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Motivation for RADICAL

e Goal is to develop a detector module that can:

e Survive the unprecedented luminosity provided at a future
circular collider, like the FCC-hh proposed at CERN.

* While also providing:
e precise timing resolution.

* precise energy measurement resolution.
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An example FCC-hh Detector
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Calorimetry in a Nutshell

* Any calorimeter needs to:
* Create a shower
* Contain the shower
 Measure the shower

 Hence: the sampling calorimeter or Shashlik.
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Calorimetry in a Nutshell

- Radial size at shower max is called
the Moliere Radius
- Moliere radius is material dependent

Shower Max /
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Motivation for RADICAL

GEANT4 Simulations predict Moliere radius of 13.7 mm
LYSO + W Shashlik
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The RADICAL at Fermilab

« Energy Capillaries:

e Cap tubes OD:ID = 1000um : 400um
* Eljen EJ309 liguid doped with DSB1
e Core blocking Ruby Filter

e Timing Capillaries:

o Cap tubes OD:ID = 1000um : 800um
« WLS DSB1

e Quartz rod fused in either end

18
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Motivation for RADICAL

GEANT4 Simulations predict time resolution of 10s of ps

A. Ledovskoy
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GEANT4 Simulations predict energy resolution
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Motivation for RADICAL

GEANT4 Simulations predict energy resolution
CERN H4 Beam Test measured resolution.
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A. Bornheim et al.

G t [ps]

IIII|IIII

200

150

100

50

IIII|III|||III|IIII‘IIII|IIII

Ollllllllll

lllllllllll

chi, SiPM L1(15 mu), DSB

ch2, SiPM L2(25 mu), DSB

ch3d, SiPM S2{10 mu), DSB

ch4, SiPM S1{15 mu), DSB

chl, SIPM L1(15 mu), CAP

ch2, SiPM L2(25 mu), CAP

ch3, SiPM S2{10 mu), CAP

ch4, SiPM S1{15 mu}, CAP

llllllllllllllllll

0 50 100

21

250

300 350 400
Amplitude [mV]



Motivation for RADICAL

Beam Tests FTBE / A. Bornheim et al.
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RADICAL at Fermilab
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RADICAL at Fermilab

MCP RADICAL
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RADICAL at Fermilab 28 GeV

<~ 600 L ' ' | ' ' ' ! ' ' ; | (7))
t | =
N’ l. ; >
O ()
o ‘
ol
S
8 40k
=
el 102
-
(4v]

200 H#'e7 -

10

PbO< 50 mV i,

! ! ! ! !
-_| |||||II|

0

0 200 400 o0
amplitude inrabicAL (MV)

45



RADICAL at Fermilab 28 GeV
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RADICAL at Fermilab 28 GeV
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RADICAL at Fermilab 28 GeV

Signal equalization between diagonal fibers
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RADICAL at Fermilab 28 GeV

Beam Localization by Relative Signal Amplitude

asymmetry 3 vs 4
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 The results so far demonstrate:

 The RADICAL concept is an effective
calorimeter.

 The RADICAL concept has potential to
have 10s of ps timing resolution.

e The RADICAL module is radiation hard.
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Future Work

e January 2023 Test Beam at Fermilab:
e Optimized electronics to reach sub-60 ps timing resolution.

e Study spatial resolution of EM shower position reconstructed in the
RADICAL module vs incoming beam position with precise tracking.

« Simulate different geometries:

e Conduct Advanced Rad-hard Photosensor R&D
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e RADICAL concept has been tested at the Fermilab Test
Beam Facility and demonstrates its potential as an
effective rad hard EM calorimeter.
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