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We are here

 ANTS v061 LIP-Coimbra, 2012 andrei.morozovecoimbra.lip.pt  [= |[B]X]

Parameter file  Settings  Autosave Exit

Input data,
configuration,
event filters

Reconstruction
algorithm

Reconstruction
and
post-processing

..[

-

Detector setup ] Simulations ; Expenimental data l
Input data and configuration
Input_data l Cut-affs ] Gains ] LRF ] E rzngy ]

PHT zignal data

[~ Espermental— Load PMT positions I» |
-ar-
[~ Simulated— [Config loads automaticallyl— Load events

Loaded: |

Mumber of events to proceszs
Events loaded: |0

[ | b

Rezet or exit exp_data proceszzing ‘

_Other tabs:

/ PMT signal cut-offs

Spatial filters ] Chi-zquare filker ]

P T arrap properties
|v Automatic evalustion 77

PMT packing:

PT center-to-center distance d:

?? prn

Pozitioning tolerance:

IETT

Data processing

PMT #[1  =/— LFF |— Statistics'— Sigma |

|Jzes: v Col algarithm [~ ML aglonthm [~ LS algorithm |—  Setup

text log

Save LAF(s) |

Adaptive algorith

Process data

Shaowe distribution for PMT # |—1 = [~ Plat zum

-

Scale LRF to have average energy = 1 | Only display

[ Fix scale: from |D tumﬂ\
Bin=|1 = pixels on screen = L

|~ Suppresz min [~ Suppress max

Reconzigact events l Postgrocessing ] Single evenﬁ\_
weral distribution: Energy Chi-zquare |

zignal of PMT= of evsqts

binz with at leazt | event

(individual and sum)
PMT gains
(input/estimation)
Light response function
(model + first guess+
load)
Event energy
(scaling + filter)
Two spatial filters
Goodness of fit filter

|—Single event processing

Yizualizah T~ :
Chi-zqure— r Ana |yS|S Of
[ Fix scale: from |D to |'| .
~ reconstruction results
PMT signal ws offzet ale: from |D-E ta |1-2 \_\
Shaw combined far all active PMTs | ~ Reconstru ctlon Of
IIF Carect for energy [ Fix scale: from [ ba |1 I

positions and energies
of the loaded events

" lterative reconstruction
of LRF / gains 5




Data input

1) Load the file with
PMT positions
And then the file with

flood field illumination

’ - —19.00
Input_data Cut-offs I Gains I LRF Erergy I I

PrT zignal data —15.20
[v E=perimental— Load PHHP pozitions \
—11.40

—ar-
[T Simulated—I[Config loads automaticallyl— Load events

lI—?.E-D)

Loaded: |
e
.00
Automatically, the CoG »
reconstruction will be shown: Events
3
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N Counts)

Individual cut-offs

2) Second step is to define the cut-off for the individual PMTs (Cut-offs tab):

Inl:-ut_data Gane | LAF | Erergy | Spatialfiters |  Chi-square filer

[ndirvidual PR T masimum signal cut-offs 1 ] il s fmnd
v Enable Cut-off:

PMT #—1 % —|— 0.310661 I

Set zignal to 0 and continue
|grore that event
Leave it az iz [potentially dangerous]

For zignal scaling see

8.97 - % Show zignal distribution §
i "Energy" tab!
* t-off for the zum af P zignal
7.97 & / [~ Enable Show digtribution |
1 - Load cut-offs
K [ [ Include paszive Phiz
1 .
E.08 "‘"‘-‘w-u-..,‘ Min sum: |0 Max s IW | Save cut-offs |
a,
v
3.00 T "‘_.-
v,
1.99 1 Use the mouse right-button menu to set ¢ut-offs
+
Delas: 0: Delat”
q MiddleIX: 0.31 D?I,' h’liddle'

0.0537Y2 0.1074 0.1611 0.2149 0.Z686 0.3223
PMT hits

Define how ANTS treat events with zero or negative PMT signals
It is assumed that the signals are already corrected for the offsets
(signals are proportional to the number of photoelectrons!)



3) Now gains can be estimated:
4

Gains

[hput_data ] Eut-n:nffs LRF ] Energy Spatial filkers Chi-zquare filker ]

v Use estimated gain factors

On graphical window:

Select these
options

[w Show gain factors

r M Lizt qainz

Set gain factors
PMTE—1 3|1
1

| auto-increment

In log:

Copy gaing

from
zimulation

Load gains

Save gains

E stimate gains

= [Estimate gains using flood field illumination data

Select these \

options

Alganthmz

ains

I~

v ‘u’isuemuﬂm\ \

[ Use relative cut-offs of _all_ PMTs |

[ [w ze cut-offs and symmetny
[v Select central PMTs Clear

\ Fraction: 0.3 4

[w Do not link central PMTz

[ Use spmmety in sets of 4 PMTs !

Zones (100 5| Owerlap: |2 4

[ Use anly: |EI zetz defined ﬂ

[ Mark zetz to use Clear

Advanced options |

I Replace cut-offs with average signal

Lzing top |1 % of events

= [ Replace cut-offz with average zignal

Apply energy cormection:

-

-
[ apply energy filter




Then on the graphical
window indicate (left
click) those PMTs which
definitely have events
in front of their center.

In our case: 7 central
PMTs.

The selected method
will find events in front
of the center of each
“red” PMT and find
relative gains for all
neighboring PMTs (teal)
from their average
relative signals.

iRt
W pg [ .bmp

Right mouse
buttan = menu!
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Press “Estimate gains”

The “fraction”

E zstimate gains

pa ram ete rcan be v Yizualize events

changed if there are
two few events (blue
dots) or two many.

Selected events (blue
dots) should form
compact groups
Offsets from centers
are normal

|deally, obtained gains
should not vary with
small change of the
fraction parameter.

5 10

[ Lock mode

Zoom |25 %
o E—

Bing: =
Ewxport plot

™ ipn ¥ ibme

Right mouze
button = meml
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Adaptive algarithins Reconstruct events

I Paost-proceszing I

Single event I

Press “Process data”
(button in “Reconstruct
events” tub in the lower
tab control)

The CoG reconstruction of
the flood field should
cover a more symmetric
area!

~ Process data Stop I

Qveral distribution:

Energy I Ehi-squarel

= LSform  X: -57200 Y: -68400

Mode:
[+

@@ i
ﬁ,,ﬁ {

[ Lack mode

Zoom |25 ¥

) —

Bings: |1 %
E xport plot
[ ipg v .brp

Right mouse
buttan = menu!

"Yigualization
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LRF / Energy tabs

|nput_data ] Cut-offs ] (3 ains E mergy ] Spatial filters ] Chi-zquare filter ]|I

4) Next step is to load e tonat T ~—| We start with that model

Shaplng RF i It IS the [ Individual LRF for each PMT
fi I'St gueSS on the acC Zero-teration [shaping] LRF = el
optioha

AISO u Sed by a d a ptlve a Igo rlt h ms | Load from file I Ready? Load LRF(z] to be used in reconstruction
. Usze zimulated Mo Load LRF(z]
for shaping of reconstructed | I —
eplaces data for this iteration,
3 - : not the shaping LRF
LRFS durlng IteratIOnS. MHon-zero LRF iz available from O ta: |77 pm o

5) SII’]CE POISSOﬂ StatIStIC |S Input_data ] Cut-offs ] Gains ] LRF patial filters Chi-zquare filter

used, the signals of PMT has
to be converted to integers
(number of photoele

[+ Conwert PMT signal to photo-electrons
Average signal per one photoelecton: |1 JHE-3

using LRF and the signal of PMT # |1 ¢|
n S) for events withing 1500 -2 pm of (0. 0)

[ Input data contain event energy information |

Select this and provide the

Energy filter
Va|LIe Of ”Average Signal per [ Alloy energy from |EI.E to |1.2 Copy "fired scale” range |
photoelectron” or click the
“evaluate” button to If expé(imental data contain charge information,

A this checkbox has to be activated.



Spatial filters

The first spatial filter is
checked (if activated) after
CoG reconstruction.

The second is checked after
ML (or LS) reconstruction.

It has to be activated if there
are events in the regions
where the ML/LS algorithms
are known to produce
significant errors —e.g. the
area outside of the centers
of the border PMTs

Select “Polygon”, “Define”

and click at the positions/

where you want to have the
polygon corners.

[nput_data ] Cut-offs ] Gainz ] LRF ] Energy Spatial filkers Chi-zquare filter ]
First filker [after CoG reconstruction) Second filker [after MLALS reconstruction)
[ Aclivatel v Activate —
Center-symmetric Center-symmetric
™ Round | Radius / Half-zize ™ Round | Aadius A Half-zize —
= — Define = — Uehne
[ Sguare 00000 3| wm [ Sguare 20000 -3 um

— Defi :
B Show nodes efine ¥ Polgon e rEEks Nl

F

Clear Daore Clear Daore

2 LSform  X: -4B000 Y: -6B800

Remermber:
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] 1) £ -
Bad events” filtering
”Bad events” £ Any event WhICh Input_data IT::i::t TataL;:d cnm:i:r';tinn Spatial filkers Chi-gguare filker

IS nOt d proper Slngle neUtron event Individual PMT mazimum signal cut-offs If signal <=0 s fourd,
v Enable Cut-off: Set zsignal to 0 and continue
PMT #:—|1 ﬂ_|_|n.311111 ! :_gr‘u:nre that n_av[ent o |
" ” c eave It az 1z [patenhally dangerous
These events “confuse” the adaptive o el ottsin| e
"Energy' tahl

d Igo rlth ms — h ave to be re moved 3 Cut-off for the sum of P zignal
v Enabie Show distibution_ |
.................... i 2 Load cut-offs
W [w Comectedforgain [ Include passive Phiz
€ Can use ki zum: (1.2 b &= sum: |T I Saye syl

“cut-off for the sum of PM signal

With the option TN
“corrected for the PMT gains |
How to select the proper range: g "

PMT hits




Sum cut-off filter

We would like to avoid

low and high energy events, e EEX
File ®¥panel Marker Close
but we do not have yet o 20 ——
the energy information! S
(It could happen we cut too much) e
~ 4957 5 .'._
Make a guess on the cut-offs R .
=] .
(later we can correct) S st ‘
_ 2 1.65 T
Then perform reconstruction with the
Sum cut-off filter enabled. : ,
Select this visualization option o e '
Vizualization Locked? Start Stop Step First_tick
[ Plot reconstructed poszitidns & d |D |4'84338 |1 |D
[ Fix scale: fram |EI b |'IEI T r o 827078 165416 o
[ Plot Energy of e¥ents
[ Fix scale: bam 0.5 1.2

[ Plot rewced Chi-square of events
[~ P zcale: from |1E2EI to |EI

[v ot zum zignal of PM Tz of events
| Fix zzale: from |EI to |1




Sum cut-off filter

There should be no
areas where events
density is
significantly reduced.

Any “ensembles” with a
dominating contribution
by events with too low
(blue) or too high (red)
sum signal are suspicious!

(Rim area?
Wrong gain estimation?
Defect?)

Sum signal plot

-1.20
Surn signal
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Example of a bad “ensemble”

0678 | p— - = —

g~ N
% ST .
Rt

\ v 4

i A

iL o

] WPy
E 2o )
Fiats

A diffuse “halo” S R R e L
is visible in high e e e I

statistics CoG ; Qi cone
reconstruction / ek

In the “Sum signal” : i

plot one can see W~ S e N

blue points scattered , e g |

over the halo area 1 ‘;

(sorry - need high ‘ A |

resolution) : NMI3 meeting, Garching, Dec 2012 14



Now we are ready for the LRF
reconstruction



LS reconstruction — first guess

Data processing text log

Switch to LS algorithm

and use “Process data” e
again . = LSform X: -72000 ¥: -19800
One can see that the =
first guess LRF is not o o
d te e [ Lock mode
adequa ——
I—IJi
Next step: adaptive i
reconstruction o |
of LRFs tmse

NMI3 meeting, Garching, Dec 2012 16



Configuration for iterations

Uzesz | Cal algorithm [~ ML aglorithm v LS algorithm |—  Setup
PHT #]1 | LRF }— StatIStIES }— Sigma | Save LRF([z]

Adaptive algorthms l Reconstuct events ] Post-proceszsing ] Single event ]

[terative LRF /gain reconstruction Iteration configuration

LRF zhaping
1 ¥|— Perform iterations }‘

13t adjacent averaging range: + |10
# of

poirt

] : I R econzstuction range:
fterations |
v Dwnamic; Cut-off at |10 # of mayw stapEtics
| but niot lezs than |2
[ Fised with Ieft:|1|:l =1 and right;
LS algorithm

_ _ nd adjacent averaging range: + (10
Replace zigma with zqrt[LRF)
if events in this bin are lezs than ainz [One LRF mode only]

Perform Gain Factor O ptimization Vidl I
Min B: (12000 pm  Max R |2IIIIZIDD

1 point =100 um

If range is too small, LRF
will “wriggle”

If too large, LRF at short
distances will go lower
than it should

(will discuss later)

. Used to do iterative gain
reconstruction.

For GSPC19 data we do not
have to do it.

| Comect for the eventenergy <— |||

Defines the limits where reconstructed data are
used: outside them the shaping LRF takes over.

Statistics can be checked here (shows distribution)}———>

After some iterations, 5% can be a better option.

—— Always keep it activated

'..""'
.\Ef

iy
e

*.
£

180 1

\‘ §I
|

.,

'\
7
]

)
o2
,;F" 3
:
3
4
*

"|.

120

£

Wieight
-:-.n.

80 7

40 1

-“."‘lm

u]

a 2E4 4E4 GE4 8E4 1E§ 1.2E5

Clone Distance, u I



LRF reconstruction: single LRF model

» GF
Press “Perform iteration”. Fie Kfpanel Mrker  Close
When it is finished, a window will pop up
: : SE3 +
which will show the new (blue) and old \
(red) LRFs. = 4E3 1
G 3E3
Change to “Reconstruct events” tab and 5
press “Process data”. & oea
Adaptive algarithns Postprocessing | Single event | 1E3 7
Process data ‘ Stap Owveral distribution: Erergy | Ehi-square| a . . . . .
Wizualization O 2E4 4E4 EE4 SE4 1ES
Chi-squre— 41,9882 =201 294 ~ v IEIDI-E' 'EBﬂlﬂs:lu':tT; llﬂlsitiunslz:3 lare Distance, um
42.0758 201 260" I sCale. from = | ocked? Start Sthoy Stef First_tick
a0.3633 T20T4nT e [~ Plot Energy of events W [ |11|Jt|unIj |20000 ; |0
= ; v o 5500 (1000 o

|Y:

Return back to “Adaptive algorithms” and repeat iteration—>processing cycle 2 —
3 times. Watch the Chi-square after each processing. When it stopped to
increase, it is time to change to another model.




LRF reconstruction: individual LRF model

3/ ke Detector setup ] Simulations Experimental data l
SeleCt Iﬂleldual LRF Input data and configuration
fo r ea Ch P MT” mo d e |\ Input_data l Cut-offz ] Gaing Energy ] Spatial filkers Chi-zquare filker ]

LRF rmodel
[ One LRBF for all PMTs
v Individual LAF for each PMT:

The processed (current) LRF will be attributed to each PMT taking the gain of
the PMT as the scaling factor.

In “Reconstruct events” tab use “Process data”. Reconstruction should be the
same as before, but Chi-square factor will change due to scaling.

Change to “Adaptive algorithms”
and perform one iteration using the same settings.



LRF reconstruction: individual LRF model

Now all PMTs will get
different adjustment to
their LRFs

to see info

FMT #|8 =

- GF AEE
File x¥panel Marker Close
1.6E3
1.4E3
1.2E3 T
1E3 T
18]
(5]
5 soo T
pa'l
(5]
& 6007
400 +
- 0 BEE
i File Xtpanel Marker Close
0 SE4 4E4 GE4 BE4
Clone Distance, um 1,93 +
Locked? Start Stop Step
)| |0 [110000 [20000 1Ea 4
v W [ 1600 |200
800 T
i
o
5
o ” 4
Select the PMT and press “LRF = oo
o
r differe MTs a0
200 T
u] } } : 7 ;
.. . 0 2E4 4E4 BE4 BE4 1ES
— LRF I— Statigtics I— Sigma | Save LRF(=]) | Clone e, Ui
Locked? Start Stop Step First_tick
x| W [ [ 110000 [20000 [
; - v W [ 1300 [200 [
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LRF reconstruction: individual LRF model

= |Sform  X: -26600 Y: -67600

Now the reconstruction E RO
image should make more
sense

Chi-square also should
reduce fast:

Export plot |

v pg ™ .bmp

Right mouse
buttan = menul

Chi-squre— 557023 =201430
11.5311 =20284*
41,9332 =20 294+

AN

Events
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LRF reconstruction: individual LRF model

z [ Sform  X: -41600 Y: -69000

After several iterations:

Chi-zqure—|0.819192 *2015EE*
0822092 =34314%
0823647 *34314%

\J 23‘8 a

| FC
I Lock mode

Zaom |25 '31

Ll —

Bins: |2 &

W ipg [ bmp

SR B o e L Nk e T e T —16.00
Export plot | - : ] : : | : L2 SR W ..";:_ i

Right mouze
buttan = menul

Events
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LRF reconstruction: individual LRF model

“Quality control”

Is LRF adequately describe
the data for each PMT?
To check, use this tool:

PrT zignal vz offzet

Show combined for all active PMT= |

I:F Comect far enerngy
Shaow distribution far PHT # €

v Ii

)

PMT signal

036 1
702 1
465

234 1

1.17E3 T

%
&

PMT 1

Blue — reconstructed data
Red — extracted LRF

0

0732 1.946E4 2.92E4 3.893E4 4.866E4 5,839

Distance, um

If LRF appears too much below the center of
the scattered data —too much averaging was
used! Reduce the averaging range!

If there is too much “wriggling” in the
reconstructed LRF — averaging was not

adequate! Increase the range!

Watch for saturation signs: spread in the scattered
points close to the peak is larger than square root of average and blurring downwards!

1.2863 T——

1.03E3

770 1

514 1

PMT signal

257 1

o . . : ; .
] 1.331E4 2.661E4 3.992E4 5.322E4 6.653E4 7.983E

Distance, um



LRF reconstruction: individual LRF model

Next step — can introduce energy and chi-square filters.
Energy filter is typically not needed if strong sum cut-off filter is used.

Applying Chi-square filter with the a very relaxed range 0.1 — 10:

=/ LSform X: 31600 Y: -69800

Mode:
eSS o [ BT
- a
1.02E32 A gg 'hj)t_’
I™ Lock mode
= FHH
%) Zoom |25 %
E | —27.00
E sl Binz: |2 % I
—21.60
et Export plat
[ jpa [ bmp ] —15.20
R Right mouze . )
o] . T T S e butten = menul _10.20
] 1,308E4 2.617E4 3.925E4 5. 233E4 65.542E4 7,851
Distance, um
—5.40
o - (wf,
Noise” is greatly reduced! I
Events
24




LRF reconstruction: individual LRF model

Now have to perform two quality-tests

1) Area distribution

= LSform X: -46400 Y: -69600
of energy —should be | =
e [ R
uniform o
—Wizualization So1R=
[” Plot reconstiucted positions ] v E e
[~ Fix scale: from IEI {u] |2E I~ Lock mode
[+ Plot Energy of events Zoom[5 3]
¥ Fissoale: fiom 05710 g |1.3248 o i
[~ Plot reuced Chi-square of events Bine B = I
[ Fix scale: from IEI.'I t.:.|1EI a —-1.17
[~ Plat sum signal of PMTs of events EHL”:'D;I \
[ Fix scale: from IEI ko |1e'|EI Pebicol Lone 108
Right mousze )
button = menul —0.87
4 —-0.72
Essentially flat!
—0.57
Energy
(only very small
problems in corner
areas — as expected)
NMI3 meeting, Garching, Dec 2012 5



LRF reconstruction: individual LRF model

2) Chi-square distribution:

wliElzaen = LSform X: -34000 Y: -69600
[ Plot reconstructed positions
[ Fix scale: from |EI to |2? e
& +,| ¢
[ Plot Energy of events | )
W Fisscale: from (05710 g [1.3248 |
8800
[+ Plot reuced Chi-zquare of events — gp 1\
W Fix scale: from |EI.1 to |.? = L;C; m;de
[~ Plot sum zignal of PMT sz of events zoon [ 2]
[ Fix szale: from |EI to |'IE1EI R
Bing: | =
It is expected to have o
wport plo
minimum in the center Leoll Fho
. Right moLize
and have symmetric biten =
distribution.

Small problem (again)
with the lower

corner (need more strict
sum cut-off filter?)

LRF reconstruction is complete!

NMI3 meeting, Garching, Dec 2012
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Checking how good was the LRF
reconstruction



“Multihole” mask data

Loading data recorded

Input_dats | Cutofts | Gains | NAF | Eneray

PMT signal data 2
[+ Experimental— Load PMT positions — 63,00
- or-
[T Simulated—(Config loads autormaticallyl— Load events | .
Loaded: I
b.27.30

All LRF/settings are it et
conserved! L R e ined

—0.00
Ewvents

Running ML
reconstruction gives:

Good quality!

28



“Multihole” mask data

Checking energy
distribution:

+—F
Delax: 0.5222; Delay: 0
iddlei: 1.028; Middle'” 5_?20

NMI3 meeting, Garching, Dec 2012 29



CoG vs ML reconstruction:

Events

Ewvents

CoG, no gains ML, individual LRFs

NMI3 meeting, Garching, Dec 2012 30



October run (another MSGC installed)
Two read-out systemes:
Julich and Acqiris data



Julich read-out data

Applying the same adaptive reconstruction technique, we get the following data:

Flood field — UU

Broken anodes still
show some bending

—21.00

The MSGC rim

shows strong e
“undulation”
Probable reason:
Scattered light
on HV connectors

and metalized
border areas of the R A i
MSGC e e i

NMI3 meeting, Garching, Dec 2012 32



Julich read-out data

delts = 67983
‘alpha =
di

dv =

Another flood

Image (not final data!),
LS reconstruction,

plot of

energy distribution.

One can see that
that there are two
distinct ensembles
of events in the
corners!

NMI3 meeting, Garching, Dec 2012 88



Julich read-out data: Slit mask

CoG
reconstruction,
no gains

NMI3 meeting, Garching, Dec 2012
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delta = 29915, °
-alpha = 0.3405 -
dr = 29912, -
- d

ML
reconstruction,

Individual LRFs

10 mm hole-to-
hole distance




ML
reconstruction,

Individual LRFs

10 mm is well
reproduced!

Distribution

delta = 29915, *
-alpha = 0.8405-+
i =29912, -

1.5E2 Delta=: 1.001E4; Deltay: 0
Middlei: 1.833E4; Middley": 1600

1E3

500 T

2200 1.32E4



Julich read-out data: Multihole mask

delta = 68571
alpha = 89.85
dH = 143

dv = 68571

ML
reconstruction,

Individual LRFs

Ewvents

NMI3 meeting, Garching, Dec 2012 8y



Acqiris read-out: Flood data

Problem — in the PMT signal data, the offsets were not corrected for,
and some of them were negative!

delta = 69000
delta = 69000 alpha = -89.583

alpha = -89.83 dr = -209/——_ﬂ-\\\
d¥ = -200 . dv = £2000 . | i3

dv = 63000

—4.80

Energy, LS
reconstruction,

Positions, LS

reconstruction,
Individual LRFs Individual LRFs
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Acqiris read-out: Slit mask
wo A9 PMTs, ML == | Central 7PMTs, ML |

dx = 9896 dx = 10000

09 \___/ dr =96

PR
0.00:"
:Events” " |

ML perform significantly better than LS
7-PMT reconstruction is better than 19-PMT one!
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Post-processing in ANTS

Just a few features



Post-processing

With Acqiris, the energy of
events was recorded
(anode signal).

This energy can be compared

with the reconstructed energy.

“Compare energies” shows
both distributions,

Adaptive algornithms ] Reconstruct events Post-processing D Single event ]

Save reconstruction data ‘

Compare LRF=

EAEH A Actual / Meazured LRF

| Load |—|

—— LRF thig iteration
—— LRF last iteration
Actual / Meazured

E ztimate gainz from LRF data

Meazured gaing:

H

Reconstructed vs measured gains |

— Reconstructed
—— Laoaded

Scaling Factar: |1

Show measured az a funchon of loaded |

| & Compare energies

v Autoscale Event radiuz from; |? (e |? nm

PMT #—1 §|—— Estimate gain

[ Swap axes

[ Azszign thiz gain(z] to the PMT[z]

and the “Show measured as a unction of loaded”
plots one versus the other (over all events).




Compare energies

3E3

All event filters are respected!

2.5E3
8
N
| I
E 3E3
il 2E3
s
@
o
m
9 2.5E3 A
1.5E3
e
2
c
] 2E3
e
1E3 - %‘
0 0.2 0.4 0.6 0.8 1 1.2 1.4 =
Reconstructed energy 1.5E3 A
1E3 e ; ; ; :
No cut-offs, all MSGC area o 03 o4 o0e 08 1 15 -

Reconstructed energy

Sum cut-off on, 20 mm x 20 mm
central area
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Single event processing
Adaptive algorithms | Reconstuct svents | P'n:ust-prn:u:essin

Eventz number: |33 = Refresh ‘

Exa m p I e Of a ”gOOd” eve nt W Show PMT zignal: on graphical window #. um . um s
[v Apply zignal/photoelectron scaling Eﬁ_ﬁ ;ggg ggg%
[ Scale lnaded energy by: |1 LS [ml energu):  -3065 4152
- LS [fit energy]. 3058 4148
Status of filkers————— | | ST T —
Cut-offs of individual PMTe:  Pazz ML: 032661
Cuit-aff fir the sumn signal: Pass LS [ml energy]:  0.32523
13t spatial - LS [fit erergy]: 3.32389
2nd zpatial ML: - | LS[ml: - |LS[fty - |57 e e
R IRy ML 081674
2.9038 Eﬂfﬁare m'[ ) Ls[ml]. - '[gg::} T LS (ml energyl 083129
q : : E LS [fit energy]: 0L83EE5
Show: | Energy Frabahbility Chi-zquare:
de— - & ) I Col St B
- L | | ol -
Lon.80 i L N (e 7338 3892
- lsi— | T = T[Sl eneny) 8065 LA
. 268.98 . Information shown (ML and two LS algorithms):
Reconstruction position, energy

o2

and chi-square;
Status of all event filters;
O PMT signals;
8.5463 25.837 3.5499




Single event processing: good event

g"x: 68800 Y: -39200

File ¥¥parmel Marker Close
209 Y
g
167 T :)_
N
—qC:J 125 T i
7 =
g 836 1 E
41,8 J
o
] } } } } } 1]
] 108.5 217.1 325.6 4341 E4Z2.6 65121
Clone | Expected
Measured vs Expected PMT signal;
The slope gives the event energy

Chi-square vs position: Visible area is scanned (source position is
assumed at each location) and the Chi-square is reported.
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Single event processing: bad event

fdaptive algorithms ] Feconstruct events ] Post-processing  Single event l
Events number: |90 - Refrezh ‘ it t
_ — Example of a “bad” event
[v Show PMT signals on graphical window S ﬁBL:lr‘ll-l kgﬂalqnﬁ ~
) ] ola: .
v Apply zsignal/photoelectron zcaling ML 5541 56715
[ Scale loaded energy bu: |1 LS [ml energu]:  -3841 20015
- LS [fit energy]:  -4847 0015
L 1 [ (SN— e re T —
Cut-offz of individual PTs:  Pasz kL 0054642
Cut-off fir the sum signal:  Fail LS [ml energy):  0.055554
13t spatial: L5 [fit energy):  0.055534
ond spatial ML = LSl -~ LS - || Lhi-sguare oo
Erergy ML ~ | LS[ml: - | LSt} ML: 17.34
e ML - LS[I‘I‘I'] . LS[flt] . LS [ITIl EﬂEfg_'r']Z 19,265
5 - : d LS [fit energu]  19.265
Show: Enegy Probability Chi-zquare
e—ld | & 5 o Cofi o o
- | | ola: -
S B SR e 2941 26715
Lsii— [ |— [ — [ LS [_|_'!'|I energ_l,!]: 4841 SIEIEH? W -5.1866

28.819 2.8464

Too low energy,
Too large Chi-square;
LS position = CoG position.

Failed Sum cut-off filter.

-0.77889 30.004



File

Measured

Single event processing: bad event

# LSform X: 20000 Y: -57600 PMT# 14

wipanel  Marker  Close

L
A
22.1 .
[ele]
OO
17.6 1 =N
mode
13.2 T 5
'1 -~
8.82 1 = |
t plot I
4.41 1" [ bmp
jouse
L E menul
o : } : : }
i} 7h.26 150.5 225.8 301.1 a7¥6.3 451.6
Clore | Expected

Too far away from linear
dependence!

Broad min area; Many local minima.

Can be used as an advanced event filter!
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GSPC 19
contributing to the
modern art ©

Artifacts in the

CoG reconstruction
due to discreteness

of the PMT signals:
There are

“forbidden bands”

in space

(60 degrees symmetry)
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