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Fractal dimension analysis in a highly
sranular calorimeter

Manqgi RUAN
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Taskrof full detector reconstruction:

|d & measure final state particles...

= 9001

0, EventNum

DRUID, RunNum



Development of mix Q: electronics: ulff
#channels, 10%-10° G\M — 10° chg

Role of calorimeter N
Measure the incident ene gi")(q

Identify and measure e"gch ent particles with
sufficient energy g 41

DRUID, RunNum = 0, EventNum = 23

10cm
20 GeV Klong reconstructed @ ILD Calo
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DRUID, RunNum = 714525, EventNum = 51

Granularity ~ 1 cm™. 3d, 4d or 5d image...
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Ultimate cell size: Tmm

Resize cell: 2 - 10, 20, 30,
50, 60, 90, 120, 150 mm.

Sample: particle gun events
at ILD SDHCAL
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FD @ different size
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| Fractal Dimension of 40GeV i, 7, and " | __pi Fractal Dimension (from 10 mm Cell) for i, rand e’ | Pion Fractal Dimension (from 30 mm Cell) for i, m and ' _ Pion |
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FD FD

From FD(1mm) to FD(10/30mm):
Positron Peak Smeared

Better y — h separation: u acts more like a line ( FD =1 ); ( Anyhow we can create large
cells from small ones... )

Hadronic shower: continuous distribution between MIP and EM shower
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Extreme Cases: Pion

b T
POLYTECHNIQUE AR
|ech Fractal Dimensions (-1) for 40GeV & DRUID, RunNum = 0, EventNum = 112
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* Pion: MIP, Pion decay;

« EM interaction ( pi + N = P + pi0 ); partially identified by interaction point tagging
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Extreme Cases: Muon

DRUID, RunNum = 0, EventNum = 535 DRUID, RunNum = 0, EventNum = 547 DRUID, RunNum = 0, EventNum = 367

| Fractal Dimensions for 40 GeV 1 |
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Together with Nhit information: to identify Muon radiation & String noise...
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Potential tool for PID
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‘ NHit, Vs Fractal Dimension for 40GeV Particle | ‘ NHit,,... Vs Mean Slope (10mm) for 40GeV Particle | Emrie:(slong o0 ‘ NHit,, . Vs Mean Slope (30mm) for 40GeV Particle | EnmeKSk’ng T
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Without knowing energy
information

s | 1-80Ceve |
S 1-80 GeV ™ ¥
! 80 GeV r* .
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Remark: FD is only the transverse shower information...
Promising PID over full energy range
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ECOLE

Logarithmic dependence

on particle energy
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POLYTECHNIQUE In Real data”?
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Fermi lab test beam, multiple muon events
Signal triggered by pairs of scintillator tile located in the front/end of the prototype.
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FD-1

In Real data?
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CERN SPS Test beam experimental data
Extremely low noise rate - triggleless mode: Significant cosmic ray component
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In Real data?
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POLYTECHNIQUE Re a I d ata ?

DRUID. RunNum = 744671, EventNum = 3746 DRUID, RunMum = 714384, EvertNum = 1814
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int NHScaleV2( LCCollection *inputHit, std::

{

int ReScaledNH = @;

int NumHit clu@.size();
int tmpl H
int tmpl H
int tmpK H
float tmpEn = @;
int NewCellID® = 0;

i nu
S S|

CellIDDecoder<CalorimeterHit> idDecoder(inputHit);

std::map =double,

for(int 1 = 8; 1 < NumHit; i++)

{

Source code...

vector<CalorimeterHit#> clu@, int RatioX, int RatioY, int RatioZ )

//Input Hits here refer to AllCleanHits collection

float> testIDtoEnergy;

CalorimeterHit xhit = dynamic_cast<CalorimeterHit#>( clu@[i]);

tmpl
tmpl
tmpK
tmpEn =

hit->getEnergy();

idDecoder(hit) ["I"]1/RatioX;
idDecoder(hit) ["]"]1/RatioY;
{idDecoder(hit) ["K-1"]1+1)/RatioZ;

NewCellID® = (tmpK<<24) + (tmpl<<l12) + tmpI;

if(testIDtoEnergy.find{NewCellID@)

{

testIDtoEnergy [NewCellID@] =

testIDtoEnergy [NewCellID@]

}
ReScaledNH = testIDtoEnergy.size();

return ReScaledNH;

== testIDtoEnergy.end() )

tmpEn;

+= tmpEn;

} /afs/ihep.ac.cn/users/m/mangqi/Analysis/Arbor/ArborF 1/src/ArborTool.cc

20/10/2013
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Source code...
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float FDV2( std::vector<CalorimeterHit#> clu, LCCollection *HitCollection )

{
float FractalDim = @:
int NReSizeHit[1@e] = {e, o, ©, ©, 0, 0, 0, @, @, 0};
int Scalel[10] = {2, 3, 4, 5, 6, 7, 8, 9, 10, 20};
int 0OriNHit = clu.sizel();
for(int j = 8; j < 18; j++)
{
NReSizeHit[j] = NHScaleV2(HitCollection, clu, Scaleljl]l, Scaleljl, 1);
FractalDim += ©@.1 % TMath::Log(float(0riNHit)/NReSizeHit[j])/TMath::Log(float(Scaleljl));
}
return FractalDim;
}
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Summary
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* |Impaction of Moore's law: boosted granularity in future calorimeter

* Huge potential for reconstruction at high granularity

« Shower Fractal Dimension: Highly dependent on Particle type &
energy

- Promising tool for PID

- Investigating into sub-shower structure

- Potentially be used for energy measurement
- Group pattern tagging — Noise tagging

e Dream algorithms...

20/10/2013 CEPC Training - VII @ IHEP 20



Paul Nylander, bugman123.com

Special Thanks fto ...
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Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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FD for Energy Estimation

NHit,, ., Vs Mean Slope for 40GeV Particle (550*MeanSlope + NumReSizeHit[10])/516 |
o 1 -
g go—| NH_30mm S
n 09— -
c — - | Entries 1000 Entries 1000
3 0.8— 80:
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0.7— 70
= = | RMS 0.2023 RMS 0.08872
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= 35?/ t E FD10 = | x*/ndf 189.5 /122 x2 I ndf 43730
= o/sqri( )@ mm 50—

*|E If energy is known... = | Prob 8.698e-05 Prob 0.05856
0.4 - 40—

e = Constant 13.66 *+ 0.66 Constant 84.11+ 3.68
0.3 30? Mean 1.013 + 0.007 Mean 1.014 + 0.001
0.2 20% Sigma  0.1893 + 0.0073 Sigma  0.04416 + 0.00129
0.1F 10—
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For example: Compensation based on the correlation of NH_30mm & FD1mm:
E=a*NH 30+b*FD ~ 30%/sqrt(E)! But...

Correlation coefficient depending on Energy: b ~ 0.0266*E. To measure cluster
energy of charged particle (with track info): check matching

A set of energy independent ( LO ) estimator: E = a'* NH_x/(1 — FD*b')
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