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CALICE AHCAL

* A highly granular hadron calorimeter for ILD
- Iron (or Tungsten) absorbers
- 3x3cm? plastic scintillator tiles
- Readout by individual SiPMs
- 8 million channels (with endcaps), 50k PCBs
—>Readout fully integrated into the layer
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CALICE AHCAL

* A highly granular hadron calorimeter for ILD
- Iron (or Tungsten) absorbers
- 3x3cm? plastic scintillator tiles
- Readout by individual SiPMs
- 8 million channels (with endcaps), 50k PCBs
—>Readout fully integrated into the layer
* Tile design
- Surface mount design SiPMs
— easy assembly, uniform response
- Positive experience at CERN SPS 2015
- Used in DESY test beam campaign 2016 and 2017
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Small AHCAL prototype 2016-2017

* 15 good, low-noise layers for electromagnetic shower
* 6 HBU4 with new generation MPPCs (HPK)
* 9 older but still good HBU3

* demonstrate response to electron w/wo magnetic field
power-pulsing performance for a calorimeter system

energy spectrum for 1-5 GeV
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TB at CERN SPS May 2017/

e 15 layers small steel stack (absorber thickness 19mm)

* 4x36x15=2160 channels

 w/wo 1.5 T magnetic field

* Power pulsing in 1.5 T magnetic field

* Gain calibration runs with LED

* 16 dead channels or bad LEDs (6 dead channels at TB July 2016)




TB at CERN SPS May 2017

15 layers small steel stack (absorber thickness 19mm)

4x36x15 = 2160 channels

w/wo 1.5 T magnetic field

Power pulsing run in 1.5 T magnetic field

Gain calibration runs with LED

16 dead channels or bad LEDs (6 dead channels at TB July 2016)
120 GeV Muon runs for MIP calibration



Online Monitor
MIP Spectrum
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TB at CERN SPS May 2017

15 layers small steel stack (absorber thickness 19mm)
4x36x15 = 2160 channels

w/wo 1.5 T magnetic field

Power pulsing run in 1.5 T magnetic field

Gain calibration runs with LED

16 dead channels or bad LEDs (6 dead channels at TB July 2016)
120 GeV Muon runs for MIP calibration

10, 20, 30, 40 and 60 GeV electron runs

more than 400k triggers for each beam energy
(~10k ROC, >10 runs)

~52min/run with 1 spill/supercycle

~23min/run with 2 spills/supercycle

estimated contamination to electron runs: 1-4%



w/wo 1.5 T magnetic field
20 GeV electron
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w/wo 1.5 T magnetic field
20 GeV electron

DQM Monitoring
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central 4 channels for each layer
MIP signal is increased by B field
a rate of increase seems constant

mip constant [ADC]
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Magnet off/on 1.5 T
Response to 120 GeV Muon
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Magnet off/lon 1.5 T
Response to 120 GeV Muon

* central 4 channels for each layer

average of the residual/layer

residual (on - off)/(on) (%)
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 AHCAL response to muon is ~¥3-6 % increased by 1.5 T B field.




TB at CERN SPS July- 2017

small AHCAL stack as a backing calorimeter of HGCAL modules
12 layers small steel stack (absorber thickness 74mm)

Data taking with CMS HGCAL prototype (EUDAQ)

100-300 GeV Pion runs

3 sets of 120 GeV muon runs to test a temperature compensation

BT

% it ERE o gl

M’M%‘!!l! par LA
"

3 4]

G UcMsHG |




Profile_MeanEnergyPerLayer

I

90
80
70
60
50
40
30
20
0 Y

2 4 6 8 10 12
* Successfully took data with CMS Laver

HGCAL in synchronization with CALICE AHCAL
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Temperature Compensation



MIP constant (ADC)

Temperature dependence on Gain and MIP

* results of 2016 TB campaign

* resolution of a HV adjustment by power board ~37mV/DAC

MPPC S13360-1325PE (HPK) on HBU4
dMIP/dV is ~1.1%/DAC (dMIP/dT ~1.3%/°C)

dGain/dT ~ -0.7%/°C
dGain/dV ~ 0.6%/DAC

* dDAC/dT (dV/dT) is 1DAC/0.84°C on HBU4

chipl_channl=0

dMIP/dV is ~1.1%/DAC

CALICE work
in progress
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Muon runs for the temperature

compensation
July 2017

Muon run for Temperature compensation: 18th of July
1st run: 3-10k events for each central channel

~4 hours
2nd run: 3-10k events for each central channel
~9 hours
3rd run: 1-4k events for each central channel
oo2sf= T E’ 335 —-runf . :
we v e S 32 e un2
nozsi— H % 31;__—-—run3
DO(:;: | CALICE work :é).{ 30 F
DD1§_ in progress = - « «<— end of Run
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x0:HV Fixed, x5:End of Run



Results of Temperature Compensation
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Summary

Toward full-scale ILD AHCAL, important tests are performed
AHCAL works stably in 1.5 T magnetic field with power pulsing
Scintillator tile signal increased by magnetic field

small AHCAL stack as a backing calorimeter of CMS HGCAL
modules
combined DAQ with CMS HGCAL in synchronization by EUDAQ

Temperature compensation works successfully
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BlIF: Beam InterFace

* Timestamping external signals

Modified firmware of the AIDA mini-TLU

- Receives AHCAL clock

- Knows AHCAL fast commands from HDMI

* Records timestamps and start&stop of acquisition

e acquisition is gated (=records only when AHCAL active)

* Implemented in the “slave mode” — acts like another LDA/DIF

e

_—t

Trigger —»
Spill | CCC

--------------

Labview

AL AN &

'''''
lll

beam—»|
iggers 1 BIF | | DIF
—
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DAQ Hierarc

CCC (Clock and Control Card)
= Provides master clock
= Synchronizes all DIFS

= Starts and stops the acquisition according to
the spill level and readiness of all DIFs

= Distributes trigger validation
LDA (Link Data Aggregator)
= Merges DIF readout packets
= Does some decoding, adds headers
= Send the packets over TCP
DIF (Detector InterFace)
= Controls the ASICs
= Readout the data from all ASICs
= Sends the data to LDA
SPIROC 2b (SiliconPM Integrated Read Out Chip)
= ASIC by Omega, SiGe 0.35 um, 32 mm?
= Reads out 36 SiPMs
= Has 16 memory channels

hy

Upto 72
SPIROCs

PC

spiroc

T

36
SiPMs




We want a DAQ), that scales to the ILD calo and will fit the ILC timing

We need the DAQ for beam tests, now!

= But with completely different timing requirements...

ILD TB CERN SPS DESY

Spill 1 ms collision ~2*5 s spill Always on

199 ms idle ~40 s idle
ROC/spill 1 many
Event rate ~ MHz 10~100 kHz ~10 kHz
Trigger None (auto) Auto + validation
Cooling Passive Don't care
Power pulsing Obligatory Not needed

Jiri Kvasnicka | DESY FLC meeting | 23.5.2015

?{ /0@ .
| DESY |

Page 2 FZU ’ !.
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BIF (Beam Interface): Timestamping
external signals

~20~50 us

ILC mode idle }i(initialize

TBmode idle initialize }( BXID 0 | X BXID1 \(BXID 2
Channel 1 l ’\ Mmlssed in TB) ’*-.(nc:ise) i ’\

: ! . !  (suppressed in TB) o
Channel 36 ; & ; BN
External trigger (TB only) |_| T~ |_| T |_|
"keep data" (TB only slmpll’r'ed) [ [validation) |

SPIROC TDC ramps (TB)

BIF time | (startacq) | trig) | trig) i - trig)
(for TB) ! B ! ] i o

“BF | BF BF : | ’f_"E"F

offset ' time | time ! |1 time

BIF and AHCAL run the same 40 MHz clock => everything synchronous
BIF “time”: Timestamp difference from the current BX start

Where the BXID 0 starts? The BIF offset has to be found and calibrated
= Cable lengths

= Powerpulsing startup delay
More triggers in 1 BXID => correlation artifacts
= Case forthe DESY beam: up to 4 triggers in BXID in TB mode 24



Towards mass production

Dark-Count Rate vs Threshold

decided which option to follow: 0
> recent improvements in SiPM ,05; --25°C
technology: - 30 °C
improved sample uniformity %m 3 ~40°C
dramatically reduced dark rate and §'°’§' Y. Liu,
pixel-to-pixel cross talk Stk work in
in AHCAL conditions noise-free 2 w:_ progress
> new tile design with surface-mount - T
SiPMs 1 verl/oltage +5V ;.o mne ana . &, 8
op = 57.2 V (recommended) PRISMA Detector Lab
> mass assembly with pick-and-place =% @ w w o

Threshold / mV

machine done
> pre-series of 1000 MPPCs ordered

> for the pre-series: use BC408
scintillator, cut and polished

25



New Electronics 2016: Interface boards & BIF

= Qe

- - : - 1 .1; -
“H® POWER-*«
e .y

14 -
e |-
" - A

YIRS -

. i :‘] '.

new interface boards:
> DIF:
more modern FPGA
> POWER:
reduced LV (6 — 4 V) for reduced heat

capacitor bank for power pulsing
software adjustment of SiPM bias voltage

> CIB:

additional capacitors and protection resistors
for power pulsing

> new Beam Interface (BIF)

> time-stamp external signals (trigger, cheren AIDA I%

26



Setup

“REARRERRRRERAY

K ‘90 ‘%- ‘5’0 Qc.- Go %

V"a \ \ \ \ \ f.} {{3
@ 6& 7 \e ? v g ¢ 7
‘%-,",e %
% e Old HBU3 boards
‘4;, * SensL SiPMs

e Usedin 2015 testbeam

e New HBU4 boards

* Newer Hamamatsu

SiPMs * Modified HBU3 board
* Low crosstalk (2- 3%) « Hamamatsu SiPMs
* Few changes in desig * High crosstalk (25%)

* New tile design




Materials in front of AHCAL
May 2017

wire 1cm thick sci. 1cm thick sci. wire
chamber 14x14 cm? 2X2 cm? chamber

J . — 7

unit: m

1 0.2 2.1 0.25 0.4 0.35|1.05/0.4|0.4|0.35 10 ' 1.25 11.6 AHCAL

T Y .

beam wire 1cm thick sci. 1cm thick sci.

concrete _ 5 5 AHCAL
pipe chamber 4x4 cm 14x14 cm

bloke surface

28



beam

AHCAL small thick stack

July 2017

3mm steel (or alu?)

74mm absorber (magnetic)

l l l 5mm absorber (magnetic)
\’

7.5mm gap for HBU

5mm absorber (magnetic)
2mm steel (or alu?)

2mm steel (or alu?)

2mm steel (or alu?)

3mm steel (or alu?)

5mm absorber (magnetic)
7.5mm gap for 1st HBU
(beam hits the PCB first, then
scintillator)

74mm absorber (magnetic)

(10 HBUs with same distance)
74mm absorber

7.5mm gap for 12th HBU
5mm absorber (magnetic)



Temperature of the prototype
during beam time, May 2017

temperature sensor 5
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Temperature of the prototype
July 2017

temperature sensor 5

Layer 1
36 Layer 2
Layer 3
Layer 4
Layer 5
Layer 6
Layer 7
Layer 8
Layer 9
Layer 10
Layer 11
Layer 12
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Pedestal extraction

ADC_Spectrum_Chip117_Chn0_Mem/

pedestal peak

mean value of Gaussian fit

pedestal 249.9 250.2

# Entries
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IVI I P Ca | i b rat i O n ADC_Spectrum_Chip237_Chn1

MIP distribution

Quality of new HBUs very good ...
All 864 channels operational.
863 show nice MIP spectrum
only 6 dead cells out of 1152 cells **
on old HBUs
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summary of MIP response in ADC unit

60

red 6 new modules with latest SMD MPPC
blue 8 older modules with SensL SiPM
black 1 module with older SMD MPPC
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Number of Events
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Number of Events
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ADC Spectrum Chip 237, Channel 0, Run 43568
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