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Muon Systems in C-

 Why muons?

- Good signature for interesting/exciting events
* Higgs 2 pppp, Z > pp, Wpv

 Muons pass through large amount of material
« Small cross-section for interactions, brem, etc.
« Multiple scattering reduces resolution

- Relatively easy to trigger on
« Most backgrounds reduced by steel yoke, calorimeter
« Charged particle - easy to measure momentum
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Muon System De

« Toroidal field to bend muons
« Complicated geometry for reconstruction

« Build very high resolution muon wire chambers (50p)
* Need very accurate alignment of chambers

« Keep multiple scattering to a minimum
* No iron return yoke, small filtering of background

« CMS

« Solenoidal field to bend muons in ¢ direction

« Easy geometry for reconstruction (also for strip chambers)
« Use wire chambers to identify tracks as muons

» Lower resolution needed (150u)
« Measure momentum accurately in Silicon Tracker

» Tracker resolution about 25u
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CMS Detect

SUPERCONDUCTING CALORIMETERS

COIL ECAL
e Scintillating

2 PbWO4 crystals

TRACKER

Silicon Microstrips
Pixels

Total weight : 12,500 t
Overall diameter : 15 m

Overall lenath : 21.6 m
Magnetic field : 4 Tesla

MJON BARREL
Drift Tube Resistive Plate

Chambers ( DT ) Chambers ( RPC

HCAL

Plastic scintillator/brass
sandwich

IRON YOKE

ENDCAPS
Cathode Strip Chambers (CSC )
Resistive Plate Chambers (RPC)
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Muon System Layout

CMS muon detectors: Cathode Strip Chambers,

Resistive Plate Chambers, Drift Tubes

Muon detector requirements E
from the TDR: :

DEINE By R CE

.
K Jnpam
1Zmm

« Trigger at high
luminosity

« Good muon ID over wide
range of momenta and N
angles ——

vi=1ma |

- Improve tracking

w=1Lz18 .,

n=L3a

V= 1LE2 .

momentum resolution o]
above 200 GeV/c N
e =zmz _|
N=2mo0 —-_ . ) "
N=28m _—-\-E E
W=10m —-—-___ :_h
o B =F
M=.3Im ———J—— I L — — I
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CMS Muon Technologies I

* Requirement: CMS must have two
independent muon triggering systems
- Barrel region — Drift Tubes (DT)

- Forward region -- Cathode Strip chambers
(CSC)

 Both regions -- Resistive Plate chambers (RPC)

‘RPC have very good timing (<3 nsec) but not as
good resolution

DT have good resolution but not as good timing
-CSC have good resolution and acceptable timing

—> Complementary Trigger Systems
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Sector 4
Sector )

Sector 6

Sector 7

Sector 8

Sector 9

Sector 10

250 chambers

5 wheels
12 sectors/wheel
4 layers/sector:
MB1, MB2, MB3, MB4

172,200 drift cells

~|  Drift Tube (DT) Chambe

Sector 11

Sector 12

YB+2 YB+1 YBO YB-1 YB-2
— — — — —
S ——

Covers O<n<1.2. Hacia el

centro de LHC

Provide muon identification
Precise momentum measurement. Good p resolution at high
transverse momenta: o(p;)/pr~ 10% @ 1TeV/c
Reliable and robust trigger:
pr standalone measurement @ Level-1 and High Level Trigger
and precise Bunch Crossing (BX) assignment.
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DT Design

Tmax < 400 ns

Efficiency ~ 99%
Drift velocity ~

55 um/ns

4 Layers = 1 SuperLayer (SL) I

O 3 Superlayers per chamber, 2 for ® coordinate and 1 for. 6
coordinate.

© Almost linear space-time relationship.

© Single wire resolution ~ 250 pm
O Local reconstruction (r®) ~ 100 um

ﬂm
[ qea—/ | o
* 1 /=3 |
[ e/ | e
I’ — —(‘t'+t3)+r =T
(T4 P 27 T MAX
2
1
meantimer

Meantimers recognize tracks

= T \|,.___ =
S T T T T T T gy T

- Ground Planes

T

'#.&é&é#. - ==
b=

A Cathode: Aluminum stdps

High Voltage: wires
strips

Gas: Ar/CO2 (85/15)%

3.6 kv
1.8 kv

cathodes -1.2 kV

— and form vector / quartet.
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DT Builders

éﬁﬁ INFN Legnaro & University of Padova, Italy
~ INFN Bologna, Italy
/vf“) .
M INFN Torino, Italy

-
T T GOBERNG  MINISTERO Cl@mﬂt L]
b 'S DEESPARA  DE CIEMCIA Cenfro de investigaciones
e EINNOVACION | Enerpetions, Medicamaientoles

rem— 5y

1 RWTH Aachen, Germany

HEPHY, Austria

VA UAM, Spain

UNIVERSIDAD AUTONOMA |
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o

CHAMBERS ™
30 m copper
o 5 240 Mbps
N = ~16 Mbps
throughput

DT

Chambers Minicrates
* 5wheels - 1500 ROB
» 60 sectors » 128 ch/ROB
» 250 chambers « Time digitalization
» 660 super- (0.7 ns resolution)
layers * 1 ps time window
* 1640 layers
« ~172200
channels

Sector Collector

« 60 ROS
» 25 ch/ROS =>
1 sector
« Data merging
- Data quality
monitoring

* ~ 260 bytes muon
event size/ROS

DT Read-out System

UXC55! USC55

i
1
|
100 m optical s
800 Mbps S-LINK64
~80 Mbps 320 MB/s
throughput ~ 200 MB/s
I throughput
DDU (FED

10 DDU => half a
wheel

12 ch/DDU (only half
needed)

Data merging

Data quality
monitoring

TTS interface

~ 0.7 kB muon event
size/DDU
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DT Trigger System

‘“;—\

4 muons

Ms GMT-6T

: Usch5
towers
Sector i bTTF
Collector !
! o)

Technical Trigger
(any single station)

| pal

Technical Trigger
(any DTTF track)

Minicrates
(1/chamber = 250)

- Track Segment and
EX Identification

- Ghost busting
- Best 2 TS / chamber

sorting

Sector Collector
(1/sector = 60)

- Trigger synchronization
- Local trigger spy
(timing and quality data
of TS injectad to DAQ)

Track Finder
(Phi: 1/sector =72
+ Eta: 1\wedge = 12)

- Extrapolation and
matching of TS

(build full muon tracks)

- Local phi assignment

- Eta value assignment

- Pt assignment

- Full In/Qut spy

Muon Sorter
(1/wedge="12
+1 barrel)

- Ghost busting

- Global phi assignment

- Final sorting of 4 best
muon candidates for the
Global Muon Trg
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Some nice DT plots.....

-
SRR
-,

306GeV. 126GeV 85.7 GeV/'

cosmic data

0.4 Muons from beam-halo
s Several beam-halo events have been collected during LHC commissioning.
0.3
0.25

0.2

0.15

0.1 -
e DT hits
0.05 -
cracks between

: CSC hits
0
910 acent DT weels (endcaps)

Z (cm)
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6-layer planar chambers...
Anode wires:

« Wires ganged in groups

of 5 -16 for r (0)
coordinate

* Closely-spaced
azimuthal anode wires
— fast timing

Cathode strips:

- Radial, trapezoidal
strips for ¢ coordinate

« Charge induced on
strips — precision
measurement in bend
direction of magnetic
field

Cathode Strip Chambers

gg s
I e — — mmm  cathode strips
NPTy avalanche
3-16 mm A wires

maaassssssssssssssmmm  Cathode plane

Typical size: _ B
3.3mx1.3m Coo Af

cathode
plane

avalanche

3.1 mm

C02 - CF4
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CSC Organization

CSC detector supported (almost) entirely

by US CMS

« Carnegie Mellon  Purdue

* Florida * Rice

- Fermilab - UC Davis

« Northeastern - UCLA

. Northwestern « UC Riverside
- Ohio State - Wisconsin

- Wayne State

CSC group also includes JINR (Dubna),
PNPI (St. Petersburg), IHEP (Beijing)

Dick Loveless US CMS “dTerm” IV Aug 2009

14



stations per endcap

54 CSCs

Over 2 million wires
More than 17,000
electronics boards
400,000 readout chan.
*9,000 HV channels
5,500 skewclear cables
*1400 gigabit optical
fibers

-Shown is 1 station with
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CSC Electronlcs Sy-
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Sy

Local Charged Tracks (LCT) are formed by
comparing hits to patterns...

Cathode LCT (CLCT) from strips

« Comparator network rapidly determines
hits to Y2-strip resolution per layer

 Measures ¢

 Pattern —» Radius of curvature «
momentum

Anode LCT (ALCT) from wire groups
» Defines trigger timing
 Measures 0, bx

- Pattern — envelope pointing to
Interaction Point
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CSC Trigger Sch

On Chamber

In Peripheral In counting

(UXC) Crate (UXC) house (USC)
Cathode Strip : Trigger Muon
Front End Boards . Motherboard  Port
i Card

CSC Track Finder

Wire Local | |

Anode Wire
Charged .
Front End Track Global Muon Trigger
Boards Board

The CSC L1 trigger is a fast tracking system
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Near the edges: |strip coordinate| > 0.25

CSC Residuals —

Entries 199533

‘ ME2/1, edge ‘ Mean 0.001569
RMS 0.03579

10000 ¥2 | ndf A54.4 / 68
Gauss Const 9957 + 309

Gauss Mean 0.001565 + 0.000074

8000 - Gauss Sigma 0.02874 + 0.00008
G 322 pm 3362+ 8.2

| 43.52 + 14.81

6000 per Iayer 1.445e+04 + 489

4000

2000

L

.2

015 01 005 0 005 01

0.15

0.2

position within the strip

Near the center: |strip coordinate| < 0.25
| ME2/1, center | Euitrles F2kann
Mean 0.0008563
= . | rRms 0.05976
6000 — A5 52 f ndf 118.5/68
C | Gauss Const 5822 + 69.1
- Gauss Mean 0.0008836 = 0.0001671
5000[— C,= 566 pm Gauss Sigma  0.04967= 0.00048
= po 806.7 = 74.8
4000— i p1 49.2: 435
- per Iayel‘ , | p2 -1.56e+04 + 3466
3000— : i
20003—
10005—
Y e T Y Y Y R

position within the strip

With the strip-staggering, the resolution of a chamber
can be estimated by
1/62 (chamber) = 3/6,2 + 3/c,2

> 6(ME2/1) = 161um

(c.f. TDR value = 150um)
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100% of CSCs Operational

Run 97324 25 May ‘09 Plots by A. Kubik (Northwestern)

Global recHit positions ME+1

Global recHit positions ME+2

Global recHit positions ME+3

a1 recHit positions ME+4
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Resistive Plate Cha
(RPC)

A
. "
Resistive [ e / A

layers _J.f
N ;,%’ e
s

£
Electirode
layers

Fast chambers, relatively inexpensive (no wires, large strips)

*Gap: 2 mm

* HV electrodes : 100 um graphite
* Gas pressure : ~ 1 Atm

e Gas mixture: 70% Ar, 29% iso-Butane, 1% Freon
* Gas flow: 0.1 vol/hour
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RPC Operating Poin-

_ The avalanche size
depends on the anode

distance

- 3
. ll RPC is not a proportional
f. counter
-
Different regimes with
different HV:
Spark chambers highest HV/cm

Resistive plate chambers
Avalanche chambers lowest HV/cm
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Charge (pC)

~|Run RPCs in Avalanche Mode

. Rate capability increases
PSS el by a factor 10
t Streamer
10 b + 1.0 -
os |
4
= t 4 M
Avalanche 08
* >
U
5 07 |
19" - * g [ ¢ aingle gap &
- i 0 o double gap
B 0.8 . = low gae gain
1 | 1 1 1 1 | 1 1 1 1 | 1 1 i
q 10 11 B
Operating voltage (kV) - ] .
%30T 104 #’

Flux (Hz/em®)
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RPCs in Atl

* Trigger RPCs in muon
system

— Avalanche mode
— Area: 3650 m?

— 355,000 channels
— Efficiency: >95 %

— Time resolution:
<3ns

— Rate capability:
[ATLAS TDR 10, CERN/LHCC/97-22, lkHZ /Cm2

http://atlas.web.cern.ch/Atlas/Welcome.html ]
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RPCs in Alice -

Multigap Timing RPCs are used to identify
particles (e/n-, 1/K-, K/p- Separation) via
time-of-flight ( Area: 176 m?2

*160,000 channels
Efficiency: >98%
*Time resolution: <70 ps

*Rate Capability: up to
50 Hz/cm?
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RPCs in CMS

-Trigger RPCs

MUON CHAMBERS| [ INNER TRACKER | [ cRysTAL ECAL ]
VERY FORWARD
|
' nlly
Il-l--.- -
I.l....-.

Total Weight 1 14,500t
Overall diameter : 14.60 m

\lf : R

‘ b A

Overall length : 21.60m 1l

Magnetic field : 4 Tesla \

- Avalanche mode
- Bakelite

- 2mm gaps

- E =~ 50kV/cm
-Gas: Freon +

Isobutane

- Time Resolution < 3ns
- Efficiency > 95%
- Rate capability:

1kHz/cm?2
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RPC System

Barrel: Bari, Frascati, Naples, Pavia, Peking, Sofia

End cap: Bari, , Peking, Seoul, Islamabad Ej@ RN
I '

Barrel
Trigger: Laparanta, Warsaw |

Il
S i I waAA |

[l wWeAs |

Baseline

|
|| weriz || i
|
|

WE:/M A |

« Six stations in the Barrel

* Four station in the Endcap :
up ton = 2.1 ;

UL

However, due to technical and financial reasons, only three layers
up to n = 1.6 in the endcap region are in place at the start up
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— Bakelite
Etot =
>
Bakelite
(ny I
- J oy
T _ w 00
Double gap = Li Gap=2mm |2
. o 2000 — -1 | B
geometry improvess m=83mm | L 800
the efficiency and = ,.oq [ Single gap | & °%°
allows safer o = Experimental | a0
:+& -—- Simulation
3 3 1000 —, 00
operation at higher -l .
threshold. Also the - , T Bwerimental | 200
time resolution Ry T IR g
improves. A S : ‘ 2 0
G .25 0.5 D75 1
Ona {PC)

~J

Double Gap RPCs

— Single gap
Doukle gop

n=9mm”’
v, = 130 um/ne
¥, = — &0 mv¥
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12.5 '15 7.5

Intrizic chamber deloy [ns)
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# of chambers/ 0.2 U

RPC Dark Currents

—— begin af CRAFT

CRAFT results (Nov ‘08)

7" end of CRAFT

[k}
_

(g
o}

—a
[

Barrel dark current/chamber
below 1.5 pA on average.
Temperature of the chambers
was kept stable at about 22 °C

IIIII—II—||—|II|II—|I|'1II

D_IIII|IIII TTTT

-

- IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

B 7 8 ]
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= 27— —
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L AR T P, -
L N w5 -~ e - s .
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Y (cm)
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RPC Efficiencie

CRAFT results (Nov ‘08)

Efficiency Distribution for the Barrel

|

Single gap
chambers

Swapped

cables
40 50 60

10 20 30 0 80 90 100

Eff (%)
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Summary -

 All Muon systems built, installed, and
operational
« Channel efficiencies typically 99% (or better)
« CSCs and DTs deliver reliable, efficient triggers
« Debug other subsystems

« Extensive running on cosmic rays
« Repair infant mortality, hardware problems
« Develop more efficient software/firmware
« DTs uncovered ~30% error in B field map
- Later speakers will show muon results

- Ready for LHC data!!!!
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