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HiE ) ATLAS £ 58
(CERN/LHC

ﬁ Detector characteristies
Muon Detectors Electramagnetic Calorimeters =3 Width:  44m
L = 4 | Diameter: 22m
- , Weight: 70001
Solenold \ R CURM AL - ATLAS ¥ 1997
i Forward Calorimeters
End Cap Torokd

Inner Datector | Tl
marel Jod Hadronic Calorimeters Shielding
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Magnet yoke SC magnet, 1T

TOF, 90p

RPC

CsI(TI1) calorimeter, 2.5 % @1 GeV
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BESIII =
Wi TEbr: 2% 130um, dE/dx 6 %

CLEO: ~ 85um, 5.7%
Babar: ~110pm, 6.2%
Belle: ~130pum, 5.7%
BESIII ~120pum 6 %

R,, =63mm; R, = 810mm; length = 2400 mm

7000 Signal wires: 25(3% Rhenium) pm gold-plated tungsten
22000 Field wires: 110 pm Al
Gas: He + C;H; (60/40)
Momentum resolution@1GeV:

Op
Pt =0.32% ® 0.37%

t




Spatial resolution (mm)

Beam test at KEK

0.3
0.5 o,~X Layer9 .
02| _ Weighted average ¢ ~93 um
0.15

| |
0.1 [ ] [
| | - . . i . . . ]

0.05

N - S A R

Distance from sense wire (mm)

Events
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BESIII p system : RPC

fHMEAR = (RPC) : 4K

I_[ und plane
ZIK
1 j://—l:‘{) J%% Dielectric foam

TR, A TN A S, el T
9 layer, 2000 m2 10000 channels . %H
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pduction in the clean room




statistics of the tested 444 barrel RPCs:
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Performance of RPCs

So far ~1000 RPCs fabricated, the average area for the endcap RPC is
1.3m2, barrel RPC 1.4m2. Maximum RPC is 1.2mx2.4m. The performance

Dark current
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444 tested barrel RPCs

Efficiency
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The performance is comparable to
BaBar’'s new version of RPCs with
Linseed oil coating.
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RPC surface seen by the atomic force microscope
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C. Lu, Princeton University

Babar w/o oil

Belle glass




RPC and mechanics completed
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(m)RPC application in HEP

e Muon chamber/muon trigger ( L3, CMS,
Atlas, Phenix,...)

e Hadron calorimeter ( ILC)

e TOF ( Star, Alice...)
e Cosmic-ray exp. (& /\H, ...)

e Neutrino exp. CKVE, Opera, EJE,...)




Possible RPC application for ILC

HCal to separate
particles in a JET

B

RPC as the active detector RPC as the muon detector
of the digital hadron calorimeter




GAS ELECTRON MULTIPLIER(GEM)

Thin metal-clad polymer foil
with high density of holes

Gas gain ~ 100
Two layers: 10,000

TYPICAL GEM GEOMETRY:
5 um Copper on 50 um Polymer
70 um holes at 140 mm pitch




GEM detector as
tracking devices

BEGE S B L e

Tracking detector for COMPASS

ILC detector (Design proposed for the TESLA TDR)

GEM TPC Tracking detector for CMS



GEM as a photon detector

Reflective Csl photocathode:

TRIPLE GEM WITH Csl PHOTOCATHODE

}' {' ) {F Single photon position accuracy: 50 um
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MICROPATTERN GAS DETECTORS
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F B INAZ 3T 50 (CERN) B
CMSSEHG & n FiIRIMIZS: PR =

Fosition Is obtained from
gaussianfitto — —
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JCERNFJATLASSES 33 3E v 4R 45 : MDT

tube wall: 0.4 mm Al MDT ( Monitored Drift Tube)
N A L v
>%130 mm dlameter = o beA% B 1—67}‘\'],(
M.ﬁ

endplug ere 50 pm W-Re o £5E R 30mm, A/Z0. dmm;
o [HAR % ﬁ%ﬁ’rffﬂﬂl]],‘
o AT L E, RMEALARBHL;

— TARRER: 25 50um
P 80 um
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TAE 3 bar
2% 25 2 x104

LAEELE 3080V
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Summary of Crystals for HEP

Crystal NaI(TI) | CsI(TI) | CsI F, | BGO | PbWO, | LSO(Ce) | GSO(Ce)
Density (g/cm’) 3.67 4.51 4.51 4.89 7.13 8.3 7.40 6.71
Melting Point (°C) 651 621 621 1280 1050 1123 2050 1950
Radiation Length (cm) 2.59 1.85 1.85 2.06 1.12 0.9 1.14 1.37
Moliére Radius (cm) 4.8 3.5 3.5 3.4 2.3 2.0 2.3 2.37
Interaction Length (cm) 41.4 37.0 37.0 29.9 21.8 18 21 22
Refractive Index * 1.85 1.79 1.95 1.50 2.15 2.2 1.82 1.85
Hygroscopicity Yes Slight | Slight No No No No No
Luminescence ” (nm) 410 560 420 300 480 560 420 440
(at peak) 310 220 420
Decay Time " (ns) 230 1300 35 630 300 50 40 60
6 0.9 10
Light Yield " (%) 100 45 5.6 21 13 0.1 75 30
2.3 2.7 0.6
d(LY)/dT " (%/ °C) ~0 0.3 -0.6 -2 -1.6 -1.9
~0
Experiment Crystal g:}fg KTeV | TAPS L3 ACLI;‘CSE - -
Ball BELLE @ BELLE PANDA?
BES III (GEM) | PANDA? BTeV...

a. at peak of emission; b. up/low row: slow/fast component; c. measured by PMT of bi-alkali cathode.




Crystal Density: Radiation Length

1.5 X, Cubic

O O O O 0
2] B e e | I SR R ] S o Bty - W 1 S 8 . |

Full Size Samples

BaBar CsI(TIl): 16 X,
L3 BGO: 22 X,
CMS PWO(Y): 25 X,




BESIII CsI(T]) crystal

calorimeter

Barrel: 5280 crystals, Endcap: 960 crystals

Crystal: (5.2x 5.2 — 6.4 x 6.4) x 28cm?

Babar: 2.67% @1GeV

Readout: 13000 Photodiodes, lcmx2¢cm, BELLE: 2.2% @1GeV

Energy range: 20MeV -2 GeV
position resolution: 6 mm@1GeV
Tiled angle theta ~ 1-3°, phi ~ 1.5°

0.11
0.07 1 i

0.06 ;ﬂ”.g, ”

0.04 Ei

0.03 E:iis I
0_01 SHHH

CLEO: 2.2% @1GeV
BESIII: 2.5%@1GeV

0.5 eV roise wf[h D 5Me‘v’ threshold

1 B RAGRENG GO BRI ....J.

*Screw ..
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Crystal production
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100

SIC 1992 75!

50+

Hamamatzu, Beijing 1320 -

%0 35 40 45 50 55 60 65 70 75 80
relative light oulput

0o 2 4 6 8 10 12 14
uniformity




Mechanical structure: no supporting

walls for better resolution

Three independent calculations  +
experiments | *.



L3 BGO calorimeter j_i;;

All 12,000 crystals produced by SIC

o 5
10 1 10 10
Energy (GeV)



CMS PWO crystal calorimeter




KoK= B V) BLSL G 5 B S B )
HAH K. LSO

Fast: 40 ns
Dense: 7.4 g/lcm3
light yield: 70% of Nal

Costly:  15%/cc ?
Noisy: ~ 1MeV

®80 x 120
Large size LSO (Ce:Lu,SiO?) crystals are in production
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e BESIII TOF
e Plastic scintillator
 liquid scintillator



Structure of TOF
 Aim: particle identification (PID)

Scintillator: 2.4 m long, Scm thick
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Test beam at IHEP: for various types of
scintillators, thickness, wrapping materials, ...

120 q‘%\: 1T T 7T I L | L I |||||||| I L B I ||||||||
- b“ = -
_ O ESR 140 - Tyvek wrapping,HV=2000V ® 5cd08 -
1m0 | O Al foil (a) BC404
i A EJ204
i 120 -
100 — i
[ - %’ S }
— B - ~
&9 %
© 100 + -
80 * +
B0 - —
|
70 I t
5 + }
+
| 60 -
60 1 1 1 | 1 | 1 | 1 | I
-150 -100 -50 0 50 100 150 AT BT AU RPN B AU R R
5 10 15 20 25 30 35 40 a5

X (cm) position to PMT/cm

Barrel Endcap
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KamLAND: the ultimate reactor
neutrino oscillation experiment

Crane

-1 kton liq. Scint. Detector
in the Kamioka cavern
~1300 17" fast PMTs
*~700 20" large area PMTs N/ £
30% photocathode coverage ! (| Outer water tank

Rock lining

‘H,O Cerenkov veto counter Inner tank
Multi-hit deadtime-less Egescitt
Container

electronics

« Am? sensitivity 7+10-6 eV?2
LMA-MSW solution
within reach on the earth !

2@ Aluminum sheets

Phototubes




Palo Verde

12 ton Gd loaded scintillating target
Muon Veto Central Detector
| [© O[O0 O[O0 O O ©

4.5m

e PV scintillator:
Gd(CH,(CH,),CH(C,H,)CO,),

eAttenuation length: 11m

eLight yield: 55% antracene

. 9m .

optical w # optical

o o . ) fiber LED \ LED fiber
PV aging: 0.03%/day, T scnfilator | ol =

*Chooz aging: 0.4%/day 0.1% Gd-loading
o 0 = 1
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Mixing
Purification
Quality control
transportation
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Cerenkov detector

e Water Cerenkov imaging

e Water Cerenkov calorimeter
e DIRC



50 kt water Cherenkov (22.5 kt fiducial volume)
~ 10,000 20" PMT



Neutrino detection

v + e scattering: forward peaking

SK Event Display

[

Cerenkov rings

| Fc
PC

Stopping muons




Water cherenkov calorimeter

i : -- MC
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DIRC(detection of internally reflected Cherenkov light)

Babar

Mitrogan |1 WWater
|

Flirrar I
| #
1.7 em | Quarz [T
\ o
&
l.'.it".-rI
t‘:'f Side View
&

PMT Mane

Wlirrar 19 M |

144 quartz bar,
4.9 m long
10751 17 PMT
35 PE/track

i 7 mrad angular reso.

/K @ 4 GeV = 30

CIRC Bars

Suppad[Tubs S35

'"i.'ll'l- ]

1 1 1
- 500 400 -3m

1
-0
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T 1 T
dem 100 200

1
400

—ai0 -
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a0 [

5 I BT TS PR N B T P FE S

Track Momentum (GeVic)



Ideas to reduce the cost

 Radiator:

— high quality acrylic slabs instead of quartz bars
* Readout:

— multi-anode PMT (single PE ?)

— MCP + timing info. (100 ps ?)

— a mirror + APD array (noise ?)

A collaboration between IHEP and GSI, Germany
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