USER
GRO!

From JLab @12 GeV ’
to the Electron lon e g e

Collider: rronrill
Generalized Parton -

Distributions

/
1)
iy i
[IPRAAL
/’” 7 /n: 0"

I, H. Gao, C. Hyde,
. Mineeva, A. Schmidt, C. Weiss, /
Dobb, T. Skwarnicki, D. Wilson.

ry Management and

eting

d Postdoc Prize winners
r students are covered
f the User meeting.

Charles Hyde* Student Poster CORIR
Old Dominion University

()
I

http://conferences.jlab.org/ugm -\



* Fully exclusive final states
cep2epy,ep2>eNmeson e ed-—>epny, etc.

* Nuclei
ced—>edy, mesons.. e e *He 2e*Hey ..

* Time-like Compton Scattering (TCS)
cyp2>I1*lp
* Polarized electrons, polarized target nuclei

—
NH;DNP-CLAS12
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olarize d

* JLab at 12 GeV * Electron lon Collider
e Polarized electrons * Polarized electrons,
* Longitudinal polarized p, d * Polarized p, d, *He, Li
e NH,, ND,, CLAS12 * Transverse &
+ NH,, Hall C: Wide Angle C.S. Longitudinal
g * Polarized deuterons now
. Longl.tudlnal & Transverse in eRHIC planning
polarized *He (Hall A/C) e Zero target dilution
* GPD program with SOLiD * Spectators boosted by
* Transverse polarized HD,, beam y-value
* (test-beam studies in prep.) * Precision ion polarimetry

remains a challenging &
critical R&D topic

Transverse polarized NH,

 Time-like CSin Hall C
Proposal PAC 46
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epepy

-
o 5
P / D - A
= < >

- Bethe-Heitler (BH) y,

* BH-VCS interference
* Access to VCS amplitude, linear in GPDs
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epepy
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P+A/2 P-A/2

|

T,

-

x+5)P7  \(x-g)p+ T — + 0P, (x-E)P*
— o ?Lr e
(1+6)P" 'Tf_?,} P+A/2 P-A/2 f
GPDe(x, £ 1=A?) GPD#(x, & ,1=A%) GPD4(x, £ ,1=A2)
N2
£ -(g+q) . B
* Symmetrized Bjorken variable: B 2(q+q')' p A2<<Q2 ,2_XB
* SCHC: Transversely polarized virtual photons dominate to O(1/Q)
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* Physics is fully Poincaré invariant

* High energy reactions (and target-polarization
states) select preferred frames:

* DIS: q, P anti-collinear (“DIS” frame, P = initial proton)
* DVCS, DVMP:

* DIS frame
* q+q’, P anti-collinear
g+q’, P+P’ anti-collinear (“Symmetrized frame”)

All equivalent as A?/Q? 2> 0

Magnitude and form of “higher-twist” = gqgg... correlations
depend upon frame at finite Q?, A%?/Q?
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* DVES reference frame defines light-like vectors n*, n*:
en“=7*=0, en-i=1
* Lorentz invariant definition of A :
A% = 2(A-n)(A - /) — A2
A% — —A? as £€—0
e £ = 0: GPD(x,0,A%;Q2) = parton density at resolution scale Q2

* A, Fourier conjugate to b = trans. distance from target CoM

* x=¢: Measured by Im part of DVES amplitudes
* GPD(¢,€,A%;Q?) = parton transition amplitude (0 2 2 €)

- A, Fourier conjugate to r, = trans. distance from CoM of
target spectators.
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* H.Jo, et al. [CLAS], PRL
115 (2015)

d*s (nb/GeV*)

A(d*s) (nb/GeV?)

d*s (nb/GeV*)

102;
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A(d*s

-t=0.153 GeV?

Constrained Fits to Re, Im [H(x,t)]
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100 200) 300

Im[H(x,t)] ~ ebXt

=¥ b decreases as x; increases
=» Proton is shrinking! (model dependent)
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“He target
@6atm:,

M.Hattawy et al., PRL 119 (2017)

Ox(mm)
b0 pO 60 5

He @1 atm, /o Sathode

e Radial TPC for recoil a
250mm z® 160 mm @ N

* Only one GPD: H(x,¢,t) ¥
Compton Form Factor (& t) 2

ao(¢)I(Ha) I i - T
AWlP) = (3 + al @R TL) +as @R+ ST T e

<--3% GEM (66mm) v,
+.-2-2" GEM (63mm) Aluminized mylar
-1 GEM (60mm) =

Q*[GeV?]

S N B ®

m CLAS-EG6
70 3 3 = Convolution-Dual
60 L E = = = Convolution-VGG
= Off-shell model

o[ 0= 1143 GeV? [ G*=1.423 GeV?

b ——
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i
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S. Pisano, et al.,
Phys.Rev. D91

(2015) 5, 052014

b <Q%> %,3:31(GeV/cy
20453 -

« Spatial distribution of quark helicity
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- = Fit(HEHRE) ,

— Fit (H.FI)O-M

xg =0.36, Q?=1.5, 1.75, 2.0 GeV?
M.Defurne et al., “A Glimpse of Gluons”,
Nat. Comm.8 (2017)

4+ Q%2=1.75
4 E.=4.455 (left), 5.55 (right)
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[Using V. Braun et al, PRD 89, 074022 (2014)]

H(ZL’ ) 67 t)a ]ﬁ[(iv, § ’ t) q (+) q'(fi--'f@jb q(+-) q'(+gﬁ.ﬁ“"‘
®LO/LT + Twist-3 + i ol
Kinematic Twist-4 }} ‘

@LO+ NLO (gluon
transvers ItY) + q f” q (+) q (+-) g (+)

Kinematic Twist-4 } ’ L T ]




Q?=1.5, 1.75, 2.0 GeV? & Ee = 4.45, 5.55 GeV
Displayed at Q% = 1.75 for -t = 0.030 GeV/?

. - = Fit LT/LO
N — Fit HT
— KM15

== N
® (deg) ® (deg)

Identical fit (blue®) for either: Twist-3 or NLO (gluon) scenarios.
Both fits have Kinematic Twist-4 contribution constrained from Twist-2
component of fit



-t = 0.030 GeV? (of three t-bins):

s f >
8004 IDVCS)? 1 ¢
“o.03l 2% Im[DVCS*BH -o.01°
i L, % ]
[ F i\
0.02} f 2\
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0.01F ,
- )‘-‘: - 7
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Separations of Re,Im[DVCS'BH], | DVCS|?2

Displayed at Q%2 =1.75

Total Fit (previous slide blue)
@=Sum of Pink (LO+NLO)
OR

Sum of Cyan (LO+HT)

Model dependence, but full
measurement of interference:
amplitude & phase



e JLab Hall A
* L/T separation for H(e,e’ %) p and D(e,e’ m°)pn
* 0;>>0,

e JLab CLAS
» o;+ €0 forHlee’ p 77°), H(e,e’ p n)
* o+ € 0, >> 0 [naive collinear factorization].

* Twist-3 helicity flip meson Distribution Amplitude
enhanced by ySB = coupling to nucleon transversity
GPD: (m(q) Yot~ 9| 0) ® Hr

e S. Goloskokov, P. Kroll, Eur. Phys. J. A 47,112 (2011).
* S. Ahmad, G. R. Goldstein, and S. Liuti, Phys. Rev. D 79, 054014 (2009).
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M.Defurne et al [Hall A] PRL 117 (2016)
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t .-t (Gev/o)?

|.Bedlinskiy et al [CLAS] PRC 95 (2017)
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Solid Curves: S. Goloskokov and P. Kroll, Eur.
Phys.J. A 47,112 (2011).

Dashed: G. R. Goldstein, J. O. Hernandez, and
S. Liuti, Phys. Rev. D 84, 034007 (2011).
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* Hall A: D(e,e’7°%)pn—H(e,e’7°)p,
* M.Mazouz et a/ PRL 118 (2017)
* CLAS: H(e,e’7z°)p + H(e,e’n)p
 |. Bedlinskiy PRC 95 (2017)
* V. Kubarovsky SPIN2014

L= A= BN (HP

[(HF")? =

| =
W N W N
W

n u 1 u
(HE") P =5 | 5 (HT) —§<H?’ )

18 June 2018

Hall A
Q?=1.75 GeV?
xg = 0.36

Error boxes are
phase ambiguity,
resolvable with n

CLAS
Q?=2.2GeV?
Xg; =0.27
Assume 0;.>0,

GPDs: JLab->EIC, C.Hyde
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CLAS12

18 June 2018

Hall A

2014-2016

Y

H(e,e’y)
H(e,e’y y)X

Hall C:NPS N
NSF MRI + JLab il
\\ \ ‘ 77 / b2
PbWO4 + Sweep R <Y
magnet NPS angle range: 5.5 — 30 degrees

GPDs: JLab->EIC, C.Hyde 18



DVCS raw BSA
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: | clas
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|
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—
s

World data model fit result

CLAS12 predicted error band

0.01
Repulsion in the core
valence quarks

Integral vanishes:
Nucleon stability

Pressure rép(r) (GeV fm)

0 - - et

ttraction in the peripher
i | plion c!oud
0 02 04 06 08 1 12 14 16 18 2
r (fm)

-0.1 l
Q* = 2.23 GeV? 1 /(
¢ \\/
A - 0.18 + 0.02
-0.3

0 60 120 180 240 300 360

¢ ()
* 0.3% of data analyzed.

e Calibrations in continuous
progress

| / o [H(z,€,t) — H(z,0,t)] dz = §§2d1(t)

V.Burkert, L.Elourdrhiri, F.X.Girod,
Nature 557 (2018) 396
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0.2

0.3

0.4

0.5

0.9
X

0.6 0.7 0.8

GPDs: JLab->EIC, C.Hyde

Inaccessible
with E <11 GeV
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* H(e,e'yy)X

o+ec (nbarn/GeV?)

E,=7.36 GeV, @°=3.1 GeV?, x,=0.36

(2]
n
[=]

.

600

580

560

540

520

B .

Preliminary results:
Mongi Dlamini (Ohio U.)

Oy

0.1

GPDs: JLab->EIC, C.Hyde
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e p— epy

Aoy, ~ sing {F,H+E(F,+F,)(H +E/(1+E)E)}do

Dynamically
polarized target
NH,, ND,
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e Ratio of efe = Hadrons / di-muons

versus e*e” mass

« Two binsins :
035~
* Lowest bin in Q"2
0.3
* t-dependence of : |
Interference oxsf
observable :
e 02 + + {
* lllustrative GPD : 4
models s
- x;‘.,. |
0.1: ................
N
. T
008 - D-term x\S—————-
R T R A R

18 June 2018

o’(e*e' — hadrons)

R=

4 :.' : A ’

3 loop pQCD

Naive quark model -

-----

____________________________

,
! o Sum of exclusive
measurements

| L ! ! ! L L | 1

2GeV<M,, <3GeV
» Inclusive ]
measurements s

1 1

0.5 1

2 25 3

Statistical uncertainties for 100 days at a luminosity of 10* cm?s™

<s> =155 GeV’, < Q"% = 5 GeV?

A4 (GeV?)

GPDs: JLab->EIC, C.Hyde

<s>= 195 GOVQ, Q7% =5GeV?
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025k
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02k { t
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Jr

PeAZ GPD(x, E +=A2) P-A/2

Gluon and quark GPDs enter to same
order in os.

SCHC: o~ [Q%]° o [Q
Spin/Flavor selectivity

[Gluon GPDs in
Diffractive channels only]

18 June 2018 GPDs: JLab->EIC, C.Hyde



* ¢: JLab12 kinematics, predictions:
* Gluon GPDs + £20% gluon®strange

* J/Psi: seen in Hall D.

* Threshold production = large —t, . .
* CLAS12 search for LHCb J/y®p states

0 5 10 15 20 25 30 35 40 45 50

Q%M*(GeV?)

*pw

* Slow approach to longitudinal
dominance in HERA p data

* Unexplained enhancement in p-
production at low W?in CLAS data.

 Helicity violating amplitudes =»
Transversity GPDs a la pseudo-scalars?

04
oo

*g{»* by :

e ZEUS ¢ 98-00

= ZEUS ¢ 94

s+ ZEUS p 94+95

O ZEUS Jiy 96-00 ]
|

1‘0 20 30
Q*/M;
eR edoy, !

1+¢eR  dop +edoy

* w: strong violation of SCHC @ CLAS
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F suppression

10 4 6810 20 4060 100 10 6810 20 4060100 10 4 6 810 20 40
W[GeV] W[GeV] 9 9
Q" [GeV7]
Q2 = 4 GeV? E665 (A), HERMES (o), CORNELL (a)

ZEUS (@), H1 (m), CLAS (o)
* Calculations of S. Goloskokov, P. Kroll EPJC 50 (2007) 829
* Vector and pseudo-scalar mesons show evidence for Hard/Soft separation =»

[nucleon structure] ® [y"=>meson amplitude].
* Strong corrections, new amplitudes for Q2 < 10 GeV-.

18 June 2018 GPDs: JLab->EIC, C.Hyde




I Exclusive ¢: CLAS12 experiment 4

CLAS 4/6 GeV exclusive ¢ data

107 ————— e t—dependence of 6 GeV ¢ data consistent
Lukashin 01, (W) =2.3 GeV,{(Q") = 1.3 GeV * . . . . .
N with gluonic radius measured at high energies
N o ele- om0 Extrapolation of HERA, FNAL J/4) results
o N
2 100 g T ;
: ++ i S 1 e CLAS12: Test reaction mechanism
2ol JSAI S| and harden GPD-based description
3 o He A AL Theteny When does t—slope become independent of Q=7
10 - 03 | s 5 How does W -dependence change with Q??
toin -t [GeV]
L /T ratio from vector meson decay
; and s—channel helicity conservation
a 107
E + * W=253GeV Q’=2-4GeV*
= * W=253GeV Q' =4-6 GeV’
2 —— * W=253GeV Q’=6-8GeV’
- e CLAS12: Extract t—dependence of
: . CLASI2 gluon GPD at . = 0.2 - 0.5
T projections
10 — . .
: —— . Obtained from relative t—dependence of dor,/dt
1 - 7—0— 4.7 B . . H
i . First accurate gluonic image
R TN R SR TN of nucleon at large !
t . -t ¢

'min




o limy o [xdX[HAX,Et)+EAx,E )] = 2 )
» Skewing effects, Extracting E ?
* u,d flavor separations from proton, neutron

E(M dominates unpolarized n(e,e’y)n=>»CLAS12 RG-B

E(P) requires transversely polarized targets
* HD,, for CLAS12
* NH;, 3He with SOLID or TCS?

e Glue from Deep ¢ at JLab12 and Deep ¢ & J/ at EIC
* ~50% of momentum sum rule comes from gluons
* ~50% of gluon momentum is at x, >0.1
* Important role for JLab12!

18 June 2018 GPDs: JLab->EIC, C.Hyde




. Hf(x,O,t) valence essentially known from fits to
Flf(—t)® qf(x) .... Diehl (2013), Ahmad (2007)
* Measure H¢(x,x,t) = Determines DD Profile function
* Calibrate “skewing effect”

* E4{x,0,t) constrained from F,{-t) and assumption e{x)
does not change sign.
* Test this assumption
+ x=0.1 COMPASS @ x=0.4 JLab12 @ Lattice QCD @ ...

* Transverse polarization data + Theory + Models =
Tight constraint on g — g contribution to Ji Sum Rule
from JLab 12 GeV era.

* Need the EIC to constrain the sea & gluons

18 June 2018 GPDs: JLab->EIC, C.Hyde



* Improved neutron DVES via tagging of spectator
proton over full range of Deuteron wave-function

* Precision DVES measurements with transverse
polarized targets

e Exclusive DVES on nuclei

* Low-xz high Q%: Imaging gluons and the quark-sea
in the nucleon and in nuclei

* n-p density differences in N>Z nuclei = u-d differences in
GPDs of N>Z nuclei

18 June 2018 GPDs: JLab->EIC, C.Hyde



Transverse Imaging vs Xg

* Tagging the recoil protons over the ?:6{’50%6 7 l ,
. . 20 F L e ‘

full momgntqm range is essential 3 N N I _5
for precision imaging T B | | ]

0 P 1 1 ]

0.001 1

* Repeat with L & T polarized beam

0.01
Xg

.
DVCS - 20 GeV x 250 GeV - 10 fb” ) ' +p—=y+p
Q‘E 141 10 \
= N s 20 GeV on 250 GeV
ERE o1 > 3
£ 0.44< |Pt| (GeV)<1.3 3 X 10 fb
5 102 ~
0.8 g
0.8 § 10
¢ | 10<Q2<18 Gel?
0.4 c
s 11 0.004 <x3<0.006
0.2]
e 0.1
% 02 04 05 08 12 0 02 04 06 08 1 12 14 16
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DVCS - 20 GeV x 250 GeV - 10 fb” —
‘3_‘ g 1.2
E, 16 E_ i
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e EIC Luminosity®Acceptance = HERA x (100x50)

[ ] , [ ]
Full proton Acceptance for p’ in DDIS/DVES
detection
acce pt ance P JLEIC acceptance ZEU S
to “Beam- .z 2 T-m Dipole . [_eading Proton Spectrometer
Stay-Clear (V7. SRECE e " |
(BSC)” limit >
of ~10xrms N
emittance: ol
JLEIC: I SRR, - cion 2 (Hi. Res) | o
6_>3 mrad L 288 20 Tem Dipole { § -4
OpR O 8.3 04 05 06 07 08 08— ! o2 ‘ H
|Ap|_/po|zXBj X[ N .
> 0003 cccccccccc . . 03 04 -of 06 07 08 09 XLI
t 24 ‘ Tagging essential for exclusivity
(GeV?) Acceptance in diffractive peak (X;>~.98)

T r——— ZEUS: ~2%
s | JLEIC: ~100%
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* Precision charge densities
measured in 1970s o

* “Neutron Skin” of heavy
nuclei has implications for
nuclear equation of state &
neutron star structure.

~o

* p—n = u-quark —d-quark
* p,w: DVES amplitude has
charge weight e te,.
* g+ q-bar

e Gluon profiles of nuclei from
J/W and ¢

18 June 2018 GPDs: JLab->EIC,
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Luminosity per nucleus
~1/A.

do/dt(t=0) ~ A?
|t| = A3 resolved by

AZ(e,e’K*K~)X kinematics

Recoil nucleus lost in
100 Beam envelope

* Break-up channels
vetoed by ZDC &

forward trackers

18 June 2018

o coherent - no saturation
10° o o incoherent - no saturation
O = coherent - saturation (bSat)
e = O ¢ incoherent - saturation (bSat)
> 104 = Nl -1
() - fLdt = 10/A fb
O] - g 1<Q2 <10 GeV2, x < 0.01
re) :
(= o 0
— ol
— - Lo W
2 g fertreestaete
: . " o
3: - = .'Eiﬁfftbcbg
© 0L - L
= n®0 -
< B O P
1 E o "
% "t ", T
° Lt In(Kdecay)l <4 %,
0L n(Kdecay fuant?
S p(Kdecay) >1 GeV/c J
- (b) St/t = 5%
10'2_lllllllI]lllllIllllllllllllllllllll
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* Unresolved bound-
excited states
smooth out
diffraction pattern.

. 37(2.6MeV),
5-(3.2 MeV),
2+(4.1MeV),
4+(4.3MeV)

* In DVES@EIC, y-

cascade boosted
(x40 JLEIC, x100 eRHIC)

* High Resolution
(PbWO,) forward
EMCal can veto

~50%) E, >100 MeV

18 June 2018

‘ Fourier-Bessel Charge Form Factors

Form Factor

—2c

— 160

_— 48c a

— “*pp
“He

107k
102

102}

10'45—

N le.u*

10-5_1||||1|||||||||||

0

01 02 03 04 05 06 0.7 08
q (GeV/c)

* Doubly Magic nuclei,
bound-state decay-
energies are large

GPDs: JLab->EIC, C.Hyde

0.5 1.0 1.15
JeFF [fm"]

FIG. 3. Cross section for the even spin natural parity
states in “°*Pb divided by (the cross section for a unit-
point charge). Data and best fit for the 4% level are
scaled down a factor of 0.03, for the 6% level a factor of
0.001, and for the 8* level a factor of 0.00003.
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% Compton Form Factor:  &=xg/(2—x3))

Im[AEL)] = x[HAE, & 8°)— Hi=E, & 4°)]
®-gim[H (54%)]=af"dB[q,(B)+7,B)][n,@.B)] . """

a=1-p/&
< Profile functions A(a,p) arbitrary (symmetric in a,p):

2 2
@ Use: h(a,8) =N, [(1_|/3|) —305 -| A2__4§2M2+Ai
(1-15]) g
% M. Burkardt, arXiv:0711.1881
A . : Fourier Conjugate to r ., the transverse spatial separation
between the active parton and the transverse spatial Center-of-
Momentum of the spectator system.
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e L. Morand [CLAS] EPJ A 24, (2005) 445.
* 1 =052>0;~0,
° r;_"=-0.2 > SEHE
* VDo
* YD
* VHH) 2 w(F)

~
T

o
T

Q*(GeV?
ZEUS

(4]
T

- N
HERMES

53

4.7

41 1.0 0; * %*fﬁ

o.séj{
| SN I I

Q° (GeV?)

291 10 .;%g%.@ - - 1 '!I?ié'imi"’

05 3 J.f&é&- F 1
231 00 [ § rrrrrrrrr Yo Sem— 1 I

—05 »é} §§ P. 3 ,‘éi Cy0m- ?‘i -1 0.0

’ % ?- o e 0.
17 1 -05
0.18 0.29 0.40 0.51 0.62
XB

Fig. 18. (Color online) rf; extracted with the method of mo-
ments for 8 bins in (Q?, xg) and for ¥ < 0.5 GeV?. The
location and size of each graph correspond to the (QQ, ZB)
range over which the data is integrated, but the scale is the
same on all graphs. The abscissa on each graph corresponds
to the following list of matrix elements: 705, Rerls, r9%4, rdo,
T'%ly Rer%o, 7'%—1, Imr%o, Imr%—ly 7"807 71%17 Reri)o, T%—h ImT?o,
Imr$_;. The filled symbols (red online) indicate those ma-
trix elements which are zero if SCHC applies. The 16th entry
(empty circle, blue online, in some cases off scale) is the com-
bination of rf; given by eq. (11). Error bars include systematic
uncertainties added in quadrature.
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80 days on H, target at ~10% /cm?/s
* DVCS/Vector Meson production/ TCS with low-Q? tagger concurrent

120 days on Longitudinally Polarized NH; target
* Total Luminosity 103> /cm?/s, dilution factor ~1/10

90 days: D(e,e’yn)ps

“He(e,e’ ya) with upgraded BoNUS detector
* GEM based radial TPC for recoil a.-detection

Ambitions/options for Transversely polarized targets
* NH; target has 5T transverse field
* need to shield detectors from “sheet of flame”
* Reduce (Luminosity)e(Acceptance) by factor of 10 (my guess)
* HD-ice target: Transversely polarized H
e 110 Days approved
* Luminositye(polarization)? not yet known

18 June 2018 GPDs: JLab->EIC, C.Hyde




from SCHC

Q215to2 Xg=0.2100.15
= 0to 1 GeV? =4 to 8 GeV?

M 0.505214
$0.0217181

5§ 5 § Luspdifiil

Q>*115to 11 xg= 0.7 10 0.75
t=0to 1 GeV?

-t= 6 to 10 GeV?

: Hep0 gy
3 P ae0.538215 200 0S50 3
3 2000457841 2 £0.012902! +
] 10 |
X 100 |
3
2 w k-
™ u=0.533153
200229006
o L | T FEEEE PR 0o SETTE FEETE FUTTE PREEY
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Kinematics

* Multiple Energy
settings at key
(x5, Q°) settings.

* Expanded reach in
Xz and Q°.

* Beam time
adjusted for
=equal
statistics
in each bin

Inaccessible
with E, <11 GeV

18 June 2018

Q? vs xg coverage in Halls A and C
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do/dQ?dxdtdo (pb/GeV*)

(do*do’)/dQ?dxdtd¢ (pb/GeV*)

Projections

DVCS

DVCS: Energy separation setting (Q* = 3.4 GeV2, 5 = 0.5)

-1(0.173 - 0.327) GeV?
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C

— E,=8.8GeV

— E, =11.0 GeV

Carlos Mufoz Camacho (IPN-Orsay)

PR12-13-010: DVCS and Deep-7 in Hall C

¢(0 - 360) deg

ross section after BH subtraction: large variation with Ej

PAC40 — Jun 17-20, 2013
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Projections DVCS

DVCS: high-Q?% and low-z 5 extension

Q? =10 GeV?, x5 = 0.6 Q% =3 GeV2, x5 =02

- - 2 R - 2 = . 2 - . 2 = ~ 2
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Studying matter as it is illuminated by a light-front

* DIS: H(ee’)X

* Longitudinal (light-cone) Momentum
distributions

e Elastic Electro-Weak Form Factors:
H(e,e’)p...

* Fourier Transform of spatial impact-parameter
distributions

e 2-D formalism fully compatible with Q.M. and
Relativity

* Generalized Parton Distributions
Deeply Virtual Exclusive Scattering
« eN>eNy, eN=>eN(x, p, ¢), etc

* Correlations of longitudinal momentum
fraction with transverse spatial position
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12

* 0.3% of statistics on tape.

DVCS Q2 vs xB
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* 0.3% of the statistics on tape.
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* Threshold region poorly measured

* CLAS 12:

e Full t-
distrbution

* fine bins in g
s at threshold

e SoLID, I

* Electro- e
production il I
* Polarized 't 4

Target - f

RN FTETE SRR TE IR N
1 115 12 125 13

ST PRETE PETY PETES FTETE DT
8 85 9 95 10 105 1
E_(GeV)
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M.Diehl, ... EPJC 73 (2013) N N e
(also S. Liuti et al.) ) o fh
Hi(x,0,4%) = gn(x)exp[A° Bif(x)] o1 e {*
Efx,0,4°) = efx)exp[A? B2(x)] T e e I
* g(x): ABM2011 o o
ef(x) = krNy x4 (1-x) (1-yr x'?) HEpeed | , LFf(GeV?
* Bu(x) =os (1-x)3log(1/x) + Anrx(1 -x)2 ‘m%?..\, ; kﬂ\
* Buy(1-9)’
Idx Hi(x,0,4%) = Fip~4%) O ™ B e e
Jdx Efx,0,4%) = Fa(—A4?)
% Compton Form Factors:  é=xg/(2—x3))
Im[#HE,A0°)] = n[Hf(§, § A°)— Hf(—¢, & 4°)]
gim[H,(8.4%)]=x["dB[a,B)+T,B] [ @.p)],_ . " ((1-J8l) -]
© Profile functions A(a,f) arbitrary (symmetric in a,p): AT (1-18)°
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