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Outline

* The new MESA accelerator in Mainz

* Experiments in ERL mode
(Energy recovering mode)

* P2: Experiment in EB mode
(External beam mode)
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Hadron physics in Mainz

... A'lot of developments Iin the past five years!

= B  Helmholtz Institute Mainz:
HIM Structure, Symmetrie and Stability of Matter and Antimatter
Close cooperation between Mainz Univsersity and GSI Darmstadt

@ PRISMA

German excellence initiative: Cluster of Excellence
"Precision Physics, Fundamental Interactions and
Structure of Matter" (PRISMA)

U
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New Collaborative Research Center at Johannes
Gutenberg-University Mainz:

The Low-Energy Frontier of the Standard Model
From Quarks and Gluons to Hadrons and Nuclei.
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Hadron physics in Mainz

... A'lot of developments Iin the past five years!

MESA:
Mainz energy recovering
superconducting accelerator

@ PRISMA

Project P2:
The weak charge of the proton

I New Collaborative Research Center at Johannes
T Gutenberg-University Mainz:

 em— The Low-Energy Frontier of the Standard Model
b From Quarks and Gluons to Hadrons and Nuclei.
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Basic idea of a new accelerator at MAMI facility

High power
_____— beam dump

Experimental Hall

MAMI continues operation
separately from MESA
construction or operation
MESA takes over low energy
experiments (E<200 MeV)

No new building needed MESA-Hall-1

MESA-Hall-2

S. Baunack, Annual meeting of
PH-QCD, Saclay
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Concept of MESA

Mainz energy recovering
superconducting accelerator
1.3 GHz c.w. beam

Normal conducting injector LINAC
Superconducting cavities in recirculation beamline

to PV-experiment

November 26, 2013 S. Baunack, Annual meeting of the GDR
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to PV-experiment

November 26, 2013

Concept of MESA

Mainz energy recovering
superconducting accelerator
1.3 GHz c.w. beam

Normal conducting injector LINAC
Superconducting cavities in recirculation beamline

ERL

ERL mode (Energy recovering mode):
10 mA, 100 MeV unpolarized beam (pseudo
internal gas hydrogen target L~103°cm-—s)

S. Baunack, Annual meeting of the GDR 7
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Concept of MESA

Mainz energy recovering
superconducting accelerator
1.3 GHz c.w. beam

Normal conducting injector LINAC
Superconducting cavities in recirculation beamline

ERL

ERL mode (Energy recovering mode):
10 mA, 100 MeV unpolarized beam (pseudo
internal gas hydrogen target L~103°cm-—s)

EB mode (External beam):
300 pA, 150 MeV polarized beam (liquid
Hydrogen target L~103%° cm?s1)

to PV-experiment

November 26, 2013 S. Baunack, Annual meeting of the GDR
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MESA: Beam parameter

Beam Energy ERL/EB [MeV]

105/155 (105/205)

Operation mode

1300 MHz, c.w.

Elektron-sources

1.) Polarised : NEA GaAsP/GaAs
superlattice, 200keV (?)
2.) unpolarised KCsSb, 200keV

Bunch Charge EB/ERL [pC]
7.7pC=10mA@1300MHz

0.15/0.77 (0.15/7.7)

Norm. Emittance EB/ERL [um]

0.1/<0.5 (0.1/<1)

Spin Polarisation ( EB-mode only)

> (0.85

Recirculations

2 (3)

Beampower at Exp. ERL/EB [kW]

100/22.5 (1050/30)

R.f.-Power installed [kW]

140 (180)

November 26, 2013 S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay




MESA: Polarized source layout

strongly influenced by need of ‘false’ asymmetry control! A .. <0.2ppb
L . Spin rotation
—3 Spin direction 4m xis
- -
—_—
L
& 7/
GUN =, O=m/2 |— ¢p=1m/2 I- DSP » O=var >

o l, 4 to second part

Systematic electron optical helicity reversal! (similar to JLAB/QWEAK)

P
/f" Switching magnet

* Polarized Source& Injector overall length ~15m

November 26, 2013 S. Baunack, Annual meeting of the GDR 10
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MESA: Cryomodules

LN,-PORT =

STAINLESS STEEL SUPPORT SYSTEM
VACUUM YESSEL TANK TANDEM ———___ & \
-

ELBE
Cryomodule He GAS COLLECTOR

He GAS RETURN MAG SHIELDNG

LHe FEED PIPE
COOL DOWN
LoDP
ALIGNMENT
PARTS
SUPPORT SYSTEM
NICBIUM CAVITY
EEAM PIPE '3 LHe LEVELMETER TUNING SYSTEM
BEAM PIPE VALVE

Fig. 1. Three-dimensional drawing of the ELBE cryomodule.

“ELBE” —Modules are suitable

for high gradient c.w. operation.
Commercially available, no additional R&D

Costs & Delivery time are (to some extent) predictable
Limitation in Cryopower requires Q,=10'%at 14MeV/m
(achieved at DESY/FLASH in operation with TESLA cavity)
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MESA: Preparatory Work

/

Experimental Hall

MESA-Hall-1

MESA-Hall-2

SEDoE e

Broom indicates size..... \Eat - -

- 'p ni?_ -

November 26, 2013 S. Baunack, Annual meeting of JJ
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MESA: Lattices under investigation

,CEBAF“ inspired

Design: Ralph Eichhorn

155 —
,S-DALINAC” inspired
105 P 90 degree Segment
55 »MAMI-C“ inspired C—J2*R
10m

Design: Daniel Simon,
Diploma thesis: Scetch of flat lattice with realistic dipole dimensions

November 26, 2013 S. Baunack, Annual meeting of the GDR Pole face 5713
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MESA-Lattice concept

Orbits:

,Double axis“ acceleration, CEBAF inspired

November 26, 2013 S. Baunack, Annual meeting of the GDR
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MESA-Layout

0.40 Envelo;?e gesamt

envx envy
Features: 0337
1.) Minimized intrusion into building 0.30 -
2.) Beam transport EB/ERL trough lattice feasible 2 025 -
3.) Can be made compatible with four seater cryomodule:
4.) Energy doubling seems in principle feasible ' 1
(200MeV ERL/300MeV EB) 0157
0.10 -
0.05 -
November 26, 2013 S. Baunack, Annual meeting of %050
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MESA: Outlook

* End 2013 Decision Cryomodule

* Spring 2014 Decision Lattice

 Summer 2014 Infrastructure modifications
 End 2014 Start Injector assembly

 2015/16 Assembly Lattice, Cryoplant ready.

* End 2016 Delivery Cryomodule
e 2017 Commisioning Cryomodule
e End 2017 MESA commissioning

November 26, 2013 S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay
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Experiments in ERL mode

Use pseudo-internal target
10 mA, 100 MeV unpolarized beam (L~10%> cm-2s1)

November 26, 2013 S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay

17



Experiments in ERL mode

High resolution double
spectrometer

* Dark photon search
* Nucleon structure
* Nuclear physics

Design and calculations
already done

November 26, 2013 S. Baunack, Annual meeting of the GDR 18
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Dark photon search

(a) e (b) 7

e+Z — e+Z+Y

Le +e
Weizsacker-Williams approximation:
dc 872 o3 g2 Eg’.r i ] 2 x(l—x) m%, (Eg _1'95,)
= { — X+ — :| —
dxdcos @y U2 X 2 U?
with X = &
Ly
e 2 a2 2 l—x 2
U(x,0y) = Egx0y + F?.’TaT—l— m; x
Lifetime:
vy /10749 /100MeV?
Vet ~ | mm( )
10 S My
November 26, 2013 S. Baunack, Annual meeting of the GDR
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Dark photon: Exclusion limits from existing
experiments

BaBar
\ efe syl

- 2
Mixing Parameter ¢

e =2 =

N o oS

-

<
—_
L

10 100
Dark Photon Mass m,. (MeWcEJ

=k
=
=Y

1000
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Dark photon: First measurements at MAMI

Performed by Al collaboration

@ Target: 0.05mm Tantalum (mono-isotopic %! Ta)
® Beam current:  100uA

L 35 1 2 1039 1
@ Luminosity: L=1.7-107—— (L-Z°~ 107 _=)

@ Complete energy transfer to ¥’ boson (x = 1)

@ Minimal angles for spectrometers

@ Spectrometer setup as symmetric as possible (background reduction)

November 26, 2013 S. Baunack, Annual meeting of the GDR 21
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Dark photon: Feasiblility study for MESA

Xe, H central momentum: E/2
pos. | acceptances:
) \ momentum: 5%
€ > o T~ 10°-20° horizontal angle: 50 mrad

vertical angle: 50 mrad

—

neg. |
E =380 -160 MeV

@ Use two small spectrometers

@ Beam energies: 80, 120,
160 MeV

@ Scattering angle: 10° and for
higher masses 20°

@ Xenon or Hydrogen as target

November 26, 2013 S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay
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Dark photon search: Explorable range with
MAMI and MESA

10 = |
5 @2, 18 |
i i |: I| | 1
HINTE
- ~T 0 il rypon :
SRRy ¥
10° B |= | I!IldLLG{E T Il} '
= » Looh 0l Iy
[ s I Y i !
B : il g g i
~ F @2evs- & 7 yg2)dg2o L0 {
% i E C |. : :I |II III I, I|I I| IJ' '-IIIII.I_' : W MAMI
= : | I ':l I|' ; TS ’
E 1[]_5 :_ r 'I.-III-.._.-'
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2 r S
X : '
E B '
- ETT4 : .
07 L bV
E This work:
- E141 MAMI 2012
B MESA, 10° oo
MESA, 20°
1D-E | I T I e | ] ] ] ] [ N T | 1 1 1 1
10 100
m, [MeV]
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Experiment in EB mode: P2

External beam, no energy recovery
300 pA, 150 MeV polarized beam (L~103° cm-?s1)

November 26, 2013 S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay
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The weak mixing angle sin20,,(.)

Measurements:
0.25 T T T T T T . .
' ' « Atomic parity
0.248 . .
violation
0.246
0244 « Neutrino scattering
R 0.242 e LEP and SLAC
3.,; 0.24 {Qw( APV)
¢ 0238 . Tevatron
“ 0236
024 b et M ing * Q-weak (finished
0.232 ITevatron data tak|ng)
0.23 SLAC
0228 [ * Moller (planned)
0.000 1 0.001 001 0.1 1 10 100 1000 10000
LiGey -« P2 (planned)
November 26, 2013 S. Baunack, Annual meeting of the GDR 25
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Standard model relations

Relations at tree-level (classical level), e.g.,
e electric charge ¢ = /4mo = g, cos By = 2> s By
® COS ew = MWII'IMZ

e Muon decay constant: G, = U

S - 9 3
vV 2sin” By My,

e ... and many more

Including quantum corrections (perturbation theory):
v T .
¢ G‘“ ~ V/2sin? EIWMEV ( L+ A )

with

f
e Absorb universal quantum corrections ?WCW’E
7

into effective, running, scale-dependent parameters,
denoted sin” B¢ or sin” Oy (1)

NovembWHEI®3U IS a characteristiG.e Reigyh&&a @he cDR
PH-QCD, Saclay
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Myjiegs (GEV)

Standard model relations

Combination of precision measurements
at the Z-pole

SLD (A) ——— .9
LEP (A%  — > MHiggs - SIn” Oy (u) relation
MESA - (red-blue band)
ATLAS (A ) e
Projected Average ——
i | Precision measurement of sin” 8y (u)
A pad® = 0.44% . ) . .
Mygp: + 0.6% provides indirect evidence for the range
200 .
of allowed Higgs mass values
Combination of measurements provide
100/~ strong tests of the SM,
- ... and maybe evidence for new physics
TO . . .
DY A T (notice: contlicting measurements from
0.23 0.2305 0.2H1 0.2315 0.232 0.2325 0.233
sin? 6, LEP/SLD)
November 26, 2013 S. Baunack, Annual meeting of the GDR 27
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The weak charge and supersymmetric models

MOLLER (ee)
0 15} JLab, 11 GeV
Characteristic shifts of Oy predicted
30N I | by extensions of the Standard Model
as .
S o8l (a)
> QWeak (ep) JLab, 1,165 GeV. Example: supersymmetric models
=2 c . . . . .
2 o Pl EE e with and without R-parity violation
jo
g
-0.05¢ 1 Precision measurement Mainz P2
/ Is sensitive to TeV-scale physics
-0.1
02 -015 —0'.1 0 05 o.bs 0.1
SUSY/
November 26, 2013 S. Baunack, Annual meeting of the GDR 28
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Weak charges: Sensitivity to new physics

. Complementary access by weak charges of proton and electron

Weak charge of the proton: Weak charge of the electron:
Qﬁ,zﬂ.ﬂ?lﬁ Q‘;}:—0.0élélg
—e— +~0.0029 Experiment ——yj ~0.0051
I |
I |
—» SUSY-Loops -+—]
I |
I I
i g E.Z - i
I |
I I
I > RPV SUSY ——™
I |
I I
| » Leptoquarks I
I |
I I
SM (Jens Erler, Ramsey-Musolf, 2003) SM
November 26, 2013 S. Baunack, Annual meeting of the GDR
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1x10~4

5% 107

1x10™°F

5% 10°°

1x107°F

5%x1077F

1 x 1(NO

/\.
myz

Mass mixing: €7 — —— d(i
M,

Davoudiasl, Lee, Marciano:
Phys.Rev. D85 (2012) 115019

Complementary to direct heavy
photon searches:
Lifetime/branching’ratio

Model dependence

\ Fors’=10-°| | VS. Mass mixing assumption
ember 26,.20183 Baunack, Annual meeting of the GDR 30
5 10 50 100 SPH-QOD0 Saclay

myzq [MeV]



The weak charge of the proton

e g e\/
!
Y 1|’ Z,
I
b ; /\.
Q.(p)=+e Qulp)=1—4sin*(0,)
electric charge of the proton weak charge of the proton

The weak charge prowdes access to the weak mixing angle.
November 26, 2013 S. Baunack, Annual meeting of the GDR
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Experimental access to Q,,(p): Elastic ep-scattering

detector

long. polarized

beam electrons proton - target
2
Cross section: O, - ~ M, +M [
At low momentum transfer:
—G = Q2 2
Q2— 0: A., = —F
PV 4\Ena(Qw(p) (Q >)

< ch - _ Protg)n structtélre: : :
Weak charge of the proton:  F(Q2)=F g, (Q7) + uua Q%) +F srars( Q7
@Wrétp)Zﬁﬂ_la— 4S|n (BW ) (w.)Baunack, Annual meeting of the GDR 32
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Precision of P2: Monte-Carlo-Studies

g;g beam current = 150 pA Proposed experimental conditions:
=Sy target length = 60 cm
3107 L . Beam energy: 200 MeV

Q-weak (projected)

- . Beam current: 150 pA

Totay . Polarization: 85% * 0.5%

0, =20° +10°

Ap=27

« Target: 60 cm liquid hydrogen

o /
I 1 [ I 1 1 L 1

| « Measuring time: 10000 h
100 150 200 250 300

E,.ar/MeV
Q? 0.0048 GeV?
Aphys -20.25 ppb
AAot 0.34 ppb (1.7 %)
—— AAstat 0.25 ppb
AAsys 0.19 ppb (0.9%)
Rate 0.44 10?Hz
November 26, 2013 A§iB%uﬂ’r’ﬂc%?%nnual meeting ofxtR é@f’e 33
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P2:. Sketch of the experiment

GEANT simulations: General concept of the experiment (Solenoid or Toroid solution)
Detector development: Detector materials, PMT, light guides

e-Bremsstrahlung Collimators

e from el. e-p-scattering

e

/Polarized electron beam

Solenoid magnetic field /

November 26, 2013 S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay
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P2: Geant simulations Aim: Separation of
o —— elastically scattered

6000 E fwt == electrons from back
.= e — = ground events

5000 s - Full GEANT4 simulations
- with solenoid
- i and toroid fields

4000 , . - Solenoid setup is favored
: 1 500 1000 1500~ 3000 2500 3000 3500 4000 , 4500 (Compact Setu p)

3000__ _ - Iterative optimization of
: Elastically field strenghts, collimators
. Scattered etc

2000:_ electrons '
i - Solenoid solution seems
§ Collimators feasible

1000}
ﬂ: loller electrons

0 -1000 0 1000 2000 3000 4000\-/5000

z/imm



P2 Test beam at MAM

Ouadrugpal
Wadlerpaar
o XY-Monilar
FE-Manitar
Fil-idanitor

Klapgmuonilar
Soannear
Prags|ufiventil
2¥-Monilar
Bearnaiopper

E-'in—c-:r__g-lzljmm

accelerator

Modulatorenhalle

A3-System

Test beam site
E = 855 MeV

November 26, 2013

=

A1-System

Spekirometerhalle
] i |
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http://wwwkph.kph.uni-mainz.de/B1/pictures/Hallenplan-Jahresbericht.pdf

Trigger
scintillators

Light tight box

Beam pipe exit

Translation
table

November 26, 2013

Setup at test area

A
. -
1
!,4
= .

Y = & . | | ks % N
' ) \ - i Y ! . | : ’}.,:; e -
~ % L //‘ 1 . -
v ; N . y 4 # L et

S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay
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P2 detector materials

Quartz bar: Fused silica Spectrosil 2000
Dimensions: 30cm x 7cm x 1 cm
flame polished / unpolished

Trigger: Two plastic scintillators |
EPJ-204
from A4 electron tagger system

November 26, 2013 S. Baunack, Annual meeting of the GDR ) | 38
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Fused silica: Surface quality

Plain surfaces crucial for efficient internal reflection

Transmission spectra flame polished vs. 6 lambda

100,

£ — 6 lambda |
a8 —| Sample 1 |
I Sample 2
= 9%

LLALIA;AL]LJLLl;LLAlAALAlLLLL

200 300 400 500 600 700 800
Wavelength [nm)
Higher losses from surface non-flathess compared to better polish
High fluctuations between samples

Future plans: studies with optical and 6 lambda polishes

November 26, 2013 S. Baunack, Annual meeting of the GDR 39
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Reflectivity [%)

Light guide foiles and wrapping material

Reflectivity measurement of light guide foils in integrating sphere of spectrophotometer

Absolute Reflectivity at 12°

-
n
o

s
-
o

8

-
-
-
-
p—
-
-
-
-
e
-
-
-
-
=

B

Sam  Sample |« ——» Reference

:
7 diffuse specular
3 — Millipore |— 3209 Alanod 4300 Aluminized mylar
E ~—4300up '
H Tyvec Mylar
EET A Rk TGS LSy NI TEL TEGT S| L T T UMY Teill [ WA WY iy M| [ Mo AR ) Rl M TRV SSC YERK
3900 300 400 500 600 ‘;,me' . 800
nm il
November 26, 2013 S. Baunack, Annual ma;zlet'lar?gt o#the GDR Tyvec Millipore 40
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P2 test setup

Triggers

Quartz Light guide

‘ I
Detecto
Quartz: Fused silica Spectrosil 2000

Dimensions: 30 cm x 7 cm x 1 cm
flame polished / unpolished

_ _ _ Beam
Light guide: Air
Reflectors: Alanod 4300 UP
Mylar

PMT: EMI 9305 QKMB from Electron tubes

November 26, 2013 S. Baunack, Annual meeting of the GDR
PH-QCD, Saclay

Photomultiplier tube

]Translation table

DAQ
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List of

measurements

About 100 runs taken
Variation of

Flame polished/unpolished
Wrapping

Light guide material
Impact positions
Orientation

November 26, 2013

Spectrosil 2000 polished
Wrapped with Alanod
Light guide: Alanod

Spectrosil 2000 polished
Wrapped with Millipore
Light guide: Alanod

Spectrosil 2000 unpolished

Light guide: Alanod

Spectrosil 2000 polished
Wrapped with Millipore
Lightguide: Mylar

Spectrosil 2000 polished
Wrapped with Alanod
No Lightguide

Spectrosil 2000 polished
Wrapped with Mylar
No Lightguide

S. Baun% Eﬁﬁﬂgsr”egtlﬁago Eﬁglés Red
es y €

ipor
No Ilghtgwde

Varying parameter

Different impact positions
horizontal, vertical
In total 25 runs

Different angles
In total 15 runs

Unwrapped, Wrapped
45°, 90°
In total 6 runs

Different angles
In total 12 runs

Different impact positions
In total 19 runs

Different impact positions
In total 9 runs

Different impact positions
: 42

Different angles

In total 13 runs



Beam test with different orientations

® Spectrosil 2000 polished, wrapped with Millipore

electron beam

45°

Millipored45degpolished 45 ch00.dat

x10° 60°
Angle 45 deg 90°

140

Angle 60 deg
120

100

80

Angle 30 deg

60

40

20

T 200 250 300 350

=
0
=
=
=
=
—
0
(=



Beam test with different impact positions

® Spectrosil 2000 polished, wrapped with Alanod, 45° orientation
Light guide Alanod

® Move translation table horizontally in steps of 1 cm or 2 cm

Data_taking_4 ch00.dat

35000

30000

Position 72 mm (quartz center)
25000

Position 92 mm
20000
15000

10000

5000

= ."\-\..___'\'h._‘_
| E ! B
I [ R T T P T TR I I I |‘T‘-"—,::- I R T TR R T T B

50 100 150 200 250 300 350

L=
O 7T



Beam test with different lightguide materials

® Spectrosil 2000 wrapped with Millipore, 45° orientation
® Light guide materials: Alanod 4300 UP, Mylar, No lightguide (PMT direct at Quartz)

® Note: Different electron rates, different measurement times and different pedestals

Millipore45degpolished_43 ch00.dat

35000

30000

25000

20000

15000

10000

5000

Lightguide Mylar

P.E. yield ratios:
No Lightguide:Mylar = 260:88 = 3.0
No Lightguide:Alanod = 260:79 = 3.3
Mylar:Alanod = 88:79 =1.1

No Lightguide

0 100 200 300 400 500



Beam test with different quartz setups

® Spectrosil 2000 with 45° orientation
Light guide material: Alanod 4300 UP

® Note: Different electron rates and different measurement times
Data_taking 0 _ch00.dat

10° &=
— | Flame polished, wrapped with Alanod 4300 UP
B |
10° =
— | i ;
10° & |] Flame polisked, wrapped with Millipore
10% = |
— I
10 =
'E I
| | | | | | | | | | | | | | 11 | | | | | | | | | | | | | | | | |

S mm

50 100 150 200 250 300 350



Beam test with optical filters

Millipore45degpolished_54_ch00.dat e
«10° Entries 4096
" m Mean 104.9
2400 RMS  4.211
- [
@
‘350 —
5 I |
'gguu - Longpass Filter 495 nm
= _
zzﬁu [ Longpass Filter 400 nm
200
150 :_ Longpass Filter 280 nm
100~ Random No Filter
- clock
50 \
u = 1 1 I 1 1 1 1 1 L 1 1 L Il 1 | 1 1 1 1 | 1 1 1 1 |
0 50 100 150 200 250 300 350 400

Light yield / ADC



P2: Outlook

Year Polarimeter Detector/Exp.  Theory Accelerator
2012 4 t t “ T
conceptual , .
design Monte Carlo generator MESA te_chmcal
20 “ 3 * for radiative corr. design
Double scatt. MAMI beam *
Mott-polarimeter f A For detector f
20 “ 4 _ + polanmeter
construction Z-hox R&D MESA
‘Hydro-Moller # recision construction/
20 g 5 polarimeter P commissioning
AP/P<0 5% *
commissioning
2016 MESA
l routine operation
starts
20 d 7 APIP<0.5% \d
EIEEEEEEEEENEEEEEFEEEEEFEEEEEEEEEENEEEEEEEEEEEEEEENEEEEEEAEEEEEEEEEEEEEEEER



Summary

« MESA: New accelerator project at MAMI, Mainz
« High currents at moderate beam energies E<300 MeV

« Experiments with ERL mode
« High resolution double spectrometer
« Dark photon searches

« Experiment with EB mode: P2
. Precise measurement of the weak mixing angle
« Provides strong tests of the Standard Model

Thanks to: K. Aulenbacher, T. Beranek, F. Maas, H. Merkel
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