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Overview and Current Status
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Participants and Responsinilities

Collaboration: Fermilaln, Indiana, Netre Dame, Wayne State;
UCDavis

ENAL: E. Eisk, C. Milstene. Preject leadership,, operation, soeftware
SUpport

IUE R, Abrams and R. Van Keoten. Testing, meunting frame

UND: M. Wayne and M. McKenna. Assembly off protetypes

WSU: B. Karchin, A. Gutierrez. Electronics support, PMIF calibration
UCD: ML Tiipathl. Readeut electronics (future)
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November 16, 2006 ILC Muoen Detector Testing




Preposed Sib Muoen System/Traill Catcher

Starts outside of EM and Hadron calorimeters
(4.6 nuclear interaction lengths (L))

and 5T solenoid coil and cryostat(1.27L)

at radius 3.5 m.

Solenoid flux return ~ 230 cm thick in the barrel (14 L )
Flux return divided into 23 layers of 10 cm steel for
octagonal barrel. Central barrel 5.7 m long.

End caps: 23 layers of 10 cm thick steel octagons at
both ends of barrel.

Muon detectors inserted in the 4-5 cm gaps between
plates.

First barrel layer ~2.9m by 5.7 m,
last layer ~5.6m by 5.7m.

Total detector area ~8600 m? for 18 layers.
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Measurement Objectives

Performance: Related

x What IS the single muen detection| efificiency: per
layer?

x WhatIs the unifermity’ of the respoense achess the
detector?

m How effective IS the detector for use as a tail catcher?

Design; and Cest Related
Are dual readoeuits needed (Cost effective)?
Refinements or modifications needea?
Obtain’ cest estimates), poessible cost reductiens
Provide basis fer comparisen Withl other technigues
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Recent Histery/Current Status

Propoesal (1956) el heam testing approved 12/2005.
Set up i MBIE 1R January

Smallfdata sample collected inr Eenruany.

Shutdewn from: March-June

Cempleted several weeks efif running 1N June-September

Currently Meson Bullding| and MTBE Is Undergeing
fenevaton anadi improyvements te beam line (September-
January 2007)

Our eguipment has been moved: to) lLah E/E

Data analysis stillfi: preliminan/ stage. MAPN:
caliprations not done yet.
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Summany. of June-Sept Run

June: 22-29: Check: out counters and electronics

June 29-July 155 Traking| data wihlle ti/ing te
identify, anadl fix “DAQ™ preblem

x July' 10 ldentified bit 5 as preblem
n July 102 SW.cut on pedestals to remoeve baadl events

July: 15-Augl 13: Not running at MTEST

Aug 13-31; Taking data
s Aug 17: Eeund andl fixed “DAQ" preblem
n Augl 31-Sep 3: Pauletta; runs wiitih Si PV

Sep 11-16: Steady Data Tlaking
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Presentations Durnng 2005-2006

Presented source tests ofi pre-protetype muen
scintillation counter moedule: at LCWS05 at Stanierds
March, 2005

Presented source tests and cosmic liay: tests ofi first 2
proteiype modules, at ALCPG Werkshop! at Snewmass,
July, 2005

Presented first beam| tests ofi Set ofi 4 prototype moedules
at [LCW06) at Bangalore, March;, 2006

Presented! further beam: test resulis off set 6ff 4 protety/pe
modules at VLCWO6 at Vancouver, July, 2006

Presentation at SiD Workshep, October, 2006
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Near: Term Objectives

Continue ter analyze present data (1U and ENAL). Need
10 automate the data precessing.

Calilsrate: MAPNIIS ter correct fier gain varatiens, (WsU
fesponsible)

Implement: CED/PIN- calibratien and moniterngl system
(105, WSU;, ENAL)

Replace Lecroy ADCsywiith version: eff Minerva frent end
digitizers and test at MiIBE. (1U; ENAL, UCD)

Possikly bulldradaitionall pretotypes With' faster
Wavelengi shifiters, different scintillator extrusions
(ENAL and UND).
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Future Plans

R&D and testing ot L€ muen scintiliation
counters withi Si PIVIS.

x A supplementary propoesal (IU; WSU, UNID,
UCD and NIU) has lseen submitted for this

WOrK.

a Additionall cellaneraters ENAL, €SU; IINEN
(Fmeste and Erascatl) to) facilitate getting
samples of Sit PVIs andi te; combine: efferts

x [y te get Si PVIs from ether seurces
This  R&IDr alserapplies ter calormeters
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Detector and Beam Setup
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Single Module [Layouts

Construction:

64 scintillator strips
Per plane.

Each strip 4cm x 1cm
1 WL shifter fiber/strip

Clear fibers to cookie (S+ Readout Side) —
1

Prototype S+
Strips at +45°

Prototype S-
Strips at -45°

_— |

] T

Clear fibers to cookie (S- Readout Side) i
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Prototype D+

Strips at +45°.
Fibers from far
End go to D+b

Prototype D-
Strips at -45°.
Fibers from far
End go to D-b
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Readout Pretotype Modules

Clear fibers to cookie (D+a Readout Side)

1

sieqld q+d

«—

64

e+ 01 Ssiaqi4

— Clear fibers to cookie (D+b Readout Side)

D+a

Cookie MAPMT

4./64 elements
D+b

— Clear fibers to cookie (D-b Readout Side)
64

sieqld g-d A

1
Clear fibers to cookie (D-a Readout Side)

e-q 0} sJ1aqi4

DEF

-2
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ILC MuonTest

;;G-IIOTOIOWDG = s B M=
strips . o -8 =%y  Fermilab Lab 6
Y Ik : Single channel PMT

Prototypes installed in
Fermilab Beam Test Facility
256 scintillator strips

384 PMT channels
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Connections and Canbling
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Vienitoning and Positioning

{

Video monitor and

Position monitoring . :
with 2 commercial Motor controls for 96 inch horizontal
motion along rail,

Laser levels. remote adjustment : :
Horizontal line at Hydraulic scissors
beam height, and jack cart has 45 inch

vertical line along o |
beam line. Lines vertical travel.

Intersect at beam

Position.
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Beam Trigger (S1.52.S3A.SCB)

S | DE¥FD- S8

Test
Modules

120 GeV/c

e ¥e&s i -

S1 S2

10cmx10cm  10cmx10cm 2cmx2cm 10cmx10cm
Diagonal Beam Pileup
Alighment Counter
Counter
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Alignment of Counters

SC3B
Counter

Laser line

Laser line
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Beam Operating conditions

\We trigger oni beami signal, not on| detector:.

AS prime user We: ram at Iow: intensity, — 1000/sec
during spill;, two 1-sec spills/minute; 12 heurs/day.

AS secondany user we: operateadl at —20,000/Sec.
DAQ limits datal rate tor =50Hz

Beam spoet at +1201GeV/ec — 1 cm EWHM

\We'ehserved “hunching?, or additionall beam: particles
Within 40ns; ter 8001 As after bean partcle, 30%:) even at
low. rates — 1000/sec

Additionallvean particles withintADC gate: —10% 6f
time, even at lew rates
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|nstrumentation

Signals

Pulser—»|

Strobe

Beam l Beam ctr

Disc

P

»
>

Coinc

48 signal
cables

24
sig

N\

Detector
390 signals
6X64 anodes
6 dynodes

Radiation area
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Patch
panel

Shield Wall

ILC Muon Detecto

. Jorway |
ADC Gate | i

. Scalers |

10X
Ampls
(24+)

Control area

I Testing

»
Ll

Delays

.
I
1

ADCs
(24+)
LRS 2249

Camac Interface

21



Measurements and Test Results
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Measurement Procedures

PEsItien detectorr se that hean RIts particular (55, =) pairs
off counters.

Vieasure:

x multiple: strps With' heam at CeEnter: or comparanie
POINTS

n at different positions: alengl strips;
5 Near boundares hetween strips

Also record coincidence: rates of signals with CAMAC
scalers.

Typical data poeint 2000 to 5000 triggers
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Schematic Measurement Grid

Horizontal
Scribed Lines

Circles show points that were measured. Numbers indicate strip numbers
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Variable Factors

Scintiliater/AWL shifter filber Iengths; vany.
s Corner strips lengths, vary
s Attenuation aleng seintilliator and fvers, pesition dependent

Clear fiber lengihs vany: strip-to-strip and Da vs: D differ
a [engths are known

Consistency: of jeints between WL shifiters and clear filers
Optical ceupling hetween ceokie and MAPNMI

ADC @gain varatuens, hoth channel-to-channel and ever time
a  Calibrations were run, signals fren chiannels net it by heam recorded

MAPNMIE gain Varations,, boeth tulbe-te-tulke, over tine; Per channel
a LED monitering strips
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Results of Pedestal Runs

Pedestal Runs

=
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(channels)

10 20
ADC Channel Number

o

—o—Run 6433 16-Sep  —=— Run 6435 16-Sep

Run 6441 16-Sep < Runs 6248-9 22-Aug
—x—Run 6122 22-Aug  —e—Run 6117 13-Jul
—+— Run 6099 11-Jul
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900 mV 14ns Calibration Pulse

0.2

-1.00E- 0.00E+ 1.00E- 2.00E- 3.00E-

08 00 08 08 08

Seconds

—e— Calibration Pulse

Additional Calibrations
for 55.4 pC and 146pC

November 16, 2006

ADC Gain
(pC/Channel)

Ibration; of ADCSs

(Volts/0.02*10**-9)Sec

900 mV 14 ns Pulse Integral ADC Calibration

pC per ADC Count

-1.00E- 0.00E+0 1.00E- 2.00E- 3.00E- 10 20

08 0 08 08 08 ADC Channel

Seconds
107.2 e-10 V-s
Q=214 pC

—=— Pulse Integral

ADC Calibrations for 3 Input Pulses

e 214pC Pulse

‘, ,n\" "‘\WAQ'\L’

10 15 20
ADC Channel Number

\ —e—55.4pC —=— 145 pC 214pC

ILC Muen Detector Testing




Effects ofi Variations of MAPMI
Gain per Channel

Relative MAPMT Gain Per Channel

[ —
o
o

=
]
Q)
)
2
ks
0]
'

24 32 40 48 56 64
Channel (Strip) Number

—e— Deschamps, et al

Overall gain at 960V = 2.5 x 10**6 (Hamamatsu data sheet)
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Effects ofi Vanrying| Clear Filber
Lengths

Attenuation of Clear Fibers (S+ and D+a)
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Distributions from Cempesite Run 6446 at (38, -38)

11450 Total Events

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
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Correlations Between Signails

D+b vs D+a D-b vs D-a

D+b vs D-a D+a vs D-b
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Mulitiple: Beam Particle Events

InRitially’ SEen Gn SCope

fhen counted using delayed gate: in| coincidence
WiIth lseaim: signal.

Einally’ put outpuit off beam: counter discriminator
Inte an ADC channel

x |ff 2 beam particles within ADC gate the charge
measured!si 2x the single signal charge, etc.

s Can idenify’ (and/or remove) multiple heam| events
from analysis: by applying cut oni “kbeam™ ADC value.
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Single and Doeuble Beam Events from 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 = 135 = 13%
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Observations from Single/Double Beam| Events

Double lheam| events contrpute more te highl channell tail
and everileows

Mean'Is = 2X mean ofi single particles

Provides hasis for further study: for taill catcher:.

s Implies need for larger dynamic range of signals inf ADC to
identify multiple particles cempared: te Single muoens.

s Can remove 10X amplifiers to increase range: of signals: in ADCs
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Respoenses aleng Strips 38

Double Beam Events Removed

Beam at strip (+)38 vs (-)strip number Strip+38 Mean pC vs Dist from Readout End

~ ~
) &)
A R
(0] ]
g o
3 2
z

3} O
c c
[

& g
= =

Crossing (-) strip number Distance from Readout End (cm)

—e—S+ —=—D+a D+b —e—S+ —s—D+a D+b

Beam at strip ()38 vs (+) strip number Strip -38 Mean Charge vs Distance from Readout End

Mean charge (pC)
oOFRrNWMUUTO N
Mean Charge (pC)

OFRNWMAOUIIO N

24 28 32 36 40 44 48
Crossing (+)Strip Number

20 40 60 80 100 120 140

Distance from Readout End (cm)

——Dba—=-Db S- D-a ——D-b —=—S-
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Respoenses Along Strips 24

Strips 24 Peds Subtracted ADC Gains Corrected
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Distance from Readout End (cm)

—e—S+ —=D+a D+b —«-S- —x—D-a —e—D-b

Double Beam Events Not Removed
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Preliminany: Result:
Response. at Strip Centers

Corrected Means at Strip Centers

1
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24

Strip number

——S+ —s—D+a D+b D-a —x—D-b —e—S-
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Preliminany Result:
Respoense at Points Along| Strip: +42

Response Along Strip +42

Response Along Strip +42
8
—e—S+
—=—D+a
D+b —m— D+a

22 26 30 34 38 42 46 50 54 25 50 75 100 125 150 175

Crossing (-) Strip Number Distance from Readout End
(cm)

8
57
26
g5
T 4
e
O 3
8 2
()
S 1
0

Mean Charge (pC)

Strip +42 Sum of a and b Means Photelectron Yields:

D+a or D+b separately: ~ 5 PEs
D+a and D+b combined: ~ 10 PEs
s S+: ~14 PEs

—a— D+(a+h)

Mean Charge (pC)
P NDNW PS> O N

22 26 3034 3842 46 5054 58 62
Crossing Strip Number
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Estimated PE Yields

Using neminalfgain; off Hamamatsui 7546B: 2.5 X
10**6 at 960V, 2.5 pC <--> 6 PES

Then our yields are firom: 5-10 PEs for D+a and
D*h 1o 16 PESs for D-a, D-1, and S-.

S galin IS prokanly higher than neminal

Efficiency’ appears; ter e Migh — noessign of
pedestal peaks!in ADC distrbutions

We'll-hhave better estimates; afterr caliprating the
WIARYERS
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“DAQ” Problem

Resulted 1 hadly: structured ADC distrbutiens ana
doulle peaked (split) pedestall distrilbutions.

Intermittant problem: due: to 5 bit failing to clear for
Beam; and Seme cesmic ray. tigaers.

Resultedn adding 16 counts; te) all signals andl pedestals
that didf net have a value that used bit 5.

Problem: did not 6ccul: for pulser trgaers.

Able to filter eut bad events by removing| events with
pedestal valles i’ the spurous UPPEr peak

EFeund proklen was due to a bad Jemnwvay: scaler In the
CAMAC crate (8/17/06). Unit replaced — ne more
problems.
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“DAQ"” Problem: Run 6103
fter Cut on ADC 19< 80

2006/07/12 12.24
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