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| (6.) reconstruction: A pattern fit procedure I

The AMS Tracker provides the particle
direction (6, ¢) and impact point at
the RICH radiator

The photon pattern at the PMT ma-
trix plane is computed, leaving 8. as the

only free parameter for fit

The hits associated to the particle track
are excluded

The maximization of a likelihood

function provides the best 6. angle

Range for 6. search :

nhits

P(0.) = [[ Pifri(#i(6:);6.)} (2°,1.1 x acos(;;))

where n is the nominal

radiator refractive index

closest distance to photon pattern

probability of a hit belonging to photon pattern
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| 0. reconstruction: probability function summary I

[] noisy hits distribution essentially flat

PMT noise, scattering,... noise extends uniformiy

to all detector ...
_]_ 1

Proise = E ~ 1073 em

hits not
b = photon background fraction scattered

R = PMT matrix dimension

[] pattern hits distribution essentially gaussian

pixel size, radiator thickness, chromatic-

ity,...

1
Ps'i,g'n,al (T) — (1 - b)—2

o ~ 0.5ecm

Il l Il Il Il Il I

3 4 5
[] combined probability function residuals (cm)

b for FLIGHT SETUP (simulation
P,,,(’l",,,) — (1 — b)Psignal('r'i,) + E ( )

[1 Advantage of likelihood : being insensitive to noise spread all over the RICH matrix
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| 0. reconstruction: probability function optimization I

for PROTOTYPE (simulation)

1 - Evaluate parameters o and b from the
residuals obtained by a standard recon-
struction (residuals from simulation points

out the values)

— o parameter :

fit Gaussian slice of residuals (with informa-
tion about O¢)

— b parameter :
Geometrical effects modulate background

residuals distribution .

Assume flat distribution .

1} Gaussian Fit: 0 =0.5cm

b/R ~

3x10°3 em?

15 175 20
residuals (cm)
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| 0. reconstruction: probability function optimization I

2 - Test robustness of likelihood to choice of parameters

PROTOTYPE (with smearing on particle track)

;B resolution per hit %

+

03 b

107 107" 1
b (background fraction)
O |ike S€tto 0.5cm

10~ 107" 10°

x10
0.38

0.37

0.36

0.35

0.34

2

B resolution per hit

good agreement with values estimated from residuals !

1.
likelihood o (cm)

bIike setto 0.1
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| 0. reconstruction: effect of track resolution on 3 resolution I

Track resolution for particle direction (8, ¢) due to smearing (simulation)

X2/ ndf 54.29 | 47 X°/ndf 2205 [/ 17
Constant 803.6

Constant 961.3
Mean 0.4914E-01

Mean 0.6078
Sigma 0.1682

Sigma 1.267

GGD 3 mrad o [120 mrad

¢

4 \
\\\\‘\\\\‘\\\\\\\‘\\\\\\\‘\\\\‘\\\\

-1.5 -1 -0.5 0 0.5 1 15

\L\\‘\\JLJ \\\\‘\\\\ | M,_LL,‘\\\\

20 -15 -10 -5 0 5 10 15 2
particle 8 smearing (Degree) particle ¢ smearing (Degree)
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| 0. reconstruction: effect of track resolution on 3 resolution I

Here there is no TRACK SMEARING ! B resolution increases 30 %
o = 3.2 X 10" ?(smearing ON) — 1.8 X 10" 3(smearing OFF)

B resolution per hit

|

10

10?2 10t 1

background fraction

O like

setto 0.3 cm

x 10
0.215

0.21

-2

" p resolution per hit

0.25 0.5 0.75 1 1.25 15 1.75 2
o likelihood (cm)
O |ike S€tto 0.3 cm

Borges,Barao
LIP,Lisboa

RICH software meeting

28 June 2002



Particle Cluster

LG hits (hits produced by particle passage trough Light Guides) are excluded from fit

PROTOTYPE SIM

photons produced
in aerogel radiator

have info about 9 C

LG hits

Cherenkov pattern hits

photons produced

in plexiglass LG

Use track extrapolation to exclude particle hits in

[— LJJ_ | ——_— J.J;J.J -
i 0
a 4dcm “window” = 0 25 5 75 10 125 15 175 20

distance hits to particle at PMT plane (cm)
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tunning of the mean photon emission point (bias on 6."°%)

maticAec

0.8 ‘ ‘ ‘ 1
zfrac=0 zfrac=0.5 zfrac=1.0 Z crovvertex! HRAD

matic ABC

0 L]
-0.015 -0.01 -0.005 0

P
0.8 1

rec '
- e z Ckov vertex/ HRAD

C
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| Results: the Number of hits I

Nb hits for 20 GeV/c protons

3/more hit

2 hits

1 hit

) 14

Number of Hits 0. (degrees)

radiator: aerogel (n=1.030) 2cm thickness [] large tails for events with < 3 hits

[l window for hits counting around rec pattern: 3 o So, keep only 3 hits reconstructions !
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Cerenkov angle resolution

[ The cerenkov angle:
1
Bn
[1 The particle velocity uncertainty (per hit):

cosl, =

Ap
—— =tan6. A0,
B

[] The cerenkov angle uncertainty:

Ad
AB,. ~ cos?0,.—
L

[1 the 6. uncertainty deals with

[ pixel size (granularity) ~ 8.5mm : = Af. ~ 5 mrad
[] radiator thickness 2 — 3ecm =227 | => Af. < 5 mrad
[J chromaticity ———— | = Af. < 5 mrad
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| Cerenkov angle reconstrucion I

Entries
Constant
Mean
Sigma

n=1.03 aerogdd curve

| protons (20 GeV)

N

p (GeV/c/nucleon)

6% (Dogree) [] The reconstructed Cerenkov angle

. follows the expected law cosf. =
[  Cerenkov angle reconstruction
. . at all energies
for events with at least 3 hits
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| Results : B resolution scaling I

- <Nbhits>

heliums

protons

° ° ° ° heliums
°

8 10 12 14 16 18 20 8 10 12 14 16 18 20

p (GeV/c/nucleon) p (GeV/c/nucleon)

[1 the relative uncertainty on the ve- ﬂ = tan @, —

locity determination scales down B V Nhits
with the number of hits
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| ApB/B: Resolution per hit I

[] It is possible to estimate the veloc-
ity resolution independently of the
number of hits of every event

A A
COE
B/ hit B

—o-®

O3 /B per hit

heliums

protons

N

»

8

10

12 14 16 18 20

p (GeV/c/nucleon)
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prototype setup for RUN 21
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| Prototype Data Analysis: Comparing DATA to MC I

data stat: 12076

IIIIIII|III|III|IIIIIIIlIIIIIIIllllllllll

0 2 4 6 8 10 12 14 16 18 20
nbhitson ring

number of hits correlated with the photon
pattern

window defined by 3 sigma of rec pattern
residuals distribution
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| Cosmic muons velocity spectrum I

Entries 7337
X/ ndf 51.35 / 29
Constant 368.9
Mean -0.1274E-02
Sigma 0.4591E-02

0.98

data stat :

0.985

7337

0.99

Measured 3 on data and simulation

Brec (+ B exp)

|

A

|

L1l 1111llllllllllllllllllllllll

-0.06

Velocity resolution from one hit

-0.05 -0.04 -0.03 -0.02

0.02
(B-1) x V(Nbushits)
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| Conclusions and Future prospects I

A O¢ reconstruction based on a likelihood fitting
technique has been developed, that works fine with 2 very

different radiators; Aerogel(n=1.03) and NaF(n=1.33)

Understand what is the better resolution achievable with
likelihood approach

solve some (very) few “pathological” events that give tails

numerical improvements (in time computation) still
possible

<rec time> per hit (ms) . . .
averaged on 50 events rec time per hit - NaF radiator

average made on 100 events

2002/06/23 16.3

Entries 144 | Entries 161
X2/ ndf 1371 / 1§ [ 7 /ndf 1671 / 18
Constant 15.67 IT Constant 15.99
Mean 14.49] : Mean 0.6532E-01
Sigma 0.3338| || Sigma 0.3670E-03

[

0
20 0.061 0.062 0.063 0.064 0.065 0.066 0.067 0.068 0.069
time (ms) second

e Prototype Data (only RUN 21 for yet) has been analysed

in a satisfactory way
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| Effect of radiator thickness I

Despite increase of the pattern hits mean number, resolution has a slightly decreasing trend .

< Nhits > ¢ - 0 resolution (mrad)
Agl 30 . 15 £ Agl30

P
35

hrad (cm)

particles considered: Z=1, 8=0.999
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| Effect of radiator thickness I

| efficiency ( events= 3 hits)

- Agl 30

| | 35 |
hrad (cm)

particles considered : Z=1, 3=0.999

In short :

[1 when radiator thickness goes from
2 to 3 cm, resolution decreases ~
5 % but reconstruction efficiency
increases ~ 40% due to increase of
hits number (when refered to 2cm

numbers).
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