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@ Inner Detector:

momentum of charged
particles

@ Electromagnetic

Calorimeter:
energy of electrons and
photons

@ Hadronic Calorimeter:

energy of hadrons
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precision chambers
(MDTs, CSCs) +
trigger chambers
(RPCs, TGCs): position
and momentum
measurement of muons

@ Magnet System
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Monitored Drift Tube Chambers
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@ 2 multilayers consisting of 3 or 4 layers of drift tubes each

@ optical systems for monitoring of deformations + temperature

SENSOrs

@ spacer frame
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Expected Background Rates for MDT Chambers @ ATLAS

@ neutrons and 7s (= 1MeV)
dominate background in ATLAS
muon spectrometer

MDT (Monitored drift tubes chambers)

|| e 100 22 maximum background
rate for MDT-chambers @
design luminosity of
10%*cm 2571 (see Baranov et

: al. ATL-GEN-2005-001)
70 CSCsmaH wheet @ Safety factor of 5 — 500 %

@ result: 300 kHz per tube (2 m
length and 3 cm in diameter)

160 ||

s fI1F

Upgrade to SLHC

luminosity rises by a factor of 10 — maximum background rate per tube:
3000 kHz
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MDT Upgrade for SLHC Background Conditions

Alternative Drift Gas

Ar:CO5 97:3 — Ar:CO»:N,, 96:3:1

Alternative Tube Geometry

reduce tube diameter: 30mm — 15mm
(reduced background rate per tube)
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Performance Studies of Drift Tubes @ SLHC Background
Conditions

need...

....y-background

= Gamma lrradiation Facility (= test area for particle detectors at
CERN)

o v-source (*¥"Cs with E,=662keV, 560GBq) to simulate SLHC
background conditions

@ maximum v-flux: 108cm~=2s~1; system of lead filters in front of

source allows to adjust photon rate (e.g. &, 3 X maximum flux)

cosmic muons
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Performance Studies of Drift Tubes @ SLHC Background
Conditions

need also...

.. Trigger Unit

@ distinguish between signal (cosmic muons) and background () hits
@ provide information about time of muon transition

@ definition of muon track — pre-selection of drift tubes hit by muons

= segmented 4-layer scintillator-trigger-hodoscope
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Setup for Drift Tube Studies

Pb shielding upper hodoscope double
e T jayer
Cs-source Co0
560 GB XL
upper
A reference chamber
e (30 mm drifttubes, 50 cm long)
')
m’ test tubes (15 mm, 1m long)
L@%’g&} lower
reference chamber
@% (30 mm drifttubes, 50 cm long)
I Pb filter  Jower hodoscope double
e———
90 cm
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Hodoscope Setup

@ 24 scintillators arranged in 4

layers
{ @ 2 double layers with drift
i detectors in between
s e 2 layers with 5 short
‘ ‘ ‘ ‘ 03 scintillators (30 cm x 4.5 cm
x 9 cm, TDC spectra)

{ v o 2 layers with 7 long
scintillators (50 cm x 4 cm
3cm, adapted to drift tube
geometry)

@ crossed scintillator geometry
‘ ‘ el ‘ ‘ = unambiguous muon trigger via

- |

|

SOcH 4 layer coincidence (20ns overlap
time)
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Hodoscope: Electronic Setup

3
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'% + OR
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2x 7 long out
scintillators  —»] OR
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discriminator OR -~
2x5short  Out »|layer 2
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a
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Scintillator - Photomultiplier Units

@ organic BC-400 plastic
scintillators, 30 years old +
newly machined

@ scintillators wrapped into
Al-foil and light-tight tape

@ plexiglas block on one end
(light guide to PM)

@ silicon grease between
plexiglas and phototube
(light coupling)
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Scintillator-PM Units - Energy Response

Compton Edge with Respect to Recoil Energy

25 - @ v-spectra of 22N, 99Co,
[ P 137CS, 2OYBi (ADC
[ slope: 2.2099 +- 0.0234
o offset: 00385 +- 00204 readOUt)
L ) @ energy transfer via
S Compton scattering
S 15+ . T
% i @ continuous distribution,
s r maximum energy transfer
g 1 e @ Compton edge:
o [ 2
o s o 2E, /mec
r ECompton = E—y 12E, /m.c?
0.5[- = measured pulse height vs.
r Ecompton: linear relation
ol Lo b i b b
0 02 04 06 08 1 12

energy recoil electron [MeV]
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Pulse Height: Muon vs. Background (v) Hits

e 137Cs Compton

® without source .
2 140/ with source edge: 0.48MeV vs
E Cs-Compton edge muon: 6.4MeV
120 / .
(MIP with 9£=2.13
100 | muon peak MeV / cm)
offf /. @ good separation
/ discriminator , &
wlly between background
and muon hits
40}
@ muon peaks
201 matched via
0 photomultiplier HV
0 1000 1500 2000 2500 3000

QDC channels

= set global discriminator threshold to suppress background hits
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Muon Trigger

e four layer coincidence

@ optimized discriminator thresholds

= trigger rate: 1 Hz
without source and @ maximum background flux (106cm~=2s71)

= constant trigger rate indicates reliable muon trigger,
(+ offline check due to pulse height (QDC) spectra)
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Preselection of Drift Tubes Hit by Muons

o well defined muon road due to data
from 50cm scintillators (in
agreement with data from reference

chambers)

@ allow only tubes within muon road
(yellow area) for analysis of drift W
time data to reduce background m
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Time Resolution of TDC Spectra

@ time correction: transit time of scintillation light within scintillator
has to be taken into consideration

@ 50cm scintillators give information where short scintillators were hit
by muon

= time resolution is limited by transit time of scintillation light for
a distance of 4cm

50 cm scintillators

30 cm scintillators| Y \/ AL

Stefanie Adomeit Trigger-Hodoscope for Studies of Drift Tubes at High ~-Background



Expected Background Rates for Drift Tubes @ ATLAS Drift Tubes Performance Studies Trigger t for High ~ gl Muons in tt-Decay

Transit Time of Scintillation Light

TDC(upper scint.) - TDC(lower scint.) =
transit time difference of scintillation light

in scintillators + time of flight of muon
35

f(x) = 19.74 - 0.273/em * x[em]

30
Upper Long Upper Long

555;311 755432.

/

/

¥
/

25

T

of

20

transit time difference [TDC channels]

)
T

P EETE FENTY FYETY IR T RTR BT ST RUeRY FORTA I
2520 1510 5 0 5 10 15 20 25
position particle hit upper scint. - lower scint. [cm]

— speed of light in scintillator:

0% m (1 TDC channel = 0.3 ns)

e e — time resolution: 0.5 ns
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Muons in tt-Decays

Standard Modell: t — b + W
further W-decay: leptonic (lepton + neutrino), hadronic (2 jets)

Semileptonic tt-Decay: Dileptonic tt-Decay:

@ 4 jets (2 b-jets) o 2 b-jets
o 1 lepton (e, 1, 7s excluded) @ 2 leptons (e, p, 7s excluded)
e missing E+ (1 neutrino) e missing E+ (2 neutrinos)
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Branching Ratio of Semileptonic and Dileptonic tt Decays

Standard Model prediction

p o (5X8)et (5%5),,+ (%5 X5),. _ 1
dileptonic / semileptonic — (2 » é % n (2 » % » %)

putjets

physics beyond the Standard Model...

. would give rise to new top decay channels
ot— HT + b

= modification of branching ratio Ryjieptonic /semileptonic

cut-based analysis: good measurement of p,, — higher precision for
selection efficiency (cut on muon p7) and thus for Ryjeptonic /semileptonic )
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Summary

@ performance studies for drift tube upgrade @ SLHC background
conditions require trigger unit

@ constructed segmented, 4-layer scintillator hodoscope

@ good separation between background and muon hits due to

o 4-layer coincidence
o optimized threshold values for discriminators

@ definition of muon road possible

@ TDC-spectra: time resolution of 0.5ns (limited due to finite transit
time of scintillation light)
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