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Summary of the calorimeter session

First informations

1 - The jet energy flow measurement is now intensively studied
(about 50% of the talks)

2 - All the 3 regions attack this problem.

- Experts in reconstruction/Eflow begins to speak
to experts in calor.design /hardware
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Almost missing up to now I
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and not only single parhcle results

For one design == AM | AE;.¢
e 2-b jets, WW | mass resolution (Higgs)
o WW/ZZ scparation

o tt final state (large number of jets) e @ @ |
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Summary of the calorimeter session

Presentation of the session
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1. PEH("H] Gﬂ; (LPC-Clermont)

3. Yoshiaki Fujii (KEK)

Jet reconstruction studies
4. Vasiliy Morgunov (DESY)
HCAL reconstruction

5. (;‘?l Iy B()W(‘r (SLAC)

6. N(‘)I‘ll‘lé‘-l‘l‘] ("7}1'9-Lf (SLAC)

7. Henn Videau (LPNHE-Ecole Polytechnicue)
The W-Si electromagnetic calorimeter

8. Volker Korbel (DESY)

Tile hadronic calorimeter

9. [Paolo Checchia (INFN-Padova)
The ECAL Shashlik design

10. Toru Takeshita (Univ. Shinshu)

Tile/Fiber hadron calorimeter performance

11. Kiyotomo Kawagoe (Univ. Kobe)
Performance of preshower/showermax detectors
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Summary of the calorimeter session

Summary of the Eflow studies

i - Using a small granularity calorimeter |(“:f. P.Gay

> relative contribution from energy resolution | reconstruction
== reconstruction is the major part

> Granular calorimeters (all pads are 1x1 ¢cm) are very pow-
erfull detectors for jets Eflow

e about 75% of the KO arc rcconstructed at 3 cm from a |
charged track (abeol 49% af 2oem) |
e about 90% of the photon arc reconstructed at 3 cm from
a charged track (aboot 49% ot 4o f-‘-M)

Full reconstruction with classical approach (clustering)
gives already about a factor 2 improvement com-
pared to LEP detectors

For jets, AE ~ 40% VE

Prospect for improvment
Based on 3-D pattern and statistical approach, 30% v/ E could
be reached !!
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FRAMEWORK

consists in ECAL and HCAL designh and Jet
reconstruction algorithm

| s 3
® gelteciors

ECAL Si/W sampling calorimeter

Known principle

all requests fulfilled

AE, /E,~ 10,0%/\/E,
1x1lcm? pad size
HCAL Digital calorimeter

sampling calorimeter (inox) with digital pac
read-out

energy reconstructed from pad multiplicit)
(principle tested w/ ALEPH data)

1x1cm? pad size

| -y I FY\A/S I~ b I
e EFLOW algorithm
—3
Ejet_ .5 .J('l\l + E i .--‘ _I_ E

Identification and reconstruction of all eflow objects

- Charged tracks from tracker system

- Photons from ECAL = photon reconstruction*
- Neutral hadrons (Kr, neutron) = neutral hadron
from ECAL & HCAL reconstruction®

* w/ rejection of debris from charged hadron interaction

23-28-0ct-2000
LCWS200-Fermilab

Eflow with high granularity



STATUS OF TIIE ART

Follk S'\mue&iwr\ “ QecOh%)ch%\‘Om

‘________,-'—\-q___,——

Photon reconstruction
classical clustering al-

gorithm

Lepton Identification
classical technique
based on likelihood
estimator

Neutral hadron reconstruction
software of image
processing for dig-
ital calorimeter -
topological approach
= Jet reconstruction |

Refs
[Talks ECFA-DESY Workshop in Obernail
[Talks ECFA-DESY Workshop in Padova]

[LC-note in preparation]

(D
{
wn

23-28-oct-2000 Eflow with high granularity
LCWS200-Fermilab



Z decays in jets at 91.2 GeV
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» Isolated tracks

ID/particle | ¢* pE h*
et 99.8% 0. ~5.10*
pt @) 0. 99.8% ~5.107°

h* 0.2 0.2% 99.5%

() Refs. cf LC-note on Effow in preparation

[

(2) Refs. cf talk in ECFA-Obernai

23-28-0¢t-2000
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Eflow with high granularity
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Summary of the calorimeter session

L T e

Summary of the Eflow studies

> Impact on Physics
P.Gay uscs the measurement of the Higgs self-coupling to study
the impact of the jets resolution.

-
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Running from 60% to 30% for the jet energy 1‘esolutionl

e the background changes by a factor 6

e the precision on the cross scction hhZ, by a factor 1.6
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At least 40% +/'E for jets energy resolution
seems to be mandatory for this measurement
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| Programsl

e HCAL barrel geometry with electronic cells structure — done
¢ HCAL barrel hit packing for the output — done

e HCAL barrel hit unpacking (reconstruction) to XYZ — GEANT mother
coordinate system (program works inside GEANT environment and it
uses GEANT geometry routines ') — done

Super—Cluster and Cluster of hits search in ECAL and HCAL barrel -
done

e Sub-Cluster search in HCAL to make energy weighting for better HCAL

energy resolution
¢ Shower analysis — done
e Track finder in ECAL and HCAL - done
¢ Merge ECAL and HCAL to one pseudo—particle

e Merge calorimeter information with TPC information to replace charged
particles parameters to TPC measured parameters and to find the
neutral hadrons -

e FEvent reconstruction and selection
e Event analysis (the simplest one) — done
e Code consists of about 15 K FORTRAN cards for now.

e CPU time for reconstruction of one 500GeV event is about 1 second.

Vasiliy Morgunov LCWS2000 at Fermilab October 24 - 28, 2000



| Cluster shapesl
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‘ Event samplel

preunov N

Sometimes helix fit to IP allows to find hadron cluster that is at the unusual
position, as it is shown at the left side of picture.

Yasiliy Morgunov LCWS2000 at Fermilab October 24 - 28, 2000
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— no kinematic constraint was used at this stage
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e Energy Flow - Detector 5; d2D > 0.5 cm, (dF > 5 GeV), no R cut:
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o Fnorgy Flow - Detector Ly d2D > 1.5 cm, (dF > 5 GeV), no R cut:
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Summary

® A start ...

e Some optimization possible to nudge Fast Sim. EFlow — unsmeared 4-
vector

o But clearly most important step is to use fully simulated MC and a realistic
clustering algorithm

e Expect challenges with pattcrn recognition - Is 1t better than using cal.-
only? Can one approach e Fast MC Sim. results?

o Important implications for detector cost and size

=% N . . 5]
o fignure of merit is BR*/R,,

o Can one construct sufficiently fine granularity at modest R and cost 7
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Y. FUJLL JLC Eflowr

STODIES
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Summary of the calorimeter session

TESLA-TDR detector design

The tungsten-silicon pads ECAL mn

u“w«»hwmNW-ﬂIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:IIIIIIIIIIIIIIIIIIK'MrmMﬂnwmm.|nm||||||||||||||||||||||||||||||||||||||||||‘

Geometry: A “no-crack” design is proposed.

Mechanics: 1t is based on tungsten wrapped by carbon(?)
fiber with alveoli for the active slabs (with Si pads)

Flectronics o auto-trigger for cach pad and BX,
analogic zero supress, multigain preamps., and after multiplex-
g ~700 ADC’s 10 bits with digital pipeline during the beam
train.

ftecons. software © See talks of P.Gay and V.Morgunov
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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

FADC(40-100 MHz)
*12 bit range, 3 thresholds
* At = +/- 2 nsec
see L.C-Notes on all 3 topics

Untriggered contineous readout

vo,
7

LOCWS 2000, V. Korbel, DESY
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FNAL, 26.10.2000

12
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 large boards?
« optimize fibre mixer in front of photodetector

» find appropriate:
* photodetectors 5%‘?‘ ;Y
* preamps (to develop 7}
» shaper (to develop ?) LT 11eshow
« FADC T4 Hené
« optimal degree of multiplexing? MM’/‘-“

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

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

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

Barrel module prototype test >>> ¢ e, &

f
LCWS 2000, V Korbel, DESY
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CALEIDO 2 (1999 prototype)

2 Scintillators with
different time response

- First 5 Xy with long 7 scintillator
same geometry, WLS fibers ....

. CALEIDOZ

10 [

3
I
e e

[ “L

{ J{ ~, Fast scintilloter
1 [

: 5 narrow gate
L

~signal amplitude ()

| Ry
3| | ] -
oLl wide gate r—ﬂ’m'wqu -
[ ]
1
L
Ip
10"E-
I T S IR R ST IR R PR
20 40 8O aa 100 120 140 180 180 200

t (ns)

- Slow scint.: BC444 from Bicron 7 ~ 250 ns

- e/: early shw.=> high E ., and E¢ss¢
hadrons: late shw. = small E.; .

- 9 counters (3 X 3) with (fast) PM’s
FEU-84-3 FEU-1156M

- RO: narrow and wide gate (50 and 150 ns)

- Q. and Q. mix the two components

Shashlik
P. Checchia Fermilab October 26 2000 ——————— 7




Summary

‘ Testbeam Summary I

First prototype:

e Energy Resolution: < 1\/0%’, < 1% c.t.

e ¢/ separation with lateral diode works:
< 5.0 x 107* at 50 GeV

e Good Position Reconstruction

e No significative cracks

Second prototype:
e Lnergy Resolution: < ljﬁ), < 1% c.t.

e ¢/m separation with 2 decay time scint. works:
< 6.0 x 10™% at 50 GeV

e See prototype 1...

e Possibility for more compact mechanics

Both prototypes meet requirements!

Shashlik
P. Checchia Fermilab October 26 2000 = 13
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HCAL test
dule straight glooves

e/pi-ratio

2mm scintillator

® 2Gev
B 3Gev
A 4GeV

e

R 5 10 15 20
Pb thickness(mm)
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JLC-HCAL test
module tile/fiber

e

! 1
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sandwitch Hp-CALs of
Pb and plastic scintillator
have been tested

g, AT T, b Y iy e, ik i,
L i G Bl e o
i LW
TR
[ ]

need EM-fine sampling test
S‘imuﬁéﬁw



Summary of the calorimeter session

Shower position device in TILE ECAL |

In order to have a better separation e/ from hadron and a better position

measurement

A preshower (PSD) and a Shower-maximum detector
are inserted in front of the TILE ECAL.—

(SMD)

o ’SD 4.3 X0 , 6 layers of lead-scintillator sandwich and 2 read-out “lay-

7

ers
o SIVID 2 layers of scintillator strips with fibers

o Test beam at FNAL with 50, 75 and 100 GeV electrons, pions

- Test beam results

- R A i WIWIIWWHHIIMIIIIIIWI

o For €, = 98%, the pion contamination is £, ~ few 107

" : 158.
e Dosition resolution o, = — L% __ 4 05 mm

E(GeV)

> Low energy beam test

> What for jet environment ?
which gain on TCA for instance 7

October 2000 - 11- LCWS - J.C.Brient (L]

PNHE-EP)



K. Kawagoe, LCWS2000@FNAL, October 26

Preshower Detector (PSD)

Preshower Detector

Pb plate
(24mm X 24mm X 4mm)

PMT(H7195)

(KURARAY, .
Y11, 0.75mmo)

plastic scintillator
(BICRON, BC-408)

clear fiber
(KURARAY,

Clear-PSMS, 1.0mmd)
plastic scintillator

g
groove 4 Y. g
Toove | S
‘N ~ key hole groove
E ™ % 0.75mm 0.8mmé
= g £
& g
A £ =
........ e
W] N :
200mm t
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’ Position resolution.

.a-é-,zo :I LA N B I L B L B B l: $3OO LA L N L N B B A ML B
E (a) 75GeV electrons A F (b)) 75GeV electrons T
g5 £ {5050 [ -
310 F ER 1
S 5;_ _; 200 _— _.
0 F 4 150 F .
—F 3 100 F -
_‘}O ;_ _; | "
-15 E el ]

_20 :I 1 Il 1 I ] 1 1 1 ' 1 ] ] I 1 ] 1 I: O 11 1 ¢ IIIIII 11 1 1
-20 —10 0 10 20 -20 —-10 0 10 20
Xsupe (MM) Xewoe — Xewo (MM)

—
- Fosition resolution
4 for electrons

/II[IIIIIIIIIJIJ

ition resolution {mm})
o

TT T T[T T T T[T e T T[T TTT]

JIIIIIII
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O 1 1 1 | 1 1 ! 1 1 1 I 1 i i
40 60 80 100 120
Electron energy (GeV)

(1.58 £0.11) x 102
T =
VE

+ (0.46 £ 0.14) mm
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i Summary I

e PSD/SMD prototype was tested with high
energy beam (50 ~ 100 GeV)

e Excellent e-ID capability for single particles

Method rr at €,=95% (75GeV)
Rpss 14.0
Npis in SMD > 11.3
S (spread) 30.2
D (depth) 719
S and Rpso 487
D and Rpgo 1162
S and D 1162

* Reasonable position resolution for electrons "

‘ Future Prospect I

e Performance test with low energy beam 7

e R&D of multi-pixel photo devices

e R&D of scinti-strip PSD / EMC to see
3-dim. EM shower development
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