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Izmerjeni signali (koliCine) — vizualizacija
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Izmerjeni signali (kolicine) — vizualizacija
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- Za (rocno) pregledovanje je podatkov preprosto prevec ...
- Zelimo dologiti lastnosti delcev, izmeriti razne vrednosti, konstante, ...

— Potrebujemo izraCunane koliCine, statistiche metode, ...
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.= iN kako snov vidimo/razumemo danes?

o L[ o
Osnovni gradniki Nucleus Neutron
° e
L ]
SNovl . LEPTONS QUARKS
All ordmar)r RSy L w 7 . 3
particles Particle with no clectnc Has an electric charge of Has an electric charge of minus Py
belong to charge, and possibly no mass, 0 plus two-thirds; protons contain two, one-third; prolons contain one, °
this group bilkons fly through your body NEUTONS CONLAIN ONe neutions
Ll every second
These = Muon neutrino
particles ! A heavior relatve of the I“' Created along with muons 'v
existed just electron; it fives for two- when some particles decay u o
after the i milionths of a second
Big Bang. |
Now they are > | Tau Tau neutrino Bottom
found only ! Heavier still; it is extremely nol yet dscovered but Heavier still; measuring
in COSMIC % | unstable. It was ds covered T bebeved to cost 'v 0 Lx)tlorn quarks is an imporant
rays and § n 1975 rst of electroweak theory
accelerators |

— vsak delec iz tabele ima svoj antl-delec npr. e in e’
— leptoni so nesestavljeni
— kvarki sestavljajo tezje delce - hadrone, npr.
p =uud ( +2/3e,+2/3e -1/3¢, ) {e, je osnovni naboj:
n = udd ( +2/3e,-1/3e,-1/3¢e, ) ~1,6-101° As}
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== IN kako snov vidimo/razumemo danes?

Matter

Nosilci
osnovnih
sil med
gradniki :

These
particles
transmit the
four
fundamental
forces

of nature
although
gravitons
have so far
not been
discovered

Higgsovo polje
(masa delcev) :

Gluons
Carriers of the
strong force

The explosive release of nuclear
energy is the result of the strong force

gluoni
(mocna sila)

Nucleus

Photons
Particles that
make up light;
they carry the
electromagnetic

force n

by
quarks and charged leptons

Electricity, magnetism and chemistry
are all the results of electro-magnetic
force

fotoni
(EM sila)

Higgsov
bozon

Neutron
Intermediate
vector bosons
Carriers of the
weak force ‘
5 Felt by:
quarks and leptons

Some forms of radio-activity are the
result of the weak force

bozoni W*, W-, Z°
(Sibka sila)

Gravitons
Carriers of
gravity

All the weight we experience is the
result of the gravitational force

gravitoni
(gravitacija)
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Barioni in mezoni:
vezana stanja kvarkov in antikvarkov

Barioni masa

proton: uud 1m,
nevtron: udd ~1m,

A: uds 1.2 m,
Mezoni masa

n+: kvark u + antikvark d 1/7 m,
Ks: kvark d + antikvark s 1/2 m,
Jhp i kvark ¢ + antikvark c 3m,
Bo: kvark d + antikvark b 5.5 m,

In seveda Se mnogi drugi delci ...
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Kako opazujemo majhne delce?

Kvantna mehanika:
delci se obnasajo kot valovanje
Max Planck

E=hv =h(c/)\)

velika energija — velika frekvenca
— majhna valovna dolzina

Posebna teorija relativnosti:
energija in masa sta izmenljivi
Albert Einstein

E=mc?
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Sedaj pa se nekaj enacb:

To je seveda samo poseben primer
splosnejSe enacbe...
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Sedaj pa se nekaj enacbh:

To je seveda samo poseben primer
splosnejSe enacbe...

~ 1

T A=/

y=1 .
g ONLY CORRECT

) IF AN OBJECT IS
E =mc NOT MOVING
| WITH RESPECT

TO YOU
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Sedaj pa Se nekaj enacb: faktor gama (y)

S . Byinc)
i> y= moving)

E (not moving)

Ta faktor se torej povecuje,
ko pospesujemo delce.
Isti faktor nastopa tudi v definiciji gibalne kolicine:

= yxmxv :

M oiativieric = ym S faktorjem ~ lahko tudi
predefiniramo maso delca.

MyrelativisticV
2
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Prave (relativistiCne) enacbe :

E’=(pc)' + (mc?)

E - energy | Z definicijo faktorja ~ lahko
m - mass : to enacbo preverite sami...

. C - speed of light
P - momentum
-

Marko Bracko, UM + [JS Analiza podatkov, IMC2023, 1JS
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Prave (relativistiCne) enacbe :

] [ Dva posebna primera :

| E . " Za p = 0 (delec, ki miruje) :
E'=(pc) +(mc)

E - energy - Za m =0 (foton —v) :

M - mass " .
P - momentum p \
-
1
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Invariantna masa — eksperimentalna kolicina :

Maso delca lahko izrazimo (preverite!)
m CZ: \/EZ— p2 C2 (1) iz prej$nje enacbe... in v idealnem primeru
bi bila masa (1) natanko enaka masi delca
Neidealni primer - komplikacije :
- Delci razpadajo — uporabiti moramo razpadne produkte;
- Tudi e zaznamo/izmerimo vse razpadne produkte, povsem natancne
meritve niso mogoce — masa (1) je torej] = enaka masi delca
- Ozadje (npr. podobni razpadi) — Se veC razlik
med maso (1) in maso delca ...

— Invariantna masa delca :

mc2=\/(ZiEl-)2—(Zi ﬁic>2

Indeks i/ teCe po

Ei:\/(zi miC2)2+(Zi ﬁic)z razpadnih produktih delca!
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Primer (prave) meritve z detektorjem Belle :

SO Observation of Z'(4430) state

PRL 100, 142001(2008

Z(4430)* — Y(2S)Tr": ol

Charged state that decays like charmonium (= charged charmonium-like state)

Br( B"—K-Z*(4430) )xBr( Z*(4430) -1ty )- ( 41+1.0+1.4 ) x 105

T T T LI | L T T T

Necessary ingredients: s o fee
- Histogram — bins of m 30 -

invariant

- Just specific decay modes are used
- Errors from measurements ... !
- Background: ,
- wrong part. identification 10|
- missing particles in reconstr. }

- Wrong combinations/ deCay MOJES e
38 405 43 455 48

- ... OFE: i M(rty’) (GeV/c?)
mmp First serious tetraquark candidate
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Primer (prave) meritve z detektorjem Belle :

SO Observation of Z'(4430) state

PRL 100, 142001(2008
657 BB

Z(4430)* — @(2S)Tr:

Charged state that decays like charmonium (= charged charmonium-like state)

Br( B'—K-Z*(4430) )xBr( Z*(4430)—m*y') = (4.1 £ 1.0 £ 1.4 ) x 10

30 _ D Z (4430)

20

10 |

3.8 4.05 4.3 4.55 4.8
ore ... M(Tl‘ljJ’) (GerCQ)
mmp First serious tetraquark candidate
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Primer (prave) meritve z detektorjem Belle :

SO Observation of Z'(4430) state

PRL 100, 142001(2008
657 BB

Z(4430)* — @(2S)Tr:

Charged state that decays like charmonium (= charged charmonium-like state)
Br( B°—K-Z*(4430) )xBr( Z*(4430) >ty )- ( 41+1.0+1.4 ) x 10

Necessary ingredients:
- Histogram — bins of m o

invar

- Just specific decay modes are used (§
- Errors from measurements ... =
- Background:
- wrong part. identification 10
- missing particles in reconstr. Ty e 0
- wrong combinations/decay motEe il aaii
38 4.05 4.3 4.55 4.8
- wre M(rty ") (GeV/c?)

. Extract the parameters: fitting the data distribution with functions
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Primer komplikacij : razlicni razpadni nacini delcev

Properties of kaons

Commonly
Particle Antiparticle Quark Rest mass decays to
P s ) 16 JPC & & s Mean lifetime (s) 4 y
name symbol content (MeVic?) (>5% of
decays)
+
W +v,or
+ 0
i _ _ . _ g| T AT or
Kaon K us | 4936770016 | 1% 0 (1.2380 £0.0021) x 1078 |, .,
M +T +T0 0or
0 +
m +e +‘u"E
Kaonl2! K’ ds | 4976110013 | % 0 L =
K ds+sd 'IT++'IT_ or
, Self vZ 49761100139 | 14 0- (8.954 +0.004) x 1011 -
Short] ] T+
* ¥
_ m +e +VE0r
K Foil 'ITi+ $+1uf ar
) Self v2 497611 £0.013% | 14 0- (5.116 £0021)x 108 | T, P,y
Long(4! It] T +T +T or
+ 0 =
m +1T +T10
D*+ — DY m+
D*— DO I—
D° - K+m—- / K-m+
Marko Bracko, UM + 1JS Analiza podatkov, IMC2023, 1JS 17




Mozne izboljsave :

Analysis tools: B-meson selection

& Reconstructing B meson
y A - decays at Y(4S):
S nr : use two variables,
" ':_.-'...'.n'.-‘:‘; e beam-constrained mass M, _
-: .5 ':., .. : f (energy-substituted mass m_,)
A% ;-."’. .‘ and
w B - ses | "“”“‘”‘* """‘-‘" L energy difference AE )
M,. (GeV) '- AE (GeV)
i CMS CMS
Gaussian A E: Z Ef ) Ebemn
N
— I( pCMS 2 > CMS\2
I ARGUS fonciion M bV ( L beam) ) ( Z Pi )

M, (GeV)
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Zakljuéek :

Sedaj ste (vsaj v grobem) pripravljeni, da tudi sami
poskusite priti do rezultatov ...

Srecho!

Marko Bracko, UM + [JS Analiza podatkov, IMC2023, 1JS
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