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MEG Experiment

- MEG experiment at the Paul Scherrer Institute in Villigen (Switzerland)
IS studying the possible existence of the muon decay into an electron
and a photon, trying to go to sensitivity to decay ratios of the order of
1014,

- Many theories, including those of Supersymmetric Grand Unification
(SUSY-GUT), provide for the existence of the decay py* - e*+yata
decay ratio of this magnitude.

- The experiment published in 2013 the best experimental limit
(5.7 x 1013, 90% CL) on the existence of the decay and it has
concluded the first phase of activity. From the analysis of the acquired
data it is expected a sensitivity of the order of 4 x 1013,

- A second phase of the experiment (MEG I1) will allow to achieve a
sensitivity to the decay of about 5 x 1014, thanks to both the
Improvement and replacement of some detectors, including the drift
chamber that is being assembled at laboratories of INFN Lecce / Pisa.
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Upgrade — MEG I

- The objective of the upgrade of the
MEG spectrometer is to improve of
a factor of 10 the overall sensitivity — ________ URSTNEL elgn DatesLam

MEG our long time experience
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- The upgrade plans to

- Replace the tracking detector with a full

coverage DC - ‘{ :E ) LY

- Replacement of the PMTs of the inner
face of the LXe calorimeter with SiPM 5.

(array of PMT 1" square), to improve Ziif;fr";’c‘i":&iife
the resolution of the y impinging Higaded better resolutions
osition A B -moderate cost

p h .

- Increasing of spatial resolution of TC by
replacing scintillator bars with tiles; use
of SiPM for reading scintillators of TC e
(increases the time resolution, \/kg-_ I
increases efficiency, reduces the pileup)

- Use of an active target with scintillating
fibers individually coupled to an array of
SiPM, to improve resolution in the stop
position / decay of p
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Lecce’s tasks

- The Drift Chamber
- Wiring
- Cleaning room refurbishing

- PCB wiring/soldering
- Mechanical tension measurement

- DC Front End

- FE to WD connection cables
- End Plates chillers system



The DC

L-L(1:8)

00

electronics

shield

31(1:8)

gas seal with slots
for PC wire boards

150 K320

N(1:2)

Inner Cylinder made of 20 um Mylar tube

2318

electronics
shield

Outer Cylinder
(carbon-fiber)

electronics
shield

KK (1:8)

K
6 A i——L
H-H (1:8)
2640
290
N
1075 180
A\

front-end
electronics cards

containing the target

3]

Frogetatn da |mnlm\mnaa |vamim W ml

&3
raffoell 11/13/2013

[camera_360 [™]
7 T

;;;;;

R



DC overview

Active length L 1960 mm

- Full stereo cylindrical DC with large | N. of layers 10
stereo angles (102+147 mrad) N. of stereo sectors 12

- Redundant and background N. of cells per layer 192
|nser|1|3|t|ve (Nhit T| 6(() on signal tra@c;k) N. of cells per sector 16

- Small square cells (5.8+7.8 mm Cell si -0 cg:78
2=0, 6.7-9.0 @ z=+L/2) T —

- High ratio of field/sense (5 : 1) wires 0 —

i . Stereo angle 102 + 147 mrad

- Light mechanical structure (Al/peek :
end-plates, C-fiber outer cylinder, Stereo drop 35.7%514 | mm
Mylar inner cylinder)

- Innovative wiring solution (without Radii z=0 | [
\I/_v.irﬁtfeed-th.rciugh) 85% He — 15% Guard wires layer 170.7 | 197.1 | mm
i(l:gH g)as mix ure( one ° First active layer 1745 | 201.5 | mm

4" '10 . _

. CI_USter T|m|ng I'ea(_ilou’[ Capa_bilities Last (10 h) active layer | 242.0 | 279.5 | mm

(h|gh bandwidth, h|gh Samp“ng rate) Guard wires layer 246.0 | 284.0 | mm




Endplates

« End-plates numerically machined from solid Aluminum-Golden plated

* Field, Sense and Guard wires placed azimuthally by Wiring Robot with better than one wire diameter accuracy
« Wire PC board layers (green) radially spaced by numerically machined peek spacers (red) (accuracy < 20 um)
« Wire tension defined by homogeneous winding and wire elongation (= 0.5 g)

« Drift Chamber assembly done on a 3D digital measuring table

« Build up of layers continuously checked and corrected during assembly



Cleaning room fully refurbishec

b s* |
|r
ey

“EL. S |
| 2}.” [



-
£
{

pe

digital
f microscope e ’ winding

ompensating

drum - \\ flywheel
. \
\ A
ioemm >
— 4

- - > ’ ™
fotation \ - . =~y .
axis ‘ - I £ =
; "8 wirepulleys e.m. friction ™

L.

torquemeter 4

translation
axis

{



MuZ2e prototype — MEG prototype
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- 1302 wires

- 1102 field 40 um Al(AQ)

- 200 sense 20 um Mo(Ag) or W(Au)

- cell size 6 mm + 8 mm

- stereo angle £ 200 mrad - length = 60 cm

- Tested at BTF last year



Wiring Machine - Evolution
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Wiring Machine - Evolution




Wiring Machine

‘\ | \ laser, camera
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Wiring machine

- Soldering system

- Multiple approaches to welding tested (with preference for those
contact-less)

- (Hot tip)
< Hot air
Infrared Laser
- Laser soldering chosen (infrared: 900nm, 60W)
- currently testing different solders

Measurement of the mechanical tension during winding
- a strain gauge integrated into the pulleys system

Eccentricity of the wire coils
- compensated with a feedback on the stepper motors

Extractions System

- A system of suction cups is connected to a manifold in order to
create a vacuum ad release the wire-pcb

Transport System

- Itis based on frames of standard profiles, the design is partially
completed




Wiring status

- Wire PCB'’s J
- Delivered: 310 Garbealil 0 §82.20% 5 R 201870 Dioberdeolss
- Guard/ Cathode/Anode M
- Problems:
- Residual metallization on edges and holes 900256

due to problem in production sequence:
- Partial superposition of PCB and pad:
- Reference holes in wrong place
- Mechanical precision:
- Good reproducibility
- Clean cuts

- New versions ready this week

- PCB'’s for both the endplate enclosed in
the same PCB to fix the relative position [ESd A
- Next will be manufactured the
templates that will host the wire
PCBs on the cylinder




Final End Plates

- End-plates numerically machined
from solid Aluminum

- Golden plated
- Initial survey done:

- Concentricity: better than 14um
- Roundness: max+min ~ 40um
- Planarity: within 30pm
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EndPlate stacking




D
DC Front End

- 2 stage amplifier based : : DRS WaweDream
on commercial devices: N .
o > — > DA
- ADA4927 (AD) Ultralow < < <
distortion current
feedback differential Matching/Protection ~ Gain Line Driver Line Receiver/ADC FPGA
ADC driver
- THS4509 (Tl) Wideband decoupling/ 1° stage s 2° stage/
low noise fully differential protection/ amplification - U output driver
amplifier matching ) (=
- Pre-emphasis e W
implemented on both w |7 {Hloen —p—=
stages in orderto LT T N || ] w S
balance the attenuation | =1 vl 1% —LT | e |
of output cable E S . | N T ’
- High overall bandwidth BT ) . | "
(FE input to DRS WD 1 o 0\
input): ~1GHz - .
- Low power: 50mW
+o\/ P @ 1920 channels (2/3) readout on both ends




DC Front End layout

52
99, 322 99

Size [mm]

(2]

18

1,2
13
[ 1

Right
3 different card

versions need for Central
DC layers stacking

Left




DC Front End on the End plates




Frond End PCB

. Input connector
- Custom made by Sullins (edge card type)

Output connector
- miniSAS HD internal

Ground:

- Output connector ground and board ground separated in
order to preserve ground loops

- Possibility to connect the two grounds throughout 0 ohm
resistors

- HV
- Low cost, high reliability connector: Faston
- HV supply will take place by means of an external wire
soldered
Layout
- Channels distance to guarantee electrical insulation: 0,6
mm
- Central channels distance: 1 mm

- Power dissipation edge: 2,9 mm ( 2.3 mm reserved for
mechanical rail - 0,6mm for electrical insulation)

- HV decoupling capacitors arranged in order to make
board more robust




Orders status

- Order placed Dec 12t 2014
- Delivered: Jun 20™, 2015

- Input connectors (Sullins):

- Order placed Apr 5™, 2015 (need a wire pcb to test flexibility: “... if
possible, are you able to send Sullins a sample your .016" PCB so
we are able to test flexibility...”)

- Production 2+4 wks after approval of prototype

- PCB & assembly (Aspek)
- Order for mass production placed Dec 17, 2014

- Order for 3 prototypes of each layout placed last week, need 20
days for production

- Production 4+5 wks after approval of prototype




EndPlate chiller system

- Chiller cooling capacity Chiller 1]
up 12 kW M drift chamber @N\ -

- Power on each end plate rm—
~ 380 W e

- 1 chiller to cool all the DC —

- 1 chiller spare

- Each chiller is connected

- if a chiller breaks down, the
other becomes operational

- Delivered, tested In
Lecce, sent to PSI




Wire strain measurement

- Test with hand-soldered PCB
done:
- Good results achieved
- Precision is adequate

- Items to improve
- Better speaker (now available)
- Hardware 50Hz noise suppression
- Better grounding

- Measurement

- Linear relation f 2 vs. wire length as
expected at 15t order

frequency?
wbua ul ueds

G'GE6T GE6T SVE6T VE6T S'EE6T
L s s s B sy I B B B B

length



D
HV distribution

- Based on 6 ISEG boards 16 ch’s each
plus crate
- Available
- Tested

- Connections:

- From ISEG to Radiall (691803004 type
Multipin connector) SHV Adapter (foreseen
by end of March):

- HV-RG58 headed with SHV connectors
(available)

- From Radiall SHV Adapter to DC patch panel
- Radial multiwire HV cable

- From DC patch panel to Anode/Guard PCBs
- Single wire fast-on headed




Gas system status

- All the components ordered, most of them received
- All the system will be arranged in a single rack
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