YT[O)\O%LO‘TLKF] duoLKN
>TOLXELWOWYV ZWHXTLOLWV

ALOKPLTLKA LKAVOTNTO XVLXVEYTH -
YTTOBxBpo-YTTOANOYLOMOC TOU 'CNUXTOC

Xop& MeTpldov
AAQpOC ZopPpwvidnc
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[epLeXOUEVK

e OLavixveuTéC poc AEN elvat TEAELOL :
TTPETTEL VX TTXPOVLHE LTT OWPN
- TNV dLOXKPLTLKA LKXVOTNTX TOU KVLXVEUTN

- Tov TpOTIO ETTLAOYNC TWV YEYOVOTWYV
(selection critiria)

- Tnv o<110600r] OTNV ETTLAOYN TWV ysyovmwv
KL TNV "KoBoxpoTNTa" TWV YEYOVOTWV
(efficiency vs purity)

- Tnv oLPBOAN TWV dBLAPOPWYV TTNYWV
vTtoB&Bpov (backgrounds)

YTtrohoy.Puoikr ZX



OpLopol

o ALXKPLTLKN LKAVOTNTX: TO TTAKTOC TNC
KXTaVOUNC (reconstructed/generated)

e Purity : TO KAXOUX TWV YEYOVOTWYV ONHKTOC O€
VX bin TTpOC XUTK TTOV PETPNOGUE O'XUTO TO bin.
P=Ns/Nr

e ATT0000N : €=Ns/Ng : O xplOpoC TWV YEYOVOTWYV
ONUATOC TTOV HETPAOKHUE TTPOC TOV OUVOALKO
XPLOPO TTOL dNULOVPYNTGHUE HE TTPOCOHOLWON
(generated)

Stability : Ns/Ngr :To TANB60¢ Twv yeyovoTwy
oNpaTOC W.r.t. bin migrations

YTtrohoy.Puoikr ZX



ALXKPLTLKA LKAVOTNTX

e 3TN BaBel& aveAxoTkn okedaon Tr.X. HERA,
HETPOUHE TTOOOTNTEC KLVNHATLKAC KOL
ouykpivoupe pe MC

H1  Zaw 182140 Boeepl G400

Dule 1070071080

Q2 =0 GeV?, p =048, M =211 G=V

Pl

YTtrohoy.Puoikr ZX




ALXKPLTLKA LKAVOTNTX

0’ =—¢"=-(I-1)"  x= y =7
2p-q p-l

O<x<l O<y<l s=(p+D>=2p-1 O =sxy

e 'EOTW N TTOCOTNTAK Y YLX TO OKEDXTOUEVO
nAe E
,=1—-—=

Ye T T oF

()

(1-cosb,) Q°=2E E,(1+cosb,)

e TNV UTTOANOYLCOUME TTELPAUATLIKAX YLX YWVIX
okédaonc 6 koL ovykplvouvpe pe To Monte Carlo

YTtrohoy.Puoikr ZX 5




ALXKPLTLKN LKXVOTNTX

gen

computed with Monte Carlo simulation.

For fixed angle : =

YTtroAoy.DPuoiIkr X% 6



ALXKPLTLKN

LK

g o g’
= ~ 25
4 2
15
2
1
q as
q
. i a5
f-.
.4 -1 o
a5 ’
-6 _2"-.-- |
4 @ -5 -1 -5 0 a5 1 15 2 25 3
Mja
Bloms m il
1a0a am
Lidcs m 1O
T 07
800 il
&0 T
00 5|
40
s 1M
200
200
11
a L 1 - | a 4 1 N ¥ e < i - . |
2 a5 - 4.5 q as 15 2 -1 4.5 q as 1 1.5 2 a3
Pae - e Mjae = Nee

20YKkpLon @ KoL n Twv q (q- bar) generated, pe T @
KOL N TWV OVOKOXTXOKEVXOTUEVWV jets
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ALXKPLTLKA LKKVOTNTX OTO
KXAOPLUETPO

10

Energy resolution

o, a

T All b
1 B \...\‘: Eo @—@C

_j*:nrinsic V E E

|
Photo

F &

o/E[%]

—

r 4
r 4

5
[T
TNoise '\:\\.\

0.1
1 10 100 1000

E[GeV]

from Monte Carlo Simulation
for every energy point,
or via test beams

- E

E

true meas
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ALXKPLTLKA LKKVOTNTX OTO
KXAOPLUETPO

. AVTL MC, o0ykpLon NG OPHMAC CWHXTLOLOVL PE TNV
EVEPYELX OTO KXAOPLUETPO

I B

T

™1

Momentum P of track,
measured with tracking system E(track) - Ecas

YTtroAoy.DPuoiIkr X%



Acceptance

O KVLXVEVLTAC HOC ELVOL OXEOOV XOVVATOV VXX EXEL
YEWMETPLX 4TT. YTTONOYLCOUHE TNV EVEPYO TOU ETTLPARVELX

we measure we want to know
N sensitive area /
N measured N decay
total area ‘
g Y, A radioactive
Y source

acceptance

e [Mapopolx Xpel&TeTAL VX UTTOAOYLOOUHE KL TOV VEKPO TOU
XPOVO HE TTIpooOpOlwaon

YTtrohoy.Puoikr ZX 10



Acceptance

detector builder
try to avoid as much
as possible dead regions

|

no detectors in this
region --> no information

.................................................................

example of a consequence: N3

Here a detailed MC simulation M
is needed to find the acceptance BE

correction factor o 9 cosB

ob— L v
0 01 02 03 04 05 06 07 08 09 1

YTtroAoy.DPuoiIkr X% 11



Detector acceptance corrections

90
80—
70—

60} Nops(1)=C(i) * Nipe(i)

50—
qo0F-
30f-

205— :
B Nmeas-MC(')
10:—
OF A I N S R RN S R SR
0 0.1 02 03 04 05 06 07 08 09 1 g
Ngen-MC(')

muon cos®
from Monte Carlo simulation

YTtroAoy.DPuoiIkr X% 12



H eTTlAoyn TWV YEYOVOTWYV

e T 0edOPEVH EVOC TTELPAUNKTOC £XOLV YEYOVOTX
XTTO DLAXPOPETLKEC XAANAETTLOPXOELC

o [lX VX HEAETAOOUHE YLK, TIPETTEL VX ETTLAEEOVHE
TOV XVTLOTOLXO TUTTO YEYOVOTWYV

TUX. + Z decays at LEP, with hadrons in final state
£0TW OTL ETTLAEYOVLHE Z->qg-bar

hadrons

hadrons

YTtrohoy.Puoikr ZX 13



H oTpaTnykn

e ETTIAéyoupe peTXPANTEC TTOUL BoNnOoULV VX
EEXWPLOOVHE TLC OLXWPOPEC XAANAETILOPAXTELC

e [.X. 2TO TTpONYOUHEVO TTPXOELYM K TO TTANBOC
TWV QOPTLOUEVWV TCWHATLOLWV

e Xpnoigotrolopue MC YL V& HEAETAOOULME TNV
HETKPANTA K&l V& oploovpe cut Ncut

e ETTIAEYOLHE YeyovoTa pe Nch>Ncut woTe To

OElYHO VO EUTTAOUTLOTEL 0t Z->qqg-bar kol v
XTTOKAELOOVHE DLXOTIXOELC XTTO TAU

YTtrohoy.Puoikr ZX
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H oTpaTnylkn

Nch

140
130T
1207T
110
100
90T
BT
70T
a0
50T
40T

20T

20T
10T

cut

YTtroAoy.DPuoiIkr X% 15



H oTpaTnylkn

Nch Nch
140 B00T
1207 1] 7501
120+ 7007
il ) 650 MC bar
110 MC, Tttt coo ’ qq
100 cool
50T 500
50T 450
7o 400
G0 350
5o+ 00T
404 250
200
ol 150+
207 ] 100+
10— i
0 } I f f I 0 f I f f i
0 10 20 20 40 50 0 10 20 20 40 50
E K
N... =Very small efficiency N,  =High efficiency
=Very small background =High signal statistics

YTtroAoy.DPuoiIkr X% 16



g(#)

1.5

0.5

H oTpaTnylkn

Q(HH())

Q'(”HL) |

YTtroAoy.DPuoiIkr X%

How to distinguish a
certain hypothesis
H, from another H, ?

Study relevant
distributions g(t) ...

17



Ol OUVETTELEC

e O XTTOPPLPOULUE HEPLKE "KOAKX" YEYOVOTX
e O TLUTTEPINGBOLUE HEPLKA "KOXKK" YEYOVOTK

N(“good” MC evts, which are selected)
0<€<1

Efficiency € = - -
N(all produced “good” MC evts)

Ele gl al«s M- N(sel. MC evts, which are not “good”)

all numbers typically obtained

from Monte Carlo simulation

N(sel. MC evts, wich are “good” )

Purity P = - } 0<P<1
N(all selected MC evts)

YTtroAoy.DPuoiIkr X% 18



TUTTLK&X XTTOTEAETHOTO XTTO MC

1 >k

| L]

Different choices

for the cut \

0 Efficiency 1

e [MoLd onpelo O eTTIANEEOLE ? EEXPTATAL XTTO TNV
XVXALON....

YTtroAoy.DPuoiIkr X% 19



Noap&deLyua purity kot stability

Migration matrix for
H1 charm jet reconstruction

< 2|7 O
x: reconstructed on detector level £ __£
y: vs generated hadron e i
to study for each bin: S
e purity P (plotted on x-axis) o (3] .
e stability S (plotted on y-axis) '_
(bin -1 includes overflows) 113 e
7 oa o |

Binning and cuts such that: 10

e P > 509% for each bin rec. bins An
e S > 50% for each bin

YTtroAoy.DPuoiIkr X% 20



METpnon Thg evepyol dLATOMNG

e MeT& TNV €TTAOYN YEYOVOTWYV B LTTOAOYLOOUE
TNV eVePYO dLATOMN Yl Z-> qg-bar->hadrons

Nsel = Q(Signal) * I—int* c + I\Ibckg

cross section we want to measure \
selection efficiency

integrated luminosity

YTtroAoy.DPuoiIkr X% 21



METpnon Thg evepyol dLATOMNG
eTTLIAOYN Twyv 'Cuts’

e TO eTTLOLUNTO ELVOL EAXXLOTO OPARAPX
OTNV EVEPYO dLATOMN
=> strong cut -> high purity-> low efficiency->
ULKPO 0XpLOUO YEYOVOTWY -> HEYXAO OPXAUX

=> loose cut -> low purity-> high efficiency -
>UEYGAO aplOuo yeyovoTwyv AANAA kat large
backgrounds To Trio TOaVO : large systematic
uncertainties (from limited theoretical
knowledge of background distributions)

YTtrohoy.Puoikr ZX 22



Systematic Uncertainties

Agv £xouv OTATIOTIKN pUON
[MpokeiTal yia ‘biases’ oTnv NEBOOO avaAuong

[Mapadeiypa: xpnoipotrolouue To Nbckg atmé MC. To
MC €xel ‘AaB0C’ UTTOAOYIONO OTNV EVEPYO OIATOMN TOU
uTTOGBPOU:

Nbckg(MC)=Nbckg(true) + A
o0 = (Nsel - Nbckg(true)-A) / (¢ * Lint)
Kal apa n yérpnon Ba gival cuonuaTikA JIKPOTEPN KATA -

A/ (e*Lint)
AuTO dev aAAadlel av aucnBei n oTATIOTIKA PAG

YTtrohoy.Puoikr ZX 23



Systematic Uncertainties

e TX CUOTNHATLKX CPXAUOXTA TIPOEPXOVTXL

eTTloN¢ a1ro Monte Carlo estimates of
purity and efficiency

| |
AG=A(L) ® A(N,) ® A(Ny,,) ® A(g)

Int

systematic uncertainties,
as well as statistical uncertainty, because
of finite MC statistics

uncertainties estimated by
using different MC generators for the same process
by careful comparison data - MC simulation
by varying cuts

YTtrohoy.Puoikr ZX 24



Cut variations

e Av TO Monte Carlo elval 'TENELO' TO
xXTTOTEANETUX AEN O TTpETTel vox ATl
XV XAAXEOLPE T cuts

Nch

800 B rich
750+ ® Nch
700+
650+

EEE But if some region of a distribution

500+ badly described, and you use this
30T distribution for placing a selection

4001 . :
2504 cut : cut variations will lead to

200 different results
25001
2001
1501,
100
50

¢ 0 U 1I0 210 310 40 50
YTtrohoy.Puoikr ZX 25




TOTTOL HETABANTWYV YLX TNV
ETTIAOYN TWV YEYOVOTWYV

* 2UVNOWC XPNOIYOTTOIOUME TTAVW ATTO
Ui JETABANTA YIa va ETTIAECOUME TA
YEYOVOTQ

« Karrole¢ pEBo0OOI XpnoliuoTTOIoUV
ouvOuaouo peTaBAnTwyv/cuts
— Likelihood methods

— Neural networks ...

YTtrohoy.Puoikr ZX
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Search for resonances
- Use invariant mass

+ Define selection region

- Compute efficiency = N (true resonance decays,

which are selected) /N (all true resonance decays)

Compute background : Possible to estimate from side
bands (No MC needed)

£(x)

L
defined as selection region 5, 4500
08 | EMOO:‘ ALEPH DATA J[J[ + H
ia\ssoo ~ Mm | * Jf
0.6 ;\_‘\/ k4 sooo:— :
04l l — £ 2500 /}/
S 2000 -
2l \ ol
o LLLLAUM COIVTA TR L R [ ool [\ ozcecos
;
0 0.5 1 L5 \ 2 N E AN/ S
0.5 0.6 7 0.8 0.¢ 1 1.1

0.

Invariant mass rn{3m) Gev /c?

YTtrohoy.Puoikr ZX 27



Search for New Particles

 Choose selection variables which
enhance the signal w.r.t. background

« Combine a set of variables into a single
estimator

« 2TPOTNYIKN: choose cuts to obtain BEST
expected limit for the hypothesis:
‘background only’ OR :

BEST Signal to Background ratio
(signal significance)

YTtrohoy.Puoikr ZX 28



Search for New Particles

ol HZ — qqee, qquu
) (signal x 30)
| 1%
£ 4
o _
2— ¢ @ L

90 100 110 120

Jet-Jet Masse [GeV/c?]
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