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Plan uTR@Y

OF lowA

1- Results from the last meeting

2- Neutral showers

3- Increase the score cut

4- Search for cuts for the second iteration
5- Search for new likelihood variables

6- Estimation of the new likelihood performance
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Results from the last meeting el

OF lowa

Identified as Hadrons Identified as Photons Identified as Hadrons Identified as Photons
x10°Energy M Real Hadrons| x10°Energy |HReal Hadrons x10°Energy [ Real Hadrons| xi10°Energy |HReal Hadrons
30 E Real Photons 30 ® Real Photons 3:0 E Real Photons S:07; ® Real Photons
2.8 28T 2.8 2.87T

2.6 2.6 2.6 2.6T

2.4 24T 2.4 24T

2.2 22T 2.2 227

2.0 2.0T 2.0 2.0T

1.8 1.8 1.8 1.8T

1.6 1.6 1.6 1.67

1.4 1.4 1.4 14T

1.2 1.2+ 1.2 1.2T

1.0 1.0T 1.0 1.0

0.8 0.8T 0.8 0.8

0.6 0.6 0.6 0.6

0.4 0.4

0.2

0.4 0.4

0.2 0.2

0.2

0.0 0.0 0.0 0.0

x10® Energy

I Confusion
B Correct assignment

Results of the first iteration
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Number of showers a given cluster is assigned to
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Charged sub-clusters el
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1- Charged sub-clusters

2- Not attached sub-clusters

seed \
(charged shower)

| track
(charged particle)
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Charged + Neutral sub-clusters el
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L

OF lowA

1- Charged sub-clusters
2- Neutral sub-clusters
3- Shared sub-clusters

between charged and
neutral showers
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Results (with neutrals) el

OF lowA

Before neutral shower reconstruction After neutral shower reconstruction
80" w0 505 M Photon

1 1 Meutral
1,45 1.45 145 M Charged Track Mot Found
1,40 140 1,407 Charged Bad
1,35 1,35 1361 B Charged
1,30 to SOI\,e 1,30+ 1,301
1,25 1,25+ 1,251
1,20 1,201 1,20
115 1167 Bin 0 115 Bin 0
110 1107 not attached 1107 attached to neutral
1,05 1,05 1,051
00 100 (photons) yoot showers
0,85 0,95T
0,80 H 08071 H
oo to solve Bin1, 2, 3... iyl | Bin1, 2, 3...
0,80 attached to charged ;| attached to charged + neutral
075 showers 0757 showers
0,70 07071
0,65 0651
' ' to detach
0,60 0,601
o | to attach to a from all
0,50 0,50+ traCk

tracks

0,45
0,40
0,35
0,30
0,25
0,20
015
010
0,05
0,00

} to solve

—~to solve :

0 1 2 3 4 5 0 1 2 3 4 5
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Likelihood cut uTR@Y
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Increasing the likelihood cut to achieve high shower purity

-

High efficiency
region

- High purity
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Likelihood output
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Results with different score

Before neutral shower reconstruction

score > 0.7
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Before neutral shower reconstruction

X002
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Results with the tight score cut
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After neutral shower reconstruction
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M Photon
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M Charged Track Mot Found

Charged Bad
M Charged

— Charged sub-clusters
(to solve)



L

Variable 1 uTR@Y

OF lowA

\ Center of the sub-cluster
\
\ I
\ |
v
v
\ :
\ : Distance from the center
\| Ecal entrance of the sub-cluster

Point P
(P is the intersection point of
the track and the first layer of Ecal)

|
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Cut in Ecal

500
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Charged (track not found)
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Variable 2 u""f@y

OF lowA

Negative pole of the sub-cluster
(closest sub-cluster point to the center of the detector)

\
\, Ecalentrance Distance from the negative

boint b / pole of the sub-cluster

(P is the intersection point of
the track and the first layer of Ecal)

I
I
I
\ I
I
I
l
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Cut in Hcal uTR@Y

OF lowA

Charged (track not found)
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Results uTR@Y

OF lowA
Before neutral shower reconstruction

w/o cuts with Ecal cut with Ecal + Hcal cuts
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Secondary neutrals ey

Neutral seed
I (position)
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OF lowA

1- Charged sub-clusters
2- Neutral sub-clusters
3- Shared sub-clusters
between charged and

neutral showers

4- Secondary neutrals
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Arbitrary scale

L

Size and purity el

OF lowA

i T | T T T T | T T T T -IE— Q 1 E T T T | T T T | T T T | T j_:
C - 4] =
i — Attached to track: size = 5.80 . o - —— Attached to track: purity = 0.87
101E —— Charged not attached to track: size = 1.93 — % - —— Charged not attached to track: purity = 0.92
E — Neutral not attached to track: size = 1.97 E g 10" g_ —— Neutral not attached to track: purity = 0.89 ':
1 O~2 : __ E E E
; . 10° :
1075 - -
- - 1 0'.3 H =
10° = & =
1 0-5 i | | | 1 1 | | | | | | | | | 1 1 | |_ 1 0-4 | | |
0 10 20 30 40 50 0 0.2 0.4 0.6 0.8 1
Size: number of sub-clusters in a shower Purity

Small shower pieces with high purity:
The skeleton showers (attached to a track)
are larger and slightly less pure
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Strategy

Do not attempt to link the remaining
charge energy cluster by cluster

Start from showers attached to a
track (base):

— Find showers not attached to a track
(target) that might be identified as a
detached piece of the original shower

— Call these targets

|dentify possible discriminating
variables to reject real neutrals:

— These will be shown in the next few slides

Can we build a new likelihood?

June 24, 2011 Garabed Halladjian
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Arbitrary scale

L

Distance and angle el

OF lowA

(T TTT T TT LI TTTT | LI TTTT | L TTTT L L= 2 _I TTT T TT LI TTTT | LI TTTT | L TTTT L TTT I_
0.03 =4 § 0141 —
N ] o -
] — Good links Z . - — Good links
0.0250 4 £ 0'12;_
n . - 2 01— .
0.02 E‘ — Bad links _: s ' — Bad links
u 7 0.08
0.015[F — C
i 7 0.06—
0.01F E 0.04F i
0.005 — —; 0_02:_ _:
s 111 | L1 1 | | L1 1 1 | L1 1| I L1 1 1 | L1 1| I L1 1| | L1 1| | L1 1| | 111 I_ _—| lllllllllllll _l_l e e el T AT A 1 1 1 | 1 1 1 1 | 111 I:
00 100 200 300 400 500 600 700 800 900 1000 85 055 06 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
distance [mm)] cos(0)

Distance and angle are the obvious variables to start with
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Does the target start in Ecal? el

OF lowA

o C ]

S 0.7 =

\" ;% 0.62— —— Good links é

\ 3 - =

o < 0.5:— —— Bad links =
N e o -;
R 2 Ecal 0.21- -

J 0.12— —i

’ O: L Ll ]

I|III|II II|III|III|III|II II|III|I
-04 -02 0 02 04 06 08 1 12 14

Target seed is in Ecal [O:false ; 1:true]

Primary neutrals will constitute showers that tend to start in the Ecal
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Strongest link el

OF lowA

% 0.7 o toor T T —
\" i 0.6 — Good links —f
\Score =0.98 % 0 E
) < ) —— Bad links =
‘\ .‘.’ g 0.4 E
l " =
' 0.3 -
N E
N ' Score = 0.01 02 E
, 0.1 E
O | | | | ﬁ | ] |

o 02 04 06 08

Strongest score to target's seed

—_—

Shower pieces we failed to pick up in the first iteration have
high scores often just below the threshold.
Use this information in the second iteration.

June 24, 2011 Garabed Halladjian 20



L

Tue m

Overlaps Uy
\\ s - ‘
‘ ' g 1 —— Good links
\" \ % 107}
< 102 i- —— Bad links

Q‘,' 108 |]|'|_‘ E
| 107 B e e L .m”

0 10 20 30 40 50 60 70 80 90 100
Energy shared with target [GeV]

Overlapping showers are more likely to belong together
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Arbitrary scale

0.08F
0.075
0.065
0.055
0.045

June 24, 2011

Momentum and Energy residual

— Good links

— Bad links

IIII|IIII|IIII|IIII|IIII|IIIIIIIIIII 1
0 10 20 30 40 ©b&0 60 70 80

Track momentum [GeV]

90 10(

Arbitrary scale

0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

L

— Good links

— Bad links
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t,lyp
or

30 4|0
(E - P)/o(E)

10 20

4]

Tracks with relatively low momentum and good energy residual
are more likely to have their showers well reconstructed in the
first iteration.
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Expectation with likelihood el

L

OF lowA

A test using toy MC

This is not yet implemented in the PFA code

| TMVA response for classifier: Likelihood |

‘ Background rejection versus Signal efficiency

80

Normalized
8

| IISilgnhI T T T | T T
Background

TMVA
T 1||||E|||E '!"||!IIII!IIII!IIII!IIIIEIIII!IIII

085 T

0.8

'R AN WU S W S S M SRS M

Background rejection
TTTT

7 JCEN U R

) 0.5

... SR W N U W W WO S W
MVA Method:
0.3 b e ................. Like'ihood .................. ................. ................. ................. ............ —

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

\

0.8 0.8 1 0 01 02 03 04 05 06 07 08 09 1

0.2 IIII|IIII|IIII|IIII|IIIIiIIIIiIIIIiIIIIiIIIIiIIII

Likellhood response Signal efficlency

The likelihood output looks very promising
(achievement of 90% efficiency for a 90% rejection)

June 24, 2011
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Correlations uTVER@Y
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Correlation Matrix (signal) Correlation Matrix (background)
Linear correlation coefficients in % 1 DD Linear correlation coefficients in % 1 00
Momentum)) Momentum))
stSeedinEcal stSeedinEcal
oTargetSeed oTargetSeed
oTargetSeed oTargetSeed
-20
oTargetSeed oTargetSeed
-40
«dWithTarget GO 'dWithTarget
eMomentum -30 eMomentum
asapy, P3%0c,, P30acy, 0% rargebaa,'wo %%%%%%ﬁ@%'wo
9(.‘ e, oD er, e, en £,
o e
M;ﬁ"’"’% ow"""onor’%ts,. W?a?p%fﬂ?ﬁ%"m?’%.

Small correlations except for few cases.
Use multi-dimensional PDFs.
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Summary uTR@Y

OF lowA

Currently implementing the new likelihood for
the second iteration

First expectations look promising
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Back Up
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New Cut in Ecal (zoom) sy

OF lowA

h1_bin0_angleDistanceCenter_chargedBad_energyWeighted h1_hin0_angleDistanceCenter_chargedTrackMotFound_energyWeighted
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Cut in Hcal (zoom) TS

OF lowA

h1_hin0_angleDistanceMegative_chargedBad_energyWeighted h1_hin0_angleDistanceMegative_chargedTrackMotFound_energyWeighted
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Results (truth) el

OF lowA

h1_hin0_truth_angleDistanceCenter_chargedBad_snergyWeighted h1_hin0_truth_angleDistanceMeagative_chargedBad_snergyWeighted

0 |
0,0 0,5 1,0 1,5 2,0 2,5 30
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Results (truth) el

OF lowA

h1_hin0_truth_angleDistanceCenter_chargedBad_energyWeighted h1_hin0_truth_angleDistanceMNegative_chargedBad_energyWeighted

L) b ' | ] ) " :I-. -I- .:ll.‘
'l||"II ':" x Ti.:'."!.-'qu.'. |'-l:,'. "
L
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truth = charged , rero = charged , angleDistance , center

June 24, 2011

Results
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truth = neutral, reca = rharged , anglelDistance , center
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truth = charged , rece = tharged , angleDistance , pale
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Results
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truth = neutral, rera = rharged ,
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anglelistance , pale
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truth = charged , reco = charged , position, pale

Results
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truth = neutral, reca = charged , pasitian, pole
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Distance between showers center uTR@Y

OF lowA

truth = rharged , reca = neutral , angleBistance , center truth = neutral, rera = neutral, angledistance , center

.,-r-h- i
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Minimal distance between showers

truth = tharged , recs = neutral, angleBistance ,

pale

June 24, 2011

truth = neutral, reca = neutral ,
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Showers negative pole postion el

OF lowA

truth = tharged , reca = neutral , pasiian, pole truth = neutral, rera = neutral , pasitian, pole

1-3°°_|l-|||'-| .
1,700
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1,000
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7007
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