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– Basic Amplitude
– Nuclear case - Coherent, Incoherent

Matter form factor, transition matter form factor
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New data on Coherent and incoherent reactions



minated by ∆(1232) production 

Isospin structure of amplit

A(γp→π0p) = √2/3 AV3 +√1/3(A
√ √



“Clean” test  of π0-n
interaction  & effec
medium on ∆−prop

matter transition form factor
EM probe



wledge of the shape of stable nuclei is presently incomplete

Pb      RMS charge radius known to < 0.001 fm 
RMS neutron radius only known to ~0.2 fm !!   Horowitz et al. PRC63 0

Piekarewicz et al. NPA 



Skyrme HF

Relativistic mean field



Proton fractio
function of density i

New data from
X-Ray telescopes
→ mass, radii, temp
of neutron stars !
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ar distribution of π0 → PWIA contains the matter form factor

well understood π0 meson – produced with 
~equal probability on 

protons AND neutrons. 

Select reactions which leave 
nucleus in ground state

Reconstruct π0 

from π0→2γ decay

(PWIA) = (s/mN
2) A2 (qπ*/2k ) F2(Eγ

∗,θπ
∗)2 |F (q)|2 si



Eγ) (0, E)
(kN, EN)

(kπ, Eπ)
(kγ1, Eγ1)

(kγ2, Eγ2)

f = Eπ(Eγ) −Eπ(γ1,γ2)

Best previous measurements → segmente

γ1γ2
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rent → Gaussian with σ(Eπ) extracted from coherent maximum

red step function at A(γ,π0N)A-1 threshold
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Theoretical predi

Dreschel, Tiator, Kamal
& Yang - NPA 660 (199

π0 production amplitu
from Unitary Isobar M



MeV

A + ∆SE

Eγ=200-220 MeV Eγ=300-320 MeV
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IA + ∆ SE.

Eγ=200-220 MeV Eγ=220-240 MeV
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(q)

Extract matter form factor from PWIA expression

Ω(PWIA)  = (s/mN
2) A2 (q/2kγ) F2(Eγ

∗,θπ
∗)2 |Fm(q)|2 sin

Obtain corrected  |Fm(q)|2 - use ratio DWIA/PWIA fr
heory
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No neutron skin
.1 fm skin
.2 fm skin
.3 fm skin

umes diffuseness 
me for proton  and 



th an electromagnetic probe.

so allows test of more specific ∆-nucleus interaction
ompared to coherent

e.g. ∆-N interactions important



ficult to extract strength using Eπ
diff

rginally “resolvable” for lowest Eγ bins

Detect nuclear decay photon in the same detector a
π0 decay photons

ens up access to incoherent reaction to discrete 
clear states and up to higher π energies
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▬ Takaki ∆-hole
NPA 443 p570 (19

Nuclear wavefunctions
configuration coefficie
extracted from e- scatt



oherent process extracted with a new level of accur

ata set of sufficient quality to extract information on 
atter form factor

uclear decay photon analysis allows determination 
coherent production -> study in it’s own right and us
 improve coherent extraction
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DWIA
+ Many body production
+ Intermediate coh. pi pr
+ ∆N interaction
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▬ No neutron skin
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vident in 
r Decay 
 spectra
up by CB!!



minal analysis by Hoffman for all data (0.3 -
eV).       ∆rnp (208Pb) = -0.02 →0.5 fm

kup reactions.
cent analysis of p and n pickup gave 
~0.5fm for 208Pb

tiprotonic atoms
~ 0 15fm for 208Pb

D

p

N









Skyrme HF

Rel mean field













Tracker & Partic

σ/Εγ = 1.7% / 

~41cm

~25cm

σθ  = 2−3ο

σφ  = 2ο / sin θ





Ω ∼ A2(q/kγ)P3
2|Fm(q)|2sin2θπ





MI-C 1.5 GeV upgrade (Completed!!)
MI-B 0.85 GeV)
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RMF

SKYRME-HF

CB@MAMI : Very Preliminary!!





Proton fractio
function of density i

New data from
X-Ray telescopes
→ mass, radii, temp
of neutron stars !
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4.4 M

Also see coincident l
Nuclear Decay Pho

Data analysis
Of C. Tarbert

No Neut. skin
Skin = 0.3fm

diffraction patterns for 208Pb 
range of lighter nuclei

 ∼ A2(q/kγ)P3
2|Fm(q)|2sin2θπ

208Pbgs(γ,π0)208Pbgs

Eγ=175±5 MeV
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12C(γ,π0)12C (2+ state at 4.4MeV)


