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From proof-of principle to reality
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Options and collaboration

- Scintillator HCAL - analogue
* Prague, DESY, Hamburg, Heidelberg, ~
MPT Munich, Wuppertal, Moscow (ITEP,
JINR, LPI. MEPHI), Kobe, Shinshu, N.Illinois
> or semi-digital
+ Gaseous HCAL - digital
- RPC, GEM, Micromegas _

 Annecy, Lyon, LLR Palaiseau, IHEP Protvino, CIEMAT
Argonne, Boston, FNAL, Iowa, UTA

- Electronics and DAQ: common design for ECAL, scintillator and
gaseous HCAL
+ LAL; Cambridge, Manchester, Imperial, UCL, RAL
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Towards the LoI

*  Optimize geometry

5

- Validate particle flow performance CALJ‘GO

+  Develop calibration scheme Test beam

- Demonstrate compact technology

- Study detector integration Here could be
your ILD logo!
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Scintillator HCAL

* 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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Geometry optimization

+ Presently starting new round of £
detector optimization, using =0 Ao oo Zehot? )
PANDORA and a new, much more & os- ; ® 100 GoV Jess
detailed MOKKA simulation 2 »
+ Baseline: stainless steel, square ﬁ - I
tiles = L o |431%;| |53
- Also considered: brass or lead . "I'q:u
L. . 300 25 30 35 40 45 50 55 60 65 70
- Scintillator STF‘IPICTS M. Thomson (Cambride) Number of HCAL Layers
Depth

- Sampling structure: thicknesses of absorber and scintillator
- Cracks: number, width, position in z, orientation in r¢

» Radial variation of transverse segmentation; strips vs tiles

+ ECAL HCAL transition

- Timing for PFLOW
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New Mokka model

Heal layer support length
J— -—

+ Revised, refined, realistic

par‘ameTer‘izaTion / \ stainless steel

* New degr'ees Of fr'eedom \T .- BN aluminium

scintillator

(polystyrene)

old radial stave

’

old radial stave

" <—-
r_air_gap

7
¥

= new tilted stave
new tilted stave

- Detailed modelling
of layer edges

—

\Z; / % interdmtion pount * End CGPS
new tilted stave
A. Lucaci, R. Diener (DESY)
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Validate shower models

M. Thomson (Cambride)

1. Model uncertainties | andorarrave E,; oc/E = 4lVE,
+ | =,
on PFLOW Lo
0
per'formance LDCOO0SC QGSP_BERT 45 GeV 22.6 %
LDCOOSC LHEP 45 GeV 23.2 %
LDCOOSC QGSP_BERT | 100 Gev 29.3 %
2. Confron’r shower LDCOO0Sc LHEP 100 GeV 30.2 %
models with test
beam data $100 | B T i ]
* Firstresultson /1 QGSP.BERT . , ‘
global properties s X 0201}, :
s O LHEP . 55,
3 015 *¢ -
+ Next: fully 401 ] i e
exploit 20l ] 0.10F . .
granularity for : | i : .
i O 40 G 5060 6 ; ‘llll‘\\\\‘H||||\H‘|H\‘llll‘\\\l%\\_:
fine structure 01020 50 40 50 60 Z;?ﬁ?v, 000 St ol

E cam [GeV]
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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
= 100 - . : .
— : P o1x1k1 ; : :
= so [ @ 5xs5k1_ ! :
= -
:— 70 oo
— E‘ci 60 |
E E s0 |
E o 3] [ i 1 i i i |
= S 40 st B e e e
= 42 B GeV track/ 15 GeV cluster < : ' | ! : !
= 1 8 GeV track/ 15 GeV cluster 30 bBo—t A
f 10 GeV track/ 15 GeV cluster
- 12 GeV track/ 15 GeV cluster 20 3 - ! f f ! f
= ¥ 15 GeV track/ 15 GeV cluster 10 oo T el
= @ 18 GeV track/ 15 GeV cluster i .
E e 20 GeV track/ 15 GeV cluster c J ™ J ! i y
1 I L1 ‘ L1l L1l I 1111 l 1111 | L1l I 1111 I 1111 ‘ L 11 I 1 0 5 10 1 5 20 25 30 35
0 20 30 40 50 60 70 80 90 100 110 Distance between showers [cm]
distfmm] A. Raspereza
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Calibration procedures

+ Non-linearity correction: E — Gt
test with electron data = 10" S e e

----- Simulation, test-bench response
—— Simulation, scaled response

* MIP calibration: in test ¢ wp—Fm——& =
beam data, explore use of ™ | e
MIP segments in hadron N -5 ,
S howe rs mi ': ’ . >0 sﬂn ener91:.-":| FMipl
N B I N T
+ Correct for temperature- T e P 30°C o
induced variations € of -20c
- Use T-sensors and -y <
measured T dependences ® 4
100 :
- Use gain monitoring, adjust = ;
VOITGQC s 0o oo w200 O N I A N R
- Bias voltage [V]

GAIN
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Tile sensor systems with WLS fibre

* Present test beam system
- 5mm thick tile with fibre, MEPHI/ PULSAR SiPM, 15 plxels/MIP
- Several new options: reduce to 3 mm thick tiles it
- Hamamatsu MPPC-1600
- MRS APDs (CPTA) °

M.Danilov (T TEP)
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Compact layer design

Reflector Foil Polyimide Foil HBU Interface
100um ASIC [0O0um pc 500um gap DESY
Sector > . ’ 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
6.1mm Hm welded to bottom Plates
plate (steel)

(4.9mm without covers => absorber)

integrated M.Reinecke (DESY)
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Integrated electronics

AHCAL S | ab Front end ASICs embedded

1716 of barrel half 6 HBUs in a row Interfaces accessible
S HBU
HCAL Base Unit
12 x 12 tiles
£
S SPIROC
" 4 ona HBU p )
L o ower.
40 yW / channel
. HEB |
- HCAL Endcap Board Heat:
Hosts mezzanine Tgraa 0.3K/2m
modules: Time constant: 6 d

HLD CALIB and POWER Pé&oettlicher (DESY)
HCAL Layer Distributor
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L.

IN '/

Common to the :

36 channels

Low gain

Preamplifier

0.1pF-1.5

High gain
Preamplifiel

DAC
output

r———-

F

New ASIC on the test benches

Slow
er

50 -100ns

100ns

Analog me

Depth 16

Depth 16
epH

Fast

4-bit threshold

adjustment _/_

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

L.Raux (LAL)

Slow
pF »er
50-

Charde

READ

ariable

10-bit DAC

TDC ramp
300ns/5 us
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R.Fabbri (DESY)
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EUDET prototypes

ASIC
: 3 g TQFP-100
dimensions in ym
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Detectorsfor the DHCAL

Resistive plateq

Drift electrode ~-800V

3

I
L
o
<
a
g

Micromesh

Amplification  Conversion

Strip read-out



UMEGAS: 16x6, 32x8,32x12 1cm? |
produced and tested. Larger size Mommmm - cmmmm=m

detectors are under devel opment e
Felix Sefkow ECFA08, Warsaw, June 11, 2008 UMEGAS-IPNL-LAPP |



The challenge:

Embedded Daisy-chained electronicsis the solution

P T
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4-Chip project




Electronics

HARDROC
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Fichier wertic s ase de TIPS Declencherment AMchage CuUurseudrs

IF'!rst Daisy
| o _
|

H1= 325.79 p= = -16560.00 p=
H2= 165.79 p= 1 f4ax= -5.2500 kH=x

Eaiting for Tricder
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preliminary
o TFE 93%
GRPC o[ Isobutene 5%
32x8 pads E SFé 2%
RP:licron o .
sl ho gain corr.
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Final confirmation of the success of our electronic
readout system will be coming soon with the beam tests
with 5 fully equipped detectors (32x8 pads each):

10-17 Jduly :

beam test@ps-cern
3-11 August :

beam test@sps-cern

To study:
* Efficiency and multiplicity

vs.angle, position, particle multiplicit
* put also the first phase of the Hadronic shower
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Perspectives

A -

The technological prototype optimization is going on to optimize the design
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Event with a 20 GeV &t

Spacers —
glishing lines

= Glasses

Frame — \ ! !
[3 lTlI'lI] o N

‘)paum‘.

] direction Beam
Gas outlet

SN O 2-aXIS Normal to (1,1,1) axis
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DHCAL Summary

o A dlicetest with thin GRPC fully equipped with a new
generation electronics was tested successfully

 Beam testsat CERN scheduled in July, August

A 1 M2 detector is expected for October.

« A prototype isfunded and to be built before 2010

e |ILD Simulation and optimization tools in preparation

Felix Sefkow ECFAO08, Warsaw, June 11, 2008 The LD HCAL - towards Lol
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Mechanical structure, integration

MA_HCELL Kschioneck ,mfl

. Aggr'eSSive d@Sign: 3mm WG”S —_ VALUE PTION: ACTUAL
* No additional spacers Tinkos
- FEM calculation with sector details for full
barrel
- Max displacement 2mm, stress v/
- Integration with cryostat and ECAL

B01.7 |
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“DHCAL” Mechanical Structure

e No cracks: Each particle crossing the same number of detectors
e no problem concerning particles produced with the 6 = n/2
e HV cables,gas tubes, electronics board (DIF).. Cast between the

DHCAL outerside and the coil
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Potential energy 1.05726e3 )

1.7

1.63
1.36
k]
1.02
0.85
0.68
0.a1
0.34
017

0

« AHCAL » vs« DHCAL » structures

AHCAL Fixing lines

Felix Sefkow ECFAO08, Warsaw, June 11, 2008

DHCAL

Fixing lines

M.Anduze (LLR)
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Non-pointing option

» Also possible with 2 rings and
electronics at barrel end face

“- Lam m aa - PV N

o - I I |
N 0 \CWHUI maore LOT[\PIIL reda arid

less stable, but OK

- Do we need it?
- No air gaps

- almost complete filling

- Simulations will tell

Felix Sefkow ECFAQ8, Warsaw, June 11, 2008

......

.-A

K Kschioneck (DESY)
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Towards the LoI

Optimize geometry ILC

ey ¥
R s

- CALi(ed
DCVCIOP CG'IbI"GTIOH SCheme égl_c_n_rimeterforlL
Test beam

Validate particle flow performance

Demonstrate compact technology

Mechanical structure & detector integration ere could be

your ILD logo!

Will come along for both options
DHCAL emphasis presently on test beam preparation
and technology
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Felix Sefkow ECFAQ08, Warsaw,
June 11, 2008

Backup slides
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Tile granularity

+ Studies with PANDORA algorithm, full simulation and reco.

1x1 3x3 5x5 10x10

= u
: € o4l Z—> uds (|cos|<0.7) .
S ® 180 GeV Jets
:q‘.; B @ 100 GeV Jets
& 0.5:—
: : . = [
* Confirms earlier studies for test = e o
beam prototype B :
. 2 i S N R R
3x3 cm? nearly optimal ) P SIS S ——

M. Thomson (Cambridge) ~HCAL Cell Size/cm
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Tile sensor direct coupling

Possible with blue-sensitive esocosmms & 7| N.DAscenzo (DESY) |
sensors ot :

- Hamamatsu MPPC 1600 (400) /= / et
Obtain about 7 (11) px/MIP | o 1
from 5 mm tiles; low noise CTE e e e

- =» increase area

Need to restore uniformity
- Some add® light cost

1004 .
. . ‘.

L]
ER
H
§ +
2
& s
, .
T .
B i
!‘-:_H_ H

= 1, vizutshi (NTL)

kil 15 10 4 )
Source Pastion, mm

Other proven option: strips o A
- CALICE SciW ECAL D.Jeans (Kobe)

§§ 5 srip llh-ll’l*{_
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Tile PCB coupling

_V.Rusinov (ITEP)

- Scintillator photo-sensor system
has to match electronics PCB
tolerances

- Several options

- Mega-tiles (easier assembly, but
some optical cross-talk
- New: idea "lego” tiles with
alignment pins
30x30x3mm3

I
| =4

@

» Other option: surface-mounted
sensors on PCB

- Different integration chain

P.Rubinov (FNAL)
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Optical calibration system

SiPMs, MPPCs are self- 7:‘":"r"-‘!'*-"f““"gu;f M.Reinecke DE_?y)
calibrating

- Ph.e. peak distance ~ gain
Embedded LEDs

- electronic signal distribution
- tested, no cross-talk to

distribution

sensors seen e
- To be optimized: dynamic i Wb
range, LED uniformity J | (Wuppertal)
Alternative: central driver M Y m
and optical signal g LJ’ | Mﬂl

I.Polak (Prague) :@ -




