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@ CURRENT SETUP: MAMI

High power
_—" beam dump

MESA Hall2
(Experimental hall)

Shaft building

°]5GeV@O]mA

e Further energy upgrade
unfeasible

e Let's start a new project instead

MESA-Hall1B

MESA-Hall1A

Shielding
(finished 5/2014)
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@ MESA LABORATORY

High power
_—" beam dump

MESA Hall2
(Experimental hall)

Shaft building

e Relevant time and money
savings
 Hard space constraints

e Cannot hinder the ordinary
opero’non of MAMI

MESA-Hall1B

MESA-Hall1A

Shielding
(finished 5/2014)

. Insulo’rlng shleldflnlshed |

e Removal of obsolete
services started
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@ MESA GENERAL FEATURES

AT G
eTec’rro ;bed
Precision Low energy L
rgfggcvggis electro-weak nuclear * 85% pO'O”ZGT'O”
physics spectroscopy B

H|gh m’rensﬁy

» Continuous wave operation (100% d.f.)
* 10 mA for unpolarized beam
* 0.15 mA for polarized beam

* 105 MeV on recirculating beams
* 155 MeV with extracted beams

Supercondu

* Reduced coolmg requwemen’rs
* Reduced operational costs
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@ MESA LAYOUT

Multi- orblf ecl sUlOO WAL

[ e

. energy. recovery

/ Spreader

/ Combiner |
\

50MeV ERL/EB
\ / 100MeV RB
- - \\ i £
N P —e® o=

* External loop of half-wave length

e Particles reenter the cavities in the
decelerating phase of the RF

. Por’rlcle energy Tronsferred bock to the cow’ry

s R S R
Experlmen’r on T‘ﬁe recirculcn‘mg beom
* External loop after two recwculohon
\
25/75 MEV Nc-ILAC  SRF-Kryomodules 100MeV ERL-orbit
(ERL/EB)
125 MeV EB

*Thin gas target on the beam path with a
dedlco’red de’rec’ror

eom

Fo ISR

-Af’rer a flnol recwculohon ’rhe dumped
* Dedicated experiment (P2)
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@ P2 EXPERIMENT

,. ; e q : 0.245 e L L L L L B M AL
5 e Weinberg angie = — SM
AR kA y - Sl Y + published
* Measured with high precision only at the Z-pole = ongoing
¢ planned Qyle) NuTeV
* Several measurement planned at low energy 0240 * P e
* High statistic and exquisite accuracy required -
=
= Q,(Cs)
B.e ICATerexXperime : E 0.235
« 10000 hours scheduled at 10% luminosity T Ow(P)
. F|xed. target 0.230 TQ,(Ra) IQw(p) 1
» Polarized beam (85% @ 0.15 mA) Jlab | op
. EQue)
Planned Experiments
or underanpalysis JLab -~
N el S e R Rt o 0-25%001 0001 001 01 1 10 100 1000 10000
« Measure the parity violating asymmetry in u [GeV] e M el

electron-nucleon scattering
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@ LOW ENERGY ELECTRON SCATTERING

Electron scattering on fix target
below the pion threshold

- - !

:' ] elec’rro_z,w
~l.recoil:
cleor
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* On the scale of the
bunch frequency

e To improve the
statistics on rare even
searches

e For high precision
B measurements
gl * Low momentum

momen’rum

reso Iu’non-‘»

e For background

| Good OF‘QU'Or ¥ rejection and vertex
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~) MAGIX COMPONENTS

v
Y
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@ DESIGN REQUIREMENTS

e Keep the beam quality
e Thin target required
* Limits the maximum density

* A window will increase backgrounds
| MW beams destroy any thin window

e Unigue combination of an internal target
on a powerful ERL accelerator
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@ TARGET LAYOUT

heampipe

l

/

: \ '
|
n getter pump ‘%Ede of turbo pumps

L:ﬂttenng;;nbel
~, 7
pe

roots pum
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. Remo |nje’rdgos o‘rlde of‘rcrge’r

. Do no’r pollu’re ‘rhe beom plpe

. 20 Vigg TICk mlor pipe
4 mm dlome’rer

”‘?! 11{&* ;

FEIv\ mmulo’non

B Leda T AR
TR RO gy

o Full fIU|d dynomlc smulo’rin cople’red

e Estimated luminosity 0(103%)
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@ THE SPECTROMETER CONCEPT

’rhe non- dlsperswe plone
. Measure %he gngle bysThe
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@ SPECTROMETER GEOMETRY

1203.26

e 2.85 min the radial direction
* Magnet section about 2 m high
* Detector section about T m high above the magnets

980.75
5513

* Air frack platform ) 70
e 14° minimum rotation angle

35203
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@ MAGNET OPTICS

¢ 200 MeV maximum momentum

*90 MeV momentum acceptance

* 104 relative momentum resolution
* Assuming 50 um resolution at the focal plane
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@ DETECTOR CHALLENGES

e~ 107

*No do before ’rhe mog’r
*Thin detector

G66d point resolutic he |
« 50 um point resolution along the in the dispersive plane

5
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@ FOCAL PLANE DETECTORS

* Low material budget
* Low cost for large area coverage

* Modern gas amplification systems
* Resolutions of the order of 50 um achieved routinely

* Thin kapton foil coated with copper and pierced by microscopic holes
» Gas amplification in the holes

e Simple detector to built * More delicate to optimize

e Uniform and high position * Worse single point resolution
resolution  Minimal material thickness

* Moderate material thickness e Mulfiple samples and full track

* Only 2 reconstructed points reconstruction possible
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@ HODOSCOPE TRACKER

Trigger
B HONEYCOMB
DRIFT ELECTRODE
3 mm DRIFT
Second Referenc 2 mm TRANSFER 1 L
GEM 2
- . — . . 2 mm TRANSFER 2
Focal Plane 2 mm INDUCTION _—
..................................................................... ZD READOUT BOARD

HONEYCOMB

‘\
e (E ~O(10 MeV) )\

Magnet

-20r3GEM g SR
» 2D Strip reodou’r

e qulldr

«~0.7% rodmhon Ieng’rh
. F0|I bosed re<:1dou1L plone
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@ SHORT-DRIFT TPC

Anode 1

=F|:|cal Plane

Primary Particle
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=y

Minimal material budget

Only a thin en’rryidw

* A traditional ’rripI-E readout can be "
used

Full track reconsiruction -

* Multiple samples oln the track
*PID possible

Rafe capability *

«Canwe op’rimize it for the high rates we |
will have?
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@ DARK PHOTONS

-Gouge boson of additional U(1) symmetry a

!/
*No tree level interaction with SM particles g2 =—
a AX u
_ 1 Az
K’nemo‘n
* Massive fermionic Ioops mix ’rhe two U(1) 10
lbosons 2, |
*The hidden photon inferacts with the SM : KLOE G
particles > A
« Small effective coupling ’ P | e . W
R " ' g S\ VA ~ MAMKAT ;BaBrr
p’orame’rers = 10" . R hr h NP
> | 1'2
. Effec’rlve coupling % : \ Ph'\' )
*m : Dark Photon mass °‘€ 107
i i A AN e '3”:' iv ’
Medssrable effects : ‘ ‘ )
: : . 10 p '
*The photon can oscillate to a dark photon 1
* Dark sector particles with a fractional QED E

charge 1ot E= 4
Hidden sector contribution to SM diagrams - i

Dark Photon Mass m . (MeVic”)
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@ ELECTRON SCATTERING SEARCHES

4

10
B ) el S ”
* Low dark photon mass
e Relatively high coupling % 10*
e Cover the area more promising to :
reconcile g-2 8107
b
Measuremen o
» Electron-nucleus scattering e
* Measurement of the e*e pair invariant Dark Proton Mass. my- (evic)
Mass
» Bump search on the continuous SM R 800 ——
spectrum 700 F I
e (k) V() e (k) 600 F 5 !
> > » 500 |
§400 [
o R w300 |
. . . 200
e High luminosity > > 100 k
e High momentum resolution o »(7) 0

200 220 240 260 280 300 320
Mgte- [MeV]
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» High efficiency at low electron momenta



@ SEARCH FOR INVISIBLE DECAYS

den assumpfions

e DP only decays to electrons
e DP Is the dominant contribute to
the g-2 discrepancy

e No bump

e Missing energy reconstruction if
we detect the recoil nucleon

e Scenario under study = >

« Compatible with our detector p(p) p(p')
concept

e Maybe with a complementary
beam dump experiment
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@ PROTON RADIUS PUZZLE

* Hydrogen hyperfine structure
» Electron scattering
e 1, = 0.8775(51)

* Lamb shit of a muonic hydrogen
e 7, = 0.84087(39)

 Experimental mistakes?

» Neglected radiative correction?

e A dark photon again?

* Incorrect extrapolations at low Q2?
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- T T T - T r T -
—0— Sick et al
—o— Bernhauer et al
—e— Zhan et al
A CODATA
Muonic Electronic
Pohl et al A
Antognini et al A
1 1 1 1 L | 1
0.78 0.82 0.86 0.90 0.94 0.98

Proton Charge radius (fm)
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@ LOW Q? NUCLEAR FORM FACTORS

1.1

e Low energy (5-100 MeV) 1
R __
e Small forward angle (14°) :-5 A
* Reduced extrapolation error and sl 8 erves 2010 {
assumptions at Q2 =0 . Cruwivd Bae 2007 (\ | f |
:-.' Madlachlan [JLab 3006] \
¥ e (O | 1
= 08 P e )
ST\ ;
A e ‘ _ HG';:.I::I:I..' ! .
: 0.7 * MESA ngcm B L
e Polarized gas fgrgef — Balushkin (Disp. Analysis 2007)
 Polarized electron beam !
. ) 0.6 - . L
e Extension at lower Q7 of 0.01 0.1 1 10
measurements already done at MAMI @G
* Allows precise measurements of the
magnetic radius of the proton
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@ SOME MORE IDEAS

T’esT of, ch ,‘q-ef ective ‘rhe.'rr;\;, s

e Test QCD colcula’nons of light nuclei s’rruc’rure
e Flexible gas target design to inject different elements
e Electron polarization to enrich the measurements

e The gool IS ’ro measure premsely Cross- sec’rlons of processes like
]QC(CI,Y)MO

* Relevant cross section for stellar evolution calculations

e Relevant energy is of the order of tens of MeV

 Can be derived from the cross-section of the related process
16O(e, e'2C) a
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@ CONCLUSIONS

e Dark Photon Searches

e Dark Matter Searches

* Low energy nuclear spectroscopy

» Test of low energy effective theories

* Measurement of nucleor Cross- sec’rlons

- R SIS .ﬁ

Low e‘”’ﬁergy"’%gh m’rensﬁy accelerafor
e The construction of MESA is s‘ror’rmg
* 100-150 MeV electron accelerator
. Up to 10 mAcurren’r (0.15 mA W|‘rh polorlzed beom)

* Twin m spec’rrome’rer on a ’rhin gos ’rorge’r
* Very high momentum resolution at high rates
* Design of the system in progress
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@ TARGET DEVELOPMENT

number density [

» Allows to design the pump system h

. Es’rlmo‘red IumanSITy 0(1035) /\) Lf\
Solarized ¢ ﬂ \

o Necessory for nucleor phySICS ___/

experiments

» Target cooling /V/

e Be

1018

\
\____
-In’rerocns Wih the bea—holo ,-/ i \\

¥ [mm]

-Simulo’rin volio’rion
e On-beam test
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Q P2DETECTOR CONCEPT

Spectrometer
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