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Muon Det ect or R&D Obj ect ives
RPC St udies
Scint illat or Det ect or s and Test Beam Set up
Measur ement s and Test Result s
SiPM Pr eliminar y Test
Near Ter m Plans
Fut ur e Plans
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Pr oposed SiD Muon Syst em/ Tail Cat cher

Central Muon System:
After 4.6 nuclear  interaction lengths ( ) 

Of calorimeters and the 5T solenoid coil 
and cryostat 1.27 ~6 inter. Length.

Installed in the Iron of the 5Tsolenoid 
flux return ~ 2.30m of Fe:~18 total.   

Central barrel 5.7 m long, R = 3.5 m. 

Barrel and EndCaps Muon System unit:  
10 cm thick Fe; 4 cm gaps

Total detector area ~6000 m2 for 14 
layers.

Candidate detector technologies: RPCs and/or Strip-scintillator
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SiD Det ect or Candidat e Technologies

Resist ive Plat e Chamber s wit h signal pick-up st r ips.
Used in several experiments;

Ease/low cost of manufacturing;

Dual gap for high efficiency.

Scint illat or st r ips, WLS f iber and phot on det ect or s.
Employed by MI NOS and ot her exper iment s wit h MAPMTs.

New photo-detector technology, multi-pixel Si detectors, may  
be a cost effective alternative to MAPMTs.
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Muon Det ect or RPC St udies

Sur vey of RPC det ect or per f or mance at :
BaBar 
BELLE
BES

Understand problems and successes.

BES has manuf act ur ed ~ 2000 m2 of Bakelite RPCs.

Princeton Chan-Guo Lu (ALCPG Wor kshop, Snowmass, Aug14-17,2005 
& Proceedings) and Wisconsin, H. Band ar e f ollowing t est s and 
progress. 

A f ew t r anspar encies f r om H. R. Band s presentation at the last 
SiD meet ing in Oct ober 2006 follow.
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RPC Pr of ile

Ground plane
Foam
Pickup strips

Graphite
PET Film

Bakelite
RPC gas

.1 mm

3 mm

.1 mm

.1 mm

.1 mm

2 mm

2mm

13 mm total

Mid-layer OverlapOutside edge
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Bar r el Layout
Assume Octant geomet ry

½ width covered by staggered gusset plates on each 
end
2 ½ width chambers inserted f rom opposite ends

# of layers and gap thickness drive outside 
radius and amount of steel needed

All services

5.7 m

2.9-5.6 m
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RPCs have pr oven t o be less r obust t han init ially pr omised
Many obser ved f ailur e modes

Improperly cured linseed oil
Eroded graphite coatings
Too much humidity - BELLE glass RPCs
Too little humidity - BaBar bakelite RPCs

However , ext ensive R&D has led t o a bet t er 
understanding of aging mechanisms

Improved construction techniques
Avalanche mode 
Humidified gas
Aging t est s t o simulat e 10 year s of LHC oper at ion.

Will know in sever al year s f r om t he oper at ional 
exper ience of CMS, ATLAS, BELLE, BaBar , BESI I I if 
RPCs can be made reliable
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BELLE glass RPCs doing well af t er 
changes t o gas plumbing

No signs of aging when r at es ar e limit ed 
(0.2 Hz/cm2  ).

Outer endcap layers turned off
2nd gener at ion BaBar Bakelit e RPCs 

< 2 Hz/cm2 few problems in 4 years
>20 Hz/cm2 losing efficiency

BES I I I inst alling ~2000 m2 of Bakelit e 
RPCs

Innovative plastic film surface - no linseed 
oil
Pr ot ot ypes show st able per f or mance
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BaBar (Wisconsin&Roma)
Avalanche mode
Fluor ine pr oduct ion (HF) & 
absorption
Humidity
High Rate effects

Pr incet on
Avalanche mode
Surface quality studies
Gas 
Fluor ine pr oduct ion (HF) & 
absorption

Bakelit e Exper ience
Need glass RPC tests

St udy BES I I I RPC 
r esponse t o humidit y 
and HF
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Pr ot ot ype Scint illat or R&D Goals

Performance Related
-To det er mine t he single muon det ect ion ef f iciency per layer .  

Meas. charge => no. of photo-electrons.  WLS fiber ?   
What is t he unif or mit y of t he r esponse acr oss t he det ect or ?
How effective is the detector for use as a tail catcher

Design and Cost Related
Do we need t o r eadout bot h ends of each st r ip? (cost 
effectiveness)
Refinements or modifications needed? e.g. To glue or not to 
glue WLS fibers?
Obtain cost estimates, possible cost reductions.
Pr ovide basis f or compar ison wit h ot her t echniques.
New photo-detector technology?



January 18, 2007 ILC Test-beam Workshop -
Milstene

13

Pr ot ot ypes inst alled in 
Fer milab Beam Test 
Facilit y
256 scint illat or st r ips
384 PMT channels
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S1 
10cmx10cm

S2 
10cmx10cm

S3B 
10cmx10cm
Beam Pileup
Counter

S3A
2cmx2cm
Diagonal
Alignment 
Counter

Test
Modules

120 GeV/c
+Beam

S+ D+ D- S-
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S-, D- Strips
S+

, D
+ 

St
rip

s

SC3B 
Counter

SC3A 
Counter

Alignment of Counters

Laser line

Laser line
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Single ended r eadout Dual r eadout

Clear fibers to cookie (S- Readout Side)
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DAQ t r igger ed on beam; no st r ips in t he t r igger .
As pr ime user we had low int ensit y, ~ 1000p/ sec  

dur ing spill,  t wo 1-sec spills/ minut e, 12 hour s/ day.
As secondar y user we oper at ed up t o ~20,000p/ sec.
DAQ dat a r at e limit ed < 50Hz.  (ADC r eadout t ime)
Beam spot at +120 GeV/ c ~ 1 cm FWHM
Addit ional beam par t icles wit hin ADC gat e (170ns) 
~10% of t ime, even at low r at es.
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Detector
390 signals
6X64 anodes
6 dynodes

Beam

Shield Wall

Radiation area

48 signal
cables

Patch
panel

Control area

24
sig

10X
Ampls
(24+)

Delays ADCs
(24+)
LRS 2249

Beam ctr
Signals

Coinc
ADC Gate

Disc

Scalers
Jorway

Strobe

Coinc

Camac Interface

Pulser
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Schemat ic Measur ement Gr id
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900 mV 14 ns Pulse Integral
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Dist r ibut ions f r om Composit e Run 6446 at (+38, -38)

S+ mean 439.2 D+a mean 212.8

D+b mean 224.8
D-a mean 230.4

D-b mean 185.9 S- mean 219.7

11450 Total Events
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Single and Double Beam Event s f r om Run 6446

10405 Single Beam Particle Evts 1045 Double Beam Particle Evts

D-a Mean = 216.3 D-a Mean = 387.5

D-a Overflows =921 = 8.8% D-a Overflows = 195 = 19%

D-aD-a



January 18, 2007 ILC Test-beam Workshop -
Milstene

23

Schemat ic Measur ement Gr id
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Fiber At t enuat ion vs. Lengt hs
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Beam at strip (+)38 vs (-)strip number
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Beam at Strip (+)24 vs (-)Strip
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960V

Gain
2.1E06

2 pC = 12.5 X 106 e s

Nom. Gain = 2.1 X 106

~6 p. e. s

Hamamatsu H7546B
64 channel MAPMT
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Relative MAPMT Gain Per Channel
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A. Driutti and G. Pauletta INFN Trieste/Udine
INFN/Udine test of ITC-Irst SiPM s at SiDet
using prototype LC muon scintillator plus WLS
fiber.  MTest data Sept 2006.
25 x 25 pixels with each pixel 40 X 40
Gain = 1.6 x 107;  Noise ~ 0.7 MHz;   http://sipm.itc.it

Bias -36V
Mean = 304

= 180.5
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Cont inue t o analyze pr esent dat a 
(univer sit ies and FNAL; f unding pr oblem)
Calibr at e MAPMTs: use measur ed 
MAPMT gain (WSU)
Replace LeCr oy ADCs wit h 64 channel 
ver sion of Miner va f r ont -end digit izer s 
and t est at MTBF. (I U, FNAL, UCD)
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Pr ocur e SiPMs/ Mult i-Channel Phot on Count er s; 
Bench Test at SiDet .  Cont inue collabor at ion wit h I RST 
Tr ent o (C. Piemont e) and I NFN Udine (G. Paulet t a).
R&D and beam t est s of I LC muon scint illat ion count er s 
wit h Si PMs at MTest

A supplement ar y LCRD pr oposal (I U, WSU, UND, 
UCD and NI U) has been submit t ed f or t his wor k.

Test of Geiger -mode Avalanche Phot o-diodes developed 
by A-Peak and Color ado St at e Univ (SBI R) wit h 
scint illat or st r ips  at MTest in a f ew mont hs.  (D. 
War ner - CSU)
Because SiPM/ MPPCs look ver y pr omising we expect t o 
build addit ional pr ot ot ypes wit h NI U st yle scint illat or 
and SiPM r eadout .  Will be t est ed at MTest .
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