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SDUWLFOH "HWH

'"HWHFWLRQ RI SDUWLFOHV WKU RXIW HAHKSRVLLQ
RI HQHUHWOHFWULFDO VLJQDO

' JRQL]DWLRQ
' %UHPVVWUDKOXQJ XS WR /+& HQHUJLHV PDI
! 6BKRZHU HOHFWURGDUWWHRQF IRU KDGURQV
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Material to absorb everything other than

muons (thickness energy dependent) Today’s design (very generic)

EM and
hadronic

i o = SCWINEIEIEAN  potential punch

5 5 5 - (heavy) through from

S : 3 Hlstorlc Act also as calorimeter

o o o d.eS|gn, oft_en absorber -

= = = without B-field

(o (= =

. /./.'. .\.\.
o 9

B-field

%HFDXVH PXRQV WUDYHUVH WKH GHWI®FMW R D OW.W
DUH UHODWLYHO\ PIRMAWWRRGBWEB FFKDQQHOV DUH
PXRQVLQ WKH ILQDO VWDWH
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« /RZUDGE DRMWYRIEQP HY HO V

0 D LY H¥ K DIR@ARQ RH VH V
« 30 D (RAWFRIDQWE BCRIZIAME RS BB ERMRIHEHHQU e
e *DVILOOHEG I&EVWB@EERQHY HQ YW R 8 s@ RE QNP WR

$ G Y D Q WRRIBDBHRM M/FWE R/RW V
W/ CDUUHD G D COWAIR QR Q VWIE B OVHASAR A R TR
W /DU YRRODOFPHHW  CDUHDW SSRRAMLLER DS W#QQN\DOPF
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+LVWRIYIHORSPHQ

n o, QAN\KSTHRAARE\Y WRMR-QOH- H Q R FODRRIB®'R Q
L 7ARRGD VBRRARA R RV W NURNEXSRXO) WNCUME R HN M U V

Hits in Mark-|
detector at SPEAR

Muon detection in
CDF at Tevatron

Muon track made up of
O(40) hits at the LHC

lepton 1
Track e/
Py =92 GeV
n=1.2

lepton4 ||
Centralp* ||

pr =23 GeV
n=04

A

1 p, =35 GeV

lepton 3
Forward p*

n=1.6

Muon system alone measures
momentum and charge in addition
to muon ID

K.Hoepfner, RWTH Aachen
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Discovery of the Upsilon 1977 at FNAL

<)
P RAFC L El3S ——yc jo +SNEe T HEMNG
- ma ga

S pa T g gaT paT

= S E
= z 1977

= 1

=

T

. P |
(L= = =] = = = =3
rex{ Geyw)
STEEL
SOLID ABSORBER
STEEL
ALL
ANALYSING

MAGN ET

TUNGSTEN
BEAM
DUMP

ELECTRONIC
DETECTORS

Observation of the =
Upsilon resonances ;™
Y(1,2,3S) in CMS 2010 .
%105 O 85 "9 a5 0 0% “j:_mni:&s;m;]
L%'.:1o5

2010

CMS Preliminary

Vs =7 TeV, L _, =40pb"

Select:

----- Photon

........

Lo
Electron
Hadron {e.q. Pian|

@ X
1 0 \"‘x S .‘1}‘:

=)
(@) |||||||

_,-r"'ll'll .'ll

K.Hoepfner, RWTH Aachen

Cern ACT Lecture: Muon Systems, May 2011



(IDPSOH RI *ROGHQ /

U 94-HATDROXHRI@ B RAZTERY | VUL J O IDMPRURHIADE MK 8 BARVQOH
UHODWLYHO\ HDPRWW GRIGWGHF® FKDQQHO \P DRIGIV

LQ WKH W.IWE® VWDWH

u 64 +HLBIBNAZRHA TN /17
L *HXUGA QNI SHKK MWLLFRW FRKKEDQQDHHDD | R WAKKHP)DGRHAM MBVRRM

At high interactions rates of
the LHC, high resolution LI S
measurements needed LT i/ ‘
muon SA track segments L)
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SUHFORRHQWXIBPYV XUH

Dp p S X Tracker lecture

by Pippa Wells

See also

Precision is a function of p

Increases with 1/BL? and 1/sqgrt(N)

10

Ap/p (%)

1071

Sagitta s of a 1 TeV track = 180 nm
Resolution 10% ~20 nm

Track length ~2m

-~ CMS muon system
" with tracker

Js

Ap/p = 4.5 % V(p/TeV)

e

® Barrel (n =0.5)

Pl

| I I I |

——

IIIIIIII

11 1 11

10 102
p (GeV)

103
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U ODLIGMHHQBIR/GR B BRIRRL] D MW
L SICEGELLVWWHLERETDOD VNG W/ A-KTRKXFEND b1 R |
| L HRRGWEKG 0 FHOXN X V

Constant, independent Properties of
on material and particle  apsorber material 1000 ¢

— Part of
dE ez ’ Z2 183 " cor?\?eirt?é to
- = 44 )(NA — Xx—— AN T3 photons
dX e 4pe,c A Z i
Mocius

i SESIVAR RAH-EQHUIIMHHAFAVDHEOR. [ [T
HOHFWO&WRFK UDGLDWILR & |

dE dE 1

H (gas) total

J— [ P~
Fe ion
dx dx 40000 = L= 7
m e L N, \-:° &
¢ R 78 &
AT <
3y
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Muon engrgy (GLE]C (/7) ~ 900 Gev
LHC muon energies
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0 X O WKW WH D1

OXOWLSOH 5XWKHUIRUG VFDWWMH&H W HEZWRK WKW |
L 66PPCDAD0D FRKKODQRIHAW SSHHUU FARRODADLLMLLRRQDW
U 0D\ FRRODAOLIV@QLIRRRM VXP PHDVXUDEOH GHYLDWL

13.6 MeV o
Veot®s = )j ( Z %/ ..I’/)&r() {]. + 0.038 hl(.’]‘/ﬁf{))}
bep
: S(p)p
y hicknes Xo
X B
':\(_]/
A i i_>
X
! P
48 %S Independent on particle’s momentum
At large momenta detector resolution
# & %’ m

dominating
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Geiger-Muller

counter

Recombination Region
1010 before collection of limited
proportionality

Ionization Proportional I

chamber counter
I B-particle
500

Uoltage (V)

Discharge
region

Number of Ions collected

Ol-particle
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For gas detectors
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a =1.Townsend-coefficient
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1
—a S, = ionisation cross section per electron
N = number of electrons
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'RQL]DWLRQ &KDUJH

H &&KKPUIHW DDUJH GALMWWULLLEEXAWWVHHGEG CDCORRQYJ WWKKHH WWULEDMI

[

& ~
< Cd

CO®PoO@) -k
EDDOPODDPOIE

density: p

u (COHAAWUURRLLA- WALLJJQODAD ULHHT DA ULUUHAW FRKKEEPULD HH WHHSTDUL

U &EKKIDUIHH WHHSSDULLDMLLRRQD XAAMLLQNT) HHOBBHERRMADAY FEELLL HHIGEU
GLUHFWLRQ

H &EKKEPUNHH FHRRODCOHHWALLRR) WHLIVHRHO X W LRQ VHSDUDWL
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$SSO\LQJ DQ HOHFWULF ILHOG

u B dHWZAHHHD WWKKHH COAHAALLGEHHIWWEDGD FFRRCBASIQMA RRQR/ B-D W/
GLUHFWLRQ QRZ GLUHFWLRQDHOOBFFHOHUDWLR
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SPSOLILFDWLRQ WKURXJK

& R O O ILRAGEN QDU GZHU RN FRIWR DMK PLVEHE © 1 Qs w%,‘ 1 J\
L 66HHFRRODEPS\EILR B@&WWWM@QW“

(aU
SULPBH OHFFFWFDFE\QWBI@M_Q IQIMQWUNA&ER@PGPEKJ{@[B\M LRV

((@H-H UM\H@HHGEVMM{\HIH BEHEBREDGDLL WLLRRQ@QW 4/0,

NREBR YR L FFHD B DFEDUFNLBRADK HL IR R REEABL HRRDA @%
VXSSUHVWWXWLNMMH}MDW RQ:

M M‘SS_LFF[KIEQXM\QFMWH ROOM BN @HNAR B X WD & X
AE | ) d H\E 3R RES @M &MHEISNID RFHD W F& AV |

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



7\SHV R

K.Hoepfner , RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011 24




9 %'1 : , % , Mm%
= |
>" 7 / 1
> 7 3
> ! 3 @ % +
>< | @ |
7
< 7 3

A ) |
A | 7T @-= )

Cern ACT Lecture: Muon Systems, May 2011 25



PSURYLQJ WKH 5H

OHDVXUHPHQW BDMWBAULIW W&SB’(HLFDFW(LI—FUQSBHVVXU

HOHFWURQV IURP ORFDWLRQ[B;]C K}EBUH/(
SDUWLFOH SDVVHG WR WKH BDHREY 7 HyA

Only'ifnplemented

&SROQVWDQW G U IZIN YWHHASR by ATLAS
WASLFDOO\ a PXP QV JDV Resolution as a function of pressure
Used by all [ WDWW ATLAS
exeriments |
these days Eg
=
S
g
?
©
£
a

A ArC,H; (70/30)%, d=3 cm, Dp,,;,=100 mm
u ArCO,CH, (45/45/10)%, d=2 cm, Dy,4,= 50 mm

Drift time Dt [ns]

Resolution per cell (R-dependent
-~108mn (Redep ) M) <100 M

Cern ACT Lecture: Muon Systems, May 2011
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&SRRUGLQDWH 5HFR

Coordinate reconstruction: X = v Dt with vy=const., t0 known (trigger)

& R Q W U L BAESNHEBHQMINWRER O Drift ti
L 77RRODHHUCREGEAEARANY D\OW B Q F H
' PHFKDQSBBIGLYWURBLVLRQ
| Z L BHR ¥ R WL\ QREQEPQa)
| Z L UMDV DGIX GBIWLYN. BAD MR.QR Q

M, QKKRRPARRIHHRRHGHHRRNGRD IEH L H O
Y D U L D RAGRWIMERR H DW F L W\

' (ILHOG
' J D8 S L AR WR @ Q

n LU T RANRRBGURLIMIG BE IMHINRSIHEF B QD \\ :
D W BMIGUKGEW I IDYOQW B Q F H V Ambiguities*resolved

L) OO LSRR RRDL\ R Q WAL R\@ L Rl@ staggering cells
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6RPH ,PSOHPHQWD

+ many, many more

. . DO mini drift tubes
Implementations

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



&06 '"ULIW &HOC

ArCO, 85%-15%

\_v—) Muon Rectangular

drift cells also

. used in UA1
Constant Drift experiment,
E ~ 2 kV/cm ~ const of larger size
v=55 mm/ns ~ const

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



OXOWIBURS R U WK BRERHHIDUEL O©::

2SHUDWLRQDO SULQFLSOH

1 66-HYYHHULCDAD ZALUHHW BBFHWZZHHHHD SSOOODQDUJ AFCDWWKKRRGEHHW
EKDUIREHRESHOL]SUL]H ]Q

U 25FHIUDWHHGES LD SSURSTRUWWLLRRQ
+IDW DOPPSSOOLL LLFCDWVLLRRQD **aa
U SEHHAVRRODVWLLRRGD GEHAWVHHULPRLLQODHHES TB\ ZA LU J

-

0 LLUUHH SSOOODQHHW UURRIVODO\RHEY B \
UHFRQVW U X AVRRRIGG RQ DWW H

U 3FRMMLEEOHH WWRESHRBSIIDAWOUIH G (

U 1HZP PQ DR WWHUMHGBR®HOVEBRR 6MLEFUR *OWVWULS *DV
&KDPEHU 06*&

-8
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PSOHPHQWDWLROQ

L WVWDWIL RQ VWIRBMANGL ¥ H WIXYUH DWHIRDFH R P
VHSDUDWHGLEWHWR/Q ILOWHUYV

U 0:3& DQG W UNISI0SHOH 0 (® HGAHHANFRVFRNUR/U V
LQ OF F DS BAMBHIDGERRXW
U ORVW 0:3&V ZAIVMBER ZHUMH UHDG RXW

RWKHUYDXWWE&DG RWU PD HRGZ HU H
FDW K&®B& HUDHGIRCAX W

L 7TRHOYXKUHHHILEEHOEFDR@GUHIBERGBRE F\ DDOOO
G HW H F W RMZ\RFAQNACKWLL\M HY @ BO B UK U V
0 O KDYH KRDAWI OWD\HUYV
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O LFOW (@ DR QW H W\

H OOLLQQLLPALL HHGS YYHHUUMALRRQD RR | [D 00 338& ZA LWWKKRROWWY
UHDO ZLUHV

U BHHVWWWHHL IRRQD W\KKODQD 00 3%&

U ) LLGOHHUU JIUUCDQXXGODULLLA \ WARR UUHAWRRODYYHH KIKLLIKK
RFFXSDQFLHV DQG SURYLGH IDVWHU

VLIJQDOV KLJK UDWH HQYLURQPHQW

U $IPPSSOOLL LLBFCDVARRAA WWKKIDQD 00 3388:
+LJK DQRGH YRILWBEBWJIHV

FDQ RFFXWUXFWXUDO GDPDJH

Best operated
In conjunction
0< with GEMSs to
7 ) reduce voltage
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\
9.5 mm

3.12 mm
4+—>

3-16 mm [ Avalanche

/

v

ANODE WIRES CATHODE STIPS

Spatial resolution ~mm,

_ _ Spatial resolution <100 nmm
Time resolution (~4 ns)

Timing resolution (t 5~100 ns)
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IDUJH &6 & 6\¥oW HFf/s$6

CMS conditions: CSC + RPC

Gas: Ar/CO,/CF, = (30/50/20)%
6 layers per station

Four stations per end-cap

&06 DOO RI PXRIDVW MR Q
$7/$6 DW KLJK HWD

'"HWHFWRUV ZLWK VKRUW GULIW GLVWDQFHV
RU QR GULIW DW DOO QHHGHG IRU
HQYLURQPHQW ZLWK KLJK UDWHV RU
LQKRPRJHQ HRINVGY

$OVR SRVVLEOH 7*& DV XVHG E\
$7/%$6
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5HV LV N IYERRE @ W H W

E High resistivity
r ~101° Wem

Gap needs to be
constant

6LIJQDO LQ SLFN XS HOHFWURGHYV

Avalanche-Mode (Proportional] Streamer-Mode

Amplification ~107 e- Higher amplification
High rates ~10 kHz/ cm? Medium rates ~10 Hz/cm?
(ATLAS, CMS, LHCD) (ALICE, BaBar)

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



53&V DUH (YHU\ZK

U, PPSSODHHPRHHQMIHABS /L@ H [ S H IPIDALKQ@W VR U WINLWI WU P @ .
UHV SR Q VIHO &R YNFOBMBSENEY PO &R UR Q WH.[FD® SID[HD P\s
LQ $7/$6 EDUUHO

U 1IHHHGS UDMKKHYUR D WINOH 'DUN FXUUHQW LQFUHD!

FDUHIXO WXQLQJ RI SDUDPHWHUV

uH IIRRIVWHHGY WR EH FRQWUROOHG +9 WHPSHUDYV

Single gap Double gap

Double gap: OR

of both detectors
Increases

efficiency
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&06 53& 6\VWHP

11% D U ZJLHVO NN I WLRRUGRYRR M/BHQAX F
H Q G FZLSNZ \W/BWKISRMBIRRX S

L' FROCERIBHED I\ €@ U@IHDABNR\B BARASKG
LAvalanche mode to ¢ R S B LAM KWANDIBA/BS\

W RNRH +H PF P
LW DWW & & ¥ ) , W X\ D Q H
4000 m? Barrel RPCs 6)
6 WU P3H\D VRERIHPOYEHUMPIG L Q J
F R R U G LWWHEWRRI2ZWRILIRR®Pa FP

) D VI\H U § R @ ROEVERU
XQDPELJYRXV %: ,'

1RWH LW IH@RWBNAHDRAYHH U
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*DVOHFWHRQ I0SOLH

n SEHHRHHQW
n $HLPP

DRAEB X051
IRRQD RR | COPPSSOOLL LLIFCDMVLLRRGD DDQGS UUHIDGERROW

2SHUDWLRQDO SULQFLSOH

L 7KAUGD IS IVERRIGMR R L &/ B LPMHKV P 1B W]HGL VEK® NDXEWI DFHG D Q G
a mP KROHVmMR VHSDUDWLROQ

Mo, R WWKKHH KKRRCCHAW KKLLIKK | LEHHE0GE WAWWMUUHHIIWKK - GOHDGBW WUR
DPSOLILFDWLRQ RI WKH HOHFWURQ VLJQDO

L $PPSSCOLU LIFCDBIHREY @8R L BLVIPH Y HVH YH Y BIQ_D O ‘
FRQVHFXWLYH IRLOV LQ D FKDPEHUYV WdLSOH (O

< »
)l L

Implemented in LHCb

K.Hoepfner, RWTH Aachen




PSOHPHQW
D W K H &

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011 39




2YHUDOO "HVLJQwéKdRk

$7/$6 DQG &06 PXOWLSXUSRVH H[SHWXRKMRWROWHIY -
ODUSHQJIHHI9 *H9 7 HIFPXRQYV W ML D UBONRG BVORELD F
u $7 5366
' $LU FRUH WVRURXCGWLSOH VFDWWHULQJ JRRG
' 7TRUR 2 DHDQE& RI V4 QH[W VOLBHIORR ¢
' TKUHH VWDWLRQV PLQ QXPEHU \QVRHEHH BR Y
P IXQFK WKURXJK IURP FDORULPHWHUY WR EH
' THFKQRORJ\ FKRLFHY SUHVVXUHG '7 53& &6

n 8806
I WJURQ UHWXUHVRNOKKWLRQ OLPLWHG E\ PXOWL:
I THVV SUREQMWHKVSKIQFK SVKAURXIWKKURXJIK
i &aRPSOHPHQWDU\ WHFKQRORJLHV KLJK UHGX
|
|
|

VW D W LR)QR/QRIDENRIQ
7HFKQRORJ\ FKRLFH '7 53& &6&
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,PSDFW RI ODJQH

$ 7/ $ B murLcasssbumwxE 0 6&RPSD§F)W@WH—HQRH_

ODLEDRRHFRWRMKG % 7 7| | - X VR\Q RIPHEQHBMR OF-RIRLGRBG %
% HQGLQ@LQ
6 W U DWW UKIVIBM LD [PNU D S R O BRWYRL @ Q\GE.Q JMLOD @ VD KDBAY BI@ \SIDA

] FRR BEBWKEHDWD R F RF P O U UVIMVULO LORRAMULIDFSAR O BWR
, QVW D BFEMNGH. IDMERRMMNERIOEARQ R L GE H D PR FR NGIMGMHEEOVH Q QL R Q

1IRR LU EREPRAR Y W MHH P 5H T X L UH YRHQGEEPRNR ¥ W MAH P
+RPRJHQ HRKMOG , QKR P R JH Q HHRDWW BB G
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Wi/ 6 GANNDDNNA IRFRDEYY Q WAVR IL QW A
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ATLAS CMS

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



$7/$6 ORQLWRUHG '7

Little multiple scattering  high precision

Less track bending  higher precision for measurement + alignment
pr=1 TeV/c has ~700 um Sagitta ® 10% Dp/p needs O(70 pum) precision

Larger coverage in h

Wl

0 XRQVE W WRRWY YV
a &KDPEHUYV
2XWHU GLDODPHWHU a P
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$7/$6 'ULIW &HOO D1

ZLWK 2YHUSUHYV

Resolution per cell (r-dependent)
<100 Nm

SDGLXV FP
*DV PLIWXUH 3$U &2
EDU SUHVVXUH

L ,RQL]DWLFOXVWHOFPWHWEP ZLWK
H EDSIRED

L (OHFWURQ[GRXPWURDWLRXPHULIW WLPH
a QV BRRAERU
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&06 OXRQ 6\VWHF

Muon Barrel O0<| h|<1.2
.: 3 @ 17

> 67 ( 6(c<
>$C A ). < A.<
Forward Muon 0.9<| h| <24

ME4/2 staged

> [/ ! 1

> $ o

>" [ 7 3 2B&'(
> "< 0 < <0<

>$C A ). < A.<

~0.5 M channels
~10,000 m?2 instrumented

All detectors used for triggering and reconstruction

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



DUUHO '"ULIW 7XEH

u FKDP E B U V D Q QHEHHEEORKK
Z LW KW DWR R QW¥WERIDFRGFPUIORKHIH @Y Q GH UV
NU Wi 1D IS FRRDVMOKAEDY/Q H O V

& 0 6 FRKKOCPHEEHHQUW/H Q & H I T RIS NIRHIED 1Y HK
H % ILHOG FROQWDLQHG LQ WKHLURQ %a 7 HIFF
0% RIRXWHUPRVWZKHHOYV

H % ILHOG LQ RHBROXIRMKHPH QW WUDFN
FXUYDWXUHIOLSV LQ 0% :

U 3XQFK WKURXJKRQO\LQ ILUVW VWDWLRQ

LU &HOO UHVROWRWURQ@WLRQ UHVROXWLIRQ
a mP OLPLWHG E\PXOWLSOH VFDWWHULQJ

Station of type MB1,2,3

...................
. ny

.

. %
* *

. o
G *
.......
--------------
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2SHUDWLQJ &R QG LOX RFOQWWF

ODIQHWLF )LHOG +LJK 3SDUWLFOH )O>

8QLIRUALIODG LQ FHQWUDQ RUHPH oG FDSV N -
9DU\LQLIMOG VWUHQIWK " 0B JHU WKDQ 0,3 VL
7 LQ WKH HQG FDSV ' gp[LPXP RI N+] FP

103
102
10t
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'ULIW D)QBOG

CMS

Radial component for
different barrel stations

Influence of B-field on drift behavior

appears as change of drift velocity

In reality, drift distance changed
Correct for it with fixed drift velocity

(external measurement)

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



2YHUDOO 'HVLJ@c&KR:

W S5/ &((
' +HDY\ LRQ H[SHULPHQW YHU\ ODUJS¥WUDFN

|
 2QHDUP VSHFWWURPHWHU ZLWK GLSROH PDJQH
. THFKQRORJ\ FKRLFH 53& FDWKRGH SDG

u /AHE8EE

' JRUZDUG VSHFWURPHWHU IL[HG WDUJHW JHF
1 O X R OQMHWUHN WP SRURSKOMOMY URE E
|
|

) R X\WWIDWMIRRGW ZAIWMK KKLLIKK UWHHWRRADXRALLIBRCRFEHHDRH
DGGLWLRQDO VWDWLRQ EHIRUH DEVRUEHU

' 7JHFKQRORJ\ FKRLFH 0:3& *(0
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6HYHUDO NH\ PHDYVXUH P H&Ma¥etldddiiry
RQ@2," H Iz €D QG One arm spectrometer

R, E&

L OOOFRRIIW\W WP \B IBRIRLYG G\ V
WR YHU\ KLJK SXULW\

U VWMUUCDFANNLLQRI) VWAMEDMLLRRDW  HHIDARKK
VXEGLYLGHG LQ UHJLRQV ZLWK
GLIIHUHQW JUDQXODULWLHYV

U ((THOULSSSIHES ZA WWKK 00CDMLL : L LUUHH
SURSRUWLRQDO &KDPEHUV
0:3&V DQG *DV (OHFWURQ
OXOWLSOLHUV *(0V

L 7RRMODAD WWKKLLARNEHAMW R/ + & E
KDGURQ DERRRIEHU PXRQ
VKLHO@® a
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GEM

MWPC
GEM detectors A
MWPC
\
Muon filter

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



$/,&( OXRQ 6\VWH

Trigger

High track density in heavy ion
collisions

Dipole Magnet

Front Absorber

\

Tracking Stations

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011



$/,&( OXRQ 6\VWH

Components

e Tracking Chambers
* Trigger Chambers

e Absorber

* Dipole Magnet

RPC Trigger
Chambers

Complex
absorber/small

angle shield system to
minimize background

Dipole Magnet: bending power 3 Tm
(90 cm from vertex) Ipole Magnet. bending pow

K.Hoepfner, RWTH Aachen Cern ACT Lecture: Muon Systems, May 2011
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L 7KHOBIQ R I I &S H-HDE B /
GXWWQDWWRQ@MWM&@Q

U 1IHZS K KW WZEDAKRIDRGE GMHBE SZIMYRNK W @AY I &1-+H8H 1| L E E HIHQW

G HW H R RIS R § R B/RRIGREHEDOEIHDAND H @R @ WZH Z
SK\VLFV

L OOCRRGIG\M W/ FEVE IR B & B\M M/FHDIRABNE M LRIV \
LPSOHPHQW D WIRRPGNDQIR VY5 B RIZEPVER BERE: B &EDE: V
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