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@@e Outline U/L

Calorimeter for IL

« Starting point: SDHCAL @ Pandora with default setting

e Hints to improve:

» Utilize semi digital information

« Better pattern recognition: MST & Hough
« Shower reconstruction: Arbor algorithm

e Cleaning

 Measurement: Fractal Dimension

- PID
- Energy Estimation

e Summary

23/05/2011 ILD @ Orsay 2
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Calorimeter for IL
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PandoraPFA @
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AHCAL optimized setting

Independent analysis done
with different samples and
Calibration Constants setting
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CALi{feo Example: three thresholds
>C at SDHCAL

% — 1 1 1 1 , 1 1 1 | 1 1 1 | 1 1 1 1 ‘ é 7I L ‘ L | T T T ! L ! L ! L : L : T T T : 1 L
= B | ] %_3 T b e e _
— All hits @ 40GeV nl B ‘ . ' |
10000} _ B —— Optimize at 80GeV ]
| —Induced hits 1 0.25 :— ----------------- —— Optimize at 40GeV —:
- —Plain hits i - Pure digital i
i | 0.2 L A N T S B e e S B ]
0.15 | N N I ]
5000 ¢ 1|, 5 5 ;
i 1 o0af —
’ T 005 —
O ! 0 _I L1 | ‘ | | | | | | I | ‘ | | | | | | | | | | | | [ I_

-2 0 10 20 30 40 50 60 70 80
log10(Q/pC) En/GeV

Reference: charge spectrum of 40GeV Pion after digitization with 1mm cell information. More details:
https://indico.cern.ch/contributionDisplay.py?sessionld=5&contribld=28&confld=136864

Thresholds ( equalize statistics of three kinds of visible hits ):
1%, 0.8 pC ~ 0.5mip; 2", 2.11pC ~ 1.32 mips; 3", 4.56pC ~ 2.84 mips.
23/05/2011 ILD @ Orsay 4
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@@9 SDHCAL: potential with three

Calorimeter for IL th reShO|dS

. w 100 ; -
3 0_45__ ......... .................................................... g _ : :
€ T
E : - T“II_SCL_AHI'DQ_:!'CITE g g.ﬂ L Tﬂl'a_scu_ﬂﬂﬂlﬂg_sﬁm _ .............. ...........
B e i i ] s_ : .
E = : H 5 ] E ; ; ;
: : Sﬂ , .............. o e ..............
SN . v TesiaRPC SemiDightalfem - %
& i ¥  Tesla_RPC_Semi-Digital_1cm :
: i : : Tn | : : : : : ,: .............. .,' .............. : ..............
03 el b SN N S R A R P
SRR R T UL N N N N A -
25: : : : ' _ : ' : m _,_,. ........................................................................................................................................
e e PR TR DU T O S W . T
0_15:_ ......... .............. .............. .............. _ .............. .............. 30 :_,, Wi abibe il e e o Bl o
S e .
"o (NG NN TN S U S - L s e
C i i : i A i : i i -
B ' . i 4 ' ol -
= ¥ 10— e
“'“5l_._........................-................-\...............\.............n..............;...............-: ............................. : .............. :
: ' f ' ' - ' ' ' ' ﬂ_|||I[IIIIIIIIi||||i||IIIIIIIIIIIIIIIIIIIIiIillll
=ENRANNEN] ERENI ARENENNETE ANNNEREEN] FNRN ENA N AN AN 0 10 20 30 40 50 60 70 80 o0 100
0 10 20 30 40 50 60 70 80 90 100

MCE(GeV)
MCE(GeV)

KO reconstructed with PandoraPFA at full detector ( R. Han )
SDHCAL Vs AHCAL.: better linearity & better resolution @ high energy, worse
resolution @ low energy
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Minimal Spanning Tree

Work from G. Grenier, Guillaume Garcia, Daniel Forster, Loic Cousin.

Kruskal type MST algorithm
(from C++ boost lib)

weight=n_d_+n,d,

dtr : distance between hits perpendicular to SDHCAL layers
d| - distance between hits parallel to SDHCAL layers

n and n are factors : varied from 0.2 to by step of 0.2

| fracEMenergy:aboveFraction6[150] | Rather good correlation|

fraction of energy deposited in gas by electrons
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0 GeV K 60 < 9 < 120 aII q) Mokka v07-06 ILD OOfw Dheal
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a MST related variable

_HL’J

[ MST weight distribution per event |

MST_weights_mst_HadEM

Entries 182777

30.16

KAD_L 10 GeV
KAD_L 30 GeV
KA0_L 50 GeV
KA0_L 70 GeV
KA0_L 90 GeV
KAD_L 110 GeV
KAD_L 130 GeV
KA0_L 150 GeV

20.45

L J -
8 100

Low weights « High density -~ EM deposits

Event by event

EM fraction

(tuned on Mokka info.)
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Hough Transform (HT)
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Hough Transform ( Imad & Yohan ). MIP tagging in Hadronic shower, to be

23/05/2011

used on in-situ Calibration, alignments, efficiency monitoring...




. to reconstruct shower as a tree

Same

Topology

DRUID, RunNum = 0, EventNum = 23
20 GeV Klong reconstructed @ DHCAL
« Valid principle + many new ideas

(Original idea from Henri Videau, in hadronic shower reconstruction @ ALEPH)
23/05/2011 ILD @ Orsay




@@9 Arbor: Potential l_/'/L

Calorimeter for IL

e Shower separation

DRUID, RunNum = 0, EventNum = 12

 MIP tagging & Branch Reconstruction

* |n situ Calibration/Stability monitoring
« Kink & Pre interaction tagging
e Better linking

 Calo Tracks:

- Kalman Filter ~ Energy Estimation ~ Leakage correction
- Better balance the EM/Had hits

23/05/2011 ILD @ Orsay 9



CALI{e2 Shower fractal dimension: L/I/(L
| principle

........ Ghotoer particle: to intevact

1 e O ot not
HENNE

shower ~ self similar (Mandelbrot Set)

Measure shower Fractal Dimension (FD) at high

granularity calorimeter
..... e Varying scale by grouping neighbouring cells
e Count Number of hits at different scale

(deﬁne RNx = Nlmm/Nxmm)

23/05/2011 ILD @ Orsay 10



I C:

Calorimeter for IL

Characteristic constant
based on energy/PID:

D = <InRN«In(a) >

* Global parameter based on
local density

e Cell Sizes: 2 - 10, 20, 30,
50, 60, 90, 120, 150mm.

« Samples: Particles shot

directly to GRPC DHCAL
with only B Field

Be observed within

* Low scale: minimal interaction energy & sensor layer thickness ( 1.2mm )

I\I1 mml Nx

10

Shower: Self Similar

Ratio of NHits Vs Cell Size for €', t* and p*

[ L LITTL

20GeV " |l i '
10GeV e’
5GeV e’
2GeV e'
40GeV p*
5GeV p*
2GeV p*

_rms as error bar

40GeV 1 |t . S s =

20GeV |
10Gevnr [
sGeVr | F 1A

* High scale: fully containment ~ 1 hits per layer

23/05/2011

ILD @ Orsay

1
CellSize/mm
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Calorimeter for IL

CALI(e9 Fractals in Nature

wm o oww
o L.
o

Muon (2 GeV) ) S - = =il
D|m~1 ' éf:_ ‘_.':-:-
. Nk .
. . S X
Straight line: L . .-

Dim=1

£
Y VR

Positron ( 40GeV )
Dim ~ 1.75

Rectangle:

Dim =2

23/05/2011 ILD @ Orsay 12



Calorimeter for IL

\ NHit, Vs Fractal Dimension for 40GeV Particle ]

2 09r FD -1 =0.68,
= N1 =500
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0.7=
065
C '.1:
0.5 o
E b
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0'35 - 40GeVK]
0.2: + 4OGEVL1*
0.15
0: 1 | | | | | | | 1 | | | 1 1 ‘ | | 1 |
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FD together with other info ( Nhits ): Clear separation at different scales

NHit

mm

NHit,. Vs Mean Slope (10mm) for 40GeV Particle Klong
‘ 10mm pe (1omm) | Entries 1000
o 1Ir Meanx  400.8
o F _ Meany 0.4978
S09- FD = 1.68, |usx e
B E N10 = 150 [RMSy 0.0825
E 08
[] C
2 (75
0.6;
05—
04E .
: + FD_10mm: fram
03= Counts at 20,
0t § 30, 50, 60, 90,
. 120, 150mm
e cells
7\\\‘\\H\\‘\H‘H\‘\\\\\\\\‘\H\‘\\‘\\H
00 100 200 300 400 500 600 700 800 900 1000

NHit,,

Remark: Energy dependent Cuts, easier for charged particles

1mm e+ u h 10mm | e+ u h
e+ 998 0 2 e+ 1000 0 0
u 1 994 5 u 0 995 )
h 15 14 971 h 17 14 969
23/05/2011 ILD @ Orsay

Potential tool for PID

‘ NHit,, Vs Mean Slope (30mm) for 40GeV Particle Klong
Entries 1000
o It Meanx 2333
p - Meany 04931
%0.95 RMSx  49.42
n RMSy 0.07522
£ 08
0 C
201 N30 - FD*200 =40,
06t FD = 1.5, N10 = 100
05— ]
04 “FD_30mm:;
03— from Counts
b at 60, 90,
B 120, 150mm
0.1 g cells
0: (! ‘ T ‘ L1l ‘ L1l ‘ L 11 111 ‘ L ‘ (!

0 50 100

150 200 250 300 350 400 450 500

NHit,,
30mm | e+ u h
e+ 1000 0
u 0 996 4
h 18 11 971
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CALi(eo FD @ different size

Calorimeter for IL
| Fractal Dimension of 40GeV 1, r, and e* |

100

80

60

40

20

Entrles 1000
Mean 0.5001
RMS 0.0767

Pion

\ Fractal Dimension (from 10 mm Cell) for p, = and e’

positron

Entries 1000
Mean 0.4765
RMS 0.08914

Positron

Entries 1000
Mean 0.7453
RMS 0.02153

Entries 1000
Mean 0.7697
RMS 0.03415

muon

Muon

Entries 1000
Mean 0.1956
RMS 0.08048

Entries 1000
Mean 0.07475
RMS 0.06489

0.9 1
FD

From FD( 1mm ) to FD( 10/30mm ):

Positron Peak Smeared

Better u — h separation: py acts more like a
line (FD =1); ( Anyhow we can create

large cells from small ones... )

Tt: continuous distribution from MIP to EM

23/05/2011

[— — I ) B

=

o

FD

| Fractal Dimension (from 30 mm Cell) for p, mand e” |

Pion

Entries 1000
Mean 0.4689
RMS 0.07833

Positron

Entries 1000
Mean 0.6973
RMS 0.06168

Muon

Entries 1000
Mean  0.04362
RMS 0.05142

o
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CALI(e92  Extreme Cases: Pion

Calorimeter for IL

/L Fractal Dimensions (-1) for 40GeV n DRUID, RunNum = 0, EventNum = 112
DRUID, RunNum = 0, EventNum = 388
£ T .
o.9" I1o
0.8
0.7- ] J®
k060
- 6 ’
0.5
0.4
: I. 4
0.3
0.2 ", 2
0.1
o:IIII|III\‘\\\\‘IIII|IIII|IIII|IIII|IH\‘H\I|IIII 0
0 0102 03 04 05 06 0.7 08 09 1 .
FD10mm

* Pion: MIP, Pion decay;

 EM interaction ( pi + N = P + pi0 ); partially identified by interaction point tagging
23/05/2011 ILD @ Orsay 15



CALI(e92  Extreme Cases: Muon

Calorimeter for IL

l

DRUID, Runl\{um = 0, EventNum = 535 DRUID, RunNum = 0, EventNum = 547 DRUID, RunNum = 0, EventNum = 367
.
i
Y
b N | Fractal Dimensions for 40 GeV 1 | . a
1]
: . Ear 45 : -
k o (=] L m
. S - 0
! . 0.6 n oo
C n 35 =
1 - | =3
T . 0.5 " . .. a k
g i B g " E m 30 "
¢ " - -
.“E k 0.4:— n 25
b i L 20
] 0.3 S
15
0.2
k 10
5

0.2 0.3 0.4 0.5 0

30mm

SoRon a0 ggg,,

Together with Nhit information: to identify Muon radiation & String noise...

23/05/2011 ILD @ Orsay 16



Calorimeter for IL(

String Noise: Typical in gaseous detector: charged patrticle tripped In the gas layer
( display of 1mm hits Information )

Roughly improve 5% - 10% on Energy Resolution by Cleaning
23/05/2011 ILD @ Orsay
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Counting

= | | | | | | | %
Bnaal I T N R . w2 A T o e A
04 : : : : : : : m 1
- ;ﬂg ggﬁ B —— 1mm Cell
0.35H - 5mm CeH" T e e e e S —2mm Cell }iee
—_— 10 C .
30mm Cell = Smm Cell
0.3k —  50%/sqrt(E) = —— 10mm Cell
T —— AHCAL Ref with Compensation 1.6~ ---------------------------------------------------------- 3ommecell Fi
0. 25 |\ i .
B ' ' ' ! : 14_ ___________________________________________________________________________________________________________________________________________
0.2\ N b o _
- | 1.2
0.15F i
0.1} — T
0.05 - A ----------------- i 0.8 i
:||||||||||||||||i||||||||i||||||||i||| :""i"""""""""""""""'
Oo 10 20 30 40 50 60 70 80 0O 10 20 30 40 50 60 70 80
En/GeV En/GeV

o/M: Large cell better at low energy & Smaller cell at high energy.
Linearity: Better at 2 — 5 mm, stronger saturation effects at larger cell...

Naively: 5mm seems a nice choice...
23/05/2011 ILD @ Orsay
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CALI(€2 ED for Energy Estimation

Calorimeter for IL

NHit,, Vs Mean Slope for 40GeV Particle ' (550*"MeanSlope + NumReSizeHit[10])/516 |
o 1Ip =
g go—| NH_30mm S
& 0.9 =
c - = | Entries 1000 Entries 1000
8 0.8 80—
= — [ | Mean 1 Mean 1.001
0.7 10
= = | RMS 0.2023 RMS 0.08872
06 28%/sqrt(E) @ FD1mm 60—
= 35%/sqrt(E) @ FD10mm = | 22/ ndf 189.5 /122 %2 I ndf 43130
0.5 — % q . 50?
"~ If energy is known... = | Prob 8.698e-05 Prob 0.05856
0.4 ;7 40? 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
0.1 10—
—1 =
0:| L R I I TS N O TR T N N 07 LY Y P [ n R I
0 20 400 VOO 800 1000 1 0 0.2 04 06 038 1 1.2 14 1.6 138 2

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’)

23/05/2011 ILD @ Orsay 19



Energy Estimation with FD L/V(L
Correction

= [ i )
= :[ 5 | | | | L 2
0.35 5mm Cell 1 i 5mm Cell
E 10mm Cell o =— 10mm Cell
0.3fh | 18
B 10mm @ FD Correction - 10mm @ FD Correction
025N\ b 1.6[
0.2\ BN - { 14
: A\
0.15 o - 1 1.2
- ~ - iy
0.1 T - H// —
e A " 1 osf
ool |l |1()| |l |2()| |l I3()I [ I4()I |l I":-,()I |l IG()I |l |7()| [ IB()I [ 0 10 20 30 40 50 60 70 80
En/GeV En/GeV

Hand put Energy Estimator with FD: NH10/(1-0.65*FD10)
Energy resolution improved at high energy: ~ saturation effect correction
Linearity improved: closed to 5mm Cell

23/05/2011 ILD @ Orsay 20



@@e Summary l./l/(L

Calorimeter for IL

« SDHCAL: ~ AHCAL with default AHCAL-optimized setting at PandoraPFA

 Huge potential to improve:

« SDHCAL: Properly using 3 thresholds

* Noise Cleaning

e Pattern recognition at high granular: MST & Hough
e Arbor:

- Better separation, identification

- Energy Estimation, Leakage correction
e Fractal Dimension:

- Promising PID

- linking check & energy estimation

- Not fully investigated...

Your dreamed but never realised algorithms

23/05/2011 ILD @ Orsay 21



Paul Nylander, bugman123.com

Special Thanks to ...

23/05/2011 ILD @ Orsay
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Back Up Slides

ILD @ Orsay
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DRUID, RunNum = 0, EventNum = 8 : e

Count 1mm hits inside
( neighbour to ) 10mm cell...

Digitized hit colour to charge: ~ il "1 B ]
1.5 - 1.6pC/mip = | o | :
. NTTL TR ] TR
L, T
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CALI{(ed2  Calibration Constant

Calorimeter for IL

20

18

16

14

‘ Correlation Between Charge & Non-charge Energy | | Correlation Between Gamma & Non-photon Energy | Correlation Between Neutral & Non-Neutral Energy
3100* 8 gl00C ¢ <100
E L E B . £ £
L I7 2 90| =i Ig © 90 I
=] - = o )
% : ‘ E [ - L] - E
s 80— - 3 BO—E_ ey —; £ 80f e —
L T —6 4 _ F = ¢ -
701 = T 70- g == E 7055 - —
— - ﬂ- — m — = -
C m — -oor 0o C 1 L
60F " ,‘ﬁ.-"l 5 60 =t !_-7 - 60 R T —12
C a TR C - I: B C H -".L'E.: "
50F "'_. s —4 500" L Irﬁ: 50[ T ~10
E - II nan! - .l _4 - L] o r [ ]
40F Ex B 40L m 40 - - —8
= U 51 "y - 3 = = oa_w = L}
C e "y C N ik . —3 C " "
307 : - - 307 L 30_ u [ 6
o H o 2 C e " i C "
20F "_'E - 20- i oA )
E lfl F [ ] E
10] L T 10 1 10; 2
- b - -
00 10 20 30 40 50 60 70 80 90 100 0 00 10 20 30 40 50 60 70 80 90 100 . 00 10 20 30 40 50 60 70 80 90 1000
Charge Gamma ENeutraIHadron

« Divided PFOs into Charged, Gamma and Neutral Hadrons: Calibration Constant
Tuned to Satisfy Correlation Coefficient ~ 1: 1 hit = 150MeV

* Preliminary Digitization: provide overall efficiency ~ 98%

23/05/2011 ILD @ Orsay 25



SW compensation with MST

| aboveFraction6[150] | htest
Entries 3700
B RMS 008329 i istributi
S 250~ sl « non EM fraction » distribution
§ 0 for 1 set of params (d , d, cut)
W g0 - 70 GeV K, 60<6<120, all ¢ LU
E Mokka v07-06, ILD_00fw_Dhcal What |S the beSt 2
g MST weight=5 d,_+1.2 d
B Fraction interval=[70,=]
100~ Vary them & check response wrt
C 0
b K® energy
O:II | N T N N N A T T I_I_IJ_IIIIJIIII'IIPI
o o01 02 03 04 05 06 07 08 09 1
Fraction of MST weights above 70
To pick up a set of variables to contrigdte as an energy estimatox, choose the ones l
that :
#Vary the most with K"L energy
#Has smaller standard deviation £ 0.16
| 2
' Usually, the 2 conditions go opposite ® (ki)
0.12
"
0.1 i
Sﬁ temof Selected MST variables so far: ] ]
cltempp n=0.2 n =4 to 5, 0.08:: -
! tr -«
| fraction integral=[70,c<] or [100,c<] 0.06;
| :
0.04 ¢
‘ First attempt to see how energy B
resolution changes by including MST 0.02—
23/05/2011 i

variable in Neural Network have just started.

| L1 1 I I — | I | I — | L | - | I I |
00 01 0.2 0.3 0.4 0.5

Rate of variation with energy
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IC:

alorimeter for IL

NHit1mm Vs Fractal Dimension for 40GeV Particle

o =
0.9
= e FD-1=0.68 N1=
0.8— .
0.7 )
0.6
0.5 b
0.45- :
— 40GeV e
— 40GeV/
0.3 = 40GeV K]
0.2 e
0.1F
0 : | | | | | | | | | | | | | | |
0 500 1000 1500 2000

2500

imm

Potential tool for PID

Handput Cut on Calo info

@ 1mm Cell
e+ | U
e+ 998 O
u 1 |994| 5
h | 15| 14 | 971

Characteristic Parameter for PID: to be used together with other information.

23/05/2011
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Calorimeter for IL

Correlation with NHits_1mm

0.3}

i ' K
| NHit, . Vs Mean Slope for 40GeV Particle | ___Kong __
o ¢ Meanx 1311
8—09; Meany 0.5099
0 09— — RMSx 2572
gosz FD = 0.68 RMs; 0.07432
o 08—
="- N1=500 ’

0.7;

06—

05—

04/

0.2

0.1

oo

L ‘ L
1500

L ‘ L
1000

 Hand put cut @ 40GeV

L ‘ L
2000

2500
NHit,

* PID potential: even
feasible at low energy

23/05/2011

| NHit,, .. Vs Mean Slope for 20GeV Particle |

Tmm

1

MeanSlope
o
©o

o
)

0.6
0.5
0.4

0.3

Klong
Entries 1000
Mean x 642

Meany 0.4538
RMS x 140.9
RMSy 0.07265

0.2
0.1
o L L L L L ‘ L L L ‘ L L ‘ L L L ‘ L L L ‘ L L ‘ L
0 200 400 600 800 1000 1200 1400
NHit,
\ NHit, . Vs Mean Slope for 5GeV Particle _Klong
Entries 1000
o It Meanx  134.8
s E Meany 0.3607
o 0.9 RMSx  48.07
§ 08; RMSy  0.0773
2 L
0.7
06
051
04—
03
02—
0.1
0:\\\\'\\\\‘\\\\‘\\\\‘\\‘\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 50 100 150 200 250 300 350 400 450NH500
it,

ILD @ Orsay

‘ NHit, Vs Mean Slope for 10GeV Particle Klong
Entries 1000
o 1r Meanx 2834
g E Meany 0.3955
0 09— RMSx  77.76
£ r RMSy 0.07048
Q -
g 0.8E
0.7
06—
05
0.4;
03—
02—
01—
o:\\\\‘\ ‘\\\\‘\\\‘\\\\‘\\\‘\\\\‘\\\
0 100 200 300 400 500 600 700 800
NHit,
NHit, .. Vs Mean Slope for 2GeV Particle Klong
Entries 1000
1 Meanx  55.75

MeanSlope
o © o o o o o o o
iy ) w s [2,] [=2) ~ © ©

oO

Meany 0.3409
RMSx  27.42
RMSy 0.09734

20 60 8 100 120 140 160

180 200
NHit,
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DRUID, RunNum = 0, EventNum = 380

Fractal Dimensions (-1) for 40GeV &

g 1r
£ I
o9 10
0.8
B U -. l. 78
0.7:— ""b:.:lil
0.6 @ ol
- -I=. |6
0.5 s
o g =
0.4E ] .__- f| A
0.3
02;: .l 2
0.1-
0:\ 111 | L1l | [ | [ | [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ [ o
0 0.1 02 03 04 05 06 07 08 09 1
I:D10mm

23/05/2011 ILD @ Orsay 29



@@9 EM/MIP @ hadronic shower l_/l/(L

Calorimeter for IL

* Hadronic Shower = MIPs + EM core ( leaves?) A\

\
\

DRUID, RunNum = 0, EventNum = 12

e MIPs: loose ~ smaller Fractal Dimension
EM: compact ~ large Fractal Dimension

 EM/MIP Ratio/Correlation changes at different scale 27
» Possibility & method of identify EM/MIP at reconstruction? . /
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Calorimeter for IL
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Energy Estimator: NH_EM @ €®*NH_Had: CC = 1 ~ total hits

Hadronic shower: EM/MIP @
different Scale




ALifes Hadronic shower: EM/MIP @
different Scale

Calorimeter for IL
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NHit.,, Vs NHit,_, for 40GeV Pion, 20mm Cell Size ’
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‘ NHit,,, Vs NHit,,_, for 40GeV Pion, 30mm Cell Size |
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