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M uon TDR Contents

O utl ine:
1.Introducti on (5 p. )

– Physi cs requi rem ents

– Generaldetector structure

– Evol uti on si nce the TP

2.Detector Requi rem ents and Speci fi cati ons (10 p. )

– Background envi ronm ent

– M uon system technol ogi es

– Readout el ectroni cs

– Detector l ayout

3.Physi cs Perform ance (11 p. )
– Sim ulati on Procedure

– Perform ance of the L0 m uon tri gger

– M uon identi fi cati on

– Reconstructi on of m uoni c fi nalstates (B d ->J/ ψ Ks ;B s -> µµ)

– M uon taggi ng
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M uon TDR Contents

O utl ine (ctd.) :
4.Prototype Resul ts (12 p. )

– FE-chi p candi dates

– Resul ts of M W PCs prototype tests

– Resul ts of RPC prototype tests

5.Techni calDesi gn (28 p. )
– M W PC detector desi gn and constructi on

– RPC Detector desi gn and fabri cati on

– Readout El ectroni cs

– Support structures and i nstal lati on

– Servi ce System s (Gas and H V-System )

– Safety aspects

6.Project O rgani zati on (6 p. )
– Schedul e and M ilestones

– Divi si on of responsi bi liti es

– Cost
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Physi cs Perform ance

Level0 M uon Tri gger:
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• Stati on M 3:tri gger seed

•Stati ons M 2,M 4 and M 5:m uon track fi ndi ng

•Stati on M 5:confi rm ati on of penetrati ng parti cl e (p >5GeV/c)

•Stati ons M 1 and M 2:used for the P T-m easurem ent
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Level0 M uon Tri gger

Resul ts on Tri gger Perform ance:
• TDR M uon system i ncl udes real isti c cham ber geom etry and detector

response (i neffi ci ency,dead ti m e,si gnalarri valti m e,noi se,cross tal k)

-> TDR M uon System i s robust and shows sl ight i m provem ent i n

perform ance com pared to the TP M uon System
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Level0 M uon Tri gger

Beam halo m uons:
• D i stri buti on of energy and radi al

posi ti on of hal o m uons 1m upstream
of IP travel ling i n the di recti on of
the m uon system

• M uons enteri ng the experi m ental
hal lbehi nd M 5 give hi ts i n
di fferent BX i n the m uon stati ons

• H al o m uons are present i n ~1.5% of
the bunch crossi ngs

• 80% of m uons have p < 5 GeV/c

• In about 0. 1% of the BXs hal o
m uons cause a L0 m uon tri gger

-> N o si gni fi cant effect
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M uon Identi fi cati on

A lgori thm :
• Extrapol ate reconstructed tracks wi th p >3GeV/c and fi rst hi ts i n Velo

from T10 to the m uon system (M 2 etc. )

• Defi ne a fi eld of i nterest (FO I)around extrapol ati on poi nt and

• Defi ne m inim um num ber of stati ons wi th hi ts i n FO Is

• M 2+M 3 for 3 < p < 6 GeV/c

• M 2+M 3+(M 4 or M 5)

for 6 < p < 10 GeV/c

• M 2+M 3+M 4+M 5 for p > 10 GeV/c

M2+M3

M2+M3+M4 or M5
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M uon Identi fi cati on

Perform ance:

N om inal M axi m al

background background

εεεεµµµµ 94.0 ±±±±0.3 94.3 ±±±±0.3

Me 0.78±0.09 3.5±0.2

Mπ 1.50±0.03 4.00±0.05

MK 1.65±0.09 3.8±0.1

MP 0.36±0.05 2.3±0.1

A dditi onalcuts on sl ope di fference ∆Sx

and p π are requi red i n case of l arge bkg.

to keep M π ~1% (εεεεµµµµ ~90% )
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M uonic Fi nal States

B0 →→→→ J/ ψψψψ(µµµµ+µµµµ- ) K s :
• W ellestabl ished CP-vi olati ng decay from whi ch angl e β in the uni tary

tri angl e can be determ i ned.

• J/ ψ (µ+µ-) reconstructi on:
-opposi tel y charged tracks i denti fi ed as m uons.

-M ass of di m uon pair consi stent wi th J/ ψ m ass

-> Effi ci ency i ndependent of p T

• Si m ilar sel ecti on cri teri a for K s and B0

->B O m ass resol uti on 7M eV/c 2

• L0 tri gger acceptance of ful ly
reconstructed events i s 98% .

• L0 m uon acceptance i s 95% .
• ~40% tri ggered by m uon tri gger al one.

~120k events/year expected i n LH Cb
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M W PC Detector

Perform ance requi rem ents:
• Effi ci ency wi thi n 20ns ti m e window >99% : ->Two gaps,1. 5m m wire spaci ng

• Redundancy: ->Two i ndependent doubl e gaps

• Good agei ng properti es: ->Gas m ixture:A r/CO 2/CF 4 40:50:10

Design Speci fi cati ons:
• 30 µm wire,1. 5m m wire spaci ng,

• 5m m gap size,2x2gaps

Constructi on requi rem ents:
Panelfl atness: ±50 µm

Gap size: ±70 µm

W ire pl ane offset: ±150 µm

Singl e wire offset: ±100 µm

W ire pi tch: ±40 µm

H V-board SP-baord
A SD-board
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Panels:
• Key el em ent i n M W PC,±50µm preci si on over 40cm x 140cm requi red

• N om ex H oneycom b panel s are basel ine choi ce.

– Good experi ence i n tests have been m ade.

– Li ght,robust,good gl uei ng properti es.

– Preci si on panel s are expensi ve

• O ther m ateri als l ike Chem pir core and pol yurethani c foam under consi derati on

Fram es:
• Sol uti on which does not requi re preci si on on wire fi xati on bars has advantages

->Preci si on coul d com e from spacers i ntroduced every 10-15cm i n the fram es

• Si gnal s for subsequent connector are grouped on wi re fi xati on bars

• Si de bars wi llbe used to bri ng the Gas i n

->2 i ndependent gas cycl es foreseen i n the cham ber to enhance redundancy;

W ire:
• Gol d-pl ated tungsten wi re wi th 60±10g tensi on willbe used

Cham ber Com ponents
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Cham ber Desi gn
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1. Al-poly sandwich
2. HV connection
3. Gas-gap
4. Output connectors
5. Spacing button
6. Strip planes
7. Al box

RPC design

ÿÿÿÿ 150 cm

ÿÿÿÿ 30
cm

All gas-gaps same size
11

3
3

6
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GIF Ageing Test

GIF test: started Jan. 15, to continue up to
December

Ageing requirements in LHCb
(including safety factors)

Region 3 Region 4

Jmax 11 nA cm -2 4 nA cm -2

Q (10 y) 1.1 C cm -2 0.4 C cm -2

Avalanche charge: GIF measurement

Irradiated Chamber - GIF Abs: 1
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GIF Ageing Test

Rate capability measurement after accumulating 0.2 C
cm -2 (ÿÿÿÿ 5 LHCb years in Region 4)

No effect up to 3.5 kHz cm -2
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Oil vs. No-Oil

Milestones (December 2001)
IDARK < 2 nA/cm2 (20 µA/m2)
Dark rate < 200 Hz/cm2

Linseed oil on bakelite
improves
� Noise (less load on trigger)
� Dark current (less ageing)

could introduce problems (Babar)
� Polymerization critical

is an additional variable
� construction more delicate
� extra quality control req'd

Current and noise ok with oil. However we favor a solution without oil.
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RPC Quality Control and Testing

Bakelite
Measurement of volume resistivity
Measurement of surface roughness

Gas Gaps
Check of oil layer (if used)
Check of gas tightness and HV leaks (at the factory)
Measurement of I vs. HV curve, reject gaps with too high dark currents
Check uniformity with source
Pairing of similar gaps

Chambers & Electronics
Cosmic ray test of the assembled chamber

Performed at bakelite factory
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FE -El ectroni cs

FE-chi p speci fi cati ons:
• Peaki ng ti m e ~10ns
• R in: <50 ΩΩΩΩ
• C det : 40-250pF
• N oi se: <2fC for C det =250pF
• Rate: up to 1M H z
• Pul se width: <50ns
• Dose: up to 1M rad

Ineffi ci ency due to A SD pul se-wi dth
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FE -El ectroni cs

FE-chi p candi dates:
• PN PI SM D (reference) (t p=8ns, R in=25ΩΩΩΩ, EN C:1250+50e -/pF )

• SO N Y A SD (pul se width ~90ns, radi ati on l im it ~ 50krad)

SO N Y++ (adapted versi on of SO N Y A SD,usabl e for som e regi ons)

• A SDQ (R in=280 ΩΩΩΩ, requi res m odi fi cati on.)

A SDQ ++ (Rin=25ΩΩΩΩ, EN C:1740+37e -/pF)

->Perform s i n generalvery wel l

• CA RIO CA (0. 25 µµµµ CM O S,under devel opm ent)

– t p=7ns (pre-am pl .); R in<20ΩΩΩΩ;

– very l ow noise:750+30e -/pF

– very l ow cost

– Design/Layout com pl eted Sep. 2001

– Finalproducts:end 2002

-> Prefered sol uti on
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FE electronics

Baseline choice: CMS BiCMOS chip

Technology 0.8 um BiCMOS
Dimensions 2.9x2.6 mm
Input impedance 15 ohm
Dynamic range 20 fC - 20 pC
Charge sensitivity 1 mV/fC
Equiv. Input noise 4 fC
Ch. to ch. time spread < 0.35 ns
Dead time 50 ns
Power consumption 45 mW/channel

Prototype board used in beam tests (8 ch)

Final board will be 16 ch

LVDS output

Chip calibration
Vthreshold=100mV
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Readout El ectroni cs

System Archi tecture:

• FE-boards: 7536

(wi th A SD and DIA LO G chi ps)

120k phys.ch. 43k l og.ch.

• Servi ce Boards: 144

(wi th CA N -ELM B nodes)

• Interm edi ate boards: 168

26k l og.ch.

• O ff Detector El ec.Boards: 168

(wi th SYN C chi ps/FPGA s)
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D IA LO G

8 LVDS
OUT

(to ODE/IB.s)

DIagnosti cs, ti m e A djuster and LO Gi cs
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Support Structures

Discussi ons wi th cryo-group etc.
on space si tuati on conti nue
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Muon Detector Milestones

Date Milestone
MWPC Detectors

2002 Apr Engineering design completed
2003 Feb Begin chamber construction and tests
2004 Dec Chamber construction completed

RPC Detectors
2001 Dec Decision on oil
2002 Apr Engineering design completed
2003 May Begin chamber construction and tests
2004 Dec Chamber construction completed

Chambers for the inner part of M1
2003 Feb Technology choice
2004 Dec Chamber construction complete

Electronics
2002 Mar CARIOCA and DIALOG design and test completed
2002 Nov Full chain electronics test completed
2003 Feb Begin FE-board production
2002 Nov Begin IM, SB, ODE boards preproduction
2004 Dec Electronics assembled and tested

General infrastructure
2003 Dec Iron filter installed
2004 Jun Chamber support structure installed

Muon Detector
2005 Aug Commissioning completed
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Sharing of Responsibilities

Task Institutes

MWPC Detectors
M1-M3 outer part Ferrara, LNF, PNPI, Rome I/Potenza
M2-M5 inner part CBPF, CERN, Ferrara, LNF, UFRJ
RPC Detectors
M4-M5 outer part Firenze, Roma

II
Inner part of M1

Cagliari, LNF
Electronics

CARIOCA chip CERN, UFRJ
DIALOG chip Cagliari
MWPC FE Boards CBPF, PNPI, Rome I/Potenza, UFRJ
RPC FE Boards Firenze, Roma II
IM Boards LNF
Service Boards LNF
ODE Boards (+SYNC chip) Cagliari, LNF

Services
Gas system (design) CERN
Monitoring, control (ECS) Roma I

Experimental area infrastructures
Chamber supports CERN, LNF
Muon filter CERN
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Project Costs (kCHF)

Item Cost

MWPC Detectors 1220

RPC Detectors 260

Electronics 4040

Services (*) 1310

Muon filter 4000

TOTAL COSTS
(incl. Spares & Contingency) 10830

(*) Gas and HV systems + support structures


