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PFA Related Talks@Snowmass

- Particle Flow Algorithm for GLD
T.Yoshioka
PFA plenary session on 8/22/2005
GLD, LDC, SID joint session on 8/24/2005

- Gamma Finding Procedure for GLD Detector
T.Fujikawa
PFA parallel session on 8/22/2005
GLD, LDC, SID joint session on 8/24/2005

- Calibration Factor
J.Chang, PFA parallel session on 8/22/2005
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Current Status

CAL Energy Sum

e e | Particle Flow Algorithm hist1
; ::4 ::: - Entries 522
- 60% - a Mean 99.15
- JE - Rz g PFA RMS 4.673
= 20 Constant 47.56 + 2.76
o - : Mean  99.23+0.19
m [ 4 Sigma 4,089 + 0.150
= %
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Enargy (GaV)
With reasonable segmentation
ECAL 4cm x 4cm Pb/Scinti
HCAL 12cm x 12cm Pbh/Scinti |
. - sa b, B s =
And simple/robust algorithm 80 90 100 110 120 130 140
- ~40% resolution is achieved. Songy (SeY)
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Granularity Study

lcm x 1cm
e
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Gamma Finding
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Track Matching Performance
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Plans

- Worse resolution for CAL sum energy.
— Need to obtain energy dependent calibration factor.

- Granularity study.
— Might be used another algorithm (pattern recognition etc. )
for finer segmentation.
— Try different tile size at higher energy.

- Bad track matching purity for low momentum track.

- Material study.
- MIP finder.
- Neutral hadron finder.
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Gamma Finding Procedure for GLD Detector

Summary T Fujikawa
) PFA parallel session on 8/22/2005
GLD, LDC, SiD joint session on 8/24/2005

- We got ~78% efficiency and ~95% purity using the
nearest track distance requirement + longitudinal
shower profile search.

- Current gamma finding method has low purity at
low energy region.

 Need modification for our current small clustering
method and/or tube size for gamma-clustering.
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Gamma Finding Procedure for GLD Detector

N eXt Ste D T.Fujikawa

PFA parallel session on 8/22/2005
GLD, LDC, SiD joint session on 8/24/2005

- Study energy/angle dependent clustering method
(change tube size depend on energy etc.) and re-consider
small clustering method.

- Reject low momentum hadrons. (which related to low
momentum track matching)

- Study other cell size configuration and other physics
event case.

- Try to use H-matrix (SiD group proposal)
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Summary I
> Standalone

Calibration Factors are based on the best
energy resolution basis for hadrons.

E_tot = a*(E_ecal+ b*E_hcal);

best energy resolution point

b=0.7 (2 GeV)

b=0.75 (3 GeV)

b=0.8 (4-10 GeV)

b=0.9 (20 -200 GeV)

a=(45.88 + 0.11)*E_beam + (0.01+ 0.00)

<a=50.9 for e->

Deviation from linearlity: <3%

i. Data o/E=(46.3 +0.4)%/VE+(0.1£0.1)%

P
MC o/E=(45.2 £1.0)%/VE+(3.7£0.2)%

w S 11 .43



Summary I
P Jupiter

Calibration Factors are based on the best
energy resolution basis for hadrons.
E_tot = a*(E_ecal+ b*E _hcal);
best energy resolution point
b=0.7 (2 GeV)
b=0.9 (3 - 30 GeV)
a=(20.08 + 0.13)*E_beam + (0.07+ 0.01)
<a=25.6 fore->
Deviation from linearlity: <6%

pi- o/E=(38.9 £1.5)%/VE+(3.7£0.4)%
KL o/E=(38.9 £1.5)%/VE+(3.5£0.4)%
Neutron ¢/E=(49.2 £1.6)%/VE+(1.2+£0.5)%

-1 ik (11.43




Plan in Snowmass I

» Calibrate the low energy gamma (0.1 GeV, 0.2 GeV,
... 10 GeV) in Jupiter - Done!

» Calibrate the charged hadrons in the low
transverse momentum region (energy dependent
and position dependent calibration factors)

Plans after Showmass

- Current Geant4 version Is geant4.7.0.p1 but some bugs are
fixed in the geant4.7.1.
— We need to compare the difference between them and
update in Jupiter.
- SID group said, it Is no problem to use LCHadronPhysics as
their Hadronic Shower Model. We better try it in the
geant4.7.1 again.




summary

- Obtain energy dependent calibration factor (first priority).

- Improve gamma finding method.
— Modify small clustering.
— Remove low momentum hadrons.
— Try H-Matrix method.

- Improve track matching method.
- MIP finder.
- Improve track matching purity for low momentum( < 1GeV).
track.
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GLD-PFA Procedure

- Procedure of the GLD-PFA

1. Small Clustering and Gamma Finding
- Collect fired cells with its neighbors.
- Separate gamma to hadrons.

2. Cluster-Track Matching

- Separate charged particles to neutral particles.

3. Assuming the remaining hits be neutral hadrons.

8/25/2005 GLD-PFA Summary
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Gamma Finding

- Procedure of Gamma Finding

1. Find “large” small cluster within ECAL region (called
mother “small cluster”.

2. Apply “distance from the nearest track” cut for the
mother small cluster.

3. Apply “Gamma-Fitter” cut for mother small cluster.

* Details of the Gamma Finding method will be explained by
T. Fujikawa at today’s afternoon session.
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-
Energy Weighted Efficiency/Purity

- Efficiency/Purity of Track Matching is checked by cheating method.

Efficiency hist1 | [Purity | hist2
800 Entries el C Eniries 9563
Mean 0.7843 - Mean 0.9518
700 RMS  0.1445 '_ RMS 0.2
600}
500 8000[~
400 6000(
300 A
- 4000
200 -
WDE iy
0 Lat o il I‘n'w]l i [ | [T ST T (T llll n FIREE T N LN TR WA W NN TN SN O NN S TN T (N
0 0.2 0.4 0.6 0.8 1 % 0.2 0.4 0.6 0.8 1
Efficiency Purity

Efficiency : 78.4% Purity : 95.2%
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Track Matching Procedure

- Basic Concept :

that In a certain tube radius (clustering).

Extrapolate the charged track and calculate a distance between
a calorimeter hit cell and the extrapolated track. Connect the cell

Extrapolated Track

HCAL "
Tu@
||S/7:/

>
distance

Charged Track ,

8/25/2005 GLD-PFA Summary

Calorimeter input position

- Calculate the distance
for any track/calorimeter
cell combination.

- Tube radius for ECAL
and HCAL can be changed
separately.
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Energy Weighted Efficiency/Purity

- Efficiency/Purity of Track Matching is checked by cheating method.

Efficiency hist1 | [Purity | hist2
Eniviaes ToO = Entries 12564
m; Mean 08415 i Mean 0.9118
: RMS 006364 [ RMS 02122
2500(
20001 =
15001~
1000( i
- 50001
EME [
u a0 a4 u_J.llj\ O TR O ﬂ
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Efficiency Purity

Efficiency : 84.2% Purity : 91.2%
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Results
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Track Matching Performance

h1_pfx_px
Entries 13987
— |Mean  8.817
. |RMS  6.855
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Small Clustering

2 Mean 0.01169
5 RMS __ 0.09634
1n5§;~
“"F' ~ In order to obtain energy
o L ~dependent calibration factor,
we might need to improve our
G E ~small clustering.
mé—- : _' i : . ;
Lo B F’t|_]||||
0 5 6 F g 8 9 10
(GeV)
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Introduction

- Most of the important physics processes studied in the linear
collider experiments have multi-jets in the final state.
— Precise Jet reconstruction is essential.

- Since the momentum resolution of the charged particle is
much better than the energy resolution of the calorimeter, we use
Trackers  for charged particles
Calorimeters for neutral particles
for Jet reconstruction.
— Particle Flow Algorithm (PFA)

- In this talk, we present a performance of the PFA using a full
simulator of GLD named Jupiter.
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Calorimeter Geometry In Jupiter

- Side view - End view

- Consists of tower structure.

Barrel Tower Front : 210cm

Endcap Inner R : 40cm

Endcap Tower Front Z : 270cm Thanks to Y.Yamaguchi (Tsukuba)
8/25/2005 GLD-PFA Summary 35




Calorimeter Geometry In Jupiter

- Side view - Tower
Full One Tower
ECAL + HCAL
HCAL
ECAL
- # of Layers
ECAL : 38
Barrel Tower Front : 210cm HCAL : 130
Endcap Inner R : 40cm
Endcap Tower Front Z : 270cm Thanks to Y.Yamaguchi (Tsukuba)
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Calorimeter Geometry In Jupiter

- Side view - Tower - Cell

Full One Tower

ECAL + HCAL HD_layer : 1301ayer

Scinti 2mm.Pk 8mm
6.1A

EM layer : 38layer
Scinti 1mm.Pb 4mm

-#of Layers - Cell Size
ECAL : 38 EM :4cm x 4cm

Barrel Tower Front : 210cm HCAL : 130 HD : 12cm x 12cm
Endcap Inner R : 40cm Cell size and material can be
Endcap Tower Front Z : 270cm changed easily.
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Small Clustering

(1) Find the “starting cell” among those “fired cell” in ECAL
and HCAL which contains the highest energy deposition.

(2) From the “starting cell”, find its “fired” neighbor cells to
form a small cluster.

. - The small clustering Is
Neighbor Cells ] _ _
— “Fired” = edep>50kev  Performed in 3-dimensions.
L
/ - If the cluster energy
k exceeds 50MeV (before
Starting Cell g:allbratlodn), the clustering
(Highest energy cell) IS stopped.

8/25/2005 GLD-PFA Summary 38
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Granularity Study
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Granularity Study

8/25/2005




summary

- Simple scheme of PFA with full simulator of GLD has achieved
jet energy resolution of ~40%/sqrt(E).
- Gamma Finding
Efficiency : 78.4%, Purity : 95.2%
- Track Matching
Efficiency : 84.2%, Purity : 91.2%
for 4cm x 4cm ECAL segmentation.

- Study on different granularity is now on-going. So far, no gain
with finer segmentation.
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Variables for Small Cluster

- Energy-weighted Thrust & Broadening

| Al E. Direction from
! ! the center to each

/
/

Thrust axis (n)

T= Z X hit (Xi)
i |
> X xA|E,
B = E | X | Center of the_~
i i small cluster

Small Cluster

- Thrust axis n Is defined as to maximize the T.

8/25/2005 GLD-PFA Summary

47



Energy Deposit in a Cell

- Z - gg-bar(g = u,d,s) @91.187GeV.

energy deposit in a cell (Jet) mr:.i“" energy deposit in a cell (Jet) = hi’iﬂfm1
L 2] n L]
Mean 1.0:33 1.538
ki 2274 ares
10°
10°
o* 0%k
! ECAL ;
]
10° 10 :
z
10° 10
10 10
1 1
0 10 20 30 40 50 &0 7O &0 90 100 g 10 20 30 40 S50 &0 /O 80 9290 100
energy(MeVic) energy(MeVic)
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Small Cluster Distributions

- Z - gg-bar(g = u,d,s) @91.187GeV.

hist1
Entries2 2383
10° ) Mean  4.304
Number of hits |-G
1o in a small cluster
10°
10°
10
1 "N TR THR OO T O T Y T YT ) O T . a [l..l..
i 20 40 &0 80 100 120 140
M hits distriubtion {Jut}
8/25/2005

10°

10° E

10°
10°

10

hist2

Entries 202263

Mean 0.2374

Small Cluster I e

Q 1 2 3 4 5 6 7 & 9 10

small cluster energy (Jet)
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Thrust and Broadening

- Z - gg-bar(g = u,d,s) @91.187GeV.

Thrust hist1 Broadening hist2
u Entries 13588 Entries 1843
[ Mean 0.7844 o0 Mean D473
B n . - n .
08 Thrust Broadening
[ AMS 01038 1400 BEMS 0,1906
1000}
HDIEI'_—
600
a00
200/
I-l:JJI.IIJIIIIII.IlII.I.IJII.IJ IIJJIIJIIIII.IIIJI.IIJII
% 0.1 02 03 04 05 06 07 08 09 1 %01 02 03 04 05 06 0.7 08 09 1

Thrust Broadening
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Distance Distribution

- Z - gg-bar(g = u,d,s) @91.187GeV.

0 &5 10 15 20 25 30 35 40 45 50
Distance

8/25/2005 GLD-PFA Summary 51




Track Matching Procedure

- More detall of the procedure...

(1) Sum up calorimeter cell energies within a tube for a track
(Ecluster).

(2) If Ecluster > Etrack x (0.4 x nsigma + 1), stop the clustering for
the track. If not, perform (1) for each track. (We assume the
calorimeter resolution of 40%.)

(3) Widen the tube radius (only a Rstep) and perform (1) and (2)
again.

(4) Perform (1)-(3) until the tube radius reach the max radius (Rmax).

Parameters (nsigma, Rstep and Rmax) should be optimized.

8/25/2005 GLD-PFA Summary 52




Energy Dependence

x2 / ndf 2.345/2
w0.081 5 5 —{ Prob 0.3097
6 ' ' | p0  0.4147+0.01269
0.07—
o - Different initial
. AN energy is checked with

0.05" the initial state radiation
be turned off.

&
a.ﬁ
1 rd
F
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R R
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Gamma Finding procedure
for GLD Detector

T.Fujikawa(Tohoku Univ.), M-C. Chang(Tohoku Univ.),
K.Fujii(KEK), A.Miyamoto(KEK), S.Yamashita(ICEPP),
T.Yoshioka(ICEPP)....
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Motivation

To get high energy resolution in multi-jet event, we use
the tracker information for charged particles and
calorimeter hits information for neutral particles.
(tracker resolution is much better than calorimeter’s.)

Particle Flow Algorithm (PFA) iIs studied to achieve an
event reconstruction. We studied part of PFA, “gamma
finding method” for GLD detector, using full simulator
(Jupiter).
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Detector configuration

Full One Tower HD layer : 130layer
EM + HD Scintt 2mm,Pb 8mm
6.1A

EM layer : 38layer
Scinti 1Tmm.Pb 4mm

Y.Yamaguchi (Tsukuba Univ.)

In current Jupiter, calorimeter has tile type geometry. The
default tile size is 4cmx4cm/12cmx12cm for ECAL/HCAL.

ss¥¥e used this configuration maiply. 56



Flow of the gamma finding

As a first step of the clustering, we collect hit cells with its
neighbors (at most with ~50MeV energy deposit). We call
It “small cluster”. Our gamma finding method is
performed based on the small clusters.

The flow of Gamma Finding

1. Find “large” small cluster within ECAL region (we call
It “mother small cluster™).

2. Reject mother small clusters which are close to the track.

3. Collect small clusters within a tube.

4. Select gamma-like clusters using longitudinal shower
8/25/20059 rofile. GLD-PFA Summary 57



Gamma finding method

1. The distance from the nearest track

Calculate the distance between mother small
cluster and its nearest track. The distance iIs used
to separate gamma from charged particles.

HCAL p
/
/
/
/ mother small cluster
ECAL II/
distance ™/
/ gamma
/
./
8/25/2005 G/LD-PFA Summary 58
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Gamma finding method

2. Longitudinal shower profile

Make a small tube (R = 5cm) along mother small cluster’s
thrust axis in the ECAL region. (thrust axis is calculated
using energy weighted fired cell position)

Check longitudinal shower profile within a tube.

1. Calculate mean shower depth from ECAL inner surface
2. Fit the shower profile by gamma distribution function.

3. Fit the shower profile by linear function. (reject MIP)
4

. Calculate the layer 1D which has maximum total energy
deposit.

8/25/2005 . , GLD-P mary . 59
(please check slide in PEA session  (22th



Result of efficiency and purity

[ Efficiency | hist1 Purity hist2
Eniries oo C Eniries 9565
Mean 07843 '_ Mean 09518
AMS 0.1448 -._ AMS 0.2
A R T Hrl .II‘ | 1 . 1
) 0Z 04 06 08 1 % 0.2 0.4 0.6 0.8 1

Eﬂlnlenny 1 Purity

(Z->qgbar @ Ecm =91.2 GeV)
seganma:Efficiency = @B¥aspkaty = 95.2% (e-weighted)
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Cluster energy and purity

to Small cluster’s

v cluster energy hist This peak consists
= Entries 14218
8001 Mean  3.838
roof rus  3s47|  ENErQy upper
600 limit!
Sﬁﬂg-
400 Yellow: e/gamma

300

200

100

i

1 1 ..
GeV

EE e i 'E'E &2 1 2 %

Purity is worth at low energy region. It means low
energy (charged) hadroasargskegarded as gamma.

We can’t contain
enough small clusters
within R=5cm tube.
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Problem

1. We can’t collect gamma origin small clusters by
R=5cm tube (with 4cm tile size configuration)

2. How to reduce low momentum hadrons
contamination?

3. How to separate overlapping clusters?

8/25/2005 GLD-PFA Summary
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How to collect small clusters?

To collect enough small clusters...

1. Make tube radius larger - purity become worth

2. Make tile size smaller (Rm~ 2cm.->5cm is enough
large)

3. Modify small clustering method

4. Do not use small clustering method = %3

8/25/2005 GLD-PFA Summary 67



1cm X 1cm tile size case

y cluster energy hist
450 Entries 7690
4nuE Mean 3.114
= RMS 2.979
3501 __— No
309 peak!
250
200 Yellow: e/gamma
150
100
- I‘ﬂﬂﬂjl%ﬂ.l—']n.l—m all

g 10 14

GeV

We can collect small clusters by simple tube method.
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How to reject low momentum hadrons?

We have useful variables...

- Energy-weighted Thrust & Broadening

Thrust axis (n)

E | X. -n|E Direction from /Z
T=<i ' the center to each X
E. oo Z| X.|  hit(xi) \\\
Z | X. x| E, ¥
=
Center of the -~
tOta'E | X | cluster

8/25/2005

Small Cluster

- Thrust axis n is geftred.asdo maximize the T.
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Cluster direction

| cluster thrust angle | histgam
D:— Entries 6729
- Mean 0.1946
70— RMS  0.2579
| cluster thrust angle | -
60—
2500 0L
2ﬂ00:— 3Df—
1500 2
:_ 10—
- 0
1000— rad
- L \|_|_‘—|—o—_._—'—n AT RS N, . G
% " 02 04 06 08 1 12 14 Angle between cluster

position (from IP) and

with 1cm x 1cm tile size configuration thrust axis.
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How to separate overlapping clusters?

We need to modify small clustering algorithm...

Current small clustering algorithm:
1. Find the most energetic hit cell
2. Collect its fired neighbors from the closest one (spherical)

(upper limit for total energy deposition ~50MeV)

Idea (Not studied yet)
1. Collect neighbor cells using tube?? (set tube radius larger and larger)

2. Set high energy threshold = small clustering = Set energy threshold
lower -> small clustering - .... (use energy density)

si23r2b09 NOT Set energy upper d|mpees o ary 71



Summary

- We got ~78% efficiency and ~95% purity using the
nearest track distance requirement + longitudinal
shower profile search.

» Current gamma finding method has low purity at
low energy region.

 Need modification for our current small clustering
method and/or tube size for gamma-clustering.

8/25/2005 GLD-PFA Summary 72



Next step

- Study energy/angle dependent clustering method
(change tube size depend on energy etc.) and re-consider
small clustering method.

- Reject low momentum hadrons. (which related to low
momentum track matching)

- Study other cell size configuration and other physics
event case.

- Try to use H-matrix (SiD group proposal)

8/25/2005 GLD-PFA Summary 73
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Clustering flow for GLD detector

- Procedure of the GLD-PFA

1. Small Clustering and Gamma Finding
- Collect fired cells with its neighbors.
- Separate gamma from hadrons.

2. Cluster-Track Matching
- Separate charged particles from neutral particles.

Odd 9eWl 01 MO|S

3. Assuming the remaining hits are neutral hadrons.

Note. Muon is rejected by cheated method at first

8/25/2005 GLD-PFA Summary 75



Distance from the nearest track

distance hist2

2500— Entries 8079

Mean 4.147
Yellow: Gamma rRvs 7497 This plot shows
distributions of the
distance from the
nearest track for all
“mother” small clusters
within ECAL region.
(energy-weighted)

2000

cut position

500

We set a cut at 7/cm.

1n PRI “':15 hhé-:ﬂ”\ PR éﬁé F Y P 3ﬁ 35 LT L &u
distance(cm)

(Zemgglbar @ Ecm = 9d 2 dseMay 76
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Longitudinal shower profile

1. Mean shower depth (energy-weighted)

mean depth

hist

700

600

500

400

300

200

100

Entries 5829

Mean

9.24

RMS  3.846

cut position

mean daptﬁ{xu}

(22 bar @ Ecm = Q12 GEeNsy

Yellow: e/gamma

This plot shows a
calculated mean shower
depth from first layer
(in unit of XO0).

We set a cut position at
X0 = 15.
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Longitudinal shower profile

2. Fit by gamma-distribution

Fit the longitudinal shower profile of the energy deposition
within a tube as an electromagnetic cascade (gamma-

distribution function).

HCAL | projection axis
/\’ ?
// // . /
CCAL / 7/ c
/ /
/ x /
/ \ /
/ \ /
\ /
8/25/2005 \ GLD-PFA Sur

mother small cluster

take an average energy
deposit for each 3-layers

Energy deposit in three layers

are merged to reduce fluctuation.



Longitudinal shower profile

2. Fit by gamma-distribution

The result of fitting for a single particle case (gamma at 3GeV)

' Fitted value of par[1]=Mean | | i i

‘Entries 34

- Mean 8.427
0.16 lHHE 4.702
D.14f

Gamma Distribution Function
dE b (bt)** exp(-bt)
dt I'(a)

wheret =x/ X,,b=0.5

D12}

0.1F

0.081
0.061

0.04f

D.021-

e |

: i i i i L i i i | LUkl
0 14 16 18 20
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Fit by gamma distribution (single
particle)

T T
| r<Indf distribution { v/ =1 GeV) | .
o

Yellow: gamma

AHcm |
5

[ y*Indf distribution (/= 10 GeV) | [ __hst__]
o = = In low momentum

case, we can not
separate pion from
gamma effective.
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Fit by gamma distribution

e, purity ¥ cut dependence
100— : : : _

gu_ .......... e .......... - . ..
suf—

a0

: i I I I 1 | & I | | I | I | I i I | T | I | | I | T
02 04 06 08 1 1.2 14 1.6 1.8
¥2/ndf cut

20

If we set a cut using a
result of fit by gamma-
distribution, it doesn’t
have high efficiency for
electron/gamma finding.
(maximum ~ 90%o)

sfRi>qqbar @ Ecm 91 2@GeV) 61



Longitudinal shower profile

2. Fit by gamma-distribution

hist

400

300

200

100

(Z->qgbar @ Ecm =91.2 GeV)

Entries 5320
Mean 0.9189
RMS 0.8675

Yellow: e/gamma

cut position

 y2ndf

This plot shows a
chi2/ndf result of fit.
Fit is performed for
longitudinal shower
profile (energy
deposit) by gamma-
distribution.

We set a cut for
chi2/ndf at 1.8.
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Longitudinal shower profile

3. Fit by linear function (to reject MIP)

| RMSvs.;%ndf (e and) | hist | ¥2indf (others) | histd
27 3 DY e R .. jom'om| This plot shows a
54 R e SO o {m 0e RMS vs. Chi2/ndf
i ke e -t 7| distribution.
R R . & *+
2.5 25f 20 o4’ ‘i?" * s & ]
: syt ey . | Thefit result of RMS
2 Y. T A s used for the cut
T L N
15 15 FF Je 2 ]
Y 240 4| (RMS > chi2/ndf)
1 1% {;)tp* y/ {)«vi
g 2 - | Because of some MIP
Iy ! ! | cluster pass the
S TN VR TR TR TRVETRY et e e e s chi2/ndf cut...

y2indf
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Longitudinal shower profile

4. Maximum energy deposition layer

maxelayerlD hist
16001 Entries 4810
1400:_ Mean 8.416
- RMS  3.56

1200

1000, Yellow: e/gamma

800—

s cut position

400—

200—

............. I_Ihumillll—llll

0 25 30 35
layerlD

(222 bar @ Ecm = 94 2'GeNy

This plot shows a
calculated layer ID
which has maximum
total energy deposit.

We set cut at 19.
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The result of energy sum

z mass w/'o y cheating | hist z mass w7 cheating | histgam
Ervirias 522 Enirias Bi@
S50 -
- BAaam 5895 o Adoan o0&
AMS 4,673 o AME 4.511
B Conatarnt 47581 278 S0 Conatant 50,91 & 3,04
40 3
B BAwary 09,23+ LD B Poan 1008+ 0.2
Sigrma d4.080+ 0,150 40 - Sigma T + 0148
20
30—
20
20—
10 =
- 10
L] i}
50 70 iti] a0 100 190 120 130 140 60 b v 8o 90 100 11 120 130 140

e Gy

~40.9%/+E ~37.9%/E

trdekamatching : € - 84.2%, puridyL-Fgp.20nmissing energy (neutrino etc.) ckeated



Cluster energy and efficiency

| cluster energy hist | cluster energy hist2

Entries @20 [ Entries 6320

220 [

200 [

180U

w/0 e-weighted

160 |
140 [

120

100

ao

60 [
1]

aolf

fmisina fi LA o AL ] i i
a 1 2 3 4 5 B Ei a 9 10 o 1 2 3 4 5 & K a8 a 10
cluster energy(GeV)

In low energy region, an efficiency  vellow: Total

of “Number of cluster” is low, but _
“EX&rgy” efficiency is not 36 bad™™



Cluster direction

cluster thrust angle histgam
Entries 12519
2500 Mean 0.5694
RMS  0.5427
2000

Angle between

1500 cluster position

(from IP) and thrust
1000 axis. (If we use 4cm
o X 4cm tile and

simple calculation
method, we cannot

rad  calculate thrust

with 4cm x 4cm tile size configuration correctly)
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