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Agenda and transparencies contributed to the GEM Calorimeter Meeting held on 
November 6, 1991. 
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Agenda for the GEM Calorimeter Meeting, Wed. Nov 6, 1991 

Room to be asigned, SSCL 

LoI Preparation J. Brau 8:00 - 9:30 

9:30 - 9:45 Introduction: Scintillator Decision Plan H. Newman 
Goal -To choose a scintillator hadron calorimeter 

(SHCAL) technology for GEM. 
Four principal issues in the choice: 

- Relative cost 
- Likelihood of a module ready for testing in 1992 
- Longitudinal sampling 
- Relative complication of assembly, and 

maintenance in situ. 

9:45 - 10:15 R&D Plans of the Combined Scintillator 
HCAL Group, for SF and LS Choices 

(Plan for how the SHCAL team will 
carry out a COllUllOn R&D program 
in 1992, and will work together, 
given the choice of Fiber OR 
Liquid Scintillator.) 

10:15 - 10:45 Presentation: Principal Reasons to Choose 
a Liquid Scintillator (LS) HCAL 

10:45 - 11:15 Presentation: Principal Reasons to Choose 
an Scintillating Fiber (SF) HCAL 

11:15 - 11:40 Discussion of the Relative Cost of 
the SF and LS HCAL 

11:40 - 11:50 Comments on Longitudinal Segmentation 

11:50 - 12:00 Connnents on Missing E_T and E_T Resolution 
(Speakers -- J. Branson (confirmed) and 

possibly: R. Webb, J. Rutherfoord). 

12:00 - 1:00 LUNCH 

1:15 - 2:15 General Discussion of Tradeoffs 

2:15 - 3:00 Consensus 

3:00 - 3:15 Break 

3:15 - 6:00 LoI Polishing 

(If a decision is not reached by the calorimeter 
group by 3:00, a group of nine will assemble 
separately while the LoI polishing proceeds, to 
make a selection to be submitted to the Decision Group. 
This group of nine is planned to consist of: 

F. Plasil 

Y. Kamyshkov 

L. Sulak 

R. Adair 
(M. Rennich) 

J. Branson 

J. Rutherfoord 

~. 

B. Barish, W. Willis, J. Brau, R. Adair, L. Sulak, 
--H-.-P-a_a_r_,__;F;...-P-:l~a-s"".i~l-,....;Y ........ K'"am_y_s~hk~o-v..;.,...:.an~d~H~.-==N~e-wma.:..:::n:.::.:.:.:..:. _________ - · -·- -
They will reach a decision by 6:15.) 



GEM SCINTJT,T,ATOR 

HCAL DECISION 

PRINCIPAL ISSUES 

• Relative Cost 

• Likelihood of a Module Ready 
for testing in 1992 

• Longitudinal Sampling 

• Relative Complication of Assembly, 
and Maintenance In Situ 

. ' 



GEM SCINTILLATOR 

HCAL DECISION 

Group of Nine Meeting 
(Only if Necessary) 

B. Barish, W. Willis, J. Brau, R. Adair, L. Sulak, 
H. Paar, F. Plasil, Y. Kamyshkov, H. Newman 

3:15 Meeting Opens 

6:15 or Before Scintillator HCAL Decision 
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.. 
~ Slnctural/Support Rings 

DaFl Support 

Tracker 

i.-----1500 mm---i 

t+--------2300 mm--~ 
1.--------------~•S450mm1------------..i 

G .OJ.SC .00038 

Spaghetti Hadron Calorimeter 
Lead Shot Filled/ 0.10 Segmentation 
Barium Fluoride EM Calorimeter 

387Umm 

Rennich 



• 

BaF2 + HCAL CHOICE: 
PHYSICS QUESTIONS 

SIMULATION STUDY 

• Energy Resolution, Behind BaF2 
for 20, 100, 500, .•• , 5000 GeV Jets 

- Performance For Typical, Mostly-EM, 
and Mostly-Hadronic Jets: 

=> Reconstructed Energy Distribution 

=> Missing Er Distribution 

• Can Longitudinal Segmentation in the HCAL 
Improve the Muon Resolution? 

• Can Longitudinal Segmentation in the HCAL 
( 

Improve the BaF 2 Electron and 'Y Resol 'n ? 



BaF2 ·+ HCAL CHOICE: 
ASSOCIATED EFFECTS 

and ISSUES 

• Systematic Effects: 

=>Magnetic Field (0.8 Tesla) 

=>Non-Uniformities in Cells or Towers 

=> Fiber Attentuation Length, Non-Uniformity 

=> Mechanical Structure, Walls, and 
Typical 'Dead Regions' 

• Effective Compensation: Optimization of 
Near-Compensating HCAL. 

=> GEANT + CALOR Studies 

• Resolution as Function of e/h in EM Section, 
With Varying Reconstruction Algorithm. 

• Minimal Sampling Required in the Tail-Catcher. 

• Transverse Segmentation Required by Physics; 
Transverse-Longitudinal Tradeoff. 



BaF2 + HCAL CHOICE: 
GENERAL QUESTIONS: 

• Conceptual Design Layouts 
With Dimensions: 

=} LS: Module, Layer Structure, 
Fiber Readout 

:::} SF: Module Structure, Fiber Readout 

=} LAr: Depth, Segmentation, Cryostat, 
Readout 

=} ALL: Mechanical Structures and Supports; 
Access/ Assembly /Disassembly Scheme 

• HCAL Depth (.,\); Dead Spaces 
•.·· 
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!Principal Reasons to Choose a LS HCal I 
Y"' Kaaw\kw/ORNL Nw.t ISCL 

-· 
"I Status of LS HC system I mechanics 

"I Radial extentlon I absorbtion length 

41 Longitudinal segmentation 

41 Prototype for beam tests in 1992 



\ 

; . 

• Sampling plate plastic scintillator - · · ) 
most ·mature t.achnique In calorimetry. 
Numerous be•m prototypes were tested; 
real large systems were bliilt . . .· 
Worl bs rt lladron calorimeters : ZBUS, NA-34 
·Rela calorimeter physics is weD unc:lent.oOcl. 
U/ 1:1 and· Pb/Sci 4:1 - compen•ated 
abs/i et ratios .. 

• WLS readout· of plastic scintillaton mdst8 > 10 y~ 
(NA-24, e-m In ARGUS etc.) ; 

e Proposed LS HCAL mechanical structure WAS 
prototyped for mechanical simplisity, assembly, 
servicabWty, transportability, calibration etc. 
(L3 hadron calorimeter at LEP). 

.--·----

' 



• 

---- -~hat· 
' .,; ' · .. : is particulary NEW 

in LS technique ? 

. ! 

·) 

. . . I 
way h~w the light is read out by WLS fl _ca 

·, 

- prototyped I 
I 
I 

• Chemical compatibility? - > 10 yean, und• ,~d. j 

• Leah? - mecbanlcaly resolvable 

• Beam tests? - due in 1991/1992 

... ~···---... 

' 
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• 

Hadron Calorimeter outer radius 
has a fundamental . implication for 
the overall Detector cost via 

\ 

costs of Muon and Magnet systems . 

.. 
LS - min ra<_lial extention for given 
absorbtion thickness of HC or 
more absorbtion lengths for given 

-·---.. 

radial extention. 

' 

) 

I 
I 
I 
I 
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/ Liquid Scintillator Hadron Calorimeter ( Vel"lioll 0.08-1 ) 
Barium nuoride EM Calorimeter 

TOTAL 11.73 >. -----

J6DD '" 

1400 ""' I 
Tracker ' 

I -
., ------

-r..::::-:.:::::=:. ---------
I - 2300 mm ' I 

5 _______________ L. 
··------

--------
------

" .. ··.._ : .. 'if.~. .... 
-"--"Y' - ---· ~~-,, .. .., 
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Photomullipliers 

IDTAL lJ.9 >. 

---""""!"" 
"---- J:i 1·' 



TABLE 1 

Major Ai•.._ of Liquid Scintm&tor 

nmmclcn ip SSC cprlmpmpt. 

- mp operation 1peed; 

- No ncliation damage problem for liq11id atiD••w uce 
It cu be euily exchanged; 

- lliP ncliation reaietuce el WLS u4 a...• I•-' llMn; 

- Delec&or lalbili&7 J soi .. '- 14 ° ti • ..... 
truu....U7 ... I - I. 11.J; 

- Goocl WWWQ JwalW.. (.,,._1) • a .....__ I dood 
high-perbmaace r' a· 1 9 ,, 011 ral11·arl .. ; 

- Simple mechuiical modu cl • 1• .WU a1ues good uniformit7 
ad laermiticit7 and .Uo1r1 beam cailintioa ol each module 
,a. &o imt.Uation in the aperimm&; 

- ..., performance monitoring (with nclioedi'ft 10urce per MCli 
rnl •t channel); 

• 
- G.ed mgnal/noiae ratio (1 mip "" 30 photoelectJeu ,_ 11 f Ill 

diaaelinPMT); 

- 1- COit technology 1utable for mu1 prod-.ctioa. 
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• Muon I bahn separation P,y shower prome) 

• Muon lmnmtnhluog · idelllificatioa la HC 
. 

i 
• Muon tracking in HC for coordimtes aa• 

angle meaaunment 

' 
! • . Muon traekins in HC ·for triger 

) 

I 
' • Provides mon detailed topological eftlll info 1 

• Control• longitudimd badronic leah11• · 

• Helps to identify the e-m Jeata11• &om 
BaF2 e-m calorimeter 

• Reduces the effect of radiation damap OD 

HC perfonmnce 
.-

··--

' 
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) Liquid scintillator calorimeter 
Nonunlformity of response ofter calibration ; I 

1J = 3. 

--------

25 50 75 
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- -----· 2yeor101r/4 
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' JET RESOLUTION - GEANT3 
BoF + .l.S HC (Version 2) 

2 . 

... 
34 

5 ,..at~10 c1 

.(C)/E (~)· (2.t:t0.2) + (49%2)/v'E 

Before irrodiotion o .-·--. 
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20 100 1000 
JET ENERGY (GeV) 
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Jjrr RESOLUTION - GEAN/'3 
16 'P Jnodu1•, 15. e modules, real modU-. 9eometry with _ . 

walls, deod ZOne8, cell nonunifo11nity '= • · 
~25--~~~~~~~~~~-----~~--

~ '(E)/E (")• (2.S:t:0.4) + (51 :t4)/v'E 
~20 
t;" 50cm Bof'2 - 1.SA 

fine eonipllng Pb(2cm)/LS(5mm) - & 

15 COOf'N ¥OmPl"9 Pb(.fc:m)/LS(5mm)- 4.S 

10 

.5 .- --· 

20 100 1000 
JET ENERGY (GeV) 

... 
' 

\ 

) 

I 
! 
' ! 



' 



' 

.. .·,,' 
' I ----- .~' ., 

.;, ....... 
. fi-~ - "'. i ~ 

TABLE 8 

Ljpt ridd calculatimj for Liquid Scjptmatgr gel!, 
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I 
A-.er1ge energy lou in 5 mm LS layer 0.9 MeV 

Energy 1pent to create plioton in anthracene Ill eV 

Light output el BCl17PKO relative to uUaracene 35" 
Mea&e Carlo facton 

Fradicm el apt intercepted and reemilted 38" by WLS (BCr-1128) fiber in tlie cell 
(eftid•q el WLS reemiaion II") 

Fradicm el reemiUed light captured S.9" 
and '-pone.I alo.g tlie WLS fiber (BCF-9928) 

Tran1port •a1acy fll 2 a dear fiber 7°" 

Average Q.E. of Photoc:athode BU•lB t.d -
Total photoelectrons 5.1 p.e . 
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Principal Reasons to Choose 
a Scintillating Fiber 
Hadron Calorimeter 

for the GEM Detector 

L. Sulak for the SF Group 

GEM Calorimeter 
Working Group Meeting 

SSC Laboratory 

November 6, 1991 



I 

3) Strength/Experience of Scintillating Fiber team 

SPACAL (for EAGLE@ LHC?) 
• 15% US Contribution 
• $2.SM effort 
• 30 collaborators 

SSCintCAL (for GEM @ SSC) 
• $0.SM received in FY90 
• $0.7M received in FY91 
• $0.9M requested for FY92 
• 40 collaborators/ 9 institutions 

LS Collaboration (for GEM @ SSC?) 
• $1.1 M requested for FY92 
• 72 collaborators (35 US) I 8 institutions (5 US) 

~ • ITEP commitment to SSC/GEM? 

4) Additional option for EM calorimetry (no cost) 
v-
~-~r 

SF provides 6%/sqrt(E) backup to BaF2 and LAr 

LS high-resolution undeveloped 

S ) Cost differences between liquid and fibers are 
within the errors between Draper and ORNL 
cost estimates 

Small cost differential coupled to projectivity for SF 
3 Draper and 1 Martin Marietta reports 
Explicit bids coming from industry 

Second(review )of LS costing yet to be ~on~_ . 



Reasons to Choose 
Scintillating Fibers 

over Liquid Scintillator 
for Hadron Calorimeter 

1) Should choose technolo1Y for which prototypes 
haYe been built and tested 

SPACAL -- 6 different prototypes built and tested 
8 publications in NIM, 2 CERN reviews 

13 Tons operational in Omega 

SSCintCAL -- 3 different prototypes, 2 tested 
2 SSC R & D reviews, 1 TNRLC review 

JETSET -- 300 modules operation over 1.5 years 

Liquid Scintillator -- No large prototypes. 

2) 15-Ton Hadron shower-containing prototype 
complete by June 1992 

Using existing infrastructure to build new modules 
4 years into design and test beam program 

J 

I 

Liquid scintillator R & D program much less developed 
Insufficient time to design and test by November 1992 
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Demonstrated Performance 

- SP ACAL results illustrate the level of 

performance achievable in terms of: 

1) Speed+ Low Noise 

2) Energy Resolution+ Compensation 
3) Uniformity+ Hermeticity 

4) Shower Localization + Granularity 
5) Electron/Pion Separation _ 

- Scintillating Fibers allow for flexible design, 

allowing for optimal cost/performance 

selection: 

1) Fiber diameter choice , 

2) Fiber packing choice 
3) ~ M ph~s,·~ SQ.,,.,.,.,*•+.•°"' cho1'C.t 

-Radiation hardness demonstrated 

(<l % change in constant term at 7 MRad) 
I ' 14 , ' I ' ,. -
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Cast Calorimeter Prototypes 

For December 1991 FNAL Beamtest: 

4 x 1-ton "supertowers", each containing 
4 physics towers (0.05 11 x 0.05 <I>) 

2mm diameter fibers 
(RH-1 = fast and rad-hard) 

11 o/o Packing fraction (1/8) 

Recent developments: 

1) Cast 2 full-size modules, 
first with 20% fibers, wire mesh spacers 

second with 11 % fibers, perforated plates 

• Hand-threading of 4000 2mm fibers 
' 2 d - L_ , • = man- ays .,, -: '"!''"-. "1)-:• ro ..,,,. r-4,£i-. 

• Casting = 1 hour - J.') !'"'V. ~;·"'" 

2) Cast cylindrical sample tower 
containing lead shot ("dust" granules) 

• 
• eutectic alloy successfully percolates 
• eutectic melting point stays constant 
• eutectic binds well to lead shot 
• d°"s;~ ~ foOib f>b; 4 O'fo (1)',4-t.c.fr'-

I 
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The Engineering and Testing of a Fiber Calorimeter Prototype 

The SSCintCal Collaboration 

C. Lane 
Drexel University, Philadelphia, PA 19104 

D. Brown, R. Carey, S.T. Dye, E. Hazen, D. Higby, 
J.P. Miller, B.L. Roberts, L. Sula.k, C. Wang, W. Worstell 

Boston University, Boston, MA 02215 

D. Boucuzzi, D. Scrofani, K. Segall, D. Wall, D.R. Winn 
Fairfield University, Fairfield, CT 06430 

R. McNeil 
Louisiana State University, Baton Rouge, LA 70803 

C. Bromberg, J. Huston, R. Miller, C. Yosef 
Michigan University, East Lansing, MI 48824 

A. David, N. Diaczenko, S. Zaman, A. Sanzgiri, R. Webb 
Texas A&M University, Coliege Station, 'l'X 77843 

R. Wigmans 
Texas Tech University, Lubbock, TX 79409 

N. Akchurin, D. Jones, D. Kadrm.as, J. La1gland, E. McCliment 
F. Olchowski, Y. One! , • 

University of Iowa-Iowa City, IA 52242 
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FY92 R&D/En2ineerin2 Proa:ram 

Manufacturing Plan: 
• ,,. ~," •D/ I ~ C:.-' • -, 'V' C' . 

) . i,\' .- . ~'- fl'-~ ~ ~ ..... '""~ • \ "''-' ~~·')C.. .. 

· Goal = 15 Ton-prototype in beam by 6/92 

2mm --> 3mm fiber+ lead shot absorber ( t,,o'?o) 

1 Ton --> 2.5 Ton Supertowers 
( .10 11 ~ .10 <l> --> .16 11 x .16 ct>) 
GEM = .. 1300 castings l_Y/f;L )1.k-~ c.~~·'l, 0 ~~F\...:~> 

c ~ ;,, 
6 Supertowers = 15 Tons 

contains >90% of hadronic shower 

Industrial/National Lab collaborators 
• prepare fiber preform 
• cast supertowers 

Beam Test Plans: 

1) BNL in June 1992 
• Calibration 
• Resolution 
• compensation, e/rt @ 20 Ge V 

2) CERN in August 1992 (with SPACAL) 
• High energy, constant term 



GEM Hadron Calorimeter 

Maintenance/ Accessibility: 

1) Monolithic, modular, fully projective 
geometry matched to BaF2 

No summing/balancing signals over 
many PMTs/towers ·to provide trigger 

11, Ito ~""cid ~11'..s 

2) Sel.f-supporting cantilevered structure 

Suspended either from septum or 
assembly fixture 

Stress measurements of eutectic 
demonstrates no creep in GEM. 
(no rigidity .. in current" design) 

. ' ... ,. 
'- k ,· t I "'\fi. ~' 

3) Detailed structural design underway 

. 
• access issues 
• revised structural support 
• assembly fixturing design 

I ( .' ' .. L ( ' \ \ 
. ·_,·:1,1 •.• , ;,,·r1'~· !fT'· ... c.. °'-r-1.-c.,,. 0.c-1t.c:n· ... 

' . .-; :-::v J.,.. .. ;., . 
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I\) 

. l ' " ) . I I·' . 

134.2 MT 
16.2>< Io 6cm' 
500 towers 

390.0 
1 I 

235.0 

10.7 

I \ \ '!, 
• ' ' ,I ' ' 

I 0 I. I MT 
6 J 

12.2 >< IO cm 
375 towers 

105.0l+---

I .. ----· -·--------
88.2 Mf 

6 J 10.6 x 10 cm 
375 towers 

234.4 MT 
28.2x I0 6 cm3 

2,375 towers 

-·-·-·- --· --------· 

136.2 MT 
16. 4 x I 06 cni' 
1000 towers 

142.9 MT 
17.2 >< 10

6
cm3 

750 towers 

eta= 1.59 
~ 

128.9 MT 

15.52 )( I0
6
cm

3 
rdeltaetaj 

854 towers delta phi 

128.2 MT 
6 

J 

15. 45 >< 1 O cm 
887 towers 

>.05 .-

eta-3.oo--

_.___L 1 • 300.0 •I f. 308.0 1 I 

14-----338.9 -----~ 

----------------645.3-------.i 
--------------------- 686.1 ------i 

Total Barrel weight 
•1,306.4 Metric Tons 

8,000 Towers 

Each End Cap weight 
•536.2 Metric Tons 

3,491Towers 
17!50 wtth no em 

1741 wtth em 

Figure 3. SPACAL LOI Baseline Configuration 
' 

Total 
2,378.8 Metric Tons 

14,982 Towers 



Scintillator Calorimeter Support 

Structural Design and Evaluation 

F.Ay« 
c. Elder 

The Charles Stark Draper Laboratory, Inc. 
Cambridge, MA 

31 May1990 
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TOWER MANUFACTURING AND COSTING 
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CALORIMETERS 
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November 2', 1990 
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F. Ayer 
C. Elder 
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R. Gustavson 

The Charles Stark Draper Laboratory, Inc. 
555 Technology Square 
Csmbridge, Massachusetts 02139 

The Charles Stark Draper Laboratory 
555 Technology Square 
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EMPACT/TEXAS TECHNICAL NOTE 339 

STATUS OF EMPACTITEXAS SPACAL 
CALORIMETER ENGINEERING DESIGN 

' 

Prepared by: 

J. Brogan, N. DiGiaoomo, G. Flores, 
K. Killian, L. Mason, J. Petty, J. Pohlen, 

J. Timbrook, and T. Wright 

December 3, 1990 

SCIENCE SYSTEMS 
MARTIN MARIETTA ASTRONAUTICS GROUP 



GEM DETECTOR 

COST ESTIMATE FOR 

EEC-91·1261 

THE SPAGHE I TI HADRON CALORIMETER 

F. Ayer 
C. Elder 

D. Sullivan 
E. Womble 

Draper Lab--rato • · 

4 St. -:tember 1991 



Cost Issues: 

Materials/Fabrication--Vendor's Bids: 

1) Fiber preform with 11 % packing 
of 3mm diameter fibers 
(including preform, .threading) 

• Bicron = $5.lM 
• Optectron = $5.0M 

2) Lead "dust" shot 
• Taracorp = $0.48 I lb. 
• Division Lead = $0.55 I lb. 

3) Commercial casting: 

r 'Bids by 11/15/91 on 
· 6 supertowers for FY92 and 

1300 supertowers for GEM 

Cerro Metal Alloys 
Bath Iron Works 

• Oak Ridge National Laboratory 

Steel sheaths: 
• Ainslie Corp 

( e-beam=$200/sheath or 
TIG welding - $100/sheath) 



Dies 
Made 
From 
Cerrobend or Limited Produ,ction . ~ 

By KENNETH C. CATHCART, Experimental Depa..+ment 
Lockheed Air1·:aft Corporation, Burbank, Calif. 

EXPERIMENTAL shops of aircraft fac­
tories and far-flung plane repair depots 
have at least one thing in common-a 

vital need for t ils Md dies that can be mad~ 
with minimum time and expense. The fabri­
cation of many sheet-metal parts for prototype 
plane models requires tooling similar or iden-

M071)· £ -

tical to that used in actual mass production. 
But since design c'1anges are so often neces­
sar~· during the construction and after comple­
tion of the first experimental plane, it is 
impractical. because of- the time and cost in­
rnlvcd, to build the first plane with standard 
tooling. Repair bases have the same prohlem 

C. )· 70· IM 
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Cost Estimate DiffeFen.ces 
CDSL/ORNL 

I) Fiber Materials, 
Threading, 

Preform Preparation 
10.3o/o fiber vs. 16.7% 

28. 72% Contingency * 11 % R&D 

2) Top Support Plate 
5168 @ $310 each (Machined) 

5168 @ $70 each (Die Cast) 

$ 8.3M ORNL 
- 5.lM CDSL 

$ 3.2M 
x 1.43 = $4.6 M 

$1.6M CRNL 
-0.4M CL&. 

$ 1.2M x 1.43 = $1.7 M 

3) Module Fabrication (Manufacturing Segmentation) 
.08 x .08 Supertowers 

$1.6K/Supertower $ 8.lM CRNL 
.16 x .16 Supertowers 

, $4.4K/Supertower - 5.7M CDSL 

4) Sheathing 
Sheet Metal Jackets 

5168 @ $400 each 
Larger Sheaths 

1300 @ $1000 each 

5) Support Structure 
Inner + Outer Rings 

($I2nb x 85T) 
Inner + Outer Rings 

cs8nh x 60T) 

$ 2.4M x 1.43 = $3.4 M 

$ 2.lM ORNL 

- I.3M CDSL 

$ 0.8M x 1.43 = $1.lM 

$ 2.2M CENL 

- I.IM C11)L 

$ I.IM x 1.43 = $1.6M 



Scintillator Hadron C319Fim.e;ter 
Performance Comparison 

1) Projective Geometry/Triggering: 

SF Cal naturally projective 
trigger = 1 PMT /tower 

LS Cal requires summing signals 
over different towers and depths 
to generate fast trigger, 
requires complex mapping 

2) Uniformity/Constant Term: 

SF Cal has simple unit cell 1 cm x 1 cm 
• same transversely and in depth 
• many 3mm fibers per shower 

• simple internal structure 

LS Cal has 1 Ocm x 1 Ocm x 5mm plates, 
• 2 different sampling fractions 

(2cm/4cm lead plates) in depth 
• few fibers per shower 
• complex internal structure 



Version 0.08-1 

~u1nber of detector cells per n1odule 
type 1 2442 

Read out channels 
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3) Hermeticity: 

SF Cal has 8mm double-wall 
thickness between supertowers 
(non-projective) 

LS Cal has 30mm double-wall 
thickness between supertowers 
(non-projective) 

4) Speed: 

SF Cal requires only wavelength shift 
from UV to blue (with RHl-type blue 
rad-hard fiber decay time = 3ns) 

LS Cal requires double wavelength shift 
from UV to blue to green WLS fiber 
--> secondary fluor decay time = 11 ns 

5) Segmentation: 

SF Cal can be upgraded for additional 
lateral segmentation + 2 depths 

LS Cal can be upgraded for additional ' 
longitudinal segmentation 



• 

28 



Inergy Resolution after correcting for ... sured Heal energy assuming ••Iii••• 
1720 
1680 
16,0 
1600 
1560 
1520 
lf80 
ltfO 
lfOO 

. ~· 

·~. 

:x 
I 
I­
II 
II 

-II 
I I 
I I 
I I 

/OD ) 
I 

•,r-· • · .. ~. ·····~ . 

. ll'O 
1120 
12to. 
12f0 
1200 ,, .. 

I I 
I I 
I I 
I I­
I I 
I I 
I I 

/ oJo c,.,.:>I\.;,.. !,..,f,·~ 
-fo ~1sol"' f;f>ltl. 

. . , .. 

1UO 
1010 
1040 
1000 
HO 

"' ... ..... ... 
~M 
'720 

'" uo 

'" Sil 
520 ... 
••• , .. 
)40 
32t 
2M 
2t0 
29'0 
1'10 
120 

tO 
tO 

-1 1 
1 1 
1 I 
I I 
I 1 
I 1-
J I 
I I 
1 I 
I I 
I I 

-I I 
I I 
I I-
1 I 
I I 
I I 

-I I 
I I 
I I-
I I 
I I 

-I I 
I I-

-1 1-

-----------I I--------- ---- - -I- -
ltl • 1 2 3 ' 5 6 

1 12345678t01234567190123,567890123456789012345678901234567890 

C:Oi'lWiSlOOO 
100 
10 
1. 

LOW-EDGE 100 
10 
1. 

11.111 
135046518421 

1237528249690841732 l 
2 1122 21 211356482287,860436283112615175422 1223 l 111 2 

llllllllllllllllllllllllllllll 
999999999999999999999999999999000000000000000000000000000000 
000111222333444555666777888999000111222333,44555666777888t99 

• ENTRIES = 10000 * UNDERFLOW z O.JOOOE+Ol.. * OVERFLOW • 0.2000E+Ol 
* MEAN VALUE = 0.9993£+02 * Ir * NEIQUIVAL z 0.9995E+04 



Energy Resolution after correcting for W:aured Heal wqy u .. •ing 30lb.mtCSl • n 

3700 
3600 
3500 
3COO 
3300 
3200 
3100 
3000 
2900 
2100 
a100 
2AO 
2500 
a•oo 
2300 
2200 
2100 
2000 
ltOO 
1100 
1700 
1AO 
lsH 1••. 
1300 
1200 
1100 
1000 
too 
100 
700 
600 
500 

'" JOO 
200 
lto 

• 

: ... 

-I 
II. 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
II 
II 
II 
II 
II 
II 
n 
II 
II• 
1 I 

-1 I 
1 I 
1 1 
I 1 
I I 
I I 
I I 

-I I­
I I 

,.\ 1 '! . ' • •. ~ 

O. ~ ~,, c.~rfL.i.~ 
;.fr,.· ·r;-• sif .. +i•I...· 

·.· .. ;":·.' .• ·_'.•,\", 

--------·--I !-------------
"JIFl,S 10 0 1 2 3 C 5 6 

l 123C567890123C567890123C567890123C567890123C567890123C5671t0 

WJIW!SlOOO 
100 

10 
1. 

W-IDGE 100 
10 
1. 

331 
295612 

1227035123732 1 
1 1 1111 1152236139319208932363C2C12212 11 

''''''''''''''''''''''''''''''555555555555555555555555555555 
555555666666777777888888999999000000111111222222333333C4CC44 
013568013568013568013568013568013568013568013568013568013568 

ENTRIES a 10000 * UNDERFLOW s 0.00001+00 *OVERFLOW• 0.00001+00. 
1tBAN VALUE • 0.50018+03 * a . M • S s * NBQUIVAL a 0.10001+05 



Run II 187502 Event# 11456 Total Energy: 69.51 GeV 
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Preliminary 

GEM Parameters 

LIQUID SCINTILLATOR HADRON CALORIMETER 

VOLUME 214.4 METERS CU. M•3 

NUMBER OF CHANNELS 26100 Each 

TOT AL WEIGHT Metric 2028.7 Mtons 
WEIGHT OF LEAD ABSORBER 1812.6 Mtons 
WEIGHT OF STRUCTURAL COMPONENTS 173.4 Mtons 
WEIGHT OF SENSE LAYER BOXES 42.7 Mtons 

VOLUME OF LIQUID SCINTILLATOR 27000 Liters 

PERCENT ABSORBER/SENSE BY VOLUME 89.70% 
PRECENT STRUCTURE BY VOLUME 10.30% 

NUMBER OF SUBASSEMBLIBS 17 Each 
NUMBER OF TOWERS 256 Each 
NUMBER OF HADRON LAYER ASS. 5600 Each 
NUMBER OFT AIL CATCHER LAYER ASS. 4800 Each 
TOTAL NUMBER OF LAYERS 10400=(258 x 40.3) Each 

NUMBER OF FIBERS/SEGMENTS 607,000 Each 
NUMBER OF TRAYS 129,000 Each 
TOT AL LENGTH OF FIBERS 1,200,000 Meters 

INNER RADIUS 1,400 mm 
OUTER RADIUS (SUPPORT TUBE) 3,700 mm 
LENGTH 10,000 mm 

MARK RENNICH/ 11/1191: OAK RIDGE NATIONAL LABORATORY 



GEM Parameters 

Spaghetti Hadron Calorjmeter; 0.08 Segmentatjon 
Lead Shot Filled (61.4%) 

Absorber Volume 

Channels 

Total Weiaht 
Lead Shot 
Eutectic 
Structural Components 
Sheaths 
Fiber 

Percent Gaps in Absorber 

Total Absorption Lenght 
Active Absorption Lenght 
Passive Absorption Lenght 

Mechanical Towers 
Rin2 Assemblies 

Lenaht of WLS Fiber 
Number of WLS Fibers (3 mm) 
Number of Transm. Fibers (1 mm) 

Inner Radius 
Outer Radius 
Lenl?th 

244.26 

5168 

2400.87 
1373.22 
727.12 
83.94 
188.12 
28.47 

3.00% 

10.00 
8.80 
1.20 

5168 
SS 

5,759,000 
2,879,500 
2,879,500 

1400 
3900 
11100 

MARK RENNICH/ 11/1191 : OAK RIDGE NATIONAL LABORATORY 

MAJ 

Each 

Metric Tons 

Metric Tons 

Metric Tons 

Metric Tons 
Metric Tons 

Metric Tons 

Lambda 

Lambda 

Lambda 

Each 

Each 

Meters 

Each 

Each 

mm 
mm 
mm 



COMPARISON OF O.Q8 HADRON CAI.ORIMEJER ESTIMATES 

Liq Scint Soa2hettl Difference 
Cata2ory 

1.00 R&D $5,494 $6,404 Lar2er Pro2ram 

2.00 Conceptural Desil!n $405 $405 Same 

3.00 Towers $18,804 $29,114 Soa2hetti Has Hi2her Fab/Mat'I Cost 
(Sense Material) $508 $5,759 Fiber vs. Liquid 

4.00 Rine Modules $5,032 $5,204 Spa2hetti Has More Complex Shaoe 

5.00 Electronics $11,354 $8,494 Ll2uld Has More Channels 

6.00 Thermal Cont $1,166 $1,166 Same 

7.00 Beam Testinl!/Calib. $2,077 $2,077 Same 

8.00 System Assembly $2,033 $1,916 Liquid Has More Assembly Ops. 

9.00 Installation $3,480 $4,246 Spaehettl Has More Comolex Shape 

10.00 Project Management $4,689 $4,689 Same 

DIRECT COST $55,042 $69,474 

CONTINGENCY 26.12% 28.72% 

TOTAL $69,419 $89,427 

Mark Rennich/Oak Ridge National Laboratory/11-4-91 



Cost . Estimate Differences 
CDSL/ORNL 

1) Fiber Materials, $ 8.3M OONL 
Threading, - 5.1 M CDSL 

Preform Preparation - - - - - - -
10.3% fiber vs. 16.7% $ 3.2M 

28.72% Contingency x 1.11 R&D x 1.43 = $4.6 M 

2) Top Support Plate 
5168 @ $310 each (Machined) $ 1.6M OONL 
5168 @ $70 each (Zinc Cast) -0.4M CDSL 

$ 1.2M x 1.43 = $1.7 M 

3) Module Fabrication (Manufacturing Segmentation) 
.08 x .08 Supertowers 

$1.6K/Supertower $ 8.lM OONL 
.16 x .16 Supertowers 

$4.4K/Supertower - 5.7M CDSL 

4) Sheathing 
Sheet Metal Jackets 

5168 @ $400 each 
Larg~t Sheaths 

1300 @ $1000 each 

5) Support Structure 
Inner + Outer Rings 

($12/lb x 85T) 
Inner + Outer Rings 
($8/lb x 60T) 

TOTAL ABOVE 

$ 2.4M x 1.43 = $3.4 M 

$ 2.lM OONL 

- I.3M CDSL 

$ 0.8M x 1.43 = $1.lM 

$ 2.2M OONL 

- 1.lM CDSL 

$ 1.lM x 1.43 = $1.6M 

= $12.4M 



GEM SCINTILLATOR 

HCAL DECISION 

PRINCIPAL ISSUES 

• Relative Cost 

• Likelihood of a Module Ready 
for testing in 1992 

• Longitudinal Sampling 

• Relative Complication of Assembly, 
and Maintenance In Situ 
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Principal Reasons to Choose a LS ff Cal 

Y1&. Kamvshkov/ORNL Nov,, S5CL 

41 Status of LS HC system I mechanics 

"I Radial extention I absorbtion length 

41 Longitudinal segmentation 

41 Prototype for beam tests in 1992 



Reasons to Choose 
Scintillating Fibers 

over Liquid Scintillator 
for Hadron Calorimeter 

1) Should choose technology for which prototypes 
have been built and tested 

SPACAL -- 6 different prototypes built and tested 
8 publications in NIM. 2 CERN reviews 

13 Tons operational in Omega 

SSCintCAL -- 3 different prototypes, 2 tested 
2 SSC R & D reviews, 1 TNRLC review 

JETSET -- 300 modules operation over 1.5 years 

Liquid Scintillator -- No large prototypes. 

2) 15-Ton Hadron shower-containing prototype 
complete by June 1992 

Using existing infrastructure to build new modules 
4 years into design and test beam program 

Liquid scintillator R & D program much less developed 
Insufficient time to design and test by November 1992 



I 

3) Strength/Experience of Scintillating Fiber team 

4) 

SPACAL (for EAGLE@ LHC?) 
• 15% US Contribution 
• $2.5M effort 
• 30 collaborators 

SSCintCAL (for GEM @ SSC) 
• $0.5M received in FY90 
• $0. 7M received in FY91 
• $0.9M requested for FY92 
• 40 collaborators/ 9 institutions 

LS Collaboration (for GEM @ SSC?) 
• $1.1 M requested for FY92 
• 72 collaborators (35 US) I 8 institutions (5 US) 

~ • ITEP commibnent to SSC/GEM? 

Additional option for EM calorimetry (P! cos}) 
. ~1~ 

SF provides 6%/sqrt(E) backup to BaF2 and LAr 

LS high-resolution undeveloped 

S ) Cost differences between liquid and fibers are 
within the errors between Draper and ORNL 
cost estimates 

Small cost differential coupled to projectivity for SF 
3 Draper and 1 Martin Marietta reports 
Explicit bids coming from industry 

Second( review )of LS costing yet to be done 
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Lia Sclnt S.J!!e!!!! Difference 

~ 
l.ot R&D $5.494 -· ·-· Lan er • 
2.00 Conceotunl J!!!!ln MOS -·-- Same 

3.00 Towen s1---.. $29.114 Jl!I!!!! Hu :!!ii II' Fab1Mat•1 Colt 
!(Sense Material) $508 u.,759 Fiber ft. Llnuld 

4.00 RI Modules $5.032 ~ .!E!J!!!!!! Has Mort Co 
·~ 

5.00 Electronics $11.lM U..4'4 . Jdluld Has More Channell 

6.00 Thermal Cont $1.166 $1.166 Same 

7.00 Beam Testl'!l!Callb. S.2-077 S.1-0TT Same 

8.00 System A.uem"!!I, 52-033 Sl.916 Llaald Hu More AaemblY 0-. 

9.00 Installation $3.480 ....... .., SDHbetti Has More Comntn Shane 

10.00 Project Mana2ement $4.689 $4.689 Same 

DIRECT COST $55.042 $69.474 

CONTINGENCY 2'.12" 21.72tJ&. 
TOTAL $69,419 $89,427 

Mark RennlctllOek Ridge Nellafttll LeboratorJ111-4·t1 -·· 



Cost Estimate Differences 
CDSL/ORNL 

1) Fiber Materials, $ 8.3M ORNL 
Threading, - 5.lM CDSL 

Preform Preparation - - - - - - -
10.3% fiber vs. 16.7% $ 3.2M 

28.72% Contingency x 1.11 R&D x 1.43 = $4.6 M 

2) Top Support Plate 
5168 @ $310 each (Machined) $ 1.6M ORNL 
5168 @ $70 each (Zinc Cast) -0.4M CDSL 

$ 1.2M x 1.43 = $1.7 M 

3) Module Fabrication (Manufacturing Segmentation) 
.08 x .08 Supertowers 

$1.6K/Supertower $ 8.lM ORNL 
.16 x .16 Supertowers 

$4.4K/Supertower - 5.7M CDSL 

4) Sheathing 
Sheet Metal Jackets 

5168 @ $400 each 
Larger Sheaths 

1300 @ $1000 each 

5) Support Structure 
Inner + Outer Rings 

($12/lb x 85T) 
Inner + Outer Rings 
($8/lb x 60T) 

TOTAL ABOVE 

$ 2.4M x 1.43 = $3.4 M 

$ 2.lM ORNL 

- I.3M CDSL 

$ 0.8M x 1.43 = $1.IM 

$ 2.2M ORNL 

- 1.lM CDSL 

$ 1.lM x 1.43 = $1.6M 

= $12.4M 
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GEM SCINTILLATOR 

HCAL DECISION 

Group of Nine Meeting 
(Only if Necessary) 

B. Barish, W. Willis, J. Brau, R. Adair, L. Sulak, 
H. Paar, F. Plasil, Y. Kamyshkov, H. Newman 

3:15 Meeting Opens 

6:15 or Before Scintillator HCAL Decision 
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