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Muon Group Meeting - SSCL

July 3, 1992

Abstract:

Agenda, attendees, and transparencies of the GEM Muon Group
Meeting held at the SSC Laboratory on July 3, 1992. Agenda items are:
General Issues; Discussion of Changes for New Baseline; Electronics
Issues; Status Reports of R&D Efforts; Mechanical Engineering Update;
Update on Simulations; and Discussion/Review.
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Any comments?

{1) General Issues: {Taylor)

B:30 AM -~ 8:45
PAC/Woods Hole meeting preparations
{2) Discussion of changes for new baseline (Group) 8:45 AM - 9:15
{what's needed)
{3) Electronics issues: {(Marlow/Ativya) 9:15 AM - 10:00
(4) Status Reports of R&D efforts: 10:00 AM -~ 12:00
{To cover both mechanical and electrical designs)
- CsC kPolychronakos/Whitakerfh‘pb$ed,w\pgﬁLlcﬁ--
- CsC OH (Lau)
- RPC (Pless/Wuest)
- PDT {Bromberg/Miller)
-~ LSDT {Osborne/Korytov)
~ CSC~barrel . {Atlya)
- TTR status (Mitselmakher} \
Lunch = Tytaneyr /dvs { Caratast . :
- ,—-l,,c\?‘, J.t,!a A;’(i’/ ').-') r\}-\{i‘- I_f_
{5} Mechanical engineering update (Pohlen/Nimblett? 1:00 PM - 1:30
{6) Update on simulations: (coordinated by Chiaki/Atiya)}
- hit level Monte Carlo (Chiaki et al.} 1:30 PM - 3:00
"}l (_‘"“.rl.““:‘\’-!’_
(7) Dlscussion/Review {Group) 3:00 PM - 3:30

AM

AM

AM

PM

PM

PM

PM



REMARKS

F. E. Taylor



Game F’Iah:

Technologies:

Present time - constructing fiJH - scale prototypes
8/15/92 - delivery of chambers to TTR
8/20/92 to 9/15/92 - test chambers with cosmics

H

determine - gpatial resolution
operational stability
compatability

8/32 to 10/92 - test CSC at RD5 beam at CERN

9/15/92 to 10/14/92 - evaluate tests

10/15/92 - present results at SSCL and make recommendation

10/15/92 to 12/15/92 - develop choice and write TDR

-

Choices: -

‘Baseline - 1: Choose LSDT or PDT for barrel
' Accept RPC for barrel trigger

Accept CSC for endcaps

Baseline - "2": CSC everywhere

Baseline - "3". . A drift option everywhere with PWC trigger




MUON ELECTRONICS

D. Mariow
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GEM Trigger/DAQ Design Goals

Level | Rate In | Rate Out | Latency | Comments
1 60 MHz | 10 kHz 2 us Synchronous, Pipelined
2 100 kHz | 300 Hz |~ 100 pgs | Asynchronous, Monotonic
3 3 kHz 10 Hz — CPU Ranch

Note: Design goal for rate out at each Level is 1/10’th the de-
sign goal for the input rate handling capacity of the subsequent
Level. |

13




V§;~+:>»—ﬂ[msc PIPE | FIFO{5- 30 -+ FIFO
IPC PIPE F oéZERO MUX
'*{:>"“’ IPE 1 FIFO tgupp ADC += FIFO |—
‘? .
Low : i
CAL Hish | pipE ! FIFO i Bt FIFO
Sum E | ADC -
bk [
e -
SH {ZERO | MUX
. (PIPE) i SUPP | aDC. 11 FIFO >
3
DISC 10us
' 300 Hz
| . \
[LEVEL 1 : 10 KHz LEVEL 2
p TIME - 3ps .

GEM DAQ Architecture

LEVEL 3
RANCH
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—2 —1
L = 103 3<:m 2 S
N A— Level 1 trig.(DPHI)
= . O - Level 2 trig.(RAYS)
w107 O- Level 2 trig.(PtCUT)
S [ % — Intrinsic rate in
[ 3%1 outer muon layer
103k *\‘ .
2l g """"""""" o )
10 E | 2 Sy i
: Inl = 2.5-
10 +
; PR SN S N R (U RO S TS S R T N SEN TN R SR SR SR T S
0 10 20 30 40 50

TRIGGER THRESHOLD Pt(GeV)
INTEGRATED SINGLE MUON RATES

16 M. Seman /Neus
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Content Addressable Memory

Logic for Muon Trigger
123 | \ 256 123 256 123 256 Priority endcoc!ers find hits in
H‘ ...l “Lo..& ' “l e0o0® /foreachlayerlnsequenca.
Priority Enc. Priority Enc. Pribrity Enc. L
Priority
8-bit hit _ Laver 1 8-bit hit_ 8-bit hit Encoder
address i address] Y2 address - Layer3
3+ Strip Addr. e Strip Addr. [ Strip Addr. "
Match [___Match ! atch :D__ Match
Cam S"|p Addr. - S"|p Addr. P,_ Stl’ip Addr. I : ' Address
N Match (___Match L ate _)_ T
= .
- Strip Addr. 3t Strip Addr. - Strip Addr.

Match [_Match [ Match :}_

° : L - ) |

e L I ®

® : ¢ : ®

+ Strip Addr. l)-[ Strip Addr. I-[ Strip Addr.
Match __Match T Match }
s i [} ¢ | [} 4 ¢ ¢ 4
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Layer 3
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ELECTRONICS

M. Atiya
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430 Q1
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ITEM | PART NG, | DESCRIPTION | qrr.
PARTS LIST

UNLESS SPECIFIECY oRri1g, R, Miller 6-9-92
DECIMALS & PP

FRACTNS £ DRAWN

BREAK ALL EDGE MATERIAL
DO NOT SCALE OWG

ANGLES £ FJ ®GEM PDT Prototype

MICHIGAN STATE UNIVERSITY

HIGH ENERGY PHYSICS
™é  Termination Diagram
OWQ, MO, lnsv. [scnu
:0L 321 sfyd « QN




FROM:physics TO: gl7 253 1735 JuL 7, 19392 18:21AM  P.@4

Gas Inlet/outlet “ 4 Alignment
N Lﬂlﬁ —
o \
N

A
Intermediate boards
ar cut at these limits || © ©

Clearance for Plugg
12.20

(8x) #6
Binder Hd Screws

d d | o

O IO (sjﬂ\;:ic:;r
° Q [0] °) ]

\
Gas Inlet/Outlet .

into Isolation Vol. HY Ground contact to
3/8 x 3/4 Manifold Plate
Alum Bar L _ —_
~7 P
Manifold | HV Board Assembly
Plate HEP01-022-279.D
5.14-92
Case
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Intermediatz boards o o
are cut at these limits al
eararge
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(=]
12.20 J |
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(=]
3111 18
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Power
N AL
i
+5v
L~ " GND | Lk L
P's / #4 Binder Hd
L L/‘5 2V Power to Card
o | o
(L0 Em—— S— — U H
(3x) #6 Pan Hd O C O
Screws <
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sulator o -
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(3x).25x .25 \ —
e | Readout Board
1732 x 3/4
Manifold Plate Assembly

Case
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BLOCK DIAGRAM FOR LSDT ELECTRONICS

Fig. X.4 Electronic block diagram

Mownt at Magnet

-

sotshiyd: oy gy

SSLT £52 219 101

ZebT ‘4 Mne

Woze et

S8°d



FROM:physics

20 Traces,
.20 ¢ Pads

TD: 617 253 1755 JuL 7, 1992 18:22AM P.@7
(o
.050 Traces, Standard Pads
o chccpt as Noted o

o

L- o
ro. .
00 o———°
o—-—-—-ﬂ-o o‘
oo &-——-—-—o
| S O
: / -0 o- -0

——— T

30

ANGLES 2

BREAK ALL E0GES
MATER|AL
DO HOT SCALE DWG 332" G-10

H F‘
“ L =] L
| ’—-———-—ﬂ m = |
Came
| ” C
L — oo
[ e o o ——— OJ
o] o]
o o0 Oy o]
(o] o]
o)
TEW | PART NO. ] DESCRIFTION | arr.
. PARTS LIST
UNLESS SPECIFIED:] onis. R, MILLER 5-12-92
DECIMALS 3 -D—R;l_;——-__
FRACTNS 1
PROJECT

GEM-PDT

MICHIGAN STATE UNIVERSITY

HIGH ENERGY PHYSICS

"ME READOUT- SOLDER SIDE

Wk TIEP01-022-278-A <" A Pov




FROM:physics TO: B17 253 1735 JuL 7, 19392 18:23AM P.98

O

These areas may
be crosshatched

::n [ o] e”'oei
* o ef e08'0e}
’:‘ 60D e"'ooi
" e ol e0s'0o}
::n .o .I'f
e e, 000’0
:‘:1 o0 o

4 o ol 000'e0}
. ©0 o'

* o ok 000’0
;; ®0 e ce;
b o of 000’0e}
nl:n (- Yo 0“‘00!
" o of 000’00}
:‘:1 00 .lvf -
. oe;,:;, ooo"‘oog

Junpucy

ITEM | PaxtNo, | DESCRIPTION | ary.
PARTS LIST

UMLESS SFECIFIED: | okiG. R MILLER 5-13-92
DECIMALS 2 —_
FRACTNS ¢ DlkawN
ANGLES s YOI GEM-PDT PROTO
BETAK A
DO NOT SCALE bWo MATEKIAL 332" G-10

MICHIGAN STATE UNIVERSITY
RIGH ENERGY PHYSICS

"M HV-BOARD, COMPON'T SIDE
31 weve HEP0I-022-279B ™ A [of;




FROM: phys ics TO: 617 253 1755 JUL 7. 1992 1@8:238M P.29

0
These areas may
be crosshatched

HEH

iIi
3|3
g ¢ ¢ ¢ ¢ ¢ %8 %8 3 ¢ 38 % 3 8% ¢ 1

|

N N S S SN T TN S S S N S N S

.050 Traces, Standard Pad s | PARTNO. | DESCRIFTION Tarr.
PARTS LIST

UNLESS EPECIFILD okic. R. MILLER 5-13.92
DPECIMALS Y -
DRAWN

FRACTNS ¢

ANGLES ¢ TRAECT ~EM-PDT PROTO

IREAK ALL EDGES
poNoTscarcows | 3327 G-10

MICHIGAN STATE UNIVERSITY
HIGH ENERGY PHYSICS

™™ HV-BOARD, SOLDER SIDE
VX HEP(1-022-279-A [°* A P

32




[ st e=jroim

14 -20001 2 'am I

JOSELE

il UL ndoad e ]
07 | vuOawd )

] —\; _m: _L__ —mu_ S — r _ _..._* c— .-r—cu qu _&_a QL

mcum-_ NODIUNDISI0 IINIYIIIV _—ﬂ..:—

- NYRTR
g Ll 4+l res MM
- — e o L1} ]
b " $ VIRt —~
-d habadal T TR LI
J (Y] N g-
TWXINN
wr &
"y zﬂu r~ee
~¢ " Ny
. PYR ¥ £ 741 S0

£ _ .ﬁ. . g -t £

| H |

| 3
el I B G 1 I B O S B e B B S I e S~ S~ TP o = e S o RN o B e B O B 1y G0 ._.4Ihli.¢.l.|.;i..n...

so1shyd xS

0L

55471 ESC 413

€661 ‘4 N

WorZ 8%

a1 'd




CSC R & D Status Report

Scott Whitaker
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CSC R & D Status Report 3 July 1992

Scott Whitaker, Vinnie Polychronakos

Full scale prototvpe

Design completed

Hexcel in hand
Test laminations show flatness to several mils

Frames in production
- Zelux (polycarbonate, 40% glass)
Flat to 4 mil, parallel to 2 mil over 4 ft

Cathodes -- expected ~ July 20
Electronics

Anode Readout
Hybrids in production
Boards designed, being tested

Amplex readout
BNL: Amplex with preamps
preamps ready
board being laid out
BU: Amplex readout without preamps
operational

New Amplex-type IC design well advanced (VP)

Data Acguisition

Mac Quadra/GPIB/Camac/Labview operational

37
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Gas system
Mass flow control system for CO2/CF4 operational

Alienment

Linear Variable Differential Transformers for
displacements

Calibrated

Under test

Invar bar, lamination in hand for

LED/lens/Quad cell straightness monitors
Components for one channel in hand
Holders under design at Draper
Electronics (from HU/SDC)

One channel fabricated
Schematics etc to make more

Monte Carlo Studies

Microscopic processes (V. Cherniatin)
Clustering, diffusion, Lorentz,...
==> Resolution limit ~ 30--40 microns

Hit-level MC (C. Yanigasawa)

Pattern recognition
Triggering
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Test Detectors

Det2 -- 10cm x 15 ¢m active area
Up and running

Neutron tests -- € ~0.5%  food for thought!

Amplex readout via LRS 2259
Noise < 2000 electrons
Resolution < 150 microns -- FeS55 xrays
(Limited by parallax in collimator)
Det3 -- compact size prototype 20" x 20"
Designed and under fabrication
Anode readout will use ORNL boards
Cathode readout can be BU or BNL style...

Precision cathode surveyed (Draper) --
surprisingly good!

Strip-to-strip capacitance measurements also good

41
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CSC DOUBLET -- CONCEPTUAL DESIGN
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Measurements of Targets on Det3 Cathode

Measurements of targets etched onto
precision cathodes for BU Det 3:

Boards from MPC (Lowell, MA)
Measured at Draper Lab

Al Bl cl DI El Fi
1. Along strips - straight -- from Al
point nominal  meas-nom ]
Bl 1.3750 0.0001 0.0018 ; {
ct 6.1880 0.0002 00016 - "
Dl 11.0000 00005 . 0.0014 <
El 15.8130 00017 & 00012 -
F1 20.6250 o.oomj ; 0.0010 ; L
| [15] 0.%08 T
£ 0.0006 ; ;
. T 0.0004 - “ i
| 0.0000 ! -
i 0.0000 5.0000 10.0000 15.0000 20.0000 25.0000
f' Nominal distance
!
2. Across strips
meas. path nominal Mmeas-nom
A-Al 16.7420 0.0030 00030 - m
B-BI 16.7420 0.0009; i |
cCl 17.7580 000051 £ 00020 - i
D-DI 18.8180 00010 &
E-El 19.8770 00003 ! 00010 : g = "
F-Fl 20.6890 0.0012' & .
= 0.0000 -
. n
-0.0010 ‘ - ’
16.000 17.000 18.000 19.000 20.000 21.000 22.000
0 0 0 0 0 0 0

Nominal distance
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Strip-to-strip Capacitance Measurements

Single Intermediate Strip

17.8 ¢
177
17.6 1
175 +
174 +
17.3 {mm
172 ¢
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169 1

16.8
0

Il 4 N F ¥
LI LI Ll L] T

4 8 12 16 20 24 28 32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
33
54
55
56
57
58
59

61
62

12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.4
12.6
12.5
12.6
12.5
12.5
12.5
12.4
125
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22-Jun-92

Two Intermediate Strip

13.0 -
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123 4
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Cathode Strip PCB Capacitive Coupling

Long range coupli

Adjacent Strip Measurements

Single Floating Strip Configuration

CRANOARUN -
[
N

<C,> = 17.37 pF 10 12

OEP = 0.22 pF 14 2
18 174 « cocter for top

Double Floating Strip Configuration 8 31

21 142

> = 12.52 pF

<C
P
O
P

0.08 pF

|



CSC IN BARREL

Maged ATIYA
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CATHODE STRIP CHAMBERS
AT U. OF H.

Kwong Lau
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RPC STATUS
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Table 1. GEM RPC Chamber Specifications

Coverage: 100% - Z, 95% Pht .

Areal Mass:  Bakelite - 6.4% Xo (0.02" Al-skinned hexcel gas box)
Bakelite - 3.4% Xo (no gas box)
Cermet - 3.9% Xo (0.02" Al-skinned hexcel gas box).
Cermet - 1.0% Xo (no gas box)

Nominal Radius (m): 4.0-% 60. <° 8.0
o : ¢ %
# of chambers: 64 9% T 128
‘Width (cm):,_. . _ 1483 239.0 T 3206
Length (cm): ©330.0 360.0 +380.0
Total Length (cm): 631.9 1042.1 1475.0
(half sector) a .
Thickness (cm); &= . T
Bakelite: = =% 5.0 5.0 5.0
Cermet: | - 30 3.0 3.0
#bend-plane swips: 114 183 253
# non-bend-plane strps: 166 166 166
Width of bend-plane strips(cm): 1.3 1.3 1.3
Width of non-bend-plane strips: 3.9 6.5 8.9
- Weights: (Ibs)
RPC + gas enclosure: R ' :
Bakelite: - 16224 - 44992 88000
Cermet: = 9670 - 25920 50976
- RPC w/o gasenclosure: =~ :
Bakelite: 9384 24713 47967
Cermer 2160 3688 11039
Aluminum perimeter frame: 1049 1472 2304
Carbon composite frame: 800 1728 6720
Cable: - 385 641~ 963
Connecrers, brackets, etc.. 1160 2855 5795
Total Weight/superlayer (1b):
Bakelite (no gas box): 12778 31409 63749
Cermer (no gas box): 3354 12384 26821

TOTAL WEIGHT (tons): ~ BAKELITE: 54.0 CERMET: 22.4



TFém:, IGW: :MTTINS : :PLESS 24-JIN-1992 11:44:10.63

To: @SRPC.DIS
Subj:  PROPOSED LETTER TO WEBB ON R&D FUNDING
Dear Bob,

The purpose of this note is to give you a very rough idea of The RPC group's
plans for cur FY 93 R&D program. We dlso summarise the accomplishments of
the FY 92 R&D program.

I. Results of the 7Y 92 R&D program utilising the ! meter by 2 meter
Italian bakelite RPC.

A. Efficiency > 95%
B Rise time ¢ 1 nancsecond
. Rise time jitter ¢ 1.4 nanosecond
D Repetition rate about 100 hertz
E. iation lenath < 3% Ber superlaysr
F. Neutron sensitivity < 0.005 per neutren

IT. RA&D cbjectives for FY 93
A. Develc:oe fabication techniques for a 2 meter by 4 meter

Reduce radiation length to ¢ 1% per superla -

C Increase repetition rate to > 1, %0 hertz Yo

D. Maintain etiluency > 5%, rise time ¢ 1 nanosecord,
rise time jitter ¢ 1.4 nancseconds

LINL will have the responsibilitv for develovina the fabrication
techniques for a 2 meter bv 4 meter RPC. In addition, LINL will have the
responsibility for the owrort scheme for this demice and integrating it
into the GEM structurs.

Browm. Tndiana. MIT. and Tennessee il be resoonsible for redveing
the radiation lenath. and increasing the revetition rate. This will be drne
bv copstruction about 10 RPCe each about 1 metar by 1 metar nsing various
materials. We now have enouch experience to know what materials to rest tn
achieve the aoals ~f this RED nreoaram.

TIT. 1INL RE&ED mroaran

A. Determine sonreae nr tachniemes to obtain large sheets
of bakelite {2 meters bv 4 meters) of minimm thickness
{less than 1 millimeter} -

B. Determine technicques to coat large areas nf thin bakslits
with aquadag or other high resistive coatings

C. Determine techniaques to laminate bhakelite. aluminised
pylar., and foam into a monolithic sheet 2 matars by 4
meters

D. Determine technigues to attach inner spacers and seal
the edqes of a 2 meter bv 4 meter RPC,

E. Determine techniques to attach the hich voltage to the

RFC.

F. Determine techniques to take cut the signals from the
RPC readout strips

G. Determine techniques to support and transport the 2 meter
by 4 meter RFC

H. Determine techniques to intergrate the 2 meter by 4 meter
RPC into the Gem Detector

IV. Brown. Indiana, MIT, Tennessee R&D prooram

A. Aquire semiconducting Bakellt:e of various resistivities

and thickness
1. Resistivities from ten to the eigth to ten to

to the tenth .
2. Thickness from 250 micrems to S0 microns
B. Aqulre suitable lacquers to coat bakelite
. Linseed oil
. Polyeurothane
. %_Is:é-ylﬂc polymers

2
3
C. Acquiré suitable materials for spacers
1. BC
3
4
5

2. Glass
. Teflon
. Ceramc
D. Acquire suitable foam matarial for lamination
. Polystyrene
. BVC (rigid foam)
e

5mur5 -1”-1‘01,: -\arar'-:] Frar waadent sRs-wa qpAd o

LA)ND-—'

O]
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L. Brown <
2. Indlana 2
X 2

4. 'I'ennessee
G. Test 10 RPCs 1 meter 1 meter
1. Tests wiil be .in thé RPC test bed located

at MIT by persmel.l at the 4 Umvers:.t:.%

V. Budgets
A LINL _
1. Full time Mech Fng S170k - .-
2. Full time Tech B0k - -
3. Full time Designer ntafrsrran 80k
4. Materials . $ 50k.-
> TOTAL $380K
B. Brown, Indiana, MIT, Tennessee
1. Full time Engineer SlTOk
2. Full time Technician B E_J_SOk
3. Materials .. -S100k
4, Electronics ‘ 50k
TOTAL .

nllobnmslybreakdwnmrb.ﬂgetmtoamredetaﬂed
need for the fupdsy but-this shoul g’lveymafzrst feehngfcrour
needs. Ifthereareanyqnmtlms peasecmtactme.

Sincerely yours, B

S B 3 “ i
Irwin A. Pless’ "« . »
5.t . b . ;
ShE . &
'.*'. $ . -
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STATUS OF PDT EFFORT |

Bob Miller -
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Alignment Holes

Line of sight through < 513/8 -
each corner to far end
(2x) . — -
8 Chamber — —==—=_L_ == — =
gas infout_ Isolation
A gas out
—k
(8x) 16 Chnl Amplifier Cards
I
|
[
51 |1/4 144u
Extremes 5
|
I
. 2
—_— Yy
Isolation gas in HYV Connector (2x) Chamber-gas in/out

GEM PDT Prototype Assembly
HEP(01-022-281-D R. Miller 5-14-92
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PDT PROTOTYPE ASSEMBLY: 128 Tubes
Unit Time  Total

Operation Persons  (hrs.) Manhrs.
Inspect tubes 2 0.05 12.8
Cut tubes to length 2 0.05 25.6
Debur tubes 1 0.1 25.6
Clean tubes 2 0.05 12.8
Flair tube ends 1 0.1 25.6
Inspect plugs 1 0.05 12.8 <
Put O-rings onto plugs 1 0.05 12.8 <
Crimp piugs into tubes 2 0.1 51.2
Pressure test tubes 1 0.1 12.8
Inspect Manifold Plates 2 2 4
Assemble Manifold Plates 2 5 20
Setup Assembly Table 2 8 16
Assemble tubes into Manifold 2 0.1 25.6
Bond tubes together 2 8 16
Insert Wires into tubes 2 0.1 - 25.6
Seal plug ends 1 6.05 6.4
install gas fittings 1 1 1
Pressure test assembly 2 8 16
HV test 2 0.05 - 12.8
Test wire tension 2 0.1 25.6
Assemble Case 2 10 20
Install components on Boards 1 1 8
Test Circuit Boards 1 0.5 4
Assemble Power Buses 2 4 8
Assemble R.O. Boards 1 1 4
Assemble HV Boards 1 1 4
Final testing 2 8 16
Package for Shipping 2 8 16
Total 441
Fraction Completed 0.33

R. J. MILLER 6/30/92
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DESIGN 3
PURCHASE '//////

GEM PDT PROTOTYPE ~ PUhorass
TEST sesseseenss
1992 | APR ] MAY | JUN | JUL | AUG I
| |5 [12]1926( 5 [10] 17 2431 7 |14|21|28| 5 [12{19]26 2|9 {16|23 |
R
I | | | | I
TUBES: I o el s | |
I y I
PLUGS: : u+-/////////:///////, | : |
| | | | I l
FERRULES: | IOSIIIINGS IS ILL LA L1711 1 resi— l |
WIRE: Vrrssrrssk [ ' ! :
| ] ] I I
MAN'FLD:; I ki R, S S S S ) Yy ry { |
I I [ | TTR |
R.O.BOARDS: | [
l |
CASE: | |
TABLE: : :
FIXTURES: ' :
Milestones: 8 Jul.
‘e . 15 Jul.
Critical design complete: 28 Feb.
Critical P.O's complete: 15 Jun 7 Aug.
Tube Assembly completed:
Critical components in hand: 14 Aug.
Chamber Assembly completed:
Chamber shipped to TTR:
R. J. Mlller
6-30-9
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LSDT PROGRESS

Louis Osborne

93



GEM Note TN-92-122
June 29, 1992

NEUTRON SENSITIVITY OF LSDT CHAMBERS

(preliminary results)

A, Korytov, K. Linder, L. S. Osborne, ¥. E. Taylor

Muassachusetts Institute of Technology

Laboratory of Nuclear Science

101



APPENDIX-NEUTRON BACKGROUND PROBLEMS

Given the neutron efficiency of our chamber and Laurie Waters’ calculation of neutron
fluxes then is the background rate disturbing?

Waters tells me by letter that the flux of neutrons after the calorimeter and 10 cm of
borated polyethylene is 1.15x10% per cm? per second.

With our "efficiency” of 4x10™% and typical single tube area of 2.5 cm x 1000 cm we
get 11.5 kHz/wire. at the first layer.

Wire aging: Taking ~ 50 picoCoulombs/pulse I get 5.75x10~2 Coul./cm of wire/year.
It would take 174 years to get to the danger point, 1 Coul./ecm. or 17.4 years at 10%*
luminosity.

What is the chance rate to get a vector from 3 out of 4 layers firing within the drift
time? I take the worst drift time , 0.5 psec, i.e. using a CO2 gas. I get 2.6 Hz. This does
not make a level 1 trigger rate; one would require 2 such vectors in adjoining 4 layered

chambers of a superlayer not to mention requiring near collinearity in the 3 superlayers.

CAVEATS:

1.) The neutron fux calculation includes only the neutrons exitting from the nearby parts
of the calorimeter. Reflections of the higher fluxes at sma.llé,r angles back into the
barrel region are not yet calculated- the magnet acting as a bottle.

2.) There will be capture gammas associated with the neutrons; also not calculated. How-
ever these should be of the same number as the neutrons.

3.) The total amount of B-poly moderator is not decided.

4.) Can one add Boron to the copper of the calorimeter. It makes a better compensated
calorimeter and captures more neutrons, although the bad and more numerous neu-

trons are the "high” energy ones i.e. > 5 kev.
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GEM Note TN-92-121
June 29, 1982

STUDIES OF CATHODE MATERIALS FOR THE LSDT

A. Korytov, K. Linder, E. Nehrlich,
L. S. Osborne, B. Rosenberg, D. Ross

Massachusetts Institute of Technology

Laboratory of Nuclear Science
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Test Setup
for Cathode Materials

Gas
but
Cle Mix et Isobutane
CF. Datametrics Argon
Type 1511
HV In
T Gas out
Al tube 22 X 2.2 cm
with various coatings
+Signal out
L Slgnal_In <
LeCroy Ampl.
LeCroy
QvT Gate gen. Mod. 821 Disc
and Delay
Gate in o
\ Data PC

Fig. 1 A schematic representation of the experimental layout for the tests on various cathode

materials
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Guie )= -

Fig. 2 Schematic of the timing gates for pulse height analysis of the first pulse {Gate 1) and
secondaries (Gate 2).
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Counts

Counts

Silver Cathode Tube, in 002 based gas

Silver Cathode Tube, in CO2 based gas at 5.7 kV, Pulse 2, attenuated by 14 dB

at 5.7 kV, Pulse 1, attenuated by 9dB

350 4 PR S 1 . BO0 i g
* 400 i

300 b

Counis

150.}_, R . [ . R . USRS 200; P L _ R r

100 g

LA

H — e e Ov[—ﬂ-r—v-kﬁ t—r— ———
0 200 400 600 300 1000 0 200 400 600 800 1000

Channal No. Channel No.

Fig. 3 Typical plots of pulse height (in charge) distribution for, a}, first and, b), secondary

puise(s) for various cathode materials. The high voltage was always 5.7 kV: the gas

was " CO,".

Aluminum Cathode tube in CO2 based gas Aluminum cathode tube in CO2 based gas
at 5.7 kV, Pulse 1 attenuated by 12dB at5.7 kV, Puise 2, attenuated by 14 dB
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Carbon Coated Aluminum, in CO,-based gas
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Nickel cathode tube, in CO2 based gas
at 5.7 kV, Pulse 1, attenuated by 12 dB
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Fig. 3 (cont.)

Nickel cathode tube, in CO, based gas
at5.7 kV, Pulse 2, attenuated by 14 dB
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Fig. 4 Probability of after pulse(s) as a function of high voltage and for all cathode materials

tested; a) CO;y , b) [B. The plot for CFy is not shown; there was always an afterpulse.
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Fig. 5 Absolute value of the average charge in the first pulse vs. high voltage; a) IB, b) COz,
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for this.
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Fig. X.7 Block diagraim’of the assembly procedure in the chamber factory



WBS No.

03.2.1.2.3.1.1
03.2.1.2.3.1.2
03.2.1.2.3.1.3
03.2.1.2.3.1.4
03.2.1.2.3.1.5
03.2.1.2.3.1.6

03.2.1.2.31

Missing:

LSDT COST SUMMARY

Title

Shipping and storage
Chamber testing

Chamber assembly

Factory preparation
Procurement and inspection

Final design

Total

Electronics
Alignment costs
Gas system

Z pick up planes

i
112

LSDT Note
July 1, 1992

Cost in k8 ’s

217
1054
3082

839

18802

525

24519



LSDT Note
July 1, 1992

STATUS OF 1 METER X 4 METER CHAMBER

July 1, 1992

Part or Stage

Al boxes:machined and welded
Cathode planes (Lincoln Lab.)

Hexcel bottom and top

material

preparation
Bridges

blanks

machining
Posts

Wire(100 um Au platted wire)
material

soldering(courtesy of LLNL)

Electronics:
HV cards
delay lines
discriminator cards
Assembly: Start

Finish
Delivery to SSCLab
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Delivery Date
(D=delivered)
7/15

7/15

7/20

7/15
7/9
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6/1/92 HWB

Rev 1
Preparation for Juiv PAC _ Meeting

Gem Muon System Engineering/Draper Product

Details of Design
1. Muon system design
2. Muon System Alignment (Local)

1) Muon Svstem Desion (Nimblett)

a) Details (real drawings) of the support structure to include the
following
1) 3-dimensional drawings of modules with chambers, barrel
region ass'y, end cap region ass'y
(3 dimensional drawings will depend upon Draper personnel
availability)
2) Details of joints
a) 3-D drawing of 1 joint (same comment)
3) Details of structure attachment to magnet
support structure
a) Chamber end with alignment hardware
b) Chambers in structure :
¢) Coverage in 8 and ¢ for PDTs and LSDTs -
d) Module installation process (Barrel and Endcap)
b) Discussion of structural and thermal analysis for both regions
¢) Individual module concept for barrel region
2) Muon System Alignment/Local (Paradiso)
a) Proposed local alignment scheme and analysis of performance
1) Baseline alignment system will be composed of 3-point
optical straightness monitors and stretched wire devices
(SWAT's)
2) Identify spacers for monitoring chamber spacing
3) Define alignment lines-of sight, needed clearances, fixture
locations, and spacers to the drawings of the muon system
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FRANK NIMBLETT
8 JUNE 1992

(DRAFT)
Plezse review and make comment !!
GEM Muon Effort For June
(Preparation for july PAC Meeting)

GENERAL BACKGROUND INFORMATION:
MUON SYSTE’\'I DESIG"J WILL BE BASED ON THE COI\CEPT OF

June 8, 1992

M;LGB_EI_EEIZELAIES.(M MODULES PER END)

BOTH BARREL REGION DRIFT CHAMBER OPTIONS (PDTS AND
LSDTS) MUST BE REPRESENTED!

BARREL REGION Z-MEASUREMENT & TRIGGER CHAMBERS
(RPCS) MUST ALSO BE REPRESENTED FOR BOTH DRIFT CHAMBER
OPTIONS.

ENDCAP CAP MUON SYSTEM WILL BE CATHODE STRIP
CHAMBERS (CSCS), WITH OVERLAP BETWEEN MODULES IN PHI
(ANGLE ABOUT THE BEAMLINE) AND THETA (ANGLE FROM THE
BEAMLINE).

ENDCAP MUON SYSTEM SUPPORT WILL BE INDEPENDENT OF
AND PREFERABLY A 3 POINT
; TRA A

N FOR

I I N
Nt

ALL OUTPUT TO BE ILLUSTRATED IN METRIC SYSTEM!!
ALL FIGURES TO BE PLANNED FOR 8.5 x 11 FORMAT

ALL FIGURES. GRAPHS, TABLES WHICH ARE PRODUCED SHOULD
BE FULLY LABELED AND DATED AND PRODUCED IN BOTH PAPER

HARDCOPY AND TRANSPARENCY FORMAT (2 COPIES OF EACH
PREFERABLE)

ALL STRUCTURAL ANALYSIS OUTPUT SHOULD INCLUDE A BRIEF
STATEMENT OF TEE PROBLEM WITH BOUNDARY CONDITIONS
PLUS A SUMMARY SHEET OF PERTINENT DEFLECTIONS AND OR
STRESSES WHICH CAN BE RELATED TO AN UNDERSTANDABLE
WELL LABELED FIGURE OR FIGURES.

F. Nimblett
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DETAIL INFORMATION: (CUTPUT EXPECTED FOR JULY PAC
MEETING, DUE BY JUNE 30) ------------- (RESPONSIBLE PERSON)

« BARREL REGION AND ENDCAP REGION MUON SUPPORT

STRUCTURES

*

CHAMBER LAYOUTS FOR BOTH DRIFT CHAMBER TYPES AS WELL
AS THE RPC POSITIONS FOR EACH DRIFT CHAMBER TECHNOLOGY----
F. NIMBLETT

CHAMBER COVERAGE FOR THE DETECTOR ---ceecoeveees F. NIMBLETT

ELEVATION AND ENDVIEWS OF EACH CHAMBER OPTION

INCLUDING THE RPCS WITH APPROPRIATE STRUCTURE (PLATE IN
MIDDLE CHAMBER AREA TO BE INCLUDED!!).
- M. DEPIERO/B. BIGGIO

3D PICTURES OF CHAMBERS AND MODULES (IDEAS / PATRAN) FOR
BOTH REGIONS (ALTERNATIVE OPTION IS TO PROVIDE 3 VIEWS)--—---
----- M.FUREY / T. HINES (3D)------OR M. DEPIERO/B. BIGGIO (3 VIEWS)

DETAILS OF SUPPORT STRUCTURE DESIGN

-ern-e-(MIKE DEPIERO & BETTY BIGGIO)
. OVERALL STRUCTURE (DETAILS OF TRUSS ELEMENTS (2))

. JOINT DETALS (AT LEAST TWO, INCLUDING PLATE JOINTS)

. DETAILS OF INTERFACE AGN ACHMENT P

(T. KONDOLEON/DRAFTING)

ANALYSIS OF STRUCTURE FOR BOTH REGIONS:-----—----- M. FUREY
BARREL REGION ANALYSIS (INDEPENDENT MODULES WITH
PLATE STRUCTURE) (DEFORMATION AND STRESS)

+ MAGNET ATTACHMENT PLATE

» BARREL REGION INSTALLATION CALUCULATIONS FOR o
MODULE, INTERFACE PLATE AND CRYOSTAT (DEF ORMATION

AND STRESS)

+ ENDCAP REGION INSTALLATION (DEFORMATION AND STRESS).

+ ENDCAP REGION (ASSEMBLY OF 16 MODULES WITH 3-POINT
VERTICAL MOUNT AND EXTRA TRIANGULAR TRUSS)
(DEFORMATION AND STRESS).

- THERMAL ANALYSIS ONLY IF EVERYTHING ELSE COVERED!

ANGULAR PHI COVERAGE DWGS. (PDT AND LSDT)----B. BIGGIO

June 8, 1992 2 F. Nimblett
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+ DETAILS OF CHAMBER /STRUCTURE INTERFACE / WITH
ALIGNMENT

- e meean (TONY KONDOLEON /DRAFTING)

« INNER AND OUTER CHAMBER LAYER REQUIREMENTS:
(FLEXURAL FEET WITH ADJUSTMENT CAPABILITY FOR LEVELING
OF CHAMBERS , MANUAL LATERAL ADJUSTMENTS, LOCKS,
AXIAL ADJUST / RESTRAINT ALONG WITH SOME INDICATION OF
CHAMBER END CONSTRUCTION)(ALL CHAMBERS OPTIONS
SHOULD BE INDICATED IN SOME SIMPLE FORM TO POINT OUT
THE DIFFERENCES BETWEEN THE TECHNOLOGIES)

« MIDDLE CHAMBER LAYER REQUIREMENTS:
(FLEXURAL FEET WITH ADJUSTMENT CAPABILITY FOR LEVELING
OF CHAMBERS , MANUAL LATERAL ADJUSTMENTS, NO LOCKS,
AXIAL ADJUST /RESTRAINT ALONG WITH SOME INDICATION OF
CHAMBER END CONSTRUCTION, LATERAL SERVO SYSTEM TO
POSITION MIDDLE CHAMBER, CHAMBER WEIGHT UNLOADING
SYSTEM 1) (PNEUMATIC) TO UNLOAD SERVQ SYSTEM DURING
ADJUSTMENT OPERATION) 2) (LONG THROW SPRING SYSTEM SO
THAT THE SERVO WORKS AGAINST A SOFT SPRING)

» BARREL REGION AND ENDCAP REGTON MUON INSTALLATION
- M. DEPIERO

- INSTALLATION SEQUENCE WITH SEVERAL SIMPLE VIEWS
ILLUSTRATING PERTINENT FIXTURING FOR BOTH REGIONS,

« DETAIL ONLY CRITICAL FEATURES AND EVEN THEN KEEP IT
SIMPLE”

+ INDICATE HOW TRANSITION IS MADE BETWEEN INSTALLATION
HARDWARE AND THE FmA.L MOUNTING HARDWARE TO THE
MAGNET!!

+ INDICATE ADJUSTMENT CONSIDERATIONS TO PROPERLY
POSITION A BARREL MODULE IN ITS DESIRED ORIENTATION.

« INDICATE MEANS OF TRANSFERRING LOAD FROM FFS TO
MAGNET FOR THE "THREE-POINT MOUNT WITH AXIAL
RESTRAINT" FOR THE ENDCAP STRUCTURE.

June 8, 1992 3 F. Nimblett
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. 6/17/9%2
HYB

OVERVIEW

NEAR TERM TASKS

I. COST REVIEW UPDATES
1) PRESENTATION STATUS FOR 6/23-24 COST MEETING
2) NEW INFO FROM WUEST ON RPCs/BROMBERG ON PDTs

II. BASELINE II & PAC
1) NEW TEXT FOR MAJOR SECTIONS
2) UPDATED MILESSTONES =
3) FLUX CONCENTRATOR AT 9.4 DEG & NONPROJECTIVE
-NEW B-FIELD CALCULATIONS
-NEW RESOLUTIONS SIMS
4) BARREL-KEEP 8-8-4 CONFIG
5) ENDCAPS-COST AND 8-8-4 CSC CONFIG
6) UPDATE DRAWINGS OF CHAMBER CONSTRUCTION
-REQUEST HAS BEEN MADE OF THE TECH-PROPONENTS
7) SUPPORT STRUCTURE
-DETAILS OF TRUSS WORK/BARRELS&END-CAPS
8) DEPLOYMENT OF CHAMBERS IN SUPPORT STRUCTURE
-OVERLAP/NON-OVERLAP -
-COVERAGE
- LEVER ARM
- MATERIAL DISTRIBUTION
9) UPDATED TABLES
- CHAMBER WEIGHTS
- CHANNEL COUT
- GAS VOLUMES
10) ALIGNMENT SYSTEM
- TABLE OF REQ (TOLERANCE FOR ALL DIMENTIONS
- COMPARISON OF ALIGNMENT TECHS
- ALIGNMENT PATHS DELINEATED ON SUPPORT STRUCTURE
- MATRIX OF TRANSFERS
11) UPDATED SIMULATION _ .
- BACKGROUNDS (WITH NEW CALORIMETER
- TRIGGER
- RESOLUTIONS (8-8-4 IN ENDCAPS, NEW FQC)
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RPCs Mountad on Outer
Hadius of all Chambers

0¢t1

GEM Barrel Muon System Module
PDT Chambers with Projective Gaps Option
(2,3,3) Chambers Per Layer

150mm Mechanlcs, 50 mm Space Betweon Chamber Ends

Draper Laboratory
F. Nimblen
30 June 1982
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Draper Laboratory
F. Nimblext
30 June 1992
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BARREL REGION

G.E.M. 01 July 1992
NODE #1
NODE #1 X,Y,Z CONSTRAINED
NODE #3  NODE #2 Y,Z CONSTRAINED
NODE #2 NODE #3 X,Y CONSTRAINED
NODE #4 NODE #4 Y CONSTRAINED
N
! s
(%)
\1
« Results Summary
« maximum deflection 5.0 mm
« minimum stress safety factor of 13.5 relative to yield
- maximum force ~ 2.48E4 N
 buckling safety factor design criterion minimum of 5
- global fn > 7 Hz
» Jowest member fn = 12 Hz
F. Taylor []HAP[H
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ALTERNATIVE TRIGGER SCHEME

L. Barabash
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A GENERATION OF MUON TRIGGER USING
SIGNALS FROM GEM-PRECISE SLOW
DRIFT DETECTORS

M.Atiya, L.Barabash, C.Bromberg, Yu.Fisyak, N.Lau, D.Marlow,
R.Miller, G.Mitselmakher, F.Stocker, V.Zhukov

April 15, 1992

Abstract

One a possible version of muon trigger shaping for the GEM muon system is
discussed. It requires specific ¢ no orientation of the drift tubes and allows mea-
surement of the absolute time of flight through slow detectors {a drift time more
than a distance between beam bunches).

1 Description of Algorithm of the Absolute Time of
Flight Measurements

As known, an absolute time of flight of particles through the drift detectors can be
calculated using three drift gaps as shown at the fig.1. It shows the space picture
where (W,,W;,W; ) are sensitive wires and time information registrated from sense wires
(T1,12,T3). We would like to emphasize the interesting feature of the drift times situation
which have the symmetry around the time equal to T},./2, if we compare the drift time
T, with calculated coordinate (T} + T3)/2. This circumstance can be used for calculation
of the absolute time of flight of particle through the detector sensitive volumes provided
that a drift velocity and a total drift time Ti, should be known.

If a trigger is absent we can measure the time intervals between the wire pulses and
using a property of picture symmetry calculate unknown quantities with take account a
correction to the time of the estimation of situation. In result, we can obtain a value of
z, a time interval from last pulse to the end of full drift time. '

The figure 2 shows some different time situations generated a particle into drift gaps.
The first three pictures describe the situations when a muon track don't cross the bounds
of three half-cells ("simple case™). In this instance, the z parameter can be found from
relation ("Solution 17):

_ Tioe (h tz)
=3 -ty

-
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More complex situation is arisen in the instance, when muon track pass through the
bounds of a simple case. We obtain for this events three additional relations covered
different angle ranges.

Solution 2 describes the angles from 0° to 5,5° in area near a boundary of the first
and third layers of tubes (see fig.3.a). - ’

E ol

L

$=‘2£“t1 (2) .

Solutions 3 (fig.3.b) and 4 (fig.3.c) cover the angles up to 16°.

4
z=Tu-(4+2) ()

(4)

8
I
-] Pony

where z is time interval from the time of the last pulse from the third layers to time
of trigger generation.

The fig.3 shows three layers of drift tubes and marks the areas which are provided
different solutions.

The maximum angle is defined by the size of the GEM muon detectors equal to 11°.
Suggested method provides the trigger for muon bending angle to 5° and corresponds
with momenta of muon more than 10 Gev/c for single triplet of detector layers. Using of
the fourth layer allows to widen the angle range up to 30°.

2 The estimation of efficiency

The main processes which define a trigger efficiency are a birth of §-ray into gas filling
and bremsstrahlung of high energy muons in a calorimeter and muon detector walls.
Besides, we should take account additional background processes such as punchthrough
particles, background from low energy neutrons and own noise of the detectors. These
processes should be simulate attentively. We would like to do the next comment to
taking into account these processes. When we use the probabilities of these processes
for calculation of efficiency of drift detectors for realization of this suggestion we should
divide ones per 2, because we interest the first pulse and in 50% of cases it is muon track
(see fig.4.). Besides, the presence of magnetic field allows to hope an additional regection
these background processes.

Estimate an admissible level of noise from separate drift tube in suggestion what only
twofold coincidence used for generation of trigger (second and third superlayers of the
GEM muon system). We believe what the number of a random coincidence not more
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than one percent {one noise pulse per t=1us x 100)
Ne =7y, (7=1ps)

-

We obtain from here -
N‘23 - 105 = leg

per second and
N; = 1.7 x 10*

per second for drift tube layers into triplet. This allows to define the number of drift

tubes into triplet.
If we use all three superlayers of muon system (N, = 2r2N3,):

IV,'=3><].04

The main dangerous for this scheme is false triggers. In any case we analyse four
equations and obtain one right trigger pulse and three false pulses. The first decision,
coincidence with accelerator frequency with time resolution about (8-10) nsec, should
reduce this count significantly. Further redaction of the false trigger level can be done a
comparison of the bending muon angles for different superlayers (see fig.1, ¢ = f(t3—12) =
f(t3 — t3), where t} are the time intervals ¢, for 1,2 and 3 superlayers of barrel system).

The fig.5. shows the possible way of electronic realization this idéa using the fast
addition registers for solution 1. Analyse of the another solutions can be done similar
solution 1. Using this way we can make corrections of z-value on unlinearity of the
characteristics of detectors and delays defined the length of wires (the second coordinate).
All these corrections can be done very fast.

We don’t discuss here the electronic control scheme. Obviously, it should be have high
level of an intellect, and task of this article is to try to define the main conditions for this
scheme.

This algorithm can be checked during the test of muon detectors. In principle, it
should be done "off-line” without additional apparatus. Using the measured coordinates
11,173,753 we can obtain time intervals £;, ¢; and after calculation value of z investigate
dependence Ty, from coordinates and angles of tracks. -

Measurement of t,, t; and z will be more interest desicion.

The fig.6. explains this possibility. The three time intervals should be measured in
this case. We should compare measured value of z with calculated value using different
solutions. It allows to check suggested possibility of generation moun trigger.

3 Referencies

1. Lanev A.V.,Preprint IHEP 89-143, Protvino, 1989 (in Russian)

4 Figure options

Fig.1. The principle of the muon trigger f?fera.tion.
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T rh e,

Fig.2. The different situations arising into drift tubes ("simpie case™)

Fig.3. a,b,c) - The angle ranges covered the different solutions.
Fig.4. A muon track and 6§ - ray tracks into drift tube.

.

Fig.3. The sketch of the electronic fast decision scheme.

Fig.6. The time pictures of the checking of suggested algorithm.

148
4

- et Pt i e L e - e s T



w1 |
i
/ s
|| 2 > W,
W ot T3 ! //
|
. . : /
/
T T/
t, } . ‘ I_..__
ta J i
The time of the

Fig.1.

149

TiP-g2802



X=T-"(t_21'~+ ITE)

trigger

150



151




%.%.
DR

..rér//
)

Q :

Sollitfon 2.



: Solutior.; 3:

£
3=Tta!"(t1+',;2')

Fig.3.b.
153



NN %
W’/,I /M%//

/,///
M\

M .,/// ///A//W)/Yﬁ// %%//M\/\

&=

154



Fig4.

150



T

Trigger +—

Z X

fast additicn

AR

Fig.5.

15

6

]
t2 Solution 1
- 120 MEz
[
ta
TiP-02807



T, ' A

. /

2 /1 ’

Ts 1 -
| .

Trigger | | |

. 1 |
. |
X + At ' | |
N S

Fig.6.

157

TIP-02308



ERT

N i0 1¢C .
L Eniries 1 7CC
300 - Mecn -33.04
L RMS 1242
00 |-
100
:: PR T S TN Y, -'!.-! &I ” oL %M&LL1 4
-400 200 400
llayer 425ev 4.58l. ns
B iD 100
- Entries e28
300 o Megn -4.7280
N RMS 57.88
200 ~
100 [~ :
0 m . f , e E%%,,_,__ L !
=200 -100 0 100 200
afns 519 Zlayers ct=4ns. ns

CE-(— Gi.ucl-""ﬁ:}- > Laf_.iz_l’-@ DQ*tﬁuQEM
w

158

A, D e

=~ ‘—rtE.UL



-
with bunch crossing 18hs
= - i0 100
L Entries 1073
300 Mean -28.1¢
K RMS 112.8
~.200 |
100 |
0 L g b T s e ] B R e E ;: :-’-:'«. mn..g__ﬁ_,rg._z_n I ! : L .
-400 -200 0 200 400
@ llayer 425ev 4'sol. ns
-~ ERT
< C 1D 100
- Entries 863
300 -__ Mean -2.2684Q
- - RMS 40.94
| -
g L
- 200
100
- B 1 [N [l ¥ l 4 . M LI . _L I ] - L
=200 -100 100 200
| 2layers dt=4ns. ns
[ ERT

- 159



Neisz 1QkHz
i b 1CC
I Entries 1700
L Mecn -41.18
. RMS 128.5
2C0 )
1C0
-400 ) 400
A8 396 llayer 425ev 458l.  ns
ERT o
D 100
. Entries §43
200 b Megn -8.312
| 2MS £C.54
160 -
g i - N
-200 100 200
2layers dt=4ns. ns

It

I

66 "&ufaef-_-,

g

160



STATUS OF TRIGGER SIMULATIONS

Maged Atiya

161



FROM:physics TO: 617 253 1755 JUL 7. 1992 18:16AM  P.@2

Curredt m aé__ 'rm.w, Siwelaton -
) Full bk -level Monte Comlr Done_
(A Yorashibn + chanks)
2) Trager ntes ¥ ataplorce Do re_
(C iode 3 Mohstrmnasde)
3) fokton Reognitiim Stuckis Rontial
(A Yamashiba 4 ﬂé{ao_)q»L chonke)
4) Colorumeti dpth § reis Do ne
- ( Mc Net)
%’s') 3 regs Y Maca roliation ?Mtt'ovl—f __
i " Me Nell) ~ CITEP fforts)
},;') Metron Tedrs
» ( Wakers , Wt ) ---)
'j?) Hord vare.  boed  Simadebion 4 9%%
Ass ocialive Memory (or Sims lar schemes)
C Marphy + Ate)

fatis L

163



MONTE CARLO STUDIES

A. Golutvin

165



A. Goturvinv ITEP
A. OSTAPCHUK  pqoccow

STUDY 0F FLECTROMAGNETIC DEBRIS
ALLOMPANIT VS  WHIGH MIMEMTUN NMNUOANE

(WHERE 2 Avd How?)

AT ENERCIES ABOVE A FEv HunDRECD GeV
RADIATIVE PROCESSES BECOME Tv DONINATE

4%5505:—4753 GCENERATION OF ELECTROMAGNETIC
SHOWERS LEAKING THE CALORIMETER

4 Muonw TRACK 08BACURING

ForR HIGH ENERCY MuUoNG ELECTROMAGNETIC
DEBRIS REPRESENT THE MATSOR DIFFTCHLTY
Fok PATTERN REECOCNITION AND PRECISE
MOME KM/TUM MEASUREMENT

Ir I8 HARD To SIMULATE AFPREMENTIONED
PROCESSE S A.@eg,am'rrcy

- ELECTROMAGNETIC CASCADES ARE WELL
DVDESECRIBED 8Y GEANT omMLY uP TO A MINIMUM
CUT-O0FF gHERS)

~ Ir Is vGRY HARD To SIMULATE DETECTOR
RESPONSE [n REALISTIC CoMNPITIONG

Co EXPERIMENTAL STUDIES ARE MIGHLY
QRQESTIRAPRLE 167



‘Ne>c i

< pPe> = 33 MeV

< PK> s 9 MeV

4”‘> d

168



-

ENERSY L03358% oF ziTa\i/u v Fe

dN/dxdv

1000

0.1k

i
}

0.01

' 1.000E-03

1.000E-04 ! ] —
0.0001 0.004 0.04 Y

0 - E Coss/Elu

AT HICH MUON MOMENTUM THE ENERGY LOSSES ARE
MAINLY DUE TO:

‘DIREET PAIR PRODUCTION
K&GEE o ELECTRONS

BREMSATRAMLUNG
MUCLEAR ZINTERACTIONG

163



MuMBER C©F ADDITIONAL HITS TA) MUCH DETEZCTOR
1

-

E P(O hits) o RS
09 £ ¢ (@)
£
- g . -
0.8 E— .
0.7 E— *
0.8 toted 3 . EE— -
10 10 10
E, { GeV
0.2 . &\ ) - -
DR W Py
0.18 P(E Shils) = -"'j (b)
0.12 '
0.08 ¢
0.04 ¢ $
O E 1 ‘ sl 1 i 1 I I 2 N -
Z 3
10 10 10
i Eu ( GeV )
| Figure 5: Probability of a clean hit in a detectoc after 2m of iron (a) as
} a function of E,.. The probability of detecting more Lthan 4 hits is plot -

% ~in(b).

(USE M TEST BEAMS TO VALIDATE MuoN-INDUCED SHOWERS
AND MUuoN ENEREY LosS PRODUCED BY GEANT

NAY : After 2m of iron the observed 0,1,2 and > 2
extra hits wiTH Probei&:éics &#%, 10%, 2% ond
05% for muon Onorgios between 20 and 160 6eV,
in 5oad a:rccmen{' with GEANT

Koqoiov tallk i Tnitial simulationg a/-/u chambers in ~

Oct. 13,94 2ero fiebd at Fu '
| 7 r'esué:!‘s AL jave encoam?cn;
RDE at CERN : Further tests witl be done =

ARGUS . Teel CEANT piedictions using high energy
Cosmic muons 170 c

-



T SO R

|
1]

s

e
)

g

\?\

/e
fs

s

—
T

e
.

gl

i %‘{ W EZZANEN
IR fJ , 1\)4 s
N = )l
O F‘#\“-.‘\‘ =T
DD NE

!
T

.

N\

\

L

f/////r/L/////////

| -

A

im
L)

o

LJ

Scction through the detéctor ARGUS parallel ta the beam axis. 1: Muon chambers; 2: shower counters; 3: TOF counters; 4:
drift chamber; 5: vertex chamber; 6: iron yoke; 7: solenoid coils; 8: compensation coils; 9: mini-fl-quadrupole.

171



SCAL ©.068

T b s o e g g

172



LIMITED AVAILABILITY OF HIEH ENEREY

MuoN BEAMS

1
j

s
Use 4 FEw GeV ELECTRONMN BEAM AS A SOURCE
0F ELECTRON - PHOTON CASCADES. Dug To THERM ALLRATLO:
PROCE SES Slow SHOWER PARTICLES Do ANOT
REMEMBER THEIR PARENTS (€ oR K) AA/D
G RAND PARENTS (M).

#)

= i

{TeV ym 3CeV @

SHowERS INITZATED 8y 1TeV M AND
3 CeV @ ARE IDENTICAL IN MANY
RESPECTS

X)  IN THE FOLLOwING CONTRIBUTIONS OF
DIFFERENT THICKNESSES Folk 3 &€V gLgeTRON
ARE TAREN WEITH EQuAl WEIGHTS

173



M induced showgrs

______ -— @ induced showars

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

La

llllllL!Ill'[l['i!ll L1 Lt 11 L*'—'_ﬂg
0.02 Q.04 0.06 0.08 Q.1 0.12 0.14 0.16 0.18 0.2

pa e

o I|llllflIlll”}lilllllllilllllIIIlIiHI|l|

0.24

Illllilllli]w

0.12
0.08 [
0.04
:lll]_]_ll'll]]_lll l'll_l_J!LlIlilllLlJ 3
O 0.2 0.4 0.6 0.8 i 1.2 1.4 1.6 1.8 2
‘Lgee
e

174




0.28
0.24

0.2
g.16
0.12
0.08

0.04

0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

l]l

O 1 | 1 1 L [ | W . _l | B L LS I I X [ ) I - I_[ L3l l P I | I 1 4 b L
0 0.0t 002 003 004 005 006 007 0.08 Q.09 0.1
P; x
. | l b1 1 3 ] I l 11 1 3 l F I I N T S ‘l‘ﬂ 2t r; T .—.—l t—+ M - 4
0 Q.1 0.2 0.3 0.4 Q.5 0.6 0.7 0.8 Q.9 1

tq Oy

175




0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

0
0

0.28

10.24

0.2
0.16
0.12
. 0.08

0.04

0
0

Q.04 0Q8 0.t2 0.16 0.2
P¢ (Ne = 3)

TiTT

Illlllllll[lflf[llIl]lllll.i..l.l.lll

_4”‘-)‘ =441

[ N} ; ‘J’IJII_L.LIIJ

0.02 0.04 Q.06 0.08 0.1

PK . (Ne = 3)

- 0.025

- 0.16

0.225
0.2
0.175
0.15
0.125
0.1
0.075
0.05

0.18

ol

0.14
0.12

0.1
0.08
0.06
0.04
0.02

IITIIIIIIIIIIII 'L

I!IIIIIIIJILII

o]
O

0.2 04 0.6

ti eK (Ne = 3)

0.8

< PY>p= 86 Mev
< 9353 z &4 MeV

176




0,16 F
‘ - 0.225
0.14 F
s 0.2
0.12 0.175
0.1 Q.15
0.08 0.125
0.06 0.1
0.075
0.04 0.05
0.02 0.025
L I [t 1y 1 o T

0 : 0 -
C 0.04 008 0.12 0,16 0.2 0 c4 08 1.2 1.6 2

| Pe (Ne = 5) {‘% Oe(Ne = 6)
028 F =
: {.-Na() = 391 02 F
024 & M
! - < N">g = 559 0.175
02 f 0.15
0.16 - 0.125
0.12 Fi 01 E
2 0.075 E
0.08 & -
- 0.05 :;_—
O:lll! [ "—‘Jl_lgLLll_l1l :lllll_ll111111_1 s
0 0.02 0.04 0.06 0.08 0.1 0 0.2 0.4 06 0.8 1
PK (Ne = 6) tﬁe&,(Ne=6)

<PI>I“ = 94 MeV
< P6>¢' = 93 MeV

177




<P{>e " 0.4 MeV

178

016 E 0.225 §
0.14 F 0.2
0.12 0.175
0.15
0.1
0.125 B

0.08 021 3
0.06 0.075 E
0.04 0.05 i,_._
0.02 - 0.025 E |

0 - i i s | SEEEN RN - SRS N
| 0 004 0.08 0.12 0.16 0.2 0O 04 08 1.2 16 2
pe (Ne = 9) 't?ee (Ne = 9}
| - X
10.24 éNK>f‘=- 44,0 0.24 §
0.2 4»/‘)8: 61.3 0.2
0.16 H 0.16
012 H - 0.12
0.08 0.08 F
0.04 [ 0.04 E

0 : | :I [ ] l | I

0 0.02 0.04 0.06 0.08 0.1 0O 0.2 04 06 0.8 1
PK (Ne = 9) ‘l'ﬂ ex; (Ne = 9)
4P5>I‘= {0.3 MeV




CoMPARLISOA) OF (r- MULTTPLECITY
Ne =50rb

— M ‘nduced sh'oue{r
e--- @ induced shower

40 60 80 100 120 140

20

179



CoMPARISON OF 6’ MULTIPLICITY (Ne=5,6) FoR

PHOTONS ClosE To THE MuoN TRACK: -t% eﬁ
}

'A

= 0.4

[

1

|

1

I

1

t
b—-
1

]
'
'
L3

llllII'I—TlllIIIIillliltllllil_lllillllllllllIli

0 1 1 1 ] l ! 1 1 1 I oI

-I-Fl:_‘“!r_l]ThiarLiilillll:l:f:|

0 20 40 60 80 100 120 140

A/Ef

Ne =3 : ‘M">I“ = 434 <Np>o =117

Nez<b: & A/d->r = 22% ‘N‘>e= 216

=q - 2 Np>u = 34D & N>, = 347
Me =9 {(°M 180 ¥ e




s ruEP,, | TRTEC——_

o it T T Ty TLITTIIIITITOSE e i T

We PROIPOLE TO $TWDY PATTE2Y RZeLNITICN AVD
MOHEN]’QH _MEQ&&!:QEM;,\/‘T cAPd ATITTITS O MUCAS

DETECTOR 4LHS3TNME ELSLTRON ZEZAM AT ITER

beam

3GeV €

% - EXISTING CONVENTIONAL MAGNET CAN PROVIDE
UNIFORM MAGNMETEC FIELD up 10 12T
MAGMNET WwWoRRING SPALE : £330 » 600 = 1900 mm

- C’ALoRJHETER Mack-trp COMSTSTS ©OF
1-30 dcm ThIck PLATES

= MuoN SUPELAYER PROTOTIPES CAN BE

 BASED ON DIFFERENT TECHMNOLOGIECS :
PDT, L$DT, C(&¢C

181



Goals of RAD PROPOIAL:

1 STuDy O0F THE PERECRMAMCE 0F MuosA) DETZeTOR
PROTOTYPES BA3ED ON DIFFERENT TECHNMNOLOGIES

® OPTIMIZATION OF MUMBER OF LAYERS I'N SURERLAYER
o INFLUENCE DF NAGCNETIC FIELD AND AIR CAP
BETWEEN CALORIMETER EDGE AND LST SUPERLAYER

o JTNFLUENCE OF THE AMOLNT 0F MATERIAL Ia
SwpERMoDULES

o JNFLUEMLE OF Low 2 ABSORBER IN FRONT oF THE
18T MuoN SuPERMODULE

2 PATTERN RCeONITION

I
i

* SIMULATION OF CELL RESPONSE AND READ -OUT
!_ ELECTRONTCS AND TuwIné ML PARAMETERS TO THE
| EXPERIMENTAL DATA

 ® SEaReH FoR TME OPTIMUM ALGORITHAM OF Muos
TRACK REcoMSTRueCTZON

¢ Calcusarzon oF rMueNl DETECTION EFFLCIgwecy
AND SPATIAL RESoOLuUTION

3. Test 0F Pwe MuoN TRICCER PERFORMAMNCE

182



INELuZames OF THE MAGNETIE FIZLD

MNuMBER oF ExTRA HITS IN DIFFERENT SupPERLAYERS

0.16 & :
| = — H=0
0.12 &
- —-— H=0¢8T
0.08 et
0.04 E— ..................
'. o o e T Y e e
O‘Irlj_rllfllllftlll_l_jl """"""""""""" TR N
: 1 2 3 4 5 & 7 8
n of extra hits 1—st sl
0.16 E
012 F
0.08 £ Fomeee :
0.04 E '.__“____,'
O :I L I i 1 i 1 I 1 ] _l—!_iTil L I t | l‘ﬁ_":——'i—":::‘-l-l—r—i—ﬂf‘-_l-_—l_-l’-l" 1 i ] 1 1
1 2 3 4 5 6 7 8
n of extrag hits Z—nd sl
0.12
- 0.08 |
0.04 & RN
O :l 3 l 1 ) ] 1 I ] IL']"'I--{-T_T-T-I'-}--I-'T- 1 1 L § . | ] L l_ L I i i I 1 1 I [ I 1 i
1 2 3 4 5 6 7 8
n of extrag hits 3—rd si

183



MuMmdee ©F EXTRA HITS IN DIFFERENT SUPERLAYELS

in the same tube with wuow

all 2lsctirons
------ electrons Ffrom K ConveysloV 1V M eHAmbara

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

----------

JlIIIII[IlIlllIIlll'llll]lllllllllilllllIII ]|]1

1 2 3 4 5 6 7 8

n of extra hits 1—st sl

0.1

3.08

0.06

0.04

0.02

Ill_llllll|Illllllll|llll|lll

0 EEREEE N A TN R T N T T N T AT SA G ARV it vl st ni = NI RPN Y PR TR
1 2 3 4 5 5] 7 8

n of closer extra hits 1-st si

A

JINFLUEMNECE OF THE AMOUNT OF MATERIAL

N Muoy
I SULTEM 184




- 0.08

I

0.18 E--T-C
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

IIlllllll][IlIIIIlilllll!lllll[llfllllll 7T

o

I
1 2 3 4 5 6 7 8

n of extra hits 2—nd sl

---------

0.07
0.06
0.05
0.04
0.03
0.02
0.01

llilllllllllll]llll[lliljlllll!llllllll TIT

I LT B S A TR R AR N B B

o

1 2 3 4 5 8 7 8

n of closer extra hits 2—nd sl

185




0.1

0.08

0.06

0.04

0.02

0.05
0.045
C.04
0.035
C.03
0.025
0.02
0.015
0.01
0.005

'IlllillllllIllIIl[llIIll!]]1

|
'
1 I i 3 L 1 i l 1 L1 L I [ l:l 1 ] i Il] 1 I i L i 1 1 i L L i ' | [l 1 ] ' i H
1 2 3 4 5 6 7 8
n of extra hits 3—rd si
S F
3 3
=
:l 1 I 1 i i | [ 1 1 L 1 ] L | I I ] L L i 1 ] 1 1 ] ] ] 1 H ] 1 ! 1 t .. 1, l 1 )]
1 2 3 4 8 8 7 8

n of closer extrg hits 3—rd si

186




0.28

0.24

0.2

0.16

0.12

0.08

0.04

0

lllr‘lllllllllll]llll

L T

P AP P

.
-"

-

n

R

B acag VTP H
4t 1 1 i | I - l D ' b I S I | l Y S I

0 Q.1 0.2 0.3 0.4 0.5

187




0.24

'0.08

0.04

0
0 0.0t 0.02 0.03

gl il g

G-t

- |

Do
IR W) I_LITr'n“f"('"

0.04

0.05

l—l—l—._!_]_l I_l_!.—l_l_] 1 L ]_._J | S

Q.06 0.07 0.08 0.0S 0.1

188




MONTE CARLO STUDIES

Chiaki Yanagisawa

183



*

Jul 27,1992 B9:54AM FROM Stony Brook HEP : TO 96172231755 P.a2

al fsscé
P&ﬁef‘ﬂ ’/?ECO\QJLJZ(/‘&» P}"‘cé/e»,
1
Fndeey, M, <.
ey o st Chick Vinggezans
Y MC ot
ay / 7¢V/c Stnele
@ 47 540 icons

’ mf=2536!%l) 536“//‘5;%
Basel e 7 je""'eéy §

d-» & ‘%'fﬁo/d 10 kol

Q// >
/’mah.s ’%/I’Q{ é /deé 7%9 /GSf‘b/
ane

bt el

s N ST
. S
/

191



Jul 27,1992 ©99:548M  FROM Stony Brook HEFR TO 96172531755 P.83

1 7;V/C S‘;/Ej/e/.(f; /h Z’."{Ctyb‘s

/.0
, fe #of str, s <
‘ a//sz,{a po 53
@ . S.L{ {A <3
:Q 1 A <4
14 $12 {l <3
0.5‘.0 = <é
. <3
\ L3 {o 22
. |
% o
-]
MM 9
0.0 Cofe o @ .

0 / 2 3 4 5§ & 7 & 9 s
# o planes with eatra hts

0.340 ° ##ﬂsb;’ss
* s 0 <6

0.2 - ®

0./ . ¢ :

' ¢ 8 g9 .

ﬂ-°+ T r——— e

r 23 4« 5 & 7 & F 10 iy 12

ﬁéhe #

192




/ 2 3 & 5 & 7 & 9 10 /7 12

/J/ane f

Jul 27,1952 B9:5S5AM FROM Stony Brook HEP TQ 96172531755
28 A6l mi= 380 G2
. End S psg
/0 Ak Oj/ﬂ_:’{;#of " 565
. 4 £3
‘b. SLf {4 <%
108
512 {; £
al si3 § ¢ %3
y 13 .
2 14 a . ¢ ==
|a
]
Jo 4®
ox: .
30‘0‘;
) A‘n“? -Cl @ 9 o
oo . " ‘ﬁﬂj.cﬂ , ) . 0*‘_._9_’
e s 2 3 4 & & 7 & p s
0.6 # of p/auec W extra MK
. __
0
0.5 - °© o
0.4 - ‘ ® #07“.)‘5‘;03 £3
® 9 ®
o L4
CE-L
2
\
6.2 1
o © ©
[ ] o [ J L ]
0./ - L o 9 9
L
0.0% 193

P.94



Jul 87,1992 B9:55AM FROM Stony Brook HEP TO S6172531755
/73-]/ ¢ SI‘ /C MmiohS
/ 7 cel/ sige 2.5
- Extra A Berpe/ « QN SL4
0.7
) S/ n-f’
8.6 -
0.5 1 ¢ ’ JL 2 a:.j
d -
3 f "
8.3 - ’
\\ .
0.2 ¢
oo [
0.7 1 .
0,0 T . T ... | .—', 24 N
e / 2 3 4« &£ 6 7 ¥®
#of planes Wt extru Al
(¥ Compromized cet/ ")
/.@ 7
. Berne/ . an g
¢ « SL7 o
) Y
\3' s S22 9.5
K ;
0.5 -
®
. p .
0-0 ¥ 1 .( .‘.! =',l...o&l__-l£.,.n_'_1.

e 7/ 134"557‘9»4}36&'-

134
# of planes with shored cel

P.a5




Jul 27,1992 ©9:SSAM FROM Stormy Brook HEP T0 96172531755
IR dE  h > oG Mpelbe Gofln
= L Ql/ S"‘
4 2&.#:-0/
v S¢f
9 e .2
6.5
\q.' -
< |
[ ]
- . ‘.
0.0 r T v y—f—y : t—!‘r - T
/ 2 3 & 5 £ 7 &
# bf p/m.es &7 7% "cohproui.sed ce/”
/0"
3&.’!‘&/ ° QJI SL&
« LY
' e L2
.z-a.s-
2Ny
[ ]
49 :
.
¥ % ee e *. .
6,0 T v —y— w8 P @ e a—— g
/2 3 4 5= & 7 8
185

#of p/dae.s with hgawt neshber cel
ch-hfred

P.86



961

60

50

40

30

20

10

26—-JUN-1992 23112

1 0 202
8 Entries 539
5 Mean 1.005
L RMS 0.1043
s
.
o] I

ﬂ r;n] n mﬂn.nnn 7 1o o Hﬂ‘n s M) on

1 1.2

0.6

08 1.4

“N= 522/ 539, H= 202
Ptout(meas) /Ptout(orig) all eta

WHes:606 Z66T'd8 110

d3H wooug Auoig LiDEd

SSLTESELTOE Ol

48" d



P.@8

TO 96172531755

FROM Stony Brook HEP

Jul 87,1992 B9:56AM

¥'0-Z 0=(p)e)sqo (bro)incid/(soowhnord

¥OZ =H ‘L6 /96 =N
vl

(A I

e

.._...=_.._._._

{0—30826°0
£866'0

LB

144

SHY
UosN
N0
ai

T

n

C1.£2 1661 —~NNr—92

0t

A

i

9l

197



P.g3s

TO 96172531735

FROM Stony Brook HEP

Jul @7.1992 @3:56AM

2'0~00=(019)sqo (6u0)1noyd/(spaw)inoryd

€0Z =H ‘9L /TL =N

¥l

[} 1 80 9°'0

re

£914°0
8eo’l
9L

£0s

SAY
UDOW
EoLU3

al

ZLIET 1661 ~NNP—92

01

A

14

9

138



66T

24

20

16

12

26~-JUN-1992 23112

205

102

0.9703
0.6729E—-01

- | )

- Entries
5 Mean
i RMS

r—

[

) A

.

3 I

L_.[L._.__Hﬂibﬂﬂfﬂa AP | P S

0.6 0.8 1 1.2

1.4

N= 101/ 102, H= 205
Plout(meas)/Ptout(orig) abs(eta)=0.4—0.6

ZeET L8 1nf

WSS 168

d3H »ooug Auoig woN4

SELTESCLTSE Ol

d

T



11

TO 96172531735

FROM Stony Braok HEP

Jul @7,1992 @3:57AM

) ) ] ) ] ’
8'0—9'0=(p19)sqo (buo)inoyd/(soaw)inoyd
90Z =H ‘98 /S8 =N
¥i rAN} i 80 9'0
.q—ﬂ-.-.-ﬁ—:r—-_-u_- —_|—=. o
- Z
; Ay
-1 9
4 =)
~ L 01
—~ Ci
10—-3¢€G6+6°0 SNY
1196'0 uboy 9 ¥
a8 eo|uj |
90¢C Ql

ZL.ET I661—-NNC—BT

200



12

TO 96172531755

FROM Stony Brook HEP

Jul 87,1992 B3:578M

0'1 ~8°0=(018)8q0 (Buo)In01d /(sDBM) N0}
L0Z =H'T6 /16 =N
¥l Z'L I 2'0 9'0

= | L T L LENENL B ' L | ¥ 7T T v T T Fb— =- . J
% -
t0—32088°0 Sy
000’1 UOIN 7
26 sou3 i
L02 al

CIL.EZ 661 -NNMP—9T

0l

4

¥l

91

201



Jul 87,1932 @%9:37AM FROM Stony Brook HEF TO 98172331755
m
g [ o3 o] b g
'; OGDSO ™
-] ™~ '-,l - b
1 "3 4%
5 = 178
- - o) ~
| S 4 o
= o
N - -
= 1]
e 4
2 c . ™ -
=389 -
oSs& '=!——-." <
P
- LY
W g
. o A
I -]
y I - ~~~
— 2
— - h
o
u Rl
it
3
1 £
-l \
~~
-1 o
4o 3
o
° E
i
- 3
4 &
emreme—— .
- @
Q
-l
WHEE RS E ENEEN YRS SEEEE NN E I W WY TS

@ M~ ) 7y} - ~ o~ - o

202




70 961?2531?55

ul @7-1992 za:saam FROM Ston
3“% 3 /772
~ - @ sSC L
ML{M Tf‘ijjer gz‘wﬁ
C/ﬂ)ak; %ﬂa:jfsawa.
gf""& Breok
ady
S e
\x': d f;ﬁ'tfjé tzeyiy” 'Fcﬁetu"zggyiur
) A/O ma fer?e[ in The miton g‘fe~

. Fa’ré&lms) PCHTHR
For musns ) 14& U GEAT
. Nﬂ! M;A_ 3 #‘/d

. ;‘,’T razlem MJ

A QCD A:‘d
rd evends 4%é_<f7é%

203



Trigger Efficiency

v0c

0.8 - ¢

0.6 - 4)""""/"
0.4 |- Qo Q

0.2 -

ll]llllllllllllilll

l!'llll

20 25 30 35 40

Trigger Efficiency Logic 1 with nonuniform field (Barrel)

45 50
Delta Nstrip

Woes:6@ 26670 1NL

daH woo.g fAucis LoMd

SSLTESELTSE DL

s1'd



Jul 97,1992 @9:5EAM

FROM Stony Brook HEP

T 96172531755

45 50

40
Delta Nstri

Trigger Rates (Hz) Logic t with nonuniform field

35

30

15 20

10

Jlllllllllilll]l'lllllllI'Ill]llllllIIALI.III._IIIIII

10

+
——
_q._..__...._.
<1

I e o e | bosis i IR TN | TR I B I Juuu!ﬁ-d—o
v -+ ” o~ —
< o o o o — 1
b — — — —
(2H) 230y

25

p (Barrel)

200




Jul @7,1992 ©@9:59AM  FROM Stony Brook HEP TO 96172531735 P.17

i R |

R o
~ 2
—_—— ,E
—O— z
—O— v o
—_—— < =
.__O_..... QL
—O— o=
= O— o
—_—0— o 8
—O0— T 3
. —_—p c
—O— ' W
—— -
—QO— 2 %
._O_ Lo..
- L) — -
.17 3
o
Q
o =
O
=
o - o
—{)— :: 'g'
—{0— - A
— 0y
- O =
D~ .g T
—e— . S
- o
= L —a— s = v
-5 o
1 1 [ ] 1 1 ] I i L I I l 1 i | 1 I i b L L] I ] ] ]
- @ © < o~ o T
o o ) o
Aousioyyg 19661y
206




dya

20q

Rote (Hz)

10%

104

103

102

10

L rm rrrivy

T rrrrrrr] L T I'IIIIII

r T rrrl'l'l'l'

T rrrrrn[

Lo TTIIIr

lllllllllllllIIlllllllllllljllllil!l_llllll!ljlllL

0 S

10 15 20 25 30 35 40 45 50
Delta Nstrip (Endcap!)

— - Trigger Rotes {Hz) Logic 1 with nonuniform fieid

WUBS:ER Ze6T'de 1IN0

d3H oodg Auols WoN

SSLTESELTOS OL

a1°d



P.13

TO 96172531735

FROM Stony Brook HEP

Jul 87,1992 ©@9:53AM

) » ) ) ’ ) )
: (zdoopu3) piay wuojiunuou yum | 21607 Aouardnyy3 1566u)
duisN 0119Q
0s 1% 4 oy GE o¢ 174 0¢ Gl 0l S 0 0
. _ ' _ o0 _ m_ﬁ% i
Lu + —+ T0
—H +0
-4

—{ 90

+ + -1 80
. ] =
2
. O
°
| m
-4l =
0,
- (1]
2
- n
~

208



603

o
w

Rate (Hz)

Q
-~

109

102

10

P TTOIT

T T TiHIT

——

[ IT_FIFII

KL Tilllll’

T T

t IIIITIII

|
—_—

lll!lllllll_l_.l!lllllll!!]IILIIIIIIII!I£Illllliljl

5 10 15 20 25 30 35 40 45 50

Della Nstrip (Endcap2)
Trigger Rates (Hz) Logic 1 with nonuniform field

WHES:68 ZBRTLR Nl

daH wooug Auols oS

SSLTESTLTIE OL

I

Bg "d



