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Abstract: 

Agenda and transparencies of the GEM Calorimeter Meeting 
held on March 8, 1992, at the GEM Collaboration Meeting in Tuscon. 
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AGENDA OF SUNDAY MARCH 8 CALORIMETER MEETING AT TUCSON 

2:00 PM Discussion on base line design (Liquid Argon Option ) 
and other calorimeter options 

3:00 

3:20 

3:40 

4:00 

4:15 

4:30 

4:45 

4:50 

5:00 

5:15 

6:00 

6:20 

6:40 

7:00 

for Monday March 9 presentation (60') 

GEM Exec.Committee Review of e-m Calorimetry (information). 
Requirements to BaF2 and LAr e-m systems. (Yu.Kamyshkov 20') 

Response from BaF2 group to exec. committee requirements (20') /L Ne.w._ i.."" 

Response from LAr group to exec. committee requirements (20') ,!). l..i.s~:a.ve!"" 

Status and R&D plans for SSCintCal ( 15') 

New option of scintillating calorimetry (Eagle tiles idea) (15') L. <;;.v L!..k 

Status and R&D plans for Forward System (15') 

Test beam at SLAC available? 

Status and R&D plans 
for parallel plate LAr option 

(Paul Hockett 5') 

(Paul Hockett 10') 

<: 
LAr Calorimeter. BNL'91 experimental data 
and simulations. (Jim Brau 15') 

Results from Fermilab Beam Test of BaF2 (J.Branson, 45') 

BaF2 crystal quality : requirements, status 
and near term plans (R-Y Zhu, 20') 

Simulations on BaF2 response uniformity (K.Shmakov 20') 

Discussion 

Adjourn 
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AGENDA 
GEM COLLABORATION 

Tucson, Arizona 
March 7-11, 1992 

SUNDAY MARCH 8 

Informal meetings all day 

MONDAY MARCH 9 PLENARY MEETING 

8:30 B Barish The State of GEM 

9:00 G Sanders The GEM Project at SSCL 

9:45 M.Harris GEM Facilities at IR5 

Video of GEM Installation 
10:00 BREAK 

BASELINE DISCUSSIONS 

10:30 GEM Baseline Overview M.Marx 

10:50 Magnet R Stroynowski 

11 :20 Muons F Taylor 

11 :50 Tracker C Baltay 

12:20 LUNCH 

1:30 Physics Talk: Sekhar Chivakula 
"The Dynamics of Electroweak Symmetry Breaking" 

BASELINE CONTINUED 

2:30 Calorimeter (Liq Argon/BaF2 + Hadronic) Y Karnyshkov 



3: 15 Forward Calorimeter J Rutherfoord 

3:45 BREAK 

4:15 GEM Triggering Shaevitz/Marlow 

4:45 Discussion of the Baseline 
and Working Group Formation 

5 : 3 0 Physics Talk: Ian Hinchliffe 

6:30 Adjourn 

TUESDAY MARCH 10 WORKING GROUPS 

8:30 - 2:30 

1 Forward Regions - calorimetry ,muons,magnet,beam pipe and 
vacuum 

( D. Lee). Rutherfoord, K. Morgan) 
Radiation levels vs Resolution vs Missing Et.. .. 

2 A Re-examination of the tracker design driven by physics 
requirements 
(J.Brau, C.Baltay, L.Rosenson, R.Stroynowski) 

Volume (Radius&Length),Goals,Preradiator,High L,B Field 

3 Detector Alignment 
(J.Branson,J.Paradiso,D Veal) 

Alignment of Muons Chambers 
Aligning Detector Components to the Vertex 

4 Calorimeter Depth, Muon Backgrounds 
(F. Taylor,H.Gordon,R.Mcneil) 

5 

6 

Pattern Recognition.Acceptance and Redundancy in Tracking 
and Muons 
(G. Mitselmakher,M. Atiya,F.Paige, J.Musser) 

Modelling the Detector 
(K.McFarlane,N .DiGiacomo,M.Shupe) 

How to go from Engineering specs to simulation 
Detector data base - what's in it and how to store/access 
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10:00-10:20 

2:30- 3:00 

BREAK 

BREAK 

3PM Cross Disciplinary Group 

Integration (Marx.Harris) 

Simulation (McFarlan.Lane) 

Triggering (Marlow ,Shaevitz) 

7: 3 0 BANQUET 

WEDNESDAY MARCH 11 PLENARY SESSIONS 

8: 00 REPORT ON LHC EVIAN MEETING (Marx) 

8 :30 REPORTS OF WORKING GROUPS AND ISSUES FOR FUTURE 

10:00 BREAK 

10:30 INITIATION OF DETECTOR COSTING GSANDERS 

11 :00 WHATS NEXT? W. WILLIS 

11 :30 FINAL DISCUSSION OF BASELINE 

12:00 ADJOURN 

12: 15 EXECUTIVE COMMITI'EE 



Presentation by: 

Yuri Kamyshkov 
(2) 
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AGENDA OF SUNDAY MARCH 8 CALORIMETER MEETING AT TUCSON 

2:00 PH Discussion on base line design (Liquid Argon Option ) 
and other calorimeter options 
for Monday March 9 presentation (60') 

3:00 GEM Exec.Committee Review of e-m Calorimetry (information). 

3:20 

Requirements to BaF2 and LAr e-m systems. (Yu.Kamyshkov 20') 

Response from BaF2 group to exec. committee requirements (20') 
(!(.f'Cew,..1v•) 

3:40 Response from LAr group to exec. committee requirements (20') 
(~. LHS&Kt,.) 

4:00 Status and R&D plans for SSCintCal (15') ( 6. W•Y•teJI) 

4:15 New option of scintillating calorimetry (Eagle tiles idea) (15') 

4:30 

4:45 

4:50 

( L .S .... t.-k) 

Status and R&D plans for Forward System (15') 

Tu+ 4t.1t.-. -'" flNt.. ( H .$.nfot, z ') 
Test beam at SLAC available? (Paul Hockett 5') 

Status and R&D plans 
for parallel plate LAr option (Paul Hockett l0') 

8:~9 LAr Calorimeter. BNL'91 experimental data 
and simulations. (Jim Brau 15') 

5:15 Results from Fermilab Beam Test of BaF2 (J.Branson, 45') 

6:88 BaF2 crystal quality : requirements, status 
and near term plans (R-Y Zhu, 20') 

6:20 Simulations on BaF2 response uniformity (K.Shmakov 20') 

6:40 Discussion 

7:00 Adjourn 
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S6 Cal1brae1on H•ll \(~1n1'"'\ 1hlc_,v 
DRAFT 2/13/92 

Introd11ct;,ign 

A Calibration hall will be provided for calibration beam users. The hall will provide 
floor space prototype detector modules and R&D setups in three beam lines. Each 
beam-line will have seventy linear feet of space available. The overall dimensions of 
the hall are 100 by 250 feet , and include space for ::ounting rooms, a storage and 
staging area, an office and tool area and a truck acce~s bay. 

4, For the Calibration Hall, FY92 will be the year in which design requirements are 
written, and the desian is carried through into the stan of Title II. This deaian work 
will involve about $300K for A/E work and SSC support. An evaluation of the 
adequacy of the Calibration hall design for the SDC and GEM collaborations will take 
place as part of the process of establishina design requirements. 

FY93 Program 

4. For the Calibration Hall, FY93 will be the year in which Title II design is 
completed, and construction begins. This will represent a need for $400K in design 
costs and $1M in initial constru1:tion costs. This program will rely heavily on timely 
completion of infrastructure on the West Complex in u~-. area around the MEB and IRI. 

4. For the Calibration Hall, FY94 will be the year in which construction is taking · 

.... 

.... 

.... 

.... 

-

-

place. About $3M in construction should be completed on the Calibration Hall in this ... 
year. The Physics Division will 0e in a planning stage for taking BOD in FY95. 
However, early occupancy of the staging area would I>~ most valuable for the physics 
program. 

-
... 
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Future beam tests at SSCL 

Request from George Yost : 

test beam area; 
cranes; 
beam equipment; 
type of beams, resolution , beam size etc. 
any other relevant parameters 

- should be defined week ago r 

-

-

-
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Relil:-yuan Zhu 
Caltech 

GEM Meeting, Tucson 

Mafch 8, 1992 

• CrYfil@I Qu9,11ty Cgntrol; 

M·e.chan~cal D+m.ension => Good Light Unifor
m1ity; 

U·f'il·de.rstanding ~adiation Damage of BaF2 : No 
permanent darn,age, Saturation, No self recov
ery at r.t., No dose rate dependence. 

Transmittance Specification => Good Light 'Yield 
and Uniformity . 

• Miain Jss11es pf e·vo? Rf<Q og Celesta• Q••a•it}' 
Control• 

Mechanical Dh:nension; 

Radiation Resistance => 70% at 220 nm; 

Light Uniformity after Saturated Radiation Dam
age. 
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-
Features or the BaEa calorimeter 

Detector Barrel Two Endcaps 

R:a:pi:dFty Coverage 1111 < 1.32 1.32 < 1111 < 2.5 

Crysta.I Front Face ( cm2) 3.1 x 3.1 2.3 x 2.3 

. Crystal Rear Face (cm2) 5.1 x 5.1 3.1 x 3.1 

Crystal Length (cm) 50 50 

Crystal Number 10,880 4,144 

Total Crystal Volume (m3) 8.4 2.2 

- Total Crystal Weight (t) · 41.1 10.7 

ToiJ.: JI 1< twJfJ,, 
Io. 6 '"'J l. .r J fM.o.s 

<11;f: !lo M -
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~ ORGANIZAn:w FOi NtXl FAI RFSf•l('H ~ 3 ll:..· t 

PRECISE MEASUREMENT OF THE TOPONIUM MASS 

FROM THE OBSERVATION OF 

ITS 1WO-PHOTON DECAY AT THE LHC 

G. Pancheri 
INFN, l.4boratori Na.ionali di frascati 

P.O. Box 13, 00044 Frascati, Italy 

].-P. Rtvol, C. Rubbia 
CERN 

1211 Genew 23, Switzerland 

Abatnct 

We propoee to measure the toponlwn masa \!Sing an electromagnetic calorimeter 
of the #Crystal lall .. type at the LHC to detect tt bound staies Ctoponlum). If such a · 
Reavy S,Mni exists, the JPC • rr• state will dominate production at the LHC and could 
Ille et·..-vec:1 .rove a relatively low background tn the two-photon decay channel. The 
topoJdmn mass could be measured for instance with a precision of 3x10-4 for m1i • 
200 GeV /c2. This method provides an accuracy comparable with what will ultimately be 
chtained with future dedicated e+e- top-quark factories. 

(Submitted to Physics Letter& B) 
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j 100 

LHC 
··... {i • 18 TeV 

•• 
••• t t • •• 

·····.. / "• ~. . ..... . 
•• 

Higgs 

•• •• •• •• •• •• 

300 

.. 
•• •• •• 

Mui (OeV,tol) 

Pfg.S 

_ .......... ·- .. . 

•• •••• •• ... 

400 

TaWe 1. The effective toponlwn hllf-wtdttl. Jiveft In lemll of the equlvollent Gat1111ian a, 11 1hown with 
i. 4 lbalit:W from expal11wnlll raobatton fa <exp>) and ffom the natural wldlh ta<nat>J of the bolllld 
... fur four toponlUlll w. 

mu " (exp) a <nat) Effective a 
(GeV/tl-) CMaV/i:!-) CMeV/c'll <MeV/~) 

200 760 80 765 

260 975 415 1060 

300 1120 755 13!0 

400 1470 2080 2550 
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Energy Rm9111tjgp gr 

E.tectromagnettc . Calorjmeter 

• ao: E•ectrical noise, sum over few Moliere radii. 

• a1 : Photon statistics. 

• b: Constant term: b2 = b~ + b~ + b~ 
- ba (Geometry effect): shower leak (front, side 

and rear) and inactive material between cells. 

- bn (Physics noise): light collection uniformity 
etc. 

- be (Intercalibration error): 0.4% is the best 
for a large system? 

l 3 Experjence and GEM Design: 

~ffi0.5% 



.. . . 
with Deviated Light Unjformjty 

• N.umber of BaF2 crystals: 11 x 11 

• BaF2 Crystal length: 50 cm 

• Front (rear) face of BaF2 : 
3 cm x 3 cm (5 cm x 5 cm) 

• Carbon fiber wall thickness between any two crys
tal faces: 0.025 cm 

• Pa.rttcle is hitting over the front face of central 
BaF2 crystal. 

• One centimeter Aluminium placed just before the 
crystals and two 0.5 cm Aluminium placed between 
track origin and midway point to crystals (i.e., to-

.. 

-

-

-

... 

... 

tal 2 cm Al, whose Xo = 9 cm) .. 

• No magnetic field. 

• Light yield response (Y) is parametrized with de
viation (6): 

X = Y2s[l + 6(Z/25 - l)] -
... 
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100 
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40 

Energy Fraction in 3x3 Crystals 

Entries 
Mean 
RMS 

1000 
93.69 
.5402 

80 82.5 85 87.5 90 92.5 95 97.5 100 

EFRAC 3( 1 ST Layer) 20 GeV Electron 
Entries 
Mean 
RMS 

500 
93.78 
. 4801 

80 82.5 85 87.5 90 92.5 95 97 .5 100 

EFRAC 3( 1 ST Layer) 50 Gey Electron 

40 Entries 200 
Mean 93.51 

20 RMS .7704 
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... 

80 82.5 85 87 .5 90 9·2.5 95 97 .5 1 oo ... 
EFRAC 3( 1 ST Layer) 500 GeV Electron 

... 
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Energy Resolution (%) 

of BaF2 Calorimeter ~ 

GEANT Simulation 

E (GeV) 5 10 100 

El,ectrical Noise 0.4 0.20 0.02 

Photoelectrons 0.2 0.1 0.04 

GEANT 0.60 0.43 0.31 

Calibration 0.40 0.40 0.40 

Total 0.85 0.63 0.51 

500 

0.004 

0.02 

0.29 

0.40 

0.49 
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GEANT Simulation 
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~oecification on Radiation Resistance ----· 

• The Hght attenuation length (£) in BaF2 affect 
l;J,ght response uniformity, and thus energy resolu
tion; 

• Light attenuation length obtained from Transmit
tance (T) data: 

25 
£ = 1~uf -

ln-
Tmeas ' 

• Assuming light uniformity requires light attenua
tion length at 220 nm longer than 100 cm => allow 
10% less than GEM ~pecification. 

• To be studied: proper coating to obtain the light 
uniformity for crystals with .e = 100 cm. 

. >.(nm) Tsuf (%) TspeO (%) lspeO (cm) Tspel lspel 

200 90.6 75 130 66 79 

220 91.l 80 190 70 ..22.. 
550 92.7 85 290 77 135 

-

-
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-

-
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.. 

-
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CONCLUSIONS "1. K~~;·k~ov 
1. Assuming saturation with radiation and very slow self-recovery 

(response trimmed to uniform after preradiation) light absorbtion 
length at 220 nm should be ~ 53 cm (6 side polished crystal) . 

Conservatively one can specify (as in R-Y Zhu specs) : 

Abs. length for irradiated crvstals > 100 cm ( > 200 cm fresh crystals) 

Response of the crystals with such absorbtion length can be trimmed 
to uniform by optical coating, wraping etc. Accuracy of such trimming 
should be at the level Delta < 3%. 

r 
2. Once crystals are coated and installed one can admit that global or 

local non-uniformity can be developed for 5 years of SSC operation 
at the level of no more than Delta-6% or change absorbtion length 
from > 100 cm to > 80 cm. 

3. Change of global light yield of the crystal (with or without 
development of non-uniformity) should not exceed 1% per month 
of steady SSC operation (assume calibration once per month) . 

4 • • • • • • • • c 
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MEMORANDUM OF UNDERSTANDING 

BETWEEN 

THE GEM COLLABORATION 
SSC, U.S.A. 

AND 

THE SHANGHAI INSTITUTE OF CERAMICS 
SHANGHAI, CH!NA 

A PROGRAM OF COLLABORATION ON THE 
GEM EXPERIMENT AT THE SSC 

Dec 14, 1991 

Abstract 

The Spokesmen of GEM experiment, B. Barish and W. Willis, visited the 
Shanghai Institute of Ceramics (SIC) of Chinese Academy of Sciences, Shanghai, 
China, during Dec 13-14, 1991. In this visit extensive discussions with Director 
Emeritus, Prof. D.S. Yan, and Prof. Z.W. Yin and H.R. Tan of SIC, were carried 
out to review present status of barium fluoride project and multichannel opti
cal modulator project. This memorandum of understanding between the GEM 
Collaboration and the Shanghai Institute of Ceramics records the essential 
issues discussed, and is intended solely for the purpose of providing basic principles 
and necessary means for a fruitful collaboration between SIC and GEM. 
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A GEM Specifications on BaF2 Crystals 

'f.he spe.c.ilice.tio,;.s oi t.he BaF 2 crystals finally will be accepted for GEM BaF2 calorimeter 
"1!e s-.~.a.rized "low: 

• Dimeasional tolerances are dictated by the need to mount the crystals safely 
m the s-upporl structure, with a minimum of dead space between the crystals: 

- from -300 µ.m to 0 µ.m in the transverse dimensions (typical deviations from 
nominal lOOµm) 

- from -400 µ.m to 0 µ.m in length 

- less thall 50µ.m in planarity of all faces after coupling two 25 cm long half 
crystals. 

• Transparency before irradiation, specified in terms of the minimum fraction 
of the light at specified wavelengths which passes through 25 cm of crystal length: 

- > 15% at A = 200 nm 

- 2:: 80% at A = 220 nm 

- ;::: 88% 1.t A = 550 nm 

• Transpare11cy after 1 MRads irradiation, specified in terms of the minimum 
fr&etion oi the light at specified wavelengths which passes through 25 cm of crystal 
length: 

- > 66% at A = 200 nm 

- 2:: 703 at A = 220 nm 

- ;::: 773 at A = 550 nm 

Note: the saturation of both light yield loss and transmittance loss is assumed, given 
the data obtained. The corresponding light attenuation length of the fast component 
(220 nm) of BaF2 crystal after saturated irradiation is about 100 cm. 
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C GEM Specification on 49 BaF2 crystals 

The specifications 0£ the BaF2 crystal1 will be accepted £or GEM BaF2 test matrix are 
1ummarized below: 

• Dimensional tolerances are dictated by the need to mount the crystals safely 
in the support structure, with a minimum 0£ dead space between the crystals: 

- from -300 µ.m to 0 µ.m in the transverse dimensions (typical deviations from 
nominal 100 µ.m) 

- from -400 µm to 0 µ.m in length 

- less than 50µ.m in planarity 0£ all £aces 'a.£ter coupling two 25 cm long half 
crystals . 

• Transparency before irradiation, specified in terms of the minimum fraction 
0£ the light at specified wavelengths which passes through 25 cm of crystal length: 

- ~ 753 at .\ = 2('0 nm 

- ~ 803 at .\ = 220 nm 

- ~ 883 at .\ = 550 nm 

• Transparency after 1 MRads irradiation, specified in terms of the minimum 
fraction of the light at specified wavelengths which passes through 25 cm of crystal 
length: 

- ~ 45% at .\ = 200 nm 

- ~ 50% at .\ = 220 nm 

- ~ 60% at .\ = 550 nm 

8 
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SIMS Oxygen 

Bulk Analysis 

of BaF2 

Sample 

K14417D 
K458484A 

SIC2x2.5 
SIC Cube 
SICXTL Tip 
SICXTL Base 

Relative Concentration 

3.2 
6.22 

3.1 
6.5 
1.9 
3.4 
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BAF2 PROJECT 
RAQIATIQN DAMAGE STIIDY 

Peijun Li 
ZhezongDai 
H.Newman 
R.Zhu 

COORDINATORS 

• SIC, China 

• BGRI, China 

•·Caltech 

• Caltech 

PANEL EXPERTS: SUB-COORDINATORS 
C. Woody (BNL) • Rad. Damage Measurements 
M. Strathman • Impurity and Defect Analysis 
(Charles Evans and Associates) 
R. Sparrow • Crystal Processing Improvements 
(OPrOVAC) 

R. Craig • Analysis and Simulations 
(Battelle Pacific NW Lab) 

PLUS EXPERT SUPPORT PROPOSED: 

Naval Research Lab 

ORNL Solid State Division 



BaF2 EM ~CALORIMETER 
1992 R&D PROGRAM 

RADIATION .. DAMAGE SXlJPY 
... : 

• BaF2 Group/U.S. Expert/China Coordination 

e Extensive Testing on New Full Size Crystals, 
Small Crystals, and Raw Materials 

•Correlate Trace Element, ·Structural and 
Surface Analyses With Rad Damage Tests 

• PRIMARY ROLE: 0 2 and OH- (50 ppm Level) 

• Improve Processing Technology: 
Raw Material Treatment, Oven Vacuum, 
Crucible, Growth Cycle 

• Test Residual Effects of Rare Earths, Other 
Traces After Oxygen Level Reduced 

• Test Saturation With Protons: 
at BNL (30 GeV) or LNPI (1 GeV) 

.. 

... 

... 

-

... 

.. 

... 

.. 

.. 



# Name ,:Size (mm) Comment 
Bl Powder 20g ra.w material 
B2 Powder 20g ra.w material with different vendor 

B3 Powder 20g pure raw material 
B4 Powder 20g PbF2 raw material 
BS Sintered 20g poly crystal 
B6 Sintered 20g polycrystal with different processing 

B7 Crystal ~15x20 Cut from 6 cm crystal 
BS Crys~al <P15x20 Cut from 6 cm crystal 
B9 Crystal small pieces :residual from 6 cm crystal 

Sl Powder 20g raw material => Steve King 
S2 Sintered 20g polycrystal made with Sl 

- S3 Powder 20g pure raw matenai 
S4 · Sintered .. 20g polycrystal made with S3 
SS Sintered 20g poly crystal 
S6 Crystal 45x43x18 from JBl-91-13/1 
S1 Crystal <P25.4x25.4 from JBl-9~-13/0 
SS Crystal <P25_.4x25.4 from JBl-91-13/0 
S9 Crystal <P25.4x25.4 from JBl-91-13/0 
SlO Crystal <P25.4x25.4 from JBl-91-13/0 
Sll Crystal <P25.4x25.4 · from JBl-91-13/0 
Sl2 Crystal 5x5x8 from JBl-91-13/1 
Sl3 Crystal 12x12x5 from JBl-91-13/1 
Sl4 Crystal small pieces from JBl-91-13/4 

Sam 1les from HGRl anu SIC p 

-
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RaF2 ENGTNEEB,JNG· TASKS 

M. Rennich and:Staif (ORNL) 
.... 

... 

• Design and Develop Crystal Mounting 
Support ,Structure 

•Improve Chinese Oven: 10-6 - ·10-7 Torr 

- Western Diffusion Pump 

- Cold Trap, Ion_ Gauges 

- Commission and Test 

• Recompute Crystal Dimensions: 
' 

- Critical Surfaces Flat and · 
Parallel to 10 Microns 

- Perpendicular To Two Long 
Crystal Faces 

• 

• PROJECT ENGINEERING: 

- Define Project Plan and Schedule, Includ
ing All Production Steps (8/92) 

- Specify. Standard Operating Procedures: 
Growth, Machining, Surface Treatment 

- Define Tracking + Quality Control 
Steps: Tests and Specifications 

... 

.. 

.. 

.. 

.. 

.. 

.. 



BaF2 R&D PROGRAM for 1992 
;" 

- LIGHT JJNIFOR.MITY §TIJpy 

C. Wuest (LLNL), R. Zhu (Caltech), 

A. Engler ( CMU) 
-

•·UV Reflective Coating, Optimized for 
BaF2 Fast Component (190 - 240 nm) 

• MgF2 - Al20a Electron Beam 
Coating Tests Underway at LLNL: 

- - Stress-Free Ion Beam Milling and 
X-Ray Diffraction An8'ysis (2/20 - 3/6) 

- - Optical Polishing; X-Ray and Trace 
Analysis of Surface (2/20 - 3/6) 

- Wet and Dry Diamond Turning, With 

- Surface Analysis (2/24 - 3/13) · 

- Optical Characterization Before 
and After Coatings (3/13 - 3/27) 

- - Precompute Graded Coating, Coat 
(and Seal) Crystals (3/20 - 4/24) 

- - Verify Recovery of Uniformity After 
Radiation Effect (3/20 - 4/24) 

•Correlate Improved Surface Processing 
and Sealing With Rad Damage (3/92 - 4/92) 

•Process 20 New Crystal Pairs (5/92) 



c 

Barium Fluoride Crystal Surface Preparation and UV Coating R&D at 
Lawrence Livermore National Laboratory 

• 

Dr. Craia R. Wuest 
Physicist 

mgh Energy Physics Group 
Pl1yslcs DcJ>attment 

. Theodore T. Saito 
Clroup Leader, Optical Science and Engineering Group 

Materials Fabrication Division 

• 

Dr. Daniel M. Makowlecld 
Cteml~~eer 

Chemistry. and Materials Science DiVision 

l 4wrP.nr.1? li.ve.nnnr~ Natibnal lAboratoTY • 

February 14, 1992 

• f c c 4 4 • t 
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Kent McCammea, Eleetronics Engineer 
Mark Lowry, NTES PIMtonics Project Leader 

L-Division 
Phone: 510/423-2924; NMil:Mlowry@LLNL.Gov 

Lawr1nce Livermore Nlldonal Laboratory 

• 
pr411111Mdto 

GEM e81laboration 
Detector Electronics Group 

3/8/92 
Tucson, AZ 

) ) ) ) 
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Outline for LLNL E/O update 

• Our latest direct charge-readout data link results using the MIT drift tube 
(now better fidelity than the conventional) 

• link output scope data · 
-sin, voltage and charae sensitivity 
- system bandwidth and signal risetime 
- implications for muon chamber timing data, from drift tube data 

• Pulse .. Jlei1ht spectrum from Fe55 . 

WI 

• Update on IOCC's flip-chip multi-channel modulator packaging work (R. Becker, et.al.) 

• Some E/O system archite~ture proposals (extrapolating from M. Seman's proposals) 
- Pr (or Nd) fiber amplifiers (at 1300 nm) 
- unpolarized optical sources (at 1300 nm) 

c • • • • • • t c • 



} 

D 
N, 

} 

iode-pumped 
d:YAG@l320 

Laser Source 

) 

PRSM 
Fiber 

) } 

RF Signal 

Bias-T 

rl 
Lv1odulator 

LJ 

LLNL fabricated 
Mach Zehnder 
E/O modulator 

) ) 

DC Bias 

SM 
Fiber 

. 

) 

Receiver 

PIN Diode 
&Preamp 

) 

' 

) 

I 

Highpass 
Filter 

) 



• • 

'i:' 
Cll 

t ... 
u 
Cll ... -CCI 
u ... .... 
c. 
Q 

.... 
Q 

.... 
::s 
Q 
'-' 

:l -Q 

i> 

0.04 

0.03 

0.01 

0.01 

0 

-0.01 

-0.01 

MIT drift tube signal through LLNL modulator 
bias voltage 1790 V, 

modulator termination 400 Ohms 
5 mW of optical power 

~ I I 

--------Not.ldi~:11:S;r;~~h---
··-·-···--·······---l··-·---·----··---~.; ........... ~'--····· ... : .............. ----~---.. -·-·····-.. ·····--··-····-············-------·············-·····r·········----····-

10- risetime
1
-12ns l 

................................................................................................. - ....................................... ti ited··by-~-tube············,·········-··············· 
! I \ I 

1 

data Ii bandwiddi is 100 M,z 

IA J "J I ' 
···-·v-········v·.,·y· ............................. . .................................................................................... l ........................... l. ... .. 
! ! f\/'rVi i . .. I 
. I I 1 .......................... -i--······················r· .. ············· .......... ·········· .............. _·-······· · · · ·······················l················· .................................. . 

j I 1 i 
I I ' 

i 

-100 -50 0 so 100 

Time(ns) 
150 100 250 300 

• • • • • • • • • 



-
-

-

-

-

-

-

-

-

..:.= 

~ ~ ~~-:-~~~11_=_· __ ...i_~_--_=:·: .... j!:.:::::;=====~=·~1r====""'~~"-:--~~~---i •=1 . 
Q~ I 
ii l ="Cl = o~ 

~.5 
.. i>- 1------1-----...... '------1--- =="'"'- ·---~ ie 
.I: O'I 

~-... 
1:1 .2 
~ 

~ 

'e .... -= Ill 
I 

Ill .... 

Ill 

WI 
I 

W) ... 
• 

Ill 
N 

I 



E 

i 
~ 

I 
··'' It.''.·'' _.., 

j 

~ 
c.. ..r 
E.
Cll u 
CD CD 
... 'C 
a.. 0 

J 

.. 

-

.. 

... 



-

.j 

~ 
'..J - '-.)~ 

.:.; ~ <:--' 
\'--

.. 
~j_ 

~ ~j -1--0 ....... ~ . :;. 
-.!£ 

~ j §" 

'-1~ ) -J 
r 

-

-

s: -
~ 
Lil 

II 

\ 
V\ 
~ 

... 
Cf.I 

IB ....... .... 

~ 
~ ~ !:!: C7I Lil '° C7I I • • .. ID Cl:I D. N i:;, Ii '° - w .... .... .. II Cf.I •• - "' I .0 IB IB I! .... Cl.I II: ......... 11 
C7I - " ... .... E 
I ~ .:i £111 .. !I -.. 
ll c.I II OI 

(! 1-- w +' 
Cf.I c: s: .... t!11--1. "' I Ill II e' ~ • +' "'"+''"1 .. .... .. a: "'~ -.1 0 f::;&.E~w " .... ... c.I ..:I ..... "' -



' f 

1-vbe Voffc-{f- /7"10 

f;_ s-~- :;;;Jf4µ.. w,·"5 ~/4 r . 
(}. .f"'\ 

'V.~ 
\\.1/ 

\_ 

~(; 
ol 

11-Sep-91 15:47:58 SP= KEttT/1 OFF CFS 

OV= /· 
Chftna 
LD= RD= 
LEner 
REner 
CFS 
e .. se 

....J 

' • f • 

512/ALln CC 3551/ 4.571 

~~\ I 1 "\, 

ffi 
~ 
~-·-·-

--- 4.31c ... -

I-wt!~= 1,6 1 5 c.,,,... 

Vw11m= 1.85 ~ ( 3ke.V) = / .;;tB J<e\} 
4.3 I 

• • • ' ' 



-

Alumina Mlcrostrlp 

- Lithium Niobatc 

-

-

-



• 

A Proposal for Optical Power Distribution for E/O Modulators, extrapolating 
from the ideas of M. Seman, Columbia 

Already done by Bums et. al NRL 
and 
Marshall. et.al. EGG/Santa Barbara 

.13VVDm 

YAGLaser 

•t' 

1300nm 
YAGLaser 

a!f 

• • ' 

g 
r 

circularly 
polarized 
light 

fiber splitter 

I • • 

see proceedings of OFC '92, 
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,... Presentation by: 

Harvey Newman 
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BaF2 EM CALORIMETER 
REQUIREMENTS FOR 8/92 (Cont'd): 

CALIBRATION IN SITU: 
Detailed Calibration Strategy 

(1) RFQ: Layout; Calibration Time Per Run; 
Frequency of Runs 

) 

(2) MIPs Calibration: Demonstrate With Muons; Specify 
Time to Obtain Required Accuracy. 

(3) Physics Calibrations (e.g. T, zo ~ e+e-): 
Time For Accuracy. Trigger Strategy. 

" "' ~ 
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) 
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BaF2 EM CALORIMETER 
REQUIREMENTS FOR 8/92 GEM 

DECISION: 

DEMONSTRATE CAPABILITY TO 
MAINTAIN 

THE HIGH RESOLUTION IN SITU 

RADIATION HARD CRYSTALS 

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

(2) Produce Small Rad Hard Crystals: A > .95 cm After 
1 MR.ad. 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 

... 

... 

... 

... 

... 

... 

... 

... 
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BARIUM FLUORIDE EM 

CALORIMETER R&D FOR 1992 

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

• Improved Understanding and Control of 
Radiation Damage In BaF 2 

• Small Rad Hard Crystals 

• Large Crystals Approaching the Final 
Specifications for Rad Hardness 

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

-- At $ 2.5/cc Fixed Price 

• Demonstration of the Ability To Maintain 
The High Resolution In Situ 

-- Uniformity, Stability and Calibration 

-- Constant Term of 0.5% 

A Sufficient Demonstration of the Promise 

of the BaF2/Scintillating HCAL System 

in Time for the GEM Calorimetry Choice 



.. 
BaF2 R&D MILESTONES for 1992 (II) 

.. 
Dates MILESTONES 

Prototype Electronics Readout (ORNL, Princeton) 

4/92 First preamp/shaper or gated integrator circuits for low gain 

photodevices developed and tested .. 
5/92 Complete design of front end (surface mounted) circuit series 

5/92 Verify noise and pickuP-:immunity at a test beam area 

5/92 Deliver final circuit series for high gain photodevices; mount 

and test on prototype matrix at UCSD 

7/92 Test low gain photodevice electronics readout on prototype matrix 

at UCSD CR test 
Cosmic Ray and RFQ Tests (UCSD, CIT) .. 

3/92 - 5/92 Set up Cosmic Ray Tower at UCSD 

5/92 Start stability and longitudinal uniformity tests with (partial) 

1991 matrix .. 
6/92 Start CR tests with some improved full sized crystals 

6/92 Start MIP CR calibration tests with vertically mounted new crystals 

7/92 Start CR testing full sized 25-pair matrix in cosmic ray tower 

7/92 Start uniformity and stability tests of pre-irradiated crystals 

8/92 Start tests of further-improved large crystals 

9/92 - 12/92 Long term cosmic tests with 25-pair matrix; crystals with 

near-final specifications at the center 

6/92 RFQ test at AccSys Technology 
.. 

BaF2 Assembly (CIT, UCSD) 

4/92 - 5/92 Reassemble 1991 matrix (with most crystals) at UCSD 

5/92 Test and mount new UV photodevices (Hamamatsu) .. 
4/92 - 6/92 Acceptance-test UV transmission, light output, rad hardness 

of improved full sized crystals for 1992 matrix 

5/92 - 6/92 Test UV light collection uniformity of new crystals with sources 

6/92 Final preparation, mounting of the crystals in 1992 prototype box ... 
7/92 Final bench tests of pr()totype, before mounting in UCSD CR tower 

7/92 Acceptance-test UV transmission, light output, rad hardness 

of improved full sized crystals for 1992 matrix ... 



BaF2 R&D MILESTONES for 1992 _(I) 

Dates MILESTONES - Crystal Mass Production (SHANGHAI, BEUING) 

2/92 - 3/92 Correlate trace impurities levels with damage levels (first matrix) 

2/92 - 3/92 Demonstrate improved vacuum; effect on crystal quality 

2/92- 4/92 Correlate trace impurities levels with damage levels (new crystals) - 6/92 Complete 25 full-size crystal pairs for 2m1 prototype matrix 

2/92- 7/92 Determine nature of principal color centers 

1/92 - 9/92 Demonstrate continued, systematic improved rad hardness 

9/92 Complete production plan for final rl\d-hard crystals by mid"l993 

UV Performance Monitoring (CMU,.LLNL, CIT,UCSD) 

2/92- 5/92 . Develop UV laser or flash.lamp and quartz fiber monitor 

2/92 - 6/92 Develop surface treatment and UV-reflective coating method 

- for uniform UV r5ponse 
. 

5/92 - 7/92 Coat and test full size, improved 25 crystal-pair set 

8/92 Coat and test full size, further-improved 5 crystal-pairs 

Analog and Digital Readout Testing (Princeton) - 2/92 - 7/92 Test and develop fast front-end analog r~out circuits 

4/92- 7/92 Test and debug front end circuits and connections on the 
BaF 2 prototype array 

- Radiation Damage Tests (BNL, CIT, SIC, LNPI) 

1/92 - 10/92 Test crystals with ;'s to 10 MR.a.d, neutrons 

to> 1013n/dn2, protons to Several Mega.rads 

5/92- 7/92 Verify rad hardness spec. for improved full size 25-pair 

- crystal set .. 

8/92 Verify rad hardness of further-improved 5-pair crystal 
set (near-final specifications) 

1/92 - 12/92 Tests for continued improvement in rad hardness of 

- large crystals 

Prototype Engineering Design (ORNL, CIT) 

3/92 - 5/92 Engineer and verify precise crystal dimensions, and 
specifications for final crystal prototype - 3/92 - 4/92 Engineer and install improved vacuum oven at SIC 

3/92 - 8/92 Improve and specify. mechanical processing of crystals 
at SIC, BGRI 

- 3/92 - 5/92 Engineer support and housing for 1992 prototype 

3/92 - 7 /92 Specify the calorimeter production, control and verification 
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ROOM TEMPERATURE RADIATION 
DAMAGE MECHANISM 

. Oxygen and hydrogen are present In the crystal u OD· Joas 

IUbstltutlna for ftuorlne Ions. 

Radiation does two things: 

1) Radiation creates P centers and dusters of H centers 

(I.e., fluorine vacandes and ftuorlne lnterstltials). 

2) Radiation also dissociates the OH· tons Into O· and Bt0 

centers. 

A portion or the B1° centers will recombine wlth F centers to 

form 11,· centen. 

The 22()..nm UV absorption Is due to these 11; centers. 

TWO WAYS TO MINIMIZE 
RADIATION DAMAGE IN BaF2 

1) Prevent OH· from entering the crystal during growth. 

2) Prevent the formadon of F centers by removing Impurities 

that stabilize the fluorine interstitials (II centers). 



ASPECTS OF 
THE RADIATION DAMAGE PROBLEM 

INBaF2 
• 

L. E. Halliburton, M. P. Scrlpsick, and G. J. Edwards 
Optoelectronic Research Group 

Department of Physics 
West Virginia University 
Morgantown, WV 26506 

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

-

-
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SIMS Oxygen -
Bulk Analysis 

-
of .BaF2 

- Sample Relative Concentration 

- K14417D 3.2 
K458484A 6.22 

SIC2x2.5 
- SICCube 

3.1 
6.5 

SICXTL Tip 1.9 
SICXTL Base 3 .4 -

-



BaF2 RADIATION DAMAGE 

PROGRAM STATUS (Cont'd) 

• FIRST RESULTS from CEA 

- Bulle Impurities: High Levels of 0 2 , 

S, Cl in Both Optovac and Chinese Crystals 

· - Surface Damage Established: 
Improve Polishing (LLNL) 

- Subsurface Inclusions Observed: 
Depth Profiling; Microanalysis 

• SMALL RAD HARD CRYSTAL PROGRAM 
AtOPTOVAC 

- Study Raw Material Purity Effect, Crucible Effect, 
Oven Variables 

- Residual Gas Analysis 

- SmaJJ Crystals and 15-20 cm Rods 

- First Crystals By 5/92 

- Rad Hard Crystals By 8/92 

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

- EPR: Energy Levels of Two Predominant 
Color Centers Determined 

- Correlated With Absorption Bands 
at Liquid Nitrogen Temperature 

- Further Paramagnetic Studies (ENDOR): 

·e Color Center Hyperfine Splitting 
• Test Role of Interstitial 

Ions: Hydrogen, Oxygen 

-

... 

... 

-

... 

... 

.. 

... 
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SPNPI, 19.02.1992 

Dear Mike, 
Here is our program for radiation tests o.f t.he BaF2 

crystals. Please transfer it to ff.Newman, C.Woody, Yu.Kamishkov 
and B.C.Barrish. It can be considered as an Appendix to the 
Report to the GEM EC from GEM BaF2 collaboration. 

Best regards, Alexei. 

PROGRAM 
of irradiation tests of BaF2 crystals 

in 1 GeV proton beam in Gatchina 

The method of irradiation tests of BaF2 crystals in 1 GeV 
proton beam has been developed recently in Gatchina and applyed 
to study the radiation properties of about 10 crystals produced 
in the Optical Institute in St.Petersburg. Some of the results 
are published (LNPI 1990-1991 Report). 

The dose of radiation can be varied up to 5 Mrad. The 
transmission spectra are measured in the range of 200-400 nm. 
Also, the fast component of the light output is measured from 
the scintillations produced by 140 MeV protons. 

Using this method we can perform detailed studies of the 
crystals considered as candidates for application in GEM. We 
can allocate 200 hours of the beam time in the next running 
period of the Gatchina synchrocyclotron from the mid of April 
till the end of June 1992. During this period we plan to 
investigate 8 crystals produced in St.Petersburg and about 10 
crystals supplied by GeM BaF2 collaboration. For these studies 
we need 20 K$ (the cost of the beam time, crystals, and some 
equipment). For information: at present we have 50 crystals of 
40x40x250 mm3 size designed to use in an EM calorimeter at E781 
FNAL experiment and ~lso some smaller size crystals for 
radiation tests. Some.of these crystals can be sent to the GEM 
collaboration for independent studies. 

) ) 



BAF2 PROJECT 
RADIATION DAMAGE STUDY 

Peijun Li 

ZhezongDai 

H. Newman 

R.Zhu 

COORDINATORS 

• SIC, China 

• BGRI, China 

• Caltech 

• Caltech 

PANEL EXPERTS: SUB-COORDINATORS 

C. Woody (BNL) • Rad. Damage Measurements 
M. Strathman • Impurity and Defect Analysis 
(Charles Evans and Associates) 
R. Sparrow 
(OPTOVAC) 

• Crystal Processing Improvements 

R. Craig • Analysis and Simulations 
(Battelle Pacific NW Lab) 

PLUS EXPERT SUPPORT PROPOSED: 

Naval Research Lab 

ORNL Solid State Division 

.. 

.. 

... 

... 

.. 

.. 
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BaF2 EM CALORIMETER 
1992 R&D PROGRAM 

RADIATION DAMAGE STUDY 

• BaF2 Group/U.S. Expert/China Coordination 

•Extensive Testing on New Full Size Crystals, 
Small Crystals, and Raw Materials 

• Correlate Trace Element, Structural and 
Surface Analyses With Rad Damage Tests 

• PRIMARY ROLE: 02 and OH- (50 ppm Level) 

• Improve Processing Technology: 
Raw Material Treatment, Oven Vacuum, 
Crucible, Growth Cycle 

- Large Crystals At SIC and BGRI 

- Small and Medium Size Crystals: Optovac 
-:t 

• Test Residual Effects of Rare Earths, Other 
Traces After Oxygen Level Reduced 

• Identify Color Center With Paramagnetic 
Analysis, Low Temp. Spectroscopy: W. Va. 

• Test Saturation With Protons: 
at BNL (30 GeV) or LNPI (1 GeV) 



BaF2 EXPERT PANEL 
RECOMMENDED R&D PROGRAM (II) .., 

• RADIATION DAMAGE MEASUREMENTS: 
Correlate With. Impurities and Defects . 

- Longitudinal Profile 

- Particle Type Dependence: 
Photons, Neutrons, Hadrons 

. 

- Non-Uniform Dose Distribution 

- Surface Effects 

• SIMULATIONS and ANALYSIS: . 
Radiation Effect On Resolution 

- Time and Position Dependence 
of Uniformity In Situ ... 

. -.·· 
- Crystal To Crystal Variations 

- Accuracy of Calibration and · 
Monitoring 

-
-

-
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.... 
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BaF2 EXPERT PANEL 

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

• CRYSTAL PROCESSING STUDY: 
Grow, Characterize and Measure 

- Small Specially Pure Crystals 

- Compare. Crystals From Common 
Raw Material: China, Optovac 

- Improve Growth Process: 
Crucible, Residual Gas Analysis, 
Control of Atmosphere 

• IMPURITY and DEFECT ANALYSIS 

- Experimental and Theoretical 
Study of Impurity Effects 

- Trace and Defect Analysis of: 

• Raw and Preprocessed Materials 
• Finished Crystals 
• Longitudinal Profile 
• Surface Damage 
• Subsurface Defects 



• 

BaF2 EXPERT PANEL 

On RADIATION DAMAGE: 

FEBRUARY 1992 REPORT 

SUMMARY OF FACTS 

• Significant Progress On Rad Hardness 

• Rad Damage Starts At Low Doses 

- Strong Evidence of Saturation 

- Needs Confirmation for Hadrons 

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

• Recovery With 500° C; UV Light. 
Room Temperature Annealing Very Slow. 

• Oxygen May Be a Key Factor; Effect of 
Other Impurities: To Be Determined . 

• • • • • • • • • • 
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BaF2 R&D PROGRAM for 1992 

PHOTOSENSITIVE DEVICE 
STUDY 

R. Zhu, X. Shi (Caltech), 

Y. Kamyshkov, K. Read (ORNL) 

• Proximity-Focused, Higher Gain 
5 to 7 Stage Grid Mesh Tube 

•Solar Blind: K-Cs-Te Cathode 

•Remote Processed: Near-Final Gain 

• Compact: 25 mm Long 

TESTS 

• Short Term Stability: 
At A Test Beam 

• Long Term Stability, Temperature 
Dependence: UCSD Cosmic Ray Stand 

• Magnetic Field Immunity 

• Dynamic Range, Linearity: With 
UV Laser Pulses; RFQ Pulses 

... 

... 

.. 

.. 

.. 

.. 

.. 

.. 
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Response of a 25 cm BaF 2 Crystal, 
Vacuum Phototriode and GaAs Preamp 

• . 
; 
• 
: 
• 
• . . BaF 2 Response to 50 GeV -• : 
! ~ e- Beam (Top Trace) -

Response to a. Step Input -
~ With No Tail (Bottom Trace) 

-
\ 
~ ~ ·-

-. 
. . . 



Gallium Arsenide Preamp (Princeton): 

(a) Response to Step Input 

(b) Leading Edge < 2 nsec Risetime 

·OUT 

7JI 
(o..) 

(b) 
OUT 
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BaF2 ENGINEERING TASKS 

M. Rennich and Staff (ORNL) 

• Design and Develop Crystal Mounting 
Support Structure 

• Improve Chinese Oven To 10-6 - 10-7 Torr 
With M. LeBeau (By 4/92) 

- Western Diffusion Pump 

- Cold Trap, Ion Gauges 

- Commission and Test 

•Redesign Crystal Dimensions, 
Crystal Pair Bonding Procedure 

- Critical Surfaces Flat and 
Parallel to 10 Microns 

- Design Bonding Jigs and Process 
WithLLNL 

• PROJECT ENGINEERING: 

- Define Project Plan and Schedule, 
Including All Production Steps (8/92) 

- Specify Standard Operating Procedures: 
Growth, Machining, Surface Treatment 

- Define Tracking + Quality Control 
Steps: Tests and Specifications 



BaF2 R&D PROGRAM for i992 
LIGHT UNIFORMITY STUDY 

C. Wuest (LLNL), R. Zhu (Caltech), 

A. Engler (CMU) 

• UV Reflective Coating, Optimized for 
BaF2 Fast Component (190 - 240 run) 

• MgF2 - Al20 3 Electron Beam 
Coating Tests Underway at LLNL: 

- Stress-Free Ion Beam Milling and 
X-Ray Diffraction Analysis (2/20 - 3/6) 

- Optical Polishing; X-Ray and Trace 
Analysis of Surface {2/20 - 3/6) 

- Wet and Dry Diamond Turning, With 
Surface Analysis (2/24 - 3/13) 

- Optical Characterization Before 
and After Coatings (3/13 - 3/27) 

- Precompute Graded Coating, Coat 
(and Seal) Crystals (3/20 - 4/24) 

- Verify Recovery of Uniformity After 
Radiation Effect (3/20 - 4/24) 

•Correlate Improved Surface Processing 
and Sealing With Rad Damage (3/92 - 4/92) 

• Process 25 + 5 Full Size Crystal Pairs 
(5/92 - 8/92) 

... 
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BaF2 BEAM TEST: 
7x7 ARRAY (Summer 1993) 

• ELECTRON RESOLUTION 
Demonstrate uE/E = (2.0/../E e 0.5)3 
With Electrons from 10 GeV to> 100 GeV 

- Ca.libra.te the gain for ea.ch crystal + phototube. 

- Sca.n the beam a.cross the central crystal to establish the (position correded) 
uniformity of response, with the ca.rbon fiber prototype structure, and full-sir.e 
crystals. 

- Check the stability of a period of weeks. 

- Check the resolution, and the absolute response, as a function of the rate. 

- Compare to GEANT predictions for resolution, energy sharing distribution&,· and 
position m:omtruction accuracy as a function of the impact point. · 

• PION RESPONSE From 10 GeV to > 100 GeV 

- Using data taken at the same time as for the electrons above. 

• ELECTRON-PION SEPARATION. 

- Test (Sum of 9)/(Sum. of 25): Transverse shower shape. 

- E (electromagnetic energy) versus p (Momentum), 
using the wire chamber spectrometer. 

- Veto using an HCAL module from our Collaboration, 
placed behind the· crySta.l array. . 

• ELECTRONICS DEVELOPMENT 

- Run with B' ammamatau phototriodes, or new few-stage tubes. Cross check against 
a separate run with higher gain tubes. 

- Use preamp +shaper (or gated integrator) circuits, with lower noise than in 1991 
tests; speed compatible with separation of signals from one SSC beam crossing. 

- Develop mounting, shielding and grounding techniques to reach an acceptable 
noise level for the full-sea.le calorimeter. . . 

• COMPENSATION 

- Measure the constant term in the resolution. 

- Develop optimized weighting methods, to minimize the constant term. 

- Check results on the energy distributions in the crystals a.nd the HCAL, and 
their correlations, against GEANT (GHEISHA) simulations. Check against other 
simulations (e.g. HETC) if necessary. 

-
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BaF2 EM CALORIMETER 
CRYSTAL PRODUCTION 

at SIC and BGRI 

•PRE-PRODUCTION ARRAY 
(2x2)x(4x4)x50 cm3 

-49 CRYSTAL PAIRS 
DELIVERED By 5/91 

-.TESTED AT FNAL By 12/91 

•PRODUCTION ARRAY: 
(3x3)x(5x5)x50 cm3 

- 25 CRYSTAL PAIRS: 6/92 
- IMPROVED RAD HARDNESS 

•NEAR-FINAL QUALITY PAIRS: 
(3x3)x(5x5)x50 cm3 , 

- 5 CRYSTAL PAffiS: 7 /92 
- RAD HARDNESS NEAR SPECS 

MASS PRODUCTION for SSC: 

8/93 - 8/97. RAMP UP 
TO 800 PIECES PER MONTH. 
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Ultraviolet waveguide Lasers 
Models GX-500 and GX-1000 

$ptdflcatl• 
(rf laserWm .. 248 llD Wavelength .. ·10µJ PDEnergy' 
ZOOOHz Maxinun P1'se Repelition Rott 

~ sons ,. Dllll1ion 2 

zoo wans PeokPows 
12mW Specified Al'8lllg8 Power 
lBmW Typicd Awrage Power 
0.5 11111 cia. 8m llimerlSiallS (at exit) 

He/kr/fz Gas~ 
10Slda/n*1 Mirinun Gas Flow Rott 

E 

GX·SOO Dh I GX·1000 
12.S Sak. H1911A 12.S 

-+.~ 19.0 Wihh B 19.0 
17.0 lllpdi( . 17.0 
8.0 la lfllld, Hlilit D 8.1 
9.0 Widlh E 18.0 

13.S lllpdi F 118 

Conlroller, JIGWll" ~' en! mognetron me configind far 19" nxk 
lllOCl1ling en! 118 t1111llCl9d tu 1he laser head by a n· umbilm. 

D 

Potomac Photonics, Inc. 
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Ultraviolet waveguide Lasers 
Models GX-SOO and GX-1000 
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BaF2 EM CALORIMETER 

1992 R&D PROGRAM 

DEMONSTRATE ABILITY TO MAINTAIN 
HIGH RESOLUTION IN SITU 

• CALIBRATION, STABILITY, UNIFORMITY TESTS 

- COSMIC RAY TEST Tower at UCSD (By 5/92): 

* New Matrix and Specially Treated 
Crystals 

* Uniformity Tests: Before and After 
Irradiation With Transverse Muons 

* Long Term Stability, and Short 
Term Tests 

* Post-Saturation Annea1ing Test 
* MIP Calibration Tests With 

Longitudinal Muons 
* Electronic Noise Tests 

- .RFQ TESTS: 

* AccSys Test With 3.85 MeV RFQ (6/92) 
* L3 RFQ Experience (Start 4/92) 

•SIMULATION STUDY: RESOLUTION IN SITU 

- Residual Non-Uniformity 

- Time Dependence 

- Calibration Accuracy 

- Calibration Strategy 

.. 
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BaF2 EM CALORIMETER 
1992 R&D PROGRAM 

• BaF2 CRYSTAL PRODUCTION: 
(SIC, BGRl) 

• RADIATION DAMAGE STUDY: 
(SIC, BGRl, CALTECH, BNL, TIFR, LNPI; 

CEA, OPTOVAC; NRL, UWV) 

• UV MONITORING SYSTEM: 
(CMU,UCSD) 

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

• PROTOTYPE ENGINEERING DESIGN; 
DESIGN MANUFACTURING PROCESS: 
(ORNL; CALTECH, UCSD, LLNL) 

• PROTOTYPE ELECTRONIC READOUT 
(ORNL, PRINCETON) 

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

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

•SIMULATION and ANALYSIS: 
(CALTECH, ORNL; UCSD, CMU) 
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A PRECISION BaF2 CRYSTAL 
CALORIMETER FOR GEM 
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-

- The Liquid Argon Test. 

- Objectives: 

1) EM energy resolution of 7.53 / ./E + 0.53 

"""""'llir'~ l.3mm Pb Solution. Liquid Krypton. (Sampling fraction) 

- .8 mm Pb in both absorber & readout electrode. ( sam-
pling frequency) 

- 2) Position Resolution & e/7r separation. 

-

-;u 

-I 

Chevron Design 

3) Trigger. 

Sum energy front and back ... Time resolution 
Isolation cuts ..... overlapping sums. 

4) Calibration. 

Test new calibration system. 0.1-0.2 % 

5) Electronic readout. 

AMU - ZEUS electronics. 
Track and hold. 

--'Iii•_. 6) Simulations. 
Non projective geometry 
Quasi projective 
Projective geometry 

7) Bending machine 

Bending m~chin for Projective Geometry. 

2 



EM Configuration 

G-10(07mm) 

1rnm OPTION 
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n= 
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s~f''~'6 y .. i u..£M ~· 
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Cell=fUmm 

~--CELL ----i 
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(Siik Screen) 
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Absorber Signal Absorber 
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ELECTRONICS, CABLES and FEEDTHROUGHS 

• Calibration 

• Preamplifier Board 

• Hybrids 
preamplifiers 
calibration 

·• Signal/Calibration Cables 

• Feedthrough 

• Power/ HV Cables 

• Intermediate Amplifiers 

• Blue Cable 

• Variable Gain Amplifiers 

• Track and Hold 

• ADC'S 

February 12, 1992 
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~'51ns Shaper Output Uniformity vs lcal -
;:"r PJ32 FET - . 
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Accordion Calorimeter 
Cable 1t!ultiplicity Scheni.e 

B.N.L. Readout 

24 Chans/~odule 

~..,-1 T t-r--.... Pin lnYerliug beo.ders 
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... 

Cables ;==-------. 24 I 24 
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Liquid Argon Baseline Design. 

1) Calorimeter Design (ll'Iechanical): (l\1artin 11'fariel8 Astronautics) 

e.m Section : Accordion Design, Bend angles 
depth, harrel leugth. ~C.,O ~ft''"'· 

Hadronic Section : Parallel plate Geometry 
Uranium tiles (High density, µ problem. 
Electrostatic transformer 

Forward Calorimeter: 'Dangsten Integrated in L.A. endcap. 

2) Electronics Development 

Pre-amps (Inst. Division)- Teslcl ~~ "~) -S.--V~"t" 
Shapers (Inst. Division) - k'\\.tJ.. '1 J 

Pipeline Electronics (Nevis) - All'tu ... A-0' 

Cables, Feedthrough 

3) Calorimeter Trigger. 

Architecture: Physics def., Technology 

Trigger Sums: Size, overlapping 

Calibration &: pulsing system 

Parallel system to the individa.ul towers 

4) Calibration monitoring. 

5) Simulation. 

6) Integration questions: 
Services 
Access Liquid argon electronics. 

3 
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Gem3. Central Calorimeter Argon Vessel Wall Thickness 
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14 

13 

12 

1 ASME Section YIU Olvl1lon 2 

3 
4 

II 
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Sm (5083 AL) • 12000 p11 for 1.3 s t s 38.t mm 
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Hadronic contiguration witn f:JeCtrostat1c 1 ransrormer --
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Bill wars tell 

Key Issues Addressed During 
Current Prototype Construction 

1) Engineering information: 

a) Manufacture requirements/techniques 
b) Mechanical tolerances 
c) Fiber positioning/uniformity 
d) Mechanical stability/strength 

2) Performance information: 

a) Resolution + Uniformity 
b) Light Yield 
c) Calibration System Performance 

3) Critical technologies: 

./..H-ti .. 
/a) Lead shot fill -- -. supertower w/ shot--0. •& 

)Ce) Fiber sp'ice ' 2 ?dO' rt htll aaalG t&&t& 

ii c) SS sheaths -- after casting for now 



GEM 1992 SSCintCAL Towers 

Bids Received from vendors 

Item 

1.5mm 3HF fibers 

cut to length 

3mm 0.D. nylon tubing 

cut. "headed", sealed 

Spacer plates and supports 

cut. bent, ready for 

preform threading 

I mm diameter lead shot 

Eutectic alloy 

Total raw materials 
for 1.5 Ton tower: 

Bid 

$2,000 I tower 

$1,000 I tower 

+ 1-time tooling 

$1,500 I tower 

in small quantities 
(less with tooling) 

$1,000 I tower 

$3,500 I tower 

$9 ,000 I tower 

... 

... 

.. 

.. 

.. 
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Modifications of GEM 1992 SSCintCAL Towers 

from 1991 SSCintCAL Design 

1991 

2mm diameter fibers 

11 % fiber filling fraction 

100% eutectic absorber 

No longitudinal segmentation 

1992 

1.5mm diameter fibers 

within 3mm diameter 

plastic tubes 

11 % filling with tubes 

3% fiber filling 

65% lead shot I 
35% eutectic absorber 

Physical and 

electronic depth segmentation 



Spacer Plate 
Perforated Stainless Steel Fiber Holes 

Hole fatterp 

2024nun 
(Appruimate) 

Top Plate 

Spacer Bar 
4 required 

Perforated Plate 
26 Required 

GEM Detector 
Spaghetti Hadron Calorimeter 

, I 

G.oJ.SC.00065 Spacer Assembly 

. ' 

I ; -· 
' 

I ' ,, . 

" 

Rennicb 
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Key Issues for 
Scintillating Fiber 

GEM Hadron Calorimeter 

Perfonnance of prototype : 

System cost: 

Engineering Design 

for complete system: 

Impact on other systems: 

Long-tenn stability 

Stochastic resolution and 

high-energy resolution limit 

Feasibility, segmenta~on 

Based on prototype construction 

costs + realistic projections 

Integrated into overall 

GEM detector design, 

Structural stability 

Compactness, 

coordination with muon system 

and EM calorimeter system 

Radiation hardness, 

Ageing effects 
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WBS ITEM 
3.3.1 Tower Module 
3.3.1.1 Laminates 
3.3.1.1.1 Receive & lns.,..ct 
3.3.1.1.2 Stress relieve 
3.3.1.1.3 Machine Grooves 
3.3.1.1.4 Shear 
3.3.1.1.5 Deburr 
3.3.1.1.6 lnsoect & Kit 
3.3.1.2 Tubes 
3.3.1.2.3 Assemble Tower Kita 
3.3.1.3 Clean. Stack & Rellow So• 
3.3.1.4 Finisli Tower 
3.3.1.4.1 Machine TllllAr Faces 
3.3.1.4.2 Final lnsDaCt 
3.3.1.5 Assemble Fibers 
3.3.1.5.1 Fibers 
3.3.1.5.2 Insert 
3.3.1.5.3 Bundle/Bond/Polish 
3.3.1.5.4 lnht Mixer 
3.3.1.5.5 Assemblv 
3.3.1.6 Toolina 
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5423 1356 407 7185 
1564 70 70 18 5 93 

526 132 39 697 
3680 166 166 41 12 219 
7038 211 211 53 16 280 
82118 282 282 70 21 373 
1584 78 78 20 6 104 

2190 548 164 2902 
782 35 35 9 3 47 

1390 348 104 1842 
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1564 70 70 18 5 93 
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2346 

190 48 14 252 
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AUXILIARYFACIUTIES PRINCIPAL FACIUIY 

Stress Receive Inspect 
Relieve 3.3.1.1.1 
3.3.1.12 

Machine Grooves 
3.3.1.1.3 

' 
Shear Plates to 
Shape 
3.3.1.1.4 

Deburr 
3.3.1.15 

Inspect &: Kit 
• 3.3.1.1.6 

QeanTm 
Surfaces 
3.3.1.3.1 

Laminate Tower 
and Tubes 

Select Tube 3.3.1.3.2 
Kits 3.3.1.2.3 

Reflow Solder 
3.3.1.3.3 

I 
Machine 4 Faces 
3.3.1.4.1 

'" 

Inspect,Marik 
Pack Ship/Store 
3.3.1.4.3 

VENDORS 

Copper Plates Finished 
Thickness, Rough Length 
and Width 3.3.1.1 

.,, 

.. 
~l 1 f'rlA~tJ ))(In~ 

mJ J-h ~5-fN 

Copper Tubes Cut 
to Length, Flared 
Tinned Kitted. • 
3.3.1.2 

• 1 Kit of Plates 
1 Kit of Tubes 
for each Tower 
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R & D issues for Scint. Tiles 
-

va' Non projectivity 
-

Radiation degradation . . . ± (I/ f;bJI" 
-

Light collection. unifor111ity Sc~ ;f 
- . fl&~ to 

be.~ 
Perfor1nance monitoring - S'I fM'"Cts fJ>-\. 

t1if4 rJ~fe.. 

Hadronic resolution for unusual 

orientation of tiles 
-

-

-



Calorimeter Support 

Readout and Electronics 

3450 11111~1111m11111~r~11~tiijlt~~~~r1 ..... ~ 
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I I I ------------- I --------------------------------
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5400 

GEM Detector 
Plastic Tile/Copper 

G.03.T.023 Hadron Calorimeter Ret1nich 
W/LKr EM Calorimeter 
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30.0mm 

3mm'l'De 

Detail of Piile 
Configuntlon 
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G.03.T.005 

• f 4 ( 

Y'll~ J"J J,~,,,,R/ 
Fiber Guard 

"" " ,,, "--- 1 mm Readout Fiber 

3 mm Plualc Tiie 

Copper 13.25 mm Thick 

Copper Spacer 3.S mm Thick 

GEM Calorimeter 
Plastic Tile/Plate Spacing 

Copper Absorber 
Volumetric Ratio: 1:10 

Top View of OM Phi Segment 
R~ 

( ( ( ( c I • 
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G.03.T.004 

) ) ) ) 

3 mm Plastic Tile 

I mm Fiber 

0.25 Gap/Side 

Copper Spacer 

GEM Calorimeter 
Plastic Tiie Plate Spacing 

Copper Absor~ 
Volumetric Ratl~l.!.,J 

~~~~ ~,'JCfvL:::: 
11 30 RENNICH 

) 

~a.....~ 
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GEM Detector 
Plastic Tile/Copper 
Hadron Calorimeter Ra1nlch 

(Theta Sepnenlatlon) 
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45 Deg Chamfer 

I 
I 

'--------Approx 120 lo 260 mm --.<------------>t-+i 
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/ 
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/ 

I 

3mm 

GEM Detector 
Plastic Tiie Calorimeter 

Tiie Configuration 

Fiberffile Bond ? 
SDC Proposes to use no bond 
(Fiber will clip Into groove) 

Imm Fiber 
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AN ECONOMIC CONCEPT FOR A BARREL HADRON CALORIMETER 
WITH IRON SCINTILLATOR SAMPLING AND WLS·FIBER READOUT 

o. On.DEMEIS'IER. F. NESSI·TEDALDL M. NESSI + P. JJ1,,,,· 
CERN, GeMVa 

ABSTRACT 
An -vmtional coiieepc Car a bldlm c:alori11 111 r widl s:jntjDaw plales 

and WLS fiber radaul is dirwwt It lads to a simple ml law-dllip. 

1. Introduction 
We propose a concept far a barrel hadron calorimeter with scintillaror plares 

posidoned • inside die i . n absOrber sauciure • ia R4 ~ in .ead of the usual ~Z 
orienwioa. Wavele. pb.~I (WLS) fibers coupled to the cwo ndial edges of the 
scinrillagr plmes can dins be kept snisbt ia radial dlm:liaa. OwsP the absadler suucmn: 
dley are pouped wdin1 ro the waaled sqmentalion of the calOlj. · -.. and coupled to 
phcmanlliplicr cubes : Ml'). 

This c:onfipndoa . - . be mlde very bamedc and hu the tddirioaal advaucage dw 
lhe absorilcr can be built up !mm "self~ pJms ia R4 pl•aes 

For dose to mo rapididel the plale saw:aue is about pa . .o.:Jel to die primary 
panicles. Most of tbo1e will haw ialElacred alreldy ia die EM-caJainletcr ia front, IO be 
about one inlElacrioa leqdl ia depdl. To prevem biP www11 pldides fnJ.. · nvelliaa over 
lon1 clistanc:es ia the scinrll•• die iadividaal pluel m kept sbaft and are ~ widl 
iespect IO ach ocher (Pis. 1). (The puposed stNCDW would DOC ~ adeqm for U1 EM· 
c:alorimeler). 

2. GEANT sl•••,,,_ . 
GEANT tjmnlmaas haw been mlde 1D cbect i11e 111~ 

effect of this psdcalar pomeay on the energy resol•tticwL ~ 
They used a cllad I m:xlel coasislinl of a COiiY'elldm•I 

liquid 11J011 DI o iMWt. 2.5 Xo ia ~ widl 3 mm 
lead places and 4 mm pps. ia front of the bldroa. ~~c 
companment of As. 1. with I • 10 cm. a • 1.4 cm. d • A ~ 
0.6 cm and a dcplb ol 9.5 !."1IEIX1ioa lenlths. Ieu fmn :ZS ~ 
to 100 GeV were pnmred a 1.2 m distance mm the EM· 
co .JPU™' 1111:111 differem impr points. · 

The results of the energy resoludons lrd to a fined z 
parameaizuion of 

Fi&-1 

~ .. ~ +2%(EinGeV) 
E vE 
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New SSCint Option for GEM 

1. ~cl; bL 
Scintillating tiles+copper (t.lmgsten) hadron 

calorimeter 

an idea of O.Gildemeister EAGLE I CERN 



Why Scintillating Tiles ? 
-

• Compact A eff - 16 . 8 cm 
... 

• Simple mechanical modular construction 

•Low cost ... 
•Longitudinal segmentation 

• Fast response 

• Low Z, < 140 X0 for 12 A int 

• Good sampling for muon rad. losses - 2 X0 
.. 

• Low noise 
.. 

Most of these features are in common 
with Scintillating Fibers (Spaghetti) -
technique 

.. 

-
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Monte Carlo Results 

1 mm Pb & 4mm LKr -
cutoffs, res., error 

KeV %!-IE 

EGS4 4.4 0.2 - GEANT 3.14 10 4.51 0.09 
GEANT 3.14 100 4.92 0.09 

- 0.8 mm Pb & 4.915 mm LKr 

cutoffs, res., error 
KeV %/-/E - GEANT 3.14 10 4.02 .09 

GEANT 3.14 100 4.28 .09 

- 11 x 1.5 mm Pb & 71 x 0.8 mm Pb on 5.715 mm pitch in LKr 

cutoffs, res., error 
KeV %!-IE - GEANT 3.14 10 4.15 0.1 

GEANT 3.14 100 4.4 0.1 

-

-

-

-
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Gaussian res. 1.5/.Bmm Pb 1 OOKeV cuts, run 1156 
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E 
::J 
c: 

80 

60 

40 

20 

0 
8.4 

Total energy (LKr and Pb) for 10 GeV electron, run 1156 

ID 12345 
Entries 1250 
Mean 9.440 
RMS 0.1044 

I 2.098 
Constant 77.80 
Mean 9.447 
Si mo 0 271E-01 

8.6 8.8 9.2 9.4 9.6 9 

EALL 
Total energy, GeV 
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E1 scale factor for each event, run 1156 

1.3 1.4 1 .5 

ETA 

ID 
Entries 
Mean 
RMS 

Constant 
Mean 
Si mo 

1.6 

12345 
1250 

1.363 
0.6132E-01 

0.8212 
49.57 
1.362 

0.5832E-01 

1.7 
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=============•a========================•=============•==•==•======= 
Runs in: /usr/users/jke/gem/pi0/geant/bp/v3/lmzn_lascl_Kr 
Cut : 3100 
===============•=============================================c===•• 

E,GeVI laccepl %0 I u I ,2 l\meanlonly 1%dip I only 1%wid I only I run 
-----+--+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----------

5.01 11 92 .81 25.41 67.41 7.21 0 .21 0.21 0.01 0.01 7. 0 I 7.01 3689 
5.01 71 19.81 20.61 59.61 19.81 9.81 7.81 0.01 0.01 12.01 10.01 3690 ,.. 10.01 11 90.41 18.81 71.61 9.61 0.61 0.41 0.01 0.01 9.21 9.01 3691 

10.01 71 60 .21 9.81 30.01 60.21 48.41 33.61 0.01 0.01 26.61 11.81 3692 
25.01 11 97.41 13 .61 83.81 2.61 1.41 1.0 I 0 .01 0.01 1.61 1.21 3693 
25.01 71 76.01 4.61 19.41 76.01 72 .41 56.41 0.01 0.01 19.61 3.61 3694 
50.01 11 93.61 11.0 I 82.61 6.41 2.81 2 . 0 I 1.81 1.21 2.61 2.41 3695 
50.01 71 85 .41 2.01 12.61 85.41 83.01 44.~I 20.41 1. 61 27.21 0.61 3696 
75.01 11 96.81 12.21 84.61 3.21 1.81 1.0 I 1.0 I 0 .41 1.21 1.0 I 3697 
75.01 71 81.61 1.41 17.01 81.61 69.81 31.41 31.61 6.41 27.01 4.21 3698 

100.01 11 97.41 10.81 86.61 2.61 1.81 1.0 I 1.21 0.41 0.41 0.41 3699 
100.01 71 70.01 2.01 28.01 70.01 53.21 21.61 34.21 8.01 21.81 8.01 3700 
125. 0 I 11 98.21 8.21 90.01 1.81 0.81 0.21 1.21 0.81 0 ,41 0.21 3701 
125.01 71 64.61 2.01 33.41 64.61 41.61 17.81 26.41 8.2 I 26.81 14.41 3702 
150. 0 I 11 98.41 10.01 88.41 1. 61 0.81 0.41 0.81 0.41 0.41 0.41 3703 - 150.01 71 52 .0 I l.21 46.81'52.0I 28.41 12 .41 14.81 4 .61 27.81 18.81 3704 

-

-

-

-

-
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Cut 3100 in /usr/users/jke/gem/pi0/geont/bp/v3/1 mmzlost1 zKr --c: 
Q) 98 () ... 
Q) 97 a. 
Q) 96 -() 
c: 
0 95 -a. 
Q) 

94 () 
() 

0 
93 ... 

c: 
0 - 92 I 0 
~ 
a.. 91 

90 0 20 40 60 80 100 120 140 
Energy, GeV 

I - I ... c: 
Q) 
() 80 ... 
Q) 

a. 
Q) 

70 
() 
c: 60 0 - • a. 
Q) 

50 () 
() 

0 
c: 40 

.Q 
a.. 

30 ... 
20 

0 20 40 60 80 100 120 140 

I· Energy, GeV 
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=================================================================== 
Cut : 3100 
===================================================•===~=========== 

Multiplexing: 

Multiplexing factor 

Peak definition: 

Energy required for peak (GeV) 
Min. frac. of biggest peak for second 

Dip cut: 

const for max frac. of biggest peak 
const for max frac. of biggest peak 
Energy power for max frac. of biggest 
HEnergy to set fraction to HEDIP 
Energy to set fraction to HEDIP 
Dip fraction above EDIP 

[NMPX]= 6 

[ECUT] = . 015 
[PEAKCUT]= 0.25 

[DICONST]= 1.11 
[DIPMAX]= -.013 

peak[DIPPOWR)= l. 
[EDIP]= 0.5 

[EDIPJ= 50. 
[HEDIP]= 0.5 

dip fraction = DIPCONST + DIPMAX * EADIPPOWR 
= HEDIP 

EDLOW<=E<EDIP 
E>= EDIP 

: E<EDLOW = cut turned off 

Width cut: 

Multiplier for width cut below WCTHRESH 
Power of energy for width cut 
Energy thresh where widthcut->NWCLOWER 
Higher energy width cut 
Min. frac. of biggest peak for width 

width bin height cut 

[CUTWIDI= 6.96 
[WIDPOWRJ= -.25 

[WCTHRESH)= 50. 
[NWCLOWERJ= 2 

[EWIDCUT) = 0. 6 

E < WCTHESH = INT(CUTWID * EAWIDPOWR) 
= NWCLOWER : E>= EDIP 

Mean position cut: 

Mean offset for piO (in mm) 
Power of energy for mean offset scaling 
Tot. energy above which CUTMEAN->HEMEAN 
Mean difference cut above CUTOFF 

mean off set cut = CUTMEAN*EACUTPOWR 
= HEMEAN 

[CUTMEANJ= 6.75 
[CUTPOWR) = -0. 5 

[CUTOFF)= 50. 
[HEMEANJ= 0.65 

E<CUTOFF 
: E>= HEMEAN 

bins, not cm! 

2 ' 



Paul, 
Here's the latest on the piO identifier cuts. This is for LKr, last 2 layers (1 X and 1 Y) of 
11 1.Smm Pb layers. 

I've parameterized the higher energy behavior in a sensible fashion, yielding pretty 
good results. The low energy stuff suffers from having to make the width cut quite 
open in order to preserve some semblance of good efficiency. I will look at this some 
more and e-mail/ fax you with any updates. 

Note that all the cuts have a parameterization. 

The cut procedure goes like this: 
1) find the two biggest peaks 

The sum of the two biggest peaks must be at least ECUT. 
To be considered a second peak, the second highest channel must be at 
least PEAKCUT • the highest channel 

2) Dip cut: 
If there are two peaks which are not adjacent, or at the two ends, then 
look for a channel between the two highest peaks which have heights less 
than the dip fraction which is given by 

DIPCONST + DIPMAX • E"D!PPOWR for EDLOW<=E>EDIP 
HEDIP for E>= EDIP 
dip cut turned off for E < EDLOW 

3)Widthcut 
Look for adjacent channels with heights greater than the width bin height 
cut (with wrap-around) where the height cut is given by: 

INT(CUTWID•E"WIDPOWR) for E< WCTHESH 
NWCLOWER for E >= EDIP 

4) Mean position cut 
Find the discrepancy between the true mean position and the mean 
position given by the mean of the two highest peaks. The mean 
difference, in radius is said to be off when greater than the mean offset 
cut, given by: 

curMEAN •E"ClJTPOWR 
HEMEAN 

Have a good trip 
-Jon 

for E<CUTOFF 
for E>=HEMEAN 

... 

.. 

... 

.. 

... 

-

-



-
==================·=======·========··===···= 
Runs in: /usr/users/jke/gaa/pi0/geant/bp/v3/l.Jmll...last3_vlong 
Cut : 2103 
============================================ 

E,GeVI laccepl to I u I \2 lt11D8Anlonly ltdip I only ltwid Jonly I run 
-----+--+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----------

25.01 11 96.61 14.21 82.41 3.41 3.41 
3 ·" 

0.01 0.01 0.01 0.01 3577 

- 25.01 71 90.61 3.21 6 .21 90.61 90.01 85.21 0.01 0.01 5.81 0.61 3578 
50.01 11 99 .0.1 12.81 86.21 1.0 I l.01 l.01 0.01 0.01 0.01 0.01 3589 
50.01 71 84.21 2.41 

l3 ·" 
84.21 84.21 81.61 0.01 0.01 2.61 0.01 3590 

75.01 11 98.61 13.01 85.61 1.41 0.81 0.61 0.81 0.61 o.o I 0.01 3579 
75.01 71 83 .21 2.81 14 .0 I 83.21 69.21 26.41 55.61 8.21 28.01 l.41 3580 

100.01 11 98.21 12.21 86.01 1.81 l.01 0.81 o .• 61 0.41 0.41 0.41 3581 
100.01 71 80.41 2.81 16.81 80.41 60.01 26.21 52.41 13.61 25.81 4.01 3582 - 150.01 11 99.61 10.81 88.81 0.41 0.21 0.01 0.41 0.21 0.01 o.o I 3583 
150.01 71 63.51 1.5 I 35.0I 63.51 37.01 13.61 26.51 7.71 32.11 18.81 3584 

========================================= 
Multiplexing factor [NMPX)= 6 
Number of events processed (O=all) [NEND)= O 
Energy required for peak [ECUTJ= .015 
Max. frac. of biggest peak for dip [DIPMAX)= 0.5 
Energy to start dip cut at [EDIP)• SO. 
Number of bins wide considered piO [NCU'l'WID)• 4 
Energy thresh. where ncutwid->NWCLOWER [WCTHRESH)• 75. - Higher energy width cut [NWCLOWER) = 2 
Min. frac. of biggest peak for width [EWIDCUT)= 0.5 
Min. frac. of biggest peak for second [PEAKCUT)= 0.25 
Mean offset for piO (in mm) [CUTMEANJ= 8.0 bins, not cm! 
Power of energy for mean offset scaling [CUTPOWR)= -0.50 
Tot. energy above which CUTMEAN->HEMEAN [CUTOFF)= 25. 
Mean difference cut above CUTOFF [HEMEANJ= 0.6 - dist. at which mean is to be extrapolated [DMEANJ= 0. 

(mean off set cut = CUTMEAN • EACUTPOWR) 
========================================= 

-

-
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Cut 2103 in /usr /users/jke/gem/pi0/geont/bp/v3/1 mmzlost3zvlong -
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11° IDENTIFIER SCHEMATIC 
(Parallel plate geometry) 

------- 8.40 cm ------"'! 

/·~~~~~
\. ~----~-----~-----~----·=· n••s·----~-----~-----~-----•· .. 
/ 

+i ------------------······------------------\ . . . . . . 
A ~> : : . : : : 

{ ------------------++++++------------------
\~~~s~ / . . : ' 

( ------------------++++++------------------
\~~~s~ / 
I ' ' •''' 

,------------------::::::------------------

Y Strips 
X Strips 

6.50 cm 
{4.1 XO) 

/ I 
Basic Cell l ------------------ttHH------------ ----- ====='~...!.. 

1.2cm-' ji1ii! 

··~ b iilfu 
+i-.+-tti- X - Amplifiers 

Y - Amplifiers 

-- Dots represent 
signal connections 
and not signal routing 

A-A 

Incident 
Photon 
Direction 

1.5 mm 
Absorber 

0.193 mm 
Double-sided 
Kapton PC 

- X- Strips 

Basic Cell: 6 Strips ( 1.2 cm) 
-repeated 6 times 

Strip 
Interconnections 

1/21/92 
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r----------•Ucm-----------1 

11 layers 
1.5 mm Pb 

3.9XO 

5 layers of 
1 O cm towers & 
6 layers of 
7t0 strips 

5.715 mm 
0.7 mm Pb 

71 layers 
0.7mm Pb 

2.5 cm towers 

... 

... 

.... 

.. 

... 

.. 

.. 

.. 
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OAF 

Microstrips for GEM Parallel Plate EM LAC 
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Signal 

Ka pt on 

Readout 
Pads 

Absorber Plate 
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Signal Tabs 
Wiplalad thru halao 

(.ooorcuan 
.002" Kaplan) 
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.002" Kaplan 

~ 7 / 2.4 cm 11>? 

Absorber 
Plate 

at ground 

) ) ) ) ) ) 

~ Signal lnM an Double-sided Kapton 
(.0007" Cu an .002" Kaplan) 

Groood Llnas 

Signal 1,,_ an Single- sided Kaplan (.002") /L 
.002" Kaplan Cov~ 
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Exploded View of 
Tower Connections 
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SIMULATIONS AND LAB TESTS: 

' 

Demonstrate High Resolution 
Maintainable In Situ 

Max. Constant Term 0.63 

EFFECTS TO BE INCLUDED 

• 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. 
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BaF2 CALIBRATION 

• RFQ: Radiative Capture Photons 

- RFQ Test (3.85 MeV) At AccSys 6/92 

- L3 System Installed At LEP 3/92 

• MIP . Calibration 

- Test at UCSD Cosmic Ray Stand 

•UV Laser Monitoring System {CMU, UCSD) 

, • Check: Inclusive zo, Y --+ e+e-

• c c c • • • ( ( ( 
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BaF2 EM CALORIMETER 
12/91 BEAM TEST 

•CALORIMETER RESOLUTION: 
BaF2-SPECTROMETER DIFFERENCE .. 

. . 

- Resolution 20 x 20 mm2: 1~03 
. . 

- Instrumental Contributions 

* Spectrometer Resol'n: · 0.5 ±·o.23 
*Pedestal Diff. Linearity: 0~43 

- BaF 2 .Matrix Resolution (at 68 Ge V): · 
0. 77 ( +0.12 - 0;18)3 

- Further Contributi~n. (N. ot Subtracte.d): 
Crystal Non-Uniformity: 0.5±0.13 

- Possible Calorimeter Resolution: 
0.6 ± 0.23 

... 

... 

... 

... 

... 

.... 
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GEM Executive Committee requirements to BaF2 and LAr-Kr technologies 

The Executive Committee 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 specified date or earlier, in order to allow proper consideration. 
It was noted 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. 

c ( ( ( ( • ( ( ( ( 



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 1 MRad) 

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, RPO 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 



B. Requirements for LAr-Kr technology : 

1. Demonstrate by beam tests 
geometry <= 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 1,1992 

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. 

by July 1, 1992 

' ' ' ' ' ' ' • t f 
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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. 

) ' ) 



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 

1. Show Higgs -> 2 gamma spectra (mass range 80-150 GeV) 

.. 

.. 

for realistic e-m LAr-Kr detector and background .. 
simulations. 

2. Pro_yide detailj;!d _practical plaIL..fo.J:.. cal j bra tion.. .... o,_.,f _________ _ 
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. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 



Presentation By: 

Jim Branson 



- Jim Branson 

-
• F•rs.f.. &F~ -+es-I- bu;....._ /-q.J f-1-4:_ 

- ":. Ct c.c .f) s .f;... / • 

• C"rrlt d. ei...~ f"1 f,·r<./y /, y tf:.EA-f 

rAyr,·orfs ~+ h<.;AL. 

- f /v&. frnoc.J 4Pe..-

.r "'( ~ ,.;..."' + ,· "' r . 
- C...1 l I Ol /lt'C-1 ,,.,~-1,,.~ 

k. ~Ir C,DS,,ikt-C r~y .$~'\cf.. q_, cl 
. 
IA 

- reAd y :5f~.r -ft. "''lJ<.f- -hr f . 

-
, 

-



.... 

mnes 112 mrn:s 112 mnes 5 
Mean 68.00 80 Me:m 67.95 Mean 68.06 

90 RMS 0.6162 RMS 0.6640 32 RMS 0.6CJ72 

x2 0.7924 
Cons ram 64.41 
Mean 68.00 

80 igma 0.6571 70 .. 
28 

... 

... 

... 

67.S 68.S 67.S 68.5\ 69.5 
Enerc (cog in 44) Energ (cog in 44) corrected energy good yseg (cog in 44) 

... 



-

-

-

-

-

-

-

-

,.... 

~---•• ... •• ••• ~O. <:en!>el" r;~ .. ~- •<••l"it( '""'•L"' ........... ._,. •• ••••l• • ...... 

·' 

! Jai• 

·············································· 
• rw.cti- m.1aiaia•t1oa ~ ..-.cur1111 Ul'l'GA • 

Y•rl&ble ... trlo .. chod 
* ID • 11& C3IOl't' • 'I' 

. ············································· 
Plal MJGU.D 

-- .12a.•1 

ftllftllaPAlLID 

ftU.TIGY• 1 

-·- ..,_,.. .. STEP 

NO. - . ..,,. - IJZI 

l Con•tut 17.401 4.IJ17 .000001+00 

' .... ,7 .tit .57,151-02 .00000&+00 .. _ 
L9 .15UJ1·02 ,00000&+00 

CHISQU.U.I • • 7,11&+00 
_ .... 

15 

hl•togr• awraoe ..S rm i7.tH .... 
&narc tc:iog i• 44) - ID • '" 

102.s 
100 

.101-0J 

,, ... 
DUtY.\'l'JVS 

.511401·01 
201.01 

-1,.10& 

..... 2t/02/t2 

t7.5 

/>QJE'\+,./ " t2.5 1 .. 
17.5 ., 

... • 

E'..vut-l-5 

-f r.e ... +tJ. 15 ;, kc_ ~. 12.5 1 

" - I 
77.5 I 

T5 1-1 

( S~.f./) 72.5 I ,. 
~i 6<V 71 1 1 

,7.5 I 1 .. I 
12.5 .. -· 57.S 

55 1 

52.5 I ,. • 
50 I ·-47.5 1 1 .. I 1 

'2.5 I .. -· I 
37,5 I 

" ,. 
J:Z.S 1 1 

" I ·-27.5 1 

" I ·-22.5 ., I 

2t 1 
17 .5 _, 

I 

15 I 
, 

l:Z.5 I 

" •• , . 
7.5 1 1 
5 . , , . 
2.5 ........ I 1•······· 

.,,,........ lt • • J ' 1 12J4SC71tt12J45,71t012J45,71tl 

""""""' '" 1 
10 114517074J21 
1. 2 HOIOJOltOCOJl 

LOll'•IDQI 10 ''1''''''111111•11&i&&ll''''" 
1. '''''77771777771111111111ttttt 
0 5&71t012J45&11t012JC5171t012JC 

Dft'RIU • ... ALLC-.... • .5&701+0) CNDU:n.ow • .0000&+00 OYUFLOW • .1000&+01 
llN wtO • .10001+00 .......... .61001+02 It ...... .2511&+00 NmQUlVAL • ,5,701+0J ......... . .t211&+01 



2 

0 --+ 
-2.4 -2 

. 
- . 

• >-t t 
-1.6 -1.2 -0.8 

nt ies 
Mean 
RMS 

-0.4 0 

t 

11 

-0.8439 
0.4762 

0.4 

ave cor energy error (cog in 44) vs. Eouter 

Ent ies 1124 
Mean -0.7487E-03 

01-------- --\+tt.+-1-H--H-+Httt~MS. =o.6=i547E-o• 

-2 
• 

-0.4 -0.2 0 0.2 0.4 

ave cor energy error (cog in 44) vs. sumdum 

0 Ent i~ 
Mean -0.8870E-03 
RMS 0.6531E-Ol 

-1 

-2 

-3 

-0.4 -0.2 0 0.2 0.4 

ave Eouter (cog in 44) vs. sumdum 

.... 

• 

.... 

.... 

.... 

... 

.... 

... 

.. 

... 



70 1124 Entries . 1124 

Mean -0.8431 Mean -0.9209E-03 

RMS 0.4757 RMS 0.6551E-Ol 
175 

- 60 

150 

50 

125 

40 

100 -
30 

- 75 

- 20 
50 

- 10 -. 25 . 

-
-I 0 

0 1.....1... .......... ...L..Jt::::L 

-0.5 -0.25 0 0.25 0.5 

- Eouter (cog in 44) 
'C IA.. f e r 1-c \..v· . 

sumclum (cog in 44) 
1 d...., .... ""Y ~+u-<> 



1.6 

1.2 

0.8 

0.4 

0 

-0.4 

-0.8 

-1.2 

-1.6 

, 

Entries 

Mean 

RMS 

1124 

0.9287 
0.8130E-02 

0.88 0.9 0.92 0.94 0.96 0.98 

ave cor energy error (cog in 44) vs. s33/s55 

.. 

-

.. 

.. 

.. 

·~ ... ., 

I 

.. 



-

-

-

-

- I • ' • I • 

0.6 -
-

0.4 -

0.2 -

.. - -~ 

•• 
• ·-. -

--

•• 
-0.2 •• 

, 

" 

-0.4 --

-
" . ' ' I • , 

0 250 

I 

·-

. -
. -

· · Entries' 

Mean 
RMS 

. -

•• 

x2 
AO 
Al 

I 

' I- ' ' ' I , , . I .... I . 

500 750 1000 1250 

• I I I ' • 11 

1124 . . 
0.3909E+05 _ 
0.2269E+05 · 

1.421 . 
. 

-0 .1091E-01 . 
-0.6004E-06 -

. 

. 

. 

. 

-

. 

. 

. 

. 

-
. 
. 
. 

. 

-
. 
. 
. 
. 

• ' I I • I I I 

1500 

ave cor energy error (cog in 44) vs. event 
1750 
x 10

2 



2 

01-----

0 

. . . I .. 
.. 

• I ,__ 

-. . 
. 

0 
. ..... 
. 
.. 
-

·I -. 
. . ' I ' 

·0.12 

' ---- -- -- . - ..... 

Entries 

Mean 

RMS 

t+ 
t 

0.02~ 0.05 11.07!1 0.1 0.12.~ 

-
... . +·· -

' . . 

ave cor energy error (cog in 44) vs. au 

I . ' ' . I . 
'Entries 

. I 

Mean 

~ v iS 
--- . '" . -- ·--- . ~ . ~ . 

~- -.... ·- ·-. '" -- --

I . . I . . . ' I . ' . t . I 

-0.08 .0.04 0 0.04 

ave cor energy error (cog in 44) vs. ad 

ntries 

Mean 

RMS 

01---- t t 
·I 

-0.12 -0.08 .().(J4 () 0.04 

ave cor energy error (cog in 44) vs. ay 

. 

. 

112 

0.6233E-03 

0.1913E-03 

0.15 0.175 
"10'

2 

. . 
~124' 

. 
-0.3586E-03 -

. 

·0.2688E-03 

. . I . 

124 

0.1085E-04 

0.228 E-03 

+ 
+ 

. 

. 

. 

. 
-. . 

... 

-
... 

-

... 

... 

... 

... 

.. 



-
• I . T ' T . ' I 

Entries 1124 . 
. -

2.5 ... Mean 0.2835E-01 -
- RMS 0.2628E-03 

. 
-

. 
L . - 2 L- -
L 

L . 
L . 
L - 1.5 - -
- . 
-

. 
c . 

I - -
- . 

... . 
L . - ... . 

0.5 '- -
L 

L . 
L 

L . 
L , ... ... 

l.L. 1. - t.L 
~ I. , .... 

L . 
0 

• L. 
L. 

L. • L. . -
I. .. . 

-0.5 '-
,. 

-
L . ... ... . - - . 
L' 

'- --I 
L. . 
L - .... . . . I . . . I . . . I . . I . . . . 

0.026 0.027 0.028 0.029 0.03 0.031 

ave car energy error (cog in 44) vs. bend 



3.5 

3 

2.5 

2 

1.5 

I 

0.5 

0 

-0.5 

3 

2.5 

2 

1.5 

I 

0.5 

0 

-0.5 

-I 

-· 
" ----
--
-
-
" -" .... .. -----
" ----
-

---.... -

"10 

no 

. 

I 

I 

-20 

-20 

. 

. 

.,. 

. I . 
'Entries· I . 

Mean 
RMS 

----. '" --- .. -- -- -- -- -'" -- - .,._ -------
. I . . . I . . .. . I . . 

-10 0 10 
ave cor energy error (cog in 44) vs. cogx 

-10 

ntries 
Mean 
RMS 

0 

_,_ 

10 
ave cor energy error (cog in 44) vs. cogy 

. . 
~ 124-: 

. 
-2.059..: 

-
4.973 -

I . 
20 

124 
0.4190 

5.144 

20 

--. 
. 
-------. 
. -
-. 
---
--
-----. 

... 

-
... 

-

-

-

-

-



-
320 

280 

240 

-
200 

-
160 

-
120 

-
80 

-
40 

-
0 

-

.,. 

52 56 

Entries 

Mean 

RMS 

60 64 68 

center cotnputed energy (cog in 442 
• 

124 

67.94 
0.7772 

' 

72 



l 

0.8 

0.6 

,. 0.4 
(~/; 

0.2 

0 

-0.2 

-0.4 

0.91 

. . 
-

2 -. 
. 
-

1.6 -. 
. 
. 
. 

1.2 -

0.8 

0.4 
' . "" ... -·. . . ,.. -0 

t++ 

+++ t 
0.92 0.93 0.94 

t 

111ries 
Mean 
RMS 

x' 
AO 
Al 

A2 

0.95 
ave cor energy error vs. s33/s55 

. I . I . . . I . . . 
'Entries 
Mean 
RMS 

. , 

. 
I . --.. ·-... I•>-'" ---- .. ·----- ... .. _ .. - • ... ·-

. 

.. . ~ . ... . .... '" 
. -0.4 

0.91 
' ' 

0.92 

·-·- . . . ; . .... ... .. ._ .... ... 
' I ' 

0:93 ' 0.94 . 0.95 
ave cor energy etTQrt vs. s33/s55 . . . 

0 2 
0.9367 

0.1499E·OI 

.. 

.. 

-

0.96 0.97 .. 
. I . 

3062· . 
0.9367-. 

0.1499E-OI · -
. 
-. 
. 

• . 
. 
- -. 
. 
. 

·- -. .... --
-- . -': . ·. . .. . . - . -... 

. . . .. . . ,.. 

. 
0.96 0.97 

-



-
0.07 -
0.06 

.-- 0.05 t -jc- -

-£ 0.04 

- 0.03 

0.02 

- 0.01 

-
2 

- 1.5 

1 

- Ar o.5 

Jiet" 0 
"-" f r4.d-,o'\ - -0.5 

-1 

-

-

t 
t+ 

0.3 

0.3 

0.4 

0.4 

0.5 0.6 0.7 

x' 
AO 
Al 
A2 

0.8 
ave cor energy error vs. s 11 /s33 

t 

0.5 0.6 0.7 0.8 
ave cor energy error vs. s 1 l/s33 

0.6074 
0.1123 

2.198 
0.8962E-Ol 

-0.2767 
0.2156 

0.9 

0.9 

0.6081 
0.1121 

1 

1 



... 

200 Entries 3062 

Mean 0.6074 

RMS 0.1123 

175 -
V}itAr c"yr~ l 

C.. It\, -f.tt Y-

150 -

125 -

-100 

• -75 

-:c 
• 

-
25 

-
0 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 I 

sun1 Ix l/sun13x3 -



1.6 

1.2 

0.8 

0.4 

0 

-
-0.4 

-
-0.8 -

-

t t 

-20 -10 

Entnes 
Mean 

RMS 

0 

t 
t 

10 

t 

ave uncor. energy e1Tor vs. cogx 

3062 
-6.824 

8.877 

20 



Entri s 3062 Ent ies 062 
Mean 67.94 Mean 67.99 -
RMS 0.9654 175 RMS 0.6889 

800 x2 1.239 
Constant 125.2 /.). '<>/o l" 

Mean 67.98 -
!\I.Ao ({ b,c, ..... 

Sigma 0.8084 
700 150 >pc+. 

( "'~ t'c." -
' 600 125 '~f'n>V<.. 

-
500 

100 

400 

75 ... 
300 

50 ... 
200 

-25 
100 

-
0 

67 68 69 
corrected energy corrected energy 

... 



-

-
0.029 

- • 

- 0.028 

-
.. 

0.027 -

-
0·026 60.":---''--__.62 _ __. __ 6.._4 _ _,__....166 _ __._ __ 6..1..s _ __.__-"1L-o-...J 

bend vs E7x7 -



JOOO 

600 

Ines 

Mean 
RMS 

3 2 
0.9365 

0.1646E-OI 

0.75 

E3x3/E5x5 

1200 

1000 

600 

400 

200 

0.75 

2 
0.9428 

0.1 IS6E-OI 

:;. 

~-

E3x3 /E7x7 

-
06 

0.1084E-OI 

800 .. 

-
600 

-
.. 

-
.. 

0.8 I 

E5x5 /E7x7 



-

-

-

-

tries 

2000 Mean 
RMS 

1750 

1500 

- 1250 

-
1000 

-
750 

-
-500 

-
-2.~0. 

I 

-:i: I 
' ' ' 

-~ ' 
' 
F; I ' t> 

.-_i..r,:_~ 'O 

·\'' 0 
.... , .. 
.'·: ~; 

'~ -a . ~~-~ 

~- ', 
> 

' • . 1 .... - ~ 

40 

E 7x7 

3 2 
6.5.0' 
1.241 

Enlrics 

Menn 
1600 

RMS 

14(Ml 

1200 

ltxKl 

800 

<~Kl 

400 

200 

0 
0 40 

E5x5 

3 2 
6.5.47 
1.473 

* ~-
f:· 
$· 
?: 
~~ 

~; 

.. f 
:::~ 

¥ 
~1 
} 
.. , 
i ¥ 
ill 
..:-~ 

~~;: 

:rt 
~.::: 
·:> 

l 
:t 

I 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
0 

tries 

Mean 
RMS 

40 

E3x3 

3 2 
61.31 
1.368 

~ 
' 

i 
* ~ 
~: 

t 

E: 

t 
' ~= 
~: 

~' ~: 

I: 

~ 
::: 

' ~; 

~· w 
~ 



-
T6(), D ~ 

... 
rt .. ~~ ~ r'l.t.? r 1 r :t- '-'f 

~ (). J.. ""'-'J ~ ~ < /. '( h?rwl 
- 1. "' hi ,.... .a. < a.L. < '· l. ,..,..c. I 4 oJ..~ ... 

-.1'6. < x~J <. o< I 
-1'\ < x"' < .l l.. J3t;.~\ -a ... 
- A.;t .. .( Xe.-' r .<_ ~ o 13 aJ b 

- A- " -<. 6 x .... ~ ~ ;.. 'f )f> 5'30 -
• ~t.D ,..,,.~.l <.~cl <. ;1.7.! 11..-..c! '-/{.~ '( 

Lip., .... < D. l:f. L/St I ... 
lcoa" - xbit-T J -< ,. g ,.,..., 3r- C( 9-

(l ""'"'f .z ~ 3ITJ 

f c-..1 ..( t\;l. D " 3ot; 2_ 

I co~ -,,: I J... d.o Al""'\ ... 
l~y \ <. ~o ..... ~ I l l'-1 

-

.. 

... 



- --tn'.~{ . 
LI\ 

1600 E tries 

- Mean 
RMS 

1400 

-

1200 -
1000 -

- 800 

- 600 

- 400 

-
200 

-
0 

0 100 
B cal -

h~c..fCi "\~ CA( or1i.....c.. ./-er. 

3555 

10.30 

15.02 

200 300 

500 

400 

300 

200 

100 

0 

Entri s 
Mean 
RMS 

50 
B cal low end 

3062 

6.224 

6.595 

75 



Nl.\-~-iY- of 1~ ('&..( ~ """""' evt'~ £ > .30 t> ,..,,.t. l/ 

4000 
ntries 3 47 -

Mean 1.027 

RMS 0.1732 
3500 ... 

3000 

2500 

2000 

-
1500 

1000 

500 

-
0 

-0.5 0.5 ~5 2.5 3.5 4.5 5.5 6.5 7 .5 8.5 9.5 

Nbump (cog in 44) -



-

-

-

-

-

-

-

-

-

-

Ent ies 

400 Me.an 
RMS 

350 

300 

250 -

200 

150 

100 

50 

0 
-4 10 

cogx-xbaf 

571 
0.1176 

1.521 

4 

Ent ies 

240 Mean 
RMS 

200 

160 

120 

80 

40 

0 
-4 

377 
03490E-OI 

1.320 

0 
cogy-ybaf 

4 



C:D•.rec....-/-ti-,1_ cc~ ft:~rJ,c'"' 
4 .....-..--..--r-...,.-,.--r--r-........... -..,-_,....-~--.-.....-...---.--.-..---.-..,--,..-.,........,... 

Entries 3 62 
-6.928 
9.075 

3 

2 

1 

0 

-1 

-20 

10 

7.5 

5 

2.5 

0 

-2.5 

-5 

- -7.5 

-20 

Mean 

RMS 

-10 0 10 
ave cogx-xbaf vs. xbaf 

Entries 

Mean 

RM 

-10 0 10 
ave cogy-ybaf vs. ybaf 

20 

0.655: -

7.706 :_ 

20 

-

.. 

... 

-

-

.. 

.. 

...... 

-



- ' 40 

20 -
0 

-
-20 

-
-40 

-40 -
40 -
20 

-
0 

- \ - -20 

- -40 

-40 

I 
ENTRIES 
0.000 0.000 
6.00 0.456E+04 
0.000 

. -..... ·· .· . 
·.1.1 :·.· . ti ....... 

·~· . ·... . . ···"r_t::··· ., A·< .. 
. ..~:· . .:·!:~.~~- .. : ·. . . . . .. .,, .. ' ... . . . . . . .. 

: .,.:.-"'-"·" . ~ ... . . . . . • ;. .:•'-" ·.,a.. : 
: : :~-:·t· .. 

I • I . . .. . .. . . .. . . :.:: .. •· 

0.000 

-20 0 20 
cogx vs. xbaf 

ENTRIES 

40 

11 
4571 
0.000 

6.00 
0.000 

16 
2377 

0.000 3.00 0.000 
0.000 0.237E+04 1.00 
0.000 •• 0.000 0.000 

-20 0 20 40 
cogy vs. ybaf 



6 

4 

2 

0 

-2 

-4 

-6 

4 

2 

0 

-2 

-4 

_ ...... __ 
-+- --

+ 
+ ++ 

-+-
-+-

-+-

-20 -15 -10 

-20 -15 -IO 

-5 

--
-
--

-+-

0 

...... + 
-+-+ -+-

5 
ave cogxi-xbaf vs. cogxi 

10 

Entri s 
Mean 
RMS 

-+-. 

-+-

-5 . 0 5 IO 
ave cogyi-ybaf vs. cogyi 

15 

, . . ~ 

• 

15 

-6.904 

8.~ 

20 

0.9318 
7.552 

20 

-

.. 

-

.. 

... 

... 

. -

-



Entries 1124 - Mean 7.003 
2 

RMS 6.456 

x2 0.8860 
AO -0.1845E-O I 

- Al -0.9407E-02 

0 1-----
-

-20 -10 0 10 20 30 

ave cor energy error (cog in 44) vs. xmagu 

I I ' . I • T • Entries 1 ' ' ' ' 11124. - 2 ~ Mean 7.003-.. . 
RMS 6.456. -.. 

L . - -~ -
L . -L ' 

L 

J 
' 

L -~ ..... ' ...... .... ' • 1-- .... 
·- . .... i - ~ . .... ... - I • I-

• L... • L· i- ~ . 
LI I 

I•'- : .... I . . . '. . . . . 

- 0 

-20 -10 0 10 20 30 

ave cor energy error (cog in 44) vs. xmagu 
-

2 
l ' • I ' . . I ' ' I ' Entries 1 ' ' ' 11124' 
~ -
L Mean 7.437 
L - RMS 6.579 

- . 
I- - -
L 

L t+ . 
L . 
L . L. • I- . 

t I • I- ' - ~ 
• .. : L.. ...... .... -L. .... - - L. . ... 

I • 1... L.. I. L. . .. 
L . .... I • ....... . 1 • .. 
L 

' ... 
LI . ' ' ' I I. . . I . . . . I ' 

- 0 

-20 ·10 0 10 20 30 

ave cor energy error· (cog in 44) V:i. xmagd 



SVAtL c.Drr<L(&.-f.(ty.. eue..... .,.f ~r Cbf'lrl-JQ.1 .... ~~ l t: 2 ~...,....;-,...........--.-.......,.......,......,.....,.--,-..;,-,-.---r--,F--r--r-r--r-r-T""'"'"T"-r-.......... ---r-'..,.........,"""" 
Entries 1124 

1 

-1 

-2 

-3 

5 

4 

3 

2 

1 

0 

-1 

Mean 

RMS 

-2 -1 0 l 2 
ave cor energy error (cog in 44) vs. dxmag 

Entries 
Mean 

RMS 

-0.4359 
1.036 
1.068 

1124 
-0.4345 

1.036 

3 

-2 -...,._._ ........... _._...._..__._ ............ __._....1..-l.........__.._,_,__,_ ........... _._...__.__._ ............ _.__._ ...... 
-3 -2 -1 0 I 2 3 

ave car energy error (cog in 44) vs. dxmag 

-

-
.. 

.. 

-
.. 

-

.. 



1600 

-
1400 

-
1200 

1000 

800 

600 

400 

-
200 

0.1 

~} 

••••••• 

Entries 
Mean 
RMS 

0.2 0.3 

debeam (cog in 44) 

4684 
0.1302 

0.1508E-01 

0.4 0.5 



2000 

1600 

1200 

800 

400 

~? S-frfA- """ clDC..-"'-$k(,:;-. .../-r.,..e"-! C b/lfn·~·~l 
N\tt..f ~+ C:..tl'\-kr C1f' Al.A')~f. 

I 

Entries 105 0 
Mean 
RMS 

0.2794E-01 
0.6247E-03 

O 0.02 0.022 0.024 0.026 0.028 ~0.11..03 .................. 0...J.OL32 ........ J.-L.0 • ...L03....a.4...J 

bend angle 

-
.. 

.. 

.. 

.. 

-

.. 

-
.. 



-

-

-

-

2 

0 

0 0.025 0.05 5 0.1 0.07 vs. nu ave dxmn 

Ot-~ +++ 

Ent es 
Me;m . 
RMS 

0.125 

0.2201E-03 

0.15 0.175·2 

05889E-03 

-t11• 1+++ 
++++-+++ 

t +++ ++++ 
+~i:±:!::l:======-i 

-1 + 
-2 

-0.15 -0.1 

- I 

0.272 0.276 

0 0.05 
-0.05 dxm·i vs. ad ave ' 

0.28 bend dxmag vs. ave 
0.284 

0.1 

Entries 

Mean 
RMS 

0.288 

0.15 



900 

800 

700 

600 

500 

400 

300 

200 

100 

Entrie 

Mean 

RMS 

0-so -25 0 
x-ctr 

13621 

0.1559 
12.24 

25 50 

240 

200 

160 

120 

80 

40 

Entrie 

Mean 

RMS 

0
-50 -25 0 

y-ctr 

2377 
2.434 
8.886 

. 25 50 

-
.. 

... 

-

... 

-

... 

.... 

-



-

-

-

-

-

-

1400 

1200 

1()()() 

800 

600 

400 

200 

0 
-10 -7.5 -5 

ntries 
Mean 

RMS 

-2.5 0 2.5 
x-mag cliff for elecs 

1 997 
0.7814E-03 

2.248 

5 7.5 10 



Entri s 4028 Entri s 4028 

Mean 1.780 Mean 1.510 ., 
RMS 8.836 1000 RMS 9.604 

1000 
., 

800 ., 

800 

.. 
600 

600 

400 
.. 

400 

200 200 .. 

0 20 
x-magnet from upstream track x-magnet fro1n dnstream track .. 



-

-

-

5000 

MeM 
II.MS 

157 
O.S943E-413 
O.SBIOE-413 

0 1...-JL..-J.-.l"""":lfi= 

1750 

mes 
Mc."111 
RMS 

oL......J.-1.Q 
.o.oos 0 O.OOS -0.00S O 

157 
-0.3492£-04 
0.66.WS-03 

Man 
900 II.MS 

800 

01....1. .............. .a: 
O.OOS ·O.OOS 0 

23 1 
G.lSllE-04 
0.4"6&-03 

O.O<r.i 

upstream slope dnstream slope y slope 



Entries 9 Entries Enlries 3555 
Mean 3.988 Mean 4.340 1200 Mean 3.753 
RMS 1.658 RMS 1.920 RMS 2.380 

... 

28000 
28000 

-
1000 

24000 
24000 ... 

20000 -

lliOCO 
UiOOO .... 

12000 12000 .... 

8000 

... 

-
+ JO 

b f 
cc.. . 

num er o u srream wires number of downstream wires 
0 10 

number of y wires 
'( -frr.. c.. lc J'\ D f 
t--e f-t i ,,.t !. 

... 



,... 800 

- 400 

,.. 
0 

Q.1.: 0 

,.. 
750 

500 ,... 

250 

,... 

0 
0 0.2 0.4 

downstream 

,.. 
120 

80 

40 

0.2 0.4 0.6 
y probability 

Entries 
Menn 
RMS 

Entries 
Menn 
RMS 

Entries 
Menn 
RMS 

0.8 

0.8 l 

0.8 

14028 
0.5130 
0.3094 

1 
6' -::: 3 .f"t.. -- -

140 8 

1 
6' -;:. Lf..c... /.,,,.. .... 

23 7 
0.5274 

0.3078 

I 

.. 



• C<A+S 

• r(so/ ..... + io'"' +- sys-h.~---1- 1'c.J I "1 -£(/ 

bttt..- Sf o~ · 

• rf'lofc.t-l-1·0"' 4- sys+V£-rAl-1-c S /" c€',.,-kr-

c. ry ) ./-,.. t . 

-
.. 

.. 

.. 

.. 

-

-



-

-

-

-

-

• Pltll:I·lMlNAlt.Y CALORIMETER. Jt.ESOL UTION 

- Measured RMS(Ea.r, - P....) 
* 1.0% 

- Instrumental Contributions 
• Spectrometer Resolution: 0.5±0.2% 
• Electronic Noise: 0.40% 

- Calorimeter Resolution (at 68 GeV) 

* o.11!~H% (o.6% desired) 
- FUr er ontributions (not subtracted) 

*Crystal Non-Uniformity: 0.5-0.6% 

• These are preliminary results. Some, par
ticularly the estimate of beam momentum 
resolution, may change. We may be able to 
make improvements. 



• EVENT Sl!!l<~ION 

- "CleaB Beam" cuts in spectrometer 

- Spectrometer Impact matches Calorimeter 
Coordinate 

- One particle (local maximum) only in Calorimeter 

- Impact in center crystal 20 mm x 20 mm 

• BaF2 ENERGY CALCULATION 

- E = 2: G; (ADC; - PED;) 
i 

- no position or other corrections applied 

- G; determined from electron data 
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llaJ'2 ™ CALORllvtET:E.l\ 
1991 BEAM TESTS 
(FERMILAB T·M9) 

PRELIMINARY RESULTS 

•BEAM 

- Spot Size: 40 mm x 40 mm 
- Momentum: 68 GeV /c 
- Momentum Spread: 3 GeV/c (FWHM) 
- Angular Spread: 1.7 mrad 

- Electron Tag: TRD 
- Previous Momentum Resolution ,..., 13 
- Rather Thick Chambers and Counters 
- Momentum Resolution (estimated) 0.5±0.23 

• ELECTRONIC NOISE (trivial) 

- 30 MeV /ADC channel 
- 1 channel RMS pedestal width 

- Measured "noise" contribution 0.43 
(pedestal events) 
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SCENARIO - all crystals were preradiated to "= 150cm 

and were uniform with A= 150cm 
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SCENARIO - all crystals were preradiated to saturation 

and were unit orm with ~= 1 OOcm 
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SCENARIO - all crystals were NOT prerodiated 

and were uniform with 1'=200cm 

50GeV1' 

b 0.6 ---------------------------------------------------
0.4 

0.2 • • • 
I __. 

- 0 L...1-J'-'-...J.-.1.---'-.&......J........__.___._...._.__._.L......L._.__.___._...._.__._ ............. _._...._.__._.._....... 

100 120 140 160 180 200 

Attenuation length(cm) after irradiation 

-
1.1 

'"""1.05 
~.r 1 
-~·i 0.95 

~ ~ 0.9 

.. ~ .... 0.85 
1 i" o.8 L---~ 
-~, 

....... !'\... 0.75 
'3 'Q 

... 0.7 0 10 20 30 40 50 ~~ 
-~ 

-""'-.! 
Distance from small end (cm) 

Nonuniformity for "=1 OOcm (at saturation) 

-



WHAT WILL BE IF PRERADIATION 

OF ALL CRYSTALS IS ASSUMED? 

TO WHAT DOSE ALL CRYSTALS 

SHOULD BE PRERADIATED? 
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ALL 5 TYPES of nonunif ormities with positive slope 
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5 TYPES of nonunif ormities 
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Simulation of matrix 

5x5 crystals with 

5 types of non-uniformities 

For each crystal type and magnitude ( <5%) of 

nonuniformity were picked up randomly 

Response for 100 GeV 'Y was simulated with 

RFQ and mip calibration applied 

CONCLUSION 

Max magnitude of non-uniformities of types 1-5 

should not exeed 5% (contribution to constant term 

0.3%) 



CONCLUSION 

Not all the types of non-uniformities 

are allowed. 

Crystals with bad type of non-uniformity. 

should be rejected in the production. 
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DOUBLE CALIBRATION RFQ + MIP -
GEANT - response shift for 50 GeV I' (BoF2) 

due to different nonuniformity shapes 
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GEANT - response shift for 50 GeV !' (BoF2) 

due to different nonunif ormity shapes 
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ARBITRARY NON-UNIFORMITY 

Will affect resolution in the crystal 

Will change the mean response 

In situ calibration should restore the mean value 

a) mip calibrates average value of longitudinal 

non-uniformity 

b) RFQ calibrates response of the first 5'.'" 7 cm of 

the crystal 

If only a) or b) applied the residial shift of av

erage response will be large. 
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Chebyshev-s polynoms of +-53, different orders 
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Nonuniformity like STEP of 53 at 1 Scm, different slopes .. 
~ 1.2 SOGeV 

w 1 

' w 0.8 ~+ + + 
-s% 

y 
+ 

b 
0.6 

-
0.-4 

0.2 

-~--!-----------------------------------------------~-------------
0 0 1 2 4 5 6 7 8 9 10 -

STEP slope ( 1 /50cm) 

~ 1.2 Loo OeV 

w 
......... 

1 y 
w 0.8 
b 

.,, 
0.6 

0.4 

0.2 .. ~-=t------;------------11'"-~------------------------;-------------
' +5% 

0 0 1 2 4 5 6 7 8 9 10 

STEP slope ( 1 /50cm) .... 
' -

.... 



--

Nonunif ormity like HOLE of 53 starting at different depth 
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MgF2 mirror 

on five surfaces 

Binc = Brefi 

Kreft = const = 0.88 

for all Binc 

CONCLUSION 

Detailed properties of MgF2 mirror should -

be measured. 

If assumptions about MgF2 mirror are 

correct non-irradiated crystals ( Aabs > 200 

cm) painted with MgF2 will show non-uniformity 
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Spectrum - BoF2 x K-Cs-Te, Fresnel FROM 6 SURFACES 
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For all polished 50cm long crystals and 

air gap coupling· to photodetector the uni

form responce can be achieved for the· ab

sorbtion length as small as 53cm 

For Aabs > 53cm uniformity probably 

-

-

-

-
can be achieved by wrapping, painting, re- -

fleeting etc .. 

ln BaF2 specification Aabs > 95cm at 

220nm is assumed for crystal saturated by 

irradiation. 
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-
-
-
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Spectrum - 8of"2 x K-Cs-Te, Fresnel FROM 6 SURFACES 
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Amount of light received by photodetector is 

a function of : 
.• 

-

-

-
a) light collection (total internal reflection, mirrors, 

reflecting paints, absorbing paints). For polished 

crystals it is known to produce positive non

uniformity which can be improved by wraping, -

coating, painting etc. in the wide ·range. 

b) Absorbtion in the bulk BaF 2 : 

Definition of absorbtion length : 

~r 2.5 c'-' (o"'9 
crysf.ls. 

-

-
-

where T5 is theoretical transmission with infinite -

light attenuation length, Tm is measured transmittance. 

-
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SIMULATIONS ON 

LIGHT COLLECTION AND 

ENERGY RESOLUTION 

FOR BAF2 CRYSTALS 

K.Shmakov /ORNL 

Tucson, March 92 
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