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The charge distribution of nuclei is known with very high accy, i.e. in electron scattering
experiments, conversely, the mass distribution is expantaily less accessible and therefore less
precisely known. An accurate determination of the neutrensiy distribution is of particular
interest. Especially in nuclei with N » Z, a strong neutroimsk expected, since the excess
neutrons are pushed outwards against surface tension l§yotllemb forces. With the precise
experimental determination of the neutron skin thicknessemtial constraints for the nuclear
equation of state (EOS) can be provided and thus allowingdw @onclusions on the size of
neutron stars.

The method of coherent® photoproductionA(y, °)A, provides a powerful tool to determine
the mass distribution of various nuclei. In a novel experitaecampaign carried out in 2012
within the A2 collaboration at the Mainz Microtron (MAMI), V¢ nuclei have been measured:
58Nj, 1161201245 208pph  The tin targets are of special interest because mosedfystematic
errors due to pion-nucleon interaction can be neglected tlagy allow a precise investigation
along an isotopic chain.

First results of these studies will be discussed.
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1. Introduction

The neutron skin thicknesBR, is given by the difference between the Root Mean Square
(RMS) radii of the neutron and proton distributions:

ARy = <r§>% — <r%>% : (1.1)

The size and shape of atomic nuclei has been extensively studied inmpityesics [1, 2]. As a re-
sult, the charge distribution in nuclei is very accurately determined. In&sithe measurement of
the neutron distribution has proven to be more difficult to access. Diffesgreriments have tried
to address this open question by scattering particles such as protopiefi3][4] or antiprotons [5]
from nuclei. However, because of uncertainties in the strong intera@jpthg interpretation of
these results is model dependent.

By measuring the neutron skin, a better understanding about finite nscleelaas about
objects in astrophysics like neutron stars can be obtained. The connisajigvan by the Equation
of State (EOS) of nuclear matter, that can be expressed as

E(p,8) = E(p,0)+ Esyn(p) 3 +O(5") (1.2)

wherep = pn+ pp is the total nucleon density aril= @ the relative asymmetnye(p, d) is
the energy per particle in asymmetric nuclear matteriagg( o) the symmetry energy. Expanding
the EOS around saturation density, the symmetry enggg( o) can be written as:

po—p\ , 1 <Po—P>2
E ~J-L|——|+=K . 1.3
ont) 3L (P2 ) 4 S 13)

The symmetry energy coefficiedt= Esyn{po) has been experimentally constrained between 30
and 35 MeV [7, 8] and can be successfully predicted by nuclear melhrfiodels. On the other
hand, for the density dependence of the symmetry energy given by the sdoametek and the
curvature parametdfsymthe discrepancy between experimental values and various model predic-
tions is much larger [9, 10].

Measuring the neutron skin thickness of heavy nuclei can help to contesslope parameter
L. Mean-field models that reproduce the binding energy of heavy nucéei%#eb, also result in
a linear correlation between the neutron skin thickness and the slope pararoéthe symmetry
energy at saturation density, calculated with the same model [11-13]jsee 1i).
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Figure 1: Neutron skin thicknesaR,p of 208pp as a function of the slope parameter L of the symmetry
energy at saturation density [14]. The linear correlativeig from different theoretical predictions is shown.

2. Coherent m° photoproduction and experimental setup

One powerful method to measure the neutron distribution using electromagneiies is
coherentr® photoproduction [15-18]. Here, a photon beam impinges on a nucleusawithss
number A, probing the entire volume. In the final state the nucleus stays iitadstate and the
producedr® will decay into two photons:

V+ A(gs) — A(gs) + . (2.1

The protons and neutrons of the target material contribute equally to theitosal section for the
coherent® photoproduction, resulting in a sensitivity to the matter distribution of the nugl&is

In the simplest theoretical description, the plane wave impulse approximatimjPthe
differential cross section for the coheremft photoproduction for nuclei with spin zero can be
written as:

do S dons K o~

%(Ey,en) :ﬁAZ dQN* (E;,0%) F(q) (2.2)
with

dO-NS * * 1q* * * 2 _. *

G0 (Br:On) = 5.7 R (Ey, 7| Sir?(©}). (2.3)

Ey is the incident photon energy a@y; the pion polar angle, both in the photon-nucleus center of
mass system (CM)ny is the nucleon massyEy, 8;) the momentum transfer to the nucleus and
F(q) is the nuclear matter form factoy/sis the total energy of the photon-nucleon pé&ij, k* are

the photon energy and the momentum, respectively, both in the photon-n@\¢®7,, g;; are the
pion angle and momentum, respectively, also in the photon-nucleon CM [17].

In the PWIA all the final state interactions (FSI) betweentfi@nd the nucleus are neglected
such, that thet® leaves the nucleus as a plane wave. Nevertheless, the sensitivity ofénerdial
cross section to the matter distribution given by the square of the nuclear foattefactorF(q)
(see Eg. 2.2) is visible.
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By using an electromagnetic probe, no initial state interactions have to beitakezonsid-
eration for the interpretation. However, for the full theoretical descriptioe FSI between tha®
and the nucleus have to be accounted for [19].

The experiment was carried out within the A2 collaboration in Mainz at the Méliicrotron
(MAMI) [20]. MAMI is a continues wave electron accelerator. The elestbeam can be polarized
or unpolarized, reaching energies up to 1600 MeV and currents utg A0

To produce an energy marked photon beam, the unpolarized electnornviiaan energy of
Eo = 855 MeV hits a copper radiator (i@ thick). The recoiled electrons are deflected in the
magnet of the Glasgow photon tagger [21, 22] where their enEggyis measured in the focal
plane detectors with a resolution ®f2 MeV FWHM. In this way, the energy of the photons can
be calculated aE, = Eo — Ec-. The photon beam is collimated and directed towards the target
which is surrounded by the detector system.

The isotopically enriched targets used in this experimental campaign weestithlisotopes
(1161201245) - one nickel target¥Ni) and a lead target??®Pb), each with a purity higher than
99.5%.

The main components of the detector system are the Crystal Ball (CB) f2Bihee TAPS
[24, 25] calorimeter. The CB detector, consisting of 672 Nal detector eiesnand the TAPS
detector, made of 366 Baknd 72 PbWQ elements, cover together 97% of the full solid angle.
This, together with the high energy resolution, makes the combined systeB aficCTAPS well
suited to detect multiphoton final states.

In addition there are three inner detectors for charged particle identificaoated around
the beamline in the center of the CB: one Particle Identification Detector (PidDiveo multiwire
proportional chambers (MWPCs). The PID consist of 24 plastic scintifamanged in the form
of a cylinder parallel to the beam direction. Between the PID and the CB, tW#Ns are located.
The MWPCs where used to determine the target position relative to the céttier©B.

3. Analysisand Preliminary Results

The °’s in the final state were identified via theiy 2lecay by reconstructing the invariant
mass. From the energy and angle information of the detected photons, thentapn ther©
was deduced. In order to select the coherent events, the missing é;&}‘f@s was calculated and
plotted as a function of the momentum transfer q (see Fig: 2):

AEN'S = EGVer (v1y2) — ESY (Ey) - (3.1)

E%et(ylyz) is the pion energy in the CM reconstructed from the two measured phptams ..
ESYh (Ey) is the expected pion energy in the CM that a pion produced in a photoreabibaitd
have, if the energy of the incoming photon was

This was done for all five targets in the energy range from 150 MeV up@d\aeV, using 10
MeV steps. The events corresponding to the coherent reaction steathtered arountEM'sS —
0. On the other hand, the incoherent events are shifted to negatives \@ltiee missing energy.
This can be used to separate coherent from incoherent events.

To perform this separation, the projection of every single momentum traisfébin sizeAq
=0.01 fnr'1) was done and a double Gaussian was fitted. One of the Gaussiarpoodsso the
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Figure 2: Missing energy as a function of the momentum transfer belf@ekground subtraction for
1161201245 andP®Ni. Here, the photon energy range wgs= 210 to 220 MeV.

coherent peak, the other one to the incoherent background (see Bigurhe position and width
of the coherent peak was estimated in the first maxima region where the ianbbentribution is
expected to be negligible and hold constant for the whole momentum traasfge g. Once the
background contribution was estimated, the incoherent events couldbtractad. The result of
this procedure for incoming photons in the energy raBge 210 to 220 MeV for the three tin
isotopes and the nickel target can be seen in the figure 4.
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Figure 3: Fit procedure to estimate the incoherent background dartoin, here for26Sn in the photon
energy rangé, = 210 to 220 MeV. The magenta curve corresponds to the caheoeiribution, the blue
curve to the incoherent background, the red curve is the $uoath.

Projection of one g-bira): in the first maxima regionh): between the first maxima and the first minima
region,c): in the first minima region.
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Figure 4: Missing energy as a function of momentum transfer after gamind subtraction fof6120124gn
and®®Ni. Here, the photon energy range vs= 210 to 220 MeV.

Figure 5 shows the integral of the Gaussian corresponding to the cblegsnts as a function
of momentum transfer q after background subtraction. Already heréypleal diffraction pattern
due to the siﬁ(@;) dependence (see eq. 2.3) can be seen. For the determination of the final
differential cross section, the photonflux and tagging as well as detesfficiencies have to be
taken into account.
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Figure 5: The Integral of the Gaussian representing the coherentsasna function of the momentum
transferq. The distribution for'24Sn is shown in red, fof?°Sn in black and fot'%Sn in blue. The distribu-
tions are not yet normalized.
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4. Summary and Outlook

The interest on determining the neutron skin thickness of heavy elemenitschessed over
the past years. The coheremft photoproduction, has proven to be capable to access this infor-
mation in a fast and efficient way [18], allowing a short measuring time pgetam the order of
140h. This could permit a systematic scan over the periodic table. To testahibifity of this
idea, an experimental campaign was carried out. Three different tin iso(H{5¢22124Sn), one
nickel °°Ni) and one lead target{®Pb), each with a purity higher than 99.5% were used. So far,
the evolution along the isotopic chain is under investigation.

In order to finally obtain the neutron skin thickness for all the targets, ttierdiftial cross
section has to be determined. Therefore, a Geant4 simulation is set up to egtiendetection
efficiency of the system. In addition, an interpolated fit with the available yhig®] will then
give the radius and diffuseness of the matter distribution [18]. Since tamyeldistribution is
known [1, 2], the neutron skin thickness can be extracted.

At last, the extracted skin values can be compared to further theoretéditiions, with the
focus on the tin isotopic chain. In figure 6 calculations for various L andrameters (see eq.
1.3) [26] are shown together with present available data. New data witltedduncertainties
would substantially help to constrain these parameters.
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Figure 6: The neutron skin thickness for different tin isotopes asmetion of the mass number A.
Lines: theoretical prediction with different L and J pardens. Dots: current available data. [27]
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