]  FNAL, 26.10.2000

The hadronic

Tile Calorimeter
for the TESLA detector

Design and performance studies
in frame of:

ECFA  DESY

/ Linear Collider Workshop

Actual status of

*design of HCAL
*‘scientific view
‘engeneering view

*the readout system
*'scintillator=wl.S=fibre RO
'*photodetectors
*electronic RO

‘performance

*‘calibration

*Installation

*R&D and future tests

4

LCWS 2000, V.Korbel, DESY
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The Mask Regibn

Design of the mask region
e Tungsten shield for backscattered pairs and secondaries
o Neutron shield (graphite absorbers)

e Shield for synchrotron radiation

e Instrumentation for small angles

— Low Angle Tagger (LAT)
~ Luminosity CALorimeter (LCAL)

LCWS2000, 25 October 2000 Karsten BiiBer (%)



*TPC (measures charged tracks)
* r= 150 cm, 5 x 107 pixels, 3-dim. reconstr.,
* dp/p? =0.6x104(GeV/c)l,
» dE/dx for e, t,p-separation
*calorimeter barrel (2 halfs)
* electromagnetic, ECAL,(y’s)
2%30X0,~1A
* Si pads / W absorber
* hadronic, HCAL,(neutral hadrons)
* 4.7 A
* scintillating tiles/Fe absorber
*calorimeter endcap (2 caps)
*electromagnetic structure as barrel
hadronic structure as barrel, but 10 A deep
*Fe instrumented yoke with 4 RO gaps adds 4 A
*coil
4 Tesla, 80 cm thick, 1.8 A of dead material
*muon system
* leakage measurement
* more than 10 A deep
*mask calorimeter around beamline ’

4
LCWS 2000, V.Korbel, m%v
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i FNAL, 26.10.2000

The sampling structure

*Fe/scintillator sandwiches, 2/0.5 cm,
*0.1 cm gap for clear RO fibres (d = 0.8...1.0 mm)
*0.05 mm gap for reflector foil and tolerances

more about the scintillator and tiles

escintilltor: area : 5860 m?, weight 30 to

*high multiplicity events, separation of neutrals:
*>> very high granularity even in HCAL
sscintillator tile sizes: 5 x 5 up to 25 x 25 cm?
*0.73 x 10°¢ scintillator tiles

The way of the light to the readout

« wave lenght shifter fibres (d=1 mm)

* coupling to tiles in engraved loops

* coupling to long clear RO fibres (d= 0.8...1 mm)

» mixing of adjacent tile fibres to cells in

* green fibre mixers in front of photodetectors

* total HCAL: 202000 ADC-RO channels:
128500 in barrel + 73500 in endcap

4
LCWS 2000, V.Korbel, DZI!S‘Y
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4 ~ FNAL, 26.10.2000

Consider: a. ¢ opbrius 4

*light attenuation in scintillator (= 100 cm)

*light multiple reflection efficiency in scintillator
+light transition to WLS fibre

*WLS absorption depth for blue light,(=~ 0.03 cm)
*WLS light conversion efficiency (blue >> green),(= 1)
*WLS fibre green light trapping efficiency,(= few %)
*light loss in WLS fibre bending curvature

*WLS fibre attenuation length ( > 3.5m)

*WLS to clear fibre transition losses, (= 10%)

*clear fibre attenuation length (> 10 m, needed 4-6 m)
*light loss in clear fibre bending

*light attenuation in fibre mixer

*photodetector conversion efficiency.

¢

LCWS 2000, V.Korbel, DESY



5  FNAL, 26.10.2000

light reduction from scintillator to electr. signal

reduction factor:

tile tickness = 5 mm: 10000] photons
Scint. to WLS transition 0.25 2500
trapping of green light 0.065 163
attenuat. along WLS fibrqg 0.9 146
transition to clear fibre 0.9 132
attenuat. along clear fibre

6 m, 10 m att. length 0.55 72
fiber mixer 0.9 65
Photoeffic.
PM (green sensitive!) 0.07 5 p.e.
APD 0.8 52 p.e.
minimum 3 tile layers:
3?&':

APD noise signal from DC 104 e
|2nA DC, 10 ns shaping |excess noise | ~ +/-25 e
APD 6255 e
PM 2x10*7 e

APD needs preamp and shaper

nclusion: ”P’

4
Need of photodetectores with high photon
conversion efficiency at A= 500 nm.

=

LCWS 2000, V.Korbel, DESY



FNAL, 26.10.2000

photodetectors
magnetic field, green light!
*APD
*MPD
*HPD

*VPD, VPT
?

preamplifier
low capacity (20-30 pF) APD’s
* noise < 1 MIP
* capacitive adaption
» shaping for good time measurement
* linearity
* time measurement

* additional shaper

*12 bit range, 3 thresholds
* At = +/- 2 nsec
see LC-Notes on all 3 topics

’
nt’sw

LCWS 2000, V.Korbel,



7 FNAL, 26.10.2000

TESLA calorimeter studies

calorimeter simulation studies with GEANT:
econtainment
*energy resolution
*missing energy sensitivity
*MIP signal -noise separation
*in detail:
* shower development and cluster sizes

-+ Jateral tile size and cell layer thickness
* cell arrangement in depth

* neutral hadron (K, °, n) identification

energy and position resolution:
e particles
e jets
so far:
final realistic tile and cell sizes ?
>> 5 x 5 cm? 25 x 25¢m? tiles ?
>> cells of 3,3,3,4,4,4,5,5 and 8 tiles in depth?

r
LCWS 2000, V.Korbel, DI!SY



Particle reconstructed energyl

2000/04/02 17.43

Reconstructed energy vs Beam kinetic energy
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Particle energy resolutionl

Energy resolution

2000/04/02 17.43

40 T I | T T T | T

== Electron

1T 7177

e F’hut@on

Sigma(EVE %

= F'rotci'.m

30

LN R | 1T 11

20

15

T F 1T 1 | T 177 i 1T T 1

10

T T 1

25 [ g

T

35 o A L A -

] eleatage

/20 Wuﬂﬂb’

Jil]il|IIlIEIIII|II|LIlII

I B i | i1 1 i

V.L. Morgunov

1/sgqri(E)

Wasiliy Morgunov

Padova, 5-8 May 2000



| Jet reconstructed energyl

2000/05/01 11.52

T Reconstructed energy vs initial parton energy
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[ Jet energy resolutionl

Energy resolution
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* prototype calibration runs in test beams (0 T)

* cosmic [’s (0 and 4 T), useful rate < 1 p/ se M
energy cut by detector nitirgb( Qf& ev)
strongly bent by field

* halo u’s from TESLA, rate is several 10/sec/ N cop

* real events from TESLA:

*500, 800 GeV runnmgl
-GigaTZ"

| | | l

o |
nt rat E V), Lumi

bypass

energy: 91 91| 300 500 1000Gev |
fluminos.] 4.5 7 2 3.5 4.5

10733 10731 (104341023410~34em %' | |

time 20 200 200 200 200days for calibration:
€e | 1943 1943 400 120 40pb  Xsect. |
18 2.3 132 73.2] 36|events | |
‘ A ] I (1076) {
qQq 4000040000 7.0 2.5 0.7pb |Xsect. |
310 48.2) 2.5 1.6)] 0.7 events |hadrons pt of jnt;

. B (10~ B) tracker-calo
ww | 10, 5pb  |Xsect.

3.5 3.0/ 1.3|events 11% e,v ’
(10”61 63% hadr.pt jet, W mass

L
-

Z+y 6.0 2.0 0.4pb  |Xsect.
2.1 1.2 o.aevents 3.4% e,e |
(1076) ’

ZZ 1.0, 0.3 0.1/pb xsact

03 0.2 0.1levents 3.4% e.e
 (1076)70% hadr,.

Y+ y

7.00 3.0 0.6pb [ Xsect.
2.5 1.8/ 0.5/ events |
(1026)]




'FNAL, 26.10.2000

use of:

*single charged track, comparison with tracker

e i, 1) reconstruction with 2 y’s

* et e, ut u final states

* jet pt balance

eete >>vZ, pt balance

o 77 special running (Giga-Z) ., /w’,‘”

calibration accuracy: b
erelative cross calibration with u’s, 21 %/cell
*absolute calibration with u’s, 4 T,
buut; cosmic and halo u’s,
hno vertex pointing,
needs long data collection time,
>> data taking also in gaps between BC’s,
also trackers to be read out!
*particles from vertex interactions:
- e.g.. H1,
constant term of hadronic LAr calorimeter:
AE/E =~ 4% (1. year)
AE/E = 2% (after 5 years)
further improvement expected >> =~ 1.5%
e TESLA: soon results from detailed simul
expected

E %

LCWS 2000, V.Korbel, DESY
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10 FNAL, 26.10.2000

1/2 Barrel:
individual 16 HCAL modules

modules have 2 support bars >>

modules are equipped and tested with cosmic LL’s
assembly outside the coil vessel in circular scaffolding
with special installation machine, gap distortions small >>
strong fastening between adjacent module pairs
adjustment of assemby to loaded cryostat dimensions >>
fixing of barrel by 2 steel belts
test of all channels with full electronic and cosmic |’s
roll in on few ‘tank weels’ >>
Barrel:
insertion of both 1/2 HCAL barrels
insertion of ECAL modules,
S modules along ,’f parallel rails
Endcaps:
quadrants are tested in horizontal position with cosmic u’s
final assembly outside the coil vessel on floor rail
2 quadrants assembled on place in half wheels, left/right
roll in on few ‘tank weels’ along beamline
closing of half wheels around beamline
insertion of some leakage detectors in the gap to the




11 FNAL, 26.10.2000

Some technical HCAL/ECAL Dat

*2 x 16 barrel modules
» weights:
* 15.8 to / barrel module, x 16 = 250 to,
* 4 quadrants build 1 endcap module with 210 to
* total HCAL weight is 920 to
* barrel HCAL carries ECAL
* ECAL weight: 206 to W and 4.4 to Si
* instrumented Fe yokes follow hadr. endcaps
* mask calorimeter around the beamline installed first
* “simple insert calorimeter”, for leakage measurement
between mask and endcap ECAL and HCAL possible
installed as last calorimeter part
» access to all operating HCAL electronics,
without any moving of HCAL
when only instrumented iron shell is opened
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| Fiir einfache Transporte [

Walzwagen Express - Die Soliden

Anwendungsbereich:

W fUr kurze Transportwege

m mdglichst auf geelgneten Fahrbahnen wie (Kran-)
Schienen oder Stahltragern

B Transportieren mittelschwerer Lasten 2.8, in Ofen,
von technischen Einrichtungen, far Betonverscha-
lungen, in der Lagertechnlk

W als schwere Rollenbahn geeignet

B hel geringsten Einbauabmessungen einsetzbar

Gebrauchshinwelse: Hauptmerkmale der Baureihe __ C:
= betlangerean stilistandzeiten (diskontinulerlichen | stabile, sollde Grundkonstruktion

Transporten) Modelle mit gendrtetem Mittelsteg wahlen H niedrigste Bauhdhe mit toleriertem Hdhenman,
& im Falle mdglicner Uberpelastung hdherwertiges Baureihen ... B + ... C hhenglelch

Rollenmaterlal S0Crva verwenden B kann gegebenenfalls an die Last geschwellt werden
® Maximale Verschiebegeschwindigkelt; < 5 m/min B lleferbar mit gehdrtetem Mittelsteg (= Modelle C-H)
@ Hbhe auf Wunsch weiter reduzierbar oder zusdtzlich mit héherwertigem Rollenmaterial
@ Der Rollwlderstand betragt bel den Madelien 1+l je 50Crva (= Madelle C-H- 50 Crva)

nach Fahrbahn 7-5 %, Lei den grideren Modellen 5-3 %

der Cesamtlast
® im Cerlistbau mbgiicher Einsatz von losen Rollenketten

(in der Regel Linge nach Wunsch Heferbar)

Baureihe €, C-Hui mittekiog gehartat und gescilifiery, C-H-50CrV4a matenmatonal 5ocva

trag Rollen- | Tragkraft | Gewight
Mod. 4 b ¢ ed & f Rollen { anzahl | max kN kg

| 210 | 100, | 63 | 18 | 51 5

i 5 15 100 50
] Al 113 73 24 &0 10 4 13 150 1.0
T 220_| 130 80 30 68 10 4 13 3001 125
Iv 380 1 168 | 126 az 76 19 4 13 600 320

v 530 | 182 | 146 50 86 19 @ 17 800 61,0

6 MaBblatt Nr. 5 H Tonnenschwers La







| R 0 FNAL, 26.10.2000
R&D program for HCAL:
* find optimal
» scintillator
» wave length shifter fibre
* reflector foil (mirror or diffractive reflection)
» optical glue
* clear fibre with long attenuation length
* optimize scintillator WLS light transition
 shape of WLS fibre
* contact of WLS fibre
» reflectors (mirror /diffractive?)
* light transmission as function of bending radius
*WLS fibre
*clear fibre
* single or multiple cladding of WLS and RO fibres
* noise minimizing: light tightness required for fibres
* tile mould casting or cutting on Jarge boards?
* optimize fibre mixer in front of photodetector

* find appropriate:
* photodetectors E%JY
* preamps (to develop ?) 4o
» shaper (to develop ?) L RT 1Meskow
* FADC 7024 Frond
* optimal degree of multiplexing? Hockool

» study stability of system (temp, HV, LV)

* establish good gain monitoring (LED, laser?)
* minimize noise >> observation of MIP’s

* ensure radiation hardness of all components
« calibration studies with MIP’s

1 module prototype test >>>
LCWS 2000, V.Korbel, DESY
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