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@ MESA LAYOUT

 Multi-orbit recirculator with:

L EDEIQY FEGONVE Vo - - e s

DRSRL A RS i L : e External loop of half-wave length
*Electron energy transferred back to the
cavity

PN

Ernlloop after two recirculation
*Thin gas target on the beam path with a
dedicated ctor
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e Dedicated experiment (P2)

S. Caiazza - It's a kind of Magix Mar 17 2016 @




=
>
()
X
O
<
=

S. Caiazza - If's a kind of Magix Mar 17 2016



@ LOW ENERGY ELECTRON SCATTERING

Electron scattering on fixed target

below the pion threshold

e On the scale of the

Low mornentu
bunch frequency (ns

electron =

— e e (1)
€ € et(ly)
e (k) Vi(d)

incidenc: timestamping)

e To improve the

statistics on rare event
searches

» P rp)

e For high precision
measurements
e Low momentum

Good
- momentum,
souesolution s

e For background
rejection and vertex
reconstruction

~Good angular
| esolution
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* Good momentum resolution, off-plane angle measurement
*Proton recoil

s
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e Scattering angle resolution, forward angles with possibly polarized targets

¥ S g

e Scattering angle resolution and flexible gas target choice

* Good momentum resolution @ low momenta with polarized beam and target

S. Caiazza - It's a kind of Magix Mar 17 2016 @




=
>
()
X
O
<
=

S. Caiazza - If's a kind of Magix Mar 17 2016



~) MAGIX COMPONENTS
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@ DESIGN REQUIREMENTS

e Thin target required to recapture the
beam

* Max energy loss O(103)
e Gas Density O(102)

e Containing the gas flow without @
container

* Minimize background interaction
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@ TARGET LAYOUT

'

* To be used with polarized gases
* Moderate gas density 0(102%%/m?3)
e Length (~ 30 cm)

 Estimated luminosity with polarized
beam 0(1032 cm™2s71)
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= Beam

e Supersonic gas jet
* Higher gas density 0(10%6/m?3)

e O(mm) target length

e Estimated luminosity 0(103°cm™2s71)
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@ THE SPECTROMETER CONCEPT

« EM
¢ Tracker

-

Focal e
pl ane

Particle
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@ MAGNET OPTICS
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e 200 MeV maximum momentum

* 90 MeV momentum acceptance @ 200
MeV

e+ 3.25°0 and £ 3.75° ¢
e 22 cm vertex acceptance at 90°

g PRI U - A
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e 10“4 relative momentum resolution
e Assuming 50 um resolution at the focal
plane

5 % 1072°
*Ap =0.2°

* AO

IR
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@ DETECTOR CHALLENGES

-1 < p<1OO Mev
= 10~4
p

oA =5x1072°

*No ind before the mone
*Thin defector design

e 120 * 30 cm? focal plane surface
« 50 um point resolution in the focal plane
-A’r Ieos’r 2 pom’rs ’ro recons’rruc’r ’rhe fuII klnemo’rlcs

’WIThO C opero’rlon ro’resup To 0(1 MHz)
*Count rates of 0(10 KHz)
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* Low material budget
* Low cost for large area coverage

* Modern gas amplification systems
* Resolutions of the order of 50 um achieved by several detectors

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

er Hodose
» Simple detector to built * More delicate to optimize
* 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

Second Referenc

Foc\éi‘qu_ne

\

A"
e (E ~O(10 MeV) )\

Magnet
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3 mm DRIFT

2 mm TRANSFER 1

2 mm TRANSFER 2

2 mm INDUCTION

HONEYCOMB
DRIFT ELECTRODE

GEM 1
GEM 2

GEM 3
2D READOUT BOARD
HONEYCOMB
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@ SHORT-DRIFT TPC
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Anode 1 - : Focal Plane
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a

*Double sided TPC with middle cathode
plane
* 15 cm max drift length
* 10 pad rows with 2 mm pads on GEM
i amplification
«Stretched foil entry window with printed field
P cage
- _~Cathode Plane i

* Extension of the dipole to enclose the TPC

i
—————
e,
e
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e o]
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Primary Particle

Lo : 8 » & Xk L e

* Can we optimize it for the high rates we will
have?

* What momentum resolution can be
reached?

* Which angular resolution can be reached?
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@ DETECTOR TESTING

Detector
Characterization

Detector gain
Gain uniformity
Position resolution

Rate Capability

Further
developments
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ncreasing the detector size
Testing a foil readout system

Building a SD TPC prototype
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@ MORE | DIDN’T SAY

Trigger Fast scinfillator fibers
ns timestamping, mm
resolution
Additional Recoil detector
detectors
Photon tagger
Software Plugin based extendible Slow Control
&Simulation framework Simulation
DAQ
Analysis

S. Caiazza - It's a kind of Magix

Mar 17 2016 @



x
i3

o

MAG X O¥H

Q

£

=

. Mcge’r siulo’rion
e Target development

e Detector development
Prototyping and tesfing: = :
. Targe’r pro’r’rype will be used in an exi’ring xperimen’r
e Detector prototype tested with cosmics and test-beams
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) SOFTWARE FRAMEWORK
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e Custom package extensible through plugin components
e Common versatile configuration system for all plugins.
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e Fast simulation plugin with special generators (rad. corrections and
specific models)

e Generators linked to full simulation (GEANT or custom)
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e Directly connected with the simulation tools
 Interfaced with your favorite histogramming tool
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@ DETECTOR TRIGGER
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@ SLOW CONTROL
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@ TUBE TARGET

Multiple Scattering Angle - Particle Momentum: 10 MeV - Wall Thickness: 0.02 mm

E‘I'B:_{ Legend
g B —+—gluml:_nium
A e
c‘gi 1.4 *
< ¢
1.2_—
£
0.8
0.6 Do
e 20 um mylar e Reduces the S N AU WU A S B
. . 10 20 30 40 50 60 70 80 90
prototype recombination of Scattering Angle [deg]
« Acceptable polarized gas
multiple scattering
@ 10 MeV
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@ JET TARGET

Beam

el i St 2, ]
s « 4 &L > ne

* Hydrogen, Oxygen, Helium already foreseen

* No polarized gases due to high
recombination rate

* Injection development (Nozzle and cold
head)

» Chamber evacuation system

* Monitoring and slow confrol

e Collaborative effort with MUnster University
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@ LOW Q? NUCLEAR FORM FACTORS
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e Low energy (5-100 MeV
* Smalll forward angle (14°)

e Reduced extrapolation error and
assumptions at Q2=0

e Polarized gas target
e Polarized electron beam

e Extension at lower Q2 of
measurements already done at MAMI

* Allows precise measurements of the
magnetic radius of the proton
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= Bernauer (MAMI 2010)
e Zhan (JLab 2011)

+ Crawford (Bates 2007)
a MacLachlan (JLab 2006)

o Jones (JLab 2006)

= Punjabi (JLab 2005)

¢ Pospischil (MAMI 2001)

» Dietrich (MAMI 2001)

v Gayou (JLab 2001)

% Jones (JLab 2000)

* MESA projected error

— Belushkin (Disp. Analysis 2007)

0.01 0.1

Q? / (GeV?/c?)
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@ CURRENT SETUP: MAMI @ KPH

High power

s : L _——"  beamdump

Momz Insfl’rquur Kernp“h”i/s'iE MESA Hall2
: (Experimental hall)

. Runnlngcu’r’rmg edge experlmen’rs Shaft building

for nuclear and hadron physics
smce 1957

MESA-Hall1B

MESA-Hall1A

Shielding
(finished 5/2014)

. 1.5GeV @ 0.1 mA
e Long list of scientific
accomplishments

J hTTp //WWW |<ph Uni- momz de

v .n-at»}‘ -

Some I|m|To’r|on“s"

. S’ro’rls’rlcon rcr seorches
* Multiple-scattering @ low energy
e Minimum Q2
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http://www.kph.uni-mainz.de/

@ MESA LABORATORY

High power
I _—— beam dump

MESA Hall2
(Experimental hall)

e Relevant ’rim and money
savings
 Hard space constraints

e Cannot hinder the ordinary
operation of MAMI
Lo i i

Shaft building

MESA-Hall1B

MESA-Hall1A

Shielding
(finished 5/2014)

. Insulo’rig shield finished
e Removal of obsolete
services started

e The funding for additional
space and equipment
secured
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@ ELECTRON SCATTERING SEARCHES

%o edas ! :! ‘ . N 3 o33 PN
it

* Low dork pho’ron mMass
e Relatively high coupling

e Cover the area more promising to
reconcile g-2

. Elec’rron—nucleus scattering
 Measurement of the e*e- invariant mass
e Bump search on the SM spectrum

‘J'QEQI it ﬂdé.xsi

fR‘quUIremen’rs

e High Iummosfry

e High momentum resolution

* Minimize multiple scattering

» High efficiency at low electron momenta
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@ TARGET DEVELOPMENT

number density [m ]

e Allows desi the pumsy’re {\

m 20 Simulation
. Es’rlmo‘red Iumlnosfry 0(1035) /\) Lf\
‘”-"@“v"“"*?"»‘F*“:éls-:'ff'vi-‘f‘i“i‘}é;%"'ff" R R iR ' \

. Necessary for nucleor physics ~
experiments

e Target cooling /;/

e Beam monitoring

1018

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

% [mim]

-Simulo’rin volio’rion
e On-beam test

S. Caiazza - It's a kind of Magix Mar 17 2016 @



@ DIFFERENTIAL PUMPING SYSTEM

Target

. —— ]
l /

| |
beamn
% N Lo e 2 7.M
tteri h
n getter pump K%ﬂde of turbo pumps FrE Chat cascade of turbo pum! ion getter pum!

o i
roots pumps
>cattering chamber
e High-volume root pumps to
Mi, 15:45 HK 42.6 extract most of the gas
Entwickling eines pseudo internen Gastargets (PIT) fur MAGIX o "

*Stephan Aulenbacher

. emoincedg outside
of target
Do not pollute the beam pipe
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@ SPECTROMETER GEOMETRY

1203.26

e 2.85 min the radial direction
 Magnet section about 2 m high

e Detector section about 1 m high above
the magnets

1830

AN R

jSpec‘rrome’rer ro}rd’noﬁ

980.75
5513

e 14° minimum rotation angle
e Symmetric in both directions

700

135203

e 130 * 30 cm?
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@ P2 EXPERIMENT
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* Measured with high precision only at the Z-pole
* Several measurement planned at low energy
* High statistic and exquisite accuracy required

s SO e e ‘ & e

* 10000 hours scheduled at 103 luminosity
* Fixed target
e Polarized beam (85% @ 0.15 mA)

* Measure the parity violating asymmetry in
electron-nucleon scattering
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@ HODOSCOPE TRACKER

Trigger

HONEYCOMB
DRIFT ELECTRODE
3 mm DRIFT
GEM 1
Second Referenc 2 mm TRANSFER |
GEM 2
~. 2 mm TRANSFER 2
Focal Plane 2 mm INDUCTION —
.................................................................... 2D READOUT BOARD
F HONEYCOMB
X

‘\
e (E ~O(10 MeV) )\‘

Magnet

e i _ ShoR
Relicible design™

-20r3GEM o
9D S’rrlp reodou’r

"o qulldr

«~0.7% rodmhon Ieng’rh '
. F0|I bosed re<:1dou1L plone

S. Caiazza - It's a kind of Magix Mar 17 2016 @




@ SHORT-DRIFT TPC
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Anode 1

=F|:|cal Plane

Primary Particle
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Minimal material budget

Only a thin en’rryidw

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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@ SEARCH FOR INVISIBLE DECAYS

T

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

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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@ P2 DETECTOR CONCEPT

Spectrometer
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) HALL EXTENSION

e 10000 hours @ e Potential dark matter beam for free
0.15mMA e Simple detector in low background
e 1023EQT
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@ BDX OUTLOOK

o o
100 £
108 G
22
. o BDX@MESA, 10* EOT, E, = 150 MeV, d = 3m, m, = 1 MeV, ap = 0.1
15} 1 1 7
106 %-, "T‘_I 1 =5 M
— c O 107} (8= 2)u >S50 ’:' % =
.E. 10| 10% i.) NE (e- ), + 20 NS
N 104 —6 é 10-6} ,', ,/
102 S 3G e il
5 B 1 — — \ SN l’/’
100 S 107} LSND /’,,,
@l 10 -I-LJ 2 - /,:f’”
ol L | | D € 1078 T
0 5 10 z | N
10_9_ e _ ’,»/
> e, E.>10 MeV
3 10~ 10} e, E,> 100 MeV ———mmm-
: | ‘ Tl 5 ‘ : : ' QE, E, > 10 MeV ===mum=
TS . 1o ., Y : B RS N : 10_11. QE, E, > 1 MeV
e FLUKA simulation of e Competitive at low _
neutron background is Mass 1 10 107 10°
promising « Plot courtesy of M. .y (MeV)
* Below pion threshold Batftaglieri
(no v)
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