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JOINT EXECUTIVE/TECHNICAL BOARD MEETING
SSC LABORATORY

UPSTAIRS CONFERENCE ROOM, BLDG. 4
FEBRUARY 1 - 3, 1992

FEBRUARY 1

8:30
8:45
9:30
10:15
10:45
11:15

12:15

12:30
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7:00

Introduction and goals for meeting - Trilling

Status of detector parameters and cost summary - Gilchriese/Etherton
Trigger strategy summary - W. Smith

Discussion

Break

Summary of physics section of Technical Proposal with emphasis on
detector parameters required for the physics - Einsweiler

Discussion

Lunch  Executive Board meeting

Report from the muon chamber selection committee - Maki/Thun
Discussion

Break

Report on US/Russia forward muon system workshop - Skuja/Bensinger
Report from Cerenkov counter review committee - Reeder

Report on US/Russia meeting on barrel toroid - Bensinger

Muon scintillator -- layout recommendation and report on US/Russia
discussions - Thun

Summary of muon system cost - Bensinger

Discussion

Adjourn

Group dinner
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FEBRUARY 2

8:30

10:00
10:30
11:15
11:45

1:00

Discussion and formulation of EB/TB recommendations on muon system
Barrel chamber selection
Inclusion of Cerenkov counters in forward system
Layout of scintillation counters
Implementation of muon system
Break
Report from the forward calorimeter review committee - Strovink/Frisken
Discussion of FCAL recommendation and formulation of EB/TB
recommendation on FCAL

Working Lunch

Front-end electronics (Proposal content, decision process and schedule)
Lankford/Williams

Report from electronics cost meetings and electronics cost summary
Williams/Gaines/Smith et al.

Discussion and formulation of EB/TB recommendations on electronics

Brief updates from tracking subsystems on scope, cost, or other new

items since the last EB/TB meeting

Silicon tracker - Seiden

Straw tracker - Ogren

Fiber tracker - Ruchti/Elias

Intermediate angle gas microstrip tracker (including discussion of

boundary between barrel and intermediate angle region) - Edwards

Break

Report from Tracking Evaluation Committee (including summary of

simulation results) - T. Kondo

Adjourn




FEBRUARY 3

8:30

10:15
10:45

11:30
12:30

1:30
2:15

3:00
3:45
4:15
5:00

Discussion of Tracking Evaluation Committee recommendations and
formulation of EB/TB recommendations on tracking

Break

Summary of latest central calorimeter parameters and cost for Technical
Proposal - Mantsch/Hubbard

Discussion of EM resolution, hadronic segmentation,... - Green et al

Working Lunch

Central calorimeter prototype - Green/Hubbard/Mantsch/Takikawa et al.
Test beam feasibility report - Amendolia/Gilchriese/Green/Siegrist/
Trilling

Discussion and formulation of EB/TB recommendations on calorimetry
Summary of other cost items - Etherton

Discussion and formulation of action items

Adjourn
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Wedley Smith SOC TRIGGER 29-JAN-92 LI

SDC TRIGGER SYSTEM Sox A

Level 1:

Identify Physics Objects:
Electrons
Photons
Muons
Jets
Neutrinos

Level 2:
Refine Identification of Physics Objects:
Sharper Py Cuts
Electrons From Conversions
- Muons from Decay/Punchthrough
Refine Energy Sums/Clusters

Level 8:
Full Physics Analysis/Decisions

Benchmarks for Trigger Performance:
e’s, i's from inclusive W’s, Z’s
Jets at high Py
High Py ¥'s
Missing Eg |
Low Py multileptons

UNIVERSITY OF WISCONSIN - MADISON # HIGH ENERGY PHYSICS




Wesley Smith - $OC TRHGGER 29-JAN-92 . 2

LEVEL 1

Electrons & Photons:

Find (.1 x .1) Cal Towers with E_, > Thr

Require Ey /E,, < .04 - .10

Require Pattern of surrounding quiet towers (isolation)

Y's: Match w/Shower Max in .2n x .2¢

e’s: Find Outer Track Segments w/Py > 10 GeV/c
Match Track Segments w/Shower Max in ¢ in

1/1024 . :‘P"."‘:C: .. \!{L‘ o “*-)-'(’H"" sn Loty .'wr-.'.A:!','.‘

Assign An = 0.2 from Shower Max to Track
Match Track w/Cal on An=0.2, A$=0.2

Muons:

Muon Tracks from Scint + 6-layers w/Pp > 10 GeV/c

Option: Find Outer Track Segments w/Py > 10 GeV/c
Match w/Muon Segment from ¢-layer in 1/1024
Use Momentum cut based on Tracker Py bits
(Use Scint to associate ¢ and 0 tracks)
Match Track w/Quiet Cal on An=0.2, A$¢=0.2

Jets:
.8 x .8 grids of overlapping towers > E; .

Neutrinos:
Sum Missing Eq over .1 x .1 Towers > Ey,

UNIVERSITY OF WISCONSIN - MADISON # HIGH ENERGY PHYSICS



Wedley Smith SOC TRIGGER 29-JAN92

LEVEL 2

Electrons:
Use Si Track to Tag (Kill) Conversions
Use Si Track to impose Py vs. E cut

Muons:

Use Si Track to Kill/Tag Punchthrough/Decay
Compare Si Track Py vs. Muon Py

Additional Muon 6-layer reduces beam spot o(Py)

Jets:

Measure Energy in cone

Find Stiff Tracks in Jet

Search for Unisolated Electrons near/in Jet
(stiff track + Tower w/low H/E)

Neutrinos

Add Muon Energy into missing Eq sum
Sum Jet (cone) Energies

Topology: location of E4 vector (hole)
Search for lower energy leptons

UNIVERSITY OF WISCONSIN - MADISON # HIGH ENERGY PHYSICS




TRIGGER 01/29/92 B
Level 1 Level 2
Segmentation Level 1 Segmentation Level 2
per half/fend  Data/bin per half/end  Data/bin
Silicon -- -- 2048¢ x 69 5 pr bits
Barrel Track 1024¢ 4 pr bits 1024¢ 4 pr bits
Int. Track 1024¢ x 47 4 pr bits 1024¢ x 47 4 pr bits -
Cal 5| < 1.8
Cal Towers 64¢ x 187 EM & HAC 64¢ x 187 EM & HAC
8 bits Egy 8 bits Egy -
Sh. Max Layer X 1024¢ x 9 Hit Flags 1024¢ x 97 8 bits Egy
Sh. Max Layer Y -~ - - 1449 x 32¢ 8 bits Egy
Cal 1.8 < |n]| < 2.6 )
Cal Towers 64¢ x 89 EM & HAC 649 x 87 EM & HAC
8 bits Egy 8 bits Egy
Sh. Max Layer X 512¢ x 49 Hit Flags 5124 x 47 8 bits Egy -
Sh. Max Layer Y -- -- 64n x 32¢ 8 bits Egy
Cal 26 < |n| < 3.0
Cal Towers 32¢ x 29 EM & HAC 32¢ x 29 EM & HAC  _
8 bits Egy 8 bits Egy
Sh. Max Lliu X 256¢ x 2 Hit Flags 256¢ x 2n 8 bits Egy
Sh. Max Layer Y -- -- 16n x 32¢ 8 bits Egy
Cal [n| > 3.0 8¢ x 49 EM+HAC 8¢ x 4n EM+HAC
8 bits Egy 8 bits Egy
Muon |p| < 1.0 1024¢ . Hit Flags 1024¢ x 59 5 pr bits p
32¢ x 59 4 pr bits -- - -
Muon 1.0 < |n| < 2.5 1024¢ Hit Flags 1024¢ x 87 5 pr bits
32¢ x 87 4 pr bits - - - -



Waedley Smith SOC TRIGGER 29-JAN-92

MAJOR MILESTONES

Completion of Trigger System Design Specs. 1993
(incl. Technical Choices)

Test Trigger System for use in frontend & 1993
DAQ system bench and test beam operations

(incl. simulation of clock & control)
Complete Design of Global & Subsys. Trigs. 1994

Prototypes of Global & Subsys. Triggers 1995

Initial Delivery of Trigger Interfaces to 1996
Front End and DAQ.

Delivery of Trigger System Begins 1997
Integration and Test of Subsystem 1997

and Global Trigger Systems begins

Integration and Test of Trigger 1998
with Final DAQ/FE Systems begins

Commissioning of Trigger System Completed 1999

UNIVERSITY OF WVASCONSIN - MADISON # HIGH ENERGY PHYSICS
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Total/Missing Energy Trigger
Hardware Configuration for Pipeline Length Calculation
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Figure 1
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Jet Threshold Trigger
Hardware Configuration for Pipeline Length Calculation
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Figure 2
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Isolated Electron Trigger

Calorimeter Data Path
Hardware Configuration for Pipeline Length Calculation

,“\ L1 Accept/Reject
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Figure 3




Isolated Electron Trigger

Tracker/ Shower Max Data Path
Hardware Configuration for Pipeline Length Calculation
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CONCLUSIONS

e The projective geometry and fine granularity
in ¢ of the ITD microstrips enable it to provide
both tracking and contribute to a level 1 trigger.

. Low occupancy (~0.03%) = hits from particular
bunch-crossing can be
isolated for pattern

recognition.

e The ITD contribution to the level 1 trigger
can be:-

* Close to 100% efficient at triggering

on high Pt tracks.
e Between 50% and 75% of Higgs events

provide such a high Pt track.

* The 'background’ rate is typically
between 1/3 and 1 MHz for L=10**33.
- must be supplemented.
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Level 1 Clock and Control Distribution
Hardware Configuration for Pipeline Length Calculations
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Correlated Muon Trigger
Muon and Tracker Data Paths
Hardware Configuration for Pipeline Length Calculations
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Item Cost (K$) Conting (K$) Total (K$)
Level 1: 17,772 6,082 23,854 |
Track 4,466 1,567 6,034
Calorimeter 4,871 1,583 6,455
Muon 3,892 1,407 5,299 J
Silicon 128 37 165
Global 2,148 721 2,869
Level 2: 6,429 1,864 8,294
Tra.gk 315 91 406
Calorimeter 435 1A26 561
Muon 255 74 329
Silicon 2,819 818 3,637
Global 2,605 756 3,360
|Proj. Manag. 552 160 712
Total 24,753 8,107 32,861
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From: CSA: :EINSWEILER 15-JAN-1992 15:47:55.01

To: @CALO.DIS

CC: EINSWEILER

Subj: Calorimeter Performance for the Proposal
Gent lemen,

In the absence of any better results from the calorimeter group, I am

planning to start a number of simulation runs with the following parametrization
of the baseline calorimeter :

—

| Barrel .14/sqrt(Et) + 0.01
Endcap .17/sqrt(El) + 0.01

1) EM resolution

These numbers a Chris Hearty, and include the
effect of a 400 photoelectons/GeV photo-statistics term (I believe this
is Dan Green'’s official number). The radiator is assumed to be 4mm Pb

in the Barrel and 6mm Pb in the Endcap. I have been ‘conservative’

and accepted a 1% constant term. I would prefer to use something better,

but that is presumably unrealistic... (0Of course the + means the two terms
are added in quadrature).

2) HAD non-linearity : Chris Hearty’s fits of the fon*<n + b/E*’czfor the
pi/e response ratio are being used. The values of t s were
derived by Chris from Tom Handler’s CALOR89 simulations of the
Model B calorimeter that was considered as part of the absorber
task force decision. The particular fits that I am using are for the

case that one ‘calibrates’ at 300 GeV (i.e. pi/e is defined to be 1).
The sEggested parameters are :

—\

Barrel : a = 1.132, b = ~0.3073, ¢ = 0.15
Endcap : a = 1.163, b = -0.3782, ¢ = 0.15

3) HAD resolution : Again, these parameters were

ed from Tom Handler’s
is

Barrel : .67/sqrt(Et) + 0.06
Endcap : .73/sqrt(El) + 0.08

I have asked Chris Hearty to get newer versions of these resolution functions
for the current geometry (and different integration times, etc.) I suspect
they will arrive too late to be useful... My bottom line is that in order to
get through a large backlog of simulation jobs, I need to finalize these
functions pretty soon (and I believe they will have to appear in the

Overview sub-section of the Physics section), so it will look bad for us if
the calorimeter section contains some different set of parameters...

So -~ please object violently now or forever (at least until April 1) rest
in silence...

Kevin
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Resolution of a Simple Drift Tube

Yuzo Asano
Institute of Applied Physics
University of Tsukuba
Tsukuba City, Ibaraki 305 Japan

5Jan. 1992
Revised 23 Jan. 1992

Abstract

In a cosmic-ray test, a spatial resolution for a simple drift tube with a square
cross section of dimension 8cm x 8cm was studied”. The resolution was found
to be about 460 um (standard deviation) when data were fitted with a gaussian
shape excluding the very proximity of the anode wire (2mm from the wire)
where the resolution becomes significantly worse, and a constant fraction timing
discriminator was employed. With a careful optimization of the signal shaping
and fraction value, the resolution is expected to become about 420 um.

A direct evidence has been obtained that there is almost no angular
dependence of the R-T relation for the drift tube. With 4 layers in a station,
the aimed resolution of 250 um/station can be achieved with this simple

large-cell drift tube and there is no need to tilt each tube in order to face the

interaction point.

Drift Tube

The drift tube employed in the test has a square cross section of inner
dimension 8cm x 8cm. Its length is 50 cm. An anode wire of 100 um in diam-
eter was strung at the center. A high voltage of 3.3 kV was applied to the
anode, whereas the tube wall made of aluminum was grounded. Original design
was to apply 3.5 kV to the anode, but with P10 gas, it produced partial-streamer
mode signals; the high voltage was lowered.
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Figure 2.12. Cross section of module edge showing the tube end plate, top and bottom
rails and outer piate. For this BW)3 module, the outer plate coatinues
dows to the BW2 module to form a BW2/BW3 tower.

2-16




¢mg

zue /

31V1d HOLIINNOD

1V YILNO

NOIS3A 12SS/NOLINIHSYM
INV.1J0 WOL1108
4O 4 NOILVHNOIINOD 314ISSOd




'
O o
o,—*\—.——o
PES S S5 5 S CUCY

Lm'gz
L0 B —
D”'I
W
[r MRS CAN, 3¢ s pa TN
P
ASSEMBLY

Figure 4.10. Cross section of a drift tube.

R & pr—

|

| ) |
S &V :J.'."_f*, %00 Anode Bl D

|

|

A\

Figure 4.11. High voltage and signal connections. Field shaping electrodes and anode
are both at +5 kV.

Rectrode

+16







-——

Pl

ho«-ﬁ\h‘mo O

Il v Op])

*10

[wD] sTXEe-X
’ ' ] [} ]
o o (=] (=] o o o o Q (@] o
w o’ W N Lot (=] [oed HC W > w
T T AJ LI T T T 1 T 1 L .
o °©° °© o S°0-
o o
o 0
o o
o ]
[ o .
B 4¥°0-
Lo} o
O e eesvsressctsecctesracacronnsaney o
o [}
| ‘0-
o ° Lmo
0 ]
o o .
i 4z 0-

» o s
|
| 2] [+] Lﬂ.O Q
o o X
o e o -
0 o ()

i ° ° Jv.o
o o o o m

o o]

o (o} .

(L L e 1 _o °c 9 ° o_ 1 1 i _..m 0
[0As 0I1DTW] 000T1°0 =] e3rad AMES8  PPIAONY WN GL= QI SeD

u01323713 =dI d[2T1110d OH«.

“76/10/0F UN AZIRLI00 1€ P10 LOTd 9NIT LAY JHIIM




[Mmicrto secounds|

Micimum Deaift Time

{micro secounas|

Minimum Orifc Time

c.ty-=lirre.aticn piot Tiettes et v eV W xi1ti-lcrreiation piot Toetamhoes it n s e i
. .. Argie to v o - 30 sevrees *10 Angi® Lo ¢ i 30 esqress
4‘-_..«’-' T l‘.--'..'.'J'. __:c- ne . '_v ‘ypw 3¢ b 748 D ~Fma \_t_h QOB°8) 6LVY Wire ne - _‘ L _lree l_'
* - e .
2
N . 3 re /'
9
(&) P1Q v (c) Ar-Cr4-CH4 50:5:5 |,
s " s \ / «
- .
- \ . 5w / H
. ; ~ .
N\ / I /o
\ 1
" . © .
\ € ' \ / i
" \ // :_ / H
\ / » o / .
- . :
- \ / T / :
b .
\ // ° ‘
) € 3 o
* \ / FA 1
+ - 1 Ve
" \ o
T e \\ /
g f
o i .
e e e s g 5
- - L oL . - - L < I LT T Lo D
b 10 camCOICHE @ GOL® - o
- 94 v Bire ne 8 roe ¥ x-Distance from the Wire (cm)
" 4 Gas 1D *afs1G8C02,0.008°0) dav Wire nao -1 Cygw Bt
LU N .3 l)" ‘4
(b) Ar-CO2-CH4 90:5:5 § 1 /:
- . i 1
i Lo S .. (d) Ar-Co2 90:10 '
s ) N
\ :
it \ { o IIL 0
i | - !
’ \ ! Yo .
. € !
\ 1 —_ e 1
"» \ { [} L J
€ *"
> . 2 .
N
- \ / , g n
\ bl - \
. a L3
“w 1
N g
3
I \ € 4 /
\\ N ‘E \ ’
o I ,
o . T y
A ‘ *ae s
- 1 . Ve
FTA TS At e e tcans man s - b — .y s
- - - - . - - - - - - - . LJ -~ iy
e e i e T e e s ]
x-Distance from the Wire (cm} A "~ a4 4 & & & - o = a a a
x-0D.stance from the Wire (cm)

Figure 4.6. x-t correlation plots,

4-13




1500

! 4 i 4 N -
P j
1250 — -—1
1000 —
E L
2 750
3 =
b
» -
w -
500 t— —1
250 r:— —-‘1
r | i | -
o ¢ . .
0 1 2 3
Distance From Anode Wire {(cm)
Figure 4.13. Drift field uniformity in the drift cell. Anode and electrodes are both at
+5 kV.
f x(t)_Correlation plot Pletted at 09:20:1) o 2N
*10 . Angle to y = 0.00 deqgrees
* ~as 1T =ARS0CO10 .002 L1313 wire no «13) ttype 5!
—_— [ BT
m N
T e on
g i |
o * N\ / .
g 1 ow \“,\ <
\ / -“
‘ :‘» } /

Minimum prift Time {micro
P .
L Saaia &
. .A’A—'.-A-.-_

x-Distance from the Wire {cm]

Figure 4.14. x-t correlation curve for Ar-CO, (90:10%). The maximum drift time is
780 ns. ’

+18

[ v



80 ¥0

-— -
1 I
VS =0 ¢ JDQuIDYD
Swwlbtbe O—+ w3l Z L L - -+
Cowl Ll LEC € + ZTwwlpZS O—+)Y 9GS Z = pad
x
»
b
x
b 4
Yy =

S§e 0F—] ot () I wwouy
(3 LYy 70 ) an40D

A.\J\A«\\ ﬂ\ob -Mm w el w3970

ﬁ/v.«‘w\dv\,m. ». \U~l O\w\




80 LAY

Y = 0 b 4D qQuIDUYUD

OO0 O + I v = X »

Pye)d peg - M Q500

ﬁ.(S;V%JJw r \? _M\

G0

Gl

G'¢




T Ground (0 V)
2cm

O - Guard
i
* Potential
~ g
Sense ©
o) o
® —{
o le\ cm
Cathode
-y

Fig. 2.1. A schematic illustration of the drift cell structure.
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Experimental Setup of T816

lron
Toroid
| 17A TAl 1 /8" Al
(g
L] L L] L L
DC1 DC2 OC3 DC4 DCS DCb

Fig. A3.1. A schematics of the experimental setup. This shows the test
materials for the "extra-material condition". Muon beams are coming from
left.
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Report of the Cerenkov Review Committee

D. Hedin,
H. Lubatti,
M. Miller,
D.D. Reeder, Chairman

21 January 1992




Charge to the Cerenkov Review Committee

The review committee is to determine if a forward Cerenkov
counter is to be included in the Technical Proposal either in the
"baseline” design or as a potential upgrade option. Review criteria
include:

e additional capability provided by the Cerenkov counter beyond
what can be achieved with the scintillation counters

¢ uniformity of response of the Cerenkov counter as a function of
various variables like Pt, longitudinal source point position etc.

e tunability(in Pt) of the Cerenkov counter. This should include
consideration of how reliably trigger efficiency can be determined
® cost

The committee may wish to include other factors.

The committee is requested to compare the trigger and timing ca-
pabilities of the following three configurations for the forward muon
system, considering potential operation at 10**33 and 10**34 lumi-
nosity, and to recommend the most cost-effective direction.

1. Cerenkov counter only

2. Two layers of scintillator only

3. One layer of scintillator and Cerenkov counter.
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| Design Parameters of the Gas Cerenkov Counter

M —

R —

Parameter . Value

Gas Medium N,

Gas Pressure 1 Atmosphere
Index of Refraction (A=3500 A°) 1.000309
Width of Counter - 2.00 meters
Inner Radius 2.15 meters
Outer Radius 6.55 meters
Width of Cerenkov Medium 1.85 meters
Mirror Reflectivity 85 %
Phototube | 5" BURLE 8854 (1)
Expected # of Photoelectrons 17.8

# of Cells per Counter 200

# of Mirrors per Cell 4

Size of Each Mirror ~ 40x45 cm?
Focal Length of Each Mirror 1.40 meters
Cerenkov Light Ring Radius at Phototube  2:3.73 cm

Momentum Threshold for muons

4.25 GeV/c
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The Design and Engineering Program

e The basic design of the cerenkov array incorporating multiple
tubes should be completed.

o The design, specification and engineering of the support system
should be done in parallel with the array design and in consultation
with the design of the forward drift chamber supports.

e Restudy the division into octants (quadrants? whole?)

e The procedures, tooling etc. needed to align the array must be
designed engineered and included in the costs. The space required
should be defined and identified.

e The installation procedures and equipment must be defined in
coordination with the integration group in order to insure the space,
line of sight, time, etc. is compatible with the overall installation

plan.




Costs

Estimation:

o Installation and alignment not included.

o Eiectronic readout is expensive ($ 2,500 per channel)
o There is an equal number of PMT’s per unit area.

e Boundary between forward and intermediate trigger?
e Number of mirrors imaged on a single tube (47)

e The use of Winston cones to ‘tune’ the effective diameter of the
photo cathode.




RECOMMENDATIONS

e We recommend that the cerenkov trigger array (as modified for
guard or anti- tubes) for the forward muon system be incorporated
as part of the Technical Proposal. (perhags os an egkion?)

o We recommend that the scintillator array in the forward muon

system which overlaps the acceptance of the cerenkov array be elim-
inated.

e We recommend that the design and engineering effort directed
toward the cerenkov array be increased with the goal of a detailed
definition of the device, of its construction and alignment, and of its
installation. As discussed below we believe that the potential exists

for significant cost savings compared to the current configuration.

o We recommend that the costs be reestimated according to the
common standards used elsewhere in the collaboration.
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Report of the Cerenkov Review Committee

D. Hedin, H. Lubatti, M. Miller, D.D. Reeder, Chairman
January 29, 1992

On 21 January, 1992 the Committee met at the SSCL together with A. Skuja. The
cerenkov trigger option for the forward muon system was presented by U. Nauenberg. Un-
fortunately, there was no presentation by an advocate of the scintillation counter trigger
option, nor did the Russians attend. The charge to the committee is appended, but in brief
it is to recommend to the Collaboration whether to include the cerenkov trigger option in
the Technical Proposal.

1 Introduction

The forward muon system is designed to detect muons in the n range 1.5 < 5 < 2.8.
Since wire chambers with drift times t; ~ 500 nisec are the primary recording devices, it
{s necessary to tag the crossing time with & fast counter. We assume that the necessity of
a low p; trigger in the forward muon system has been established e.g. to participate in a
combined element trigger to select rare multilepton events. Candidate technologies for the
fust counter are: cerenkov counters and scintillation counters. The scintillation counters
are simpler and perhaps less expensive, but they are sensitive to neutrons and, individually,
they are omnidirectional. The cerenkov on the other hand is more difficult to construct and
operate, but it signals only particles with relativistic velocity moving in a selected direction.

This committee has been charged with comparing the performance of the Cerenkov
counter trigger to that of two layers of scintillation counters. We have been hampered in
doing this by the lack of & design for the forward muon trigger scintillation system and,
more importantly, any estimate of its performance. However, based upon experience at
the Fermilab collider, it is questionable whether two layers of scintillation counters could
meet the trigger specification (~ 10¢ level 1 muon triggers per sec of the total level 1 rate
10* to 10° at a luminosity of 1032 em=?). Its effectiveness would be severely reduced, perhaps
to zero, at a luminosity of 103 em~2. In order to be used as a trigger, the scintillators would
need to be combined with a trigger formed using the drift chambers. The overall rate is
impossible to estimate at this time, when so little is known concerning the performance
of the drift chambers or the environment. However, the credibility of the monte catlo
calculation of the background radiation will be evaluated experimentally during the next
running period of the Tevatron and results might be expected before Fall 92.

As an illustration of the limitations of the scintillation counter trigger, we calculated
the trigger rate using & very simple model. We started with 2 layers of counters behind
the forward toroid; each layer having 700 counters. We then assumed that there were 14
hits per layer per pp interaction - these hits could be from either charged particles or
from neutron interactions - and that the segmentation is such that each counter hus 8 2%
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occupancy. This number of hits is comparable to what is seen at the Tevatron (CDF) and
is predominately caused by beam scraping at small angles. The flux is greatly dependent
upon the specific geometry and will be greater at smaller radii. Finally, we assumed that
the trigger was formed by requiring the coincidence of a single counter from each of the
layers (ignoring inefficiencies due to edges). This model together with the 2% occupancy
leads to & prediction of 0.28 level 1 triggers per pp interaction for each end of the forward
system (f{.e. 1 =2 MHz)! The background fluxes are quite likely to be greater at SSC than
at the Tevatron, so perhaps the average rate is conservative! Given this, admittedly crude,
result, the performance of the scintilletor st thiv inilisl luminosity is marginal. Certainly
the luminosity upgrade to 10%¢ would render much of the scintillator useless as o trigger.
Thus, the two scintillator plane configuration, as we understand it, seems inadequate.

The cerenkov counter arzay, potentially, can meet the desired trigger specification. The
design is not completely defined, so thet the performance and cost remain uncertain, Nev-
ertheless, it seems to provide the margin of safety needed to meet the increased luminosity
and still provide a muon trigger at large 7.

Cerenkov counters intrinsically have a sharp threshold in p rather than p;. The value
of the threshold is inherent in the design - optics photocathode diameter etc. - and is not
‘tunable’. It may, however, be possible to use different effective photocathode diameters
and achieve a sharper p; threshold. The combination of the cerenkov and the wire chamber
trigger can provide the desired on line ‘tunability’ in p, while also reducing tube noise. It
appears that the trigger rate from the cerenkov alone might be a fraction of the 10 KHz
max rate input to the second level trigger. But in order to achieve this the noise rate
must be eliminated, either thru a coincidence between two tubes or between one tube and
the wire chambers. Also the momentum threshold must be sharpened by the addition of
‘guard’ tubes on either side of the trigger tube, which can be used to veto lower momentum
pacticles, eliminating this source of false triggers. (See Fig. 1) It will always be difficult
to reduce the first level single muon trigger to an acceptable level (i.e. about 10% of the
10 K Hs total rate) - even using the wire chambers to increase the p. threshold. So the
forward muons will mostly be used in multicomponent triggers. -

We were asked to sddress a potential option of cerenkov counters and a single layer of
scintillator. The scintillator would not reduce the trigger rate from real particles, and there
are other ways to reduce the noise rate as mentioned sbove. Furthermore, the scintillator
is not needed to tag the beam crossing since the cerenkov response time is well under 16
nsec. We conclude that the extra expense and complexity of adding a layer of scintillator
© yields no improvement in physics capability and is unnecessary. Depending on the space
required, its inclusion might even hazard the cerenkov system.

. In summary, we believe the cerenkov option of triggering the forward muon system,
despite its current incomplete design, can meet the necessary requirements of the first level
trigger and the challenges anticipated at the maximum Juminosities.
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2 RECOMMENDATIONS

e We recommend that the cerenkov trigger array (as modified for guard or anti- tubes) for
the forward muon system be incorporated as part of the Technical Proposal.

¢ We recommend that the scintillator array in the forward muon system which overlaps
the acceptance of the cerenkov array be eliminated.

¢ We recommend that the design and engineering effort directed toward the cerenkov -
array be increased with the goal of a detailed definition of the device, of its construction
and alignment, and of its installation. As discussed below we believe that the potential
exists for significant cost savings compared to the current configuration.

¢ We recommend that the costs be reestimated according to the common standards used
elsewhere in the collaboration.

3 The Design and Engineering Program

1. The besic design of the cerenkov array should be completed. The guard tube feature
must be incorporated to sharpen the p, threshold. The items and questions listed
under the section on costs should be addressed.

2. Little heas Leen done in regurd lo the specificetion and design of the support system.
This should proceed together with the completion of the counter design and be inte-
grated with the engineering of the support ete. of the forward muon drift chambers.
The division of the cerenkov counter into octants may be unnecessary, if the cuter
radius is reduced, thus eliminating fractional mirrore.

3. The -procedures, tooling etc. needed to align the arrey must be designed and costed.
The space required should be defined and identified.

4. The definition of the installation procedures and equipment must be done in coordi-
netion with the integration group in order to insure the space, line of sight, time, elc.
is compatible with the overall installation plan.

4 Costs

The estimation of costs for the cerenkov option have nov beea done according to the stan-
dards used in estimating other components. The sign of the difference is not immediately
apperent. For example, the cost of installation is not included, nor are the alignment costs.
On the other hand, the specification of the electronic readout scems unnecessarily expensive.
The requirement of 8-bit flash ADC’s hes not been justified (8 1000 per channel). There
may be double counting of these cerenkov readout electronics costs and those of the DAQ
and trigger tasks. More generally, we were unable to identify the increased functionality
that would justify the order of magnitude increase in per channel cost of electronics for the
cerenkov counter as compared to those of the calorimeter,
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There are a number of design details which should be reexamined in order to minimige
costs and still meet the functional goals. A few of these are listed below, in no priority
order, and we note that it is likely that some suggestions may be incompatible with others.

1.

The current design incorporates an equal aumber of PMT"'s per unit area. Since the
background is significantly greater at small radii (distance to the beam pipe), it may
be desirable to increase the denaity there.

The radius which separates the scintillator trigger counter system used in the barrel
and intermediate regions and the cerenkov system now occurs, by defsult, at the
boundary between the forward and intermediate systems. However, it may be cost
effective to continue the scintillator system at large radii. This would decrease the
number of channels for the cerenkov system and diminish the design problem of the
supports, Knowledge of the background rates as a function of radius in a realistic
environment is of obvious importance in this optimization.

The current design has four mirrors imaged on a single §* PMT. Could the number
of the mirrors on a single tube be increased (particularly at large radii)? This would
aleo result in economies,

The use of Winston cones to obtain an effective diameter of the photo cathode ap-
proximately twice the true diameter ia suggested by the proponents as & method of
lowering the ccrenkov threshold near n ~ 1.5. Whether or not this is optimal in the
final design, it may be that this arrangement is satisfactory throughout the array.
This means that a smaller (perhaps 2-3”) PMT could be used with resultent savings.
By varying the acceptance of the tubes at different radii (i.e. 1) using Winston cones,
the p; threshold could be tuned to the same value.

The integration of the electronics design effort with those of the other components
might lead to standardization, simplification and less expensive unit costs.
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Charge to the Cerenkov Review Committee

The review committee is to determine if a forward Cerenkov counter is to be included
in the Technical Proposal either in the "baseline” design or as a polential upgrade option.
Review criteris include:

1. additional capabllity provided by the Cerenkov counter beyond what can be achieved
with the scintillation counters

2. uniformity of response of the Cerenkov counter as a function of various variables like
Pt, longitudinsl source point position etc.

3. tunability(in Pt) of the Cerenkov counter. This should include consideration of how
reliably trigger efficicacy can be determined

4. cost

The committeec may wish to include other factors.

The committee is requested to compare the trigger and timing capabilities of the fol-
lowing three configurations for the forward muon system, considering potential operation
at 10**33 and 10**34 luminosity, and to recommend the most cost-effective direction.

1. Cerenkov counter only o
2. Two layens of scintillator only

3. One layer of scintillator and Cerenkov counter.
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Magnet Status

1) Meeting with Izhora Engineers / DUBNA of Barrel Toroid
Jan 20-24.

2) Meeting with ITEP /THEP on Forward Toroids - Jan 29.

Design Activities

1) An analyses group has been formed and is active doing
detailed design of the barrel magnet.

2) Conceptual designs of the forward toroids will continue
both in the US and in Russia

3) Coil design is in progress at PSL.

4) Russian colleagues are forming an engiﬁeering group
which will oversee magnet production (single project).

5) Future meetings on magnet design:
o At the SSCL at the end of April.
e In Moscow before the Japan SDC meeting.

6) We would like to bid the rigging contract ASAP.

Jim Bensinger 2/1/92




Milestones

SDC Muon Barrel Toroid (MBT)

Complete Preliminary Design

Begin Fabrication

First Group (12) of Blocks Complete
Vertical Ring Assembly

Deliver First batch of Blocks (24)
Complete Block Delivery

U/G Hall BOD

Complete MBT Installation

8/92
1/93
7/93
12/93
2/94
12/95
1/96
8/96
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do/dpdn (nb/GeV/c)

Fig. 3.2.1 Differential cross section, do/dp, dn as a function of p, for prompt

muons (open circle) and decay muons (x-mark). These points are calculated
by using PYTHIAS.3. The dashed and dotted lines are the best fitted
functions given in the text.
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REPORT
SDC Forward Calorimeter Review Committee

31 January 1992

INTRODUCTION

The committee reviewed plans for the SDC Forward Calorimeter (“FCal”) in a meeting
on 24-25 Jan 92 at the SSC Laboratory. We were charged by the SDC Technical Manager
to recommend (i) one geometrical configuration (“backstop” vs. “inverted cone”) for the
FCal, and (ii) no more than two technologies for support of continued SDC FCal R&D. We
heard presentations on physics requirements, detailed GEANT simulation of geometries,
motivation and design of the inverted cone, and beam pipe layout. There followed thorough
presentations on warm liquid, high pressure gas, and liquid scintillator technologies. The
agenda is appended.

The committee consisted of C. Blocker, A. Bodek, G. Brandenburg, W. Frisken,
N. Giokaris, P. Limon, B. Roe, and M. Strovink (chairman). The full committee dis-
cussed and voted on the geometrical configuration. After the first phase of technology
discussion, three members identified with particular technologies (Brandenburg, Frisken,
and Giokaris) were excused. The remainder of the committee further discussed the tech-
nologies, voted on them, and drafted this report.

GEOMETRY RECOMMENDATION

With one dissent (Frisken), we recommend the backstop geometry in preference to the
inverted cone. (Recall that the Forward Calorimeter Task Force, co-chaired by Frisken,
expressed a preference for the inverted cone geometry in its Nov 91 meeting.)

Discussion
The reasons for this committee’s recommendation are:

e The backstop FCal can be calibrated by studying a small subset of its towers in a beam.
To measure the energy loss due to albedo at grazing incidence, a major fraction of
the inverted cone FCal would need a beam test. GEANT simulations show that the
correction for this loss in the inverted cone geometry is important.

e The use of towers that are not tapered, i.e. with axes parallel to the beam, has the
potential to reduce the FCal cost. The A7 subtended by the axis of an unsegmented
paraxial hadronic tower is about 0.3 if the front face is at z = 7.5 m, where the inverted
cone would begin. This is not small compared to the n segmentation (0.2) desired at

1




that point. The subtended An would be about 0.15-0.2 in the backstop, depending
on its location. A smaller Ay could be achieved by longitudinally segmenting the

hadronic towers, but this would add significantly to the cost, except perhaps for the
warm liquid FCal.

e Proponents of the technologies did not exhibit inverted cone layouts for which it
seemed straightforward to measure separately the electromagnetic (“EM”) and the
hadronic energy. This would be desirable if it became necessary to monitor and
correct for radiation damage and/or space charge distortions that are most severe
in the EM region. The inverted cone layouts shown had towers arranged in steps
approximating a true conical face. Depending on where a photon entered a particular
EM tower, it seemed possible that much of its energy could register in an immediately
adjacent hadronic tower. This problem would not exist in the backstop geometry.

The relative performance of the forward calorimeters with each geometry was not a
strong factor in our recommendation. After examining in detail the resuits of GEANT
simulations presented by John Hauptman (Fig. 1), we could find no compelling difference
in performance between the two geometries, provided that the inverted cone half angle did
not fall below 0.1 rad. We note that the backstop does not shield the muon chambers,

while the inverted cone design at least partly shields them. The muon group should be
asked whether they would concur with our recommendations.

TECHNOLOGY RECOMMENDATION

The subset of the committee involved in our final discussions on technologies recom-

mends unanimously that R&D toward the high pressure gas and the liquid scintillator
options should continue to be pursued.

Discussion

1. Requirements.

We accepted the FCal requirements as formulated by the Forward Calorimeter Task

Force and illustrated by the simulations due to several authors presented in Michael Bar-
nett’s talk. These requirements include:

¢ There must be ifi place a strategy (including recycling, replacement, and disposal) to

withstand a lifetime radiation dose of 10’s of gigarads at 7 = 6, and correspondingly
less at lower 7.

e The calorimeter signal should be able to be timed to =5 nsec and should persist for
less than =50 nsec.

e Space charge effects must not make the constant term in the resolution unacceptably
large (see below).

e The n coverage should be 3 < || < 5 (fully active) at startup, 3 < || < 4 (fully
active) at £ = 10%%. (“Fully active” implies that the corrected reconstructed energy
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of a shower having an axis within that range satisfies the resolution requirements.)

e The segmentation should be dn = d¢ = 0.2 at 7 = 3. growing to dn = dé = 0.4 at
n=23.

e The energy resolution should be no worse than dE/F = /1GeV/E @ 0.1.

For all but the energy resolution, good arguments were presented on the basis of
simulations. For the energy resolution, Barnett and Kevin Einsweiler (through a statement
on his transparency) expressed the opinion that the constant term should be smaller, for
example 5%. However, since neither author varied the constant term in his simulations,
we were unable to react to that opinion. We feel that more investigation of the effect of
varying the constant term is urgently needed.

2. High pressure gas FCal.

We were impressed with the excellent recent progress in R&D on the high pressure
gas technique. A sample EM calorimeter using parallel steel plates has been tested in an
electron beam at Fermilab. It shows linear response at 100 atm and resolution consistent
with an EGS4 simulation. Furthermore, the signal vs. high voltage at 100 atm saturates
at the comfortably low gradient of 700 V/mm and is linear vs. pressure from 0 to over
100 atm. The resolution for 50 GeV/c electrons essentially saturates at 80 atm for the
2.5 cm plates used in this prototype. With the addition of 5% methane to the argon gas,
the limiting drift velocity of electrons is 50 um/nsec. With a fast preamplifier and a gap
of 2 mm, electron signals with =15 nsec risetime and a base width of order 60 nsec were
observed.

Some of the outstanding questions about the applicability of high pressure gas have
been answered by the recent R&D, but major questions still remain. An exposure to at
least 16 Mrad of 8 Co radiation showed no deleterious effects, but it was conducted with
the high voltage off. We are anxious to see definitive tests of radiation damage under high
voltage as soon as possible. At least one of these tests should be conducted using the
coaxial geometry proposed for the final device.

The high pressure gas group has calculated that a dose rate of 12 rad/sec should
produce only a 10% distortion by space charge of the electric field in a parallel plate
geometry. (Space charge effects would diminish slightly in a coaxial geometry.) This dose
rate is slightly smaller than that calculated for EM shower maximum at n = 5.5 and
L = 10%%. While this level of distortion may be acceptable, the possible degradation of
positive ion mobility with accumulated dose was not taken into account. This effect should

be measured or estimated, and the necessary rate at which fresh gas must be introduced
should be computed.

The proposed FCal using high pressure gas is conceptually different from the tested
design. It would use steel tubes arranged approximately parallel to the beam in a steel
matrix. This design has not been tested. A GEANT Monte Carlo simulation was presented.
It shows that the stochastic terms for both electrons and hadrons, and the constant term
for the hadrons, are adequate for the SDC FCal. However, the constant term for electrons
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is unacceptably large. It is felt that this term is due to shower channeling in the large gas
tubes that are spaced rather far apart, and that a device with smaller and closer tubes
oriented a few degrees to the beam axis will perform better. We are concerned by this large
constant term in the simulated resolution for electrons, and we urge that new simulations
of full jets and of added preradiators be pursued vigorously.

It appears that the high pressure gas calorimeter would be straightforward to con-
struct, particularly in the backstop geometry, and would be relatively uncomplicated, in-
expensive, and flexible in terms of transverse and longitudinal segmentation. A prototype
with the proposed design should be built and tested soon, with particular attention de-
voted to the constant term in the resolution. Engineering cost estimates based on realistic
conceptual designs also need to be made.

3. Liquid scintillator FCal.

The liquid scintillator technique offers the possibility of FCal time resolution compa-
rable to that of the central calorimeter. Materials testing is underway, but no proof of
principle and no clear conceptual design are yet available.

The liquid scintillator option consists of rad hard transparent tubes (e.g. quartz),
which are roughly parallel to the beam line and filled with liquid scintillator. The tech-
nology is at a very early stage of development. It is essential that long tubes (e.g. 3 m)
of various materials be filled with the various choices of liquid scintillator and irradiated
in the 20 to 200 Mrad range. The light yield and attenuation length must be determined
before and after irradiation in order to determine how often the scintillator needs to be
replaced, and if there is any permanent damage or wall deposits that affect the optical
transmission in the tubes. If such a test is successful, this would be the only proposed
technology that could provide very fast (<20 nsec) pulses.

Issues such as energy calibration and monitoring need to be addressed, and a con-
ceptual design needs to be developed. The present cost estimate of the order of $15M is
rather crude and needs to be firmed up with a real design. Although extrapolation from
solid fiber test beam results can be made, the liquid scintillator tubes are thicker and will
require a beam test of a realistic prototype in order to determine the energy resolution
for electrons and pions and the e/h ratio. The e/h ratio needs to be reasonable in order
keep the constant term in the resolution small. Unless the device is longitudinally seg-
mented, this implies that the attenuation length must remain in the several meter range.
The constant term in the resolution for electrons will be large for zero degree incidence on

the fiber. The addition of a passive preradiator, or designs with a several degree incident
angle, should be investigated.

The management of the group needs to be developed. We encourage close cooperation
between the gas tube and scintillator tube efforts. For example, the tower geometries of
the two types of tube calorimeter might share a similar layout.

4. Warm liquid FCal.

The warm liquid R&D is furthest advanced, as the result of an extensive and excellent
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program. The warm liquid group has made considerable and commendable progress on
studying the feasibility of such a calorimeter for the forward region. In particular, they
have demonstrated that the required purity can be achieved, that a variety of materials do
not compromise the purity, and that a “swimming pool” style calorimeter will work. Since
warm liquid has been considered seriously for the SDC central calorimeter, it seems clear
that FCal energy resolution and segmentation requirements could easily be met, leaving
aside radiation effects peculiar to the forward region. The warm liquid proponents are well
aware of both the potential benefits and the risks. We relied heavily on their tests and
calculations in order to formulate our recommendations.

The warm liquid calorimeter option would consist of iron plates perpendicular to the
beam direction with very small (0.5 to 1 mm) gaps containing TMP, a room-temperature
liquid. It would have several advantages. First, the transverse and longitudinal segmenta-
tion necessary in the FCal is easy. Second, since it is a unity gain ionization device like the
high pressure gas FCal, its response is inherently stable, and maintaining the calibration
should be relatively straightforward. Third, the spatial uniformity should be very high
(except perhaps for space-charge effects noted below).

Although, as in the high pressure FCal, the signals are slow compared to a scintillating
calorimeter, they should be fast enough that large energy depositions can be accurately
measured and properly associated with the correct beam crossing.

There are several disadvantages to a warm liquid calorimeter. The major disadvantage
is that the low positive ion mobility (a few % of that in high pressure gas) could lead to
space-charge effects causing a nonuniform response, as a function of both of  and of depth.
These effects have been calculated by the warm liquid group, assuming a drift gap G that
is small (1 mm) and an unperturbed electric field E that is large (5000 V/mm). (For the
TMP module recently tested, G was 2 mm and the breakdown E was ~3500 V/mm. It is
hoped that raising the pressure will improve the breakdown characteristics by suppressing
bubble formation.) The space charge distortion of the field is proportional to (G/E)3.

With these assumptions, for a dose rate of 40 rad/sec (corresponding to £ = 1033
and = 6 at EM shower maximum) the ratio of minimum to maximum field in the gap is
calculated to be >0.75. Because both the ionization rate and the drift velocity increase with
electric field, such a field distortion is calculated to have a negligible effect on the collected
signal. A similar calculation also concludes that the effects of space charge distortion in
TMP and in high pressure gas are nearly the same. To reach this conclusion in spite of
the much greater ion mobility in high pressure gas, this calculation assumes that the drift

gap would be 2 mm in gas rather than 1 mm in TMP, and that the operating field would
be 1000 V/mm in gas rather than 5000 V/mm in TMP.

The space charge distortion is further complicated by evidence that the positive ion
mobility decreases significantly with radiation damage to the liquid. For the highest 75
module in the warm liquid FCal design, our rough estimate is that the dose at £ = 1033,
averaged over all the liquid in the module, would be at least 1 Mrad/107 sec. It is known
that the positive ion mobility in TMP decreases by =1 order of magnitude after a 10 Mrad
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exposure. More detailed investigation is needed. but it seems. even if the TMP remains
perfectly mixed. that radiation-induced deterioration of positive ion mobility is a serious
concern.

In addition, as in high pressure gas, there is the possibility that intense radiation
causes substances to “plate out” onto the electrodes (this needs to be investigated fur-
ther). Another concern is whether the required TMP purity can be maintained in the high
radiation field over the long life of the calorimeter. Also, TMP is a flammable liquid, which
leads to safety problems (although it has low enough volatility and high enough flash point
that this is not an overriding concern). Finally, this option is expensive (at least $25M, °
assuming no need for repurification of the TMP).

5. Reasons for technology recommendation.

We feel that the unresolved issues outlined above represent substantial risks for all
three of the technologies considered. We would be extremely reluctant to see any single

technology chosen at this time. If resources would permit, we would prefer to see R&D
continued on all three technologies.

Given our charge to recommend only two technologies for support of continued R&D
aimed at the SDC FCal, we prefer to improve the odds of finding at least one acceptable
solution by recommending two approaches for which the risks are somewhat independent.
Broadly speaking, most risks can be classified into (i) radiation damage, (ii) not yet proven
principle, (iii) inadequate performance, and (iv) difficulty of implementation, including
cost.

With respect to radiation damage, the most important risk for high pressure gas and
for warm liquid seems to be space charge. In our opinion, the warm liquid design has been
stretched further than has the high pressure gas design in order to achieve comparable
calculated tolerance to space charge effects. If it should prove necessary to refresh the
jonization medium to avoid space-charge-induced deterioration of positive ion mobility,
in our opinion this would be easier for gas than for TMP. All three technologies could
suffer from radiation-induced contaminants “plating out” on surfaces, building up opaque
or insulating layers. In this respect, liquid scintillator is probably more different from
either TMP or gas than the latter are from each other. All in all, we feel that the risk from
radiation damage would be minimized by choosing high pressure gas and liquid scintillator.

With respect to principle, as a result of recent R&D accomplishments, we feel that
(except for radiation tolerance) reasonable proof is in hand for warm liquid and for high
pressure gas, but not yet for liquid scintillator. (Specifically, we are unaware of any example
of an unirradiated liquid-scintillator-filled tube that has achieved a few meter attenuation
length.) With respect to performance, the two main risks appear to be (a) resolution
tails that are not easily modeled, and (b) inadequate uniformity leading to a high constant
term. A possible contributor to (a) is pileup, which is exacerbated in the FCal region
by shower overlap. Liquid scintillator has a unique advantage there because of its faster

response. Warm liquid may have a unique advantage in uniformity (in the absence of
radiation damage).




With respect to implementation, the simplicity and possible cost-effectiveness of the
high pressure gas design, particularly in the backstop version, are viewed with enthusiasm
by the committee. In the absence of detailed cost assessments. we guess that high pressure
gas would probably be more cost effective than liquid scintillator, and almost surely more
so than warm liquid.

As seen from the above, from the viewpoint both of risk and of other factors, important
arguments exist which favor each of the technologies. Since only two can be recommended,
it is our opinion that the overall risk to SDC of the forward calorimeter would be minirized
if high pressure gas and liquid scintillator R&D were to proceed.

Figure Caption

Fig. 1. Scatter plot of GEANT simulated fractional error in reconstructed E, vs. 7, for (a)
backstop and (b) inverted cone (half-angle = 0.1 rad) geometries (from John Haupt-
man and Myungyun Pang).
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AGENDA
SDC Forward Calorimeter Review
S8CL, 24-25 Jan 92

FRIDAY 24 JAN —— Bldg. 3 Physics Research Conference Room

10:30-11:30 M. Barnett Physics requirements for FCAL

. (includes Einsweiler's work)
11:30-11:45 J. Hauptman Requirements from WW scattering
11:45-12:15 J. Hauptman GEANT study of FCAL geometries
Lunch
1:30-1:45 B. Roe IR beam pipe
1:45-2:30 Frisken/Thur Inverted cone geometry
2:30-3:00 J. Kadyk Recent results on warm liquid FCAL
3:00-3:30 W. Thur Mechanical design of warm liquid FCAL
Break
4:00-5:00 N. Giokaris High pressure gas FCAL
5:00-6:00 R. Orr Liquid fiber FCAL
7:00- Closed session dinner (no host, place TBA) for

review committee members (Blocker, Bodek,
Brandenburg, Frisken, Giokaris, Limon, Roe,
Strovink)

SATURDAY 25 JAN -- Bldg. 4 Physics Research Conference Room
(NOTE Friday was Bldg. 3)

9:00-9:30 J. White Test beam results on liquid fiber FCAL
9:30-9:50 D. Winn Liquid spaghetti FCAL w/heavy absorber

End of open sessions
10:30-12:30 Review committee members (closed session)

12:30-1:00 Working no—host box lunch for review committee
members (closed session)

1:00-5:00 Review committee members (closed session). Part of

the membership will be excused during a portion of
this last session.
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WES 5.2 (Requi g 1 Production):

SDC Data Acquisition System

Cost Summary

Material
Item Costs
Infrastructure $1075.00K
Prototypes $345.20K
Pre-Production Units $768.50K
Production Units $9960.30K
Spare Units $1007.15K
Project Management $0.00K
Design Reviews $0.00K
Totals (no contingency) $13156.15K
WBS 8.2.1.5.2 (Installation):

Material
Item Costa
Installation $0.00K
WES 8.225.2 (Int tion & Testingl

Material
Item Caosin
Integration & Testing $0.00K

Manpower
Costa
$186.32K
$3380.35K
$459.00K
$2460.60K
$212.88K
$912.00K
$554.24K

$8165.39K

Manpower

Costa
$902.76K

$2299.22K

ga‘\ nes
6 [V ?I"'\/

Total
$1261.32K

$3725.55K
$1227.50K
$12420.90K
$1220.03K
$912.00K
$554.24K

S21321.54K
with confmg L2991

$902.76K

$229922K




Descoped Costing Summary
(November 14, 1991)

M&S

Infrastructure

DAQ Control/Monitoring Network

Crates, Power Supplies, Etc.

Event Data Readout & Control/Monitoring Network Interfaces
- DAQ CPU Modules

- Crate Adapter/Interface Modules

- Event Data Links

- (Other Items)

Event Builder Subsytem & Links To The Online Processor Subsystem

1

Event Data Flow Control Subsytem

- Online Processor Subsystem
- DAQ Offline Analysis Interface
f
- Electronics Rack Protection Subsystem

M&S Total

Masnower

Manpower Estimated Total
{cufn’lacr

Overzall Totals

Estimated Cost

$865.0K
70.0K
40.0K
1510.0K
120.0K
137.0K
15.0K
1100.0K
11.0K
6640.0K
250.0K

1782.0K

12540.0K

Estimated Cost
12460.0K

25000.0K
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Fig. 1. Silicon tracker design.
Table 2. Dimensions for tracker

Barrel r ]
(1) 9cm 30 cm
) 12 cm 30 em
3) 18 cm 30 cm 6.78 m? for Barrel.
(4) 21 em 30 em
(5) 24 cm 30 ém
(6) 27 cm 30 cm
() 3lcm 30 em
(8) 36 cm 30 em
th 9 Tout s
(1) 15 cm 39 cm 33em
(2) 15cm P em 38 em
3) 15 em Yem 44 cm 10.16 m? for Disks
(4) 15 em Mem 52 em (both sides)
(5) 15 em Yem 61 cm
(6) 15 cm 39 em 72 cm
) 15 cm 39 em 85 cm
(8) 15 ecm 39 em 102 em
(9) 15 em 39 em 122 ecm
(10) 22.5 cm 46.5 cm 146 cm
(11) 28.5 cm 46.5 cm 182 cm
(12) 34.5 cm 46.5 cm 218 cm
(13) 40.5 cm 46.5 cm 258 cm

Total Area = 16.94 m?
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table summary 12/2/91 5:56 PM

MAJOR ITEM COST

VQ - Vendor quote

(After R & D) EE - Engr est
UNIT C - Catalogue

ITEM COST UNIT NUMBER TOTAL, k BOE
Barrel detector $750 each 3600 $2,700 vQ
Frwd detector $1,500 each 3384 $5,076 va
Barrel readout $36 each 18000 $642 va
Frwd readout $36 each 30456 $1,086 va
Barrel modules $193 each 1800 $348 VQ/EE
Frwd modules $234 each 1692 $395 VQI/EE
Data cable $33 each 1925 $64 EE
Bus selector chip $10 each 6042 $60 EE
Optical trans/rec $500 set 1248 $624 C
Optical fiber $160 run 624 $100 EE
Enclosure $633 k each 1 $633
Space frame $599 k each 1 $599 va
Ctrl cooling ring $30 k each 16 $480 "
Ctrl support cyl $108.3 k each 2 $217 %
Ctrl mount $0.7 k each 72 $50
Ctrl coolant dist $0.7 k each 16 $107 EE
Ctrl align/assy/tst $114 k each 12 $137 EE
Disc cooling ring $15.7 k each 44 $697
Disc support ring $4.2 k each 24 \’}:—1_0%
Disc mount $15k each 144 $216
Disc coolant dist. $1.5k each - 44 $66 BE
Disc align/assy/tst $31.2 k each 24 $749 (EE
Power cable/bus $177 k each 1 $177
Int. optical sys $300 k system 1 $300 EE
Slow control $40 k system 1 $40 EE
Heat rejection sys $595 k system 1 $595 C@
Gas system $35 k system 1 $35 EE

Total w/o contingency
Total with contingency

TOTAL $16,288

$32,830 k
$43,963 k




MAJOR ITEM COST

vVQ - Vendor quote

(After R & D) EE - Engr est
UNIT C - Catalogue
ITEM COST, k UNIT NUMBER TOTAL, k BOE
Barre! detector $0.750  cach. 3600 $2,700 va
Frwd detector $1.500 each 3112 $4,668 vQ
Barrel readout $0.053 each 18000 $954 va
Frwd readout $0.053 each 32640 $1,730 vQ
Barrel modules - §0.164 each 1800 $296 VQI/EE
Frwd modules $0.265 each 1632 $433 VQIEE
Data cable $0.022 each 2008 $44 = 3
Bus selector chip $0.010 each 6102 $61 &E
Opticaf trans/rec $0.500 set 1236 $618 c
Optical fiber $0.160 link 618 $99 c
FEE Labor $3,215 eflort 1 $3,215 EE
DAT Lahor $146 effort 1 $146 EE
Enclosure/supports $881.0 each 1 $881 va
Space frame/mounts $501.0 each 1 $501 va
Ctrl coollng ring $12.§ each 20 $250 vaQ
Ctri support rings $12.5 each 4 $50 vQ
Ctrl suppoart eyl. $122.5 each 2 $245 va
Ctrl ring/shell mt $1.0 each 72 $75 E
Ctrl coofant dist $2.1 each 20 $42 vaQ
Ctrl align/assy/tst $10.0 each 12 $120 E
Disc cooling ring $11.3 each 48 $542 vaQ
Disc support ring $16.9 each 22 $372 vQ
Disc Array mount $3.1  each 78 $242 BE
Disc coolant dist. $4.6  cach 26 $120 va
Disc align/assyi/tst $8.6 each 26 $224 1= 3
Power cable/bus $5.6 each 66 $381  VQ/EE
Int. optical sys $9.0 each 30 $270 EE
Heat rejection sys $180.0 each 2 $360 VQI/EE
Gas system $17.5 each 2 $35 EE
Pwr Sppls/Cables - $0.9  each 164 $148 BB
Trker assy/test $879.0 each 1 $879 E
In-situ ‘alighment ° $250.0 sys 1 $250 EE
1.1 Prog Man $989.0 each 1 $989 E
TOTAL $21,939
Total w/o contingency = $32,860 k
Total with contingency = $41,743 k
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SDC Collaboration
Modular Straw Outer Tracker

1 METER MODULE TESTS

a) Assembled 159 straws
wire supports (3)
Bonded lid
Bonded endcaps
Ground connections to straws
Strung wires
Measured tension
Flushed chamber with He

Chamber now running on cosmic ray stand

pictures
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SDC Coliaboration
Modutar Straw  Outer Tracker

Modular straw outer tracker

Developments since December, 1991

* 1 meter long tests
efficiency
signals
pictures of events
resolution studies

* 4 meter shell
review of old schedule

pictures of shells
measurements of shells

" Pisa compromise" Configuration
* Performance studies

» Trigger simulation

» Costing changes
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SDC Coliaboration
Modular Straw Outer Tracker

Recommendations II of Tracking Evaluation committee
Nov. 17, 1991

3) The committee would like to see an all-straw design for the Technical
Proposal with robust capabilities in the following areas:

a) Good pattern recognition and efficient linkage to the silicon system
to exploit fully the large magnetic field volume for measurements of

momentum.

b) A L] trigger that uses more than a single axial superiayer and is both
highly efficient and has good fake rejection.

¢) Measurements of the Z coordinate and polar angles that are well
matched to the requirements of the extrapolation to the outer detectors.

d) The understanding of the capabilities of the system e.g. patterm
recognition, trigger, and radiation damage, as the luminosity rises

beyond the design luminosity of 1033 up to 1034,

Engineering Review on Modules, B. Miller
December 5, 1991

Carbon-fiber shell module approach for a
straw based outer tracker was selected.
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SDC Collaboration
Moduiar Straw Outer Tracker

4) On the mechanical design, the committee notes:

TEC

a) A modular approach provides a credible way to make stereo straws.
b) Any credible design must address the issue of replacing the inner layers
for higher luminosity operation. -

Demonstrations by next review. If answers cannot be provided by the next
review a timetable should be produced:

straws:

1)Demonstrate a four meter straw with the prototype readout at radiation
levels (e.g. rate and current draw) corresponding fo the SSC operation. =

2) Demonstrate a four meter module loaded with straws and readout.

3) Demonstrate electronics robustness to noise and oscillations at operating
conditions.in a large scale test.

4)Provide the integrated mechanical design of the packaging for the
electronics and the cabling.
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SDC Collaboration
Modular Straw Quter Tracker

-

1 meter module
Testing with cosmic rays

- Using Penn Amplifier\
John Oliver shaper\disc
layout board for 16 ch.

Operating at a threshold of about 4 fC.
(Approximately one cluster)

With HV from 1800- 2000 volts

Signals from amplifiers

Efficiency- at low threshold

Resolution measurements-
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Fig. [11.3. The gain curve of a 4 mm straw drift tube with CF4 -isobutane 80:20
gas. The absolute calibration of the curve is accurate to about 15% but the
shape of the curve reflects the true dependence of the gain on voltage.
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of Events.

PDuUKe
QA F MR

Fig.HL 7. Plot of the residuals of fits to cosmic ray tracks ia a module from data
takea under two different background conditions. One free of cxa
background and the other with 2 background similar 10 what is ewpeceed

in an SSC environment.
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SDC Collaboration
Modular Straw OQuter Tracker

4 meter shell
Review of schedule
Graphite molds were finished on
December 19.
First base assembly finished
December 24
First lid finished
December 31, 1991.
Shipped to Bloomington
Jan. 14, 1991
Pictures

First measurements of the shell made in
Bloomington and CHI.

Measurements proceeding.

Second shell produced this week at CHI.
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SOME R&D MILESTONES

MILESTONE

Sinw R&D
Develop final wire support design
Develop fabrication technique

Module R&D
Complete construction of first 4-meter nontrigger

module
Complete construction of S more nontrigger modules
Complete construction of 4-meter trigger shells
(two types)
Complete construction of 4-meter trigger modules
Complete construction of 4 more trigger modules,
for a total of six

Deosecaor and Electronics Evahuat
Develop cross-talk free connection from wires 10
clocyomics -
Establish operating condition for modules with
pucsatypes of final electronics (~ 100 yim
resolution at 2 ~ S x 104 gain)

Aging Studics
Study maserials
Study wire chamber lifetime (ncutrons, etc.)
Rate studics

233

DATE

Sep. 92
Sep. 92
Feb. 93

Mar. 92
Aug. 92

Sep. 92
Nov. 92

Feb. 93

Sep. 92

Feb. 93

Feb. 93
Feb. 93
Feb. 93




Engi ing R&D — - {

Develop the spaceframe support design Sept 92
* build and test strut and joint prototypes Aug 92 .
Develop cylinder engineering Sept 92 .
build and test flat prototype May 92
; build and test small cylinder Sept 92
Develop layout for trigger and stereo modules April 92 -~
Develop shim rings Sept 92 |
' build and test prototype June 92
Develop module attachment Sept 92
build and test attachment prototype Tuly 92 ~
Develop tracker support Sept 92
design support fixtures May 92
build and test model July 92
design silicon mount July 92 -
Develop stability test program,semp,moisture July 92
Develop assembly concepts Sept 92
Develop alignment requirements Sept 92
Develop alignment techniques Sept 92 =
Carry out structural analysis on structure Sept 92
Design support structure for multilayer beam test Sept 92
Build multilayer structure Jan 93
Develop the Outer tracker Utilities Sept. 92 -~
Design the electronics distribution July 92
Design the electronics cooling Aug 92
Design the gas distribution and recovery systems Sept 92
Design the tracker diagnostic instrumentation Sept 92 =
Develop the Outer tracker surface faculties April 93
Computer Simulation
Determine final configuration of outer tracking system May 92
Establish performance of combined tracking system Feb. 93

234
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components of the proposed outer tracking system. There are a total of 1.30 x 107 straws

in the system.

Table I.1. Modular Straw Outer Tracker Design

Superlayer | Mean Radius | Modules | Channel | Layers/Super | Zmax (m) | Stereo Angle
(m) Count layer )
1 0.710 80 12,720 6 2.00 0
2 1.067 120 19,080 6 3.20 +3
3 1.351 152 32,224 | -8 (trigger)-| 3.90 0
4 1.488 168 26,712 6 | 395 -3
5 1.631 184 39,008 | 8 (uwigger) | 3.95 0

We have made considerable progress during the past year in straw module design
and construction, as described in Section IV. The module shell is composed of a carbon
fiber composite and foam laminate, which is very rigid with low mass. The first one-meter
full-cross-section module (159 straws) with a shell of this design has been completed and
is now being tested. Six short modules of an earlier design, containing 64 straws, were
built and are now being tested at several institutions. The first full-length 4-meter shell has
been constructed and will soon be assembled into a completc‘%gdg}_e. -

,,»..‘3,

The modules are supported on cylinders of a design snmlar to the module shells, so
that they too have excellent structural properties with low matenal. wSecuon VI presents the
tracking system support structure and assembly ptocedures f ‘ t‘p‘g gaghxag system. The
cylinders are supported by a carbon composite space frame }sults of finite element
analyses are given.

The conceptual designs of the front end and trigger electronics are summarized from
the individual conceptual design reports in Section V.

Integration of the tracking system with the rest of the detector is described in
Section VII. The remaining R&D is discussed in Section VIII. The schedule for
construction and checkout of the tracking system and the cost estimate are presented in
Section IX.

PR R
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Table I1.3. Parametric Resolutions

Track Parameter Si + 4 Superlayers | Si + S Superiayers Si Only
Cplpr @ 1 TeV 0.150 0.150 (9) 1.343
(BC)
OnlpT @ 1 TV 0.166 0.165 (12) 2.023
(No BO)
o (mrad) 0.066 . 0.066 (4 0.277
cot@ (mm/m) 1.311 1.310 (5) 7.054
b (um) 131 13.0 (2) 28.6
29 (mem) 0. 0.77 (q 1.70
r¢ @ shower max. 0.14 0.14 (‘ 5) 2.5
(mem)
2 @ shower max. 2.5 25 (¢) 14
(mm)

For the parametric resolutions presented in Table I1.3, we take 6 (8) leyers per
superlayer, configured as in Table I1.2, intrinsic resolution of 120 pm per swraw
measurement, internal alignment of wires within a superiayer of 30 ym, error from lack of
straightness of the module of 45 um, and from placemeat of the modules of 45 um. We
assume_90% efficiency for hits included on segments. The results of adding these in
quadrature are 87 (83) jm for 6 (8) layer superlayers. The stereo angles of superiayers 2

STRAW
only
d, 13
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TRACK THRO &6+
All ¢ sTeaws,

Fig. V.22. A representative mean timer connection for an 8 tube superiayer. The
connection shows two mean timers each requiring hits to be consistent with a preset
momentum lower limit and output pulses averaged in time to a common radial position.
The third mean timer averages these output pulses to arrive at a final pulse whose timing is
fixed relative to the particle passage time plus the signal propagation time from its z position
to the end of the straws. The pattern shown is one of 8 used in a two-fold coincidence to
produce a stiff track trigger.
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Fig. V.9. Control path to the straw electronics.
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Fig. V.24. A test plot of the pr cut portion of the{mean timer E\The axes are the times of
the aligned wire inputs and the plotted points are those values of the axis coordinates for
which an output was generated at a predetermined value. A falling 45° is expected for

correct averaging of the input times. The cutoff of the line at large coordinate differences is
due to the time difference restriction (momentum cut).




e ————
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Fig. V.23. The efficiency as a function of pr for a digital mean timer based trigger

operating on signals from an 8 tube deep superlayer of packed straw cells. The points are
from a GEANT simulation of Higgs — Z Z events at 1033 cm-2 5! luminosity, and the

shaded histogram is for a fast parametrized simulation tuned to match the GEANT points.
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212192
SDOC Colaboration
Modular Straw Outer Tracker

Multi superlayer triggering

1) mean timer selection of stiff track segment
6 combinations for a six layer superlayer
select two out of 6 for "stiff segment trigger
primitive"
about 93% efficient
worst case for inner layer (C1) is three primitives
per crossing at design luminosity. Faxe RATE
Momentum turn on is about 6 Gev.

2) Form 2/3 trigger requirement using layers C1, C3, C5
about 97% efficient

no false triggers in S00 events

momentum turn on is set by Phi segment selection
at about 10 GeV. Very cican at low momentum.
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2/2/¢
SDC Colaborati
Modular Straw Outer Track

The position of the the inner superlayer

In the TDR the first layer is positioned at the minimum radius
boundary for the outer tracker. The optimum position of C1 and C2
will be determined by an on-going simulation study.

But the present position is defensible in the TDR:
a) the occupancy is 11% at design luminosity
b) segment finding is nearly fully efficient in the

inner layer at design luminosity.

c) the inner layer is as effective as the outer four layers in track
finding at design luminosity.

d) triggering efficiency in the inner layer is high, and the fake
rate is acceptable at design luminosity. |




2/2/192
SDC Collaboration
Modular Straw Outer Tracker

Five layer outer tracking system

1) Provides a robust and logical superlayer configuration

Risk tolerance;:

It has just enough redundancy to tolerate the random

( but hopefully rare) loss of modules in either the stereo

or trigger superlayers without serious degradation of resolution
and pattern recognition.

Trigger flexibility and robustness:

The five layer configuration gives us the possiblity of using

a 2/3 trigger configuration and a two level trigger in the region
- of 1.65 to 1.8 eta.

c)The inner axial layer is positioned close to the maximum
sagitta point to maximize the backup capabilities of the
straw system. ( random loss of Si wafers or modules)

-



H1€6S S ¢L

60 "'L [ r—— ’_‘L
40 MO ML BNAS
20 G 2 26GeY
0 1 3 11y ' i ' i N s 2 11, T BN R SN U BT T SO B N N
737 20 30 40 S0 60 70 80 90
-]
Xings, segmts w .le.1,0,.gt.1 wrong hit vs slyr
60 0eoney | WROLE Lumwosily
1 Y e parracT
N
40 {O
20
o 1.11 A | A 1-11 i l '] 1 i l 1 l-‘l A ] —t . A lJ 5 D S l ' LA _ 1 J 1 1 1
q27° 20 30 40 50 60 70 80 90

Xings, segmts w .le.1,0,.gt.1 wrong hit vs slyr

40 ll “-l_ " "[ LumwosiTy
3
20 X0
0 113 1 l s l-ll A t i -‘lil A A1 ‘ 1 14 l‘LJ A ,Ll AL Al l I T
20 30 40 50 . 60 70 80 90
817,
Xings, segmts w .le.1,0,.gt.1 wrong hit vs slyr
N
6 X (0
111 1 l 1 111 Ll 2 111 1 l 'S W l At 1 14 J | SIS W | ' | S -
30 40 50 60 70 80 80

Xings, segmts w .le.1,0,.gt.1 wrong hit vs slyr







(el

S (SR ’\> MO
UPDATE ON SCINTILLATING FIBER OUTER TRACKING

R.Ruchti/J.Elias
Fiber Tracking Group
2-2-92

I. REVISION OF THE FIBER TRACKER DESIGN

A. DESIGN STRATEGY

B. IMPLEMENTATION

C. REQUIREMENTS SUMMARY
D. COSTING

E.

INTEGRATION ISSUES

II. PROGRESS ON FIBER TRACKING TECHNOLOGY

PHOTOSTATISTICS ISSUES
RADIATION DAMAGE STUDIES
VLPCR & D

BEAM TEST AT FERMILAB (T-839)

SoR>

III. SUMMARY
IV. SYSTEMS STUDIES FY92-93
V. R & D AND ENGINEERING REQUEST

A. MECHANICAL ENGINEERING
B. VLPC AND CRYOSTAT DEVELOPMENT




‘Conceptual Design
Scintillating Fiber Outer Tracking

Fiber Tracking Group (FTG)

B.Abbotk, D.Adams!, M.AdamsC, E.Anderson™, T.Armstrongi, M.Ataca:b,
A.Baumbaughb, B.Baumbaughg, P. Besser®, M.Binkley?, F.Bird®, J.Bishop§,
N.Biswas8, A.D.Brossb, C.Buchanana, N.Cason8, R.ChancyP, D.Chrisman?, D.Cline3,
C. Collins®, M.Corcoranl, R.Davies, J Elias®, E. FenyvesP, D.Finleyd, G.W.Foster®,
R. Fox9, H.Goldberg®, H. HammackP, A.Hasan!, M. Hechler®, S.Heppelmann!,
K.HessO, J.Jaques8, J.Kauffmanl, R.Kchoe8, C.Kelley®, M. Kellyg, C.Kennedy™,
V.Kenney8, R.Kephart, D Koltickk, J. Kolonko®, K.Kondod, J.Kubic®, R.A.Lewisi,
R.Leitchh, J.LoSecco8, B.LoweryP, J.Marchant8, R.McCutcheon™, R Mcllwaink,
S.MarguliesC, H.Mendez<, F.Miered, H- Miettenen!, R.Moorel, R.J.Mountaing, B.Oh,
J.OrgeronP, H.Paikd, J.Park2, J.Passancaui, K.Pennington®, M.Petroff®, J. Piles©,
A.Pla-Dalmaub, C.Rivettab, R Ruchti8, R.Scalisei, J.SchmitzK, W.Shephards,
E.Shibatak, J.Skeens!, G.A.Smithi, J.Solomon€, K.Takikawaq, C. Talmadgek,
T.Thurston®, S.Tkaczyk?, W.Toothackeri, Balamurali V8, D.Vandergriffh, K.Vasavadad,
R.Wagner®,, M.Wayncg, and J. Whitmorel

University of Califomia at Los Angeles?®
Fermi National Accelerator Laboratory®
University of Illinois at Chicagof
Indiana University - Purdue University at Indianapolisd
Massachusetts College of Pharmacy and Allied Health Sciences®
University of Notre Dame$
Oak Ridge National Laboratoryh
Pennsylvania State University! )
Philadelphia College of Pharmacy and Science)
Purdue Universityk
'Rice University
Rockwell International, Electro-Optical Center™
Rockwell International, Science Center®
Superconducting Super Collider Laboratory®
University of Texas at DallasP
Tsukuba Universityd

Presented to the SDC Collaboration
Tracking Review Committee
January 20, 1992

Compiled and Edited by

D. Adams, A. Baumbaugh, F. Bird, R. Chaney, C. Collins, K. Hess,
D. Koltick, R. Leitch, and R. Ruchti




DETECTOR DESI I

DESIGN STRATEGY:

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

2. A SEAMLESS LEVEL-1 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 SUPERLAYERS.

5. 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 g
TRACKING SYSTEM.




a. COVERAGE FOR TRACKING

0.6m < R £ 1.65m

0 < n| <€ 2.5 including combined Silicon and
Fiber Systems ,

0 < n| € 2.3 for Fiber System

b. COVERAGE FOR TRIGGERING

0<| <23 for L =1033
0<[n|l<21 for L = 1034

c. SUPERLAYER CONFIGURATION

6 Superlayers for Tracking (B1-B6)

Separated Fiber Doublet Structure on
Each Layer - i.e. Vector Layers

Two superlayers have small angle stereo
(B3 and B6) of 150,

Three Superlayers for Triggering (B1-B3)
at 0 <m| <23 for L = 1033

Four Superlayers for Triggering (B1-B4)

at 0 < n| <21 for L = 1034
d. CHANNEL COUNT

439K Fiber/VLPC Channels

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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Superlayer Structure
pe(schfmwa

Close packed
1mm Fibers

1.6 cm Rohacel
Foam Spacer

Fibers on Inner and

Outer Diammeter of
Cylinders

Fiber Ribbon Dimensions
( Schemﬁc:)

0.025mm 0.03mm .
l——l .025mm —-I 1 r

=
Q

1.00mm

-~

oo

Claddlng Core

Figure $.3.1-1. Schematic of a superlayer of fibers, composed of two dowble-layer
ribbons of 1mm diameter and 1.025mm pitch, separated by 1.6cm.
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Figure $.3.3-2 Probability of observing zero, one, and two fiber hits per minimum
ionizing particle per fiber doublet layer as a function of detected photoelectron yield per

fiber.
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Figure 5.3.4-1 Resolution of a fiber doublet layer and a fiber superlayer (two doublets,
assumed uncorrelated) as a function of detected photoclectron yield. (Worst case for the
SDC fiber tracker is ~5 photoelectrons at n=0.)
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C. REQUIREMENTS SUMMARY

()

(2)

3)

(4)

(5)

()

)

)

Scintillating Fiber Outer Tracker

Conceptual Design Report SDC-92-174

Acceptance and resolution
jetal acceptonce
Py resolution, letai<1.8

|etal>1.8

Reconstruction efficiency
eL=1033

Reconstruction efficiency
eL=1034

Reconstruction efficiency
Jets < 100 Gel/c

Material in radiation lengths
(includes silicon @ pipe)
for tracking '
for triggering

Spatial resolution
shower men 2
shower max r-phi

Spetial resolution
muon system 2
muon system r-phi

“Yet Charged Multiplicity
Jots up te 500 Gel

letal ¢ 2.3
16 2 Tev!

<75 % TeV~! (paremetric)

99 %

99 %
(eteact, L=0.6°1039)

T8D (>90%)

atqo0° o&lq'€23

12.5 % (19.6 % ave~age)
7.2 % . (12.L% averaqe)

1.2 mm
.1 mm

~3 mm, no multiple scett.
78D

385 % track efficiency
(preliminery, py > S)




(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

b - tagging efficiency
impact parameter resolution:
stiff tracks
at py = 3 Gel/c

track finding efficiency
2 - verted resolution

Trigger pg resolution - Level 1

Level 1 trigger
efficiency e L = 1033
false rate per 1/64 in Phi

Level 2 trigger
pt resolution

Discovery potential
leptons in jets

survivability @ L = 1033
High luminosity

survivability
triggerability

TBD

13 microns
multiple scattering limited

TBD
0.8 mm

6.0 Tep~1!

>99 %
0.0002

TBD
(depends on silicon scheme)
TBD

> 50 years

> 35 years
letal < 2.1




D. COSTING (WITH CONTINGENCY)

ASSUMES A 439K CHANNEL SYSTEM

1. MECHANICAL STRUCTURE $24.1M
2. VLPC/CRYO/ASD $15.2M
Includes all Electronics Through

Amplifier/Shaper/Discriminator
3. ELECTRONICS $ 3.7M
Includes L1 and L2 Pipelines
Includes L1 Trigger
TOTAL $43.0M
BREAKDOWN OF ITEMS 1. AND 2,
] "Cost and
Estimated Cost Contingency
(Millions) (Millions)
Scintillating Fiber $3.9 $5.1
Support Structure 2.7 3.5
Assembly 1.3 1.8
Tooling 5.2 6.8
Utilities 0.4 0.5
Photon Transducer 11.4 15.2
Shipping/Assembly 0.5 0.6
Tests/Installation 1.2 1.6
Facilities 0.5 0.6
| Management/7 years 3.1 3.6
Total Costs $30.1 $39.3




Figure 4.2-1 Close-up view of the support structure for the out tracker showing the
interface between the outer tracker and the silicon system. The flow of the wave guide fiber
from all of the wracking elements is also shown. No bending radii are smaller than 10 cm.
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Figure 4.2-2 a.) the simple thin panel forms the backbone of the racking system. b) The
nose which connects to the silicon system to the outer tracking system.




COST THE FIBER TRACKING SYSTEM

The cost of the fiber tracker can be parameterized

14.5 + 048102 x n + O0.175*'N + 0.525 x £ R2

A B C D

Where:
n= number of channels

N=number of superiayers
R= The radius of the superlayer

Terms:

A. The fixed cost which consists of engineering design.
Does not very to 18t 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 Optical instument potation allows
for instrument  for alignment  ine adjustment

S / Platen

Computer controls rotation
of cylinder, and 3-way
movement of platen

Figure 12.2-3 Attaching the ribbons will require a large, stable, computer controlled are
for the placement. The cylinder is indexed. An optical instrument is used to check the
alignment. '
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Figure 12.2-2 Concept drawings of the inner and outer platen placement machine.
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PLATEN INSERT

A=186m, O «15.1°
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Figure 12.2-1 Platens used to accurately place ribbons on the cylinders. Platens are
nceded for placement on the inner and outer diameter of the 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 < 7Tm
It would be important to keep these lengths

at a minimum, and to reduce the lengths
if possible
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) § P R N FIBER TRACK H Y

IES OF PH ISTI

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

2. METHOD:

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 1Imm
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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Figure\.2-1 Absorption curve for polystyrenc/PTP/3HF , reference-air. The vertical
¢ is in absorption units, AUs=-log (/p), path length = 1 meter

Figure 2.2-2 Absorption in unimadiated polystyrene as a function of wavelength.
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Av. p.e. for 4 dillerent positions of trigger

v L4 vy " ¥ Ls LA ' L L LARS ] L L S
o
10 _| 10-0CT-91 17:04:08
po x -’
- Q 4 Triggered by 1st & 4th Layers
£ 7 0 — with single p.¢
L x L
..§ 5{— * _i Avpein Layer 2 with Mir O
s ° Av p.e in Layer 2 No Mir ¢
n‘g. ] 1 Av p.e in Layer 3 with Mir X
® Av p.e in Layer 3 Ne Mir ¢
» 3 —
s
<
' —
‘ e nd 'l J " 1 A i l 1 ) N W 14 A A 1.
3 4 $ -] 7

Distance (m) from VLPC

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 telescope 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 Attenuation 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 guide fiber ion p.c. for w0 lmm
Layer length  length  factor  g3gym di
18.
22017 (n=0)

Bl 3.00m 6.93m 9.93m .61 34 1.47
B2 3.65m 6.12m 9.77m .67 34 1.46
B3 4.30m 5.3lm 9.6lm 73 33 1.46
B4 430m S5.1Sm 945m .75 3.4 1.45
BS 4.30m 4.87m 9.17m a7 3 1.44
B6 430m 458m 8.88m .80 36 1.44




Average Number of Photo-Electrons

éo0 — =
$0 Photo-electrons
near the Joint

50 —

40 - ’ \
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) 1 2 3 4
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MN=2.d N= 0

Figure 5.3.3-1 Mean detected photoclectron yicld as 8 function of position along 8
scintillating fiber in layer B3 of the tracker (ot R= 92 cm)
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B. DIATI E D

1. HIGH DOSE/HIGH DOSE RATE:

60Co 1MRad - 10MRad
Various Atmospheres
Annealing

Bulk Boules lcm dia x 10cm length

2. LOW DOSE RATE:

Tevatron C0 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 1IMRad (>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.




TRANSMITTANCE
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400 500 600 700
VAVELENGTH (nm)

Figure 5.2-1 Transmission in polystyrene/PTP/3HF scintillator as a function of
wavelength. Before and after irradiation by 60Co to 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 after irradiation by $0Co 0 10 MRad, and after annealing.
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YLPC RESEARCH AND DEVELOPMENT

1. HISTE-II DECLARED “ITAR-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 § liter dewar fabricated.

Small compact cryostat fabricated by Rockwell
to support 32 VLPC channels (HISTE-II),
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-II is
described in the next section.
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Figure 7. Helium Bottle for Multiple Channel VLPC Cassette

WEIGHT -12TO 15LB
LIQUID HELIUM CAPACITY - 4.8 LITER
HOLDING CAPACITY - ~90 HRS -

PUMP-OUT

HANDLES

8 - HOLES 0.25"
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DIAMETER FOR +— -
10-32 SCREWS S N
\
' 0.65"
— DIAMETER
\ NECK (D)
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175"
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10"

16




Figure 8. Multiple Channel VLPC Cassette Installed in Helium Bottle.
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D. BEAM TEST (T

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 superlayers of
fibers having 1/4 fiber offset in the ribbons and
arranged as:

32-channels readout with HISTE-II 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-II and VTX preamplifier combination
exhibited <5ns 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 multianode pmt.

Beam tests are essential to assess overall system
performance.




Schematic of Setup for T-839 Experiment ghirrored eng

Movable tadle
- — §=—Scintillating
Floers
Muon
Triggers '= :. Fuon
' Light Box Triggers

] DD == ruons

256 Anodge Clear
) phototube - )
mplifiers trigger Fibers
[
fence
} VLPC's
and
Cryostat
00 and AOC cables—" i

riggering system
Wana
2280 ADC system

T 1

- | ] *—Tracks for Movable Table

Figure 2.2-13 Schematic of the arrangemeat of detectors in the NM (muon) beam
at Fermilab.
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1/2/1992

Tests with HISTE-II VLPCs

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

Looking at thermal electron pulses
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III, SUMMARY

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 < |n| < 2.3 with a uniform triggering
and tracking approach using

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

currently set at 150

The tracker meets all of the tracking performance
requirements at L = 1033,

The tracker meets or exceeds all of the tracking
performance requirements at L = 1034,

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
superlayers (B1-B3) and covers 0 < |n| < 2.3. At high
luminosity B1-B4 will be utilized, with slightly

reduced M coverage: 0 < |n| < 2.1.

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.

As designed, the fiber + silicon tracker system exceeds the
average material budget in radiation lengths over the the
rapidity interval 0 < |n| < 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 superlayers
B1-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.




LIV, SYSTEMS STUDIES FY92-FY93:

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

256 CHANNEL TEST OF FIBERS AND
HISTE-III VLPC - SUMMER 1992

1024 CHANNEL TEST IN EARLY FY93
HISTE-III OR IV.




Y. R & D AND ENGINEERING REQUEST

A. MECHANICAL ENGINEERING
B. VLPC AND CRYOSTAT DEVELOPMENT




Engineering for Scintillating Fiber Tracking

1. Relevant to 1024 channel test.

- a. Cylinder Develoj

pment

i. Thin Cylinder (us

ing existing mandrel)

ii. Sandwich Cylinder (using existing mandrel)

iii. Survey of Cyiinder Manufacturers

iv. Design of Pre-prototype Ribbon Laying
apparatus (built at university)

b. Cordax Machine

i. Refurbish Cordax Machine at ORNL

ii. Locate and Prepare
Cordax at Y-12 or K-25

iii. Move Cordax to

Clean Space for

new space and install

iv. Camera Probe for Cordax

- c. Ribbon Manufacturing Apparatus (Design)

2. Assembly of Fibers on

i. Design of a "Universal” Platen to Place Fibers on the

Superlayers

inside and outside of Cylinders
ii. Tooling to place fibers on cylinders

-~ iii. Tooling to mount cylinder and ancillary hardware on
Cordax

iv. Instrumentation to rotate cylinder and diagnostics for

cylinder posi

v. Placement of fiber on inner and outer walls (platen to

tioning

cylinder operation) )
- 4 mo. enginecring design

drafting

3mo. parts fabrication (1.25FTE tech)
3mo. asembly and check (0.25FTE engr.

and 0.25FTE tech.)

3. VLPC Cannister Prototype Fabi'ication
Further Design Refinements and Fabrication
of a Pre-production Prototype

4. VLPC R and D Contract

Per attachment

§. Engineering Support at SSCL and ORNL
i. ORNL Cost and Schedule and Mechanical Design (1FTE)

- ii. Cryo Engineering

and Integration (0.SFTE)

12/17/91
Dendd Kocz‘cQ ' /%‘:I%\

50K
80K
5K

16K

151K

20K

20K
15K
15K

70K
32K
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ISSUES YET To BE

ADDRESSED
o~d Time runoul,

I. innermost slrow Layer (€1)

2. pirels

3. # of silicon layers
¢. #of ITD superlayers
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CENTRAL CALORIMETER PARAMETERS
FOR TECHNICAL PROPOSAL

k4

Parameters of 12/9/92 have not changed significantly
(some inconsistencies corrected, some remain)

Design issues under consideration:

* Removable endplug for replacement of radiation
damaged tiles.

e Revised support system.
* Descoped source calibration system.

e HADI1 with upgrade path from 0.1 x 0.1 to 0.05x
0.05.




CALORIMETER COST FOR TECHNICAL PROPOSAL

Cost refinement activities

e  Update cost for FY 1992 labor rates T
. Pho.totube assembly {
e  HADI upgrade path costs T
e Endplug costs T
e  Calibration descope cost adjustment {

. Reduction in scintillator cost {

. Correction of ertors {4

o  Protstype Estimeade T
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E. Larson 2/1/92

POTENTIAL CHANGES IN FUTURE CASES
Reduce piece part cost on PMT's.

Reduce Granularity in Hac 1 to 0.1 x 0.1 reducing tiles
from 691 K Tiles to 542 K tiles, Est savings $ 3
Million.

Refine estimate on absorber from vendors, impact
unknown.

Refined Shower Max Tile design and estimate.

Refined End Plug design and estimate.
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TEST BEAMS AT CERN
Report by S.R.Amendolia
EB meeting, February 1, 1992

Investigation based on:

a) discussion between G.B. and E. Iarocci (chairman of the CERN Committee for
R&D and Test Beam allocation) on January 13, 1992

b) meeting at CERN (January 23, 1992) of SRA with Jurgen Schukraft (SPS
Coordinator) and Per Grafstrom (aide, beam expert of Accelerator Division). Also
two members of the GEM Collaboration were present.

c) phone call of SRA to Nicholaus Haman (PS Coordinator) on January 21, 1992

Schedule:

PS operation (for users) will start around April 15. There are approximatively 25 weeks in
1992 in which PS beams will be available.

SPS test beams' operation will start (see attached schedule) on May 25 (Period P1 devoted
to Heavy Ions Physics). Period P3D (December 10-18) will probably be suppressed, so
test beams will close on December 7, 1992.

Beam availability and status:

Max momentum;

Beams in the North Area (NA) can go up to max accelerator momentum (450 Gev/c),
though most are allocated to experiments. H6 cannot (it is a secondary beam of target T4),
it is limited to 205 Gev/c pions (can also have electrons, though not stated in the tables).
Also, in the future, H8 (now at 450 Gev/c because of NA12), even if NA12 desappears
will not run at 450 Gev/c since 1994 because NA48 needs the protons (will be located in
PO from 1994). So H8 can possibly run at 450 Gev/c only in 1993 (for 1992 it is entirely
booked).

Beams in the West Area (WA) which can be used as test beams now reach 100 Gev/c
maximum. NOTE: there is a serious plan of upgrading (if requested) X5 or X7 to 200
Gev/c (this will be a candidate to become the dedicated SSC test beam line, see below). The
upgrade can take place during the 1992-93 shut down. The upgrade affect (negatively) the
X1 beam line, which owns the beam elements needed to perform the operation. The cost of
the upgrade was guessed of the order of 0.5 MSF. There is a chance that X3 will be
discontinued, as a result of the upgrade.




Low momentum:

WA beams can go to very low momenta, but this may be tricky. For example X3 can
operate as low as 2-3 Gev/c, but very unstably (1-2 nt/burst, a little more e)-

Beams in the PS are suited for low momentum tests. Their max momentum is limited to 15

Gev/c. These beams do not undergo changes and upgrades, usually.

Location and availability:

WA is the place traditionally used as a test beam area (LEP test beam lines were located
there). Also H6 (NA) will mostly operate as a test beam in the next years. Note that H6 is
the beam where the NAxx test experiment (Pisa group - SRA) was located until 1991. We
"own" an electrically powered barrack and some equipment overthere.

NOTE: WA will close in 1996 at the latest time, because the injection elements are needed
for LHC. The statement reads "there is no committment to go any further”. It could be
earlier eventually, but LHC schedule seems today a little more relaxed.

PS beams suitable for us are located in the East Area of PS (see list). South Area's beams
are weak, low momentum stuff.

Status of beam allocation:

PS has not yet started to collect beam requests. Forms will be distributed soon (SRA will
act ad interim as a contact). Beams are allocated by the PS Coordinator, in case of great
conflicts the issue will be reported to the SPSC (there is no longer a PS Committee, I
understood).

SPS has already a draft schedule (attached) which accounts for the major experiments’
requests. Test beam allocation is yet to be discussed, however specific requests (GEM
included) have already been forwarded. We (and GEM) are expected to state our needs as
soon as possible (first week in February?).




Policy for beam allocation: ‘
The policy for test beam allocation to SSC groups has not yet been discussed. Rumors on a
high "participation fee" to be payed by SSCLAB originate from an "incident" (a non-CERN
group showing up at a test beam previously - cheating? - allocated for CERN related test
activity) and from Director's General strong attitude versus SSC in view of the problems
with LHC approval by the CERN Council. Iarocci's temptative statement is that there is no
reason for a "punitive” behaviour, especially if European groups are involved in the tests.
At the meeting with SPS coordinator, it was stated that a possible plan for 1992 is to charge |
SSC groups with “operating costs” only, which seems fair, but it is not clear what
operating costs mean: it could range from the crane's operator intervention to displace a
magnet, to the salary of the Accelerator's control room crew... Note that things like
electrical works, experimental barracks' setting-up etc. are normally charged to groups
working at CERN.

Referring to the upgrade of X5 or X7 beams (see above), SSC would be charged for
example with the cost of the operation, una tantum, which seems reasonable.

It was felt by the SPS coordinator that the long term policy will be to allocate a test beam
line to SSC for the forthcoming years, and SSC groups would manage the sharing between
them (as was successfully done for LEP experiments, and will possibly be done for LHC
as well).

The fact that SDC has a large European component, while GEM has none, could play in
our favour in case of a separate approach; it would be waved away if a beam line is labeled
"SSC". There has not been an extensive discussion on this issue, for sake of fair play.
GEM is requesting at least 2-4 weeks of SPS test beam time for 1992, with 5-100 Gev/c e-
and 2-4 weeks in 1993 with 5-100 Gev/c & or e~. They test a Liquid Xe and Kr Calorimeter
(MIT group). SDC has placed a verbal preliminary request for about 4 weeks of beam
time, waiting for technical details by the physicists involved, and pending decisions by
SDC boards. :
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LIST OF SPS BEAMS

1A. BEAMS IN THE NORTH AREA (Situation for 1991)

Beam Maximum | Intensity of beam for 1012 Beam
name momentum | incident protons at 450 GeV/c Type
(GeV/e)

H2 450 9107 x* at 200GeV/c 1) high energy hadson or
317 x at 200GeV/c electron beam (also used
4100¢t at 150GeV/c as test beam);
~10° 325 at 200GeV/A 2) heavy ion beam

K4 450 - 1108 K9 > 50 GeV for alternate K9 and K%

101 inc. p (205 mrad) beams
360 ~ 2102 K% for
2107 inc. p (45 mrad)
Hé )50/ 1108 x* at 150GeV/c medium energy hadron beam,
205 4107 x a1 150GeV/c also used to produce tertiary
test beam

H8 450 ~ 100 p at 450GeV/c 1) attenuated primary p or
2 108 x at 200GeV/c high energy hadron (e)

7 10/ x° at 200GeV/c beam;
~ 108325 at 200GeV/A 2) heavy ion beam

M2 280 2107 pt at 200GeV/c high intensity muon
8105 u at 200GeV/c beam

PO 450 s 1013 p at 450GeV/c primary proton beam, used to
2 107 325 at 200GeV/A transport hadrons or heavy

jons to H10 or E12

H10 450 ~1Bp at 450GeV/c 1) attenuated primary proton
- 1107 x* at 200GeV/c or high energy hadron
- 3100 x" at 200GeV/c beam (via PO);

2107 325 at 200GeV/A 2) high intensity heavy
ion beam
_ e
E12 450 hadron fluxes similar to H10 ﬁ? ’avath
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LIST OF SPS BEAMS

1B. BEAMS IN THE WEST AREA (Situation for 1991)
Beam Maximum Intensity of beam for 1012 Beam
name momentum | incident protons at 450 GeV/c Type
(GeV/c)
Hi/Y1 450 ~100x at 350GeV/c 1) high energy hadron
-108x* at 200GeV/c or electron beam
10°e at 200GeV/c 2) high energy hyperon
~10°L at 350GeV/c beam
(for 2010¥0inc. p)
~ 10P 325 at 200GeV/A 3) heavy ion beam
H3 200 - 108x* at200GeV/c 1) hadron or electron beam;
(400)* - 1% at200GeV/c serves to produce test
108e at200GeV/c beams X1,X3,X5,X7
~ 10632521200 GeV/A 2) heavy ion beam
X1 70 102 - 104 tertiaries / test beam: tertiary
107 incident H3 particles electrons + hadrons
X3 50 102 - 104 tertiaries / test beam: tertiary
107 incident H3 particles electrons + hadrons
X5 100 102- 104 tertiaries / test beam: tertiary
107 incident H3 particles electrons + hadrons
X7 100 102 - 104 tertiaries / test beam: tertiary
107 incident H3 particles electrons + hadrons
2. BEAMS IN THE WEST AREA NEUTRINO FACILITY
Beam | Parent <E,> Intensity of beam and/or event rate Beam
name | momentum | (GeV) for 1023 incident type
(GeV) (870m from tgt, inside 1.75m radius)
N1 450 GeV -24 13x 100 v/m? ~0.13ev/ton | Wide band spectrum
protons ~20 07 x 1010 anti-v/m2 ~0.03 ev/ton up 0 450GeV/c

%)

Beam H3 can operate at momenta up to 400 GeV /¢ provided the test beams X1,
X3, X5 and X7 arc not used.




ol

VATV IVINIRTTAIXT ISTR 545

(1681 20} UOHIEN)}S)

11

11

1MH3




PRI

1.

LIST OF PS BEAMS (as from September 1990)

EAST AREA (primary beam)

fomme L Nou'twdp,\,. 194)

Beam Ejection Momentum Particles/magnet cycle Remarks
e17 SE62 8.-24.GeV/c p:2x10tl primary beam split in 2
(for test beams) branches
EAST AREA (counter beams)
Beam Ejection Momentum Particles and flux/cycle Remarks
ty SE62 €£10GeV/c patetorne production angle: 0 degree
(South branch) et 7% of + beam (5 GeV/c) | beam height 1.28m
~50% of + beam (2 GeV/c) | beam switched between 2
branches
tg SE62 <15GeV/c  x 15GeV/c=10° production angle: 0 degree
(North branch) e =1-3%") beam height 2.28 m
pos. beam ~ 106
t10 SE 62 <5 GeV/c 1 5GeV/c=3x10° production angle: 3.53 degrees
(North branch) e =~10%") beam height 2.5 m
pos. beam = 6x10°
t11 SE62 <£35GeV/c 1" 3.5GeV/c=2x10° production angle: 8.55 degrees
(North branch) e <10%") beam height 2.5 m
pos. beam ~ 4x10%
*)The percentage of e” in the
negative beam is depending on
the external target used
(converter)

SOUTH AREA (LEAR design values)

Beam

LEAR
external
beam

Ejection Momentum

ultra-slow
= 1 hour

Particles and flux

0.06-1.9 GeV/c pbar: < 3x106/s for

1 hour spill

Remarks

spill length: 15' to 4 hrs

pbar beam split in 3 branches (8 experimental arcas)
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===u= This message was extracted from SDC_NEWS, folder TBSWM e

Description : Technical Board Meeting, Pisa, Italy, Jan. 10, 1992
From : CSA::BAUTZ date : 21-JAN-1992

SUMMARY OF TECHNICAL BOARD MEETING
PISA, ITALY
Ul
January, 10, 1992

MEMBERS PRESENT: K. Amako, M. Edwards, J. Elias, I. Gaines, M. Gilc@rieso,
D. Green, R. Hubbard, T. Kondo, A. Lankford, L. Price,
A. Seiden, W. Smith, G. Trilling

OTHERS PRESENT: L. Bautz
The meeting began at 12:15 PM.
PAC REPORT AND TECHNICAL PROPOSAL

Trilling outlined his impressions of the reaction from the SSC Program
Advisory Committee to the SDC presentation in December. Their response seemed
positive on technical progress, inciuding the process for technical decisions.
There was support for the SOC fiscal year 1992 budget request, concern about
insufficient SDC management presence at the SSC Lab, and concern about costs.
The PAC and the SSCL desire to see a vigorous defense of all detector
gara-nt?rs and the relationship to physics performance in the Technical

roposal .

It is expected that the proposal will be subjected to intensive review over
several days sometime during the first two weeks of May. It will consist of
plenary sessions covering the overall detector, physics, costs, schedules, and
management followed by parallel sessions covering each subsystem in detail. The
reviewers will include PAC members, additional technical experts, and, possibly,
some DOE representatives and HEPAP members.

STATUS OF THE TECHNICAL PROPOSAL

Gilchriese indicated that there will be a draft 6f the proposal distributed for
comment at the next meeting. He called attention to the SDC Parameters book,
noting the need for consistency with the proposal.

TEST BEAM NEEDS AND PLANS
s

Building a wedge prototype for the central calorimeter to be tested by the
summer of 1993“Was discussed.

Green pointed out that the prototype will be a maior undertaking and that

setting up for testing will involve cranes, rail¥, electronics, etc. There
will also be a need to test wedges as they come off the production line in
1994-96. He is looking into possibilities for testing at_&F“‘.b. Testing
at would need to be explored. Gilchriese asked Green, Mantsch, ﬂg?&a;d, °
and Takikawa to define the prototype, including cost and schedules, by: 'ob, 3

The feasibility of testing the prototype at either Fermiiab or CERN will be
explored and a preliminary report presented at the next EB/TS m.

PREPARATION FOR NEXT EB/TB MEETING




From:  FNAL::DCREEN 21-JAN-1992 17:56:54.63

To: PLAVALLIE )

cC: DGREEN

Subj: Pat, please send out to FERMISSC.DIS AND SDC_CALOR.DIS first thing Wed am, thanks. Dan

A R

CALORIMETER PROTOTYPE 793}

AGENDA
Jan 22, Wednesday 3-6 pm, Fermilab, Curia II (WH2SW)

3:00 - 3:10 Where do we test SDC calorimetry? D. Green
3:10 - 3:30 What test beams are available 0 FNAL? G. Bock/
C. Hojvat

3:30 - 4:00 What would a "preproduction prototype®

look like,cost,weigh, ... ? S. Gourlay
4:00 - 4:20 What did we learn from EM tests in MP? J. Proudfoot
4:20 - 4:40 What did we learn from SM tests in MP? D. Hubbard
4:40 - 5:00 What did we learn from HF tests in MT? B. Foster
5:00 - 5:15 Where are we going in RADDAM studies? A. Byon
5:15 - 5:30 Can we build a "PPP® in 1993 ? D. Green

Adjourn

MEEeT\NG AFTER. FVXED taeee( ARUN
Snctay , OSA
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S. Gourlay
Fermilab
January 22, 1992

First Look At A Preproduction Prototype
Barrel Calorimeter for SDC

o £l TESY DEaA wodK
What have we done so far?

e Argonne EM prototypes EMN
4
e Fermilab hadron test wedge WA D

* + many, many R&D efforts

Where are we?

e Efforts are now directed at finalizing the design
parameters and producing a viable cost estimate

Still need to....
e Confront basic construction/design details
* Calibration ¥«
e Compare performance with design expectations

* Exercise upgrade scenarios
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Barrel Prototype Cost Estimate

-

Barrei cost breakdown from the current WBS

N EXPERI\ENTE

Components $55,000k FAOQM

Assembly 7,000k M AvO RA

Tooling 11,000k & o 0

Facilities 5,000k TESY 8 Ear)

Proj. mgt 20.000k MOOVLE $
$98,000k g

There are 128 half-wedges (h-w), therefore each h-w is $760k
To get absorber cost subtract tile and PMT costs TSWKkwB A

3000 tiles/h-w @ $40/tile instalied = $120k
83 channels of PMT per h-w @ $540/channei = $50k
So production cost of absorber for 1 h-w is $600k

Assume cost of first prototype module is 3X production cost
and subsequent modules are 2X production cost

We F@oNT JoguinNG
AND INVESTWENT



Scintillator

Tiles Average Size
1920 BM 13 X 13 cm
1792 Hadi 18 X 18 cm
240 Had2 39 X 39 cm
2
3,952 Total approx. 130 m
Fiber
Clear Fiber 13,000 m
WLS Fiber 3,000 m

Channel Count
Primary configuration - 96
Upgrade configuration - 208

/ EM -> EM1/EM2

Had1 (0.1 X 0.1) -> Had1 (0.05 X 0.05)

EXERNS & Need a total of 224 PMTs

W (¢s)
EMi/gNna

To nnwe sVRE
1T WORAKS




01/31-82 1¢:92 708 840 2194 SDC FERMILAB @o003-008

-~

Total cost for_4_half-wedges with 8 X 8 section at eta = 1.4 ¢ \)
instrumented is then:

Absorber
$4,000k Components,assembly,tooling
$1.400k* Facilities, proj. mgt
$5,400k

& Tiles/PMTs $180k*  (not installed)
Install readout $200k ~

o Sd(sacuvl) $500k*  (includes all components and

installation)
Test Fixturing B
Beam Test
Total $6,280k C- 68 MY WrTh o)
Cf "ogUTRICLERT " |
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Letter of Intent*
=) for the

Test of Prototype Detectors for the SDC**
at Fermilab

Sk

** Listing of SDC members in Appendix A

*Correspondents: J. Bensinger
617)647-2835
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708)840-3104
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14. SDC Test Beam Needs 3\‘(@3\, st
Y\ o P A~

14.1 Requirements

14.1.1 Introduction and Basic Assumptions

Experience with detectors at hadron Colliders at Fermilab and CERN has shown that the calibration beam needs of
the SDC will be substantial. We anticipate that the SSC Laboratory will have at least one calibration beam
dedicated to SDC for a period starting several years before and extending to several years after first collisions. In
addition, beam time will be needed for prototype and initial production tests at other labs, before beams will be
available at SSC. We plan for low energy beams (1-200 Gev) from the Medium Energy Booster (MEB) to be
available for system verification and calibration. Beam (2 TeV) from the High Energy Booster (HEB), if
available, will be used primarily for detector calibration and response studies. Testing needs are driven by the
overall detector schedule, and the need to carry out checks of subsystem performance with beam at various stages
of design and construction. The next sections outline the testing needs by subsystem, and the beam and hall
parameters required to meet the needs. Section 14.2 describes the proposed test plan and its cost.

14.1.2 Detector Schedule Overview

The overall detector schedule has been described in section . The schedule is driven by the underground
installation activities. Figure 14.1 shows the schedule of underground installation activities. Muon system work
begins first and finishes last. The calorimeter surface work is to be completed in 1997 and the assembly lowered
into the underground hall. Tracking systems are to be installed in 1998. For each subsystem, fabrication of
components must be completed in order to meet the required underground assembly schedule. Various levels of
test will occur throughout component design, fabrication, and installation. Those tests that require particle beams
to carry out can be somewhat arbitrarily divided into prototype tests, pre-production tests, production verification
tests, and detector calibration and response studies. The needs for such testing and calibration work depend on
the individual subsystems, as outlined in the next section.

14.1.3 Testing Needs by Subsystem
* Calorimeter

The calorimeter systems will require the most extensive and elaborate beam tests. Figure 14.2 shows an overview
of the calorimeter construction and installation schedule.

Experience with large, multi-purpose detectors at high-energy hadron colliders has shown that the calorimeter is
an essential part of nearly all physics measurements of high transverse momentum processes. These processes are
characterized by the presence of high Pt jets, leptons, (electrons, muons, taus), and/or neutrinos detected by the
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technique of missing transverse energy). The calorimeter is central to the identification and measurement of jets,
electrons, and neutrinos and is of lesser, but not insignificant, importance in the identification of muons and taus.

Most QCD cross sections are steeply falling functions of the jet energy. This implies that relatively small errors in =
the jet energy scale correspond to fairly large errors on the cross section. This can be particularly important for
looking for evidence of quark substructure as signaled by an increase in the rate of production of very high
transverse energy jets.

The ability to identify neutrinos via the missing transverse energy of events is totally dependent on the calorimetry.
Module-to module errors in the calibration lead to increased fluctuations in the missing transverse energy,
although it is difficult to quantify the impact on physics since it depends on the physics process and on the
algorithm for calculating missing transverse energy )for example, whether clustered or unclustered energy is =
used).

Many important physics processes at the SDC will be studied via their production of high Pt leptons. We mention
just a few here, namely, production of a high-mass Higgs, production of a low-mass Higgs, and production of a =
high-mass Z'.

The primary objective of the SDC program is the study and understanding of Electroweak symmetry breaking. A
crucial part of this is the search for the Higgs particle postulated by the Standard Model. If the Higgs exists and is =
sufficiently massive, then its primary decay is into a pair of intermediate vector bosons (WW or ZZ), of which the
Z-pair mode with the Z's decaying to leptons is thought to be the cleanest discovery channel. Obviously,
measurement of leptons is crutial here, with the main requirement being that the resolution on the Z mass be of the
order of the Z width or better so that separation of Z's from the background is not compromised. This is a =
relatively modest requirement.

If the Higgs mass is low, then its decays are complicated and usually contain heavy quarks or taus. Separation of
these modes from QCD backgrounds is very difficult, so that it is thought that the primary discovery channel =
would be decay to a pair of photons. It is imperative in this case to have good energy resolution in the EM
calorimeter so that a narrow Higgs can be identified in the presence of a substantial continuum background.

If a Z' is discovered, it will be essential to measure its width. The calorimeter resolution for high energy electrons ~
must be sufficient so that the mass resolution does not compromise this measurement.

Consideration of the physics processes above and others has led the SDC collaboration to require that the energy
resolution of the EM calorimeter have a stochastic term that is 15% or less and a constant term that is 2% or less
(the energy resolution is a sum in quadrature of a constant term and a stochastic term that varies as the inverse of ~
the square root of the energy). Also, it is required that the hadron calorimeter have a stochastic term of 60% or
better and a constant term of 4% or less.




There are several contributions to the constant term in the energy resolution. One of these is a module-to module
variation in the energy scale. SDC intends to have an extensive source monitoring system on each module which
may be able to determine the energy scale sufficiently well. However, there is at present no proof that this will
work, and there will be no proof until a significant fraction of the production modules have been studied in a test
beam. For the EM calorimeters, there will be an in situ calibration using inclusive electrons and/or electrons from
Z and W decays. This calibration will take time, meaning that the performance of the calorimeter will be
compromised initially unless a separate calibration is done. Calibration in situ of the hadron calorimeter to the
required precision is much more difficult.

Some of the contributions to the constant term are intrinsic to the calorimeter modules, such as transverse and
longitudinal spatial nonuniformity. We feel it is important to measure these contributions on the production
modules as part of the quality assurance that they meet the design criteria. The energy resolution for electrons and
hadrons as aTunction of energy is shown in Figure 14.3. As can be seen, in order to separate a constant term of
the magnitude of interest from the stochastic term, it is necessary to measure the resolution at a sufficiently high
energy. For electrons, this implies an energy of at least 50-100 GeV. For hadrons, a 200 GeV beam is minimal.
Furthermore, in order to feed back to the production-line techniques in case of problems, it is necessary to do this
testing as the modules are constructed.

For low energies, the energy resolution becomes sufficiently broad that many particles are required to accurately
determine the mean response, making the systematic study of problems very difficult. This is particularly a
problem for hadrons, where the resolution is greater.

Since we are aiming for a 1% calibration, the effects of material in front of the calorimeter can be significant for
low energy beams. Figure 14.4 shows this effect in a simulation for a liquid argon module. Although the
material is significantly more than we would have for the test beam (although we may want to emulate the 1
radiation length coil), the figure illustrates the effect. This further emphasized the need for high-energy calibration
beams.

It is very useful to have muons as a check on the calibration. Muons are minimum ionizing throughout the
calorimeter, giving signal levels that are straight-forward to relate to first principles. Also, the signal from muons
is sensitive to variations in scintillator thickness and light production but is insensitive to variations in absorber
thickness, allowing a separation of these effects that is not possible with electrons or pions.

In conclusion, we prefer electrons of 150 GeV or greater to calibrate and test the EM calorimeter, but 50-100 GeV
may be adequate. We also require hadrons of at least 200 GeV in order to calibrate and test the hadron
calorimeter. As a cross check, we require muons (these may be mixed with the electron and/or pion beams).

Once the SDC calorimeter has been assembled, we will continue detailed studies of spare calorirheter modules in
the test beam to understand questions of spatial uniformity, response near cracks, energy linearity, energy
leakage, energy resolution, position resolution in the shower max detector, etc. This ongoing program will need
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higher energy beams (several hundred GeV) in order to study the linearity of both the EM and hadron calorimeters
and to accurately measure the constant term in the hadron energy resolution.

The above considerations and a look at the assembly schedule shown in Figure 14.1 leads to a calorimeter testing =
schedule with the following elements:

Prototype test, 92-93

Preproduction tests, 93-96

Production verification/calibration, 96-97
Response studies, 97 and beyond

Exact running times for such tests are to be determined later, but a minimum testing period can be expected to be =
on the order of three months, based on past calibration and test experience at FNAL and CERN. More details on
the beam requirements are discussed in the next section.

* Tracking Systems

Two types of tracking system tests and measurements are anticipated at this time. One would use a low intensity
direct beam through the tracking detectors to measure their resolution and double hit separation capabilities. A test
beam with precise knowledge of the particle trajectories is essential for these measurements. Of course, =
simulations can and will be done, but the measurements cannot be eliminated if there is to be no doubt that the
tracking system will work correctly and on schedule. All three types of particle tracking detectors can be tested at
the same time; that is, the silicon devices, the straw tubes and the scintillating fibers. An upstream beam telescope
comprised of silicon strips is required to define the particle trajectories to better than 5 mm. The beam spot over ~
which the particle trajectories are distributed should measure about 2 cm in both transverse dimensions and the
divergence should be less than about 2 milliradians. A rotating table would put the particles through different
regions of the detectors at different angles to check resolution as a function of those two variables.

The second type of tracking system measurement is intended to test the high rate capabilities of both the tracking
devices themselves and the track recognition hardware which must be included in either the first or second level
trigger. For this, it is desirable to have an intense radiation flux, but one that is spread out over as much of the
area of the detectors as possible. This will approach the distribution of particles in the tracking region of the SDC ~
detector. A target can be placed in the beam at some upstream point and the energy of the beam can be run at a
moderately low energy where the particle flux becomes less highly collimated, but still there is a high multiplicity
of produced particles. An adaptable mounting and moving mechanism would allow the flux to pass through the
tracking devices in ways to match the typical trajectories in the SSC. The rotating table could be fitted with ~
various mounting fixtures and linear translators and lifters to change the configurations with minimal access to the
beam line. Beam quality here is not an issue, but the beam intensity must be on the order of 50 MHz.




No extensive calibration and response runs are foreseen to be needed at this time. Thus, we expect tracking
prototype testing in 1993-95, and preproduction tests in 1997.

* Muon Systems

Requirements for muon tests are very similar to those for tracking. Again, high rate and multi-track resolution
studies require beam time. The bulk of the muon tests are foreseen to be made in a series of cosmic ray tests that
rely on various alignment system test stands through the design and production cycle. Muon tests can be mounted
during the calorimeter and tracking system tests.

« DAQ/Trigger

Data acquisition and trigger system tests, especially at high rate, are planned to be made with the calibration
beams. Large scale tests of these systems will occur in the 1996 time frame, when production calorimeter
modules become available. Earlier prototype tests will occur in conjunction with the prototype calorimeter and
tracking tests.

14.1.4 Required Beam Parameters

Two important issues to be addressed in calibration beams then are lepton identification (both electron and muon),
and jet energy measurement and resolution. For leptons, the full energy range available will be studied. Jets are a
collection of low energy hadrons; thus, careful measurement of the calorimeter response at low energies is
important. Jets up to 10 Tev will be produced in the first year's exposure at SSC. Since the mean momentum
fraction carried by the fragmentation products of such jets is n.2, pions with momentum of 2 Tev or so are
appropriate for study. As with the leptons, pion beams of the highest available energy will be required for study.
To provide the required dynamic range in beam energy, facilities that can target 200 Gev from the MEB, as well as
the 2 Tev beam from the HEB, will be needed.

To study lepton identification the beams should transport the highest possible energy, with fluxes of 100 to 1000
Hz for each particle type (electron, muon, pion) at that energy. The minimum flux at which useful data can be
taken is about 1 Hz. In addition, for calibration of the beamline components, the magnets should be able to
transport particles up to the fully energy of the primary beam. For hadrons, most studies will need fluxes similar
to those given above for lepton studies, except when studying issues of pileup. For this, fluxes of 107 per pulse
will be needed. For a 100 GeV electron beam with a flux of 107/cm2/sec, an electromagnetic calorimeter will
receive a dose at shower maximum of 103 rad/sec or a Mrad in 1000 seconds of exposure.

Since the resolution expected for the Em calorimeter is 15%/4E + 1%, absolute momenta should be known better
than .3% and relative momenta (given by the beam tagging system) should be known to better than .05%. Since
the e/t separation in the calorimeters is expected to be in the 100 to 1000 range, the beam particle types shoulid be
identified to better than 1000:1. In particular, the misidentification of pions as electrons should be below this




level. This means that particle rejection equal to 1000 divided by the fraction of the desired particle in the beam
will be required.

For muons, studies are made of how often pions look like muons in the detector, either by not interacting or via ~
hadronic shower punch through. Again, the misidentification of pions as muons should be below 1000:1.
During calorimeter calibration there should be no muons in the calorimeter in the measurement time window. This
can be achieved by using a veto counter to reject any muons entering the calorimeter just before or after the beam
particles pass through. If during low flux operations of the beams, the muon fluxes are less than 150 KHz/m?2, ~
this procedure will not incur substantial dead time. Beam requirements are summarized in Table 14.1.

Table 14.1  Calibration Beam Requirements

A. Lepton ID
1. beams of highest possible energy at 100 Hz of e,u,%
2. particle ID 1000:1
3. energy resolution absolute 1/3% -
relative .05%

B. Hadron Response/Calibration
1.  beamsin I to 200 GeV range -
2. flux to 107/sec
3. particle ID 1000:1

C.  Stray muon flux in detector hall < 150 KHz/m? ' =
Summary of calibration beam requirements

14.1.5 Required Support Facilities

The general requirements for the test stands are that they move to cover the full range of particle angles that a
particular type of detector might see in the actual experiment. Further, the stands should retract from the beam line
while not being tested so that components in downstream positions may be tested. To calibrate the calorimeter
energy response over the entire detector, there must be a sufficient portion of the calorimeter available to test so ~
that all particle trajectories can be simulated with the beam. The calorimeter will be mounted on a table with
sufficient degrees of motion to allow the beam to go directly down each tower in the calorimeter.

To calibrate the forward calorimeter requires a smaller range of motion so it can be mounted on rails with jacks to
give the correct position. The forward calorimeter is placed so that it and the endcap test module can have the
correct orientation to study the transition between the central and forward calorimeter.




A muon chamber stand is located behind a block of iron so that energy losses by high energy muons are property
simulated. The chamber is mounted on rails so that one can scan the entire length of the chamber. It can also be
rotated so that particles traverse the chamber at the correct angle.

The tracking chamber stand, located in front of the calorimeter, can be used as a general purpose stand for
whatever small testing needs arise.

A total floor space of about 40’ (transverse) by 120’ (along beam) appears to be adequate for SDC needs. A
control room roughly the size of four Fermilab trailers (12’ x 80°) should be adequate. Many services will be
required. Rigging of full scale calorimeter modules will be needed. Crane coverage of SOT appears adequate to
the task. Survey will also be periodically needed. Consumables for the various detectors are another obvious
necessity. Wire tracking systems will need gases, mixing stations and exhaust systems.

Since we foresee to perform the initial acceptance and testing of calorimeter modules at the calibration hall site,
considerable floor space, enough to accommodate some 20% of the modules, will be needed outside the beamline
area for module testing and repair. The climate should be controlled in this area.

14.2 Implementation Plan
14.2.1 Proposed Test Plan

The possible test beam sites are determined by many requirements. These include the beam energy and type
requirements and the schedule requirements given above. In addition, there are other considerations affecting the
-choice of site.

It will be necessary to eventually have test beam facilities at the SSC Lab to do the ongoing, long term study of the
calorimeters necessary to maximize their performance and hence maximize the physics output of the detector.

If the calibration is not done at the SSC Lab or at Fermilab (assuming that is where the modules are assembled),
then there will be additional shipping of the modules. This may not be trivial or inexpensive since modules are
heavy (32 tons each) and may be relatively fragile (they contain a large number of delicate optical fibers). In
addition, each module has a fairly high dose source (probably Co-60 or Sr-90) attached to it. Restrictions on
shipping these sources, particularly overseas, may lead to delays. In general, it would be wise to limit the amount
of transportation of these modules as much as possible. Overseas sites have the additional problem that close and
timely communications of needs and results is difficult.

In addition to the general consideration such as diverting money and manpower, shipping, etc., we now consider
various specific sites:

BROOKHAVEN-Beam energies are too low. It is not clear what beam availability might be in 1996.




SLAC-Pion beam energies are too low. It is not clear whether SLAC will be running test beams in 1996.

ACCELERATORS IN RUSSIA-Beam energies are too low. Long term schedules are uncertain.
Currently, there is no Russian interest in the SDC calorimeter group.

CERN-Cern has the required beam and it is likely that they will be running at the appropriate time.
However, there are the problems of shipping and of being so far from the production line.

FERMILAB-Fermilab also has the required beams, but it is not clear the the lab will be running fixed
target mode at the appropriate time, particularly given that the highest priority at that time will be the
Tevatron collider.

SSC LAB-The test beams from the MEB would be adequate for initial calibration, but the current schedule
has them turning on too late. It might be possible to get test beams from the LEB, but the beam energies
would be too low.

We plan to invest in test facilities for use of SDC at FNAL and SSC Lab. Once beam becomes available, we
intend to carry out our test activities primarily at SSC Lab. For earlier periods when beam is not available at
FNAL, tests will have to be conducted at CERN, or the scope of the tests restricted in order that they may be
mounted elsewhere.

14.2.2 Schedule for Tests

We plan to mount the beam tests for all subsystems during periods when beam is needed for calorimeter tests.
The 92-93 prototype tests are planned for a 3 month run at FNAL or CERN. The preproduction tests in the 93-96
time period are to be carried out during two or three three-month running periods at FNAL the remainder of the
studies will be carried out at SSC Lab, depending on beam availability.

14.2.3 Costs

Cost estimates to carry out beam test activities are included in the overall detector costs. These estimates include
costs for fixturing, test beam DAQ systems, and the direct test operations of the systems under test. Costs for test
not at SSC Lab (offsite beam tests) have been estimated and included. No costs for actual beam operations have
been included, as those costs are expected to be covered elsewhere. Costs incurred before calorimeter installation
in the hall are tabulated separately from those incurred during the calorimeter response studies before collider
operations. Table 14.2 tabulates the results.
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