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Precision Lepton Detectors

in the TeV region




Our Measurement
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Interferences in Leptonic Decays.
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25 Years of Electrons, Muons. and Photons
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850 scienlists.....70 institules
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Cross Section

7% hadrons

My, < 245 (95% CL)
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L* Engineering Centers

Examples :

Kurchatov, ITEP Moscow, Leningrad, Dubna
ETH Zirich, Aachen | Germany

S..C. Shanghai

Oak Ridge, Los Alamos, Livermore, Draper
| othora



Magnet System

consists of a Central Magnet
providing a field of 0.75T
& forward-backward magnets
with field of 0.3T

Central magnet design :

either conventional with aluminium coil
or

superconducting coil with iron return
or

superconducting coil with a superconducting
return coil to replace iron



Coil Options for the Central Solenoid

Aluminium Double
Parameter Coil SC Coil |SC Coil | Unit
Field 0.75 - 0.78 0.75 |Tesla
Power 22 2 2 MW
Consumption
Outer 26.7 25.0 30.0 m
Diameter
Mass of Iron 48 200 41 350 . ton
Aass of Coil(s) 7 700 11031 | 4 000 | ton
Operating 66 23 25 kA
Current -

1 Including structure and vacuum vessel




L3 MAGNET

168 turns
0.5 Tesia
R m
30 KA
- 2m —

Total stored energy 160 MJ

Power consumption 4 KW
L* MAGNET
288 turns

J.7S Tesla

19.£ m

6 KA

> _ - 29.5 m >

Total stored energy 2660 MJ

Power consumption 20 MW
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1000 ton gantry crane

Mounting of the crown ring
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16 eighteen-turn-packages in 600-ton units

made out of 925x155x9 cm? aluminium plates
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HIGH PRESSURE COLLECTUR —~




For Al coil magnet

L3 is ~ half scale prototype

1991 | 1992 | 1993 | 1994 | 1935 | 1996 | 1997 | 1998 | 198
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DELIVERY "’ AD TESTS
OF JASiC
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TESTS
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Superconducting vorr
Cooling System

m Livermore National Laboratory

- m Redundant systems :

1) Aleph thermal syphon (no pump)
on support cylinder

2) Forced flow system on coil



Superconducting Coil

USSR R&D Program

Kurchatov Institute

Model Coil

0 | 1931
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MOVABLE POLE P'ECES rectangula

‘ ' ——
\ wo halve
BEAM ELEMENTS 800 tons e

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



Magnet construction & Assembly
Participating Institutes :
USSR

Kurchatov Institute of Atomic Energy, Moacow
institute of Theoretical & Experimental Physics, Moscow

Efremov Research Inst. of Electrophysical Apparata, Leningrad
All Union Research institutes of Cable industry, Moscow
Bochvar All Unlon Research institute of Inorganic Materials, Moscow

Uhiba Metaliurgical Plant, Ust-Kamenogorsk
Central Research institute for Aerohydrodynamios, Moscow
Research Inatitute for Structural Materials "Prometei”, Leningrad

Institute for Mounting and Assembly Technology, Moecow

USA

MIT Plasma Fusion Center, Cambridge
Lawrence Livermore National Laboratory, Livermore, CA

Oak Ridge National Laboratory, Oak Ridge, TN
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L~ Magnet - FY 1991

300
20
180

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

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

Material and Supplies

TOTAL |




A Precision Muon Delector

P -

%_ N24% at P =0.5 TeV
20¢(9H¢178°
Momentum matching

P

central tracker = Enuon chamber T A E H.C
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Detector Resolution

at 0.5 TeV




Middle Chamber
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R&D on Instrumentation

{1974

1976

1979

1982

1990

“at SLAC, UA1; MARK-J 600 m

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

Developed drift chambers with
field shaping profiles (800 m?
Argon-isobutane at ISR) used ,

(0 = 300um, ran for 5 years)

Developed drift tubes for
vertex (straw tubes) o= 250y

High rate 130um/wire chamber
for ISABELLE

Developed L3 muitisampling
drift chambers /\s = 50 ym
alignment < 30um

Continue R&D for L-






L3 AND L+ PRECISION CHAMBERS-

- ACCURATE
- MASS PRODUCED
- QUALITY CONTROL
- TEST PROCEDURES

Z CHAMBERS IN L+ CENTRAL REGION
IN TRIGGER WITH
RESISTIVE PLATE COUNTERS



L3 AND L+
WIRE POSITIONING ACCURACY

QUADRANT DiODE

LED L3 DATA 10um
Le 8um
N P~
Wl
rZ 1200t
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e L SPACING
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= 800} Le Sum
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W 400} ~
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0 1 L MW 1 !
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04 -005 O 005 O
POSITION ERROR  (mm)
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L» Alignment

P-Measurement
3 Layers - Absolute
Monitored - Relative

Global
All Tracks Point
To Intersection

0.7 mm

L3 - Achieved

16 uml
0.2 uym

1.0 mm



LED Wouau-ueu

Lens
10 -
= - e o e S e Fa o aw S 4um
£ o3
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(days)

Fifteen -day stability of the L3 Muon
Chambers within an octant
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L* CHAMBER INS IALLAIIUN

s

3
3
Displacement (uym)
3% .338%

On—a@® Ve,

Le L3 REPRODUCIBILITY
DATA < 6pym



L+ R&D MILESTONES

FY80

Request to DOE

Muon
Chambers

Gas

Structural
Design &
Analysis

Freezs
Conceptual
Design

Complete
Measurement
Setup

Freeze
Concepts

Complete
All
Structure
Models

FY81

Produce &
Evaiuate
Prototypes

Measure
10
Mixtures

Detailed
Design

Prototypes

Finite
Element
Analysis

Request to Swiss Authorities

Alignment
Systems

Electronics
& Data
Transfer

Deasign
Test
Stand

Define
Architecture

Evaluate
Prototypes

Deveiop
Chips,
Prototypes

FY92

Full Length
Chamber
Model

Chamber
with
Final Cell

Assemble,
Evajuate
Prototypes

Computations
for
Alignment

Test
System

Evaluate,
Verity
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Fast Hadron Calorimeter
down to @ > 2°

Also : very forward part down to |@|=0.3°
made of
lead-steel-silicon or liquid scintillator
sandwich
Shaping time : 15 ns

Tower geometry :

AN /\Q = 0.04 x 0.04

9 longitudinal segmentation for muon
identification, tracking & pattern recognition



us : 19U/3933 Cin -

aps : 204 Tons BARREL
us - 20/138 cm {5 MODULES X 16 SECTORS
7 Pb/Fe ABSORBER /
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S ——— END C.
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HADRON CALORIMETER



.5mm Silicon+ Circuitry

T 70

N\t

LATERS 36mm F

l \/ {2mmPb
. —

| = —— eXe

{8mmFe
emmPb

Summing Circuit
Silicon Wafer Preamp

The calorimeter absorber/detector structure at 90°.
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Deterioration of Z -» 2y mass resolution due to
fluctuations of muon energy loss in 12 A calorimeter
(dotted line). Correction for these fluctuations will

be made by caiorimeter sampling measurements (solid
line).



25 Years of Electrons, Muons and Photons
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Funding Request to SSCL
R&D for L+ Detector

FY90 FYS1 FY92 TOTAL
MAGNET 00 0.5 . 0.5 1.0
MUON DETECTOR 1.0 4.6 2.8 8.4
HADRON CALORIMETER 0.0 2.6 2.1 4.7
E-M CALORIMETER 0.0 2.9 3.1 6.0
CENTRAL TRACKER 0.0 22 2.2 4.4
FORWARD CALORIMETER 0.0 0.4 0.4 0.8
DAQ + TRIGGER 0.0 2.9 4.2 7.1
COORODINATION 0.0 0.5 0.5 1.0
TOTAL 1.0 16.6 15.8 33.4




Europe Physicists in L¥

Number of
Country Institute Physiclets Spokesperson
Switzerland ETH ZUrich 36 H.Hofer Professor
Univ. Geneva 1 M.Bourquin Professor
Germany RWTH Aachon 27 K.Libelsmeyer Director
Italy Univ. Florence 12 P.Spillantini  Professor
Univ. Milan 6 P.G.Rancoita Profeasor
Univ. Naples 12 C.Sciacca Professor
Unilv. Rome 7 B.Borgia Director
France LAPP Annecy 4 M.Vivargent Profeasor
Hungary Hudapest 5 E.Nagy Professor
Buigaria CLANP Sofia 7 B.Betev Professor



Asia Physicists in L&

Country Institute Physicists Spokesperson
China IHEP  Beljing 63 S.X.Fang Director
USTC Hefel 14 C.H.Qu President
SIC Shanghal 28 J.K.Guo Dlirector
Taiwan High Energy 11 H.M.Hsla President
Physice Group
Korea Kyungpook Univ. 3
Gyeongsang Univ. 4
Chungnam Univ. 1
Cheonnam Univ. 1 YKIm  Professo
Kangreung Colliege 2 : r
Korea Univ. Seoul 1 D.Song Frofessor
Seoul Univ. 1
Sangll College 1
Taegu Unlv. 1
Japan Saitama College 1 T.Doke Professor
2

Waseda Univ.



USSR AT L-

MAGNET PROJECT RESPONSIBILITY:

KURCHATOV ATOMIC ENERQY INSTITUTEMOSCOW

L* PARTICIPANTS 61: E.Velikhov Director General
S.Belyaev Research Director
N.Chernoplekov Division Leader

CALORIMETER PROJECT RESPONSIBILITY:

ITEP, MOSCOW

Le PARTICIPANTS 71: V.Shevchenko Vice Director

Yu.Galaktionov Division Leader
JINR, DUBNA

L PARTICIPANTS 55: D.Klss Director Qeneral

.Savin Research Director
LGolutvin Vice Director
IHEP, SERPUKHOV

Le PARTICIPANTS 10: A.Lebedev Division Leader

RESPONSIBILITY AREAS UNDER DISCUSSION:
YEREVAN PHISICS INSTITUTE,YEREVAN

L PARTICIPANTS 21: A.Amatuni Director General
LENINGRAD NUCLEAR PHYSICS INSTITUTE:

Le PARTICIPANTS 29: A.Yorobyov Director General
INSTUTUTE OF NUCLEAR PHYSICSNOVOSIBIRSK
Le PARTICIPANTS 3: A.8krinsky Director General
INSTITUTE OF PHYSICS, TBILIS{ GEORGIA

Le PARTICIPANTS 16

INSTITUTE OF PHYSICS, TARTU, ESTONIA

Le PARTICIPANTS - 2



L+ Support Outside US

Foreign countries will support
the L+ Experiment through:

Financial Support
Material ,
Complete Detector Subsystems
Workshop Infrastructure
Engineers and Technicians
Logistics Support



Ly 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 (BaF, ) 2.0 3k vk
Central Tracker 40.0 * ) ¢
Forward Calorimeter System 2.0 )¢ ). ¢
EDIA (10%) 27.3 ) ¢ Y
TOTAL 300.4 ). ¢ ). ¢




L* Costs

To account the non-US support
appropriately in a cost estimate
mutual agreements are needed on:

1 labor costs
(normally not accounted for outside USA)

2. costs of social securia;y charges
(normally not accounted for outside USA)

3. currency exchange rates
(Rb/$ = 1.6 or 0.6 ?)

4. existing workshops
(manpower & equipment usually not ecoounted for outside USA)

5. overhead charges
(normally not acoounted for outside USA)



Infrastructure Support in Manyears
Construction of L3 Experiment

Switzerland 230

Soviet Unlon 272

italy 28.8

CERN 180 _— =
oo Y Fast Germany
indla 36
- France 41.3
West Germany 140.6 China 42

The Netherlands 93 Spain 84

Total Support 1181.1 Manyears



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

USA: Equipment and Salaries In Money Matrix

USSR: Raw Material delivered and converted
into Swiss Francs 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.




Cost and Funds - L3 Detector
Extracted from Money Matrix - Version 14 (k8SF)

Funds

Subject Cost_ USA USSR CH | Others Total

TEC 10286 - - 8677 3700 10286
BGO Barrel 365631 | 20667 56606 2171 7174| 36617
Had. Cal. 28466 | 6037 103560 43660 8712 2084656
Muon Det. 41131 | 23008 - 1220] 16014 41142
Magnet 40020 | 163868 7400 11000 6260 40038
Trigger 9801 4000 600 900 3793 9801
Computer 8817 8817 - - - 8817
Luml. Mon. 2022 1928 - - - 1028
Scint. Citre. 426 126 - - 300 426
Para. & Assm. 1096 786 - - - 766
TOTAL 177604 )| 81164 23866] 26234| 45062177206




Fi L*
inances



Network Lines Serving L3

Harvasd Narihgasiem

MIT

Michigan
- X28 >

Swilch
Los Alamos cMU

/Toloml
) Princeton

Johns Hopkins
Alabasms

link over public network
09.6/19.2k bils/sec. leased line
68i/64k bils/sec. leased line
enmssss 286k bits/sec leased line
EENEE 2M bis/sec leased line

NIKHEF Beijing
Aachen
Bombay
Lausanne
ETH
Geneva
Telepac
Lyon
LAPP ‘
Madvid
Florence
Naples

Rome



L+ Collaboration
Meeting

L

Le Exacutive
Committee Conmumication

SSC Laboratory Le Subgroups

Partial List of Members - L* Executive Committee

Nations Members

United States U.Becker, JBranson, W.Bugg, D.DiBitonto,
A.Engler, O.Fackler, RHeinz, HNewman,

A.Pevsner, P.Piroue, F.Plasil, J.Reidy,
J.Rohlf, G.Sanders and others

Soviet Union Y.Galaktionov, A.Lebedev, l.Savin,
N.Tchernoplekov and others

Europe B.Borgia, M.Bourquin, K.Libelsmeyer,
P.G.Rancoita, C.Sciacca and others

Asia S.XFang, ZW.Yin, A.Gurtu, Y.Y.Lee,

D.Son and others

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




True Potential of SSC:

- 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 SSC



search for narrow dilepton
resonances

very narrow Z' (E¢ inspired)
ry/ My =0.65%-38%

assume Mzo =15TeV

with electromagnetic detector
L * can measure the width

with muon detector
L can measure the f orward backward

charge assymetry



Nofte
the detector is 4 T
this will enable us to
reconstruct the Zo R qa and Wi_, qa
decays with mass resolution of = 2 GeV

We can also reconstruct the

Wi = uv decay by measuring
the missing energy to locate
the neutrino Pr



(2) Clean identification of :

Z - Il

requiring AM = [
pp > Z,Z,* X
L. .
| i jet+iet
Mizz) = 2 TeV
'?z,)z 1 TeV Puﬂs 0.5 TeV
L+: AP/P=24% AM=T,

(3) Clean identification of :
ZW - (Q,Q) - 2 jets

use complete sampling calorimeter
(replace BaF,)

we have:A E/E = (5§07 E + 1.0)%
AM = I:112“'2 5 GeV



(1) Speed of the Detector

Yields of (1) - (3) are small
Runs at 103%4cm 2sec ™!

Central Tracker : use only scintillating fibers
with t = 5ns AZ = icm

Calorimeter - 10-15ns

Measuring jets and leptons
Muon Chambers : @) 7.50




If Mass of H°> 1 TeV

or There is No Higgs
Then :

wlll Increase with
and the longitudinal polarization will increase with M
At M> 1 TeV,
calculations of both signal and background

may be even less reliable.
Nevertheless foI‘Io l|§.;ing properties
o |

are important
for the success of this type of experiment



If the background (pile up, etc)
10 times worse
we cut

2P < (PY/10 + 50 ) GeV

Events/SSC — year /10 GeV

40}

b)

20}

200 400 600
MPFFF (GeV)



Remarks

We have selected the Ho - 4 U
from the R cut requiring

EP PT+5)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: My = 400 GeV

HO — 2020 — yF =ty

Background:

pp—~qi+X -4+ X

pp — 2070 + X —4p + X

pp — 20 + X —4p+ X
Using the above cuts:

N
o

0L

O

Events/SSC-year/10 GeV

200 400 600 800
M4p. (GeV)



Electron Backgrounds

In addition to Muon Background

1. Mo

2. Charge exchange

A) Momentum Energy Matching
measuring momentum in

Central Tracker P and
energy in BaF 5: E

P=E Rejection factor : 100

B) Isolation cut : Rejection factor : 20



Rejection of y backgrounds.
1. P > 5 GeV

2. Pu =P 20 Rejection : 20

vertex

3. Vertex matching : Rejection : 3

4. Isolation cut : Rejection : 20

J2s
Require R < (56 + R (u)/10) GeV



1010

108

108

104

102

p+p = H°+X

L. 4

2Mz < m < 800 GeV

single y backgrounds

1 | I B |

N
|11 1 1 'j\l}Ll ' I lljgil

7, K punchthrough
m K-=->u

l_TITlITTlllrlllllll

I LI B ]

.s'-
-, ,

0

100

200

P, (GeV)

300



140 < M,;<180Gev
p+p-+H% X-»ZOZE* 4leptons

20

T

Hoe—ceee

1S

1
Evenis /0.4 GeV

T

10

5

gl

150 160
M, e (GeV)
25

—_ background includes
He —eepp T

20

13

ents/SSC-year/04GeV

b)

o
T

o (4 ]
% Ev
m——_

130 14 150 160 170
Meeupy (GoV)




)i
if 2T<(E1-1(3)-+15)Gev

Then the 100 GeV Hy=»"Y"Y

signal/background ratio
will be 4.10



' )
)) ET((-—-:-E-%—HO)GeV

Then the 100 GeV Hy, =»Y"Y

signal/background ratio
will change from 90 fo 6 O



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



NUMBER OF EVENTS/0.5 GeV/SSC YEAR

10000T

2000

1000

600

400

200

-200

L* RESOLUTION

| | "
————
— BACKGROUND SUBTRACTED
| )MMM
| | L
80 100 20 140

160

INVARIANT MASS OF TWO 7 (GeV)



wLllel I ULVl DACKRLIOUILIUS

o n° and v production inside jets.
o(pp — jet jet) = 1.2mb

for py(get) > 20 GeV and |n| < 2.8

e one isolated photon + jet

-o(qg — qv) =119 nb

—o(qq —gy)=6nb

Isolation Cut:
A
'//’ @/ ‘\\-\‘
. @] R = (&n)T + (A¢)?
>

Requirement: ZET < EL/10+5GeV

Backgfound reduction: 10 (using R=O.6)



Isolated ’hoton Background:

gg — 7y (493 pb)

g-yy : 99.qq -~y

11"1

- H=yYy . H o q, 1"“] 150 GeV
N i el | }1“" Hl

I (I I]U \r\.] I
S50 100 150
E‘ (GeV)

'Ullk‘ll I“ ﬁ:quqr

Heyy

‘“"w;
ﬂAfL'r,k‘—\ N,

RAPIDITY OF yy RAPIDITY OF y

=L I\ 80 Gev
|

—
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204

104




- Physics of
Precision )Y and e

HC = VY Search
for 1

80_<_ MH < 160GeV



Higgs Mass

10

k L § L4 R 1 R 1 L § v R g k] ‘ L L § 1 } B2 I : ¥ § € T L ] L 3
expected |
events ¢ |
E No candidates
s |
7 - 4
b 70k Z°
s ;— -
: .
4 = :
Hou.u-—?
p]
0 1
H 603-~
ot ot ]
0 40 S0

Higgs Mass




Search for the Higgs Boson
Energy (GeV)

0 60 80 200 1000
L3 L3 L+

at LEP | at LEP i at SSC
e‘e"—|"1I"H°® HO —» ')w)/ HO—2° 2°

H? — 4 leptons

Standard Model
e ————

New Physios below MP'
D ———— anok

Minimal SUSY

Non-minimai SUSY
e



L* Unique features

1. U : -‘?’-‘,2- " 24% pm. 5TV  2°078°

6 =P central tracker + AE

. g 1.3
2. e.‘)’. o —E—. 75’0.5)%:A°.A¢.0.20

Shaping time : 3 ns

Feontrat tracker = E Baf,

3. Jels : Shaping time : 15 ns

0 60 0 50
— + 10 — 0 f —— t 4,
E vE % or‘ E vE 40_ %

4. Central tracker : 4p .05 p-047ev
p
Shaping time : 10 ns



L4 Assembly

1990 {1991|1992(19931994|1995 {1996 |1997 {1998 1999

UNDERGROUND |SHAFT

EXP. HALL HALLS COUNTING ROOMS
MAGNET DESIGN  |WORKSHQH
FACILITIE
IRON PREP.]| IRON MANUFACTURE
1 1 L 1

COIL PREP. COIL MANUFACTURE
1
MAGNET ASSY AND| TESTS

DETECTOR DESIGN AND R&D

1

DETECTOR MANUFACTURE
SUB-DETECTOR HALLS |
SUB-DETECTOR PRE-ASSEMBLY _|

DETECTOR] ASSY

| ES’

SERVICES AT
— —

7




L+ Installation Sequence

1 COUNTING —
ROOM

— = Je—ud!

Step 5: Muon Detector installed.

= COUNTING bt
ROOM

- || .l ==
e _J' e S —
: --.:a:. . - B P ey




L+ Installation Sequence

—a COUNTING [—————
. ROOM
v JJ n 1
o Fa |
......... - RN ' s ' e
v ,
- ——
— 1l seam
/
€A TE AT
.............................. B O R e

HADRON CALORIMETER |
>tep 3: Hadron Calorimeter installed.

ﬂ ROOM )
et B l OO o . 1
o ) ' o
i .
& — - - - «— E
BEAM
T e e e e |

CI CATANAMALUCTIA ARAIADIUCTER & 5 % " aisiaia - ss ~ —m



L+ Installation Sequence

[
[m— ———"—T ASSEMBLY
| GANTRY || HALL

] ]@i 1000 ¢ —==
accessifl . [ H r2m
! : |

Step 1 Hall ready '.

it —

== — == rf ASSEMBLY
|| GANTRY ||  HALL

f |
| |COUNTING RM. J.

‘‘‘‘‘‘
''''''

''''''
------

oooooooooo
.................

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

......

®gngt, I I
. -
et L. . ., .

L] L]
XXXKEl &

%o
OOOOO

.....
------







Technology and R/D for Data Digitizer

Muon Ch.
Straw Tube

BaF;
Hadron Cal.

1 ns Shift Register ——> Hit Enocoder
Fiber Optics for Signal Transmiselon

Analog or Digital Pipelined ADC

pipeli
» Switched Capacitor Array —> Slow ADC

= CCD

Digital Pipeli

® Flash ADC
m Sigma Delta ADC

== Fast Memory

22 bit Dynamic Range of BaF, requires R/D.



For L* We Need
Additional Techonologies

m Very Fast front end Buffering

L3 : 500 us L* : 16 ns
m fast Pipelined Level-1 Trigger
3: 22 us L* : 16 ns

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



Requirement of Electronics

Subdetector Signal Resolution DYNamic glectronics Channels
Range
u chambers Timing  <Ins 1us Di$c[:)r(i;m. 250,000
BaF, Ampli. 0.1%  22bits ADC  26.000
Calorimeter ' ‘ '
Hadron Cal. . . -
Si Pad Ampli. 1% 12bits ADC 180,000
Straw tubes Timing ans 0.1us D'?B%m‘ 75,000
Si microvertex Hit 16ns Special 76,000
Scintillating . MCP: tube
fiber Hit ons Discrim. 50,000
Resistive : Discrim.
Plate Counter Hit 16ns TDC 20.000
Total Readout Ch. = 700 k




L 3 Trigger and Online System

Muon Ch Had Cal BGO

[T 1T Tew

Y Gate
BUFFER MEMORY | |...
---- 100 Hz

FASTBUS Ev. Build Fast

Clear

10 Hz

Hamor?
Trigger Clear

1 Hz

VAX

TEC
HEERN
B

=
Trig ADC TDC

| Leve
Trigger

100 H:z

Level 2
Trigger



TIri and D uisition
Central
Tracking

Muon Ch.
a0t Preclee
- Timeootan
DEAM
G-

Timoetens

10 ov/e
Lev-1 -
400 ne PIPELINE Lev-1 Trig
Anaslog
2x10 % ov/s — 26 ov 17600
| 8ynohronous
Lev-2
Analog
8 ov
Aeynoh.
10 ye
10 Sov/e

-109 cn. ra

10 ev/e Lev-3 Trigger 17100
| 11

Data Storage




WORK FOR L* CENTRAL TRACKER
CONSTRUCTION AND INSTALLATION

All construction of the system is anticipated
at Los Alamos. Collaborating universities will work on

the components as follows :

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

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

S. Simulations Los Alamos, Boston
Indiana, and others

6. Data acquisition system | s Alamos. Boston
Indiana, New’ Mexico’



Milesiones 107 1he L° Contial Le1ecive e v ri0yrei.

FY 1904

Y 1992 FY 19093

1 Ootectors
1 Bectrenics

8 Siructure

Straw Detecton

Srow Bectrenice
Straw Siruchures

Scint. Mbesr Detectorn
Sdint. Miber Readout

Scint. Fiber Sruchres
Redistion Damage

System Wegration

o Evaluale detecton

o Evalualte hont end

o Evelusieo materiale

o Select gas
o Measure drif} velocity snd
Lavents angle In 0.73-1 feld

o Evaluate rent ond

o Evalusie materiale

o Eveluale fbers

e 30 model of photo hibe

o Piototype structure maleriale
o Complete code tevision for
neutzon aslmulation

o Complete soncepiust design
of meuniting, cabling, snd

o Select alip length o Select final detecios
o VYest at lo“ muuomlun’ chasactediotion

e Test piototype vionl-end and o Flnalize rent-end and eplicel

opiical Ank Bk

o Stability snd cooling 168100 ¢ Minelize Mmanulachuring plea
hll-scale protolype assembiles

o Complete tests st 104 o Pinslize manulschuring plea
neutronsiem? and 1 Coulomblom

o Flnalize design of J-m-tong

sUsws :

o Select epilical inh
o Finallse manulacturing plen

o Select liont.end ampiifiers

e Complete siability snd
mechanical design

o Select fibere
o Test st '0"”“"‘.""‘"’

o Prolotype and tesl comgect o Vest preduciien hube

ube
e Stability and mechanical 10818 o fiaaue manuiachuring plan

o Complele tests on structhuel
materiale and detecters

e Complete high-luminosity
uo") design oplien

o Finalize mouniing and
slignment

o Finalize instalislion plan



ISAJET Monte Cario study sample :

10 events overiap
( ® mini-bias events + 1 higge event (m = 800 GoV))

<~ch) "260,
for 6,.,,,,,,,) 160

Efficlency of reconetruct vertex of 4 lepions 100 %,

(Track find efficiency D90%)
Standard diviation of reconstruct event Z-coordinate,

o, » 0.85 cm
o T | M
180 P~ -
E 3
Q - o -
g : ¢ = 0.88¢m
/2]
- I
: o
O 80 —
=S J
ovm l‘l"J‘AlLA-_A_L_A_' ﬁ,
-10 -8 0 6 10

szcr‘tox (cm)



Straw Tubes

80 layers optically aligned within
25y to silicon tracker

Much work done at Boston University

=P 3mm Diameter driftime . 15 ns

O X 69y
Tests : 4x10'4 n/cm2(fission spectrum)
= Performance stable

| Fe®® Calibration
.:_ SSC Prototlype Resolution rd P T
[ 27-Dec-8390
I f 16-Jan-90®
" S-May-90e
- ; ’
(=]
g I i -
© %
4
%
o 2 Il " | S t 5, 1 N |
0 e -8 o | 200 600 1000

Residuals (microns)

Channel



Engineering & Mechanical Design Issues

m Require 5um wafer positional stability

{2% radiation length

m Manage waste heat ( 20 kW)

R Operate at -20°C and + 10°C

B 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 = 300pum
» Collection time ~ 10 ns
= Voltage 25-200 V

= 32K electron-hole pairs for signals

= Noise ¢ 1K electrons
= 25um for inner layers, 50um for outer layers

= with 5-mr stereo angle
» Radiation resistance to fluences .
10'* neutrons/cm?

= Front-end electronics mounted
on the detectors



Radiation Calculations

by : Los Alamos

L * geometry

Neutron fluence
N
Central Tracker volume

with 0.13X,
boron-polyethylene shield

10'?/cm’ per year



1. To distinguish the sign e+ and e-
from a 1 TeV particle
T—e+e-
2. To measure the muitiplicity of
charged particles surrounding e and p

3. To messure the momentum of e and T

to match with precision e and y
measurements in specialized
e and y detectors

" Tau Decays into Electrons 1989 Deta
L3 :

12 + Data matching +

, E=P ' |
0r

|

8 -

L
6 -
4
2 p—
0 L 9 1 | \

0 2 4 6 8 10 12 14
PY (TEC) vs Et (B60)



| P

silicom

lwbes &
filbers (sooo0)

Straw
scimtillation

(75000)

angular acceptance

vertex resolution (ro)
(2)
momentum resolution Ap/p

MICroStrEips (1.6 « 106)

[

Central Tracker

10 ecm <r< 40 ¢m
lz| £ 150 c¢m
40 cm <r< 75 cm

Iz| < 150 cm

5°<@8 < 175°
20 pm
1 mm

1.25 * 10-3 * p [GeV]
50 % @ 400 GeV



L®

Central Tracker: S ﬂ “ ﬂ COMm

radial layers

forward layers

strip pitch for inner (outer) layers

stereo angle on alternate layers

single detector thickness
signal size for a mip
signal to noise ratio
signal collection time

radiation resistance to fluences

IDeiecrolr
6 (r*¢ , z) cylinders
2*12 (r*¢ , r) disks
25 (50) pm
) mrad
300 um (3.2 * 10-3X,)
30/1 typical
10 ns
1014 neutrons/cm?2
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R & D nceded on:

UV-photodiodes: Japan

Uniform hght collection ctliciency: Japan

Radiation resistance of UV-diodes: NI'T-Japan

Low noise, wider dynamical range, faster amplilicrs:
MIT-ORNL

Inexpensive flash ADC’s: LeCroy

Improved purification system: Columbia-MI'T

New production methods for xenon:
Union Carbide

Liquid Air (Alphagaz)

Spectra Gases, INC.

Matheson
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Proto-type Work:
Light attenuation >> 7 cm,
Photoelectron yield: 50,000/5.5 MeV a’s
or 10" /GeV
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Components of LXe Cell

|. Photosensors
5 cm diameter (Waseda) or
1cm » 1 cm (Hamamatsu).
Rise time: 10 ns
Quantum efficiency: 80% at 170 nm.
Operate in magnetic field.

Il. UV Reflectors
100 um kapton foil coated with Al and
MgF, with 85% reflectivity tested.

Ill. Amplifiers
10 ns rise time at 500 pf.



L* Electromagnetic Calorimeter
Liquid Xenon Option

cllipsoidal Shape Covering | T)|< 3
5.2 m Long; 2.8 m Diameter
15 m?® Liquid Xenon
24 000 Cells
72,000 Readout Channels
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Construction: 1993 - 1997

Crystal Production: Shanghai, Beijing

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

Radiation H_ardness: Cal'tech, CMU
Mechanical Support: ORNL, Annecy, Aachen
Photodevice: Caltech, CMU, Aachen, Bombay

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

RFQ Calibration: Caltech, CMU, Geneva

System Assembly: Caltech, Annecy, ORNL,
Princeton, Aachen, Geneva, Bombay



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

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

e Use Pure and Doped BaF, Pilot Crystals

o Systematic Study or Rare-:zarin
Especially La-Doped Bai-, C. ystals

o Systematic Study of New Fluoride Crystal
Scintillators: CeFg4, LaF,, and other
Rare-Earth Fluorides

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



CALIBRATION IN SITU
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Scintillation of BaF,

~ Select
Fast Components

K-Cs-Te Photocathode

After Shaping, No La Doping
Effective F/S > 1000
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L+ Precision EM Calorimeter
Based on L3 Experience

Large Scale R&D
Over the Last 10 Years

Mass Production of Large,
Radiation Resistant Crystals
Shanghai, Annecy, Caltech, CMU

Electronic Readout: Linear to 0.1%
10° 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, G_eneva, Lyon, Rome






T'HIN CARBON FIBER
)0-300um TOLERANCES

26,000 BaF, CRYSTALS
84 TONS
24.5 RAD. LENGTHS
(3 x 3) x 50 x (5 x 5) cm3

BARREL [n|<1.45
END CAP

1.45<|n|< 28

Forward
Cone:

z=%105
28<|n|<



L* Electromagnetic Calorimeter (Baf,)
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HC CONSTRUCTION
SILICON OPTION

CENTRAL AND ENDCAP REGIONS

DESIGN 1991/92
ORNL/ITEP/DUBNA/TENN
Si DETECTORS 1993/97

DUBNA/TENN R & D for production |
DUBNA/ORNL Ingots and wafers, Qualit
ITEP/SERP Prototype construction
Tests at ITEP/ SERP,Quality control

ELECTRONICS 1993/97
ORNL/TENN Prototype/acceptance tests
MECHANICS 1994/97

ORNL Supporting and cooling
ORNL/ITEP ' Assembly

ASSEMBLY | 1996/98
ITEP/DUBNA/ORNL Detector assembly
Calibration system,Acceptance tests
SIMULATION
ORNL/ITEP/DUBNA/SERP/MISS/LANL
FORWARD SYSTEMS

RWTH/ ALABAMA/ BOMBAY



HC CONSTRUCTION
LIQUID SCINT. OPTION

CENTRAL AND ENDCAP REGIONS

DESIGN 1981/92
ORNL/ITEP/LLNL/TENN
DETECTORS 1993/97

ITEP/JORNL R & D for production
ITEP/ORNL Detectors, Quality
ITEP/SERP Prototype construction
LLNL/ORNL Photodetectors

ELECTRONICS 1998/97
ORNL/TENN Prototype/acceptance tests
MECHANICS 1994/97

ORNL Supporting and cooling
ORNL/ITEP Assembly

ASSEMBLY 1996/98 |
ITEP/DUBNA/ORNL Detector assembly

Calibration systemAcceptance tests
SIMULATION

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

RWTH/ 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 test it

with new photodetectors
ORNL together with ITEP 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



Steel base

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



Liquid Scintillator Option

Decay time : 2ns

Mechanical design
and

Segmentation

are the same as for Si

except for detector gap (5mm) and
absorber/detector thickness

Simulation
80 photons/per MIP/ Layer
at photodetector input




SILICON DETECTOR
R & D PROGRAM

Started in 1988

- 40 ITEP and 30 Dubna physicists and engineers

ITEP, U Tenn, ORNL, Dubna construct
a 8ilicon detector 0.5m x 0.5m

to perform beam scan
of hadron and electron showers

ITEP, U Miss, RWTH (Aacher) coordinate
simulation studies



Silicon Procurement

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

Current crystal production :
Ti-Mg Factory (TMF) Ukraine

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

< Current wafer production ;

Univ. of Blelorussia Research Center, Minsk
a performs slicing, lapping, polishing, thermal
- oxidation, photolitography, ion implantation
a annual production of 700°000 wafers

& Silicon amount needed :

5000m2 or 24 tons (20% contingency included)
- 3'000°000 wafers




Silicon
Issues lo be solved

(1) Cost
(2) e/h =1 for Si/U

More tests of Si/Fe-Pb are under way
(SICAPO)

(3) Radiation damage should be understood

(4) Radiation hardness Silicon calorimeter
should withstand total annual neutron

fluence 10'%to 103 neutrons/cm?
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 Ssource
- 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 noise, noise increase due to leakage
increase was not tolerable.

In case of 10ns 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.



Irigger 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 & way that it can be replaced
by a fine sampling (0.5X,)
silicon section.

The entire calorimeter should be

compensating.
Op 50%
— = + 1%
E vE
Oem 15%
. 40
E - g *T%

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 resolution

of the combined BaF, and Si/Fe-Pb
calorimeter system will be:

O» - 50%

E e

+ 4%
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