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Qutline

e Dual readout - the basic idea.

e Recent developments - options tested on beam:

e Combined data taking with old prototypes
e SIPM readout (with TB results)

e L ongitudinal segmentation

e SUMMaAary

G
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Reminder: why dual readout?

e Precision physics at ete- -
collider calls for high-
resolution hadronic .
calorimetry g\m“
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The curse of hadronic calorimetry
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The curse of hadron calorimetry (2)

e fom fluctuations dominate the hadronic calorimeter resolution

* Dual Readout: ool —
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Number of events per bin

Performance of Dual Readout
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eHadronic resolution comparable to compensating

calorimeters.
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https://doi.org/10.1016/j.ppnp.2018.07.003

EM performance

o/E=3.8%

e Excellent e and y calorimeter
performance thanks to high
sampling fraction.
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A practical implementation: IDEA

1
_— Magnet and iron return yoke
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Dual-Readout Calorimeter

Drift Chamber

.|  Vertex Detector

as

S0 ss z [m]
The structure of the IDEA detector and its overall dimensions

See here for additional information
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https://indico.ihep.ac.cn/event/7389/session/0/contribution/228/material/slides/0.pdf

IDEA slice on beam (2018)

e A full combined test of IDEA:
 Drift chamber prototype

e GEM as preshower + uRWell for u
detection

e Several calorimeter options tested
on beam

e See, e.g., talk from R. Santoro
here

Drift chamber Preshower

Scintillators
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https://indico.cern.ch/event/766859/contributions/3250168/attachments/1776138/2887660/santoro_FCCee.pdf

Calorimeter options used during TB

|

e RD52 module (combined data taking
with other sub detectors)

* SIPM-based readout (standalone)

e Staggered module (standalone)

The 15t time on beam
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Combined measurements (RD52)

e RD52 performance studied in detail elsewhere

e Focus on DAQ combination and combined runs with GEM-based

preshower
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SIPM dual readout (standalone test)

Uoecesesse - e Single fibre readout with

eesssese | HAMAMATSU SiPM

Deesesetsy o m

O S S0 *Readout for Cherenkov
and Scintillation light

separated to minimise
cross talk (the latter
expected to be ~ 50 times
larger)
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SiPM array
Scintillation o

SiPM array
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SIPM dual readout (linearity)
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SIPM dual readout (shower shape)

eReadout of single fibre gives unprecedented lateral
segmentation

 Em lateral shower shape measured with ~ 1 mm precision.
Doi:10.1016/j.nima.2018.05.016
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https://www.sciencedirect.com/science/article/pii/S0168900218306077?via=ihub

Longitudinal segmentation (standalone test)

e Parficle identification (e.g. hadronic tau decay) may benefit
from longitudinal segmentation.

e Staggered option tested on beam

"HAD" section: E(short fibres)
"EM" section: E (long fibres) - E (short fibres)

e Challenge: calibration of the short section.

View from above

Beam

>

Red: short fibres (scintillation and Cherenkov)
Blue: long fibres (scinftillation and Cherenkov)
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Longitudinal segmentation

e Problem: how do we calibrate short section?

e |dea: propagate calibration from long section using hadrons.
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Summary

e Dual readout:

e Excellent EM and HAD native resolufion
e Could be combined with pflow approach if need be.
¢ 2019 combined test beam + standalone calorimetry:
e SIPM readout offers potential excellent tfransverse segmentation
* Options to introduce longitudinal segmentation being investigated

e Promising results on calibration

. 17
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