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MEG-I Drift Chamber

MEG-II Drift Chamber

o Novel approach at construction technique of high granularity and
high transparency Drift Chambers

o The wiring Robot and the stringing procedures
o The assembly procedures

o Front End electronics

o Expected performance

Summary
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‘ MEG-I Drift Chambers Eur. Phys. J. C 73 (2013) 2365 d
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= 16 chambers

= Each chamber is composed of
o 2 staggered arrays of drift cells

o 1 signal wire (25 um NiCr) and 2x2 Vernier
cathode strip made 0,45 ym alluminum strip
on 15 um kapton foil

o He:C,H, (50/50)

X 1 sense wire
0: potential wire

. 0.XV ~ 210 I'lm avalanche
= Single chamber ~2.6 104 X, (t drift) e P Ty
« Fulletturn: ~2.0103X,  ©,~800um / @ P
(Vernier) wilrpss s psive e e
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MEG-I DC: need to be upgraded

Variable Foreseen MEG  Obtained MEG ~ Foreseen MEGYY
AL, (%) 1.2 17 1.0

At (ps) 43 67 —

~ position (mm) 4(u,v), 6(w) 5(u,v), 6(w) 2.6(u), 2.2(v), 5(w)
AP, (keV) 200 306 130

eT angle (mrad) 5(pe), (e ) 8.7(pe), 9.4(J, ) 5.3(ge), 3.7(J, )
At (ps) 50 107 -

Atey (ps) 65 122 84

e’ efficiency (%) 90 40 88

v efficiency (%) > 40 63 69
trigger efficient(%) ~99 ~99 ~99

= MEG-I| DC did not perform as expected.

= Main problems were:
o Few hits on the positron track (8-16)
o Active volume of the detector only partly instrumented
2 Unmatched coverage with Timing counter
o Large track extrapolation to Timing counter

e
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‘ The MEG upgrade (MEG 1I) d

Goal: 10x improvement in sensitivity (~5 X 10-14)

MEG : Magnetic field is designed to have a 1. Increase the number Of
” constant bending tracks' Stopped muons on target

Reduce the target thickness

Reduce the tracker radiation
length and improve on
granularity, resolution and
efficiency

Improve matching DC-TC
5. Improve TC granularity

Extend calorimeter
acceptance

7. Improve photon energy,
position and timing resolution
for shallow events

New RMD conters

. New DAQ for higher
minimum materials between DC and TC; bandwidth

efficiency of transfer from DC to TC improves 40% — 80%
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MEG-II Drift Chamber

Single volume, small cells, full stereo cylindrical
drift chamber;

A large field to sense wires ratio (5 : 1) allows
for thinner field wires, thus reducing the wire
contribution to multiple scattering and the
total wire tension on the the end-plates.

Light gas mixture (85% He = 15% iC,H,,)
Positron efficiency > 90% (better coupling with

TC, very short extrapolation needed); Item Description Th:g_t";“
Single hit resolution (~110 ym) and gas aging  |MEG target |(140 um plastic) 0.28 | 0.28
¥ . Sense wires (20 um W) 0.41

effects v7er|f|ed on pgotoltypes and tes’i stations Ficld wires (40and 50 ,mAl) | 033 078

(at 7x10 H/S and 10 gain, Ag/AV ~ 4%I/V over 3 guard wires (40 um Al) 0.04

years equivalent). inner cylinder (20 um Kapton) 0.21  0.21
L L . Inner gas (purg He) 0.06 0.59

Cluster Timing readout capabilities (high Tracker gas (He/iBut. 85/15) 0.53

bandwidth, high sampling rate) to further

reduce spatial resolution *. Total [1 full turn w/o target [C 158 )

* For details see G.Chiarello’s poster:
“Application of the Cluster Counting and Timing techniques to improve the performance of the high transparency
Drift Chambers for modern High Energy Physics experiments.”

o
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MEG-II Drift Chamber d

. - ® - ooiiti y t |
Chamber characteristics: stereoangle+ =~ - ~— .“1 5 stereo angle +
rin~ 16cm rout~ 30cm layers .xool - La:. stereo angle —

stereo angle — X E} X
L ~2m . .

. X @

cessoe0setes guard layer
10 |ayerS field to sense field to sense
12 cylindrical sectors wires ratio3: 1 wires ratio5:1
16 cells per sector The wire net created by the combination of + and —
Y
full stereo with |arge stereo orientation generates a more uniform equipotential plane

angles (102+147 mrad)

Z = +400.0 [mm] I

small square cells ] RS
(5.8+7.8 mm at z=0, aok
6.7+9.0 at z=*+1/2) :
(see pictures:) 2°§
— z=0 o
1920 sense wires: W(Au) 20 um =
7680 field wires: Al(Ag) 40 um “r/
2688 guard wires: Al(Ag) 50 um oo

o R L W e e B e D L LG ) A Fotacrasbdededle s 8ol fad® oo Lo v 10y
H H 160 180 200 220 240 260 28 300 /160 180 200 220 240 260 28 300
12288 wires in total foml. | [mm]

(~ 12 wires/cm?)

High wire densities prevent the use of feed-through,

needing novel approaches to the wiring procedures

o
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DC stringing: the old way d

The Old Way The KLOE Drift Chamber
e o 45m® >52,000 wires He/iC,H,,

- 3,5%"“ Ao | scnf

-

B ———

"y
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MEG-II DC: the novel way

Separate the end-plate function: mechanical
support for the wires and gas sealer;

Find a feed-trough-less wiring procedure.
The solution found for MEG II:
end-plates numerically machined from solid Aluminum (mechanical support only);

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
(AL = 100um corresponds to = 0.5 g);

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

build up of layers continuously checked and
corrected during assembly

End-plate gas sealing will be done with glue.

peek spacer
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FG-11 DC: the novel way d

The carbon fiber outer cylinder is the only mechanical structure supporting the wire tension

Outer Cylinder
| electronics electronics (carbon-fiber) electronics i
shield .shield bt shield KK (18)

33(1:8)

gas seal with slots
for PC wire boards

150 K320

H-H (1:8)

2640

1 front-end\/
_ electronics cards

1 Inner Cylinder made of 20 um Mylar tube
containing the target

N
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HG-11 DC: stringing (#he Wiring Robot)

The tasks of the wiring robot are:
= the wiring of a multiwire layer made of 32 parallel wires;
= settable wire tension (£0.059);

= 20um of accuracy on wire position. reference edge
for alignment

KLOTHO ATROPOS
Its main parts are: Spinning the thread §§ Cutting the thread The Extraction System

o o
. . . CO1LL [ //,///ﬂﬁ"l' W1 e ', ’Af’, ’ / - =7 = = ‘
o awinding drum; AR R A A1 - "

0 an electromagnetic brake;
a system of pulleys;

a strain gauge;

an high resolution
camera;

o 5 linear synchronized
axes;

o a CompactRIO controller;
o a contactless soldering

system; " TACHESIS |\
o a PCB extraction system. Wmdmg ﬂme thmad 4

O

O

O

The wire handling system SN

P
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WIRING SYSTEM (Klotho and Lachesis): wire position

bd

100 um

P

20pmEsifEcuracy on WilEH
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\ o
WIRING SYSTEM (Klotho and Lachesis): wire tension '

The wire mechanical tension is delivered by an electromagnetic clutch and its
on-line monitored by a high precision strain gauge, a real-time feedback
system correct any variation.

Wire Tension distribution

= Entries 5243
S - Mean 2455
% 1200 constant windin RMS 0.5679
£ ¥2 7 naf 977.7 / 55
E [ speed (32 wires) Prob o
— Constant 1144 +24.7
L Mean 24.53 + 0.00
C Sigma 0.1506 +0.0023

acceIeration/decelera‘tion
ramps
first/last turn (discarded)

et T N T P I R
mean wire tension is stable at the level of 0.05g | * = = = = "= m g s
- - Mean Wire Tension vs loops of cathode
Mean Wire Tension vs loops of Anode 3
. S mErE| 3 e e men
§24_35}1 6 sense wires g(’)"b 245 f&fggggg izg'“; 16 field wires pO 29.34 + 0.002237
%; - E 29.4:—
@ 24 £ —
For singl S - ¢
(') S g e 2425:_+ + + 1 41 L % L 1 + e + * .t 4 ? *
wire (turn): 2 SRR A I - AR
N + + 20.3— ¢ +
242 L
E 01g C 01g
L 29.25—
24.15_— r
E | | 1 1 N 1 1 1 | :u | 1 | I 1 | | |
o 2 4 5 8 10 12 14 ) 4] 2 4 6 8 10 12 14 1!5
loop [id] loop [id]
)
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SOLDERING SYSTEM (Atropos) d

= The soldering phase is accomplished by an LASCON 501 IR laser soldering
System using a low temperature (180 ° C) melting tin.

= The laser system is controlled by the NI CompactRIO and is synchronized
with the positioning system.

= The wires, during the soldering phase, are protected with a Mylar foil to
avoid flux splashing. E—— —

£
| &

' .‘ \..'.\ ? \ '.’: "
o s - Mylar strip h

A

L0 02/28/2017 G.E Tassielli - INSTR 2017 (BINP) Novosibirsk 15/20 NN




o
EXTRACTION SYSTEM (Labirinth and Theseus) ‘

= The wound layer of soldered wires must be unrolled from the winding drum
and de-tensioned for storage and transport to the assembly station at INFN
Pisa.

= The wire PCBs are lifted off from the cylinder with a linear actuator
connected to a set of vacuum operated suction cups.
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CHECK MECHANICAL TENSION WIRE

= The system measures the resonant frequency of the wire oscillations
induced by a sinusoidal HV signal.

= The system cycles on each wire by multiplexing the HV signal.
= Each cycle of 16 wires takes about 10 min.

_ X nal 44.41) 22 ‘ / :
z Prob 0.003153 | il il o .
e Af Constant  0.8804 £ 0.05305 K L 1/, — sy, E
= Maoan 60,1+ 01042 \ . -
I [mHz] *\ Sigma 1618 + 0.1117 .‘ N/ =
Baseling  0.262 & 0.01434 S S— (1 -
M:_ | L Al
H:—
o4 t . / . { . ¥ OF o I ndi 14.72/3
i 1% L{ 1 ‘i‘ LL ?m :;m 0002073
F L L e T B.910+005 £ 338.7
i { I 1 f } Al }T T 0 pl 4848 +0.1761
¥ i d Y asbog i i L 3000~
a5 50 55 60 70 E
Freg [Hz) -
f [Hz] -
200t~
15{.{}5—
951 Ta2s
ime Lengm [rmj
L\ Lt ' /)
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' TRASPORT FORM LECCE TO PISA all

= During transport, 3 sets of 13 frames each are wrapped in a welded sealing
bag, to avoid contamination, and flushed with dry gas, to avoid water vapor
condensation
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CG-11 DC: assembly-I d

= During the assembly phase, the endplates are placed at a shorter distance
than nominal to avoid stressing the wires

wire tension

—7 compensating

Central removable
wheels

structural shaft

DC End plate:
spokes support the pcbs

3D measuring
table

o \ #")
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G-1I DC: assembly-11 d

= The mounting procedure is performed with an adjustable arm and a flipping
arm (used only for flipped layers);

= The wire-PCBs, fixed on the transport frame, are anchored to the mounting
arm with a clip and released from the frame.
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FG-11 DC: assembly-111 d

= The mounting arm (with the multi-wire layer) is then placed next to the end
plates for the engagement procedure.

= The mounting arm is fixed to a support structure to prevent damaging the
wires.

= This structure transfers the multi-layer wire on the end plates between two
spokes.

Spoke used as reference for
the alignment of the pcb

TRy )
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CG-11 DC: assembly-1V %‘

= This procedure is repeated for each of the 12 sectors.

= After completing the installation of one layer, a survey is performed on the
radial layer position.

= Half cell spacers are pressed and glued in position with a calibrated
pressure-sensitive film.

= The procedure is repeated for all layers.

y L /
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MEG-II DC: assembly-V d

After assembling all layers, the DC is closed with the carbon fiber outer
panels.

The DC will be put vertically to seal the end plate (wire-pcb and spacer).

After sealing, the mechanical supports and the extender structure for the
front-end electronics will be mounted.

The inner mylar cylinder will be mounted after shipping the DC to PSI.

All mounting procedure, together with the DC insertion in the COBRA magnet
has been successfully tested with a Mock-up chamber mechanically identical
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MEG-II DC: Status

At today:

= The first 4 layers have been
wired. In the last weeks a wiring
rate better than expected has
been reached;

The first 3 layers have been
mounted, the assembly
procedure has been reliably
tested.
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HG-11 DC: Front End electronics

. ° o - 14.194 dB
matching 1" stage 2° stage/ R L

) _ amplification output driver
Requirements:

= High bandwidth

C|9|11+ Rf1+ C|€|J2+ Rf2+
1 VWY | VWV

Rterm

>700 MHz g o > i 3 oo R et e
. Cseq AD@ S :Rteq* TH@ Az = D S 5732 msec
= Good gain: ~10 PV - v g .
[ . Rs, Rierm Rg1- Rg2- Ro- 918.05392567 MEz 14.194 dB
) ngh denSIty ) 7mm q{ i H WW— H VWWA— ez.swasogg Xz 1; Zzz 5 ]
channel width i il Cgi-  Rfi- Cg2-  Ri2- WM aae
5 900.114712058 NHz 14.596 dB

= Fully differential

analog gain and Bandwidth after 5m cable:
19db and ~ 900MHz

Layout:

= 2 stage amplifiers based on commercial devices:
o ADA4927 (AD) Ultralow distortion current feedback
o THS4509 (TI) Wideband low noise fully differential
amplifier
= Pre-emphasis implemented on both stages in
order to balance the attenuation of output cable

= High overall (after 5m of cable) bandwidth (FE
input to DRS WaveDream input): ~1GHz

= Low power: 50mW @ *2.5V

8 channels
prototype card
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MEG-II DC: expected performance Sto g

efficiency to find 0.6nhits at 1 turn Q/)ai

hSignalPhiFitinr

u I Entries 5902 5'0'98 -
300 Mean 0.0001461 50.96F
- = 6.2 mrad RMS 0.01759 ] =
- 6(I) ° 22 ndf 7761223 £0.94F
250 \ Prob 0 o = LT
C / Constant 250.4 + 5.4 0'92: [ L L
200F Mean  0.0002136 + 0.0000896 0.9E ] Tl el
- Sigma ___ 0.006166 = 0.000098 “F .
u 0.881 T
150: [ ~g -
100: ...... s =
- . 2_
: [ e > £ 90Y%
50F PY N A\ 0 r ~ 0
- = ¢ e~ S .
. (@B 0.4 0 02 04
$75.06-0.06-0.04-0.02 0 uoz% Eff'iﬁ?a“ A\ et 50, Nhite—20, s e
B LR e " 5902 hmomtOinrspx
" 2 W -2.751e-05 5001 1. | Entries 9999
250 AMS 0.01803 N Mean 50.58
6, = 6.5 mrad T B S RSO e
» _ C — 07 22/ ndf 290.7 /37
200 Constant 2447 + 4.7 400 Gp =93.4 KeVl/c +{ Prob 4.012e-41
n Mean  0.0001244 + 0.0000920 - h Constant 4001+ 84
- Sigma___ 0.006485 + 0.000087 r Mean 52.82 + 0.00
150f f ; 300 Sigma___ 0.09341+ 0.00141
100F ﬂ 200
S0 JF \ 100%MW*L‘1‘-WMMW"
X ' 8 tet et - prfrarll) | k"“*ﬁ-‘wﬂmw
$170.08-0.06_0.04-0.02 0 0.02 004 006 0.08 0.1 TR —— o B3 ed a6

theta-theta,,,, rad Momentum, keV/c

3
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HG-11 DC: summary

MEG MEG2
single hit contribution to 2.6 X104 X, 4.6 X10-° X,
m.s.
transverse position 210 um 110 um
resolution
e* momentum resolution 330 KeV/c 94 KeV/c
e*\ angle 9.4 mrad 6.2 mrad
e*) angle 8.4 mrad 6.5 mrad
e*y vertex 1.6 mm 0.9 mm
e*z vertex 2.5 mm 1.1 mm
DC-TC matching efficiency 41% 89%
Ngio =R, XT XQXBXe X6 XE
{ sig [ 5% e S
remember! Nace < R, X AE,* X AP¢ X A®F, X Atey x T
o=
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\
Summary (bﬂ

Strong motivations for an upgraded MEG experiment aiming at
setting an upper limit B(u*—e* +y) <5 x 10-14,

The upgrade of the positron tracker consists in a a full stereo and
high transparency Drift Chamber.

The high density of wires constituting the DC has required a novel
approach to the wiring procedure.

Reached chamber accuracy:
stereo angle < 35 yrad

wire position on PCB pad < 25 um
cell width (wire pitch) < 1um
cell height (spacer) < 50 um
wire tension < 01¢g

PCB offset vs spoke < 50 pum
chamber length < 200 ym

Its expected performance is in line with the requirements.
The DC will start commissioning at PSI in fall 2017.

e
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The

« High p positrons

HG CoBRa Magnet

quickly swept out

N
i

Gradient field Uniform field

—

—/ N\

e

B-field
gl.z B, Special gradient
ik \magnetic field
N 1.27T at center
'' \.0.49T at each end
0.9 \“-x
08F T
U.TE_
0.33—
0.5:_IIi'"I|||I|||IIII|||||\||
0 0.2 0.4 0.6

. 1 1.2
Distance along axis (m)

Michel hit rate versus radial distance

* Constant bending radius independent of emission angles E i
m L10A§_ -..-..._.'..3: .....
Gradient field Uniform field .ma;_
W/ W LI
':{\:‘:”)é‘ W 10 é DC region ’
— 7=\ R e
radius(cm)
o
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PRODUCTION PHASE

1. Place wire PCB on A 4 ~ 3 F'n'Sh wnrmg
the cylinder : . - . .9

2. Control the alignment
and start wiring

3. Start sgﬂdeﬂn phase: 128 different soldered s 1 ’
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\ PRODUCTION PHASE,_

¥ 6. Unwind layer from |
4. Pla@ememf@r Ll IR ~ | / e l

cylinder

8. Storage in clean room, | '\ 7-Lift second wire pcb and
waiting the trasport | _ placein the storage frame J

oo
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‘ HG-H DC: aging d

— -

—

@7%107 [ /s and 10° gas gain
expect = 6 nA/cm in the hottest point
2 (0.32 C/cm
integrated over 3 years data taking

(however, @ G = 10°, dG/dV = 3-4%/Volt)
gain drop

25%lyear

R[cm]

20%lyear

| 15%lyear

OONONLWN=O

10%lyear

W
i

- “ PHiyear |
| Hu) — |
E , . O W 0
065“‘655‘ ‘olf“o'sL “olz“ oés‘“‘ols‘ ‘65*3“014” = ’ =
Collected Charge [C/cm) Z [Cm]
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FG-11 DC: single hit resolution

Spatial

resolution |

Staggered 3-tubes method with cosmic rays

85% He — 15% iC,;H,o: [ 46 = 130 pm
averaged over all impact parameters and angles

(leading edge discrimination, no cluster timing)

Hellb B5/15, 1 atm, 0.1 <d, <04 | I ImpDiff_s1
Ees ol | = 300 22T ndt 124972
_ RMS 007703 E C / > 5 Prob 0.87
- 24 iy et | S b o= (o) HogHoN) B4+ 0
. ..:lu;ggn :ﬂﬂf;l :_3&2 DE 250 S [ T i Li| 491+ 4,598
0 T 001484 - 0.000809 N =N, f.t+ Nlh“'fHe] ] 1120+ 122.8
100+ 6.3 : : :
_ Const, ., 06,13 1 8.04 i i i
=] Consd, 14.5+1.7
mean, . 003355 + 000539
40
n--—'—”—"'__") . =
<02 0 o 0 0z 0.3 04
(d +d)iz.d
- | — P
dl + d:% 3 Ohis
L= 5 — ds op = Ead_
0 [ [ IR RS ST R
0.5 0.6 a7 0.8 0.9
fHE'
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S G-11 DC: single hit resolution Spatial
resolution Il

Staggered 3-cells method under Si1 telescope

e . 3 . - - ¥2 | ndf 71.6 / 62
- g 7 r— _ Constant 146.2+ 3.2
“ 1601 Mean  0.04633 + 0.00348
- Sigma 0.1237 + 0.0027

140

120

100—

80

60—

40—

20

5

Average hit resolution [, = 108 £ 5 pm
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{G-11 DC: single hit resolution Spatial
resolution Il

Beam test at
BTF — LNF

normal incidence tracks
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MEG-II DC: single hit resolution  Longitudinal
resolution
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s
‘ Cluster Timing %‘

From the ordered sequence

onizing
- of the electrons arrival o ! !
drift tube times, considering the . _ :

. . i b | EEN ' A [ ~ reconstructed
average time separation . acquired signal
between clusters and their _omst |l signal
time spread due to diffusion, = ' 1 |

2 0018 /
reconstruct the most z :
probable sequence of i |

M

. d f -"
clusters drifi{t’} i=LN, Y
sl A VAL AR

s For any given first cluster ooosti——1 L
4 = (FC) drift time, the cluster ] time 5] x10”
hs timing technique exploits the Sk {Legend
)] - drift time distribution 05 all 2 "-5; lmpaﬂlngsametef — ?Afi &
~T successive clusters to ({"} § Fe - | First cluster
el i determine the most probable % C | — alternating 2
N impact parameter, thus < s B : L
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\ e
HG-11 DC: gas system %‘

general layout mixing and distribution pressure control monitoring
lr _‘ CONTROT ikl P _____ MONTTORNG X % DRIFT CHAMBER
I ' He-iC,H, ﬂ# G%
| . e ! COBRA
o
N . e MANIFOLD MANIFOLD ‘
| | @)
| |
2
| [ b
I HIGH g g
' PRESSURE i } [ | ATE = o <
GASSUPPLY | | CONTROL | | B z >
pisTRIBUTION | | _ T T - Po~Pum+10Pa | T P @ N
Poo~P: +1Pa @ o A x
=
MFM-B

basic gas mixture:
85% He — 15% 1C,H,,
(+ H,O vapor?)
DC volume = 350 liters
1 volume exchange /10 h

= ‘ﬁ.&\ 4
sy )
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LG-11 DC: HV distribution il

6 boards ISEG

EHS F230p 305F SHV 16c¢ch 3kV, 3mA
in a 10 slot crate

1 HV channel (= 1450 V) / 16 cells / sector / layer X 8 sectors X 10 layers = 80 channels
instrumented active region (2/3 of chamber)

1 HV channel / 64 cells / 4 sectors / layer X 4 sectors X 10 layers = 10 channels
not instrumented region (1/3 of chamber) only for field distribution

2 HV channels /2 double guard layers X 2 layers = 2 channels

+ 4 spares = total 96 channels

-
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Eur. Phys. J. C 73 (2013) 2365

The MEG-I Detector

3D view: Lateral view: Front view:
COBRA Magnet
\ Drift Chamber
/
|| | ya | ||

Timing Counter

Stopping Target

Liquid Xenon 4
v-ray Detector || L -

Dedicated detector with non-symmetric coverage (Qyec/41T = 11%):

Photon detector with excellent spatial, time & energy resolutions
Positron spectrometer with excellent energy & timing capabilities
Stable and well monitored & calibrated detector (multitude of calibration & monitoring tools)

High performance DAQ system (multi-GHz waveform digitization of nearly all 3k channels)

o
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