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(*) amélioration / mise a jour / optimisation, etc...

Pour le groupe HL-LHC Atlas-Saclay spectromeétre a

Upgrade (*) d’Atlas : partie spectrometre a muons

MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMDT (mé&me chose 15mm)

(upgrade : Micromegas ?)

RPC ch. trigger barre|

TGC : Thin Gap Chamber (mwec)

! I - i ch. Trigger end-cap (= couches.
MBTS : Minimum Bias M I ‘/ (~320000)
Trigger Scintillators | upgrade SW iiméme chose +
(B<1m) (R couche résistive

(ch. de précision ?)

achanger phase-I

Parsint SW : Small Wheel (#=10m)
(blindage + MDT + TGC - csc)
Pieds de la manip: zone avec des ) ch. précison end-cap
trous d'acceptance (& améliorer...) ascenseurs a changer phase-I

Journée HL-LHC, Saclay le 31/05/2011



MDT : Monitored Drift Tube (~350000)

Les noms / zones a retenir ch. de précision (tube @=30mm)

(upgrade : Micromegas ?)

RPC ch. trigger ba rre!."ll

upgrade SW : sMIDT (méme chose 15mm)

\; i . M TGC +Thin Gap Chamber (mwerc)
all / 'm - -, ch. Trigger end-cap (3 couches.
MBTS : Minimum Bias — il (~320000)

Trigger Scintillators

(@<1m)

a changer phase-I

Pieds de la manip : zone avec des
trous d’acceptance (a améliorer...)

}censeurs

u p___g___r__a.d—e"'SW“—:

(ch. d

COUCh :
précision ?)

méme chose +
résistive

SW : Small Wheel (#=10m)
(blindage + MDT + TGC +csc)

a changer phase-l

ch. précision end-cap



L . . MDT : Monitored Drift Tube (~350000)
es noms / zones a retenir ch. de précision (tube @=30mm)

(upgrade ;-) upgrade SW : sMDT (méme chose 15mm)

T

TGC : Thin G:
~, ch.Trig

/
/

RPC ch. trigger barre/ /
™~ /

Chamber (mwec)
er end-cap (3 couches’
0000)

méme chose +
résistive

i@ précision ?)

Pieds de la manip : zone avec des
ascenseurs

trous d’acceptance (a améliorer...)




Principe de la mesure et du trigger L1 muon d’Atlas

Fenétres de coincidence telles que :

€ =90% au seuil donné pour p+ et u-
(en tenant compte des diff. effets)
Probléme si seuil pas assez « raide » => saturation...

Sachant que : ggpc/rge ~ 107 (n) et ~5.107 (y)
en moyenne sur leur spectre

TGC 2—-

MDT_BOS // |

TGC3

MDTBMS |

RPC 1

tor0|de

MDT

RPC 3 \lOW ﬁ@h
RPC 2) 1 TGC 1

\

MDTBIS -~

Nininln
\

Sw\

| ]

Il existe deux types de seuils :
- bas pt < 11 GeV
- haut pt >= 20 GeV

L
\
\

\
\

Figure 12-7 Level-1 muon-trigger scheme in the barrel and in the end-cap. The low-py trigger is based on two
double layers of trigger chambers; the high-p trigger uses an additional double layer in the barrel and a triple

layer in the end-cap. The shaded area represents the calorimeters and the absorber. Trajectories for positive and
negative muons are shown. 4



Electromagnetic Calorimeters

i il L1 Present latency in the muon system

Trigger : comment ca marche ?

~50% : temps de transfert
dans les cdbles (~80m)

RPCs transf trigger transf.
produce UX15 2> decision USAIS
trigger USAILS -2 UXI5

Le trigger (déclenchement) : (collisions : 40 MHz)

Presently the official limit
for all subdeteciors

Actuellement trois niveaux : L1, L2, event filter (EF) / temps requis  / freq. max
L1 : uniguement les détecteurs « rapides » TGC / rrc (*) <2,5us ~ 75 kHz
upgrade phase-11 (>2020?) ~6 usou +?
(12 : ajout d’information des détecteurs MDT et csc (**) ~ 3.5 kHz
(seulement dans les régions d’intéréts -Rol-, ie. superhit in each chamber => fleche effective + LuT)
HLT—
(soft) | EF : ferme de processeurs incluant une reconstruction de la trace ~ 200 Hz

(incluant infos du détecteur interne, parameétre d’impact, y? trace inner-muon spectro, etc.)

—

Trigger rates at each level

I~ ATLAS Trigger O 25 Oct, 2010} 3
X . L=2.%10" 1.1x10* (em?s™) 7]
g F P
& - 911 total
(aujourd’hui : L1 approche les 70 kHz et ~4% temps mort) wr E
C L2 total
10° | =
; fEF(otaI
. . . . . 107 F
(*) Leffet dominant de la résolution en temps des détecteurs « rapides » est la _. =
fluctuation de la « premiere ionisation ». La résolution ultime est de 'ordre de 2 ns. [ e

01:00 04:00 07:00 10:00 13:00

**) Les détecteurs de traces ont une résolution par « layer » de ~100 microns. Ti
(**) P y Sur bande : muon stream ~100



MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMIDT (méme chose 15mm)

Les noms / zones a retenir

(upgrade : Micromegas ?)

RPC ch. trigger ba rre!."f # / P
e | 'I i . = TGC : Thin Gap Chamber (mwerc)
;" /,/ L~ ch. Trigger end-cap (3 couches
MBTS : Minimum Bias R S (~320000)
Trigger Scintillators 17 TV L upgrade SW : méme chose +
(@<1m) . “ couche résistive
== (ch. de précision ?)
a changer phase-I H‘

S

SW : Small Wheel (#=10m)

Persimt
/ (blindage + MDT + TGC +csc)
}Censeurs

Pieds de la manip : zone avec des ch. précision end-cap
trous d’acceptance (a améliorer...) a changer phase-|




G.Mikenberg (Tel-Aviv)

Options concurrentes : TGC

|
AT |I
TR
NN
AN

NG10. | 0.5mm

i N

Wire 50u ‘Carbon
/

AN
AN
AN
AT

For HL-LHC: carbon coating

Thin Gap Chamber (Opal) = MWPC mode quasi-saturé

CO,:n-C;H,, 55:45 (- sensible au gap)
Résolution temporelle ~5ns
Déja dans Atlas : + 2"d coordonnée

~320000 canaux (pas de fils cassés)
Fils regroupés en paquet (trigger ; résolution — critiques)

Upgrade :
possibilité de lire : fils + strip dessus + pad dessous

Couche résistive => pas de claquage jusqu’a 20kHz/cm?
(NIM-A 628 (2011) 177... analyse dépots sur les fils, etc.)
Résolution ~150 microns pour strip de 3mm (1/20 !)

2 prototypes ~échelle 1 construit (assemblable)

Proposed arrangement for SW

Honeycomb

Notice different
3 Not To Scale Scales

e e o
4325 00- Trapeze Assembyyt

Y2 of the 8 gas-gaps for the protype

To allow relative alignment

Transition between two have been Completed

Gas volumes occurs at 4
Places in each multilayer

With tracks

Each multilayer is precise
To ~30 microns by construction

£

Integeated Chargs (C)
]

s 5538388

10
Rate (KHzom’)

Fig. & The TGC gain as a function of the single hit rate foe
anod: signaks. The errce bars show only statistical errors. The

Thensiais



Options concurrentes : small tube MDT (@=15mm)

H.Kroha (MPI), Elbe, 26/05/2009
e sont a la limite (charge intégrée) si safety factor x5 ?
* ne peuvent pas servir de trigger L1 (sauf a rallonger le temps —Phase-l|)

Baseline: 15 mm instead of 30 mm O tubes, with tube length,
drift gas and gas gain unchanged (i.e. 2730 V op. voltage):

Q Occupancy proportional to max. drift time: 3.5 x smaller.
QO Tube counting rate ~ tube circumference: 2.0 x smaller.
Occupancy 7 x smaller in total!
Q Gain drop (due to space charge) ~ tube radius R?*In(R/R,;,,): 10 x less. =
Q Degradation of spatial resolution due to radiation induced
space charge fluctuations (non-linear r-t-relationship) and gain drop
strongly reduced.
g 4o0E T “Drift time-spectrum Gain drop effect IEEE TNS Vol.33,
S 350 E -
I e § 300 Threshold: — 34 mv No0.2 (2006) 562
250 — caneid s = 275 & Irradiation rates:
. 200k —— cated 30 mm E = < 990 / (cm?Z s)
2700 - - R 7 e e © 670/ (cmZ2s)
— ! 2 B o 342/ (cm?Z s)
6005_ ook ; - / TZ 225 % © 187 / (cm? s)
s500F X ‘g 200 N o
100 200 3200 400 500 yc‘?[ﬂsl ) 175 L =g
400 b - -4 Effect of
300 | 7/0€fns/200 nsl=3.5 |ser g ° - <| space charge
200 | ) g, o = .| fluctuations
100 100 g3l s=S o~
i 75 g 380"
0Ff | | | | . | | o o o P @V
o 2 a4 & 8 10 12 14 S0 =2 4 6 t& d0 12 14
r (mm) impact radius / mm 8

Space-drift time relationship Single-tube resolution



MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMIDT (méme chose 15mm)

Les noms / zones a retenir

RPC ch. trigger ba rrel."lll ;’f / -
~ / L -
—— i TGC : Thin Gap Chamber (mwec)
! / ch. Trigger end-cap (3 couches.
A (~320000)

MBTS : Minimum Bias S
Trigger Scintillators A

(@<1m)

a changer phase-I

up___g___r__a.d—e"'SWr: méme chose +
~__couche résistive
~ (ch. de précision ?)

SW : Small Wheel (#=10m)

Persimt
/ (blindage + MDT + TGC +csc)
}censeurs

Pieds de la manip : zone avec des ch. précision end-cap
trous d’acceptance (a améliorer...)

a changer phase-l



si mesure du temps

=> “micro-TPC Front view /

Drift mesh - Cathode

avalance
avalance

avalance

Anode Readout Cu Strips & (F;ZS'SE\I& QS/,trlps
0.15 mm x 100 mm 2 aa cm
HY = == = = = - I ——————————— Mesh (réservoir de charge)
2

Cl

Induced charge
E Resistive strip

R1 Copper strip Amp

0.15mm x 10 cm ——CA
e

C1 — capacitance Mesh to ground

C2 — capacitance R-strip to ground

C3 — capacitance R-strip to readout strip
C4 — capacitance readout strip to ground
Ca — input capacitance of preamplifier

c4

Signal transmission

- Introduction d’un RC suffisant (~100 ps ?) pour étaler en temps
(et en espace) le développement de I'avalanche.
- Si strip-readout croisés (~2D) signaux a diff. temps sur les strips.

Resistive Micromegas Structure

Side view

Drift mesh - Cathode

Resistive Strips
0.5 -5 MQ/cm

Embedded resistor
15-45 MQ long

Anode Readout Cu Strips

GND 0.15 mm x 100 mm

Front view - Non Resistive Micromegas — Standard Micromegas

A Drift mesh - Cathode &
57
@/
&
C}Q/l
> mm E arift ;




Neutron beam test

MM mesh currents in neutron beam

Gas: Ar:CO, (85:15)
Standard MM:
Large currents

Large HV drops, recovery time O(15s)
Chamber could not be operated stably

25

n
L

Current (1A)
&

05

| R11 and MM1 (standard)
I under neutron irradiation
I Neutron source current: 1.2 yA

ool

|
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Neutron flux: = 1.5x108 n/cm?2s

R11:
Low currents
Despite discharges, but no HV drop

Chamber operated stably up to max HV

| R11 and MM1 (standard)
I under neutron irradiation
' Neutron source current: 1.2 yA
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‘Width of final PCB = 605 mm

Gas outlet

- HV mesh + drift (2 x SHV)
_\ Consseis =

n
‘y \‘yy ! xmmmntt- - pad F/E card
.T" Stop wWwidin = LU 2 mm ___J .‘;7‘ 50 X 120 m‘1’.2
\ 8 FE cards [/

\ i

\a | 1024 mm
\ —
W1 76.3°
|| e — ——
Gas inlet FE card
(2 APV25)
20 mm
T
10 mm
— '
20 mm 3
< > ;
530 mm [ 5
520 mm active  pad
( ) 5 mm pad

e —

<
Max width of PCB for producgs—mn)

- Passera a ~1m avec l'achat de nouvelle machine

- Probléme de long strip : capa des strip (< 1pF / cm)
- strips en deux partie : localement x2 nombre de canaux

- small-Wheel : entre 0,5 et 2 millions de canaux
- Une question importante a laquelle il faut répondre :
« industrialisation de la production du bulk + grille » ?

v




MicroMegas readout chip design
Actuellement uniguement : front-end + seuillage .

BNL design with the following features :

Data Driven System with Peak Amplitude and Time Detection
= On-detector zero suppression, dramatic reduction of data bandwidth

Neighbor-channel enabling circuitry (allows for high thresholds without losing
small amplitudes)

On-chip ADC (10-12 bits?)

Simultaneous read/write with built-in Derandomizing Buffers

64 or 128 channels/chip to match detector element size

Able to provide Trigger Primitives for on-detector track finding logic

Based on existing chip developed a few years ago for a TPC application

Appropriate for a variety of detectors (mMegas, TGC, TPC, GEM, etc.)
requiring amplitude and time measurement

- Demande d’aide de BNL
(visite BNL mi-juin a Saclay) 13
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Background in Atlas cavern

Background comes from residues of p-p interactions
(through spallation process) .

» Huge production of neutrons, thus creating v, thus
creating e, etc...

« Also at higher energy, n and y create ionizing particle
(mainly: p, e+, e-)

« Direct background: u and punchthrough (smaller)

N

Electromagnetic Calorimeter

Neutron “gas” in the experiment cavern
(therm. of neutrons)

. _— Ei,=10 MeV : v, ~ 15% c (23 ns pour 1m)
Background count rates 4@» At L = 107" cm™*s™ 10keV: ~5.103c (0.7 us pour 1m), hors temps MDT

10° 105
<55 g ’ ‘ : ‘ g
<55 <1 <75 <50 5 Very forward  JA’ ] r 'Y ]
- ) 1OkHz/cmL_ , | i
<58 g,Mt~1-3.10% - ¢ a4 e
<1 :mg = “iot L |
<135 <46 A L;'L E I_lm 8 -
<70 g Mtv4-8103 & oz :
= < <160 Y % r % : :
0B <100 102 0| i
-l <250 E 4 E
(Numbers include a safety factor of 5.) ® pp x section for part. prod. (~1.2) r MeV l,f 1 ’ §

. propagation in calo. and shielding’(~2.9) \ \| R 10’
ciency in chambers (~1.4) 23 ¢ - WCI3 10° 100

Atlas needs to measure cave
spectrometer) in order to re
for s-LHC.

d (usi uon
nties

ackgr
unce

Figure 5-67 The expected neutron flux as a function
of neutron energy in different rapidity regions of the
muon spectrometer (top curve: 2.3 <n < 2.7, middle
curve: 1.4 <m < 2.3 and bottom curve: n < 1.4).

k leb

Figure 5-66 The expected photon flux as a function of
photon energy in different rapidity regions of the muon
spectrometer (top curve: 2.3 <n < 2.7] Fuiddle curve:
1.4 <1 < 2.3 and bottom curve: n < 1.4).



Background comes from residues of p-p interactions

Background in Atlas cavern

(through spallation process) .

» Huge production of neutrons, thus creating v, thus

« Also at higher energy, n and y create ionizing particle

r [m]

Direct background: p and punchthrough (smaller)

12

10

creating e, etc...

(mainly: p, e+, e-)

7 TeV Data to Simulation Ratio at 1.5*10232

h

" l

6 —

2 il
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(plutdt ~ x3 ?)
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Electromagnetic Calorimeter

Neutron “gas” in the experiment cavern

(therm. of neutrons)

Ei,=10 MeV : v, ~ 15% c (23 ns pour 1m)
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Figure 5-67 The expected neutron flux as a function
of neutron energy in different rapidity regions of the
muon spectrometer (top curve: 2.3 <n < 2.7, middle
curve: 1.4 <m < 2.3 and bottom curve: n < 1.4).

~5.103 ¢ (0.7 us pour 1m), hors temps MDT

Y

=
S
38

Figure 5-66 The expected photon flux as a function of
photon energy in different rapidity regions of the muon
spectrometer (top curve: 2.3 <n < 2.7] fiddle curve:
1.4 <1 < 2.3 and bottom curve: n < 1.4).
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MDT : Monitored Drift Tube (~350000)

Les noms / zones a retenir ch. de précision (tube @=30mm)

(upgrade : Micromegas ?)

RPC ch. trigger ba rre!."ll

upgrade SW : sMIDT (méme chose 15mm)

\; i . TGC +Thin Gap Chamber (mwec)
all / / 'w - -, ch. Trigger end-cap (3 couchesj
MBTS : Minimum Bias R S— Bl (~320000)

Trigger Scintillators

(@<1m)

a changer phase-I

Pieds de la manip : zone avec des
trous d’acceptance (a améliorer...)

}gcenseurs |

u p___g___r__a.d—e"'SW“—:

(ch. d

COUCh :
précision ?)

méme chose +
résistive

SW : Small Wheel (#=10m)
(blindage + MDT + TGC +csc)

a changer phase-l

ch. précision end-cap



sMDT : small-tube chambers Layout

external reference
surface of endplug

Bl layer

BM Coverage (in projective geometry):

An x A¢ = 0.11 x 0.31

Station Milieu (BM) : sMDT(2x4)+RPC

. 88% of ion, 64% of ¢ i
Station outer (BO) : spare BOS+RPC (88% of 1 region. 64% of @ region)

= =1 BO layer

Installation prévue 2013

BO Coverage (in projec geometry):

An x Ag = 0.09 x 0.

Standard BOS chamber

below sector 13 floor (100% of 7 region, 58% of ¢ regi

BM layer

1 Muon Chambers \ [ Elevator Shaft

Layer  Tracking (3rd station) Low-p; Trigger High-p, Trigger
BO 0.11 x 031 (0.51%) — 0.10 x 0.29 (0.41%)
BM 0.09 = 0.30 (0.40%) 0.10 = 0.31(0.45%)  0.10 = 0.31 (0.45%)

Total 0.91% 0.45% 0.86%

Vue de dessus 19

- , - . Figure 4: Layout of the new muon stations. View in the x-z plane. The BO (left) and BM (right)
ACCB plaﬂce n A?I e A @ per dete ctor Slde (percen tage Of barre | region ) layers have been drawn separately for better visibility. The elevator shaft 1s marked m yellow.




MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMIDT (méme chose 15mm)

Les noms / zones a retenir

(upgrade : Micromegas ?)

RPC ch. trigger ba rre!."ll / /

Chamber (mwec)
er end-cap (3 couches’
320000)
Upg___r__a.d-e--'SW lméme chose +
~_couche résistive

~ (ch. de précision ?)

MBTS : Minimum Bias S
Trigger Scintillators S/

(@<1m)

a changer phase-I

—— e o e e e e o e _ - —— —— R S RN R N M M e M R e e

SW : Small Wheel (#=10m)

Persimt
/ (blindage + MDT + TGC +csc)
}censeurs

Pieds de la manip : zone avec des ch. précision end-cap
trous d’acceptance (a améliorer...)

a changer phase-l



Minimum Bias Trigger Scintillators

e Late add-on in front of the LAr

used for initial running only,
usefulness limited to early running by
both pile-up (all BCs will trigger) and
by anticipated radiation damage to
Scintillators

* Readout through TileCal trigger elx

Cryostat
 2x16 scintillator paddles, will be I
 Rapidity coverage 2.1 to 3.8 I

\
Appears to be very useful !

. a\ySES)
. soer/physics an
(for trigs /ced for HL-LHC

David Berge for the MBTS crew ATLAS WeekU October 2008

Area totale (A+C sides) ~ 5 m?
A changer « bient6t »...

21



Minimum Bias Trigger Scintillators
Collision Event at
[ TeV

JATLAS
A EXPERIMENT

P010-03-30, 12:58 CEST
Run 152166, Event 316199

ttp://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.htmi




WLS fibers

16 Plastic

Sketch of Replacement Chamber for 2011/2012 14

Services: Chip candidate:
3 HV lines/layer { 4 layers) Electronics: Beetle chip 128 ch,
Gas: in/out (2x6 mm) Ez chips + opt. link 6 mW/ch
v =/00 mm =z Per layer: <10 W + opt.
Dans un 1¢"temps : p PN links
- Tentative d’installation d’un proto R910
durant hiver 2011 (1/8°m¢) / R850 (n = 2.0)

- Lecture uniquement (pas trigger)

- Support polyéthyléne-bore

- Zone supérieure seulement (2.1-2.7)
-1,53a 2k / plan; 4 plans (?)

- Electronique binaire (« beetle-chip »
de LHCb)

768 n strips with 0.52 mm pitch
(resistive & readout strips)

Strip area: 1.4-2.8 cm?

512 radial strips with 0.7-1.4 mm pitch
(readout = 4 chips a 128 ch) or u, v strips
to resolve combinatorial backgrd (will
need 2 more chips and complicates PCB)

Puis prochain long shutdown :

tout remplacer ? Two areas M1 and M2

with geparate mesh HV

: —— R450 (n=2.7)

M1 area: 720 cm?
1024 pads of 0.5-1 cm? area M1
(not read out in first phase)

— R150

David Berge- CERN

Présentation récente de ce projet : intéressant (mais « planning » a évaluer / discuter...) 23



MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMIDT (méme chose 15mm)

Les noms / zones a retenir

(upgrade : Micromegas ?)

RPC ch. trigger ba rre!."ll / /

Chamber (mwec)

I=E=IE="FE 'ﬁ" ) ch. Trigger end-cap (3 couches
MBTS : Minimum Bias | sl ol (~320000)
Trigger Scintillators WAV upgrade SW {méme chose +
(@<1m) I'_ I ~__couch > résistive

(ch. de précision ?)
a changer phase-I i

SW : Small Wheel (#=10m)

Persimt
/ (blindage + MDT + TGC +csc)
}censeurs

Pieds de la manip : zone avec des ch. précision end-cap
trous d’acceptance (a améliorer...)

a changer phase-I



Present small wheel pictures

SW : Small Wheel (#=10m)
(blindage + MDT + TGC +csc)

ch. précision end-cap

a changer phase-|

‘ 4“ |
‘ (
—

v

s 3

< LOX”A.M '
i b 25
TGC installation alignment bar



MDT  CSC

Present small wheel pictures

Aligt. bar

SW : Small Wheel (#=10m)
(blindage + MDT + TGC +csc)

Il &
ch. précision end-cap >ma

large
sectors

a changer phase-|

OLOXAM

—

TGC installation alignment bar



=> Epaisseur utile restante :

~2x40cm

Future small whee| -+ raioutd'une couche de ) o . SIS, Seb.H.
Etape 1 : définir une chambre Micromegas

Etape 2 : intégration dans la nouvelle SW
(services, alignement, etc.)

blindage en polyéthyléne ?

~10m

Projet intéressant intrinsequement :

premier dessin d’une « chambre » multicouches 2x 2 doublet téte-béche de Micromegas ; taille ~1 m2
(probléme de distribution de gaz, déformation du PCB (+ nid d’abeille ?), thermique, longueur strips -capa-, etc.)

Quelque soit I'issu dans Atlas, ces études pourront servir au design d’'une chambre Micromegas utilisable par 27
d’autres expériences...



SIS, Seb.H.

+ rajout d’une couche de . e . .
Future small wheel plindage en polyéthylene ? Etape 1 : définir une chambre Micromegas

Etape 2 : intégration dans la nouvelle SW

=> Epaisseur utile restante : _ (services, alignement, etc.)
~2x40cm N @ A =
£ g
o - oL st g a;,,,,_;
— RETOSS £ BT
2 ol g | \ e
: l T~ - 7 @ oo W
‘ E il 1 Contrainte de construction
YR (labo de Rui) ~¥1m + grande taille
% ‘q .| 5~ J ] '\"ﬂ.‘fﬁ“? ~E 1§
L L
\%

Projet intéressant intrinsequement :

premier dessin d’une « chambre » multicouches de type Micromegas ; taille ~1 m2
(probléme de distribution de gaz, déformation du PCB (+ nid d’abeille ?), thermique, longueur strips -capa-, etc.)

Quelque soit I'issu dans Atlas, ces études pourront servir au design d’'une chambre Micromegas utilisable par 28
d’autres expériences...



SIS, Seb.H.

Etape 1 : définir une chambre Micromegas

7

Etape 2 : intégration dans la nouvelle SW

+ rajout d’une couche de
blindage en polyéthyléne ?

Future small wheel

(services, alighement, etc.)

z

> Epaisseur utile restante :

~2x40cm

TPC) :

Agencement Micromegas possible (en mode micro-

NV

i

\

10 em

- —---------- 20em ------------

25 cm

-4 mm

. -——10 mm
Quelque soit I'issu dans Atlas, ces études pourront servir au design d’'une chambre Micromegas utilisable par

(probléme de distribution de gaz, déformation du PCB (+ nid d’abeille ?), thermique, longueur strips -capa-, etc.)
d’autres expériences...

premier dessin d’une « chambre » multicouches de type Micromegas ; taille ~1 m2

Projet intéressant intrinsequement :
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Figure 12-7 Level-1 muon-trigger scheme in the barrel and in the end-cap. The low-p trigger is based on two
double layers of trigger chambers; the high-p trigger uses an additional double layer in the barrel and a triple
layer in the end-cap. The shaded area represents the calorimeters and the absorber. Trajectories for positive and
negative muons are shown.

Premier toy MC (V.Polychronakos) :

Semble jouable : resolution ~0.5mm par layer (qquesoit angle)

Eff ~100% si 3 ou 4 couches

5

Level-1 trigger function

The small wheel detector and associated electronics should provide information for the L1
trigger upgrade in the endcap. The position and angle of small wheel segments are used to
improve the quality of L1 high pr decision by the big wheel TGCs.

o

. The system should perform bunch-id and real-time reconstruction of track segments which

are approximately pointing to the IP. The acceptance angle, in 5 and ¢, should be op-
timised taking into account the expected angular range of good tracks from [P, detector
alignment error, complexity of implementation and any physics requirements.

For each segment, a set of data (R, ¢, Af), or an equivalent set of information, should
be provided. Here radial and azimuthal coordinates / and ¢ represent the position of
the segment on small wheel at appropriately defined = coordinate Z. The quantity Af
is a measure of how well the reconstructed segment is pointing to the nominal IP - the
difference of segment polar angle with respect to the angle tan—'(R /7).

The track segment data (R, ¢, A#) should be transmitted to the trigger logic of cor-
responding trigger sector(s), where final endeap L1 signal is constructed (sector logic).
Deetails such as maximum number of segments, data format and data transfer protocol
are to be defined in the framework of overall trigger electronics design.

. Angular resolution of A# must be 1 milliradian (RMS) or better.

. Granularity of i and ¢ information should be matched to the size of ROI of the present

endeap trigger (about 0.04x0.04 in p-¢ ).

. The (R, ¢, Af) information should arrive the input of sector logic not later than the

arrival time of the main trigger inputs from the big wheel TGC. The delay of the TGC
signal is at present 1.088 psec from the collision.

. Efficiency of segment reconstruction should be high and robust. Hate of fake segments

should be optimised so as not to affect significantly the trigger efficiency while maintaining
good rejection power of fake L1 triggers.

This implies that the number of detector layers should not be too small - many layers will
bring high efficiency, low fake rate, good angular resolution and also operational robustness due
to redundancy. Long lever arm will be beneficial especially for angular resolution. Optimisation
should be made taking into account elements including performance, complexity and limitations
from available space which is shared by the detector and possible installation of additional
shielding.

30
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Faisceau, vy
| . H6test

End of last year test beam (under analysis)

-  Comment cela marche actuellement ?
- Quelles techniques et ou ?

-  Probleme du bruit de fond

- Upgrade (*)
- Les différentes options

> Test-beam

- Conclusions

31



End of last year test beam (under analysis)

Pions

~150 GeV

Zone H6

32
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Quelques plots préliminaire venant du faisceau test
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Weekly micromegas meeting, 19 April 2011

Faisceau test mis en place rapidement (et proprement).
Néanmoins quelques petits soucis avec |'électronique
Gassiplex (canaux morts) et avec le DAQ
(Thessalonik/Athens) : télescope peu redondant.

- Etude du piédestal optimisée

- Définition de traces (coupures)

- Efficacités (préliminaire)

'
. ' .
Old technique : i New technique :
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Contraintes spécifiques au projet dans I'environnement Atlas

{upgrade : Micromegas ?)

RPC ch. trigger barrel

MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMDT (méme chose 15mm)

I “! TGC : Thin Gap Chamber (mwec)

——\

7
N
MBTS : Minimum B|ai
Trigger Scintillators
(@<1m)
Y

{changer phase-l
~ 7’

Pieds de la manip : zone avec des
ascenseurs

trous d'acceptance (a améliorer...)

MAMMA

—

s

ATLAS —
il r fu

saclay

couche résistive
(ch. de précision ?)

SW : Small Wheel (@=10m)
(blindage + MDT + TGC -+ csc)
<h. précision end-gle

a changer phase-l

ch. Trigger end-cap (3 couches

| 1
AT i ," (~320000)
| upgrade SW { méme chose +
uilk

Nous avons essayé de distinguer ce qui se fait dans la
manip et ce que nous faisons (souhaitons faire)

Se rappeler qu’Atlas a ses propres contraintes (diff. de
nous, par ex. : analyse indépendante du détecteur ?) et
son propre planning : choix fin 2011 — deb. 2012 ?

Nous essayons d’avoir des objectifs (intermédiaires) clairs
et de rester cohérents. Nous avons défini 4 themes de

Width of final PCB = 605 mm
 EE———

1024 mm

(a) Intégration SW, installation, irradiation : SIS, SEDI onegyrey B

G: et

(b) Test beams (Micromegas grande taille) : SEDI, SPP (CERN) :

__(c) Electronic (readout et DAQ) : BNL, (avec SEDI ?)

<—> valable pour les TGC !

(d) Bruit de fond et simulation : SPP (aussi le SPhN ?)
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Environnement de travail du groupe dans Atlas

(avant et apres étre dans la collaboration MAMMA)

. MAMMA
Atlas, partie muons (<1995-2009)
(2008-...)
) ( \
Allemagne (Munich LMU et MPI, Freiburg)
CERN
ghine | (Beijing IHEP, N.Univ. et S.Univ., Hefei) + Shandong
Etats-Unis (Ann Arbor, Boston, Brandeis, Brookhaven, Harvard, MIT,
Northern lllinois, Stony Brook, Tufts, Tuckson, Seattle; Michigan Univ.) + Arizona,
France (Saclay) South Carolina,
. Washington
Grece (Thessalonique, Athénes TU, Athénes U)
Israél (Haifa, Tel-Aviv, Weizmann) + Istanbul
Italie (Bologne, Cosenza, Frascati, Lecce, Naples, Pavie, Rome |, Il et Ill)
Japon (KEK, Kobe, Shinshu, Tokyo ICEPP, MU et UAT)
Pays-Bas (NIKHEF, Nijmegen)
Russie (Doubna JINR, Minsk, Protvino, St.Petersburg NPI)
i r fu Remarques :
- Nombre de collaborateurs MAMMA pas si nombreux que ca...
Ceg - Malheureusement peu de laboratoires de P210... :-(
36
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Le groupe actuel

Service technique : personne a 100% !!

SEDI : D.Attié, M.Boyer, E.Ferrer-Ribas, A.Giganon, S.Herlant (stage applicatif

diplome ingénieur), F.Jeanneau (C.d.P.)

SPP : J.Manjarres-Ramos (PhD), Ph.Schune (Resp.Sc.)

(+ F.Bauer : installation proto MicroMegas en caverne Atlas)

Etude des claquages, irradiation :

J.Galan (SEDI, post-doc Miro)

Experts : S.Aune, P.Colas, A.Delbart, JDerré, |.Giomataris,
Th.Papaevangelou, M.Titov, S.Procureur, D.Neyret...

Spark measurements have been performed
with a standard Micromegas detector

Strip electrodes. PCB board

The aim is to establish a methodology and electrical modeling of sparkingphenomena.

In order to understand the different electronic responses measured by the
different read-out systems and prototypes under development.

Required modeling of spark + modeling of electrical response

Experts hors Saclay : R.de Oliveira (CERN) -production prototypes-, J.Wotschack (CERN, resp.
groupe MAMMA), V.Polychronakos (BNL, co-resp. MAMMA et devel. nouvelle électronique),

etc...

MAMMA : Muon Atlas MicroMegas Activity
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Contraintes spécifiques au projet dans I'environnement Atlas

{upgrade : Micromegas ?)

RPC ch. trigger barrel

MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMDT (méme chose 15mm)

I “! TGC : Thin Gap Chamber (mwec)

——\

7
N
MBTS : Minimum B|ai
Trigger Scintillators
(@<1m)
Y

{changer phase-l
~ 7’

Pieds de la manip : zone avec des
ascenseurs

trous d'acceptance (a améliorer...)

MAMMA

—

s

ATLAS —
il r fu

saclay

couche résistive
(ch. de précision ?)

SW : Small Wheel (@=10m)
(blindage + MDT + TGC -+ csc)
<h. précision end-gle

a changer phase-l

ch. Trigger end-cap (3 couches

| 1
AT i ," (~320000)
| upgrade SW { méme chose +
uilk

Nous avons essayé de distinguer ce qui se fait dans la
manip et ce que nous faisons (souhaitons faire)

Se rappeler qu’Atlas a ses propres contraintes (diff. de
nous, par ex. : analyse indépendante du détecteur ?) et
son propre planning : choix fin 2011 — deb. 2012 ?

Nous essayons d’avoir des objectifs (intermédiaires) clairs
et de rester cohérents. Nous avons défini 4 themes de

Width of final PCB = 605 mm
 EE———

1024 mm

(a) Intégration SW, installation, irradiation : SIS, SEDI onegyrey B

G: et

(b) Test beams (Micromegas grande taille) : SEDI, SPP (CERN) :

__(c) Electronic (readout et DAQ) : BNL, (avec SEDI ?)

<—> valable pour les TGC !

(d) Bruit de fond et simulation : SPP (aussi le SPhN ?)
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MDT : Monitored Drift Tubes

b=15 mm, a(anode=fil)=50um
Lfrom2to6m

gas cathode

Total y
Specirometer entrance /
Multiple scattering /
Chamber Alignment "f
Tube resolution and autocalibration (stochastic) / |
Energy loss fluctuations / v

«oOor ]

—
»

—_
o

Contribution to resolution (%) Muons Y/
(0] v ;
1 T
|

Ar:CO, 93:7 4 ,g—_"j/ Yy

p = 3 bar =>~3x100 pairs/cm (ny.,) ~ 12 keV au mip of o -
Gain: 2.10% i o P

Max drift time of e- : 700ns, i.e. “slow” good for Lorentz angle limitation 0 1‘0 e "‘1‘62 1 .
v~ 3 cm/us (=30um/ns) Pt (Gé\l/c)
Centring of wire < 100um all along the tube (20um at the end-plug) ~350 000 canaux

Threshold at the ~25th e- _
6 ~ 80— 100 um / tube => combining tubes of one chamber gives ~50um locally th't ~1-3.10 40



MM Toy Monte Carlo

=Generate primary ionization clusters

Poisson distributed
=Generate number of electrons for

=Track crosses a strip at a random
each cluster

=Generate track at a given angle
position

/

T O

AN HEA AR AR

\ \ \
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1
Y
i
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|
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25 cm

Strip pitch
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T

\

=Take strip with earliest time and

charge over a certain threshold as the

track’s coordinate

Reconstruct track and compare slope with the generated one

No transverse diffusion considered but effect is negligible for the first arriving cluster
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Position and Timing Resolution as a function of
incidence angle

| Resolution for different track angles | | Time of earliest arrival |

- 70001

2500 | 40 deg sooui-e_ 40 deg

2000 fﬂ/ 30 deg 5000 §__

1500 ;T_.:'—L_ 4000 2-—
= = 30 deg

1000— 3000
?J—I_Dj 20 deg 20001 —|_L 20 deg

500 — -
T
Con oo 0 q PR TR N TN N SR SO NN T T T | E IIIIIIIIIIIIIIIII
% 0.5 1 15 2 2.5 3 o020 30 40 50 e0 70 80

R L B D] First cluster time [nsec]

Q Average spatial resolution below 0.5 mm for all angles in Small Wheel acceptance

Q Time of first cluster above threshold mostly below 25 nsec

Q Requiring, e.g, 3 out of 4 detectors to be within a BC should result in ~100% efficiency

Q Address of strips can be directly used in a lookup table (e.g. Content addressable memories
similar to FTK
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La COI |a bo rat|0n MAM MA (cf. J.Wotschack, CERN, mi-mai)

University of Arizona : faisceaux tests

Athens Demokrito : test neutrons

Athens National Technical University : test neutrons

Athen University : simulation Garfield

Brookhaven : simulation Garfield + électronique
CERN : intégration mécanique

Harvard Univ. : rien en pratique

Naples Univ. : tests détecteurs (quelgu’un des RPC)
St Peterburg NPI : travaille avec Brookhaven

Istanbul : deux étudiants

Univ. of Science and Tech. of China (Hefei) : veulent participer au faisceau test
Univ. South Carolina : soft analyse data

Thessaloniki Aristotle Univ. (ex. MDT) : analyses data

Shandong (?) China (ex. TGC, 10% prod.) : participation faisceau (puis production ?)
Saclay : claquage, segmentation

Prochaines étapes :

Proto échelle 1

Electronique : rooting (Brookhaven intéressé ?)
Simulation dans Atlas (?)

Muon Atlas MicroMegas Activity. J.Wotschak (CERN) et V.Polychronakos (BNL) CSTS juin 2009
sont les porte-paroles de ce groupe, interne a la collaboration Atlas.
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HL-LHC : 230 min.bias collisions in bunch, ~ 10000
particles in |n| <£3.2,mostly low pT tracks

N..(ly|<0.5)
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Background in Atlas cavern

Background comes from residues of p-p interactions
(through spallation process) .

» Huge production of neutrons, thus creating v, thus
creating e, etc...

« Also at higher energy, n and y create ionizing particle
(mainly: p, e+, e-)

« Direct background: u and punchthrough (smaller)

N

Electromagnetic Calorimeter

Neutron “gas” in the experiment cavern
(therm. of neutrons)

_ Ei,=10 MeV :v,~15% c (23 ns pour 1m)
L '@’ it L= 10" em™s~ 10keV: ~5.103¢ (0.7 us pour 1m), hors temps MDT

<55 & ‘ E 10° E T 3
<55 <1 <75 <50 5 \:ulery forward A" . i 'Y ]
<95 <74 1OkHZ/CrT1}__ f | ]
<58 g,Mt~1-3.10% - ¢ a4 e
<1 iwc3 L :%103 L =
<135 <46 ) E Lok E
<70 g Mtv4-8103 © A :
= < <160 Y s 2 f ]
<s0 B o @ 0| i
-l <250 E 4 E
(Numbers include a safety factor of 5.) ® pp x section for part. prod. (~1.2) F MeV ;‘ 1 ’ .

¢ had. propagation in calo. and shielding(~2.9) ! \| L 10
* v efficiency in chambers (~1.4) 23 ¢ - WCI3 10° 10°

Atlas needs to measure cavern background (using muon
spectrometer) in order to reduce uncertainties on background
for s-LHC.

k leb

Figure 5-67 The expected_neutron flux as a function Figure 5-66 The expected photon flux as a function of
of neutron energy in different rapidity regions of the photon energy in different rapidity regions of the muon
muon spectrometer (top curve: 2.3 <n < 2.7, middle spectrometer (top curve: 2.3 <n < 2.7/ RFiddle curve:
curve: 1.4 <m < 2.3 and bottom curve: n < 1.4). 1.4 <n < 2.3 and bottom curve: n < 1.4).



Comparaison données-LHC avec simulation (pour extrapolation au HL-LHC)

Energy Deposition at 14 TeV

E 14TeV, CBG_FL A 2 m ‘
dep, eV, CBG_FLUGGApps_20 geometry éveV/(cm3 sec)
12
10’
10°
10 0’ "
- FLUGGApps FL
s
10° « Started ~2 years ago from geometry and material as in
8 Radiation Background Task Force
10° — See RBTF Report for details
— 10 — Geometry defined with Geant4
£ — Physics from FLUKA
g 6
o 1 « Many cross checks and updates since then, e.g.
10 — Barrel toroids, planar barrel muon chambers, 2
(instead of 4) CSC chamber layers, addition of EE
4 107 chambers, more realistic cavern including curved
ceiling and end walls, shafts, ID description, missing
10° forward shielding, etc

— See “More Information” in report during Muon
Upgrade meeting of 17/6/2010 for more information.

10° o A
of b M\ Cavern Background

RATIORAL ACCELERATCR

0‘ ﬂ-1—||+|||||||'|||||||1'1-|-|'|‘--0— fomefo |
0 8 10 12 14 16 18 20 22 24
Z(m)

107
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R11, R12 and R13

= Small 100 x 100 mm? chamber with 100 mm long strips and 250 pm strip pitch
(similar to the previous prototypes — S3, R9, R10), 360 strips in total

Mesh support pillar Resistive Strip
Characteristics: / 0.5-5 MQ/em
= Resistive Strips connected to the - = = = = s = & & ././ ...............
ground Il Bl BN B BN B B BB B BB e
m 1 1 1 | I I I I . |
Thin m;u!atmg layer betwee_n - 1 __‘
the resistive and readout strips \
= AC coupling of signals Insulator copper Stip
u Spal’kS are neutralized through Embedded resistor Resistive Strip

15-45 MQ 5mm long 0.5-5 MQ/cm

the resistive strips to the ground

CHAMBER

\ \
GND Copper readout strip
0.15 mm x 100 mm

20

Resistance to Ground 15 45

MQ)

Resistance along strip 2 5 0.5
(MQ/cm)

47




Number of counts

140

-
n
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-
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o2}
(=]

40

20

Laboratory tests (/)

Cosmics & Transparency

Cosmics produce = 50 e~ in 5mm drift region (~1.5keV)

as was expected!

R12, R13 Transparency (°>Fe source)

N e,ampl e

Transarency =~——— B

e,produced 012937 Ar:co2

0 100 1000
Eamp/ Egrie

® Transparency

N — R11xR12xR13_570_700_Cosmics_x20.mca
- — R12_570_770_Vdiff200.mca 12
 Cosmic MPV .
- 55Fe (5.9 keV) Peak o
[ i S os
B o
i e
B (]
B |= 0.6
— ©
- ]
[ =
I E o4
H [=]
=2
Argon ‘M' 0.2
escape ~
. ) . (3II<eV) ) ) ) La by e WA A 4 o
0 200 400 600 80¢ 0
Charge (arb. units)
55Fe produces 225 e~ in drift region (5.9keV)

® Forgood transparency, E,,,/Eyq > 80

® 85:15Ar:CO,rises faster, but shows similar behavior

to 93:7 Ar:CO, in steady state
ll)

MICRO-MES!
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MDT : Monitored Drift Tube (~350000)
ch. de précision (tube @=30mm)
upgrade SW : sMIDT (méme chose 15mm)

Les noms / zones a retenir

(upgrade : Micromegas ?)

trigger barrel f f i
— . s TGC : Thin Gap Chamber (mwec)
] / / ch. Trigger end-cap (3 couches.
MBTS : Minimum Bias \e—eelo < (~320000)

Trigger Scintillators

(@<1m)

a changer phase-I

up___g___r__a.d—e"'SW“—: méme chose +
~__couche résistive
~ (ch. de précision ?)

SW : Small Wheel (#=10m)

Persimt
/ (blindage + MDT + TGC +csc)
}censeurs

Pieds de la manip : zone avec des ch. précision end-cap
trous d’acceptance (a améliorer...)

a changer phase-l



Other Atlas spectrometer upgrade ideas

In phase-2 upgrade (~2020 ?) there is an idea of adding a trigger
capacity to the inner barrel layer, to improve online momentum resolution
and sharpness of trigger as a function of momentum.

There are considerable technical obstacles to overcome like :
the available space in that area... One may have to replace completely the
barrel inner chambers with something else...
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Options concurrentes : small tube MDT (@=15mm)

A A
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. -
- 8 couches en 1 jour (2x4)
- 50 um de précision (ok)
Intégration dans Atlas
(alignement aussi)
Second coordinate
and trigger chamber
e Ftudes de tenu aux radiations ok pour LHC phase-|

TGC eventuellement.

i.e. points les plus chaud : ~1400Hz/cm? = 300kHz/tube

Au dela : 1500kHz/tube ? (en cours). Probléme si safety factor = x5 ?
gﬂude.&m@ﬂque avec nouveaux FPGA (en cours)

MMn jusqu’a ~30%, efficacité par tube basse, mais 8 couches




