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Once upon a time...
| 2B - hiol s P

me interactions

A.W. Steiner, M. Prakash, J.M. Lattimer and P.J. Ellis, Physics Reports, 411 (2005) 325
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“Multi-messengers Physics”
B PR

A.W. Steiner, M. Prakash, J.M. Lattimer and P.J. Ellis, Physics Reports, 411 (2005) 325
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...that which binds us!
i ’ ‘ : EE | -

Elp,a)=E(p,a=0)+ S(p) o+ ...

o oo ; —— . _ _ ’

P — Po P — PO |
| S(p)=J+ L — Koym co

Hadronse o

et A slope parameter
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Pz
= /A

Topical Issue on Nuclear Symmetry Energyé
edited by Bao-An Li, Angels Ramos,
Giuseppe Verde and Isaac Vidana
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p0
curvature parameter
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C. Drischler, et al.
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Slope Parameter L [MeV]
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The spoiler: reality!
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L(p,)/MeV

S

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

160
Analyses of Terrestrial Experiments Analyses of Astrophysical Observations
b Iso. Diff. &
double n/p NStar crust oscillation
120 (ImQMD, considering neutron
Atomic masses 2009) superfluidity
and n-skin of (Sotani et al., 2019)
NStar M-R
e (Sz%!li(;tOPeS Nucl. Mass NStar r-mode anaﬁlrsis1
(291_2) Nucl PDR 0L'decay ins'tability (Ste_iner’ NStar gravitational
. Mass 2010 energy (Vidana, 2012) [ attimer & binding energy
80 4 IAS+n-skin Isoscaling _ T (2010) ( ) A Brown 2010) (Newton & Li, 2009)
(2013) (2007) PDR Trans. Flow deca . '
(201 B y Dipole : ’
ﬁ (2007) @ energy polarizability ; . i
P s oo o -— -— e e o -— -— -—| e ‘ -— — - e e» oo» o> (v o> o -— - e» e» e o -— -— -n' en e o> e o> o o o .* -—
) ﬁ Isospin . ﬁ ‘ ’
40 - FRDM n-skin _ Diffusion ® : i
analysis (2012) Iso. Diff.
(IBUUO4, £ TF+Nucl
of masses (ImQMD, 2005) _ :
b (2012) 2010) Optical Pot. Mass Mass-defference N MR
—— DM-+n-skin (2010) (1996) and n-skin Star M- r-mode instability
(2009) analysis2 (Wen etal., 2012)
0 - 1 (Steiner & S
) NStar crust oscillation
Gandolfi 2012)
F,d ial 1 f L_58 9+ 16 MeV (Gearheart et al. 2011)
. With no or incomplete error information SHF+n-skin lducial value ol L=56.7% ¢
(2010)
-40
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...the (blind!?) search for the

Nuclear Symmetry Energy
L

US spending on science, space, and technology
correlates with

Suicides by hanging, strangulation and suffocation
Correlation: 99.79% (r=0.99789126)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
$30 billion 10000 suicides
[]
b=
= T
$$25 billion 8000 suicides 5
=] N =8
o —— =]
o «Q
£ £
= s . Q.
© $20 billion 6000 suicides g.
e ®
] 2]
%)
=)
$15 billion 4000 suicides
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
-0- Hanging suicides-¢- US spending on science
160
Analyses of Terrestrial Experiments Analyses of Astrophysical Observations
E Iso. Diff. &
double n/p NStar crust oscillation
120 (ImQMD, considering neutron
71 Atomic masses 2009) superfluidity
and n-skin of NStar M-R (Sotani et al., 2019)
i S;(n)ﬁotopes Nucl. Mass NStarr-mode  analysis
( ) (291_2) Nucl. PDR 0"decay ins'tability (Stginer, NStar gravitational
> . Mass (201 0) energy (Vidana, 2012) Lattimer & binding energy
O 80 — IAS+n-skin Isoscaling — T (2010) A Brown 2010) (Newton & Li, 2009)
(2013) (2007) PDR Trans. Flow p-decay Dinole :
= (201 g i ®
= ﬁ (2007) @ energy polarizability ; . i
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)4 40 - FRDM n-skin L. ot Diffusion . E i
analysis (2012) B0 S0 (IBUUO4, 1 TF+Nucl, :
of masses (ImQMD, 2005) ] Mass :
b (2012) 2010) Optical Pot. 1996 Mass-defference NStar M-R V
—— DM+n-skin (2010) ( ) and n-skin ar M- r-mode instability
(2009) analysis2 (Wen et al., 2012)
0 - 1 (Steiner & S
Gandolfi 2012) NStar crust oscillation
Fiducial 1 £ L=58.9+ 16 MeV (Gearheart et al. 2011)
- With no or incomplete error information SHE+n-skin lducial value ol L=56.7% ¢

(2010)

Bao-An Li et al., Eur. Phys. J. A (2019) 55: 117
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...did somebody already mentioned

LADY AND THE TRAMP neutron-skin to )’OU?
' v - 3 r @z -
The neutron skin measures how

' much neutrons stick out past

“==['\E EVER MENTIONED OLD
' RELIABLE BEEORE

>

density

R

Z (Number of protons)
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...did somebody already mentioned

LADY AND THE TRAMP neutron-skm to you"
| 2 -
The neutron skin measures how
much neutrons stick out past

| DON'TRECOLLECT IF protons

“==['|E EVER MENTIONED OLD
| RELINBLE BEEORE Symmetry energy favours movmg

them to the surface

[ e %;‘f'\
\ - -:#F"  Surface tension favours spherical

: . drop of uniform equilibrium
_ density

Z (Number of protons)

density e

4 ae. ‘

#MakeHumansSmartAgain
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The spoiler: reality!
Py 5 upen e

T 1
Linear Fit, r = 0.979 z
- 0 Nonrelativistic models A
0.3 o Relativistic models
@ 025 FT T LTy O
Q
5 02
0.15
0.1
0 50 100
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The stairway to heaven

The answer to the ultimate question

=5 o™ S E1I MILLION
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The stairway to heaven

"
NONE is an actual MEASUREMENT of neutron skin!

|

B E{ | | | | | | | | | | | | | | | I:

051 o | 1: PREX II -
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The stairway to heaven

4 ' ‘A
NONE is an actual MEASUREMENT of neutron skin!

Eee | IT'S OK IF YOU
DISAGREE WITH ME.
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The stairway to heaven

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

PV-Asymmetry (Personal selection)

long. -
polarized c

unpolarized
target

v Z° Resonance

PVES S_trength

®=® 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)
|

PV-Asymmetry (Personal selection)

long. 3
polarized c

unpolarized
target

v Z° Resonance

PVES Strength

27722..»

Cross-section
Collective
Excitation o — @
Bl e ol
(X | = & Hadronic EM Probes
Probes
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The stairway to heaven

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

(Personal selection)

| ' - PV-Asymme_etry

Resonance
Strength

27722..»

Cross-section

(g
¢ & o

U
Collective
Excitation o — @

Hadronic EM Probes
Probes

Experimental Challenges
(in unit of frustration)

-
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One MZ-Example
-

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

249 .. shine light on the nucleus!

~ ; —0
= i—l{g*_ﬁ._) — M = i4(g_5_)

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

¢ Quick measurement

-
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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 A(gﬁg_) — it = = 4.:4(9_5_}

' Trar
[

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

P
PhySICS See Synopsis: Neutron Skin Turns Out to Be Soft

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.) "o s (sys.) fm, respectively,

corresponding to a neutron skin thickness Ar,;, = 0.15 + 0.03(stat.)t8:8§(sys.) fm. The results give the
first successful extraction of a neutron skin thickness with an electromagnetic probe and indicate that
the skin of 2Pb 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 -

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_}
<3 vy

TO DO: Reconstruct n from n0—2y decay

| b - —. o3 = “ 1 ) "

. ’ L o = - S R b vt :

The stairway to heaven FoNHN "l ¥, 2 7 (I . L |

(or the highway to hell, depending on your level of optimism) A o X g . ¥ il . | | i

" ' - 2D oS Pl ¢ = AE;~2 MéVg "

PV-Asymnletry (Personal | selection) y \s‘ " A~ ¥ 7 . ’?. [ | 3 : ‘ ‘ , Y : 1 ~ t
i = 10%ysec

wapotaized

Experimental Challenges
3 ( t of frustration)

-
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One MZ-Example
k-

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

/A’EI ... shine light on the nucleus!
| “ ': . 0\ r-},,- _I_ A(gg) 3 ﬂ—[} _I_ 4:4(95}
° —> Y

Z—S(PWIA) x sin? (6%) A2F2 (g)

-
I b CONCETTINASFIENTI #MakeHumansSmartAgain



One MZ-Example
=

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

... shine light on the nucleus!

6 ,.:4{9*_5._) — it = = JA(H_SJ

(PWIA) x sin’ (0%) A*F? (q)

My perspective:

116Sn: E, =200 to 210 MeV

5 2200
& 2000 —
] E
c 1800 —
g =
8 1600
1400
1200— '
10002—
800
600
400 — i
oE 1 7HINK You SHOULD BE MORE. EXPLICIT HERE. IN STEP Two™
b2 ‘o.‘4‘ ‘ ‘ofe‘ ‘ 'ofs‘ B LI ‘W‘Le‘ ‘
q[fm™]

-
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One MZ-Example
b

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

A, q

/

[—

58Ni

Nicke]

28

112

03 : e o

W Ray(1979) —

@® Kraznahorkay(1999)

A Trzcinska(2001)
Klimkiewicz (2007)
Terashima(2008)

1 | 1 | 1 | 1 | 1 |
116 120 124 128 132

A

|
112

J. Piekarewicz et al.

-«
b CONCETTINASFIENTI

1

, | -
50 120 50 \ 208 82
S | Sm )"
Zinn Zinn Zi® Blei

PhD M. Ferretti-Bondy (exp), F. Colomer (theo), S. Tsaran (theo)
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One MZ-Example
k-

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

A —_
s 4 ,, ,,
, | "
/ 58 wJ B ™ 120 A \208 ®
Ni [ Sm !/ Sa )" Ph
< Nicke] Zinn Zinn )\“‘ — Blej

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

Differential cross section do Noo
112 116 120 124 128 132 S | + df2  Ns€ragg€detPaltl'yy
| B 0o o
0l 411827 | 8 Fas E,= 180 to 200 MeV
' ; 3501 — +g
S
§ T 300 % +
02} o . +
=} 20 . = 1245
= — + B8
2t : 200|— -
o -, .
0.1 W Ray(1979) = 1501 *
@ Kraznahorkay(1999) — -
A Trzcinska(2001) 100 — .
B Klimkiewicz (2007) 7 — -—
X Terashima (2008) 5ol T -~ re——
| ! | ! | ! | ! | ! | - -_— - T
° 112 116 120 124 128 132 - = ] | I | ] | | ] T-I—:-l- ] | ] | J—_— i t&s—h
A 8.2 0.2 0.6 0.8 1 1.2 1.4 1.6
J. Piekarewicz et al. 7 q[fm™]
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One MZ-Example
| 2 : %

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

112 116 120
|

—

28’

1116 b \H:" * (m
S ! Sn

Zinn Zinn

—

50

Sn

i

C—

g
P,

Blej

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

124 128 132

Differential cross section

W Ray(1979) —
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A Trzcinska(2001)
Klimkiewicz (2007)
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J. Piekarewicz et al.
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...when not all roads lead to Rome
EN

v Theoretical analysis of the extraction of neutron skin thickness from coherent 7°
‘ % r‘ - "‘tf‘»_ phOtOprOduction Off nUClei arXIV220413395V1

F. Colomer,"»2 P. Capel,>!* M. Ferretti,? J. Piekarewicz, T
C. Sfienti,>>* M. Thiel,% ¥ V. Tsaran,” and M. Vanderhaeghen?> ¥
! Physique Nucléaire et Physique Quantique, Université Libre de Bruzelles (ULB), B-1050 Brussels

2 Institut fiir Kernphysik, Johannes Gutenberg-Universitit Mainz, 55099 Mainz, Germany
3 Department of Physics, Florida State University, Tallahassee, FL 32306, USA

y+A—> A+ k=
Plane Wave : No FSI in exit chanel 7°-A

At the Impulse Approximation :
production of 7 on one single nucleon
= coherent sum on each nucleon

do

> 2
=5 | k) pata)

@ /> : CGLN amplitudes from MAID [Drechsel et al. EPJA 34, 69 (2007)]
@ pa : nucleus form factor

Pa = (Ea, —ky) p 4= (Ey, —kx)

Slide stolen from Pierre (&)

-
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https://arxiv.org/abs/2204.13395

...reality is distorted though ...

...and it also has higher-order effects wiier rre 100044608 (2019) %g
'_ Theoretical analysis of the extraction of neutron skin thickness from coherent 7
‘ X photoproduction off nuclei arXiv:2204.13395v1

F. Colomer,"»2 P. Capel,>!* M. Ferretti,? J. Piekarewicz, T

C. Sfienti,>>* M. Thiel,% ¥ V. Tsaran,” and M. Vanderhaeghen?> ¥

! Physique Nucléaire et Physique Quantique, Université Libre de Bruzelles (ULB), B-1050 Brussels
2 Institut fiir Kernphysik, Johannes Gutenberg-Universitit Mainz, 55099 Mainz, Germany
3 Department of Physics, Florida State University, Tallahassee, FL 32306, USA

After its production, the ¥ undergoes m-A scattering
— Cross section of photoproduction in DWIA (NPA 660, 423):

Lo Lo A1 Ak’ Tos(kr, K Vor (K-, k)
Fﬂ- - ]{ — - - k T T Ty "Ygr YT T 'Yy
(R By) = Vi (R, By) A /2/\/1(1@;) E(ky) — B(k.) + ic

dag_gm o |Flyr|? loses its proportionality to p(q)

Slide stolen from Frederic (&)

-
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https://arxiv.org/abs/2204.13395

...when not all roads lead to Rome
kS

Theoretical analysis of the extraction of neutron skin thickness from coherent 7°
photoproduction off nuclei arXiv-2204.13395y1

F. Colomer,"»2 P. Capel,>!* M. Ferretti,? J. Piekarewicz, T
C. Sfienti,?>* M. Thiel,>"¥ V. Tsaran,” and M. Vanderhaeghen? ¥
! Physique Nucléaire et Physique Quantique, Université Libre de Bruzelles (ULB), B-1050 Brussels

2 Institut fiir Kernphysik, Johannes Gutenberg-Universitit Mainz, 55099 Mainz, Germany
3 Department of Physics, Florida State University, Tallahassee, FL 32306, USA

208Pb
0.12 T T T T L e e N NN B S e p e e S s e S Sy s S e S e LI ma e e e e e
—— Sao Paulo - n - (b) DWIA — Sao Paulo
0.1k ——Sao Paulo - p | 2000 L FSU |
FSU - n i + ]
FSU - p ' ‘
0.08 | = i H
. ~ 1500 .
™ o)
| 3 -
E 0.06F S +
. < 1000
Q S i }
0.04 | S ’
0.02 | 00T + ]
| e PO ‘.
O 1 1 O T B B B S S S +++ LI B
0 2 4 0 30 60 90
6 [deg]

-
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https://arxiv.org/abs/2204.13395

S

...definitely not leading to Rome!

Theoretical analysis of the extraction of neutron skin thickness from coherent 7°

photoproduction off nuclei

arXiv:2204.13395v1

F. Colomer,"»2 P. Capel,>!* M. Ferretti,? J. Piekarewicz, T
C. Sfienti,?>* M. Thiel,>"¥ V. Tsaran,” and M. Vanderhaeghen? ¥

! Physique Nucléaire et Physique Quantique, Université Libre de Bruzelles (ULB), B-1050 Brussels

2 Institut fiir Kernphysik, Johannes Gutenberg-Universitit Mainz, 55099 Mainz, Germany
3 Department of Physics, Florida State University, Tallahassee, FL 32306, USA

400 |
300

200 [

do?™ [dS) [pb/sr]

100 |
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—— F'SU000
—— FSU040
——SP

-1 4
»
N
x

CONCETTINASFIENTI

2000 |

do?™ /dS) (b /sr]

500

1500 |

1000 |

208Ph
- (b) DWIA — Sao Paulo
I FSU ]
N ]
ki ¢ ++++++ ‘
.....+1...1...1+.+.+.+++...1...’
0 30 60 90

6 [deg]
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https://arxiv.org/abs/2204.13395

...back to the (high-)stairway
R

(2e73), P.D& I_VCwK
P
3 t PV-Asymmetry S '
o } ¢ 1
c o :::)I;E;izede-
m .; ZO unpol:rizetz
- arge
=y y Resonance /\
)
5 o PVES Strength /\ A\ l\/\
— E Yo D 13 E,[\‘\.VJ
© = “‘?3 | = ),_ | A. Klimkiewicz et al., PRC 76 (2007) 051603(R)
& )
cC o A. Carbone et al., PRC 81 (2010) 041301(R)
Q = P-G. Reinhard, W. Nazarewicz, PRC 81 (2010) 051303(R)
E .": (‘r‘ ?ﬂ% — 8‘, o A.Tamii et al., Phys. Rev. Lett. 107 (2011) 062502.
4 > 0
e : ) 208 i "
o T “Pbyy)+ 1S
S c | Collective  “«of | ey 1
~~ §{ e - » :
05 Excitation _ '
e ST NE 200
W; e %@%1 N“q_) E ‘
0?9 0 T + I — HT - T t - EI;] T II s |
: 208Pb(p’p.) '
= 400} ] E =295MeV 1n
%‘, e, =0°-0.94° !
¥ 200 ‘ | o
= '
= i 2 ! Iﬁl”i ‘
L 1 I i Tll' i ] AT .
5 6 7 8

Excitation Energy (MeV)
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b (fm)

g

10 2% ] (MeV fm?)

3.5}

3.4F

3.3

3.2

...back to the (high-)stairway

X. Roca-Maza, et al., Phys. Rev. , C88:024316

[
O

\O

o0

~J

AN

5| 1

Rikin (fm)

G. Hagen et al., Nature Physics 12, 186-190 (2016)

I L L I L L I
0.12 0.16 0.2 0.24 0.28 0.32

Resonance
Strength

e |
— |

:)D
o ?nm

.- m"'f"r ,
o)
0@. .,*

Collective

i’ﬂo_

N

ANNLOG((450)
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<
IbCON

0.15 0.18 0.21 2.0

Rskin (fm)

CETTINASFIENTI

2.4

ap (fm”)

~ (Te73), PD& I_Vcwl
g OIS t
13 E,.[\‘\.VJ
he Jaags 87 J-dB(El)
27z 9 @
48 ()
24} Ca I ‘}‘{"{; 9+E}1§§ I

~ s8F _3sg

% . + : jiiEs Bt

P 18s = s

@High quality data on a variety of nuclei
& Theory: enormous steady progress
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The shortest of the roads ...
Bl

e-

long.
polarized

unpolarized electric charge 1 o
target

Y, Z°

weak charge =0.07| 1

Non-PV e-scattering
Electron scattering y exchange provides R, through nucleus FFs

PV e-scattering

Electron also exchange Z, which is parity violating
Primarily couples to neutron

-
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The shortest of the roads ...
Bl

e-

long. -
polarized

unpolarized electric charge 1 o
target

Y, Z°
weak charge =0.07| 1

O X >“f< + >Z ~~~~~ < ...to measure ... @/ o ....construct ....
Y N e e

d_O' — d_G Detector
- \de), \de).
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The shortest of the roads ...
-

e-

long.
polarized

unpolarized electric charge 1 o
target

Y, Z°

weak charge =0.07| 1

2

O X >“f< + >Z ~~~~~ < ...10 measure ... > “““ o < ....construct ....
e N e N e N
1
F, Q") =— [d’r jy(qr) p,,(r)
n,p 4 n,p
(d()’) _(dG) T d F( 2) _ Detector
Ay, = ). ). = 60 1-4sin* 0, - — Q2
o\, (doy 272 7 F(Q)
dQ), \dQ). 2o

Electron beam

- q
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long. -
polarized

The shortest of the roads...

Y, Z°

unpolarized
target

107+

e (Generation |

e (eneration 11
e (Generation I1I
e Generation IV

10—10 -

™TTTT

1078 1077

CONCETTINASFIENTI

10°°

Apy

Ll

< measured Apv>
v

Coulomb corrections -—

¢

weak form factor F,(Q?)
weak density p,(Q?)

assume surface thickness
good to 25%

]

corrections for
G.", G, MEC

v

neutron radius R,

known charge
form factor F ,(Q?)

known
charge radius R,

—

neutron skin R

skin
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long. -
polarized

unpolarized
target

Y, Z°

- Essentially means 1.5% on A,
- A, is 40 parts per billion

. O(A,,) is 0.6 parts per billion
1
0 (APV) X ﬁ

-«
I b CONCETTINASFIENTI

Welcome to Hell!
4 -
< measured Apv>
v

Coulomb corrections -—

¢

weak form factor F,(Q?)
weak density p,(Q?)

assume surface thickness
good to 25%

]

corrections for
G.", G, MEC

v

neutron radius R,

known charge
form factor F ,(Q?)

known
charge radius R,
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Welcome to Hell!

.... heed a few N=1018 electrons!

+ Beam current 150 pA

. Polarisation > 85%

+ High precision polarimetry
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; Chuck Horowitz

100 ¢

-
o
o
o

do / dQ (mbarn/st)

e
=

2
208Pp 0.50 glcm oo ¢

0.001

10 20 30 40 50 60 70 80 90
scattering angle (degree)

, 0 j
golarization 8 /|
q: 86 MeV/c ‘|

“10 20 30 20 50 60 70 80 90
scattering angle (degree)

5e-06

4.5e-06
4e-06
3.5e-06
3e-06
EZ.Se-OG -
2e-06
1.5e-06 |

le-06

5e-07 |+

................................

scattering angle (degree)

2.5e-10

2e-10

1.5e-10

FOM

le-10

S5e-11

e

0 10 ZlO 3:0 40 50 6I0 70 80 90
scattering angle (degree)

+0.03 fm determination of neutron-skin thickness ((S: 60 days)

R
- e ARpele A
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(Adapted from C. Horowitz’s lecture) f
16 22 25 28 30 .33

1400
bean e\ | | [ | | [
energy: 155 V¥ - R%(Fm) N
current 150w
, 1200} —
t
oo 0,56 gor ‘ . ‘
Ay 0.66 ppM 1000 |- NICER -
0= & 0 550 ~ 7
po\ar'\za’t'\oﬂ 85
. 86 MeV/c 800 - —
600 |-  _
LIGO upper bour
Fﬁpﬁ'hwaredﬁwaMSE}| | | |
W15 13 135 14 145 15
R} (km)
+0.03 fm determination of neutron-skin thickness ((S: 60 days)

o

I:S: ... 00T A8 e%g;ﬂ‘
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Brendan T. Reed, Z. Jaffe, C. J. Horowitz, CS PRC 102, 064308

10°
107
2
@ 10
2
= 10
WHAT DOESN'T
KILL YOU
MAKES YOU 10'1
CRAMIEY
~STRONGER __
s, 10°
GRUMPY-
STRONGER

(IT MAY TAKE A WHILE,
BUT YOU'LL GET THERE/)
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long.
polarized

The shortest of the roads...

Y, Z°

|

T INTTTTIT

LI lllllll

lllllllI T llllllll

T T lllllll

R -

f

unpolarized
target

————

-

L™

| IIIIIIII

' i

ge: -

< measured A,,v>

Coulomb corrections

known charge

= |form factor F.,(Q?)

{

weak form factor F,(Q?)
weak density p,(Q?)

T

assume surface thickness
good to 25%

:

J. Phys. G: Nucl. Part. Phys. 46

weak radius Ry DI L

0.05]- PREX  — 2im

- — 020

é 0.041— — 022

LT-‘B = — 0.28 -
0.03 0.32

Z 0.01
Lng 0

1.0
q({fm™)
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FOM

S

1x10-10

1x10°11 [

1x10°12
1x10°13
1x10-14
1x10°15
1x10-16
1x10°17
1x10-18
1x10-19

Welcome to Hell! (Part ll)

| R\IM j
surface
3
1
| Y é =
| I\ . Q
| | |
|
| |
| | |
10 15 20 25 30

855 |
specB: 10.35°
Q2 0.02 GeV?/c?
|beam: ZOHA

running time: 78 days
© time, © modified setup

CONCETTINASFIENTI

1x10-10 , ,
1x10-11
1x10°12
1x10°13
1x10-14
1x10°15
1x10-16
1x10°17
1x10-18
1x10-19 | | |

5 10 15 20 25 30

scattering angle (degree)

|
RW —
surface

570 MeV

specB: 15.2°

Q2 0.02 GeV?/c?
lbeam: ZOHA

running time; 166 days
® time, © well tested setup
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Plan

Oh shit! The
economy!!
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Plan

Oh shit! The
economy!!

PAYIIMESA
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...Ioe/i astia da asti

2 = 2] Bad news isn't wine. It doesn't improve with age.
‘ on in. ;
® (Colin Powell)
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i The first principle is that you must
A : not fool yourself and you are the
‘ easiest person to fool.

8 PV-Asymmetry y ‘
o) ? N ! H«f’«":\;‘u/ P ?rc‘zf'(rlmal.!
C O | mu.e : ‘
=% Tzée‘zi‘m Resonance ' W
©C « i
5 § PVES Strength LA DL L | LN DL L DL LA DL L DL L L e
pac o L (b) DWIA 5 -
s “:: &%} o ( ) 208Pb Sao Paulo |
5 o 2?72 20000 g U
g = % %13) - % -
< 5 & Cross-section — | |
e & Collective = 1500 i 1
— - . e re s o] I
0 Excitation o— @ N E =
sl = *
s
Hadronic M propes e 10T ]
Probes 3
. > 500 | :
Theo. uncertainties (a.u) - + ]
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The first principle is that you must
A ; not fool yourself and you are the
’ easiest person to fool.

| PV-Asymmetry

[
€
| 1, 2° “* Resonance

PVES Strength

2277.. »

Cross-section

Collective
Excitation o— @ > SR

Hadronic EM Probes
Probes

(in unit of frustration)

Experimental Challenges

Theo. uncertainties (a.u)

weak form factor F,,(Q?)
weak density p,,(Q?)

Exploring different options at A1
to measure the surface thickness
of 208Pp

assume surface thickness
good to 25%

<eak radius BD

st

-
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The first principle is that you must
A not fool yourself and you are the
‘ easiest person to fool.

| PV—Asymnletry

Richard P ‘7"51//111,'1(;!!

long.
polurized

unpalarized

/2]
%A
£ 5
=® »Z 7@~ Resonance
S "g; PVES Strength | M:‘EX |
-— ‘ ) I 1
S ‘ @@ 16 .22 25 28 30 33
- ‘c ?2??7?..» 8 1400 i | T 1
£ £ £ P | ! RIS, (fm) _
= 3 | Cross-section o
L c Collective o i B 1200} .
X = Excitation o — R
W ke = N - PREX Il .
- S A . J 1 B |
‘ Hadronic EM Probes ‘ 000 NICER
Probes < X i |
4 B é
- 800 [ -
Theo. uncertainties (a.u)
600 - ) R -
O/T LIGO upper bour
| r < 1
Ii 400 F ifi]i favored l‘f LIGO | | | |

12 12.5 13 13.5 14 14.5 15

i

Je ?w.x T’Lvna
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