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Motivation

Development of clear, dense (scintillating) crystals (BGO, PWO, PF, . . .)
-> total-absorption| calerimeter ~same; velume; as current detectors
7=91 )/ CE UENSIES == SE6P o kal=a SEPLIGRNGHYStalNCal OITMELR/AR Ed:;
CEGalOHmMEErVoIUmE
-> Readout 2 sources|off phetons from 1 detecter material
Cerenkoy from fast, light particles -> e* irom| electromagnetic
SHOWEFS
Fast, UV light
[Few, photons -> sensors with highr collection efificiency, large
area, directionality?
Scintillation fremi all'charged particles -> em and hadronic shewers
Slower response, longer wavelength
Plentiful inrcurrent crystals -> smalli sensors
ONFCHYSEAIPHBIOEEIEEIONS > highIyASEdMERtEd andieranul g calOImEtEs:
Dual-Readout Advantagde :
-> C/S ratio ~represents the electromagnetic firaction off the visible
energy.
[IBrGE fUCUBHERS INFEM N CueR=> POS: EHESOIUEON
USe €/S110) correct total E response -> muchiimpreved E reselution
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Dual Readout Caloerimeter Detector Parameters

Dual Readout Calorimeter
DR ECAL DR HCAL
3 cmix 3 cm x 3 cm BGO 5cm x5 cm x 6 cm BGO

8 layers — 21.4 X, (1.1 &) 17 layers — 4.6 A
127 o I — 151 epn OF 5o [ =255 il )

Scin/Ceren analog hits Scin/Ceren analog hits

RS

Total Absorption Crystal Calorimeter

25 total layers of BGO
5.6 A; in barrel — 2.5 m radius
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Electron Calibration for Scintillator, Cerenkov

- B Calib Scintillator Hit ESum
+10 GeV electrons M Calib Cerenkov Hit ESum

== gauss

:G/E = 0.0017 Scintillato 'I - gauss_1
Lo/E = 0.0052 Cerenkov Calib Scintillator Hit ESUm

Entries : 2536
Mean : 29701
Rms 0.060792

Calib Cerenkov Hit ESum
Entries : 2536
IMean : 9.9820
Rms : 0.12479

0auss
amplitude ©  400.01211.1
mean : 9.98110.0005
sigma : 0.01669240.000293
¥ 99567

auss_1
amplitude © 14573379
mean ; 9.9997+0.001
sigma ; 0.052239+0.000849
i 1 7697

10.2 103 104

S=1.004xs C=7692xc,.,,

?°% pigisim Scintillator




S/IE

Cerenkov/Scintillator Correction for Hadrons
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Corrected Pion Scintillator signal using| Polynomials
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o/E ~ 0.09

Using C/S correction
-> 40%/VE to ~22%/VE
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8 20 GeV pion [

o/E ~ 0.05

Calib Scint Hit ESum
B Corrected E p2
== gauss
== nauss_1

(Calib Scint Hit ESum

Entries : 5045

Mean : 15.997

Rms : 1.3632
Carrected E p2

Entries : 5045

Kean 19.912

Rms - 1.2352
auss

amplitude © 393 72+7 .37
mean:  Z20.057£0.017
sigma © 0.935827+0.0110
Y2 31070

0auss_1

amplitude © 289 4245 11
mean:  13.988+£0.020
sigma ;. 1.3865+0.0156
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P3 Corrected Pions

o/E ~ 0.08

/E ~ 0.07

:

~22%/+VE from fit
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L EITEES
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Crystal Development: R&D

PWO) crystals dense (8.3 g/cc), but
-> oxides have a low' E band gap, se propagdate little cerenkoy
light

PE crystals dense (7.7 g/cc), but
-> filuerides have a higher E band gapmore suitable for
cerenkoy: propagdation, but dont scintillate!
Add dopant termake PE scintillate? (literature on this)

What about UF (~9 g/cc)?

Needs :
AN ERP P atRESRIPIWIthRarCRYSta NG OWEIR e e LIRS AMPIESHO)
LESUING?
EXIENSIVE USEIBIF tESt BEAMSI— prowaBly enly NEEdsIelection  bEa
fer single crystall studies, pions Iater fer langer prototyping witi

multiple erystal sets
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Readout: Detector Development R&D

Scintillation Sensor R&D
Present: scintillating crystals; produce; plenty: of: scintillation light
-> readout candidates — mm? SiPM, small sensors
-> Want nen-prompt, long wavelengthilight, se timing cuts,
filtering means; larger Sensors?
HEP doesn't normally’ require “medicaligrade™ (~100k y/MeV)
crystals
Readout candidates depending) onifinal realization off scintillation
yMeV from: material, filtering, timing| compromises
-> many-mm? SiPMs, APD?
-> mounts on 1 face of crystal?
Needs :
Optimization o filters) timing cutsHer goodl seintillater erystal
— PV @IUSING test I9eam

EXtERSIon! ter SamplEs o REW! Crystallfmaterials
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Readout Detector Development R&D! (cont.)

Cerenkov: Sensor' R&D
Cerenkov: angle ~60° (index of refraction| at these densities)
-> Use all faces of the: crystal
Optimizing| crystall material for maximum| cerenkov: yield
-> still probably: requires few: cm? sensoers on several faces of
the crystal
-> thini proefile torminimize material in between, crystals
Needs : much R&D, potential use elsewhere?
AnrextensienteitMEPWokeclrrently engeing at ANIEHIEP
MER==SN EPAINEREEECHERREINPIEEE) 7
> @Could everage existingrtestiaciliesiab space, testing
tools, etc.
nimpElmrSiiceniNanoparticle UV Phctedetector (Uroi I U=E)
-> @epositing silicent nanopalticles on: arsilicon Walier tUiis
silicentiromivisible tor UV detector (Z00-400rmmilight)
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Summary

Promising| technology: for future high-resolution calerimetry: using dual-
ieadout off a ~total-absorption crystal detector

MUust “discover™ a new: clear, dense crystallwhich can' preduceand
propadate; adequate numbers off y/MeV. off beth scintillation and
cerenkoyv light

Must develop: readoeut Sensors for each) off thiese respenses maximizing
detection efficiency’ as a function of time and wavelength while
MINIMIZINg the ameunt ot materiallin; the: Sensor;
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More Challenges/Opportunities

Withirsensersimoeunted directyAenrthiercrystals Canimaciie animaaing
CalOrmMEERWithrcrRyStal SIXEI- CORSHUGCHOR
== ElbiClEECoRSUCHERNECINIGUESHIZEAY)
> anlnlzigledel wariofnleisies Lellizigle) izl rezlcote cofraatiens With
IREIVICG IS patICIEN ECORSHUCHOR
==l preURESSI O tONIFNERENErGIES = IESS EMPhiasISI GRPEAY
MOKE GNLCErENKOV, COIECHGN

Czlloringater Calligretion
== HGWALeICalibate eacirchyStal ieItS EMMESPONSEWI IO
PULHIRENERS G tHeLSaNES O Ch/StalSH tESt BESIZ
S NELEEUSIHENCRIMUBISE = Irelate tOrEN [ESPONSE

ERCINEERREchglENEES o CalormEteIS PP
== IOWILO) SUPPEIE CRYStaISIWiIIENIRIRIIZIRG atEral?
> BalelfCallexample—upwaras e S0 ORSI e SUPPOLT
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