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Figure 3.1-1. Schematic of the central tracker exhibiting the fiber superlayers,



CALORIMETER CRATES

FIBER TRACKER CRATES

CRYOSTATS




/- CARD EXTRACTION

/— 16 CRYOSTATS

VARIOUS FIBER
BUNDLE LENGTHS

SDC CA LORIMETER
FIBER TRACKER OPTION

SDDO00I2!
2T-JAN-1992 ITh05

8 *CUTOUTS® REQUIRED
IN BULKHEAD SUPPORT



m —"Tvvlit_'_'—'"'T'

- a s

omission (arblirary units)

AA-]“- . ’
2 & 2 4 a

00
ad
0! ]
0 [ " %0
wavelsngth {nm)

Lmgited  Srgtpan
Figure\2.2-1 Absorption curve for polystyrenc/PTP/3HF , reference-air. The vertical

¢ is in absorpdon units, AU=-log (o), path length = 1 meter

Figure 2.2-2 Absorption in unimmadiated polystyrene as a function of wavelength,
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Figure 2.2-11 Average number of detected photoclectrons per fiber layer in the
cosmic ray tests using HMC VLPC photodetectors. Distance indicates the physical
scparation of the trigger counter kelescope from the VLPCs, and includes 3 meters of clear
fiber-optic waveguide, an optical splice, and then up to 4 meters of scintillating fiber.
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Figure 2.2-12 Auenuation length of clear waveguide fiber of 830um diameter.
Source is UV excitation. Photodetector is a silicon photodiode, which has spectral
response similar to the VLPC.
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Table 2.2-1
Photoelectron Yields in the Scintillating Fiber Tracker

Fiber Scifi Wave-  Totl Correct-  Corrected Scaleup  Expected

Super length ide fiber on pe.for wlmm p.e. for
Layer ﬁgm length  factor 830um diamcter lmm

From 482 gz diameter

1g.

2201 (=0 (n =0)
B1 300m 693m 993m .61 1.4 147 - 5.0
B2 365m 6.12m 97Tm .67 3.4 1.46 4.9
B3 430m 53lm 96lm .73 3.3 1.46 4.8
B4 430m S15m 945m .75 34 1.45 4.9
BS 4.30m 4.87m 9.17m 17 3.5 1.44 5.0
B6 430m 458m 8.88m .80 3.6 1.44 5.2

29
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Figure 5.3.3-1 Mean detected photoelectron yicld as a function of position along a
scintillating fiber in layer B3 of the tracker
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RADIATION DAMAGE EFFECTS PS/PTP/AHF
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TRANSMITTANCE
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Figure 5.2-1 Transmission in polystyrene/PTP/3HF scintillator as a function of
wavelength. Before and afier irradiation by $9Co 10 1 MRad, and after annealing.
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TRANSMITTANCE
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Figure 5.2-2 Transmission in polystyrene/PTP/3HF scintillator as a function of
wavelength. Before and afier irradiation by 60Co 10 10 MRad, and afier annealing.

5-6



Normalized 10 ONE at 22 cm

WL - CHICAGO

LRECI I pRY [—— QW

--e«  GARMIUYY
Slolndi ad ewwvs R RADIATION
=, Low~post
Wippreseed A AT §04

AMBIEVUT AR,
ATMOSPNBREE

IRRADIATION IM
ARGON ATMOMNEEE

100 200 00 400

pT + 3HF

PIBSR TR AVSUISMON BCRen¢ TERADIATION, APTER L&V-ba3E
IREABIATION 1IN AMMEBVY AR AND ARPISE (WL U-DOAEL IR AT ATIOAS
N ARBGON ATMOSPHERE ,{ ARBITRARY NMORMALIBATION AT 22 L)



VLPC Developments

4. nisTE-IT Declared "ITHR - {?re.e."
Letters - Peoples and Rchwitters

2. Beamtest of 32 channels~HISTE-TT + FAST PREAMPS
96 channels -MAPMT

3 HISTE-TT Chacackerizahon Bj end of Feb. 92

4. CanuTer Concertusi Desmn Repert 2-11-92, presewted
atFermilab .
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Solwwe Ceriar
Mociowet Starvatioral Corperation
570 Mirniors Averue
Aneheies, Calloms, o000 S0 International
Mail Stop: 031-BC1S November 37, 198!%

Dr. John Pecples

Director

Ferui National Accelerator Laboratory
P.0. Box 500

Batevia., IL 60510

SUBJBCT: Visible Light Photon Counter

Dear D». Pecples:

I am bappy to infora you that there have bsen some very positive
developmants on the Visible Light Photon Counter (VLPC) receatly at
Rockwell Internaticaal's Science Center. As you may recall from ay
compunication in July 1991, we have besen endsavoring to optiaixe
the VLFPO for reduced infrared responss while providing adegQuate
quantus efficlency in the visible spectrur. The VLPC work aimsd
toward high energy physics applications is being done under the
Eigh-Resolution Scintillating Fiber Tracking Experimsnt (EISTE)

contract from UCLA.

Tests OB our recently fabricated VLPCs (in s lot designated l:sn"
II) show that the infrared response of thase devices is negligible.
Thas, these devices are not subject to ITAR (Internatianal mrue
in Arms Regulations) restrictions. Ths peak guantua sfficlency of<
these devices in the visible spectrum is about 40%. While this ls
quite good and, as I understand, should be adequate for socus of the
high spergy physica experiments, we balieve that significantly
higher quantum sfficlency (over 70%) will be obtained in tha near
future. We bhave another lot of devices (designated NISTE III) ia
fabrication to accomplish that objective while maintaining
negligible infrared response. Characterization of those devices
should be coapleted by January 1992. We expect the availabllity of
thoee devices to the high energy physics community to be also free
of ITAR restrictions.



N

Rockwell
intermational

Jovembar 27, 1991
Puge 2

Bith our success in producing good-pearformance devices that are
free of ITAR restrictions, we would like to see them put to good
use in the bigh ensrgy physics field as quickly as possible. Aa I
indicated to you in my sarlier lettsr, dispoesition of the devices
fabricated under the HISTE contract is determined by UCLA.

I hope that this inforuation will help in your plans for the wse of

VIPCs in high energy physics exparisents. If you Rhave any
questions or if we can be of any help, please feel free to contact
me by telephone at (714) 762-1480 or telefax at (71ls) 782-0844.

27, TN ol

R. Bharat
Dirsctor
Silicon Devices

ce: uo ‘t“
D. Eoltick
K. Montgomery
R. Rubinstein
R. Ruchti
K. Stanfield
G. Trilling



VLPC SPECTRAL QUANTUM EFFICIENCY
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Figure 7. Helium Botde for Multiple Channel VLPC Cassette
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Figure 8. Multiple Channe! VLPC Cassette Installed in Helium Bottle.
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Tests with HISTE-II VLPCs

Using VTX amplifiers
Bias Voltage : 7.8 vollits
Temperature: 9.5 K

Looking at thermal electron pulses

1/2/1992



Figure 2.2-14 Typical signal from the HISTE-I/VTX system operating in the test
beam at Fermilab, indicating a clear single-photoclectron line above noise and a pulse rise
of less than Sns. As displayed, the signal has received additional amplification in an LRS
612 preamplifier as was the case prior to data recording in the LRS2880 ADC sysiem.

103 P ch2s 103 " Ch 30
102 102
1 1
250 500 750 1000 250 S00 750 1000
WVLPC ADC Spectrum WVLPC ADC Spectrum

Figure 2.2-15 A typical pulse height spectrum observed in the fibes/HISTE-
IV/VTX system recorded during the beam iests at Fermilab and exhibiting characteristic

photopcaks.
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Schematic of Setup for T-839 Experiment ghirrored eng
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Figure 2.2-13 Schematic of the arrangemeat of detectors in the NM (muon) beam
at Fermilab.
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Everd 14

Figure 2.2-16 Typical particle tracks seen in the 32 element scintillating fiber array
readout with HISTE-II VLPCs. Two different events are shown. (Beam is incident from
above.) White circles represent fibers hit.

Location of fiber Ai1S for Multianooe Phototube Locatien &f fiDer

L

Blackened circles represant fibars hit
Note: Location of fibers not to scale

Figure 2.2-17 Typical particle track passing through all four fiber superlayers. The
superlayer on the right hand side was recadout with the HISTE-l VLPCs. (Beam is
incident from the right)
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BEAM TESTS — RESULTS/ACCOMPLISNMENTS

4.  WiSTE-IL VLPCs - 82 CHANNELS 1N THE NM LAe/FraL |
2. NEW COMPACT CRYOSTAT (54 DEWAR)

SHORT STEM LENGTH ~ ‘gt

LOw CAPACITANCE STRIP CABLE G pF/

RAPID COOLDowN §-10min to TK
STABLE OPERATIONT UPTO TwWO DAYS.

2. MULTIAMODE PMT - 9 CHANNELS.
OPERATIONAL
4. FAST PREANPS USED wn HSIE~IT (V1Y ~ 22 channels)

FAST PULSE RISE X Sng.
WikL worK FoR SBC )

5. RERM TEST ESSENTIAL RATHER THAN COSMIC RAYS
To AS€3S SYSTEM PERFORMANCE.



UPDATE ON PATTERN RECOGNITION
STUDIES USING THE FIBER TRACKER

(J. Hylen, Fermilab)

1. FIBER TRACKER SUPERLAYERS WERE POSITIONED AS IN
THE CDR.

2. THE § LAYERS OF AXIJAL FIBERS WERE DOUBLETS IN THE
SIMULATION STUDY, RATHER THAN QUADRUPLETS IN THE
ACTUAL CDR DESIGN.

3. THE CODE USED WAS PATTERN RECOGNITION OPTIMIZED
FOR SILICON STRIPS.

4. A TRACK IS RECOGNIZED AS A CLUSTER OF VECTORS IN
(¢,x) COORDINATES. THERE ARE FOUR VECTORS AVAILABLE
FROM THE FIBER TRACKER IN THE CDR CONFIGURATION.

2 HITS + ORI DETERMINE
A CIRCLE

P, = LAWICHING ANGLE

\¢° k = TRACK CURVATURE
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RESULTS:

1. FOR A 400 GeV/c2 HIGGS - 4 LEPTON EVENT, THE FIBER
TRACKER EASILY FINDS ALL THE LEPTONS.

2. THE SILICON BARREL HAS REDUCED n ACCEPTANCE, AND
HENCE ONLY TWO OF THE LEPTONS ARE FOUND BY THE
SILICON USING THIS PATTERN RECOGNITIONTECHNIQUE.

3. THE FIBER VECTORS ARE A GOOD MATCH TO THE SILICON
VECTORS.

4. EVEN WITH 8 MINIMUM BIAS EVENTS SUPERIMPOSED ON
THE EVENT CONTAINING THE HIGGS TO 4 LEPTON DECAY,
THE FIBER TRACKER FINDS ALL OF THE LEPTONS WITHOUT

THE SILICON.

CONCLUSION:

1. PATTERN RECOGNITION IS STRAIGHT FORWARD EVEN AT
HIGH LUMINOSITY.

2. UNIFORM APPLICATION OF THE VECTOR CLUSTERING
TECHNIQUE CAN BE UTILIZED EFFECTIVELY IN THE BARREL
REGION FOR THE COMBINED SCINTILLATING FIBER/SILICON

SYSTEM.



CONCLUSIONS OF RETENT DEUVELOPMENTS
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