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RD352 1s a generic detector R&D project
not linked to any experiment

Goal:

Investigate + eliminate the Jactors that prevent us from measuring
hadrons and jets with similar precision as electrons, photons

And thus develop a calorimeter that is up to the challenges
of future experiments in particle physics

Outline:

e New paper (hadronic performance)
o New experimental results (1 week in October 2016)

® Plans for the future



DUAL-READOUT CALORIMETRY

e Dual-readout Method (DREAM):

Simultaneous measurement of scintillation light (dE/dx) and Cerenkov light
produced in shower development makes it possible to measure the em fraction of
hadron showers event by event.

The effects of fluctuations in this fraction can thus be eliminated

® [n this way, the same advanges are obtained as for intrinsically compensating
calorimeters (e/h = 1), WITHOUT the limitations (sampling fraction, integration
volume, time)

- Correct hadronic energy reconstruction, in an instrument calibrated with electrons

- Linearity + excellent energy resolution for hadrons & jets
- Gaussian response functions
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Abstract

In this paper, we describe measurements of the response functions of a fiber-based dual-
readout calorimeter for pions, protons and multiparticle “jets” with energies in the range
from 10 to 180 GeV. The calorimeter uses lead as absorber material and has a total mass
of 1350 kg. It is complemented by leakage counters made of scintillating plastic, with a
total mass of 500 kg. The effects of these leakage counters on the calorimeter performance
are studied as well. In a separate section, we investigate and compare different methods
to measure the energy resolution of a calorimeter. Using only the signals provided by the
calorimeter, we demonstrate that our dual-readout calorimeter, calibrated with electrons, is
able to reconstruct the energy of proton and pion beam particles to within a few percent at
all energies. The fractional widths of the signal distributions for these particles (o/F) scale
with the beam energy as 30%/+/E, without any additional contributing terms.
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Principles of dual-readout calorimetry (1)
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Principles of dual-readout calorimetry (2)
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C/E

Principles of dual-readout calorimetry (3)
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0,X are independent
of energy!!

cotgo = =X



Principles of dual-readout calorimetry (4)
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C/E

Principles of dual-readout calorimetry (5)
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of energy!!

and also independent
of the type of hadron!!

is universally valid
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Principles of dual-readout calorimetry (6)
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The rotation method

1.0

o
o0
T

04 -

02

00L\ . .

.« E GeV hadrons

|

1 I 1

0.4

P I S L
0.6 0.8
S (arb. units)

1.0

* Fit experimental data with
a straight line

* Determine coordinates of P
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0 is independent of E
and particle type!!
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Some applications of the rotation method

hadron data taken October 2015
with the lead based RD52 fiber calorimeter



Cerenkov signals (em GeV)
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Applications of the DR rotation method (1)
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Applications of the DR rotation method (2)
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Number of events per bin

Applications of the DR rotation method (3)
single hadrons, multiparticle events (“jets”)
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A new phase for RD52

Silicon PM readout



The PMT readout of the DREAM calorimeter

—2.5 mm-




Comparison PMT / SiPM readout

Advantages SiPM:

e (Compact readout, no fibers sticking out (antennas)

e [ongitudinal segmentation possible
e Operation in magnetic field possible

o Larger light vield (# Cerenkov photoelectrons limits resolution)

(Potential) disadvantages SiPM:

e Signal saturation (digital light detector)

o Cross talk between Cerenkov and scintillation signals
®* Dynamic range

o [nstrumental effects (stability, afterpulsing, etc....)



The very first SIPM test of a DR calorimeter (10/2016)

8 x 8 array of 1 mm? Hamamatsu SiPMs, 50 ym pixels (400/SiPM)
I fiber per SiPM

MODULE 1: All channels equipped (32 scintillating + 32 Cerenkov fibers)
MODULE 2: Only Cerenkov fibers connected (32)



I fiber per SiPM




-photon response
Real Time Spectra

C-1 AE-8 mF.1 ¥ F.2

Spectrum I Oscilloscope
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Event displays in 8 X 8 mm?region

(module 2)
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Showering electrons deposit 50% of their energy in this region



Optical cross talk (module 2)
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Average signal (Cpe)

Optical cross talk and signal saturation
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Module I (S + C fibers connected)
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Cerenkov signals, comparison modules 1,2
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Plans for 2017

(1 week in July)



Goals for 2017 SiPM tests

o Eliminate crosstalk between S and C signals as much as possible

Use separate arrays for both signals, fiber feed thru crucial issue

o Eliminate / strongly reduce saturation effects
Only an issue for S signals
Use SiPMs with smaller pixels, reduce gain



Calorimeter Module for 2017 Test Beam
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Goals 2017 beam tests

In addition, we want to test two new full-scale copper-fiber

calorimeter modules, built at lowa State University
(standard PMT readout)

For both components of our experimental program,
we request electron beams, with energies from 10 - 100 GeV



First jull scale Cu modules built at lowa State Univ.
(using Cu/le alloy)




Backup slides



DUAL-READOUT CALORIMETRY
for pedestrians

Richard Wigmans
Como, 29/3/2017



The physics of hadronic shower development

" A hadronic shower consists of two components
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» [mportant characteristics for hadron calorimetry:

» Large, non-Gaussian fluctuations in energy sharing em/non-em

» Large, non-Gaussian fluctuations in “invisible” energy losses
(e.g. 100 GeV : energy resolution ZEUS 3.5%, D0 7%)



The calorimeter response to the two shower components
is NOT the same

(mainly because of nuclear breakup energy losses in non-w® component)
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This effect is quantified by the e/l ratio.

In this example, only 1/1.8 = 56% of the non-m°energy contributes to signals



IMPORTANT

(often misunderstood)

The e/h ratio is INDEPENDENT of the particle energy

It is determined by the calorimeter structure

For example, in crystal calorimeters e/h ~ 2
in sampling calorimeters it is typically smaller (I - 1.8)

What DOES depend on the energy is the e/t signal ratio
This is because of the E dependence of the em shower component ( |, )

And since <f.,> and its fluctuations are different for t,K,p,
the response functions are typically different for these particles



(Fluctuations in) the electromagnetic shower fraction, f,,,

i.e. the fraction of the shower energy deposited by T°s
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Fluctuations in the em shower component ( f,,. )

o Why are these important ?

- Electromagnetic calorimeter response # non-em response (¢/h # 1)
- Event-to-event fluctuations are large and non-Gaussian
- <fom> depends on shower energy and age

o Cause of all common problems in hadron calorimeters

- Energy scale different from electrons, in energy-dependent way
- Hadronic non-linearity

- Non-Gaussian response function

- Poor energy resolution

- Calibration of the sections of a longitudinally segmented detector



Dual-readout calorimetry

Measure the em shower fraction f,, event by event

— eliminate effects of fluctuations in f,,,
on the calorimeter performance

Exploit the fact that the (e/h)values for a sampling calorimeter
based on scintillation light or Cerenkov light are (very) different

(e.g. protons from h component contribute to S, but not to C signals)



Proton / pion differences in calorimeter signals
caused by differences in em shower fraction characteristics
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Effects of incomplete
shower containment

Lateral leakage fluctuations

60 GeV it~ Oo/E = 6.4%
showers contained X2 mdf = 1.66
in RDS52 calorimeter
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RD52 setup in H8 (October 2015)
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The leakage counter array
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Number of events per bin
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Early vs. late starting showers
(effects of light attenuation in S fibers)
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Effects of leakage counters on the hadronic energy resolution

Use S+L signals
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The meaning of “energy resolution”
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What is the meaning of “energy resolution”?

o The precision with which the energy of an event can be
determined on the basis of the signals

In practice it is measured to be the width of the
signal distribution for a collection of mono-energetic
beam particles

This is what we do in the rotation method.

This is also what is done for every other calorimeter.

Other calorimeters use ADDITIONAL information.

For example:

The “offline compensation” method used in ATLAS is based on
calibration constants that depend on the energy of the particles,
and on the ratio of signals in different detector compartments.
These constants are also different for protons and pions.

In our analysis, we do NOT use knowledge of the particle type or energy!





