I The frontiers of

the virtual photon
program @ MAMI




The MAMI/A1 Legacy

| A v O

Harmonic Double Sided Microtron (2007)

MAINZER MIKROTRON up to E — 1 .6 Gev

Intensity

up to 100 pA e

RTM3

Resolution ..
Oe < 0.100 MeV .

Polarization
up to 80% @ 40pA

Reliability

85% (7000 h/y)

R m——

D. Watts “The Crystal Ball programme@MAMI” Tue. Jun 5t
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Fundamental Structure of Matter

Quark momentum and flavour d

Polarizabilities

Theoretical Tools

Charge and magnet
Strangeness Content
pQDC, OPE, Lattice Q

Spin distribut




D, ChPT

E, Lattice QC
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> Vary the wavelength of the probe to view deeper inside the hadron

Fundamental Structure of Matter

Quark momentum and flavour distribution

> Electron-vertex well-known from QED

> One-photon exchange dominates

> Higher-order exchange diagrams are suppressed

Polarizabilities

Charge and magnetism distributions
Strangeness Content

Spin distribution

Theoretical Tools

pQDC, OP







« Diamonds aygf CVE! ..

Form Factors are

How big is the proton?

Is there evidence for a pion cloud?
—

2 rconfi nementi

Form factors from elastic ep scattering




Form Factors from Elastic ep scattering

Cross section for one photon exchange
(Rosenbluth-cross section + Separation at constant Q?)

Y charge distribution
( do )
| dQ
€ / Mott

2

R »
N A

— and ¢ = [1+2(1+t)tan2—"
4m, 2

v Separated Ge(Q?) and Gm(Q?)
% but contribution from two photon exchange (TPE)




Form Factors from Elastic ep scattering
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M. Distler - 501. Heraeus Seminar - March 2012 - Bad Honnef, Germany



The latest MAMI measurement

The experiment designed for ...
high precision by redundancy

PRL 105, 242001 (2010) PHYSICAL REVIEW LETTERS 10 DECEMBER 2010

g .

o o ° ° 0
High-Precision Determination of the Electric and Magnetic Form Factors of the Proton ® S tatl S tl Cal p recision O < O‘ 1 /0
J.C. Bernauer,l‘* P. Achenbach,l C. Ayerbe Gayoso,l R. Béhm,1 D. Bosnar,2 L. Debenjak,3 M. O. Distler,l’+ L. Doria,l o 89 < O° 5 m rad ve rtl Cal a n d h O rIZO ntal

A. Esser,' H. Fonvieille,* J. M. Friedrich,’ J. Friedrich,' M. Gémez Rodriguez de la Paz,' M. Makek,” H. Merkel,'

D.G. Middleton,' U. Miiller,' L. Nungesser,l J. Pochodzalla,! M. Potokar,” S. Sénchez Majos,1 B.S. Schlimme,' ® ContrOI Of I u m i nOSity a nd SyStematic erro rs

S. Sirca,®* Th. Walcher,' and M. Wei

nriefer’
I (A] Collaharatinn - ~ | ’

> All quantities measured by more than one method




Rosenbluth with a twist

L

“Super-Rosenbluth Separation”
fit of form factor models DIRECTLY to cross sections

PRL 105, 242001 (2010) PHYSICAL REVIEW LETTERS 10 DECEMBER 2010

£

y e All Q2 and € data are used in one fit

High-Precision Determination of the Electric and Magnetic Form Factors of the Proton ! () N (o) p roi ecti on to con Sta n t QZ

J.C. Bernauer *P. Achenbach C. Ayerbe Gayoso,' R. Bohm D. Bosnar,” L. Debenjak,” M. O. Dlstler " L. Doria,’' > H H H H
A. Esser,' H. Fonvieille,* J. M. Friedrich,’ J. Friedrich,' M. Gémez Rodriguez de la Paz,' M. Makek,” H. Merkel,' no Ilmlt Of klnematlcs

D.G. Middleton,' U. Miiller,' L. Nungesser,l J. Pochodzalla,! M. Potokar,” S. Sénchez Majos,l B.S. Schlimme,' PY One ' esti mato r"

S. girca,("3 Th. Walcher,' and M. Weinriefer'
(] Gl . i > stat. theory “robust estimator”
W - 1.04 T T T
&+ Borkowski et al. [15]
L 2

1.03 - +e4 Janssens et al.
1.02 | = Simon et al. += Murphy et al. [16]
101 HH Price et al. _

1
0.99

Polynomial
Poly. + dip.
Poly. x dip.
Inv. poly.
Spline 0.98
Spline x dip. 0.97

3 Friedrich-Walcher
| :‘-;5' Double Dipole 0.96
N ' Extended G.K. I} 0.95
i az
i I L i? = iﬂﬂm} lclli -

' 5 .i-:uusll

Ge/Ggiq. dipole

Oexp/Ostd. dipole

Gg/Ggy. dipole

Christy et al.
++ Simon et al.

0.04 0.06 . . : Price et al. &4 Borkowskilet al

2 2 Bergeretal. ++i Janssens et al.

Q" [(GeV/e)7] . Hansonetal. v+ Murphy etal. [t

0.2 0.4 0.6
Q% [(GeV/c)?]




The Radius Puzzle

Bernauer et al. (2010)

CODATA 06 (2008
CODATA 02 (2005
Melnikov et al. (2000
Udem et al. (1997
Blunden et al. (2005
Sick et al. (2003
Rosenfelder et al. (2000
Mergell et al. (1996
Wong et al. (1994
Eschrich et al. (2001
McCord et al.
Simon et al.
Borkowski et al.
Akimov et al.
Frerejacque et al.
Hand et al.

074 0.76 0.78 0.8 082 084 086 088 09 092
<rg> [fm]




“""‘ The Radius Puzzle

oy

Pohl et al. &201 O;

w B N

Bernauer et al. (2010

R. Pohl et al., Nature 466, (2010) 213 5 CODATA 06 (2008

( ) - | CODATA 02 (2005

" Our value | Melnikov et al. (2000

I :; Udem et al. (1997

Blunden et al. (2005

Sick et al. (2003

G BENEERER Rosenfelder et al. (2000

’ Mergell et al. (1996

Wong et al. (1994

Eschrich et al. (2001
McCord et al.
‘ Simon et al.

Borkowski et al.
Akimov et al. = .
Frerejacque et al. = *
Hand et al. ——e—

? 0.74 0.76 0.78 0.8 0.82 0.84 086 0.88 0.9

29.85 9 <re> [fm]
Laser frequency (THz)

Delayed / prompt events (104




Delayed / prompt events (104

R. Pohl et al., Nature 466, (2010) 213

e-p scattering

CODATA-06 {

H,O calibration

}

" QOur value

:

t

%

49.75 49.8

49.85

49.9

Laser frequency (THz)

The Radius Puzzle

H/D spectroscopy + QED
(10 eV)

®—— 0.8760 (78) fm

& Up (2S,,(F=1)-2P,,(F=2)) + QED 0.84184 (68) fm
(2 keV)

Mainz electron-proton scatteringt @ + 0.879 (8) fm
(200 Mev - 1 GeV)

electron-proton scattering re-analysis * @

(200 Mev - 1 GeV) 0,895 (18) fm

0,83

T L) L) L L] T L) L)

0,84 0,85 0,86 0,87 0,88 0,89 0,9 0,91

Discrepancy is between muonic
and electronic measurements

1

0,92




The Radius Puzzle
2

H/D spectroscopy + QED
(10 eV)

®—— 0.8760 (78) fm

R. Pohl et al., Nature 466, (2010) 213

CODATA.08 { " Our value & Up (2S,,(F=1)-2P,,(F=2)) + QED 0.84184 (68) fm
(2 keV)

e-p scattering

H,O calibration

Mainz electron-proton scatteringt @ + 0.879 (8) fm
(200 Mev - 1 GeV)

electron-proton scattering re-analysis ¢ @
(200 Mev - 1 GeV) 0,895 (18) fm
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Laser frequency (THz)

INSPIRE

4, 2

Exotic particles, contribution to the Lamb shift in up,
higher Zemach moments, Two-Photon-Exchange,
structure corrections to hyperfine splitting,

radiative corrections, [...]
still an unresolved problem




,u_The Radius Puzzle

H/D spectroscopy + QED
(10 eV)

®—— 0.8760 (78) fm

& P (2S,,(F=1)-2P,,(F=2)) + QED 0.84184 (68) fm
(2 keV)

Mainz electron-proton scattering? + 0.879 (8) fm
(200 Mev — 1 GeV)

electron-proton scattering re-analysis ¢ @

I L] L] L] L] L] L) T

0,83 0,84 0,85 0,86 0,87 0,89 0,9 0,91
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Known problems for extrapolation Q% = 0
Initial State Radiation (MAMI)

—
On
N

=)
w
Events / (nA h)

Reconstructed Q° (E’,0") [GeV2/c2]
S
IS

107 107 1072
Q2 at Vertex (Simulation) [Gev2/02]




The Radius Puzzle
A

H/D spectroscopy + QED
(10 eV)

@—— 0.8760 (78) fm

& P (25,,(F=1)-2P;,(F=2)) + QED 0.84184 (68)fm
(2 keV) .

) 7 ~<)

WY

7, —

088 089 09 091 092

FPrBr P

M NN
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Known problems for extrapolation Q% = 0
Initial State Radiation (MAMI)

Muonic Lamb shift

uD, p-3He, p-*He measurements (PSI)

New Ggp measurements
Extension up to 1.6 GeV for proton and very low Q? for light nuclei (MAMI)




Few Nucleon Systems Form Factor

Neutron form factor

— Gentile+Crawford (2011) @ 31{8(53 e’n) This Work (Preliminary)
— Belushkin (2007) ¢ 3He(€, e’n) Riordan (JLAB 2010)
— Friedrich+Walcher (2003) ® Sfi:e(é', e’n) Bermuth (MAMI 2003)
— Galster 4 3He(é&, e’n) Becker (MAMI 1999)

v 3He(€&, e’n) Meyerhoff (MAMI 1994)

® d(¢&, e’ ) Plaster (JLAB 2006)

¢ d(é€, e’ 1) Glazier (MAMI 2005)

B d(&, e’ 1) Herberg (MAMI 1999)

4 d(&, e’ i) Eden (MIT 1994)

® d(&, e’'n) Geis (MIT 2008)

¢ d(&, e’n) Warren (JLAB 2004)

B d(&, e’ n) Zhu (JLAB 2001)

A d(&, e’ n) Passchier (NIKHEF 1999)

1.5 2
Q? [GeV?/c?]

S. Schlimme PhD, JGU, Mainz (2012)

The Challenge:

No FREE neutron target

use light nuclei (deuteron)

M. Garcon, J. W. Van Orden, Adv. Nucl. Phys. 26, 293 (2001).

Resolution and Consistency

NEW dedicated n-DET

WIDE range
Q2= 0.2 to 1.5 GeVZ/c2

“ Describing complexity in terms of fundamental interactions ”

NuPECC Long Range Plan




Linking QCD to many body systems

Simplicity
Degrees of Freedom Energy (MeV)

0 %° @

quarks, gluons

@ 940 Hadron structure

Hot and dense quark-gluon matter

neutron mass

constituent auarks

Q@ 140 Hadron-Nuclear interface

Physics of Hadrons

pion mass

Daryons, mesons

proton 58eparation N UCIea r Stru Ctu re
Nuclear reactions

energy in lead

“Hypernuclear physics is
neither fish nor fowl. “

from a book review by J.D.
Jackson, Science (1968)

protons, neutrons

Physics of Nuclei

il Nuclear astrophysics

state in tin

nucleonic densities
and currents

0.043 S :
rotational Applications of nuclear science
state in uranium

collective coordinates

LRP Nuclear Science Advisory Committee(2008) ¢ Comp]_eXity

Resolution




Linking QCD to many body systems

\ .\\}g“

SR - Mean Field Models

e T SN

R e Density Functional
e\ G - *u TS %

e e R T . /.
\

' ‘ Effective 4
Microscopic - Interactions 3
Ab Initio "

YEFT, EFT(#)

SHe ‘He
18 -

-l
o

Proton Number

—t

=
Constrain modern calculation: SH

Quark-Gluon
Interaction

Precision =3

sl 1 g . §iOn el 1 ¥ 2 % pixeed

Experiments : 1 5 10 50 100 |
Neutron Number '

® UNEDF SciDAC Collaboration

Re I eva n t g Universal Nuclear Energy Density Functional

N 0
3 u
-

w =

Observables Simplicity




Strangeness Nuclear Physics




Strangeness Nuclear Physics @ MAMI

Electroproduction Z(e,e’,K+),(Z-1)

s+ ® el
. K* 2N | N L‘-N\ 15N | 18
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8 9 10 1"
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Strangeness Nuclear Physics @ MAMI

Electroproduction Z(e,e’,K+),(Z-1)

‘ﬁ 1 r
Nucleus / ® #o|xo|#o|®o| o]}
+ (e
. K 2N BN | EN ‘ 5N | BN

-

8 9 10 1" 12 13
ABe|.Be|"Be| 'Be| . ‘Be | 'Be

nc| tc IECHEEINSE] 5c
p T
ABARENNEN B | ’B | \'B

A RIS SR ISR )'Li | /L

6 7 9
aHe| He AHe

° N ERRE
€ 3|4 6

A two-fold way

DIRECT PRODUCTION DECAY
spectroscopy spectroscopy




Spectrosco

Emulsion Data
M. Juri¢ NP B52 (1973) 1
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Decay Spectroscopy @ MAMI

Emulsion Data
M. Juri¢ NP B52 (1973) 1

AN Charge Symmetry Breaking?

% EFT w/o strangeness agrees with data within ~ 2%
Epelbaum, Krebs, Lee, Meilner PRL 104 (10) 142501

number of events




Decay Spectroscopy @ MAMI

Emulsion Data
M. Juri¢ NP B52 (1973) 1

AN Charge Symmetry Breaking?

% EFT w/o strangeness agrees with data within ~ 2%
Epelbaum, Krebs, Lee, Meilner PRL 104 (10) 142501

number of events

,
Be

< High resolution decay n spectroscopy "7 ke

1 2 3 4 5 6 7 8 9 B (Me

Weak mesonic two-body decay - mono-energetic n
v Resolution (0BA) limited by =~ momentum resolution




Decay Spectroscopy @ MAMI

Emulsion Data
M. Juri¢ NP B52 (1973) 1

AN Charge Symmetry Breaking?

% EFT w/o strangeness agrees with data within ~ 2%
Epelbaum, Krebs, Lee, Meilner PRL 104 (10) 142501

= Pilot experiment (2011)

number of events

average: 1.2 counts/bin

counts /0.5 MeV/c

e Zero-degree kaon tagging by KAOS
e High resolution spectrometers for n detection
(Ap/p= 104 FWHM)
e FPGA trigger setups for maximizing
o e background suppression

DPG Fruhjahrstagung, 21.03.2012, Mainz Anselm Esser, KPH Mainz

M—



3 virtual photon program @

Hadron physics pla
a central and
connecting role

Stay tuned for Meson 2014-

Form factors: proton vs. d (June 2012)

Magnetic and electric neutron FF measurements
i e ISR measurements at very low Q2
n . oegog o

Nucleon polarizabilities

The Low Energy Frontier _v2

Johannes Gutenberg-Universitat - Institut fur Kernphysik, Mainz CRC1044




3 virtual photon program @

Hadron physics pla
a central and
connecting role

Stay tuned for Meson 2014

Form factors: proton vs. d (June 2012)

Magnetic and electric neutron FF measurements
ISR measurements at very low Q?
Nucleon polarizabilities

The Low Energy Frontier _vZ
Concettina Sfienti of the Standard Model

Johannes Gutenberg-Universitat - Institut fur Kernphysik, Mainz CRC1044




Probing Dark Forces @ GeV Scale

Park Photon

Light weakly coupled
U(1) gauge boson

N. Arkani-Hamed, et al., Phys. Rev. D 79 (2009) 015014

...it explains ...
terrestrial anomalies
(DAMA, CDMS, XENON)

satellite anomalies
(PAMELA, FERMI)

(9-2), anomaly

M. Pospelov, Phys. Rev. D80 (2009) 095002

Proton Radius Puzzle

D. Tucker-Smith and I. Yavin Phys. Rev. D83 (2011) 101702




Probing Dark Forces @ GeV Scale
Park BPhoion

Lig ht wea kly cou pled PHYSICAL REVIEW D 80, 075018 (2009)
New fixed-target experiments to search for dark gauge forces
U(1) gauge boson

James D. Bjorken,1 Rouven Essig,l Philip Schuster,' and Natalia Toro?
N. Arkani-Hamed, et al., Phys. Rev. D 79 (2009) 015014

'Theory Group, SLAC National Accelerator Laboratory, Menlo Park, California 94025, USA
’Theory Group, Stanford University, Stanford, California 94305, USA
° ° (Received 20 July 2009; published 28 October 2009)
...it explains ...

terrestrial anomalies
(DAMA, CDMS, XENON)

satellite anomalies €
(PAMELA, FERMI)

v
(9-2), anomaly 7= Z

M. Pospelov, Phys. Rev. D80 (2009) 095002

o w World wide effort (CERN, DESY,
Proton Radius Puzzle JLAB, MAMI, all e*e" colliders, ...)

D. Tucker-Smith and I. Yavin Phys. Rev. D83 (2011) 101702

Lar € Cross sectlon in leptons




Search for the Dark Photon @ MAMI

H. Merkel et al., Phys. Rev. Lett. 106 (2011) 251802

' hd 4
Bump Hunt: Quasi-photoproduction off '81Ta target

Minimal angles for spectrometers
. Geometry as symmetric as possible |
: (background reduction)

~. .

Events /0.1 ns [103]
Events /0.5 MeV

250
Meso. [MeV/c?]

§ Almost no accidental background =~ 5% 8me+e— <0.5 MeV/cz

§ Above background: only coincident e*e™ pairs! §




Search for the Dark Photon @ MAMI

H. Merkel et al., Phys. Rev. Lett. 106 (2011) 251802

Bump Hunt: Quasi-photoproduction off '81Ta target
_|_

— 1 0-2 i

e
vy
//\
Z Z

> Fight background ....

. with high intensity ...

A1 w/o modifications

w

8

()

S o3
S 10
o

o))

| -

X

=

... and resolution.

Background (W|th|n 1%) R— T

Dark Photon Mass m, (MeV/c )

First exclusion limits 103 ﬁ o

4 days beam time!! APEX: S. Abra.ha.myan et al., Phys. Rev. Lett. 107 (2011) 191804
KLOE: F. Archilli et al., Phys. Lett. B. 706 (2012) 251

new &/my scan March 2012
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HID spec\roscopy +QED ,—@&—

(10 eV)

D
2P O

up (25:2F 2 keV)

n scatte\"\ng

The Low Energy Frontier V%
of the Standard Model 5 ¢ R[€ILV,

Johannes Gutenberg-Universitat - Institut fur Kernphysik, Mainz CRC1044

Concettina Sfienti




Concettina Sfienti
Johannes Gutenberg-Universitat - Institut fur Kernphysik, Mainz CRC1044




Form Factors from Elastic ep scattering

Cross section for one photon exchange
(Rosenbluth-cross section + Separation at constant Q?)

Y charge distribution
( do )
| dQ
€ / Mott

2

R »
N A

— and ¢ = [1+2(1+t)tan2—"
4m, 2

Polarization transfer reaction: Measurement of recoil polarization
v Little contribution from TPE (?)
% Only ratio Ge(Q?)/Gm(Q?) + difficult below Q%= 0.2 GeV?2/c?




Cross sections/standard Dipole

I

+0.5, 855 MeV' ]
‘gaa‘f“.

—

aa“‘ii‘

+0.4, 720 MgV |
.‘!‘;‘.l‘ =

+0.3, 585 MeV |
Bk &

&

—

Q@
@)
o
©
§e
+—
2
©
~—
Q.
o
©

MEBE!EElsﬂiuilig!E‘

apnshatatafs
e T T T T I L L [ Rt
+0.1, 315 MeV _
mllln.“gn.“-““h“..u.nnu PP

_mlllasgllallll|l||||I.|;A‘x§;l‘tlat g
180 MeV

40° 60° 80° 100° 120°
scattering angle

Jan C. Bernauer et al., Phys. Rev. Lett. 105, 242001 (2010)



Cross sections + spline fit

|

+0.5, 855 MeV

+0.4, 720 MgV
+0.3,585 MeV

+0.2, 450 MeV

— s +0.1, 315, MeV

Bt 1| | T PHEPTSPSTTET PEPWeSTS S
180 MeV

Q
O
2
©
g
2]
©
~
Q.
x
(¢))
©

80° 100° 120°
scattering angle

Jan C. Bernauer et al., Phys. Rev. Lett. 105, 242001 (2010)



Form Factor results: Ge/Gm ratio

' bl

| | |
- Christy et al. 4 Borkowski et al.
' Priceetal. ~+ Janssens et al.
Bergeretal. — Bosted et al.
Hanson et al. ~»/ Bartel et al.

G/ (MGistd. dipole)

| | |
Bernauer et al.
Zhan et al.
Arrington w/o TPE (2007)
Arrington w/ TPE (2007)

| ]

Arringtan w/o TPE +&{ Jones et al. \. .\ ] 0.1 0.2
|- Arrington w/ TPE =1 Pospischil eta 1\
=1 Crawford etal. i Dieterich et al.

0 D2 (e 0.6

~ = Milbrath et al.
e Punjapi et al.

~ Gayou et al. 1 Ron et al. \‘i X. Zhan et al., arXiv:1102.0318

J. Arrington et al., Phys. Rev. C76 (2007) 035205

0-2 0'?)2 / (GczaV/r(‘?\'§ 0.8

Jan C. Bernauer et al., Phys. Rev. Lett. 105, 242001 (2010)




Comments on TPE

® [wo-photon exchange (I PE) with
and w/o excited intermediate states:
Exchange of two hard photons

Still not reliable and highly debated

Figure shows a recent experimental
result from JLab.

Meziane, M. et al.: Search for effects beyond the Born approximation
in polarization transfer observables in €p elastic scattering,

PRL 106, 132501 (2011), arXiv:1012.0339

“ ‘

M. Distler - 501. Heraeus Seminar - March 2012 - Bad Honnef, Germany




Rosenbluth vs. Polarization Transfer

Polarization transfer reaction:

é+p—e+p

Longitudinal and transverse polarization:
E+E'

. ,0
= (14 1)G>, tan* -
z mly (141)G),tan )

2 0
X = —[—\/’t(l+‘c)GEGMtan§
0

2 0] .
= Gr+1 I+2(l+t)tan25 Gi,

Gge  P(E+E) 6

— = an
Gu P. 2m 2

@ Signal proportional to G(Q?)

@ Systematic errors cancel out

@ Requires measurement of recoil polarization

® Different results from different experimental techniques

® M. K. Jones et al., Phys. Rev. Lett. 84, 1398 (2000), , O. Gayou et al., Phys. Rev. Lett. 88, 092301 (2002)
* |, A. Qattan et al., Phys. Rev. Lett. 94, 142301 (2005)

Q* [GeV?]

= 2-Photon Exchange




Recent data on polarization transfer

'%% ;

® Zhan (JLab 2011)

4 Crawford (Bates 2007)
4 MacLachlan (JLab 2006)
0 Jones (JLab 2006)

W Punjabi (JLab 2005)

¢ Gayou (JLab 2002

¢ Pospischil (MAMI 2001)
v Dietrich (MAMI 2001)

v Gayou (JLab 2001)

X Jones (JLab 2000)

) Milbrath (Bates 1993)

— Belushkin (Disp. Analysis 2007)

P |

1
Q% / (GeV?/c?)

@ Discrepancy at high Q> Rosenbluth <+Polarization transfer
@ High quality data not yet consistent at low Q>




Search for the Dark Photon @ MAMI

H. Merkel et al., Phys. Rev. Lett. 106 (2011) 251802

Bump Hunt: Quasi-photoproduction off '81Ta target
_|_
e
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> Fight background ....
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Exclusion limits

H. Merkel et al., Phys. Rev. Lett. 106 (2011) 251802

— CL =90% (Average of 10 Bins)

il 18] ]

| At . -

| , PIFJ ' ’! || |h'| HIII'“ ]_uwlm.; ,.l,. 4
T e e

o1 | Ik

E

Events / 0.5 MeV

@ Confidence interval by Feldman-Cousins algorithm

® “Model” for Background-subtraction:
average of 3 Bins left and right of central bin

® Resolution dm < 500keV = bin width

® Averaging (mean of 10 bins) only for “subjective judgment”




Improved model

H. Merkel et al., Phys. Rev. Lett. 106 (2011) 251802

e+ ¥ Tase'+ %1 Tat+2e

Illlllllll]lIl]III]lIIlllIlll[Il’Illilll

Co
(o] LRRE R
ol

[ )

@ Full Simulation

@ Model: Coherent electroproduction production off heavy nucleus

® Q.E.D., nuclear form factor, coherent sum of all contributions, radiation corrections, ...

=> Describes data within a few percent




Limitation of the experiment

100 uA beam current for 20 min on 0.05mm '®!1Ta target (melting point: 3017 °C):

Vertex/Target x-y

Y

50 MeV — 1
75 MeV —

100 MeV — 3

150 MeV — ]

200 MeV

300 MeV

400 MeV — 3

500 MeV —

600 MeV —
mp« =700 I\feV —

@ Air activation

® Optimization of kinematics
, » = 1 order of magnitude higher count rates possible
® Target cooling

@ Shielding




Hunting program

@ Pair production on heavy target
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® Low energy — high current
my’ < 50 MeV/c?

—
OI
N

© Finite production vertex

10°<e< 104

Sensitivity to shorter decay length
=~ Beam stabilization, shielding, target cooling
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APEX: S. Abrahamyan et al., Phys. Rev. Lett. 107 (2011) 191804

Access to sma I I mass reg ion : KLOE: F. Archilli et al., Phys. Lett. B. 706 (2012) 251

Low energy — high current accelerator
Minimize multiple scattering by gas target
41 detector @ 200 MHz with high resolution
DarkLight (JLab FEL), MESA at Mainz




