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The MAMI Legacy
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Harmonic Double Sided Microtron (2007)

MAINZER MIKROTRON up to E — 1 .6 Gev

Intensity
up to 100 pA

Resolution
Or < 0.100 MeV

Polarization
up to 80% @ 40pA

Reliability

85% (7000 h/y)
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The Wheelers

A2: Real Photon Scattering —

<> Tagged Bremsstrahl.-Photons
<> 4n-Setup: Crystal Ball, TAPS : |

Polarizabilities (RCS), Low Energy Excitation of light
hadrons, Neutron SKkin, Light Mesons dynamics

&"@
R'1M? T S ] “ — l
Al: Electron scattering
i == Three High Resolution Spectrometers —
‘ Ap/p< 104 FWHM [/ —§f— "

Form Factors, Polarizabilities (VCS),

Few-Body Physics, Search for rare

events, EW Physics, Hypernuclei
e — —— R
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The Mainz Energy Superconducting Accelerator
Fy = N ol

High power
_—" beamdump

MESA Hall2

- :5// (Experimental hall)

A4 |
L‘I N Shaft building

o B =1 MESA-Hall1B

=

MESA-Hall1A

—_——

o —— Shielding
(finished 5/2014)
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The Mainz Energy Superconducting Accelerator

2 . e ot
e 1.3 GHz c.w. beam
. o High power
e normal conducting injector LINAC L / beam dump
| MESA Hall2

e superconducting cavities in recirculation beamt P
L —k (Experimental hall)

8| Shaft building

e ERL-mode:
100 MeV @ 10mA (unpol.)

e EB-mode:
155 MeV @ 150 uA (pol.)
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The MESA Wheelers

| A £ B o

Internal Gas \

e i"ré.%ﬁ?ﬁ‘i%@ T
s X s 5 e > op et X

wid
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Differential -3

pumping

Gy IR

SRR
S pO|e 5 // ¢1 <p <100 MeV
pecirometer - ‘ ;

7] -
o? ~ 10~ %
Sy 4 umf:'J»

Wy

Lk t‘;x\‘vl
OW'mo

#NO =5%10"2°
T .-"e'fl"_pt:'.'..r"?:"i:““' j&'%' PP &‘ie"..?:-m :m,"é:ﬁg-
Mofe'nol*rédt?g’non BTN : et o

*No window before the magnet
*Thin detector

Large sensitive surface * et g

* 120 * 30 cm? focal plane surface
Good point resolution”™ * e B L s

¢ 50 um point resolution along the in the dispersive plane

gl A R e TR e
Multiple somf)’res. ot g

* At least 2 points to reconstruct the full kinematics

High rate capability ™=+
e With a CW operation rates up to 0(1 MHz)
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Polarimetry
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“The Search for the Nuclear Symmetry

Energy” (Theory-Vision

g | neutron
[ matter \
10 + ,,
O | —
10 F _
stable nuclei ]
N/Z=1-1.5 1
Y S | I B
0 0.1 0.2 0.3 0.4
ISCONCETTINASFIENTI P (fm-3)

< -
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20 |

10 |

20 Lo

“The Search for the Nuclear Symmetry

neutron

matter \

drip-ling nuclei

stable nuclei ]
N/Z=1-1.5 -

0

ISCONCETTINASFIENTI

0.1

0.2

0.3 04
p (fm™)

Energy” (Theory-Vision)
| o RIS o 7

slope parameter

L = 3py

aEsym (p)

PO

curvature parameter

ZazEsym (P)

Ksym = 90

Op?

PO
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...the (blind!?) search for the

Nuclear Symmetry Energ
| 2 v N . T

g | neutron
matter\
10 | _
PO
O -
_1() -
I stable nuclei ] :
- N/Z=1-1.5 -
_20-llll||||||||||||.|.|- pO
0 0.1 0.2 0.3 0.4
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...the (blind!?) search for the

Nuclear Symmetry Energy

X. Roca-Maza, at al. Phys. Rev. Lett. 106, 252501 (2011)
L] L] L] L] I L] L] L] L] I L] L] L] L]
[ —— Linear Fit, r =0.979

O Nonrelativistic models

0.3 o Relativistic models _
g 0.25 T TR0 B PO
5 02 ‘

» :

T T 1-50 PO
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The long winding road ....
R

D FOM MEASURBLE
7 N . e | | o |
I LA oRSERVARLES T0 T

e All observables are equal, but

ST some observables are more equal
than others ... Pedigree!

B
< 1t Neutron Skins of Nuclei: from laboratory to stars
I b CONCETTINASFIENTI

C. Horowitz, J. Piekarewicz, CS (to appear JPG)

Mainz Institute B!
Theoretical Physics



The long winding road ....
k"

Official Florida Presidential Ballot . ‘FQOM N\\EASU@A&LE

Follow the arrow and Punch the appropriate dot.

e | OBSEKVABLES TO THE
NEUTRON SKIN

Bush

Cross section, asymmetry, spin

observables, ...

(<3 2000 Mk Colling, Talersnmns.com

Impulse approximation, off-shell
ambiguities, distortion effects, ...
© R — S ————— e p——— S——

< 1t Neutron Skins of Nuclei: from laboratory to stars
I b CONCETTINASFIENTI

Mainz Institute C. Horowitz, J. Piekarewicz, CS (to appear JPG)
Theorotical Physics




The long winding road ....
-~

J. Lattimer Ann. Rev. Nucl. Part. 62 (2012) 485
' =) SRS |

eV | =
o #M: b
|

|
|

100
80 Flg
604

40

L (MeV)

-20 ]
24 26 28 30 32 34 36

-y
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The long winding road ....
T

JLattlmerAnnRevNucIPart62(2012)5 LI B LA B B B B B e
1 1 | I 1 I I J I ' I | 4 : :
= O°F 1: PREX E
100 =, n . 208 .
_ o 045} 2: “°Pb(p,p) E
Sn T .b 3: coherent n° -
80 N < 04f =~ -
i ; - 4:p - atoms =
I 035 -
i - @ 9: - atoms .
°01 0.3} =
= “F 6: EDP ]
L — -l
S - = . =
2 4 0.25] 7: PDR :
] 0.2f ¢ + =
“ N O + .
i 015 + =
O 0.1',—_1 1 l Ll 1 1 l | | l I T — l | I | l | l | I I 1 l.__:
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method
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L (MeV

i
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CONC

J. Lattimer Ann

. Rev. Nucl. Part. 62 (2012) 485
B R i~

l'l.
|

TINASFIENTI

.... could not lead to Rome...

The long winding road ....
T

F T T N IR ELELEL L B
3 0.5;— 1: PREX E
"‘:;0.45;— 2:2%pp(p,p) =
T o4f 3: coherent 7% -
s 4:p -atoms -
0351 =
- o 5:n-atoms
03f 6: EDP E
025f- 7: PDR =
0.22— + + —z
015 + + -
| T T B B T B T

1 3 4 5 6 7

method

US spending on science, space, and Llechnology
correlates wilh

Suicides by hanging, strangulation and sutfocation

1965 ~xXOn ol G ELIN] o b 14 M Mar NN
10000 sustdue
b L SENTITEN B8
GG =ulcdas
W00 sanlcids
I'ees X0n 2l AN B LA and b | N PO 2 FeH | kg i B 1

@ Hanging swicidese- US speading vn scivace

wacieeng Heviney
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One MZ-Example
"

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

50 \ 208 82

1163’\ \ 1zo$n I«'LA”‘: Db
- Zinn | /

!

Blej

Zinn

/

-
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One MZ-Example

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

.
58 | \ Ny 50 \208 L] |
Ni | “sm | “Sm | "9% | Pb

I i Blej

Nicke| Zinn Zinn /

— — ]

—

... Shine light on the nucleus!

i i A(gﬁg_) — TTU = = iq(g_s_j
<3

Photon probe interaction well understood: No ISI

1% meson produced with = probability on p AND n

TO DO: Reconstruct rt° from nt°—2y decay

-
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One MZ-Example
y ol

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

B A &2 Mev
. 108 y sec W

-
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One MZ-Example
ol

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

- — 50

58 28 ’ \ ™ 12 S, \ 208 % ’
Ni | “om ! "Sm "% | Pb
Nicke] Zinn Zinn I )““ . Blej

S

CONCETTINASFIENTI

I.Il 1
[
HeSn; £, =200 to 210 MeV 121G [7. = 200 to 210 MeV
= 2200 L
= 2000 HJL | ) a 00 |1J1 J
‘g’ 1800 J H g 3000 - :
8 1600 'IL g - : .
1300 ‘I l © . |
1200 ; ] 2000 - r Y
1000 * J I
a00 . 1800 J_ |
600 g0, e w000— | (__; W,
400 .Jl.p ..-LL [l L _I" ﬁ~
200 o ll S0, l_‘ 5 (8
4 I I I ol - N Iy —
2 04 05 0.8 1 1.2 1.4 15 45 ) ) = L 3z S s
q[fm7] q [fm]
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One MZ-Example
b

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

: r | %

28 J 50 50 \208 82
se o %8 | 120 A
Ni [ "9 |/ Sn "5

Ble;j
el &

... Shine light on the nucleus!
i i A(gq) — TTU = = 4.:4(9._5_)

[

Z—g(PWIA) x sin? (6%) A2F2 (g)

-
|b CONCETTINASFIENTI #MakeHumansSmartAgain



CONCETTINASFIENTI

One MZ-Example

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

B Working code for PWIA amplitudes for photoproduction Vﬂ(i‘) (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 UN"!(k’ k)

[1 DWIA amplitudes calculation
o Off-shell photoproduction amplitudes VW(;\) (k.. ky)
[J Devise a better form for UNul(k/ k)

+ Treatment of Resonances,
i + Use Effective Potentials (J. Piekarewicz)
Vi TE| + Sensitivity of Geonerent to Neutron density
+ Benchmark theory with A/Z and Z variation

...it is a long way till Rome ...



long.
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polarized

The shortest of the roads...
R

e-

unpolarized electric charge 1 o
target

Y, Z°

weak charge =0.07| 1

2

F (@) == [d'r jy(ar) p,,)



The shortest of the roads...
T

- e
‘ long. -
) o polgrizede Measured APV
; unpolarized - 4
‘Y, ZO target
Correct for Coulomb }
2 Distortions
2 Fn (Q ) . J
6, - .
F,(0%)

Weak densig at one Q?

—

o A—IAS\l-minl __ 2\ Smallncorrsctions for
ol o R o\ Gy G} MEC
06 ‘ Neutron density at one Q2
=S T k . y
S 0.4
5 Assume surface thickness
0.2~ good to 25% (MFT)
i 0.7 i B o ’
i oo £ ) |]l
0 04 0.8 1.2 1.6 0 02 04 06 08 1.0 1.2 1.4 16
q(fm1) q (fm)

PHYSICAL REVIEW C88, 034325 (2013)




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

Beam current: 150 pA
Polarization: (85+0.5)%

Target: 60 cm 1H2

Acceptance: 2m-(35°%10°)

10+ ol Rate: 0.5 THz
1 Runtime: 10000 h
AA®P?: 0.1 ppb
10° >
0 30 40 50 60
6/deg

3.1e-4 2.6e-4 9.7e-5 7.0e-5 1.4e-4 6e-5

(0.13%) | (0.11 %) (0.04 %) (0.03%) | (0.04 %) | (0.03 %)

0.44 0.38 . 0.10
(15%) | (1.34 %) . 0.35 %)

Dominik Becker AA(syS) 0 80/0 E

P CONCETTINASFIENTI #MakeHumansSmartAgain




’? LI I LI I LI I LI [ T
2 1 . i
> | uncertainty
o aal |
0.8 .
L %
06- ¥ -
I A . Ao -
L A
0.4+ =
i At =2500h 7
0.21- At =1440h ]
I At=720h _
_I |- | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 I 11 I_
26 28 30 32 34 36 38
0 [degree]

Michaela Thiel

ADO=4° : expected rate = 8.25 GHz, A, = 0.66 ppm, P = 85%, Q = 86 MeV
1440h — SR /R, = 0.52% (2°%Pb @ 155 MeV)

-
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2! | T [ T | T =
— T T T T = A—A SV-min |
[ : : —= FSUGold
[ — Lll\near F1é1'=0.979 0.8 B
- O Skyrmme, Gogny
T . > PREX-Il & CREX
g 02 @ | — Results needed
. it 0.4 -
<‘]= 0.2 7 ]
0.2 -
0.15 - . > 6Rn/Rn =0.5%
PR TR AR S TR R T S T T _’ L i 20 Mev
O'10 50 100 150
X. Vinas et al., EPJA 50 (2014) 27 L (MeV)

P.-G. Reinhard et al.. Phvs. Rev. C 88 (2013) 034325

“Ca @ MREX CREX

PREX-II

208Ph @ MREX

155 MeV /105 MeV 155 MeV /105 MeV ~1 GeV 2.2 GeV

Q 86 MeV / 58 MeV 143 MeV/ 75 MeV 86 MeV 154 MeV
0.44 fm1/0.29 fm? 0.73 fm / 0.38 fm- 0.44 fm 0.78 fm?

SApy/Apy 1.3% 1.3% 3.6% 2.4%

5R./R. 0.52% 0.38% 1.0% 0.5%

-
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“Background” measurements at MAMI

Beam normal (single-spin) asymmetry "

e Count rate asymmetry in elastic e-scattering for transverse
polarisation (normal to scattering plane)
e No PV effects BUT:

> Helicity-correlated background contribution in PV
experiments caused by transversal polarisation component

> Necessary to measure for all targets used in PV experiment

-
Ib CONCETTINASFIENTI #MakeHumansSmartAgain



“Background” measurements at MAMI

Beam normal (single-spin) asymmetry | R

e Count rate asymmetry in elastic e-scattering for transverse
polarisation (normal to scattering plane)
e No PV effects BUT:

ok . PREX, PRL (2012)
2F
* Interference term aF
between one- and _ |
: E L o
multi-photon S
exchange < o
- —e— H NN
-12f— T 4He \
_14:_ -- k- 12C \
. - —m — 28pp .
> First phase: MAMI e 1 N | NS,
0 005 01 015 02 025 03 025
Q [GeV]
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“Background” measurements at MAMI

Beam normal (single-spin) asymmetry

e Elastic peak is well-separated
IN precision spectrometers

-
I b CONCETTINASFIENTI

Counts / (0.1 MeV/c?) [10%]

40

30 1

20 -

10 4

-5

l’2* (4.44 MeV)

0* (7.65 MeV)
37 (9.64 MeV)
;1+ (12.71 MeV)

0 '5 10 15

Excitation Energy E [MeV/c?]

20

L



“Background” measurements at MAMI

Beam normal (single-spin) asymmetry

e Elastic peak is well-separated
IN precision spectrometers

Counts / (0.1 MeV/c?) [10%]
o

-5 0 5 10 15 20
Excitation Energy E  [MeV/c?]

140

e Raw data is uncorrelated between
left/right spectrometers: highly
stabilised beam!

120

5000

100

80

60

40

-5000

20

-10000

-6000  -4000  -2000 0 2000 4000 6000
A

-
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“Background” measurements at MAMI

Beam normal (single-spin) asymmetry A

e Elastic peak is well-separated
IN precision spectrometers

Counts / (0.1 MeV/c?) [10]
o

-5 0 5 10 15 20
Excitation Energy E  [MeV/c?]

e Raw data is uncorrelated between
left/right spectrometers: highly
stabilised beam!

e Systematic study on 12C:
future studies on other targets

[y
o
T

e-spin asymmetry [ppm]
-
(6]
T

gl
)
o

> |mproving theory
> Lowest Q@MAGIX

'
N
(6]

Beam-normal sin

w
o
T

w
(6]

I b CONCETTINASFIENTI Q% [GeVv?/c?]



Extension to Nuclear Astrophysics
Jre,fiégon Lab

Astrophysical S-Factor of *C(a,~)!°O

fo* g_ ] —.*:1'-5-%—
- bl S 3®
a — T T -z mE +
; B :.q; 'éoq”T *I*?é 2O #
E 10 = ‘ T l§ ) j:_*[ H 16 12
S5 = | s 1. Timereversal Y+ "0 — "~ C+o
B E ® JLab Projected ;f}:
S - o Gandi I _ 2. Covering the Threshold: Electroproduction in limit > — 0
L 1 Ouellet 1
n o E  Rodder e+°0—>+%C+a & y+%0-"2C+a
I Eurogam .
- : Electron has large momentum, but virtual photon energy goes to zero!
10-10 | | | IU!SI | | % | 1 | I1!5 | | | | :Iz | | | I2!5 | | | 1 3 ] . .
3. Detection of slow recoil o0 = gas target, recoil detector
E.,, (MeV)

-
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Extension to Nuclear Astrophysics
Jre,j’iégon Lab L

Astrophysical S-Factor of *C(a,~)!°O

1025— Tex
—_ - L IR o8
- : ‘.[L .[r. & . I I + g _}-1
E 10 | ‘ $ TI“% E 1T 16 12
< = s . Timereversal Y+ "0 —=""C+q
e) n #® JLab Projected vz
E - > Ganal I ] 2. Covering the Threshold: Electroproduction in limit Q> — 0
o = ¢ Roddor et0 5 +2C+a o Y490 512C+a
: | | | e Electron has large momentum, but virtual photon energy goes to zero!
1071 L L L1 [ R R I T T T N N R RN
° o0 1 ' ? 20 ’ 3. Detection of slow recoil o0 = gas target, recoil detector
E,,, (MeV)
07 17
ot * 0(Ey)~10"""barn
E
10°F . .
o <+ Timereversed reaction:
BN -
v10-10; . _15
] ; 0(Ey)~10"">barn
- -
1074 s
o : > Simulations ongoing
0.1 T 10 PR :
E_(MoV) > Commissioning of method

for higher Ecm @ MAMI
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ITUre programs On:| WHAT DOESN'T

KILL YQU
MAKES ‘YOU

The : ISR, d-FF, p-FF at lowest Q

tems, Search for exotic particles...

data on...
He-FF, d-breakup, elLi ....

STRONGER

(IT MAY TAKE A WHILE,
BUT YOU'LL GET THEREN

2016 2017 2018 2019 2020 2021 2022 2023 202

w |uster of excellence PRiISMA Possible continuation

d |;|§ perio. ossible 2. funding pg Possible 3. fuﬂ ding pg
°°°°°°°°°°°°°°°°°° Centre for fundamental physics Construction Operation
Research building
MESA Accelerator Procure Commissioni Beam operation
P2 Experiment Development/Procurement/Installation Commissioning Data taking/Analysis
MAGIX Spectrometer Development/Procurement/Installation Commissioning = Data taking/Analysis
Beam Dump-Experiment = Simulation studies Dev./Procurement/Installation = Commissioning = Data taking/Analysis

"Wen Gott strafen will, dem erfUllt er seine Wingche”

Cluster of Excellence n I
& " Sl
Concettina Sfienti @ P R I SMA " SFB —

Johannes Gutenberg-Universitat - Institut fir Kernphysik, Mainz




56th International Winter Meeting on Nuclear Physics

22-26 January 2018 Bormio, Italy

General Information NEWS 2018 Edition! Proceedings Registration Previous Conferences

‘ Long-standing conference bringing together
researchers and students from various fields
of subatomic physics.

The conference location is Bormio, a beautiful
mountain resort in the Italian Alps.

N ‘\
O W ,M;qg‘ DEADLINES
4 e \ October 29: Student’s fellowship application
B r -

October 29: Registration and abstract submission

December 1 : Notification of abstract acceptance and accommodation
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