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Abstract: 

In this note we present a variation of the Integrated Noble Liquid 
Calorimeter design. It is not meant to be the final optimization but rather as a 
step along the way that will result in the best calorimeter GEM can build within 
certain constraints. 
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Introduction 
In this note we present a. ve.rie.tion of the Integrated Noble Liquid Calorimeter design. 

It is not meant to be the fine.I optimization but rather e.s a. step along the we.y the.t will 
result in the best calorimeter GEM ce.n build within certain constraints. 

We were motivated towards this e.pproe.ch by a. comment from the PAC report which 
stated: "The calorimetric requirements of instrumenting the last severe.I lambda should 
be examined." From the point of view of calorimetry, 8-10 A is sufficient to measure 
the highest PT jets and missing ET[l). From the point of view of the muon system, 
Roger McNeil has recently done some relevant calculations. He showed the.t a. 9A active 
calorimeter with an additional 3A passive with 6.E/ E(EM) = 20%/../E would lee.d to a. 
lower error on the muon momentum than a. calorimeter with 12A active if the latter he.d 
6.E/E(EM) = 35%/../E. 

There are many inherent strengths in an integrated design. The components a.re re.­
die.tion resistant even in the forward direction, the forward calorimeter uses a. technique 
which has made the most progress in terms of simulation, and design[2]; the dead me.terie.l 
between the EM and he.dronic sections is minimized; e.nd the services (pumps, cryogenic 
and vacuum lines, feedthroughs) a.re e.t the outside where there is more room e.nd less 
physics impact. But probably most important is that it allows the maximum flexibility 
for optimizing the overall calorimeter system. 

· The optimization of the EM pa.rt of the ce.lorimeter as well as the question of prere.di­
ator is now being given attention with a task force headed by Bob McCarthy from Stony 
Brook. The goe.ls of the task force are to optimize the energy resolution, 11"0 and multipho­
ton rejection, and photon pointing. Already at this stage we can make some fairly general 
statements about the possible solutions and their implications on the design. Solutions 
are being explored that would increase the transverse and/or longitudinal segmentation. 
Therefore, all of these solutions require more signals to be brought out of the cryostat -
more feedthroughs. A preradiator ("=' lmm strips at 3-4 X 0 ) would require even a much 
larger number of channels. 
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Variation of the Baseline Design 
These considerations led us to the following design shown in Fig. 1. The active volume 

of the.calorimeter is reduced from 12 >.(15>.) at 1J = 0(3) to 9(11)>.. The same total depth 
of absorber is kept, but a support tube outside the active calorimeter replaces the last 
3 ). of the baseline. The fabrication of the EM and hadron modules are the same as in 
the full baseline design, however, the last modules in the barrel and the last layers in 
the endcaps are replaced by passive supports. Fig. 2 shows how the services and cabling 
pass through the support tube in non-projective ports. A removable plug at the top of 
the tube allow the large diameter pipes to enter the central detector support. Bumpers 
a.re us·ed between the cold vessel and the vacuum vessel to reduce the thickness of the 
head walls. Some details of the flanges and feedthroughs are pictured in Fig. 3 for the 
barrel and in Fig. 4 for the endca.p and integrated forward calorimeter. A semi-circular 
weld flange incorporates a ha.eking bar into its design to meet ASME requirements. The 
support scheme is given in Fig. 5. Note that since the space for the cold support can 
intrude into the support tube, the design of the support of the cold mass is simpler than 
in the baseline. Rails a.re built into the support tube in this variation, whereas in the 
baseline the fixtures for moving the vessels into place a.re separate devices. The sup­
port tube may be divided into two parts with a horizontal split if this is advantageous 
to allow ea.ch of the three cryostats to be placed onto the support from above. It also 
can be in one or three pieces along the z (beam) a.xis direction. Fig. 6 shows the case 
of three pieces in z with bolts holding the endcap support tube to the barrel support tube. 

Advantages 
1) Total cost savings range from Sl5-20M. Table 1 gives an estimate of this design 

which is S92.5M compared to the ba.seline estimate of SlOlM. This comes about from the 
conversion of active calorimeter mass into the support tube in addition to a reduction in 
the cryostat costs. There is an additional savings of a.t lea.st a. few S M from the reduction 
in the krypton volume just in the cost of the krypton. We did not yet estimate the 
changes in the cryogenic plant and purification system due to the smaller volume. This 
cost savings can be used to partially offset the higher granuarilty in the EM. 

2) Cryostat size is smaller. Since the radius is smaller than the SLD magnet which 
was ma.de in Japan, this GEM cryostat could be fabricated off-shore. This smaller radius 
leads to thinner heads which means less dead material between the central and endcap 
regions. 

3) Installation is simplified. The outer steel tube can be more easily attached to the 
central support frame. The support of the endcap can be accomplished with either a. 
continuous outer steel tube or by dividing the tube into 3 pieces. There is more space 
for the cryostats in this design which allows the use of bolta.ble flanges which reduces the 
a.mount of welding. 

4) A major advantage of this design is the decoupling of the barrel from the endca.p. 
In the baseline, the endcap is hung on the barrel. This places constraints on the endwalls 
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of the barrel. In this design the outer tube functions as the support, which allows each 
cryostat to be separately optimized. There are several options for the support tube but 
in any case, it is expected to reduce the time required to access the tracker compared to 
the baseline. 

5) The borated polyethylene between the calorimeter and the muon chambers could 
be incorporated onto the outer tube eliminating a separate support system for it. 

Disadvantages 
1) No veto on le.te developing showers. This could affect missing Er. A solution will 

be to ·rely on the occupancy of the muon chambers. In HELIOS a strong corellation 
between the energy in the veto calorimeter and the multiplicity in the first layer of the 
muon chambers was found. 

2) Catastrophic energy losses by muons in the support tube. However, Roger McNeil 
has included this in his calculation. At energies below 100 GeV the muon resolution 
depends more on the energy resolution of the calorimeter than the fa.ct that the resolution 
is below 1 3 and does not depend too much on the calorimeter resolution. Above 500 
Ge V, the 3A passive layer adds about 0.253 to the muon resolution, on the average, which 
is much smaller than the momentum resolution of the muon spectrometer. 

Appendix: Noise in the Hadron Calorimeter 

There are two contributions to the noise: thermal and pileup as discussed by Cleland 
et al.(3]. The use of krypton in the hadron calorimeter improves the already good perfor­
mance of liquid argon. The thermal noise is reduced and therefore the pileup noise can 
be reduced (compared to argon) due to shorter effective shaping time. These two contri­
butions are shown in Fig. 7. The total noise for a 0.08 x 0.08 cell in the first hadronic 
section is 130 MeV. The strategy for finding isolated photons is to first select the photon. 
The timing precision of the photon is determined to 5GeV · ns for 5 x 5 towers (for 1 
tower it is lGeV ·ns). This easily allows the determination of the correct bunch crossing. 
Then the hadron cells can be searched in the appropriate bucket. As in the analysis of 
T. Skwarnicki in the H -+ "Y"Y task force, cells above a threshold would then be added 
together. 

We would like to again point out that to apply an isolation requirement for photons, 
we are looking for clusters of the order of 1 GeV. If we compare the performance of an 
''ideal" calorimeter with 1003/ v'E to the liquid krypton hadron calorimeter with expected 
performance of 503/v'E even including noise, we still get better resolution at 1 GeV for 
the krypton calorimeter. This is due to the fact that the stochastic term dominates at 1 
GeV. 
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Liquid Argon (9x11 Lambda) Calorimeter Summary WBS 

Engr/ l'1opec/ Ptocl ! WBS 
Dealgn M&S Admln Feb I Assy lnstl Cont. Tolal 

(Sk) (Sk) (Sk) (Sk) (Sk) ($k) ($k) (Sk) 
rAr ca10T1meter: 13,194 1,330 3,846 36,795 15,989 995 20,335 92,484 

Research & Devel. 1,154 124 3119 3,540 1,514 89 1,915 8,704 
ConcepJPrellm. DHlgn 1,051 53 0 0 0 0 171 1,274 
Con•trucllon 10,990 1.153 3.477 33,255 14,475 906 18,249 82,50! 

Module a 2,963 148 1,787 15,350 9,309 0 11,447 39,01~ 

Barrel EM 217 11 261 4,388 1,353 0 2,865 9,07! 
Barrel Hlldronlc 879 34 804 3,272 3,127 0 1,871 9,588 
EndapeM 217 11 107 3,213 557 0 1,914 6,01! 
Endcop Hlldronlc 1,850 93 825 4,497 4,273 0 2,7111 14,33! 

Ctyoawt 1,ast 67 71 2,416 4!12 0 1,587 5,93:1 
Barrel Argon Vessel 298 15 9 215 57 0 154 741 

Barrel V11euum VuHI 64 3 4 71 28 0 40 217 
Endcap Argon VesHI S34 17 10 204 58 0 156 771 
ll!ndcllp V110uum v .... 1 115 6 6 81 37 0 111 305 
support• 34 2 3 211 17 0 86 333 
FHdthrua 494 25 " 1,827 257 0 1,110 3,551 

Calorim.ter Any. 2,2112 114 391 1,174 1,42f 0 1,859 7,841 
Toolll'IQIFldure• 1,281 83 Sii 3,711 145 0 1,412 8,831 

Staeklng FIXIU'99 217 11 .o 818 0 0 286 1,392 
Cryostat Allay Flxturn 341 17 0 1,150 0 0 382 1,900 
Uftlng Fh<tures 185 8 0 418 0 0 154 746 
Shipping Crate• 54 3 0 378 0 0 111 546 
Module lnetallallon Flirture 97 5 0 20ll 0 0 117 a11e 
ttadronlc Flxtu .. 78 4 0 157 0 0 61 302 
Cooling Tube Uyout Toot 78 4 0 105 0 0 4S 231 
l!M AOconllon fixture m 12 so .. ,. 145 0 271 1,117 

T•tlqulplMnt 33 2 I 470 22 0 128 681 
T,.,.,.portallon IO II 0 317 0 0 111 543 

• Cryogenic llyatem 306 15 86 2.4111 :m 0 724 4,017 
Equipment (above ground) 95 II 0 1,341 0 0 317 1,751 
Tut lleam Program 0 0 0 3,829 0 0 H6 4,1125 
ln1tallatlonfT est 288 14 • 17 0 708 293 1,421 
SUbaya. Mgt. & lntagr. 1,131 8115 901 0 1,118 Iii 782 6,20! 
SS Tube 500 2l 127 1,m 825 100 842 3,l551 
Ei.etrvn!ce 0 0 0 D 0 0 0 I 

Table 1 
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9 x 11 Lambda Cabling and Cryogenic Access 

\

"Manhole" Plug 
forLKr and 
Vacuum Supply 
access 

FH 

FH 

' ,, 
'' 

Non-Projective Cabling Ports 

CH CH 

CH CH 

EM Ill CH CH 

Fig. 2 

Utilization of 
bumpers helps 
reduce the required 
head wan thickness 

K Blmsctt*! 9x't1 Conflg 



9 x 11 ~ambda - Barrel Flange Concept 

Semi-circular weld flange 
(2x) Incorporates backing 
bar Into Its' design to meet 
ASME requirements 

Fig. 3 

/°"'\ 

Typical Feed-thru Detail 

K Bamst8b1o Bxl 1 Conl'ig 
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9 x 11 Lambda - End View 

Vacuum Vessel O.D. Stainless Steel Support Tube 

. 
.-<:" Argon/Krypton Vessel 

1.0. of Support Tube 

Hadronic Module~ 

Argon/Krypton Vessel 

I 
- -- - -- - -- - _.___...__l.IL 

Vacuum Vessel 

Roller 

K 811mn8b'le 9.11.11 OJ.nflg 

Fig. 5 



Barre 1 and Endcap Tubes 

Without a head wall to smear the endcap weight loads around the shell of 
a tube it is necessary to make the endcap support ledge at a point near 
the horizontal axis of the tubes. The tension fasteners are still located 
at the top. Alignment is achieved by shimming vertically at the ledges, 
with shimmed "z" direction bumpers at the top and approximately 5 and 7 
o'clock. 

I 
· Typical Fastener 

Ledge of barrel tube, shim for 
vertical alignment of endcap to 
barrel 

Fig. 6 

"z" direction load points shimmed 
to align endcap to barrel 

Access to fastener nut 

Barre I and endcap tubes 
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