean and versatile probe into the structure of
the nucleon.

%k The past decade saw the start of 3D imaging of the nucleon and the
experimental programme at Jefferson Lab will study the valence region
in detail.

%k A full understanding of the nucleon requires diverse measurements, for
example form factors in elastic scattering, structure functions (for PDF's)
in DIS, Compton form factors (for GPDs) in exclusive reactions and a
variety of different functions in SIDIS (for TMDs). Data is required across
a wide range of Q? to image the nucleon at all depths.

%k The Electron-Ion Collider will probe into the quark-gluon sea.

%k The nucleon is still a little-understood beast. To make progress, close
collaboration between theory and experiment is required.






