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Outline

@ EM Form Factor in the time like region

@ Existing Data (pp -> e*e”, ete” -> pp, e*e” -> Ypp)
most recent data from BaBar

@ Possibilities in PANDA
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- origin of nucleon mass, effective degrees?
- quark and gluon condensates?
- structure of the nucleon -> Form Factor



Electromagnetic Form Factor

vector current of quarks Qf gv.q
Dirac Pauli
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Or .= Fi + F>
Gm=F +TF:
vector current: two form factors
internal structure of hadron ground state

Dirac Pauli
FiP(q°=0) =1 F2P(q°) =1
Fi"(q=0) = O Fa"(q°) =1



EM form factor (g° < O) recent data

- INew global L-T
1extraction

New Rosenbluth

~ <. 1Polarization

"Polarisation transfer”-technique:

Up Ge # Gm




Definitions

qc < 0 qc > 0
F1(q?) space like time like
1

4Mp°

electron scattering annihilation
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Definitions

qc < 0 qc > 0
F1(q?) space like time like
1
4M,°
s

q2 [GeV?3c?]
Form Factor real Form Factor complex

connected by Dispersion relations \
no interference in cross section imaginary
IFil, IFal Part:



Observables

qc < 0 qc > 0
F1(q?) space like time like
1
4M,°
s

q2 [GeV?3c?]
Form Factor real Form Factor complex

cross section (Rosenbluth) cross section (Rosenbluth)
no single spin observables single spin observables
double spin observables double spin observables






ingle-spm polarization effects and the determination ol timehke proton form factors
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Radiative Return

- pABAR D,

-

Modem particle factories such as DA®NE or PEP-II are designed for a
fixed center-of-mass-energy: e.g. VS = My s, = 10.6 GeV 1n case of PEP-II

Energy-Scan impossible!

Complementary approach :
Consider events with Initial State Radiation (ZSR)

Master-Formula:

dﬂ- F a4
M, o ar T =  aar(8) X H(s)
AM a4 ad

~

Radiator-Function (NLO) g
e Hadrons MC-Generators EVA, Phokhara, AfkQed
Vs=10.6 GeV J. Kithn, H. Czyz, G. Rodrigo

Data comes as a by-product to the main physics goals of the particle factories

Achim Denig Measurement of the Proton Form Factor below 4.5 GeV with BABAR




EM form factor (q° > 0)

Babar: Initial state radiation (ISR), radiative return

Thanks to V. Zallo and F. Annulli INFN Frascati



EM form factor (q° > 0)
Babar: Initial state radiation (ISR), radiative return
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Rosenbluth Technique
(time like)

a’p(s)
4s

( G (5)](1 + cos’(8)) + =|G(s) | sin® (6) )

Gess k1 £+ 42
Gm =F1 + TF:
at threshold: Ge = Gm
two approaches:



EM form factor (g > 0)

Adone ete: 25, 69 ev.
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@ CLEO doto Dobbs et al. (2005) lGEl/IGMI & 034

A BES data Ablikim et al. (2005) PS170 PP 3667 ev.

4V BABAR data PRELIMINARY (2005) |GE|/|GMI 5 1

il

® E835(ll) data Andreotti et al. (2002)

) E760 pp: 29 ev.
ﬂ E835 pp: 206 ev.

¥ Caostellono et ol. (1973)

O Bassompierre et al. (1977)

A Delcourt et al. (1979)
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All data: Measure absolute cross section GE = GN\




e+ e — pﬁ angUIar distributior PRD73, 012005

cos 0, distributions form threshold up to 3 GeV [intervais in E¢cy = q(GeV)]
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from Simone Pacetti ECT" - Trento, February 25, 2008 ISR Physics at BABAR

+ Hy(cos 6p, g°) He and Hy from MC




EM form factor (gq° > 0O)
|Gel/1Gml from dispersion relations




EM form factor (g > 0)
1Gel/IGml

* BaBar
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Dispersion Relation




PANDA in FAIR

GSI today

FAIR
.. future facility
==3{// Official Start:
7. November
4 2007

- antiprotons
- rare isofopes
- heavy ion beams
- plasma physics
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- antiprotons

- rare isofopes

- heavy ion beams
- plasma physics



PANDA: the detector

e e

use PID capability of each subdetector




0,=13.°, p1=2.2 GeV 6,=7.4°, p1=6.1 GeV 0,=5.4 °, p1=10.9 GeV

0,=132°, p,=0.67 GeV _ _
0,=102°, p,=0.8 GeV 0,=85°, p,=1.0 GeV

Nb of counts for pp_bar—e+e- -~100 days, . = 2. 1032 cm™2s™" 2 fb-"

10000 — 3
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F'=5.4 (GeV/c)’ =123 (GeV/c)? 2=22.3 (GeVlc)?
1] 1 o7 1

0,= 0,=54 ° p1=p2=1.43 GeV  COS(O,) 6= 0, 23.5°

0,=0,=41° p1=p2=5.95 GeV

pl=p2=2.2 GeV

09/03/2007  B. Ramstein EM working group




Background in pp -> e*e"

Reactions with at least 3 particles produced:

(ete-X, m*m—X,...)

Particle identification and kinematics constraints
— no problem ( still to be quantified)

Reactions with 2 charged particles (m*m-)

o(rm*m -)/o(ete -) = 10¢

(2ub/8pb at q2=9.(GeV/c)?)

need rejection of pp = n* n~ by 10-8

binary event, mean reject. of 10-* T and -

very close kinematics

PID is crucial, EMC, DIRC, dE/dx






preliminary:efficieny for ete and misidentification

based on E/p, PID from DIRC and EMC, kinemat. fit

"€ noQEDcor|6€ € wQEDcor.| 1 W
: 60,76% | 849*10°
veryloose | 73,10% 57,09% 50*10°
00€ 060% | 5581% | 6710
tight 58,37% 46,15% {10
very tight 48,91% 38,21% <10°

very promising

chargeo







Rosenbluth Technique
(time like)

a?p(s)
4s

( G (5)](1 + cos’(8)) + =|G(s) | sin® (6) )
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Summary

- electromagnetic form factors:
fundamental property of Nucleon
- space like -> impact on time like
- what is Ge in time like domain?
- possibilities to measure in tfimelike domain
new data from BaBar, not yet from Belle
proposals DAPHNE, BESIII, VEPP-2000, PANDA
- PANDA opens door to new EM nucleon structure
EM form factors below threshold
Axial form factor in time like domain
space like GPDs -> time like GDA



EM form factor (g° < O) recent data

- INew global L-T
1extraction

New Rosenbluth

~ <. 1Polarization

"Polarisation transfer”-technique:

Up Ge # Gm




Jnpolarized cross section
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* Induces four new terms
* Odd function of &:
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~~ exchange from e e — ppy

A(cos 8, My5) =
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from Simone Pacetti ECT*- Trento, February 25, 2008 ISR Physics at BABAR
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Definitions

qc < 0 qc > 0
F1(q?) space like time like
1

4Mp°

electron scattering annihilation



EM form factor below threshold

Process:pp->m° e*e” analogue to ISR
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E_[GeV]




EM form factor below threshold

Process:
pp->1° e*e”
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Axial form factor Qur gv.vsq

Process:pn->1~ ete”




Axial form factor

Process:
pn->1" e*e”
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Radiative Return at Particle Factories

Experiment — |
KIL.OE:
Energy region
<1 GeV,
dominated by 2n-
channel
(p-resonance)

o

=

[mbarn]|
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Vs=1.02 GeV

| Y @s)

PEP-11
Vs=10.6 GeV

10
Vs [GeV]

e

Experiment
BaBar:
Energy region
1...3 GeV,
dominated by
higher multi-
plicities (esp. 4m),
up to recently data
with 20 ... 50%
systematic errors!

Using the method of the Radiative Return one can
study the entire energy region below ca. 4...5 GeV'!

Achim Denig

Measurement of the Proton Form Factor below 4.5 GeV with BABAR




ISR at Y(4S) Energies

Features:
Rely on tagged photon for identifying ISR-events , E > 3 GeV <> M, , <5 GeV

High fiducial efficiency :

wide-angle ISR-y forces hadronic system into
detector fiducial region at large polar angles;

untagged measurement (as done with at
DA®NE) not possible at PEP-II, since

hadronic system cannot be measured with

high geometrical acceptance in such a case

Harder momentum spectrum
- fewer problems with soft particles;
- allows to go down to threshold

Excellent momentum resolution

by means of kinematic fit

Typically systematic uncertainties
~5% up to ~20% depending on mass
and channel

Achim Denig Measurement of the Proton Form Factor below 4.5 GeV with BABAR
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