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Introduction

Hadronic shower reconstruction for energy scale analysis
* Understanding of hadronic shower topology in energy
* Splitting events to many topological cases, mostly binned in energy range
* For measuring the energy accurately
* For getting the calibration factor for each topology

Study using the deposited hit information in reconstruction and generator level
* The ratio of Edep t0 Edepmc as a function of Egepmc for all hits
* The ratio of Egep t0 Edepmc as a function of Egepmc for EM showers (noted as “Egep_em”)

* (Edep - Edep_em) / (Edep,I\/IC - Edep_em,I\/IC) as a function of (Edep,l\/IC -Edep,Mc(EM))

Study the attenuation effect using MC information
* The ratio of Eqepmc after to before attenuation as a function of Eqep mc(before) for all hits

* The ratio of Egepmc after to before attenuation as a function of Eqep mc(before) for EM showers

* (EdepMc.att - Edep_emMc att) / (Edep Mc.att - Edepmc) @s a function of (Egep.mc att -Edep.mc)

Plot the scattering distribution for pion and proton (0.5 ~ 5 GeV)
* Present few selected energy bins in the main slides and others are in back-up slides



Deposited energy definition

* Deposit energy definition :
* Egep : sum of electrons from ADC area in plane after lifetime correction (convert to E)
* Edgepmc : sum of energy deposit from TDCIDEMap (for every time slice in simchannel)

* EM showers :
* EM clustering module, “EmTrackClusterld_module.cc” in larreco package
* Package path : larreco/RecoAlg/ImagePatternAlgs
* More details at Robert’s talk (Nov. 28th, 2016) :
* “EM components selection with CNN” :

https://indico.fnal.gov/getFile.py/access?contribld=2&res|d=0&materialld=slides&confld=13389
* Edep_em : Edep fOr EM clustered showers
* Edgep emmc : Edepmc fOr EM clustered showers (electron or photon)


https://indico.fnal.gov/getFile.py/access?contribId=2&resId=0&materialId=slides&confId=13389
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e Event fraction of red circle is ~20% at 0.5 GeV pion, but decreases a lot, 1.3% at 5 GeV pion
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doesn’t have the distinguished event group in the large ratio region



2 GeV Pion events
2D plot for deposit energy ratio (Egep/Edepmc)
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—vent display for “All hits”
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—vent display for “EM showers”

 “All hits: class A” : the ratio > 0.5 and Egep_emmc > 1 GeV
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Check attenuation effect

* Plot the scattering distribution to see the attenuation effect : only MC information
 All hits :
* Egepmc.att / Edepmc @s a function of Egepmc
* EqepMmc is the deposit energy before the attenuation in MC
* EgepMcatt IS the deposit energy after the attenuation in MC
e Sum of number of electrons from TDCIDEMap (convert to E)
* EM showers :
* Edep_emMcatt / Edep_emMc @s a function of Egep,mc
* Eqep_emmc IS the deposit energy before the attenuation in MC for EM showers
* Egep_emMc att IS the deposit energy after the attenuation in MC for EM showers
* Hadronic activity :

* (Edep,I\/IC,att - Edep_em,I\/IC,att)/(Edep,l\/IC,att - Edep,I\/IC) as a function of (Edep,l\/IC,att - Edep,I\/IC)

e The deposit energy after the attenuation is not corrected for the lifetime
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Attenuation effect for pion

e y-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC
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Spread in ratio is narrower and the overall ratio is slightly lower than the ratio with Egep
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Attenuation effect for proton

e y-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC
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sSummary

* Look at the deposit hit information using various energy particles
* Compare the scatter plot for all hits, EM showers, and hadronic activity
* Compare pion vs. proton case
* ook at the attenuation effect for all hits, EM showers, and hadronic activity

* Next step :
* Try to verify the hypothesis using MCtruth information (more classification)
* Calculate the calibration factor for each event category)
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Back-up slides



Edep/Edep,MC

Ratio of Egep t0 Edep mc TOr pion
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e y-axis : ratio of energy deposit in rec to MC, x-axis : energy deposit in MC
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e y-axis : ratio of energy deposit in rec to MC, x-axis : energy deposit in MC
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Ratio of Egep t0 Edep.mc fOr proton (1V)

e y-axis : ratio of energy deposit in rec to MC, x-axis : energy deposit in MC
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Attenuation eftect for pion (|

e y-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC

pion 0.5 GeV pion 1 GeV pion 1.5 GeV
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Attenuation eftect for pion (Il

e y-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC

pion 2 GeV pion 2.5 GeV pion 3 GeV
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Attenuation eftect tor pion (Il

e yv-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC

pion 3.5 GeV pion 4 GeV pion 4.5 GeV
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Attenuation effect for pion (V)

y-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC

pion 5 GeV
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Attenuation eftect for proton
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e y-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC

0.7

proton 0.5 GeV

0.6

0.5

0.4

0.3

0.2

0.1

"llllllllll.llllll||||'|'|1|'I|||||||||

o

0.7

Proton E

depMC in Op5GeV

0.6

0.5

0.4

0.3

0.2

0.1

IR A A R N L L
I I [ [T |

OO

0.7

Proton Edep,em,Mc in Op5GeV

0.6

0.5

0.4

0.3

0.2

0.1

"T'l"l“l‘l]lllllllllllII|IIII|IIII|IIII

o

Proton EdevaCvAﬁ - Edep,Mc in Op5GeV

I:dep,MC,An/I:clep,MC

I:de;Lem,MC,An/I:depAem,MC

E -E, = -E,
( dep,MC,Att dep_em,MC,Att)’{ dep,MC,Att dep,MC)

proton 1 GeV

0.7 o
— E»
C &

0.6— ur
C ]
= <

0.5 g
3 ;

04— i
i

02:;1113"

i

0.1
:....I....I....I....I....I....

00 1 2 3 4 5 6

Proton Edep,MC in 1GeV

(]
=
=
GJ‘
&
©

u
)
o
=
3
()
d

i

Proton Edep_em,Mc in 1GeV

1 2 3 4 5 6
Proton Edep,Mc,An - Egepmc in 1GeV

(Edep,MC,Att_ EdEp—em'MC'A“)/(Edep,MC,An- Edep,MC)

0.7

proton 1.5 GeV

0.6

0.5

0.4

0.1—
:. PR PSR [ S SR SR S [ SR ST S S S S SR S SR (N SR T S
00 2 3 4 5 6
Proton Edep,MC in 1p5GeV
. A B R I R
2 3 4 5 6

0.7

Proton Edep,em,Mc in 1p5GeV

0.6

0.5

Proton E ., vc att - Edepmc in 1p5GeV



Edep,mc.at'Egepmc

Edepgem,MC,Att/EdepAem,MC

(Edep,MC,An_Edep—emvMCvAn)/(Edep,MC,Alt_EdevaC)

Attenuation effect for proton (|l
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e y-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC

proton 2 GeV
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e yv-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC
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Attenuation effect for proton (V)

e yv-axis : energy deposit ratio in MC before to after attenuation, x-axis : energy deposit in MC

proton 5 GeV
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Calibration factor for pion and proton

e Qverall calibration factor as a function of particle energy
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» Calibration factor for EM showers is lower than all hits, especially for low energy
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