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MESA Accelerator - PRISMA

Mainz Energy-Recovering Superconducting Accelerator

Recirculating ERL
E,.=105/155 MeV
|« > 1 mA (ERL)
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MESA Accelerator - PRISMA

Mainz Energy-Recovering Superconducting Accelerator

Recirculating ERL
E, .. =105/155 MeV
l.x > 1 mA (ERL)

New exptl. MESA hall
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MESA Experiments @ PRISMA

Mainz Energy-Recovering Superconducting Accelerator

Recirculating ERL
E, .. =105/155 MeV
l.x > 1 mA (ERL)

Extracted Beam
P2 Experiment

Extracted beam
BDX Experiment

ERL-Mode
Internal Target
MAGIX Experiment
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ERL Extracted Extracted
Mode Beam Mode Beam Mode
MAGIX expt. P2 expt. BDX expt.

Nucleon
From Factors

EW Mixing v

Wi Angle
i Nuclear neutron skin of
4 Astrophysics nuclei ¢/
|  Few Body
Physics

| Light Dark
f Matter Search




Internal Gas Target
Experiment MAGIX

> ‘é\ - k~k ,
[Vﬁ ¥ | 1 ]

du i Y
in MESA ERL Mode




MAinz Gas Internal EXperiment
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MAG X OVIN
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Operation of a high-intensity (polarized) ERL beam
(1mA) in conjunction with light internal target
- anovel techniquein nuclear and particle physics
- measurement of low momenta tracks with high accuracy
- competitive luminosities ~ 103> /cm? /s

High resolution spectrometers MAGIX
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MAinz Gas Internal EXperiment

<
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Operation of a high-intensity (polarized) ERL beam
(1mA) in conjunction with light internal target
- anovel techniquein nuclear and particle physics
- measurement of low momenta tracks with high accuracy
- competitive luminosities ~ 103> /cm? /s

SN T s e e S = e )& Gas jet target already commissioned

windowless
transfer part
\”cold head
I

— warm stage

Gas density
turbomolecular pump A~ 1019/Cm2
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Focal Plane Detector for MAGIX

Focal plane:

Focale = spatial measurement of
pl ane .
particle track

;r = resolution of Ap/p < 104
_ —> spatial resolution
Particle
path of 50 um
= O( 1 MHz ) rate
Target
r—]_‘_]—‘ —> Drift Chamber or GEM

solutions not feasible
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Focal Plane Detector for MAGIX

. / Baseline solution:

. / e // = Time Projection Chamber (TPC)
= == = | open field cage and GEM readout
S e e e e = VMM electronics read out
N % —— = Prototype currently operational

/ i
/r/—f
/ \ﬂ;\g\x
e B S\
Focal plane:

Focale = spatial measurement of
pl ane

particle track
;] = resolution of Ap/p < 10
_ —> spatial resolution
Particle
path of 50 um
Target

= O( 1 MHz ) rate

— Drift Chamber or GEM

solutions not feasible
Achim Denig
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Electromagnetic

Form Factors at
MAGIX




The Proton Radius Puzzle

Muonic atoms

puD 2016 + H/D iso COPATA-2014

—e—i I @

e-p scatterin
uH 2013 | il '9
(MAMI, JLab, etc.)

. H spectroscopy
pre-2016

uH 2010

0.83 0.84 0.85 0.86 0.87 0.88 0.89
Proton charge radius R [fm]
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EM Form Factors of the Proton JG|U

Elastic form factors in ep scattering: Super-Rosenbluth measurement
dU dU 1 2 2 105 | I ! T I < !
= __* G
i~ (&) s T @) ! }
14
-1 =
6:(1+2(1+T)tan29—e) "?.3‘;-
2 a
) @]
Q < 09 |
"= a2 Q) 1
my / 0.85 |- ¢ Christy etal. o4 Hanson et al.
Ge: spatial ‘=1 Simon etal. =1 Borkowski et al.
electric charge distribution 08 L ng;e?te‘i"é,. > :,fﬂalﬂspi‘;"gte;,?"

0 0.2 0.4 0.6 0.8 1
G, distribution of Q2/GeV/?2
magnetic moments

Mainz measurement
average of all fit models
with uncertainties
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EM Form Factors of the Proton JGU

Elastic form factors in ep scattering: Super-Rosenbluth measurement
dU dU 1 2 2 105 | I l T ! * !
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electric charge distribution 0.8 | e Bg?gee?e?él. e Mal?rsbﬁnzt%?' |
0 0.2 0.4 0.6 0.8 1
G, distribution of Q2/GeV/?2

magnetic moments

Mainz measurement

average of all fit models
Proton charge radius: with uncertainties

Al
PRL10 (A1): <r>= 0,879(8) fm

PRL"0, 242001:Bernaueret al.
PRC ‘14 015206:Bernaueretal.

Achim Denig 19 Precision Physics at MESA



Low-Q? Scattering Data with MAGIX ~QES

<
=

1.03
1.02 a
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o098 |
097 L Data until 1980
' o Bernauer (MAMI 2010)
006 L Belushkin (Dispersion Analysis 2007) |
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le-05 0.0001 0.001 0.01 0.1
Q? / (GeV?/c?)
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Low-Q? Scattering Data with MAGIX ~QES
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Magnetic Form Factor (@ MAGIX
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% B (£> Mote € (1 +7) [Ge (@) +76m (Q°)] 7= Q

4m3
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Low QZ accessible with low Ebeam long. polarization of virtual photon
1.1
Suppressed at low Q?>duetot
- Double polarization measurement 1 |
Beam Target Asymmetry ! : h
'y Target Spin 0o ¥ Zhen Lo 20ty N %
- NS " Vet oo (026 2008 I
= . 2 o Jones (JLab 2006)
3 0.8 |- ® Punjabi (JLab 2005)
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~ Dietrich (MAMI 2001)
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x Jones (JLab 2000)

0.7 |- e MESA projected error
— Belushkin (Disp. Analysis 2007)
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Measurement of

the electroweak

mixing angle with P2

18 g
O aaeere

in MESA Extracted Beam Mode




A Low-0Q? Measurement of sin’0y,, @ P2 JGlv

Scattering of longitudinally polarized electrons on unpolarized protons

- Z boson exchange in electron-proton scatteringintroduces parity-violating effect
- Measure parity-violating Left-Right cross section asymmetry Az ( =40 x 10°)

155 MeV -
150 pA
Polarized ’

weak charge

_ olef)—ole})  Gr@* ¥
A = olet)+o(el) 4\/§noc(QW ?(Q )

Electron Beam

.2
QW = 1 —4sin 9W (,U) hadron structure
Achim Denig



Beam Polarimetry (@ MESA JG|U

Strategy: Redundant measurement of beam polarization with < 1% accuracy each

= Doublescatter Mott polarimeter @ 100 keV

= Single scatter Mott polarimeter @ 5 MeV

= Hydro Moeller Polarimeter @ 155 MeV (in situ)
exchange ferromagneticprobe by trapped polarized
hydrogen atoms (engineering challenge)
— expected accuracy <0.5%

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

30K 40 cm /\ /

Solenoid 8T N

5 /]

3He/4He phase
separation (Still) 0.7K

Electron beam Solenoid Hydrogen

ot —ot) sin® @(7 + cos? )

= T oy T BT R o2 (9) 2

|> 7
~ Al
>

 —— Storage Cell

(on

(e}

2

=]
4cm

Am

The Low-Energy Frontier of the Standard Model



A Low-0Q? Measurement of sin’0y,, @ P2

I NUTEV

SM prediction

/

LEP1 Tevatron
=3

SLD

0.01 . 100 1000
Q [GeV]




A Low-0Q? Measurement of sin’0y,, @ P2

NUTEV
o

LEP1 Tevatron
=3

0.001 0.01 0.1 100 1000
Q [GeV]

P2 goal: Measure parity-violating Left-Right
asymmetry A,; of 39 x 10° with 1.4% accuracy

—> Comparison with SM prediction probes NEW PHYSICS UP TO 49 TeV



BDX:
Light Dark Matter Search

Extracted beam
BDX Experiment

parasitically to P2 expt

i

[

10,000 hours data taking @ 150 pA
— >1022 electrons on target (EOT)



Beam Dump Experiment (BDX) (@ MESA

Light Dark Matter (LDM) : T~ > ZmDM

Electron Scattering (MESA) on Beam Dump
= Collimated pair of Dark Matter particles !
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Beam Dump Experiment (BDX) (@ MESA

Light Dark Matter (LDM) : 172 > 21 DM

Concrete walls
and air

Se

- - -~ Tied
| ‘1 3

w‘A
- -

=

 }

ol

.

Electron Scattering (MESA) on Beam Dump
= Collimated pair of Dark Matter particles !

BDX detector

X X '
, 1’4
e e

P2-Target Beam dump

9
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Simulation BDX (@ MESA

Full GEANT4 simulation:
P2 target, beam dump, BDX detector volume, walls etc.

- LDM interaction with
BDX material (electron recoil)

= - i |l proton recoil

%J 0.2 - -electron recoil

S 018

w 0.16 F Ebeam =140 MeV

§ 0.14 £l x elastic scattering kinematics
= C

0O 20 40 60 80 100 120 140
Kinetic recoil energy (MeV)
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| Detector Concept for BDX (@ MESA 16U

Ideal Requirements:

1. Electron Detection > few MeV
2. Llarge Surface (Acceptance)

3. Large thickness (Int. Prob.)
4
5

Reliability (long runningtime)
Background rejection
Cosmics

Natural Backgrounds

Beam Backgrounds (Neutrons)

10°
108
107
106
105
104
103
100
10

Neutron-track-length-density
[cm—2mC-1]

X [m] Precision Physics at MESA
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| Detector Concept for BDX (@ MESA 16U

Ideal Requirements:
1. Electron Detection > few MeV
2. Llarge Surface (Acceptance)
3. Large thickness (Int. Prob.)
4. Reliability (long runningtime)
5. Backgroundrejection

Cosmics

Natural Backgrounds

Beam Backgrounds (Neutrons)

) 4

Baseline Concept
Inorganiccrystal calorimeter

- Cherenkov (fast, no neutrons)
- Scintillator (higher light yield)

Normalized counts

Achim Denig
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Beam Dump Experiment (BDX) (@ MESA JG|U

op=0.5;m =3m,;3x10% EOT

Detector layouts:

I
>~ Direct

gx v peoeieel Phase A
E wieiB08

50 1 0‘8 BABAR 2017

QY]

i

- -10

S 10

E

= 107"

0

v

=

§10_14 1 1 lIllllI 1 1 IlIIIII 1 1 L1 11 11

L -3 2 1

10 10 10 1
Dark matter mass m, (GeV/c?)
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Conclusions JG\U

New MESA electron accelerator ( increase of intesity x 10)
under construction at Mainz, commissioningin 2022

Experiments MAGIX, P2, and BDX currently under construction

Exciting physics topics at the intensity / precision frontier

- Proton Radius - Dark Sector - Few Body Physics
- EW Mixing Angle - Nuclear Astrophysics - ....

Go beyond state of the art in many technological aspects:
ultralight detectors, beam polarization, low energy detection, ...

Competitive programme in nuclear, hadron, and particle physics
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New MESA electron accelerator ( increase of intesity x 10)
under construction at Mainz, commissioningin 2022

Experiments MAGIX, P2, and BDX curre- \tonstruction
| oLt ON\?' .
Exciting physics topics ~* F“\k‘l v\S\Nﬁ -.alon frontier
- Proton Radir'~ 1 P'SO - Few Body Physics
| PV’OV‘ Astroph
- EW Mi Co\‘\‘ <al AStrop yS|CS S

eW
Go beyona _.date of the art in many technological aspects:
ultralight detectors, beam polarization, low energy detection, ...

Competitive programme in nuclear, hadron, and particle physics
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