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Outline

® Semi-Digital Hadronic calorimeter (SDHCAL) concept
® SDHCAL ongoing activities

® New moduleO progress
® Detectors
® Readout electronics
® Gas recycling

® Future activities

® Conclusions
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SDHCAL prototype — Main features

Detector: GRPC ( glass resistive plate chamber, 1 X 1 m?) operating in
avalanche mode

Anode  PCB(1.2mm)  peqdout  Supporting

Resistive plate pads structure 1 x1 cmz ads.
(glass)(0.7mm) (2.5mm) p

2bits —
Counts and have
Mylar layer a signal larger than one of three thresholds

Cathode (total 0.2mm)
Resistive plate Ceramic ball spacer TFE(93%),C0,(5%),
(glass)(1.1mm) SF, (2%)

} =) Energy resolution




SDHCAL prototype — Main features

Embedded electronics:

PCB separated from the GRPC by a mylar layer (50 pm)

—2>Bottom : 1 X 1 cm? pads, one layer 9216 pads.
2> Top:144 HARDROC ( HAdronic Rpc Detector ReadOut

Absorber:

Stainless steel (20mm)
Surface planarity < Tmm
Thickness tolerance 50 pm
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Stainless steel wall(2.5mm)

GRPC(6mm)
Stainless steel wall(2.5mm)




THCAL .
Since 2011 - -~
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1 cm x 1 cm pads, 48 layers, power-pulsed,
mechanical self-supporting structure
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Hadronic shower

Hits associated to:
1st threshold (110 fC)
2nd threshold (5pC)



SDHCAL prototype — Performance

E.eco=aN;+ [N, +

—->N; = Nb. of hits with 1st threshold < signal < 2nd threshold
=N, = Nb. of hits with 2st threshold < signal <

= Nb. of hits with signal >
PN = Ny N,

a, 3,7 are parameterized as quadratic functions of N, ,
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® Multi-thr. mode
A Binary mode

SDHCAL with 3-threshold
results in better energy
resolution than binary
mode for E, ., > 30 GeV
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New energy reconstruction

New Energy estimation using density .... 6 7 6 4 ..
3 4 67 9 7 .

.675

* Quadratic:

Eo=), 0N, i€123) N NN IR

l
ai:aio+ai1NT+aizN2T « The density of each hit is the
number of hits in the surrounding
* Linear formula using density : 3x3 cells (including itself)
_ o It can vary from 1 (lone hit) to 9
Edens_ Z Z aidNid (completely surrounded)

i€(1,2,3} de(1...9] . For these 3 formulas, the a
parameters are found using
a chi2 minimisation :
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New energy reconstruction
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Homogenization of the SDHCAL response

- Use the muons threshold scan to study both efficiency and multiplicity.
- Use the average multiplicity and that of the second and the third threshold
efficiency as a reference and then for each ASIC change the thresholds to obtain
the average values.

2018 TB@H4-SPS

CALICE SDHCAL Preliminary —— Top Right
Standard, Energy = 50GeV

Mean: 610.33 Sigma: 79.407 Reso: 0.13

Mean: 580.6 Sigma: 75.81 Reso: 0.131

ents normlized

iy i
100 200 300 400 500 600 700 800 900 1000
nHit

CALICE SDHCAL Preliminary Center
Uniform, Energy = 50GeV

Mean: 491.46 Sigma: 59.023 Reso: 0.12 Top
Mean: 482.72 Sigma: 62.974 Reso: 0.13
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SDHCAL: Particle identification

=> BDT helps to improve the hadron/e/mu PID, purify TB samples.
=> Keep 99% of pion efficiency and to reject >99% of e/mu.
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SDHCAL: Energy Reconstruction (MVA)

meanRadius :
Interlayer :
Bias node :

nTrack 32.1 34.1 32.1 14.6 Bl 47.3Jutki 35.6-11.338.0 46.5-18.220.9

nLayer 50.9 40.9 46.8 35.6@2410 7.2 18.351.4

Density 1 1 5.826.2-11.324.0(0el1-33.129.9 1.3
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reconstruction performance.
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Prob 0.05942
Constant  449.8+5.2
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Constant  856.9+9.1
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Besides 4 Nhits variables, 8 new variables are built to
describe hadronic showers, and to improve the energy
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SDHCAL: Energy Reconstruction (MVA)

Energy linearity improves from Energy resolution improves
3-4% to 1-2% level using MVA about 5-15% using MVA
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Combined test: SDHCAL + SiW ECAL

SiW ECAL

- 9 working layers ( several layers
malfunctioning )

- Placed in front of SDHCAL

SDHCAL

->37 GRPC layers present in prototype

7OGeV piO n Run=744318 - trig/spill=466 - ecal_evt=19389 - sdhcal_evt=10559

Front view Top View
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SDHCAL R&D for ILD

® Detectors as large as 3m X 1m need to be built o GRPC

® Glass Resistive Plate Chambers

® Electronic readout should be the most robust with
minimal intervention during operation.

® DAAQ system should be robust and efficient
® Mechanical structure to be similar to the final one

® Envisage new features such timing, etc..

® Goal: to build new prototype with few but large GRPC with the new
components
® - ILD Module0

Stainless-steel
structure
(absorbers)
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SDHCAL Module0 progress: Detectors

Construction and operation of large GRPC necessitate some improvement with respect
to the present scenario.

Gas distribution : new scheme is proposed

.

;_i_lj Prototype circulation system 22 '_‘ New circulation s

= inlet
et
f‘

Cassette conception to ensure good contact between the detector and electronics is to
be improved

4
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SDHCAL Module0 progress: Detectors

First 2x1 m2 RPC chamber was successfully built with a new gas circulation
system
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SDHCAL Module0 progress: New electronics

Electronics readout for the 1Tm3 prototype

Pt e
S T ¢
PRI E
USB | ? - ':
RNl S
HDMI S
S

1 DIF (detector InterFace) for 2 ASU (Active Sensor Unit.- PCB+ASICs)
= 3 DIFs for ONE 1Tm2 GRPC detector

DIF per GRPC (any size) with small
dimensions to fit in the small space available at the
ILD detector

~ 50 ¢m DIF dimension
DAQ & Power Connectors Side

(Top view)

ASU Side

— 12 rows of HR3——

HR‘& chips (24 on each ASU)




SDHCAL Module0 progress: New electronics

New electronics: ASIC
HARDROCR3 main features: OMEGA

6,3 mm

* Independent channels

« Zero suppress

Extended dynamic range (up to 50 pC)

12C link with triple voting for slow control parameters
packaging in QFP208, die size ~30 mm?

« Consumption increase (internal PLL, 12C)

H3B TESTED : 786, Yield:83.3 %

4,7 mm
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SDHCAL Module0 progress: New electronics

HARDROC3: Analog linearity
Fast shaper outputs (mV) vs Qinj

Scope measurement Scope measurement

------ fsb0: 100K, 100FF ON, Gain=160 f 5 5 f i Injected charge: V in 100pF
: : i 5 ; | ] fsb1- All Cf. Rf ON. G=160

{m)

out_fshO

300 350 400

S'cnpe'meashreme'nt
Injected charge: V in 100pF
fsb2 aII Cf, RfCIN G 16[]

(mh/)

out_fsh2

Dynamic range: 15fC 50 pC



SDHCAL Module0 progress: New electronics

ASU (Active Sensor Unit)

An important challenge is to build a PCB up to 1Tm length with good planarity to
have a homogeneous contact of pads with RPCs in order to guarantee an uniform

response along all the detector.
A company was found and 7x0.33 m2 with 13 layer ASUs have been built.
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SDHCAL Module0 progress: Gas system

Gas recycling is necessary to reduce cost :
-Goal: reduce the gas consumption to reduce the cost.
-Gas renewal of 5-10% rather than 100%

-Conceived by the CERN gas group and successfully
used.

We will start using HFO1234ze soon (GPW=3)
We have also now a remotely a gas controller

24



Future activities: Timing

2020-2022

Timing : the new dimension

- Build large MRPC (fast timing detectors)

- Develop fine timing readout (PETIROC or equivalent ASIC) of 10-100 ps
- Develop appropriate TDC ( for time measurement and ToT)

- Conceive ASUs with pads of 1x1 cm?

- Develop a new DAQ system with the time information.

- Build a small prototype

Threshold sets at 114 {fC




Future activities: New readout scheme

L e — [rpp———

T

The principle is simple: the charge is shared
among several pads/pixels The pads/pixels
are inter-connected in a smart way so one
can identify the position of the impinging
particle by identifying the fired strips and
thus find the hit as the crossing points.

In addition there is no ambiguity as far as
the number of particles crossing the
particles is not very high thanks to the use
of at least 3 directions strips.

Patented:
(PCT/EP2018/053561-FR3062926:
I.Laktineh)




Future activities: Active cooling

Cooling may become necessary if it is operating at continuous mode (CEPC)

tubes : 2x1 mm 7o
Copper plate _ &=

y

o A water-based cooling system
inside copper tubes in contact
with the ASICs to absorb
excess heat.

Temperature distribution in an
active layer of the SDHCAL.

Water cooling: h = 1000 W/m?/k
Thermal load : 90 mW/chip

27.147 (max) — 24.591 (min) =

To simulate temperature distribution in an
active layer

To simulate temperature distribution for
Tm*1m*1m (40 layers) SDHCAL

optimize tube size and geometry

optimize water flow rate and cooling capacity




Summary

® Technological protoype running successfully since 2012

® Many results validate the potential of the concept

® Large prototype with the new generation of readout electronics is
on the rails

® We have several ideas for the future....
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Thanks for your attention !



