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Abstract:

Agenda and presentation of the GEM Collaboration Council
Meeting held at the SSC Laboratory on April 30, 1992. Agenda items
were:  Status and News; GEM Facilities; Baseline 1 Overview;
Subsystem Reports: Central Tracker; Calorimeters, Muons,
Triggering/Electronics, Computing, Magnet, and Physics; Test Beam
Report; R&D/Engineering; Cost Review; and Report/Discussion GEM
Organization Committee.



DRAFT AGENDA
GEM Collaboration Coun::il Meeting
April 30, 1992

9:00 I. Status and news (Barish)
9:15 II. GEM Facilities (Harris)
9:45 1. Baseline 1 Overview (Marx)

10:15 Coffee Break
IV. Subsystem Kcports

10:30 1. Central Tracker (Baltay)
10:50 2. Calorimeters (Kamyshkov) ,{ Ve ot oo (5oe Ao,
11:20 3. Muons (Taylor) ' T
11:45 4. Triggering/Electronics (Shaevitz)
12:00 5. Computing (McFarlane)

12:15 Lunch

1:15 6. Magnet (Stroynowski)
1:45 7. Physics (Lane)

2:00 V. Test Beams Report (Yost)

2:15 V1. R&D/Engineering (Webb)

2:30 VIL. Cost Reviews (Sanders)

2:45 VIII. Rep~-t/Discussion GEM Organization Committee (Baltay)

3:00 Adjourn
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GEM Baseline 1

April 23, 1992

Abstract:

This document details parameters of the current GEM detector
baseline design. This design will be used for an in-depth analysis of cost,
schedule and physics performance.




GEM BASELINE 1
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3.0 FACILITIES
4.0 DETECTOR INSTALLATION
5.0 DETECTOR ACCESS
6.0 BEAM LINE
7.0 MAGNET AND FIELD SHAPER
8.0 MAGNETIC FIELD
9.0 TRACKER
10.0 CALORIMETER
11.0 MUGNS
12.0 ALIGNMENT
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INTRODUCTION
GEM Coordinate System and Field Direction

Up
Y

*

towards ring center

X
Zz

B
direction of magnetic
fleld inside coils

N ' z
North
. y ?

The GEM coordinate system is right-handed with ity origin at the nominal
interaction point, the r direction is along the beam direction and

positive z is North., The positive r direction is towards the machine center
and ¥y is up.

The magnetic lield is parallel to the z axis, roughly in the same direction as
the Earth's fieid.

Interaction
point Is (0,0,0)

o

direction of beams

. Figare 1.7
Page 1-13
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SCHEDULE/MILESTONES

INSTALLATION SEQUENCE REQUIREMENTS

Underground Hall ready (unequipped)

Ins:all Magnet Rails
Underground Hall completed

Instaill Magnet Flux Concentrator (south)

Install Magnet Half Coil (south)
Install Central Membrane
Install Magnet Half Coil (north)

Install Magnet Flux Concentrator (north)

Test Magnet Systems

Map Magnet Field

Install Calorimeter

Install Muon Barrel

Cold Test Calorimeter

Install Tracker

Close Magnet Coil Halves
Install Muon Endcaps
Complete Subsytem Connections
Close Detector

Install Collider C-mponents
Complete Beamline

Complete Tests and Chcckouts
Commission Collider

Detector Ready for Physics

SL“ C&nCl.'c.{"S beo
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January, 1996
January, 1996
April, 1996
May, 1996
May, 1996 -
June, 1996
June, 1996
June, 1996
February, 1997
March, 1997
June, 1997
September, 1997
October, 1997
December, 1997
February, 1998
March, 1998
September, 1998
October, 1998
October, 1998
January, 1999
March, 1999
April, 1999
October 1999
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PHASE 12
INSTALL MUON BARREL NORTH - TRACKER

VACUUM PIPE ( BERYLLIUM PART)

NORTH

N T "
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BEAM LINE LAYOUT

FOR GEM DETECTOR
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CONTOURS OF CONSTANT FLUX

Figure 1: Lines of constant magnetic flux in a meridional haif-plane; the figure is
rotadonally symmerric about the horizontal axis and has mirror symmery about Z = 0.
Note: the beam axis, Z, is vertical while the transverse axis, R is horizoatal. Both axes
extend from O to 20 m and the field is in gauss. A sketch of the superconducting winding
and the forward field shaper is also shown.
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Filename:
GEM_Align.Tols.Baseline
Author: M Jones
Last Revised: 3/30/92

Vv ALIGN R 1R

The following requirements are for inital design purposes while exact tolerances and variances are
determined.

Positioning Accuracy Requirements
The detector subsystems must be positioned to the following accuracies:

Sub-System Alignment Description Tolerance
Beampipe Radial +imm
Tracking Systems Radial +i0mm
Relative to Calorimeter +1-5mm
o Calorimeter Systems Axial +lmm *
' Radial - +1mm *
Muon systems Describec .isewhere Described clsewhere
Magnet Axial +10mm
Radial +10mm
Magnet Halves relative to each other TBD
Flux Concentrator relative to magnet TBD

* The physics mquirement for all calorimeter components.

Page 12.2



Filename:
GEM_Align.Tols.Baseline
Awthor: M Jones
Last Revised: 3/30/92

Measurement Accuracy Requirements
The position of the detector subsystems must be known to the following accuracies:

Sub-System Measurement Description Tolerance

Tracking Systems Radial +0.1lmm
Relarive to Muon Chambers +0.2mm

Calorimeter Systems Axial +imm
Radial +lmm

Muon systems Described elsewhere Described clsewhere

=
-
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Silicon Electronics
Developements

« Non-Disclosure agreements Completed with:

Orbit Semiconductor: Received Design Rules
UTMC

- Non-Disclosure agreements in Progress with:

Motorola :
Multi-Chip Module Technology
MOSAIC Transistor Design
(14Ghz @200pA)

- Front-End Electronics Block Diagram: First Attempt
Need additional custom chip for:
Inerface/Control
Line Driver/Receiver
Housekeeping(Stateof-Health):
Amplifier, A/D
Cable Cost Estimates with Lenthor, PentaFlex

« IC Cost estimates:
. . _ 1
Yield plays an important role: Y= =R
where :
d=# defects/area(d <100/in2 for Harris UHF)
A=area

for zero defects:
Y~ 0.2 for Harris UHF, A=6.4x6.4mm2

Need to optimize allowed channel failure rate,
number of channels per wafer, and die size.
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Central Tracker Radiation Environ -»nt

from L. Waters

Charged Fluence (SSC year) =1.6x 102 @ 10 cm

Dose(Rads/SSC year) =3.5x105@ 10 cm

Neutron Fluence(SSC year) =2 x 1012 @ E_ > 100 keV

= 5x 1012 Total

Effect Of Hadron Calorimeter on Central Volume - None

Effect of Forward Calorimeter on Central Volume - very small
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Cost Reduction Efforts

Silicon Tracker

Refine Mechanical Engineering design
Share Costs with SDC
Reduce the Number of Silicon Strips

Lengthen Ladders

Integrating Pad Char bers

Investigate VLSI Technology and MCM's

Reduce Pad Count



GEF" " ICOM TRACKER

SILICON WAFER DETAIL

SN

32.000 ..
ACTIVE REGION 50 :1CROH
Q.500 —{-— 640 X .-
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ALL DIMENSIONS ARE 1M mf
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SINGLE VS DOUBLE SIDED

Radiation Resistance

Single and Double able to be depleted up to 1014 p/em2sse YyEAr -

Capacitance

S/N of Bipolar frontend scales as the square of the detector
capacitance.

N- side of double sided has 1.5 to 2.5 x the capacitance of p
side. .3 - |.S

Radiation Length

Cost

Expected radiation length of tracker~15% - 20 Po
Support structure th2 same for cinola and dow ke sided

Savings for double sided ~ 1.85% o5 +dat

double = (3 - 5) x sinale (3,5)






FIGURE 3

FRONTAL VIEW OF ENOCAP

CIM PC TRACKER
(FIRST LEVEL ONLY)
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WIDTH (*)

GRAPHITE/EPOXY GAS ENVELOPE SUPPORTS
GAS ENVELOPE

"SOLID™ CATHODE PLANE

/'CATHODE PAD MULTILAYER BOARD FLEX--CIRCUIT

e e & ety ot 4 . el . M 4 . e Y F i B & e 7 TV § B @ s Myt S, Sy e 7

' »

(B8] Nz CM

.-.q_.

/{/"\f\ F\mr\f\ﬂ N/ N7N7 N7

} \. w
30 MICRON ANODE WIRES ELECTRONICS

GRAPHITE /EPOXY CORRUGATED HARDBACK
COOLING FuBE

ANODE WIRE SUPPORTS (KEVLAR-EPOXY)

HIGH VOLTAGE DISTRIBUTION
FIGURE 4:

GEM TRACKING [PC SUPERLAYER
SECTIONAL OF TYPICAL BARREL MODULE

*NOTE: LEVEL | 18 CM

LEVEL 11 = 21.8 CM W. EMMET
tg& :3 : 3;.3 (é: YALE PPG  22-JAN-1992

(SUBTRACT S CM FOR ACTIVE WIDTH)
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FIGURE 5

GEM TRACKER

INTERPOLATING PAD CHAMBER ARRAY (HARREI}
20 SECTORS

4 SUPERLAYERS PER SECTOR
2 LAYERS PER SUPERLAYER
LORENZ ANGLE = 12 DEGREES

HOTE: OMLY THE MHERMOST LAYER OF MODIALS MAVE REIH SHOYM
FOR PURPOSE OF CLARMTY.

HOLLO™ CRAPMITE/EPOXY EMD SUPPDRTS DOUBLL AS STRUCTUIAL AND
CAS COMDLATS

ALICRMATE SECTORS ARE INSTALLED THROUGH ALTERHATT 1D QUPPORTS

CRAPHIFE/EPOXYY SUDES FOR GUDMGC MODLLES WO POSMON

(17 1a ]
YALL PARTCLE PHYSICS CROUP
JAHUARY 19, 1892 (ROV. 2)




FIGURE 6:
GEM IPC TRACKER

3-D (ISOMETRIC) view of ey . °S" SuDE (GR-EPOXY)
END CAP ARRAY 11 ]

TWQ SECTORS oF i

EACH SUPERLAYER -

SHOWN 1 tI: N - OUTER SUPPORT RING

\ A INNER SUPPORT
RING

i

FACTS: : 1)
1] 4 SUPERLAYERS OF 2 LAYERS [t

10 SECTORS 1N EACH OF 4 (EVEL:

EACH LEVEL IS ROTATED 9 DEGREES

Z{min)=110 CM; Z(max)=140 CM .

R{min)=20 CM; R(max)=70 CM Figure ¢
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LOS ALAMOS SIMULATION STATUS

Siticon Geomtry
i. Silicon Baseline Geometry Installed
2.  Correct 2mm overlap
3. Support Structure (Barrel)

a.  Mechanical is up-to-date

b. Electronics - still to be done (now- +30% of Si)

4. Pattern Recognition
a. fit track in Silicon
b. fit track in Pads

C. join both

Fast Parameterization
1. provided tables for
a. deltap/p vs. etaand p
b. deltap/p (vertex constraint) vs. eta and p

c. impact parameter vs. eta and p

AN e



T

Work in Progress

1 Pattern Recognition
a. Improve Pattern Recognition - /& f%5 RESS

b. Correct Covariance Error Matrix for Fit - db v
2 Update Silicon Geometry ~ Jo §Ne

3 Include Complete Coordinate Inefficiencies

a Dead Time - dowe
b Dead Strip — dows
¢ Electronic Noise

d Dead Spaces - éo NE

IPC Geometry

a Implement IU Geometry into Geant

b Ship to SSC
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Comments

Y Baseline LAr (am + hadr + forw) $ 152 M
Y Albernative (BaF2 + SciFi + forw) $ 152 M

Y LAr hadronic @ R=360 cm and Z=550 cm

doesn't satisfy baseline parameters :

only 102 l at N=0. and ' The problem s
bec'nj f:’xed .
115 A at N =3.

v Alternative option @ R =330 cm and Z =470 cm

provides 12A at 1] =0. and
144 at TN =3.

Y SciFi engineering progress was demonstrated

Y Cost of BaF2 can potentially go up if individual

crtystal treatment will be required

Y LAr e-m accordion end cap design - no progress
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Cost

Review of Calorimetry Options

( SSCL April 21-22)

Prelimina vz I

=1
> 2.
-> 3.

4.
-» 5.

BaF2

Sci. Fibers
Forw. Liq. Sci.
Sci. Tiles

LAr e-m + hadr

LAr separate e-m
LAr e-m + hadr. forw
add accordion prerad
Forward LAr

LKr parall. plates + 7°

Si prerad

China, $15w 7

$ 803 M

$ 557 M g, 147

$ 164 M China ~

$ 518 M

$ 1367 M (+4-5% %saz ¥)
Chivte  €-1a
Russia  hadr. mos.
Koree cryostat?

$~600 M

$~840 M

$>50 M~*

$ 153 M

eries'la."", msdall.
$ > 37.8 M? (e-lc. not t'hclu:ul

$ 160M



GEM Liquid Argon Calorimeter

Eleclronics Box 1/4 Section "Off Vertical"
Copper Hadron Absorber
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E—m

® More engineering efforts (+?7 money)
are needed For LAr e-m  accordeon

OP{: (oh

* Enj,‘neer{ng aspects of the separate
e-m LAr calorymeter opffon should

be stuclied (M. Rennich | L.Maso n)



A.

Requirements for BaF2 technology :

1'

Demonstrate substantial improvement in radiation resistance of

large BaF2 crystals (20-25 cm long) towards the GEM specifications -

reach absorbtion 1length of at 1least »60 em at 220 nm after 1MRad
irradiation with photons, and if possible high energy hadrons. -
Present a detailed plan to obtain final GEM quality crystals,

along with evidence of m: 'ufacturability and cost, including

work required to prepare crystals after delivery. _
by August 1, 1992

As proposed by the expert panel, produce small radiation-hard
crystals to demonstrate there are no fundamental limitations in
making rad hard BaF2 crystals. ( eg. absorbtion length >= 95 cm

-at 220 nm after 1 MRad)

by August 1, 1992

Address in detail questions 2f preradiation, wrapping, residual
non-uniformity, etc in cry:s .als we can practicably expect to manufacture.
Cosmic ray transverse measurements in produced crystal.: could provide
useful data. Provide detailed practical plan for calivration of BaF2
system in-situ :describe calibration strategy, RFQ layout, required
calibration time for each proposed technique to achieve necessary

accuracy.
by July 1, 1992

Show by MC and by lab.tests that the following effects do not destroy the
resolution of the BaF2 system (maximum tolerable constant term is 0.6%) :

- residual non-uniformity (as installed);

-~ non-uniformity developed by possible further radiation damage of
"saturated™ crystals and/or by possible annealing; -
(note - the expert panel and executive committee are not convinced
of the proposal to preradiate the crystals)

- accuracy of intercalibration (see point 3);

- short term instabilities of readout system;

- linearity, linearity calibration and dynamic range of readout sysiem. -

by July 1,1992



B.

Requirements for LAr-Kr technology :

2.

. Demonstrate by beam tests stochastic term in resolution for non-projective

geomei . <= 7%/sqrt(E). Determine angular dependence of this resolution.
by August 1,1992

Produce detailed mechanical design/analysis of e-m barrel and end caps with
optimization of gap between barrel and end cap, wall thicknesses, etc.
by July 1,1992

Demonst > by MC simulations for realistic projective geometry and full
angular .unge (between 90 and 5.7 degrees) the resolution

= 7%/sqrt(E) + 0.4%
and physics consequences of the gap between barrel and end cap, wall
thicknessges, etc.

by July 1, 1992



Hadr‘Om'c_ sec tion

Hodronic LAy cost :

$ (I36.7 — 60) - 104 = 80 M

I-P [ambcla skar'l-age will be fixed

cost most ’ikelr will g0 up

Had vew;c seon . cost:

$§ s2-56 M



Muon Chamber
—’- ' / Envelope
;I;—wl'zso ; Membtane
A Longitudinal framing
_’ \ (fastened to tower extensions)
B0 | 7

£ 5500 —>
Laminated COpper Towers Nl e =
1550 Joint N '
Muon Chamber

1 chlndar 15 mm plata L ,;. M_ Envelope

Barlum Fluoride

_Forward Calorimeter

L) ‘ ' 1 e
t 2300 —k 1970 11' 350 —k 2200 4
y 4620— t

Dimensions in miitimeters

GEM Scintillator Calorimeter System

F. Ayer 92030270



R3600 mm —

i
!
/

/{//— Muon Chamber
/

R R R
\ - - F—-—---1 Structural Support Tube
- T
R3300 mm \\ II
2 PMT (2/Tower)
]
1 ! ’I .
II Scintillating Fiber
i
I
/
!
/
/
II
R1400 mm I
Barium Fluoride Crystals
2 /
N II
R750 mm

GEM Detector
Barium Fluoride/Scintillating Fiber Calorimeter
End Section View at 90 Degrees

G.03.CU.003

Rennich
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Framing-Tower Attachmer “oncept

Stiffener

Polygonal ring (72°)
welded to longitudinal angles
(5 sections total)

Logitudinal angle
bolted to towers

Framing
connection
plate

Tower
Extension



GEM SCINTILLATOR CALORIMETER
STRUCTURAL SUPPORT SYSTEM

(SCHEMATIC)
CENTRAL

50 cm WIDE HEAVY

MEMBRANE : RING  FRAMING ENVELOPE
, BARREL-END CAP
ED CONNECTION RING

FORWARD CALORIMETER
SUPPORT RING

OUTRIGGER
TO SUPPORT
FORWARD

CALORIMETER
LONGITUDINAL
ANGLE

POLYGONAL
RING




CONNECTION DETAIL WITH MEMBRANE
(PRELIMINARY)

S204F25VAYER

50 cm
MEMBRANE

MEMBRANE

SIDE PLATE

10 em THICK

350 M

A ENVELOPE

BOLTED

ATTACHMENT
ANGLE
4 cm THICK

BEARING
BLOCK
(INTERMITTENT)
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Readout and Electronics

Feedthru (TBD)

/— Feedthru (TBD)
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5400

GEM Detector
Plastic Tile/Copper
Hadron Barrel Calorimeter,
LAr EM - Hadron End Cap and

1500
4

3450

Rennich

LKr EM Barre! Calorimeter

G.03.T.018



Structural Framing -

' Joint / Cableway
Feedthru Difficulties Need to be Studied
3300
27.4°

# i ?000 ‘

- 2300 -

- : 5300 »

GEM Detector
BaFFiLAr Calorimeter

G.03.CU.017 Rennich
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with Russia GEM  Collabpra tors
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¢ Discussiangs with  Chinese o~ May 2o

on  GEM  contributons,
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28 April 1902
DRAFT

Prof. Gu :
Institute of High Energy Physics
Beijing, China

Re: Construction of Liguid Argon Modules.

Dear Prof. Gu:

The design of the liguid argon calotimeter system for GEM is far enough along that we
will beneflt greatly Ly involving at this stage the physicists and engineers who will produce
the different componenta, More detalls of the liquld argon calorimeter can be found in the
GEM Bascline 1 Document - GEM TN 82-76 (which should have been sent to you recently)
and in the Liquid Argon Calorimeter Cost Review Meeting - SSCL, April 22, 1992 - GEM
IN 92-3 which is enclosed. The tnodular construction of the iquid argon calorimeter should
enuble ue to benefit from coptributions from many diverse institutions. In this note, we
list the major components that are involved in building the electromeagacetic (EM) and
hadre:  modules and that we can sec being built overseas.

EM modules:

The comstruction of the EM modules can be separated into three mein componcatis:
production of the absorber plates, production of the readout electrodes and the assembly
of those two components into modules that will it into the final calorimeter.

Absorber Plates:

The absorber plate is made of & thin layer of lead sandwichked between two thin laycrs of
stainless steel. The lead and the stainless are bonded together with a layer of prepreg. This
sandwich necds to be bent into the accordion shape and then heet and pressure activate
the prepreg. There are at least two different methods for achieving the accordion shape
that arc being considered. There will be nne shape for all the 800 plates for the barrel,
For the endcap, the d-sign is has meny optivns - but all involve ut lewst one different shape
than that used jn the endcap.




J"nw)l"d‘ls.---

Prof. Gu 28 April 1902 Page 2

EM Readout Electrodes:

We are considering two basic solutions at this moment. In the so-called standard
solutjon, the readout board is made of a large multiluyer board of Kapton and copper. In
the second option, the multilayer board is made out of Lead girips sandwiched between
electrodes of polysoifoam cled with copper. In either cuse there are silk screened resistive
arcas required. The electrodes then would be bent into the accordion shape.

Modulc assembly:

The proposal is to build modules that subtend about 9° in ¢ in the barrel region
(similar size for the endeap) and assemble these modules outside of the SSC site. At this
stage we expect that the preamp snd calibration motherboard will be installed and tested.

Hadronic Modules:

Here we can scparatc the work into two mein activities. First the fabrication of the
pieces: absorber/readout plates made from the copper tiles, solid ground plates, and mod-
ule structure., Second the stacking of these pieces into modules for installation in ihe
calorimeter. A significant component of the lahor required for t“ese modules is in the fab-
rication of laminations of copper tiles snndwiched between thic sheets of fiberglass. The
weight of the badronic modules is of the order of 1500 MT. There ate & 20,000m? of

laminations to be made.

The detailed technical solutions one will choose clearly depeads onn who st the eud will
actunlly pruduce the calorimeter comnponents. We feel strungly that it is very important to
get the engineers and p° -sicists from the responsible collaborating institutions inveived in
the design now so we ¢:  benefit from their input when deciding the appropriate technical
solutions. The modularity of the liquid argon lcnds itsclf to dividing the econstruction
responsihility between different institutions. We will be glad to supply more details and
up-to-date drewings when requested, and would like {0 encourage an immediate exchange

of physicists and engineers as soon as possible,

We hope to discuss this further with you and your calleagues at the May, 1982 GEM
meeling in Beijing. We hape that in June, 1092 the first engincer(s) and physicist{s) can
visit BNL.

Sincerely yours,

Howard Gordon,
David Lissauer

Encd: GEM IN 92-3
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BaF, EM CALORIMETER
REQUIREMENTS FOR 8/92 GEM
) DECISION:

DEMONSTRATE CAPABILITY TO
~ MAINTAIN .
THE HIGH RESOLUTION IN SITU

-« RADIATION HARD CRYSTALS

(1) Demonstrate Substantial Improvement m 20 - 25 cm
=  Crysta. )X>60 cm After 1 MRad By 8/92.

»(2) Produce Small Rad Hard Crystals: X > 95 cm After
1 MRad. Show There are No Fundamental Limitations.
(Recomme:..;ied By Expert Panel).

~

LIGHT COLLECTION UNIFORMITY

-—

» (1) Develop Detailed Plan for Obtaining Uniform Crystals
After Wrapping Or Coating.

A(2) Demonstrate Stability, Or Specify Max. Non-Uhifofmity
(and Time Dependence) Induced By Irradiation.

43) Pre-Irradiation Question: Method; Time Dependence
Due To Incomplete Saturation, or Annealing In Situ.

*(4) Cosmic Ray Measurements With Transverse Muons



BaF; EM CALORIMETER
1992 R&D PROGRAM

e BaF, CRYSTAL PRODUCTION:
(SIC, BGRI)

# * RADIATION DAMAGE STUDY: |
(SIC, BGRI, CALTECH, BNL, TIFR, LNPIL;

CEA, OPTOVAC; NRL, UWV)

/ ¢ UV MONITORING SYSTEM:
(CMU,UCSD)

v ¢ SURFACE PREPAR.A.TION
UV COATING:
(LLNL; CEA, CIT, BNL)

V/'s PROTOTYPE ENGINEERING DESIGN;
DESIGN MANUFACTURING PROCESS:
(ORNL; CALTECH, UCSD, LLNL)

v ¢« PROTOTYPE ELECTRONIC READOUT
(ORNL, PRINCETON)

v ¢ CALII .ATION, UNIFORMITY, STABILITY:
COSMIC RAY STAND; RFQ SYSTEM:
(UCSD, CALTECH)

e BaF, CRYSTAL ACCEPTANCE TEST;
MATRIX ASSEMBLY:
(CALTECH, UCSD)

e SIMULATION and ANALYSIS:
(CALTECH, ORNL; UCSD, CMU)



)

BalF; EM CALORIMETER
1992 R&D PROGRAM

- RADIATION HARD CRYSTAL
PRODUCTION

¢ 25 Full Sized Pairs With Improved
Hardness Ordered (6/92)

¢ 5 Full Sized Pairs Approaching
Rad Hard Specs Ordered (7/92)

e Large Rad-Hard Crystals Meeting
Specs: Target Date End 92



BaF, EM CALORIN ETER
12/91 BEAM TEST

e CALORIMETER RESOLUTION:
BaF,-SPECTRCMETER DIFFERENC]_E_)
_ Resolution 20 x 20 mm?2: 1.0%
— Instrumental Contributions

* Spectrometer Resol’n: 0.5+ 0.2%
+ Pedestal Diff. Linearity: 0.4%

— BaF,; Matrix Resolution (at 68 GeV):
0.77 (+0.12 — 0.18)%

— Further Contribution (Not Subtracted):
Crystal Non-Uniformity: 0.5+0.1%

— Possible Calorimeter Resolution:
0.6 £0.2%



e UCTD (05 RAy ST ST

Cosmic Ray Telescope

The mechanical work on the stand has been completed. Eight chambers

(4 x-chambers and 4 y-chambers) are in place. Two chambers ( one x-chamber and
one y-chamber) have broken wires, which will be fixed once the remaining
‘chambers are operational. The components of the gas and low voltage distribution
systems are expected at UCSD by the end of April and should be installed early.
in May. The read out system is currently being tested

Trigger counters and electronics are currently being brought up.

ORNL Base and Preamp

A prototype preamp, with both high and low gain outputs, has been ‘designed
and bullt by Chuck Britton from ONRL. It is currently being set up for cosmic
ray tests with a standard BaF2 crystal.

UV pulsed source

Delivery of a Hamamatsu TNLD1401 ultraviolet source is expected for this k.

A quartz fiber distribution ‘system from Polymicro Technologies Inc. has been
purchased. We expect to start testing with a standard BaF2 crystal as a diffuser
in about two weeks. If everything works out we will order a quartz diffuser
system,

High Speed CAMAC crate controller

v — d — —— W G I SR S G T N IR GNP WD GES W N W SEP S WS NS AR W

A Kinetic Systems 3929 SCSI crate controller and a Rancho Technologies
Fiber optics communications system have been processed. It needs a
software driver which will be written once the above higher priority (for
us) items have prooressed. It should increase the CAMAC data acqguisition
rate to well over 100 Kword/sec.



MARTIN MARIETTA

aApril 27, 1992

Harvey Newman

g Revart ide cto

The following describes the work on the GEM barium fluoride detector
development:

1. A program was written to find the new dimensions of the proto
deteéctor crystals, 30 IR X 50 mm x 500 Bm, The crystals are
oned &0 t two edges when extended will converge on a
10 x diameter circle about the centerline of the bore, and that
three faces are perpendicular to each other to help fabrication

ﬁ inspection.

2. Preliminary design of a test box for both cosmic ray testing and
a_future beam %@'mﬁﬁuiﬁg. This box will have ¥Ee capacity
for a 7 x 7 array of crystals, and have the capability to replace
a photodetector and electronics in-situ without disturbing the

stalg. The test box will be compatible with two different

ting photodetectors. Titanium foil, approximately 0.1 mm
thick, will be used between the crystala. This will not be 2
walded or bonded structure as it would be in the GEM detector.
The fabrication drawings for the test box should be finished in
the next month or two.

3. Craig Wuest and I have discussed the machining capabilities at
LINL, and it appears that LINL has the technology to provide

matched c¢rystal pairs will be machined so that can be
perly e tes X tely the GEM detector.

4. A trip is to be made the first week in May to CERN to meet with
Michel Iebeau. Discussions will clude the fabricatlion concepts
for a cell structure to be used in the actual GEM detector, the

cixTent crystal qrowing, machining, and inspection methods useq
China.

]

5. A trip is being planned to visit China the last full week of May
'] n of LINL to ge ed on the ma ning of e

prototype size crystals. The trip will be contingent on getting
approval for the travel authorization for DOE.

J. L. Heck



BaF, EXPERT PANEL

RECOMMENDED R&D PROGRAM
IN ADDITION TO R&D IN CHINA

e CRYSTAL PROCESSING STUDY: (§IC; BGRI;
Grow, Characterize and Measure OPTOVAC)

v’ — Small Specially Pure Crystals
— Compare. Crystals From Common
Raw Material: China, Optovac

v"— Improve Growth Process: |
Crucible, Residual Gas Analysis,
Control of Atmosphere

¢ IMPURITY and DEFECT ANALYSIS
M

v — Experimental and Theoretical
Study of Impurity Effects

v — Trace and Defect Analysis of: |

e Raw and Preprocessed Materials v*
¢ Finished Crystals v

¢ Longitudinal Profile ¥

e Surface Damage v

e Subsurface Defects v



BaF,; RADIATION DAMAGE
PROGRAM STATUS (Cont’d)

o FIRST RESULTS from CEA (Cfacles hans £

QL SSOCIATE &Y
- Bulk Impuntles High Levels of Oy,

S, Clin. Botlk Optovac and Chinese Crystals
— Surface Damage Established:
Improve Polishing (LLNL)

— Subsurface Inclusions Observed: C(u s-te ring at
Depth Proﬁlmg, Microanalysis { Doma cn Borwndarie é

¢ SMALL RAD HARD CRYSTAL PROGRAM
At OPTOVAC

— Study Raw Material Purity Effect, Crucible Effect,
Oven Variables |

— Residual Gas Analysis

— Small Crystals and 15-20 cm Rods

— First Crystals By 5/92

~ Rad Hard Crystals By 8/92

e COLOR CENTER STUDY At UNIV. WEST VA:
Paramagnetic and Low Temperature Spectroscopy

— EPR: Energy Levels of Two Predominant
Color Centers Determined

— Correlated With Absorption Bands
at Liquid Nitrogen Temperature

— Further Paramagnetic Studies (ENDOR)):
-¢ Color Center Hyperfine Splitting

e Test Role of Interstitial
Ions: Hydrogen, Oxygen




BaF, R&D 3/92 - 5/92:
MATERIALS STUDIES

e CHARLES EVANS & ASSOCIATES

— Tests of 0,,C,H,S in Prototype Crystal
Cleaved in 31 Slices

— “Nomarsky” Profilometry: Dislocation Lines

- Discovery of Inclusions Decorating Dislocation
Boundaries: Impurities Highly Localized.

e LLNL: SURFACE PREPARATION

— Diamond Turning On Lathe With Ultrapure
Mineral Oil (6 A°/80 A° RMS)

— Standard Polishing On a Diamond Pad With and
Oil, as for Laser Mirrors (20 A° RMS)

— Argon Ion Beam Milling : 2 um/Hour;
Follows Original Surface Quality.

— Lapping With Diamond-Impregnated Pitch: (10
A° RMS); Good for Mass Production.

— Nomarsky and X-Ray Diffraction Studies

~ o CE&A and LLNL: SURFACE STUDIES With RBS

-~ AIM Best; Diamond Pad Next.
— Retest Diamond Turning; Test Diamond Pitch,
and Acid Etched (35 A° RMS) Surfaces
e LLNL: UV Reflector Al 4+ MgF',:

— Front Reflectance 90% (220 nm)
— Back Reflectance 81% (Through BaF,): Sensitive
To Surface Preparation

e NAVAL RESEARCH LAB: Dielectric Relaxation
Technique: 10 - 100 ppb Trace Limit




Associate of E. Merck, Darmstadt, W. Germany - TEL. 508-867-6444

WUrilWVVAw

An EM Industries Company

NORTH BROOKFIELD, MA 01535 FAX 508-867-8349 0 L f 2 : :

3q For future work, high purity custom synthesized raw material PRRE

’35. A sublimaticn unit has been fabricated and cleaned and will

<

To Harvey Newman
From Rob Sparrow -
4728792

BARIUM FLUORIDE : STATUS REPORT

Growth crucibles of graphite have been fabricated and then

given a proprietary cleaning treatment. C'RUC!Q L€
Using Merck Optipur raw material furnace conditions have been

established. Crystals are grown in groups of three, each

G-RowTH
CoNBiTioNd

w

crystal being 32 mn diameter. In the first run the as grown

ingots ~2re 275 mm long. The power to the furnace, however

was not sufficient to remove all the lead fluoride scavenger
and the ingots all had absorption bands at 207 nnm.
In the second trial growth run more power was added and the

ingots are currently being tested for lead absorption.

-w

has been ordered and delivery is expacted at the end of May. /V{ATERIALS

-
now be used for subliming Optipur powder.
Trial runs have been made using a reactive gas. This caused RrACTwWE
some problems as the gas reacted with the vacuum pump oils. A GAS;
RCA
design change has been made to the growth furnaces, the
necessary components ordered and the modification will be -

conplete by the beginning of May.




SECONDARY ION COUNTS

CHARLES EVANS AND ASSOCIATES

PROCESSED DATA
3Jdn92 = FILE 15
10"
m
10’ Hﬂﬂﬂ'?.m@ﬁ
JImS Q?zALaJ:'-:J‘
Ty OptoVac CraJta.ﬂ
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m’ K 0 €
Ba
He@~
m‘ — cN+Ba
Lot oo 1 4o ¢ ¢ 2 b ¢ g 1 2 1 o 2 0 ¢ 1 2 2 1.2
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[EFTH {microns) U
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SECONDARY ION COUNTS

PROCESSED DATA CHARLES EVANS AND ASSOCIATES
{3Jan 82 Cs ' FILE 4
10"
[ SIC-XTL BASE SURFACE
10'&' NATRIX = 8.92€B CPS OF i9F

Sims Qanysts

a}ZoTHER Jor at

~—RBase g“ofar
JIc C:&Jf:p

10
o o
B3 pues
4 HC &
10
i’
180
10
10!

¢+ 1 4 4+ 1

R

.-.;-

2 3
DEPTH {microns) /u'}n_

. 2 .3 + 0 1 s 2 4
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UECO]

LECO CORPORATION

LABORATORY ANALYSIS REPORT

Date

W.0.# 7256

@4/21/92

o »
C—a.: :}u\rcm Clm_ﬁ Jip C‘_:f' C.S O_ Y
LECO® c \ ; ;
Sampie No. Sa:::?em:;. E:::t C Ps:;ﬁtf :ry;:t O Hv:::gm
202049 Tl J:e ice 1 { -2 0825 .0087 2.8
1' 037 0028 0084 2.0
( .o .32
0278 15 L | [ e 0826 0041 (2.0
! 0083 0024 0044 2.9
L oone 18
02071 \ E ( 0015 0829 9070 2.0
‘ J 0247 019 0861 (2.0 N
( 0004 30 047
e
w72 | T _1_0 [ o2 o1 0836 2.8
z 0009 0027 0050 2.0
ea2e73 115 151 (o 0889 0053 2.8
| { .0018 0078 8060 2.0
(o000 069
002074 2 ") O | ( oo Y 0853 2.8
2 ¢.0083 048 0043 2.0
L oo N3 0047

Form No 203-505-131

. ’Pr-o)t';ea.g Vear .a.L.'ecf#

03-28.8¢



m ® LECO CORPORATION Date __@4/21/92
LABORATORY ANALYSIS REPORT w.o.# 7256
LECO® Customer Percent Percent Percent PPY
Sampie No. Sample No. Carbon Sulfur {ixygen 1 -3rogen
N7 733 <3 (oa7s 082 0834 2.0
005 .0028 .0a34 2.8
& 6020
0087 0019
X275 o) 25 | [ 0064 0256 2.4
0007 0030 032 2.8
‘ 0841 0858 00Z3
( <9083 0038
202077 ™ 29 ( <0083 0018 0045 2.0
J <003 0013 0845 2.0
0015 002 B0AS
re
062678 T d r 8424 N2 0841 2.0
' .9236( .0a37 0939 <29

Form No. 203-505-131

03-28-88
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Distance on Surface

 BER Time: 14:01 Date:3/16/,92
RMS: 7.46nm PROF ILE " PV: 49.,5nm
RA: 5.68nm RC: 22.2 m
33..1 —
e 16.5}
o \
4+ X
2 M ' l i
@) @.@ | ‘ , |
T i
Z | ‘| f
—16.5°¢ f
—~-33. 1 : . ' '
% 132 264 396 528 560

in Microns (20.0X)
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B.F Time: l4:36 Date:3-17,92

RMS: B.638nm PROFILE PV: 3.68nm
RA: 0.518nm RC: 1.4 m
2.1 —
1.0 |
) . ,
EW G MM f
E | | i 'l 2l oty | '
5 0.0 W'W‘ ’ , ’,l‘n (Y ”
C A :
P ‘ N | P
Z I: ! ! . | | }
—1.08¢F -
—2 .1 ! ] 1 |
%) 132 264 396 528 6560

‘Distance on Surface in Microns (20.0X)
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BaF, R&D 3/92 - 5/92:
RADIATION DAMAGE

¢ CHINA: PRODUCTION IMPROVEMENTS

— Liquid N2 Trap on SIC Oven

— Tantalum Getter Trial; RGA

— LeE u 4/92 Visit (Vacuum, Cutting, Polishing)
— ORNL and LLNL Visit: End of May

¢ CALTECH TESTS

— Tests on New Large Czech Samples: Early May

— Tests of New SIC 4+ OPTOVAC Samples:
Second Half of May

— 800 MeV Proton Test (1 MRad) At LANL in June
-~» ¢ UNIV. WEST Va. OPTOELECTRONICS GROUP
— EPR Identification of H° and O~ As
Causing UV Bands: Heat Treatment in Air

— Studies of Nature of Color Centers:
Radiation Damage Mechanism

— Studies of Post Annealing to Increase
Rad Hardness

e BNL: RADIATION DAMAGE TESTS

~ Confirmed Caltech Results on Large
Improved SIC Crystal
-» — Neutron Test With Univ. Lowell VdG (Low 7’s).

-» — Hadron Shower Test at AGS Primary Target
Cave in May;

— Thermoluminescence (TLD) Tests



ASPECTS OF
THE RADIATION DAMAGE PROBLEM
IN BaF;

L. E. Halliburton, M. P. Scripsick, and G. J. Edwards
Optoelectronic Research Group
Department of Physics
West Virginia University
Morgantown, WV 26506

Telephone: (304) 293-3422
- FAX: (304) 293-5732



ROOM TEMPERATURE RADIATION
DAMAGE MECHANISM

(Ton 24 Kn:ver‘.rlfé)

_ Oxygen and hydrogen are present in the crystal as OH" lons
substituting for fluorine lons.

£ luocwne 'U;.ca.acae.r
Radiation does two things:

o 1) Radiation creates F centers and clusters of H centers
(.e., fluorine vacancies and fluorine interstitlals).

e 2) Radiation also dissociates the OH~ fons into O~ and H;°
centers.

«=i» A portion of the H; centers will recombine with F centers to
form H; centers.

=@ The 220-nm UV absorption is due to these H," centers.

TWO WAYS TO MINIMIZE
RADIATION DAMAGE IN BaF,

® 1) Prevent OH- from entering the crystal during growth.

@ 2) Prevent the formation of F centers by removing impurities
that stabilize the fluorine interstitials (H centers),
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Absorbance

:T{&Y" maf]rea.t‘ e n
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BaF, OPTICAL ABSORPTION () 4;c

of +EPR

||
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The above-described results are most interesting and suggest addition
experiments. Among the questions that need to be answered are: 1) What is an
optimum heat treatment temperature to introduce oxygen and hydrogen into the crystal,
2) What is an optimum radiation dose to convert the oxygen and hydrogen into
ultraviolet-active defects, 3) What anneal temperature is required to destroy the oxygen
and hydrogen related ultraviolet absorption bands introduced by radiation, 4) What are
the optical bleaching characteristics of these ultraviolet bands, 5) What is the exact
nature of the oxygen center giving rise to the EPR spectrum, i.e., what is the model for
this defect, and 6) Which Is more important, oxygen or hydrogen in producing
ultraviolet absorptions.

We propose during the coming month to fully characterize this phenomenon of
introducing oxygen and hydrogen into BaF, by heat treatment. Special attention will

be given to developing possible procedures for reversing the process. If successful,
such procedures would allow post-growth treatments of Chinese-grown BaF, which

would render them sufficiently radiation-hard for use in a particle detector.




BARIUM FLUORIDE EM
CALORIMETER R&D FOR 1992

By Carrying Out Our R&D Program, We Expect To
Have The Following Information By August 1992:

e Improved Understanding and Control of
Radiation Damage In BaF,

e Small Rad Hard Crystals

e Large Crystals Approaching the Final
Specifications for Rad Hardness

® Realistic Evaluation of the Prospects for
Rad Hard Crystal Mass Production

— At $ 2.5/cc Fixed Price

e Demonstr..on of the Ability To Maintain
The High Resolution In Situ

-- Uniformity, Stability and Calibration
-- Constant Term of 0.5%

A Sufficient Demonstration of the Promise
of the BaF2/Scintillating HCA._. System
in Time for the GEM Calorimetry Choice



Presentation by:

H. Gordon



H. Gordon
April 30, 1992

Engineering Progress on the Liquid Argon Baseline

Design
Date Focus Absorber r(m) z(m) Ec
Aug. '91 Endcap accordion Fe i?,:’”
Oct. '91 Cryostat SS->A"
Nov. '91 Lol Fe 4.0 6.0 F
Feb. '92 Space for yu DU 3.5 55 <
Mar. '92 Services
Mar. '92 Background for i Cu 3.6 55 €
Apr. '02 Cost review c

Apr. '92 Facilities - assembly and test beams....



GEM Liquid Argon Calorimeter

Electronics Box  Copper Hadron Absorber

12.0°2
Electronics Box

iy

‘ L

Y - e e e T e T

3600

~)SA

1070

]
| 890
i TRACKER 750

' Forward Cal. :

PRE-RADIATOR — NEUTRON ABSORBER .

e 2350 3120 .

» 5090 1180 —»!

e 5500 .

LLMason GEMLAC. Packed4/28/92
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Barrel Accordion Electromagnetic Module

!

Stripline cables

Preamplifier

Preamp
and catiy
electronics

40 modules, 9 degrees ror module

1.16 MT per module “dry’

1.49 MT per module "wet"

20 absorber plates per tower, 1.905 mm
20 sensing plates per tower, 0.40 mm
40 argon gaps, 2.0 mm :

S towers in @ per module

90 towers Inm per module {( -1.44 <n < 1.44)

0.032 X 0.0314 segmentation
2 depth segments split at 7 radiation Iengths
900 channels per module

and calibration ]
¢ tronics X
{ | ) ¢ ¢ ¢ ¢

e — s



Layers of the Accordion Absorber plate’

Fb Absorber

Haaad P PVTURTR PR R

Stainless Stee

G10 Insert

Stainless Steel z’L\
X

Prepreg




Barrel Accordion After Bending
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acordcomp

LOADCASE: 2

FRAME OF REF:GLOBAL :

DISPLACEMENT - MAG MIN: 0.00 MAX: 0.097847 length 3 m
gravity in x direction 0.097847
all edges fully supported

0.8 mm lead
clad on both sides with
0.2 mm st. steel 0.083869

0.069891

;l.n
i
i

0.055913 é

0.041934

0.027956

0.013978

Y

0.00
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COMTOSITE SHELL MODULE CONCEPT (Module #2)

9 degree Included Angle
2106 mm Length

570 mm Depth

2.38 MT

80 required

Al. Strongback
Completes Upper

Keyway for Alignment
and Positioning
Load Path for Non

Vertical Placement

Flange of Box Beam

Mother Boards

Holes for Argon
Communication(Typ)

¥ Shell Structure Pretensioned
to Prevent Buckling

Transfer Molded Fiberglass
Shell Structure

ﬂ*‘ R R TR

—

. — e — . I
q q L ‘ q ¢ ¢



13- APR-92

g _&_hnalysis

SDRC I-DEAS V¢ FE _Modelin

13: 41: 29

Urits

l]p't:lo "

Dizplay No stored




Datalbase module

View Ho stored Yhew
Task: Post Processing
Model: 1-FE WODBL1

SDRC  1-DBAS V:

FE_Modeling_ 6 _Analysis

13 -APKR-92  13:45: 54

Displa

Uats ; IN
. No_stored Option
MALM

Model Bin 1-
Assuclated Workset: $-MODULR

LOADCASE: 1
FRAME OF REF:GLOBAL
STRESS - VON MISES MIN: 248. 63 MAX:

4397, 64
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4397. 64

2619. 49

2026. 78

1434. 06

!




ASSEMBLY POSITION (Module #2
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Hadron M |

Six Cells Depth Handting Fixture Interface
Segmentation An x Ap = 0.08 x 0.08

80 Modules Required 0
WL = 2.38 MT each

Each Module Contains Al Strongback 0

the Following: 0

1 - Top Ground Plate

1 - Bottom Gnd Plate \)

Strip Lines and Connectors

5 - Included Gnd Plates :f
36 - Tile Plates )

Containing 948 Tile {i/
6 - Sensing Plates

Containing 258 Tile
1 - Strongback
1 - Structural Shell
2 - End Plates
28 - Towers with Strip
Lines and Electronics
X - Mother Boards

Fiberglass End Plate -

Groove for Radia! Insertion '¢
and Support of the Mocule —~

—————— Strip Lines,
Set in Recess

Fiberglass
Structural Shell

Projective Path for
Strip Lines Between
7 Adjacent Towers

" \
Top and Bottomn Ground

Plates are Thin

Seven Stack Tile Panels,
Middie Panel Sensing,
Absorber material is Copper

Eight panels in Continuous
Copper Ground

LtMason GEMLAC. HadModDetall 4/18/92




Blow-Up of Central Endcap and
Forward Calorimeter

r
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KLKillian Central Calorimeter Walls 4/20/92



View with10x Expansion in Vertical Direction|

L Ar l
[ L Ar i
Vacuum
Central Wall Forward Calorimetersiit
Tube Guide
E Z Direction
Jacuum Restraint and Guide
Seal
Bellows
3 mm Vacuum Wall ,,
Two Stage Lip Seal 4
1 with N2 Purg o
“\ R Ve e T e
Beam Tube— ~ ————— — Beam Line - - -
ol A
1 mm / Two Stage Lip Seal [
" Argon Wall with Nz Purge and

VYacuur Pump-out

KLKillian Central Calorimeter Walls 4/20/92
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GEM Calorimeter Wall Thicknesses and Vessel Weights

{Thickness in Millimeters, Weights in Metric Tonnes)

Barrel Vacuum Vessel Wt = 39.84MT
— Barrel Argon Vessel Wt.= 25.2MT

I .o H ......... I ------- —
‘ ‘ I Endcap Vacuum
| Vessel Wt. = 22.3MT
13 13 51
Y 13 Endcap Argon
f Vessel Wt. = 28.24MT
13 51 l
' : A
1 o 1
¢ 2
13 19 13 / 7
51 a4 Y ; /
L f : /
1 7
1 24 o 13
| 2 a5 [ 1070
i 9 16
et * 50 19 37
! 1 o1 34
| 13 890
1 750 51
’ | |
- 1500 *I
- 2350 -
Ly 2723
[ 5500 -

LLMason GEMLAC. Thicknesses 4/16/92



GEM Liquid Argon Calorimeter

1/4 Section "Vertical”
Copper Hadron Absorber

Shows General Configuration with High Point Argon Piping

4 Inch High Point Argon Wet Line for Endcap
4 Inch High Point Argon Line for Barrel /

6 Inch Jacket
Typical  /

P r

e

' f/’ T L7 P T P77 77777 7777 AR ESSSEES S eSSy T a cum Jacket

) I§ =
Vacuum Jacket 7& %
» \ /ly b 5
A -« -
N %
N |
AN Bellows
71N ;
N Typical
7 Q Argon Vassel
AN : Al/Stalniess Stee!
H % : Transition Joints
’ N : Typical
5 N : RANANRNRNRRN
AR : N
} / 4N
7 ! / AN
/A s % B
/4 , 2N
72t : AN
71 ; AN
21 d o I ’ ’ N
Barrel Calorimeter 2t Endcap Calorimeter : AN
A : AN
’: ? 4 ; §
Al ¥ : AN
187 . ] N
i A8 FA H 7B
102 H 1N
’ ’, A % By
l H\Q ; G N
/ &) 4 4 N
/ v, ’ N
A / % % )
/ ) H ] »
' 1 \¢ : AN
’ 'I L % §
l Z o : A N
?’ E g ArtaiLiaany XTLTTTETY TET
I 9 / fa \
2 ’ 4 :
) 4 5/ 2
) ’ : T S
04
| Tracker g ; Z 3
4 ; W \
. i : Forward Calorimeter R,
,_‘ — - . A u.'fi:_'!m

T T e e ww

LLMason GEMLAC.E &Piping 4/17/92




) )
Barre| Argon Wet Line
Endcap Arpon Wet

Linas Near Side,
Far Side

Inner Muon b‘lambers
Inner mid-point Radius of 3800mm

"4 Inch Endcap

VacuunF Line 4

=

4 Inch Endcap Vacuum Manilold

Endcap Vacuum Vessel Over
Pressure Protection Relief Part

— i rw i o

Pump DowL By-pass Vaive ‘ .
1 ")

.

Vassel lsolaliolwacuum Valve

§

Partial Side View

[
i
h
1
1
\

Cryogenic Back Stream
Protection Device

Diffusion Pump

-— -

Endcap Calorimeter End View Showing Vacuum System
and Argon Wet Line to Head Vessel

£ 3 ¥t -4 L3 Fm &3
—O——C O o . 5 o A7 4 © A= O O < o o—0 & ——g—

Spacing for Electronic Feed Throughs Penetrating the Barrel Vacuum Vessal,
40 Shown, 80 Required

LiMagon GEMLAC E 8 Piping 417492



Internal Siphon for Cooling Pre-Amplifiers in the
Argon Annulus Within the Barrel Calorimeter

3 L~ L2 l
S 1
Baffles at Annulus Top to COIIet\:l Flow \
S \ ,“-\ l
'I’. \‘“‘. 1 \..._.......____.___.___,__.._|
i Annulus Around Out Side
i / { EM Calorimeter »
}n‘:}\“_j‘ \\ L b
N i
; '-’I !
. iy N
5 i j \
: ¥ ' \
T — ;" H Vi g N
A - '-:i' I ?/ §
¥ o "
% ’\ i 5 i i Batfles to Force Warmed
i ! L : xa - Argon Against the Head Wall
7 i ) i and 10 Keep the Efectronic
e it \/ \ Strip Lines Out of the Flow
_ i i } Channel
i\ : . \
R \ AT i  Balile at Top of Annulus to Collect Flow
it N\ \ oA N and Direct to Argon Vassel Head
i'; "\ \ . \ Pre-Amp Location Relative 1o
L tSy N Modules (Heat Soarce)
" o 7
» ] d ’,; " ]
. “- \ T T T et 4 4 «
., \ e Trncery :
\ A A AN A A A A AR AT A AT AAAAIAATAT | 13
!
ANV EM Module |
' iy EM Module
n
Desired Flow Path, Up the Back Side of tha Modules,
Channeled to the Head, Then Down and Around the
Head to the Bottom of the Annulus I Aroon Vessol B -
H ol External Cooling Tubes
| to Remove Heat via the Vessel Wall
t
Barrel Liquid Argon Calorimeter | Addition Balflas to Collect Flow at the Top of the Cooling Area
: 1 and Contain it Unzi & Fieact the Botnm of the Cooling Zone
|
|
|

e e e e — e =~ —LMasan GBALAC Pradimg Cooirg 417792
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Vacuum Vessels —\

SO NI
il" N
|l .............................................................................. " a o NN\
* | /] 4
i Barrel Calorimeter | Endcap Cal o .
= | P |
Protrusmn on Argon Vessel for < \;...|
Beaming Load to Washers and

ther‘mal Intercep
nd of Support

Heads ‘—\
S

teel Interface Plate

,_.-4-

...................

— . —— —

-

/)

End View Barrel Calorimeter End View Endcap Calorimeter

Thermal Support — Thermal Support

Argon Vessels
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GEM Liquid Argon Calorimeter
1/4 Section "Vertical Section"

Barrel Argon Vessel and Calorimetry Wt. = 743 MT
Endcap Argon Vessel and Calorimetry Wt. = 497 MT ea.

RN
L ES Y

NN ORI,

Ny

3600

WAL AL AL ST A LTSS L A AL AL LSS AL LA LSS LSS,

e e L

] :
f L 1070
/
r .
:. QAT KAV ICHIENT AR AT KEATABAT ATAT AT QAR AT I A
I 7
I 750
| Tracker | | E
1
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- 5090 > 118
- 5500 -
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Supports

Structural O:mtorhtlcs Thermat aiztics
LAr Vessel © Deflection of 4/. ¢ 3= Towards Barrel - 4 x 155 L 520 W
Interaction Point Endcaps - By 155 w249 w
© Design Load Of The Barrel Totsl = 1860 w
of 337 MT

© Desinn | gad Of The Endcap
Is TBO

© Heat ntercept
~ Stainless Stee! )y
~ Cooling Tubey integral
~ LN2 Cooling s Baseling

Spherical interface
10" Radius

LN2 Heat
ntercent

G190
insulation

Ihconnel 718
Flex Plates
127%x.42¢

Brazed In Pigce

ARGON VESSEL SUPPORT R
‘ _-..“*'-'--“w-—_-‘..?,__-.---._.-. ‘*—_;mu-n-.h-__.a..m__(-q ‘ P e



Study of Cryogenic Systems for GEM Surface and Hall Facilities

(Very Preliminary)

Above Ground Truck Docks and Storage
Argon Vent LNz Vent Vessels for the Delivery of Argon and Liquid

T T N"rogen 7\ i
_ +j +}

Ground Plan

TN :

Liquid Nitrogen Condgioning System
Calorimeter Head Control Vessels—\

_._Beamline | }_____

4_.]!\&0'& Pressure Vessels for
Isolation of Hall and Surface
Pressures and Off-Loading,

/Argon Supply and Storage Vessels (Typical) Shows: Gut of Position

Hall Floor Line —”

LLMason GEMLAC.Cryo_System 4/19/92



Sumrary

* Requirements and Engineering Parameters Definitized
« Interface Constraints Identified and Accepted

« Module Structures Developed
— Endcap EM Being Finalized

« Electronics Heat Removal |
— Baseline:  Thermal Siphon Using Internal Argon Cooling

+ Vessels Defined and Sized
+ Feedthroughs, Vacuum and Cryogenic Systems Defined

« Support System and Assembly Scenario Defined



Liauid Ar Calorimel ow 1993 1994 1995 1996 1997 1998 1999
quid Argon ormeer S alafefal-" Telafals]elafelnalalalo 2ol 112 a]al1]2]3]s
Above Groumnd
Prqgram Milestiones Facllity HalilBOD A A Tost Beam Detector A
Avallable Available Operationat
. Membrane For
- . Calorimeter Required
LAr Calorimeler Construction o2.1
Barrel Calorimeter 02.1.1 } Production Englesring
C2"—==""1 Prototypes
L 1 Procurement
— ] Module Fabrication
) Final Assembly
_ ) Coid TesVChaeckout
Endcap Calorimeter 0212 - I Produstion Englnesting
T3 Prototypes
t 1 Procurement
! 1 Module Fabricatien
K ] Rasl Assembly
Coid Test/Checkouw! [—T)
Test Equipment 02.13 C—————3 Engineering
1 ProcovemenVFabricstion
enic Sysiem 02.1.4 —— neeting
Cryog 4 f Engl - 1 Procwrasment/Fabrication
f 1 Instalisfion/Checkout Above Ground
1 insiallation/Chetkott Balow Ground
Facllitles 02.1.3 =0 Above Ground inierfeces
[ Electrical inteifsces
Test Beam Program 0216 r -1 R&D
Callbrstion Of Spare Modules/System Chackout L )
nstakation & Test oxt.7 === Barmel
"3 Barysl Test
Endcapa TestShimming & Fiting ==
System-ClreckoutTest ——————
Subsystem Integration & 0218 :
Managemenl
wWev-Az0%2 Preliminary




Progress on R&D
RD3 - Produced 4 m projective accordion aborber plates
BNL Tests: 1 mm, 2 mm, chevron
All absorber plates are made
First 1 mm electrodes made this week
2 mm electrodes expected next week, then stacking

Entire electronics chain has been set up and tested in
the beam, including Nevis analog pipeline.

Cryostat is being leak checked and foam insulated

Simulation efforts:

Nonprojective accordion (beam test) - H. Ma (new
GEM Technical Note)

Understanding of effects of electric fields - 1. Stumer
and H. Ma.

Barrel projective accordion - M. Seman

End cap accordion designs - M. Leltchouk and
A. Masslenikov

Hadronic - electrostatic transformer - E. Kistenev



EM Configuration Gosl < FSHBNE

e CELL
A " }l"
oM G.10(05mm) HV Electrode
! mm DP (Silk Screen)
1mm OPTION ) ~;\ \ AKG ON)
Nreate ' \
_ Ps | S 2mm
< G 6-.\ N X.= Pb Pb Stainless Stesl
- ? N= 1mm mm
3:'?(1 u-(g gz;%g‘nm
) v =0. 1 1 H
Absorber Signa! Absorber
Electrode
t " - - CELL
- 2 mm Stiom HV Electrode
(Silk Screen}
2mm OPTION K / A/ In N }4 r %B-n
_.g\c.c P Case v v \LA_ ?
P
2mm
alrserlber X.= Pb Pb Stainless Steel
- Ti= 2mm 2mm 2mm 2mm
Hakkness Rs=22.8% —p [ —
. Cell=6.6mm ! ! ! ]
_(merese sa,f],, Absorber Signal Absorber
a Electrode
L..:TE:C{'?EM (Kapton/Cu) t - HOns

- GCel @@ 2.5%
e




PREAMPLIFIER

NOTES
AND _—
CAL'"RATION SYSTEM DYNAMIC RANGE 25 MeV —3 2.5 TeV
________________ .| (EM)/channel 25 u¥ — 2.5 V - -~
d —
| td => 18 BITS > A
' 5 -
T
CHANNEL 5 CMOS CMOS # +
SELECT 3‘ AMPS 64 X 16ns X
§| ANALOG MEMORY
:| _{} - L ———] 2M0 Ve
+6v w | _L'_E ! MULTI EVENT
] : BUFFER

AND

READOUT
o> I ——
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] i
|
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Resolution vs lead
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Resolution ( percent*GeV#+*1/2)
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Status of Muon System: FET 4/29/92
(1) Baseline performance:

0 momentum resolution:
meets design goal in barrel region < 5 %

needs improvement in endcaps (11.8 % versus 10%)

o chamber coverage:
100 % in endcaps with 0 and ® overlap
95 % in barrel with 8 overlap ( loss in @ between sectors)
gap between barrel and endcaps

small angle coverage only down to 9.75 degrees

0 backgrounds:

hadron punchthrough OK for 12 and 14 A

neutron background being evaluated
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GEM MUON SYSTEM (BASELINE) e
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Fig. 3.1
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GEM Muon System (BASELINE)
4/8/4 Layers 9.75° to 11.45°
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Tronsverse axis, m
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Neutron Background

L. Waters 4/28/92

o Time distribution up to 10 millisec after beam crossing
o Energy spectrum computed from 10eVito GeV

E ]

o fluence from Cu the same as from U

o magnitude of fluence a few 105/cm2 sec
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Figure 19: The 6 figures on this and the next two pages show the paths of neutrons hitting
the first drift chamber (Z=5.75 m). A and B are for the copper case, C and D for copper
with no FCAL, E and F for copper with no forward elements. A, C and E are for neutrons
with kinetic energies greater than 100 keV (note, no particle has energy greater than 20

Mev); B, D and F for neutrons with kinetic energies less than 100 keV. Only one SSC

event is illustrated. waters/4-4-92
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A) 1trons with kinet' energies less than 100 keV, B) neutrons with kinetic energies
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(2) Outstanding Issues:

o alignment system:
+ aware of problem
- how to achieve o ~ 25 um ?
- how to integrate chamber technologies ?
- integration with a GEM system ?

0 calorimeter:
- can 12 and 14 A really be achieved ? 5‘5@\"" LA)
- neutron background Cu versus B85 4 ?LGh Same as U )
- onstruction of AEu in calorimeter ? )
reconstruction uin ca WIS

lo.rs(r for L

o flux concentrator:
+ longer will help 6Pu/Pp atn = 2.5
- move EC chambers further out ?

o & coverage in barrel ( v prove YD)

~0: coverage between barrel and endcaps { 2°net overea)
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GEM BARREL REGION (PDT) .
(Chamber Endview) e
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&SELHNE GEM Muon System (endview)
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GEM ENDCAP CHAMBER ARRAY

TRAPEZOIDAL CHAMBERS
OVERLAPPED IN THETA AND PHI
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Contingencies:

o CSC everywhere
~ channel count/costs ?
- Russia to fabricate electronics ?

o LSDT everywhere
- can radial wires be fabricated for EC ?

- how to trigger ?
o PWC trigger in both endcaps and barrel

o White Paper on trigger alternatives

o What are the engineering/cost implications 7

L)

¢ L |

]
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TDR

Chamber Technologies:

TTR:
- performance evaluation in TTR summer '92
layer resolution with cosmics
absolute alignment needed (25 um)
RD5:
- test CSC at CERN fall 92
- hadron punchthrough
Decisions:
o criteria:
- layer resoluiion 100 pm/b - 75 um/ec
- alignment ¢ ~ 25 pm
- pattern recognition
Fileup
sensitivity to backgrounds
- costs
number of layers affordable
- who makes it ?
Choices:

CSC for endcaps
RPC trigger barrel
PDT tracking barrel
LSDT tracking barrel




What is needed for TDR:

o

o

more engineering support for alignment and
system integration

hit level Monte Carlo
- study pattern recognition problems
- determine robustness of Pp resolution
- detailed simulation of trigger

performance evaluation/physics

neutron background calculations
- started at LANL

measurement of chamber sensitivity to neutrons

- started at MIT

cost review 5/5/92

plans and schedules for

-

chamber fabrication
electronics fabrication
support structure
alignment

processes

« 1
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Electronics, Data Acquisition, and Trigger

Front End
V. Radeka

Group

Group Leaders
Dan Martow

Mike Shaevitz

integration
Norm Lau

Silicon Tracker
Geof Milis
Hahn

Central Tracker

Jim Musser
Paul O'Conner

1

Calorimeter Muons - Barrel Muons - Endcap
John Parsons Frank Taylor V. Polychronakes
Bill Sippach .
Peter Denes T. 0'Connor
Calorimeter Triqger :
EaE— Muon Trigger
Bili Cleland Maged Atiya

David Lissauer

Lecroy
Dick Sumner

Cost Estimates

y

DAQ / Level 2 Trigger
SSCL DAQ Group

M. Botlo
Jack Ritchie

Level 3
and
Event Builder
Ken MacFariane
Harvey Newman




GEM DAQ ARCHITECTURE
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TRIGGER RATE TABLE
(MARCH 18, 1992)

GEM Trigger/DAQ Design Goals

Level

Rate In

Rate Out | Latency Comments
1 60MHz | 10kHz 2ps Synchronous, Pipelined
2 100kHz | 300 Hz 100ps Asynthronous, Monotonic
3 3 kHz 10 Hz - CPU Ranch




Fiber Optics Cables for Signals

Operation Center
(Leve! 3 Trigger)

Fiber Optics Cables

Racks, Crates
DC Power Supplies
Digital Electronics

(Level 1 & 2 Triggers)
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) Wires
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ECTRONI T SUMMARY

Channel Prototype Production Cost per  Total Cost -
Count (K) k$ Cont.(%) Cont. (%) channel (k$)
Muon
RPC 85 585.7 19.5 18.9 48.75 5829.97
PDT/LSDT 133 1253.2 37.1 32 48.9 10305.58 -
CSC Wire  133(?) 949.8 34.5 30.4 8.19 2700.28
CSC PAD 252 1685.7 37.9 42.5 26.85 - 12383.08
3l.om=
Central Tracker
inner Slicon Tredker 12, 3M:
Outer PAD 446 3012.2 49.7 48.7 26.21 21896.43
OQuter Wire 100 2517.7 51.9 43.9 19.03 6566.13
2g.smd
Calorimeter
LA 80 3043.1 259 29.3 141.7 18499.37 =
IS sm¢

—Pre-radiator 48 560—56 20— 5——-56-6———04F40-0—
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Exercise on Physics Questions from PAC

Ren-yuan Zhu
Caltech

GEM Physics Meeting, SSCL
April 28, 1992

o H— yv:
— Effect of Energy Resolution = done;
— Effect of Drell-Yan Background = done;
— Effect of Misidentified Electron = in progress.

o HtI — fyvX:
— t*¥ background = done;
— ttyy background = Kunszt?
~— Other background?

e Electron ID in High L:
— Isolated Electron/Isolated charged = = done.
— Fake isolated electron from jet = in progress;

— High £ = high pile-up noise in isolation cone.



Time Factor in Discovering Higgs via H— vy

As function of energy resolution (a and b)

SE/E = (a/VE® b) %

06X =1.0 mm

a 201305075} 10| 15
b=0511.0}11}14)18 ;23|34
b=75{14115]17 2126 3.6
b=1.0{18 119 }21 24|29} 3.7
b=15({26126{28(3.1|34}4.1
b=2.0|34|34{35[3.7|4.0]4.7

e Note: Different detectors have different accep-
tance and background rate. This table is for de-
tectors with the same acceptance and background
rate.



Drell-Yan Background Rejection
Production X-Section: 2.1 nb for pr > 20 GeV.

e Acceptance of event selection cuts: 41%:;
e DY Z peak x-section: 20 pb/0.1 GeV;

e Irreduciable v+ background at Z peak: 0.13 pb/0.1
GeV;

e Drell-Yan x-section is 160 times larger,;

e Need R(y/e) < 6 x 1072 = to reduce Drell-Yan
background to ~0.5 of irreduciable vy background;

e Feasibility: L3 TEC chamber has 2 x 10™% re-
jection to Bhabha, i.e. 1.4 x10~2 single track
rejection.

Drell-Yan Background Rejection needs 6 x 102
charged track rejection.



Misidentified Electron Background

e Background for H— yv:
— Drell-Yan: R2(y/e);
— 7- t: R(v/jet) + R(e/jet).(v/e)
— 2jets: R2( 'jet) + 2R(e/jet) R(v/e)R(v/jet) +
R?(e/jet)k {(v/e)

e R(e/jet) analysis = in progress, following R(v/jet)
analysis by H. Yamamoto.

e Isolated electron/n rejection OK = at High L,
since the usage of central tracker is not essential.



DD — HitX — vyvlvX

Production Cross-Section and Events/SSCY
PYTHIA 5.5 (Mtop=140 GeV)

My (GeV) | 0y s7x (D) | Npyy(0.3) | Ng,,(0.45) | Ny (0.6)
80 18 17 16 14
g0 17 25 22 16
100 16 19 16 16
120 14.5 20 16 14
140 8.5 15 12 10
150 5.2 15 7 5

o |l < 2.5, P> 20 GeV, R = 0.3.

¢ |7yl < 2.5, P> 20 GeV, R = 0.3, 0.45, 0.6

e isolation cut = reject tt

Y Ep - BB < 5GeV + 0.1ERY"

r<R

¢ Py of di-photon > 50 GeV = reject tt

e Shower Shape Analysis: 8§ < 5 mrad

e Preradiator: 03, < 2 mrad




pp — HtiX — yyfv X (Cont.)

2.6 M tt Background
R eyt 0.3 | 0.45| 0.6
Isolation 45 26 11
Ry /q—jer (1073) 3.5 | 2.6 | 1.7
75 GeV< My <165 GeV 11 7 4
pr(2v) > 50 GeV 5 3 1
Shower Shape 2 1 0
Reyy (107°) 0.8 | 0.4 | <0.4
X-Section (fb) 12.8| 6.4 | <6.4
¢ Events/SSCY 128 | 64 | <64
Preradiator 2 1 0
Rgyy (107°) 0.8 | 0.4 | <0.4
X-Section (fb) 128 | 6.4 | <6.4
128 64 <64

e Events/SSCY
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BACKGROUND

1. SSC baseline has $550 million in FY90 for two detectors without
escalation.

. GEM promised to design to cost in FY91 to $500 million.

. December GEM estimate was $510 million in FY91.

. Annual escalation is about 5%.

. Items 1- 3 make sense in traditional DOE accounting practices.

SSCL planned Theriot review of GEM costs about now.
. SSCL canceled this review in the face of high sensitivity during HEPAP
deliberations.
8. Schwitters wrote new guidance letter covering detector costs asking for
a "funding plan", not a cost estimate.

9. WHAT WILL PAC EXPECT FROM US AT JULY REVIEW???

10. We have proceeded with internal cost reviews as a needed
management tool to measure ourselves against DOE style costs and all
previous detector reviews.

11. We have initiated incorporation of "planned" costs into estimate.

12, GEM WBS revised to latest SSC PM guidance and to possible consistency
with SDC.

13. Revised cost estimating plan published.

14, Reviews of magnet, all calorimeters and electronics have been held.

15. Muon and tracker reviews next week. PM, interface systems and
computing not scheduled yet.

16. New estimates done in FY92 dollars, so $500 million escalates to $525

million.

~ O N W




REVIEWS

"ARAMETERS
. ENGINEERING DESIGN, LAYOUT, ANALYSIS
. ASSEMBLY/INSTALLATION PLAN. LABOR ANALYSIS.
. CONTINGENCY ANALYSIS
. R&D ESTIMATE
. VENDOR ESTIMATES
. TOOLING, FIXTURES
. SUBSYSTEM PROJECT MANAGEMENT
. VENDOR MARKUPS (MAGNET)

oo~V Wi

10. ELECTRONICS COST ESTIMATE USING CATEGORY RATES FROM LECROY



SUMMARY RESULTS

MAGNET FY91 target = $120 million + R&D 5-10%
Estimate $135 million FY92 including R&D
ELECTRONICS no FY91 target except for DAC/TRIGGER = $10 million
but estimate totals $120 million with $80 million in subsystems,
so $40 million FY92 compares to $10 million FY91. R&D outside this
set of numbers.
CALORIMETER FY91 target = $150 million + 11% R&D. Estimates are:

LAC (integrated) $136 million ($80 million is hadronic)
FY91with R&D

SCI-FI $57 million FY92 with R&D

BaF2 $80 million FY92 with R&D

Plastic Tile hadron $52 million FY92 with R&D

Liq. krypton parallel $38 million FY92 with R&D

Lig. argon forward $15 milllion FY92 with R&D

Scintillating liq. forward $16 million FY92 with R&D

WE ARE POTENTIALLY $40 million OVER TARGET WITHOUT TRACKER AND
MUON SYSTEMS.
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