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CALICE
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CALICE —350 people/57 groups/17 countries/4 continents

» Various projects aimed towards aspects of highly
segmented calorimetry for a future Linear Collider detector,
motivated by Particle Flow for jet reconstruction.

Given focus by common test beams, combining
ECAL/HCAL/tail catcher (TCMT); common DAQ/analysis.
First round — small “physics prototypes”

» Evaluate technologies; identify problem areas.

+ Validate Monte Carlo simulations, especially for hadronic
showers, so that results can feed into full detector simulations.

« Still sizeable systems with —20K channels.

«» Second phase — “technological prototypes” (mainly under
aegis of EUDET).

» More realistic technological solutions; module dimensions etc.
Should be scalable.

+ e.g. minimise thickness of sensitive layers; power pulsing.
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PFA and calorimetry

Various technologies under study
Discuss most of them briefly today

PFA Calorimeter I

+ Basic PFA paradigm digital
% Charged energy (65%) measured in

tracking

* Photons measured in ECAL Silicon |Scintillator | MAPS Scintillator | RPC || GEM
% n/K_ measured in ECAL+HCAL megas
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% Granularity more important than
resolution in calorimeters
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CALICE test beams

Main beam tests, using =, u, € beams:

2006-7

Siw ECAL + AHCAL + TCMT @ CERN

2007

DHCAL vertical slice test @ Fermilab

2008

SiW/Scint-W ECAL + AHCAL + TCMT @ Fermilab

2009

Scint-W ECAL + AHCAL + TCMT @ Fermilab
Standalone RPC and Micromegas tests @ CERN

2010

DHCAL + TCMT @ Fermilab

WHCAL @ CERN
2011

DHCAL + TCMT (£ SiW ECAL) @ Fermilab

WHCAL @ CERN
SDHCAL @CERN
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Publications, talks etc.

+ Since the start of 2010:

« 6 papers submitted for publication

» Study of the interactions of pions in the CALICE silicon-tungsten
calorimeter prototype 2010 JINST 5 P0O5007

+ Effects of high-energy particle showers on the embedded front-
end electronics of an electromagnetic calorimeter for a future
lepton collider Submitted to NIM ; e-print arXiv:1102.3454

+ Construction and Commissioning of the CALICE Analog Hadron
Calorimeter Prototype 2010 JINST_5 P05004

+ Electromagnetic response of a highly granular hadronic
calorimeter 2011 _JINST _6_P04003

+ Environmental Dependence of the Performance of Resistive Plate
Chambers JINST 5 (2010) PO2007

+ Beam test of a small MICROMEGAS DHCAL prototype 2010 JINST 5
P01013

« + 2 more imminently.
«+ 11 new Calice Analysis Notes (preliminary results)
«+ =100 Conference talks given

« See https://twiki.cern.ch/twiki/bin/view/CALICE/SpeakersBureau
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http://www.iop.org/EJ/abstract/1748-0221/5/05/P05007
http://arxiv.org/pdf/arXiv:1102.3454v2
http://iopscience.iop.org/1748-0221/5/05/P05004/pdf/1748-0221_5_05_P05004.pdf
http://dx.doi.org/10.1088/1748-0221/6/04/P04003
http://www.iop.org/EJ/article/1748-0221/5/02/P02007/jinst10_02_p02007.pdf
http://www.iop.org/EJ/article/-search=69279566.2/1748-0221/5/01/P01013/jinst10_01_p01013.pdf
http://www.iop.org/EJ/article/-search=69279566.2/1748-0221/5/01/P01013/jinst10_01_p01013.pdf
https://twiki.cern.ch/twiki/bin/view/CALICE/SpeakersBureau

Analyses of data from older test beams
(up to —2009)
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Si-W ECAL — pion showers

2010_JINST_5_PO0O5007

Mean radius o

»  Most models underestimate

>

data; FTF models best

Longitudinal shower profiles

w.r.t. shower start
+ Jsensitive to particle composition
in shower
« WAIl models show deficiencies
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http://www.iop.org/EJ/abstract/1748-0221/5/05/P05007

Analogue (Fe + scintillator tile) HCAL
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Electromagnetic showers. 2011 JINST_6_P04003

Important prerequisite for hadron showers — demonstrate that SiPM
saturation corrections are under control. (greater energy density in

e/m showers)

Largely OK - —2% non-linearity still at 50 GeV. Resolution well

modelled.
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http://dx.doi.org/10.1088/1748-0221/6/04/P04003

Analogue (Fe + scintillator tile) HCAL
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https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-026.pdf

Analogue (Fe + scintillator tile) HCAL

« CAN-022 - Substructure within showers seen (“tracking calorimeter™)

« ldentify MIP-like track segments within shower; compare with
simulations.

<« Quite discriminating between models; none is ideal, though favoured
models like QGSP_BERT and FTFP_BERT not at all bad (n.b. suppressed
zero).

<« Valuable input for model developers.
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https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-022.pdf

Software compensation

n/e~0.8. Non-compensating.

Shower fluctuations

contribute to resolution.
e/m parts of showers denser

typically.

Use software weighting to

improve resolution.

CAN-015, CAN-021, CAN-028
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https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-015.pdf
https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-021.pdf
https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-028.pdf

PFA tests
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https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-024.pdf
https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-024a

Highlights from test beams in 2010-11
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RPC 1m3 DHCAL

Completed instrumentation of 1m3 DHCAL with glass RPCs. Fe absorber.
Each layer: three 96x32 cm2 RPC chambers, operating at 6.3 kV.

Signal pads

1.15 mm gas gap; Readout pads 1x1 cm?2 Fﬁ/_
Now also installed RPCs in tail catcher. i £
480 000 channels, single bit readout. Myl m— =4

First data-taking Oct’10, Jan’11; currently running with Siw ECAL.

i‘"
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|
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RPC 1m3 DHCAL

Time: 1098507

Run 998:0 Event 1208 Hits: 74 Energy: xxx mips

Run 959:0 Event 4

Time: 5274695
Hits: 681 Energy: xxx mips

Typical muon.

Very low noise (~ 0.06 hits/event);
Could be lower if better temperature control
Pad multiplicity ~ 1.6
MIP efficiency ~ 0.91

Typical pion shower.
The isolated hits are shower-related,

not noise

DESY PRC 28 April 2011 David Ward
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RPC 1m3 DHCAL

CALICE Preliminary g’ 20GeV
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https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-030.pdf
https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-031.pdf
https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-032.pdf

Latest — events from SI-ECAL+DHCAL run

Time: 10:54:35:103:562 Mon Apr 25 2011 Time: 13:46:46:676:631 Mon Apr 18 2011
Run 630064:1 Event 138340 . s Run 630044:0 Event25210 .
10
EE H H } ‘wmm“ B ‘ | .‘1 | H H | mmw’" s
7 7

3

Rl

8 GeV pion 20 GeV pion
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Tungsten HCAL (W-AHCAL)

Motivated by particle flow
calorimetry for CLIC.

To contain —TeV jets, need
~7.5 )\ HCAL depth; inside
the coil.

In order to keep reasonable
coil size, replace Fe by W.

But much less experience
(and MC tuning) for hadronic
showers in Tungsten.

For example, expect nuclear
breakup more important.

Testing W absorber planes
with the scintillator tile
AHCAL planes.

First runs at CERN in autumn
2010 (Just 3.9%,,);
continuing 2011.

RS

W absorber

AHCAL plane

DESY PRC 28 April 2011
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Tungsten HCAL (W-AHCAL)

Normalized entries

o
a

o
o
1)

0.01—---

First data, &, u, e at 1-10 GeV (CERN PS)

Working on calibration, temperature corrections etc.
Results below based on old (2007) AHCAL calibrations.

Results

already look sensible, suggesting calibrations are quite stable.
Everything looks reasonable so far. First impressions:

®

« Hadron response similar to Fe

+ e/m response worse (different X,/\A;,; ratio, so fewer samples)
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T3B (Tungsten Timing Test Beam)

| 1000 mm s 012 ] T
Q I~ —6 =2

[0 B0 7 3 2 6 [ i ) ?i; ‘”;_ iﬁg{jj;‘;f;‘”’wa‘*f°r“’ 5 %

= ; 008~ PPN i, °

o.oe:— —fs Z

« Time-stamping important at CLIC 04 =A
(short bunch spacing; two-photon ool E
background). 03 1

<« How about intrinsic time structure R M- R
of the showers? e R I”"I"“"I[”ls]

» Introduce special timing layer afteff = [ g E
layer 30 of W-AHCAL, reading ou £ 200 s e window .
time structure of signals. s [ - GGSP_BERT HP r

= 10— — QGSP_BERT

« Fit to a sum of single photon § .
signals. S :

« Compare time of first hit with 65 .
GEANT4 simulations vs radius. i E

“ CAN_O33 25_I | | P | | [ I_E
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ELE] UNIVERSITY OF
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https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-033.pdf

Near future plans
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Semi-digital HCAL (SDHCAL)

K/
L X4

GRPCs with 2-bit readout (i.e three

thresholds) :g o
) i . . . . Pads (copper, 1 cm2)
Simulation studies indicate this — e e = = [nulation (Mylar)

. - - ov Anode resistive coating
improves linearity of response Glass plate (0. 7mm)

Two 1m?2 cassettes built and N
tested in beam already in 2010. nv

Moving towards full 1m3; to be
completed ~May 2011. 35 GRPCs so
far.

Beam tests later 2011 @ CERN.

Full test bed for 2nd generation DAQ
(see later)

2010 — power pulsing test of a
33x50 cm?2 chamber in 3T field — no
loss of efficiency seen due to field or
power cycling.

1 m3 readout board

DESY PRC 28 April 2011 David Ward CAUG @UCIEMBI{ITS(?E 22



Semi-digital HCAL (SDHCAL)

1.2 2
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GEM, MicroMegas

options for DHCAL
W@mde

2 mm steel

3 mm gas

..Wovenmesh o

30x30 cm?2 GEM chamber under test

with KPIX readout.
Developing 33x100 cm? foils for 1m?

chambers. = Test in DHCAL
Same electronics as DHCAL.
Also R&D on thick GEMs

Hts

I & mm

() LT TN W
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CosmicHits |
‘E !
1l10i
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Landau in

Front-end ASIC
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cosmic tests

David Ward

5 |
1055 90 15 20 25 30

number of hits

MicroMegas ASUs of 48x32 cm?.
Beam tests of a 1m? module in 2010
(stand-alone and in the W-AHCAL run)
Used HARDROC chip (as GRPC); not

optimal shaping time.
MICROROC variant now developed

’ produced and tested.
Tests in 2011 of 2 planes with
MICROROC at CERN; more planes

depending on funding

Shower profile

1 1 IB’G‘ L

wm‘v UNIVERSITY OF

horizontal position (cm)
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Si-W ECAL

. . 3x15cells
Technological .~

protolype

Short detector
slabs ( XIJ)

Heat shield: 100+400 pm

pce: 1200 pum

I Complete Tower
of 4 wafers =18%18 cn¥

» Working towards technological prototype

» Approaching a module of a possible ILC
detector

» Complete tower + 1 long (1.5 m) slab
» Sensors: 5x5 mm?2 Si pads.

»  Minimise thickness of sensor layer.

+» e.g. embed ASICs in thin PCB.

DESY PRC 28 April 2011 David Ward CAUG @UCIEMBI{ITS(E)E 25



Si-W ECAL

« Demonstrator module (3 alveoli) to validate assembly methods.
«+ Used for thermal tests to validate thermal modelling.

« One current issue is to achieve sufficient planarity in the PCBs.
« Electronics and DAQ discussed later.

« Plans — first Active Sensor Unit (ASU), 18x18 cm?2- with full DAQ
In cosmics and test beam in 2011. Then build up to the full
system.

LTS UNIVERSITY OF
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Scintillator ECAL

Second generation prototype

60 i i
5 mm strips (favoured by PFA g - I W/0 Strip-splitting
performance). Without WLS fibre. so—*-wi/-gtrip-splitting
Electronics based on SPIROC & f,,,f”‘"’f
(same as AHCAL). u 40t s
Tested along with SiW-ECAL %_ sl L },{Jiﬂr—#’“““’q
modules S k
MFPG  scintillator Sx4% mm2 W B “\..
ﬂfas::l:illﬁililfll:rst'in d | :5'"'"" E m: I..‘\HZSi-ElCA_t_d'le": it
side view of scacal - \l""E A LM
1“_ wicksAL 1R

iy soilills
|

MFFC KIFPC

nIngsten dmm

read

X laer MPPLC MPPC KMFPC MPPC MPPC 2cinlillz

*—Em

iungsten dmm

% 20 20 60 80 100 120 140 160 180 200
Scintillator length (mm)

< Important developments in pattern
recognition (in ILD context)

s+ Crossed strips — use positions in
surrounding layers to localise energy
“*Jet performance looks good for
strips up to 50 mm length.

DESY PRC 28 April 2011
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Scintillator HCAL

; Cassette

Front-End ASICs

HCAL Base Unit (HBU)
(144 channels)

absorber structure
(half-sector)

DAQ interface boards
DIF, CALIB, POWER
on Central Interface Board

HCAL ECAL Sector Connecting Plates (10cm)

Cabling Side-Module
Interface Board

» Motivated by design of an ILD-like detector

» 3x3x0.3 cm® scintillator tiles

<« Thin sensor module of realistic size

» 3 slabs containing 6 HBUs (12x12 tiles) per layer.

DESY PRC 28 April 2011 David Ward CAUG @UCIEMBI{ITS(?E 28



Scintillator HCAL

.

- C ' I T
g F .
SH_' - Single-pixel spectra with LED light
mn:— _:
I~ external triggerl*l .
anf— [[P]LJI‘ _f
[ /ﬂu ‘auto-trigger -
C. ™ i _a-‘r. L | . A . i r

.g reghold = 47118 E
# A threshois widsh = 24.2¢ g
. / :
i T T

0

amplitude (12-bit ADC tics)

SPIROC2 ASICs

Flexlaad on Electronics height: 17mm max

0.8mm connector Robust Interface | DIF, CALIB and POWER
UV LED mezzaning cards

Reflector Foils
Polyimide Foil

non-
absorber
material:

b

S.4mm

.-__=|=_

SPIROC2 ;
in cutout

CenlrLI lnterfar.eqﬂnard-
CIB (1.7mm thick)

CIB sockat (~2 4mm)

i
Cooling Pipe \

Casselle Boltom Flate
(Steal, 0.5mm thick)

e ekt HRLI, 0 Gmm thick
Tibe with FiFM T
. (Printed Circuit Board)

DESY PRC 28 April 2011

David Ward CCA L'LG @UC?MBI{ITS(E)E 29



Electronics

« Second generation ASICs designed with these features:
<« Auto trigger to reduce the data volume
» Internal digitization to allow purely digital data output
» Integrated readout sequence and common interface to the second
generation DAQ
» Power-pulsing to reduce the power dissipation by a factor of 100
«» Three chips have been designed, following the EUDET milestones:

* HARDROC for the digital Hadronic Calorimeters, for RPCs or

Micromegas chambers.
+ A new ASIC, MICROROC, has also been designed and submitted in June
2010 for 1m? Micromegas detectors.

» SPIROC for analogue Hadronic Calorimeter.
» SKIROC for the the Si-W Electromagnetic .
HR2B HRB HR2 B
Calorimeter.
+« In March 2010, sufficient numbers
of these ASICs (except MICROROC)

were produced.

FE UNIVERSITY OF
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ASIC exposure test (arxiv:1102.3454)

Tech. prototypes, or full detector — embed ASICs within detector layers.

Sensitivity to irradiation? Tested placing ECAL ASIC in shower core using
SiIW ECAL in a 50 GeV electron beam at CERN.

Estimate probability to fake a signal > 0.5 MIP to be 10>
or > 1 MIP to be 6.7x107
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http://arxiv.org/pdf/arXiv:1102.3454v2

DAQ

**Modular — same for all
detectors apart from DIF
(DetectorlnterFace) card

Clk ~ 100 MHz :
(NxMCIk) &

Machine

+Commercial modules
where possible
*»Scalable to larger
system

clock
(5 MHz2)

External
Trigger,
Spill

* Clock
and
Control

s Debug USB

External Trigger

EEEO \ircent Boudry@in2pa.fr

LDA-DIF on HDMI (Config, Control, Data, Clock, Trig, Busy, Sync)
Clock, Trig, Busy & Sync on HDMI (compatible LDA-DIF)

Optique (alt. Cable) GigE

**Integration tests of the DAQ on test bench

for the AHCAL.

“*Commissioning is ongoing
<+*Combined effort of all subdetectors
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Summary

D)

Completed beam tests of physics prototypes Si-W ECAL, Sc-W
ECAL; analogue HCAL. Analysis ongoing.

« Validation of simulation. Now seeing quite sophisticated tests of
models (shower substructure; PFA tests etc).

Started DHCAL, WHCAL and (imminently) SDHCAL tests.
Imminent targets: CLIC CDR (end-2011), ILC BDD (end-2012).

Important tests of second generation scalable prototypes; continue
to evaluate alternative technologies.

Test beams crucial during and after this period. Especially hadron
beams @ FNAL +CERN. Availability is an issue.

Project 2011/1  2011/2 20121 2012/2 2013/1  2013/2
Si-W ECAL/DCHAL RPC/TCMT (1) xx - - - : -
DHCAL GEM (7, m) X X X X
W HCAL/ TCMT (x) XX XX ? ? Rough classification

X X
> o
GRPC SDHCAL (1) XX XX X XX ? ? = physics proto.
Mmegas SDHCAL (1) X X ? ? ? ? .
AHCAL () < < < < 5 0 T = technological
Si-W ECAL (1) X X X 9 0 XX = large _scale
Sc-W ECAL (1) X X ) 9 9 X = few units
: : ¢T [EEUNIVERSITY OF
DESY PRC 28 April 2011 David Ward ALICE @JCAMBRIDGE 33



Backup
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Summary of publications etc.

Currently —20 Papers
«» =+ two very close to submission (PFA tests, TCMT paper)

~30 analysis notes Analysis Notes (approved preliminary
results for conferences); at least 10 should turn into
papers, possibly in suitable combinations. Two more
currently under collaboration review.

15 theses listed ; almost certainly more; our records are
not complete.

Many Conference talks and posters

J
0’0
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https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePapers
https://twiki.cern.ch/twiki/bin/view/CALICE/CaliceAnalysisNotes
https://twiki.cern.ch/twiki/bin/view/CALICE/CaliceTheses
https://twiki.cern.ch/twiki/bin/view/CALICE/CaliceConferenceTalks
https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePosters

Scint-W ECAL results (can-016)

TR, Saturation curve of MPPC )
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https://twiki.cern.ch/twiki/pub/CALICE/CaliceAnalysisNotes/CAN-016.pdf

Some electron results in SI-W ECAL
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Mean shower radius in HCAL

n, CERN 2007 m, CERM 2007
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DECAL

+ ldea to read out ECAL in digital mode.

« Simulations suggest the idea is vialble.

«+ High energy density= very small pixel size,
~ 50um.

«+ Explore use of MAPS CMOS sensors

« Successful beam tests of sensors.

« Project now suspended because of funding
difficulties in the UK.

4 TPAC  Tungsten

Sensors slab
Standard CMOS Deep P-well High-res 18mu
.E 1__ ":
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