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Parity Violating Electron Scattermg:

* Electron scattering
e Search for new physics

 Measuring the neutron distribution in nuclei



Electron Scattering
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Rutherford Scattering (alpha particles):
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Elastic electron Differential Cross Section

form factor

Scattering (spin %2 on spinless) :
: do do 2
off nucleons or nuclei: — = ( — ) || F(q)
Q@ \dQ ),
v
€ € Charge Distribution p(r): Fourier
transform of form factor
Momentum Tranfer p(r) F(q)
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Nuclear
Charge
Densities

Experiment

--  Mean Field Theory
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Form Factors:

Proton charge:

form factor

at g% = 0 (GeV/c)?
F(g°=0 (GeV/c)? ) = +1e

Proton radius:
derivative of

Form factor

at 92=0 (GeV/c)?
(r?)=—6h2dF(q?)/dg?



The role of the weak mixing angle

The relative strength between the weak and electromagnetic interaction is
determined by the weak mixing angle: sin%(6,,)
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P 4P P a4 P
Q.(p) = +e Q,,(p) =1-4sin?20,,
electric charge of the proton weak charge of the proton
Qy(n)=-1

sin? ©,,: a central parameter of the standard model



Search for new physics
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Search for New Physics: Various I\/Iethods

High Energy (LHC)

High Precision
Anom. Mag. Moment
_ 2
High Intensity (8 2)%6’ EDM, sin® 0y, ...

Rare B-decays at low energy
RD*

Accurate theory needed
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Direct observatlon versus precision measurements: top quark nggs
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Indlrect measurements

Direct measurements:
My = 125.14+0.15 GeV
mi = 172.74 £ 0.46 GeV

Indirect prediction:
My = 90717 Gev
my = 176.4 i 1.8 GeV



Summary: Measurements of sinZBW(effective)

LEP and SLD Average
Proposed: Precision - 0.23153 + 0.00016
of MOLLER EXP st
Proposed: Precision

Proposed: Precision of Mainz/Mesa P2

of PVDIS/SoLID Anticipated Final Precision

* O ' JLab Qweak Result

PVDIS (JLab 6 GeV) 0.2299 + 0.0043

AY! —e— 0.23099 = 0.00053
A(P) —e— 0.23159 = 0.00041
A, (SLD) o 0.23098 = 0.00026
ApP o 0.23221 = 0.00029
Ap° —— 0.23220 = 0.00081
Qe e 0.2324 = 0.0012
A7 (CDF), 2.0 fb™ b———— 0.2328 + 0.0011
Aj (CDF), 9 fb"! s 0.2315 = 0.0010
A%, (D), 9.7 fb" —e— 0.23106 = 0.00053

preliminary
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The role of the weak mixing angle

The relative strength between the weak and electromagnetic interaction is
determined by the weak mixing angle: sin%(6,,)
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Q.(p) = +e Q,,(p) =1-4sin?20,,
electric charge of the proton weak charge of the proton
Qy(n)=-1

sin? ©,,: a central parameter of the standard model



Q-Weak (JLab)

P2 (Mainz/MESA) e-DIS

Mgaller Scattering e

e e

e

» Coherent quarks in p

* in operation now
* 2(2c1u+c1d)

* Purely Leptonic

Atomic Parity Violation

€

* Coherent quarks in entire nucleus

* Nuclear structure uncertainties
e -376 C,,—422C,,

S.Su

 Isoscaler quark scattering
¢ (2C4,-C4g)+Y(2C2,-Cyq)

Neutrino Scattering

vV u Vv A%

W + Z\:/W

=< =<

* Quark scattering (from nucleus)
* Weak charged and neutral
current difference

7
Courtesy of P. Reimer and R. Arnold



,;running” sin? Beft or sin? Bw ()



Precision measurements and quantum corrections:

e e/ e e/
Y Y
7z 4 + +
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running a running sin? 6,,(p)
Universal quantum corrections: can be absorbed into a
scale dependent, ,,running” sin2 8 or sin2 0,,(u)
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Myiggs (GEV)

SLD (A) —
LEP (A" ——
fb
0,
A 0,4+ 0.44%
Myop: = 0.6%
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On Z resonance: A, is imaginary
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» yZ box graph contributions obtained by modellmg hadronlc effects:

0.012

[— Re[_]z - Avg. (Model 1,ll)
[— ReI:IVz:tA(I:IVz)

» Hadronic uncertainties
suppressed at lower energies

» Low beam energy experiment:
P2 @ MESA

I /—EVEAK (E = 1.165 GeV)

PR SR ST TR T T WA I SAN SR N AT SO SR TN W [T SR S S S N TR S T
0.5 1 15 2 25 3
E (GeV)

[Gorchstein, Horowitz & Ramsey-Musolf 2011]

* g g Progress in Theory
- Theory uncertainties in box diagrams
VA - 2 loop corrections
- Hadronic contributions in loops
- - Auxiliary measurements
- PV-asymmetry in Carbon
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Sensitivity to new physics beyond the Standard Model



Sensitivity to new physics beyond the Standard Model

Mixing with
Extra Z Dark photon or Contact interaction
Dark Z

New
Fermions



Dark Photon, Z-Boson
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Z = cosOw W3 —sinbw B
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Log,, Q [GeV]

Bill Marciano

A = sinBw W3 + cosOw B



v=DIS
Maark 7 = 15 GeV
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Supersymmetry



X. Su

Example: Supersymmetric standard model extensions
Kurylov, Ramsey-Musolf, Su (2003), updated

0.08—— — . — .
| |
|

0.06} ! ! 1
RPV 85% C :
0.04 No_SUSY DM l

0.02

ep ep
3 (Iav)susy/9avism

-0.02= ]
PRlTur'e 2.3%

. oller
0= m e adecaaa- e ————-
1

2004 —002 6 0 9802 004 006
6(9 V'susy 9av)sm

After LHC
Run 1



. Complementary access by weak charges of proton and electron

Weak charge of the proton: Weak charge of the electron:
2 —0.0716 Q7 =—0.0449
o ~0.0029 Experiment |—T—| +0.0051

|

| |

[ SUSY-Loops --—

| |

| |

1> E.Z -+

| |

| |
—|—> RPV SUSY ——>

» Leptoquarks

SM (Jens Erler, Ramsey-Musolf, 2003) SM



Weak
Charge
Of
Electron:
MOELLER
(JLAB)

Weak
Charge
of
Proton:

Qweak (Jlab),

P2 (MESA)

Weak
Charge
of
Quarks:
SOLID
(PVDIS)
(JLAB)




The role of the weak mixing angle

The relative strength between the weak and electromagnetic interaction is
determined by the weak mixing angle: sin%(6,,)

< > : ZO
| |
P 4P P a4 P
Q.(p) = +e Q,,(p) =1-4sin?20,,
electric charge of the proton weak charge of the proton
Qy(n)=-1

sin? ©,,: a central parameter of the standard model



Proton: special case
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Proton Weak charge: Qy,(p)

1-4sin20,,

Error: AQy,(p)

Rel. error: AQy,(p)/Qy(P)

4 Asin2 9,

4/( (1/sin?6,)—-4) (Asin?0,,/sin?6,,)

Rel. error Asin? 6,,/sin? 0, = ( (1/sin20,)-4)/4 AQy,(p)/Qy(p)
Example: sin? 0,, (50 MeV) = 0.238

4/( (1/sin20,,)—-4) ~ 20

AQy,(p)/Qy(P) = 2% from Experiment

Asin? 6,,/sin? 0,

0.1% same precision as LEP, SLAC

Neutron Weak charge:

AQy,(p)/Qy(n)

Asin? 0,,/sin? 0,




Future wEFT constraints from APV and PVES

Adam Falkowski at Mainz MITP workshop: Impact on low energy measurements
Current QWEAK, PVDIS, and APV cesium experiments:

i 0.74+2.2
dge = | 2214258 % 10°°
209 — 8ge, —39 + 54

695%, 04 0.70
8955 =" 04-0.977 155 10~°

e, Ealligh)

LwEFT D — ﬁ Y iy (€,e — €°0pe°) (07 + 707 T°)
g=u,d
1 gt i
— 55 D 9va(€0se+e°0,e) (@57 — ¢°0PT’)
g=u,d
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Physics sensitivity from contact interaction
(LEP2 convention, g2= 4pi)

precision A sin20w(0) Anew (expected)
APV Cs 0.58 % 0.0019 32.3TeV
E158 14 % 0.0013 17.0 TeV

Qweak | 19 % 0.0030 7.0 TeV
Aenrmnl, £ 0.0008
0.005

0.00057

0.00026
0.00036
0.0007

ens Erler
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Experimental Method:
Parity Violating Electron Scattering
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V-A coupling:
parity-violating AV HVEA, N
cross section‘asymmetry ALr

longitudinally pol. electrons e —— 8/
unpolarised protons . .

LETTERS TO THE EDITOR

PARITY NONCONSERVATION IN THE
FIRST ORDER IN THE WEAK-INTER-
ACTION CONSTANT IN ELECTRON

SCATTERING AND OTHER EFFECTS

Ya. B. ZEL’ DOVICH |
Submitted to JETP editor December 25, 1958
J. Expﬂ Theoret. Phys. (U.S.S.R.) 36, 964-966

Pt il 3 % L 4




Parity violating cross section asymmetry

c c\}'
P 2
- [GF Q21 €GLGE +1G),Gfy — (1-4sin? 8,,)€' G}, G4
e l4amay2 £(Gp)? + T(Gyp)? P p /‘\p‘
( GGy + G G
Ay = —apl, |(1 —4sin? Oy) — =2 5 5
V pe.q ( 7! ) (G] ) + T(G ) ]

Arr, = Av + Ax +As < 4, (1 —4sin® Oy )V1—e2/7(1 +7)Gh,GY,  ©

= a
1 e(GL)? +7(Gh,)?
0 A‘_a,erGE+TG (G5,
! P T @) (G2

a = —Gpg?/dmaV/2, T = —¢*/AM?, €=[1+2(1+7)tan?6/2]"!



Parity violating cross section asymmetry

tracking system

\ weak charge

el )
AR = - _F
" olet)ole ) avama ](Q )
. polarisation measurement
Ow = 1-4 Sll’l2 Ow (Ju) hadron structure

F(Qz) — FEM(QZ) +FAxial(Q2) +FStrange(Q2)



Conceptually very simple experiments

o & v

il

p—Target

= (N+_N-)/(N++N-) AA — (N++N-)-1/2 — N-1/2
A=20x10° 2% Measurement N =6.25x 10'8 events

Highest rate, measure Q?: Large Solid Angle Spectrometers



Extreme good control of beam and target

Flip Helicity fast
Extra spin flip




Counting Technique

i

i

Count scattered electrons:

- pile-up (double count losses)
- Background Asymmeftry

- Very Fast Counting (MHz)

- Measure TOF or Energy



Analogue Technique

4 ’ \
\ Dl p-Target

Measure Flux of Scattered electrons:
- no pile-up (double count losses)

- sensitive to small electr. fields.

- no separation of phys. process
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® Pioneering O
- @ Strange Form Factor (1998-2009) M
10-4 - e S.M. Study (2003-2005)
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The P2 Experiment at the
MESA accelerator in Mainz



 Contributions to Asin®’®,, for 35° central scattering angle, E=150
MeV, 10000 h of data taking
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43.36 ppb

-._&0‘_3.\

Beam energy: 150 MeV

2 Target length: 60 cm

’ Detector acceptance: 20 deg
;"b l 1 1 I 1 | 1 1 I 1 | I
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B/deg



JG‘U P2-Precision.in

Form factor parametrizations: P. Larin and S, Baunack Beam ene rqy: 155 MeV
y-Z-box according to: Gorchtein, Horowitz, Ramsey-Musolf 1102.3910 [nucl-th]

Beam current: 150 pA

o* Asin’(ow) =3.1-10%(0.13 %) Polarization: (85%0.5)%
-"\.\_\_‘\\ \ Target: 60 cm 1H2
Statistics o Acceptance: 2n:(35°%10°)
10 e P 0N = Rate: 0.5 THz
Runtime: 10000 h
AA" 0.1 ppb
10%
3.1e-4 2.6e-4 9.7e-5 7.0e-5 1l.4e-4 6e-5
(0.13%) | (0.11 %) (0.04 %) (0.03 %) (0.04 %) | (0.03 %)
0.44 0.38 0.14 0.10 0.11 0.09
(15%) | (1.34 %) (0.49 %) (0.35%) | (0.38 %) | (0.32 %)




o0, =2deg 06,=18 deg
06, = 6 deg 66, = 20 deg
66, =10 deg 6, = 24 deg
86, = 28 deg

0.001

'_|'|_|]|||!l|_

0.0008

—
— I

0.0006

0.0004

lllllllllllllllllllllllllllllllllllllllllllllllll

15 20 25 30 35 40 45 50 55 60
6/deg

Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013



JG‘U Optimization of beam energy and

S Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013
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Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013



FE beam 155 MeV

B¢ 35°
850y 20°
(Q%)L—600mm, s6,=20° 6 x 1077 (GeV/e)®
(A™P) —39.94 ppb
(AAP)roeal 0.56 ppb (1.40%)
(AA®P)gpatistics 0.51 ppb (1.28 %)
(AA®P)polarization 0.21 ppb (0.53 %)
(AAP) 5o rative 0.10 ppb (0.25 %)
(siv) 0.23116
(Asiy)Total 3.3 x 107* (0.14%)
(Asiy )statistics 2.7 x 1074 (0.12%)
(Asiy ) Polarization 1.0 x 104 (0.04%)
(As{y)Apparative 0.5 x 107 (0.02%)
(Asiy)o, 0.4 x 107* (0.02%)
(Asiy )nucl. FF 1.2 x 107 (0.05 %)
(@) Cherenkov 4.57 x 1073 (GeV/c)?
(A™P) Cherenkov —28.77 ppb

Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013



High power
__—  beamdump

* MAMI continues operation
separately from MESA
construction or operation

* MESA takes over low energy
experiments (E<200 MeV)

Experimental Hall

H Shaft building

— MESA-Hall-1

MESA-Hall-2
Shielding
EiEEEEE
RTM3
[\T ..:j hY
g =
~r Il §I
LU E . Q reisna
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MESA accelerator, low energy facility

new, Mainz Energy Recovering Acc.

BDX experiment
Beam Dump

Magnetic spectrometer MAGIX
* Charge Radius of Proton
e Dark Matter
Astrophysical Cros

Parity violation experiment
P2

* sin%0,,

e Carbon 12

* Neutron Skin %8Ca

* Neutron Skin 2°8pPb

* Transverse Beam Spin

* Hadronic Parity Violation



(10,000 h)
data taking -

| Ldt ~ 8.6 ab™ 1

lepton-proton scattering facilities

.
=
o

luminosity (10% om™= 571
o —
o o
= on

—
o
(48]

HH
=T

MESA

LTFC
O

Jlab 6+12
(]

e
SLAC

MEIC1 I 1| -RHIC LHeC
eRHIC

[CERN Courier, June 2014]

= HERA and CERN
= FIC projects
= fixed target

CEIC2 ik MEIC2

FCC-ep
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P2-Spectrometer: 0.6 T Superconducting Solenoid

Superconducting
solenoid

R P
~ N

NG o
Cherenkov

Kevlar
window
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Scattering . T » k; ~
chamber racking
detectors

Beamline



clu P2: mterna

The P2 Expenment Becker, D., Bucoveanu, R., et al. Eur. Phys. J. A (2018) 54: 208.

A future high-precision measurement of the electroweak mixing angle at low momentum
transfer
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Sfimental setup
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Simple ray-tracing 3000 Electrons from elastic e-p scattering

2000 i i
Line of sight

mm
(@]

I]‘IIIIIII"“E i~‘f]ll|llllllllllllll
f

LI
l\gf'

W ||
M

Solenoid

Electrons from elastic e-e scattering

0 1000 2000 3000

o
(e [

'L 19
Ol
I -
w_
o__
oL
O
I -
M_
o_
ol
O_



Full GEANT4 simulation

ctrosil 2000

Highly UV-reflective
“aluminium

Light tight vinyl foil

Kathrin Gerz
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Total rate

Elastic e-p scattering:
primary e-, 8; € [25 deg, 45 deg]
primary e-, 6; ¢ [25 deg, 45 deqg]
secondary e-
secondary photons
secondary positrons
primary protons
secondary protons
LLL— . B secondary neutrons

1 1 J_‘_L Background:

L] B - electrons
3 :H: =|: | N photons
- - positrons

[ IIIIII|

[ EERn

|—'-|'—|>
il

AR

=j=w
1
II;/
I_LII

10°

=
E

protons
neutrons

500 600 700 800 900 1000 1100
r/mm

Dominik Becker
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Full GEANT4 simulation

Total photo electron rate

S -
e u
7 L—
- 10" E
'?(l) — Elastic e-p scattering:
= u m— primary electrons, 6 e [25 deg, 45 deg]
% 1 O6 = - Drimary electrons, 0 ¢ [25 deg, 45 deg]
= — —  Secondary electrons
c [
O 5 e g@CONdary photons
'g 10 g = secondary positrons
- 1 .
o) =m primary protons
o - 04 m e SECONAry protons
]
(@) secondary neutrons
: —
o B = =
103 = B Background:
— _ — electrons
— || = photons
1 02 ||| = positrons
e NS PR NN N PN PR AR O PR RErrr— AR I N nemrons

500 600 700 800 900 1000 1100
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6000

Number of PMT cathode electrons emltted per event

@
000

8000

4000

2000

incident particle
—— Electrons

—— Photons 10MeV
—— Photons 20MeV

—— Photons 100MeV
160000 events each

L . | A I 1 | |

0 50 100 150 200 250

Number of PMT cathode electrons emitted per event




Solenoid

Moller shield

Beam axis Target
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MNTer Polarimeter:/ |
Institut fur Kernphy3|k

-

Carrier flange Heat exchangers  pre-cooler final 3He/4He mixing
(4He-based pre-  stage (1.25K) chamber (0.25K)
cooling system) with trapped Hydrogen

JANS /
/|

separation (Still) 0.7K injection




The MOLLER Experiment at JLAB
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The 12 GeV Upgrade of JLab |

First physics beams to Hall A in 20]:4

i
0070 00100 10 T 1010 0 T 00 P 0P P P O PO 0V IO 0 0 70 V7. P10 A 0 0 !
I 2 Gev ,

I

Upgrade magnets
and power supplies

Add 5

20 cryomodules

Add 5
cryomodules Twe 1.1 GV linacs

Enhanced capabilities
in existing Halls

Lower pass beam energies
still available
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| Parity-Violating Fixed Target 11 GeV electron-electron (Moller) scattering |

MOLLER at JLab

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

detector

¢ Evolutionary progression to extraordinary luminosity and |
stems

electron beam stability with high longitudinal beam polarization

60 uA 90% polarized electrons

i

=

upstream liquid
= toroid hydrogen
= target

Special purpose
| installation in Hall A

e

Apy = 35 ppb
O(Apv) = 0.73 parts per billion
o0(Qew) =+ 2.1 % (stat.) £1.1 % (syst.) |
(5(sin-°9W) =+0.00028 beam ;

OId and New Phvsics with Electron-Election Scattenng 39— Krishna Kumar_lanuar 11-2016
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MOLLER Apparatus .|

o
= L -
Technical Challenges A L
Evolutionary
Improvements from
Technology of Third
Generation Experiments

~ 150 GHz scattered electron rate

1 nm control of beam centroid on target

> 10 gm/cm? liquid hydrogen target
- 1.5m: ~5SkW @ 85 nA

Full Azimuthal acceptance with 6,,,

— novel toroidal spectrometer pair

- radiation hard, highly segmented integrating

detectors A
e Robust and Redundant 0.4% beam Single |
channel '

polarimetry LS

e

Jld and New Phvsics W‘l'{h‘ﬁ]ﬁ‘fﬁ’)ﬁ'—“ﬁlFFT{‘i‘SiTS?ﬁﬁ“ﬁ‘il'fQ"'"'""”"‘"ﬁ" e e KTiShn A RUINAT Alanuars i sl D]



. Complementary access by weak charges of proton and electron

Weak charge of the proton: Weak charge of the electron:
§,=0.07l6 Q§.=—0.0449
== ~0.0029 Experiment |—0|-—| +0.0051

|

| |

[ SUSY-Loops -

| |

| |

T E.Z -+

| |

| |
—|—> RPV SUSY >

» Leptoquarks

SM (Jens Erler, Ramsey-Musolf, 2003) SM



Weak
Charge
Of
Electron:
MOELLER
(JLAB)

Weak
Charge
of
Proton:

Qweak (Jlab),

P2 (MESA)

Weak
Charge
of
Quarks:
SOLID
(PVDIS)
(JLAB)




Neutron Skin in heavy nuclei:



Neutron Skin for beginner

J B

Nuclear charge radii

Pn / kgm™
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Where do the neutrons go?
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Neutron Skin for beginner
P - : T -
Where do the neutrons go? )

@ 2

Stable Nucleus neutron ‘ proton

(b)

Neufron Rich
Nucleus

6He, 8He, 32Na

) Nucleus near the

Pressure forces neutrons = [——— Neston Drpine
out against surface tension \ 11Lj, 11Be

m-* E O S Distance from the center

Den




Neutron Skin for beginner

Where do the neutrons go?

Pressure forces neutrons

out against surface tension

—>EQOS

@

£y
2
=

2 o

it

Stable Nucleus neutron

Density

—
e —r—
]

Neutron Rich
Nucleus S
6He, 8He, 32Na |

Nucleus near the
Neutron Dripline

117, 11Be

Distance from the center




Phases of Nuclear Matter
Yy A _  rraam

1Early Universe The Phases of QCD

- Future LHC Experiments

1 Current RHIC Experiments
_AV“ _l“’;
N
i
I
il
1
|

Temperature

= A heavy nucleus (like 2°8Pb)
Supercoﬁdg is 18 orders of magnitude
- smaller and 55 orders of
magnitude lighter than a
L Al heutron star

LRP Nuclear Science Advisory Committee(2008)

They are bound by the same EOS

Critical Point

Hadron Gas




r‘
E(p,8) = E(p,0) + Esym (p) 6+ O (6)

{

symmetry energy

Esym(p) = [Sv +§ (%) + ng’—" (" — ”0)2‘ t...

— Svmmelric nuelear matler
w— pure peulron matler

Symmetry energy

} — 1cV _ .
E,=-16 McV <—— Nuclcar saturation

p, = 0.16 fin™

PO M. Thiel Bormio 2015
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WHY?

!

E(p,6) = E(p,0) + Esym (p) 6* +~.<9 (554

{

symmetry energy
_ L(p—po Ksym (P — Po 2
Egym(p) = [Sv+ 3 ( P )+ 18 ( % +...
slope parameter oab 3 Nomclaivisic models
I = 3p03Esgm (p) _'E_“ 0.3-3: -
p P0 _,j% 0.2
curvature parameter 013 ;
8?Esym (p)
K sym = gp(z) a};fzn = P omeny 0

PO

X. Roca-Maza et al., PRL 106 (2011) 252501 |; 11.ici



WHY?
| A . -
Neutron skins constraint the EOSjeiow ] Of ...

dyne/cm”|

“
P10

nn forces
only

) 0.07 fml| |

0 0.2 04 0.6 0.8 1.0

plp,l

Pressure @ low p —> Crust thickness

Pressure @ high p from mass measurements
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long,
polarized
unpolarized
target
(do) _[40)
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short-range plan: target variety Al
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Historical first detection
of gravitational waves e '
from a binary neutron-

star merger

GW170817: A play in three acts i e S
% Act 1: Ligo-Virgo detect GW from BNS merger w8 :
e Source properties inferred from “matched filtering” i T |
® [xtraction of “chirp” mass and “tidal polarizability” il

Stringent limits on the EOS of dense matter

® Act 2: Fermi/Integral detect short y-ray burst
s detected ~2 seoonds after GW 5|gnal

Neutron-star mergers

create gravitational
waves, light, and gold!




Neutron skins and neutron stars
In the multi-messenger era

PHYSICAL REVIEW LETTERS 120, 172702 (2018)

Neutron Skins and Neutron Stars in the Multimessenger Era

F.J Fagoyev,"” J. Piekarewicz, ™ and C.J. Harowiez"*
' Censer for Exploration of Energy and Mager and Depanment of Physics, Indiana University, Bloomdngion, kdiana 47405, USA
*Deparament of Physics, Florida Saase University, Tallahassee, Florida 32306, USA
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Exciting possibility: If PREX confirms that Rskin is The very first observation of a BNS
large and LIGO-Virgo that NS-radius is small, this merger already provides

may be evidence of a softening of the EOS at a treasure trove of insights into the
high densities (phase transition?) nature of dense matter!
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R R = 0.302 £ 0. 173(exp) m i 026(1110(161) = OOa(Stlange) Tm

2010 Run' PREX-I Result

-___.._;J

| g _
| . Plane wave
| 085 R,, = 5.781 & 0.175(exp) N
i 0.8l 40.026(model) NL3m05 i
; E  pR=R £0.005(strange) fm 1 |
5 e O 75 . O | i
| ) > SI |
| "« 07 —
| — | |
0.651 -
| | Phys.Rev.Lett. 108 (2012) 112502 |
NL3mO05
0.6~ 290 citations (as of Jan 2019) 1 -
[ 1 l 1 L 1
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R_(fm)
A,, = 0.656 ppm = 0.060

LEle_ctf(‘:)ﬁ“s"fi‘ré“ Noit Ambidexirous T i enaiammannsn s nenas R BCHNA . K UMO- DeccinDenbos Al



———— . o ———— A — ———————. s " O A0

e ——— . Ll -

LEIectrons are Not Ambidexirous
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Upcoming: Precise Measurements of both 208pPh and 48Ca
PREX-II and CREX
: 0.07 T T T T T {
| Suwmwer/Fall 2019 E e |
: AL LLL LI LLLLLLLLLLLLLLLLLLLLLLLLLL LI LLLL LY 0.06 % R?Skln o5l
PREX Asymmetry : Data vs 8 Models - — 0.15fm
| - Precise anchors <005 crRex — 917fm
o8- R-R=0 at two ends of the X 0.04- — 024fm —
| - Periodic Table: 5 0.03 = RO
| | o7SEPREX-I o : s -
W[ F e o ° simultaneously = 0.02} s g
| |5 o7 projectes I constrain 3-n % 0.01 11
| - + -t e forces and 0 \ Ly
) u ® H 5 5| i
: g Nuclear Equation ol L
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| 120] 03+ 11
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! 06 | 3
04
3 Complementarity between = 0.151 ® Relativistic
....... precise PREX, CREXon = 02 ® Non-relativistic
stable nuclei and FRIB exp. 0
on very n rich systems. 0.1 M IPRP EPEPEPEPE BN B IR
0 Lgf “" 28 0.5 to 0.7 fm -0.2 ' 0.15 0.2 28;.25 0.3 0.35 04
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Neutron skin measurements with P2 at MESA



Separate excited states with magnetic spectrometer:
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Weak charge in light nuclei (Carbon):



Introduction :
Achievable Precision ~ SosIC SEtUp

« Geant4 RayTracing Plots
« Separation of Excited States

Experimental Realization
Conclusion

EXPERIMENTAL REALIZATION

» 150pA
MESA: -« 150MeV-200MeV
» Polarimetry e-Bremsstrahlung

Collimators

=
/x
/

e from el. e-1?C-scattering

Extended 5-finger ?C-target
Enhanced sensitivity \ /
To new physics ( ( ( (;l/

Polarized electron beam

i — . W Detectors
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Kathrin Gerz
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@ Beam energy E = 150MeV Measuring time t = 2500h
Scattering angle ©=40° +- 9° Beam current | = 150pA
Target density d = 5g/cm?
0sin?0O
We can achieve : W—-0.3%
sin?0O,
A :Loz sin‘9, —» C .2
TS W 0Ap, 0Q, o6sin 9"'—0 39,
T AC T 1.2 Y
Q,=—24sin’e, —» Apy Qy sin" 0,
_ _ SA 6Q, 6sin’0,
Reminder: With Hydrogen: =1.7% —=2% ——=0.15%
Apy Y sin‘0,

E
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~0.003

@0°~0.01

0.25
0.248
0.246

0.244
030 P2(12C)

0.24 Q, AM\ I w

' P2 (ep) Mainz
0.232 ITevatron

1 llllul b 1111111 hd 1ulul A Lllllll i lJJlluJ Lol llllul Al Jllllll Lk bl
00001 0001 0.01 0.1 1 10 100 1000 10000

u [GeV] ,



0.5

0.495

0.49

0.485

eu ed
29 -9 1,
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Parity violating electron scattering:
“Low energy frontier” comprises a sensitive
test of the standard model complementary to LHC
* Determination of sin?(0,,) with high precision (similar to Z-pole)
* P2-Experiment (proton weak charge) at MESA in preparation
(2022), MOLLER Experiment at Jlab in preparation
* New MESA energy recovering accelerator at 155 MeV, target
precision is 2 % in weak proton charge i.e. 0.15% in sin%(0,,),
e Sensitivity to new physics up to a scale of 50 MeV up to 50 TeV
* Much more physics from PV electron scattering: Neutron Skin in
heavy nuclei, weak charge in light nuclei
* Together with Moeller@lJlab (electron weak charge) and
SOLID@IJlab (quark weak charge) very sensitive test of standard
model and possibility to narrow in on Standard Model Extension



