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Abstract:
Agenda and presentations of the GEM Calorimeter Group Meeting

held at the SSC Laboratory on August 5, 1992. Agenda items were: Noble
Liquid; BaF2; H — 2y Task Force; and Discussion.
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OVERVIEW

This section describes the present baseline parameters for the liquid argon calorimeter
system. We are also investigating the use of krypton as the sampling medium to improve
the resolution further. For the same density, one will be able to increase the sampling
ratio by reducing the plate thickness and increasing both the density and volume of the
sensitive material. Krypton option parameters are provided in the attached figures.

The calorimeter is divided into three cylindrical sections: a barrel and two endcap
sections including the forward calorimeters. The total weight of the barre] section is 891
Mg and each endcap is 626 Mg, including 19 Mg for each of the forward calorimeters.
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Strict adherence to physics goals leads to an EM section design with 20 Xg in the barrel
and 28 X in the endcap since the mean energy is higher there. The absorber plates are a
composite of lead, prepreg and stainless steel skins. The plate thickness is kept constant
in eta, but the fraction of lead is decreased at higher eta to maintain resolution. The EM
calorimeter covers the region -3 <1} < 3.

Electrode Structure: The EM calorimeter will utilize the accordion design with signals
collected on electrodes which are transmission lines. These electrodes also sum the signal
longitudinally. In the GEM design there are 4 cells per tower and the granularity in the n,
¢ directions is 0.032 x 0.032. Each tower will be segmented into two sections
longitudinally: 8 and 17 Xp atm = 0. The transverse and longitudinal segmentation
allows one to get excellent position resolution at the face of the calorimeter and to be able
to point back to the vertex with an angular resolution of ~6 mrad at 120 GeV. There will
be ~60,000 EM channels.

Readout: The readout chain for the calorimeter will consist of a JFET pre-amp that will
be placed inside the LAr calorimeter and able to survive more than 200 Mrad. The
shaping amplifiers will be located in standard crates on the central membrane outside the
magnet coil.

Twenty-five towers (5 x 5) are added together for an EM trigger tower (0.16 x 0.016).
Hadronic Calorimeter

The requirements on the hadronic calorimeter are less stringent than the ejectromagnetic
calorimeter but it is still a formidable challenge to achieve them. The total number of A at
n=0is12 rising to 14 atn = 3.

EST electrode structure: In order to match the director capacitance to that of the pre-
amp, we are planning to use the "electrostatic transformer"” configuration in the hadronic
section, by adding layers in series. The absorber material will be copper tiles. The
transformer ratio is 4.

Segmentarion: The hadronic segmentation is determined by the size of the hadronic
shower and the need to match up with the EM granularity. We have thus selected a
granularity of 0.08 x 0.08 in 1, and ¢ . There are three longitudinal modules with the
following number of absorption lengths: A1=3.2, A2=3.2, A3=3.7. The middle module is
divided into two readout sections to reduce the noise. Sixteen non-overlapping towers (4
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x 4) will be added together for hadron veto for each EM trigger tower. Four of these veto
towers will be added together for a jet trigger tower.

Readou:: The readout for the hadronic section follows the EM very closely. There will
be ~27,000 channels in the hadronic section.

Cryostar: The cryostat will be an aluminum alloy with a thickness 0.3 X; at the entrance
atn = 0. For the endcap, the total thickness will be 0.7 Xo. The interface between the
barrel and the endcap, from 1.42 < 1 s 1.64, will have degraded EM resolution but will
have useful comparable hadronic resolution.

Installation and Assembly: The hadronic granularity leads naturally to hadronic modules.
In the EM section, we envision building mini-modules consisting of about 5 towers or 9°
in ¢ . The full barret will have 200 towers in ¢ . There will be 20 modules in ¢ for the
hadronic modules, while the EM in the endcap would be a monolith. The 40 EM mini-
modules and hadronic modules will be assemblied at the SSC Lab inside the cryostat. The
cryostat itself will then be welded shut. The calorimeter will be fully assembled above
ground and tested before being installed in the experimental hall.

Number of absorption lengths

atn=0 12

atn =3.0 14.0
Barrel Dimensions

inner radius 0.76 m

outer radius 3.60m
Lateral segmentation 0

EM 0.032 x 0.032

HAD 0.08 x 0.08
Longitudinal segmentation 2EM, 4 HAD

Lead Liquid Argon/EM Calorimeter

-Absorber material 0.2mm._SS/0.1mm prepreg/l.3mm Pb
0.1mm prepreg/0.2mm SS

Readout Board 0.4mm (kapton/Cu/kapton)

Sense Material 2x 2 mm argon

Lateral segmentation (n, ¢ ) 0.032 x 0.032

Longitudinal segmentation 2(8 X0, 17 Xo)

Inner Radius (cryostat/accordion) ‘ 760/890 mm

Outer Radius (accordion) _ 1412  mm

Radiation Length 25Xpatn=0;28Xpatn=3.
Absorption Length 1.3 A
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Number of Channels-Tozal
Readout Device

Weight of Barrel
Weight of Each End Cap

Liquid Argon/Copper Hadron Calorimeter

Lateral segmentation (m, ¢ )
Longitudinal segmentation

Dimensions
Inner Radius (active)
QOuter Radius (active)
Length (excluding forward)

Copper Absorber Thickness (fine/coarse)
Sense material: Argon
G10 Thickness

Readout Channels - total hadron

Assemblies (including EM and vessel)
barrel Weight
End Cap Weight (each)
Forward (each)
Total

Liquid Volume
Barrel
End cap (each)
Reserve in head vessel

------

Total number of channels

62,000
JFET preamplifier (75 mW / channel)

59 Mg
19 Mg
0.08 x 0.08

4

1,489 mm
3,445 mm
11,000 mm
9/16 mm
2 mm
2x0.5 mm
20,000

3 each
891 Mg
626 Mg
19 Mg
2,142 Mg
40,000 liters
27,000 liters
3,600 liters
6,000 liters .
104,000 liters
87,000
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LIQUID ARGON CALORIMETER - 12X 14 LAMBDA, FLAT ENDCAP HEAD

n,

1
f'” Barrel Cal. Endcap Cal.
1 .

=

Coarse Hadron . .~

3600 | é
o [=— 1123 — ]
8 W\‘@W Coarse Hadron §
&) ~
760 " Tracker A | IS
1t l I S HE—
e-——— 1500 —— Forward Cal.
- 2280 ———— =
- 5179 >
5500 -

Dimensions in millimelers LLMASON Q206 20 S AT



Hadron Module # 2
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Barrel EM Module
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Tracker, Barrel & Endcap Efectrical Supply Lines
12 mm (To be iocated @ Barrel/Endcap Parting Line)

EM Clearance Envelope

- — o — i —— — ot  —m—  ww— an TS m— e e e .

i ’
| .7
| I
76 mm Dia

L/ Thermal Conditloning Lines - {8 places} // P &mr‘&, Supply Lines

I // /’f € mm Dia.

h Y ¢>/  Theami Conditioning Lines - (8 places)
A e 3080 Pl o

1 / / /*

'l s 1826 y 7 £

|

J—l]--ﬁu 1607 ~"~—r=1ru-—-—--—1

| [ ——
> L }f

|

CWI'::;:?' = { Vacuum| Vesasl Walk

= /

| 2q0a
{ff“fl" ' — | 1760

' |

if |

(1 Xrypton Vessel Wall I’ Kryptor| Veasel Wil

! Yacuum Vessol W ( i

il 760 )

K |

! T T L

— - 1900

KRBerrwtable L EWEM 320629



o

EM BARREL / E'IVI ENDCAP LKr CALORIMETER

Module Weights

Barrel Totals:
44 Megagrams EM

14 Megagrams Other Mass
>8 Megagrams

Endcap Totals: Total Calorimeter Welght:

47 Megagrams EM 58 Megagrams Barrel

21 Meqgagrams Other Mass 68 Megagrams Endcap
68 Megagrams '

126 Megagrams Total

KRBarnstable LKr EMZEM (vol & wis
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EM BARREL 7/ EM ENDCAP LKr CALORIMETER

| iquid Volumes

Barrel - LKr Totals: 2 Endcap - LKr Totals: EM/EM - LKr Totals:
7067 Liters EM Area 7671 Liters EM Area 10,888 Liters Barrel
3821 Liters Other Areas 3001 Liters Other Areas 10,672 Liters 2 Endcaps

10,888 Liters Total Barre) 10,672 Liters Total Endcap 21,560 Liters Total
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Calorimeter Engineering Question
1. Liquid Krypton EM Calorimeter Support

Request: Provide proof-of-principal structural designs for the barrel and endcap accordion
EM calorimeters.

Specific Concerns:
* The load path from the barrel accord:on plates to the G-10 ribs to the vessel walls is not
understood.

Answer:
e See Attached Data.

Specific Concerns:

¢ The structure of the individual barrel EM modules prior to assembly is not understood. The
module structure will have to be capable of not only supporting the module during handling and
shipping; but, it will be requnred to provide for the transfer of the load to the final assembly

o
o structure.
to
Answer:
e See Attached Data.
Data:

Barrel EM Calorimeter Modules:

¢ The barrel concept for the EM accordion consists of 40 modules, each module extending the full
length of the barrel calorimeter. Each 9 degree module stack starts with an absorber plate
and ends with a sensing plate with spacer bars at the inner and outer radii. The plate stack is



10

£

pinned together at the inner and outer radii through the plates and spacer bars and held with
fasteners to form a module (reference Figure 1-1).

The ends and middle of the absorber plates have composite filler strips approximately one cm
long in the z direction with the thickness matching the krypton gap extending from the inner
plate diameter to the outer plate diameter (reference Figures 1-2 and 2a). These filler strips
form a continuous ring at eta = 0 and at the ends of the barrel EM when all the modules are
assembled and also provide the structural integrity for a single module as shown in Figure 1-
2b. Between the absorber and sensing plates on the flat surfaces are layers of Hexcel to
control the minimum argon gap dimensions.

At the ID and OD of the module the outer and inner spacer strips are projected beyond the
rest of the spacer bars to form flanges centered on the filler strips(reference Figures 1-3, 3a,
and 3b). These flanges support the modules during shipping and handling and also tie
adjacent modules together and provide support for the calorimeter assembly.

Barrel EM Calorimeter:

» Clevis fittings are installed over adjacent module flanges with fasteners inserted through
them to act as stays while holding the modules together (reference Figure 1-4). The outer
fittings are used to support the modules in the radial and axial direction. Only the inner
fitings are guided. The fittings, filler strips, plates rings, inner and outer spacer bar and
absorber plates form the structure of the module.
Figures 1-5 through 1-7 show a module assembly and a portion of two calorimeter halves prior to
forming a completed assembly. Also depicted are the proposed cable bundle layouts and the electronics.
The barrel EM calorimeter is supported in the X,Y and Z directions at its outer clevises. At the inner
clevises the barrel EM calorimeter is supported in the hoop direction. The composite material for the
spacer bars and end rings will be selected so that the thermal contraction of the barrel EM calorimeter

is close the thermal contraction of the calorimeter vessel.,

Figure 1-1. Barrel EM Module Assembly



10

Figure 1-2,

Figure 1-2a.
Figure 1-2b,

Figure 1-3.

Figure 1-3a.
Figure 1-3b.

Flgure 1-4,
Figure 1-5,
Figure 1-6.

Figure 1-7.

[

Barrel EM Module Absorber Plate

Barrel EM Module Absorber Plate Laminate

EM Module Structural Elements

Module Flange

Typical Modu'le Lay-_up in Section

Structural and Massive Components of Module
Flange, Clevis and Tie Rods

Assembled Module Showing Cabling Bundles
Close View 'of Module

Partial View of Modules Assembled in Halves
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Figure 1-1
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Barrel EM Module Assembly T T e
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Pb Absorber

Stainless Stee

G10 Insert .
Stainless Steel

Prepreg

Figure 1-2a Barrel EM Module Absorber Plate Laminate
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- OUTER MODULE FASTENERS

OUTER SPACER BAR

-INNER SPACER BAR

INNER MODULE FASTENERS L
X

Figure 1-3b Structural and Massive Components of Modute
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Calorimeter Engineering Quesuou (Continued)
1. Liquid Krypton EM Calorimeter Support

Specific Concerns:

¢ Differences in the axial thermal coefficients of expansion of the accordion plates (stainless/lead) and
the cryostats (aluminum) require mechanical compensation.

Answer:
¢ Since effective axial coefficient of expansion of the accordion plate is almost identical to that of the
cryostats (see Data) no mechanical compensation is required.

Specific Concerns:

® The radial (across the folds) thermal contraction of the accordion plates is known to be greater than
the simple contraction of the material, thus increasing the difficulty of providing support at the inner
and outer edges of the accordion plates.

Answer:

e Since the radial thermal contraction of the accordion plates is 27% more than that of the cryostats, it
will require radial support. The thermal stresses induced in the plates due to radial support are
currently under investigation.

Data:

e An analysis was performed to determine the effective axial thermal coefficient of expansion of the
absorber accordion plate for thermal cooldown from 296°K to 77°K. For the baseline lay-up (0.4mm
stainless, 0.2mm G10 and 1.3 mm lead) the effective per cent change in length (%AL/L) in the axial
direction is 0.35% as compared with that of aluminum of 0.37%, Therefore, the accordion plates
should contract like the aluminum cryostat in the axial direction during thermal cooldown. It should
be noted, however, that the plates will not be attached axially to the cryostat.
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¢ Analysis has shown that the baseline accordion plate radial thermal contraction due to thermal
cooldown to 77°K is 40% greater than the simple contraction of the material, based on plane stress
assumptions. This is due to the difference in the length of the steel layer on the outside relative to
the inside(reference Figure 1-8). For the baseline lay-up (0.4mm stainless, 0.2mm G10 and 1.3 mm
lead) the effective per cent change in length (%AL/L) in the axial direction is 0.47%. Since this is
much greater than that of aluminum, the accordion plates will be subject to tension if they are

attached radially to the cryostat. The thermal stresses due to radial support are currently under
investigation.

Figure 1-8. Baseline Absorber Accordion Lay-Up (Radial View)
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Calorimeter Engineering Question (Continued)
1. Liquid Krypton EM Calorimeter Support

Specific Concerns:

e Deflection of the barrel accordion plates after assembly is not understood. The plates are basically
large springs which allow the inner diameter of the barrel to sag due to the mass of the assembly. In
particular, the vertically oriented plates on top and bottom appear to support all the load.

Answer:
o The vertically oriented plates on the top and bottom do not support all the load.
Analysis was performed to understand the deflections of a horizontally oriented accordion plate subject
to a 1g load. This orientation causes the largest deflections to occur in the accordion plate. Several
support conditions were investigated (reference Figures 1-13 through 1- 15).
Data: ‘
eThe maximum accordion plate deflection occurs in the horizontal position.
*The baseline is assumed to be the absorber accordion plate lay-up 1 (reference Figure 1-9).
eSupport case 8 was chosen because it results in less dead space and for a 1g load the maximum horizontal
deflection of the absorber accordion plate is 0.973 mm in krypton (reference Figure 1-14).
¢The maximum deflections and strains of the absorber plate in air and krypton are presented for several
lay-ups (reference Figure 1-14),
sInteraction cqualions are developed to provide the capability of changing the absorber plate tay-up and
determining the maximum horizontal deflections (reference Figure 1-15).
Figure 1-9. Accordion Lay-Up
Figure 1-10. Accordion Properties
Figure 1-11. Accordion Geometry
Figure 1-12, Support Cases 1 -8
Figure 1-13. Absorber/Sensor Accordion Analysis Results in Air for Support Cases 1-8
Figure 1-14. Absorber Accordion Analysis Results(Air & Krypton) for Several Lay-Ups (Support Case 8)
Figure 1-15. Absorber Accordion Deflection Lay-Up Interaction Equations (Support Case 8)
Figure 1-16. Accordion Equations for Stiffness & Mass
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ABSORBER PLATE LAMINA SENSOR PLATE | AMINA
PO STEEL(n) AR COPPER (0.042 mm)

m G10 (12) 77,777/  KAPTON (0.218 mm)
[ ] LeapD (13) [ ] COPPER (0.036 mm)

— PLATE i 12 i3 t
LAY-UP (mm) (mm) (mm) (mm)
1 0.20 0.10 1.30 1.9
2 0.20 0.20 0.90 1.7
3 0.20 0.10 0.90 15
4 0.15 0.23 0.94 1.7
5 0.20 0.30 0.90 1.9

Figure 1-9 Accordion Lay-up
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Material (P) (E) v)
Density Mé)dulus Poisson’s %AL/L
i (gem3) | (1061bs/in?)| “Ratio | (296 to 77 °K)
Steel 8.00 30.0 0.272 0.281
G10 1.70 4.40 0.187 0.638
| Lead 11.3 2.60 0.400 0.577
- Copper 9.10 17.0 0.345 0.304
Kapton 1.42 0.51 0.340 0.330
PLATE (Ma) (Mk) (Eln) (Ely) (Elz)
1D Mass in air | Mass in krypton| Stiffness Stiffness Stifiness
(kg) (kg) (105 1bs-In?) | (103 Ibs-in2) | (106 Ibs-in2)
1 27.00 20.20 0.17 117 0.4266
2 20.80 14.73 0.168 0.913 0.422
3 20.30 14.94 0.159 0.67 0.400
] 20.44 14.36 0.140 0.7695 0.3535
5 21.31 14.52 0.177 1.20 0.4455

(Note that mixed units are used to provide ease of use by Physicists and !'Engineers)
Figure 1-10 Accordion Properties




£0

ﬂ
()

Surface Area = 1.481 X 10°mnt

Figure 1-11 Accordion Geometry

-
-
|-
|
|
'
mm

-~

185.6 mm



4
y F L - E- L -
L, /I SS9 ssiy) /I SS{xy)
x |
CASE 1 | CASE 2
S '
ﬂh————mL AHH“———;.____,
I ss(x.v) I SS¥) : SS{x.y) /l ssty)
.E. L
’ 5121 ¥ T 1Y F
CASE 3 CASE 4

< SS(xy) = pinned supports In x & y directions

= SS(x,z) = pinned supports in x & z directions
SS(x,y,z) = pinned supports In x, y &z directions
P1, P2 = locations for deflection measurements
L = half the length of the absorber plate

L -

T
: ss&_y,z) /l SS(x.y.2)

' sn2L

CASE 5
G SS(x,2)

- L -

P1$| SS(' ) P?./I SS{x,y)

5M12L
85{x,2)

CASE7

Figure 1-12 Support Cases 1-8
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Absorber Analysis Resulis in Air

Sx Sx 3 4
Sgggg“ Max Deflection | Deflection at P2 | % Max Strain
X direction x direction Z direction
(mm) (mm) (10-2)

1 80.5 6.65

2 3.08 2.00

3 0.96 0.64 0.89

4 1.108 0.78

5 0.67

6 4.9 0.75

7 0.47 0.1 0.61

8 13 1.24

Sensor Analysis Results in Air
Ox dx €2
Support [ pefiection at P1 | Deflection at P2 | % Max Strain
Case ! x direction x direction z direction
(mim) (mm) (10-2)

3 2.2 0.52 0.80

7 0.35 0.33 0.43
Absorber/Sensor Relative Maximum Deflections (mm) in Air

CASE Sx 5n
x direction normal to
flat of plates
7 0.22 0.185

Figure 1-13 Absorber/Sensor Accordion Analysis Results in Air for Support Cases 1-8



PLATE Sx Sx

Ez £z
ID Max Deflection in | Max Deflection in Max Strain in % Max Strain in

Air Krypton Air Krypton

x direction X direction 2 direction z direction
(mm) (mm) (10-4mm/mm) (10-2)
1 1.30 0.973 1.24 0.928
2 1.08 0.764 1.01 0.714
3 117 0.861 0.999 0.735
4 1.26 0.885 1.18 0.829
5 0.99 ' 0.674 0.944 0.643

notes: I

< density of krypton = 2.415 g/cm3
&9 deflection in krypton = deflection in air*( Mx/Ma)

stress for each layer can be computed by multiplying the strain, ¢z , by the Modulus, E

Figure 1-14 Absorber Accordion Analysis Results(Air & Krypton) for Several Lay-Ups
(Support Case 8)
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(Valld Only for This Geometry and Case 8 Support Conditions)
in air: o R1 + PR2 =0y

in krypton: o Ry + pR2 .-.-alx"( Mi;Ma)

where
o =6208.3351
B =13.734216
Sx = max vertical deflection (mm)
R1 = Ma/Elp (kg/ibs-in2)
R2 = Ma/Ely (kg/Ibs-in?)
[PLATE Ry " A2 ox Sx
ID  { (kg/ibs-in2)) [ (ko/bs-in2)) | Max Defiection in | Max Deflection in
Air Krypton
x direction x direclion
~ (mm) {(mm)
1 | 0.0001591 0.023000 1.30 0.973
2 0.0001239 0.022774 1.08 0.764
3 0.0001280 0.030;11 1.17 0.861
4 0.0001455 0.026571 1.26 0.885
5 0.0001203 0.017749 0.99 0.674

(Note that mixed units are used 1o provide ease of use by Physicists and Engineers)

Figure 1-15 Absorber Accordion Deflection Lay-Up Interaction Equations (Support Case 8)
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Stiffiness Equations:

1
Ely = Ew“ [2Eqty + 2Ex1p + Egty)
[ 1 t 1)
Ely = 2w EEN? + E,t,(E . 51)] +
i 2
1 3 t tg)
2w|— Ext Eaty |- - t4- =
Y13 20y + 22(2 L ]+
1 3
— W Eq t
12 373
1 1
El, = 5 _(Elv + El,) ‘o (Ely - Elz) c05(20)
where
Iz, ly, In = area moment of inertia about the 2z, y & n axes, respeclively
E = effective modulus of elasticity of accordion plate
Aggorgion Mass Equations in Air & Krypton:
Ma = S(2p1t + 2p212 + paty)
Mc = S[(2p1t) + 2paty + pats) —p t]
where

Ma, Mk = mass of half the absorber accordion plate in air & krypton, respectively

P1, p2, p3 = densily of steel, G10 & lead, respectively
pk = density of krypton

11, t2, t3 = thickness of steel, G10 & lead layers, respectively
t = total thickness of absorber accordion plate
S = surface area of half the absorber accordion plate

Figure 1-16 Accordion Equations for Stiffness & Mass
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Calorimeter Engineering Question
1. Liquid Krypton EM Calorimeter Support

Request: Provide a proof-of-principal structural designs for the barrel and endcap accordion EM
calorimeters.

Specific Concerns:
e The load path from the endcap accordion plates to the endcap cryostat barrel is not understood.

Answer: .

e The load path (reference Figure 1-19) is from the plates through fasteners thal hold the plates

together, through stiffeners, through the face plates, through the aluminum shell and into a

flange on the Endcap Calorimeter stay (not shown).

Data: ' 5
The Endcap accordion EM is constructed of 330 sensor and 331 absorber plates grouped into 110
physical "towers" (reference Figure 1-17). The first and last bend of each plate project to
interaction point (reference Figure 1-18). G10 spacers are placed between the plates to provide the
proper spacing of the plates. The plates are held together with fasteners. Hexcel strips are placed
in the accordion region to provide a minimum high voltage gap between the sensor plate and the
absorber plate. At appropriate locations the accordion is shifted one cycie Lo compensate for the
curvature of the accordion structure. Each of these shilts contains a G10 stiffener as the structural
element that supports the weight of many plates and provides a sLilf support to control the effects
of thermal shrinkage. The stiffeners are attached to a perforated GI10 face plate. Two halves of a
conical aluminum shell are joined and the face plates and stiffeners are attached to flanges on Lhe
outer edges of the aluminum shell (reference Figures 1-19, 1-20, 1-21). The flange on Lhe rear
outer edge of the aluminum shell is also used 1o attach the EM assembly to Endcap Calorimeter stay.

i
Figure 1-17 Endcap Accordion EM Without Support System
Figure 1-18 Endcap Accordion EM
Figure 1-19 Endcap EM Support Sysiem
Figure 1-20 Endcap EM Assembly
Figure 1-21 Asembied Endcap EM
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Top view of Endcap Accordion EM
showing only the towers
J cells per tower
3 Absorber plates
J sensing plates
6 Argon gaps
0.16667 deg rotation each cell
0.5 deg rotation between towers
All rays cross exactly 2 towers
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All dimensions are mill imeters

Figure 1-18 Endcap Accordion EM T o o4
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Calorimeter Engineering Question

2.

Data:

integrated Liquid Argon Calorimeter Diameter

Request: Provide a more delailed tabulation of the diametrical stack-up of the integrated liquid argon
calorimeter.

Specific Concern:

. The stack-up should specily fabrication and assembly tolerances.
Answer: |
® A preliminary tolerance study indicates that standard manufacturing tolerances are acceptable for

both manufactured parts and procured hardware. See Figures 2-2 through 2-6.

Specific Concern:
. An end section at eta=0 is needed for a complete understanding of the clearances and layout of
the vessel and modules.

Answer:
. See Figure 2-1.

The actual design of the modules has not been completed in this conceptual phase but a study was
performed based on the cell stacks and vessel configurations. Plate tolerances for the 9 and I Smm
copper were * 0.007 and 0.008 inches respectively. Tooling for the absorber/sensor sandwilchs are (o
hold a tolerance of * 0.004 inches. The spacer buttom tolerance was * 0.0015 inches.

Figure 2-1. Shows the nominal vessel wall and stays as fabricated. The minimal fabricate radial
spaces for modules are show for comparison with the maximum module sizes. Both sets of dimensions
are also shown for a temperature of 86K.

Figure 2-2 Shows the cross sectional view and tolerance stackup of the first Fine Hadronic Module.



¢$0

Figure 2-3. Shows the cross seclional view and tolerance stackup of the second Fine Hadronic Module.
Figure 2-4. Shows the cross sectional view and tolerance stackup of the Coarse Hadronic Module.
Figure 2-5. Shows ithe maximum radial dimensions for the three hadronic modules at ambient and
cold temperatures.

Figure 2-6. Work sheel for the vessel and module elements.

Figure 2-7. EM Module Diametrical Stack-up showing both ambient and cold dimensions and
tolerances.



TYPICAL ARGON VESSEL TOLERANCE STACKUP

Vessels are S083 Aluminum Al Dimensions in mm

Hodule Max Radial Oimenslons al Ambetof and Cold

515 5max  EM Module Ambient

63t.6max EM Modute Cold

624.7max  Ist Fine Hadron Module Amblent

6225max 15t Fine Hadron Module Cold

620.7max  2nd Fine Hadron Module Amblent 3450

Vacuum Vessel Wall

618 Smax 2nd Fine Hadron Module Cold

649.7max  Coarse Hadron Mocule Ambient May Be

647.9max Coarse Hadron HModule Cold ) [ a Polygon Argon vessel Quter wall
t  Ambient Nomina! Radial Dimensions (300K)"57¢4
i

13+.13 13 13
! 2113 '
Inner Vacuum Vessel wall /Slay
! ; 13:+.13} ‘
1466 ‘
. inner Argon Stay
vessel wall . |
c:) o~ ;\.,g‘j ¥
. i -
. ’;‘
1
1461

Amblent/Cold Minkmum
Radlal Spaces in mm
Censldering Material,
Manufacturing Tolerances
and Thermal

(Delta L/L=0.00)6)

2105

Cold Nominal Radial Dimensions (86K) 2751

' 3438

Figure 2-1. Vessel Dimensions Ambient and Cold
KRBamsiable Module Endvicw



MODULE TOLERANCE STACKUP

All Dimensions in mm

Mother Boards 1st Fine Hadronic Module:

1 Po.mw.z/‘g : “’5‘7/”

m
40ngback (AL) .

AN N

1 L

T

Exit Ground Plate

r :
%\\\\\\\\\\\\\‘Q\\\\\\\ \\\\\\\\m;m E y
NomInal 610.5 n —

Max., 618.2 '

- Typical Cell - 6X

L4

i
T
i

7

- ¢ Ar Gap, 2.00 :+ 0.038
-]
) < >
p\ l - Ground Plates (Shared by Two Cells), 900 ¢ 0.18
} : t
| R Absorber Plates (Six per Cell, Three Above and Three
| 1 Below Sensing Plate), 10.00 + 01
4 —t
T t y Sensing Plate {One per Cell), 10.00 : 0.}
_____ .

Entrance Ground Plate
{Minimize Thickness)

G110 &S.S, 950+ 0.

Figure 2-2. First Fine Hadron Module Showing Stack Helght and Element Tolerances

KRBarnstable Module Tol FH *Fig2-2
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MODULE TOLERANCE STACKUP

A1 Dimenstons Inmm

4 :32.40 + 072
Kongback (AL)
Nominal 612.2
Max., 6199

Mother Boards
|

2nd Fine Hadronic Module:

Exit Ground Plate

Typical Cell - 6X

+ Ar Gap, 2.00 + 0.038

Ground Piates (Shared by Two Cells), 900 + 0.18

Absorber Plates (Six per Cell, Three Above nd Three

Below Sensing Plate), 10.00 ¢ O |

Sensing Plate (One per Cell), 10.00 + 0.1

-+

Entrance Ground Plate

(Minimize Thickness)

GI0&SS., 950: 0.1

Figure 2-3. Second Fine Hadron Module Showing Stack Height and Element Tolerances

KRBarnstable Module Tol .1 #Fig2-3
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MODULE TOLERANCE STACKUP

All Dimensions tn mm

A ¢3|.70i0,2

— Mother Boards
| /

Coarse Hadronic Module:

e .
l

Kongback (AL)

Nominal 639.1

Max.

6445

LALLM R LR R AR R AL LU R R R

' mmm*l\‘\mmm\'\\'\ S

| - Exit Ground Plate

-
|

Typical Cell - 4X

I
..

} Ar Gap, 2.00 : 0.038
} /

»

Sensing Plate (One per Cell), 16.70 £ 0.

m Absorber Plates (Six per Cell, Three Above and Three
‘ Below Sensing Plate), 16.65 + 0.1

Ground Plates (Shared by Two Cells), 1500 02

Entrance Ground Plate

{Minimize Thickness)

GIO&S.S., 950+ 0.1

Figure 2-4. Coarse Hadron Module Showing Stack Helght and Element Tolerances

KRBarnstable Muodule Tol C.H.#Fig2 4



L1QUID ARGON CALORIMETER - HADRONIC MODULES

Radial dimenslon for confirming compatiablity with the vessel are shown.
Maximum stack helghts were used to compare with minimal vessel rad{} tn Figure 2-1.
Ambient Is 300K, Cold is B6K.

624.7 Max 628.4Max 626.2 Max 655.1Max 652.8 Max
(an | . | . ! o
<+ Ambient : Cold Ambient : Cold Ambient : Cold
- 1 . i 1
First Hadron Module Second Hadron Module Coarse Hadron Module

Figure 2-5. Radial Dimension - Thermal effects on Hadron Modules

All dimensions are in mm

KRBamstable Filad#1AT Tol Fig 2.5



Taierance stacxBL!

Barrel cal. Qty | Deptn, [lrcutsr By Min Tot] Max Tol]Min ToiJMax TolJComments Smaliest |Largest [Nal Amp |Max Amp|Nm AmaiNmn Amt Rad.
Ampiamt Data Info | mm | radius, mm [thK thk ragius jragius Vesssi |Cmpnt Mog. Stek Mod. StchMod. Sioivanl Cirne
mem mm |mm mm Space mrifag mmikgnt mmikight mm Andl mm | Betwn Stavs
[Gryoaiat Vesses S SE——
Vacuum wall 1R ] 780.0 2.5 Z.S[Cuz 10 2mm,_waid to 2mm two plcs :
Vacuum wal OR 789.0 0.2 0.2] } §
Vacuum Spece 50 I i ] aaacl
Argon Wai 1R 8 819.0 2.8 2.51Cut 10 2mm_weid t6 2mm two pice
Argen Wait 833.0 0.2] 0.2
EM Meduis Oap 10 843.0 IR_Floats
Strip Line 3 530.0 .07 0.07 [ineige ot suppon
Argon Gap 178 ] 887.8
310 Bowa 2.8 370.0
Argon K] 2785
Frort Spacer G10) 13.5 800, 1.g1 1.9/40 arce 10+-(.008)={.24)are
ADIOroar 322 828.35] 815 44| 819,50 #t1.50 £811.89
AR _Spacer 010 13.5 1 14258 1.9 1.9140 arce to+.(008)a( 24)are — ]
n G #.5 1432.0
Qt0 Boarg 2.3 1434.5
Argon Gap 17.8 1452.0 0.07| 0.07] Quiside ot suppornt
Strip line 4.5 1458.5
Qag | 10.1 1408.4
Sty IR 13 14888 2.5 2.55|Cut to m,_waid to 2mm twe pies
5 1479.8 9.13] 0.13
18T Hedron Moduls Gep | 12 1402.8
G 10 Interancs 5.5 14981
|__Etes! Piate + 18021 0.t 0.1
Copper plates 7 # u.lll D.18] _1.28 1.28[Twa of 7 are half thickness
Absorber Plates 38 1ﬂ 0.1 0.1 3.!4 3.8
!onling Mates ] 10.05 0.1] 0.1 0. 0.8 829.07 810.50| 818.18] 817.00 £31.9¢
Spacers 48 ) 2 9.028( U.OSOI 1.824] 1824 824 86!
Hagean depth 570.3 2072.4 Totais| 7.384] 7.384
Hagron S/8 Piste 12.7 20851
n G 8.5 2091.8
Circuit_Board 2.5 2084.1
Jo Top ot Strong Sack ] 21031
10 Cornet of Madule 8.8503[ 2100.8 2.2 0.2 Deita _RagiussRag®(t/Cou(4.5/3807(2°pIN])-1)
[T 3 2112.8
By 1A 13 2112.8 o130 0.19) 1280 t.2s
QR 21258
Second Hadron Module G | 12 137.8
Q 10 interance LR ] 143.1
Stas!_Plats 4 147.1 0.3 23
Copper _piates 7 ] 0.18! 0.18) 1,28 1.268[Two of T are hatt thickness
Absaroer Plates 38 1 c.t 0.1 3.8 3.8
Senuing Plates 8 10.08 0.1 0.1] 0.8 .8 833.07 512.201 81988 42070 835.70
Soacers 48 2 Q.0381 0.008] 1.824F 1.824 ngl.:n;
Hadron geptn 57031 2717.4 T_otllll 7.204] 7.384
Haaran $/B 12.7 2730.1
Argon Gap a5 | 27386
Circuit Boarg 2.8 27381
To Taop of Strong Back 10.7 2749.8 0.2 0.2
to Corner of Moduie §.503 27343 Detta Radtus=Radr(1/Gos{4 5/388%(2*pI{}11-1
Gep b 2781.3 { )
Sy IR 13 2781.3 0.13] 9.1 1.280  1.28
Buy OR 2774.3
Third Wedronic Module | Gap | 14 2788.2
G 10 Interance 5.8 2793.3
Stes! Plate 4 27978 918 0150 -
opper plates 5 15 0.4 0.2 Two of 8 are Half thickoess
Apsorber Plates 24 1u.ujr ot o1l 24 24
Bensing Piates 4 10.7] 8.1 0.1 [ X 0.4
Spacers 32 ﬂ 0.038l 0.038] 1.218] 1.218] 71 12| 0S54 00) 63910 843.47 0846.73 ars 7ol
|___Hsgren gepth 597.91 33957 Tunlsl 4.md 4.01¢
Haorn S8 12.7 24084
Argon Qap 5.5 J414.9
Cirpylit Boarg 2.5 3417.4
Jo Top of Strong Back 10 3427 4 0.2 0.2 -
ouler redius {to corner) 108 J438.0 Delta Radius=Rad=(1/Cou{4.5/380"(2"pi{}}}-1)
Cryostat Vesssis Qap 13 3450,
| ___argon Vesse! 18 [1] 3450, a.gl 3.21Cut 10 Smm, _weid to Smm 18]
arpon Vesset OA 1500.0 1.8 18 I i
vacuum space 50 | I | i 1
vacuum _Vessel IR 50 3550.0 34} 2.2JCut to Smm, weid 1o Smm {two pics)
vacuum_vesa® OR 3800.0 1.8 13_'[ I ]
Chacus| 3eco | 3800.0 '1 | |

Figurs 2-6.

Work Sheet for Diametrical Stack-up

Bamted VBT 145 M
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Barrel cal. Oty | Deptn, Eircular Staywhin Tol Max Toi|win Tol[Mas Tol/Commenis Smalest [Largest [Nni Amb [Max Amo [Nmi AmaiNmail Amn Ragl
Amwent Dala info | mm jrades, mmithk thi radive {radiva Vessel |Cmpnt |Mad Sickykiod suj-un S Vesi Cirnc
mm mm mm mm Space maRact mm{Hgn mmiMgt mm Aadi mmiBetwn Stayy
|Cryostar_Vesseis
Vacuum wail IR [] 7600 25 2.5/Cut 10 2mm_ weld to 2mm two pics
Vaeyum wall OR 769 0 02 0.2 |
Vacuum s0 144 80
Augon Wall % 16 319 0 25 2 5]Cut 10 2mm  weld 10 2mm rwo pice
Asgon ‘wailt $35.0 0.2 0.2
|EM Module 10 8450 1A Floas
Sup Lne 5 858 0 9.07 ga? Insioe_of suppon
n 175 867 5
Q10 Boar 25 8700
Argon 55 4785
Frarl Spacer G0 135 880.0 19 1 9[40_arcs 10.+-{ 006}=i 28)ArC
Apsorber 522 828 35| 815 44| 811 50 811.50 639 &0
At _Spacer G0 185 14255 1.8 1.9/40 ares 104-{ O08)a( 24)are
Argon Gap L 1432
G10 Board 25 | 1434
Argon Gap 17.5 1452 0 07, g.07 Outsude ot s 1
Stro_line 45 1458 5
10.1 14866
Stay IR 13 1468 & 2.55 2.55(Cut 1o 2mm_weld to 2mm two pics
Suy O/ 1479 6 .13 913
187 Hadran Module 13 1492 &
G _10 imerance 55 14587
Steei Plue 4 1502 1 g1 0.
Copoer_plates 7 [] 018 01 1.26]  1.25|Two of 7 dre hat thicknress
Absorber Plaiss 38 10 0.1 g 3 8} 318
Sensing Plaies s 1 1005 0.1 0.1 osl o lgg??? 810 50| 618181 £17.00 633 0C
§En.r| 48 2 0.038] 0.038 1.024] 1.324 824 .69
Hadran geoth 570.3 2072.4 T_p_l_alu 7.384] 7. 384
Hagren 5/8 Piate 12.7 2085 .1
|__Argon Gap 85 2081 .6
Circuit_Board 2.5 2094 .1
1 To Top of Sirong Back 9 2103.1
1o Corner of Module 8. 503 2108 8 8.2 0.2 Daita Aadius=Rac*{1/Cos(é 5/380 (2 pi(}]}-1}
G| 3 21126
Stay IR 13 2112 6 0.1) 0.13] 1.25 .26
Sy OR 21258 t
Second Madron Moduls G 12 2137 & i
G 10 Interance 55 21431
Steet Plate 4 2147 1 0.9 g1
¢ plates 7 [] 018 0.13] 1.28 1 26{Two of 7 are half thicknass
Absarber Plates 38 10} K] O.ﬂv 1.6 1&4
Sensing Plziss L] 10.05 0.1 0.1] 0.8 0.8 £33.07| 512.20] #19.88] 620.70 835.70
ars 43 2 00381 0.0381 3.824] 1.824 828 3%
Hadron_deoth 5703) 27174 Totalal_7.384] 7384
Hadron 5/8 127 2730.1
n 65 | 27368
Circuit_Board 2.5 2739 1
To ng of Strong Back 10.F 2749 8 0.2 0.2
1o Corner ol Madule 4503 27583 Daita Hldlus-Rld"1ICO:£4,51‘300'(2' yif}h)-1}
3 27813
Stay IR 13 2761.3 0.13 0.13 1.25 1.25
Sty OR 27743
Thirs Hadronic Module 14 2788 3
G 10 Imsrance 55 2793.3
Scewi_Plate —1 27973 o1s] o5
Copper piates [] 15 9.2 9.2 i 1{Two of 5 are Hal trickness
Absorber Plates 24 15 85 0.1 .1 2.4 2.4
Senning Plates 4 18 7 0.1 0.1 0.4 0.4
Spacers 32 2 0038] 0038l 1.218] 1.218 $71.12] 855.08| 63910 844 47) 64972 675 .70
Hadron deoth 597 .9 3395 7 Tau_l_s 50181 5.8
Hadron 5/8 12.7 3408 4
}— Argon Gap 65 | 34149
Ciurguit_Beard 2.5 3417 4
To Tap ot Stmng Back 10 427 4 02 22
ouler radwus (1o samar) 10.8 £38.0 Detia  RadiyswRad*{1/Cosi{4 5/3807(2°m()}}-1}
Cryostal Yesssis [ 12 450 0 -}
argon Vesssi A 50 3450.0 32 3.2[Cut to SMm waeld to Smm _irwo ples)
agon Vessel OR 35000 1.5 1.50 |
vacuum space 50 | !
vacuum Vessal IR 50 35500 2.2 3.21Cut to Smm_weid to Smm_{two pics)
yaguum_Vesssl OR 3800 0 15 1.5
Chacks| 3600 | 3600.0 i |

Figurs 2-6. Work Shest for Diametricai

Stack-up

Preves K282 411



Outer "ring" R= 1421
Cell
Thickness, mm Delta_L/L
G10 spacer 8.815 0.0063
Kapton 0.4 0.9033
Lead 1.3 0.00577
Stainless Ste 0.4 0.00281
Prepreg 0.2 0.0063
11.115 '

Aggregate delta_L/L =

Aluminum 0.00372
inner “ring" R=877
Cell
Thickness, mm Delta_L/L
G10 spacer 4,634 0.0063
Kapton 0.4 0.0033
G10 insert 1.3 0.0063
Stainless Ste 0.4 0.00281
Prepreg 0.2 0.00863
6.934

Aggregate delta_L/. =

Aluminum : 0.00372

0.0555
(0.0013
0.0075
0.0011
0.0013
0.0667
0.0060

Delta R=8.53 mm

Delta R=5.29 mm

Relative Delta R=3.25 mm

0.0292
0.0013
0.0082
0.0011
0.6013
0.0411
0.0059

Delta A= 5.20 mm

Delta R= 3.26 mm

Relative Delta R= 1.93 mm

Figure 2-7. EM Module Diametrical Stack-up
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Calorimeter Engineering Question {(Continued)

2.

Data:

Integrated Liquid Argon Calorimeter Diameter

Specific Concern:
. A concept of the barrel feedthrus, including dimensions is needed to determine the
additional diameter required as well as the interface requirements with the muon system.

Answer:
. Commercial pin connectors with bimetallic couplings and mounting plates can be ulilized in
an ASME port without impacting the radii of either the barrel or endcap calorimeter.

The barrel feedthroughs consist of 17 sets of flange assemblies al each end of the vessel with 13
connectors in each flange, providing for 43,200 channels. The barrel feedthrough cabling
requires a SO0 mm clearance envelope outside the vacuum vessel [rom the feedthrough to the
support pedestal.

Each endcap will have 2 rings of feedthroughs providing for 18 feedthroughs with {3 connectlors
each Lo accomodate 22,980 channels. The endcap feedithrough cabling requires a 40 mm
clearance envelope outside of the vacuum vessel wall to the pedestal.

Figure 2-8. Shows the electronic connector installation detail in a closure plate.

Figure 2-9. Shows a typical warm and cold feedthrough flange layout and alignment,.

Figure 2-10. Shows hiow the feedthroughs can be installed in a vessel port via the use of a
pipe extension.

Figure 2-11. Shows the "Z" location of the feedthroughs in the barrel section and some radial
dimensions.
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Figure 2-12. Anendiview of the barrel calorimeter shows the feedthrough locations and
Envelopes for cabling.

Figure 2-13. Shows the "Z" location for the endcap feedthroughs.

Figure 2-14. End view of the endcap showing feedthrough locations at Section A-A and the
envelope required for cabling.

Figure 2-15. Shows an end view of the endcap feedthrough locations at Section B-B and the
envelope required for cabling.

Figure 2-16. Shows a half section end view of the endcap feedthrough locations and the
envelope reserved for the argon vesel supports.

Figure 2-17. Shows a cable management method to avoid multiple cable thicknesses.

Figure 2-18. Shows the warm and cold feedthrough cross section and cable orientation in the
barrel section.
Figure 2-19. Shows the warm and cold feedthrough cross section and cable orientation in the
endcap section.



LIQUID ARGON CALORIMETER

Electronic F hrough Cr tion - Barrel Section

Note: With proper cable orientation there will be cable

bundles from only 2 conneclors overlapping at any one
location.

Typical Connector
100 Signals - 200 Wires

— Typical Warm (432 Conneclors Needed)
Feedthrough Flange
Vacuum Vessel Wall
85 mm Available Nominal 13 mm {1/2")
75 mm Needed at Ambient : Mulliple Layer !Insutation

9.5mm (3/8")

' "
9.5 mm {3/8") Multiple Layer Insulation

=  Muliple Layer Insulalion
Between 2 Loops ) T
=+ of Cable Bundles — Cable Bundle

4 Cables Per Conneclor
; Each @ 2mm Thick
Typical Cold .
Argon Vessel Wal Feedihrough Flange Total Thickness = 8 mm

Figure 2-18. Barrel Electronic Feedthrough Section Showing Space Required for Cabling

KRBamstable FT Details



LIQUID ARGON CALORIMETER
Electronic Feedthrough Cross Section - Endcap

Note: With proper cable orientation there wil! be cable
bundles from only 2 connectors overlapping at any one
location.

Typlcal Connector

100 Signals - 200 Wires
Typical Warm (230 Connectors Needed Per Endcap)
Feedihrough Flange

Vacuum Vessel Wall

o A Cable Bundie
Ut 4 Cables Per Connector
A Each'@ 2mm Thick

Total Thickness = 8 mm

13mm (1/2")
Multiple Layer Insulation

Typical Cold

Wal
Argon Vessel Wall Feedthrough Flange

Figure 2-19. Endcap Calorimeter Feedthrough Showing Cable Clearance

KRBamstable FT Details
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LIQUID ARGON CALORIMETER FEEDTHROUGHS

Note: The cold feedthrough is designed at a smaller diameter than the
warm feedthrough and positioned concentric to it so that the cold
feedthrough may be accessed by removal of the warm feedthrough.

Typical Warm Feedthrough Flange; old dthroy lange:

13X
128 Pin Connector

100 Signals Used

13X

128 Pin Connector 200 wires

100 Signals Used 4 Cable Bundles @ 50
Wires {25 Channels)

200 Wires
4 Cable Bundles @ 50
wires (25 Channel)

Flgure 2-9. Shows the Argon and Vacuum Vessel Feethrough Flanges

M Krmtatitn, 7Y Poagra 71342



LIQUID ARGON CALORIMETER

Feedthrough Flange Instaliation
hrough F! Installation — Feedthrough Flange

Pipe

Argon or Vacuum Vessel Wall

Bimetallic Fitting
Connector

a0

Warm / Cold Feedthrough Flange

Figure 2-10. Shown Feedthrough Plate and Pipe Extension Ready for
Assembly into Vessel and Assemblied

KRBamsiable FT

Thaeaile? 1N
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LIQUID ARGON BARREL CALORIMETER

Barrel hr h 1 All Dimensions in mm

le— 1335
(. Minimum

i ‘ ! !

3526
3490 3600

3428
, Tracker 760
! I | vy

Figure 2-11. Section View Showing Location of Feedthroughs and radial dimensions

KRBarnstableBL | Barrel FT s



LIQUID ARGON BARREIL. CALORIMETER All Dimensions in mm
Barrel hr . i

Typical Warm Feedthrough

Typical Cable Envelope 17X Each End of Barrel

50 mm Radial Envelope

for Cabling
Suppont Envelope

O - - -
o
[ oy

| |

| |

50 mm Radial wll Typical Cold Feedihrough

Cabling Envelope 17X Each End of Barrel

Typical Cable Envelope

Figure 2-12. End Section View Showing Feedthrough Orientation and
Cable Routing Space to Support Pedestal

KRBarnstableBL1 Darrel FT s



LIQUID ARGON ENDCAP CALORIMETER

arr d eedthr
All Dimensions fn mm

- 3906 544
50 mm A B
40 mm -
N 50 mm ﬂe Envelope
R ki ——— | — - - 3 —

[ —

:Coarse Hadro

o
an
W
EM { coarse Hadrond
Tracker
F S
I U—.§

Figure 2-13. Shows the Z dimensions for the location of the Endcap Feedthrough

KRBarnstable BL1 E/CFT s 2-13>16
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LIQUID ARGON ENDCAP CALORIMETER - Endview of Endcap
n dthr —A;
All Dimenslons In mm

Feedthrough Flanges With
Provisions For 13 Connectors
9x

-

/4

0
p

Je Envelope Reservfd
Typical Cab For Supports
Envelope |

300 mm

wide x 40

mm high

(extends to
barrel and
endcap
separation |
line.)

Typical Cold Feedthrough

Typical Warm Feedthrough

Figure 2-14. View Showing Feedthroughs at Sectlon A-A and Envelope for Cabling

KRBarnstable BL1 E/CFT's 2-13:16



LIQUID ARGON ENDCAP CALOR|METER = Endview of Endcap

All Dimensions In mm
40 mm

300 m?n(}

Typical Cabl
Envelope
300 mm
wide x 40
mm high
{extends to
barrel and
endcap
separation

o) line.)

o

(e}

Feedthrough Flanges With
Provistons For 13 Connectors
agx

Envelope Reserved
For Supports

Typtical Cold Feedthrough

—

S
- 2.
L

Typical Warm Feedthrough \4
Figure 2-15. View Showing Feedthroughs at Section B-B, and Cabling Envelopes

KRBarnstable BL1 E/CFT s 2-13x 16



L1IQUID ARGON ENDCAP ENDCAP CALORIMETER

Endcap Feedthrgughs - (Haif Section End View)

All Dimensions (n mm

Section A-A

930

Section B-B
Envelope Reserved
For Supports
%\
N | |

_Section B-B

Figure 2-16. End View of Endcap Showing Super imposed Sections A-A and B-B

KRBarnstable BL1 E/CFT s 2-13>16



LIQUID ARGON CALORIMETER - FEEDTHROUGHS

ed j on _Cabl ulttlaye sy tall;

Note: With proper cable orientation, there will be cable bundles Overlap Areas are Shaded
from only 2 connectors overlapping at any one location.

Typlcal Warm Feedthrough
Flange 350 mm OD.

Twisted Pair Wire

S7 mm Wide
) 13X
an
.\!

Ovaerlap Areas

Typical Cold Feedthrough <
Flange 300 mm 0.D.

Figure 2-17. Shows the overlap of the coble bundles at the feedthrough in the space between the
vessels where MLI is required

ERSurwwe FY Feagw FAS)
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Calorimeter Engineering Question {Continued)
2. Integrated Liquid Argon Calorimeter Diameter

Request: Provide a more detailed tabulation of the diametrical stack-up of the integrated
liquid argon calorimeter.

{
Specific Concerns: ,
o The computation of the absorption length of the hadron layers does not appear to account

for the 3-4% of absorber consumed by the tile partitions. If true this will add approximately 5
cm to the overall radius of the assembly.

Data: _
H. Gordon
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Calorimeter Engineering Question
3. Integrated Liquid Argon Calorimeter Support

Request: Provide a scaled end section view of the liquid argon vessel cold mass supports.

Specific Concern:

eInsufficient space is available for the cold mass support without reducing the active absorber
in the hadron calorimeter.

Answer:
eSufficient space has already been allocated for the cold mass supports, as shown in
Figures 3-1 & 3-2, and further reduction is not required in the acitve absorber.

Data:
ePlan and end views of the liquid argon vessel showing the locations of the stanchions (cold
mass supports) are given in Figures 3-1 & 3-2, respectively.
eThe Barrel Argon Vessel & Calorimetry weighs 900 MT. This weight is equally shared by four
stanchions. In addition, each stanchion is subject to a lateral deflection of 15.57 mm (0.004AL/L *
3892 mm) due to a thermal contraction from 296 to 86°K (reference Figures 3-1 & 3-2).
sEach Endcap Argon Vessel & Calorimetry weighs 636 MT. The front two stanchions each carry
276 MT and are subject to a lateral deflection of 14.48 mm (0.004AL/L * 3619 mm) due to a thermal
contraction from 296 to 86°K (reference Figures 3-1 & 3-2). The aft two stanchions each carry
42 MT and are subject to a lateral deflection of 16.60 mm (0.004AL/L * 4150 mm) due to a thermal
contraction from 296 to 86°K (reference Figures 3-1 & 3-2).
*The stanchions consist of plates made of Inconel (reference Figure 3-3) and are sized based on
beam column analysis and subject to the guidelines of the AISC (reference Figure 3-4).
Figure 3-1. Plan View of Liquid Argon Calorimeter Showing Stanchion Locations
Figure 3-2. End Views of Liquid Argon Calorimeter Showing Stanchion Locations
Figure 3-3a. Barrel Stanchion Basic Dimensions
Figure 3-3b. Barrel Stanchion Assembly
Figure 3-4, Loads & Analysis Results for Barrel & Endcap Stanchions



Note: All Dimensions in mm

- 4853 >
- 3689 >
1820 ——»
; Stanchion Stanchion
! Barrel Cal. Endcap Cal. /
| |
q AN N N :
e —— ) —f
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3600
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/
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e 3643 »

Figure 3-1 Plan View of Liquid Argon Calorimeter Showing Stanchion Locations
LLMason BA.1. Supports920620
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Note: All Dimensions in mm Vacuum Vessels

| i
|
\ Argon Vesm\

i
|
Barrel Calorimeter | Endcap Calorimeter

3551

Protrusion on Argon Vessel for
Beaming Load to Washers and 3257

Heads ]
| e hermal Intercept at Upper
| Steel Interface Plate =—=\{{ Fnd of Support

4 & &

& e 3201 \ |
N T T — R R T ‘
— | 3283
- 3537
» 3548 — - 3224 _//
Thermal Support — Theggwsgl Support
End View Barrel Calorimeter End View Endcap Calorimeter

Figure 3-2 End View of Liquid Argon‘Calorimeter Showing Stanchion Locations

LLMason BT Supports920620



Note: All Dimensions in mm 130.8mm Thick Stainless Steel7

720

Sum of Plate Lengths > 1251?_.:% 1;7 T

> 850 -
/

]
X
L —
b ——
C ') __J
| T

Top and Bottom Support Plate

One Shown, One Opposite

= 7 Flexible Portion of Assembly

»— 13.7

] 1

—*— T —— 14.7

685.2

Y
609
r

=

¥ n’ Yy | | T

a 38.1 Brazed Portion

\'\

Flexible Plate Brazed Together at Top

and Bottom, 34 plates per support
(Mat'l : Inconel)

Typical Brazed end of Plates

Figure 3-3a Barrel Stanchion Basic Dimensions
LLMason 920717 Column Supparnt
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Simulation Procedure

. The calorimeter is composed of 21 x 21 crystals;

. The opening angle between the two electrons are
assumed to be measured perfectly by central tracker,;

. The mass of a Z is generated using the B-W form
with the mass of 91. 2 GeV and the width of 2.5
GeV,

. For each Z decay, electrons hit the center of ran-
domly chosen two crystals, with no overlapping in
3 x 3 crystals;

. The energy of the electron is deposited in 3x3
crystals around the crystal the electron hits with
the fraction measured by“the test beam: i.e 95%
of the total energy

. The measured "electron energy” is calculated by

=(> - E )/o 95
3x3
where ¢; is the cell gain and E; is the real energy
deposit in the cell i and the summation runs over
the 3 x 3 crystals.



Z° Calibradion
Algorithm #)/ %

. Use all Drell-Yan Z—eTe~ events accepted with
Mee within 2, around M, and fit the invariant
mass distribution by a B-VW shape with 3 parame-
ters: area (Agy), mass (My;) and width ().

. Fit the same invariant mass distributions for eTe— pairs

which has one electron hits one crystal (i), and
obtain area (A;) and mass (M;) with fixed width

(Ma)-

3. Repeat the second brocess for all crystals.
4. Multiply corrections to the gain of crystal it (Mg /M;)?;
5. Repeat 1—4 until the correction factors converges
fto ~1. _
Accuracy
e 50 e/cell (<12 SSCD): 0.42%,;
e 100 e/celi (<24 SSCD): 0.35%;

e 150 e/cell (<36 SSCD): 0.32%.
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Calibration of EM Calorimeter

by using Z—eTe~ Production at SSC

Hiro Yamamoto and Renyuan Zhu
Caltech

GEM Calorimeter Meeting

Dallas, August 9, 1992

o Algorithm;

e AcCCuracy.
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UV Flasher System

Status as of July 19

e Hardware

— UV FlashLamp .................

~ Enclosure......coovieiininnnnnn.

— Trigger Logic......coeeveinnntn
— Data Acquisition Logic...........

o Software

« Measurements

— First Pulse Shape................
— Routine Crystal Data............
— Matrix Monitoring Setup.......

92

Complete
Complete
Complete
Complete
Complete
Complete

..Complete

In Progress
In Frogress

Compl.-e



BaF,; MONITORING
ULTRAVIOLET FLASH LAMP

e Flash Width - 3 ns FWHM
e Wave length - 220 nm center, 25 nm FWHM

¢ Intensity

— 20,000 - 60,000 p.e. after 1 m fiber
— 150 - 300 fibers per flash lamp

e Proposal for Monitorinéf Relative Gain Sta-
bility

— 1 fiber per crystal
e — 50 - 100 flashtubes for 15,000 crystals
e — 50 -100 crystals have fibers from two flash
lamps |

¢ Proposal for Monitoring Gain and Global Lineérity

— Two sets of flash lamps
— 2 fibers per crystal
— 100 - 200 flash lamps for 15,000 crystals

— 50 - 100 crystals have fibers from 4 flash
lamps



BaF, COSMIC RAY TEST
STAND
Status as of July 1992

e Hardware
— Mechanical Structure............ Complete
— Triggering Counters...... e Complete
— Defining Counters................ Complete
— Trigger Logic....covvvvnnnnnna... Complete
— Data Acquisition Logic........... Complete
— PWC Mechanical (*)............. Complete

- — PWC Electrical .................. Complete

~PWC Readout..........c....... .. Complete
—PWCGas....ccovvvenennennnnnn. Complete

e Software
— Data Acquisition........ e Complete-
— Chamber Monitoring............. Complete
~ Tracking......oovvvvnmnennnnnnn. In Progress
— Crystal Studies (res., noise)...... In Progress

e Near Future

~ First Crystal Data............... Mid August
— Routine Crystal Data............ Late August



BaF, Cosmic Ray Test Stand

1.0 x 1.5 m scintillator

* >576 x 384 wires, 2mm spacing

(13 X 1.0m) x 1.0 m test spac:

>576 X 384 wires, 2mm spacing

1.0 x 1.5 m scintillator

- I 02 m stecl

1.0 x 1.5 m scintillator

* = broken wires
+ = not ready

+ UV fﬁw‘ /Mu/f rﬂvn;';(;‘zn'hﬁ UCSD 30 June 92
QR 220£25 hm
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Labie 4

POINTING IN SEGMENTED BaF2 E-M CALORIMETER

(eta=0.)

50 GeV photons uniformly distributed along

beam axis within +/- 60 mm

Energy resolution, X
after leakage corrections

Z pointing reconstruction

accurancy, cm.

RMS

Sigma
(Gaussian)

|
|
| RMS
!

e
-

Sigma
{(Gaussian)

delta fi =0.04
delta eta =20.04

a)
b)
c)

d)

25¢em+25cm BaF2
25cm+15cm BaF2

40cm BaF2+
0.5 mm silicon
dE/dx layer

40cm BaF2+
3.0 cm silicon
dE/dx layer

+

0.33
0.79
1.23

0.66

e
-

0.19 +/-0.01
0.53 +/-0.08
1.29 +/-0.50

0-44 +/—0002

1.42
1.62

3.57 -

1.35+/-0.07
1.74+/-0.22

3.49+/-0.20

e)

£)

40cm BaF2+
3.0 em silicon
dE/dx layer
delta eta=0.02

40cm BaF2+
3.0 em silicon
dE/dx layer
delta eta=0.01

+

2.11

3.28

+

2.77+/-0.42

2.46+/-0.23

Voudle SHide
R eeodlout.

2.14

2.082.1




25 cm BaF2 + 25 cm BaF2
Al N Mean —0.7720E—01
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3 cm. DEDX (After 40 cm BaF2), 50 Gev Gamma.

= -
2-2.8 R s S
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0 i 'i
1 2
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Frg, 5-7




40 cm. BaF2 + 30 mm. Si gamma 50 Gev .

[&]
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40 cm. BaF2 + 30. mm Si gamma 50 Gev

1D 103
ENTRIES 100
1.6 0.000E+00 | 0.000E+00 | 0.0C0E+08a
) 5.00 83.0s 12.0
~ 0.000E+00 0.000E+30 | 0D.000E+CO
E 1.2 =)
L ¥ . ]
ot - aa
+u «d
y 08 4
3 :
- 0.4 aa
: -
_“5 0 @
a °g
-0.4 :@
(-
Q
-0.8 ° - 7 E¢
g =
0 L ki
« 0D
as
a2
T R T DT D P D
-1.2 =08 =04 Q 04 08 1.2 1.6 2
Reconstructed Pos'tign ra  Ba Fi Com)
Center of gravity method
40 cm. BaF2 + 30. mm Si gamma 50 Ger
" ' D lg_g:
s ENTRIES U
1.8 " 0.000E+00 | 0.000E+Q0 | 0.00083»00
~  t 0.000E+00] 100. __ L0.000E+00
C 0.000E+Q0 { 0.000£+00Q, | ¢ 000E+00
S a]
v- 1.2 - "
S’ B D
B 0
+ - Qe
io.s - .a
3 - "
o a
E3 - « o
= 0.4 |- - lu -
s f == ° - 2Ti Wt
£ 32 g Sl sappry
> .0 T W
- - g
0- : s e °
—0.4 r . -:- a
t . o
[ ]
-08 | % w; s map §0, K¢
Tt oo
as
: .o
: k= seenlEi/p)
P N S I P U I ST D
-2 . ~-08 -04 O 04 Q8 1.2 1.6 2
: Reonstructed position in Ba Fr {em)

Log w;r‘ﬂﬁﬁ'hg method

F-lisf 5—41



40 cm. BaF2 + 30. or 0.5 mm Si gamma 50 Gey .

N iD 102
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readout ):

Coordinates measured in two longitudinal sections of BaF; or in 40 e¢m long BaF;
crystal and dE/dx detector were used to reconstruct the point of photon origin on
Z-axes (pointing). The longitudinal position of the shower inside the BaF, was found
by minimization of reconstructed Z-resolution. Figure 5-8 a) shows the accuracy of
pointing reconstruction for 25 cm + 25 cm segmented BaF; crystals for 50 GeV photons.
As it was shown in Fig. 5-5 front section has position reconstruction accuracy of 1.1
mm and back section 1.8 mm. The effective distance between two measurements is
equal to 15 ¢cm as it was found by minimization procedure. Also shown in Fig 5-8 b) is
the energy measured in 25 ¢cm + 25 cm BalF2 crystal without leakage corrections and
in Fig. 5-8 ¢) with leakage corrections applied through longitudinal segmentation of
the BaF,; crystals.

All the results on pointing accuracy and energy resolution corrected for leakages sim-
ulated for different geometries are summarized in Table 1.

REFERENCES

e (1] A simple method of shower localization and identification
in laterally segmented calorimeters”
T.C. Awes, F E. Obenshain, F. Plasil et. al.,
NIM A311 (1992)130-138
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#5 POINTING IN THE LONG.SEGMENTED CRYSTALS
(Yu.Efremenko)

Simulations were done in the geometry shown in Fig 5-1. 50 GeV photons originated
from vertices distributed & 60 mm along the Z-axis were directed to the 7x7 matrix of
BaF; crystals. Silicon photodicde readout was assumed (2.5 mm silicon dead material)
followed at the back by 10 mm air gap and dE/dx detector - silicon array of 7*7
cells with thickness either a) 30 mm or b) 0.5 mm. BaF, crystals, if necessary, were
segmented longitudinally with L; =25 cm and Ly=0 - 25 cm. In this case the readout of
the first crystals was assumed with Si-photodiodes located at the front of the crystals.
All simulation was done with Magnetic field of 0.8 T in GEM configuration. Only evens
with maximum enegry deposition in the central crystal were included in the analisys.
Following cuts in GEANT 3.14 were used for simulations: 10 KeV for photons and 100
KeV for electrons. :

Figure 5-2 shows the optimized energy resolution for BaF; martix Tx7 with total vari-
able length (from 25 to 50 cm, one readout) corrected for leakages measured in dE/dx
detector. Figures 5-3a) and b) show oprimized amplitude distributions for 40 cm long
BaF, followed by a} 3 cm thick Si-detector and b)0.5 mm thick Si-detector. With
thicker dE/dx detector and 40 cm crystals initial resolution of BaF, is almost pre-
served - resolution is 0.44 £ 0.06% for 50 GeV photon. In further simulations only 3
cm dE/dx layer was used.

Figures 5-4a) and b) show reconstructed lateral position in 40 cm long BaF, martix vs
original impact point -of the photon for two feconstruction procedures : conventional
center of gravity method (a) and logarithmic weigth method (b). The latter method
is described in [1]. Only logarithmic method was used in the analysis. Accuracy
of coordinate reconstruction in lateral direction is shown in Figures 5-5 a) and b)
for segmented BaF, crystals (25 ¢m + 25 c¢m) for forward and backward sections
respectively. Distributions shown in the figures 5-5 a) and b) were calculated for
the distances Depth, and Depth, from the corresponding crystal segment face where
longitudinal center of gravity of the shower in this segment is located. These distances
were found from the simulated data (not from MC proper) by minimization procedure
of photon origin Z-coordinate reconstruction. Similar accuracies for 40 cm long BaF,
and for dE/dx detector are shown in Figures 5-6 a) and b) respectively. Shower width
behind BaF, is rather broad, so that the accuracy of coordinate reconstruction by
the d/dx detector doesn’t improve considerably if smaller dE/dx pads are used as
shown in Fig. 5-7. Coordinate reconstruction accuracy is considerably worse (Fig 5-7
upper point) if dE/dx layer is moved back along the radius by 15¢cm (simulation of PM

13
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Table 1

SOURCES OF ISQLATED ELECTRONS

(Pythia 5.6 , M(top)= 150 GeV , Pt > 25 GeV)

I
Process Sigma N e(+/-) Comments
nb per sec
in full solid angle
it s e e e e e e e e e i e ————— i am e —— J
I
Z
Production 85 5.44
v
Production 233 23.3
t (150 GeV)
Production 10 1.0 Included in
V-decays
Beauty
Production 500000 many Isolation has
to be proven




day. Not all the electrons can be used for calibration. Following considerations given

in 1] (p.196) we can assume following reduction factors:

¢ Effective running time 0.7

Trigger/DAQ 0.85

Electron/tracker reconstruction cuts 0.8

Useful electrons (little or no bremstrahlung) 0.7

Product 0.33

These factors are rather conservative and will be elaborated for GEM/SSC conditions
and DAQ system in the further study. If we assume that only 33 % of electrons can
be used for calibration and we need 1000 events per crystal to assure the accuracy of

calibration of 0.3crystals at = 0 one will require 20 days.

Accuracy at larger 7 in GEM tracker is worse than at 7=0 and eaverage momenta of
particles are getting larger with 5 (Fig. 4-2). To achieve calibration accuracy of 0.3 %
by this method at 7 = 2.5 one will need correspondingly 415 days of SSC running at
luminosity 1033.

At = 2.5 where no tracker information is available this method can not be applied
and BaF; crystals should be calibrated by another method. '

REFERENCES

¢ {1] Expression of Interest. CMS : a compact solenoidal
detector for LHC, M.Della Negra & H.Desportes
Proceedings of the General Meeting on LHC
Physics & Detectors, Evian-les-Bains, March 1992
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#4 IN-SITU CALIBRATION WITH ISOLATED ELECTRONS
(Yu.Efremenko)

Z and W production cross sections are very big at SSC energies, so it is very attractive
to use their electron decay modes for calibration of BaF2 crystal e-m calorimeter in
GEM. CMS Collaboration proposed (1] to use isolated electrons from Z decays to
calibrate their CeFy e-m detector. Electron momentum P has to be measured in the
tracker and then compared with the energy E measured in e-m calorimeter - calibration
constant can be found from the requirement E/P=1 for each crystal. Although the
tracker momentum resolution is order of magnitude worse in GEM than in CMS, this

method can be applied to GEM tracker-e-m calorimeter too.

Since Z° mass constraint is not used in this method, any single isolated electrons can
be used for calibaration purpose. Table 1 give cross sections for high Pt electrons
from different sources as simulated in Pythia 5.6. The largest source is electrons from
beauty decays but separate simulations are necessary to understand with what effi-
ciency these electron can be isolated at the level necessary for calibration. In present
simulations we are using only W and Z decays as sorce of isolated electrons. Figure
4-1 shows the number of electrons in one BaF; crystal per day at lumin(;sity 10%3 as
function of pseudorapidity. Figure 4-2 shows spectra of electrons at different values
of pseudorapidity. Figure 4-3 shows the momentum resolution (parametrization for
the momentum resolution in the tracker is taken from GEM TN-92-76 REV C) for
electrons from W and Z decay at n = 0. averaged over the spectrum of electrons
shown in Fig. 4-2. Average accuracy of momentum reconstruction from the tracker
for choosen types of events at n = 0, is 7 %. E/P distribution for these events at =0
is shown in Figure 4-4. The mean value of the distribution is below 1 because of the
rear leakages in e-m calorimeter. Figure 4-5 shows how the ratio E/P changes with
variation of calibration coefficient in the central crystal (with maximum deposition of
shower energy). Error bars represent the accuracy of E/P determination by fitting E/P
distribution with given statistics (1000 events per crystal in this Figure) with Gaussian
curve. Two dotted curves represent variations of this dependence (rms level) if nearest
8 crystals in the matrix 3x3 has randomly distributed gains within + 5% (electron
impact point covers total front area of the central crystal). We can envisage that some
itterative procedure will be required to find calibration coeflicients for all crystals in
the calorimeter. Point in Figure 4-6 fepresent the accuracy of calibration coefficient
reconstruction for central cristal vs numbers of electrons hitting this crystal. Accuracy
of 0.3 % can be achieved with 1000 isolated electrons per crystal.

As it is seen from Figure 4-1 at n = 0 each crystal will receive about 150 electrons per

11
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Table 1.

Accuracy of BaF2 calibration with MIPs from MBE

(Results of Gaussian fit [.25,.5] GeV interval)
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4) Look at the MIP calibration trigger with 5x5 and 7x7 matrices.

REFERENCES

o [1] "Monte Carlo simulation of minimum bias events at the LHC
energy”, G.Ciapetti, A.Di Ciaccio, Large Hadron Collider
Workshop, Proceedings Vol. II, CERN 90-10, ECFA 90-133, p.155

¢ [2] GEM Baseline 1, GEM TN-92-76 REV C, July 9, 1992
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¢ [1.] Amplitude in single crystal in the range 0.25 - 0.50 GeV;

¢ [2.] Sum of 8 cristals surrounding one with MIP-hit in the matrix 3x3 less that
threshold value (95 MeV threshold typically used);

¢ [3.] Max. amplitude in any of 8 crystals surrounding one with MIP-hit less than
threshold value (70 MeV threshold typically used);

o (4] Hit in hadronic module behind the corresponding crystal.

Example of MBE as it is seen by BaF; matrix is shown in Figure 3-1 on § ~¢ LEGO plot
in logarithmic scale. Lower plot shows MIP in the end-cap E-M calorimeter selected
with above criterie. Figure 3-2 shows LEGO plot with example of high P, trigger
event. Lower plot shows three MIPs which satisfy selection creteria. Figure 3-3 shows
integrated MIP response of one crystal in the window 0.25-0.50 GeV obtained with
high E, trigger events with selection criteria listed above. The distribution in Figure
3-3 is well described by Gaussian with o ~ 12-14 %.

Selection creteria described above are very tough. These criteria will select hadrons
wich traverse only one crystal, which have rather large E, and which do not shower in
the crystal.

To determine statistics required for 0.5 % calibration accuracy level clean muons
from Z°, W and b-quark decays were generated with Pythia 5.6 and GEANT 3.15
at higher statistics level (faster simulation than for complete events). Results of Gaus-
sian fit in the interval 0.25-0.50 GeV are shown in Table 1. Taking into account that
punchthrough spectrum looks like muons, but has softer tail, RMS value of 12 % shown
in figure 3-3 looks reasonable.

To calibrate crystal with precision of 0.5 % approximately 1000 MIPs per crystal will
be required. With total amount of crystals 16,000 one will need 16-20 millions of MIPS.
With dedicated 100 HZ trigger required time for 0.5 % accuracy of calibration is ~ 50
hours.

PLANS

1) Increase statistics of MBE and high P; events ;

2) With high event statistics look at the % - disribution of selected MIPs and study

peak position vs 57 and required calibration time vs 7.

3) Optimize selection thresholds;



#3 IN-SITU CALIBRATION WITH MIP (A.Savin)

Major source of minimum ionizing signals in BaF2 is punchthrough pions. Since 50
cm of BaF; represents 1.7 A, the probability of non-interaction for pion is ~ 18 %.
Energy loss per MIP is ~ 350 MeV in 50 ¢m BaF,.

Though such small signals doesn’t provide absolute energy scale calibration (it can be
done with Z° — e*e~ for example) they will be extremly usefull for crystal to crystal

calibration.

Disadvantage of MIP calibration is that in the existing readout scheme MIP signal will
correspond to 10 ADC counts only. We assume that to employ the scheme of MIP
calibration the electronics with wider dynamic range (or bi-linear response) should be

used.

To look at MIP signals the MBE and moderately high E, events are simulated with
Pythia 5.6. All possible decay channels are left open. Low P, cut of 1.9 GeV as
suggested in [1] for MBE is used. Number of interactions per crossing is taken equal to
1.6 (distributed by Poisson). Z-coordinate of vertex is spreaded with Gaussian of 4.0

cm. No tracker information is used in event analysis.

Simple BaF; crystal calorimeter geometry [2] is simulated in GEANT 3.15. Magnetic
field of 0.8 T is applied in the whole calorimeter volume. Particles (pions, photons, elec-
trons, muons etc.) are transported through the tracker and e-m BaF; calorimeter; for
MIP particles accurate geometry of the crystals, dE/dx, bremstrahlung and é-electrons
are simulated. No transport through hadron calorimeter is performed. Energy of each
hit at the entrance of hadron calorimeter with corresponding lateral segmentation is

recorded.

To select MIPs in the BaF; crystal one can try to use MBE events which will be rou-
tinely recorded for each physics trigger. Every SSC physics trigger event at luminosity
10% will have on average 1.6 MBE pileuped event, so that selection of MIPs can be
made during off-line analysis of physics data.

"One can also think about dedicated "MIP calibration trigger” with the rate 100 to
1000 HZ. It should include requirement of moderately high E, (matching the readout
rate capabilities) and isolation selections in BaF, matrix (the latter to reduce the

transfered data stream).

Following selection creteria can be used to isolate MIP-hits in BaF..



Uniformity Required
for BaF, crystals in GEM

e Global non-uniformities common for all crystals
or rather large group of crystals can be handled
by production technology control and by precision
coating B |

¢ Local non-uniformities involving individual crystals
(like local impurities, glue joints etc.) should be
detected by longitudinal scan of pre-irradiated

~ crystals and rejected prior to installation.
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Required Latt

(continued)

Crystal coating is being developed by LLNL.
Several techniques are proposed which allow
to control coating properties (still need
more tests and demonstrations with real
50 cm long crystals and more supporting
simulations with light transport Monte-Carlo)

So far it was shown (only by MC simulations)
that for coatings with constant but variable
reflectance required uniformity (peak-to-peak
< 3%) can be achieved

For all polished crystals minimal L(att) = 53 cm.
For larger L(att) absorbing coating with
controlled density will be required

For composite MgF2 / Al coating minimal
L(att) = 78 cm

In specifications (January 92)
L(att) > 95 cm for irradiated crystals
L(att) > 190 cm for fresh crystals

Achieved so far :

. L(att) >}6’cm 40 cm



Required L at

Since the focusing effect and light absorption
compete in the tapered crystals there is a
minimal light attenuation length exist which
can be compensated by focusing effect (plus
crystal coating)

For any light attenuation length larger than
minimal the corresponding coating can be. applied
such that crystal response will be uniform’

If the light attenuation length would be the same
for all crystals (minimal spread from crystal

to crystal) and coating properties would be
perfectly reproducible it would be the simplest
way to obtain uniform crystal response

If light attenuation length is different from
crystal to crystal the coating that match this
particular attenuation length should be applied
in a controlled way to obtain required uniformity

It needs to be demonstrated that crystals in mass
production have uniform properties (attenuation
. length) and/or that coating is controlable to

the accuracy that will allow to compensate
variations of light attenuation length
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might change their global transmittance but change might have different magni-
tude because of variation of individual properties of the crystals. In fig 2-2c the
typical shape of such nonuniformity is shown. This type of damage might occur
to all crystals in calorimeter.

One can study how effect mentioned above might affect the measured H° width. Sim-
ulations of HY — 2+ are being done with PYTHIA5.6, and +-s induced showers with
GEANT3.15. Nonuniformity in the BaF, crystals is picked up with random magnitude
with the type choosen according to damage scenario. Calibration of all crystals by
RFQ, MIP and electrons from Z° and W decays is assumed in this simulations. RFQ
will produce calibration signal in the first few centimeters of crystal and correspond-
ing scintillating light will travel through the crystal to photodetector, though MIP,Z*
and W-calibrations will produce calibration signal distributed over the whole crystal.
These different types of calibrations might be complementary.

With monoenergetic ¥-s the effects of radiation damage (damage type (b)) and anneal-
ing of crystals (damage type (c)) are illustrated in Fig.2-3 and Fig.2-4 correspondingly.
It was assumed that radiation damage (or annealing) occured to all crystals with the
same magnitude of light attenuation length change. No RFQ calibration was assumed.

We plan to complete these studies by the end of August.



#2 LOCAL NON-UNIFORMITY (K.Shmakov)

In the previous simulations of the light collection for BaF, crystals it was shown that
uniform responce § < 5. % can be achieved for crystals with the absorbtion length >
95 ¢m (BaF; specification) by appropriate coating. We assume that after production,
coating and irradiation all crystals should meet these uniformity specifications. The
type of nonuniformities (not only the absolute value) should also be checked. In our
simulations (Fig.2-1) we have randomly picked up 5 different types of nonuniformities
and their magnitudes for the matrix of 5x5 BaF; crystals. The resolution for 100 GeV
monoenergetic 4 demonstrates that 5 % maximum A uniformity will keep the total
resolution below 0.4 %. Note that due to leakages even for perfectly uniform crystals
the energy resolution {(GEANTS3 simulations) can be as good as 0.3 % for 100 GeV +.

Following types of radiation damages are presently under study by us. Some first simple
simulated examples how these types of radiation damage can affect the resolution are

presented below.

¢ (a) Local damage in individual erystal

Transition (attenuation length) of small zone inside one crystal can change. This
effect might occur due to impurity layer inside the crystal - local light attenuation
length will be modified though light output in this zone will be not affected.
This type of damage occur to individual crystals which are randomly scattered
in crystal matrix. In fig 2-2a typical shape of longitudinal nonuniformity for this
case is shown.

e (b) Common radiation damage

[f common radiation damage occur which results in the change of transmittance
for all crystals, magnitude of this change might vary from crystal to crystal. This
type of damage might be similar for groups of crystals at similar §. On fig 2-2b
typical shape of such nonuniformity is shown.

¢ {c) Annealing

Anealing might take place because of the long time between BaF; calorimeter in-
stallation and first data taking (3-4 years). All crystals which were pre-irradiated
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absorbency factor are simulated. In Figure 1-12 for A, =70 cm absorbency factor for
front facet is varied separetly. Peak to peak uniformity of ~ 4 % can be acieved in this

case foo.

With the coating technique of type (a) and (c) uniformity corresponding to § < 2%
(non-uniformity parameter {3,2]) can be achieved. Actual choice of coating will de-
pend on such factors as radiation damage and chemical stability of coating; total light
yield; mechanical, chemical and optical protection of crystals; cost, etc. It is essential
that results of these simulations should be verified by direct uniformity measurements
with real coating for crystals with known properties (A, and absence of local non-
uniformities). Such tests are presently being prepared at LLNL with X-source and
at UCSD with cosmic muons. It will be extremly important to relate parameters
in LTRANS simulations (reflection, absorbance coefficients, angular dependence etc.)
with mechanically controlled parameters of the coating (thickness, density, etc.)

Further plans for light transport simulations include :

- verify optical light emission-reflection-refraction-absorption data base in LTRANS
with direct measurements made at LLNL;

- simulate additional optical readout from front facet for segmented and non-segmented
crystals;

- check uniformity for the crystals of different geometry (end-caps) and for the crystals
on new shape {three surfaces at direct angles);

- simulate the effect of turning prizm on uniformity and light yield;

- simulate the effect of various photocathods (mechanical shape and spectral responce)
on uniformity and light yield;

- simulate the UV light propagation in the BaF; crystal from UV flash lamp which is

planned to be used for calibration and monitoring purposes;

- incorporate in LTRANS the data on radiation damage of BaF, in the GEM detector
as function of #, dose and radial position inside the crystal (source - V.Morgunov at

SSCL);

- build into LTRANS radiation damage effect as variation of Ay vs dose and time
(according the measurements on radiation saturation and non-annealing effects for
new radiation hard crystals; source - R. Zhu, Caltech);

- provide the simulation of uniformity measurements made at LLNL, UCSD, CERN



these simulations that crystals have uniform bulk properties, i.e. contain no local

non-uniformities such as impurity inclusions, bad quality glue interfaces, etc.
Type (a) coating :

Figure 1-3 shows simulated longitudinal non-uniformity scans for the BaF; crystal
(four side and front facets are coated) and reflection factor F=1 for different light
attenuation length of BaF, material. Focusing effect is clearly seen for A.;;> 70 cm.

Figure 1-4 shows simulated non-uniformity scans for BaF, crystals with infinite light
attenuation length when reflection factor F varies from 1.0 to 0.4.

Using data as those presented in Figs. 1-3 and 1-4 one can choose the matching
combination of factor 7 to any particular A,, to make the uniform responce of the
crystals. This method is crossed checked by direct simulation of non-uniformity scan
with matching pair of A,y and F (Fig 1-5). The increase of responce near the far
end of the crystal (from photodetector) is explained by the reflection of light from the
front facet of the crystal. In further simulations reflection coefficient for front facet
was varied independently. Fig. 1-6 shows for example that for A;;; =70 cm uniformity
peak-to-peak of 5 % can be achieved. (See Figure 1-6 (c) with F £,0n:=25 %). In Figure
1-7 front facet of the crystal was left uncoated with Al and A,y was varied. In this
case uniform response + 3 % peak-to-peak can be achieved for A= 78 em. For A >
78 cm less reflective coating should be used. The key issue in this case is mechanical
control of the reflectance of the coating. This question is under study at LLNL.

. Type (b) coating :

Coating with aluminium deposited directly on BaF, surface looks less promissing.
Figure 1-8 shows (four side and front facets coated) simulated longitudinal scan for
this coating for various Az from 50 to 100 cm. This coating is less effective in
correction of A,y effect. Uniform response possibly can be achieved only for Agy >
100 cm.

Type (c) coating :

It was shown before {2] that for all polished crystals rather good response uniformity
can be achieved for A, =53 cm. For larger A,y coating type (c) should be effective.
Figure 1-9 shows simulated longitudinal scan for all polished crystals vs varying Au..
Figure 1-10 shows for A4 = oo simulated longitudinal scan vs varying absorbency
factor (the factor is percent of polished surface which remains non-absorbtive). Four
side and front facets are coated. At Figure 1-11 matching combinations of A, and



#1 UNIFORMITY OF THE COATED CRYSTALS (E.Tarkovsky)

Monte Carlo simulations were performed with light transport code LTRANS [1]. Mod-
ifications in the LTRANS were made to include the properties of the new coating
developed by LLNL. This work is done under tight contacts with LLNL.

Following possible methods of coating were considered:
(2) MgF; + Al + SiO, - protection.

Layer of MgF, with the thickness of fraction of wavelength provides total internal
reflection within the angles defined by the refraction indices ratio at given wave length.
At the larger angles the light is reflected from the thin layer of Al with the reflection
coefficient being the function of incident angle (min ~ 91% for normal incidence for
non-polarized light). Fig.1-1 shows specular reflectance coefficient vs wavelength for
the Al-coating as measured by LLNL. Fig.1-2 shows the angular dependence of the
scattered light for specular reflectance from Al layer for normal incedence at 220 nm.
After verification this dependence will be used for the further studies of coating with
LTRANS. It is also assumed that Al-coating can be made with the reflectance which
is factor F less than the reflectance at normal incidence (~ 91%). This can be made
either by varying the thickness of Al layer or by spattering the Al over the crystal
surface with variable density. Both methods are presently being studied by LLNL.

(b) Al + SiO; - protection.

properties of this coating are similar to that of the coating above with less effective
reflection at small incident angle due to the absense of the total internal reflection

mechanism.
(c) Polished crystals with uniform absorbing mask of variable density.

For all polished 50 cm long BaF; crystals with the light attenuation length () more
than 95 cm (as specified in the requirements after pre-irradiation) light focusing rather
than light absorption effect dominates [2] and additicnal absorption mechanism (em-
ployed through the coating) will be required to trim the crystal responce to uniform.
This method appears as most simple from technical point of view. This coating tech-

nique is presently beeing studied by LLNL too.

It is assumed that in all three methods the coating is uniformly diposited (constant
density) over the surface of crystal. As will be shown below for some coating methods
and for definite range of Ay, it is sufficient to have constant density coating in order
to obtain the uniform longitudinal response of the crystals. It is also assumed for



Monte Carlo Studies for BaFg at ORNL
Progress Report

(Status July 31, 1992)

CONTENTS

| @monmﬁ* OF THE COATED CRYSTALS == E . .'-QR'(OVS k\'
@ocu NON-UNIFORMITY R on— K. SRMG l(o \V
#3 IN-SITU CALIBRATION WITHMIP . — A, Spavin
#4 IN-SITU CALIBRATION WITH ISOLATED ELECTRONS

} Yv\ . Efﬂemen £y

#5 POINTING IN THE LONG. SEGMENTED CRYSTALS



BARIUM FLUORIDE
PRECISION EM CALORIMETER
For GEM

By the September Meeting, We Expect To Have *
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TITLE OF PROJECT: Avalanche Photodiodes for Barium Fluoride Calorimetry at the SSC

TECHNICAL ABSTRACT (Limit to space provided.k:

The proposed project will extend the spectral response of currently
available large-area avalanche photodiodes (APDs) into the blue and
ultraviolet. Coupled with barium fluvoride, a fast, high-atomic-aumber
scintillator, a superlative high energy photon and electron detector,
capable of operating in the high-rate environment of the Superconducting
Super Collider, will then be provided. A photodetector to be used with
barium fluoride must have short-wavelength response down to 190 nm.
Although large—area p-i-n diocdes with extended-UV response are available
from a number of manufacturers, they are unsuitable rfor use with shaping
times much faster than 2 microseconds because cof poor noise performance.
In contrast,- APDs give improved rather than degraded performance with

Py fast shaping times (down to around 0.01 microseconds) but at present
thelr photoresponse falls off below about 400 nm. Advanced Photonix
currently produces reliable and low-noise large—area APDs, with high
production yield. We believe that a straightforward R&D program will
extend the photoresponse of these large-area APDs into the blue and UV,

100 ¢ UV-Enhanced p-n Diode APD
ASEIN
80 L
60 ¥ ‘
QE% 50}
40 8
30 -
2 }
10 }
0 2 . . - . . ,

200 300 400 500 600 700 800 900 1000
Wavelength, nm

-Quantum effidency vs wavelength for Advanced Photonix APDs, and for an
Advanced Optoelectronics UV-enhanced p-n diode (measured at SDC)



BaF; EM CALORIMETER

SILICON AVALANCHE
PHOTODIODE (APD)*

ADVANCED PHOTONIX, Inc. (API)
—_—————— e o T

e BARE DIODE With Deposited
Narrow Band UV Filter

¢ Q.E. To 80% (200 nm)

e RAD HARD (PD Tested to 0.4 MRad)
e LOW CAPACITANCE: 2-3 nsec RISE
e LOW NOISE: 0.25 nA /cm?

¢ BUILT-IN GAIN (Use ~ 200)

e VERY STABLE: TEMP. COMPENSATED
(for -2%/°C)
e LARGE DYNAMIC RANGE

e MAGNETIC FIELD IMMUNE:
COMPACT, NO TILT

Development: Delivery of Several Largé
Area Diodes from API: $ 50 K

Other Vendors: Interest Expressed
By Litton, Hughes, EG&G

=> BaF; With Two Long. Segments
N Under Study At ORNL, Caltech
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The noise numbers are given in electrons, correctly normalized to the peak puls
height, so they should be divided by the number of electrons per MeV to convert the
noise to MeV. (The noise numbers were obtained assuming a total capacitance at
the input of 20 pF, and a forward transconductance of 50 mS.)

Peaking Number of

Time Stages Noise f | f

[bunches] [e7] (No Slow Comp)  (With Slow Comp)

Y 2 1029 133 136

. n ¢

% 3 1421 1.15 116 * TEAK In ¥4 Beam
- ¥ 4 1812 1.08 108 Crossin 3
-] 2 737 1.08 109 —Pc'@up ga.c tor
-1 3 1011 1.01 102 o
-1 4 1204 1.00 100 " Near {

2 2 524 192 200 )ZO Effect o
2 3 716 1,60 162 Jbw Co,,f,o,,en-g-
2 4

918 1.44 1.44

Note that even in the simplest scheme (the signal peaks in one bunch, with
two stages: one pole-zero to eliminate the preamp tail and one integration) the
pileup present is roughly the same as that for Liquid Argon with very fast shaping,
Thus one sees that while BaF, calorimetry must address all of the issues relevant to
high-performance EM calorimetry (noise, speed, precision, etc.) the intrinsic readout
design is conceptually the simplest, due to the high speed of the fast component.

¢ ¢ ¢ ¢
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Q4 SIMULATIONS AND LAB TESTS:
- Demonstrate High Resolution

Maintainable In Situ
Max. Constant Term 0.6%

EFFECTS TO BE INCLUDED

(A ¢ Residual Non-Uniformity (As Installed)

@® ¢ Non-Uniformity Due to Radiation:
Non-Saturation Or Annealing In Situ JIMULATION

| GROUP
(@ ¢ Accuracy of Intercalibration (OrNL ; CALTECH)
From Calibration Studies)
O JIBLe  QNNBALING @ TesT$ '
~ o Short Term Instabilities of Readout System. uCsd

® ™ CR rowens -
® ° Linearity, Linearity Calibration and zfv_;ono,ﬁ.; R

Dynamic Range of Readout System.
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1177 Quarry Lane
Pleasanton, CA 94566

ACCSYS

TECHNOLOGY, INC. FAX: (415) 462-6993

GEM Barium Fluoride Crystal Calorimeter
Calibration System

The barium fluoride (Ba F,) crystal calorimeter proposal for the GEM detector at the SSC Laboratory
will be calibrated on-line using an RFQ linac to bombard a target with an intense pulsed proton beam
to produce burst of photons. The present proposal for this RFQ calibration system can be satisfied by
the AccSys Model PL~ linac system operating with an H™ output beam that is stripped to H' ina gas
peutralizer for transport into the center region of the detector through the magnetic field.

A drawing of the prototype Model PL-4 RFQ linac is shown in Fig. 1. This system, now being tested,
is being developed for the U.S. Navy as a neutron generator. It is capable of a peak output current of
more than 40 mA. The Navy unit uses an H' ion injector, but could be just as easily used with the H™

" jon injector shown in Fig. 2. This rf driven H ion source is an upgraded version of the one in use at
CERN for calibration of the BGO ctystal calorimeter of the L3 experiment. A contracthas been signed
by AccSys with DESY to fabricate this H™ injector for use on the Linac III systsm at HERA.

As seen in Fig. 2, the ion source and acceleration gaps are mounted inside the grounded vacuum
chamber for safety and to allow the hydrogen gas load from the jon source to be easily pumped away.
The power from the ion source equipment cabmet to the injector is fed through an insulated tube,
allowing the equipment cabinet to be located remotely for easy service and maintenance during
operation of the accelerator within an experimental area.

The 35 keV H™ beam extracted from the ion source is transported and focused into the RFQ linac
through a low energy beam transport (LEBT) system that uses two solenoid magnet lenses. The
calculated beam optics design for the LEBT shows that the beam from the injector can be focussed
properly into the RFQ using modest field magnets. '

The H™ ion beamn from the injector will be accelerated to a final energy of 3.85 MeV using a 3 m long
RFQ operatingat 425 MHz. This RFQ accelerator, used for the Model PL-4, was originally developed
to generate neutrons for non-destructive testing, and was designed to be rugged and reliabie. The
detailed specification of this system are listed below:
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Monte Carlo Studies for BaF; at ORNL:-
Progress Report

(Status July 31, 1992)
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ZHONGNAN OPTICAL INSTRUMENT FACTORY
FOR COLLABORATION ON THE PRECISION MACHINING
AND POLISHING OF BARIUM FLUORIDE CRYSTALS

2) Zhdngnan Optical Instrument Factd:y will provide one (1) crystal pair to LLNL to replace the

3)

damaged crystal pair received at LLNL on July 1, 1992. The specification for this crystal pair
is the same as for the damaged crystal pair and is an cffort to show Zhongnan's capability lo
provide crystals to final finished specification. This is a fully polished crystal pair, as
opposed to the five crystal pairs in job 1), which are rough cut only, and will be polished at
LLNL. The crystal palr for this task was dellvered to Zhongnan on July 9, 1992 by
Professor Z.Z. Dai from BGRI

Zhongnan Optical Instrument Factory will prepare a single crystal, either a front or back

crystal half, with a reflective optical coating, consisting of 1250 A of aluminum with an outer
protective layer of 2500 A of silica (S10;). Care should be taken so that the end faces of the
crystal are not coated. The four (4) long sides of the crystal only, should be coated, This
finished crystal will be sent to LLNL for analysis. It should be noted that all six (6) faces of
this crystal should be pohshcd to the best possible finish prior to coating,




LETTER OF INTENT
-~ BY
BARIUM FLUORIDE COLLABORATION
TO
ZHONGNAN OPTICAL INSTRUMENT FACTORY
FOR COLLABORATION ON THE PRECISION MACHINING
AND POLISHING OF BARIUM FLUORIDE CRYSTALS

Representing the Barium Flueride Dr. Craig R. Wuest
Collaboration: Lawreace Livermore National Laboratory
for
Professor Harvey Newman, Spokesman
for Barium Flucride Collaboration
California Institute of Technology

Representing the Zhongnan Optical Mr. Zhang Chunyuan,
Instruament Factory: Zhongnan Optical Instrument Factory
for
Mr. Song Shubin, Chief Director

Zhongnan Optical Instrument Factory
The condidons to be met are: 1) Successful demonstration of radiation resistant BaFy,
2) Successful demonsmation of machining and polishing of large BaFj crystal pairs, 3) Successful
demonstradon of reflective opdeal coating of BaFj , 4) Acceptance of the BaFs Electromagnedc,
calorimeter by the GEM Detector Executive Commitree, 5) Continued approval for funding of the
SSC by the United States govermment.

Zhongnan Optical Instrument Factory is called upon to perform tasks in support of items
2) and 3). LLNL, BGRI and SIC are working to satisfy the requirement of item 1). Items 4) and
5) aze somewhat beyond our control.

Because of time constraints, we are reducing our shor term goal to producs 5 erystal peiss. k
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Date:

Specification for

® An Instrument Inspecting BaF2 Crystals

July 22,

Li Dacheng,
Yu Guanzheng, Zhang Yunxiang

Wang Dongsheng

Dept.. of Precision Instruments
Tsinghua-GEM Collaboration
e Tsinghua Universaity, Beljing China

) )

1992

This instrument has the performance which can inspect dimensions of

- DaF2 crystals (flatness, perpendicularity, contour, and all
dimensions).

{

¢

® A comparison between the new instrument and that used by
Shanghail Institute of Ceramica (SIC):

- hand

the new instrument

Itenms SIC's instrument
“ g;;saglng ;ange 0-250mm and O-SBOmm 0~2§0mm onlyﬁ—
—Heasuremcng software iall me;;ur;d obJecEaﬁ' i ﬁo_ ‘_
Regsolution 0.3pm . *B.Spm
w‘w-Pr';a:::lsicm +=3pm T _+-5;m |
The number of Induc-| 84 heads 42 heads

tive gauging heads

- -




Propdaal for welding 7#7 cels supporting astruoture of CEM
Deteotor Barrium Fluoride EM Calorimeter

o
* JIOINGHUA: ) Ke-ren Shi, Jia~lie Ren, Yun-ming. Zhu
] Wu=-zhu Chen, Yan~xisan Li, Bing-yi Yan
iw/u"'( meWUrq o .
' Dept.of Mechanionl Engineering
ae& 5 Q’AJEQ }Y‘e(ded Tsinghua OEM Collabaoration

Tainghua University,Beijing China

/'Ro-{ug,,g J‘f‘r‘ucéure , Fax: (861)2668118

1. welding 7x7 cells of GFM Detector Supporting structure
1.1 Fig.1 shows the struoture of 7x7 cells,
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CUTTING SCHEDULE AT ZHONGNAN (M, LEBEAU)

July August
20 27 03 10 17 24 31
I | I | |
cC U T T I N G | DELIVERY | FINISHING
AT ZHONGNAN | | AT LLNL
| I | l l
SIC
VACATIONS
I | | | | I
G R O W T H |DELIVERY | MACHINING
A T B G R I | ] AT ZBHBONGNAN
I | I I l I
Shipping Forecast September 10 ————>
¢ ¢ ‘ ¢




BaF, R&D STATUS (JULY 1992)
CRYSTAL MANUFACTURING PLAN

¢ CRYSTAL GROWTH: SIC, BGRI

e MECHANICAL PROCESSING AND INSPECTION:
ZHONGNAN OPTICAL INSTRUMENT FACTORY

— Lol for Full BaF,; Production Signed July 14
— Mass Production: 15 Pairs Per Day, For 3 Years.

— Precision Cutting--, Lapping, Polishing, and Optical
Inspection Machines (1 pm, 1 yrad) Available

~» — Technology Transfer from LLNL: Final
Lapping and Polishing Process

—» — Large Inductive Multipoint Inspection Machine
(L3 Type), To Be Built dt Tsinghua Univ.

¢ MECHANICAL STRUCTURE: TSINGHUA
UNIVERSITY (ORNL)

— CO; Laser Beam Welding of 100 ym Titanium
Alloy Foils ‘

— Proposal for Complete 7 x 7 Precision
Prototype Structure for $ 30K.

=» — Laser Welded Samples Meeting Specifications
By Mid-August.

_» ® UV REFLECTIVE COATING: ZHONGNAN,
BGRI (LLNL)

~ Production With BGRI 4 Meter Coating Tank
— Technology Transfer from LLNL

—* ¢ QUALITY CONTROL and BENCH TESTS:
- THEP BEIJING
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1 om;: INET"NRENQORNLSTC, BITNETY  0-~-AUG-1992 11:23:31.17

1'o: _IN%"newman@CITnEl.CITNEP.CALTECH.EDU" ’

CC:

Subj: crystal bleaching light ' ( NG’,NGEK!NG
lNarvey, h : .

We have begun Lo look into light annealing (bleaching) of orystals
in-gitu 5?_E3IITﬁEg33VE?EI‘EBEBEHIEE_EE_EEETIE 1Egia ag straiqht Forward
as il seemsg. Apparently it is, OL Inltlal Interest 1s F
Engineering of Panama City FL [904-763-2209, Frank Petlis).
produce light/fiber sets for both remote lumination (e.g. the
¢ Constitution) and pulse light measurements, A "“standard" product is a

1500 Tungsten/flalogen lamp with a pdrabollc reflector and filber
attachment . The asaembly focuses approximaltely 70% ol Lhe produced
Lighl To a Dundle up To .5 inches in diameter, ~They preler bundles ot
125 macron fibers for flexibility and reliabillity (breaks are not
fatal). The Fibers can be bundled and grouped as required for
distribution of light to multiple crystals, Both ends of the flbers are
polished. They are willing to produce a single protolype unlt based on

our requirements. In fact he noted that they could rework the unit as
needed Lo alter the distributlion of fibers(?)" '

eroptic
They

The Tung/llalogen lamp has as relatively shoxt life of 200 hours at full
power. ‘There are innumerable alternatives which we can pick from once

the requiremenlts are better understood, A Cermex Xenon lamp seemed Lo
be a favorite. .

® The quarlz fiber is common and should not be a problem. Filberoptic
noted Lhat they can work with all varletles of flber,

° - Coupling to the crystal is something we meet to discuss with you
Lomorrow,

IT a aspol Is nol acceplable Chere are several dllLusers which
can be Dbulll inlo the crystal altachment rixture (e.g. mirrored cones)

Cheers, Mark

-TobA J—
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PROGRESS REPORT

EFrECT OF OFTICAL BLEACEING
ON RADIATION-INDUCED DEFECTS IN BaFp

Submitied by:
Lerry E. Halliburton, Michzel P. Scripsick, and Gary J. Edwards

" Physies Department, West Virginiz University
Morgantown, WV 26306

Avgust §, 1592

tial Results:

We have made a preliminzry investication of the effects of optical bleaching on
iation-induced defects in BaF,. A reladvely large piece of Chinese-grown material

was irradiated at room temperature for 17.75 hours with 60Co scamma rays. Total dose CURVE

wal
19°

5 zpproximately one Mrad. After irradiation, the opticzal absorption was taken from A
7 to 800 nm and 1s shown as curve A in the upper portion of the accompanying

figure. This cuxve represents the "raw” data and has aot had the spectrometer’s
baseline subtracted. The optical path length in the crystal was zbout 2 cm.  Significant
absbrption is present in the visible region and smaller absorption is present in the
ultmaviojet ragion.

We exposed this ssmple to the output of 2 Hg ar¢ lamp in our labozamry. Glass

filters which allowed oaly Hght with wavelensths longer than 340 nm to pass were C URVE

" placed in the aptical path before the sample. The lzmp was operated at 200 Warts and

the

lexposure time was 40 minutes. After this optical bieach with 340 om and longer B

wavelengths, we again took the optical absorption specttum of the sample from 197 to
800 zm. This is curve B in the upper pordon of the accompanying fgure.

Next we took the difference betwesn curves A and B. Tois diference spectrum blFFggEﬁ‘@

is sai:own in the lower portion of the accompanying hgure. Radiafion-induced CURVE
zhsorption in the ultraviolet region 2rd in the visible region were destroyed by the 340

peised

d locger bleaching light. An absorption specttum tzken afier 2 subsequent bleach

with the full output of the arc lamp (1.e., a1 wavelengiis) wes ncarly 10enncal 10 Chrve

B zhove. These results suggest thar optical bleeching with 340 am and longer
Wave .nc:h neht can eliminare radiznon-induced ulr:anolct zbsorption bands in BaF,.

It isli

veri]

imporiant to note that these are the rasults of one experimant and they must be
ied in the future.




From: IN%"WUEST@sil51a.llnl.gov" 7-AUG-1992 17:47:19.33

Well we are getting a first look at optical annealing and I have sent e 1004Rads
the data to ORNL and SSCL and also to the Fairmont Hotel in Dallas for .
Harvey. 1t appears that alter 100 krad exposure to cobalt-60 a one inch '"_ <40 '”Ouﬂ‘;

cube reduced its transmission from 85% to 71% at 200 nm. After 90 minutes
exposure lo a small Pen-Ray mercury lamp in an aluminum foil lined beaker e .
the crystal was remeasured and the transmission has improved to 77%. We m *

will have another data point for an additional 90 minute exposure then _
we will leave the crystal over the weekend. On Monday we will put the ¢ Go )’{wzm.c :

fully annealed crystal (thermal annealing if necessary) back in the Co-60  WITH JMAL
with a halogen lamp nearby to determine that the bleaching can be achieved WV .?;"““
in situ. This will take us to about Wednesday moming. In the mean time ™p

we will assemble a second cube with a quartz fiber optic and a light source
that we can use for the fiber. We will attempt to study color and intensity
as well but I am not sure how far we will be by Friday.

. Cheers,
Craig

p.s. ifanyone wants to call me at"home my number (510) %36-8992
e T(220 nm): 837 — ¥4 —* §0¢ TIdear:d~oe
(2 m) ° C 6o TMAL -T=391%]
. Wy
. 19kt
“ 52 -~ Y " X

' ]
. ./‘)&'n-..,. ‘ & Q‘” m’.. TF* ¢ oq? ¢ { ¢

e (00 nm): &> 0% RecOVERY



I% was the view cf ths paprel, in oy recsllecticn, that 211 due
haste should be rlaced c¢n detarmining the power and fracuency

-
-
+

reguirements f£or ctticzl kleachirng of current S5IC cxystals. Thisg
data, aleng with an engineering study con hew to deliver light to
the crystals during cperztion shculd be preseanted to G=M priecr to
September 4, 1S8%Z.

Additicnzl items supporting In situ cptical amnealing include:

1) An estima<te for the optical transnission rate of chance in

2y

3}

It was alsc the view cof the panel, in my recollection, that
crystal radiation ~harcness wiIf igprove during the production
cycle. is 1s due tT serva actors inclucing aging o e
cruc

experience. This @ffect was reported to be the case for several
previcus large scale crystzal productions.

. on the cptical pocwer level required, bleaching should not .

Undamaged BaF2 . crystal is transparent, allcwing the
' EIEﬁCEEEE photons éo be Erefe:entiaIIz absorbed where they

resent SIC cr
@SS CI wIansmission
vields the following:

g3tals 1S O. vercent &m crystal,
irradiaticn). This

Pegition Hadiaticon ransmission Resets/hx
per year change . for 0.5%
: Change
® 9C Deg 20kR/yT 0.017%/hr 0.034 ;
e 30 Deg SOkR/ 0.042%/hr 0.084 ;
e S pDeg . SOO0kR/yr 0.417%/hr 0.84 ‘ ?

Thus, ‘for even thé most brutal SsC énvi:onménts, bleaéhing
on an hourly basis will exceed the design limit of less than
0.5% coverall change in the optical transmissicn. Depending

impact the live time operation of the BaF2 detector system. -

are needed most, at the cglior centers.

The use cof continuous optical exposure of grystals to long

wavelengcll DpOCLORS, Delow . the so0lar blifd cutsiz, NDay .
E3EEIEi%gf""EIIE5EEEE""EEEEEEEEIE""EEEIEEEEE""IEEﬁEE%"“*'
EEEEEEEEE%EE‘IEEE in exista SiC Bar< 1

STi0g sik BarZ Ccrystals.

I
H
i
{
i
:
i
H
I

es, producticn controls, and increased operator



CHARLES EVANS ¢ ASSOCIATES

SPECIALISTS IN MATERIALS CHARACTERIZATION

August 7, 19¢2

TO0: Earvey Newman
Lauritsen Labcratery

Califernia Iostitucze cof Tecknelecy

381 s. Eolliston .
Pasadena, CA  €1125 ’/ //
FM: Michael D. Strathman %M 48 :

RE: Summary of Critical Issues in Bar2

rd

In this report I will attempt t¢ summarize some of <the important
findings of the Panel on Bariom Fluoride and the relaticnship of
these findings on the techniczl feasibility of BaF2 for use as a
‘High Resclution Detector. '

I. Preirradiation of crystals:
Not viable with existing quality crystals.

- II. Optical annealing of BaFZ color centers:

‘2) Optical annealing is currently one of two STANDARD
methods cf ann ilng radiation lnduced Cclor centers .
Barz, It 1s used t& return Iirradiated crys s to
their "PREIRRADIATION level of transparency.

b) Optical' annealing werks with  EXISTING crystals..
Increasec zadiaticn Rardzess, while desirable, i1s not

needed to return crystals to unirradiated transparency.

¢) Optimum frequency and power requized to bleach cclor
centers 4o  Barsz sbould be determined. - Taoere is
variability 3in the Jlitecature .on thois subject.
Annealing conditions range from short Ilow power -
exposures to several hours of ultraviclet light. S

d) Thermal Lumipescence data dindicate that man% of the
trans iz irradiated Bar2 are lJless than U.BeV. is
ata suggests at long wave.iengock photons, cesirable
becanse they will not affect the overall noise of the
selar blind pheotomultipliers, may be sufficient teo
bleach BarFl.

* e) If optical annealing can be implementsd "in situn, it
will allow existing SIC crystals to meet 211 GEM
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CONCLUSIONS

¢ BaFis an 'intrinsically radiation-hard material,

especially in the ultraviolet.

o Radiation-induced ultraviolet absorption bands are due

to small concentrations of hydrogen/oxygen and
trans:tlon-metal ions (Mn2+) ‘

" Two ways to mmé'*i-gaiagquax_gage in BaF:

1. Continue to improve cf}rstél growth procedures
(progress is being made in this direction).

= 2. Develop a post-growth procedure to remove unwanted

impurities. One possibility is electrodiffusion,
where an external electric field applied during
irradiation drives impurities out of the crystal.

T
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BaF, R&D STATUS (JULY 1992)
SMALL PURE CRYSTAL PRODUCTION

e SMALL ULTRA-PURE CRYSTAL GROWTH at LLNL

— Pretreatments With Specific Reactive Gases
(Not Just HF)

— Noble Metal Versus Coated Carbon Crucibles
— Zone Refining to Increase Crystal Purity
— First Pure Crystals: Target Date mid-August

e SMALL ULTRA-PURE CRYSTAL GROWTH
at OPTOVAC | ’

— RGA = Hydrolysis (Outgassing):
Use Reactive Gas Scavenger
— First Growth Runs Done To Fix Oven Cycle

— Optipur Vs. Sublimed; Special Purity BaF, :
CE&A GDMS Analysis

— VUV Bandedge Study
-» - Growth Run With 3 Raw Materials (3 Ingots)

~» — Treated Carbon Crucibles Standard. Ta, Mo and
W Pure Metal Crucible Trials in July - August

—> — First Pure Crystals: Goal Mid-August




BaF, R&D STATUS (July 1992):
CRYSTAL PRODUCTION (SIC, BGRI)

e NEWER CRYSTALS

e — T(220 nm) in 26 cm Crystal (SIC):
48% After 1 MRad <Za#t <40 Cm

— 350 mm Crystal (BGRI): Heating System With
High Gradient At Solid/Liquid Interface.

® — SIC: Several Improved Crystals From One of
Four Factories (Hainan); ‘703’ Scavenger
e = Possible Correlation With Cr, Mg Traces

®* = Tests Needed at CE&A (GDMS, SIMS)
and NRL (DRT) in August

e IMPROVED RAD HARD CRYSTALS in August:

e — Chemical Pre-Treatment (BGRI):
Remove Ba(OH),

— Dry Raw Materials With High Temperature
Noble Gas Flow

— High Vacuum Pre-Melting Furnace:
Improved Residual OH™ Extraction

— Growth In Higher Vacuum: Cold Trap

— Improved Heating System: Higher Gradient
At Solid/Liquid Interface

— Optimize Growth and Anneal Cycle Parameters:

— Continue To Study Impurity Effect, Damage
Mechanism: Spectroscopy, EPR, e-Diffraction, EELS
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Transmittance spectra of two 20 cm long BaF, crystals, recently pro-
duced at SIC, before (1) and after *°Co v-ray 1rrad1atmn with dosage of 100 (2),
1k (3), 10k (4), 100k (5) and 1M (6) Rads.
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APPENDIX A.
Requirements for Each GEM Electromagnetic Calorimeter Tech-

nology

The GEM Execu?ive_ Commiittee reviewed the status of the EM calorimetry R&D
Programs, and formulated the following list of requirements for each technology:

A. Requirements for BaF'; Technology

@Demonstra(eﬁgubsta.ntial improvemens in the radiation resistance of large BakF2
crystals (20-25 cm long) towards the GEM specifications - reach absorption length
of at least 60 cm at 220 nm after 1 M irradiation with photons, and if
possible with high energy hadrons. Present » detailed plan to obtain final GEM_
gualitv crvstals, along witf évidence of manufacturabilitv and cost, including

CD) work required to prepare crvstals afier delivery.

@As propos;ed by the Expert Panel, produce small radiation-hard crystals to
demonsirate there are no fundamental imitations in making radiation hard Ba¥F; -
crystals {e.g. absorption length > 95 cm at 220 om after 1 MRad)

@Address in detail questions ‘?’prera.dlauong wrapping, res)ldual non-uniformity,
in cryvstals we can practicably expect to manufactur@ﬁoszmc ray transverse
measurements in produced crvstals could provide useful data. Prommeta.xled
practical plan for calibration of the BaF, svstem in-situ: describe the calibra-
tion strategy, RFQ layout, and the required calibration time for each proposed
technique to achieve ‘the necessary accuracy.

.Show by MC and by lab tests that the following effects do not desiroy the reso-
lution of the BaF?2 systern (maximum tolerable constant term is 0.6 A M

(A) - Residual non-uniformity (as installed);

(RJ — Non-uniformity developed by possible further radiation damage of "satu-
rated” crystals and/or by possible annealing; (Note - the expert panel and
executive committee are not convinced of the proposal to preradiate the o

crystals)
(C.) — Accuracy of intercalibration (see point 3);

: (E) — Short term instabilities of readout system;

(F )y Linearity, linearity calibration and dynamic range of readout system.

> PoswiBLE ApnEALING




BaF, R&D STATUS (JULY 1992)
ZHONGNAN OPTICAL INSTRUMENT
FACTORY

Zhicheng, Hubei Province, China

¢ High Precision, Medium Precision Telescope Lenses,
Mass Produced Optics (600 K Pieces Per Year)

¢ Precision Diamond Sawing, Grinding, Lapping
and Polishing Machines Available

e Full Sized Ba¥F,; Crystals Already Processed:
Cutting Speeds 2-3 mm Per Minute

° Optical Inspeétion Facility: Dimensions, Angles,
Parallelism, Perpendicularity, Surface Roughness,
Flatness, Internal Stresses, UV /VIS Transmission

e SHORT TERM PROGRAM:

— Precision Cut, Diamond Polished Pair: Begun 7/20;
Delivered To LLNL For Inspection By 8/10

— Precision Polished Crystal Piece Coated At
Zhongnan: 1250A° Al, 2500A° SiO;

— Provide Five Unpolished Crystal Pairs.
To Be Finished, Inspected At LLNL;
Tested At CE&A.




BaF; PRECISION EM
CRYSTAL CALORIMETER
NEW MAJOR R&D PARTNERS

o LLNL

— Crystal Mass Production Process
Design and Engineering

— Surface Preparation
— UV Reflective Coating
— Pure Rad Hard Crystal Growth

e ZHONGNAN OPTICAL INSTRUMENT
FACTORY

— Crystal Mechanical Processing

— Production UV Coating
With BGRI

e TSINGHUA UNIVERSITY

— Mechanical. Support
— Multipoint Inspection Machine

— Readout Electronics

+ R@D ."Jz‘. ?d‘erd'ﬁeg kuc(a_r?jg\r,c\r
Institute (S4 kpr) |
® )1703COW Engineermg PLydicd Smrtitute
rgoteom Ergrcer Py



A PRECISION BaFo CRYSTAL

CALORIMETER FOR GEM
AT THE SSC

PROGRESS REPORT

California Institute of Technology
University of California, San Diego
Princeton University
Carnegie Mellon University
Brookhaven National Laboratory
Oak Ridge National Laboratory -
Lawrence Livermore National Laboratory
Shanghai Institute of Ceramics
Beijing Glass Research Institute
Institute of HEP, Beijing
University of Science and Technology, Hefei
Tongji University, Shanghai
Tsinghua University, Shanghai
Zhongnan Optical Instrument Factory
Tata Institute of Fundamental Research, Bombay

GEM Collaboration Council
August 5, 1992
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Run 3081

Cut 9999
ecut=.015 dipmax=0.50 ncutwid=3 ewidcut=0.50 peakcut=0.25 cutmean=2.83 cutpowr=-.37
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Run 3079 Cut 9999 N
ecut=.015 dipmax=0.50 ncutwid=3 ewidcut=0.50 peckcut=0.25 cutmean=2.83 cutpowr=-.37

widstr=1.0mm

0.02
0.015 :
0.01 0.01 i
0.005 3
0 o 0
-42 0 4.2 0 3 6
Event 1 E= 10.0 PHOT
X X mpx
= )
0.008 | 0.008 F !
= -
0.004 0.004 £ !
N 1
’ ol = 1
0"|1|1| T 0 o 1 11t
-42 0 4.2 0 3 3]
Event 2 E= 10.0 PHOT
_ X - X mpx
0.015 3 0.015
0.01 & 0.01
0.005 E- 0.005
o E 0 '
—-42 0 4.2 0 3 6
Fvent 3 E= 10.0 PHOT
X X mpx
0012 F 0.012 F 11
0.008 - 0.008 E i
0.004 F 0.004 £ 5
:]. L : ] P 111 :l 11 :! l'll 1t
0 0
-42 0 4.2 0 3 6
Event 4 E= 10.0 PHOT
X X mpx

nmpx= 6

F 0.03
0.02 & 0.02
0.01 E 0.01
ok 0
-42 0 4.2
~ Criterio -
Y
0.0075 E
0.005 | 0.008
0.0025 E 0.004
o ¢ 0
—42 0 4.2
Criteria
Y
0.015 ;" 0.015
0.01 E 0.01
0.005 E 0.005
0 :IIII ] 1 0
-42 0 42
Criteria DX
Y
0.02 0.02
0.01 0.01
0
-42 0 4.2
Criteria DX MR
Y

&
0

Illlllllll]

1

p ot Vi

o TTY

Illlllll]l

'
J
t
i
i
h
]
[

H
b bty

o LILALI

3 6

Y mpx

]l!l IIIITIII

Illll'lll

Q Il'll

3 6

Y mpx

1 phot.

0 phot.

2 phot.

2 phot.




) ) ) ) ) ) )

| Ge Ve D axde~ 92/08/07 20.01

| KU KU
- 40 ID 91100
35 E Entries 537
- Mean 1545,
30 = RMS 57.74
2% E X 0.8622
g Caonstant 29.44
20 = Mean 1556.
15 - igma 3851
10 £
s
0 :l 1 |rl|r""rn m . n ll‘rll ri A 1 | 1 1 1 1 I 1 1 ﬂ | 1 1 1 1
1200 1300 14040 1500 1600 1700 1800
e restr. total energy (ADC)
1000 F | ID 91400
- Entries 19532
800 |- Mean —3.881
» RMS 26.46
- N 0.8904
600 |~ Constant 890.6
E Mean —3.954
400 - Sigma 26.10
200 |
- "I B I B B T O O Y I O B B O AR AR N |

-120 —80 —40 0 40 80 120

Ped total enargy {ADC)




50

40

30

20

10

MC smeared by .065 sigma

N D 1
N Entries 259
- Mea 3.853
§ HM‘.S|D 0.1221
" 1.253
i flonHtlant 42.13
a Mieq 3.867
R Haflon  0.9360E—01
|
- e? \
Lo o o I]nﬂ 1 .Hlll'hn L L 1 1 1 L 1L 1
3.2 3.4 3.6 3.8 4 4.2

vi7/22

(javm"a.,

Fid



70

60

50

40

30

20

10

Unsmeared MC datag

IIIII]II]II [Ill

R i 1

| DL t L L]

3.2 3.3 3.4 3.5 3.6 3.7

|8 1
Entries 959
Mean. _ 3.850
RMS 0.1002
Y 1.692
Canglgpt 49,51
Mear 3.868
Sigma 0.6555E—-01
N
\
I
1.“.1...,1L“.1¥.rﬂ+m1
3.8 3.9 4 4.1

gl2/%2



contents=18838 u/f=8 o/f=8 -«
full scale y:3481 bin width:644¢€
*18E3 CURSOR: x= y= (Zur
B4t
—_—
J 1 == -
| ./
—
a4 2
ot
1 " 1688 o8 3008
1. K | L)
b
.

1_



Ty

*16E2

content s=9@2
full scale y:235
CURSOR: x=

u/f=8
bin width:48

g=

o/f=98

o I3

2068

3596

%]

[

[ zoomin ()

{ zoom put 7J

(_scaie up (]

[ autoscale |}
[scale down O)
T

[ averms |

(Pause Monito]
[ Monitor |
( Clear |

g_m + xe vt il

16172
49,1

t\

<7

Y ws



rne g e A i g B L NN S

15

16

contents=5439 u/f=8
full scale y:1936
*1BE2

o/ f=8
bin width:48 |
CURSOR: x= y=

S

1888 2860

3800




b 106

%Y
-

contents=4795

full scale y:1333
CURSOR:

*1BE2

x:

u/f=8 o/f=8

bin width:48

18

1880

2680 3880







i —

108

e {4554

-

A% hi
'ahes

B resamg 0 |




?ﬂl A T AKY frecrs 25 & wn

ng Te Stopped: 169 Acquisitions Persistence: 1.35 s
)(D@ Il

?k)isptay Style

Il

vectors

k3 1 1 Dots
] ey H ]
- | infinite
r i : 1 Persistence
| | -
[ g I Variable

Persistence

;

®E 200mvQ = - M 100ns Ch3JS -676mV

Graticule
Fulf

5-‘8 ) “ —— Foﬁﬁﬁt
varfable TRACLINE T

Filter
Linear

Readout
Options

o

ETCITEE

-




- 3/ 2
y}“’ J Tl arerone 1
| %(,,D TeK Stopped: 300 Acquisitions Averages: 131 0
: T 1 : ..

[

] : -~ Acquisition

7-} (5 G (L /fgjj:; L F S am ]
/ wply ‘

<
GO

Mode

1Tl | I

I
l' Sample

-------------- 1 Peak Detect

RRIRER P
A
[T T[T ]

Hi Res

..... ._.: [nvelope ]

...................... o

M 100ns Ch3 - =

_ A\ferae ' &Y

aeme

W FEpeiiive
Signat
OFF

Stop After
R/S button




fhn e oo

J - (kv /Jw«-e—r Sy
D
57 Tek Stopped: 121 Acquisitions
re7

- T T I T L T T T T T

[ (RN RN PORN D001 B BOY P

pu—
R

[
-_—

Dots

e s s e e e e e 4 e P T T T T T T

. . o . 1 Infinite
. - . | Persistence

Variable
Persistence
135§

1 [EXTYTETEY CTS TRUPS TORN FOUSY OUY IURY JR VOION SOV T

\_/M/wtlns chi. s mmv

Gratlcule
Full

F IIIEI'
Linear

Readout

Options

Format |
T

D [ritensity

SEEEEEEE oy sty




END PLUG DESIGN
CHANNEL COUNT

We use projected areas to estimate the channel count in the end plug
design. We assume the calorimeter starts at a radius of 84 cm in the
barrel and at 159 c¢m in the end plugs. The projected tower size is
2.7 by 2.7 cm? at the front face. Our ¢ detector design requires

the same channel count as the calorimeter which has one depth
segment. We neglect the region beyond n equals 1.73 in the channel
calculation for the barrel since it will be segmented and wired as a
hadron region with few channels and connections. Under these
conditions and assumptions the following channel counts are

obtained:

Barrel 21040 EM; 21040 70
End Plugs 2140 EM; 2140 0

Total Calorimeter 46360 channels, Plug Design

This is to be compared with the end cap design of 62272 channels for

‘ the LKr calorimeter(4.5% resolution) that was costed at $37.75 M. If
we scale the cost by the channels required then we estimate an LKr
end plug design would cost about $28 M.

An LAr design(6.5% resolution) has18% fewer plates and connections
than an LKr design has but the same number of channels. In this case
the costs should roughly scale for all components but the $9 M for
electronics. We estimate the cost of an LAr parallel plate calorimeter
to be $25 M.
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Pion acceptance, percent

Photon acceptance, percent
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E,GeV| [$meanionly 1%dip lonly [%wid
----- P et et i Rt e it i il bl Blbl L TP
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62.01 5.31 0.5
62.0i 34.91 15.61
75.01 2.0 0.11
75.01 37.41 12.04
87.01 2.5] 0.51
87.01 40.3| 13.51
100.0{ 1.1 0.31
100.0{ 359.61 10.91
112.01 1.9] 0.11
112.01 37.61 13.11
125.0] 1.71 0.11
125.0] 32.31 16.11
150.01 0.91 0.0]
150.0¢ 23.21 16.9]

lenly



Multiplexing factor

Peak definition:

- — - -

Energy required for peak (GeV) [ECUT]= .015
Min. frac. of biggest peak for second {PEARCUT]= 0.25
Dip cut:
const for max frac. of biggest. peak . .. [DICONST]= 1.11
const for max frac. of bhiggest peak [DIPMAX]= -.013
Energy power for max frac. of biggest peak[DIPPOWR]= 1.
Energy to set fraction to HEDIP [EDIP]=50.
Dip fractiocn above EDIP [HEDIP]= 0.5
Energy above which dip cut is on (EDLOW]= 51.
dip fraction = DIPCONST + DIPMAX * E"DIPPOWR : EDLOW<=E<EDIP
= HEDIP
- = cut turned off

Width cut:

-

[NMPX]= 6

: E»= EDIP
: E<EDLOW

1 E < WCTHESH

Multiplier for width cut below WCTHRESH [CUTWID])= 6.96
Power of energy for width cut [WIDPOWR]= -.25
Energy thresh where widthcut->NWCLOWER [WCTHRESH] = S0.
Higher energy width cut [NWCLOWER]= 2
Min. frac. of biggest peak for width [EWIDCUT])= (.6
width bin height cut = INT(CUTWID * E~WIDPOWR)

= NWCLOWER

Mean position cut:

Mean cffset for pi0 (in mm)

Power of energy for mean offset scaling
Tot. energy above which CUTMEAN->HEMEAN
Mean difference cut above CUTOFF

mean offset cut = CUTMEAN*E~CUTPOWR
= HEMEAN

{CUTMEAN]= 6.75

[CUTPOWR
(CUTOFF
(HEMEAN

: E<CUTOFF

1= -0.5
1= 63.
1= 0.65

E>= HEMEAN

E>= EDIP

bins, not cem!
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(Parallel plate geometry)

|[= 8.40 cm =‘i
6.50 cm
(4.1 X0)
Basic Cell +
1.2cm ~ A
6 Strips 1.5 mm
Absorber
v X - Amplifiers
Y - Amplifiers
Incident 0.193 mm
-— Dots represent Photon Double-sided
signal connections Direction Kapton PC
and not signal routing ‘
A-A
[
I
X - Strips
; |
i B Strip
interconnections
— '« Basic Cell: 6 Strips (1.2 cm)

-repeated 6 times 1/21/92



Number

Capacitor #2
Capacitance in LN2

50

40

30

20

10
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1.86

Capacitance, nF



Number

Capacitor #1
Capacitance in LN2

30

TTT

25

20

156

10
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Slot in absorber plate

Absorber .002° Kapton Cover
Plate
at ground r
» R Signal lines on Double-sided Kapton

7/
7/

I ] X {-0007" Cu on .002" Kapton)

/ \ GrOUNd L'nas
002 Kapion _/ é- Signal ines on Single- sided Kapton (.0027) /
.002" Kapton Cover
Signal Tabs A _ /::

Kapton PC Tower Pads
: at High Vollage
|
1
24cm :
|
2.4cm 5
// . / - i Ground tab
] -
e ' wE
Absorber /
Plate ,
at ground % o s
/// Exploded View of
Tower Connections -
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: Muon Counter

/ a'. = xm.dl = xm
" e A "‘b ‘m:r,uﬁ.w e 7oy g ity S X ‘:‘-4-&/ :
Barrel Shower Counter }

e T e e T B AT T e S e e B L S T A R

pa A
; . = T'E In Gel

m|Q

-~

Main Brift Chamber

%—:zn 1+p.p in Gel
o(dE/dX) =8 5%

ime of Flight Counters

O = BOPS

] meter

BES Detector

Institute of High Energy Physics
Beiing, P.R.C.
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Lodcap JLower ouynier Speciicalions

Distance from interacticn regions

Freont layer
Back layer
Radius of sensitive regions
Outer | ;
Inner
Radius of assemblies
QOutszr
Inger
Polar angle of seasitive region
Front outer
ront inner
Back outer
Back inper
- bohd angle subtended
Front
Back
Tube thickness, interior
Tube width, interior
Tube wall thirkness
| Lead thickness per layer
Adhesive thickness per layer
Number of layers
Number of ceils per laver
Sense wire type .
Sense wire diameter
Gas type
Gas flow

"136.0 em

177.3 cm

105.4 ¢cm

35.0 cm approx.

110.5 em

32.5 em

37.2 degrees
14.1 degrees
31.9 degrees
11.1 degrees

2 X 8.5% X 4
2. X 6. o“é X 4x
1.17 em

271l cm

0.084 ¢m

0.278 em

0.025 ¢m

24

g4

Stablohm 200 s.s.
37 pm

.80% argon, 20°¢ methane

I volume per day




Table 3

Barrel Shewer Counter Specifizations

Speol tength

Sponl outer diameter

Flange outer diameter
Cel! width, inper layer
" Cell width, outer layer

Gas thickness per cell .

Lengih of active volume {inciuding anterior ribs)

Number of lavers

Thickness of aluminum sheets
Thickness of lead sheets

Taickness of Al. Pb, Al glue sandwich
Length of Pb sheets '

\.

Numter of Pb sheets per circumference:

Width of ribs

Height of [-beams

Width of tep Sange of I-heams
Thickness of I-beam material
Sense wire tvpe

Sense wire diameter

Cas

Cas ﬂo;v

385.0 cm
252 cm

23 =04 cem
261.8 em
2.4 cm

3.2 cm

1.27 em |
343.00 em
24

0.064 cm
0.28 ¢cm
0.46 cm
348.00 cm
10 '
2.67 cm
1.24 ecm
1.02 cm
0.078 em
Stablobhm 300 s.s.
46 pm

' 80%5 argon; 20°C methane

10000 liters {one volume) p«




5. Electronics by Tsinghua Univ., IHEP and USTC

The three institutions are interested in joining the Electronics
developing of Liquid Cal. of GEM. They have strong background of
electronics, Tsinghua Univ. has also the facilities to develop boards.

Tsinghua Univ.:
Prof. Wang Jinjing
Senior Eng. Shao Beibei

[HEP:
Prof. Guo Yanan

USTC:
Prof. Yu Xiaqi

will contribute to the electronics development.

SUMMARY

We will contribute to GEM and support GEM strongly

with experienced physicists
skilllful engineers and technicians
cheaper labors for time-consuming work
I believe strongly we could accomplish the hard task which GEM
gives us. I would contribute myself as much as possible in the next

. years.



3. Raw Materials in China

Lead available
Stainless Steel available
Copper available
G10 need to be tested
Kapton need to be tested
Prepreg need to be tested

Silkscreen skill available
4. Crocodile machine is creterion

The special Crocodile bending machine should be made in
SAMF.

They should learn here what is the special demand and how
to design it first. :

More detail about the mechanical engineering waiting for
the Senior Engineer of SAMF Mr. Zhang Shlyuan(Aug 22)
come to discuss.

* Prototype developing and Detector Design in U.S.
* Manufacture in China



2. SAMF --- Mechanical manufature
Shanghai Aircroft Manufacture Factory

a. Skillful manpower

SAMEF has long term collabration with IHEP during the constructure of

Shower Counter of BEjing Spectrometer(BES-- Successful Tau mass
masurement) from 1984 to 1988. The Shower counter is working in the
Self Quench Stream mode. All the mechanical parts(Lead plates, Alum.
frame) were manufactured in SAMF and assembling up in IHEP by
SAMF.

The engineers and technicians in SAMF have very good training and
skill, more important, they could UNDERSTAND and ACCEPT the
strange ideas from the high energy physicists, so they could collaborate
with us quite well.

b. Machinery facilities

SAMEF is a very big factory with long 'history making airplanes,
They also have the collaboration with U.S. airplane company to
produce Aircraft for U.S..

Big press machine

Big Oven
Computer control machines

are available

-~ Show the Shower Counter of BES here to convince that they could
make the GEM Calorimeter also.



A tedon emly)
The Manufacture of Liquid Calorimeter of GEM

in CHINA
Presented by Chunhua Jiang , IHEP, Beijing, China

1. IHEP --- Quality Controll
THEP would like to Contribute physicists to the Quality Control:

a. We will organize a group to take the responsibility to control the
process of the manufacturing the absorber and electrodes plates.
(no experience before)
First we need to learn here the detector working principle and pro-
perties so we could fully understand how to control and which parts
we should pay specially attention and so on. -
Than we could explain to the engineers and technicians of SAMF
how manufacture the parts of the Cal., why the tolerances are very
important.

b. Set up TEST CELL in IHEP

The Test Cell should include:
small LAr chamber, alpha sourse, beta sourse
readout electronics system (preamp...)
cryostat system
Use this mini system we could undersatnd the detector and test what
kind materials we could use during the manufacture process, what
poisons LAr, so we could guarantee the Cal. works properly after
assembling to modules.

- ‘Physicists and instrumerntation contributed by IHEP.
Some special electronics from BNL.
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2mm Stack, Krypton, 3X3, Preliminary Resuits
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2mm Stack, Krypton, 5X5, Preliminary Results
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2mm Stack, Argon, 5X5, Preliminary Resuits
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EM CONFIGURATION

A3 TESTS

1 mm OPTION 2 mm OPTION
ABSORBER
Lead 0.8 mm 1.3 mm
Prepreg 2 X0.1 mm 2 X0.1 mm
Stainless 2 X 0.2 mm 2 X 0.2 mm
SIGNAL
ELECTRODES
Lead o8mm . ...
Prepreg 2 X 0.06 mm ceseees
Polysulfone 2 X 0.05 mm-
Kapton ... 0.36 mm
Copper 2 X0.04 mm 2 X 0.04 mm
Res Ink 2 X 15 um 2 X 15 um
ARGON GAP 2 X 1.93 mm 2 X 2.00 mm
CELL 6.4 mm 6.4 mm

MARCH 24, 1992
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The Liquid Argon Test.

Objectives:

1) EM energy resolution of 7.5% / vE + 0.5%
1.3mm Pb Solution. Liquid Krypton. (Sampling fraction)
0.8 mm Pb in both absorber & readout electrode. (sampling fre-

quency)

2) Position Resolution & e/m separation.
Chevron Design

3) Trigger.
Timing resolution (Bunch crossing), Trigger threshold, -
Isolation efficiency.

4) Calibration.
New calibration system. 0.1-0.2 %

5) Electronic readout.
AMU - ZEUS electronics.
Track and hold.

6) Simulations.
Non projective geometry
Quasi projective
A
1‘rojective geometry

7) Bendiny machine

Bending machine for Projective Geometry.
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Calorimeter Engineering Question

8. integrated Calorimeter Assembliy Fixturing

Request: Provide a listing of fabrication, assembly and installation fixturing, including sketches,

required for the construction of the liquid argon integrated calorimeter. Designate fixturing
which will be required [or the EM only as well.

Specific Concern:

. The fixturing is not explicitly referenced in the cost estimate.
Answer:
. All of the special and standard tools are considered in the cost input although at a

relatively high level. Definition of the required fixturing is an integral part of the thought
process while developing the assembly flows for the calorimeter. Al each step in the assembly
the equipment, fixtures, and tools are conceptualized. Operations are envisioned to be performed
with standard tools and equipment whenever possible and special tool conceplts are invented
only when no existing tools are known to be available. During the manufacturing flow

development phase the tool concepts are carried only 1o the level of function and basic
construction (see attached skeiches).

60T
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p2.1.2.2.3 22777 T7277777P77I7777A LAr Velal Cold Mass Hupt Posts [(4) |[Proc/F
Oz 1 2 2 4 Endcap Ra il |Support
=2 3.2 2.4 I Z7778 A Endcecap Rail| Support Engingering
n=.1.2.2.4 Q777707777777 777) Endcap 11 Support Prjoc/Fab
02 1 2 2 5 Feedthrus -
2.1 2.2.5 g A s/FamdtHrus
02 . 1.2.2.5.1 " EZIIT7777Z77PA Cold Feedthfu Aesembly Enhineering
2 1.2.2.5.2 = VR27777TZYA Conduction Heat Intercept| (CHI} Engineel
N2 .1 2.2.5.3 ELZZ7Z277777¥Y7 Aesembly Enbinmeering
b2 1.2 2 5.1 W77 77777 7777777777777 Cold Fleedthru Assemblly Prac/Fab
b2 1 2 2.5.2 CZTZ7777777777774 Conduction Heat Intercept [HCHI) Proc/Fab
o2 1.2 2.5.13 (I TTIIIIT 4 FII7IZIIITZ7777VZ777A Feedthru|l Assembly
=2 1 2 2 8§ i C/Feedthirus
1?1 2 3 TDanng/Fixtulr*es
02 1 2 3 Toovling - Fixtlures
p2.1.2.3 A 5/Toelidu/Fixtures .
p= 1 2. 3 1 CZI227Z77727FA sStacking Fikture Engineerfing
e 1 2.3 2 CI7777277777F) Cryonstat] Asbembly Fixture| Engineering
N2 1 2.3.3 777777777V Litting Faixfure Engineerifg
Dz 1 2 3 4 EZZZZ77777727FA Snipping Crptes Engineerihg
bz 1 2.3 5 EZZZ77777777¥ A EM Accordio Toel Engineeling
b2 1. 2.3.6 VZZ277777727F2 Plumbing Lajout Tool Engipheering
n2 1.2 3.1 EZ777727777777778 Stacking Fixture Proc/Fab
b2 4.2.3 2 2277722777777 27027778 Cryostat] assembly Fixtlhire Proe/Faco
b2 1.2 3 3 ZZ77777277777777¥77777778 Liftting Fixture Proc/Fab
o2 .4.2.3. 4 22777774 Shipaing Crates Prcoadc/Fab
Lepend ’ Signaturea




Aspgori:

DPEM PuLamM

{RA)

HMUONB AR §

GEM Liquid Argon Calorimeter

Projesct GEMLAC Martin
T 51NANE Marietts
Time 30 28: DB
Epam -
ACTIVITY o1 o1 [+} 01 01 01
JAN JAN JAN JAN JAN JAN
a3 Ba =13 a6 |z 28
€ Timenow
D2.1.2.1.2.8.4 22777 A7 777777 777777777 | Module Assemb]ly/Test
D2.1.2.1.2.8 Alc/Module 14 (ho)
h2 1+ 2.2 Cryostat Endcap Calorimeter
o2 1 2 2 Cryostat Endcap Calorimetegr
b2.1.2.2 A s/Cryoatiat Endcap Caldrimeter
p2.1.2.2 C/Cryostat Endcap Calaorimgter A
02 1.2 2.1 Argon vessédl
b2.1.2.2.1.04 Ignar Shell Prog
L2.1.2.2.1 A s/Argon |Veased
b2.1.2.2.1.014 PZZZZZ77777F4 Outer Shell| Engineering
n2.1.2.2.1.02 Q722777777777 Center Shel (2} Engineerfing
n2. 1.2.2.4.03 2777V Center Washpr Engineering
b2.1.2.2 1.04 RZZ277777772F A Inner Shell| Engineering
p2.1.2.2.1.05 777777V Innéer Shell| Aemembly Engiheering
D2 1.2.2.1.06 PR2777772777FAt Feedthru lInkerface Plate Engineering
b2 . 1.2.2.1.07 et pZ2777777777¥d Cooling Coiha Engineering
pbz.1.2.2.1.08 O VrrZ277722772¥7) Two+Pnamad N2 Preamp Coolling Circ Eng
n2.1.2.2.1.09 TR 2272727772727V F111 Ports |(2) Engineerinb ‘
D2.1.2.2.14.10 7?7777V Drain Port Engineering
nD2.1.2.2.1.11 CZ2ZZ77I777P A Semal Weld Skrips Engineerfing
p2.1.2.2.14.12 2777777777k Argon vessefl Asesembly Enghmneering
02.1.2.2.1.01 EIZZZ77727777772778) Outer Shell Proc/Fab
n2 . 1.2.2.1.02 27720727778 Cendter Shell (2) |Proc/Fab
n2.1.2.2.1.03 277777 Centgr wWasher ProcAFab
h2.1.2.2.1.08 77777777777 A Inner Shell hessembly Proc/Fab
b2.1.2.2.1.06 P7Z77777777777 Feedthru Intprface Plate PLor:/FaD
N2 . 1.2.2.14.07 Cooling Coil Prac/Fab
D2.1.2.2.1.08 (S IITETHIIIIRIIIS, Two-Phased N2|Preamp Crooling Circ
n2.1.2.2.1.09 227272772 ¥111 |Ports (2) ProdsFab
p2.1.2.2.1.10 Drairl Port Proc/Faf
p2.1.2.2.1.11 22777 Sefdl wWeld Strips |Proc/Fab
p2.1.2.2.1.12 ) Al argon vessel Lasemb)y
bz.1.2.2.1 Alc/sargon vessel
o2 1 2 2 2 vacuum Vessile]
. 1.2.2.2 A s/vacuun vessel
2. 1.2.2.2.1 CZZZZZ7Z7?77FA Outer Shelll Engineering
o2.1.2.2.2.2 EZZ7Z277277F ) Inner Shell| Engineering
nz. 1.2.2.2.3 PI2Z777777227¥ A Head (2) Enbiineering
g2.1.2.2.2.4 PZI7722227F2 Supportes Enfiineering
Legaeng Signaturena
M -In progreas
FZl-pPlanned ) Prep:
Exd=Critical !
Aprv - o
¢ [l [} [} 4 [} 4 q




at=Critacal

) } ) ) ) ) ) )
T DPEMN PLAN (R} _ ) .
fseors:  muonmani GEM Liquid Argon Calorimeter Martin
Tima Naw: CIJANBI .
Oste: 210ULED2 Marietta
Tima: 10 38: OB
| Peap; -]
ACTIVITY (=] [+F] c1 01 04 o1
AN JAN JAN AN JAN JAN
83 o4 1= }=) as 87 88
& Timenow
02.1.2.1.2.5.1 Y/l Absorber Engineering
n2.1.2.1.2.5.2 VI2227777777F2 510 Boarde Enpgineering
o2 .1.2.1.2.5.3 CIZ2Z72ZZ7Z7Z7777FA Other Modulk Structure Enhineering
pb2.1.2.1.2.5.4 CZ7777777727PA Module Assephbly/Test Engipeering
02.1.2.1.2.5.14 2222772777 T7ITINI7I7I?7A Absorgder Proc/Fab
2. t.2.4.2.5.2 T T2 7 77 A7 777 777777777720 | G100 Boards Prdc/Fab
p2.1.2.1.2 5.3 PIZZ777777777774 Other Mpdule|Structure Prog/Fab
p2 . 1.2.1.2.6.4 22T AT TFT7 272727772 |Modula Assembly/Test
2.1 2.1 2.5 Alc/Module 11 (hO)
02 4+ 21 2 6 Mogule 12 (Ho)
02 1 2.1.2.6 A s/Moduld 12 (BO)
0N2.1.2.1.2.6.1 PZZ7Z77Z7Z777F7% Absorber Enfhinearing
N2.1.2.1.2.6.2 2277 7XF7I?YA G100 Boards Engineering
b2.1. 2.1.2.6.3 227777 2277PA Other Modul Structure Enpineering
2.1 2.1.2.6.4 777777777 7FA Module Aserly/Teat Engiheering
o2 1.2 1.2.6.1% Absorbger Proc/Fab
2.1 2 1.2 6.2 ( FETIIITIITIIIIIF,) G10 Boards Prgc/Fab
2 1. 2.1.2.6.3 CZZI7777777277774 Other Module| Structure Prog/Fab
2 1 2.1.2.6.4 77T A Mpdule Assembly/Test
2.1 2.1.2.6 Al c/Module 12 (BO)
oz 1+ 2 1 2 7 = Mogule 13 (40)
o
p2.1.2 1.2.7 b A s/Moduld 13 (40)
oz2.1.2.1.2.7.1 Absorbcenr EnE:\neer‘inq_
o2 . 1.2.1.2.2.2 PIIZ7777777977 B10 Boards Engineering
po2.1 2. 1.2.7.3 2777777772V Dther Modul Structure Enpineering
02 3.2 1.2.7.4 QZZZX7277777F A Madule Amsseinbly/Teast Engiheering
o2 1.2 1.2.7.1 FIITIIIIITITITFIS AbsorHer Proc/Fab
p2 1.2.1.2.7.2 G100 Boards Proc/Fab
02.1.2.1.2.7.3 . EZIZTZZ27727Z27777 Other Module| Structure Prag/Fab
2.1 2 1.2.7.4 27277 7N 7777 777777777777 | Module Assembly/Test
2 1.2 1.2.7 Alc/Module 13 (ho)
02 1 2 1 2 8 Mogule 14 (40) Y
b2 1 2.1.2.8 A s/Moduld 14 (40) 3
02.1.2.1.2.8.1 CIZZZZ7Z2Z7777FA Absorber Enhineering
p2.1.2.1.2.8.2 72777777777 G1i0 Boards Engineering
2.1 2.1.2.8.3 77777772 Other Mpdulp Structure Enbineering .
p2.1 .2 1.2.8.4 PZZZ7777777F Module Assembly/Test Engiheering
h2.1.2.1.2.8.1% PZZ7777277777777P 772777727 Absorder Proc/Fab
p2.1 2 1.2.8.2 (22777777277 777 A7 777727 7772777770 | G100 Boards Prgc/Fab
p2 . 1.2 1.2.8.3 P77 7077772770 Other Module]| Structure Prof/Fab
tegend Signatures
WM -1n progress
Cl=-pianned Prep:

AR




OPEN PLAN (R} ]
nasers.  uuowman: GEM Liquid Argon Calorimeter Martin
LSSt ervinr- Marietta
T 10: »@: O8
Feop; 2

ACTIVITY s3] 01 [+ X1 01 o1 o1
JAN JAN JAN JAN JAN SAN
83 L] as 86 a7 o8
® Timenow
p2 1.2.1.2.1.13 CZ277777272727777% Other Module| Structure Prok/Fab
2 t .2 1.2.1.4 ZZZ27227277 Module Aseembly/Test
P2 1.2.1.2.1 Al c/Moduie 7 (20
02 12 12 2 Mogule 8 (200
p2.1.2.1.2.2 A s/Moduld B (20)
02 . 1.2.1.2.2.1 %m Absorber Engineering
h2 1.2.1.2.2.2 ') G10 Boards Engineering
n2.31.2.1.2.2.13 RZZ7Z7IZEZPA Other M::u:lu:l%y Structure Enhineering
p2 1.2.1.2.2.4 2277777727792 Modile Asmsambly/Teet Engiheering
p2.1.2.4.2.2.4 Y l2727727A Abesorter Proc/Fab
pz.1.2.1.2.2.2 7T 7777777777 27777772777 | G10 Boarda Préc/Fab
p2.1.2.1.2.2.3 EZZ7772277772777% Other Module|Structure Prof/Fab
pe . 1 . 2.1.2.2.4 Ll L7777 772 | Module Assemb[y/Test
be.1 2 1. 2 2 Alc/Mooule 8 (20)
02 1 2 1 2 3 Module 9 (200
b2. 1 2.1 2.3 A S/Modulezzg (20)
pD2.1.2.1.2.3.1 VrZZ7 777777 7] Absorber Enfhineering
h2.1 2.1 . 2.3.2 Pr777I?7772FA 10 Boards Fngineering
2.1 2 1. 2.3.3 CIl7272777777A Other Modul Structure Enphineering
D2.1.2.1.2.3.4 s CLlZZ2777772¢7) Module Assehbly/Test Engiheering
D2.41.2.1.2.3.1 () 7777777777777 7Y 772777777 Abearder Proc/Fab
o2.1.2.1.2.3.2 P B2 7777777777777 727227777 | G10 Boards prTc/Fau
h2 1 .2.1.2.3.3 QZIILT77777777778/ Other Modulel Structure Prof/Fab
bz 1 2. 1.2.3.4 - ZZZZZZZA Module Assembly/Test
hz 1 2.1.2.3 Alc/mMooule g (26)
o2 1 2 1 2 4 Module 210 (A0)
D2 1 .2.1.2.4 A s/Mpduld 10 (40)
D2.1.2.1.2.4.1 VZZ27777277777¥A Abmsporber Enhbineering
nz 1.2.1.2.4.2 ¥l G10 Boards Engineering
2. t.2.1.2.4.3 EZ77722277777PA Other Modulp Structure Enhineering
D2 1.2.1.2.4.4 . Pr7r77777777¥ A Module Aasefnbly/Test Engiheering
D2 1.2 . 1.2.4.1 i FrZZIZ 277272777 Absorder Proc./Fab
02.1.2.3.2.4.2 O 77777 727 LT I7 7777777772777 | 610 Boards Prédc/Fab
2.1 2.1.2. 4.3 CZZ7Z7777772777778 Other Module]l Structure
2.1 . 2.1.2.4.4 FZR2ZZTAT 777777777037 7227 | Module Assembly/Test
2 1.2.1.2.4 Alc/moduile 10 tho)
02 t 21 2 95 Module 11 {A0)
p2.1.2.1.2.5 A sgr«mnunj 14 {40)
Lageng Signaturen
MEl-1n propress
ED=Plannen Prep: —_—
Fad=Critical
Apr v ettt
{4 ¢ 4 1 [ ' 4 ('] [ | 4




) ) ) ) ) ) ) } ) )
OFEN PLAN l".l . .
messcs  wuonedes GEM Liquid Argon Calorimeter Mart in
Tima NOow D1JANDD s
Cetre FaouLBA Marietta
YTame 10 3\ OB
| Page; .
ACTIVITY 01 [+F1 01 [+ X1 o1 01
JAN JAN JAN JAN JAN JAN
23 24 a5 26 a7 o8
& Timenow
D2 1.2 Endcap Colorimeter
o2 1 2 Endcap Calorlimeter (2)
n2.1.2 H s/Endcad Calorimeter (2)
p2 1.2 i C/BEndcap Cmlorimgter (2) 4O
2 1.2 1 Mot les
02 1 2 1 Mooules
2. 1.2 1 A s/Moduida
p2.1.2. 1 A c/Mmodules
ce + 2 11 Accorgdion EM Section ;\
N2.1.2.14.1 A s/accordion EM Sectior
02 .1.2.1.% A crsaccofdion EM Sectibpn
02 1+ 2 1.1 .1 Mooule & (2}
02 1.2 1.1 4 A s/Moould B8 (2)
02 1.2 1.1.1.1 = Absorber Enfineering
p2.1 2.1.1.1.2 (— EIZ777IIIZZZPA G100 Bomsrda ngineering
D2 1.2.1.1.1.3 o VIZZ777777277FA Other Modul Structure Enhineering
D2 1.2.1.4.1.4 PZZ27277777F1 Module Assepbly/Teat Engibeering
N2 . 1.2.1.1.1.1 AbBorber ProctYFab
h2.t.2.1.1.1.2 77727777 7T 7R 777777 77777727777 A777777 G100 Boakos Proc/Fab
p2 . 1.2.1.1.4.3 VIZZZ777777277 Other Module| Structure Prog/Fab
b2 1 2.1.1.1.4 T2 7ZTT2 P72 TP ATI7 TP 77T T TTd7777W7I77277 Mpodule|[ Assembly/Test
D2 1.2.1.1.1 : 6 csModule B8 (2)
o2 1.2 1 2 Hadronilc Sec|ltion
L)E 1.2.1.2 A s/Hadroric Section
bz . 1.2.1.2 Al Hadronic Ssectbon
02 1 2 1.2 1 Moogdule 7 (24)
02 1.2.1.2.4 A s/Moguld 7 (20)
o2 . 1.2.1.2.1.1 ) Absorber Enpineering
02.1.2.1.2.1.2 ErZ777777777¢% (10 Boards ngineering
n2.1.2.4.2.1.3 CZZZZ77277777ZF2 Other Modul Structure Enhineering
o2.1.2 1.2.1.4 EZ77277777272V ) Module Asseihbly/Teat Engipeering
0o2.1.2.1.2.1.1 V27777772 Absorber Proc/Fab
o2 1.2.1.2.1.2 S PO T IH I IIIIIIIS G100 Boards Prcpc/Fab
Legend ! Signaturen
MEE-In progress

Zl=Plannea
ERi=Craitice)

Prep:

—_—

Apry-




Repork:
Projesct:
Tima How:
(=L R ¥ ]

OPEN PL AN

MUONB AR Y
ORML AL
CLIJANGS
FIIULER

GEM Liquid Argon Calorimeter

Marti

N

Marietta

Time: 10 3p: DA
wITTH S
ACTIVITY 01 [+ R o1 01 o1 01
JAN JANMN AN AN JAN SAN
a3 24 L] as az o8 )
€ Timenow
02 .1 1.3.6 Automated Welding Engineering
p2.1.1.3.7 Plumbing Labout Tool Engiheering
p2.1.1.3 .1 Stacking Fixtures Proc/Fab
o2.1.1.3 2 Cryostat Asepmbly Fixtures| Proc/Fab
p2.1.1.3.3 277 iz 27277 Liftirng Fixtures Proc/Fab
N2 1 1 3 4 27727772 Shaipging Crates Prdc/Fab
h2.1.1.3.5 EZZZZZZZZZZZﬁI Module Instaflation FAxturkz Proc/Fab
D2 .4.1.3 7 Qr727777773 Piymbing Layout Tool Proc/Fab
D2 . 1.1.3 C/Topoling/Fixturasa
12 1.1.4 Barrel Calorireter AssemblyATest. /Checkout
1
02 t t a Barrel Caloriimeter Assemblly/Test/Checkoudt
N2.1.1.4 J J PZZ77727772V7777Z2 1IN LINE [resT
02 . 1.1.4 S/Barirel Calorimetdr Assembhly/Tedt/CO A
D2.1.1.4 A S/CENTHAL BARREL ASSY
p2.1.1.4 SET UP MANDRELELOAD SPT |TUBE B ‘
hz2.1.1.4 A WASHERE/WALLS avaILAQLE
N2 1.1.4 @ 1NnNsTALL CAL MODULES
p2.1.1.4 . INSTAL CABLE SUPPORIIT TOOL
b2.1.1.4 fan) EX® ARoufE caBLES
02 .1.1.4 de) B INETALL Ar QUTER| SHELL
p=2.1.1.4 o i MOVE TO CRADLE
02 .1.1. 4 2 PRE-ALIGNMENT
D2 .1.1.4 INSTALL IN OUTER {VAC SHELL X
p2 1.1 .4 CyLINODRICAL SPT BHAMS PLACED X
o2 .1.1 .4 INSTALL PINNED RADIAL LINKS B
ne.1.1.4 . ALIGNMENT
N2 . 1.1.4 WELD INNER VAC SHELL X
p2.1.1 .4 WELD EMN AP VAC SHELLS
D2 1.1.4 INSTALL FEEDTHROUGHS EXR ,
2 1.1.4 X FiImnaL TEST
D2 . 1.1.4 AVAIL FOR TRANSPORT TO |HALL A
G2 . 1.43.4 TRANSPORT TO |HALL A
N2 1.1.4 INSTALUATION BEBOOE3)
02 1.1 4 SYSTEM CHECKOUT 3
b2 .1.1.4 C/Barrel Calorimeter] Assembly/Tesd,/co A
bz 1 1. Transportation
o2 3y 105 Transportation
D2.1.1.5 HZZZZZZZZZ£E Transportathn Engineerinb
2.1 .1. 5 LTI 7V 7l Il L PN A TPP7P7 777877277 Trmnsportatign ]
Lepang Signaturen
M-I progreas
EZl=-Planned Preo:
Exi=Criticae)
Apry -
| . (] 4 4 4 4 ('] 4 [




) ) ) H } ) ) ) ) )
| GPEMN BLAM (A} R B i
mesars  wuonmans GEM Liquid Argon Calorimeter Martan
Time Now D3JANED
Cave: F1IILBDR Marietta
Timm- 10: 3a 0=
£eoe: 4
ACTIVITY o1 o1 Y o1 o1 o1
JAN JAN JAN JAMN JAN JAN
23 a4 a5 o8 a7 28
ﬁTirnean
p2 1.1.2.2.1 VZZZZ77772777FAd outer Shell| Engineering
bz 1.1.2. 2.2 CZZ777777PA Inner Shell| Engineering
h2.1.1.2.2.3 QRZZ7777777277¢ A Head (2) Enfineering
D2 .1.1.2.2 4 PZ77777777777d Supports Enpinearing
D2 1.1.2.2.8 2277772777797 Semsl wWeld Skripas Engineerhing
02 . 1.1.2.2.6 EL777777777F7 vacuum Vesspl Amsembly EnE:neer-ing
P2 1.1.2.2.1 buter Shell Préc
pz 1.1.2.2.2 7272777 Inner] Shell Proc
p2.1.1.2.2.3 CZI27/7777277777 Head (2) Praf/Fab
02 1 .1.2.2.4 ZZTITFT77TTIRZTNTIX777A Supporte Proc/Fab
p2.1.1.2.2.6 2777772 Seal iWeld Stripe Prloc/Fab
p2 1.41.2.2.8 . vacuun vesael Assambly
p2.1.41.2.2 ‘ A csvacdum vessel
02 1.1.2.3 LAr Vessel Colgd Mass Support Posts (4)
p2 1.1.2.3 V227777 77777FA LAr Veml Cojld Mass Supt Pphets (4) Eng
D2 1.1.2.3 PI777720 LLAr Velssel Cold Massl Support Posts (4]
02 1+ 2 4 Barrel Rail |Support
nz .1 1.2.4 QCZZZ77777727FA Barrel Railj Support EnginLering
p2 1.1.2.4 ) Barrel RAail Bupport Proc/Fab
02 1 1 2 5 S Feegothrus
L
p2.41.1.2.5 cT A s/Feedthrua
p2.1.1.2.56.1 VZ2777777Z77FA Cold Feedthipru Amsembly Enbineering
p2.1.1.2.5.2 2277777V Conduction Heat Intercept| (CHI) Engineel
02.1.1.2.5.3 Q727777 I2777¥ A Apmsembly Enhineering
p2.1.1.2.5.1 Cold Fleegthru Asmsemblly Proc/Fab
b2 . 1.1.2.58.2 CZZZ272777777777274 Conduction Hgat Intercept HCHI) Proec/Fab
o2 1.1.2.5.3 CZ222 2777 AT 77777 e 77777777V 77777 Feedthru| Assembly
o2 1.1.2.5 C/Feedthlirus
02t 1.3 Tooling/Fixturies
a2 1 1 3 Toolxng/ /Fixtisres
02 1. 1.3.B A Automatedd Welding Prod/Fab
02 1.1.3 A s/Toolirfg/Fixtures
02 . 1.1.3.1 RZ2ZZI777777F2) Stacking Fiktures Engineaspbing
02.1 1.3.2 EZZZ7272777777FA Cryostat Aspembly Fixturep Engineering
02 1.1.3.3 PZZZ77777777¢¥A Lifting Fixtures Engineerfing
02.1.1.3.4 ) Shipping Crhtes Engineerihg
02.1.4.3.5 Yl Mpdule Insthllmtion Fixtulbe Engineering
Legend Signatures

SE-~-In propress
PZ)=Planned

hTal=Criat
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QPEN PLAN (RA)

Recori- MUONBAR L

GEM Liquid Argon Calorimeter

Projmct: QEMLAC Martin
Tama Naow: SiJAaNG3 s
Date: FIoULDR Marietta
Tame:' 1C: 38: OB
| PeOm; 2
ACTIVITY 01 o1 01 o1 o1 01
JAN JAN JAN JAN JAN SAM
a3 84 B85 a6 287 a8
® Timenow
02.1.1.1.2. 4.4 A Module Apsefhbly/Test Engiheering
p2.1.1.1.2.4.1 K Absorber ProcyFab
02.1.1.1.2.4.2 G10 RBoards Préc/Fab
p2.4.1.14.2.4.3 Module Structdre Proc/Fab
02.1.1.1.2.4.4 HNARRXXXNREIRRIXEZTRARKXIXIEY Module [Asmembly ./ Test
N2.1.1.1. 2.4 A c/Modulle 5  (B0)
2 11,2 Cryostat Barrell Calorimeter
o2 1 1 2 Cryostat 8Barjrel Calorimetelr
2.1.1.2 A s/Cryoetlat Barrel Caldrimeter
o2.1.1.2 C/Cryaoetnst Earrel Calorimgter A
02 1 1.2 1 Argorn vessel
D2.1.1.2.1 A s/argon |veassel
D2 . 1.1.2.1.01 PZI77777777F Outer Shell| Engineering
nD2.1.1.2.1.02 QZZ7777777P A Center Shelfl (2) Eng:neer-ling
b2.1.4.2.1.03 V227772772782 Center Waah%r- Engineering
n2.1.1.2.1.04 PIZZZ2777277FA Inner Shell| Engineering
N2.1.1.2.1.05 CZ7777772782¥A tnner Shell| Assembly Engiheering
n2.1.1.2.1.06 EZZ7777777277¢ Feedthru Inkertace Plate Engineering
bz.1.4.2.1.07 = Q272727772 Cooling Coifls Engineering
p2.1.1.2.1.08 RZ777277Z777FA Two-Phase NP Preamp Coolihg Circuits Enp
p2.1.1.2 1.08 O CZZZ27Z777ZZ¥A F111 Porte |(2) Engineerinp
p2.1.1.2.1,10 =! CIIZ777722727F Draisn Port Engineering
02.1.1.2.1.11 CZZ722277777F7) Seal Welo Strips Engineerhng
b2.4.1.2.1.12 QZZ7777777¥A  Argobn VessBe Assamhbly Englineering
b2.1.1.2.1.014 ZZZZZZ7A outerd sShell Proc
02.1. 1. 2.1.02 22277727772 Certer Shell (2) {Prac/Fab
02.1.1 . 2.1.03 22774 center |Washer Proc/Fab
02 1.1 . 2.1.04 Q2727777 I7 T nner Shell Prdec/Fab
02.1.1.2.1.05 \THTIIIITIIIIS Inner Shell ssembly Proc/fab
02 1.3 2.1.08 (2777277727777 Feedtnruy Interface Alate Proc/Fab
02 1.1 2.1.07 PI77?772777 777778 Cooling Coil Proc/Fab
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GEM LAC EM ONLY

Engr/ Inspec/ | Proc/ WBS
Design Mas Admin Fab Assy Insti Conl. Total
($K) ($k) ($k) ($k) {$k) {$k) ($k) ($k)
LAr Calorimeter: 6,362 666 1,111 18,183 4,482 266/ 10,840] 42,112
Research & Devel. 546 61 110 1,802 434 26 1,057 4,047
Concep./Prelim. Design 1,051 53 0 0 0 0 m 1,274
Construction 4,765 552 1,001 16,381 4,038 240 9612 36,790
Modules 4331 2 473 7845 2449 of 5176 16,399
Barrel EM 217 1 322 3,784 1,667 0 2,743r 8,742
Barrel Hadronic 0 0 o 0 0 0 o 0
Endcap EM 217 1t 151 4,062 783 0 2,434 7,657
Endcap Hadronlc 0 0 0 0 0 0 o‘ ¢
Cryosiat 735L 39 55 1,510 256 0 990, 3635
Barret Krypton Vessel| 148 7 9 78 32 0 i 345
Barrel Vacuum Vessel 102 5 1 25 3| 0 30 166
Endcap Krypton Vessel 123 6 7 106 a5 0 n 348
Endcap Vacuum Veasel 1 15’ 6 1 H 2 0 44 238
Supports ‘ 21 1 3 89 13 0 N 158
Feedthrus 275 14 a5 1,141 171 0 743| 2,380
Calorimeter Assy. 964, 48 58f 37 229 0 340 1,676
Tooling/Fixtures 1,017 61 22 1,966 148 0 936 4,350
Stacking Fixtures 163, 11 0 470 0 0 180 878
Cryostat Assy Fixtures 282 19 0 261 0 o 171 827
Lifting Fixtures 124 8 o} 118 0 0 75 367
Shipping Crates 41 3 0, 490 0 0 141 668]
Module Installation Fixture 97 5 0 105 o‘ 0 58| 264
Hadronic Fixture 0 0 0 0 0 0 0 0
Cooling Tube Layout Teol 78 4| 0 105 ¢ 0 45 23
EM Accordlon Fixture 233 12 22 418 145 0 265 1,095
Test Equipment a3 2 6 a87 16 0 106 550
Transportation 61 SL 0 L 0 0 18 124
Cryogenic System :JOGI t5 96 2,499 n 0 1,120 4413
Equipment {above ground) 33 2 0 913 0 L/ 209 1,157
Test Beam Program 0 0 0 1,149 0 0 299 1,447
installation/Test 144 7 18 k] 0 214 108 524
Subsys, Mgt. & lnlegr. 968} 3531 274 0 565 26 309 2,515
Add $9.42 M for Krypton (21,560 liters @ $437/llier}
8/5/82 - 9:08 AM
{ 4 4 ('] ¢ &
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Liquid Argon Calorimeter Summary WBS

Engr/ inspec/ | Proce/ WBS
Design M35 Admin Fab Assy inst Cont. Total
_ ($k) ($k) ($k) (%) ($k) {$k) ($k) ($k)
LAr Calorimeter: 12,694 1,305 4404| 41,048) 18,413 895 21,872 100,632
Research & Devel. 1,154 124 436 4,068 1,825 89 2,151 9,846
Concep./Prelim. Design 1,051 53 0 0 0 0 1 kAl 1,274]
Construction 10,490 1,128 3,968 36,981 16,588 806 19,551 89,511
Modules 2,963 148 2,264) 19573f 11,726 0| 11,312 47,986
Batrel EM 217 11 260 4,\593 1,348 0 2,970 9,399
Barrel Hadronlc 679 M 729 5,162 3,m 0 2,553 12,930
Endcap EM 217 1 106| 3,350 550 of 1,977 6,210
Endcep Hadronle 1,8501 93| 1,169 6,468' 6,055 ] 3,812 19,44

Cryostat 1,339 67 76 2,835 484 0 1,756 6,557
Barrel Argon Vessel| 298} 15 9 249 57 0 163 791
Barrel Vacuum VYessel 64 3 6 95 42 0 47 257
Endcap Argon Vessel kL] 17 10 236 58 0 165 818}
Endcap Vacuum Vessel 115 6| 9 104 55 0 70| 358
Supports 34 2 3| 252 17 0 76 384
Feedthrus 494 25 39 1,899 257 0 1,235 3,949
Calorimeter Assy. 2,282 114 391 2,133 1,543 0 1,659| 8,122
Tooling/Fixtures 1,261 63| 39 3,805 145 0 1,437 6,751
Stacking Fixtures 217 1 0 a7e 0 0 286 1,392
Cryostat Assy Flltureis 341 17 DI 1,150 0 0 392 1,900L
Lifting Fixtures 165 BI 0 418 0 0 154 746
Shipping Crates 54 3 0 472 0 0 137 665|
Module Instatlation Fixiure 97 5 0 209 0 0 87 398
Hadronlc Fixture 76 4 0 157 0 0 66 302
Cooling Tube Layout Tool 78 4 0 105 0 0 45 21N

EM Accordion Fixture 233| 12 a9 418 145 0 2n 1,117

Tesl Equipment e k| A 6 470 22 0 128| 661
Transportation 90, 5 0 429 0 0 93 617
Cryogenic System 306 15 96 2,498 ar? 0 124 4,017
Equipment {above ground) 95 5 0 1,341 0 0 n7 1,758
Test Beam Program 0 0 0 3,829 0 0 996 4,825
Installation/Test 268 14 50 67 0 708 293 1,421
Subsys. Mgt. & Integr. 1,831 695 1,046 0 2,291 28 835 6,797

Page 1



Calorimeter Engineering Question

7. Calorimeter Cost and Schedules

160

Request: Provide the following information for the three calorimeter options (Integrated Liquid

Argon, Scintillator and Hybrid):

®« & ® & ® & 9 9

Engineering Cost and Duration,
Fabrication Cost and Duration,
Assembly Cost and Duration,
Installation Cost and Duration,
Overall Cost estimates,

Total Schedules,

Tabulations of Labor Loading at SSCL,
Physics paramelers.

Summary - Integrated Liquid Argon (Construction Only)

Duration
Cost ($K) From To
Engineering | 10,490[ath Q92 13rd Q@ ‘96
Fabricalion 36,981|3rd Q'93 J4th Q'95
Assembly - 16,588|2nd Q@ '94 |2nd Q '97
Installation 806]3rd Q97 {2nd Q'99
Overall Cost* 89,511]4th Q'92 2nd Q '99
Summary - EM Only (Construction Only)
Duration
Cost($K) | From | To
Engineering 4765l4thQ 92 |3rd Q96 |
[Fabrication 16,381{1s1 Q '94 2nd Q 95
Assembly 4,038]3rd Q 94 2nd Q '97
Installation 24013rd Q'97 |2nd Q'99
Overall Cost* 36,790]4th Q'92 2nd Q 99
* Inchides Engr/Dasign, M&S, Inspec/Admin, Proc/Fab, Assy, instl, and Contingency
Please see following pages for additional detall
4 Pl € ¢ 4 ¢
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Calorimeter Engineering Question
6. Integrated Liquid Argon Installation/Testing

Request: Provide an outline of the testing of the liquid argon calorimeter prior to and after
installation in the experimental hall.

Specfic Concerns:

. Surface testing of the three completed cryostat assemblies will require substantial time, material
and manpower.

. Surface testing will have to be repeated in the experimental hall due to the transport and
handling required between the assembly areas and the final positioning of the the detector.

. If final testing Is only performed in the experimental hall the cost and schedule risk will be
unacceptable. :

Answer:

. First we plan to test representative modules in the test beam at the SSCIL.. Some of these modules
such as an endcap EM monolith, will be the actval module that will be used in the experiment. This
testing will give us the experience o cope with the installation in the experimental hallf.

We outlined above the electrical tests invisaged at every step of the assembly and installation. In
addition we plan to do a cold test of the completed calorimeter upstairs in the assembly hall. This
would involve vacuum and liquid nitrogen services. We would probably not need to fill with argon, but
might plan for this as well. The cost of providing these services to the assembly hall are also not very
large.



Notes: All Dimensions In mm
See Figures 5-4 & 5-5 for Detall of Weld Zores
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Figure 5-6. Reference Calorimeter Configuration
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Note: See Figure 5-6 for Weld Zone

Locations on Calorimeter Outer Cylinder

/j

J -

Shield for
Purpe Gas
Shield for Hadron Module
Purge Gas
\Tack
Weld
Washer
Weld Zone 1
Head
o) Il
g? EM Module

Inner Cylinder

EM Module

ld Zon

Tack
Weld

*Vent Hole

* Plug Hole

After Assy
(typical for shield
concept)

*Purge Hole

Weld Zone 2

\ Head

Weld Zone 4

Figure 5-5 Weld Joints(Baseline) Shielded & Purged During Assembly of Barrel EM Calorimeter

KRBamstable Mudule Supt Endview



Note: See Figure 5-6 for Weld Zone

Locations on Calorimeter
Outer Cylinder
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l . |

Shield for
Purge Gas
Shield for Hadron Module
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Tack
Weld
Washer
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Weld Zon Weld
Weld Zone 1
Head
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<
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Weld Zone 2

g

I

\ Head

Non Structural

Joint
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|
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Non Structural
JOint EM Module
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Figure 5-4 Weld Joints Shielded & Purged During Assembly of Barrel EM Calorimeter

KRBamsiable Module Supt Endvicw



Note: See Figure 5-6 for Weld Zone
Locations on Calorimeter

- / CyHnder Head

External Weld

T T | 13 mm LD,
] 2X per Module
- (Al 5083) \
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< 1
' T e Washer Cooling Tube
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nnm:q::mnn:] i
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== Weld Zone 3

Figure 5-3 Cooling Tube Hadron Module Stay Concept

KRBamstable Module Supt Endview



Note: See Figure 5-6 for Weld Zone
Locations on Calorimeter

Bolled

Stay ! Weld Area

Cylinder Head

1

One Sided Wel& - Inside
|

- é"“"-——- Weld Locatlon
Q \\\\\\\\\\\\\\\\\\\\ b Y
(A ) ™~ Weld
C;‘l
Built in Backing Bar
'[;mq:;::m:
- - Cooling Tube
“““““““““““““““ (remove after weld)
Hadron Module
| |
[T T |
1

Weld Zone 3
|

Figure 5-2 Solid Plate(Baseline) Hadron Module Stay Concept;

KRBamstable Module Supt Endvicw



* Sealing the liquid argon vessel after the installation of the EM assembly involves significant risk due
to proximity of the welds to the cables. However, by using shields in the vicinity of the weld joints
and by using bolted connections this risk can be minimized (reference Figures 5-4 & 5-5).

Figure 5-2, Solid Plate Hadron Module Stay Concept

Figure 5-3. Cooling Tube Hadron Module Stay Concept

Figure 5-4. Weld Joints Shielded & Purged During Assembly of Barrel EM Calorimeter

Figure 5-5. Weld Joints(Baseline) Shielded & Purged During Assembly of Barrel EM Calorimeter

Flgure 5-6, Reference Calorimeter Configuration
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Calorimeter Engineering Question (continued)
5. Integrated Liquid Argon Calorimeter Assembly Procedure

Request: Provide sketches explaining the test and installation sequence of the barrel EM
calorimeter in the integrated liquid argon calorimeter.

Specific Concerns:

» Sealing the liquid argon vessel after the installation of the EM assembly appears to involve
significant risk due to proximity of the welds to the cables.

Answers:

e Approach shown in Figures 5-4 & 5-5 has been taken to mitigate the risk. However, test coupons
should be studied to evaluate the extent of this concern.

Data:
g » There is considerable risk to the EM cabling due to the proximity of the welds to the cables. This is
¢ especially true if the stays are solid plates (reference Figure 5-2). Since we must mitigate the heat,
careful cable management, limited heat input during welding and some more shielding (insulating)
will be necessary. A solid plate stay concept can utilize cooling tubes during the welding operation to
prevent heat damage to cabling. These cooling tubes can be removed after the module stay welding
operation is completed. Additional valuable space will be used to incorporate a backing bar in lhe
design as required by ASME code.

e Instead of using solid plates as stays better options exist. One such option would be to replace the
solid plate stay with two tubes (reference Figure 5-3). The tubes would serve a dual role by acting as
a stay and providing an active cooling tube for cooling the preamps during operational usage. The
welding and overall assembly is easier and less heat input is required for the necessary partial
penetration weld. This concept also eliminates the need for a backing bar since a full penetration weld
is no longer required. The final weld is made on the outside and the overall heat input and cable
shielding concerns are less.
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Calorimeter Engineering Question

5.

Integrated Liquid Argon Calorimeter Assembly Procedure

Request: Provide sketches explaining the test and installation seqdence of the barrel EM calorimeter
in the integrated liquid argon calorimeter.

Specific Concern:
» The fully assembled barrel (62 Mt) and endcap (13.2 Mt} accordion calorimeters must be
functionally tested prior to the installation in the integrated assembly.

Answer:

. The test of any noble liquid calorimeter involves, the measurement of the capacitance of each
channel to check the connections, the measurement of the leakage current at high voltage to eliminate
shorts, and the full test of the preamps and calibration circuits. These tests will be done at every major
stage in the assembly and installation. If these tests are successful we will be confident that the
calorimeter will function correctly. We do not require the beam testing of all modules of the
calorimeler.



180

41 mm

Q@ .
Typical For Front and Back Segmentation

Add 10% for extra wires (clock channels, calibration channels, etc.)
Towers In Eta = 43
Towersin Phi=5

43 towers x 5 towers x 1.1 = 236 pairs of wires
x 2 wires / channel

= 472 wires / 50 wires/cable
= 10 cables

X t2mm/cable

150 mm 20 mm Cable Space

It Front & Back Segmentation cabling Is Stacked,
the Cable Space = 40 mm. If otf-set the cabling height remains 20mm.

158 mm

30 mm

Figure 5-1 EM Channel Cable Management

KRBarnstableBL1 Barrel Channet Ct.



Calorimeter Engineering Question
5. Integrated Liguid Argon Calorimeter Assembly Procedure

Request: Provide sketches explaining the test and installation sequence of the barrel EM
calorimeter in the integrated liquid argon calorimeter.

Specific Concerns:
¢ The proposed EM installation operation does not appear to provide for the routing of cables and

services from the EM to the barrel feedthrus.

Answer: :

e EM installation operation does provide for the routing of cables and services as shown in
Figure 5-1. '

Data:

¢ 30 mm of radial space is allocated between the cryostat wall and both the inner radius and ends of the EM
section. It is estimated that 20 mm of space is required for these areas. The space between the EM and
hadronic modules will carry twice as many cables and so 50 mm of space has been allocated in these areas

(see Figure 5-1).

<0

Figure 5-1. EM Channel Cable Management
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hadronic modules. In the hadron calorimeter, liles of copper need to be arranged and then laminated.
This is a labor intensive activily.

Speciflic Concern:

. Facilities at the $SCL will require special atmospheric conditioning and will thus add significant
cost to the overall project.

)

Answer: |

. The requirement is that the relative humidity be less than 40% and that a modes! clean room
environment be established. The goals for the clean room are that debris of the size of a fraction of a
mm be excluded, This is not the kind of clean room that is difficuit or expensive to establish. We are

talking about the order of a very few hundred thousands of dollars. A model would be the clean room
built at Fermilab for the DO detector.



Calorimeter Engineering Question

4.

Integrated Liquid Argon Calorimeter Fabrication

Request: OQutline the general procedure for the manufacture of the Integrated liquid Argon
Calorimeter by an international collaborator.

Specific Concern:
. The large aluminum vessels will require relatively sophisicated and difficull procedures which
may not be possible for most international collaborating institutions.

Due to the size of the assembly and the method of fabrication the cost estimate specifies that
approximately 40% (est., 183 PY) of all fabrication/test/installation labar will be performed at the SSCL.

It will be difficult to enforce quality control standards if module work is performed off-shore and linal
testing is completed when the cryostats are closed at the SSCL. Of particular concern are the potential
problems with dirt, shipping, and mishandling between the module fabrication source and the SSCL.

Answer:

. The cryostat costs are about 5% of the entire calorimeter budget. So even in the worst case, it
could be made entirely in the US. However, we are open to contributions that potential GEM
collaborators can make. The assembly of the cryostal involves many smaller pieces which could be
fabricated off-shore and pul together on site. The cryostat is aluminum and so cleaning, shipping and
handling should be able to be easily accomplished. The quality control question applies to ANYTHING
made ANYWHERE. There needs to be involvement by the physicists in the collaboration both in the US.
and off-shore to insure that any piece made is inspected and tested at the sile where it js fabricated.

We are now talking seriously with our Chinese collaborators in GEM about the fabrication in China.
There is genuine interest on the part of the Chinese. However, we are not at the stage in the discussion
where we know whether just module components would be fabricated in China or assembled modules.
Much of the fabor is in the preparation of the parts both for the M modules and especiaily for the



Barrel and Endcap Thermal Expansion and { oads

Dimensions mm Loads lbs MT MT ea.
Total
Endcap L1 3689 | Loadtl 1214082 552 275.93
L2 4853 | Load2 185118 84} 42.072
Cg 3843 | Weight 1393200 636 318 | check
Barrel Four Equally Loaded Stanchions 900 225
I l
Moments=1.oad1*L1+Load2*L2-Weight*Cg
I
Load1+LoadZ2=Weight
|
Load1*L1+(Weight-L.1)*Load2=Weight*Cg
I 1 I
- Load1=(Weight*Cg-Weight*L2)/(L1-L.2)
~1
=3 Thermal Expansion for AL 5083 {296 to 86°K)
Dimensions Integrated Delta L Delta L from
mm thermal total deflection undeflected position
Length Expansion mm inches inches
L Delta L/L
3892 0.004 15.57 0.61 + 0.305
3619 0.004 14.48 0.57 * 0.285
4150 | 0.004 16.60 0.65 1 0.325

Figure 3-4 Loads & Analysis Results for Barrel & Endcap Stanchion (continued)




Endcap Calorimeter Supports (continued)
Front stanchion load is 275MT

TK Solver was used to size the stanchions using criteria outlined by the
AISC. The Roark & Young beam column equations together with the
structural equations given by the AISC are presented below for your
information:

call crit{P,ELL;Pcr.k,err)

call get_tab(matl#,matl,E)

call case{(W,E]I,L,a,k,P;RA,MA thetaA,yA,RB,MB,thetaB,yB,case)
call load(E] L a,RA,MA, thetaA yA,xk,P,W,0,0,0;V,M,theta,y)
z=t/2

z=given('z,z,'_)

if given('z) then st=M*z/] else st="_

if known(axis,1,0)=0 then I%c="_

if [9%c<'_ then sty=M/1%c else sty="_

call clear()

if plot="y then call genplot(E,l,a,RA,MA thetaA,yA,L 1%c,k,P,W,0,0,0)
if table="y then call gentable(W,0,0,0

bt=Pt/P*b _

At=bt*t

I= 1/12*b*173

r=t/sqrt(12)

A=b*t

"AISC ASD 9th edition p.5-42"
Fa=12*pi(}/2*E/(23*(K*L/1)72)

Pcri=Fa*A

fa=P/A

"AISC ASD 9th edition p.5-48"

Fb=.75*Fy

Fv=.40*Fy

fo=MB*c/1

c=t/2

"AISC ASD 9th edition p.5-34"

Cm=.85

if feratio»=1 then comb=fa/Fa+fb/Fb

if fcrario<l then comb=fa/Fa+{Cm/(1-fa/Fa))*fb/Fb -
fcratio=fa/Fa

combl=(fa/(0.6*Fy}}+abs(fb/Fb)

comb2=(fa/Fa)+(fb/Fb)

* 4 % o o % F % * A Ay & # * F *

1 #*

*

* 4 4 »

* % % % % %

Figure 3-4. Loads & Analysis Results for Barrel & Endcap
Stanchions (continued)
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Endcap Calorimeter Supports {(continued)
Front stanchion load is 275MT

Input Name Qutput Unit ___Comment

AT RIGHT END:

RB -32790.1 b Vertical reaction

MB 479693.72 in-lb Reaction Bending moment

thetaB 0 rad Slope

yB 0 in Deflection _
MARGIN OF SAFETY BASED ON AISC

Fb 105000 psi allowable bending stress

Fv 56000 psi allowable axial stress

fo 21596.289 psi applied bending stress

fa 2360.6009 psi applied axial stress

Cm .85 AISC restraint constant

ferato 58187665 ratio of fa/Fa
if fa/Fa> 0.15

1 comb margin of safety(<=1.0)

combl 23378134 margin of safety(<=1.0)
if fa/Fa<=0.15

comb?2 78755563 margin of safety(<=1.0)

Figure 3-4. Loads & Analysis Results for Barrel & Endcap
Stanchions (continued)
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Endcap Calorimeter Supports
Front support loads is 275MT

Input Name Qutput Unit Comment
24 L in Length of beam(input)
b 492 86668 in length of plate(input)
.52 t in thickness of plate(input)
r 15011107 in radius of gyration
A 256.29067 in"2 area of plate
2.9E7 E psi Young's Modulus(input)
1 5.775 in™4 Area moment of inertia
z 26 in Neutral axis to stress point )
c .26 max distance to neutral axis(t/2)
FOR FIXED/GUIDED BEAM AISC ASD p.5-135
1.2 K effective length factor(input)
140000 Fy psi yield sress(input)
bt 492.86668 in Total stantion length
605000 Pt in Total stantion load
At 256.29067 in"M2 Total stantion area(input)
LOAD ON STANCHION
0 a in Lateral Load distance from left end
w -32790.1 1b Lateral Load
605000 P 1b Axial Compressive Load(input)
CRITICAL BUCKLING LOAD ON STANCHION
Pcr 2869680.2 Ib CRITICAL Compressive Load(EULER)
err . Cautdon Message
CRITICAL Compressive Load(AISC)
Pcrl 1039739.2 Perl<Pcr
Fa 4056.8749 Ib CRITICAL Compressive Load(AISC) Fa<Pcr
AT SECTION:
0 X in Distance from left end -
v 0 Ib Transverse shear
M -479693.7 in-lb Bending moment
theta 0 rad Slope
y 285 in Deflection _&
Stess:(Axial Load Comp NOT Included)
st " psi Fiber stress at stress point z
sty " psi Max Fiber stress at extremity y
AT LEFT END:
RA 0 b Vertical reaction
MA -479693.7 in-1b Reaction Bending moment
thetaA 0 rad Slope
285 YA in Deflection (input)

Figure 3-4. Loads & Analysis Results for Barrel & Endcap
Stanchions



Note: All Dimensions in mm
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Figure 3-3b Barrel Stanchion Assembly
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SSC PAC Report - July 1992

3.2 Calorimetry

The commitiee is concemned about the GEM approach to calorimeltry, as described in the various

documents submitted for the July review (GEM Baselme 1 and responses io the December 1991
PAC Report):

1) ‘The overriding concer is the ability of GEM electromagnetic calorimetry to identify
photons. The GEM group aims at excellent electromagnetic energy resolution; however,
the ability to reject jet backgrounds was given insufficient emphasis in the design. An
impressive and very thorough study of GEM performance, focused on H — 7y, has been
described in GEM-TN-92-126, for both electromagnelic calorimeter options. The results

- are summarized in Tables 13 and 14 of that document. Some comments follow:

a) Jet backgrounds
From Table 13, we can extract the excess jet background (from y-jet and jet-jet),
above the "irreducible” background, that remains after shower isolation and shape
cuts; as compared to the "irreducibie” backgrounds (from 7y + irreducible y-jet
and jet-jet). The expecled rates correspond lo 20pb for excess jet backgrounds
versus 52pb for irreducible backgrounds with BaF3, and 77pb for excess jet
backgrounds versus 58pb for irreducible backgrounds with LAr. For a Higgs
mass of 90 GeV, this corresponds to 40 and 20 significances for BaFpand LAr  »
respectively, in one SSC year. The large uncertainties (of order of a factor of 5 or
more) in Lhe jet backgrounds indicate that even these levels of significance may not
be achieved.

L)

N
b) Measurement of photon direction - h
The BaF7 calorimeler has no longltudmal segmentation and therefore does not
provide a measurement of the photon direction. The selection of the highest
mulliplicity vertex as the primary Higgs vertex has not been demonstrated to be a
solution to this problem.

From Lhese considerations, we are concemed that the GEM baseline design may not be
adequate for H — ¥, and for y-identification in general.
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