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when target is static
(Mconstituent, Mtarget >~ Q)

the 3D Fourier transform of form factors
gives the distribution of electric charge and magnetization



what do we know about spatial
distributions of charges in nuclei?
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shapes of nuclei:
as revealed through
inelastic electron scattering
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what do we know about the proton size
and its charge distributions?

m proton size: charge radius Rk
very low Q? elastic electron scattering,
atomic spectroscopy (Lamb shift)

m proton spatial (charge) distributions
elastic electron scattering
e.m. FFs:  F1(Q?) -> p(b)

m proton 3D transverse spatial/
longitudinal momentum distributions
deeply virtual Compton scattering
GPDs H(x, &, t) -> p(x, b) for &=0




proton radius
puzzle




Proton radius from Hydrogen spectroscopy

§.4mey ,
2P, , F-1
5) S F=1
i T =

206 meV
- Electron 50 THz

6 Uum

. uH Lamb

Muon

225 meV

; 55 THz
Proton shift 5.5 um
Muonic
HydrOg‘(-)n | Hydrogen fin. size: Pohl et al.
3.7 meV 1 (2010)

AE,. = 206.0336 (15) - 5.2275(10) R:2 + AE.,, meV

£ l l O(a®) correction
Antognini et al. (2013)
3.70 meV 0.0332 (20) meV 6



Proton radius puzzle
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%  uH (R. Pohl et al.)

—&— MAMI (J. Bernauer et al.)

——&—— JLab (X.Zhan et al.)

& MH (A. Antognini et al.)

0.85 0.9
Proton Charge Radius (fm)

[T

uH data: Re = 0.8409 + 0.0004 fm

Pohl et al. (2010)

Antognini et al. (2013) 7 o difference !?

ep data: Re=0.8775 + 0.0051 fm

CODATA (2012) Ele New ork Times



Proton radius puzzle: what could it mean ?

AE,. = 206.0336 (15) - 5.2275(10) R2 + AE,

MH expt. wrong ?

MH theory wrong ?

- QED bound state corrections
- hadronic corrections

- check with different targets

different | radii

Lamb shift

difference of

~ 330 peV

new physics ?

meV

eH theory wrong ?

eH expt. wrong ? -> R Wrong

+ ep scattering wrong ?

- radiative corrections

- 2y corrections

- low Q? extrapolation
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Lamb shift: QED corrections

Pachucki (1996, 1999)
Borie (1976, 2005)

Calculated by several groups

1 loop electron AE = 205.0282 meV

\ /
NANY { < |
J \ ./ -
'\.‘. ) //' ‘\7 —’}_;Y N —
~ \r_.v.- “ ) Aals i
< < e
< <&
> >

2 loop electron
2 (O O AE = 0.1509 meV

Muon self-energy, vacuum polarization AE =-0.6677 meV

other QED corrections calculated : all of size 0.005 meV or smaller << 0.3 meV
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Lamb shift: hadronic corrections (I

2 Z 1qx L -V
ke e kTG = g [T IT @ O)l0)
W q[l ql/ . .
1S St = (e 2L e
P P 1 AL AN SR AL AN ‘
’ F(p‘q_(*’)(p —p )

B Lower blob contains both elastic (nucleon) and in-elastic states ‘ Hadron physics

Information contained in forward, double virtual Compton scattering input required

- Described by two amplitudes T1 and T2: function of energy v and virtuality Q?

< 1 ‘
Im 7 (v, QZ) = mFl (v, Qz)

1 ‘
— F5(v, Q%)
4v

- Imaginary parts of T1, T2: unpolarized structure functions of proton
Im 75 (v, Q?)

- AE evaluated through an integral over Q% and v

AF — AE“)’[ __— Elastic state: involves nucleon form factors
subtr T : e
+ AFE — Subtraction: involves nucleon polarizabilities
4+ AE'ZZN@[

= Inelastic, dispersion integrals: involves structure functions F1, F2
10



Lamb shift: hadronic corrections (II)

- low-energy expansion of forward, 8 ; — 2 ; Theory analyses:
% 4 BChPT
doubly virtual Compton scattering sl % ] taners:
Pascalutsa (2010)
contains a subtraction term T1(0,Q?)
T ' HBChPT

effective Hamiltonian:

1 L, 1 .
H = —§4mEE2 — §4m3MBQ

l l 0k
electric magnetic > . . . . ae = (11.2 £ 0.2) x 10* fm3
polarizabilities

Griesshammer,
i McGovern,
Phillips (2013)

Bm1® [104 fm3]

i PDG 14 values:

ag(? [10°m’] Bm = (2.5+0.4) x 10* fm3

: 2
- S otacHontee) it o) weighting function in Lamb shift

2 Hop

.Til()n—an(O? QZ) — 662—233[ + O(Q4) o_s:_
non—Born 2 _ QQ ‘ 4 06 '
TQ (O Q ) = ? (QE + dﬂf) + O(Q ) ]

04f

next order terms: calculable in chiral perturbation theory |
Nevado, Pineda (2008) ; Birse, McGovern (2012) ; | &\:ﬂechon

Alarcon, Lensky, Pascalutsa(2014) ‘ o1 53 55 s

Q (GeV)
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Lamb shift: hadronic corrections summary

polarizability correction dispersive estimates

on 2S level in pH in peV :
HBChPT
HBChPT . : BChPT
+ dispersive

(neV) Pachucki [9] Martynenko [10] Nevado and Carlson and Birse and Gorchtein LO-BxPT

Pineda [11] Vanderhaeghen [12] McGovern [13] et al. [14] [this work]
AT 1.8 523 = 53 (1.9) 4.2 (1.0) S ey =D
KESTE 130 i s = —12.7 (5) —12.7 (5) —13.0 (6) 2
APE AR P10 (0) =15 LS —7.4 (2.4) SRSl —15.3 (5.6) =Sl

4 Adjusted value; the original value of Ref. [14], +3.3, is based on a different decomposition into the ‘elastic’ and ‘polarizability’ contributions
b Taken from Ref. [12]

9]
10

. Pachucki, Phys. Rev. A 60, 3593 (1999).

[10] A. P. Martynenko, Phys. Atom. Nucl. 69, 1309 (2006).

[11] D. Nevado and A. Pineda, Phys. Rev. C 77, 035202 (2008).

[12] C. E. Carlson and M. Vanderhaeghen, Phys. Rev. A 84, 020102 (2011).
[13]

[14]

QO » X

=

13] M. C. Birse and J. A. McGovern, Eur. Phys. J. A 48, 120 (2012).
14] M. Gorchtein, F. J. Llanes-Estrada and A. P. Szczepaniak, Phys. Rev. A 87, 052501 (2013).

[LO-BxPT] Alarcon, Lensky, Pascalutsa, EPJC (2014) 74:2852

total hadronic correction on Lamb shift  AEtpg(2P - 2S) = (33 + 2) peV
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Lamb shift: status of known corrections

HH Lamb shift: summary of corrections

I-loop eVP

proton size

2-loop eVP

uSE and uVP
discrepancy

[-loop eVP in 2 Coul.
recoil

2-photon exchange ﬁ
hadronic VP
proton SE

3-loop eVP
light-by-light

largest theoretical
Ll Ll RNt Ll ENNEETT ‘ Uncertalnty

0>  107% 10" 1 10 10 eV

-

total hadronic correction on Lamb shift
- elastic contribution on 2S level: AEs =-23 peV

B inelastic contribution: Carlson, vdh (2011) + AE2p-25)= (33 £ 2) peV

Birse, McGovern (2012)

...or about 10% of needed correction
13



Proton radius puzzle: what’s next ?

- 1 atom Lamb shift: u D, u 3He*, u *“He* have been performed

=)
=)

1 1

electronic H Lamb shift: higher accuracy measurements

electron scattering analysis:

- radius extraction fits (use fits with correct analytical behavior: 2m cut)
- radiative corrections, two-photon exchange corrections
new fit Re=0.904 (15) fm (4o from pH)

electron scattering experiments:

new Ggp experiments down to Q%= 2 x 10 GeV?

- MAMI/A1: Initial State Radiation (2013/4)

- JLab/Hall B: HyCal, magnetic spectrometer-free experiment, norm to Mgller (2016/7)

- MESA: low-energy, high resolution spectrometers

muon scattering experiments: MUSE@PSI (2018/9)

e'e* versus UL photoproduction: lepton universality test

14



pD Lamb shift experiment

- H/D isotope shift (1S - 2S):

- CODATA 2010:

- rp from pH + isotope shift :

- new uD Lamb shift @ PSI:

rq2-rp? = 3.82007 (65) fm?

rq = 2.14240 (210) fm
re =2.12771 (22) fm

I'q = 2.12562 (13)theo (77)theo fm

Parthey et al. (2010)

Pohl et al., Science 353,417 (2016)

3.50 indep. of r), ’; D spectr.
ub - e~ another 7c discrepancy!
- -
uH + 1so H/D(1S-2S) - CODATA_2010
(70 from uH) —
- -
e-d scatt. ®
| | l | | | | I | | | | I | | | | I | | | | I | | | | I | | | | | | | | | I | |
2.11 2.115 2.12 2.125 2.13 2.135 2.14 2.145

Deuteron charge radius [fm]

- electronic D (rpindep.): rg=2.14150 (450) fm <& 3.50 Pohl et al. (2016)

- improved radius measurement from e-d scattering was performed @ MAMI (2014)

15



Polarization corrections for uD, 1 *He*, n *He*, ...

- uH AETPE (ZP - ZS) = (33 + 2) uev Carlson, Vdh (2011) + Birse, McGovern (2012)

present accuracy comparable with experimental precision: | Oexp(AELs) = 2.3 peV

‘ pD; AEtpe= (1727 £ 20) ueV nucleon potentials form chiral EFT Hernandez et al. (2014)

AEtpe= (1748 £ 740) pueV dispersive analysis Carlson, Gorchtein, Vdh (2014)

AEtpe= (1710 £ 15) peV theory average used in exp. Xrauth (2016)

present accuracy factor 5 worse than experimental precision: | Oexp(AEis) = 3.4 peV

- M 3Het: AEtpe = (15.46 + 0.39) meV nucleon potentials form chiral EFT

Nevo Dinur, Ji, Bacca, Barnea (2016)

AEtpe=(15.14 £ 0.49) meV dispersive analysis carlson, Gorchtein, Vdh (2016)

16



1‘02 L] ) ] L] ) ] L] ) ]
This experiment —e—
1.01 | ISR it —— "
+ Bemauer (2010) —e—
1 Simon (1980) —s— -
Borkowski (19’ ) —e—
09 L Murphy (1974) —a—
098 L
T 097 |
0.9 |-
0.95 |-
0.9 L
093 p- Systematic uncertainty 7
0-9:_) L 1 L L 1 L L 1 L
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Q* [GeV?/d

ISR@MAMI experiment

- Extracting FFs from the radiative tail.

- Radiative tail dominated by coherent
sum of two Bethe-Heitler diagrams.

2
3 Re construct

0.02

— Simulation DmaleSMaV
10 — Omitiad elastic -Had x and
+ Data at 495 MaV He.c’ =° contributions
-Daraathav nd

=
(=]
L

| [r Jr

S

Counts ! (0.1mC - 5MeV)
5 &
T

1]|‘

-2 il I HHmi’HMe ll

Data/Simulation ~ 1

3 Sysematic uncartainty

250 300 350 400 450 500
Eecronenargy £ [MaV]

100 150 200

Mihovilovic et al. (2016)

good understanding of radiative
tail (~ 1%)

follow up experiment:
down to Q’= 2 x 10* GeV?
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MUSE@PSI experiment

Straw
Chambers

simultaneous measurement of e and p

elastic scattering absolute cross sections

e Q}P' ',.J" :’f B |
g AR “
i ! ét'. J
3 I Py
4
Target ¢ Chamber

Cerenkov .

MUSE Pseudodata: Estimated Errors for u/e C:‘:p Ratio IR
Sick (2003 z ; e

) ; ;

115 MeVie CODATA:2006 (2008)
® 153 MeV/c Bernauer (2010 :
(

..........................................................................................................

1.1

p)/ G (e p)

T T T ]

H 210 MeV/c T
=.1.05( 3 S — — — . e . - Pohl (2010

)

) : :
Zhan (2011) L ———

CODATA:2010 (2012) :

Antognini (2013) A ; :
Projected MUSE ep l—Q——i
AU S N SO W S S N A A O A O Projected MUSE 'p e

- L] Projected MUSE up —e— ‘

- (points offset for plotting) .= = ° Projected MUSE w'p —o—
0.9 S s S T S S ‘

S S S S 082 08 086 088 090 092

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
2 2 .
Q" (GeV") Proton Charge Radius (fm)

—

production run planned 2018 - 2019 =z



do/dtdM,* (ub/GeV™)

Lepton universality test in

YPp — €€ p Vs yp o P p

y+pel'l++p

10

10 -

EY =0.5 GeV

--------- 0.01
wu
— 002
(R E— 0.03
L AR L L
0.03 0.04 0.05 0.06 0.07 0.08
2 2
M, (GeV?)
R — Ay -,

E,=0.5 GeV

114 —t=0.03 GeV”
1435} lepton universality
o violation
'© 113}  Ggp/Gg,=1.01
3
'3 1125}
3
A
2 112}
% lepton universality

M _ ~~e
1.115 Gep=Gg,

1.11

1.105

0.066 0.068 0.07 0.072 0.074 0.076 0.078
M2 (GeV?)

difference in measured proton charge FF

in electron vs muon observables
leads to a 0.2% absolute effect
in (ee+upt) vs put ratio

Pauk ,Vdh (2015) 19



New facility MESA

Mainz Energy-Recovering Superconducting Accelerator

Recirculating ERL

E ..x =155 MeV

l.., > 1 mA (ERL)
commissioning 2020

Mode 1:
Extracted Beam
P2 Experiment

]l l[] JH LD

lllllllllllllll
...............

—

Mode 2: ERL
Internal Target
MAGIX Experiment

20



Low-Q? proton FF: MAGIX@MESA

Operation of a high-intensity (polarized) ERL beam in conjunction with light internal target
— anovel techniquein nuclear and particle physics

Focal Plane

Detectors Internal
High resolution spectrometers MAGIX: Gas Target

= double arm, compact design

= momentum resolution: Ap/p < 104
= acceptance: +50 mrad

= GEM-based focal plane detectors

= Gas Jet or polarized T-shaped target

+ MAGIX at MESA  FEj 45 MeV
098 L " MAGIX at MESA  Ey = 105 MeV

1.03

1.02 | i

LI B
4 T IR IR R RRB R

1.01 O 0 5 0 0 0000000000000000 6 60e0eseem
3 1
=
S o9 L ¢ MAGIX at MESA  E; = 20 MeV
~
SIS

Data until 1980
o Bernauer (MAMI 2010)
| — Belushkin (Dispersion Analysis 2007)

0.97 -

0.96

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
1le-05 0.0001 0.001 0.01 0.1

Q% / (GeV?/c?)




proton e.m. form factors,

charge distributions

// PHYSICAL

REVIEW

LETTERS
V
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spin-1/2 electromagnetic form factors

m) (in)elastic electron scattering is our

microscope to investigate hadron structure

m) in the 1-photon exchange approximation:

nucleon (spin 1/2 target) structure is parameterized by 2 form factors (FFs)

(" )
(p+ 5 X J*0) | p=5,) = alp+ 3, ) Fl(QQ)vMFz(QQ)ﬁa””qy] u(p— 2,3
\_ T T J

| |
Dirac FF Pauli FF

for praton- . PO =0) =1 = B0 —0Fr—+ — 1.9

Q2
4 M2

m) equivalently: in experiment one often uses Sachs FFs with

[ ) A 1
Gu(@) = Fi(@") + F:(@?) | —> magnetic FF (6" = 1- 5(r}) @* +0(Q" |

Gr(Q%) = F1(Q?) — 7F»,(Q*)| —> electric FF
o / charge radius

23



e scattering cross sections

Electron scattering facilities JLab (12 GeV), MAMI (1.6 GeV):
uniquely positioned to deliver high precision data

MAMI/A1 achieched < 1% measurement

of proton charge radius R

1.03
1.02
1.01
1 e
0.99 i
0.98
0.97
0.96
0.95

L

GE/Gsta.dipole

GE/Gstd.dipole
o
©
T

°

3

O]

S

~

=

O]

0 02 04 06 08 1
Q*[GeV?]

----- [3] no TPE t#{ Price [65] ++ Borkowski [62]
--[2] te Berger [97] t Bartel [99]
b Christy [54] ted Hanson [98] 4 Murphy [82]
t= Simon [58] 4 Janssens [55] + Bosted [66]

Bernauer et al. (2010, 2013)

JLab polarization transfer measurements:
Gep / Gmp difference with Rosenbluth

1.50

1.00

P
M

0.50

,u,pGg/G

0.00

-0.50

Jones et al. (2000)

Gayou et al. (2002)

- | | | | | Ju
- 1 B -
1l
\ . k_ T . -
_\ - _‘ :— | ’ e
[\ - ’ ]
AN =~ -
- ~ —
- — - .
. & this work NRE I
- B Gayou N \ ~ -
- @ Jones, Punjabi \\\' "
~ — < + .
Andivahis -
A2 Christy \\\ .
2D Qattan ssstan———— ‘ \\\ :
[P R SRR L3
1 . 1 | v I 1 .
0.0 2.0 4.0 6.0 8.0 10.0 12.0
2 2
Q* (GeV?)

Punjabi et al. (2005)

Puckett et al. (2010)
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Interpretation of form factor as quark density

q

g
y i,

overlap of wave function
Fock components

VISR Y

with different number of quarks

\ AN 7R A

y

overlap of wave function

J NO probability / charge density

interpretation

absent in a light-front frame!
Fock components

with same number of quarks C]+ — qO + q3: ()

25



quark transverse charge densities in nucleon (1)

m) light-front q

’

P P
photon only couples to forward moving quarks

B quark charge density operator

gl g0 g

: 7
with ¢ = 77 vtq

m longitudinally polarized nucleon
r 2 B
e d (7_]_ gt o] CT_J_ Cﬁ Soper (1997)
N(p) = iqL-b -+ s o
0 :/ e —— (P, = ANJT(0)|PT,——=—, A
? ( ) (27T)2 2P+< 2 ’ ( )| 2 > Burkardt (2000)
= d
:/ %QJO(bQ)Fl(QQ) Miller (2007)
0

26



quark transverse charge densities in nucleon (2)

B transversely polarized nucleon

transverse spin S| = cos ¢g €, + Sin ¢g €,

e.g. along x-axis ¢g =0 pib,;
e b(cos ¢p €5 + sin ¢y €,)) ﬁfh

- < dQ @
= o} (b) + sin(@y — 65) / - QMlecz)Fz(@?)

Carlson, Vdh (2007)

dipole field pattern
27



spatial imaging of hadrons

k
proton neutron p->A* p->N (1440)
15 15 75
1 1 2
0.5 0.5 _ s -
« ., gy ©
()
-0.5 -0.5 e
-1 ~1 ¢
_105 e 05
—15-1-050 05 1 15 —1.51-050 0.5 1 15 "1 -1 a5 ¢ a5 1 13 S R i & e
be [fm]
LS 1.5 s =
1 1 1 1
0.5 0.5 es s
0 0 ’ o
-0.5 -0.5 —es < _es
] -1 -1 7
-— .5 ) 05 -1.5 %
~15-1-050 05 1 1.5 -1.5-1-0.50 05 1 15 15 -1 -5 0 a5 1 13 s -1-85 0 65 1 15
b: [fm]
Miller (2007) Carlson, Vdh (2007) Tiator, Vdh (2007)
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Generalised Parton
Distributions

U X M)
= W
e

29



Correlations in transverse position/longitudinal momentum

. —> GPDs <— DIS
scattering 7
quark qguark
distributions in distributions in
transverse longitudinal
position space momentum

proton
3D imaging

Burkardt (2000, 2003)

Belitsky, Ji, Yuan
(2004)
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DVCS: tool to access GPDs

Q2>> 1 GeV?

*

Y

X+¢&

m) ot large Q?%: QCD factorization theorem

{tﬁy

X-&

GPDs

\

GPD(x, €, t)

Miller et al (1994)

Ji (19995)

Collins,

at twist-2: 4 quark helicity conserving GPDs
B key: Q2leverage needed to test QCD scaling

Radyushkin (1996)

Frankfurt, Strikman (1996)

world data on proton F;

D l!l T l'l" 'l'l T l"ll T T 1 l"'ll
\‘-
&) O SLAC NMC BCDMS
. 1=0.000032
£ £ =0.00005 o
— =0 00008 ® H1096-97 prehmmary -
000083  gan
x=0.0002 B H1%4-97 C.p
000032
- - — NLOQCDFa 4
=0.0008
Aa=00013 glx)= 06« (ix)}-0.4)
B ~0.002 7
- ~0.0(32
A 3
S ~0.005 .
‘ e
hd . - =0 008
A Y o o-oB-8
., AN .
. | ]jv " e® 2008 g
», ~collider . :
- o ’
“ - ~0.032
“ =005
= . -
amo - ‘y “e mut s uSgunge = =008
° ‘-\. ae SnSgans - " - =013
fixe get
< - " a0 I8
- "‘\-‘0 Teegente w o ", 4 =025 1
oo - IO\ll.nlio R — +_ 0.0
.
XA Ixi=y; ‘I‘Ill 2 - = 065 o
aaaal N wl .....I‘ N | P ....l5 2
3 -
1 10 10 108 10 S0
. O /GeV”
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GPDs: known limits

B inforward kinematics (§=0, t = 0) : PDF limit

~N

(HYz,£ = 0,t = 0) = ¢(z)

s 0

. J

E, E? do not appear in forward kinematics (DIS) m® new information

m) first moments of GPDs : elastic form factor limit
4 )

+1
/ do i tlw & b= (¢ +—> DiracFF
i

+1
/ ST = T R

— 1.

R LRI 2 5
/ deH(z,&,t) = G%(t) —> axial FF

SR
/ dzEY(z,£,t) = G5(t) |—— pseudoscalar FF

L
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Contributions to nucleon spin

GPDs: higher moments,
total quark angular momentum

s

\

+1
/

il
/,

~

duail (s A = O]

dvr il e — Bt =t

.

Ji's angular momentum sum rule

—

form factors of energy-
momentum tensor

Polyakov, Weiss (1999)
Polyakov (2003)

Goeke, Schweitzer et al. (2007)

-

dex {H?(x,£,0)+ F9(z,£,0)} = A(0) + B(0) = 2J1 J

lattice QCD calculations at the physical point

0.4 : :
TR T S Y -
03} o ; | ¢ c
., 4 3
¢ E
02 1 c
0.1 5
P 2
o Jd O

-0.1 . . .

0.05 0.1 0.15 0.2 0.25
m? (GeV?)

it
b

e.g. twisted mass fermions

Alexandrou et al. (2016)

B A Y o o ‘LJ
i I3
; e e d, s-quarks carry very small
;¢ L total angular momentum,
5
u-quark carries around 50%
005 01 015 02 025
m: (GeV~)
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DVCS beam spin asymmetries:
first observations around 2000

AL =
(BH) * Im(DVCS) * sin ©
(BH2+DV(CS?)

Bethe-Heitler

HERMES

-

.04 r

0.3 — £
CLAS - /

0.2 -_ ;

e

-0.3:— ......... I Q2 = 2.6 GeV? ,
Q? = 1.25 GeV? : 061 '
: : 7] S T T S T T s Xp = 0.11,
-01 9 0 50 100 150 200 250\ 300 350 -3 -2 1 0 1 2 3
S oag o(rad)  -t=0.27 GeV?
+20196eV:  prr g97:.182002 (2001) PRI #7:182001 (2001)

Vdh, Guichon, Guidal (1999)
Kivel, Polyakov, Vdh (2000) 34
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DVCS accesses Compton Form Factors:
8 CFFs at twist-2

4 1 )
1 1
|:> %Re(gat)zp/ daj{il?—g | $+€}H+($,§,t)
0 and analogous
W Gl = HE G formulas for
S Z 1 1 1 . GPDs E. E“
IR = 73/0 dx {x e e = +(,€,1) respectively
;Lzlm(gat) = ﬁ+(€,€,t)
\ =
4 N
with singlet GPD combinations Hy(x,§,t) = H(z,&,t) — H(—x,&,)
(quark + anti-quark): Hedlat € w)i—= Hilp b -E Hil— v &b
\ J
B CFF fit extractions from data:  cuidal(2008,...) Guidal, Moutarde (2009, ...)

Kumericki, Mueller, Passek-Kumericki (2008,...)
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global analysis of JLab 6 GeV data
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3D imaging of
proton

black circles: CFF fit of JLab data
black squares: CFF fit of HERMES data
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Projections for CFFs at JLab 12 GeV
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Conclusions

Pusgzgles at low Energies ?!
- Proton Radius

Low-Energy
Frontier

Low Energy experimenty
study the structure
of pawticles
oand more thon that !

> New tools: MESA
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