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I. DETECTOR DESIGN REVISION 

A. DESIGN STRATEGY: 

I. EXPLOIT LONG-BARREL APPROACH 
(4.3m HALF LENGTH). 

2. A SEAMLESS LEVEL-I TRIGGER CONCEPT OVER THE 
FULL RAPIDITY INTERVAL. 

3. CAPABILITY OF SUCCESSFUL TRIGGERING AND 
TRACKING AT HIGH LUMINOSITY. 

4. MECHANICAL SIMPLICITY IN THE SUPPORT 
STRUCTURE FOR THE SUPERLA YERS. 

s. NO PROJECTIVE CRACKS FILLED WITH MATERIAL 
FROM DETECTOR ELEMENTS, SUPPORTS OR 
SERVICES. 

6. KEEP THE MATERIAL BUDGET LOW IN FRONT OF 
THE TRIGGER LAYERS FOR ELECTRON TRIGGERING. 

7. REDUCE COSTS FOR THE OVERALL OUTER 
TRACKING SYSTEM. 



B. IMPLEMENTATION 

1. ALL BARREL CONFIGURATION 

a. COVERAGE FOR TRACKING 

0.6m :::; R :::; 1.65m 
o :::; ITt I :::; 2.5 including combined Silicon and 

Fiber Systems 
o :::; ITt I :::; 2.3 for Fiber System 

b. COVERAGE FOR TRIGGERING 

0:::; ITtI :::; 2.3 for L = 1033 
o :::; ITt I :::; 2.1 for L = 1034 

c. SUPER LAYER CONFIGURATION 

6 Superlayers for Tracking (Bl·B6) 
Separated Fiber Doublet Structure on 

Each Layer· i.e. Vector Layers 
Two super layers have small angle stereo 

(B3 and B6) of 150. 
Three Superlayers for Triggering (Bl.B3) 

at 0 :::; ITt I :::; 2.3 for L = 1033 
Four Superlayers for Triggering (Bl.B4) 

at 0 :::; ITt I :::; 2.1 for L = 1034 

d. CHANNEL COUNT 

439K Fiber/VLPC Channels 

2. NO INTERMEDIATE TRACKER 

In this design, no intermediate tracking has been 
implemented. This does not preclude an option 
for a staged intermediate tracker. 
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FIBER BUNDLE ROUTING TO 
CRYOSTATS ON BOTTOM 

INSIDE LA YER OF 
FIBER TRACKER 

FIBER BUNDLE ROUTED 
THROUGH SUPPORT 



SuperLayer Structure 
( s c.he.rnaTic. ') 

Fiber Ribbon Dimensions 
( khewna..+-tc.) 

~1.02Snvn -1 

Cladding Core 

Close packed 
1mm Fiben 

1.6 em Rohacel 
Foam Spacer 

Fiben on Inner and 
Outer Diammeter of 
Cyllnders 

1.00nvn 

Fi,ure 5.3.1.1. Schematic of a luperlaycr of fiberl, composed 01 IWO ., •• " • ., 
ribbons or lmm diameter and I.02Smm pilch. separaled by l.6cm. 
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C. REQUIREMENTS SUMMARY 

Scintillating Flbor Outer Tractor 

Conceptuol ... 1 •• loport SDC-I2-114 

(I) Rcceptance and r .. olutlon 
letal acceptanco 
Pt resolution, letal<I.' 

leta I> 1.' 
(2) Reconstruction efficiency 

.l- 1055 

(5) loco •• tructlon officlency 
.l- 1054 

(4) locon.tructlon officlency 
Jets < 100 'eU/c 

(5) Material In radiation lengths 
Undudes silicon It pipe) 

for tractlng 
for triggering 

•• ) Spatial resolutlo .. 
shower mo. z 
shower mo. r-phl 

fl) Spotlol resolution 
muon system z 
Inuon .ystem r-phl 

•• ) '\ot e'or,e' Multiplicity 
Jots up to 500 'oU 

letol < 2.5 
16 '1 ToU- 1 
<75 '1 TeU- 1 (parametrk) 

99'1 
( eto < I, l - 8.'-1854) 

TID (> 90 '1 ) 

12.5 '1 
7.7 '1 

1.2 mm 
1.1 mm 

Q 4-', \~ 2.3 

(I".""" (l~"""'e.) 
. (It.t. ./ •• ''IN.,e> 

-3 mm, no multiple .cott. 
TID 

>85 'I. troct officlo.cl 
(prellmlnort, p, ) 5) 



(9) b - tagging efficiency 
impact parameter resolution: 

stiff tracks 
at Pt = 3 6eU/c 

track finding efficiency 

(10) Z - uerteH resolution 

(11) Trigger Pt resolution - Leuel 1 

(1 Z) Leuel 1 trigger 
efficiency @ L = 1033 
false rate per 1/64 in Phi 

(13) Leuel 2 trigger 
Pt resolution 

(14) Discouery potential 
leptons in jets 

(15) Suruiuability @ L - 1033 

(16) High luminosity 
suruiuability 
triggerability 

TBD 

13 microns 
multiple scattering limited 
TBD 

0.8 mm 

6.0 TeU-1 

> 99 % 
0.0002 

TBD 
(depends on silicon scheme) 

TBD 

> 50 years 

> 5 years 
\eta\<2.1 



D. COSTING <WITH CONTINGENCY) 

ASSUMES A 439K CHANNEL SYSTEM 

1. MECHANICAL STRUCTURE 

2. VLPC/CRYO/ASD 
Includes all Electronics Through 
AmplifierlShaper/Discriminator 

3. ELECTRONICS 
Includes LI and L2 Pipelines 
Includes LI Trigger 

TOTAL 

BREAKDOWN OF ITEMS 1. AND 2. 

EsUnwrd eo. . 
Scintillatinl Fiber S3.9 
SuDPOft SIrUCtW'e 2.7 
Assembly 1.3 
Toolinl .s.2 
Ulilities 0 .• 
Photon Transducer 11 .• 
Shippinlf Assembly 0 . .5 
Tescsllnstallation 1.2 
FaciJjties 0 . .5 

r/7vean 3.1 

Toea' Costs UO .• 

$24.IM 

$IS.2M 

$ 3.7M 

$43.0M 

_ u)st ana 
~Fncy 

S.5. I 
3 . .5 
J.I 
6.1 
0 . .5 

1.5.2 
0.6 
J.6 
0.6 
3.6 

U'.3 



Figure 4.2-1 Close-up view of the suppon structure for the out tracker showin, the 
interface between the outer IBcker and the silicon system. 1be flow 01 the wave guide faber 
from an ollhe nckin, elements is also shown. No "bending radii are smaller than IOcm. 
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Figure •. 2-2 a.) the simple thin panel fonns the b3cJcbone of the Ir.lcJcin, system. b) The 
nose which connectS to !he silicon system to the outer nckin, system. 



COST THE FIBER TRACKING SYSTEM 

The cost of the fiber tracker can be parameterized 

14.5 + 0.48.10-2 X n + 0.175*N + 0.525 X 1: R2 

A B 

Where: 

n- number of channels 
N-number of superJayers 
R- The radius of the superlayer 

Terms: 

C D 

A. The fixed cost which consists of engineering design. 
Does not very to 1 sl order with the number of channels. 

B. The per channel cost -80% due to electronics and 20% due 
to mechanical. 

C. Assembly costs 

D. Cylinder costs. 



3-way movement 
for instrument 

Optical instument Rotation allows 
for alignment fine adjustment 

/ 
Platen 

Stab le base cyl inder 

Computer contro ls rotat i on 
of cylinder, and 3-way 
movement of platen 

Figure 12.2-3 Anaching the ribbons will require a large. stable. c:omputer controlled are 
for the placement. 11Ie cylinder is indexed. An optical instrument is used to check the 
alignment. 
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PlATEN SIDE VIEW 

\ J 

'\.. 

ficure 12.2-2 Concept drawings of the inlla' and outer platen placement machine. 
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-._---_..;--.71. 

PlATEN INSERT 

FipR 12.2-1 Platens used to accurately place ribbons on the cylinders. PlatCDS are 
• e e ~ed for placement on the inner and outer diameter or die ribbons. 
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E. INTEGRATION ISSUES: 

1. REDUCED CRYOSTAT/CRATE INVENTORY 

Was 96 total in the November CDR Draft 
Now 32 total in the current design, 

16 at each end of the detector. 

2. FIBER OPTIC WAVEGUIDE RUNS ARE LONG 

Lengths ~ 7m 
It would be important to keep these lengths 

at a minimum, and to reduce the lengths 
if possible 
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D. PROGRESS ON FIBER TRACKING TECHNOLOGY 

A. STUDIES OF PHOTO STATISTICS 

Using "baseline" scintillator composition 
Polystyrene + pterphenyl + 3hydroxyflavone 

1. MOTIVATION: 

Increased length of tracking volume. 
Increased fiber lengths from integration studies. 
Concern for improved efficiency per fiber doublet 

2. METHOD: 

layer, since the design now uses the doublet as 
the basic sense element for tracking and 
triggering. 

Based on bench tests at UCLA using cosmic rays. 
830micron scintillating fibers of 4m length 
830micron waveguide fibers of 3m length 
No mirroring 

Correcting the measurements to SDC configuration 
for the various layers and then scaling to Imm 
diameter fibers. 

3. CONCLUSION: 

To have a factor of 2 safety margin in photoelectron 
statistics, Imm diameter fibers are now needed to 
assure efficient fiber doublet layers. 
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MIRROR 
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Table 2.2-1 
Photoelectron Yields In the Scintillating Fiber Tncker 

Fiber Scifi Wave- Tocal Correct· Calt~ted Scaleup Expected 
Super lenglh CUide fiber ion p.e. for IOlmm p.e. for 
Layer lenglh lenglh ractor B~ dj'nr!cr lam 

fromdara diamcu:r dj'"""a-
from Fig. 

(1\ =0) (1\ =0) 
2.2·" 

Bl 3.00m 6.93m 9.93m .61 3.4 1.47 5.0 
B2 3.65m 6.12m 9.77m .67 3.4 1.46 4.9 
B3 4.3Om 5.31m 9.61m .73 3.3 1.46 4.B 
B4 4.3Om 5.15m 9.45m .75 3.4 1.45 4.9 
BS 4.3Om 4.B7m 9.17m .77 3.5 1.44 5.0 
86 4.3Om 4.5Bm B.8Bm .80 3.6 1.44 5.2 
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B. RADIATION DAMAGE STUDIES 

1. HIGH DOSE/HIGH DOSE RATE: 

60C 0 IMRad - 10MRad 
Various Atmospheres 
Annealing 

Bulk Boules lcm dia x 10cm length 

2. LOW DOSE RATE: 

Tevatron CO Area 15KRad - 120KRad 
Various Atmospheres 
Annealing 

Fiber Samples 830micron dia x 4m length 

3. CONCLUSION: 

Baseline composition shows excellent radiation 
resistance characteristics in the high dose 
rate boule studies. No observable damage 
to IMRad (>50 Standard SSC years at the 
inner tracking radius). Some damage observed 
at 10MRad. 

Studies in progress on slow damage. Initial results 
are favorable, indicating that inert atmosphere 
during irradiation is important. 
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C. VLPC RESEARCH AND DEVELOPMENT 

1. HISTE-I1 DECLARED "IT AR-FREE" 

Letters to J. Peoples and R. Schwitters indicating 
availability for unrestricted use. 

2. PREPARATION OF A SMALL, COMPACT CRYOSTAT 
FOR 32-CHANNEL BEAM TEST AT FERMILAB (T -839) 

Small 5 liter dewar fabricated. 
Small compact cryostat fabricated by Rockwell 

to support 32 VLPC channels (HISTE-I1), 
with associated fiber waveguides and fiber-
optic coupler. 

Implementation of warm preamps. 

3. HISTE-III CHARACTERIZATION BY THE END OF 
FEBRUARY 92 

Material has been prepared. 
Layer thicknesses appear to be as expected. 
Device fabrication steps underway. 

4. CANISTER CONCEPTUAL DESIGN REPORT TO BE 
PRESENTED 2-12-92 AT ROCKWELL, ANAHEIM, CA. 

5. CONCLUSION: 

VLPCs are now available for general laboratory use. 
Compact cryostat is able to maintain adequate 

temperature stability for multiple channel 
systems. 

Performance in the beam test for the HISTE-I1 is 
described in the next section. 
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Figure 7. Helium Botlle for ~ultiple Channel VLPC Cassette 
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Figure 8. Multiple Channel VLPC Cassette Installed in Helium Bottle. 
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D. BEAM TEST (T839) 

1. MOTIVATION: 

To study the performance of a scintillating 
fiber/VLPC system comprised of 32 channels using 
fast, room temperature preamplifiers. 

To study doublet fiber layer resolution. 

2. IMPLEMENTATION: 

The beam test was performed at Fermilab New Muon 
Laboratory (NM Beam) during December '91 
and January '92. 

The test arrangement consisted of 4 super layers of 
fibers having 114 fiber offset in the ribbons and 
arranged as: 

32-channels readout with HISTE-I1 VLPCs and using: 
VTX preamps (Warm) 
New compact cryostat 
Low capacitance strip cable 

96-channels readout with MAPMT 

3. CONCLUSIONS: 

The VLPC system was quickly brought on line and 
performed well. Notably: 

The small compact cryostat system operated stably, 
and 32 channel test went smoothly. Cooldown 
from room temperature to 9K took 5-10min. 
Stable operation could be maintained for 24-36 
hours. 



The HISTE-ll and VTX preamplifier combination 
exhibited <Sns pulse rise and excellent signal to noise 
characteristics. These results indicate that cryogenic 
preamps will not be necessary for SDC operation. 

Tracks have been recorded with the system in the 
muon beam (NM) at Fermilab. 

Doublet layer resolution is in accord with expectation 
("'120microns) based on tracking measurements 
using the multi anode pmt. 

Beam tests are essential to assess overall system 
performance. 



SCllematlc o( Setuo (or T-8J9 Exoerlment 

HOllabl. tacle 

Il':1lrroreo eno 

_Scintillating 
Fillers 

Huon 
Triggers 

+-M<Jcns 

Clear 
-1I---lI--F Illers 

Fenct 

111--* VLPC"s 
ana 
Cryostat 

Fig\ft 2.2-13 Schematic or the anan,emedl or detectors in the NM (muon) beam 
II FcrmiJab. 

2-17 



Tests with HISTE-II VLPCs 

Using VTX a~lifiers 
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III. SUMMARY 

1. A scintillating fiber outer tracker is proposed which 
exploits the low-occupancy and fine granularity of the 
fibers and the intrinsically prompt response of the 
scintillator to: 

cover the range 0 ~ III I ~ 2.3 with a uniform triggering 
and tracking approach using 

cylindrical geometry 
vector super layers 
two small-angle stereo measurements (U and V) 

currently set at 150 • 

2. The tracker meets all of the tracking performance 
requirements at L = 1033• 

3. The tracker meets or exceeds all of the tracking 
performance requirements at L = 1034• 

4. Triggering is straightforward, implemented in ASIC, and 
is capable of reporting a momentum value (4bits) at 
Level 1. At design luminosity, this utilizes the inner three 
super layers (BI-B3) and covers 0 ~ III I ~ 2.3. At high 
luminosity BI-B4 will be utilized, with slightly 
reduced 11 coverage: 0 ~ III I ~ 2.1. 

5. The lower channel count of the current design (439K 
fibers) enables a much more efficient crate/cryostat 
utilization - now 16 per end. The tracker cost has been 
substantially reduced. 

6. As designed, the fiber + silicon tracker system exceeds the 
average material budget in radiation lengths over the the 
rapidity interval 0 ~ 1111 ~ 2.5 as specified in the tracking 
requirements (19.6% vs 15%). However this is not an 
issue for triggering, in which the three inner super layers 
BI-B3 are utilized. While we intend to examine ways to 
reduce the material budget further, we will endeavor to 
maintain the simple elegance of the current fiber tracker 
design. 



IV. SYSTEMS STUDIES FY92-FY93: 

1. 128 CHANNEL TEST OF FIBERS AND 
HISTE-III VLPC - SPRING 1992 

2 256 CHANNEL TEST OF FIBERS AND 
HISTE·III VLPC • SUMMER 1992 

3 1024 CHANNEL TEST IN EARLY FY93 
HISTE·III OR IV. 



En&ineerin& (or Scintillatin& Fiber Trackin& 

1 • Relevant to 1024 channel test. 

2. 

a.· Cylinder Development 
i. Thin Cylinder (using existing mandrel) 
it Sandwich Cylinder (using existing mandrel) 
iii. Survey of Cylinder Manufacturers 
iv. Design of Pre-prototype Ribbon Laying 

apparatus (built al univenity) 

b. Cordax Machine 

c. 

i. Refurbish Cordax Machine alORNL 
ii. Locate and Prepare Clean Space for 

Cordax al Y-12 or K-2S 
iii. Move Cordax 10 new space and install 
iv. Camera Probe for Cordax 

Ribbon Manufacturing Apparatus (Design) 

Assembly or Fibers on Superlayers 
i. Desi," of a "Universal" Platen 10 Place Fibers on the 

inside and outside of Cylinders 
it Toolin, to place fibers on cylinders 
iii Tooling to mounl cylinder and ancillary hardware on 

Cordax 
iv. Instrumentation 10 rotale cylinder and diagnostics for 

cylinder positioning 
v. PllCement of fiber on inner and outer walls (platen 10 

cylinder operation) 
4 mo. engineering design 
drafting 

50K 
80K 
5K 

16K 

151K 

20K 

20K 
15K 
15K 

70K 

32K 

64K 
36K 

3mo. parts fabrication (l.2SFre tech) 125K 
3mo. asembly and check (O.2SFre engr. 

3. 

4. 

5. 

and O.2SFre tech.) 75K 

VLPC Cannister Prototype Fabrication 
Funher ';:!r Refinements and Fabrication or a Pre- uc:tion Prototype 

VLPC R and D Contract 
Fa- anachmcnl 

En&ineerlnl Su~rt at SSCL and ORNL 
i. ORNL and Schedule and Mechanical Design (lFfE) 
ii. Qyo Engineering and Intearation (O.SFfE) 

300K 

300K 

24SK 



V, R&D AND ENGINEERING REOUEST 

A I MECHANICAL ENGINEERING 

B, VLPC AND CRYOSTAT DEVELOPMENT 


