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? —>'Pqtential of strip multiplexing for paftic[e,,dete.c_ﬁoﬂ & first idea (double Sided)“
-, Genetic multzplexmg . % '

- — Results with a 50x50 cm? Micromegas p'rotoi)zpe

— Some applications

— Conclusion and perspectives _ SN e e T a3
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: fill\/lultlplexmg and partlcle detectors

sl ) P U e e ' Hs

3..

- Obvious interest: lower the number of electromc channels R

—> easier mnlegration, cabling, cao/”zg o
—> cheaper /~/€/céd/z/zeﬁ '

>\ Jower CONSUMPHON. -

A classical example: the Compass experiment

> /2 lavers of Micromegas in the hollest region

— 1,000 strips per layer, total rdfe ~ 30 MHz

B 2R U tanueb oojyiith signa, (i g el eVén't».. &

Risks of multiplexing: £ »
— a’@/ﬂa’aﬂwz o/ SN = can lower e dfez‘ecfzozz e/j” czefzcy . ' 0 : \;' ‘

=X dméng‘zey 77, yo/ve /a’emzzﬁgp}’e:rm,gy
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I\/Iultlplexmg f|rst |dea

i d Inzttated by the need to equzp the CLAS] 2 cosmzc bench wzth large reference detectors (trackzng)

— Stephan Aune 2 bulk MM on a szngle PCB ( “double;zded ”)

PCB

- Top side with n; large strips (~1.5 cm) )
_ Bottom side with n , thin Strzps (~500 mzcrons)

repeated n, times
<.

— Detector with n xn, strips, and

read by n,+n, channels

— Optimum is n 1=n2=n/2 =2 p=n/4.;

(s
=3 = Gl (o) ] B
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Double SIded multlplexmg

6 Such detectors were bullt at the Saclay workshop, wn‘h an actzve area of 5 0x50 cm?, but

-, & Q‘._‘h_',; 3”# :95'51. ,‘ g &

— thin strip Sia’es don’ <t reach the eﬁiciency: plateau 7

Thin strip capacitance: 2 nF = 10% of the real charge is collected
'Partzally compensated by the 1 cm a’rzft gap

> large strip sides reach the plateau

‘Large strip capacitance: 1 nF = 17% of the real charge is collected
Partially compensated by the 1 cm drift gap ' .
~"Partzally compensated by the cluster size of 1

.. but Several noisy/dead strips (3% loss per Strzp ’)

g Ambzguzty of localization on the edge of the large strzps fos o

/ PCB 5

—> Unsolvable ambiguity if more than 1 partzcle ’ g At | _ ;
| PCB

ey Requires 2 working bulks co

Gé/iffé’ Muligplexing D57 0350720/ | S Procureur




'l\/lulti)lexmg & mfo matlon

A _-,"v. :

Multiplexing mherently leads to a certam loss of mformatzon :

e 3 '/ée p/”ewbm* pdf/e/’/é /ée injormartion on wiitl g/@;gbbf oy strgps sees the pdffz'c’/e s lost

—> 115 loS1 fas 10 ée compe/zm/ea’ by an dzz’a’zfzalm/ 1/7/0/77%/70/7 ﬂ/’ﬁ vided b 4y another detector //drge _
o : : :

S177, p sidze)

~ The best way to multiplex would be to look for rea’zz/za’d/zfinformation; and
‘ deszgn a multzplexmg pattern for which the lost mformatlon exactly '
coincides with the redundant one.. A g e Bl E e 2 ‘ e

/ J v

—> [s there any redundaicy i the a’é_fecfo‘r 5 s7onal?
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Genetlc multlplexmg

5 -"V- :
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Starting point . : E‘
— 7 /noyl cases, a yzgnd/ is recorded on at least Zﬂegﬁﬁﬂll/’lllg strips 18

We can make use of this redundancy, and combine channels
- with Strips in such a way that 2 glven channels are connected to

neighbouring strips only once in the detector: = L i
particule i The sequence of channels
fan u)zz?ue{z/ Codes the position on ‘

-uuuu-rmmmummrnu mmmmI"l""""l"","""""","""""""'" WA e desector..

| % : Ko
1 20 : G St
- 3 $ 7

—> Dlocks of thin strips are no longeridentical

—> the localization of the particle doésn ¢ require large styips anymore b, 55 SRR

—> fhe connection Jclannelsy, < ,{fz‘rgoy/ cdn be re,’oreyenleo’ byap /13'[ o/ cédnne/ numoers .- ~

For n channels, there are a prior? ‘n(n- ] /2 unordered doublets combznaz‘zons e

and thus one can equzp a detector wzth at mOst p = n(n 1 )/2+] strzps : Eetag i

1
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Genetlc multlplexmg

Several posszbzlttles to bulld the pattern ie the sequence of p numbers

—> generale e sequence randonily.:

cannot build all the
doublets

> butld the 7 block from 1+4:1 /1) (idea from Raphael Dupré).

build all the doublets if

n prime

—> Jdem, but simply use the first available channel

build almost all the
doublets V' n

Genetic Muligplexing

Gl b3e 0 T 5 |66 [

78 2{19 5& '5-31}\ 4.12. T3

2N \\
< chamnel # - strp #

L 12, [3; |4, |5 |6 47'7;.
 ,.. 1é 39 ‘ 510 ! 711}'”}' 212 413‘ 614 %
L, A | 77| S1s [B10 | 250 |92

523 4_4 g5 6 |7, |85 .799'

3 713914 | 215 | 416 6.7 | 815

RD5Y7, 030720/3
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yes

no

— Patent n° 12 62815 (8. Procureur R. Dupre S Aune) e ; ] ,
« Czrcuzt de connexion multzplexe et dzsposzttf de connexzon peﬁme!tanft notamment de reahser un multzplexage e %!
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50050 cm? active area, read with n = 61 ¢
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. . Prototype .

e
~

50x50 cm? active area, read with n = 61 channels (highest prime number below 64...)
- 488 micron pirch; . -'_lp: L1024 strips - - could huave equiped up (o 660/ 2+ =187/ strips (~90 cm)
PCB

mesh defect

- Strip capacitance: 1.3 nk '(cokmpared 0 2nF f(;kitkin'&tﬁp from double sided)

1
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Protolype tested in the CLASI 2 cosmic bench ( 60x60 cm eouple of sczntzllators) | e

- lcm drzﬁ gap

- Gas Ar+5%isobutane
o ; E - ” =300 V/iecm

- 1.5 m cable (70 pF/m)
- T2K electronics (AFT. ER)
i~ - Shaping time: 200 ns

iy Sampling frequency 60 ns

128 micron amplzf catzon gap

Offline common mode subtraction

amplitude [ADC]

180
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Position [strip]

1 | L L 1
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Results W|th cosmlcs

1000

[=:]
o
(=]

— Demulttplexlng needed !

event display

g Almost all Strzps OK (1 ] 020/1 024)

= posn‘zon dzstrzbuz‘zon as expected

Sy mean noise on strzps: 3, 950 electrons

e 4 A
5y
) \ %

15

20

30 “
_ time sample E

|
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Prototype tested in the CLASI 2 cosmtc bench ( 60x60 cm couple of scmttllators)

Results :Wldth cosmlcs

| L L L L - L 1 L 1 Il L
%\y ) 3 8 0 12 14
Cluster size

3000 o
E T . L
;';,2500_ I.—.500 V7L cze/zey@ 4’.)’0 o
3 E 150 : ki
. @ 2000 c
b : .émoo
1500~ £ > 350
1000— : 300
500; : 200
:le\\\\\h\l\\\\\\h\l\\HH|\||\\H\||\||\\H\| :
300 395 400 405 410 415 420 425 430 435 440 artefact of 150 y
HV,,cn 3 .
: e the cosmic 1003 Dk
= good effective gains in szte of bench =3 . o
el Tl ol i il |'|\ o - il 0 ‘
large CapaCZtanceS . 00 50 100 150 200 250 300 350 ;?][;;lﬂmS]OU ‘
- —> ~ 90/;, but not maxtmal gam
ki | i o
= < 2/ of events wzth a cluster size of 1 R
o
(cannot be localtzea’) as expected |
R
%)

+> not an issue wzth (Shtfted) resistive Strzps

057 050720/ 5 S roczzret/f
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Szmulatzon of the amblguzly probabzllly at 75 ﬂux and for F degrees of multzplexmg &

Genetrc multliplexmg and flux

- Same gieo/ﬂe//y (g@x SIZe, pl'fc/}/ Xes vty O E
> : 3 e x ; ' : - ] Rt O C =61, =1024 .
- Primary electrons on Foisson distridution e oL
: ‘ . ol g
= Transverse djjjusion L 12 .
| : 2 . : = R
- Zime window: 100 ns L E B -
; : ¢ ' : £ C . 5
= Assume independent parricles: < Josle . . 4
* s .‘
1e : E 7
© = 40 il ol il il vl vl L
s - » 102 10" 1 10 102 10°  10° _10° 5
& 101 _ Flux [Hzlcmz] G
" = s E% Sk
2 - = § ke .
AP I M ] —> can Stand up to 0. -3 kHZ/cm in 2
= = pguEE . % :,3
E e thls conf guratzon ( 1 MHZ in totai)
10° sse® ’ ;
10 g -
3 — at I 0 kHZ/cm the electromcs can be a
[
-5 1 1 1 - — | “i 1 1 1 1 1 I —— 0
10°, - i reduced by a factor of 2 ( 1% ambzguztzes)
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recent studles on. scans wzth cosmzc muons
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| —> high resolution -

small size

gﬂlﬂ

ﬁmy/dtlo” sz‘é laree Micromegas
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Some appllcatl()ns

. s S ' : s
- Muon tomography fo‘r volcanology: requires large detectc)rs with low consumption

/?rsf_}’eyu//‘& with SOSO cm? scintitlators (~/ cm resolution)
o W p (g/cm?) E

Ravine sud-p,, = 1.3 gicm

40

L . N L L L
Y

140 130 120 110 100 90 80 70 60 50
theta (degrees)

o e v/ W for the whole wstaliatiorn, fostile en vironmens
- Dosimetry - - : W ;&
need ljghi, portalive selup—> low consumprion

]’Pg’ szé 2)’0&0116/1 / ﬂk céd/melf

- Applications in particle physics Lol Tl
— SLHCproject: > LO00m? of MPGDs, - ¥
millions of electronic channels /~/é7cﬁa/meﬂ e . mE L b e

2 L CTLC = /72////0/7 pda’ ). random multlplexmg? AR e °

0 50 100 150 200 250 300 350 400 450 500
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Cohclusnon & perspectlves

Modern partzcle physzcs and many more apphcatlons requlre b

—> large are Sefzgm* : —> /gt spatial resolution
RS 4t : 5 :

—> ntegration, low consumplion Ay nenr Zéﬂ(’gez/

: 4 =% PR g R
Multiplexing becomes more and more feasib‘l;e thanks to advances in instrumentation

& electronics :
— concept 0/ “genelic my/lgp/exwg validated with d/l/zc’fomegdy

—> alnost no /m//lga/exmg ara Wecfromefer /€V€/ :) a lot 1o be a’ozze i
Optimization needed for a glven [flux/confi guratzon

—> [/ 7 channels sujjice jor 99/ of /ée z;zfereﬂwg evenis, is it f'é’/el/dlif 1o ém/e Zn, In

.
- Channels more Jor e remaining /. %2

- Next steps for genetic multiplexing: : ooy .; R
- Flux Studzes to validate the prelzmmarjy Szmulatzons e ?if“ - Rt ',

NG |

- Resistive, multzplexed Mzcromegas to further increase S/N (EL VIA, this year)

—>  Goal: [nr? ﬂ’eleclo/' with ]ﬂﬂ HICron 20—/'310/1/1‘10/1 and <200 céd/melf
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louble Slded multlplexmg
— 6 Such detectors were buzlt at the Saclay workshop, wzth an active area of 50x50 crﬁ |

- Top side wzth 32 large strips (~1.5 cm)
. Bottom:side with 32 thin strips (488 microns), x32

I small y?rotolyp C
A\

- Event display with 4 detectors

1 1 %
- /
D95 & e & I XLR
Ea & & &
> > <
2009 o9 & R 4
@ - @ >
o £OF & S
Ep.a5- Fo.a5- & g
w & w 8
. i
-~ 0.8/ 0.8~ £ %2
- —,l-;.
o.7s|- * 0.751 5
% s
0.7+ 0.7+ ;: - 5 » (
. ‘ &
0.65- 0.65 e
e
D IR I I w o s s D PRI B B W oo s s REREt )
400 410 420 430 440 450 460 400 410 420 430 440 450 460 ) %
vaesh [V] vaesh [V] s X

— Efficiency plateau reached for large strips only
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Genetlc multlplexmg

A signal can be deposzted on more than 2 Strzps SO the repetztzon of k—uplets (k>2)
should be checked

- n!
—> A priorino prodlem, as there are much more f- zgﬁ/ely than doubless...  Cy, k=

-k

= But the repetition of small f-uplels does appeay 1 s consiuchion.”

=1l 1213004 1B 6. T 8 a0 G PATE

oo Ui 1305 Agalg 1t o g Rl P 119

=3 |1 14 |7 11012 |5 |8 |11|3 |6 |9 Repetmon of the trzplet
g L9 19 2 e L0 3 7 1] R 9-1-5

“os 1 e 15 la6le o kA pe (2 7

—> Can be improved by reordering the ' blocks.

g b1 213" Fa b e bz gl et in) 1]

e b1 4 | 7002408 p 8 11 {6 1O "
=2 |L |3 |5 |7 |9 |11 |2 |4 |6 |84 10| Repentionofihe
i U Babe S22 Baian s 7“:‘\ 14 (8  quadruplet 3-6-9-1

s 1169857100448 8¢ R o T
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