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short reminder
stable nuclei

neutron proton
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pressure forces
neutrons out :
against surface tension:

tﬁ neutron halo
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Equation Of State

symmetry energy
Lip—po\ Keym (p—p0)\°
E =[Sy += + — +
alp) = | Su+ 5 (E2) 4 T (20
= symmetric nuclear matter
== pure neutron matter
Symmetry energy
Eq— - lOLVIEN ~——Nuclear saturation

; p,=0.16 fm~
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Equation Of State

symmetry energy
L(p— K — 00\ ?
Esym(p) = | Sv+ 3 (,0 p0p0> + f‘gm (p p0p0> + ..
slope parameter e
OF
L = 3pg—24™ (p)
op
PO

Symmetry energy

curvature parameter
B~ Nuclear saturation

029 Esym (p) T \
Ksym T 9/00 3/02 b p,=0.16 fm~
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Equation Of State

symmetry energy

L (p— K — o0\ 2
s, + L (p Po) , Esym (p po)
3\ PO 18 P0

Esym(p) = T ...

%

Linear Fit, r = 0.979 =
- © Nonrelativistic models

-2 ¢ Relativistic models

PO

curvature parameter

Koym = 9pi——.
sym 0 3/02

P0 X. Roca-Maza et al., PRL 106 (2011) 252501 3/12



Equation Of State
E(p,8) = E(p,0) + Esym (p) 8>+ O (6)*

symmetry energy
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Esym () =
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PO

0.1 W Ray(1979) —]
c u rvatu re pa ramEter [@] Kraz_nahorkay (1999)
A Trzcins ka (2001)
82 E z Klimkiewicz (2007) ]
( ) Terashima(2008)
2 sym \P 1z 116 120 = 124 128 132

K sym = 90

Op?
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state of affairs

Pb neutron skin thickness

3:p - atoms

4: 1 - atoms

5: EDP

6: PDR

7: coherent n°

diverse experiments
but consistent results

@%@ar%y understood?
ultimate accuracy: £0.03 fm?
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state of affairs

2°3Pb neutron skln thlckness

H HL L H LIE
1: PREX
2: pp(p.p)
3:p - atoms
4: 1 - atoms
5: EDP
6: PDR

7: coherent 1°

evolution along isotop chain
sensitive to S, and L

diverse experiments
but consistent results

d@ar%y understood?
ultimate accuracy: £0.03 fm?

experiment
linear average

| ol experiment
L A predicuion Eq. (2)

- 8 FSUGold

M. Centelles et al., PRL 102 (2009) 122502
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state of affairs

2°3Pb neutron skln thlckness
AL B I L | 1 L L | L

1: PREX

2: pp(p.p)

3:p - atoms
4: 1 - atoms
5: EDP
6: PDR

7: coherent 1°

diverse experiments
but consistent results

sensitive to S, and L

[=(N-2Z)/A

M. Centelles et al., PRL 102 (2009) 122502
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least model dependent method: PV e" scattering
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3:p-atoms long-

4: 1 - atoms polarized
5: EDP
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least model dependent method: PV e" scattering

208ph neutron skin thickness e

1: PREX
2: °pPh(5h)
3:p-atoms long. =

4: 1 - atoms polarized
5: EDP

unpolarized
target

t 0 fY’ ZO

L] ;ﬁ L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I
& ‘ ‘
< @ = | inear Fit, r = 0.995 ]
o 0 Nonrelativistic models _
= ¢ Relativistic models
B From strong probes

7.4

g X |Mf}a2—|‘2|M»}aMzﬂ + M20|2

(TR—(TL

ol + oL

JAPV —

X. Roca-Maza et al., PRL 106 (2011) 252501
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least model dependent method: PV e" scattering

208ph neutron skin thickness

1: PREX

Proposal to Jefferson Lab PAC 38 @

PREX-II: PRECISION PA{WQIOLATING
MEASUREMENT OF THE NEUTRON SKIN OF LEAD

long. e
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least model dependent method: PV e" scattering

208

Pb neutron skin thickness

1: PREX

2: °pPh(5h)
3:p-atoms
4: 1 - atoms
5: EDP

Proposal to Jefferson Lab PAC 38

PREX-II: PRECISION PWQIOLATING

MEASUREMENT OF THE NEUTRON SKIN OF LEAD

Proposal to Jefferson Lab PAC 40 @ €’
) @O long. e

polarized

unpolarized

Ys Zo target

MSCREMENT of the

WEAK CHARGE DISTRIBUTION of **Ca to 0.02 fm ACCURACY
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least model dependent method: PV e" scattering

208

Pb neutron skin thickness

1: PREX

2: °pPh(5h)
3:p-atoms
4: 1 - atoms
5: EDP

Proposal to Jefferson Lab PAC 38

PREX-II: PRECISION PWQIOLATING

MEASUREMENT OF THE NEUTRON SKIN OF LEAD

Proposal to Jefferson Lab PAC 40 @
a:a @Ow

long.
polarized

unpolarized

Ys Zo target

A HIGH-PRECISION DETERMINW e
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P2@MESA: go for ultimate precision

Mainz energy recovering
superconducting accelerator

1.3 GHz c.w. beam
normal conducting injector LINAC
superconducting cavities in recirculation beamline

to PV-experiment
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P2@MESA: go for ultimate precision

Maiinz energy recovering
superconducting accelerator

1.3 GHz c.w. beam
normal conducting injector LINAC
superconducting cavities in recirculation beamline

: EB-mode (external beam):
: 150 MeV @ 300 p.A (pol.)

: ERL-mode (energy recovering mode):
100 MeV @ 10mA (unpol.) '

to PV-experiment




P2@MESA: go for ultimate precision

8/12



P2@MESA: go for ultimate precision
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P2@MESA: go for ultimate precision

full azimuthal coverage (solenoid)
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P2@MESA: go for ultimate precision

full azimuthal coverage (solenoid)

GOAL:
dR /R, = 0.5%:

e-Bremsstrahlung
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QaD method: coherent =° photoproduction
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QaD method: coherent r° photoproductlon
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can we do something in addition?

A Skyrme ® NL3/FSU
V¥ Skyrme-SV m DD-ME

0241 ~

02— | i*n =

Lekin [48Ca] (fm)

models

PA i
Ll Cap  =0.852 |

- Lo b p ]
0.12 016 020 024 0.28

I'gin [2*Pb] (fm)
J. Piekarewicz et al., Phys. Rev. C 85 (2012) 041302

Ca vs. 298Pb
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can we do something in addition?

A Skyrme @® NL3/FSU A Skyrme ® NL3/FSU
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can we do something in addition?

A Skyrme ® NL3/FSU
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A1@MAMI: intermezzo

Proof-of-principle:  aq

PVES 2C
(commissioning 09/2014)

Alexey Tyukin
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A1@MAMI: intermezzo
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A1@MAMI: intermezzo

PVES 2C
(commissioning 09/2014)
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A1@MAMI: intermezzo

100 150 200 250 300 350 400 450 500 550
X [mm]

Proof-of-principle: a4

PVES 2C
(commissioning 09/2014)

Counts

8 8 2 8 8 &8 8
3 o 8 8 8 8

gr—T—T—T—TT7

L

&

S 4

23

B

Bo

2

S3

3B

Py I S S T

8

Counts
n S N® s OO N® O
8 888888888
T T

T,

3

N

8y

S

B

®

£

3

&

8

-6
1059 — e
Bates 1990 (P A Souder et aI) ]

8F Mainz 2014 : .

Apy

.*
% 2
.
“

.

.

.

\ .

. . .
1S 2e %' %

2
L . .
. .

L L PR N

L . ?

. .®

L o “‘

-4 .
L1t st

02 04 060 81 1.2 14
Q [1/fm]

11112



A1@MAMI: intermezzo

Proof-of-principle:

PVES 2C
(commissioning 09/2014)
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conclusions

208

Pb neutron skin thickness

1: PREX

;7 1 | remarkable consistency

4: 1 - atoms
5: EDP

model dependencies under control?

22— 1 combine efforts from
- theory & experiment

0.1

Iskin (fm)

W Ray(1979)
@ Kraznahorkay(1999)
A Trzcinska(2001)
Klimkiewicz (2007)
X Terashima(2008)

| | I | |
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Projection of electron trajectories
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QaD method: coherent n? photoproduction

RECIPE:
(1) high quality accelerator

E, =855.12MeV

E

out™
E 855.30MeV
in

E,,.=180.03MeV

E,,=1508.4MeV

E,=14.86MeV

E, =3.97MeV

714



QaD method: coherent n? photoproduction

RECIPE:

(1) high quality accelerator
(2) tagged photon facility

e measurement tagger field
— photon tagging

radiator
714



QaD method: coherent n? photoproduction

RECIPE:
(1) high quality accelerator

e measurement t
> photon tagging 1]

(2)tagged photon facility

(3) 4~ detector system

714



coherent n° photoproduction @ /-2

do S lq; 9

- (PWIA) = o g |Fy (EZ, 67)

sin’ (6’*) X —12F2( )

campaign in 2012:

WARNING

separation of coherent 50 ~ 5

. 120
@ and incoherent events: " S Sn | \“S»
e DE=1.5-3 MeV

evolution along isotopic chain

WARNING | FS|:
@ complex optical potential plus measurement on
tuned to p-A scattering
NPA 660, 423 (1990) 58 28 82
CHALLENGES correction modest at i/ - ﬂ
AHEAD | Jow p momenta ke

(N/Z: 1.07 to 1.54)



coherent n° photoproduction @ /-2

E, = 220 - 230 MeV

Missing Energy [MeV]
N S (=2}




program 1: transverse Asymmetry A_

direct probe of two or more photon exchange: {
A, is zero at first Born approximation Lo e)
(forbidden by time reversal symmetry) = s,

A, can contribute to the extracted A,

IAn [ppm]
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if beam asymmetry has
transverse component

PRL 109, 192501 (2012)
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new theoretical calculations
treating dispersion corrections
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skin

Brueckner-Hartree-Fock (BHF) Sl

Phys. Rev. C 80, 045806 (2009)

Quantum Monte Carlo (QMC)

Phys. Rev. C 85, 032801(R) (2012)

Chiral effective field theory (CEFT)

Phys. Rev. Lett. 105, 161102 (2010)
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landscape: theory

Phys.Rev.C 86, 015803 (2012)
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are models with large neutron
skins really incompatible with
available laboratory or

astrophysical data?
Phys. Rev. Lett. 111, 162501 (2013)



parity violation program @ 412§

start with ,easy” target: carbon ...

... plenty of other challenges:  beam stability
Polarimetry
polarization at several mA
low noise electronics
high rates

pilot experiment scheduled for July 2014:

PMT
electrons PMTs with
quarz quarz window!

quarz bar:
(10 x 50 x 100) mm?

focal plane



parity violation program @ A%

carbon measurement

E = 570 MeV : the complete program:
| =20 mA : transverse asymmetry A_ :
- o . .
q=20 : 208ph measurement
asymmetry: 3.260 ppm :

: 12050 measurement



the best pIaygrouL?d for a phycisist
|

- THE FUTURE:
MAMI C Josu B MESA
1508 MeV @ 100 pA 1508 MoV (AT
MAMI B
855MeV@100pA  10m s g
ot — T Hi
e
Hﬂ o) W W 7 ) 7
. o e o
THE PRESENT: h %
MAinzer Microtron
beamenergymtensnty ............ 5 .
: Epax: 1.6 GeV up to 100mA : : 200 MeV @ 150 mA (pol.)
! resolution: polarization: : ERL-mode:
: s¢ < 100keV up to 80% @ 40mA : : 100 MeV @ 10mA (unpol.)



MESA-LAYOUT f_f Area:22*14m?

'
to PV-experiment

KEY:
PS: Photosources: 100keV polarized
(EB, ERL (low charge)),

500keV unpolarized (ERL, high charge)
IN: 5 MeV = NC injector

SC: 4 Superconducting cavities

Energy gain 50 MeV per pass.
1-3 Beam recirculations for EB

Orbit 1 common to ERL and EB,

Orbit 2 could be separate for ERL and EB
PIT. Pseudo Internal target (ER-experiment)
PV: Parity violation experiment (EB-mode)
DU: 5 MeV beam dump in ERL-mode

[] Existing walls: 2-3m thick shielding

EXPERIMENTAL BEAM PARAMETERS:

1.3 GHz c.w.

EB-mode: 150 pA, 200 MeV polarized beam
(liquid Hydrogen target L~1039)

ERL-mode: 10mA, 100 MeV unpolarized beam

Pseudo-Internal Hydrogen Gas target, L~103° 10




