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Motivation

Development off clear, dense crystals (PbWO, BGO, PbE, . . .) with
beth| scintiliater and cerenkoV: response

-> (Cerenkoy response Is prompt, short A
-> Scintillater response has longer time, longer A

Development off phetedetectors (SIiPM, APD, .. .)
-> for scintillator response, smalllarea (1 mm?2) SiPMs

-> for cerenkoy: response, development off (thin) large area (~1
inch?) detectors

(CErEnikoV/SeintilaLeRESPORNSENEOFCONECH BINOPUIMIZES ERNELT),
esElUtion B calOHMELENBIEEHS

RESURGNIGH-pPUREAPartiClefshoWErRr COntERt PER CalCHMEEr CEll
SNU5CI01ZAN GOS0 CALCH BN ZE  CIUSTESS
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Dual Readout Caloerimeter Detector Parameters

Dual Readout Calorimeter

DR ECAL - DRHCAL
3cm x 3 cmx3cm BGO 5cm x5 cm x 6 cm BGO
8 layers — 21.4 X, (1.1 %) 17 layers — 4.6 LI
127 cmilR = 151icin OR il =580 O
Scin/Ceren analog hits: Scin/Ceren analog hits

RS

Total Absorption Crystal Calorimeter

25 total layers of BGO
5.6 ; in barrel
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PEA-enhanced! Dual Readout Procedure

ApI ly' threshold, timing| cuts to both scintillater and cerenkov: hit:
cells

Cluster remaining| cellsiusingl Nearest-Neighbor clusteralgorithm

Cojfreen =zlap) dltisiar Usiple) €/S reitlo (Gr eorrations for eltistagsle),
BAREsholdsy

Find jets from Tracks, Clusters, PFA Particles

Link track jetsi to, Cluster, PFA jets

Make: AMI corrections to Cluster, PEA jets usingl linked: tracks
Determine DiJet mass firom jets
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Threshold/Timing| Cuts on Calorimeter hits

dE/dx ~ 30, 60 MeV
per mip

Threshold ~1/50 mip
Timing t<100 ns

Similar (magnitude)
threshold
Timing t<100 ns
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Mip: Cluster/Interaction SpacePoint Algerithm

Interaction Layer all Tracks Tr Mip Clus E e+e- eSS ZZ

Erries © 1078 _ Ertries © 1078
Mr;;r??aasm MZ;IE?D.MZM -> vv((Q @ 500 GeV

Rms: 4.0704 h Rms: 020306

Interaction spacepoint
<142 MeV> defines the start of
showering and the end
) point of the track —>
eeal |° HeaL RN Iscd for AM correction

Tr Mip Clus Size Tr Mip NumHits vs E 0] ]EtS

<5% layer of ECAL>

Entrigs . 1078 Entrigs . 1078
Wean © 4 6536 i »hean 014244
Rms . 56237 L »Hms: 0.20506
whean . 4 6356
YRms: 96237

<4.7 hits> ,
142 MeV/4.7 hits ~ 30 MeV/hit

~

Slope 1) in this region

oo 02 04 06 08 10 12 14 16
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C/S Corrections

5, 20, 50, 100 GeV pions

A1 = 315 + 684(CIS)
P2 = 677 - .439(C/S) + .762(C/S)?
P3 = .506 + .608(C/S) - 1.050(C/S)? - .935(C/S)?
P4 = 577 - .149(C/S) + 1.464(C/S)? - 2.302(C/S)? + 1.410(C/S)*

0.5 0.6 0.7 0.5 0.9

S (e calibrated scintillator response)

-> em and had visible energy

C (e calibrated cerenkov response)

-> ~ em part of shower

C/S = ~ em fraction of visible energy
S/E = total visible energy fraction
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em fraction = 1
S/E, C/S =1
-> calibration with e-

Mean and o/mean of fit plotted
for each C/S bin
-> resolution improves with C/S

S/E slices in C/S bins

Scint over E bin .15 Scint over E bin .25 Scint over E bin .35

Entries : 204 Entries 476 Entries : aag
Mean: 057947 Mean . 0.BOS5T Mean : 062891
Rms : 0.055732 Rms :0.063238 Rms : 0.063523

Scint over E bin .45 Scint over E bin .55 Scint over E bin .65

Entries . 1225 Entries . 1782 Entries: 2579
Mean: 065342 Mean: 0.B7393 Mean: 0.71746
Rrms:0.050844 Rms : 0.062396 Rms : 0.061175

0.6 0.8 1.0 0.2 04 0.6 08 1.0 1.2 02 0.4 06 08 1.0 12

Scint over E bin .75 Scint over E bin .85 Scint over E bin .95

Entries: 3244 Entries: 2BET Entries: 1111
Mean: 076232 Mean: 082118 Mean: 089215
ms: 0.063478 th'hs.ﬂ.ﬂﬁﬂ% Rms)0.074116




Clustering Corrections

C over S per Cluster Uncorr Scintillator Clus ESum S| ng |e pa rt|C|e
e, 40603 tean: 14728 20 GeV pions
B | NN clustering
(4 hit min)

Using all clusters, mean of
C/S-corrected ESum is 19.0
e e o n o y GeV

00 02 04 06 08 . -> correction for clustering of
1.05

CS Polynomial Correction Factor per Cluster gauss

Entries . 6723 CS Corrected Scintillator Clus Esu G/mean ~ 250/0/\/E

Mean . 069236 == auss

FEms . 012880
CS Corre Bointillator Clus Esum
Entrieg/ 1000
Mean | ”1 18,4649

[ 26389

81.581+3.602
19.040£0.043
1.0736£0.0310
24727

C/S =0, P3 corr = .506
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: Single Particle 20 GeV pions
Cluster and C/S corrections iy uerering (4 it min)

C/s and Cluster-corrected Scin Clus ESum

Number of pion Clusters Num Hits per pi Cluster
[0 ¢S Corrected Scintillatar Clus Esum

Entries . 839 Entries . 2920
Mean: 6.8917 Mean : 52297

Rms: 3.0162 r Fms: 91.150
G5 Corrected Scintillatar Clus Esum

Entries : 10a0
Iean 18392
Rms 27709

- jaUss

1auss

amplitude 105.2044 635
mean : 1993640 045
sigma 1.091340 0311
2 34439

Fit gives mean of ~20 GeV

~7 clusters per pion, many small
G/E ~ 24%/NE

fragments
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PEA Performance — Track/CAL Cluster Match

Number of Mip Clusters

30

Number of ILSP Clusters

Entries : 426
hdean : 22 605
Rms: 7.1074

Entries ; 426
Mean 021362
Rms . 048827

5/11/2010

Number of Tr Core Clusters

Entries : 426
hean @ 5 8RES5
Fms: 25085

2 4 & g 10 12 14

Number of Track Cluster Matches per Event

Entries : 428
Mean ;43216
FEms: 24161

CALOR 2010

ete -> ZZ
-> vvgq @ 500 GeV

# tracks = # mip clus
(but sometimes start of
shower is layer 0, so mip
cluster has 0 hits)

Track Core clusters lie on
extrapolated track

Clusters pointing to the
end of the mip cluster

(ILSP Clusters) are rare
after cores are removed

4.3 Tracks per event
(19%) are matched to
clusters by PFA




PEA Cluster Purities

MC Particle Purity per TriMipClus MC Particle Purity per TrCaoreClus e+e- ) > ZZ

Entries © 2638 - Entries 1 2491
Mean - 098021 Mean - 0 86945 -> vvqq @ 500 GeV

FEms . 012588 Rms: 021375

Purity of mip clusters is
> 98%

H m L MHH , ) Purity of core clusters

0.2 0.4 0.6 0.8 . ' . 0.2 04 0.6 0.8 . N900/0

MC Purity for ILSP Clusters E over p of Track Cal Cluster

Erires 76| gp Sl Purity of ILSP clusters is

Mean : 0.960 Mean . 0.98805
Rms . 0.126 T Rims : 0.078801 > 969,

Final E/p range for
matched clusters
determined by CAL
resolution for charged
pions
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\ efazez s zi=yvao @i s00:-GeV

Mip clusters, core clusters,
pointing clusters, and shower
clusters

Final Track/Cal Cluster matches
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g a a5 00 Gey
Diffierence -> Didet Mass — g Mass

DIff CS DiJet Mass DIff PFA DiJet Mass

Diff CSs S Dijet Mass Diff PFA Dijet Mass
- aLSS - CELSS

Diff CS S Dijet Mass Diff PFA Dijet Mass
Entries : 4338 Entries : 4338
Mean : 0.34972 Mean : -1.6659
Rms : F.0254 Rms : 6.8081

gauss gauss
amplitude : 271.04=5.40 amplitude : 303.08=6.08
mean : 0.76624+0.1020 mean : -1.0178+0.09499
sigma : 6.1774=0.0790 sigma : 5.4036x0.0685
w: 2.7¥130 w7 4.3513

C/S-corrected Clusters PFA-enhanced Clusters

G/M — 0.068 13% improvement G/M — 0.059
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efaz=zZ = yvao@:500:GeV
AMI Corrections with and without PEA

All Track Invariant Mass per Jet All Track Prime Invariant Mass per Jet Delta M All Track per Jet Mp M

Entries : 8676 7 Entries : 8676 9 Entries : B6T6
Mean : 11.241 Mean : 17.024 Mean : 5.9003
Rms : B.2778 Rms: 10.264 Rms : 4.5877

All tracks

20 40 20 40 50

FFA Track Invariant Mass per jet FFA Track Prime Invariant Mass per jet Delta M PFA Track Jet Mp M

Entries : BE76 5 Entries : 8676 ; Entries : BET6
Mean : 8.9360 Mean : 13.354 ' Mean : 4.5619
Rms: 7.2175 Rms : 9.3463 1.4 Rms: 4.2240

UnMatched -
JTracks (PFA)”"

200

100

0 10 20 30 40 &0

Track on left, large difference between track 4-vector at origin and 4-vector from
cluster -> IP, but PFA match chance is high, so correct 4-vector is used
Tracks on right, smaller differences, but lower chance of matching due to overlap,

so AM correction must be made
5/11/2010 CALOR 2010 15




eta => ZZ=>vywvqg @ 500 GeV
Effect of AM Correction oni Jet Masses

CS Clus Jet Mass befare dw Carr dM far C5 Clus Jet CS Clus Jet Mass after dM Carr

200 Entries : B676 _ Entries : B676 800+ Entries : BET6
Mean : 19.151 1 Mean : 5.8100 Mean : 13.463
600 Rms: 12.060 Rms: 4.6027 JooT Rms: 11.111

All-Track AM for C/S- 5001 I s00

500
4007

corrected cluster jets 1 1 AM ot

3007

2007 200+

100 | 1001+

0 T T T } T T -+ 0-
0 20 40 &0 g0 10 20 30 0 20 40 60 80

PFA Jet Mass before di Carr dm far PFA Jet PFA Jet Mass after dv Carr

Entries : B6T8 _ Entries : B676 _ Entries : BET6
Mean : 16.668 ' Mean : 4.4928 Mean : 12.336
Rms: 11.342 . T Rms: 4.2240 T Rms: 10578

Unmatched Track AM
for C/S-corrected +
PFA jets

Use of PFA results in smaller mass per jet
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SR b e e (el G B S

DiJet Mass + AM Correction

CS Clus Didet Mass (+dM) PFA DiJet Mass (+dM)

CS Clus DiJet Mass dM
- gauss

CS Clus Didet Mass dM
Entries : 4338
Mean : 91.415
Rms : 9.6241

gauss

PFA DiJet Mass dM
- auss

PFA Didet Mass dM
Entries : 4338
Mean : 90.003
Rms : 9.7468

gauss

amplitude : 236.1315.20 1 r amplitude : 244.4245.40
mean : 91.95240.11 mean : 90.73610.11
sigma: 6.835510.105 T sigma: 6.566110.102
¥ 3.0693 ¥ 3.0840

C/S-corrected Clusters PFA-enhanced Clusters

c/M = 0.075 19% improvement c/M = 0.061
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Diffierence -> DiJet Mass — g Mass + AM Correction

Diff CS Clus DiJet Mass (+dM)

Diff CS Clus DiJets Mass dM

Diff CS Clus DiJets Mass dM

4338
039296
7.0570

0.8813410,09282
5.6819140.0757

290.0615.94

2.9648

DIff PFA DiJet Mass (+dM)

Diff PFA DiJet Mass dM
- gauss

Diff PFA Didet Mass dM

Entries : 4338
Mean : -1.0228
Rms : 7.0213

gauss
amplitude : 301.0415.26
mean : 0.3150240.08814

sigma: 54432100748
¥ 3.0270

C/S-corrected Clusters

o/M = 0.062

5/11/2010

5%, improvement G/M = 0.059

CALOR 2010

PFA-enhanced Clusters
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Diff PFA DiJet Mass (+dM) ~ZPole

%

Diff PFA DiJet kass i
Entries 1017
Mean -0.70962
Fms : 5.27594

Causs
amplitude @ 147 0246 175
mean ;: 0.086834+0 12638
sigma : 3.353840.0887
¥ 28132

PFA Dilet Mass —
gq mass

o/M = 0.037

PFA Track/CAL Cluster match
algorithms find a larger
percentage of isolated clusters
matched to tracks -> 23% of the
tracks in these events compared to
19% for gq at 500 GeV

5/11/2010
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Summary

A total absoerption calorimeter using dense; crystals and employing dual readout
of both! scintillator and! cerenkoy: light: has' been simulatedi and used to) study.
NIgh energy e*e interactions.

Because of the highi segmentation and granularity: of the crystal calorimeter
configuration, high' purity. off particle contribution: per calorimeter cell'was
Obtained > PEATGPPIOECH LOrEVEN T HECONSEHUICHORE

Dual Readout corrections wWere applied to pion shower friagments; fromia NIN
cluster algorithm, resulting inian EFErGY: resollition Stechastic term of ~245%//E
for single pions.

Modular PEAs developed fox al pixelized sandwich calorimeter have been Used
witheut modification inithe crystal calorimeter including :

Using the PFA-enhanced approach along with the' DR corrections te clustersiand
Mass| COrrections! te) jets, Imprevement: el therdijet mass reselUtion N the range
o 5-19% has been obtained when compared to the non-PFA reconstruction.
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