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AI-I@ Outline

C_élorimeter for IL

The CALICE approach to particle flow
calorimetry

ECAL and HCAL projects
- More detailed talks by N. Watson, J. Blaha

Srintill
OCifini

Towards higher energies
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ALI@ CALICE

C__E;Iorimeter for IL
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*  We are more than 200 physicists and engineers from ~ 40
institutes in America, Europe and Asia

*  Our goal: develop highly granular calorimeter options based on
the particle flow approach for an e+e- linear collider

» Twofold approach:
- Physics prototypes and test beam
- Operational experience with new technologies
+ Test of shower simulation models
* Development of reconstruction algorithms with real data

- Technical prototypes
* Realistic, scalable design (and costing) early next decade
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@ﬁll@ Technology options and synergies

C_élorimeter for IL

The effort comprises the different options under consideration
in the ILC detector concept groups ILD = LDCUGLD, SiD

ECAL:
- Si W with 1x1 or 0.5x0.5 cm? pads, or MAPS
- Scintillator strips + W

HCAL
- Scintillator tiles + Fe ("analogue HCAL")

- (Gaseous read-out + Fe ((semi-) digital HCAL)
- RPCs, GEMs, Micromegas

Common use of infrastructures and frameworks
- Versatile absorber structure and movable stage
- Variants of coherent front-end micro-electronics design
- Common DAQ
- Common online software and analysis framework
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CAL(@®  Test beam experiments

Calorimeter for ILC
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AI-I@ Si W ECAL prototype

C_élorimeter for IL

CALICE - ECAL

8T = ‘_ 1-;_ Ewha Univ., Sungyunkwan Univ.,
HitAS Kangnung NU , Yonsei Univ.

LAL,LLR,LPC-Ct, LPSC, PICM

ITEP,IHEP, MSU
Prague(iop-ascr)

1 Imp. Coll, UCL, Cambridge
=< Birmingham, Manchester,RAL, RHUL

See N. Watson

30 layers, 24 X, (20 cm)
Alveolar structure, carbon wrapped W

9720 channels - in an (18 cm)3 cube 6x6 pads '
1 x 1 cm granularity |
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scintillator ECAL

GLD-ECAL-Scintillator-layer model

® strips in perpendicular directions
EM-Scintillator-layer model absorber plate A

Cross section

1cmx4cmx2mm
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particle

particles
T.Takeshita@Cambridge ILD Sep08
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Deviation from Linearity (%)

linearity

without/with saturation correction
® saturation correction

® improves linearity

before correction

saturation corrected
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® with electronics

HCAL electronics (DESY)
based on mod. SIW ASIC (LAL)
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Calorimeter for ILC

* Inthe US:
- RPC based digital HCAL
* First test beam data with small 9
layer stack
+ Next: Im3 prototype
- GEM option also being developped

- In Europe:
- Semi-digital prototype based on
EUDET electroncis

- RPCs and Micromegas

- See J.Blahd's talk
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CALi(ed DHCAL projects
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CAI@ Scintillator HCAL

Cglorimeter for ILC

Novel multi-pixel Geiger mode
photo-diodes (SiPMs)

- B-field proof, small, affordable
High granularity with scintillator
at reasonable cost

- photo-sensors integrated

Opens revolutionary design
options:
- embedded electronics and

calibration system for minimal
dead zones

- thin readout gap
Granular, compact, hermetic

(DESY)
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CAi"i@ Integrated electronics

C_E;Iorimeter for IL

1/16 of barrel half AHCALSIC(b Front end ASICs embedc./ea’
6 HBUs in a row Interfaces accessible

HBU
HCAL Base Unit
12 x 12 tiles

SPIROC
4 ona HBU

100 cm

Power:
40 yW / channel

H =

HEB

HCAL Endcap Board Heat:
Hosts mezzanine T grad. 0.3K/2m
modules: Time constant: 6 d

HLD CALIB and POWER Pé&oettlicher (DESY)
HCAL Layer Distributor
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— New ASIC on the test
Lifeo |
Q£ benches

* Auto-triggering and tfime measurements
- ADC and TDC integrated
» Power pulsing, low (continuous) power DAC

1. F
_| | SlOV\ér Analod me L.Raux (LAL)
Low gain 50 -100ns Gai
B I Preamplifier o
| Slow
| 0.1pF-1.5pF er
P Charde
¥ 50- measurement
._T_| Depth 16
100ns
H READ
IN / High gain Fast
Preamplifiel \Viariable
et
rigger
99 | Flag
P TDG
DAC |
- output ’ ,'_'::'_':::.'::'_'::'_'::'_'?,::'_'::'_’::'_’::'_’::'_'::
—_ Analo -
r -i Time
Common to the | 10-bit DAC VD FEmfy | measurement 9 o
36 channels | 300ns/5 pis | outpu : '
L - t R Fabbri (DESY)
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@@9 Compact layer design

Calorimeter for ILC

Reflector Foil Polyimide Foil HBU Interface
100um 100pm  pc 500um gap DESY
Sector ASIC . ’ Top Plate S
wall  Top Plate TQFP-100 8Q0um 500 y pacer
fixing Imm-high stee 7mm

Component Area:

900um high Bottom Plate Bolt with inner
HBU height: 600 M3 thread  AoSorber
Hm Plates
6.1mm welded to bottom {Sfee /)
(4.9mm without covers => absorber) plate |
. M.Reinecke (DESY)
integrated
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CALI(ed Embedded LEDs

Calorimeter for ILC

. . ) ) ) M.Reinecke (DESY)
+ electronic signal distribution \

*  tested, no cross-talk to
sensors seen

+ To be optimized: dynamic
range, LED uniformity

*  Followed up by Wuppertal
group (non-EUDET)

1M

----------

o S.Weber i = futfal §a2
(Wuppertal) = '

30f
20f

10|
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AU@

C_élorimeter for IL

* Non-linearity correction:
test with electron data

*  MIP calibration: in test
beam data, explore use of
MIP segments in hadron
showers

» Correct for temperature-
induced variations

Use T-sensors and
measured T dependences

» Use gain monitoring, adjust
voltage

CLICO8: Calorimetery, Scintillator HCAL

counis

Calibration procedures

10 GeV e~

— Positron data, uncorrected

— Simulation, no saturation
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CALI(e@ 1 and e response of AHCAL

Calorimeter for ILC

= [
s [
E 0.1 2 __I T T T T T T T T T . 'Déta' __ a [ .
g C % [ Systematic error band ] E 1500__ Positron data
o 01 7 MC (no detector effects) — s B
IS C I o %##% MC (with detector effects) ] T L
£008 Vi = s T
5 C ] % 1000~
2006 F } 7 - gt
L T - u =
0.04 :— | CALICE preliminary —: & K Response
- i ; . 500
0.02 - . 7 i
RN i bae -
0 10 20 30 40 50 0 "I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
Visible Energy [MeV] — 10 20 30 40 50
2 .
< 2 4 Positron data
T LY ® Positron data H
; | o Digitized simulation E 2
E’ B ;\ Fit: 6,/E = a/NE® b @ 2 Mip/E 2
B 0.06— g 0
c o -
2ol Resoluti § o
= b esolution x -2 - :
] - (non-)linearity
2 _
= B 4
2 0.04 C %
B Tz -6
[~ _I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 10 20 30 40 50
10 20 30 40 50 Beam energy [GeV]

Beam energy [GeV]

CLICO8: Calorimetery, Scintillator HCAL Felix Sefkow  October 15, 2008 20



CALI(e2 Pion data: test shower models

C_élorimeter for IL

1. Model uncertainties

on PFLOW
performance

Confront shower
models with test
beam data

»  First results on

global properties

+ Next: fully
exploit
granularity for
fine structure
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CAL(ed

C_Elorimeter for IL

Substructure
visible

Classification
according to
amplidude and
topology

- EM like

- MIP like

- Hadron like

- Neutron like

Starting point
for weighting
procedures

Imaging HCAL

>1.8MIP & <4MIP
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AU "Deep analysis’

C_élorimeter for IL

EN-like

Hadron-like

Ideas V.Morgunov, first steps M. Groll (PhD thesis)
Shower decomposition, using energy and topology
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ALI@ Validate PFLOW
performance

+  Test beam 'jets’ would require magnet and tracker (future)

+ Jet energy resolution depends on hadronic energy resolution and
confusion

» High granularity, low occupancy: use event overlay techniques
Two particle separation in test beam data and Monte Carlo:

HCAL only
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CLICO8: Calorimetery, Scintillator HCAL Felix Sefkow  October 15, 2008 24



C_Elorimeter for IL

Parameterize
confusion term as
function of 2-
particle separation

Still optimization
potential in PFA -
fully exploit topology

At a few 100 GeV

PFLOW and 2-particle separation
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CALlC

Calorimeter for IL

R * 45 GeV Jets
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At high energy

rms,,/ NE/GeV

HCAL and jet performance limited by constant term:
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I.IC Shower extrapolation?

Calonmeter for IL

* Naively: check the rear section of HCAL whether shower “"ended"

* Problem: large shape fluctuations and disconnected fragments
- Does not work as well as for e.m. showers

Sum of Energy in last seven lavers VS Energy leakage

:IIIIlI'III |IIII|IIII|IIIj ||I.I|II'II|IIII|IIII||| i
2 R UL RNy S — il - —a- —a- —
22 S "* b—qudrk200 CeV E 220 | c—qqurkzmmv e
20 e g 2 S IS S e
7.5 Frprebopmane B o T L T e e ey S et
15 e e 15 Y T T
125 i A 4 125 ety
L | s SRS S — 10 e 3
7.5 Eemgfmeiiiaedodlon b 3 7.5 =
R = 5 =
25 L ST AR SO IR R - 1 = N S B
1l quIII |IIII|IIII|III-:f lnﬁ:|ﬁun|’|||ﬂ||||||||||||| i
510 15 20 5 10 15 20

V.Morgunov

CLICO8: Calorimetery, Scintillator HCAL Felix Sefkow  October 15, 2008 27



mean energy [au]
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Au(ed High energy:

C_élorimeter for IL

Need to get the best out of particle flow

Intelligent design of transition to classical calorimetry
Leakage estimation from topology: just a start
Combination of observables to be studied

New ideas and contributions welcome |
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AI-I@ Conclusion

C__élorirﬂeter for IL

CALICE program in full swing

Data analysis is reaching precison for confrontaion
with shower simulatiosn

Full use of imaging power still ahead
Unmapped territory at high energy

Technical prototypes underway addressing the right
ISsues: compactness, integration
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