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U.S. ATLAS

? Overview

B The Large Hadron Collider - A Brief Overview

B The ATLAS Experiment
m Physics Goals - Why do this?
m Description of the Experiment

B The Muon System

m The four different muon detectors
B The Monitored Drift Tube Chambers
B Cathode Strip Chambers

m Electronics

B Concluding Comment
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U.S. ATLAS

January 23, 2003

Key LHC Parameters

LHC General Parameters

0.9

0.021

Energy at collision ow 7 TeV
Energy at injection 450 GeV
Dipole field at 7 TeV 8.33 T
Coil inner diameter 56 mm
Distance between aperture axes (1.9 K) 194 mm
Luminosity 1 E34 cm-*s-
Beam beam parameter 3.6 E-3
DC beam current 0.56 A
Bunch spacing 7.48 m
Bunch separation 24.95 ns
Number of particles per bunch 1.1 Ell
Normalized transverse emittance (r.m.s.) 3.75 pm
Total crossing angle 300 urad
Luminosity lifetime 10 h
Energy loss per turn 7 keV
Critical photon energy 44.1 eV
Total radiated power per beam 3.8 kW
Stored energy per beam 350 MJ
Filling time per ring 4.3 min
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U.S. ATLAS

What would 1e9 Joules of Stored Energy
compare to?

Approximate energy in joules associated with various
events and phenomena

Description Energy
Big Bang 10%8
Radio energy emitted by the Galaxy during its

lifetime 1055
Rotational energy of the Milky Way 10°%
Energy released in a supernova explosion 104
Oceans’ hydrogen in fusion J
Rotational energy of the earth 1029
Annual solar energy incident on the earth 5 % 10
Annual wind energy dissipated near earth’s

surface 10==
Annual global energy usage by humans 3 x 102
Annual energy dissipated by the tides 1029
Annual U.S. energy usage 8 x 10¥
Energy release during Krakatoan eruption

of 1883 1018

January 23, 2003 BNL Instrumentation Seminar - V. Polychronakos

Energy release of 15-megaton fusion bomb 10
Annual electrical output of large

generating plant 1018
Thunderstorm 1010
Energy released in burning 1000 kg of coal 3 % 10%9
Kinetic energy of a large jet aircraft 109
Energy released in burning 1 litre

of gasoline 3: % 197
Daily food intake of a human adult 107
Kinetic energy of a home run in baseball 103
Work done by a human heart per beat 0.5
Turning this page 103
Flea hop 10-°
Discharge of a single neuron 1—%9
Typical energy of a proton in a nucleus 1013
Typical energy of an electron in an atom 1018
Energy to break one bond in DNA 120

BROOKHAVEN
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U.S. ATLAS

Superconducting (2 in 1) Dipoles
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U.S. ATLAS

? Experiments at the LHC

B Four Experiments being constructed:

B "General Purpose” ATLAS and CMS

m 4-pi Geometry

m Electroweak Symmetry Breaking (Higgs Boson)
B Supersymmetry

m Compositness

m New Vector Bosons?

m Extra Dimensions?

B ALICE - Heavy Ion Experiement (akin to PHENIX)

B LHCb - Dedicated "b-physics” Experiement (CP violation in
the b sector

f,,--"""
BROOKHAVEN

January 23, 2003 BNL Instrumentation Seminar - V. Polychronakos NATIONAL LABORATORY 8



U.S. ATLAS

The ATLAS Detector

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Muon Detectors Electromagnetic Calorimeters

ATLAS

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

,‘!. " B -'_- b ll.lj_j .::.- \

3 Inner Detector ialdi
Jan Barrel Toroid L Shielding



U.S. ATLAS
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U.S. ATLAS

ATLAS Muon Endcap System

‘:ﬁ'ﬂ Detector characteristics
Muon Detectors Electromagnetic Calorimeters ol Width: ~ 44m
1\ ot Diameter: 22Zm
\ < Weight: 7000t
Solenoid \ CERN AC - ATLAS V1997

Forward Caiorimeters
End Cap Toraid

EE Layer — US

BMC Staged

Boston

Brandeis
Harvard
MIT
Tufts

e ——— 1|

Hadronic Calorimeters

BROOKHAVEN
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U.S. ATLAS

U.S. ATLAS Muon Collaboration

S. Ahlen, E. Hazen, K. Lane, A. Marin, C. Posch, J. Shank, E. Simmons, S. Whitaker*

Boston University

J. Bensinger*, C. Blocker, A. Dushkin, K. Hashemi, L. Kirsch, H. Wellenstein

Brandeis University

V. Gratchev, P. Nevski, P. O’Connor, V. Polychronakos®, D. Rahm, V. Tcherniatine, E. Torki
Brookhaven National Laboratory

G. Brandenburg*, J. Da Costa, G. Feldman, N. Felt, T. Fries, P. Hurst, J. Huth, J. Oliver

Harvard University

U. Becker, R. Coco, D. Marzocchi, L. Osborne, F. Taylor*, B. Wadsworth

Massachusetts Institute of Technology

A. Mann, A. Napier, O. Nazarenko, S. Rolli, K. Sliwa*

Tufts University * Institute Contact Person
A. Lankford*, D. Stoker

University of California at Irvine

P. Binichi, M. Campbell, J. Chapman, T. Dai, E. Diehl, S. Goldfarb, H. Chunhui, D. Levin, S. Mc Kee,
G.Mikus, H. Neal, J. Qian, H. Schick, G. Tarle, R. Thun, C. Weaverdyck, Q. Xu, B. Zhou*

University of Michigan

T. Burnett, C. Daly, R. Davisson, D. Forbush, H. Lubatti*, P. Mockett, J. Rothberg, M. Twomey, T. Zhao

University of Washington at Seattle
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U.S. ATLAS

The importance of leptons (e,u)
% for the Higgs search

B Mass of the Higgs Boson not a priori constrained by theory
(but < ~700 Gev/c?)

B LEP experiments > M > 114 GeV /c?, most likely value
170>M, > 120
B H likes to decay into the heaviest possible particles, hence
H->Z0Z0
1> pe
—
B Of course H decays into electrons at about the same rate

(measured by the EM Calorimeter - most important BNL
contribution to ATLAS)

B P; of pu(e) 5-50 GeV/c, easy to trigger

____,I_
BROOKHRAVEN
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U.S. ATLAS

The ATLAS Muon System

m Trigger Chambers, fast timing
P — Cathode Strip resolution ~2 ns, ~ 1 cm spatial
R AR IR T s resolution

Resistive Plate

m Resistive Plate Chambers (RPC) in

Barrel
Chambers

m Thin Gap Chambers (TGC) in the
Endcaps

Momentum measurement
chambers (Precision Chambers,

T
ﬂ

-!_.-_'.
oas 85050
SrE

~80 micron spatial resolution)
"'f-"i"} __ m Monitored Drift tubes (MDT) in

most of the solid angle

m Cathode Strip Chambers (CSC) in

the most forward (high rate)
Endcap region

e
&

x Monitored Drift Tube
Thin Gap Chambers
Chambers

January 23, 2003
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Triggering and Measuring Muons

TGC 3

low p.

high p,

15 m

NATIONAL LABORATORY
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U.S. ATLAS

What dictates Size and Precision

Msmnf 1 i Mot G Sagitta for 1 TeV/c muon in a typical
: Spectrometer ( B = 1 Tesla
Gy iy L=6m)
5 i i \
/| N S=14mm
2K~5 \
\ If we want to measure p to 5%
5 (2R-5)=5. & p= 038R . @@yl ds = 70 microns
= o - 1 g in Gellle | (oob GeV
Se e 0§ f
R < P B Tesle S 88 D
E_ mﬁfwi .III
Jo - E=30 K . .
\ < 36 et ?fﬂ'ﬁﬂ / —>Large area, high precision
A s’ > LG detectors
, G F am /
Sy ; —
a_{%hﬁ'?; e o
A sy I

7
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U.S. ATLAS

% The Monitored Drift Tube Chamber

RASNIK

Lens mount Multilzyer 2

'ESSO

E{; i e Thresh.=25¢ o) e ey At l':':"
: e ok it 2 ey 1)

300 o Thresh. =50 ¢ A : = ¥ i =i B
C __ Simulaticn (Thresh. = 25 €) =) T i
Loy Simulation (Thresh, = 50 &)

250 [}

200

£ ]

= Ay ] il

ey ey LA
AL

Longitudinal RASN K CCDs
0 - beams
oo [ Multilzyer 1

I Cross plates
50 -
0(; '
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U.S. ATLAS

Assembly of MDT Chambers (Frascati, IT)

NATIONAL LABORATORY
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An Orthogonal (Barrel) Chamber
EMS, U. Michigan

i ) NATIONAL LABORATORY
BNL Instrumentation Seminar - V. Polychronakos
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U.S. ATLAS

Barrel Chamber (MPI, Munich)

BROOKHFEVEN
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U.S. ATLAS

H8 Alignment System Test

EO Layer

Phase | ‘02

Test of EC
alignment
system
integration

Phase Il '02.5

Test of working
sector of EC
system

Alignment Bar

Sensor

Alignment Line

El Layer

NATIONAL LABORATORY
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CSCs are the forward precision

32 four-layer chambers : r il
s | e
2.0 < |n| < 2.7 nn ".h \\ !“/ T \ r\ii\ //
L e |

IZ| ~7m,1<r<2m

4 gas gaps per chamber

31,000 channels
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U.S. ATLAS

Principle of operation

Determine muon position by interpolating the
charge on 3 to 5 adjacent strips

Precision (x-) strip pitch ~ 5.6 mm

Measure Q1, Q2, Q3... with 150:1 SNR to get
c, ~ 60 um.

Second set of y-strips measure transverse
coordinate to ~ 1 cm.

Position accuracy unaffected by gas gain or
drift time variations.

Accurate /ntercalibration of adjacent channels
essential.

| | |
Design derivesfrom | |5 0000 dd 3;\' '
E814 Pad Chambers | _ P M
= 5.6 mm |
Graham Smith e sl Cat;ggg%L
Bo Yu BROOKHRAVEN
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U.S. ATLAS

CSC Fabrication @ BNL

Meaéurement MPInarlt

"E S\
Estimated

Production Rate

f3chlma

Cathode Panel Lamination

Storage of
completed panels

Wire Winding
BROOKHRAVEN

NATIONAL LABORATORY
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U.S. ATLAS

The CSC Team

c
o

BNI-sT coru m A. Lankford
m . Ol'i."lll m D. Stoker
m J. Fried

B M. Schernau
B A. Gordeev i

m S. Pier
m V. Gratchev i

m D. Hawkins
m S. Junnarkar

m N. Drego
m A. Hoffmann ili

m J. Dailing
m A. Kandasamy m B. Toledano
m W. Licciardi .
m T. Muller
m P. O'Connor
m V. Polychronakos
m D. Rahm
m K. Sexton
m K. Wolniewicz

January 23, 2003
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U.S. ATLAS

anel Flathess Measurements

Early Panel while still developing  one of the later panels
technique

Min to M ot 6-7 o Min to Max variation ~4%
in to Max variation ~6-7 %
BROOKHAVEN

NATIONAL LABORATORY
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U.S. ATLAS

orresponding Gas Gain Variation

Relative Change in Gas Gain vs. Cathode Displacement
(ATLAS CSC, =2 54mm, d=2 54mm, ¥a=2700V)

—4— Calculation
—0— Measurements

Relative Change in Gas Gain [9%]

] 2 4 8 8 10 12 14
Digplacement in Gne Cathode [ of d]

Gas Gain Variation tracks well anode-
cathode gap variation

Agrees well with calculations

Confidence for robust operation

BROOKHAVEN

NATIONAL LABORATORY
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U.S. ATLAS

m Wire tension and spacing are
automatically measured without
touching the anode wires

(inheritance from PHENIX,

Achim Franz)

January 23, 2003

Wire Tension and Spacing Measurement

NATIONAL LABORATORY
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U.S. ATLAS
AN
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U.S. ATLAS

January 23, 2003

Gain measurement station

nooxﬁﬁn

i ) NATIONAL LABORATORY
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U.S. ATLAS

? CSC Readout Principle

ASM-I ASM-II

A A
[ ' N

20M P/s
SCA ADC MU X Fiber
TX/RX
l cdthode I: I: - L,
%k‘\‘/ " ’ strip \
anode wire ]
group ]

# Amplifiers, analog pipeline memory, digitizer, fiber-optic links
# 192-channel "ASM-Pack”

# 2 board types: ASM-I and ASM-II

# 3 custom ICs: Preamp/shaper, SCA, digital MUX

f,,--"""
BROOKHAVEN
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U.S. ATLAS

Readout Philosophy

BMCSCs reside in a high occupancy region and hostile radiation environment.
mGoal: <0.1% data lost to hard or soft failures
mDetails:
mAll intelligence resides of f-detector.
mMinimal parts list on-chamber: ~10 components
mOn-chamber electronics has no:
mconfiguration registers
mprogrammable logic
mFIFOs
mRAM
mCounters
mState machines
mThorough radiation test of all components
mESD protect inputs of chips & boards
mExtra attention to amplifier stability
mFollow ATLAS grounding & shielding policy
mMinimal monitoring (no DCS)

ASICs and much of the front end
Work at Instrumentation
(Paul, Anand, Sachin)

mStrategy: on-chamber electronics as simple and robust as possible

f,,--"""
BROOKHAVEN
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Electronics Location in Faraday Cage

Jar



U.S. ATLAS

January 23, 2003

Support frame, y-strip readout location,
Faraday cages

i ) NATIONAL LABORATORY
BNL Instrumentation Seminar - V. Polychronakos
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U.S. ATLAS

Prototype at the X5 Beam at CERN

f,,--"""
BROOKHAVEN
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ASM-II board

* Function:

analog pipeline, digitization, optical link
* No. of channels: 192
* No. of boards: 160 (320)
« 120 x 430 mm? board, 46w, plugs onto ASM-I
* Design responsibility: BNL Instrumentation
* 12-chan proto (ASM-IIa) tested successfully

—on-board SCA controller, optical mezzanines
—measured gain, linearity, noise, pedestal dispersion
—verified i/f to P/S, >5MHz Read Clock rate, G-link

* 192-chan proto (ASM-IIb) under test now
—digital multiplexer, on-board or remote SCA control
—AC-coupled P/S to SCA to use full range of SCA
—will be used in 2002 beam test

* Next iteration will be “Module 0”
—will be ready by end of year

* Production planned for early 2003.

ASM-IIb: prototype 192-channel ASM

January 23, 2003

US ATLAS Review, 3-4 June 2002

CSC Electronics: A.J. Lankford 8

NATIONAL LABORATORY
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U.S. ATLAS

January 23, 2003

ASM-II block diagram

To Y-strips  «g— PEN

+5VDC Current Sense

+3.3VDC Current
Sense

Temperature Sense

Serial Cal. Data

DAC
o «‘_':: -
network

|g—————— STARTCAL

From Pre-Amp/Shaper - : :AADCZ il
ADBOZAR k
AD9042
ADBOAZAR k
AD9042
Fr Pre-Amp/Sh R 1
rom Pre-Amp/Shaper ADC
> (lesvH

RAD-HARD
ASIC

o
FPGA?

Parrallel

Conversion

A

From Pre-, Arrp/Shaper
CA 5
42
From Pre-Arrp/Shaper ADC
l >4
ADBOZAR @
From Pre-Arrp/Shaper -SCA 7 . -ADC ‘ I

RAD-HARD
ASIC

o
FPGA?

Parrallel

Conversion

From Pre-Amp/Shaper -SCA 8 ' - i I

From Pre-Amp/Shaper -SCA 9 . - i I
From Pre-Amp/Shape, SCA 10
> AD9042
ADB042AR k
From Pre-Amp/Shapeg | gca 11 >
AD9042
ADB042AR K

ASIC
or
FPGA?
Parrallel

Canversion

From Pre-Amp/Shaper
TP sca 12 HBE
AD9042
1

Fi Pre-Amp/Sh N

rom Pre-Amp/Shaper

From Pre-Arrp/Shaper g ADC
=S

From Pre-. Arrp/Shaper -‘15 ' - i I

RAD-HARD
ASIC

o

FPGA?

Parrallel
o

Serial
Canversion

From Pre-Amp/Shaper -sm 16 . - i I

WA7  4—]
WAE 4]
WA5 4—
WA4  4—
WA3 4—
WA2 —
WAT 4—]
WAOD
Welk, 40MHz  <¢—
Wek, 20MHz €—  GLNK FIBER
Rock «€— RECEVER FROM
SD 44— SPARSIFER
RO <4—
S
Serial Cal. Data <—
CAL. DATA STROBE <_
START CAL. <_
CALTRI-STATE 4_
<4—
> CALTRI-STATE
N G-LINK FIBER
Y TRANSMTTER [P To
SPARSIFIER
] GLINK FBER
URAELIUER SPARSIFIER
—)
ASMII
PRODUCTION
BLOCK DIAGRAM
Kurt Vetter
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U.S. ATLAS

Front End Performance

Noise vs. capacitance

Linearity
2.5 3500
2 3000 O
R N 4 //
<) | "" —
> 1.5 P S 2500 o
> 1 . > 2000 6 x
b g m
*’ £
0.5 - v
* 1500« o
4 o
0 ¢
1000
0 200 400 600 0 20 40 60 80 100 120
Qin (fC) Cd (pF)
Simulated: | |
Measured: O
BROOKHFEVEN
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U.S. ATLAS

ASM-2a waveforms

Tek Run: 5.00MS/s  Sample
I Tek Run: 50.0MS/s  Average

2

1

13:04:20 MSOOnS'\.]1V 14 Mar 2001
[Ref2 | 1.00V 300ns 13:36:19

NATIONAL LABORATORY
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ASM-2a Gain and Linearity

SCA Output = ADC Input
=(Vsca+ - Vsca-)/d

-0.5% A
-1.0% A
-1.5% A

3
- y=-0.171x+2.6603 [
D E gesead ADC input
2 range
5
=]
- 2
P/S output range I
15— . —
0 1 2 3 4

January 23, 2003

Vin Chan. 32 (V)

-2.0%

Residuals

2.0%
1.5% A
1.0% ~
0.5%
0.0%

P/S output range I ¢

i

L
—J

o I Iy LYY LD

ML S SR AR T T L X e o

LRSI & B

1 2 3 4

BNL Instrumentation Seminar - V. Polychronakos
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U.S. ATLAS

Preamp/shaper ¢9Co irradiation results

Supply current

148

147 4

IDD (mA)

145

144

2200

200

Noise

400

600
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800

1000

2100
2000
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1800
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1700 {f-

1600 |-

1500

January 23, 2003
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January 23, 2003

Beam Test Measurments

III‘I!IIII!IIII

IIII!IIII!IIII!IIII!t}!I
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~ - ;; - : b
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n
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=

1 2 3
Rate (kHz/cm2)
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5 CSC Off-detector electronics

off-detector electronics

_—A—.—
[rmm ey T TN
32 per endcap | 160 Mbyte/s | 16 per endcap 1 per endcap
i capacity |
Chamber e | r,__l ROD Concentrator .
DX ] DX optional
e > —=for}—
ASM (o » 3 opu
ASM ’ :
) > —=oro—
ASM
<
SPU
ASM p [reufT— ROL
< [ T i
ittt =3 [m=7 fmmmmmmes 1
' 105 Mbyte/s ! SOA ' 160 Mbyte/s '
s Controller HPU HPU ! _capacity 1
| A I e | A
= 2 o —
ASM m_ :::-_
< y L e
ASM < P E capacity i _
ASM
<
ASM > lﬁ‘:_
g
2 chambers 55PUs + 1 RPU per chamber + 1 DPU per 2 ROD’s +
per ROD 1 HPU 1 HPU
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U.S. ATLAS

% ROD

B Functions:
m Generate control signals and transmit fo chambers
m Receive and process raw chamber data
m Assemble events and transmit to Concentrator
m Calibration and monitoring
m ROD serves 2 chambers (1920 channels, 12.8 Gbit/s)
B 9U VME plus 220 mm Transition Module, 100W
B Modular design using TI DSP-based daughterboard (GPU)
m /0 x70 mm, 3W
m > 100 Mword/s data BW
m Component cost ~ $300
m 12 GPUs per ROD

f,,--"""
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U.S. ATLAS

CSC TTC subsystem: Layout of TTC modules

CTP CTP Materials list:

TTC crate (6U VME)
single-board computer
TTCvi

TTCex (W/ attenuators)
DCTPI

fibers (TTCvito TIM)
TTCrm (in TIMs)

TIM (same as Pixel/SCT)
LTP

spares

[

< N
el
= LN
=T -0

_—NN NN =N -
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U.S. ATLAS

Prototype Recirculating Gas System

Design and Construction
by L.Kotchenda (PNPI)
and his crew at BNL

System design similar to final

Will be used in test beams

Important for long term aging
tests foreseen using X5/GIF
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U.S. ATLAS

? Our Extrapolation into the Future

(Or some facts that a lot of colleagues sometimes forget)

& Comparing ATLAS to the highest luminosity pp collider experiments
we are making the following extrapolations:

uSqrt(s) (also $%$%) 10

sLuminosity 100, relvant factor for occupancies in other detectors

sBackground 1000, this is why Muons drive shielding

“"The Future ain't what used to be”

Yogi Bera
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U.S. ATLAS

? Our Extrapolation into the Future

(Or some facts that a lot of colleagues sometimes forget)

B Comparing ATLAS to the highest luminosity pp collider
experiments, we are making the following extrapolations:

m Sqrt(s) [Center of Mass Energy, also $$$] x10
m Luminosity [Relevant to rates seen by most detectors x100
m Background rates [Muon rates, shielding] x1000

"The Future aint what used to be”
Yog/ Bera
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