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The SDHCAL digitization logic

For each mput SitmCalorimeterHit

¢ Get list of steps position in “cell frame™.
¢ Filter out some steps.

¢ For each kept step

¢ Simulate induced charge.

¢ Dispatch the charge on the cell and neighbour cells.

¢ [f a hit for this cell already exist, add the new charge.
¢ [Else create the hit and give it the charge.
¢ Hits are stored 1n a std::map[cellID0O]=CalorimeterHit

Remove candidate hits below first threshold.

Apply thresholds and store hits in output collection
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Filter out steps
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* Step position from Mokka 1s the middle of the
GEANT4 step
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two particles and two steps at z=0
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Filter out steps
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* Processor parameters

¢ A="“StepCellCenterMaxDistanceLayerDirection”

¢ Keep step 1f abs(z)<A, default=0.0005 mm
¢ Ok forcase 1 and 3

¢ Remove non propagating steps at the RPC entrance
¢ B="KeepAtLeastOneStep”

¢ Default true : don't remove all steps

¢ Retrieve case 2 |
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Filter out steps

* Screening effect

_I ¢ Avalanches overlap 1f 10nizing particles too close

( ¢ Typical avanlanche size 1 mm

¢ Parameter processor

¢ (C="StepsMinDistanceRPCplaneDirection"
¢ Default=0.5 mm
¢ Changed to 0.0001 mm to reproduce pion data

¢ [f distance projected in the RPC plane between 2 steps
! 1s smaller than C, then remove one step.
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Simulate induced charge

® Each step produced a random 1n-
duced charge according to a Polya
distribution.

small GRPC cathode
® Processor parameters :

10

¢ '"PolyaAverageCharge"
¢ Parameter 'a' set to 1.6 pC i
| ¢ "PolyaWidthParameter" 5
¢ Parameter 'b' set to 16.3 “

¢ Charge measured analogically ona  payaaistivution: ()=

7400V Polya Fitting

2%/ ndf 330.4 /244
po 1.166 + 0.005
p1 16.89 + 0.52

\

p2 17.64 £ 0.31

¢ Parameters depend on GAS mixture,
HYV applied, temperature, ...
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Charge dispatch with function

aSpread of the induced charge

KIRK T. MCDONALD’s lecture
olxyl=e- d ‘, ENE |

TB Data 2009 V5. 17 0806704

® Processor parameter
- 2a=024mm P

Clustersize
T T T T

25— ........................ 4  Simulation

"functionFormula"

¢ ROOT TF2 formula
L5 _1 ....... ........................ ........................ ........................ ‘ Default =" l/Cosh([O] *Sqrt(X*X+y*y))"

S ¢ "functionParameters"
| | | ¢ Vector of parameters for the TF2

'0. 1 1 1 11 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1
3. 1 0.2 0.3 0.4 0.5 0.6 0.7
Threshold(pC)
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This reproduce the multiplicity
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But not the pion data
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Dispatch with a 2 gaussian function

* Sharp gaussian to reproduce muon data and wider
gaussian to reproduce pion data.

xz—I—y2 xz—l—y2

2 2
2

f(x,y)=e 7 +ae °

» With 0<0, and a<l1

* (x,y)=coordinates in the RPC plane from the step
position.
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Reproduce muon data | |
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Reproduce better pion data
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Reproduce better pion data
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Apply thresholds

* Processor parameters :

( ¢ "HCALThreshold"
¢ Vector of thresholds in pc
¢ "CalibrHCAL"
¢ Vector of values

¢ "doThresholds"

! ¢ Bool flag, if true, replace output hit energy by value
given by CalibrHCAL depending on the bigger HC-
ALThrehold they exceed.

¢ In any case, hits below the lowest threshold are re-
moved.
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Reasonable reconstruction
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data
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* Thresholds : 0.114, 1.45, 3.8 pC

250 T T I A 80r T Ay T
- = QGSP_BERT 7 w0 . QGSP_BERT -
200 — C
I SDHCAL DATA 6o * SDHCAL DATA -
150 s 0= E
. 400
100 - 30t E
L 20— -
50 - -
10— =
1, i | - ; i i g
i T T T T 1 T T % 0.5 T T T T 1 T T
0.2+ T 2 I
i (b) - (b)
02 J -
ik | | | | 1 1 1 ] -0-5 T | | | 1 1 1
0 10 20 30 40 5 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Ebearn [GQV] Ebearn [GQV]
ILD Analysis/Software Meeting 17

m—-



1 « E =aNI1+BN2+yN3 |
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Test on uds jets
* Reconstruction with 1lcsoft vO1-16-01

* Use steering file from ILDConfig tag vO1-16-
p0S 500 but

¢ (Change the digitizer for HCAL
» Use Pandora calibrated for AHCAL but

¢ remove the “ScaleHotHadrons hadronic energy cor-
rection.

* Test on standard Z — uds MC :
¢ 9] GeV, 200 GeV, 360 GeV and 500 GeV
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Di-jet reconstruction 91 GeV

: total PFO
Crystal Ball Fit otal P energy
o ¢ alpha = 1.295 + 0.065
7900 events 7001 +++ mean = 90.164 + 0.046
2 L }.| nth= 22423
200 sigma = 3.411+0.036
500
400
soof—
200?—
100
gé I8|OI 1| I8|5I 1 | Iglol 11 I9|5I | 1 I100 105

Total PFO energy

Correct mean energy for SDHCAL though Pandora tuned for AHCAL
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Di-jet reconstruction 200 GeV

. total PFO energy
Crystal Ball Fit
| alpha = 1.036 + 0.046

]800 events 800 mean = 198.96 + 0.11 +++
“nth = 140 + 220

_sigma = 5.507 + 0.087

25)
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o
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Total PFO energy

Correct mean energy for SDHCAL though Pandora tuned for AHCAL
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Di-jet reconstruction 360 GeV
Crystal Ball Fit total PFO energy

< —
cvents 2 [‘means= 357.51+0.13 +
S700-nth = 140 + 213
-sigma = 9.22+ 0.10
600
500
400
300
200
100
: IIII|IIII|IIII|IIII|IIII|IIII|I

:900 310 320 330 340 350 360 370 380 390 400
Total PFO energy

Correct mean energy for SDHCAL though Pandora tuned for AHCAL
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Di-jet reconstruction 500 GeV

. total PFO ener
Crystal Ball Fit %
4000 ¢ ~ | [alpha= 0.873+0.062
CVents S | mean = 494.88 + 0.54 “'
§ [ |nth= 138+122
iBS0- | sigma = 12.72 + 0.41 +
200
150 —
100
50
: | I‘il.l | | | | | | | | | | | | | | |
220 440 460 480 500 520 540

Total PFO energy

Correct mean energy for SDHCAL though Pandora tuned for AHCAL

12/19/12 ILD Analysis/Software Meeting 23




Di-jet resolution

ILD option 2 reconstruction using option 1 tuned PFA

E, GeV RMS RMS90* CB fit CB Mean o /E*
91 4.0 2.8 3.4 90.1 4.3%
200 7.1 4.9 5.5 198.9 3.5%
360 12.5 8.5 9.2 357.5 3.4%
500 17.5 12.4 12.7 494.9 3.5%

* computed with PandoraAnalysis v00-04 (ilcsoft vO1-16-01)
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Jet resolution (cos 0 < 0.7)

ILD option 2 reconstruction using option 1 tuned PFA

E, GeV SDHCAL, o, /E AHCAL, o, /E
45 4.0% 3.7%
100 3.1% 2.8%
180 3.2% 2.8%
250 3.3% 2.9%
AHCAL numbers from DBD,

SDHCAL meets ILD goal with uncalibrated Pandora PFA
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Jet resolution
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Conclusion and next steps (I)

* Reconstruction for ILD option 2 available

¢ Using ilcsoft version frozen for DBD
¢ tth samples reconstructed
¢ Reasonnable behaviour for jets reconstruction

» Remarkable results since

¢ Pandora 1s calibrated for ILD option 1

¢ SDHCAL energy is reconstructed without the lin-
earity correction algorithms used for data
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Conclusion and next steps (1I)

* Next steps needing time (no 1lcsoft code change)

¢ Improve testbeam data reconstruction

¢ Improve SDHCAL data-MC agreement with a 3
gaussians dispatching function

¢ (alibrate Pandora for ILD model 2

* Next steps needing code change

¢ Implement non linear energy reconstruction in
Pandora

¢ Speed up and improve SDHCAL digitizer in
MarlinReco
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Other digitizer

» Mokka simulation with 1 mm? cell size

(cell size).
¢ Also tunable to data.
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¢ No need of step position.

¢ Marlin processor rebuilds 1 cm” cells

¢ Need Marlin able to cope with varying geometry

Expected Multiplicity Curve Vs Measured

Black : 1m* data 2010
Red : simulation

| | | | |
0.2 0.3 0.4 0.5 0.6

0.
Threshold/pC
— ———— e e




Charge dispatching with function

* f(x,y) 1s a function describing the induced charge
spatial distribution for a step.

¢ (x,y) = coordinate in the “cell frame”.

¢ Fraction of charge attributed to a cell :
xmaxcellBorderPos ymaxcellBorderPos
f xmincellBorderPos de dy f (X, Y )
R R
Jopdx ] dvf(x.)
® Processor parameters :

ymincellBorderPos

¢ '"functionRange" : R above
¢ "RPC PadSeparation" :

¢ Simulate interpad by reducing surface of integration per
cell.
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Add a 3" gaussian

L R R R IR RN RAREN LR [ ™)
2. [+ Qesp BERT (=2 -
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- SDHCAL DATA :
1000— =
800 .
600 |
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200 ]
. N T R P P
g§ F ]
Z° ot N -
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= I .. 4 (b) -
= 0 * ——4
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