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LALIED Outline

Calorimeter for IL

e Introduction:

* Fractal Dimension of particle shower
« Analysis with Full Simulated data

* Fractal dimensional analysis at CALICE DHCAL data
* One further step: Fractal dimension at SDHCAL...

e Summary & to do
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CAui(ed Shower particle: I_/I/(L

to interact or not

........ shower ~ self similar

..... granularity calorimeter
« Varying scale by grouping neighbouring cells

Measure shower Fractal Dimension (FD) at high

 Count Number of hits at different scale

..... ( define RNx = Namn/Nxmm )

Test sample: 2 - 40 GeV patrticles (e+, klong, pi,
mu-+, p) normally injected into GRPC DHCAL with
1mm cell size
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@@9 Shower: Self Similar

Calorimeter for IL

e Characteristic constant Ratio of NHits Vs Cell Size for ", n* and p*
depend on energy/PID:

FD =1 + <InRNaJ/In(a) >
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_rms as error bar

* Global parameter based on
local density
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e Cell Sizes: 2 - 10, 20, 30,
50, 60, 90, 120, 150mm.

« Samples: Particles shot
directly to GRPC DHCAL
with only B Field

1
CellSize/mm

« Be observed within

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

* High scale: fully containment ~ 1 hits per layer
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Calorimeter for IL

CALI(e9 Fractals in Nature
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Potential tool for PID

Calorimeter for IL

i i i i NHit,. Vs Mean Slope (10mm) for 40GeV Particle Klong NHit,. Vs Mean Slope (30mm) for 40GeV Particle Klong
\ NHit, Vs Fractal Dimension for 40GeV Particle ] ‘ - pe (10mm) | 8 ‘ - pe (30mm) e
- - o Ir Meanx  400.8 9 1 Meanx 2333
or o F Meany 04978 o Meany 0.4931
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mm

FD together with other info ( Nhits ): Clear separation at different scales

Remark: Energy dependent Cuts, easier for charged particles

1mm e+ u h 10mm | e+ u h 30mm | e+ u h
e+ 998 0 2 e+ 1000 0 0 e+ 1000 0
u 1 994 5 u 0 995 5 u 0 996 4
h 15 14 971 h 17 14 969 h 18 11 971
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Calorlmeter for IL
| Fractal Dimension of 40GeV 1, r, and e* |

ALIG2 D @ dlfferent cell S|ze
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20

Entrles 1000
Mean 0.5001
RMS 0.0767

Pion

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

09/01/2012
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| 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
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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
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* Pion: MIP, Pion decay;

 EM interaction ( pi + N = P + pi0 ); partially identified by interaction point tagging
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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
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Together with Nhit information: to identify Muon radiation & String noise...
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CALifes Energy Estimation: with Naive
Calorimeter for IL COU ntl ng

= | , . s F
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N i i i i : 30mm Cell B 5mm Cell
o - - - . | —— 50%/sqrt(E) - —— 10mm Cell
0'3: """ N """"""" 1.6 SN Bt S 30mmcell [T
0.25F P\ i
0.15f
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En/GeV En/GeV

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

Naively: 5mm seems a nice choice (as EM & hadronic hits are compensated)...
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CALIed  Fp for Energy Estimation

Calorimeter for IL

NHit,, Vs Mean Slope for 40GeV Particle ' (550*MeanSlope + NumReSizeHit[10])/516 |
o 1 -
g F 9o | NH_30mm S
n 09— =
c - - | Entries 1000 Entries 1000
o 0.8— 80:
= — [ | Mean 1 Mean 1.001
0.7 10
- - | RMS 0.2023 RMS 0.08872
0.6 28%/sqrt(E) @ FD1mm 60— .
= 0 = | %2/ ndf 189.5 /122 %2 I ndf 43730
05 35%/sqrt(E )_ @ FD10mm 50
IE If energy Is known... - | Prob 8.698e-05 Prob 0.05856
0.4 ;_ 405_ 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:| | N I [y ey ey 0_\\\M Mmoot L1 0 I B
0 20 400 600 800 1000 1 0 02 04 06 038 1 1.2 14 16 1.8 2

Strong correlation at FD vs Nhit (large scale): only loose shower makes lots of hits!

For example: compensation based on NH_30mm & FD1mm:
E=a*NH_30+b*FD ~ 30%/sqrt(E)! But...

b =b(E) ~ KE. To improve track-cluster matching ?

A set of energy independent ( LO ) estimator: E = a' * NH_x/(1 — FD*b’")
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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
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CAL(e2 CALICE DHCAL data

Calorimeter for ILC

Plon/ 10GeV | 12GeV | 16GeV | 20GeV | 25GeV 32c3ev
Combme

Run
Number
600057

48.2k 116.5k  87.7k 33.3k 103.3k  22.2k 138.3k  144.1k  112.2k

Nhits for 20GeV Pion Runs

5
Entries 138310
Mean 2429

DHCAL test beam data: 1e00 RMS 074
Event pre-selection: Nhits > 10 140
Statistic: 210k Muon (610036, 38, e
39, 47, 64) + 807k Mixed .

800

600

Fractal Dimension calculation: with
Nhits at 20mm — 80mm ( 7 points )

3

3

(=]
SrTTT
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CALe2 FD @ DHCAL data

Calorimeter for IL

FD method, from MC:
PID: promising, with capability to tag detailed interaction information
Energy Estimation:
Charge particle: Resolution largely improved...
Neutral hadron: Slightly improve resolution/linearity

N, Vs Scale at Logrithm Scale, 32GeV Mixed Run

Ratio of NHits Vs Cell Size for e*, n* and u*

E: = 40Ge‘\lie+ E_
2 [T e - Slightly Saturated as starting from
L sceve - lcmcell size . = =
| Weve [ b P 4P i -
— wseww | rmsaserrorbar A - - i !
10— SGevw TR A C - ] : 3
- 2GeV ' — - = i
L 40GeV 7 - - =
B 20Gevr [T L -
|~ 10Gev * - i
B sGeVr | | i A __ i
| | il 0.6 1
: i
- ;! i
0.4— " i
1 10 102 :III\IIIIIII|IIIIIIII IIIII\IIIII | III\
CellSize/mm % 0|.1 o.|2 03 | | 06 0.7 | 1
Iog10(CeIIS|ze!1cm
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CALe2 FD @ DHCAL data

Calorimeter for IL

Nhits Vs FD @ Muon (610036, 38, 39, 47, 64) Nhits Vs FD @ 32GeV (600032, 34, 37, 38, 40, 43, 48)

1 o I
2 r s - E -
0 gi Entries 210094 09 . .
T Mean x  70.49 102 e LA "o
0 8:—" ‘ . |Meany 02712 |15 0.85 e
TR ‘oL |RMSx 3274 | - T T
- ‘o |RMSy 01017 | | 075 o .'.-'f.': At —60
- :I._ " . 4 l;.l..._-h --_'_:..
L 0.6 B -
' A,
: 0.5/
i SRR
*F L" 0.4
ﬁ .ﬂ'.n"h-q f‘ " :\' l" T S
i "'%ﬁ"ﬁf'.ﬂ}'ﬂ?"i’fl.’-* v 0.3 Entries 112186
A B, Meanx 378.5
e L]
i 2T 0.2 Meany 0.5971
o RMSx  135.1
- 0.1 RMSy 0.1491
O_IIII|\III|IIII|IIII|IIII|IIII|\III‘IIII O_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 I\j‘oo 0 100 200 300 400 500 600 700 800
H N
H

Muon Run: double/multiple particle events & strong interaction in a few events ( large FD + large Nhits )

Energetic Pion Run: Clear separation between Mip, Positron and Pion

09/01/2012 15



ALI€2 ED Vs Nhits @ all events

Calorimeter for IL

Muon Run, No Cut 2GeV Mimed, No Cut AGeV Mixed AGaV Mixed 10GaV Mixed

o ELu [ N
O 0 a0 B0 &0 100 17 MO 160 1&0 200
M,

ob i
U 20 40 B0 B0 100 130 WO 160 180 200
L

12GeV Mixed 160GV Mixad 25GeV Mixad

WO 150 IO IS0 300 B0 400 ? 100 00 300 400 500 500 TOO OO
M, N

For all events with Nhits > 10
Muon Run: significant double event component
Mixed Run @ 2, 4GeV: Clear separation between positron and MIP component, with significant
double events
Mixed Run @ En > 4GeV: Clear separation between EM, MIP & Hadron component
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CAu@d pIp with hand put cut

Calorimeter for IL

Nhits Vs FD @ 12GeV (600073, 75, 76, 79, 80) Beam Contamination
1
o I T
- - 3 i .
0.9~ St . 70 0.8
o s, - . ~
B "- " .. l. . " - :
08;::: :.- . o -: -":.-.- . - : — _60 0.67 h /\ //‘ JU
& - Y e . L Positron
O.?f:l_ T, "-..f.. . . ) n X \\\/ — mip
C e g ! e v = 50 0.4~ ‘/ \ Unidentified
L N
0.6:..-: . :‘,rl _:: . _'I. H . “- : %\
05; . : . -.I r Hﬁ".'.;;. :_...‘.:‘ _i'-:..._.. -40 0'27 | — ‘\»Q:\__
- :-.- By |-"-.'. s o 7\ PO Ll 0 L 1 .‘ﬁT— 1 [
0.41 S e PR —130 % .\./5 10 15 20 25 30 35
- oo . s, GeV
0.31 : > 1
- Entries 103332 20 =
0.2F Meanx  148.6 0-95_
— Meany 0.5646 — —
§ 10 98 ==t
0.1F RMSx  53.4 0.7
Y RMSy 0.2053 : E@/ i
Oill\.\‘lll\ ‘\I\I|II\ \‘III\|\III|II\ \|III\ O °0.6;_ . l"'
0 50 100 150 200 250 300 350 400 S oo - &
V.o
. 0.4 %
No cleaning, No identification on double events... - 22 particles
Low energy (2, 4GeV) pions regard as MIP 028 .
Remark: contamination can depends on rate selection... ~F X
Detail cuts can be traced on spare slides P31 — 34 01 g ™ e e S
09/01/2012 % 5 10 15 20 25 30 35

Beam Energy [-GeV]



CALI(e9 FD & Typical Patterns

Calorimeter for IL

Nhits Vs FD @ 25GeV Mixed

x:y:z {EventNr == 971 && x > -1}

x:y:z {EventNr == 722 && x > -1} - 2 O
. i
— L] 1 i'l:l ..E‘J.;'.f f -';:E LU
__ ' ) ..- [ | ||.- h it
: | | L1 1 | | L1 1 1 | L1 1 1 | L1 1 | | [ I | L1 1 1 ) -
0 500 1000 1500 2000 2500 3000 ’

N,

DHCAL Runs: pretty clean... but not completely free of noises...
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CALi(ed

Calorimeter for IL

Energy Response of Pion

-
= L

B —— Pion, Nhits > 10 & FD PID

: —— Pion, Lei’s PreSefeei:n'on & FD%PID

- —— Pion, Lei

300{—

7070) E—

100 [t
O_IlllillllilIIIiIIIIiIIIIiIIIIiIIIIi
0 5 10 15 20 25 30 35

E/GeV

Energy Response:

Energy Response

Energy Response of Positron

- a a
=350 : : i |
- —— Positron, Nhits > 10:& FD PID |
300{— —— Positron, Lei’s PreSelection# FD-PID-~ -t -t
E —— Positron, Lei | | |
250~
2001
150 |
50—
0 L 11 1 | I N | 111 1 | I I | I | I | 11 1 1 |
0 5 10 15 20 25 30 35
E/GeV

Basically agrees, especially with same pre selection
Non-linear behaviour of positron and high energy pion

Pion: lower response at 16GeV...
09/01/2012

Lei's pre selection

* Exactly 1 cluster in layer 1
* Not more than 4 hits in layer 1
* At least 3 layers with hits

* No hits within 2 cm to layer edges 19



@@9 Energy Estimation: with known L/]/(L

Calorimeter for IL traCk E

NHity,,,, Vs FD @ 32GeV Pion NHitygmm VS FD @ 32GeV Pion
-1 U
- F 10°
[
“0.9F
0.8F ]
0.7F
F =10
0.6F 3
0.5F .—
0.4
0.3F =1  03F 1
0.2F 0.2F
0.1F 0.1F
O:\ L1l L1l I L1l Ll I L1l L1l O:| L1l I L1l I I 1111 1111 L1l
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
NHitgom NHitgy,,

 FD & Nhits(large_scale) (extreme
case: Num of fired layer ). Strong
Correlation Holds for test beam data

 Hand put energy estimator
E=N*(NH 90mm + 10*E*FD ):

Energy Resolution easily improved
by a factor of 2...

09/01/2012

Pion Energy Resolution

Oor

© L —— Naive Counting, Manqi

0.25 e \ . —— Naive Counting, Ler
B i —— FD Compensated, Manqi

0.2 :
0.15
0.05 =
IIIIIIIIIIIIIIIIiIIIIiIIIIIIII

0 5 10 15 20 25 30 35

E/GeV
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CALi(ed

Calorimeter for IL

For electron/positron

n*/e” Energy Resolution

! ! ! !

— 1" NC, Manqi

n* NC, Lei

“ —— n* FD Compensatéd™ """
e" NC, Lei

e’ NC, Mangqi

e* FD Compensated

NHitg,,., VS Mean Slope for 40GeV Particle
o 1 Muon
=3 - Entries 1000 | i i
D ol Mean x 4474 ;0-3 — J e
§ - Meany 0.1956 L —
= RMS x 2.953 "-6-' -
F RMSy 0.08048 L
07— —
" 0.25(—
0.5— L
0.45— -
B 0.2
0.2 B
0.1 -
0: 1 \'.l |1 11 | L1 | 1 | 1 | I ‘ 1 1 | 1 | - | |1 | - | L1 | 1 0'1 5 I
0 50 100 150 200 250 300 350 400 —
NHit gy L
Mip(), = and &* @ 12GeV DHCAL tb Mip(u), = and e* @ 32GeV DHCAL tb |
g 120 £ I -
0.1
—100 ] —
g0 —= 10 :
5, o | 0.05—
o =1 L
20 2 _ | |
i L1 I [
& -\ Lol b b 07 10 0 5 10 1

07\\ (] 111 | 111 L1l 111 I L1l 0
0 20 40 60 80 100 120 140 160 1NSI—? 200

0mm

5 20 25 30 35

E/GeV

» Positron and pi: continuous & aligned distribution on the Nhits(large scale) - FD
plane ( extreme case is pi + N = pi0 + N ): apply the same energy estimator on

09/01/2012
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CALI(©2 without knowing

Calorimeter for IL

al.2
L

0.6

0.2

0

0.4

Mip(u), ® and e” @ 12GeV DHCAL th

] T-/,:JE/!J?I i

L

0.8f.,

|||||||\\\||||||||||||||||||||\]\|||

20

0 20 40 60 80 100 120 140 160 180 200

track energy

n*/e” Energy Resolution

W F ]
@0_3 - n+ NC, Mangi
°© T n+ NC, Lei
- n* FD with known Track Ene:afg}/
0.25 . n* FD without known Track Energy
R A N e* NC, Lei f
B et NC, Mangi i
e Nl e i\ mmeees e* FD Compensated
0.15-"
- e
0.1
B .
0.05—
_\Illil\\\illlli\l\l‘l\llil\\\i\lll
0 5 10 15 20 25 30 35

E/GeV

Without knowledge on initial energy E ~ NH/(a — FD) : Projection from the invariance point

on FD axis to Nhit axis.

EM & Hadronic distribution has the same boundary ( FD ~ contamination of EM interaction
inside hadronic shower ) ~ Hard limit: Measure Hadronic as precious as EM component?
09/01/2012
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@@9 And Linearity...

Calorimeter for IL

n*/e” Energy Resolution n*/e’” Energy Response Linearity
Qor | | | —
’UEO_ 3 - n* NC, Mangi @2_ 2—
© n* NC, Lei °© .
= n* FD with known Track Energy I m* NC, Manqgi
C n* FD without known Track Energy 2— n-NC, Lei
0.25 L o e+ NC. Lei * " FD with known Track Energy
- - NC, Mangi ‘ B i " FD without known TJaCk LEnergy
- R\ e* FD Compensated 1.8— .‘ """" e* NC, Let _ | |
i B ------- e* FD Compensated
- 1.6— — 3 f
0.15 o -
L = ‘\..
I 14—
0.1~ .
B e L
B i 1.2—
0.05] -
i 1—
:|\|\i||\\i||\|i|||\i\\||i\|\|i|\\| _""i""i""i"Hi""i““i""
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
E/GeV E/GeV

Charged particle: Significantly improve energy resolution & linearity ( i.e, positron
saturation effects corrected )
“Neutral” particle: Energy Resolution could be improved at low energy, but lose a
bit the linearity... contrary to MC prediction.
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@@9 FD @ SDHCAL l./l/(L

Calorimeter for IL

Objective: to find optimized threshold and energy estimator, with best linearity and
resolution of particle energy

En = En ( Resize_NHJ(i), FD(i), ... );1=(1), 2, 3,4

Q,.4 of EM, Had and Neutron hits, 40GeV ©*

To study correlations @ different thresholds 4y
( Code done)

8000
7000
Open questions: 6000

5000
Besides EoH ratio, any information else

Presented by FD? 4000

3000

2000

1000

1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.5I - 1 1.5 2
log10(Q)
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CAu@® D @ SDHCAL hits

Calorimeter for IL

Thresholds: 0.2, 1.0, 2.5 pC Thresholds: 0.8, 2.2, 4.5 pC
FD of different SDHCAL hits, 40GeV nt* FD of different SDHCAL hits, 40GeV n*
80 80
- —— Total - —— Total
70— —Q<T1 10— —Q<T1
C T1<=Q<T2 : T1<=Q<T2
60— T2<=Q<T3 60— T2<=Q<T3
E —T13<=Q E — T173<=Q
50— 50—
40__— 403— . I
30[— i 303— :
20; ] 205—
: : :
10 ‘m 10—
i | _
0 nencbofin ..I.L ..iill. |J'.|'"'-|| . I [ | r|||-|J N BT OE Lty el b1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 . ; ; 0.8 0.9 1
FD FD

Significantly different behaviour...
Most interesting part: Q > T3 hits - Core of EM interaction?
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VAL summary & To do i

Calorimeter for IL

 Fractal Dimensional: Validated @ simulation and real data

* Roughly repeat:
- Fermi Lab Beam contamination measurement in previous CALICE TB
- e+ and pi energy resolution (compare to Lei's Granada slides)

* PID: Cerenkov seems no longer needed for the prototype...

* Energy Estimation:

- With known track energy: resolution easily improved by a factor of 2
- Possibility to measure hadronic shower energy as precision as EM shower?

e To do:

e Better understanding to FD

- FD @ ECAL, AHCAL...
- FD Vs Geometry...

 Note & Paper
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Spare slides
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CALi(ed

Calorimeter for IL

Nhits Vs FD for 2GeV Mixed beam (600094, 95, 96)

Notes: 2, 4GeV

60

—40

—30

20

10

2 s
- e+ Entries 48163
0.9_— 2y ' . Mean x 51.49
-t ] mip Meany 0.3619
e RMSy 0.1791
0.7 E
0.61 L
0.5F X
0.4 o
- *:E "
0.3 Rl L
0.2~ W T
0.1 EReE *double mip
E -".J -n .
0_\II|I..\\.{IIII‘III‘III‘\II‘\II|\II|\\I|\\I
0O 20 40 60 80 100 120 140 160 180 200

Ny

Low Energy Mixed Run:
Significant Positron component
Low contamination of pion & difficult to identify... reliable MC input should help

09/01/2012

Nhits Vs FD @ 4GeV (600086, 87, 89, 91, 92)

’] -
2 o S
0 gi i "+ ., |Envies 116462| Mg,
L ' Meanx  64.05
B - |Meany 05514 | _|
0.8 im . =y 80
C L ulRMSx 1702
07 i RMSy 0.1984] | _|90
0.6 ../ =160
0.5F L :,.50
0.4 2. [F40
0.3 . 30
0.2 ; 2 ] 20
o1 o pi + mip ? 10
O:I | |.|-| | |.-|.| (| | L1 | L1l ‘ [ | L1 | L1l ‘ [ | L1 0
0 20 40 60 80 100 120 140 160 180 200
N,y
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CALi(ed Notes: 8, 10GeV

Calorimeter for IL

Nhits Vs FD @ 8GeV (600082, 83, 84) Nhits Vs FD @ 10GeV (600097, 98)
1 IR 1
E - El ' Tl :.lll.'. " . I S 50 E - -';ﬂ
0 93_;.' Entries 87722 0 92_ E L
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0 50 100 150 200 250 300 0 50 100 150 200 250 l\.’liOO
N, H

From 8GeV: Start to have good mu-pi separation. Could be improved with more dedicated FD definition
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12, 16GeV

Calorimeter for IL

Nhits Vs FD @ 12GeV (600073, 75, 76, 79, 80)

Nhits Vs FD @ 16GeV (600063, 67, 69)

A o 1w 18
- - -
0.9 E ) 70 0.9FY 16
[ - o, - Le
T L 2. Z_!:
RS sl | e OO ok
& = " ' = [
0.7 LRI 0.7¢7; 12
358 A e
0.6 F, r:..J.._ n 3 0'6—_:1"1. \ - 10
0.5 N TS Y 15
______ - e i —3
0.4 30 04
. '_ - B .' [] _6
0.3b i S 0.3} &=t
C Entries 103332 20 ; Entries 22201
0.2F Meanx 148.6 0.2 Meanx 181.9 4
Meany 0.5646 ' Meany 0.5279
0.1 RMS x 53.4 10 0.1 . RMSx 742 2
RMSy 0.2053 - i RMSy 0.1871
0||\'\\|||\|\|\||||\\\|||\|\||||||H||||\ 0 O_|||||||||||||||||||||||||||||||||||\||\
0 50 100 150 200 250 300 350 |<4|00 0 50 100 150 200 250 300 350 400
H N,
09/01/2012 30



CALI(e2  Notes: 20, 25GeV

Calorimeter for IL

Nhits Vs FD @ 20GeV (600054, 55, 57, 58, 59, 62) Nhits Vs FD @ 25GeV (600049, 50, 52, 53)
n 1 o 1o
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\\ x:y:z {EventNr == 950} x:y:z {EventNr == 901} i

From Run 600057
Low energy positron?
Mip multiplicity?
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ALi{(e9

Calorimeter for IL

Nhits {100°FD = Nhits && FD > 0.4}

Nhits Response: Positron

MNhits { FD » 0.5 && Nhits < 140}
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Mhits { FD = 0.62 && Nhits < 200}
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ALi{(e9

Calorimeter for IL
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Nhits Response: P

Nhits { FD < 0.62 && Nhits > 90}
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Nhits { FD < 0.62 && Nhits > 85}
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CALI(eD Nhits response: Muon

Calorimeter for IL

Nhits {100°FD = Mhits && FD < 0.6} Mhits { FD < 0.5} MNhits { FD = 0.5 && Nhits < 90}
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ALi{(e9

Calorimeter for IL

FD Vs Energy: Positron

FD {100°FD = Nhits && FD = 0.4}
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AL FD Vs Energy: Pion

Calorimeter for IL
FD {FD < 0.62 && Nhits » 85}
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Pion Energy Measurement: with known track energy

Energy Estimation with 0.098*(NH__ + 10°E*FD) 0.098*(NHSV[7] + BO"FD) { FD < 0.62 && Nhits = 85}
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Positron Energy Measurement: with known track energy
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