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ABSTRACT

The intense R&D effort being carried out in view of LHC, has given rise in a relatively
short time to a wide spectrum of new detector concepts and technologies. Subject
of the lectures will be some of the most interesting new ideas and developments,
in the field of noble liquid, crystal and scintillating fiber calorimeters, and gas, solid
state and scintillating fiber trackers. The emphasis will be on the basis aspects
of detector operation.
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CALCULATION OF INDUCED CURRENT ON
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ICARUS 3-D non distructive imaging read-out
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THE LONIZAMioN PROCESS IN GASES AND LIOOIDS
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Proportional Tube

« cathode tube: 3+-100 mm

« anode wire: 20~ 100 um
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e KD@‘/rmM_mhom Pcdia‘f'io,u ’rs‘ovoker
BEyonD REWNC A PRRTICLE [DENTIFIER IS
R Ktk PReCISION CoNTINVOUS “TRACKER

However 11 IS Nol - DIKEXNSIOLAL

(THAT & LEFT To IUNERAND DUTER [yfrers)

ftow CouLd owE HERSVRE FPRRTiCLE PSTion
ALONG THE WIRE OF A STRAW TulE (

—

(D CURRENT DIVISION (Lecf-ce:auf)
PARTICLE

/
—é—@-—~m 44 e _.3—)—

—> 67 ~ to.z,a (LimTep By A/D/!'EJ

—

(2) TIME DIFFERENCE , LEFT-RIGHT (&Lem rrc)

VAN TYX: ff 7 tr
“U == Vs

- 63 ~ o (< O.'hug)

e ROTH METHOMS ARE UNRHRIFUOUS RUT EXPeANSIVE



MUON DETELTION AT Li#tc ( pp)

® 4 SURSTANTIAL FRACTION OF TRE PwyeicS

PoTENTIAL IS BASED on +HIGH PRECISION
MUON DETECTION (HOHENTUH MEASUREMENT)

® NUE o HAGNETIC FEL) AND CALORIHETER
FILTERING RATEC RRE NOT AC (CHRLLENGIN ¢

AS INSIDE ¢
< AkHz /ewls IN Twe RARREL

> CONVENTIONAL RS DETECTORS CAN RE USED:
DRIFT AURES OR CHAHRERS w14 G,,zloo/uw

® THE PROHPT IDENTIFICATION OF BUNCY CROSSING

IS ])EQIZASLE) i.e. B K 2&us
OBVI9vS SoLUTION : USE DEDICATED DETECTORS

ALREADY DIfCUSSED :

6t = 0.25 wus FA0T AVALANCHE OR

PPC
-—’
6y ~ Adusg STREAHER IN UNIFORH T

RPC

ANOTHER PosSCIRILITY ¢
AUHE i) GAP WIRE CUAHEBER



AHE 1HIN GAP WIRE CHAHREE
( ~400w” IN OPAL HAD.CGAL. | ATLAS R D)

GRAPHITE CATHODE ON EPOXY BOARD
PiLk-UP STRIPS OR PADS

-

(Xx) s
® OPERAXED IN SATURATE)D MODE : GAIN > O

—> GHALL LANDAU TAILS
—> Low SERNSIMVITy o MECH. DEFORHATION

® FullLY EFFICIENT
#* RATE CAPABILIT ~ O.3MHz fewd?

e TIME ACCURARCY : G ~ S us
—> DISTRIRUTMON CONTARINED IN 20ug

® WiITH 2ww WIDE READOUT STRIPS,
BY HERSURING THE INDUCED CHARRGE
AND AnKING THE CENTROID
—> 6 ~ 1SOopwm

TONIC
0 SPALE
CHARGE

4+ &
+ir4s -

WIRE T~ -




me L3
el PRECI SION

S@port-Tube {1

b2 ?<
| oller unit (8)

<
5 //
> / Octant of S Muon chambers (16)

Torque-Tube {2)

|
?
|
\ \aits fioc outer detectors

TOTAL

Volume : "1000 m°

Weight : 190 ton

| Area of Chambers . "™ 900 m?
- Wires,all . 250 000
‘ in Bending Plane : 16 000
along Beam : 8 000

Gas volume : 250 m3
Amplifiers |

TDC 500 Mc . 24 000



L3 :CHAMBER PARAMETERS
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14E JET CELL CHAMBER

(atras R&p)

WIDELY USED CONCEPT
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HE CHALLENGING ASPECT ©OF A
HIGH PRECISION MUON SPECTROMETER AT (HC
IS THE ABSOLUTE SPACE ACCURALY GoaL (~L3):

~ :{O/.«W/CH. $1ATiIoN (mcwowo Al/MﬂE/\rr) ~
e Wi T ToTAL CHAHBER AREA 2¢ SEVERAL 405
* DICTRIRBVTED oveR =~ W20uw ~ Q0w

o WiAU NON COHFORTRBLE PAK‘ﬁCéE RATES

MANY WIRE CHAHRBER ColFibVRATIONS
Jlave  THE ADEQUATE NDPMINAL PERFORHANCE

HoWweVER Tue CONSTRUCTION AND OPERATioN
DETRILS CAN HAVE RN IHPORTANT IHPACT
ON F/WAL PERFORMANCE AND CosST

THE CHOICE I DIFFICULT
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- MUON CHAMBER
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DTBX Performance (cus gsp)

§Iayers
7////// 7 7//;/ 7 /7 —
7 e e
iron <~ Y - _*'_,"T
yoke NN | '},
}X\ =200 '
\ B ¢ CHARRBERS

e Plastic drift cells 38 x 10 mm?
2 x 4 layers for the coordinate in bending plane
2 x 2 layers transverse to bending plane
5" honeycomb structure for rigidity
50 um anode wires )‘1'*

\ Gas mixture: Ar-CO, (88-12)

o Mean timer technique readout

Spatial resolution: | e 0, ~ 200 um
Mean Timer resolution: » e 0, =3NS

Bunch Crossing identification efficiency
on isolated tracks in each 4 layer system: o £€=94 %

CMS



DTBX Inefficiencies due to §-rays

T i T [ I T
240+ -
O =200um
200} N
%’ 160} 1aiL ON .
5 .| AME LEFT OF
5 Pos)1iON ]
sl DISTRIBUTION i
- 800um :
Tail due to o
401 a::i ra;agvoe—;argzesses R
. \

-20 -16 -12 -8 -4 0 4 8

Residuals (mm)

detected & undetected 5
Momentum T efsper layer . e §sconfined in
100 N 571002 0 \( 794
200 | 5.5+ 0.02 77+4
300  59%002 78+5

® Probability to have 2 3'clean layers out of 4:
P = (1-P)*+ (1-P,)°P, + 3P,P,(1-P, ) = 95.2 %

| P; =55% P,=78 °/o
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CERN 16 Sep. 1992

Wall-less Drift Chamber (WLDC) + RPC ™™

10x10 cm? pad s — —— } 2 RPClayers

3y layers drift ch.

2 x layers drift ch.

3y layers drift ch.

WS NPVNP NP WP T W . }2X 1ayerSdriftCh.

24 cm\

0006000005060 v,;-:'f:f;-::“":: @ a prototype of 75 x 100 cm?
/ P e is foreseen to be tested at RD3
0 =800000 cells are needed for CMS

One single multi-cell (16 cells, each 14 mm wide) unit
\Usc of foam (poly-urethane) is under study Anode  Cathodes 14 mm

Driftchamber: - measure the particle's track position and angle
(by Aachen group) - maximum drift time tg,.. (for Ar/Ethane) ~150 ns
- maximum drift time t,. (forAricoy) =~ 300 ns
- residuals measured in a smaller prototype =~ 250 ym

RPC: - measure the time reference for the particle's arrival

(by ROME group) - help resolve both temporal and spacial ambiguities, which

tracks of the projections to combine, when more than 1 track
in the chamber

Output of the detector:
- Resolution for track segment ~ 100 ym, < 3 mr
- Efficiency >99.2 %
- 4-6 hits in bending plane, 3-4 hits in other plane
- Bunch crossing number measured locally by RPC

Test of prototypes:

- two small prototypes were successfully studies in Aachen and
delivered the above results

- the prototype K2 having 6+5+6+5+6+5+6+5 = 44 cells in 8
layers for only one projection is used in the RD5 ' 92 runs.
Results are under study




CATHODE STRIP CHAMBERS (CSC)
FOR FORWARD MUON DETECTION

ALIGNMENT TARGETS
(Etched on segmented cathodes)

» Easy cathode segmentation to optimize rates.

« Chamber used for precision momentum measurement,
transverse coordinate measurement, bunch crossing
assignment and first level (and higher) trigger ability.

« Insensitivity to variations in gas gain, wire positioning, gas
pressure and temperature.

Forward Muon Detector:

« Endcap modules of trapezoidal shape.

« Sandwich of 2.5 c¢m thick paper honeycomb with 2 layers of
copper-clad glass-epoxy laminates, 1.25 mm thick.

« Radial strips of S mm average pitch.

« Two anode planes with 30 um wires spaced at 2.5 mm at a
distance of 2.5 mm from either strip cathode.

+ Maximum drift time 25 ns for CF4 - CO, at a field of 6 kV/cm.



4pC : ALEPH

THE SYNTHESIS OF
e PRIFT TIHE REARDOVT HE oD
o CHARGE CENTRO D ME Teod

® 87 = 130um ( chAREE CcenTRoId OVER PADS)
® 6. = O.Fww ( BY DRIFT TIHE)
o Q TRALK SEPARATION = 4,5+ Zewm

° SBr/FT = 1.2-10"3 Pr ( CeVie)
o dE/dx = 4.5% (~ 300 HEASUREMENTS/ TRACKY
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DELPHI Interoctive Anglysis

i) Beamn: 47.1 Gev Run: 5902 DAS . 16-Dec-1989 §
) 0329:34

Nproc: 30-Jan-1930
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