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@VerRview

The Semi-Digital HCAL concept

- Detector and readout development

e Small GRPC & Readout
e Current R&D for 1m2 GRPC

Test Beam Results with small GRPCs

e, Detector performances
e Hadronic showers

Current development

* 1m? detector fully equipped

e 1m3 project

Simulation and Integration activities

e  Hadronic showers containment
 First resolution studies with PFA

Conclusion & outlook
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e SEMEDIGIEINT CAL CONCERL:

A digitell FIOAL wWiin) 21 very riigr grarulerity Clerme cells),
118 ane of ine two ogilons orgoosed for [ED),

Choice of Glass Resistive Plate Chamber (GRPC):
> Efficient, homogeneous, low cost.
» The detector plans are being developed

Wlth ermoedded reacdout.

To avoid projective cracks,

. . : g Digital: 0.5MIP
a new mechanical design is under study. & 50/ Semi-digital 0. 10. 100 MIP

- | Single particle /
, //

This detector concept-associated to

Particle Flow Algorithrrs, would achieve » / " [FEe=
10 Z
J S - Digital
avery gOOd Jet energy fD‘JOJlJrJJf sk & . Semi-Digital
F © Real Data |
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GlassiRPESs spec.

Schematical view of the GRPC

PCB -
Milar

/

Resitive /
Coating )‘

Glass Q:

Particle

— g

Polarisation: 6.5 kV 6 8 kV (avalanchs mode)

BN

N

1'r'rT'rrrrrrr?'rrr]'

C-;-RPC mip spect

...........

A (From Protvino lab)

. ————e —_—

Moy: 2.6pC
LRMS: 1.6pC

—— e

B —

.

GRPC thickness: 3.2 rmrn (1.2 mm gas gap + 1.2 & 0.7 mm glass plates + mylar foil)

Inductive readout (Noise rate 1 Hz/cir2)

>
=
> Gas mix: 93% TFE, 5% Isobutane, 2% SFg
>
>

Easy/low-cost to build, robust, good efficiency !
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=St Seml Diejitzl Readout
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Clock+Config+Control Conf| mo_cor Acqusktion  ACKED SCLS0 g gy TOIE Get rror
1 g 1 2‘— locH g hE E S0 (ms) 9 rmmq,rm o
___L_ __A_ ,__A A_ FE ‘ e Name M(-l"’“‘iw"" g et 12
' VFE | ' VFE | ' VFE | ' VFE | FPGA _> e © I | o 2 MMMI
'ASIC! 'ASIC! ASIC ASIC: FormatDut | Fesmat neector Wbt Calleatn MI_IEJ“I—_
- I __]—_ ] _[_ s e . n—mm
Trigd
Datal—LBamFu” | ISIab IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII (Rese|
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- » 8 layers PCB (500 umn thick) | Threshold 2
> Readout chip: 4x daisy chained HADROC EEEEEEEEEEE’EEEEEEEEEEEEEEE’EEEEm...c,

PP P r PP PP PP PP T e
i dEdddddddda A .

(64 semi digital channels each) gaaiadadddadidisadadisaindis
> 256 sensitive pads (1x1 ¢M?) [ Trreshord 1 EE E e
> Acquisition'
> REArPEUS B s
-> Graphical interface: Labview
» Slow control parameters: |
-> Gain of each channel (from calibration
-> 2 Thresholds levels &
» Signal format: Timing Flag (BCID)+ Threshold(s) reached
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Current GRPC R&D

Electrodes optimisation:

QTest of different resistive cozating rmaterials:

Licron, Statguard, Graphite (see test beam results)

-> Impact on detector hit rnultiplicity , and suitable ratz.
QOotirnisation of resistive coating connexion to suooly

-> Improve the GRPC lifetime (critical point on GRPC)
-> Minirnise noise generated by the interface copper/coating
QBuild slectrodes with serni conductive glass (1019 Q.crr)

o |

->|mprove detection rate up to 28 kirlz/crn?

HV Connexion (tests)

Gas flux optimisation:
O Gas flu sirnulation o«

=> |Improve gas renewal for an
homogeneous eff|C|ency

Minirnise charmoer's dezad zones:

-> Use of ceramic ball as porictuzal spacer

-> Chamber’s frarne used as gas dlstrlbutor

O
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2lir ozl

Test small GRPC performances (32x8 PADs):
» Different energies (1-12 GeV).
> Different bezarm rates (20-6000 triggers/spill).

© » Scan of impact zingles.

_» ‘Use of EUDET pixel telescope (Track reconstruction).

Test of the electronic readout
» Under realistic flux conditions (about 100Hz).
» Evaluation of detector’s response according to the DAC’s threshold level.

a

First record of hadronic shower with rnini DFICAL (iron slab between detectors).
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hestiseami@

L s
7

: PST10 17-24 July 260 kEvents
PS T9 28 July - 4 August 80 kEvents
PS T9 7-12 November 65 kEvents
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SEIECUNEREVENLS

[__Time distribution Run 153 | h events [_Signal+Noise Map Run 153 |

<
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mllejal Volizie)e Sezin

; \ Efficiency Vs Hight Voltage (Gas mix: Isobutane/TFE/SF6) | \ Multiplicity Vs Hight Voltage (Gas mix: Isobutane/TFE/SF6 |
100/ = - _ ' N 28 i
= E Graphite RPC (IHEP Protvino)
- ' 26— I
Ly e TSV SV SRR -  ——— Graphite RPC (IHEP Protvino)
e - 24 ;
L . C
r : C Licron RPC (IPN Lyon) 1
a\e - | a 2.2 C :
ad - 1 - N
2 60" ! 2 oL StatGuard RPC (IPN Lyon)
5 B = Graphite RPC (IHEP Protvino) e C 1
CR N . S 180 '
£ 40— = Graphite RPC (IHEP Protvino) = C 1
w B ) - :
= ——— Licron RPC (PN Lyon) 6= :
I 1 C |
20— ——— StatGuard RPC (IPN Lyon) 14 g e e
- | 12 |
1 - 1
_I | ! ! ! | ! / 1 1 Ll 11 L | - | 1 m L | | - | L Ll I 1 -J_— | L 1 L I 1 L L | 1 1 A\ 1 L I L 1 1 | L 1 L I L
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62 64 66 68 7 7.2 w 76 78 8 6.8 7 7.2 (74 ) 7.6 7.8 8
Hight Voltage (kV) Hight Voltage (kV)

DAC’s Thresholds: lower 120 G / higher 472 150G
Plateau: 7.2 t0c & KV
-> EfflClency between 80 zind 98%
> Lower multiplicity is preferred.
-> Best ratio multiplicity/efficiency: around 7.4 kV
» Until now the licron coated detector seems to be the best candidate:
-> it has the lowest multiplicity and shows very good efficiency performance.
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Threshold scan

Graphite RPC (IHEP Protvino)

Graphite RPC (IHEP Protvino)

Licron RPC (IPN Lyon)

StatGuard RPC (IPN Lyon)

o~
| Efficiency Vs Threshold | | Multiplicity Vs Threshold. |
100¢ : — 22
90 B
80— 2—
70 - . B
FE =———— Graphite RPC (IHEP Protvino) ~
> 60 > 1.8—
ek s [
-8 50— -———— Graphite RPC (IHEP Protvino) 5 -
& E S 1.6—
w g0 = B
F == Licron RPC (IPN Lyon) =
30 14—
20 n
F ———— StatGuard RPC(IPN Lyon) -
10 1.2—
0 :I 1 I 0 I - I Il 1 1 I Il 1 1 I 1 Ll 1 l | - l Ll 1 1 l | - I Ll Ll L 1 I - 1Ll I ) I - l 11
100 200 300

400

500 600 700 800

Threshold (fC)

900

1000

1100

400 500 600 700 800

Threshold (fC)

> MultlpI|C|ty rmoving as expected => lowering as threshold increases.
»> Efficiency decreasmg down to 80% at 1.1 pC threshold.
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UseleiEUIDEINEIXEINIEIESCoPE

| L photogrammetric spots
/ used for alignment

Moveable table
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Use e EUIDEIREIXEINICIESCORE

Black (Trigger): spatial

I8 G prediction of hits in
GRPC, from EuTel.

11
—
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Red : matched digital
"I | =i hits (EuTel + GRPC)

Counts
3
1171 l i
=
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|
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e ) e S S p ol | — T L
20 mﬂ;ﬂ—l Efficiency: Red/Black

30.6

c .

8 oaf Using EuTel, we can
. evaluate =fficizricy on
LW 0.2}

: Interpads Edge the detector =clgzs,
— . and between two pads.

=]

L S I S ——— ]
3200 3250 3300
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Other studies

Graph |
Angle scan: > 98 : *

» _Efficiency quite constant, even for A= S fomoooots )
large angles. B
92

A e = With muons
> ltallows good reconstruction in "
detector’s end-caps. d s
84
g 82
Efficiencstl;articleFlux | 800‘ " .110. i 2101 - 310 L ‘410, A 510 - slo A

100 P Angle[degrees]

90:':—

80 . : :

o Evolution of perforrnances with particle flux :
> sof; Graphite RPC (IHEP Protvino) » Me made some correlation With-p&lft]()le
S Sevehls RECMEP Protiod flux (obtained with scintillators), and
o chamber’s efficiency.

3o;_— ~— Licron RPC (IPN Lyon)

20 : : - .

“oE- StatGuard RPC (IPN Lyon) » It gives us some preliminary results about

N R GRPC running in |LC bearn conditions.

A1o 10°

Particle Flux (Hz/PAD) : !
TILCO9 April 17-21 < W 'Iiieffer@ipnl.in2p3;fr\ T i 14
Tsukuba R i (e A v A, - Y g

- - . . 8 & . -
- 3 - < .



Number of hits in each detector

GRPCs

q |

Count

Hadronic showers are rnostly uncontained
in Mini DHCAL but these profiles give

— GRPC 1
— GRPC 2
— GRPC 3

GRPC 4

a first iclez) of shower development, and
energy deposition.

Muon contamination area

o
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Hadronic showers Vs Simulation

3GeV Pions (Threshold 220 DAQ = 160 fC) 6GeV Pions (Threshold 220 DAQ = 160 fC)

£ F £ [

3 L 3

8 Test Beam Data 8 L Test Beam Data
1 —

From Simulation From Simulation

10

Muon contamination area —»

Preliminary
llIIlIlIII lIlIIlIIIlllIlIIIIIIl 'Illlllll i ’vlllllllllllllllll
0 10 20 30 70 80 0 10 20 30 40 50 60 70 80
Total Number of hlts in the MmiDHCAL Total Number of hits in the MiniDHCAL

Here are the distribution of hit’s total number in mini DHCAL fo test bearn data
and sirnulated data. ‘
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liESt EamsSUmman,

Total data: 325 kEvent (First DAQ’s rate 20Hz)
» Most part of the data anzlyzed.

—_—J -

» Best understanding of our detector, leading to |
realistic 1rn2 detector development.

> We learn a lot about DAQ) in bearn conditions.

> That was the first record of nacdronic showers in a
1cm? Mini DHCAL
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CUrrenr deEVEIOPMERNIIMA GRIZES

A‘A

Lyon GRPC (statguard coatlng)

T2 GRPCs were built with dlfferent optlons and a rechanical
structure as been done by CIEMAT to support electronlcs

' 1 AL I ot e e R

----,--l.-luﬂ-l

‘ -I-IF" e B BF ‘1-1-\'

.1-1-'-'-0-l.n-|-|‘|Q\l
.l'-l'.l".l-l-l..'-l-l-\‘
I_.l,-l-‘ l'l.l."él-|-\‘

LR JLIL I T (.-
oottt Lot L ML
: oy A ."."-"“lﬂlﬁlﬁlﬂlﬁl'-l'-\\
Multigap GRPC (INFN bologne) Mechanical support (CIEMAT)
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CUrEnrdeveEIopmEntImz DAR@

r

DIFF+ASU'
» 6 slabs of 24 zisic each, were produced and
equiped whith HARDROCH1.

»_. Slabs connected 2 by 2 using “zero”
resistors.

» Software using /daq/USB was developed
(as debug mode).

> Slow control & data acquisition were
successiully tested | (in cosmic mode).
» More info on DAQ see C.Combaret’s talk.
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1m?4 Cosmic tests

First data taking on a large detector, using cosmic bench (scintillator trigger)
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INEXISIERI PN IO ECT

Tihe aimiis torbunld’a nealf&lt%rotl;'.;, :

| Validating the technoTogi'daI g Iﬁﬁdqsi}%

PlEPOsE for the LD cohcept 3 ul;‘; :..

- Technological prototype is made with:
» 40 planes of ‘2
» One plane composed by:

20 mm s.steel absorber + 6 mm GRPC/PCB
» A 'mechanical structure supporting the planes.
» A parallel gas distribution systern.

Important points:
» Mechanical structure development: (e
1m3 of (Absorber+GRPC) is about 6 ton weight.
» Use of gas system with re-cycling option. o ””m
> Semi Digital readout of 368.640 channels :
DAQ, event buiding, & data storage.
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Tsukuba . - . g



1me conptainmentsimulations

With a 1m3 DHCAL, hadronic shower

could be rnainly contained, even for
high energy pions (about 100 GeV).

We already try to evaluate the energy

deposition to ne=lo the 1m?3 design.

The 40 planes of 9216 channels each,

will permit us to have the cormplets

orofile of the showers, with a very high |

granularity.

-

As the HARDROC2 will have

3 thresholds, we try to evaluate the
number of fired pads for different

thresholds values, to better reconstruc

the energy.

TILCO9 April 17-21 3 kieffer@ipnl.in2p3.fr
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B hits with E>0.1Mip (=all)

B hits with E>2Mip

B hits with E>10Mip




SimulatienstieranEDNRIEaralon

Detector’s resolution through polar angle

» Simulations were done with Mokkz
software integrating DHCAL geornetry.
Event produced: single klong & uds.

- First analysis was done using Marlin
with single threshold at 0.1 WIP
iIn Mark Thomson’s PFAnalysis module.

[ G(E)IE for different energies |

0.22

Klong with full PFA

(=]

-

(=2
|||I||II|II||III|||I|III|II

~ TILCO09 April 1
Tsukuba

| SigmaEJ/E vs Cost 1 | EvsC1
Entries 26
= Mean 0.667
“:_ RMS 0.3165
e uds at200GeV f
0.9—
- uds at91GeV End
0.85— Ca%
0.7
0.6
- Barrel
0.5 Jr
0.4 — , L —— - :*j
= T { T + I
0.3 } } e

Semibigital HCAL withi PFEA:

» Particle Flow Algorithm need to be
optimized to use the full potential
of a rulti threshold DHCAL.

> More work has to be done for it.
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Conclusion & Outlook

Ar rladronle calorirmetar witn serni-digital reacdadt is @ very
georrlsine ezrnidiceata for futura lirigar collidars axoarimerits |

» We learn a lot with tzst beams.

» 1m? chambers have been produced minimizing dead zones.
» Electronic was tested for both small chamber (test beam),
and 1m?2 ones (cosmic).

Outlook & plans:

Bring 1m? chambers-fully equipped on test bearmn at CERIN (End of June)
‘Use CERN'’s Garnrna Irracdliating Facility to learn about detector’s lifetime.
Start 1m? chambers production for the ‘| r° prototyoe (40 to be done)
Built 1m?® rnechanical structure

Have a test beam with 1m3 in second half of 2010

Improve PFA algorithms to ootirriize reconstruction.

VV V V V V
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Other studies

Efficiency Vs Hight Voltage (with differents gas mixes) |

= 100
80— —
- Preliminary
- 3 B
- 60—
> - -
(8]
g -
, 2
5 4o Isobutene/TFE/SF6
. I~ :
20 | /e
_ CO2/TFE/SF6
| 0 _L | A A A l . A A A A A A A A A A l A A A l A A A l A A A L A
- 6.2 6.4 6.6 6.8 7 7.2 7.4 7.6 7.8 8

Hight Voltage (kV)

The first tests using CO, to replace isobutane are quite promising.

(Gas mix with CO, will be iniensivaly tested next test beam)
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Readout Calibration

256 channel’'s SCurves (before correction) 256 channel’'s SCurves (after correction)
140 140
120 120 f—
100( 100 f—
Esof+ y Eso ;
“eo ; 860 f—
> a0~ 40 f—
20 g— é \ o f_
N — 180 10 200 210 9¢0 170 " 510
Threshold distribution (before correction) Threshold distribution (after correction)
C DistrA1234 8o
50— . 256 — Entries 256
- 70 Mean 187.1
40 :_ R:‘asn 5'0‘;9 ) % ;Nllidf 4.9: ;35;,:

E 7((:olnr::a:nt 40.16(.:-6;831.::; so i— I\cllons':ant e ff-:?'
§30 :— Mean ioe o o3 §40 ; Sigma m 25 fC
e T sigma 4.79 + ).27I |I 9.6 fC = =

20— 30 =
- 20f
10— E
C 1oL
055 ieo M70 180 180 200 310 330" , 0-—H76 475 480 185 190 195 206 305
DAQ DAQ

- 1DAQ = 2+1 fC (Injected charge: 100 {C)
Reduction of channel dispertion by a factor 3 \
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