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Introduction

> FNAL 2009: S xiia bl
Combined scintillator calo testbeam £ ot i - — MG (5rm A
= AHCAL integrity verified by Szz: e i ScEcal
various publications + crosschecks "o E i LR
= ScEcal calibration, data quality, :: - '“...‘_
MC model less published el -
> Lots of crosschecks done with EM data —: e R fffff-ﬁ
= Longitudinal profile EM showers . 0_ 5 i i i} e
= Single cell spectra in EM showers E il -2 -
> Single pion energy resolution — 11 jf ﬁ; N RSuﬁg(():z?l
= Try to be as bottom-up as possible e WL jt Layer 7
= First look at resolutions at all ¢
= Work in progress : 1?3; ' Jr i
> This talk MCs all i E ’ H+ f

QGSP_BERT in G4 9.6p3 e A T St

Hit Amplitude
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> Based on Marina's FHI Algorithm

= Unchanged in HCAL
= Slightly different treatment in ECAL

= No beam energy dependence in ECAL

> Good correlation truth/reco

> Good reconstruction performance

= 50% reconstructed layer-perfect
= 80% reconstructed layer +1

= 90% reconstructed layer +2

FHI Layer (Reconstructed)

Number of Events
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First Hadron Interaction — Reconstruction
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Energy Weights — Chi2 Optimisation

> Need to find proper weights a, b for ECAL/HCAL depositions
Erec = a X Epoar, + 0 X Eycar

> Standard approach: Chi2 minimisation

X2 = Z (Erec(a, b) — Ebeam)2

events
- MC (G4 9.6p3) ol MC (G4 9.6p3)
- QGSP_BERT o QGSP_BERT

107

Fraction of Events

10

Reconstructed Energy in HCAL [GeV]
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Event Selection

> Generally taken from Clemens'/Nils' Theses
= Did not include any ECAL, only general selection applicable
> Beam quality cuts (data only)

= Trigger scintillators
= Multiplicity counter

> Pion selection cuts

= Cherenkov counter (data only)
= Muon rejection (single long track in HCAL)
= Empty event rejection

= Preshower/electron rejection: FHI layer cut
> Multi particle suppression

= Clemens' cuts not (immediately) applicable

= Needed?
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Multi Particle Rejection — Multiplicity Counter

> Multiplicity counter: Scintillator paddle with 16bit readout

= Only covers central 20x20cm?
> Use 4GeV electron run

= Can select 1-, 2-, 3-electron events from E_

= Separation of multi particle contributions in multiplicity counter spectrum
> Significant contamination left

= Try other ways (Clemens: cluster parameters)

energy sum, Katsu EM cut multi ADC, Katsu EM cut energy sum, Katsu EM cut
£ 10 g g
— - - i 10*
¢ E @ energy sum, >2.5 e- Emr:'ilissumEM(;g;M g0 E multi ADC, Katsu EM cut o E
E 5 Mean 580.6 = # C ECAL Esum, Katsu selection
Z g B Iti ADC, >1.5 e- B
= % energy sum, >1.5 e- RMS 186.8 B % i ? B
10° = ’ = N multi ADC, 2.5 10° & ECAL Esum, Katsu selection + multiADC < 3800
E k% 5y >2.5 e- E
E energy sum, Katsu EM cut | E
E = hMADCEMCut =
- E & hEsumEMCut
102 | C | Entries 78704
5 B WE Mean 583.8
RMS 203.2
10
10 = 10
1 =

pacl e i) .|....|f"ll.|||.H

> =t i Bidid N i Eii i L L u
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Multi Particle Rejection — Event Displays

-~ Eventsintop 1% E

rec

& === 2 BN
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Multi Particle Rejection — Cuts

> Multiple particles in ScEcal: Find their primary tracks

> Reconstruct all tracks from overlapping strips

= Require isolation, hit efficiency, starting from beginning of ECAL etc.
> Select events with exactly one isolated track in ECAL

= Efficiency in MC: 93%, data: 87%. (Resolution bias in MC <0.1%)
> Reject events with beam-parallel

tracks in outer HCAL g
i —MC
= Efficiency MC: 92%, data: 88%. “g 107 — Data
(Resolution bias in MC <0.1%) 2
> Apply selection, check event display: = ¢
No obvious multi particle events left 10
105’0;_ I5 I10III_|1|5IIII2|OI|||2|E:'>IIII:30

Number of Isolated Tracks
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Profiles MC vs. Data

> Reconstructed FHI layer looks ok

= Slight FHI overestimation in ScEcal

= Dip in first layers from isolated track criterium
> Longitudinal shower profile

= Consistent 5% MC overestimation in ScEcal

E B 18
- — Data = =
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= - MC 2 =
0.04F g b
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FNAL Pion Selection & Resolution

> Multi particle cuts slighly reduce high energy tail in data
> Chi* optimised energy weights very similar in MC and data

> Preliminary energy resolution 12 GeV Pi:

= Full selection: MC: 15.6% Data: 16.4%
= FHI in HCAL: MC: 16.4% Data: 16.5%
2 2 0E
g B Raw g T Raw
(1] B + Beam Cuts 1] + Beam Cuts
© 10°E + Pion Cuts rs) + Pion Cuts
o) - + Full Cuts o 10 + Full Cuts
g F E
ST MC (G4 9.6p3) £t
1 QGSP_BERT -
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10

[T T IIIIII|
5 o

10

L =

.J“HHM[LJL

L | L 1 L L I 5 1
1 50 100 150 200 250
Reconstructed Energy [a.u.] Reconstructed Energy [a.u.]

Oskar Hartbrich | FNAL Analysis | 11.09.2015 | Page 11

—_
o
[é)]
_._
o
-
(4]
n
o
N
6]
W
o
w
(4]
o



Summary

> FHI reconstruction works for combined system

= Good correlation and error vs. MC truth

= Acceptable in MC vs. data
> Event selection works

= From Clemens/Nils

= Current multi particle suppression cuts work ok, but can be improved in efficiency
> Energy Resolutions MC vs. data acceptable for current status

= Switch to G4 10.x, try different physics lists
= Longitudinal profile — ScECAL absorber, calibration

= Remnants from beam impurities — Higher energy runs

> Response, other runs, systematics ... lots to do
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First Hadron Interaction — MC Truth

> Definition of MC truth not straightforward

= Quasi inelastic interactions
= Weird G4 behaviour

[(o]
o
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Final definition of “true” FHI:

Number of Secondary Particles

> Remove leading pion from step 10 |

O 1 1 2 1 1 1 4 1 1 1 6 1 1 1 8 1 1 1 10 1 1 1 12 1 1 1 14
Sum of Kinetic Energies of Secondary Particles

= Project each pion momentum to previous step's primary pion

= Look at all (including primary) pions in step

= Remove pion with highest projected momentum

> Sum up kinetic energies of remaining secondaries

> Accept event if sum(E _)>E__ /3

beam
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Energy Weights — Chi2 Optimisation

> Need to find proper weights a, b for ECAL/HCAL depositions
Erec = a X Epoar, + 0 X Eycar

> Standard approach: Chi2 minimisation

2 2
X = (Erec(a, b) — Epeam)
events chi2 for parameter scan
a hIChi2scan70
. . g . Entries 81
= Use iterative parameter scan o S MRl Meanx 001207
. R g Sl "?‘?’%‘: 3 0.005433
" (Better: MInUIt) : _ 001615
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Energy Weights — Fit Resolution Optimisation

> Different approach: Optimise fitted energy resolution

= Rewrite E__to two linear independent variables

Erec = 5% (1/ e X BECAL + EHCAL)

=« Optimise e, then choose s that Erec =E

beam

> lterative scanning

0.172

= Less stable than Chi2 approach

0.17

= logParabola fit
= Better: Minuit
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Energy Reconstruction

> Similar resolution for both approaches
= <0.1% absolute resolution difference

> Chi2 optimised response 11.6GeV
= Why?

= Fit optimised response 12.0GeV by construction

— X2 Optimised

L — Fit Optimised
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Multi Particle Rejection — Cuts

Fraction of Events

Length of Longest Isolated Track
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