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Outline

e The T3B detector
e Active Elements
* Data Acquisition

* Analysis, calibration and performance

* A high time-resolution detector for Beast2: CLAWS
* Detector design

* Improvements and optimizations over T3B
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T3B Detector

"+ 15 readout channel:
!
. * each consisting of 30x30x5 mm scintillating

tiles coupled with a SiPM sensor

* Readout: 4 x USB picoscopes®: 1.25 GHz, 3000
sample (2.4 ys) per trigger

e 15 channels + 1 sync channel

W-AHCAL (5 A), SDHCAL (6 A)

{ » With W-AHCAL.: Synchronization of data |
streams possible (and demonstrated): Allows for

[

|
{ event-by-event identification of shower start !
l

|« Optimized to study the time structure of
!1 hadronic showers with a small number of 1‘
detector cells

Tungsten Timing

30 mm beam axis
-
L/
14 T3B cell number 0
-
449 distance from beam axis [mm)| 0
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Active Elements

» Plastic scintillators (BC420) directly coupled to
Hamamatsu MPPC50 SiPMs

» fiberless coupling - improved time
resolution, reduced mechanical complexity

 scintillator geometry optimized for uniform
response

. SlPM Silicon Photomultlpller |
array of avalanche '
photodiodes operating in
geiger mode
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"« Each pixel has a on/off
~ response, the array output is
a superposmon of aII plxels i:
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T3B Data Acquisition

| * Fast sampling to allow for single photon
resolution = > 1 GHz

* Long acquisition window — > 2 us

e Fast trigger rate: faster than the CALICE
4

i, . Adopted solution for T3B: Picoscope 6403 ———
|

1.25 GHz sampling for 4 channels per unit

1GS buffer memory (shared between channels)

Burst trigger mode: maximum rate determined by
window length — = 100 kHz for 2.4 ps tested and used

8 bit vertical resolution

s —
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T3B Readout Scheme

e Based on a test beam environment: Data taking during a “spill”, then readout

during off-spill time
J P Proton Synchrotron Super Proton Synchrotron

Extraction
~10s

Super Cycle
~45 s

Waiting Time
~35's

Extraction Waiting Extraction
~400 ms Time ~400 ms
~5-20 s

e Typical operation mode:
 Up to 10k triggers per spill - data volume:
* 3000 samples/ev, 8 bit per sample: 240 Mbit/ch/spill => ~ 1 Gbit / picoscope/spill
* with four scopes: 500 MB/spill - read out over USB2

> requires parallel readout over four controllers to read in less than 30s

» Summary: Record 10k events with high rate, then read out for ~ 30s, record again...
(NB: The number of recorded events before readout can be higher by x 5, then readout takes longer)

s — ——————
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Data Analysis

— = —— - = -
~» Subtract the average response of a |
. single SiPM pixel from the
| recorded signal, until no signal left: |

» Histogram with the time of arrival
of each photon on the SiPM

» For this plastic/SiPM combination
-1 MIP ~20 photons i.e. 820 keV in
the scmtlllator

For robustness Use only the flrst hit |
from hit separation, afterpulsing, ...
rare (at the %-level)

e Main observable: “Time of first hit”
| photon (SiPM) |
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- Timing given by the second reconstructed
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Calibration

s_mean SiPM avalanche charge:
— 0.1667 £ 0.0039 x 10" C |

# waveforms
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N
IIII|IIII|IIII|IIII|

: PR ] x10712 , | , L 1
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 09 1 0 0.155 0.1 0.165 0.17  0.175

waveform integral [C] SiPM avalanche charge [107% C]

18'I"'."'."'."'!"'I"'!"'!"'!"'!"'!':0-9
17.8 _ S a_mp_lit_u_d_e;__t_em_pe'__ratureg_d_ep_eq_de_ncgg;__f 0.89
17.6/— . -
174 RIS & D 1 . W i VY
T O R R T
17E b b 2085
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Performance

| Reconstructed amplltude for partlcle S|gnals depends
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CLAWS

(sCintillation Light And Waveform Sensors)

|
,,4
|

I
I

Update on H->bb/cc/gg at 350 GeV
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CLAWS

(sCintillation Light And Waveform Sensors)

. écintillator tiesotised for SM iP, iFetI |
 mounted on a PCB |

|
|

- Designed at Mainz, inspired by MPP studies

l
|
« New generation of SMD SiPMs with better noise
|

levels, lower afterpulsing and crosstalk |

| |
S ’ Dome height 1.5 mm
- | .Dome diameter 6.0 mm

|

f
|
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Improvements - SiPMs
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Hamamatsu - still with high noise rates
due to interpixel cross talk

 New generation (not yet officially available)
| eliminates this problem - plan to use for
CLAWS

* The challenge: Also eliminates our |
calibration strategy - need to find a new |
solution, for example based on LEDs

)
|
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Improvements - DAQ

| . N:e nérationo osilloscopes fm o
Picotech (6404D)
» 2GS buffer

» USB3.0

» continuos data taking until full buffer
l.e. = 100 milliseconds windows
sampled at 1.25GHz (800 ps resolution) |

‘ |
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Optimizations

* There is a set of tunable parameters that depend greatly on the goals of the
measurement:

> SiPM pixel density
» SiPM active area (up to 3x3 mm?)
> Scintillator material and thickness

that will impact on the resolution, range and material budget of the device

We need a clear set of requirements regarding what CLAWS should measure in
BEAST2:

» what is the energy range it should be able to detect?
» what time resolution is needed?

> what energy resolution is needed?

—

e — e
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Conclusions

|

|

* We propose a high time resolution detector:

- » (Can reach sub-nanosecond precision

» capable of continuously recording for very long time windows

| « Detector and DAQ are well tested and have withstand hundreds of hours of runs in

our lab as well as several testbeam data taking campaigns at CERN PS and SPS

 New developments in SiPM noise rate and oscilloscope readout can push the

M boundaries even further

4
l
\

f

I » What exactly we want measure with this system?

‘- Neéd to know:

» What are the expected energies?

* We need input from your side to optimize the detector and customize it to your
l needs

e — e

> What are the expected rates?
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