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Time Structure of Hadronic Showers
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Time Structure of Hadronic Showers
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Time Structure of Hadronic Showers
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Time Structure of Hadronic Showers

lu(l- "T*|F1||‘4'F1 alagﬁél n' "'ul' l(' ' -\l 1”‘4[.-1'&'%? " ""'l
'lt 'n' "l lll'l' 'll |' | ' "'|"' lu .. '| l'l|o' |' 1 ":'.'
'|u ||| |.' Il|. ", 115 |' | '..' l" "' 'l l'lul "' \ | Il "
<1.65 MIP LA " L <5ns
.n' |',| lll '||I|"| l|| I'i"' | |I| |" 'l. ||| 'n' | 'l" {
| |

|
|' l| 1 9 '|
| " || || 0' | |

ARl
1Y |

Simulations ||l

1))
1Heiri

¥ 1 ||l||||‘l'
()

AFAARA00800000¢

" ||| H'l ! | ",l'|||".'i
11 '| II' ]
- i | 1 14! "'l'l'l','
Y ||| || |||""|||
| 1

.. <5.4 MIP
> 5.4 MIP

...<90 ns

> 50 ns

Y38 S
. t‘ ' 5 L\..f" L3 t \
o P i »'7, )
TR \

LTSy

L gt T

~ I -F—j U1 — N
E: g ! Elg" q! l il 'l'l"n'T"l
1l . ' ||' Hill "||l""'||'ui"n""‘

" i it
' ' l | |||'|I|I|'H|" (1
1 l"'|.|"",|”'|i,|u'

SNacidaini

I.M"ll““"l'l

l 'l ! 'll |'I.'o"|"n

i 'l"ll"|'|"

I |'I|“'|I'|’|'l

1342

it

1l

1)

HH""l'u""

Christian Graf CALICE Meeting




Simulation

- CALICE AHCAL test beam geometry with
60 layers (to avoid leakage)

- QGSP_BERT_HP

- 10 - 80 GeV Pions

- 1ns gaussian time smearing
- Integration time: 2000ns

- Minimal event selection:
- Shower start: first 10 layers
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Software Compensation

'I
|': ‘-F"a-‘l ... -j d"'d
':' "lu t ﬁﬁaa j%é éaﬁq

. !Ill]

AR\ NANNS SERE
AN NN N b T B TP Bl L R R
% %Y - - NSNS .
% RSN N N RN B L
A A RN N BB T PN R B B PR Bl S
RN e R B N R TS
AR RN RS SN oA L
S sk \.‘__ SR NN, - Tl B

EE _ g (a+ b6+ c6?)

IcCo,l

Cinr: Fraction of hit energies above thr
Cav: Fraction of hit energies above average
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Software Compensation
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Cinr: Fraction of hit energies above thr
Cav: Fraction of hit energies above average
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Software Compensation

~

Global Local
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How can we introduce

+ Cinr: Fraction of hit energies above thr :
the time measurement?

+ Cav: Fraction of hit energies above average
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Global Timing
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- Easiest way to quantify timing as a global + About 3-4% of the energy is deposited later
observable: Energy deposited later than a than 3ns
certain threshold
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Global Timing: Correlations
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- Clear correlation visible with reconstructed
energy
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Global Software Compensation
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Global Timing: Correlations
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complementary to energy density + Cav: Fraction of hit energies above average
+ But not to Cgiopa Cin.
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Global Timing: Correlations
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Local Software Compensation
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Local Software Compensation: Weights
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- Low energy hits are weighted up while high
energy hits are weighted down
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Local Software Compensation: Weights
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Outlook: Neural Network Extensions %
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Outlook: Neural Network Extensions %

Global Local
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- Using longitudinal shower shape
iInformation seems to be beneficial

-+ Reported in my PhD Thesis
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Outlook: Neural Network Extensions
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-+ Reported in my PhD Thesis
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Outlook: Neural Network Extensions
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- |Include information about

- Using longitudinal shower shape _ |
neighbouring cells

iInformation seems to be beneficial
. Reported in my PhD Thesis + Work in progress
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Conclusion

What have we learned? .

- Studied two ways of including time information in the energy
reconstruction process

- Correlation of global time observable with reconstructed energy
visible

- Global SC: No improvement over using Cgiobal

+ Cglobal is doing more than only being sensitive to the em-part of the N
shower

- Local SC: Significant improvement visible if early and late hits are
treated differently

- Neural Network extensions that allow an incremental increase In
complexity Writing a paper
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