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Once upon a time...
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“Multi-messengers Physics”
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A.W. Steiner, M. Prakash, J.M. Lattimer and P.J. Ellis, Physics Reports, 411 (2005) 325
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~ Isovector Giant Dipole Resonances

...the (blind!?) search for the
Nuclear Symmetry Energy

Isospin Dependence of Strong Interactions
L

1
Heavy Ton Flows
- Multi-Fragmentation
Nuclei Far from Stability
Rare Isotope Beams
]

. [
Nuclear Masses
Neutron Skin Thickness

Fission

[

=
Many-Body Theory

Symmetry Energy
(Magnitude and Density Dependence)
1

Observable + Model = S,,L

Constraints on E_,.(p,) and L based on 29 analyses of some data, Aug. 2013
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...the (blind!?) search for the
Nuclear Symmetry Energy

Constraints on E_,.(p,) and L based on 29 analyses of some data, Aug. 2013
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Analyses of Astrophysical Observations

NStar r-mode

instability

(Vidana, 2012)

)

NStar M-R
analysis1
(Steiner,
Lattimer &
Brown 2010)

\

NStar crust oscillation
considering neutron
superfluidity

(Sotani et al., 2012)

NStar gravitational
binding energy
(Newton & Li, 2009)

NStar M_R r-mode instability E
analysis2 (Wenetal, 2012) y
(Steiner &

Gandolfi 2012)

Li and Han, PLB 727 (2013)

NStar crust oscillation
(Gearheart et al. 2011)
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...the (blind!?) search for the
Nuclear Symmetry Energy

L
CS etal, Phys. Rev. Lett. 102, 152701 (2009)
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Constraints on E_,.(p,) and L based on 29 analyses of some data, Aug. 2013
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...the (blind!?) search for the
Nuclear Symmetry Energy
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US spending on science, space, and technology

correlales wilh

Suicides by hanging, strangulation and suffocation
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The stairway to heaven

(or the highway to hell, depending on your level of optimism)
» - ‘

PV-Asymmetry (Personal selection)

Resonance
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ﬂ ’ ‘ﬁ Cross-section

Collective
Excitation o — % o> SR

Hadronic EM Probes
Probes
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The stairway to heaven

(or the highway to hell, depending on your level of optimism)
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The stairway to heaven

(or the highway to hell, depending on your level of optimism)

(Personal selection)

| PV-Asymme_etry
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Probes

Experimental Challenges
(in unit of frustration)
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One MZ-Example
k"

Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

... shine light on the nucleus!
6 fl{g*__.;._) — it = = JA(H_S_)

Advantages: Drawbacks:
e Same amplitude for n and p e Final state interactions
— Sensitivity to nucleon dist. — Model dependence
e Photon is neutral e Delta resonance region
— Whole volume is probed — Model dependence

* QUiCk measurement

-y
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& e it
Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

... shine light on the nucleus!

i = A(Q*S*) g gl i 4.:4(5,_5_}
<y vy

Neutron Skin of ***Pb from Coherent Pion Photoproduction

C. M. Tarbert et al. (Crystal Ball at MAMI and A2 Collaboration)
Phys. Rev. Lett. 112, 242502 - Published 18 June 2014

PhyéTc‘s See Synopsis: N

tagger at the MAMI electron beam facility. On exploitation of an interpolated fit of a theoretical model
to the measured cross sections, the half-height radius and diffuseness of the neutron distribution are
found to be ¢, = 6.70 + 0.03(stat.) fm and a,, = 0.55 + 0.01(stat.) ' s (sys.) fm, respectively,
corresponding to a neutron skin thickness Ar,,, = 0.15 + 0.03(stat.) ', . (sys.) fm. The results give the
first successful extraction of a neutron skin thickness with an electromagnetic probe and indicate that
the skin of “**Pb has a halo character. The measurement provides valuable new constraints on both
the structure of nuclei and the equation of state for neutron-rich matter.
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One MZ-Example
4 ol

Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

... shine light on the nucleus!

6 A(Q*S*) — it = = 4.:4(5,_5_}
<y vy

TO DO: Reconstruct n from n0— 2y decay

Ib CONCETTINASFIENTI
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One MZ-Example

Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

A, q

o . shine light on the nucleus!

res N 0
i  ¢ o) ;:' —I_ A(Q*S.) % ?{_ —I— "{4‘(9,3_}
N o 3 Ay

[

- Z—S(PWIA) x sin® (%) A*F* (q)

™
|b CONCETTINASFIENTI #MakeHumansSmartAgain



One MZ-Example
R

Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

... shine light on the nucleus!

—|——1 ) > T —|—4[}5
=77

(PWIA) x sin’ (0%) A*F? (q)

My perspective:

" ’ 6ﬂ mEN A ﬂ

"it n

— U' ™ R o OCCURS.. l\ S (xm‘

\ “Ti - ——— : .=
“T THINK You SHOULD BE MORE. EXPLICIT HERE. INSTEY Two?

2 04 0.6 0.8 1 1.2 14 16

-y
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One MZ-Example

Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

A, q

/
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J. Piekarewicz et al.
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One M

A

Z-Example
e

Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

A, q
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One MZ-Example

Coherent 1t° photoproduction: easy and quick (a2 coll. Phys. Rev. Lett. 112, 242502)

T—

[ 28 o\ [ s i \Izz %
se o 28 | r“-, \ 120 WL‘\
Ni | \"sm |"Sm |"o» | Pb

Nicke| Zinn Zinn
T PhD M. Ferretti-Bondy (exp), F. Colomer (theo), S. Tsaran (theo)

Differential cross section
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J. Piekarewicz et al.
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One MZ-Example
k"

P. Capel, E. Colomer, S. Tsaran, M. Vanderhagen

B Working code for PWIA amplitudes for photoproduction V7T(3,‘) (kr, k)

B Working code for scattering matrix F4 of m°

e Resolution of the Lippmann-Schwinger equation
o Singularity of Coulomb solved : better constrains on UNU!(k/, k)

1 DWIA amplitudes calculation
o Off-shell photoproduction amplitudes V.2 (K., k.,)
[J Devise a better form for UNU!(k/ k)

+ a.0. Treatment of Resonances,
+ Use Effective Potentials (J. Piekarewicz)

FSUOOO (NSkin = 0.284 fm)
FSU040 (NSkin = 0.189 fm)

“...at the extremes of models that | feel
comfortable do not "brake" the nuclear chart. “ (JP)

-y
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One MZ-Example
y ’ " “

PN PN P. Capel, E._Colomer, S. Tsaran, M. Vanderhagen

F. Colomer PhD Thesis (2020) to be published
[ exp
——FSU000 .
——FSU040
—>SP

| exp
——FSU000 |
——FSU040 |
—SP

300

v T \ amn ) v T T

200

T T

do ™ [dQ (b /sr]

T T T L

100

()”.A‘LA“,L PP, . — s .
0 30 60 90 0 30 60 90

AAAAAAAAAAAAAAAAAAAAAAAAAAA

“...at the extremes of models that | feel
comfortable do not "brake" the nuclear chart. “ (JP)
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The -REX family

| 20 ' : g\
PV-Asymmetry

long. -
polarized

unpolarized
target

b o - krowm charge
Coulomy corrgclions e form facior F.,(G?)

weak form factor Fo Q%)
weak density p,, (0%

assume surface thickness

gcod to 25%

v

corrections for
G, G,* MEC

.
. known
ut

neutron skin B .
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The -REX famil
WSMREX e REX family

PV-Asymmetry P2@MESA: 2023+
¢ Commissioning (12C): 2023-2024

o s First Weinberg Run: 2024-2025 %@\LSMp
MREX: 2025+ N7
PVES

—— What if in 2025+ there is no
need for a 0.5% measurement?

long. -
polarized €

4 ™

{

b o . krowm charge
Coulomy correclions e form facior F,(0R)
| 1 1 1 ]
- AMF022
weak form facter Fo Q%) FSUGold2
weak density o, [0%) AMF232 _
; J0740(zm18) |
assume surface thickness J0348 2013 _|
geod to 25% J16142010)
X Fattoyeveral
@ NICER (2019)
corrections for N
G G,* MEC
. 035 .
BigApple
: known
ut d
charge radius R, 0 | | |

neutron skin B .

| P CONCETTINASFIENTI #MakeHumansSmartAgain



The -REX famil
WLMREX | TR ey

PV-Asymmetry P2@MESA: 2023+

¢ Commissioning (12C): 2023-2024
First Weinberg Run: 2024-2025
MREX: 2025+

What if in 2025+ there is no
need for a 0.5% measurement?

long.
polarized

Y, Z°

PVES

measurec A,

3

known charge
form facior F(Q%)

weak form facter Fo(Q) FERE EREOARERE O TET R
weak density p,,(07) 0.7
g

assume surface thickness

gcod to 25%

Coulomy corrgclions e

0.6

waak radius =,

(o),

corrections for
G, G,* MEC

v

known
charge radius R,

neutren radivs R,

)
B
[

ngg 0.06fm
T=0.03fm -

g | . | : | ; | A Chen, Piekarewicz arXiv:2006.08405
0 0.2 0.4 0.6 0.8 1

_j]‘::i_,,_..f.CONCETTINASFIENTI ((I/‘C)mg #MakeHumansSmartAgain

neutron skin B .




PV-Asymmetry

long. -
polarized
unpolarized
Y, ZO target
measurec A,
. knowm oharge
ymy corrgclions
Coulemy corrections form fecior F(Q%)

weak form facter Fo Q%)
weak density o, [0%)

assume surface thickness

gcod to 25%

v

waak radius =,

corrections for
G, G,* MEC

v

neutron radivs R,

-

b CONCETTINASFIENTI

known
charge radius R,

neutron skin B

Medium-Range Program@MAMI
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-
-
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Beam-Normal Single-Spin Asymmetry [ppm]

-20
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-30

Phys. Rev. Lett. 121, 022503

HE pec. Aand B
L PRk

-”~'z' ipec, N [ ,
Q0 e .
Lrspec, B ——— %
T
%S M. Guishleyn
20G] rpoac. N et
P3G epec. [ —p—

0.01 0.22 Q.02 0.24 2.05 0.0%
& [Geviie?)

Phys. Lett. B, in press

T
M. Gorchtein et al. ——
Spectrometer A —A—
Spectrometer B F—v—i
Systematic Uncertainty 1

mm EF* |

12¢ 28g;j 907,
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Medium-Range Program@MAMI

PV-Asymmetry Scenario 1:
e
EBcam IBeam Scattering Angle ¢ Four-Momentum Transfer Q2 Running Time
long. -
potarized © e SpecA SpecB SpecA SpecB
unpolarize
0 arge
Ys Z target 855MeV  20pA  23.50°  10.35°  0.12GeV2/c2  0.02GeV?/c? 78 days
PV ES Scenario 2:
EBcam IBecam Scattering Angle ¢ Four-Momentum Transfer Q2 Running Time
qz:::EEE%EEEZ::>> SpecA SpecB SpecA SpecB
Coulomo corractions e | 7ONM ChaIgE 570 MeV  20uA  24.4° 15.2° 0.06 GeV?/c? 0.02 GeV?/c? 166 days
QUICmMY COrraciions f:nm facior Fm(o"!,
Uy J—— s ith Chuck H itz during lockd
1 10_10 855MeV Wi uc orowitz during iockaown 570MeV
weak form facter Fo Q%) X ! ! 1x1010 | l 1 E
‘ weak density p,, (0% 1x10-11 [ Rw 1x10-11 i Rw E
surface : surface
1x1012 [ 3 1x1012 [
assume surface thickness 1x10-13 — - 1x10-13 ]
geod to 25% + 0.03(model) 14 F : ; 3
s 1x10°14 - | 1 s 1x1014 [
2 1x1015p | 31 2 ix1015]
X106 | 1 1 1xi006]
1x107 £ 1 xiov§
corrections for 1x10-18 ' ‘ 1x1018 E’
G G,* MEC 1x10-19 C I I I i 1x10-19 E ! | 1
{ 5 10 15 20 25 30 5 10 15 20 25 30
o radi known tteri le (d i
oharge radiue R, scattering angle (degree) scattering angle (degree)

/
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10% measurement of
_surface thickness
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..Sinc g in progress
2 PV-Asymmetry
D¢ €
qc) '§ ::wc / egisrined
— § :'_;?L‘“"' Resonance
5 ‘gf PVES Strength
v 9
£%s 27?7
©-® R
g S Cross-section ot o
o : — RAMFO22 |
a £ Collective A4 FSUGold2
3 Excitation o — @ @ AMFI32 _
- e -
. J0740
Hadronic EM Probes 1034813 _
Probes J16142010)
> ot , -
b b - 1.6 =) Fattoyeveral
Theo. uncertainties (a.u) 15F Z NICER(2019)
. P’ -
1+ -
» 05 n
N . | BigApple
¥ % T R R :
KEEP DISTANCE &0 ve CTio 12 1a 16 8

R, (km)

neither!

JP: “MREX measures pure neutron matter at saturatio

d noﬁoafy can do it better”

..waiting eagerly for a new plot of my (secovw[) favourite theory colleagues!
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