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Pt from Sagitta Measurement

*At Hi! O9OoforJi±

s=±0.33L2
8Pt

* 5= 1.lmmforPt=500GeV/c

* Total error "budget" at 500 GeV/c 35 50 jim
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Operationat High
Luminosity

Requirebhàmberoccupancy
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Features

1 Large superconductingmagnet

- Sagittamethod:[EL2/c figure of merit]

2 Onetechnologyfor all functions

- Cathodestrip chambersCSC
- Timing, triggering, tracking

3 Functionsstand-alone at L 1034

- Shieldedby thick calorimeter
- Muon chambers:

finely segmented
fast time response

4 Goodresolutionup to high Pt

Pt = 500 GeVIc:

6PtJPt=5%at 9=90°
oPtPt=12%abI11lt2.59=9.5O

5 Pt trigger andbeamcrosstag

-

- Canselectup to Pt 50 GeV/c

‘9
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The Muon System in GEM

- Calorimeter:

Muon Filtr - Absorber:11 X to 16 X

ReconstructAEa - Isolatedmuons

* CentralTracker:

Primaryvertexconstraint

Vertexresolution EZ 1 mm
- 6b25gm

Isolationcuts of muontrack in calorimeter

aEscorrection

Muon backgroundrejectionby track matching

Coverageof muongaps

Improvedmomentumresolutionat low Pt

* - Resolutions-lowp Ap/p=3.5%
- high p p/p2 1.2 x io- GeVfc1
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-Chamber Configuration

Considerations:

inner layer

- ö-raysandEM showers==> fine segmentation
-

enoughlayersto find local track
- separatedfrom calorimeter

middle layer

- for Pt resolution -
==> smallX0 andlargenumberof layersa/"/N

outer layer

- more coarsesegmentationto reducecost
- enoughlayersto find local track

Design configuration:

-barrel 6-6-6
- endcap 8-6-6



Parameters of GEM Muon System

Gecmetry:

* Magnetic Ueld at the IP 0.8 T

Barrel region: 29 <9< 84 - 0.1 <hi< ii

Endcap region: 9.75 <9< 23 1.4< b1c 2.L6

Number of sectors in 0 - 48

Barrel lever ami >4.2 rn

Endcap ever arm - . > 8.8 m

- Chamber parameters: -.

* Spatial resolutIons:

Single-layer resolutIon RMS 75gm

Nonbend plane rasclutlon 0.81 .ocm

Beam crcssing tag effIciency 6 layers 99%

Internal chamber alIgnment S0jtrn

Supertayer-to-euperlayer alignment 2Sprn

RadIatIon IengtWchamber layer 1.1 %

No. of layers per St. SL1:SL2:SL.3 . 6:6:6 barrel
8:6:6 endeap

No. of chambers In barrel . 960

No. of chambers In endcaps - 480

No. of bend plane channels - barrel 645,120

No. of bend plane channels - endcaps 278,480

No. of non-bend plane channels - barrel 221,184

Mc. of ncr-ber clans - endcacs 92.160



ChamberTechnology

* Baselinefor TDR:

Trigger andTrackingFunctions:barrelandendcaps

CSC = CathodeSLrip Chambers

‘ Considered:

TrackingFunction:

LS]JT = Lithited StreamerDrift Tubes

RDT = RoundDrift Tubespressurized

TriggeringFunction:

- RPC= ResistivePlateCounters

* ChamberTestingProgram:

TTR = TexasTestRig Cosmicray muonlaboratoxyat SSCI-t



CathodeStrip -Chambers
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flR test of CSC
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CSCResolutions

SingleTrack DualTrack:
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CSC Timing Resolution

Time ns
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* Functions

CSC Electronics

* Cathodereadoutfine resolutionandtrigger
- 922 k channels

* AnodereadoUtcoarseresolutionandtinting
310 k channels

-hl hd+;pI,xed

32 nopcs

TIP -03D8 a



Table 4-ia. Eectrical sPecificaUcns for the 050 readout.

System
Section -

- Parameter Value

Readout path
-

-
-

-

-
-

Equivalent nput
noise, RMS

<2000 e

Fulse peaking time 300 ns
Overafl system gain 0.4 IC/Count

Dynamic range 10 bits

Accuracy - 7 bits

Cross talk -c -50 db

Readout rate 100 kHz
Readout latency -c lOOps -

Trigger path

-

Input threshold 16 IC

Timing jitter, AMS <4 ns

Timewalk -c4ns

General

-

-

Temperature range 20 ± 5°C

Power per channel < 100 mW

Radiation hardness:
- ionizing

I krad

RadiEtiori hardness:
neutrons

10M cm2

ii



Drivers of GEM Muon System

Alignment

ProjectivepaThs -
- - six per chambertower 3 in endcap

- producesgapsin middle superlayerof barrel

* Supportstructure

Nodesof structure
- congruentwith cornersof chamber
- chambertowersindividually supported -

Separatestructurefor barreland endcaps

* Propertiesof CathodeStrip Chambers:

Anodewire stability
- width of chamber[anodewire span 1.2 ml

Size of precisioncathodepanels
- maximumlength= 3.5 m

- [sourcecapacitanceandindustry limit] -
-

- maximumwidth 1.2 m
[layerresolution>75j.tm for I I > 6° 1

- [industry limit consistentwith wire stability]

Lorentzanglenulling ‘

- barrelchambersrotatedby 6° to 80
[allow chambersto be overlappedin barrel]

- - endcapwires asymmetricto radial axis

Radialstripsin endcaps
- trapezoidalchambers



Alignment
Local: -

Placechamberswithin Ax, Az ± 2 mm,
ABxABz ± 1 mrad

Use 6 projectivestraightnessmonitorsper chamber
tower -

, Determinerelativepositionof hit in SL2 wrt SD1,3

-

- Fs = Fi,i=1,2,3,..,6

wherei aredisplacementsrelativeto the
straightnessthonitors -

* Quadratic interpolation takes out chamber rotations
andtwists

Global - - -

* PlacementAx, Az ±2 mm, AOxAOz ± 1 mrad
OK - if no vertexconstraintimposed

-, Vertex constraint200 m
For Pt> 15 GeV/c need<35,000muons -

corespondsto 5 hr atL = io cm-2 rt
ForPt>-50GeV/cneed<3,500muons
correspondsto 50 hr atL = io cm-24 -

1-
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ChamberSupportStructure

* Engineering Group:

DraperLab. - Cambridge,MA -
- LLNL - Livermore,CA

- SCH - Arlington, MA
SSCL /EFD - Dallas,TX

* Stableplatform for chambers

Error budget: -

c 25 jim inter - superlayeralignment
- a 50 jim intra - superiayer.alignment- random

a 75 jim single layerresolution- random

* Considered: -

- Performancestabi1ty to vibrations
Cost -
Fabricationandinstallationrequirements

- Scheduleimpacton GEM construction
Access

* Proposeto build:

Barrel: sectors/12 tied togetheras a monolith
- goodvibration characteristics

easeof constructionin smallparts
- prototypetestingpossible

Endcap: super-wheelsone/superlayer
reducesintra-layerstructuralelements

- monolithhasgood stability performance
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Ferformanceof System

Momentumreconstruction

* Solid anglecoverage

* Triggering

* Ratecapability

1



Momentum Reconstruction

Baseline

Case 1: Muonsysterntand-a1one

* Trackidentified in all 3 superiayers
* Sagittamethod

Baselineexploitingstrenhs of GEM detector

Case2: Muon systemwith vertexconstraint

* Track identified in all 3 superlayers
* Vertex constraint200 jim to500 gin
* Betterhigh Pt resol’n

Case3: Muon systemwith central tracker

* Trackidentified in all 3 superlayers
* Muon trackmatchedwith CT track

- ‘ Low Pt resolutionimproved

Case4: Muon reconstructedby central tracker

* Muon identified by CalorimeterandoneSL

Muon systemis robust

- Case5: One plane. of muon systemmissing

* Trackidentified in SL2 andSL3 only-éatastrophicbrem
* Vertex constaint200 jim to 500 jim
* Turningangle



FactorsAffecting F Resolution

ParametricModel of Resolutiors*

Barrel: -. -

- O.3BR3-RD2
Stoai’

9 *2
-n *i a±c
±, e

* 1,3

2 ni 7
-

A +Cfr
- N2

- .jO.O15R3R1Y’I2XpN2
- - Pt I l6sirte

Gtolal

where:Ce 25 gm, Cj SO jim, c 75J.Lm, N1,2,.3= 6, Xo = O.O11/layer

Low Pt< 100GeV/c -
* Multiple scatteringin 5L2 material
* fluctuationsin energylossin calorimeter

High Pt 100 Ge17/c -
* Spaia1resolutionerror budgeL:soaI 50 j.xm at 500 GeV/c

* Actual calculationsaredonewith non-uniformfield
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Treatmentof EnergyLoss in Calorimeter

‘ Affects low Pt <1CO 0eV/c resolution

* Algorithm:*

1 Use CT information

2 Use calorirneLerinformation

- from Pp. determinedby muonsystemes6matemost
probablevalueof aEJ.L. - - -

- if Ic = E.Lmeasured/aERca1cuIated>1.5 use
aEjimeasured.

- otherwiseuseEgftuncaed meancontaining95 % of
sample

Pt = 20 GeV, th>1.2
0,

C

>a
z
100

50

Entries 945
19.81

Constantj
.3g

.5447
/ 13 -

86.85
fj

-

19.94
sgrnafJj .3471

I [1 I !T1L_t___!_J_! I I Li

L’S 7 1’

Or
18 19

ptcor
20 21

Pt GeV
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Momentum Reconstruction-Case 5

Muon systemwith vertex, SL2, andSL3:
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* Bend Plane
Triggering

- Information: hits in eachof 3 SEs

- Signalgeneratedby coincidencewith icokup tableof
correcthit combinationsfor given Pt

- Triggerprimitives:S4 or sagitta,but always3-Point

sagittabetteratlow Pt

* Non-bend Plane

ap betterat high Pt

liP 44
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Operation of Muon Systemin Radiation
Environment

Sources:

* Hadronpunchthrough

* itJK decayin CT and Calorimeter

Uncorrelatedneutronsandy-rays -

* Muon-inducedshowersand5-rays

DesignCriteria:

1 Rate of punchthrough

-
cc it/K decay+ prompt i

2 Rate of punchthrough for Pt > threshold
<<it/K decay+ prompt ji

3 Calorimeter depth-sufficient for chargedparticle
4-strip occupancy in eachlayer of first superlayer

- cl%atL=1034.

4 Occupancy of 1-strip from neutrons and y-rays
c3%atL=1034.



Tablu *1. CSC suujle and 4 sUi occuçiancy at i33 I luminosity from pauletes uxitin0 tIu culoiimtter in
two 1J!kJlt’ i’ntetvals as a function at calorimeter th. 4-strip occupancy relais to any hit in a givcn 4 conhiguot
strips. the rates shown are or the highest rate strips in each apudity region.

0.1 cIqI c 1.34

Calorimetur thickness A 6 8 10 2 14

Rateper strip Hz
Strip size 350 cmx0.5 cm

33000 6600 2200
-

800 480

Single sUip accupancy -
300 nsec integration lime -

2.6% 0.40% - 0.13%
.

0.05% 0.03%

4-strip occupancy 1O.4% 1.6% - 0.52% 0.20% 0.12%

1.86< IqI <2.46 -

Calorimetur thickness A . 10 12 14 16

Rate per strip Hz -
Strip siz 93cm x 0.5 cm

13100 10500 6640 4320

Single strip occupancy
300 nsec integration time

0.78% 0.64% 0.40% 0.26%

4-strip occupancy 3W 2.6% 1.6% 1.0%

Table 4-7. Depth Requirements imposed by criteria 1, 2. and 3.

Cnteria Minimum Depth required

0.1 c lqI < 1.34 1.38 <hyl c 1.86 1.86< IqI c2.4

1 11 11 - - -it

2 10 10 - 10

3 10 12 16

Overali 11 12 16

1



RadiationEnvironment

‘ Charged particles:

- hadronpunchthrugh
- decayp.
- prompt p..

* 4-strip occupancyat L = io4

- 0.44 % in barrel
* -1.O%ineñdcap

100

10

1

0.1

0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5
Rapidity liii

*I1 P-03859

FIG. 4-11. Charged particle rate versus rapidity in the
first muon system superlayer.
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Summary

Stand-alonesystem

- Operatsup to L iO34 cm-2s-1

- Good resolution
3 SL sagitta method

- Robustcan miss oneSL
vertex and 2 SLs

- - turning anglefrom extended2 SLs

0 With GEM central tracker

- Enhancedresbl’n at low Pt

- Impro’cred coverage

* Physics

Higgs-->4j.t:

- cMh 1.6 GeVIc2 for Mh 150 GeV/c2

- Identi chargeof± up to kinematiclimit of
SSCLwith 200 p.m vertex constraint


