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Collaboration Council Meeting -
SSCL 

August 5, 1992 

Abstract: 

Agenda and presentations of the GEM Collaboration Council 
Meeting held at the SSC Laboratory on August 5, 1992. Agenda items 
were: GEM Status and News; Discussion of PAC Review; Report from 
GEM Project Office; Status and Plans of GEM Systems: Magnet, Trigger, 
Central Tracker, Calorimetry, and Muons; and TDR Planning. 
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V) 

GE~I Collaboration Council 
AGENDA 

August 5, 1992 
9 a.m. - 3 p.m. 

GE1YI Status and News (Barish) 

Discussion of PAC Review - 20 minutes 

Report from GE1YI Project Office (Sanders) - 15 minutes 

Status and Plans for GEM systems 

• Magnet (Stroynowski) - 15 minutes ........---

• Trigger - (Marlow) - 15 minutes ...-

• Central Tracker (Baltay) - 15 minutes ..........--

• Calorimetry 
- S. Majewski - results and conclusions of BaF2 panel - 15 

minutes 
- Yu. Kamyshkov - How we will proceed with the decision on the 

choice of E-M calorimeter - 10 minutes 
- H. Gordon - LK.r/ Ar Eng. Design Report presentation and first 
~ results from beam tests - 20 minutes 

H. Newman - Progress report on BaF2 and radiation damage 
~ studies - 20 minutes · 

B. Worstell-First results of beam tests of Scint Fiber Hadron 
Calorimeter - 10 minutes 

• Muons 
- F. Taylor - Status - 20 minutes 
- I. Golutvin - Progress of Dubna - 15 minutes 

TDR Planning - 10 minutes 

We are planning a GEM dinner on WEDNESDAY night at SSCL. This is 
the night before the Dallas Conference and we expect a good turnout for the 
dinner. Please plan on it!!! 
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REPORT ON THE GEM PROJECT 

THE FIRST 6 MONTHS 

1. Build a project team (management, engineering, integration, planning, business 
functions, QA, ES&H, document control, configuration management) 

2. Develop a baseline cost estimate 

3. Organize magnet subproject 

4. Budget and expenditure control and tracking 

~ S. Administrative support 

IN PROGRESS: 

6. Integrated project schedule 

7. Design requirements, specification tiering 

8. Subsystem management and subsystem engineering 

9. R&D and engineering budget planning for FY93 

10. International coordination and organization 

• • f f • • • • • • 
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RECENT MILESTONES 

1. Cost estimate reviewed successfully 

2. Magnet technical design reviewed successfully 

3. Magnet env. analysis review in progress in Washington 

4. DOE has approved magnet acquisition plan 

5. Draft magnet RFP circulated to industry and comments received 

6. First significant foreign contribution arrives (Dubna PDT array) for TTR (GEM 
Project Dept. and physics collaboration) 

7. TTR ES&H and readiness· review 

) 

8. Russian, Chinese, Albanian, Ecuadorian, Korean and Taiwan collaboration building 
in full swing. 
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FY93 BUDGET PLANNING 

1. Assume level or slightly better$ in FY93 than in FY92 

2. GEM - FY92 - $17 million ($5 million magnet, $2 million PM) 

3. STAY ON SCHEDULE SCENARIO - FY93 $33-36 million ($15 million magnet) 

4. ONE YEAR DELAY SCENARIO - Critical path + "keep-alive" = $22 million ($8.6 
magnet) 

5. Level = $1 7 million - some efforts die 

BUDGET PLANNING INFO. FROM SUBSYSTEMS ASSEMBLED BY BOB WEBB, MIKE 
HARRIS REVIEWING ENGINEERING. THIS MONTH WEBB, HARRIS, FISCHER, SANDERS 
WILL DRAFT PLAN FOR COLLABORATION COMMENT. 

FY93 will only work if technologies narrowed and base-HEP program support utilized . 

• • • • • • • • ' ' 
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Agenda for the Third BaF2 Panel Meeting 
Dallas, 03-04 August 1992 

SSCLab, Building 4, Strategy Room 
Monday, August 3, 1992 

(The asterisk (*) used when GEM BaF2 and/or GEM representatives will be present). 

9:00 Opening Remarks, Fred Gilman, Harvey Lynch (SSCL) 

9: 15 Reminder of rhe Charge, Discussion of the Agenda, Harvey Lynch (SSCL) 

9:30* Reports on the Laresr R&D Activities and Status by the GEM BaF2 Group: 
(1) Activities in the US 
(2) Work in China, by Harvey Newman, Ren-Yuan Zhu 

10:30* Shorr Summary ofrhe Stability Requirements, Yuri Kamyshkov (GEM) 

10:40* Coffee Break 

11:00* Material Characterization of BaF2 at CEA, Michael Strathman 

11:55* Spectroscopic Characterization of Point Defects in BaF2 , Larry Halliburton 
(University West Virginia) · 

12:15* Working Lunch (Strategy Room) 

13:00* Gamma, Neutron and Hadron Radiation Damage Studies of BaF2, Craig Woody 

13:30* Surface Preparation and Analysis, Reflective Coating, High Purity Crystal Growing, 
Craig Wuest, Ben Fuchs (Livermore) 

14:15* Sire Visit of Several Facilities in China, Craig Wuest (Livermore) 

15:00* Shorr Contributions, by different speakers 

15:30* Coffee Break 

16:00 Comments on Important Issues, Paul Schotanus 

16:30 Round Table Technical Discussion (and the proposed discussion leader): 
Summary ofBaF2 Radiation Damage Situation (Craig Woody) 
Feasibility of Pre-Irradiation Treatment, Saturation, Recovery (Self-annealing) 
and Theoretical Understanding of the Effects (Paul Schotanus) 
Summary of Material Analysis Results (Michael Strathman)) 
Production of High Purity Crystals with Good Surface Quality (Roben Sparrow) 
Evaluation of the Production Effons in China (Roben Sparrow) 

18:00 Meeting Adjourned 

19:30 Dinner at Javier's 

July 31, 1992 1 17 16:26 
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SSCLab, Building 4, Strategy Room 

Tuesday, August 4, 1992 -
8:15* Meeting with the GEM Collaboration Representatives 

9:00 Continuation of the Panel Technical Discussion ... 
10:15 Coffee Break 

10:45 Panel Recommendation, Preparation of the Report: 
Assessment of Radiation Hardness of Crystals 
Assessment of Production Capability 
Still Unsolved Issues Relevant to the Technology Choice -
"Final" Recommendation 

12:00 Working Lunch 

13:00 Continuation of Preparation of the Panel Report .. 
15:00 Discussion of the Draft by rhe Panel 

Preparation of the Revised Version 

17:15 End of Meeting .. 

.. 

-

-
July 31, 1992 2 18 16:26 
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Name 

Abraham, Marvin 

Barish, Barry 

Chen, Yok 

Craig, Richard A. 

Dozier, Charles 

Drukier, Andrew 

Fuchs, Ben 

Halliburton, Larry 

Kamyshkov, Yuri 

King, Steve 

LeCoq, Paul 

Lynch, Harvey 

Majewski, Stanley 

Newman, Harvey 

) ) ) 

BAF2 COMMITTEE ANO ASSOCIATES 
Institution Address Cty Phone 

Oak Ridge National Lab PO Box 2008 USA 615-574-6282 
Bldg 2000 MS6056 615-5745491 
Oak Ridge, TN 37831 

CalTech Dept Physics 256-48 USA 818-3 56-6684 
Lauritsen Lab 
Pasadena, CA 911 2 5 

Oak Ridge Natl Lab PO Box 2008 USA 615-574-6284 
Bldg 3025 MS6024 
Oak Ridge, TN 37831 

USDOE Div. Mat I. Sciences ER 1 31 301-903-3428 
Washington, DC 20585 

Batelle Memorial Inst K5-25 USA 509-375-6907 
Pacific NW Lab PO Box 999 

Richland. WA 99352 
Naval Research Lab Code 4682 USA 202-767-2154 

4555 Overlook SW 202-767-2993 
WashinQton DC 20375 
7986 Lakecrest Drive USA 301-864-0816 
Greenbelt MD 20770 301-982-9808 

Lawrence Livermore P.O. Box 808 • L-331 USA 510-294-2619 
National Laboratnrv Livermore. CA 94550 
West Virginia University Physics Dept. USA 304-293-3422 

Hodges Hall Ext. 442 
Moroantown. WV 26506 

Oak Ridge National Lab Physics Bldg 6003 USA 615-576-6914 
Bethel Valley Road 
Oak Ridge, TN 37831-6372 

Naval Research Lab Code4616 USA 202-767-5692 
4555 Overlook SW 
Washinoton DC 20375 

CERN PPEDivision Switz 41-22-782-
1211Geneve23 7523 

SSCL 5SCL USA 214-708-6037 
2550 Beckleymeade 
Dallas, TX 75237 

Continuous Electron 12000 Jefferson Ave USA 804-249-7448 
Beam Accelerator Facility Newport News, VA 804-249-7235 

23606 
CalTech Dept Physics 256-48 USA 818-3 56-6656 

Lauritsen Lab 
Pasadena, CA 91125 
Aug 1 z-za Qt!LY· Aug l Z-28 ON! :r:· 
CERN PPE Division 41227676366 
1211 Geneva; Switzerland 

) ) ) 

Fax Bit net 

615-574-4143 

818-795-3951 

615-574-4143 

301-903-6594 

509-375-3614 D3 78 l 3@PNLG.PNL.GOV 
(Internet) 

202-767-4868 

301-864-0816 drukier@umdhep.BITNET 

510-422-1290 

304-293-5732 

61 S-576-2822 kamyshkov@orphO 1 
-or-

vxcern::kamyshkov 
202-767-6980 KINGl@CCF.NRL.NAVY.MIL 

(Internet) 

41-22-782- LECOQ@CERNVM 
7523 
214-708-0006 hll@5SCVX1 

804-249-7363 Majewski@cebaf 

818-795-3951 NEWMAN@OTHEX 

Ana l Z-28 Otl Y· 
41227828923 

9:51 
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Rothschild, Mordechai 

Schotanus, Paul 

Sparrow, Rob 

Strathman, Michael 

Willis, Bill 

Woody, Craig 

Wuest, Craig 

Zhu, Ren·Yuan 

• • 

BAF2 COMMITTEE AND ASSOCIATES 
MIT Lincoln Laboratory 244 Wood St USA 617-981-7816 

Lexington MA 02173-
9108 
G Gezellelaan 72 Neth 31-3406-
2624 KZ DELFT 69229 

31-155-62860 
Optovac North Brookfield, MA USA 508-867-6444 

01535 
Chas Evans and Assoc 301 Chesapeake Dr USA 415-369-4567 

Redwood Citv. CA 94063 
Columbia Nevis Lab USA 914-591-8100 

PO Box 137 x208 
Irving-on-Hudson NY 
10533 

Brookhaven Natl Lab Physics Dept 51 OA USA 516-282-2752 
20 Pennsylvania St 
Upton, NY 119 73 

Lawrence Livermore P.O. Box B08 - L-288 USA 510-423-2909 
National Laboratnrv Livermore, CA 94550 
CalTech Dept Physics 256-48 USA 

Lauritsen Lab 
Pasadena CA 9112 5 

2 

• • ( • 

617-981-4983 

31-3406- schotanus@hutruuS 1 
61471 

508-B67-8349 

415-369-7921 

914-591-8120 

516-282-5568 woody@bnldag 

510-423-B086 WUEST@LLNL.GOV 

818-795-3951 

9:.57 
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July 1 at SSCL 

July 1. 

July 27 

August 3 

August 3-4 at SSCL 

August 4 at SSCL 

August 5 at SSCL - August 5 at SSCL 

August 9 at SSCL 
(Sunday) 

during August 

Sept. 1 

Sept. 2 at SSCL 

Sept. 3 at SSCL 

Sept. 4 at SSCL 

-

DECISION PLAN 

for E-M Technology Choice 

GEM executive committee (presentation of 
decision plan for e-m technology choice) 

Engineering Questions for I.Kr 

llritten I.Kr Engineering Status Report ~ Ar.t~ll<S.t "!> 

llritten Progress report from BaF2 

BaF2. Experts Panel meeting 

Meeting of I.Kr Engineering Panel ~ A'4911<st le+ 
GEM Council meeting (Status reports) 

GEM Exec Committee meeting 
(Review of status of R&D work for BaF2 and I.Kr) 

Cal.group meeting (e-m choice - first discussion) 

I.Kr beam test analysis; 
Rad. damage tests of Large Chinese Crystals 

Final written progress reports 

Cal.group meeting (e-m choice - final discussion) 
(Spokesmen are invited) 

GEM Council meeting 

GEM Exec.Meeting (final discussion) 
Final decision on e-m technology for TDR 

23 



GEM Executive Committee requirements to BaF2 and LAr-Kr technologies 

The Executive Comm~ttee at the meeting Feb. 20th has reviewed the status of 
e-m calorimetry R&D Programs and has formulated the list of requirements for 
each technology which should be met before the management of the Collaboration 
will proceed with the choice of one of the options. Our plan is to 
make the choice before the end of August 92, and preferably earlier. 
Response to the requirements must be reported to Collaboration management by 
the ~pecified date or earlier, in order to allow proper consideration. 
It was n~ted by the Executive Committee that the BaF2 technology has a lower 
probability of success in its R&D Program, because of possible radiation damage 
and other effects which can destroy the small constant term in energy 
resolution. 

• 
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A. Requirements for BaF2 technology : 

1. Demonstrate substantial improvement in radiation resistance of 
large BaF2 crystals (20-25 cm long) towards the GEM specifications -
reach absorbtion length of at least >60 cm at 220 nm after lMRad 
irradiation with photons, and if possible high energy hadrons. 
Present a detailed plan to obtain final GEM quality crystals, 
along with evidence of manufacturability and cost, including 
work required to prepare crystals after delivery. 

by August 1, 1992 

2. As proposed by the expert panel, produce small radiation-hard 
crystals to demonstrate there are no fundamental limitations in 
making rad hard BaF2 crystals. ( eg. absorbtion length >• 95 cm 
at 220 nm after l !!Rad) 

by August 1, 1992 

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

by July 1, 1992 

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

- residual non-uniformity (as installed); 
- non-uniformity developed by possible further radiation damage of 

"saturated" crystals and/or by possible annealing; 
(note - the expert panel and executive committee are not convinced 
of the proposal to preradiate the crystals) 

- accuracy of intercalibration (see point 3); 
- short term instabilities of readout system; 
- linearity, linearity calibration and dynamic range of readout system. 

by July 1,1992 

25 



B. Requirements for LAr-Kr technology : 

1. Demonstrate by beam tests 
geometry <a 7%/sqrt(E). 

stochastic term in resolution for non-projective 
Determine angular dependence of this resolution. 

by August 1,1992 

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

by July l,1992 

3. Demonstrate by MC simulations for realistic projective geometry and full 
angular range (between 90 and 5.7 degrees) the resolution 

· <• 7%/sqrt(E) + 0.4% 
and physics consequences of the gap between barrel and end cap, wall 
thicknesses, etc. 

Additional requirements for LAr-Kr technology : 

(proposed by individual members of exec. committee 
and members of calorimeter group) 

by the time of e-m decision 

by July 1, 1992 

l. Show Biggs -> 2 gamma spectra (mass range 80-150 GeV) 
for realistic e-m LAr-Kr detector and background 
simulations. 

2. Provide detailed practical plan for calibration of 
LAr-Kr detector in situ. Provide an evidence that 
electronic calibration is equivalent to the detector 
calibration with the required accuracy. 

3. Provide experimental proof of radiation stability 
of LAr-Kr e-m system (for actually used materials). 

4. Provide the results of the benchmark tests of LAr-Kr 
electronics which demonstarate required linearity, 
dynamic range, white and coherent noise in the real 
accordion system, cross talks and means of linearity 
calibration. 

26 

... 

.. 

.. 

.. 

... 

... 

... 

.. 

.. 



) 

N 
...J 

) ) ) ) ) ) ) 

DECISION: 

In August, a decision will be made between the two 
technologies based on our best judgement of the expected 
performance of each technology, balanced against the cost and 
risk involved in each. A primary choice will be made for 
our e-m calorimeter for the TDR. Depending on the status 
of open questions at the time of making the decision, a 
strategy will be developed for continuing the development 

) 

of the second technology at a considerably lower level, while 
these outstanding issues are resolved for the primary option and 
to allow the proponents to smoothly finish their R&D program . 

The final decision will be made by the spokesmen, after 
considering the evidence presented for each technology 
and receiving the advice of the Executive Committee. 

) ) 
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LIQUID ARGON CALORIMETER • 12 x 14 LAMBDA, FLAT ENDCAP HEAD 
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Endcap CaL 

_S.32 HT ea. i 
20 Modules :c: 
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Central Barrel Calorimeter Weight 
Endcap Calorimeter Weight Each 
Total Calo~meter Weight 

1123 -1 
890 w Tracker 16.69 MT~i_ 

Total W 
Calorlmeteit:: .... .,.._..,.,,,,.,'"",, ... _ ... ..,...~:-:-. 

14---1500~ 
i.----- 2280----..i 

.... -------------5179---------.. 

. . 5500 ------------
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Forward Cal. 

891 MT 
626 MT 

2,143 MT 
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Top view of Endcap Accordion EM s • 
1howinc only the tower• 1. 

3 cell• per tower 
3 Absorber plate1 --
3 1ensinc plates 
e Arcon cap• 

0.18887 dee rotation each cell 
o.~ dee rotation between towers 
All rays cross exactly 2 tower1 

r1on9e rototeo 10 d•• for clarity 
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ELECTRONICS BOARD 

CABLING BUNDLE 

Figure 1-'.i Assembled Module Showing Cabling Dundles 

c c • c c c 

40 Hodule1, 9 d~q each 

4ll2 mllllmeter.s lon•J 

20 senslnq pl.ateS/I11odule, 0 . .\ h111 

.. 

20 .1bsorber pl~tes/rnoclolt!, l .':lt)l .~.r. 

~ tower• 1~ phi per modul• 

Depth teqmt!nt •t 1 radl•l ton )~?n•1t!1s 

y 

Lx 
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Six Cells Depth Handling Fixture Interface 
Segmentation t.11 x 6cp = 0.08 x 0.08 
BO Modules Required 
Wt. = 2.38 MT each " · 
Each Module Contains Al. Slrongba~ .. 

the Following: 

n•ll-/-~·"""- f:asteners for 
Tensioning Shell 

Molher Boards 

1 - Top Ground Plate Strip Lines, 
1 - Bottom Gnd Plate . Sel in Recess 
5 - Included Gnd Plates.¢~~~~~~ 
36 - Tile Plates i"'l ,· 

Containing 948 Tile : ~ ...... _ =: 
6 - Sensing Plates 

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

w 
~ 

Fiberglass End Plate 

Groove for Radial Insertion 
and Support ol the Module 

-.'.~ 

Fiberglass 
Structural Shell 

Pro)ecllve Path tor 
Slrip lines Between 
Ad)acent Towers 

·. 
Top and Bottom Ground 
Plates are Thin 

Seven Slack Tiie Panels, 
Middle Panel Sensing, 
Absorber material is Copper 

Eight panels In Continuous 
Copper Ground 

LLMason GEMLAC.HadModDetail 4110/92 
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LIQUID ARGON CALORIMETER -·HADRONIC MODULES 

Radial dimension ror confirming compallabllty with the vessel are shown. 
Maximum stack heights were used to compare with minimal vessel radii In Figure 2-1. 
Ambient Is JOOK, Cold Is 661<. 

~mbient Cold Ambient Cold Ambient Cold 

Flrst Hadron M9dule Second Hadron Module Coarse Hadron Module 

F1gure 2-5. Radlal Olmenston - Thermal effects on Hadron Modules 
All dl'l1ens1ons irt In mm 

.. 

'\. • • • • KRBc-lable fllldWIAI Toi Fia 2.5 

• • • • • 
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MODULE TOLERANCE ST ACKUP 
1\11 Dimensions In mm 

tfamlnal 639. I 
Max., 644.5 

~ 

"-" 

Mother Boards 

) ) ) ) ) 

.. . · 

Coarse Hadron1c Module: 

~ P1+ct?K.5 :l t'l. OD 15' 
11 

EKlt Groun<I Plate 

lyptcal Cell - 4X 

Ar Gap, 2.00 ! 0.030 

Sensing Plate (One per Cell>, 16.70 t O I 

Absorber Plates ISi>< per Cell, Three Above and lhree 
Below Sensing Plat el, 16.65 to. I 

Ground Plates !Shared by Two Cells>. 15.00 t 0.2 

Entrance Ground Plate 
!Minimize Thickness> 

GI 0 8. 5.5., 9.50 ! 0 I 

F1gure 2-4. Coarse Hadron Module Showing Stack Height and Element Tolerances 
kRB .......... Module Tai C.ll.ffig2 ~ 
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TYPICAL .ARGON VESSEL TOLERANCE ST ACKUP 

~ulc H11 A1dl1I 01m1a11pn1 1l A11b1!1l 1'4 Celd 

t.1'5."'11• lt1 t1ffult AMblM\ 
~JI 6m1• (t11'1NultCOld 
'>24 7m•• 11t Fine Hldron Modult Atnlllenl 
'>12.Sln•• Ill f IM H1dron MOOUlt C•ld 
\20. 7n•• Jnd fine lllctr~ t1D*'I• A•lllilt•t 
111 ~.. 2n4 f Int ll1dron 1104lul1 Cold 
~49. 7w.t• Coar1t Hadron n.4Ut1 Amllt•nt 
•47 .41n11 C.artt Hadron t1•d"1' Col• 

Venda - ~3 Al...W.U.. 

Ambient Nominal Radial Dimensions (JOO 

,.':lo 
(-.; 

I 

.Inner Vacuum Vessel Wall 

Cold Nominal Radial Dimensions 166K) 

W.t/611.8 

Figure 2-1. Vessel Dimensions Ambient and Cold 

' . ,, • • • • • • 

, , 

All Olrnenslons In mm 

3450 

"110;-t .. n" '1"H 'l. H i?-"!1'j-i;·, 
iU ·~"l l "' I' \l'' i.• 

'-';j,d:~\!:~ 1 • .;'l.n.1:::· 
"'ll""''''" 1 ut1 1 I' ·• 11" 

vacuum Vessel W<ill 

Argon vessel Outer Wall 

1 
.... , ... 11 .. ,.,,. , •• ,. •·· 

, .. :.; ""''!" ... "I ' l'I' •·, .,, .... , .... , .. ·• •. H ...... f' l!ito-:.:.r , Ul\t 1~.i!l:.''~ !lfilmrlDrf'i."!'li .i!iu.~·-· ....,_._ - --
!COARSE HADRON 
c:::::r.i_!••• !t""u•_'-'1~~ 
•· .uuu. H: :.p;i:•:;Pt: 

671.l/Ul.7 

3438 

• 

S11ucc Anj!ab!e 
for Mttdu!c:; 
A,.bluliCuld J\11111.,01 
lhdlol Sp<ICH la run1 

Con,.~erlnl M•ltru~ 

Mamuradurl., Toltn..,.1 
ond T~t,.1al 
(ll<lla IA..al.DOJ6) 

l(JUlarutable Module Endvi<w 

• • • 



) 

it. 
w 

) ) ) ) ) ) ) ) 

.. --··· ---- -- --·-- ---·------- -~-. ·----··------···--·---- --· .. ····· -· 

END RING SEGMENT FORMED DY PILLER STRIP 

• 

r--TIE ROD 
I 

I 
I 

I 

Figure l-2b 

I 
I 
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I 
\ 

INNER SPACER llAR 

·I .. 

·MIDDLE RING SEGMENT FORMED DY FILLER STRIP 
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l:M Module Structural lilements 
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ct. 'i L. r---=:=:i SS( .. ,, ,_ __ _ SS(•,y) -. U(a,y) 

I ..../ 

CASE 1 CASE2 

'i 
I L 

,, 1 sJ •. ,, J 89(1,y) 

t---·-· p 
· 5112Lf 

G. 
- l 

·~!"· I SS<~ saca.rl 

!lnL""f 

CASE3 CASE4 

.ti. SS(x,y) = simply supported In x & y directions 

..:::.. 
SS(x,z) = simply supported In x & z directions 

SS(x,y,z) = simply supported In x, y &z directions 

Pt, P2 = locations lor dellectlon measurements 

L = hall the length of the absorber plate 
• 

'i f -L .. 

I 65(~.Y.zl ) aS(•.v.1> 

! 5112L f 

'i. 

CASES 

SS(x,z) 
L ~ 

P1 , r .. 
I 5112 L 

SS(•.zl 

CASE7 

59(•,y) 

Fiaure 1-12 Support Cases 1-8 

• • • • • • • 

' 

'i 
. ' 

SS(•.ZI 

! ) SS(x,y) 

~·.z> 

CASEI 

'i SS(x,.tJ 

Bi•,YI ) 65(1,yJ 

SS(•.zl 

CASE I 
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LIQUID ARGON CALORIMETER • 
I'\ ') 

Eodcap Feedthmughs - Cylinder Location Only • • 
Section A-A: ~); ,)</;; . 

) ) ) 

Endvlew of Endcap 

... ~). ~ 'l ;.- < _.-9~~~=::::::::::::::,,,._ B ¥,... , __ :::::::-::;:::::::--

30~ 
r 

T ypiCa1 Wire f · 
Envelope 

. I'\. 

~ ... 
~ 

l 
l.Ar Supply Line 

I 

) 

Feedthrough Flanges With 
Provisions For 13 Conneciors 
9X 

Endcap Vacwm Vessel Over 
Pressure Protection Relief Port 

Vacuum Port 

Typical Cold Feedthrough 

KRElarnstablP Bl I EiC FT's Cyl Only 
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LIQUID ARGON CALORIMETER - endvlew or Endcap 

Endcao feedlhrougbs • C)iiod&r Location Onlr 1: 
Section B·B: 

.ta 

°' 

• 

.\ 

Typical Warm Feedlhrough ~:::::::::::=•~=.;::::;:;---

• • • • • 

~, 

' 

Ill -
Feedtnrougb Flanges With 
Provisions For 13 Connectors 
9X 

Typical Cold Feedthrough 

KRBarnstable Bl I EiC FT's Cyl Orily 
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The 1992 GEM LAr/Kr Accordion Calorimeter Group 
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The Liquid Argon Test. 

Objectives: 

1) EM energy resolution of 7.5% / vE + 0.5% 

l.3mm Pb Solution. Liquid Krypton. (Sampling fraction) 

0.8 mm Pb in both absorber & readout electrode. (sampling fre
quency) 

2) Position Resolution & e/7r separation. 

Chevron Design 

3) Trigger. 

Timing ;~esolution (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 projfa:tive geometry 
Quasi projective 
Y.rojective geometry 

7) I3endin1; rr~achine 

Bending machine for Projective Geometry. 

.. 

.. 

-
.. 

... 

-
-
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EM Configuration Go~\ 5 :;.s%/f/E 

" 
I/ 

l ~fl'\ ~rti~ 

. "i:..rc.c..!i'l 

;~f)'-" '3 
- ~r~.J~ 

p\i:.., r tc.S:< 

"f,..~ew-\,v 

t(.. ,'C \:. "' ~S' 

- ,·;r-i~~ ~1L.;(' 

fu.c.ti~ 

1mm OPTION 

P= 
X.= 
Tl.= 
Rs=21.1'l6 
Cell=6.6mm 

2mm OPTION 

P= 
X.= 
Tl.= 
Rs=22.8% 
CeU=6.6mm 

CELL 

G-10l05mm) HV Electrode 
(Silk Screen) 

P.r ~.-
Pb lk Pb Pb 

1mm 2mm 1mm {i- 1mm __.. 

Absorber Signal 
Electrode 

Absorber 

HV Electrode 
(Silk Screen) I

I CELL 

,...---P, kt' I k· 
Pb 

2mm 

Absorber 

49 

Pb 
2mm 2mm 2mm 

Signal Absorber 
Electrode 

(Kapton/Cu) 

2mm 
Stainless Steel 

l"r~f~ 
2mm 
Stainless Steel 
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CllllNN[L 
c-r•ECT 

) 

NOlES 

OYNAM~ RANGE 
(EM)~hanoel 

CMOS 
A Mrs 

) 

25 MeV ~ 2.5 TeV 
25 uV ---+ 2.5 V · 

1cf ·~ 18 BITS 

CMOS 
6~ X I 6ns 

ANALOG MEMORY 
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2ND LFVLL 

MlJL Tl EVIN l 
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11 o Acquisitions 
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high voltage scans 
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y I ' 1.318' 

Constant 322. 7 ± 6.719 

Mean 

Sigma 

2. 7 48 ± 0.8899E·03 
0.6131E-01 ± 0.6491E·03 

3.2 3.4 3.6 

x .9 91 

Constant 343.0 ± 8.00t.: 
Mean 2.931 ± 0.8377E·03 -
Sigma 0.5780E-O 1 ± 0.5875E 

3.2 3.4 3.6 
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2mm Stack, Krypton, SXS, Preliminary Results 
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2mm Stack, Krypton, 3X3. Preliminary Results 
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BaF2 PR~G,J;SION EM 

1JeRYs¥Ri CfibfilMETER 
NEW MAJOR R&D PARTNERS 

•LLNL 

- Crystal Mass Production Process 
Design and Engineering 

- Surface Preparation 

- UV Reflective Coating 

- Pure Rad Hard Crystal Growth 

• ZHONGNAN OPTICAL INSTRUMENT 
FACTORY 

- Crystal Mechanical Processing 

- Production UV Coating 
With BGRI 

• TSINGHUA UNIVERSITY 

- MechanicaL Support 

- Multipoint Inspection Machine 

- Readout Electronics 

+ 'R.e. l> : • J t. f~ter.J6e"8- J.z~ce(!Lr 7>~J'1cJ' 
ft..sti+k.te (.J"' .kPI) . 

• f!zo.J'cow £~,~~t!.r't?J r~..rrc.r~.r+,¥ic.ie. 
7 5 (.!1., E °P'-1. I) 



BaF2 EM CALORIMETER 
REQUIREMENTS FOR 8/92 GEM 

DECISION: 

e DEMONSTRATE CAPABILITY TO 
MAINTAIN 

THE HIGH RESOLUTION IN SITU 

• RADIATION HARD CRYSTALS* 

(1) Demonstrate Substantial Improvement in 20 - 25 cm 
Crystals. >. > 60 cm After 1 MRad By 8 /92. 

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

• LIGHT COLLECTION UNIFORMITY~ 
(1) Develop Detailed Plan for Obtaining Uniform Crystals 

After Wrapping Or Coating. 

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

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

( 4) Cosmic Ray Measurements With Transverse Muons 

~ Setj a.hl-1~'~ Yt"1:J 
~ ;;;/ ~ Q 1.'-fvd. ,,, a.{J J' eg me'> tte.z.'tA-7 J'tc.i~· 
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BaF2 EM CALORIMETER 
1992 R&D PROGRAM 

• BaF2 CRYSTAL PRODUCTION: 
(SIC, BGRI) 

• • RADIATION DAMAGE STUDY: 

• 

(SIC, BGRI, CALTECH, BNL, TIFR, LNPI; 
CEA, OPTOVAC; NRL, UWV) 

./v • UV MONITORING SYSTEM: 
(CMU,UCSD) 

v./ • SURFACE PREPARATION, 
UV COATING: 
(LLNL; CEA, CIT, BNL) 

V./'• PROTOTYPE ENGINEERING DESIGN; 
~ DESIGN MANUFACTURING PROCESS: 

(ORNL; CALTECH, UCSD, LLNL) 

.../ • PROTOTYPE ELECTRONIC READOUT 
{ORNL, PRINCETON) 

/v • CALIBRATION, UNIFORMITY, STABILITY: 
COSMIC RAY STAND; RFQ SYSTEM: 
(UCSD, CALTECH) 

• BaF2 CRYSTAL ACCEPTANCE TEST; 
MATRIX ASSEMBLY: 
{CALTECH, UCSD) 

V'./ •SIMULATION and ANALYSIS: 
(CALTECH, ORNL; UCSD, CMU) 

77 



BaF2 R&D PROGRESS 
JULY, 1992 

../• PRODUCTION of LARGE RAD HARD CRYSTALS 
in CHINA (SIC, BGRI) 

• SMALL ULTRA-PURE CRYSTAL GROWTH 
/ AT LLNL, OPTOVAC 

• CRYSTAL MANUFACTURING IN CHINA: 
v SIC, BGRI, ZHONGNAN, TSINGHUA 

• LLNL and ORNL: MECHANICAL PROCESS 
,/ ENGINEERING. TECHNOLOGY TRANSFER. 

v' • UNIFORMITY: GRADED UV COATING (LLNL) -
TECHNOLOGY TRANSFER: ZHONGNAN, BGRI 

• BEAM TEST <?f BaF2 MATRIX (FNAL) 

-

-

v' • CRYSTAL STABILITY TESTS OVER 7-9 MONTHS ... 

../ • NEUTRONS TO 7 x 1013 /cm2: LITTLE EFFECT 

./ • HADRON IRRADIATION TESTS AT AGS 

../•CALIBRATION: UV MONITORS, RFQ SYSTEM 

. ./•COSMIC RAY TEST STAND 

i/ •TRACE ELEMENT and MICROANALYSIS (CE&A) 

• RADIATION DAMAGE MECHANISM STUDIES 
AT TONGJI, WEST VA. UNIVERSITY 

,/ • SIMULATION STUDIES: CALIBRATION, 
UNIFORMITY, PHOTON POINTING 

v• AVALANCHE PHOTODIODE +LONGITUDINAL 
SAMPLING OPTION (UNDER STUDY) 

v • PRE-IRRADIATION OPTION 
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Proposal for Weldin" 7x7 eels eupportin~ struoture of GEM 
Detector Barrium Fluoride EM Calorimeter -/StJIG.ffUA: 

1~~ JitQ.."ntuW/. 

1 efo)f , ~AJ'E'f? .kefdeJ. 
-Pro-iot.:Jre ,J'trvc -!:~re 

Ke-ren Shi, Jla-lie Ren, Yun-mina. Zhu 
Wu-zhu Chen, Yan-xian Li, Bin1-yi Yan 

Oept.of Meohanioal Enlineering 
Tein1hua OEM Collaboration 

Tsin~h~a Univeralty,BeiJing ChinB 
Fax: (861)2568116 

~ 
fo-0 

1. wt1ld\ng 7x7 nal 1.11 ot' OEM Det.ector Suppor,tina structure 
1.1 F11.1 shows the etruoture of '7x7 cells, . -

f.aOI( 

"'~+ '. 
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3. Cant. r.:ati.m1'tft t'or 7x7 ael.l.s of <ll-:M l>ftt.Aot.or ~upport.in.u Rtruo-

ture 

N~ I i tern LAbnr Matnrinl Subt.ot.nl Conti ni:c. 'l'ot.nJ 
. k$ ks k$ k!I It S 

1 • Total Cot\tB 4:a 22.05 26.95 :i . l 5 30 .·o 

1 • 1 Ti sheet11 o.6 5.7 s.a 0.5 6.8 
( o. l mm, 16kr) ' 

1.2 Moulds 2.0 7.0 9.0 0.6 9.6 
1:. 3 Laser wel~inJt 2.0 . 9.0 1 J. • 0 2 • Cl 1 :t • 0 . 
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Date: July 22 1 1992 

Specification for 
• An Instrument Inspecting BaF2 Crystals 

Li Dacheng, Wang Dongsheng 
Yu Guanzheng, Zhang Yunxiang 

Dept. of Precision InstrumentR 
Tsinghua-GEH Collaboration 

•Tsinghun University, Beijing China 

) 

This instrument has the performance which can inspect dimensions of 
~ BaF2 crystals (flatness, perpendicularity, contour, and all 

dimensions). 

~ 

~ 

._.. 

• A comparison between the new instrument and that used by 
Shanghai Institute of Ceramics (SIC): 

Items the new instrument SIC's instrument 

· Measuring range 0-250mm and 0-500mm ON250m111 only 

Measurement software all measured objects · No 

Resolution 0. 3pm 0.5µm 
. 

· Precision +-3rm +-5pm 

• The number of induc- 84 heads 4 2 heads 
tive gauging heads -- - -~ 

) ) 



BaF2 RADIATION DAMAGE 

Is The Main R&D Issue 

SUMMARY OF FACTS 

• Significant Progress On Rad Hardness 

_.. • A Decrease In Light Transmission; 
No Evidence for Intrinsic Scintillation Loss 

-ii. • Radiation Effect (Photons) Is Saturated 
At < 100 kR.ads: Yield and Transmission 

- Saturated Crystals are Rad Hard (> 1 MR.ad) 

- ·Needs Confirmation for Hadrons: 
-:;. Tests At BNL 

_.. • No, Or Very Slow Post-Irradiation Annealing 
at Room Temperature in Darkness 

_. • Small Effect of MeV Neutrons (Lowell): 

7 x 10
13 

n/cm
2 < 1 kRad Co

6
:- fer aee P~rtic-e ~pe.1' 

_. • Full Recovery With 500° C; UV Light. 

~ • Evidence for Primary Role of Oxygen Or Hydrogen 
(OH-) in the Damage (Tongji, Univ. of West Virginia) 

- • Best Crystals Tend To Have Least Impurities: 
Rare Earths, Oxygen, Carbon, Metals (C-££A; src; B(;.'~.1) 

~ • Microstructural Differences in New Crystals; 
Crystals Must Be Properly Annealed 

• Attenuation Length (220 nm) To Be 95 cm 

- Currently> 40 cm In Large Crystals (July) 

- Improvement to > 60 cm May Be 
Achievable By End August 

84 
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BaF2 R&D STATUS (July 1992): 
RADIATION DAMAGE TESTS 
~ ........................................................................... ___ ~· 

• SATURATION (With PHOTONS),. 
FROM ""50 kRads: 

- No Measureable Recovery At 220 nm 
After 7 Months (Caltech) 

) 

- Possible Slow Recovery Over 7-9 Months (BNL) 
00 
C.11 • NEUTRON IRRADIATION AT UNIV. LOWELL 

- 7 x 1013 MeV n/cm2: Little or No 
Measureable Damage Due To Neutrons 

~ - Damage Consistent with Photon Dose Only 

• HADRON IRRADIATION AT BNL AGS 

- First Data On Hadron Versus Photon Damage 

- Up To MegaRad Doses: Report By Woody 

4.. ~Es.r· ~ANlAC.E' J1-1M Y; (>ER M11 "Do.re 

) 
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BaF2 R&D STATUS (7 /92): 

PREIRRADIATION OPTION: 

INDUSTRIAL FACILITES AVAILABLE 

• ISO MED IX, Inc. (El Paso) 

- 1.5 MCi Co60 Source Array: 12' x 8' Vertical 

- Mount Crystals in 10" x 10" x 21" Cartons 
Wrapped in Large Bubble Plastic 

- Four Passes (Two Per Side) on Conveyor Belt 

- Process a Truckload At Once 
,, l) 

- COST Estimate: $5 - $7 Per Crystal + ::: /1001(. 

• STERIGENICS INTERNATIONAL (Fort Worth) 

- 2.2 MCi Co60 Source Array: 10' x 8' 
In Two Vertical Walls 

- Conveyor Belt: Carriers ('Totes') 60" x 24" x 40", 
Pass on One Side, Between Walls, Other Side 

- Mount 39 Crystals Per Tote (1/2 Crystal Spacing); 
5 Hours for 1 MR.ad 

- Total 410 Totes, at $60 Per Tote: 
TOTAL COST = $25K. 
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BaF2 R&D STATUS (JULY 1992) 

SMALL CRYSTAL PRODUCTION; 
DAMAGE MECHANISM 

• KEY ROLE of 0 and/ or H: Confirming 
Evidence From Tongji and West Va. Univ. {WVU): 

• 

- OH- Doped Crystal Studies: High Temperature 
Annealed in Air 

- UV and Infrared Absorption Bands Measured 
Match Tongji Computations 

- Electron Paramagnetic Resonance {EPR) Spectrum 
at WVU: .. 
* Interstitial H and Substitutional o- Identified 

After Irradiation 
* Correlated With UV Absorption Bands 

• DAMAGE MECHANISM: ROLE OF TRACE 
ELEMENTS in Color Center Formation (WVU) 

- Mn2+ Valence Change Observed 
in EPR Spectrum 

• OXYGEN, FAST COOLING, and DAMAGE 
STUDY at SIC 

- Improper Annealing (Fast Cool Down) 
Leads to Decreased Rad Hardness 

- Crystals With More 0 2 Show Larger 
Changes Seen Under the Electron Microscope 

95 
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POSSIBLE ORIGINS OF THE ULTRA VIOLET 
ABSORPTION IN BaFz CRYSTALS AFTER 
IRRADIATION AT ROOM TEMPERATURE 

A. INTRINSIC DEFECTS (Fluorine Vacancies, 
Interstitial Fluorine Ions, Etc.) 

Highly Unlikely! 
..,. No Intrinsic Defects are Known in BaFz That 

Have An Absorption Band Near 200 nm. 

B. HYDROGEN AND OXYGEN IMPURITIES 

Highly Likely! 
Easily Incorporated During Gro\vth. 
Easily Affected By Radiation. 

C. TRANSITION-METAL AND RARE-EARTH 
IMPURITIES 

Highly Likely! 
Present in Starting Material For Crystal 

Growth. 
Easily Change Valence State During 

Irradiation. 
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CONCLUSIONS 

• BaF2 is an intrinsically radiation-hard material, 
especially in the ultraviolet. 

• Radiation-induced ultravil)let absorption bands are due 
to small concentra_tions of hydrogen/oxygen and 
transition-metal ions (Mn2+). 

Two ways to minimize radiation damage in BaF2: 

1. Continue to improve crystal 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. 
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BaF2 R&D STATUS (JULY 1992) 

MATERIALS PROPERTIES 
and RADIATION DAMAGE 

TRACE ELEMENT and 
MICROSTRUCTURAL ANALYSIS 

AT CHARLES EVANS and ASSOCIATES 

.. 

.. 

-

-
• Impurities _Concentrated in Precipitates cflOM..t.Jf A.J<T • 
• Depth Profiling and Field Imaging Inclusions (SIMS) 

• New Crystals (With Improved Rad Hardness) 
Show Different Propertie~: 

= 

- Much Lower Rare Earths (GDMS); 
Much Lower Carbon; Lower Oxygen (Gas Fusion) 

- Large Regions With NO Inclusions: 
(To Be Correlated With Growth Parameters) 

- Fewer Total Inclusions 

- Inclusions Are Clustered Together 

- "Swirl Patterns" As Seen in Silicon; 
Connected By "Pipes" Along Crystal Planes 

• Work In Progress (July - August): 

- Correlate Radiation-Induced Microscopic 
Coloring at Inclusion Sites With 
Macroscopic Absorption 

- Analyze New LLNL, OPTOVAC, SIC and 
BGRI Crystals 

- Cross Check CE&A Trace Analyses 
at NRL (DRT: 10 - 100 ppb Sensitivitv) 
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Theory D'Jour 

Old Crystals 
Rare Earth Impurities 
fligh Color Cenler Genera/ion Rafe 

Large, Random Inclusions 
High Resistivity 
Lor,.v Color Center Destruction Rafe 

t'1ew 852 Crystal 
Low Rare Earth Concentration 
Low Color Center Generation Role 

Small, Interconnected Inclusions 
Lower Resistivity 
Phosphor .ese n-c e Se If Heal? 

... 

... 

-

-
... 

-

-

Higher Color Center Destruction Rate 
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Cobalt 
852 and T 

Irradiation 
Series BaF2 

.. 

.. 

.. 

Sarnples Irradiated at LLNL • 
115 Minutes (2.3M Rad) 

No Color change for S52 
Blue Color for T (Prototype) 

SEM Analysis 
Both Crystals - R.random Inclusions 

Color Photocopy of Crystals 
Returns T Series to Clear 

Incandesent Light Bulb 
60 Watts, 12 inch exposure distance 

* 0 Minutes Light Blue 
..... .- . .• . I • ' ' -· I 
. I 'J ' I ' - . : • - - ' -· ·-. • '-' I ,- , 
~ \ ·"' j J .I ·-· I =:: .:.. ~ I ( .. I I I ; I I., 

~ 

.. 

... 

.. 

-

* 60 Minutes Clear 
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Future Work 

GD~fS - T Series (FNAL) 

SIJVlS - Imaging of Sr & H 

SEM Quantify Charging 

RBS Lateral Crystal 
Quality of T and S52 

Establish Photon Energy 
to Bleach Color Centers 

Investigate Self Bleaching 
Low energy Phosphor Coating? 

C r1 a r a c t e r i z e f'l e vv tvl a t e r i a I 
105 



BaF2 R&D STATUS (July 1992): 
CRYSTAL PRODUCTION (SIC, BGRI) 
~~~~~~~~~~~~~~~~~~~~~·-

• NEWER CRYSTALS 

• - T(220 nm) in 26 cm Crystal (SIC): 
483 After 1 MRad ~a.tt -::::: .i..fO cwt 

- 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 

• :::} Possible Correlation With Cr, Mg Traces 

• :::} Tests Needed at CE&A (GDMS, SIMS) 
and NRL (DRT) in August 

• IMPROVED RAD HARD CRYSTALS in August: 

• - Chemical Pre-Treatment (BGRI): 
Remove Ba(OH)2 

- 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-Diffractio:n, EELS 
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BaF2 R&D STATUS (JULY 1992) 
SMALL PURE CRYSTAL PRODUCTION 

• 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 

• 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 BaF2 : 
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 
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BaF2 R&D STATUS (JULY 1992) 

MECHANICAL PROCESSING 
DEVELOPMENT By LLNL, ORNL 

GOAL: Delivery of Finished, Coated 
Crystal Pairs From China at $ 2.5 /cc 

.. 

.. 

• NEW CRYSTAL DIMENSIONS (ORNL, LLNL) .. 

- Perpendicular Side and End • /?( {/!?_'E EFFICIE/ff' 
Reference Faces. fuc"U..CTffJ.H,,tJIS'PEC:rIO){ 

•SURFACE PREPARATION: MACHINE DESIGN, '"' 
TOOLING (LLNL): 

- Tests of Ion Beam Milling, Diamond Polishing, 
Diamond Turning Completed 

- Diamond-Impregnated Pitch Polish Chosen: 

• Roughness 10-20 A 0 RMS 
~ •No Amorphous Surface Layer; 

Verified at CE&:A By RBS 

• Flatness "One-Tenth Wave" 
• Manufacture: Jigs, Process, Machine Designed 

....,. • Technology Transfer to Zhongnan, BG RI: 
China Trips in July, August 

• UV COATING PROCESS DEVELOPMENT (LLNL) 
COMPLETED By AUGUST 

- Coating: 903 Reflectance At 220 nm 

- LTRANS Simulation: Compute, Test Graded 
Coatings {LLNL, Caltech) 

-> - Tech Transfer: Zhongnan Expertise, BGRI 4m Tank 
110 
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SIMULATIONS AND LAB TESTS: 
Demonstrate High Resolution 

Maintainable In Situ 
Max. Constant Term 0.63 

EFFECTS TO BE INCLUDBD 

• Residual Non-Uniformity (As Installed) 

• Non-Uniformity Due to Radiation: 
Non-Saturation Or Annealing In Situ 

• Accuracy of Intercalibration 
(From Calibration Studies) 

• Short Term Instabilities of Readout System. 

• Linearity, Linearity Calibration and 
Dynamic Range of Readout System. 

• • ( ( ( ( • ( • ( 



l\!lonte Carlo Studies for BaF2 at ORNL 

-
Progress Report 

(Status July 31, 1992) 

. . . 

CONTENTS 

-
e #1 UNIFOR.l\.1ITY OF THE COATED CRYSTA.LS 

• ..;;..2 LOCAL NON-UNIFORMITY -
e #3 IN-SITU CALIBRATION WITH MIP 

- • #4 IN-SITU CALIBRATION WITH ISOLATED ELECTRONS 

POINTING IN THE LONG. SEGMENTED CRYSTALS 
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Uniformity for different Aatt and 
transparent front facet 
(for side face ts F=l.) 

MgF2( thin film) + Al coating 

Light collection efficiency (%) 
lOr--~~~~~~~~~~~~~~~~----, 

Fe !-7 (b 
v 121 
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BaF2 UV Reflective Coatings Ll\I 

Milestones: 

July 1: 1. Aluminum coatings deposited on BaF2 samples < 20 cm long. 
2. Measurements made on front-surface and back-surface reflectance 

versus wavelength. 
3. Data supplied to ORNL for Monte Carlo. 
4. Long term aging of coatings under study. 
5. Outside vendors Identified for coating 15,000 crystals, costing done. 
6. Measurements begin on light collection versus length for "old" Chinese 

50 cm crystal. No coating. 

~uly 7: 1. New coatings prepared for scatterometry and reflectance measurements 
~ 2. Aging tests begin. 

3. Measurements continue on 50 cm crystal light collection versus length for 
different wrappings/coatings. Data to be supplied to ORNL for L TRANS 
benchmarking. 

Aug. 1: 1. Aging test results becoming available. 
2. Scatterometry results available for Monte Carlo. 
3. Incorporation of FILMSTAR into L TRANS for reflectance curves. 
4. 50 cm long crystal coated by outside vendor and measured, data 

supplied to ORNL for L TRANS benchmarking. 

-J> Aug. 9: 1. Begin process to coat small samples with non-uniform reflective coatings. 

~ Sept 2: 1. Coat 50 cm long crystal with non-uniform reflective coating using data from 
experiment and calculations to define functional form for reflectance vs. length. 

) ) 



BaF2 R&D STATUS (JULY 1992) 
CRYSTAL MANUFACTURING PLAN 

• CRYSTAL GROWTH: SIC, BGRI 

•MECHANICAL PROCESSING AND INSPECTION: 
ZHONGNAN OPTICAL INSTRUMENT FACTORY 

- Lo! for Full BaF2 Production Signed July 14 

- Mass Production: 15 Pairs Per Day, For 3 Years. 

- Precision Cutting, Lapping, Polishing, and Optical 
Inspection Machines (1 µm, 1 µrad) Available 

.....;. - Technology Transfer from LLNL: Final 
Lapping and Polishing Process 

_., - Large Inductive Multipoint Inspection Machine 
(L3 Type), To Be Built at Tsinghua Univ. 

• MECHANICAL STRUCTURE: TSINGHUA 
UNIVERSITY (ORNL) 

- C02 Laser Beam Welding of 100 µm 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: 
!HEP BEIJING 124 
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LETTER OF INTEr-.'"T 
BY 

BARIUM FLUORIDE COLLABORATION 
TO 

ZHONGNAN OPTICAL INSTRUMEZ'l"T FACTORY 
• 

FOR COLLABORATION ON THE PRECISION MACHINING 

AND POLISHING OF BARIUM FLUORIDE CRYSTALS 

Dr. Craig R. Wuest 

-
... 

... 

... 

Representing the :Barium 'Fluoride 
Collaboration! La-wrcncc LivC1'IDOre National Laboratmy ... 

Representing the Zhongnl!ll Optical 
lnsErUlllCllt Fac:tozy: 

for 
Professor Harvey Nev;man. Spokesrn2n 
for B.arlum Fluoride Collabo:a:ion 
California Institute of Technology 

?vfr. Zhang Chunyuan, 
Z:'lOngnan Optical Instrumc:lt F3.CtDIY 

for 
Mr. Song Shubin, Clief.Dire:::or 
Zhongnan Optical Instr=nt FactoIY 

The conditions to be met arc: 1) Successful demonstrat;ion of radiation resistant BaF21 

2) Successful demonstration of machining and polishing of large B aF2 crystal pairs, 3) Suc::ess:ful 

demonstration of reflective optical coating of BaFz , 4) Acceptance of the B;Fz Electromagnetic. 

calorlmetc:r by the GE.\i Detector Exceutive Committee. S) Continued approval for funding of the 

SSC by the United States government 

Zhongnan Optical Ins:rument Factoty is called upon to perform tasks in suppon of items 

2) a..,d 3). LL.~ BGRI and SIC aie worldng to satisfy the reqamrocnt of iccm 1). !:::is 4) and 

S) are somewhat beyond om control 

Because of time c:onsm!nts, we arc reducing our s.'tor. tc::n goal to produc: .S c::ystal ptl.-s. It 

132 
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BaF2 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 

• Full Sized BaF2 Crystals Already Processed: 
Cutting Speeds 2-3 mm Per Minute 

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

• 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 0 Al, 2500A 0 Si02 

- Provide Five Unpolished Crystal Pairs. 
To Be Finished, Inspected At LLNL; 
Tested At CE&A. 
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CUTTING SCHEDULE AT ZHONGNAN (M, LEBEAU) 

July 
20 27 

August 
03 10 17 24 31 

I I I I I 
c u T T I N G !DELIVERY I FINISHING 

A T Z H 0 N G N A N I I AT LLNL 
~ I I I I I I 
w 
..ci. 

I S I C I VACATIONS 

- ~ 

I I I I I I 
G R 0 w T H !DELIVERY I M A C H I N I N G 

A T B G R I I I A T Z H 0 N G N A N 
I I I I I I 

Shipping Forecast September 10 

• 4 • • • • c c • • • 
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Magnetic Field 

/ 
/ 

45.0° 
/ 

/ 

/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

Photopentode 
Hamamatsu 

'-- Angle Shifting Prism 

......_...6i----- Glue Joint 
Barium Fluoride Crystals 
(2 Sections at 25 cm long each) 

,r-- Composite Structural Tube 

Barium Fluoride Readout 
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BaF2 EM CALORIMETER 
SILICON AVALANCHE 
PHOTODIODE (APD)~ 

ADVANCED PHOTONIX, Inc. (API) 

• BARE DIODE With Deposited 
Narrow Band UV Filter 

• Q.E. To 803 (200 nm) 

•RAD HARD (PD Tested to 0.4 MRad) 

• LOW CAPACITANCE: 2-3 nsec RISE 

• LOW NOISE: 0.25 nA/ cm2 

• BUILT-IN GAIN (Use ~ 200) 

• 

• VERY STABLE: TEMP. COMPENSATED 
(for -23/°C) 

• LARGE DYNAMIC RANGE 

• MAGNETIC FIELD IMMUNE: 
COMPACT, NO TILT 

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

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

_. BaF2 With Two Long. Segments 
Under Study At ORNL, Caltech 
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TITLE OF PROJECT: Avalanche Photodiodes for Barium Fluoride Calorimetry at the SSC 

TECHNICAL ABSTRACT (Limit to space provided.): 

The proposed project will extend the spectral response of currently 
available large-area avalanche photodiodes (APDs) into the blue and 
ultraviolet. coupled with barium fluoride, a fast, high-atomic-number 
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 diodes with extended-UV response are available 
:from a number of :manufacturers, they are unsuitable for use with shaping 
times much :faster than 2 microseconds because of poor noise performance. 
In contrast,· APDs give improved rather than degraded performance with 
:fast shaping times (down to around 0.01 microseconds) but at present 
their 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 
90 
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QE% 50 

40 

30 
20 

10 
0 
200 

UV-Enhanced p-n Diode 

300 

\ 
~~--

400 500 600 
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--------...../ 

700 800 900 1000 

Wavelength, nm 

-Quantum efficiency vs wavelength for Advanced Photonix APDs, and for an 
Advanced Optoelectronics UV-enhanced p-n diode (measured at SDC) 
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BaF2 CALIBRATION 
-

• RFQ: Radiative Capture Photons 

- RFQ Test (3.85 MeV) At AccSys 

- L3 System (1.85 MeV) At LEP 

• MIP Calibration 

- Test at UCSD Cosmic Ray Stand 

•UV Laser Monitoring System (CMU, UCSD) 

• Check: Inclusive z0 , Y ---+ e+e-

) 

,, 



ACCSYS 
TECHNOLOGY. INC 

GEM Barium Fluoride Crystal Calorimeter 
Calibration System 

1177 Quarry Lane 
Pleasanton. CA 94566 

(415) 462-6949 
FAX: (415) 462·6993 

The barium fluoride (Ba F,) crystal calorimeter proposal for the GEM detector at the SSC Laboratory 
will be calibrated on-line using an RFQ lioac 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-4 lioac system operating with an H-output beam that is stripped to H0 in a gas 
neutralizer for transport into the center region of the detector through the magnetic field. 

A drawing of the prototype Model PL-4 RFQ lioac 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
ico injector shown in Fig. 2. This rf driven H- ion source is an upgraded version of the one in usc at 
CERN for calibration of the BGO aystal calorimeter of the L3 experiment. A contract has bceosigoed 
by AccSys with DESY to fabricate this ~injector for USC on the Linac ill system 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 ion source to be easily pumped away. 
The power from the ion source equipment cabinet 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. 

l 
The H-ion beam from the injector will be accelerated to a final energy of3.85 MeV using a 3 m looj 
RFQ operating at 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 reliable. The 
detailed specification of this system are listed below: 
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BaF 2 Cosmic Ray Test Stand -

1.0 x 1.5 m scintillator 

* ..-----------.>576 x 384 wires, 2mm spacing 

* 

+ 

(1.3 x 1.0 m) x 1.0 m test space 

> 576 x 384 wires, 2mm spacing 

* = broken wires 
+=~ready (7/j<,) 

1.0 x 1.5 m scintillator 
0.2 m steel 

1.0 x 1.5 m scintillator 

144 UCSD 30 June 92 
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BaF2 COSMIC R_..\.Y TEST 
STAND 

Statu-s as of July 1992 

•Hardware 

- 11echanical Structure ............ Complete 

- Triggering Counters .............. Complete 

- Defining Counters ................ Complete 

- Trigger Logic .................... Complete 

...:.. Data. Acquisition Logic ........... Complete 

- P\YC Niechanical (*) ............. Complete 

- P\VC Electrical .................. Complete 

- P\VC Readout ................... Complete 

- P\VC Gas ....................... Complete 

• Sofuvare 

- Data Acquisition ................. Complete 

- Chamber Iv!onitoring ............. Complete 

• - Tracking ......................... In Progress 

• - Crystal Studies (res., noise) ...... In Progress 

• Near Future 
• - First Crystal Data ......•........ ~fid August 

• - Routine Crystal Data ............ Late Al1c,crust 
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BaF2 MONITORING 
ULTRAVIOLET FLASH LAMP 

• Flash Width - 3 ns FWHM 

•Wave length - 220 nm center, 25 nm FWHl\.1 

•Intensity 

- 20,000 - 60,000 p.e. after 1 m fiber 

- 150 - 300 fibers per flash lamp 

• Proposal for Monitoring Relative Gain Sta
bility 

- 1 fiber per crystal 

• - 50 - 100 flashtubes for 15,000 crystals 

• - 50 - 100 crystals have fibers from two flash 
lamps 

• Proposal for Monitoring Gain and Global Linearity 

- 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 
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lJV Flasher System 
Status as of July 1992 

- t·v Flash Lamp ................. Complete 

- Enclosure ........................ Complete 

- Reference Enclosure .............. Complete 

- Fibers ........................... Complete 

- Trigger Logic .................... Complete 

- Data Acquisition Logic ........... Complete 

• Sofuvare 

- Data Acquisition ................. Complete 

• - Analysis . . . . . . . • . . . . . . . . . . . . . . . . . In Progress 

• - Preamplifier Studies . . . . . . . . . . . . . In Progress 

• Ivfeastrre:rnents 

- First Pulse Shape ................ Complete 
• - Routine Crystal Data ............ Late August 

• - 1\-fatrix Monitoring Setup ......... Under Design 

149 
7JT.:._ ?.~ 



tt Pa..)?ef » rf.eet1"J-~Yl ~te Q(J~Jt 

0 71(o'l>UCTIO_)( of' ~ARG.E CR...JJiA.t....J' 
/)( CHINA 

~ J'ftl.Ai.I.. f?...Ao HA??_) C~.JrAi...J jrtMt 
~~.N1..,, onovJf c 

lj @Q. t.a.. 7?.. e f Q. t '"!.!/- /?( 1 c ro..NrtJ cfur tJf. 
~a.-i-~ r;Qf..r vr~rlie.J -z."o 7?.0:'J -1-/Q. rd. l?e.rs: C:. E £A 

~ Co~Af.rc tcAd lbw~ft -t- u v ~M1rote. l'ATA , ( ._,, 

~ J'l#f_ULlfT""/O}(~ -+JEST '£>.ATA ~ 
UV UNIFO'R.,#l ''Cf 

• CJ4L tB'R..AT1aJ( J'1f(_U~l4Ttoj(S' 

°'* ~ J't:tu aNNEA L 1/f (; '--fE.JT .J' 

... 

-
.. 

.. 

... 

.. 

~o..rticf.pq_t1~ oj C'.f,,,e"Y: Repre.te11~-t1W!J 

Y'~;) ~ ;yQ.cr ... 

150 -



Presentation by: 

Bill Worstell 

151 



-

-
Preliminary Beam Test Results 

from a Copper/Scintillating Fiber 
GEM Hadron Calorimeter Prototype 

Bill Worstell 

- ~ "'': for the SSCintCal Collaboration 

~ &.1-b.. v .. _ji}Jb ,( 

- Df'~cl . v. 

-

~ f=q;~R'cl.I cJ. 

L'*is~ 1'.,,,_f~ Cl. 
~ Ht&L., •• si.•~ ~ 
~ OR.AIL 
I Tcx,, A• r1 v. 

Tc,r,_, T.ccL. u. 
v. (. fe.., tt~,. 

ti· ']: o""" 
(,I,, 111·11.·11if'f i 
(,). Tc,,,,crscc 

GEM Collaboration Council Meeting 

SSC Laboratory 

August 5, 1992 

153 



BNL A3 Beamline 
1-20 GeV e, 7t, µ 

50cm 

Moveable Table: 
Horizontal 
Vertical 
+· ~ pitch 
+· ~ yaw 

Ccfp(r Otsij~ -· ~ 1~ 2 .... 
7 -low-fr·~ &a4'- 6/.ll, - -; /17 I~~ 

Fi,.s.J- p::r~Ji4.&. bf~""' - ?/~'-{ !~ i 
F1''i""° JuJ;,a.+,J L(,_ - ?/J.'?l~a -

~t~+Jo4'r1M -7/'J f/4~. 

100 cm 

7PMTs 

7 x 700 kg towers 

A= 15 cm 

Rad-hard fibers (3HF) 

Drift Chamber 
Fiber Hodoscope 
Muon Paddle 

Calibration System 

Forward Calorimeter Modules 
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.v ;$/ "~" Jut:~~~J ".("!" 

Measurements: 
;V J.f ~ &..;;IM41"$ f't't-'A1{.,.< "~°"-

Electrons: 1) Response vs. energy and angle 

2) Relative and absolute calibration of modules 

3) Light yield (2 methods) 

- 4) Scan across crack between modules 

5) Pulse shape 

Pions: 1) Response vs. energy and angle 

2) Scan across crack between modules 

3) Compensation (e/ 7t-> e I h) vs. energy 

4) Pulse shape 

5) Longitudinal fluctuations I punch-through 

- Muons: 1) Response vs. angle 

2) Scan across crack between modules 
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7 ,u.-1 .f.1:>~~ ¥''\Cf,, _, r' ...... 1~t"';.,• 
F 

1) All results are PRELIMINARY, 

and in fact are taken from on-line distributions 

{photocopied from logbook) 

2) No leakage corrections have been applied 

for the hadron shower data 

3) Angular effects are important for 

electron showers, and we have not yet 

fully simulated for the incident angles used 

in our calibration runs 

Therefore, the relative and especially absolute 

calibration scales are approximate as yet 

{e/h measurements are only indicative) 
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Electron Results: -
1) Resolution for PHOTONS must be 

established by Monte Carlo after checking • 

to match electron data (spec= 40%/sqrt{E}) 

" Resolution for electrons< 60% I sqrt{E} 
at large angles 

'-sJ~ .. 

2) Light yield> 60 PEs/GeV with rad-hard fibers 

(spec= 40 PEs/GeV) 

3) Scan across crack at 11 degree angle 

with respect to fibers gives no measured 

"dip" in output (< 5%) 
f'1<,.(..lo r,,,..+;.,, c._l;~, .. .f,·O'!I 
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v ,,,\: .»' ·.-.:\'Y 
Pion ~esults: 

1) Resolution for pions must be established by 

correcting the measured resolution for leakage 

effects, but appears to be in the right ballpark 

2) We have preliminary indications of compensation 

at high energies, but e/h measurements require 

• 

considerable refinement (leakage, calibration, etc.) • 

3) No measured effects from changing pion incident 

angle and position relative to cracks beyond that 

expected from leakage variations 

THIS ANALYSIS WILL REQUIRE SOME TIME 

AND CARE, BUT NOW WE HAVE THE DATA 
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QUARTZ FORWARD CALORMETER 

• (Cherenkov only) 
.,, 
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CONCLUSIONS: 

1) Further analysis of sampling resolution will 

determine the sampling frequency we will require, 

including sampling requirements for measurement 

of muon energy loss + E''1 11.o...rc., /e-.fc..,t 

2) Further analysis of e/pi will determine the 

sampling fraction which we will require 

3) We have data in hand for muon signals and 

for the study of muon energy loss measurement 

4) Our light yield is currently adequate for our 

physics goals, using existing rad-hard materials 

5) Fiber-based forward calorimeter technologies have 

demonstrated promise in beam tests . 



Presentation by: 

F. E. Taylor 
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F. E. Taylor 
8/5/92 

STATUS OF GEM MUON SYSTEM 

Issues: 

• Decisions we face: 

(i) big wheel or separate sector? 

(ii) \Vhich technologies? 
- chambers and alignment 

scheme 
- trigger 

(iii) R&D plans for FY9 3 
- how to down scale? 

• Problems with impact on design: 

(i) number of chambers in first SL 

(ii) neutron backgrounds, esp. in EC 

• Woods Hole PAC: 

"Is the GEM muon system really robust?" 
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Schedule for Technologv decision: 

• present time Construct full scale prototypes 

• 8/ 15/91 Deliver chambers to TTR 
[Dubna PDT here, but all other full
scale prototype will not be at the 
TTR until 10/ 15/92] 

• 8/20/92 - 9/ 1 S/92 Test chambers \Vi th cosmics 

• 8 - 9/92 Test CSCs in RD5 beam at CERN 

• 9/15/92 - 10/1/92 Evaluate tests and prepare 
report. 

• 10/I/92 Written report from each 
technology to muon steering 
committee and external reviewers. 

• 10/8/92 Rate technologies and pose 
"ultimate questions". 

• 11/8/92 Final decision (reaffirm 10/8/92) 

• 10/9/92 - 12/15/92 Develop chosen technologies for 
TDR 
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Recent Activities: 

• Engineering: 

developed a set of criteria by \vhich Big\vheel and 
Sector option of support structure \Vill be judged. 
(Sa\vicki-LLNL and Nimblett-Draper) 

performed a first look at stresses of support 
structure in both sector and big\vheel concepts. 
(Furey-Draper and Gamble-SSCL) 

designing truss structure for 2-3-3 configuration 
in barrel-Baseline 1.1. (Nimblett-Draper) 

investigated a new method of aligning muon 
chambers, resulting in softening requirements. 
(Mitselmakher-SSCL and Ostapchuk-SSCL) 

developed a layout of CSCs in barrel. Specified 
number of chambers, sizes, and channel counts. 
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Seclor/Bigwheel evaluation schedule 

~ 
....i 

°' 

• 

August 12 

August 19 

August 26 

Septe1nber 1 

• • • 

Prelhninary reports fro1n all categories 
Identify re1nedial analysis and evaluation 

Prelhninary presentation of co1nparisons 
Identification of areas of diagree1nent 

Final argu1nents 

Final report and presentation 

• • • • • • 
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M. Atiya/ Muonmeetinl! 8/3/92 

Sizes and features of Barrel CSC modules 

Four sizes 
A Chambers 
B Chambers 
C Chambers 
D Chambers 

Superlayer Type of 
Chamber 

SL 1 A 
SL2 B 
SL3 c 
SL3 D 
Total 
Modules 
Total 
Cathode 
Channels 

1440x3250 mm 
1280x2700 mm 
1280x3750 mm 

960x3750 mm 

No of 
Chambers 
/wheel.sector 
for 81414 
(Total for 
muon 
svstem) 
4 (128) 
8 (256) 
8 (256) 
4 (128) 
768 

780K 

No of 
Chambers 
/wheel.sector 
for 8/8/4 
(Total for 
muon 
svstem) 
4 (128) 
16 (512) 
8 (256) 
4 (128) 
1024 

1030K 

) ) ) ) 



• Chamber technologies: 

Status: 

Needed: 

constructed and shipped to TTR a full scale PDT 
chamber: 1 m x 4 m x 8 layers from Dubna. 
(Golutvin-Dubna et al.) 

setting up tests of CSCs in RDS beam at CERN. 
T\vo 0.6 m x 0.6 m chamber constructed and 
ready to be shipped to Geneva and Dallas. 

constructed and tested a 0.5 m x 4 m LSDT 
prototype. A 1 m x 4 m chamber under 
construction. 

various PDTs, CSCs, RPCs under construction. 

not all technologies will have full scale prototypes 
to test before the 10/8/92 deadline. Final decision 
requires that full scale prototypes be tested. 

more engineering help for CSCs. Details of 
attachment to support structure has to be 
\Vorked out. Optimization of number of sectors 
must be done. 
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• Simulations: 

Needed: 

simulated the performance with energetic muons 
for LSDT option. Working on simulation of 
background for CSC case. 

appointed a "Neutron Committee·· (Osborne, 
Whitaker, Atiya, Waters). Evaluate information on 
neutron backgrounds and direct tests and 
simulations. 

results from hit-level l\!Ionte Carlo of each 
technology for associated debris of muon track, 
neutron backgrounds, etc. 

more simulations of neutron background and 
perhaps more measurements. Present fluences 
are uncomfortably high in EC . 
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Bipolar 

Si-Tracker Electronics Development Status 
7-28-92 

Two additional topologies were developed and being evaluated. 
(issues; bias stability and time-walk) 

Two new SPICE libraries obtained from AT&T, simulations started. 
(CBIC-U2, V series) 

Bid package for semi-custom ASIC(tile array-based, single channel) 
being prepared to place an order before October 92 

CMOS 

Architectural studies continues. 

SPICE simulation of the main function blocks started using UTMC. 

LSI rad-hard 0.7u process under evaluation. 

Conversion of the UTMC HSPICE library to PSPICE started. 

Fiber Optics 

Purchased low-cost; rad-harcf optical fibers tor. evaluation. 

MCM 

A realistic layout of the MGM using Tl/HD I process completed·. 
A new connection scheme between MCM and the strip detector 
studied. · 
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Silicon Tracker 
Electronics System 

Architecture 

~ilic:::n Strio. Sensor Si;n~ 

' I Bipolar Amplifier/ 
I ! 

i Sha;:er;Comparatcr 
~ 

I 

' 
I 

I 
CMCS-1 

Digital Buffer 
I 

I 1 
l I 

I I CMCS-2 

I Controller I 
I 

Cable •t Harness 

I 
I 

....___ 
Optical Data Link ...__ 

! 
I ; 

I I 
(1 com Multi-Mode Fiber) 

' 

Lj c:ocx ' 
' 

I 

I 
' Input Buffer i 

i 
Bias Voltage ' 

Laval 2 Butler 
and 

LVPower 
' 

! 
c Level 3 Trigger ::> . Trigger 

~~ ... ·'··· ..... ~ -;,.. . · .. : 
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---_,.-SI I HCH 
INTERCONNECT 

S! I HCH 
!NTE!ICOHHECT 

GEM SILICON TRACKER. DETECTOR RSSEMBLT W/SPRCER 
Of tQ SCALE. 

s.e. I C.ft. I ".J.K. q11e11z. OftAWN1ft.J.K. 7/f/fZ. 

197 

·i €¥:@: 



Central Tracker Status 

Analog Pip_eli1ze Prototype 

8 channel, 128 deep rad-hard SCA no\v in final stages of 
layout by ORNL in Harris A VLSI-R.A. process. 

Design review at Harris in mid-September. 

Fab run start - mid October 

7mm · 

Preamp/Shaper 

8xlZ8 pipefine 

Intercfigitatea 
Address pages 

• 

Test Structure 

Add. 

. . . . . . . . . . . . . . 
• . . . 

• .• •·::. :.· ••.• ; . · ••• ;.:~-.·-······; .... :.::.:: <:·.·"'..-'' 

8xl28 pipeline 

Separate 
Address Pages 

Each test c:hip c:on ta ins two readout amp types and two readout to;io!ogies 
(voltage ~vrite voltage read I voltage write charge read) 
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Cell 0,1,0 Cell 0, 1, J Cell 0,1,2 

010 t=o --
OI 1 t.=0 
010 t=13 

021 t=-1 
rrom Calorimeter 

\ I 01: t=O -----------, ~, 
Cell 0,2,1 I I 

(010)->rl t=26" 02:? t.:O 
Cell 0,2,0 (Oll)->r2 t=l5" - Cell 0,2,2 

(012)->r3 t=28" ~ 

(020)->r4 t=l3" 
012 t=15 

-
020 t=-2_ (02l)->r5 t=o· 

030 t=l6 
(022)->rS t=l4" 
( 030 )->r7 t=29" 

I 
(031)->rS t=l6" 
(032)->r9 t=27" -

030 t=O I \ 
O:ll t.=O 
032 t.=14 

Cell 0,3,0 Cell 0,3,l - 032 t=O Cell 0,3,2 .. 
~ 

= fetch!pg time from program in Cell 0,2,1 -
all other timing is related to time sent 

-
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SUGGESTIONS: 
Front-End Processor Cell (Ii,EI_)) 

either 

to use DAVIS as it is for 

II level trigger preprocessor 

if used widely for HDTV 
al very low cost. OR North 

to modify to FEP for I level 

trigger requirements,i and/ or 

~ more efficient II level 
~ t• 
0 rigger preprocessor 

FEP could be simpler, many 

instructions could be dropped, 

West 
FEP instruction set should 
meet the trigger algorithm requirements 

Pipeline should be improved to 

eliminate the need of "nop" instructions. 

3rd Int. Cont. on .\dnnoe Teobnolo1y. Como, June 211, 11192. 
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Comments on GEM CSC Readout 

Requirements: 
... 

• Low noise (,....., 2000 e-) 

• ,....., 10 bits dynamic range 

• < 10 µs conversion time 

• Time resolution,....., BX (for rejection of neutron hits) 

• Low cost (,....., $10. - $20. per channel) 
... 

• Radiation hard? Fn ~ 1013 cm-2 ~ (10 CJ..r )
~I 

... 

-
-

-

... 
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Neutron Rates 

• Currently very uncertain 

• Product of three factors 

-
where 

En = detection efficiency 

Fn = fiuence 

A = strip area 

The efficiency 

-
the fiuence (TN C\Z. - q I ) 

-
the area 

- A = fw '.'.:::'. 300 x 0.5 = 150 cm2 

yielding a rate per strip (assuming En = 0.53 of 

- 0. 75 < R < 75 kHz 

note that the corresponding rates per unit area are 



AMPLEX Option 

' 
In _fa..~----------....,c, ___ _ 

) 

Shap"--'-~ 

Hold ---;----~ 
: _________ :)~ 

~ tp---; (~ 
Level 1~-;-:--------~' ---------~: ___ L__ 

T1 

Spoilage Scenarios: 

t p = peaking time 

T 1 = Level 1 Delay 

AMPLEX TIMING 

1) A.ccidental pulse comes early by !:lt < T1 - tp, causing the 
hold to be issued too early. 

2) Accidental pulse comes late by !:lt < tp, possibly overlap
ping with the true signal. 

Thus the effective total time aperture for spoilage is 

• 

• 

If we allow 

then 

b..T = T1 - tp + tp = T1 = 2 µs 

n=2N 
N = # strips in readout group. 
(Currently N = 16) 

Neff = (N - 2
) N +l:.-2N = N +2 

N N 

Pmax =maximum hit spoilage= 103 

{ 

2.8 kHz, 
Rmax = ;ma;._T = 5.0 kHz, 

eff 8.3 kHz, 
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Preamps Shapers 
30 ns 

) ) } 

• • • r-1h 
l [> l • 

Disc 
Fast 
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I 

4>::1 Pipe ; FIFO I I . 
Preamps 

r-1 h __N_Q_ris 
1---vi=ast Disc 

l [> l f 
~~:1 Pipe l FIFO 1 I I .I 

Ne 

~· 
• Preamps 

r-Jh 

• 
• 
• 

~Ons 
ll/F8si 

• 
• 
• 

Disc 

• 
• 
• 

l [> l f 
~~:1 . Pipe l FIFO 11 ·I 

Muon System 
Cathode Strip Chamber 

SCA-Based Readout 

Level 1 

) ) ) 

to Level 1 Trigger & 

Control Logic 

Analog 

MUX 

9 
~ADC~FIFO~ 
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A.ssume 

Analog Pipeline (SCA) Option 

-l I-- D.t 

---t 

tp = pulse peaking time = 300 ns 

!:::..t = sample clock period = 100 ns 

-100 ns 

If accidental pulses falling within the indicated region in the 
space-time grid shown above are considered to spoil the signal 
pulse, the maximum unspoiled rate is given by 

P = Pm ax = 0 .1 = 48 kHz 
.l"m.ax 21!:::..t 21 X 10-7 

(corresponding to r = 320 cm- 2s-1 ) 
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1
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IPC - Principle of Operation 

Wire chambers with readout of sgemented 
cathode plane. 

anode wire 

_/ ·~ cathode pads 

TTTTTT 

Position obtained by calculating weighted 
average of signals seen on cathode pads. 

Design Goal : 50 micron resolution 
Pads arranged in stereo layers with 
60 mr stereo angle to obtain 700 micron/layer 
z resolution. 
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Outer Tracker Resolution 

For low gas gain, position resolution 
dominated by electronics SIN 

•COO =__.~ =-=="... .. .... :.: .. -=:=:;:...:: :: t=r::~ ::: :: -· 
---+ ..... ' - ±=:=-t·: .. "" ~=·-:.=.:.:: __.,. . . . . --.-r- . 

'" II I 

I ' 11 I 
~ ~ 11 I 
- • ' ' ' I ' J 100 ~- - • • . .... . \.:... '-ti~-=.:::...-: - ~ ~-· .... llm·~--+ .. t ____ _ 
J! ----t--+-t..;. . . ,. i..tn---·-
2 -~---+ ~:...,-,..,..__-4.T mr-~·-
;. •-·-~t-- I~:-:-- .-..j •:-- · • ' ' 

! =:::·: ~iLitt~:=-i ·-:~ . :_rtt++µ,:::·.-: 
l ! I I !.!'.! ! --.~-T! !!! ' -·--- ·- ---- -.. ~- --· - ..... -· - ·-·'""':,- ,.--.. -·-· ....... 

t • • • • • • • • ••••• 

' : ' t ' . ""-' ..•• . ..~< : 
10 L-------"----' 
0.01 0.1 

- Clw-;c (1,....) (pCJ 

• stot/N > 200 

Set by 50 micron Position Resolution Req. 

Pad Width = 2.5 mm 

O'x - r:::( I )_; 
2 5 = 113 s tot n -· . mm 
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..., 0 

c ,.... 

0 

0 

Anode Board 

0-Ring Groove 

Pad Board 

: ~ 

Pads, Snm Wide 
Gold Plated G-1 o 
Pad Edges Etched 
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Central Traclc Status 

IPC Prototjpe Tests 

<50 micron position resolution achieved in x-ray studies 

IPC Prololype 

x-y slage 

100 

80 

60 

40 

20 

0 
4758 4858 

~ 
~ 

4958 5058 

II\~ c..ro"' S 
228 

100 ns peaking time 
- 20 micron resolution 

from electronics noise 

5158 5258 
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Central Tracker Status -
JU Cyclotro_n Tests 

180 Me V He Beam - scattered off Carbon target. 

- chamber gain lowered to compensate for higher 
primary ionization 

-

-

187 MeV He Scattering chamber 

Multiple coulomb scattering doesn't allow standard 
resolution measurement using telescope. 
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Central Tracker Status 

Upcoming Studies 

• x-ray resolution study using 25ns peaking 
time shaper 

• position resolution - fast electronics - no B 
field, with muon telescope 

• position resolution - fast electronics - B field, 
with muon telescope 

position in 
. muon . TOFs TOFScint 

determined to 
~ 
L/R timing 

3Chamber 
IPCTel 0.STMagnet 

. . . -~ ... 
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-

-

Outer Tracker Readout 

.--------elk . . ... ..... , 
' . - - - - "trig 

wudd (1-8) 

IPC 
rd odd(l-8) LED 

Pads ch select 
~-(1-4) 

1...J-8' • 
... . . . . . 

~ Convert 

R/O 
1-16 m•• Controller - 1-8 . 

!!!L . 
.....;.. . input . dlta . link 

' 

~ FADC To 1-8 .• ------ . . 
16 Ch. 16-1 
SCA MUX 

2x 
Octal 
Preamp/ 
Shaper 

Components: 
Octal Preamp/shaper 
16 Channel SCA/MUX 
8 bit FADC 

RIO Controller 
Output Data Link 
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FADC2-8 

1per8 ch.s 
1 per 16 ch.s 
1 per 16 ch.s 

1 per 128 ch.s 



Central Tracker Status 

Tront end Rlectronics 

8 channel preamp/shaper prototype has been 
fabricated in 2 micron ORBIT process. 

Device now under test at BNL 

Peaking Time: ,..., 25 ns 
Gain: 3.5 V/pC 
Noise: Needs opti1nization - shaperr 

contribution too large 

Modified design will be layed out in Hanis 
rad-l1ard process · .. , · .. ~, ·1 • - • • ., · , 

.. 

.. 

-
.. 

-
.. 

-
for Oct fab run ~-T-·'!-.· -;';--;--1---+---+--1--io---1 

\ . ~ ' .. 
J-.J---l.~--+--+--T---1-4---4---1 :ZO nc !SO 11V 
r:-··-r-,-+.-~-t-'.--t-+-+-+-~· .. : . ·-· . . .. 1"- • _. .# 

. \ 01 

·- .. 
..... I 
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I 
\ J 
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Central Tracker Status 

Analog Pip_eline Prototype 

8 channel, 128 deep rad-hard SCA now in final stages of 
layout by ORNL in Harris A VLSI-RA process. 

Design review at Harris in mid-September. 

Fab run start - mid October 

7mm: 

Preamp/Shaper Test Structure 
- -- .. 
' 

Readout Amps 
~. . . . . ....... 

..-~---:-~,_.;.~ ~-------~~~ 

8x128 pipeline 

Interdigitated 
Address pages 

• 

Add. 

' . . - - - . - .. .. . - . -
':,"" I 0 0 

8xl28 pipeline 

Separate 
Address Pages 

Each lest chip contains two readout amp types and two readout topologies 
(voltage ~vrite voltage read I voltage write charge read) 
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SPECIAL BARREL EM DESIGN REVIEW 

MONDAY AUGUST 3 

REVIEW COMMITTEE: 

M.Banas,A.Bodek,G.Foster.W.Frisken,R.Hubbard,J.Krebs, 
J.Siegrist.K. Takikawa, W. Thur 

CHARGE: 

Determine if the cast lead EM design team has satisfactorily 
solved the st..""llctural problems and addressed other concerns 
raised in the June 22·23 G_ast/Stacked EM review. Make 
reco=endations as necessary. 

AGENDA: 

1:30 Introduction· P. Mantsch 

Review of the mechanical design 

EM design including the EM/HAD connection - N. Hill 

Assembly Scenarios - N. Hill 

Source tube location and calibration precision issues 
• R.G. Wagner 

3:00 Break 

3:15 Review of the optical system 

Test Module data analysis • R.G. Wagner 

Scans of beveled tiles - J. Proudfoot 

4:30 Other EM issues (not part of the review) 

Report on the stacked lead model tests - M. Banas 

Discussion of photo-electron yield - J. Proudfoot 

5:00 Discussion 

5:30 C1.,sed session cf tl:e review commit":ee. 
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1 " 

t Case-11 
LEAD ALLOY MODULUS: 3,000,000 PSI 

EVERY OTHER BULKHEAD PENETRATING SHOWER MAX. AT eta - .2 
END PLATE FIXED AT Z=O 

32 MODULES/BARREL 

Bulkhead Max. Lead 
Location Displ. Displ. Cell Displ. Case 11 

ETA !&ti 
ta. & ta. & ta. & 

!mml fmml !mml !mml !mml fmml 

0-.2 1 0 0 .006 -.022 .006 - .022 Max. frame stress = 2.200 psi 
0-.2 7 0 0 .016 - .022 .016 - .022 Max. bulkhead stress = 2,200 psi 
.6-.8 1 .016 -.020 .027 -.071 .011 - .051 Max. lead stress = 246 psi 
.6-.8 7 .011 -.015 .101 - .140 .090 - .125 in 3rd lead plate at eta = 1.4 

1.2-1.4 1 .024 -.051 .040 -.334 .016 -.283 
1.2-1.4 3 .049 -.097 .119 -.705 .070 -.608 
1.2-1.4 8 .115 -.190 .127 -.672 .012 -.482 
1.2-1.4 18 .013 -.016 .019 -.284 .006 -.268 
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Special Barrel EM Design Review 

Conclusions and Recommendations 

1) The Deflections in the cast lead structure seem to be 
controllable. Two concerns remain, however. 

Details of the 90 degree attachment point 

Creep in the lead 

2) The method for tile/fiber assembly installation into the gap 
needs to be developed. Will the tile/fiber system be load 
bearing? What are the mechanics and economics? 

3) Cost increments must be developed for design changes: 

Hexcell support and coITesponding colorimeter size 
growth 

Reinforcement tubes 

Tile mechanics 

Source tubes including those that access the shower max 
detector which must exit at 90 degrees 

Fixturing for supporting modules during assembly and 
installation 

Extra QA costs for alloy monitoring 

4) A new baseline is needed to optimize cost and performance. 

247 
August 3, 1992 



0 
FER"41L.AB 

ENGINEERING NOTE 
Sllc:TION 

SUB.J!:CT 

S'DC '6Al2.i2.E\.. '/3'2 IN\JIE WEDGE 
'3D SKe::TG~ Ne\' lo ~~LE. 

SIE.RtALac;ATl:CiOlllT ,.AQIE. -
OAT£ lltEYISION DATE 

:, I .)IJ LC\ '2... .. 

... 

.. 
w 
\.? 
~ 
3 .. 
('1 
t() 

""' -
uJ --:z 
:2 -
.J 
UI 
~ 
~ 
4. 
£l1 
\) 

D 
l{J 



FERMll...AB 0 ENGINEERING NOTE 
•u:oJ•CT IN~IE lf=,2 ~A~P?.EI.. WEDGE AT LoW eTA 

~~'TI::\.\ NoT ''° SCA.LE"' 
"EVl•fON OAT'E 

I 

I EM 

249 



\ 

I Et<\ 

I 
l 

G ouT\ E v~2 BP..~'\C.=-L. w"EnGE 
0 

... 

... 

.. 

250 
• ~ f>.. T LOW ET ,a,. 

~'--~~~~~~~~~~~~~~~~~~~~~~___J 



-

Endcap Review and Design Selection 

Objective 

Set up a committee to review the baseline and alternative 
endcap designs. 

Charge to committee to recommend a final design based 
on cost and performance 

Baseline 

EM - Cast lead wedges 

HAD - Steel wedges/monolithic endplug 

Options 

EM - Stacked lead 

HAD - Monolithic steel with/without endplug 

Goals 

Review committee selection - Sept. 1 

Review - Nov. 16 

Recommendation to Technical Board - Dec. 1 
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... 

.. 
Prototype Status and Plans 

... 

1) Fiber routing model (Trojan Horse) 

.. 
2) Preproduction prototype 

Design 

Instrumentation 
... 

Absorber /radiator procurement 

Beam test fixture -
Schedule 

Cost .. 

.. 

.. 
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Wooden Model (Trojan Horse) 

Objectives 

Fiber routing studies 

Develop fiber dressing and attachment schemes 

Cookie facing and potting on fiber bundles 

PMT mounting 

Electronics crate mounting 

Light flasher and source driver mounting 

Develop tooling for module assembly 

Configuration 

Baseline (1/32 wedge) 

"Instrument" a few towers at low and high eta 

EM (ANL) 

Shower max (Saclay) 

Had (Fermilab) 

Schedule 

First phase Aug. 21 

Continuing test bed for assembly studies 
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Wooden Model Responsibilities 

Model Task Manager - John Carson 

Hadron Absorber Design - Larry Bartoszek 

EM Radiator Design - Norm Hill 

Shower Max Design - Dick Hubbard 

Integration - Jim Missig 

Fiber Routing Task Force 

Larry Bartoszek 

John Carson 

Bill Foster 

Howard Fulton 

Steve Gourlay (chair) 

Norm Hill 
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Preproduction Prototype 

Objectives 

Promote design choices 

Focus design effort 

Establish collaborative infrastructure 

Verify mechanical design 

Develop manufacturing and assembly methods 

Refine cost and schedule 

Very Performance 

Configuration 

Two full (1/32) wedges 

EM and HAD instrument at mid eta 

EM instrumented at high eta 
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Steering Committee 

Agenda Tuesday Aug. 4, 12:15 -
EM design review -
DOE review - assignment of speakers 

Organization 

Calibration task manager -
Other task managers 

Dogleg question -
Endcap design decision 

Surface facility review .. 
FY93 budget request and priorities 

WBS estimate changes 

Comprehensive mailing list ... 
Teleconference for Steering committee'? 
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