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* Review of the (developing) clustering algorithm.

 How to quantify the two-particle separation
capability: a definition of “quality”.

« Quality for singlert’, y and n events.

* Quality studies with two close-by particlas{t, 1Ty,
TN, Nn):

— overview of findings;
— event gallery.
 Summary.
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Form clusters by tracking closely-related hits
(1/3 mip) layer-by-layer through calorimeter:

— for a given hitj in a given layerl,
minimize the distancd w.r.t all hits k in
layer |-1;

— ifd<digt, , for minimum d, assign hitj
to same cluster as hit which yields
minimum;

— if not, repeat with all hits in layel-2, then,
if necessary, layet-3, etc., right through
to layer 1;

— after iterating over all hitg, seed new
clusters with those still unassigned;

— ifin Ecal, calculate weighted centre of
each cluster’s hits in laydr (weight by
energy (analogue) or density (digital)) and
assign a direction cosine to each hit along
the line joining its cluster’s centre in the
seed layer (or (0,0,0) ifit's a seed) to its
cluster’s centre in layel;

— ifin Hcal, assign a direction cosine to each
hit along the line from the hit to which
each is linked (or (0,0,0) if it's a seed) to
the hit itself;

— try to recover backward-spiralling track-

like, and low multiplicity ‘halo’, cluster
fragments ...
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Two-particle separation quality: definition

*  Working definition of how well the cluster
reconstruction is doing:

Quality = fraction of event energy that
mapsina 1.1 ratio between
reconstructed and true clusters.

*  Combines “efficiency” ite. how well the true
clusters correspond to the reconstructed clusters)
with “purity” (i.e. how well reconstructed clusters
correspond to the true clusters) into a single, useful
measure.

*  With no clustering, each hit is a reconstructed cluste
= quality — 0 (energy spread over multiple
reconstructed clusters);
with maximal clustering, the whole event is one
reconstructed cluster quality — 50 % (two equal-
energy particles; ¥z of event energy maps 1:1).

*  Would like to find intermediate point where quality
is maximised= look at quality vs clustering cuts vs
particle separation.

*  Demonstrate principle with snap-shot of algorithm
in its current form, varying theéi st _nmax cut (D09
detector).

*  Energy calibrated according to:
E= G[( EEcal; 1-30+ 3EEcal; 31-4()/Emip + 20\IHcal] GeV.
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Reconstructed clusters True particleclusters

Distribution of event energy (%) L
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* Quality =94.2 + 1.3 + 0.1 = 96 %.
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Reconstructed clusters True particleclusters

Distribution of event energy (%) Xyt
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 Quality = 99 %.
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5 GeV single n event

Reconstructed clusters
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Reconstructed cluster ID

Distribution of event energy (%)
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* Quality = 87.2 + 0.5 = 88 %.
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n*r* quality vs separation (=*n* quality f =* quality) vs separatiol
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n*n quality vs separation (=*n quality / <z*+n> quality) vs separation (nn quality / n quality) vs separation

100~ 100 : : 100 100
gn;_ N M ;_
gu;_ HHHHHHHHHHHHHHHHHHHH z_
70E 705
= F E
60 gen:—
&°F & F
TS50 EELS
T F TankE
Fm;_ 5405_
= 30E 30E
20F- 205
108 i R e IR 10E : IR
q;llllll oFe v T ] q;llllll oFe v T
separation fem separation /lem separation fem separation /lem
=*n quality vs dist_max (=*n quality / <n*+n> quality) vs dist_max nn quality vs dist_max
100~ . . - - . 8 s 8 8 : . 1|]|]:_ ...... [EEREE [EEEEETREREPRRP s FERETERRTPRREP
90 90E
80 80F
L70 L TOE
60 600
£ 2r
250 : : g : : : : : : TS50
;'40: : : : ...Eng‘.a:_‘.!‘.’.!'!.;_ T T, | RO ..;.:?Pg:.'.a:_t'.‘.’.‘."..f_ ....... 2‘402_
= 30E. 10 cm Eapb.. b leioem. 3 S30F
20F- 20F
106 105

T 2 3 4 5 6 7

T 2 3 4 5 6 7

dist_max dist_max

Chris Ainsley 9 CALICE (UK) meeting
<ainsley@hep.phy.cam.ac.uk> 10 November 2004, UCL



Reconstructed clusters True particleclusters

Distribution of event energy (%) e
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Chris Ainsley 10 CALICE (UK) meeting
<ainsley@hep.phy.cam.ac.uk> 10 November 2004, UCL



5 GeV TUTU event at 5 cm separation

Reconstructed clusters
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Reconstructed cluster ID

Distribution of event energy (%)
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True particleclusters
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5 GeV TUTU event at 3 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%) Xyt
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* Quality = 45.0 + 34.6 + 0.4 = 80 %.
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5 GeV TUTU event at 2 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%) L
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* Quality =40.4 + 31.9+ 0.9 + 0.04 = 73 %.
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5 GeV TUY event at 10 cm separation

Reconstructed clusters
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Reconstructed cluster ID

True particleclusters

Distribution of event energy (%) L
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5 GeV TUY event at 5 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%) Xyt
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5 GeV TUY event at 3 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%) L
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5 GeV TUY event at 2 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%)
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* Quality =44.8 + 23.8 + 2.3 =71 %.
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5 GeV TU'n event at 5 cm separation

Reconstructed clusters
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5 GeV TU'n event at 3 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%) Xyt
0.5; 0.5¢
EF E°F
NOAE NOAE
0.3f : 0.3f
o2t 5 0 : 0 : 0.142066 o3k
o .4 : o1f W
-l];— %, P _ug &%’
0.1E T 0.1F T
02F a 4 0.195066 0 0 oz
E A E
0.3 % 0.35
04 3 [ 0.4F
) -{=TITU RTETITRRTA FRTRAIETHN (VNI NRTRIRTRTI RORRIOTOT) e ) )-{STETH ITETUTRATE RRRA ITRAITHI RUTEI RARRIRTRTI NTOVY
0.5-04-0.3-0.2-0.1 0 0.102030405 T 0.5-0.4-0.3-0.2-0.1 -0 0.10.2 0.3 0.4 0.5
x fm 5 3 0 0 0.96457 x Im
- £
| 2.6 w P zﬂ
E E-% s % 2%
>2.5F >2.5F 0 >2.5F =2.5F
2.4F 245 ® 2 0 3.25713 0 2.4F 24F
2.3f 2.3f 23f 23F
22F 22F OO U OOs AOU TSSO T OO OU O PUU O U TSt SOUUUO PSSO OU TP U TR SORTOO 228 2.2F
2 2 : : 2. 24
2 2 1 67.0195 : 28.4217 : 0 2 . £ .
195 "o 195 - : : 1.5 i 1.9F .
sy E - i i £ N £ PN
1.8F ,-ifg" 1.8F ﬁé | | 1.8F .‘iFg’ 1.8F ﬁé’
1.7E 1.7E 1 2 3 1.7E . 17
LI -{=YETN ETETE FRT FTRANETEY FOURT FRTRIRTRTI RIRTI BTET [ | =YY YN TN PRTRUTETEN [R1 FRTRTRTRTI FTPRI IO True cluster ID LW =TATU AYRTRIRRTE FRTRU IEIRA IR TRARRTRI RIRRI RIRRINTAN LI - =TRTU ATRTAIRRTE FRURU IRTRAINTRI RRTRT RNRIRTARI NTAN
-0.5-0.4-0.3-0.2-0.1 -0 0.10.20.304 0.5 -0.5-0.4-0.3-0.2-0.1 -0 0.10.20.3 u.4fo.5 0.5-0.4-0.3-0.2-0.1 -0 0.10.20.3 0.4 0.5 0.5-0.4.0.3-0.2-0.1 -0 0.10.20.3 0.4 0.5
zim xIm zim xim

* Quality =67.0+3.3+1.0=71 %.
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5 GeV TU'n event at 2 cm separation

Reconstructed clusters
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5 GeV nn event at 10 cm separation

Reconstructed clusters
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5 GeV nn event at 5 cm separation

Reconstructed clusters
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5 GeV nn event at 3 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%) Xyt
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5 GeV nn event at 2 cm separation

Reconstructed clusters True particleclusters

Distribution of event energy (%) L
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Two-particle separation quality: summary

Two-particle quality vs separation
100

90
80 [
70

60

particles

40— .................... .................... .TE+T(5GEV}[{.') ..................

two-particle quality /%
3

30 =i ................... .................... ...........r:fr:f’.i(ﬁ.Ge.\/.fc)...é.... ..............
20E - o wn(sGeVi) - |

- ® nn (5 GeVic) :

10 o e T | : I

D - | | | | | | | | | | | | | | | | | | | | | | | |

0 2 4 6 8 10 12

separation fcm
Chris Ainsley 26

<ainsley@hep.phy.cam.ac.uk>

Goal is to distinguish charged clusters
from neutral clusters in calorimeters.

‘Quality’ can be used to optimise the
cluster reconstruction and to guide
development of algorithm.

Ty separation already seems to be
pretty well under controlit'n is
somewhat tougher (n by itself is
tricky).

T 1" and nn separation there for
show, but probably not so important
In practice.

Present studies provide a benchmark
to make comparisons with other
particles, energies, pad-sizes...and,
ultimately, detectors and algorithms.

CALICE (UK) meeting
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That's all folRs. ..
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Sections through the generalised detector

Transver se section L ongitudinal section
y %’"’/c,, R, (x) \<.\"$
) _\_ - pseudostave s :
=% ] 2,_ i//: [
N 7
W /i
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Tracker-like clustering algorithm in 3-D

1
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Cluster-tracking between pseudolayers

From the pseudobarr el

(a) Rlxw) (b) Rolxy)
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From the pseudoendcap
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