Faculty of
Mathematics and Physics

Data ana |VS| S University of Ljubljana

(from raw data to physics results)

B® From raw data to summary data

("Raw data -> DST")

track fitting
mom_entum determination

particle identification (Chere.nkov angle)

> Calibration

tracking detectors
data (RICH) and MC (tracking) calibration

g Analysis

jet reconstruction
b-quark tagging




From raw data to summary data

B> Raw cliata: digitized record of detector electronic
signals;

directly used for graphical presentation;

for statistical analysis: need
physics quantities
pl EI ql ml e

B processed data,
summary data, Data
Summary Tape (DST)

example of graphical presentation: Aleph detector, LEP, e*e ->Z° — p*u




From raw data to summary data

reconstruction

B Procedure of processing raw data to summary data: reconstruction

example: to conclude
about 7° — p*u decay
one needs to

establish two tracks determine small energy identify p

of corresponding p Sae o?;srir:::::jeir?uE)M

l | |

association of signals association of signals in hits in p det.;

in tracking det. into calorim. into clusters; association to tracks
tracks; track fitting; association of clusters (different
determination of p to tracks Erncedu res for

adron ident.)




Tracking BELLE

reconstruction of
charged particles’
trajectories from

hits in
detectors
e T
N V.
o




From raw data to summary data
track fitting

charged track in B = helix

association of electronic signals in
tracking detectors into groups - tracks
pattern recognition

ﬁtting of helix parameters to associated
its
track fitting




Helix parametrization

X=X,+R(siny —siny,)

(x%,2,R, 6) _
: y =Y, ~R(cosy —cosy,)
- : z=17,+(y —y,)Rcotd
//, E '\ R — R()
e | ) S
T T > _
RO ‘ i \::i \ i/[ y 19 - 190
2 ' v ///
~ \y(—,- IS ad
S~o_ /. __ =T helix defined by 5 parameters:

YosZgsWo>Fysl/ R
(X, =Y,/ tany,)



Pattern recognition projection of helix:
""" (X=%) +(y-¥,)" =R’

transformation:

lab. system | a’x ' a’ y
E y K= Y=
X +Y X +Y
kzyC/XC \\\\\\\\\\\ I: ||ne. |
k=

hit in the detector check for each hit:

| §-¢p|< o ?



Track fit

- minimization e
track model (helix) — I

perturbations to
mode] _
(multiple scattering)

B Track fitting algorithms:
divided according to
track model usage, inclusion of model distortions (mult. scatt., energy losses)

Global Methods  Progressive Methods  Break Point Methods

B Global Methods: _
simultaneous minimization of 2 of all measurement points;
mult. scatt. included in the error matrix

properties:
all meas. points used simultaneously;
simultaneous pattern recognition not possible
(as opposed to Progressive methods);
calculation expensive (NxN matrix IHVEI‘SIDI‘I),




From raw data to summary data
track fitting

Global method - track model:
expected coordinate values
To+ Ii’,,‘l [.\'in U, = Sin c:‘*(,}

_l r f
yo — Ry [cos iy, — cos iy

-1 .
20 R” cot H”[l;',, = {-'“]

5 free parameters: p,=(vy Zu Vo 65 1I/R)

N measured 3-dimensional points = N 3-dimensional functions
depending on 5 parameters f{p,)

global 2 minimization:

() = (flm) — M) !'(“(.'




From raw data to summary data
track fitting

Global method - example:
straight line fit

model:
N meas. of y at x,,

1i —-l o
for X,=nAx and ¢,=¢ =
] N T: Y, — L 7 l: W,

\r NS n2— (Y n)?




From raw data to summary data
track fitting

_ A\
Progressive method: Pn

vector of parameters after n measurement points -
error matrix after n measurement points XV”
vector of extrapolated parameters »P,°
extrapolated error matrix > W.©

- A
Cr i m
e = DTW,;D’ D= i’-’ vector of measured points —* p, .,

-~

Wn+1 :Wn +U ap

%2: sum of contribution from extrapolation and measurement:

e

n-th point extrapolation to (n+1)st point (n+1)st point

L I N 8 L [V




From raw data to summary data
track fitting

_ 2\
Progressive method: Pn

vector of parameters after n measurement points -

error matrix after n measurement points XV”
(S

vector of extrapolated parameters ———— P,

extrapolated error matrix W.e

_ A
C i — > m
e = DTW,:,D’ D= /all vector of measured points e

—e

W =W +U P

¥2: sum of contribution from extrapolation and measurement:

-~

n-th point extrapolation to (n+1)st point (n+1)st point

200220+, -ne W o, -0tlepn, -pn [U s, -0

after minimization: set of equations for p_, ;%; }

pattern
recognition

if v2 from extrapol. larger than chosen value for specific point

— point not assigned to track



From raw data to summary data
track fitting

. 2\
Progressive method: P,

vector of parameters after n measurement points -
error matrix after n measurement points ng
vector of extrapolated parameters ——— P,

extrapolated error matrix W.e

ﬁ—. A
C i — > m
We = DTW:,D’ D= f’ vector of measured points Pt

cp°
W, =W +U
¥2: sum of contribution from extrapolation and measurement:

already known to be determined calculated measured in detector

28, = 28, + B B W it =+ o 1 U [

pattern
recognition

if v2 from extrapol. larger than chosen value for specific point

— point not assigned to track

after minimization: set of equations for p_, ;%; \JL



Track fit

progressive method, example: straight line fit

=0.707 o

=0.447 ¢

T

global method

global method: better precision; CPU extensive (NxN matrix inversion),
simultaneous patt. recognition not possible



From raw data to summary data
track fitting

B Global method — multiple scattering:

error matrix: _ _
o;: uncertainty of ind. measurem.;

g: contr. to uncertainty due to mult. scatt.

13.6 MeV [1

~ (1 +0.0381 £
= | — —+ A in =
('plf \' : Xo'

— track model ---. actual track (mul
scatt.)

uncertainty including mult. scatt.

distribution of (Ve Ya)/Gy ("pull”) is a measure of understanding the effect of
mult. scatt. rather than of understanding the meas. errors

o,: estimated uncertainty of individual measurement; expected distrib. of ,pull”:
Gaussian with unity width; distrib. width > (<) 1= &, under-(over-)estimated



From raw data to summary data
track fitting

B Progressive method — multiple scattering:
mult. scatt. between n™ and (n+1) point:

([D’H'.U :

included in the error matrix extrapolation;

using a corresponding mult. scatt. matrix
Wys one can include specifics of material
between nt and (n+1)st point

B Break points method:
appropriate for detectors with a limited number of
regions with significant scattering;

scattering angles included in y? as free parameters

;{z(pnF) — Kz(pnF;E}n)




From raw data to summary data
momentum measurement

B Magnetic field:
—qBR; _
om curvature R one determines the
transverse (w.r.t. B) component of p; charged

actual meas. is curvature R; track
R

meas. points. —§—

accuracy depends on:

# of meas. points;

spatial resolution of each point;
mag. field integral BL;
momentum p;

multiple scattering;

intrinsic resol. mult. scatt.




Momentum measurement

Diameter: 22m

\ Weight: 7000t
: % Solenoid ||
/ "\\ \ \\

2 Detector characteristics
Muon Detectors Electromagnetic Calorimeters e Width:  44m
A\ \ —_—
/AN -
1 detect. /7 \\

CERN AC - ATLAS V1997
Forward Calorimeters
\ |\ /
\

/ End Cap Toroid

/

Barrel Toroid

Il
Inner Detector

. 5\
Hadronic Calorimeters Shielding



Momentum measurement

Momentum meas. ATLAS (p):

|

LHC: Atlas

15m 200m

MS
(~ const.)

o(p)/p intrinsic resol.
[%] total

3 15
¥ Tuba raslion + auls enlhratlan (s oh sd} A
o Shamber cligrrant

OHulipde s Harlrm
O Enormy e Moot et ona

£ Tesbal




Momentum measurement

Central Drift Chamber
(CDC)




Momentum measurement

= Central Drift Chamber
= (cDC)

| W | 4 )
BELLE Central Drift Chamber

100mm 100mm



p,~1 GeV/c

B=15T

L~1m

N~50
X,~2.9-10° cm

estimate:

Gpt/pt ~
V[(8-103)2+(0.6-103)?]

measured:

Gpt/pt ~
V[(3-103)2p,+(3-103)2]

how to measure?
— calibration!

BELLE

Exp 3 Ruw

21 Farm 2 Event TEB4

Eher B0 Eler 250 Dote/TIME Tue Jun 1 14z37z44 15499
O Magllr O BField 1.50 DspVer 2.04
10

TrglD 0O DetVer




Calibration
Tracking detectors

B Tracking detectors calibration
individual subdetectors must be
properly inter-orineted, otherwise
tracks distorted;

for any calibration need
sample (tracks, decays, ...) with

precisely known detector
response




other sense wires in det. 2

hits from single track
in det. 2

hits from single track

det. 2

true position of det. 2

N

ideal position of det. 2 ideal position of det. 2

hits from single track
in det. 2 assuming ideal
position

o/o/"‘/./.’

reconstructed track segments
in det. 1 and det. 2

N
N



Calibration
Tracking detectors

Description of detector (mis)alignment
position of individual subdetector w.r.t. reference
(most precisely mechanically positioned detector)

described by set of small parameters o
(translation, rotation, t-delay,...)

assume linear relation

—~meas  —ext _ Q= q™e3s: vector of measured coordinates

q —4J = Sa get: vector of extrapolated coord.
(from the reference detector)
matrix depending on measuring
coord., track model, detector
geometry

simplest case: _ _
o. composed of 3 translations and 3 rotations

& =Ny, Ny N EuEpE,)




Calibration

tracking detectors

Z ~meas ext ]T [ q Iineas q EXt A]

8@}( _O:(ZSTW—IS )0( ZSTW (—meas_—lfxt
o



i . nowadays the tunnel is occupied by the
Calibration Large Hadron Collider (LHC)
- =

A
\

Lausanne

Large Electron Positron (LEP) collider:
e* e, Equs=90-170 GeV

SWI'IZERLAND"'." Area map of

et @ I .
w mace CERN site
I [ JURCE R -~ Legend:
P,
) o . ] CERN sites
ot f accelerator
w e LEP experiment
e [ e B H L — motorway
+ £ L e . road
- St. J _L_.|Iuer1O ! O city
o S (S
[ = C——y
5 g

- fm



Appropriate sample
often cosmic rays;

other decays observed,
e.g. Z2° — ptu (LEP);

(needed also to check
the alignment method)

Calibration
Tracking detectors

x hits in other
%/ detector

hits in
reference
detector




Calibration
Tracking detectors

Appropriate sample
e.g. Z° — p*p (LEP);

p—

extrapolations of
meas. tracks

do not intersect
\—mjeraction point

emeas. hits
eextrap. hits

reference
det.




Calibration
Tracking detectors

Example
Delphi detector at LEP

5 [cm]
e [(1/p)-(1/pE)/(1/pex)

before Soms _osmsc-os
<>=36 um Al
c =58 um

before

e I b e i after
002 0015 -00! V005 O 0005 001 0015 002 4
miss dislance (em) -

Constant 1933 ‘

aﬂer ~0,17526~03
M< >=1.7 pym 7 ' I

" ¢ =41 um

100

/4
Nt &
L—-an{ se=s

%07 00.5 001 D005 0 0005 001 0015 0602
miss distance (cm)

0 k2 &1 04 &l & ¥ e T Y Y S Y U
/0 1/ /1 ) O/ /0 /)




Analysis of data

Summary

Path from electronic signal detection to result for measured physical
quantities involves a number of steps

Each of those represents a specific problem and requires specific
methods and solutions (some of those illustrated here)

Quality (correctness and accuracy) of the final results depends crucially
on the quality of reconstruction of raw data




Analysis of data, part 2:
particle identification

Peter Krizan, Ljubljana



Identification

Peter Krizan, Ljubljana



Measuring the Cherenkov angle

Particles above threshold: measure 6

aerogel

Cherenkov photons. —:_’;

particle
}

‘_“:‘“3;
N

Qa 20 cm photon detector

Proximity focusing RICH

RICH with a 1

focusing mirror

v coordinate (cm)

Idea: transform the
direction into a coordinate =
ring on the detection plane

- Ring Imaging Cherenkov
(RICH) counter

Cerenkov angle

velocity lower



Measuring the Cherenkov angle

aerogel

Cherenkov photons. '::;

particle
=

-~ 5

o \1‘ -é 30 F
R
a

Tracking system (measures 2em 20cm  photon detector
direction of the particle)

|||||||||

Tracking system tells us where the particle hit
the radiator, and at which angle.

Use this information to calculate the Cherenkov
angle for each individual detected photon

Cherekov angle distribution (mradian)



Cherenkov angle (mrad)

Measuring Cherenkov angle

L) Radiator:
C4F10 gas

P i A
s & o et .'_-

10 20 30 40 50 60 70
T T particle momentum (GeV/c)

T K P

thresholds Peter Krizan, Ljubljana



Likelihood for a given PID hypothesis

Simplest version:

e Measure the Cherenkov angle for a given particle,
O, = average of Cherenkov angles for all photons on | ‘

the ring |
e (alculate the expected values of Cherenkov angles @, for
all possible hypotheses h and the corresponding uncertainties o,
(taking into account the momentum as determined in the
tracking system)

e Likelihood for a given hypothesis
Ly = f(z) =

Cherekov angle distribution (mradian)

1 _1
2

o\ 2T

with x=@,and x4 = ©,
e For a specific case, e.g., pion-kaon separation, form ratio of
log-likelihoods,
Re=InL./(InL_+In L)

Peter Krizan, Ljubljana



(2/A20)d

InL,/(In L_+In L)

Ry =

for kaons (red) and pions (blue)

ciency

08
effi
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0.4

02

1

OO 01 02 03 04 05 06 07 08 09
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Lmrgoqoad aynf O
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Next level: detailed analysi

of the image

Improve separation between
particle species: add more details to
the likelihood function = take each
individual pixel on the photon
detector and evaluate the
probability that there is a hit (from
the Cherenkov photons of the
particle and from background
sources)

Likelihood function

S

For each particle hypothesis h

L= Hpi InLh=—

—MNi, . TN
pi=e "n" /m;l

Nh

\/

+Z[

hit

Expected total
number of hits

h

+1In(1 —e ™)

4

Expected number
of hits on pixel i



Crucial: understading of the details in the image —
try to model as precisely as possible

[Cherenkov angle distribution in ete™ — ,u+,u_]

09 —— DATA (mu-mu bucket 6) / Ldt=0.3f" DATA
08 —_— MC
s1qg — -
" Nsig = 11.38/track
' 60cm < r < 95cm
05 gs = 12.7 mrad

Preliminary
MC

Nsig = 11.27 /track
oc=12.75 mrad

II|IIII|IIII|IIII|I[II|I!II|IIII]IIII|IIII

Dlllllllll [l rose I T S A W A
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 05

DATA MC
G i 1 A =

0.5

Overall a very good
DATAI/MC agreement !

08504 03-02-01 0 01 02 03 04 05 05504 -03-02-01 0 01 0.2 03 04 05

Chrenkov ring (accumulated)

Peter Krizan, Ljubljana



4

N

| Estimation of 7/K separation capabilities using D*+ decays

R

« Identify K, ™ based on track charge in association with the charge of Tslow

D*~ — D"

slow

D*t - D" xt
N\

K- nt

ﬂ-slow

Kt o~

» Apply selection criteria on
Lk
RIK/7| =

ﬁK + £7r
L - likelihood for given id. hypothesis

Cherenkov ring @ 3 GeV (pi-red, K-black)

0.4 : : : : : :
- — expected — K expected
0.3f : ' .f, e : '
70| SR i
011 : @
= : |
.e
o— a8 |-
F . . . i
3 L4 I
-0 : g
0.2
r i : Bt R
0.3 Prasssntfesiuigy S i Mancs Gesce
Bl hada daadlanl o
70&14 -0.3 -02 -01 0 01 02 03 04

e Only coarse/preliminary
calibrations included

- further improvements expected

-~

D mass peak

Pion in ARICH (p > 0.7 GeV)

w

o= B
E 300
2501
200f
150F
100

50

9.5'1

. | _1
R [K/pi] >0.6 //v dt=1.3 b
# of pi: 40.67 +/-7.67
pi misid.: 0.086 N
[\
i
f \
[ \
w/o R[K/pi] f \
selection / \
fj "“
"F '\‘
182 183 184 185 186 187 188 180 19

M [D"] (GeVic?)

K efficiency

-y
S

0.95[=

0.85[+

0_8-i-l-!-(-j-v1-1-i-s-q-q--i--l--l--r-i--r-r-l--i--r-r-ri--n-l-|~i-l-l-1-i-l-l-
0.02 0.04 006 008 01 012 0.14 0.16 0.18
m misid. prob.

K efficiency / © misid.

N

Kaon in ARICH (p > 0.7 GeV)

3t - _
= 3oL R [KIpi] >0.6 /1., dt=1.3 fb~*
nt - # of K: 502.25 +/- 24.05
H R o
250k K eff.: 0.939
200
150
100
50—
7f_g_7l._—.§.—z-—i“/_ N
- ||'|||II‘||\ll\-uﬂllllilulilnllllul\l’h_]
‘?81 182 183 184 185 186 1.87 1‘80 189 18
M [D"] (GeVic?)
1: P F L) Py
0.9 $ ;
o8F |
B i
£ '\w{\
0.7F O
PPN
o6 Q% R
S —s— Kiid. efficiency
osE —e— 1 misid. prob. .
oal RIK /7] > 0.6
0.3F
0.2F
I
0.1: T * +
GZ\IIIIIIIIII I?III*III\II
1 1.5 2 25



Alignment
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Mirror alignment

Gas radiator RICHes: large mirrors = tens of
mirror segments with individual mounting >
need relative alignment

Photon
Detectoy\_

- gm -

Spherical Mirrors

e Spherical mirror: 80 hexagonal segments
Fiiciten Panarmirors o Plgnar mirrors: 2Xx 18 rectangular segments

Detectors

Aligning pairs of spherical and planar segments by using Cherenkov
photons.

Peter Krizan, Ljubljana



AB [mrad]

Mirror alignment

Misalignment: ring center (C') not where
expected (C) - measured Cherenkov angle
depends on the azimuthal angle around the track

At
2] = =
e _____\ah #
F,.-" g -.__\_\\ H” v
f ¢:..- \'f. 2
K il diam

_-'r.' i '

I'II _r_/¢-ﬂ I

| C."‘.“-[" [

|I ']' |

|

iy &

10 10 [

a b 8 F Ay = 0,59 mrad

Ak = -0 16 mrad

6 6 F

i 8 4 F

2 g 2t

2k S 2F

4 B 4 F

6 B 6 F

-3 F B F
_]{] i _Iu I ey T (Ll T et TR T Il i el -+ e LI b

-2 0 2
@, [rad] &, [rad]

mirrors 34 14

photons per 0.4 mrad

350

300 -

250 -

1
-10 -5 0
A [mrad]

Slice in ¢,

Peter Krizan, Ljubljana




photons per 0.2 mrad

Mirror alignment

g = . . . "g S *‘[*— —_ S —
Initial mirror system alignment: with <.} | ] |
optical methods, theodolite. | |

ol ‘ = T i N )if_ -
= g |

. . \
Alignment with data: tells us the )'r T . T

. ® A |
ultimate truth... -

A > / > 1 4 /

: : | |
Combine all alignment data for all o 4«}?£
(possible) pairs of mirror segments > | |
solve a huge system of linear equations | il |

b — '-!*—._‘/ + — — =
fl 3 : :
[ Clear improvement in
/] £ . - ; Cherenkov angle resolution
2000 H—-f-—*f“‘j \\:‘:'"“””““_“"‘ ’ 2000 wm‘“‘“"""'}r
L Ga=0.93 mrad L Gp=0.80 mrad
e A

0

Y ub. "L, " >NIMA 586 (2008) 174




More slides
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=4 Time-Of-Propagation (TOP)
counter

- 10
. Quartz bar £
III|I § aF
" Array of
? §r
fast PMT's

photon detector

Linear-array type Z X T I

20-15-10 -5 005 10 1(5 20
X fcmy)

— One (or two coordinates) with a few mm precision
— Time-of-arrival



: | TOP image reconstruction

Lrop (NS)

‘o
T

4 Pattern in the coordinate-time space (‘ring’) of a pion
and kaon hitting a quartz bar
6} Time distribution of signals recorded by one of the PMT
o channels (slice in x): different for = and K (~shifted in
A time) 0,006
3l 0.005 E— i
| > 2 s 3 Patterns for = and K
H ’ S 0003
n 7] = ‘

SRR TR Ry [i (| -

. 7z N | | ,'i

I 0.001 |~ : | m

- I ; 1A
0 : s Jl\jl :]Im' '[{ ll‘]}"‘&l_l_l;]‘i:_l‘&-l_‘_l_ﬂ-{‘_}:&_.l_l_l_

4000 6000 S000 10000 12000 14000 16000
time (ps)

The name of the game: analytic expressions for the 2D
likelihood functions >M. Stari¢ et al., NIMA A595 (2008) 252-255




Separation of kaons and pions

Pions vs kaons in TOP:
different patterns in the time vs
PMT impact point coordinate

time

(channels)
70 A

60 -

50 A

40 A

30 A

20 A

10 A

Pions vs kaons:
Expected PID efficiency and
misidentification probability.

5‘;
£
5&

0.8

0.6

0.4

0.2

IIIlIII]III]IIIlIIIlI_

1 l"".l'.‘r"l“ll".l-lI-’I..I.‘ ; 1 l\..lb ;‘ ;. |. '|'| |

IIIIIIIIIIIIkIII

III|III|II1[II[|IxEI

Hﬂi th mﬂ'iH“Hﬂ |H||lH

100 200 300 400 500

coordinate (channels)

25 3 35 4

momentum (GeV)
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Entries/(1 [MeV/c))

Entries/(0.3[MeV/c’])

'z 60 . . @ 60 ‘ T T | @60 . T
=y Belle Il TOP 2018 (Preliminary) ‘T | Belle Il TOP 2018 (Preliminary) 1 ‘o Belle Il TOP 2018 (Preliminary)
£ 55t pr kinematically tagged kaon {1 Es5pr kinematically tagged kaon ‘1 £ 55t pr kinematically tagged kaon
z p=1.41GeV/c F I p=1.41GeVic I p=1.41GeVic
500 6 = 45.4° 1 T 50-6=454 © 7 B0 6=454° ]
Pion PDF | Kaon PDF i Proton PDF
45- log L(7) =-265.83 ] 45}; log L(K) =-250.81 1 45- logL(p) =-294.08 ]
[ ]
: I L .
40- ) <1 40r ) © 1 40f ’ * ]
35; o i 35 - i a8t - ]
| | —
30—t 1 30 : 1 30} - 1
S e — | 2 . =i = ) B
L — e - e 3 —— 05—
—~ — 3 m “ = . —a * ‘I. . . . d
I I
' L L L 1 J 1 1 L
2% 16 32 48 6a 20 16 32 48 6a 20 16 32 48 64
Pixel column Pixel column Pixel column
¢ — K"K with both the tracks in the TOP acceptance ¢ 9 K K K
No PID TOP LL(K) > TOP LL(r) S y I-I rl
ey 1§ FTTTTT T S . e
zuo: . 'f ‘*‘0‘0‘»’;'.'“-"#" W".“"% 2 B0 m E § T T T ; T T T
Il = 00 ! p B o500 Belle Il TOP 2018 (Preliminary) 2 o500 Belle ll TOP 2018 (Preliminary)
800" = E + +
E S - h Ldt= 1 - Ldt= i
600] = 4 +*++*"*+'+ m*Mﬂ#w'gmf#hﬁ##ﬁ g f di =90 pb —— Bestfit 2 _ f dt = S0 pb —— Best fit
9 + N = i S
400 P e m?m " . E 2000  Correct pion ID E!acll(ground £ 2000~ 5 — K mis-identification Bacl_tgruund
200 J L dt =90 pb = [ L dt = 90 pb ] K signal W : K, signal
E Belle || TOP 2018 (Preliminary) — Belle Il TOP 2018 (Preliminary) log f,{ﬂ}rop = log x’_‘,{K)TOP log L‘,{K}TOP = log L‘,{H}TOP
1 101 102 103 104 105 106 T 1.0 102 1.08 1.04 1.05 1.06 E
; 2 1 CEf At a0/ 1 CEf At ) 10/
miK’ k) Savic) /\ ; mx'»ﬁvfcﬁ 500 Eff(data) 80% 500_ Eff(data) = 19%
A — pn with the proton candidate in the TOP acceptance p ! Eﬂ’{ MCQ)
1000 1000 :
No PID TOP LL(p) > TOP LL(x)
700 Belle Il TOP 20‘3_; % JEDE'— I + Belle | TOP 2018“
600F- ' 4 (Preliminary) 5 % 300;4 # (Preliminary) - 500 500:
so0f- ! L=90pt" 3 z 25o£ +t L=90pb"
400 + 4 £ 200F 3 y \ F 1
ot ,,M,./' ”‘V [ ! Qa5 044 046 048 050 055 054 056 058 Q45044 046 048 050 052 054 056 058
.m 3 T 4 E 5 i B 5 B o B i oD B B B 8 . 3 . . 3
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100 E sof- [ o
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TOP first events

The early data demonstrated that the TOP principle is working

Mip x)[GeVicY)

Mip x)(GeVic’]
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Efficiency and purity in particle identification

Efficiency and purity are tightly coupled!

Two examples:

particle type 1 type 2 eff. vs fake probability
(for Gaussian distributions)
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