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Precision Lepton Detectors 

in the TeV region I • 
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Interferences in Leptonic Decays. 

K 

Experimenlal difficulties 

I. (p-.. e- e·) I (p .... ft-n-). 10-5 

RejecCion againt nit» 10' 
2. Width of w - 10 MeV 

Resolution of detector - 5 MeV 

, 
8 

0.015 

~ _ 0.010 
0: 

e 
N 

0005 

o 700 750 

Nucleus 

900 

"" -.. .. .. 



DESY 

MD MB P1 MA 
\.t NL P2 

Q! 

MA 

P1 = P2 



25 Years of Electrons, Muons. and Photons 

DESY BNL 
8. 72 74 

1 .. ·- .-
QED 

Rc10- t4 cm 
p,GJ.4l" •.• -

SU3 

.oM 
M -1-' 

•• -10·a 
hh 

10
'
·cm-a.- 1 

J .. e·.-

New 
Quark. 

6M 
-0.1" M 

ee -10· to 
hh 

10'·cm-a.- 1 

PI- Pa 
high rat. 
chamber. 

ISR PETRA LEP 
78 83 ~o 

p • . ••• -.. QQg z· -r r ,QQ p" tJ tJ 

Scaling Gluon.- a. 3 Famill •• . - . -• ... tJ tJ GA .Ov 
QED B .... + X 

Rcl0- 1• em 

0-2H 0-.» o-.n 
I!I! -10.1 a, ·11, Jet. ., II, ')' 
hh 6p 

·1~ 
P 

10,acm-a.- t 10.oem-a.-. lot'cm-a.- t 

larg •• r •• 
chamb.r. 

p. - Pa (e, )' ,. 

p ... Pz +6E (tJ) 







Muon 
Detector 

Hadron 
Calorimeter 

BGD 
TEC 

View or evenrs 
Electron Muon Photon Hadron. 

~ I 

AE 
~ 

" 
\ 

P, P. 
Electron Muon 

p. -P. P.. P +I1E 
1 2 1 " 



'~~~~,.,¥; L3~:: .. DI: I ECTOR 
~I·' . 

, ' I 

''''I~ .. ,." f • 
~~~~~f~·! :< 
~'" .•. - ." . ·.c , w: •• 
:I1':··t'~~ 

'I ~,: • 
. : ~.... . . 

~.-- .. -'.~ ~f ~ 
_-------.- . ~T W)I(I \ : --=--_.------' : 

· MAIN'f COl. \ : 

" 

CRANE AAI. 

EXPERIMENTAL HAll 

ACCESS SHAf' 

MJON OAIff 
CHAMB(A 

, 
"'-·~~I~~.·· . 





581 scientists ... ,,40 institutes 

* 

850· scientists ..... 70 institutes 
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0.5 STANDARD MODEL 

Mz = 9i. t6 GeV sin~8w=O.23 
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L * Engineering Centers 
Examples: 

Kurchatov, ITEP Moscow, Leningrad, Dubna 

ETH Zurich, Aachen I Germany 

S.LC. Shanghai 
Oak Ridge, Los Alamos, Livermore, Draper 

other. 



Magnet System 
consists of a Central Magnet 

providing a field of O. 75 T 
& forward-backward magnets 

with field of O.3T 

Central magnet design: 
either conventional with aluminium coil 

or 
superconducting coil with iron return 

or 
superconducting coil with a 8uperconducting 

return coil to replace iron 



Coil Options ror the <;:entral Solenoid 

Aluminium Double 
Parameter Coil SC Coil se Coil Unit 

Field 0.7& . . 0.75" O.TS Teala 
Power 22 2 2 MW 

:oDSumptloD 
Outer 26.7 25.0 30.0 ID 

Diameter 
Mae of IroD 48 200 41 350 • ton 
tlass of CoU(.) 7 700 1103t 4000t ton 

Operatinc 66 23 2S leA 
Current ~-

* IncludiDlltructure and vacuum vessel 



0.5 Tesl. 

... 
30 KA 

,6 KA 

L3 MAGNET 

118 turns 

"4-----12 m 

Total stored energy 
Power consumption 

L* MAGNET 
288 turns 

. 
J 
160 au 

4 MW 

11.2 m 

~ 

I 
--------- 29.5 m ---------.~. 

Total stored energy 

Power consumption 

2660 MJ 

20 MW 

m 





BARREL 
(2X48 PIECES) 

, 

CROWN (6 PIECES) 
- -----POLE "-, ". 

r1ARTS(6 PIECES) 

"-", MOVABLE PLUG 

COILS 

CENTRAL 
~----- SUPPORT 



1000 ton gantry crane 
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Mounting of the crown • rIng 



)NCRETE CRADLE 

BARS 



'_3 
x 40 t) 

16 eighteen-turn-packages in 600-ton units 

made out of 925x155x9 cm3 aluminium plates 
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For Al coil magnet 

L3 is "-J half scale prototype 

$0 1991 1992 1993 1994 1995 1936 1997 1998 1999 
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Superconductlng v 011 
Cooling System 

Livermore National Laboratory 

Redundant systems : 
1) Aleph thermal syphon (no pump) 

on support cylinder 

2) Forced flow system on coil 



Superconducting Coil 

USSR R&D Program 

KllrchatoY...Institute 

Model Coil 

~ 1991 1992 1993 1994 1995 , gas 1997 1998 1999 
CCHOUC1CR UHDEAGRO~ t SMAn , 
F~ '''OT. m~'lU Mlll~ 

CONDUCTOR FOR Le C pit. ~RCL.J 0011 

WCAXSHOP 
"cn.m£s 

,oTonPE COIL .. "'--\J~""! ~ 

1 PROT. COL .AHUFACT. 

TnT j 
t MAGNET le OlSlGM j 

I 

t UAGHn Le CCIIPCNEJIrS ORDUIG & IIAHUF ACTUAl I 
MAGM.1. e COIL IIANUFA:1UR£ J 

I MAGNET lSSEM8L 'f 
'NO TEST'S J 

1 
l IRON "AHUF "C1URE t I DETECTOR l~S' 

l CRYOGENICS Fot 'A010n. I t trlSl ~ 
CRYOGENICS FOR COIL L i 

t DATAl 

r TOOLING OES1GN , U1NUFAcrURE J l SERv\cES J 



MOVABLE POLE PIECES 
COIL 

BEAM ELEMENTS 

B = 0.3 Tesla, I = 16.3 kA 
DC power = 2.5 MW /magnet 

rectangl1la 
AI coils 

two halv£ 
800 tons e 



Magnet construction & Assembly 
Participating Institutes : 

uSSB 
Kurchatoy In.tltute 0' Atomic En.rgv, Mo.cow 
Inetltut. 0' Th.or.tlcal a Exp.rlm.nt., Physics, Lto.cow 

Efremov R •••• rch In.l. 0' E'.ctrophya'c.' Apparat., Leningrad 
All Union R •••• rch In.tltut •• 0' Cabl. Industry, Uo.cow 
Bochv.r All Union R ••• aroh In.tltut. 0' Inorganic M .... ,.... Mo.cow 
Uhlba M.t.llurglc.' Plant, Uet-K.menogorsk 
Central A •••• rch Inatltute 'or A.rohydrodynamloa, MHOOW 

R.I.arch In.tltute 'or 8tructural Materials ·Prom.ter, l.nlngrad 
Institute 'or Mountlna and A •• embly Technology, Uoecow 

USA 
MIT Plaa.a FUI'on Cent.r, Cambrldg. 
Lawrence Livermore National Laboratory. Llvermor., CA 
Oak Rldg. N.tlonal Laboratory, O.k Rldg., TN 



t1 (5( U rUIIUIII~ • ''''''"1~- - -
L* Magnet - FY 1991 

Request (k$) 

10 Soviet Scientists at SSCL 
(at 30 k$/year/person) 

Travel for 10 Scientists 
(at 2 k$/year Iperson) 

Material and Supplies 

TOTAL 

300 

20 

180 

500 



A Precision Muon Detector 
- - I ?II 

~p 
-- ~ 2.4°k at P = 0.5 TeV p 

Momentum matching 

F!entral tracker = F!uon chamber + l:l EH. C 
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CENTRAL 

ENDCAP 

14.8m 
20.8m FORWARD 28.8m 

L * MUON SYSTEM ••• • • 
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CENTRAL END VIEW 
"16 MODULES 
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Module 
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FORWARD REGION 
TOP VIEW 
(2.'07.5°) 
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Module 



1--Ii--.,on_!r!!t:1.t 

MOdule 

[OONard 7.S _ 20 

1 
\ . , 

\ 

I 
i 
I 

r1--r,'"; --, 1;- __ _ 
-=4_[ ~--

I 
I 

" I 

-

venicaJ 
0.3 r 



Detector Resolution 
at 0.5 TeV 

-----_ •• ___ 1 

o~~--~--~--~--~ o 0.2 0.4 0.6 0.8 Cos B 1 

6.0 = 0.9 
41C 



• • • • • • • • • • • 

Middle Chamber 
32 + 32 wires offset 

AJl ~, 
~. 

• • • • • • • • • 
:T1 • • • • - • • -• • • • • • • • • • • • • • • 

• • ~~ . • • • • • • • • • • • • - • • -T2· • • • • • • • • • • • • • • 
Jl2 

......... 

- Calibration 
n· 1.6mm 

T, + T2 = canst. - Reject 

- Resolve 
L - R ambiguity 

- n crossings off 
- cosmics, 4mm 



HAlt:\:) II~ JJ VIV ..... 1VI 

12 kHz 

150 kHz 2° 
'0' 

4 sse Years ! , , 
• 

'0
5 

0.02 Cb/ em wire • 
• • 
" -• 
l 
J , 10' 
I: 
( 
J: 
..J 

10 2 

o 10 20 30 40 so 60 70 80 90 e (degrHa from beam) . 
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~ 0.5 TeV 

32 wiles \ : \ I I ~ I . I t I I I 
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~ ~ _ 1S0\.1m 19 
, w2 - • I \.1 
I -/0.94x64 
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I 
r-:S . I agltta = 161 O~m , , , 
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32 

t = ' SO~m .27\.1 
, -I0.94x32 

m 

® 
O.7ST 

L I ~ I :ljl~I~I~1 
· I . I . : I ; I : I : I · . . · . . . . . . . · . . • • OJ • • · . . '. . . . 

\ I 
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\ I 
\ I 
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~s = ~ ~ £;+£22+ASsYS2+~s2 

I ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 

=~ ~27~m2+19~m2+20~m2 +15~m2 

= 37tlm 

~s = 2.4% 



R&D on Instrumentation 

1974 High rate proportional 
chambers developed (6k wires) 
10 ''', chamber (ran for 3 years) 

1 976 Developed drift chambers with 
field shaping profiles (800 mR 

Argon-Isobutane at ISR) used 2 

at SLAC, UA 1; MARK -J 600 m 
(a • 300'-lm, ran for 5 years) 

1979 Developed drift tubes for 
vertex (straw tubes) a-. 250~ 
High rate 130~m/wire chamber 
for ISABELLE 

1 982 Developed L3 multisampling 
drift chambers ~s • 50 IJm 
alignment ~ 30IJm 

1990 Continue R&D for L· 





L3 AND L* PRECISION CHAMBER& 

• , .!I., 

'. J •• 
'. 

- ACCURATE 
- MASS PRODUCED 

- QUALITY CONTROL 
- TEST PROCEDURES 

Z CHAMBERS IN L· CENTRAL REGION 
IN TRIGGER WITH 

RESISTIVE PLATE COUNTERS 

, •• 
f 



L3 AND L* 
WIRE POSITIONING ACCURACY 

POSIT10N ADJUSTMENT 

en 
w 
~1200 
..J 
c.. 
X 
W 

g: 800 
c.. 
u. o 
a: 
w 400 
CD 
~ 
:J 
Z 

pY~EX 

LED 

QUADRANT DIODE 

L3 DATA 10um 
L· Sum 

SPACING 
L3 DATA 5JJm 

L· 5~m 
~" 
~~. 4623 
~.~ PYREX PLATES 

o~~~--~~~~~~~~ 

-0.1 - 0.05 0 0.05 0.1 
POSITION ERROR (mm) 
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0.3 

0.2 
L3 Data 

L* Design Goal 
0.1 

0.0 Ol-l.....&-JL-L.l..LO-'-L...J..-L-2.1-0....L.-JL.....L...L-L30--'-.....t---I.~-t ..... O~ ..................... 5.i-10 

X (mm) 



L * Alignment 
L * L3 - Achieved 

P-Meaaurement 
3 Layers - Ab80lute 8 IJm 15 JJm 
Monitored - Relative 1 J,lm 0.2 J.Im 

Global 
All Tracks Point 
To Intersection 0.7 mm 1.0 mm 



LED 

o 

• •••• • •• II · 4 m .- - - - _. -- -. - ... .•• - .•. · r - - - . -_. _. - - _.... - .- - - ~ - - . - . 

5 Time 
(days) 

10 15 

Fifteen -day stability of the L3 Muon 
Chambers within an octant 
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Support SInIc:IuN 
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AI ........ . 

. CENTRAL REGION 
\ I MODULE 

(END VIEW) 
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L * CHAMBER IN~ I ALLI\ I IUI~ 
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TEU AI' 
MODULII 

IHITALL 

... ---------.. 
Supporting - ... 
Rails ~ ... _ -- '''c 

~ I 

I ::: 
• 1M '--L---'----L-~"""'__A. _____ __' 

............ I ....... 

Rot.tlon _ Angle 

L3 REPRODUCIBILITY 
DATA c 811m 



L* R&D MILESTONES 
FY90 FY91 FY92 

ReQue.t to DOE 

Muon Free. Produce & Full Length 
Chamber. Conceptual Evaluate Chamber 

D"'an Prototyp.~ Mode. 

Ga. Complete Measure Chamber 
Mealurement 10 with 
Setup Mixture. Final Cell 

Structural Fr.ea Detailed Auemble, 
Ce.lgn & Concept. Oe.lgn Evaluate 
Ana'Y8I. Prototype. 

Complete Prototype. 
All Computation. 
Structure Finite for 
Model. Element Alignment 

Analyal. 

Reque.t to SwiM Authoriti •• 

Alignment De.lgn Evaluate T •• t 
System. Te.t PrototyPM 8~.m 

Stand 

Electronic. Define Develop Evaluate, 
& Data Architecture Chip., Verity 
Transfer Prototype. 



UI:: I t:v I un \...1\...1 ... \...1 •• 1'-'...., •• _ - -

CENTRAL 

ENDCAP 

FORWARD 

MIT, LLNL 

ETH 

China 



Fast Hadron Calorimeter 
down to e > 2° 

Also : very forward part down to 18 I. 0.3 0 

made of 
lead-steel-silicon or liquid scintillator 

sandwich 
Shaping time: 15 ns 
Tower geometry: 

~1] ~({J = 0.04 x 0.04 
9 longitudinal segmentation for muon 
identification, tracking & pattern recognition 



US: l~UI \j\j~ Gill 

;aps : ." 204 .Tons 
. 'us : 20/138 em 

/' 

...., ....... . 

BARREL 
t5 MODULES X f6 SECTORS 

Pb/fe ABSORBER J 
DETECTOR lAYEF 

END c~ 
B SECT' 

HADRON CALORIMETER 



i6 
LAYERS 

1-
35 

LAYERS 

.5mm Silicon+Circuifry 

t 
4Xo 

.5mm Silicon+Circuitry 

Summing Circuit 
Silicon Wafer Preamp 

The calorimeter absorber/detector structure at 90°. 



EVENTS 

H°-.. ZOZO 
(mH=1TeV) 
ZO_p..+p.-

~ '. 

• e 

.. ~: 

.. -.. .. . - .. . - .-o . - .. . - .. . - ..- .. - .. -.. -- r- •• -,e_ . -. . . -.- ....... 
". .. : . -.- .. ~......... --.. -•... e.- ._ .... . : .: . :. -.=-: .... . .... -_a., -:. : :::: ....... : : .. -• • e 

50 60 

" ... . : : - -.. -.- ··-u .. . .. '. . r.:: : 
:. .. : ... : :--. .. . . ... 
:::: i: .:: ..... , .... ' .. III. ._ • 

--
.. . .. . -. :; ;:::::::: 1-·- •• -. --_. 

." 
0 

0 

". 
. ..-. :.: .: .. ... ..:. .- .. . , -. '. , .. , . --, .. .. :. :.. :::. --. • w· .-. -., · . .......... .. . ........... - . :. .:--.. :- .. · . . .. -.- .. . e.. • .......... . · . : ... :::: :: . · . .:--.... : : 

: : •• :::: I. • •• · . .. .. .. . .. -...... ---- ..... . -... .. ... .. ::: = :. :.-. :: ..... :: .; .. . .... : .. . .... . :... .. .-: -. ...... ... :. :-: = ::.: .: .- _ .. 
70 80 
Mp.p, (GeV) 

90 100 

Deterioration of Z -» 21.1 mass resolutIon due to 
fluctuations of muon energy 10$$ in 12 A caJorimeter 
(dotted line). Correction for these fluctuations will 
be made by calorimeter sampling measurements (solid 
line), 



26 Years of Electrons, Muons and Photons 

DESY BNL ISR PETRA LEP 
64 72 --- 74 78 83 ..80 

"'I" •.• - J ... e· e- P P"'lJ· lJ- e· e-"QQg Z· .. r r ,aa 
QED New Scaling Gluone- a. 3 Famill •• 

Rc10- 14 em Quark. .- .-.. ,,-,,- CIA ,av P.lJ.41" .- .- QED 8 .. II • X 
SU3 Rc10- 11 em 

AM 
M -1" 

88 -10·' 
hh 

6M 
M • O. 1" 0 -2" 0 -4 " 

ee -10- to Up -10-1 ... Jell , ... , , 
hh hh 

Pt - PI 
high rat. 
chambe,. 

large ar.a 
chamber. 

8, 11,1 
A p -1 .. 

P 

P1· PI (., 'Y ) 

Pt • p. +61: (II) 



Funding Request to SSCL 
R&D for L" Detector 

FY90 FY9·' FY92 

MAGNET 0.0 0.5 0.5 
MUON DETECTOR 1.0 4.6 2.8 
HADRON CALORIMETER 0.0 2.6 2.1 
E -M CALORIMETER 0.0 2.9 3.1 
CENTRAL TRACKER 0.0 2.2 2.2 
FORWARD CALORIMETER 0.0 0.4 0.4 
DAO + TRIGGER 0.0 2.9 4.2 
COORDINATION 0.0 0.5 0.5 

TOTAL 1.0 16.6 15.8 

TOTAL 

1.0 
8.4 
4.1 
6.0 
4.4 
0.8 
7. 1 
1.0 

33.4 



Europe Physicists in L * 
Country 

Switzerland 

aarmany 

Italy 

France 

Hungary 

Bulgarl. 

Inltltute 
Numb.r of 
PhYllcll'l Spoke.per.on 

ETH ZlWlch 36 H.Hof.r Proleuor 
Unlv. alneva 1 M.Bourquln Prole .. or 

RWTH Aachen 27 K.LUbelemeyer Director 

Unlv. Florence 12 P .Spillantlnl Profa.lor 
Unlv. Milan 8 P.G.Raneolt. Prola.eor 
Unlv. Naple8 12 C.Sciacca Profa •• or 
Unlv. Rome 7 B.Borgla Director 

LAPP Annecy .. M. Vlvargent Prof ••• or 

f.iudapest G E.Nagy Profes8or 

CLANP Solla 7 B.Betev Prole •• or 



Asia Physicists • L* In 
Country Inltltute PhYllclltl Spoke.per.on 

China IHEP Beijing 63 S.X.Fang olreolor 
USTC He'el 14 C.H.Qu I',..,dent 
SIC Shanghai 28 J.K.Guo DI,.clor 

Taiwan High Energy 11 H.M.Hlla p,..,d.nl 
PhYllcl Group 

Korea Kyungpook Unlv. 3 
Gyeong •• ng Unlv. .. 
Chungnam Unlv. 1 
Ch.onnam Unlv. 1 

V.Klm Kangreung College 2 Prole •• or 
D.Song PlOfe •• or 

Kor •• Unlv. Seoul 1 
Seoul Unlv. 1 
Sangll College 1 
Ta.gu Unlv. 1 

Japan S.,lama College 1 T.Ook. I'ro" •• or 
W ••• d. Unlv. 2 



USSR AT L* 
MAGNET PROJECT RESPONSIBILITY: 
KURCHATOV ATOMIC ENERGY INSTITUTE,MOSCOW 
L· PARTICIPANTS 81: E.Vellkhov Director GeneraJ 

S.Belyaev Re •• arch Director 
N.Chernoplekav Dlvl.lon Leader 

CALORIMETER PROJECT AESPONSIBIUTY: 
ITEP, MOSCOW 
L· PARTICIPANTS 71: V.ShevchenkD Vice Director 

Yu.Galaktlonov DiviSion Leader 
JINR, DUBNA 
L· PARTICIPANTS 65: D.KI •• Director General 

I.Savln Reaearch Director 
LGolutvln Vice Director 

IHEP, SERPUKHOV 
L· PARTICIPANTS 10: A.Lebed." Dlvlalon Leader 

RESPONSIBILITY AREAS UNDER DISCUSSION: 
YEREVAN PHISICS INSTITUTE,YEREVAN 
L· PARTICIPANTS 21: A.Amatunl Director General 

LENINGRAD NUCLEAR PHYSICS INSTITUTE: 
L· PARTICIPANTS 28: A. Yorobyov Director aeneral 

INSTUTUTE OF NUCLEAR PHYBICS,NOVOSIBIA8K 
L· PARTICIPANTS 3: A.8krlnaky Director Gene,aI 

INSTITUTE OF PHYSIC&, TBlLISI, GEORGIA 
L· PARTICIPANTS 15 

INSTITUTE OF PHYSICS, TARTU, ESTONIA 
L· PARTICIPANTS· 2 



L'" Support Outside US 

Foreign countries will support 
the L at Experiment through: 

Financial Support 
Material 

Complete Detector Subsystems 
Workshop Infrastructure 

Engineers and Technicians 
Logistics Support 



L * Construction 
Funding Proposal Under Discussion 

Subdetector USA USSR Europe 
(M$) + Asia 

Magnet (Warm Coil) 68.3 * -

Muon Detector 110.0 - * Hadron Calorimeter (Silicon) 50.8 * -

E -M Calorimeter (BaF2 ) 2.0 * * Central Tracker 40.0 * * Forward Calorimeter System 2.0 * * EDIA (1 OO/o) 27.3 * * 
TOTAL 300.4 * * 



L* Costs 
To account the non-US support 
appropriately in a cost estimate 

mutusl agreements are needed on: 

1. labor costs 
(norm.lly not .ccounled lor out.,de USA) 

2. costs of social security charges 
(norm.lly not .ccount.d for out.lile USA) 

3. currency exchange fa tes 
(Rb/$ • 1.6 or 0.6 1) 

4. existing workshops 
(m.npOM' .. equipment u8u.,ly not Hoounled lor out.lde USA} 

5. overhesd charges 
(norm."y not .CDoun~ 1M out.,de USA) 



Infrastructure Support in Manyears 
CQnstruction of L3 Experiment 

Switzerland 230 

CERN 180 

West Germany 140.6 

The Netherlands 93 

Soviet Union 272 

Italy 28.8 
. East Germany 
India 36 

France 41.3 
China 42 

Spain 84 

Total Support 1181.1 Manyears 



L3 Money Matrix does not reflect the total 
contributions of the different funding agencies. 

USA: Equipment and S.'arle. In Money Matrix 

USSR: Raw Material delivered and converted 
into Swiss Franca for Money Matrix. 

Manpower and Infrastructure not Included. 

Others: Only Equipment included in Money Matrix. 
Manpower and Infrastructure not included. 

L * Strategy: 
No financial commitments. 

Partners construct and deliver 
detector subsystems. 



COlt and Fundi - L3 Detector 
Extracted from Money Matrix - Verelon 14 (k8F) 

Funds 
Subject COlt USA USSR CH Other. 

TEC 10288 - - 8677 3709 

SGO 8arrel 36631 20687 6806 2171 717~ 

Had. Cal. 2841&· 6037 10360 4SI1 8712 

Muon Det. 41131 23808 - 1220 16014 

Magne' 40020 1&388 7~OO 11000 6260 

Trigger 9801 4808 &00 800 3793 

Computer 8817 8817 - - -
LumL Mon. 2022 1828 - - -
8clnt. Ctre. 426 125 - - 300 

ParL & Aelm. 1088 788 - - -
TOTAL 177684 81184 238&& 28234 46962 

Total 

10288 

35517 

2848& 

41142 

40038 

8801 

8817 

1828 

426 

788 

17720& 



* 
.... 
Inances 



Network Lines Serving L3 

Michigan ___ ................................ ~ 

Princeton 

Johnl Hopkhl 

--- link OY., public n.twork 
___ I 9.lkl19.2k bUsls.c. I. ued Un. 
--- SSk/Uk bitsls.c.I •• ,ed lin. 
- __ 2S8k bltsls.c I.as.d lin. 
_ 2M blls/I.c I.ased lin. 

aeijlng 
Aachen 

Bomba, 

relepac 

LAPP 

Rom. 



L· CoIIaboratioft 
M .. llng 

1 
L- Executive He .......... ] Committ .. 

I 
sse Laboratory L· Subgroup. 

Partial List of Members - L- Executive Committee 

Nation. Member. 

United State. U.Secker, J.8ranaon, W.Bugg, D.DiBitonto, 
A.Engler, O.Fackler, R.Heinz, H.Newman. 
A.Pevlner, P.Piroue, F.Plasi~ J.Reidy, 
J.Rohlf, G.Sander. and other. 

Soviet Union Y.Galaktlonov. A.Lebedev, LSavin, 
N. Tchernople kay and other. 

Europe 8.Borgia. M.8ourQuin, K.LObelameyer, 
P .G.Rancoita. C.Sciacca and other. 

Asia S.X.F ang. Z. W. Yin. A.Gurtu. V.V.Lee, 
D.Son and othera 

L· Executive Committee Meetings 
open to all members of the Collaboration 



True Potential of sse: 

. To Explore the Unknown 



Physics changes quickly 
In 10 years, the examples 
presented here will most 

likely no longer be relevant. 
These examples only serve 

as an illustration of the 
detector capability 

to search for new phenomena 
at the sse 



search for narrow dilepton 
resonances 

very narrow Z' (E6 inspired) 
r 7:1 Me = 0.65% - 3.8% . 

assume Mz' = 15 TeV 

with electromagnetic detector 

L * can measure the width 
with muon detector 

L * can measure the forward backward 
charge assymetry 



Note 
the detector is 4 1r 

this will enable us to 
'0 - :1:-

reconstruct the Z ... qq and W ... qq 

decays with mass resolution of ~ 2 GeV 

We can also reconstruct the 
w.z. ~ IJV decay by measuring 

the missing energy to locate 
the neutrino Pr 



(2) Clean identification of : 
Z -) 1+1-

requiring AM .. r 
pp -) Zo Z 0 + x 

L 1J1J1.. jet+ jet 

M(ZoZo> as 2 TeV 

~z.,) == 1 leV ~ III 0.5 leV 

L* : 6 PIP ==2.4% 6M • rz 
(3) Clean identification of : 

Z,W -) (Q,C) -) 2 jets 

use complete sampling calorimeter 
(replace BaF 2) 

we have:6 E/E • (50/ E + 1.0)~ 

6M • I;,z =: 2.5 GeV 



(1) Speed of the Detector 
Yields of (1) - (3) are small 
Runs at 10 34cm - 2 sec - 1 

Central Tracker: use only scintillating fibers 

with t = 5ns ~Z = 1cm 

Calorimeter • • 10-15n8 

Measuring jets and leptons 
Muon Chambers·: 8 > 7.50 



Then: 

If Mass of HO > 1 TeV 
or There is No Higgs 
pp 
pp 

pp 

---.~ ZO ZO 
W• ZO ---.. ~ -

---.... w· w-
wlillno,.... with 
MZoZo MW!W! MzeW! 

(1) 

(2) 
(3) 

and the longltudln.' pol.rlz.tlon will Inc,.... with M 
At M ) 1 TeV, 

calculations of fJoth signal and background 
may be even less reliable. 

Nevertheless following properties 
of L* . 

are important 
for the success of this type of experiment 



If the background (pile uP" etc) 
10 times worse 

we cut 
LP,- ( ( P; 110 + 50 ) GeV 

15 

to 

> a) • C) 

0 5 -
" '-a • >-
I 0 

u 
U') 
<I). 

" (~) =10% 1ft 60 -c p p.. • > w 
40 

20 
b) 

O~ __ L-__ ~~~~ 
200 400 600 

M p.p.p.p. (GeV) 



Remarks . 

We have selected the Ho 
from the R cut requiring 

P"'r + 5 l;Pr < 10 GeV 

We Assume: 
the following backgrounds in the R cone 

. must be small 
(1) Hadron spray from beam gas' 
(2) Muon spray from upstream of the 

intersection region 
(3) Pile-up of events 



Example: MH = 400 Ge V 

Background: 

pp ~ qq + X -.. 4J.L + X 

pp --. ZoZo + X - 4tL + X 

pp -.. ZO + ~ - 4tL + X 
Using the above cuts: 

> 20 ,..--------------
Q) 

<.!) 

o 
:::: 15 
'-c 
Q) 

~ 10 
u en 
(J) 

" 5 en .. 
c: 
~ 0 L...-___ --L.. __ --=====---__ ...J 

LJJ 200 400 600 800 
M4J.L (GeV) 



Electron Backgrounds 
In addition to Muon Background 

1. 1(0 
2. Charge exchange 

A) Momentum Energy Matching 
measuring momentum in 
Central Tracker P and 
energy in BaF2 : E 

P = E· Rejection factor: 100 

B) Isolation cut: Rejection factor: 20 



Rejection of IJ backgrounds. 

1. P-L > 5 GeV 

2. ~I = P 20 Rejection: 20 
I'll vertex 

3. Vertex matching: Rejection: 3 

4. Isolation cut : Rejection : 20 

Require }; P,- ( (5 + ~ h.J)/10) GeV 



o 

p + p -) HO+ X 
L 41 

2M z < m ( 800 GeV 
single JJ backgrounds 

Prompt }.L (heavy quark decays) 

\ , , 

1Tt K punchlhrough 

. . , .. 

, 

• ..... . , . . 

" " 

. " . . . " . " 

W -> J.L 

..... 
.... 

..... -• 

100 200 300 400 

PT (GeV) 
soc 



140< MH<180GeV 

P+ P+ H 0+ X+Z~~ ... 4Jeptona 

> 
20 • H.--eeee '" .. 

0 , 
• 15 -c • > 

'" 

o~--~~~~--------~ 
140 '50 t60 

M .. 1 (GeV) 

25------------------------~ 

b) 

O~~~~~--~--~~~~~ 
t30 170 

background Includes 
Z ti -> 41 



if 
"I 

10 
Then the 1 00 GeV Ho" 11 

signal/background ratio 
will be 4.10 



ET ( T +10 GeV 
10 

Then the 1 00 GeV Ho ... 1r 
signal/background ratio 

will change from 9 a to 6 a 



Remarks 
Assume there are 

more backgrounds and pile - up 

so the energy is much larger 
in the R <0.6 cone 

and we must cut 
at much higher energy 



a:: 
~ 

10000 . 

~ 2000 
<.) 
en 
en > 1000 
«> 
(!) 

It) . o 
"-en .-
Z 600 
U.J 
> 
U.J 
u.. 
o 400 
a: 
w 
CD 

~ 200 ::) 
z 

o 

L"* RESOLUTION 

BACKGROUND SUBTRACTED 

-200~~----~--~--__ ~ __ ~ 
80 100 120 140 160 

INVARIANT MASS OF TWO)' (GeV) 



• 71'"0 and 1 production inside jets. 

a(pp .-. jet jet) = 1.2mb 

for p.dJet) > 20 Ge\/ and 1171 < ~.S 

• one isolated photon + jet 

- a(qg -+ ql) = .119 nb . 

. - a( qq ....... g,) = 6 nb 

ISQlation Cut: 

-----. ,.- ....... , ... , ~ , 
I q.../.\ 

I \ , e/ , 
I I , , 
\ , 
\ I 
'\ I , , 
'- ' ----, 

TJ 

Requirement: 2:Er < Et/lO+5GeV 

Background reduction: 104 (using R=O.6) 



isolated IJ hoton tlackgrolll!~! : 
gg -+ "'II (493 ph) 

H-'YY 
~r-~ __ --------~r~~ 

-I -o.~ o 0.5 0 50 100 150 
r-____ ..... c;;;.;o~ • .:.;;( 8;...·..:..) ______ --__ El (GeV) 

r III gg,qq-.yy 
In II I III Ilf\ 'L r 1· 

o 2 4 6 0 2 4 6 
RAPIDITY OF yy RAPIDITY OF Y 



80 GeV < MH < 160 GeV 

------

Br(HO ...... II) = 10-4 - 10-3 

a(pp -+ HO -+ Tf) :::: 0.3 pb 

7 

',.I, r 

Signature: Two isolated photons 

60 

50 .. ' 

40 .... 

.' . 

" . . ' . 
. . ... . . . . . . . . . . . .. . . . . . . .. . . .. .. . . . . . .. • 



Physics of 
Precision ry and· e 

o Search 
for 

80< MH < 160GeV 



Higgs Maa. 

10 

expected 
event. , 

a 
/)./1 

7 

.. .. .. 6 .. 

- .. 
.. HOVV . '. 

J • • • HO p-p - ........ 
2 '., 

• .. .. ...... . .. 
'. . -.. . 

1 .... ' •• -.. .. 
H D • - • . .... , •. .. . ' .. v v ........... 

o 0 10 20 

No candid.". 

L3 

70k ZO 

1 
I 
I 
I 

I 



o 

Search for the Higgs Boson 
Energy (GeV) 

60 90 200 

L3 L3 L* 
at LEP I at LEP II at sse 

.. - . --

HO --.~ 11 
HO ~ ZO zo-
·HO ~ 4 leptons 

Standard Model 
• 

New PhYllol below Mpi .. __ ... ano" 

Minimal SUSY • 
Non-minimal BUSY • 

1000 



1. J1 : 

2. e. 1'. : 

I! Unique features 
Ap • 2.4" p • . 6 reV ~(8('TIf' 
p 

It • p cenl,., I,.cke, + AE 

; • (~; • 0.6)" : Ae. A •• 0.2 0 

Shsplnll lime : 3 ns 

pc.ntra' track.r • E Ba' I 

3. Jets: Shsplng lime: '5 na 

: • (~: · to)~ or : • (~: .4.0)~ 

4. Central tracker: Ap. 0.6 . p • 0.4 TeV 
p 

Shaping lime : 10 n. 



L* Assembly 

1990 1991 1992 1993 1994 1995 1996 1997 1998 ~999 
UNDERGROUND SHAFT 
EXP. HAll HAllS COUNnN G ROOM~ 

IMAGNET DE SIGH WORKSHOf 
FACllITIE~ 

I IRON PREP. IRON MANUFACTURE J 
I I I J 

I COIL PREP. I COil MANUFACTURE J 
J 

I DETECTOR DESIGN AND R&D I 
IMAGNET ASSY ANQ TEST~ 

I 

DETECTOR MANUFACTURE 
I 

I SUS-OETECT4>A • ALlS 

SUB-DETECTOR PRE·ASSEMBL Y 

IDETECTORI AS~ v 
irES· .. s 

I SERVICES J OATIj 



L * Installation Sequence 
COUNTING 

ROOM 

MUON CHAMBERS 

Step 5: Muon Detector installed. 

.---t 1oU-.. ....... ~~~ 

COUNTING 
ROOM 

...... ..... ............,...... ......... · ... .. .. .. ........ .. .. .. .. .. . .. ..... . · .. .. .. . .. .... .. 

....... 0 ........ . 

.. .. .. .. . .. ...... .. 

..... . .... .. . .... . .' .. .. .. ...... . .. ...... .. 

• ,:<::::" Fl2..~~l.DlEtI:I........ !q!!3-=l...!-J~ 
.. "" .. ... " .. . " .-

o ...... 

. " 0' 0,_, ...... 
.. .. . .. 

· -.' o ..... .. .. .. . 
.. .. . . .. .. .. .. 

': ....•• 

~~~~~~~ .... .. }~.. ):rl 
.. .. . .. . ' ... 

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



L * Installation Sequence 

. . ..... ..".0. 
,.'::::. · .... 
0"0- •• ..... 

I· •••. · ... 
eo •••••••• 

· -0-· .. . · .. . 

•• 0 •• 

.. : ..... . 
:::'-.-; . . . . . . . . . . . . . . . . 

C ou NT I N G .----1:11---..... 1 
"I ROOM 

;:::.~, .. -. . 
• • • • • • 

t:r.l1'1"..BUI 

.' . · .... . · .... . '::::. :::::~ · .... . · .... . · .... . · ..... . 
:i:I=L--l=' .~. . ... '.' . .. . . .. . ... . 

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

,.:::::::::: ::::::::::'1· 

. .. . 
~ ___ ~~ __ +--I-..cJl ... ~ _____ --f .:.:.:.: 

I···· • '.' 
· -0· · ... I· .. :. ... •••• r-r. ,. .••••••• 

, >:.:.: nr ft ttl ~) B E A M Mil .. -0 .: .: 

::-:-: III , Qj ,.." ~ fJ -.] ~. 

[.":)K ......... I.: ...... ~ •... ~.=~~~ .. ~~.\~=~~~.~.'{:::1 
HADRON CALORIMETER 

3tep 3: Hadron Calorimeter installed. 

c:--:::J COUNTING ~ 
II ROOM I I 

,.. 

- • I • • -. .- -.. . . . ..... 
~ 

• ~ II • • • I· .... ·1 ..... ... "0' 0 ..... ..' . . ' . . .... .... . .... .. 0 ... • • . ..... ' . .... . '. '0' ..... . . . . . . ...... .' . ' .. ...... .. . . . . . . .. . . . . .... . . .... . ' . "." .0 
,~ 

..... . I! 11 trllI111;1;t=~m ..... 
'If 

...... ' .. 
" . 

\ .' . . . 

a I .a ' .. 

. . 
' .. 

~ 
,.. . . -. 

M 
. . 

rn- I If! ... ,tiIa- ( ~ • II -~ 

lIl
J 
~ l I· .•• III I 

1 BEAM ~ 
JT T .' ... . '. e ••• -.. .- .. .. ' . . e •• 

'. ' . ... II ... I I ' .. = ...... 
...... . •. _ .... _tL .. ...;;; •• ~_ ... ' .. ! .... 

' .. LZ r ::::.: '::.' ... .: ... :.:.:.:.::::.:.::.:.: .. : .. .:-:.::.: .. ::: .. :.:/-::::: .. ' ... ' ............................... --'" '-':-........................................... .. . ~ .. .. .. ' .... ~.' ..... .. . ." ... I • • . • 

C' f:",.. T " n ~. A ,.. " c.- T' ,... ,.. ~, "0'" c.- ~ ,- ~ ~ .•. ~ • ...., .... ,., , - • - -', 1"\ 



L * Installation Sequence 
~;.. -=--:"=-=-:-~"rl ASSEMBLY 
II GANTRY H HALL 

"--~~-"'i I tOOO t, H _..-....c~~ 
ACCESS iii I 

~2 m I I r 35 m -,! I 12 m 
...--.---t ~....--.....""'" ~ .............. - ... 

30 
m 

i CRANE 200/20 L 

~rr- ------ I 

Step 1: Hall ready. 
r,r:-:.:.-====~ ASSEMBLY 

. i I GANTRY II HALL 
ro--~~....,' i tOOO t, . i .--~~ 
r::~====::::;;J I. I. ______ ..,." 

'1 "I'"n-
!ICOUNTING RM.I! 

.... . ••• 0 0 ' 

• eo 0 • 

o •• 0 · . . . . . .... 
:::: ~"'"L~!pBmmBlBi!ll!::~~"'"" .... . . . . . 
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' ... ... . .. .. 

o ••• '. -. 0· •. · ... 
" , · . ' .. ' · , . 

1ft 
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Technology and RID for Data Digitizer 

Muon Ch. 
Straw Tube 

BsF. 
Hadron Cal 

1 n. Shift Regl.ter I > Hit Enooder 
Fiber Optic. for Signsl Tr.n.ml •• 'Dn 

An.,og or DllIltal Pipellned AOC 

Analog PiPeline 
• Switched CapaCitor Array 
• ceo ~~ SlowADC 

DLQital PiPe/ioB 

• FI.sh ADC 
• Sigma Delta ADC 

c:::: __ [> F •• t Memory 

22 bit Dynamic RangB of S.F, requires R/D. 



For L * We Need 
Additional Techonologies 

• Very Fast front end Buffering 
L 3 : 500 ps L· : 16 ns 

• Fast Pipelined Leve/-1 Trigger 
3 : 22 ps L· : 16 ns 

• Fast Event Builder 
L3 : 16 Mb/s L * : 1 Gb/s 



Requirement of Electronics 

Subdetector Signal Resolution Dynamic Electronics Channels 
Range 

~ chambers Timing <lns 1us Discrim. 250,000 TOC 
BaF2 Ampli. 0.1% 22bits ADC 26,000 Calorimeter 

Hadron Cal. Ampli. <1% 12bits ADC 180,000 
Si Pad 

Straw tubes Timing (lns O.lus Discrim. 75,000 TOC 

Si microvertex Hit 16ns Special 76,000 

Scintillating Hit 5ns MCP' tube 50,000 fiber Discrim. 
Resistive Hit 16n8 Discrim. 20,000 Plate Counter TOC 

Total Readout Ch. ~ 700 k 
'--- --- ----- -- -- -



L3 Trigger and Online System 
Muon Ch Had Cal BGO TEC 

46 '( H.i 

ADC TDC FADe + Bsam Analog Sum 
~ 

Gate " , .... 
I , I .. Trig ADC TDC 

BUFFER MEMORY 4G r( iI· 
, ~ 

100 Hz , Level 1 
• Trigger 

FASTBUS Ev. Build. ~ Fa.' .... 
CI •• r 100 Hz , ~ 

-; ~ 10 Hz Level 2 
Level 3 Memory Trigger 
Trigger c,.., , ~ 1 Hz 

VAX 



'10 •• ~/. 

Lev-t 

LBV-2 

LBV-3 

Trigger and Data ACQuisition 

EIIIIOtl. 

PIPELINE 
Alia' •• .... 

BYIIOleIOIIOU. 

Alia' •• 
I.r 

A.Yllole. 

f tilly"'. 

C.'or'm. 
EM HAD 

..... - ..... - ... ¢=o 

ADC 

Lev-t Trig 

11600 

Lev-R Trig 
11200 

Ere,,' Builder 

/1/00 

••• nwot ",lHIe, 

Treot "MI., 

Aluo" Ch. 

EltOoll. 



WORK FOR L * CENTRAL TRACKER 
CONSTRUCTION AND INSTALLATION 

All construction of the system is anticipated 
at LOB Alamos. Collaborating universities will work on 
. the components as follows: 

1. Structure fabrication Loa Alamos 
2. Silicon detectors and electronics Loa Alamos 

3.Straw tubes, electronics Boston Univ., Moscow 
4.Scintillating fiber readout Los Alamos, Hamamatsu 

5. Simulations 

6. Data acquisition system 

Los Alamos, Boston 
Indiana, and others 

Lg8 Alamos, Boston, 
Indiana, New Mexico 
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Straw Tubes 
8 a layers optically aligned within 

2511 to silicon tracker 
Much WOtjc done at Boston University 
... 3"mm Diameter driftime"",. 15 ns 

a =: 691.1 
. Tests; 4x1014 n/cm 2(fis&ion spectrum) 

• Performance stable 



Ehgineering & Mechanical Design Issues 

• Require 5J.1m wafer positional stability 

< 2% radiation length 

• Manage waste heat ( ~ 20 kW) 

• Operate at -20°C and + 10°C 

• Radiation exposure to be 10 Mrads over a 
10-year service life 

Los Alamos 
Experience and Technology in Space & Reactor 



Silicon detectors 
are reverse -biased diodes 

• Thickness = 300iJm 
• Collection time ".. 10 ns 
• Voltage 25-200 V 
• 32K electron-hole pairs for signals 
• Noise < 1K electrons 
• 25Jjm for inner layers, 50IJm for outer layers 
• with 5-mr stereo angle 
• Radiation resistance to fluences : 

1014 neutrons I em 2 

• Front-end electronics mounted 
on the detectors 



Radiation Calculations 

by : Los Alamos 

L* geometry 

Neutron fluence 
• In 

Central Tracker volume 
with O.13Xo 

boron-polyethylene shield 
12 2 10 fcrn per year 



1. To dlatlngu/ah the 8ign e+ and e-
from a 1 TeV particle 

T---e+e-
2. To mea.ure the multiplicity of 

charged particle. surrounding e and IJ 

3. To me.... the momentum of e and ~ 
to match with precision • and JI 
measurements in specialized 
e and IJ detectors 

Tau Decays into Electrons 
14~--~-------------------

1989 Data 

L3 : 
12 Data matching 

E=P 
fO 

8 

6 

4 

2 

4 6 8 fO t2 14 
PI (TEe) vs Et (BGO) 



L* Central Tracker 

$ d U U (c ([P lfll lllltl n ;C l/\(j) $ n !f n.'p) ~ 

~Olftmw OfllJ~ce5 & 
~ (c dun 0 d !I !/ (OJ II d ((1) lfU fnlfp(~ If ~ 

angular acceptance 

vertex resolution 

(7.6 • 106 ) 

(7S000~ 

(50000~ 

(r4» 
(z) 

I f~ Cll1 < r $ 4ft cm 
Izi < 15ft em 

4() Cll1 < r $ 75 em 
Izi < IS() em 

2() Jl m 
1 mm 

momentum resolution ~ pIp = 1.25 * 10 -3 * p I (;e V J 

== 50 % @ 400 GeV 



L· Central Tracker: ~filJfi~(J])Iffi 

radial laYlrs 

forward lay,rs 

strip pitch for inn,r (outlr) lay,rs 

sl,reo angle on Glt'rnal~ laYlrs 

single dlteclor thickness 

signal s;ze for a m;p 

signal 10 • ralio no,s, 

signal col',ction lime 

radiation rls;sIGnc, to flulncls 

6 

25 (50) 

5 

300 

32000 

30/1 

10 

1014 

(r·. t z) cylinders. 

( r • • t r) disks 

J.lm 

mrad 

~m (3.2 • 10-3 X 0) 

qe 

typical 

ns 

neutrons/cm 2 
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R&D Ilcedc(1 011: 
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Uuioll Carhide 

IJ i q 11 idA i.- (A I p It a g it Z ) 

Spectra Gases, INC. 
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Proto-type Work: 
Light attenuation> > 7 em, 
Photoelectron yield: 50,000/5.5 MeV a's 
or 107 jGeV 
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Components of LXe Cell 
I. Photosensors 

5 cm diameter (Waseda) or 
1 em It 1 em (Hamamatsu). 

Rise. time: 10 ns 
Quantum efficiency: 80% at 170 nm. 

Operate in magnetic field. 

II. UV Reflectors 
100 pm kaptoll foil coated with AI and 

MgF2 with 85% reflectivity· tested. 

III. Amplifiers 
10 ns rise time at 500 pf. 



L * Electromagnetic Calorimeter 
Liquid Xenon Option 

ellipsoidal Shape Covering 11J1< 3 
5.2 m Long; 2.8 m Diameter 

15 m3 Liquid Xenon 
24,000 Cells 

72,000 Readout Channels 

PHOTO THICK 
DETECTORS OUTER WALL SUPPORT FRAME 

LATCH 
THERMAL 

INSULATION 
COOLING 

PIPES 
CABLING 

/ I 

em 

7S~~~~~~~~ 

em 

o 
Oem 100 em 200 em 

/ A:':-'MINUM 
REFLECTOR 

THIN INNER 
WALL 

300 em 



Construction: 1993 ~ 1997 
Crystal Production: Shanghai, Beijing 

Quality Control: 
Caltech, Annecy. CMU, Aachen, Bombay 

Radiation Hardness: Caltech, CMU 

Mechanical Support: ORNL, Annecy, Aachen 

Photodevlce: Caltech, CMU, Aachen, Bombay 

Electronics: Princeton, Caltech, 
ORNL, Rome, Loa Alamos, Geneva 

RFQ Calibration: Caltech, eMU, Geneva 

System Assembly: Caltech, Annecy, O,RNL, 
Princeton, Aachen, Geneva, Bombay 



Crystal R&D Program 
SIC (Shanghai) and BGRI (Beijing) 

• Mass Production Methods for Growing 
Fast, Transparent Rad Hard Crystals 

• Use Pure and Doped 8aF2 Pilot Crystals 

o Systematic Study at Aare-j::ai(lI. 
Especially La-Doped Babc2 CII )'~ta~::i 

• Systematic Study of New Fluoride Crystal 
Scintillators: CeFs , LaF3 , and other 
Rare-Earth Fluorides 

Manpower: 25-30 FTEs Per Year, 
For Three Years 



CALIBRATION IN SITU 

RFQ 

'{ 

3.9 MeV HO 

Up To 40 Ge V Equivalent Per Crystal 
Per 1 J.1.sec RFQ Beam Pulse 

-2 -1 0 1 2% 

TEST RESULT: 
RMS DEVIATION of PEAK= 0.3% 



Scintillation of 8aF2 

Select 
Fast Components 

K -Cs- Te Photocathode 

After Shaping, No La Doping 
Effective F /S ) 1000 



Cs-Te 
Ba'2 
FAST Co~ponenl 

Bal~ 
SLOW \Component 

-'-

50 " K-Cs-T 

200 250 300 350 
Wavelength (nm) 



o 
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L * Precision EM Calorimeter 
Based on L3 Experience 

Large Scale R&D 
Over the Last 10 Years 

• Mass Production of Larg~, 
Radiation Resistant Crystals 
Shanghai, Annecy, Caltech, eMU 

• Electronic Readout: Linear to 0.1% 
1 08 Dynamic Range 
Princeton, Lyon, Aachen, Rome 

• Cooling System: Constant to 0.1°C 
Over Large . Volumes 
Lausanne 

• Thin Carbon Fiber Support: 
Minimize Inactive Material 
Annecy, Rome 

• Calibration in situ to < 1 % 
Caltech, Geneva, Lyon, Rome 





rHIN CARBON FIBER 

lO-300pm TOLERANCES 

26,000 BaF2 CRYS1'ALS 

84 TONS 

24.5 RAD. LENGTHS 

(3 )( 3) )( 50 )( (5 )( 5) cm3 

BARREL I" I~ 1.45 

END CAP 
1.45 SI " Is 2.8 

Forward 

Cone: 

• = :1:10.5 I 

2.8 SI " IS 



L* Electromagnetic Calorimeter (Baf.) 

a = 1.3% + 0.5% 
E VE 

• a/jet. 10-4 

• Shaping time 3 ns, gate in 
One Beam - CrOSSing . 

• Radiation Resistance 

• ~ e = l::.fJ = 0.2
0 

5 

Energy resolution measured 

L3 : 12000 BGO crystals 

I· 

0.1 0.2 O.~ I 

'; · y;. 0.5" 

t 

E(GeV) 

• • o.s .. ••••• 



HC CONSTRUCTION 
SILICON OPTION 

CENTRAL AND ENDCAP REGIONS 
DESIGN 1991/92 

ORNL/ITEP IDUBNA/TENN 
Si DETECTORS 1993/97 

DUBNA/TENN R l 0 for production 
DUBNA/ORNL Ingota and wafer8, Qualit 
ITEP/SERP Prototype con8truction 

Teata at ITEP I SERP, QuaJity control 
ELECTRONICS 1993/97 

ORNL/TENN Prototype/acceptance teata 
MECHANICS 1994/97 

ORNL Supporting and cooling 
ORNL/ITEP . Aaaembly 

ASSEMBLY 1998/98 
ITEP/DUBNA/ORNL Del8ctor aS8embly 

Calibration ayatem,Acceptance taata 
SIMULATION 

ORNL/ITEP /DUBNA/SERP /MISS/LANL 
FORWARD SYSTEMS 

RWTH/ALABAMA/ BOMBAY 



HC CONSTRUCTION 
LIQUID SCINT. OPTION 

CENTRAL AND ENDCAP REGIONS 
DESIGN 199 1/92 

ORNL/ITEP ILLNL/TENN 
DETECTORS 1993197 

ITEP/ORNL A I 0 for production 
ITEP IORNL Detectors, Quality 
ITEP/SERP Prototype construction 
LLNL/ORNL Photodetectora 

ELECTRONICS 1993/97 
ORNL/TENN Prototype/acceptance teata 

MECHANICS 1994/97 
ORNL Supporting and COOling 
ORNL/ITEP . Assembly 

ASSEMBLY 1998/98 
ITEP IDUBNA/OANL assembly 

calibration ayatam.Acceptance teata 
SIMULATION 

ORNL/ITEP IDUBNA/SERP IMISS/LANL 
FORWARD SYSTEMS 

RWTHI ALABAMA/ BOMBAY 
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LIQUID SCINTILLATOR 
R&D STATUS 

ITEP a prototype detector plane 

is under construction 

Livermore will construct a cell and fe.t It 

with new photodetectors 
ORNL together with IrEP will build 

the hadron calorimeter prototype module 

of 6 A deep and test it 



LIQUID SCINTILLATOR 
R&D ISSUES 

* Light collection system optimization 

* Scintillator should match the fiber 
both chemically and optically 

* Fiber gluing and sealing techniques 

* Photodetectors: fast, compact, 
stable, tolerant to magnetic field 

* Radiation resistance of fibers 



Cell separators 

The light readout is made thru a fiber 
that spirals inside the liquid scintillator 
cell 



Liquid Scintillator Option 
Decay time : 2 ns 

Mechanical design 
and 

Segmentation 
are the same as for Si 
except for detector gap (5mm) and 

absorber I detector thickness 

Simulation 
80 photons/per MIP / Layer 

at photodetector input 



SILICON DETECTOR 
R&D PROGRAM 

Started in 1988 

40 IrEP and 30 Dubna physicists and engineers 

ITEP, U Tenn, ORNL,· Dubna construct 
a silicon deteotor O.5m x 0.5m 

to perform beam scan 
of hadron and electron showers 

ITEP, U Miss, RWTH (Aache/I) coordj'late 
simulation studies 



Silicon Procurement 
Silicon detectors are from USSR 
JINR (Dubna) is coordinating the effort. 

.. Current crystal IJroductiQn : 
Ti-Mg Factory (TMF) Ukrsine 

• monocrystals 76mm, 10cm long 
• annual production 5 - 6 tons 

.. Current wafer production; 
Univ. of Ble/oruBBls Research Cent.r, Minsk 

• performs slicIng, lapping, polishing, thermal 
oxidation, photolitography, ion implantation 

• annual production of 700'000 wafers 

• Silicon amoun t_ needed : 
5000m 2 or 24 tons (20% contingency included) 
3'000'000 wafers 



Silicon 
Issues to be solved 

(1) Cost 
(2) e/h = 1 for SitU 

More tests of SilFe-Pb are under way 
is/CAPO) 

(3) Radiation damage should be understood 

(4) Radiation hardness Silicon calorimeter 
should withstand total annual neutron 
fluence 10 12 to 10 13 neutrons/em 2 

Dose due to charged particles is less important 



ADVANTAGES OF SILICON 

- Speed: transit time 15-30 nsec. 

- Linear Response : no saturation 

- Transverse" and longitudinal 
segmentation: 

only limited by number of channels 

- No cryogenics 

- Insensitive to magnetic fields 

- Monitoring : easy by source 

- Mechanics: simple 

- Stability in time: very good 



RADIATION EFFECTS ON SILICON 
- Radiation damage in silicon is bulk damage 
. due to trap formation. 
Leakage current increase due to these traps 
is highly temperature dependent. • We plan to operate the detector at - 20 C 
This gives factor 30 - 80 in radiation hardness 

- The traditional use of Si in nuclear 
spectroscopy required long shaping times and 
low no~se. noise increase due to leakage 
increase was not tolerable. 
In case of 10na shaping time the effect 
of noise due to leakage current is negligible. 

These two factors provide 2 to 3 orders of 
magnitude improvement in Si radiation hardness. 



Trigger Considerations 

! Fast energy trigger 

• Fast isolated muon -
trigger is also possible 
due to fine longitudinal 
and transversal 
segmentation 
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The e-m calorimeter is designed 
in a way that it can be replaced 

by a fine sampling (O.5XoJ 
silicon section. 

The entire calorimeter should be 
compensating. 

Oem 
E 

50% = + 1% 
/E 

-- 15% 
/E + 1% 

Where the 1 ~ constant term is 
defined by systematic uncertainties 

of calibration, uniformity, stability, etc. 



EXPECTED 
ENERGY RESOLUTION 

From our experience with the L3 
calorimeter the jet energy resoiution 
of the combined 8aF2 and Si/Fe-Pb 

calorimeter system will be: 

Dh = 50% + 4" 
E VE 




