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Rationale for High-Granularity Dual-Readout Calorimetry

Energy compensation: most useful for high-energy

PFA Dual-readout
e Combines tracking with calorimetry e Exploit the stochastic side only of
e PID from software algorithm calor1metry
e Fantastic energy resolution with small ¢ PID in hardware (from S/C)
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Rationale for High-Granularity Dual-Readout Calorimetry

PID: most useful for low-energy, high-intensity experiments

ADRIANO Cer_vs_Sci
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Fast timing PRD #1 High precision 5D calorimetry with a resolutions of ~15%/VE EM and ~35%/VE
hadronic and shower AT < 30 ps for linear and circular e*e” machines.

° PID Via TOF Timescale ready in 10 years.

measurements PRD #2 High precision 5D calorimetry for hh machines with an EM resolution of <
10%/VE and <30%/VE hadronic AT < 5 ps in an irradiation environment of > 10'7 n/cm?2.
Timescale ready in 20 years.

e Usedin LO trigger

PRD #3 Ultrafast calorimetry media with order 1 ps precision for low-energy electrons

and photons.
PFA + Dual-readout (with psec timing)=

E@ Ultimate calorimetry (6D)
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Integrally active HG-Dual-Readout

| Energy Resolution for ¢ layer 4x4 |
0.013-

o Typical electromagnetic energy resolution: 5%/

~ 0.011F

‘ o 0.02651+ 0.0005205
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e Fine granularity: it can be used as a range stack for
muons and/or pions

e Sensitivity > 10 MeV (layout for ORKA and
REDTOP experiments)

ADRIANO?Z? is a semi-homogeneous, integrally
active calorimeter

It is, at the same time, an EM and Hadronic
calorimeter without change in absorber density
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Fast Dual Readout ADRIANO2  «xevror_
in REDTOP >

e 1 GHz interaction rate -> Cerenkov process a winner

e 1/200 n mesons produced -> large background

ADRIANOSci over CerNeg
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ADRIANO predecessor: Non-Segmented
Version

e Detection of Hadronic and EM showers e Detection of EM showers only with small S
with large S and C light production and C light production
e Optimized for maximum shower e Optimized for high sensitivity in the 10
containment (i.e. max detector density) MeV range (i.e. max detector granularity)
Thicker glass Thinner glass
Thin scintillating fibers or ribbons Thicker scintillator plates
Fewer WLS fibers More WLS fibers
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ADRIANO-2014

Two versions built: scifi and scintillating plates

¢ 10 x 8 x105 cm3 long prototypes, about 50 Kg each

® /4 cells total, front and back readout

¢ Hopefully , we will be able to test the dual-readout concept with integrally
active detectors

ADRIANO 2014A: 8 grooves ADRIANO 2014B: 23 grooves
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ADRIANO Detector Response

ADRKIANO 2014 A ADKIANO 2014b
Scintillation L.Y. 523 pe/GeV 256 pe/GeV
Cerenkov L.Y. 354 pe/GeV 338 pe/GeV
% scint. energy 6.0% @ 4 GeV 1.14% @4 GeV
% Cher. energy 94% @ 4 GeV 98.86% @ 4 GeV
% visible energy 89.7% @4 GeV 89.7% @4 GeV
Scint. pe/deposited energy [MeV] 0213 %g}@e@ev 0.041 GeV@ 4gev or 44 pe/ MeV
Cher. pe/deposited energy [MeV] 3 ;7 gg}/)(g)/ﬁgee\y 3 ?%E%\é%ggv

16 prototypes tested over 6 yrs

Light yield goals for 30%/~E
resolution achieved in 2014 !

el
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IANO2: A Dual-Readout Integrally Active Tile
Calorimeter

* Layout: sandwich of small (~cm’) lead-glass
and scintillating plastic tiles

* Tiles are optically separated (wrapped or
coated) and individually readout with sipm(s)

: Opt10na1 dlmple to accommodate the SiPM

Geant4 optical simulation
with Al coating

5/17/2017 C. Gatto - INFN & NIU



Rationale for ADRIANQO2

* Advantages:

1) Prompt Cerenkov signal for timing resolution
and LO-trigger

2) Small Pb-glass tile unaffected by aging
3) Good energy resolution
4) High-granularity
* Disadvantaged
1) Cost

2) Large number of readout channels
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Three sizes

Tested Configurations

— 3x3x1 cm?, 3x3x2 cm?, 3x3x3 cm?®

®* Two glasses:

— SF57-HHT, Fused silica

® Three surface finish

— Cut ground, sandblasted, polished

®* Ten coating

BaSO,, Teflon, Kevlar, Al sputtering (NIU and Euclid Techlabs, LLC)), Al paint, ESR2000,
Ag sputtering (FNAL), Mo ALD, W ALD (ANL)

®* Two sensor interfaces

— Dimple,

no-dimple

®* Two sensors

— 513360,

514160 (6x6 mm?)

® One special tile

Fous

concnre in actHive ocanoed mode — RaSO). coated

5/17/2017
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Polished vs unpolished Tiles




%

Coating vs wrapping

__ ESR2000 o Chzngcal B
wrapping deposition .

Al-

Avian-B

spray

‘ Avian-B
f , Ag- - dipping

sputtering

With ALD W or Mo coated Glass cubes (mask side)
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artz Tiles for REDTOP TOF and
hadronic Calorimeter

*  Much less dense than SF57, but inexpensive and highly
transparent

*  Two coating tested: BaSO4 and Al sputtered
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Construction Facilities
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ALD: ANL (A. Mane, J. Elam)

Al sputtering: NIU and Euclid Techlabs,
LLC (A. Liu, T. Fletcher, M. Figora)

Ag sputtering: Fermilab (E. Hahn)

All diffuse coatings: NIU } T. Fletcher
All wrappings: NIU

Mechanics: NIU (M. Figora)

FEE Electronics: Fermilab (S. Los)

DAQ - ASIC: KU (R. Young)

s S Some oxidation
/ Nccurred before the
/ / outside measurement

7

%R - outside glass
——— %R - inside glass

—

’b-glass opaque below 370 nm
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Fluorescence spectra of wrapping

— Emission (@320nm) Excitation (@440nm)
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e Measurement performed with an PTI QuantaMaster4/2006SE spectrofluorimeter (E.
Nesterov lab. — NIU Chem. Dept.)

e The excitation and emission spectra were acquired at the right-angle configuration

e Results in M. Janecek paper are full;/ confirmed (brilliant fluorescence with r—l4nsec)
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FEE + Tiles with dimple

5/17/2017



FEE and DAQ: Test beam #1: June 2021
e Porka boards (S. Los) with Sampic digitizer (10/8

— ’ N .
Board 26 x 40 mm?

SiPM footprints
on both sides:

*  S13360-2050
«  S13360-3050
S13360-6050

MiniCircuits
GALI -S66+

amplifier

Peltier
connecting
contacts

Tk 5top L ) —
y 0.050” pitch
i thermal 10-contact connector
break LV/BV/RTD/Peltier
Parameter Value
Gain x12
Bandwidth 0.05-1500 MHz
Input impedance 50 ohm
Maximum output signal -2V
t Output noise 200 uV rms
(SERY 1. 00 M00ns Al Ch L -8200V T Power 16mA @ 6V
§50.20 % 11:28:31 3

James Freeman, Sergey Los / Fermilab ~ Oct. 13, 2020
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ADRIANO2 at FIBF

Three test beam completed

® Tiles organized in triplet of three sizes

® Final test beam planned for Winter
2023

® Final test beam with 64 channels and
ASIC DAQ : CAEN 5500 with petiroc-2

(University of Kansas)

..........
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/ Summary LY/MIP Analysis

T

oi/E -

® Teflon dimple
® Teflon no-dimple

1701
| o . .
1651 AvianB dimple
= Analysis still in progress
1554 #* Kevlar no-dimple
@ AlSputt dimple.
150 | O_aispt no-dimple
1457 o — | ® AlPaint no-dirmple
140 — polished BaG04 dimp
135+ _— ground BaS04 dimp
—- —
130T _— * Ag chemlcfrl__n_ irp
4 _—— # W-ALEfio-dim
125 —
L & Mo1-ALD no-dimp
1201 g
— O MoZ-ALD dimp
s // BaB04-4sipm
moT _ &l sputter ETL
105 _— & AgspuEFMAL |
100+ ,/// ¢ Quarz-Bag0d
_ # Quartz Alsput
20/ E . — G ground BaS04 dimple
0/\/ // + ground BaS04 no-dimple
7
70
65
60
55
50
45+
40+
36
30
259
207
16T
107
51
0

I |
t t
20 n

Tile thickness [mm]

t f t
26 29 30
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1 MIP in SF57 ~ 9 MeV/cm

1 MIP in Quartz ~ 3.3 MeV/cm

4 configurations exceed a stocastic resolution of 2%/(E)
Quarzt tiles have 1/3 of the density of SF57, but large LY

Analysis still in progress: need to study efficiency, angular and position response
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Some Observations on LY of Various Tiles

LY scales linearly with thickness with a factor of about 2/3

Mirror coating (Al and Ag) has consistently lower LY, except for the three sets with W
and Mo ALD

Response of diffuse coated and metal sputtered tiles is Landau-like. Mirror coated tiles
have very long tails.

Quartz tiles have much larger LY

Tiles with dimple have about 20% less LY than similar tiles with no-dimple
Al-sputtered, Ag-sputtered and Al-paint have 1/3 the LY vs diffuse coating
Sputter Ag has similar behaviour as Al (oxidation of metal-Pb glass surface ?)
3 cm thick sandblasted, BaSO, tile has 15% lower-than-expected LY

4-sensor board with active ganging (16% vs 4% of tile surface coverage) shows ~3x the
LY vs single-sensor board
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aveform with SAMPIC @ 6.4 GSa/s

Al - sputt
No dimple
514160
|Risetime= 1.2 ns

ESR2000
Risetime = 6 ns

Al - sputt
dimple
513360

s Risetime= 3.2 ns

LR & SR ST

Distance between cursors:
delta® = £1.925 samples

BaSO.
Risetime > 7 ns




AT measurement

ime difference between two waveforms from 2 cells
determined with a CF discriminator

SF57 -Al-sputt with 514160: AT=55 ps J

SF57-BaSOswith 514160: AT=115 ps
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More AT measuremens

Measure Jitter

Time distance between and [CHI
Measure Jitter ON
Time distance between : -f_‘l-g12 and -CH13 -

ON Mean (ns) RMS (p=) FWHM (ps) Mean (ns) Sigma (ps) FWHM (ps)
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e Observations on Timing Resolution
of Various Tiles

Metal-coated tiles have consistently a timing resolution ~60-80/2
psec

Diffuse-coated tiles have consistently a timing resolution
~110-200/72 psec

Four-sensor tiles and quartz tiles with diffuse coating time
resolution: ~100/+2 psec.

* Signals with ESR2000 and Aluminized Mylar have slow components
and are unsuitable for fast timing measurements.
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Large-tile ADRIANO2 with Diffuse
Coatings

ESR-2000 &Barium sulfate paint

(in 0il & water-based binders)
Reflectivity(%R) vs wavelength (nm)

100 G Ve
90
80 —_
70 —— ESR_fresh_s1 o~
60 Casting_10 0
50 Glazing_10 B
40 — GAC-10
30 m— Gloss-10

Reflectivity (%R)
S S

e S

200 250 300 350 400 450 500 550 600 650 700 750
Wavelength (nm)

v

e Four on-tile Sipm’s (1.3x1.3 cm?) in polished dimples
e FEE on tile

e No time measurement
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Final Detector Assembly

e 8 glass + 8 plastic
| tiles

e Total 64 channel
e FEB readout

\

-'*%;-
-

January 2020
Test Beam at |
Fermilab =

S
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Position Analysis

Data Analysis: <pe> vs distance(mm) of slices

f(x) = 4.5e°%x which gives 1/e of initial value at x = 1/0.06 =16.67mm

Ch2:avg.PE vs distance

CH-0

9579/ 4

%2 / ndf
4 Const 4537 +0.2014
B M 0.06827 + 0.00387
35
3
| [
o -
o 25—
g 5
2 =
15—
1
: '] 1 1 1 | 1 1 L 1 I 1 1 1 1 I L 1 1 1 I. 1 'l 1 1 | 1 L 1 1
0 5 10 15 20 25

diztance from MPPC{mm)

30

20 mm

= 0-5 mm =510 mm
e O

1
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/ Summary

ntense R&D is in progress within T1604 to exploit High-granularity, PFA+dual-
readout calorimetry

R&D is well funded and benefits by the participation in CALICE Collaboration:
first phase will conclude in about 1 year

Many configuration tested: Cerenkov light in Pb-glass tiles shows peculiarities
not found in traditional large bicks

Picture for ADRIANO2 response is becoming more clear while the analysis
progresses

Two methodologies stand above the others: metallic ALD and multi-sensors
BaSO.. More studies are needed to confirm uniformity of response and
efficiency

One more test beam of a larger prototype with 4x4 tiles/layer. Total layers=4.

ASIC readout will also indicate viability of the technique for large calorimeters
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Foreseable Applications

REDTOP

Optical-TPC
For slow background rejection

EIC (Photon Project)

or
LGAD Tracker surrounded by Quartz cells
For 4D track reconstruction and TOF

10x Be or Li
targets

Vertex Fiber tracker
for rejection of y-conversion and
identifying displaced vertices
from long lived particles

5D- Calorimeter: ADRIANO2
(Dual-readout +PFA)
Sci and Cer light read by SiPM or SPAD

For excellent energy , position resolution and PID
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Pulse Shape and Input Impedance
for the 4xS|PM Board

. ) Tek r_” e ! |r|1| 1 Az : : '.._'-".._'-'lljh::t _'1 1.4:'.._'-':5::|le:. m
 Signal decay time constant : : . . : : : :
: : : ] : : : ; Curs1 Pos
— 73.5ns ; _ : : _ 48.84n3
* SiPM terminal capacitance 1 i i | 1 j S
3 - j : ' ¥ ' g 272 0mYy
— 2nf
* Total series resistance
— 37o0hm

* SiPM series resistance
— (74 — 50) = 24ohm

- Amplifier input impedance . - RSCI‘:24-|-5() ohm
_ (37-24) = 13 ohm

dliD

— S14160-3050HS 1=86.4 ns
-80 —— S14160-4050HS 1=95.9 ns
— S14160-6050HS t=147 ns
-100 —— S14160-1310PS =10.0 ns

— 25mV/2.3mA = 11ohm + rbb

AMPITUAE

* Common base input impedance

-120
0 1107 2107 3107 4107 5107

Time [s]
* Buffer transistor gain (total gain)

32— 3B {x28)n Title 01/25/22

2= Fermilab
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4 independent
channels

USB operated

Temperature and
current readout




Ag and Al Reflectivity

oo

"~ Horizontal (Value) &

20

250 350 450 550 650 750
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Diffuse coating

a

[eflon no-dimple le_A16_Ampuds 1 s i 16_Charge_pe_ [eflon no-dimple
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1050 1.35 yMean 016756
. Jen o
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A 7Y " o. +
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Tile_#09_Amplitude [V] Tile_#08_Amplitude [V] vs Tile_08_Charge_pC_
Al sput dimple
1,600 . 1.00
10 thick
mm thic
7T 0.40
:
moyal
50T | Tile_#11_Ar
e M0y
2401+
a0 mayal
10 sindot 54518
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