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The Continuous Electron Beam Accelerator Facility

A.K.A. CEBAF

High duty factor (continuous) Add 5
cryomodules

Up to 12 GeV beam energy

High intensities
~ 100 pA or 10%8s~1cm—2

High polarizations

cryomodules

4 permanent spectrometers
additional experiments

c' Enhanced capabilities
U in existing Halls



Pioneering observations
First DVCS BSA and TSA observations

ALy < FiH + Gyl — iz o€

CLAS at4.3 GeV

0.4

0
-0.2
N\
-0.4 No o 7
0 1 2 3 4 5 6
/
¢, [rad]
Q% =1.3GeV?, xg = 0.2, —t = 0.2 GeV?
A(¢) = asing+ Bcos(2¢)
a = 0.202 4 0.028°" + 0.013%*"
B = —0.024 £ 0.0215" + 0.009%""

S. Stepanyan at al., PRL 87 (2001) 182002

380+ citations
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2 g’=1.82GeV?

[ t=031Gev? |7l
4 Xx=032 T 1
6L 1 1 | | 1 ’ )
"0 50 100 150 200 250 300 350
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0.2
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Q’= 2.6GeV’
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x= 0.11
04T sind
A’'=-0.230.04£0.03
.0_6 L
3 2 a4 o 1 2 s
~ rad
AuL o< R+ G (M + 1528) -+ ¢ (rad)
o E=E=0 CLAS 5.7 GeV
r A= 0.252+0.042 +0.020
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Scaling tests of Aopvcs

HRS
AT
i}if o LH2 target L ;ﬁ:»__
Beam =< (I
NS - Electromagnetic

\{ Li </\/ 1/
XKLL

Plastic scintillator array

100-channel scintillator array

calorimeter

E00-110




Scaling tests of Aopvcs

ARS channels

-200
-250
-300
-350

4000

3000

2000

1000

o
=]

100
150

L L B B B

20 40 &0 80 100 120
t (ns)

E00-110

Analog Ring Sampler
Quasi-continuous scan of amplitude
128 samples 1 GHz

Included in trigger LOT

Separated pile-up

Missing-mass very clean
Inelastic background under control



Scaling tests of Aopvcs

DVCS cross section (nb/GeV*)

°
8

°

s
5

e
&

<t>=-0.33GeV?

<t>=-028GeV?

E00-110

FiH + EGuHl — Ptz €+ -+

<t>=-023GeV?

<t>=-0.17 GeV?

© EO00-110
~— Total fit
= Twist-2

t

t

1 1 Ly

¢

—— IBH+DVCSI? - 1BHI?[ §

© EO00-110
IBH+DVCSI?
— IBHi*

NP
270 90 180
¢ (deg)

C. Mufioz et al., PRL 97 (2006) 262002
High precision in a narrow kinematical range

70
¢ (deg)

Yy

beam helici

y

beam helici



Separation of Z and DVCS? E00-110/E07-007

FiH +&§GuH — Fogn &+ -+

A ImC' Q*1.5GeV? 0 ImC' Q%*=1.9 GeV? O ImC' Q*=2.3 GeV? ----ImC' (VGG)
af i
s g 5
2Edus @
1= imaginary part -
NS i scaling ?
A 03 025 0.2 .15
<t>(GeV’
ReC' ReC'
0s 0s
o o
05 M 05 &
1 . ° . -1 ’ ¢ ¢
1.5 -15
2 i b 2 i b
25 25 4
2035 03 025 02 015 2035 03 025 02 015
) . t(GeV?) 5 N t(GeV?)
Q =1.5GeV coves Q =23GeV coves
40 40
30 E07-007 30
20F o . . . 20 + + + *
10 E00-110 10
0 0
1035 03 035 02 D15 %35 03 035 02 o5
1(GeV?) t(GeV?)

High precision in a narrow kinematical range



Hall A re-analysis with improved twist-3

. : . DvCs BH
Q2 =2.36 GeV?, a5 = 0.37, —t = 0.32 GeV? ] 12
o S~ T TS
. - | e epy= I
\ == DVCS-Twist2 , P L ) é)\ S
0.08 e Int Twist2 O - .
< = Int-Twist3 (a) (b) ©
= — - Bethe-Heifler
< 4 2 . ; 2
2T d UZ7’BH+7'BHR/:TD\(,>‘+ TL)\(VS
o ~._
* ==
- N Re( 'TD\ cs )~ (;% + (’T{COS ¢) + (‘{COS 2d)
// AN 2
o ’T\\i\ o~ C(I%)\/CS + (‘?VCSCOSd)
0.0z~ == Total
+ = Int-Twist2 -
. = Int-Twist3 4 4
2 . , AT -ty
&) RS Ac=——7"—"——=Tm Jovcs)
© : i S . .
T, 00 . / ) ) . .
h t {» Im(Tpvcs) ~ sysin ¢ 4 sysin2¢
.02
- s‘u 120 m‘c 2:10 300 36
6 [deg]

M. Defurne et al PRC 92 (2015) 055202



Hall A re-analysis with improved twist-3

CPVOS(F, Fr) Re[CH(F)] | RelCF(Ferp)]
— s [
T - No evidence for Q2 dependence
T T - |
—_— p—
T e T T g a7 4 @ leading twist dominance
Sm(CZ(F)] I SmlcZ(7,,,)| handbag diagram
i F 2| I
3 [ \ I
—_— T -
| - - |- //j limited Q? lever arm

M. Defurne et al PRC 92 (2015) 055202
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Solenoid and Inner Calorimeter
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Solenoid and Inner Calorimeter




Flavor of analysis

@GV

2

Nyyons / 0.007 ©

0.2

0.

b L /AT PR TP TR R T
01015 0.2 0.25 0.3 0.35 0.4 0.45 0.5 055
X,

3

I I T IV T T P T
0.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5 055
Xp

8000 16000
7000 140000
6000 %1 20000 f} %
5000 =10000F 8

= d
4000 ~,, 8000
3000 86000

H

z
2000 4000F
1000 2000

)
A ) 0.5 0 0.5 1 15

E, (GeV)

> kinematical coverage
> exclusivity cuts

» 70 subtraction



CLAS proton Beam Spin Asymmetry

EO1-113

< FiH 4+ EGyH — 5 P&
% 020 e asing 1H +EGm a2 "2
Qo 0.1 *. I+Bcosp
o g 0 .
o4 a 9 Y ¢
-0.11 o
_0.of(integrated) o, 4
3 .
0 90 180 270 360
¢ (deg)
¢ el-dves
¥ CLAS (previous)
— VGG model
== VGG + twist3
2[™ ... Laget model
T
pace (xg, Q°, t)
(Pualitative‘model agrgement, quantitative constraints on parameters

0.2 0.3 0.4
Xg

F.-X. G. et al., PRL 100 (2008) 162002



Unpolarized Cross-Sections EO01-113

bin2 0.13<-1<0.18 GeV* bin5 0.13<-1<0.18 GeV?* bing 0.13<-1<0.18 GeV? 1 bmlJ 0.13<-<0.18 GeV*
Q%21.2656 GeV* 0’ EzSPGaV‘ 7945 GeV?
10 Xp=0.1541 5=0.2442
-1=0.1526 GeV? |-0|527Ge\lZ 1 1532 GeV?
°
1 F
10"
R T e e e e oy E ERECRE
bin2 0.23<-1<0.3 GeV* bin5 0.23<-1<0.3 GeV* bing ozs«knscev’ b|n|3 0.23<1<0.3 GeV?
Q%21.2665 GeV* Q= l 5279 GeV‘ GeV*
Xe=0.1542
|-026|GG-VZ
1 1k [ ]
10'F
1w %10 1% 200 2 30 3% % 100 1%0 20 20 30 3% S0 100 10 20 2% 30 350 % 100 1% 20 2% 300 20
bin2 0.391<0.52 GeV? bin5 0391052 GeV? bing 0301052 Gev? bin13 0.39<4<0.52 GeV*
Q712671 GeV? Q7=1.6281 GeV? P GeV? . 0725810 GeV?
Xg=0.1544. [ %5=0.1851 3026
Lo N ! +1=0.4466 GeV* 1204476 GeV*
\ 10"
, ‘
10" 10'F
_ 10°
ENCICE ] ERCICE

d*
7:“’%” (nb/Gev.4
dQ2dxgdtd 2

—— BH —— VGG (H only)

- KM10  --- KM10a
V66 : Vanderhaeghen, Guichon, Guidal KM : Kumericki, Mueller 01 oz

H.-S. Jo et al PRL115 (2015) 212003



Compton Form

Im(74,)
bin1—

Factors E01-113

——bin7——

the results of

H CFF fits (by
‘Qﬁh\' : L‘ﬂ\g_ M. 6Guidal) using:
; NS - S ——

this work

Hall A 6 and Ac
CLAS Ay, and Ay

;.

H

H

sbm&‘ﬁ (published results)
K °: """""""" — VGG predictions

—bin13—

7) 7, bin19 7
H H H H
H H 5 H
s s 5 s
3 3 3 3
2 2 2 2
| | 3 |
1 K 4 4
T C C
7——bin12—— 7,
H H H H
H H 5 H
|l 3 5 4
3 3 3 3
2f R, 2 2 2
| | 3 |
ol
K K 4 K
EEE Ty

The t-slope becomes flatter with increasing xp:

valence quarks (higher xp) at the center of the nucleon and sea quarks (small x;) at its periphery

H.-S. Jo et al PRL115 (2015) 212003



NMR Measurement Proton Polarization

= Top NH, Target
Bottom NH, Target

) 60200
>“'NH3 target material b
60100
>Cooled to ~ 1 Kelvin using L
evaporative cooling on LHe 60000~ _.
: I
>Surrounded by a 5 Tesla ‘5‘ 59900
superconducting magnet % )
. . § 59800
>Continuously polarized £ I
using Dynamic Nuclear £ 59700 -
Polarization (DNP) ]
o ) 59600
>Polarization during the I

experiment was monitored by o509 *
Nuclear Magnetic Resonance I
(NMR) measurement — 594005

>The target insert (shown above left) 100 -5 0 50
held 4 targets for use in the egl-dvcs % Polarization
experiment: 2 polarized NH, targets,

1 carbon target, and 1 empty target cup.

>Average achieved proton longitudinal polarization ~ 85%.

Y

~

100



CLAS proton Target Spin Asymmetry E05-114

Ten fold improvement in statistics AH+ EGy (’H + ﬁé‘)
AuL x FLImH ALl x Fi ReH
Pioneering observations
£2F egidvcs o7 E
<E E
i
| [ ' f )
Pt
BRI f
L B T R T
-t(GeV?) -t(GeV?)
£3.f ok }
<"E E \
E | :
E E 1 1
E | E H
E E #
o2 ;] [ oaf-d
né— { { + nz;—




CLAS proton Target Spin Asymmetry

X

5 Q2-xy bins, 4 t bins;-10 ¢ bins

o4
02

0.2

o4

0|

s

oo

F Beam asymmetry

[ Double asymmetry

sini@)
lAU].

04
03
02|
0.

E05-114

—etl—

<Q'> = 1.52 (GeVici
<xg> =1.179

f

Q> = 1.97 (GeVic)
F <xg>=0255

<Q> =241 (GeVic)

<xg> =0.255

<> = 260 (GeVic)’
<xg>= 0345

—re——
4 This Work
5331 (GeVieR | © CLAS 2006
<x,>= 0453 | HERMES 2010

L L
X 0.8 12

-t (GeVi/e)

. Seder et al PRL 114 (2015) 032001
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CLAS proton Target Spin Asymmetry

51Q2-xy bins, 4 t bins;-10 ¢ bins

F Beam asymmetry
L I
D

ozf [

02 -
LE]

o Double asymmetry
L

oof

100 200 300

® (deg)

=

g

0.8
0.6
04
0.2

E05-114

<Q%> =1.52 (GeVic)
[ <xg>=0.179 L

<Q%> =197 (GeVic)
<xp>=0.255

<Q% = 241 (tierc)Z

<Q% =2.6 (GeVie)
E}ty =0.345

0.8F <xp>=0.255 F
0.6-..5'-&_‘;-- --
04f \ -::, b
02f 7 g
<Q% =331 (GeVicy:

0.8¢ 0453
0.6 . TR
04}
0.2}

005 1 13

—#- data
VGG

- - GGL
-= BH

S. Pisano et al PRD 91 (2015) 052014




Extraction results

KMa/b : Kumeri¢ki and Miiller, Nucl. Phys. B841 (2010)
Guidal : Phys.Lett. B689 (2010) 156
Phys.Lett. B693 (2010) 17 JLab Hall A JLab CLAS HERMES
Moutarde :  Phys. Rev. D79, 094021 (2009) 10 .
x=0.36 x=0.25 x5=0.09

Local fits of DVCS :
fits of Re and Im parts of
Compton Form Factors

Global fits of DVCS :

an)
ES

A S R S

fits to parametrized GPD models

Findings :
Slope of ImH &  when xz 8

Accurate cross section data
drive global fits to use more
than just GPD H

Imq seems to have weak t
and xg dependence

Xp=0.36 o CFF Fit (Guidal) Xp=0.09
* CFF Fit (Moutarde)
5 * VGG Model P
[5) . [ — Global fit (KMa)
a4 ’lﬁ:’— Global fit (KMb)
o " 43
10 x=0.25 x=0.09
U5
£
=
0 LI ] 0.8 é
0. 0.4 R 0.4
—t (GeV?) —t (GeV?) —t (GeV?)




Model independent extraction

Using only Ay and Ay
Extraction with :

» Results from egldves Ay

» Polarized cross-section from eldvcs Ao

2.5 = =
F H(x=¢, t=0.35-0.8 GeV?) I H(x=¢, t=0.35-0.8 GeV?)

2 -
15 VGG model -

E ¥ E

U + -
0.5 x a +

L L x x

: : b *
L R R R I P R BRI R

0.2 0.3 0.4 0.2 0.3 0.4

X
w

GPD dependencies versus xg mirror their respective ordinary PDFs
H and H +» Aq(x) and g(x)
Drop of Ag(x) at low xg will be seen at 12 GeV

0.5






CLAS12 DVCS Analysis Strategy E12-16-010B

16 DVCS missing energy

X

10

=3

F r[“LL Detect all particles e, p, v
80F Exclusivity from 4-momentum conservation
8oL ; \ Background from asymmetric 79 decay
40 Subtracted from symmetric decay data
201 . 5
F R Extract ALy and o in bins of (xg, Q?,t)
S5 5 0 05 1 18
AE(GeV)
electron Q2 vs xB ., s DVCS -tvs ¢
& or & T =T 35 =
3 . 2 :
O s5¢ 12 25
G 4; 10 o . o
= 8 w0 15
F 5 i i
of- 3 1 1 10
E 9 10 =
1= 0.5
Eo 2| af & =
] )
0 0‘.1 0.2 0.3 0.4 0.5 0.6 ! 00 50 100 150 200 250 3 SF?
xB ¢ Trento (°

Need two beam energies in addition to RGA 10.6 GeV

Separate intereference Mgy - Mpycs ~ }% from |Mpycs|® ~ }%



CLAS12 DVCS Preliminary Results

x =0.14
1

: t
ot A
o N Q= 1.16eV"

it I:I
N oo
asing : ’t
1+Bcosdp !

X, = 0.35
| Q*=3.0GeV

{
i
d [Ty

L I e

avs-tatxB=0.10

s avs-tatxB=0.14

E12-16-010B

ovs-tatxB=0.18

93 93
Q?=1.1GeV? Q?=1.1GeV? Q?=1.1GeV?
02 +4 02 “ Q*=2.0GeV? 02 ‘}' ' Q=20 GeV?
t f { +
0.1 } * 0.1 f 0.1 ¢ : t }
| l { } . tot
A o
O os 1 a5 2 b os 1 a5 2 b os 1 is 2
- (GeVH) -t (GeVH) -t (GeV?)
PYAL -tatxB =0.25 95 o vs -tatxB =0.35 03 % VS -tatxB =0.45
Q?=1.1GeV? Q®=2.0 GeV? Q®=25GeV?
02 t ¢ ' Q?=2.0 GeV? 0.2 i Q=4.0 GeV? 02 Q=40 GeV?
[ Q?=3.0GeV? t
[
0.1 o } orrf, by 0.1 t } ot
M t
2 P } fhy :
0 0 %
Ob s 1 15 2 b o5 1 45 2 O 05 1 15
+(GeV? iGeVA +(GeV?)

Flattening of the a(t) slope with xg == change in nucleon radius
Dispersion relation gives 8 ~ ReM(§) from a ~ ImM(§) and subtraction term D(t)
Coverage at large & crucial to minimize systematics uncertainties from extrapolation



CLAS12 DVCS Preliminary Results

10.6 GeV
4M exclusive events

Up to Q% = 11 GeV?
and xg =~ 0.75

Fit ALy(¢) vs (g, Q% 1)

% = 0.08
q‘ 1.1GeV’

T« smw

1+ Bcosd

e a0 a0 30

Xg= 0.45
Q=50 GeV’

electron Q2 vs xB

E12-06-009

DVCS -tvs ¢
< =
38
k<]
XO.B 50 100 150 200 250 g%enma(‘i?
5 OVs-tatxB=0.08 ovs-tatxB=0.12 5 OVs-tatxB=0.17
& Q?=1.1GeV? Q?=1.1GeV? Q?=1.1GeV?
r Q*=1.5GeV* Tee Q’=15GeV? Tt Q7 =15GeV?
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L Lot L
t ti
0.1- 0.1- f j [ §
L B3 t
| { o P I L
t t

b o5 1 s 15 2 15
: Fiav F(GevA T(GevA)
5 OVs-tatxB=0.25 3 avs-tath 0.35 5 OVs-tatxB=0.45
& Q?=1.1GeV? & & Q’=3.5GeV?>
e . o::ms GeV; t Q?=5.0 GeV?
4 Q%=2.0 GeV
o2 fa b SETREE 0.2 0.2 ! t
L + L t
b I
0.1 f ‘ port 0.1 o1 4t t
ey | |
. } |
‘ + ‘ VV l
b es 1 15 2 b os 1 15 2 b os 1 s
(Gev? FiGev 1(Gev?
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CLAS12 Extraction of gluonic profiles E12-12-007

ep K K inthe FD

Analyze decay ¢ — KTK— s

A |_Std Dev 70.03‘745
All particles detected p N =3812.93 + 168.77

1.01654-+0.00014
=1.01854-1+0.00014

c =0.00488 +0.00016

do !
)i

Y
]

L

of
ol
3|
8

o t-slopes vs xg

04 1.06 1.08 K] 142
1M K+K- (GeV)

o
A

K in the FD p in the CD -,

| Entries

o E St i
ALY ~Im[HTE —HET] = N'='800.20 4 5549
; £1.02039 +0.00022
ALU vs W E =.0.00458.+.0.00021
Next steps: T \H
Analyze one particle missing s A
o= 0.98 1 1.02 1.04 1.06 1.08

11 112
IM K+K- (GeV)



CLAS12 Exclusive 2 and 3 7s

o IM
D_pipl_IM
F Entries. 613733
20000F [h | Naan 0.8072
= td De 0.2968
18000F
E N, = 199445.94 + 4071.11
Pions detected in the FD (3 LTI 0TI MEY  Mpen 778 MY
Protons in the FD or CD 120005_ 0,=155.95 £ 159 MV Myppg = 1275 MoV
10000 E N,, = 21277.32 + 8355.98
8000 E ‘], 1 =1265.52 +1.69 MeV
Angular decay analysis to test 6000E- 0= 17144 £9.97 MeV
SCHC at 10.6 GeV 4000f- !
2000} \
i S T T B R R W
L/T Rosenbluth separation - - - - 2 I mdsn
mrn® IM
2500F o123
Exclusive p0 electroproduction on the proton 2000r f"m
Morrow et al Eur.Phys.J. A39 (2009) 5-31 C \ b LIL
1500 L N;-=7010.87-+152:77
C 'Ll"o.l N, = 1053.62 + 64.00
Deeply Virtual w Electroproduction 1000F
E =773.51 +0.85 Me m,, pog = 782.6 MeV
Morand et al Eur.Phys.].A24 (2005) 445-458 F ‘ .
F A 6=39.78 +1.05 MeV.
500 F /;. =547.77 £163MeV  m, po. = 547.9 MV
r =2595 +1.75 MeV \""\_\

1 1
0 0.5 1 1.5 2 2.5
IM 7 n° (GeV)



Target mass corrections at JLab

—t =017 GeV?

0.03

—t =023 GeV?

—t =0.28 GeV?

ol [ — —

T —
() L | R | | | | | | | | L

IS % % 10 200 30 % 1 0 20 30 0 10 20 %0 3
< !

) ¢ [deg|

o,

S —t =0.32 GeV? —t=0.37 GeV?

= ool | Kin2

- N

I I I
80 120 180 240

300

¢ [deg]

I I I
80 120 180 240

zp =0.34-0.38
Q? =18 —2.0 GeV?

---- Bethe-Heitler
—— KM10a + TMC*

Braun et al.,
Phys. Rev. D89, 074022

Target-mass corrections (TMC): ~ O(M?/Q?) and ~ O(t/Q?)

Braun, Manashov, Mueller and Pirnay (2014)




Rosenbluth separation

Pure DVCS process interferes with Bethe-Heitler process at the amplitude level
Separate interference and squared amplitudes using beam energy dependence

L it
$0.04- K]
- 2
o0l M 0.01
Fixed (x5, @, —t) ¢ dependences ) A\
:3 . do ol . == FitLTLO . :3 0.02-
Soal X S —FHT ;1 2

KM15

M ool i1
,
0 00 700 300 g 700 W 0.02-

® (deg) ® (deg) e —— DVCS? 4+ i\
. . . { Selinterference +++ 4
LT / LO incompatible with energy o0df ; ,
He = DVCS? ++/0+ |

dependence EET—

0.4
e b b b e b e b B
o 100 200 300 o 100 200 300

@ (deg) D (deg)
M. Defurne et al Nature Communication 8 (2017) 1408

Full 12 GeV dataset will expand the Q2 lever arm
Discriminate between Higher Twist and Higher Order scenarios



DVCS with a Polarized Positron beam

PEPPo production injecting 60 MeV 100 nA positron polarized at 60%

Proposal 100 days (804-20) at £ = 0.6 x 10% cm—2s~!

A, 5=0.24 Q?=1.7 -t=-0.21 A, %g=0.24 Q*=1.7 =-0.56 A5y Xg=0.40 Q*=4.5 1=-0.37 A ¥=0.40 Q*=4.5 1=-0.72
0.4- 04 0.4 0.4

0.2, /. 0.2 a.zw : M 0. ZL“({‘ ] ).)*

S : Ut
0.2~ -0. ZW -0.2- 0.2 .
-04 -0.4|

-0.4f -0.4-

0.6 -0.6/ -0.6f -06]

% 90 180 270 360 " 90 180 270 360 % 90 180 270 360 O 90 180 270 360

Ay X5=0.40 Q*=4.5 -t=-0.72

A xg=0.24 Q%=1.7 t=-0.56 Ay %5=0.40 Q*=4.5 t=-0.37

A %5=0.24 Q*=1.7 t=-0.21

05; 05, 05, 05
04 0.4 0.4 04
03" 03" 03 03
02 02 02
o1 o1 0.1
0 o

0.1 0.1 | -0
-02 -02 -02
-03- -03F -03
-0.4 -04

—0.4F
% 90 180 270 360 b 90 180 270 360 "0 90 180 270 360

-0



Impact of the CLAS12 Positron data

Global analysis of CLAS12 program observables {UUU,A|_U,AU|_,A|_|_,A6U7 AEU}

unpolarized beam charge asymmetry ASU sensitive to the amplitude real part
polarized beam charge asymmetry Aﬁu sensitive to the amplitude imaginary part

Fitting {#, #{} assuming model values for {£, €}

PARTONS Re Hvs t PARTONS A Re H without / with positrons

T 1 T 10
o oF * » o 9=
c 0 o 9°
0 _ ,/'o/ < 8=
2 _if " o
2 2f - / G .
%—3; // B R
5
—4f " 4
-5 o . .
E 3= .
-6 \\/ 2= . o
E T e o & cees * e
E E .
B2 08 06 04 02 | 82" 17 08 06 04
1 (GeV/

Improvement of the statistical and systematical uncertainties

Model independent separation of the Interference with BH and DVCS?



Timelike Compton Scattering results

Test universality of GPDs

Access to the real part of the amplitude and the D-term in particular

Analysis: ep — (e’)ete™p

events

Forward Backward asymmetry:
different parities of BH and TCS

First clear TCS measurement

P. Chatagnon et al PRL 127 (2021)
262501

<o

_o2f —- DATA [ Tol. Syst.
[ = BH =+ GK, no D-term
_p.al ) ) — VGG ---VGG, no D-term

-5; 6 €[50°,80%], ¢ E[-40°, 40°]

<M>=18 GeV;< E, >=7.24 GeV

Forward angular bin:

o 02 0.3 0.4 0.5 0.6 0.7 0.8

q‘ﬂ*‘ o8l FOMII:! angular hln:w
B8 6 €[50°,80°), ¢ €[-40°, 40°]
04l
02f
[ s U
[ ———_ | ceeemem=--
O TAEES
_o2l — DATA [ Tot. Syst.
F - BH -+ GK, no D-term
_p.4lL 1 N = VGG ---VGG, no D-term

-t (GeVY)

<M >=225GeV; < Ey >=8.13 GeV

0i 02 03 04 05 06 07 08
-t (GeVH)
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Summary Outlook

>

vyvyyvyy

v

From pioneering measurements to precision era

Nucleon tomography: distributions of electric charge, mass, forces - - -
Complementarity between results from different Halls
Complementarity with other facilities (including past and future)
JLab upgrades: positron source, 24 GeV

Due to time and personal bias, many ommissions:
Processes on neutron

Processes on nuclear target

Chiral odd GPDs and exclusive pion production

Many results expected from 12 GeV program!
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