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Gradniki Narave

« Kaj je najmanjsi
gradnik v naravi?

Do katerega nivoja

lahko snov se
razbijemo?
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Osnovni delci - Standardni model

Particle Zoo 9 CERN & FERMILAB
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Handmade Subatomic Particle Plushies FROM THE STANDARD MODEL OF PHYSICS ¢ beyond!
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Velikosti v vesloju
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http://htwins.net/scale2/index.html

Kako preizkujemo osnovne deldce?

« Z veliko hitrostjo (energijo, gibalno
koli¢ino) zaletavamo delce v delce

« Podobno kot - trk dveh avtomobilov:

(1] Tube)

 Trk dveh delcev:

(1] Tube)
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http://www.youtube.com/watch?v=roLcNwRi1Sk&t=0m45s
https://www.youtube.com/watch?v=G4O3ciWHVdg&t=0m45s

Trkalnik

« Veliki hadronski trkalnik - Large Hadron
Collider (LHC) - najvedji trkalnik delcev
na svetu

+ Pospesimo in trkamo delce (protone)
Energija protonov \
se lahko spremeni tudi

V maso nhovonastalih
delcev
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Trk dveh protonov

« protoni so sestavljeni iz kvarkov in gluonov
« valenéni in “morski” kvarki (sea quarks)

Interactions of constituents of the colliding protons, the so called
partons (quarks, gluons)

proton 1 proton 2

P, ... momentum proton 1 Pparton: ... MOMentum parton 1

Pe; ... momentum proton 2 Prarton: ... momentum parton 2

interaction vertex

g
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Pri neverjetnih energijah




Pri neverjetnih energijah

7 TeV+7 TeV

Odrasla komar¢ica z maso ~2
miligrama

/7TeV=11.2x107]
Yomv2=11.2x107]
v=3.8 km/h
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Kako vidimo delce?

Muon Detectors Electromagnetic Calorimeters

Solenoid .
. Forward Calorimeters

/ = b End Cap Toroid
y

——mmmm

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters
@ Wl J“
L) INTERNATIONAL
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Foton

@& Canvas Window - File: 00005_Exercise2.xml Run: 186156 Event: 33335376

O v AU
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Pljuski (jets)

& Atlantis Canvas

ATLAS
s
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2010-08-05 08:32:23 CEST source0015_JiveXML_160801_504T8465 lumiBleck:346
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Merjenje energije

+ elektron-volt eV 14 TeV = 14 - 102%eV = 14 - 1012 - 1,602 - 10729
* 1eV=1.6 ]O_]g.l 14 TeV = 14-1,602 - 10*-1071% J
- =232, —qpi2+i—19)—qn-7
. TMeV = 1000000eV = e ST
1 06V 14 TeV = 2,243 - 107%]
+ 1GeV = 1 il 6,242 - 10'%el = 6,242 - 10°PeV
= = - ey = . e
1000000000eV = 1,602-1071% ’
10%eV
e 1TeV =
1000000000000eV =
1012eV
L/ ’ =/ N
INTERNATIONAL 1
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Gibalna koliéina

klasi¢no:

Pp=myV

v LHC trkih nastanejo
delci z zelo velikimi

hitrostmi (blizu
svetlobne )

/TeV protoni imajo
v=0,999999991C

moramo uporabiti
relativisticne enacbe

E=G-c)%+ (my - c2)?

2

’ =~J|f® = (mg <)

« cetverec gibalne
koli¢ine:
p* = (E/c,p)

‘%O e VL %
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Masa

 |[nvariantna masa:
my=((E/c?)?-(p/c)?)”

« Razpad v dva delca

plaml

p2’m2

e Gibelna koli¢ina se
ohranja
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 npr.Z > ete-

2 - - 2
@& _ I((EE" + Eg'i‘)) (pe‘ + ps‘*)
mu - .i 2 -
A c

« Z merjenjem gibalnih

koli¢in razpadnih
produktov lahko
doloé¢imo invariantno

maso razpadlega
delca

INTERNATIONAL“‘
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Razpadi bozonov Z

Z 7ivi samo 3 102>s « Mi bomo gledali razpade
0.0000000000000000000000003s v elektrone in mione

Nemogoce ga je
direktno izmeriti
Merimo njegov
razpad (smrt)

/ lahko razpade v 2

leptona ali 2 kvarka
(24 razliénih naéinov)
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Razpadi Higgsovih bozonov

+ 4. julij 2012

 Mnogo razpadnih
nhacinov

« Samo nekateri “dobri”
za meritve, ker se jih
da izlusciti iz ozadja

charm/anti-charm, 2z Wu Z*Z others
3% 13% 0-2% -0-2% 0.6%

tau/anti-tau |/~
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* V ATLAS in CMS

proucujemo razpade
Y

— pare bozonov Z, ki
razpadeta na 2 para
leptonov

— pare fotonov

— pare bozonov W, Ki
razpadeta v 2 nabita
leptona in 2 navtrina

— 2 tauona
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Razpadi Higgsovih bozonov
« V vajah popoldne

bomo obravnavali - l_
samo “najlazje” 1 s - 2

. : :
razpage Vv: 4]

V4

AU
@ Y (i
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Ozadje

« V trkih protonov * Pri razpadu W tudi
nastane ogromno nastane elektron ali
razlicnih delcev pozitron z veliko

+ Dogodke, ki lahko gibalo koli¢ino
izgledajo podobno

kot signal,
imenujemo ozadje
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2010-09-24 08:03:55 CEST source:JiveXML_165632_89305216 HYPATIA

ATLAS

Vizualizacija

v HYPATIA - Track Momenta Window i [+ 12671 129.23 1659 (0233  FINTITETITOIRIUN )
<« > @ B X G2 ATLAS 2010-10-07 21:11:18 PDT source:JiveXML_166466_52240871 HYPATIA

Previous Event  NextEvent InsertElectron  InsertMuon  Delete Track  ReseCan i =
Bia: 0.663 GeV s -0.317 rad  Collection: NET RefFinal

= ans/ xmijuser.maikenp. Zpaih. Bls/JivexML_165632_89305216.xmi|<a /| ©= on oOf%

Reconstructed Tracks

[
H

Track P [Gev Pt [GaV] ® 8
Tracks 1 + ] 46 66 2336 3388
“In(ks 72 3.25 3118 |-0.642 1216

InDetTrack (id: 1 index: 1)
storegate key: Tracks
numHits = 28

d0 = -0.081 + 0.001 em
20 = ~7.900 ¢ 0,007 cm
[20-2Vtx] = 0.0
phi0 = 133.834
n=-07832 0.

59 cm
+ 0.008° (2.336 + 0.000 rad)
001

&

chi2/numDoF = 1.90705
numPixelHits = 3
numSCTHits = 9
numTRTHits = 12

InDetTrack (id: 72 index: 72)
storegate key: Tracks
numHits = 45

d0 = 0.092 + 0.001cm

20 = -7.926 & 0.009 cm

[20-2Vex| = 0.033 cm
phi0 = 323.239 + 0.009°
0.001

(5.642 = 0.000 rad)

numPixelHits = 3
numsCTHits = &

arcode 0
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l[MuonTrack (id: 0 index: 0)

@ HYPATIA - Track Momenta Window L)

< > e
Previous Event  Next Event
ETHis: 0.568 GeV  g: -0.573 rad

Reconstructed Tracks

Insert Electron In:
Collection: MET RefFinal
i isterClass/zpath/Mus /jiveXML_166466_5224087Lxmi|<a/] ©= ofi ofy

rt Muon  Delet(

P [GeV]
a2
161.66
131
1.06

120
147

Tracks 11 I 119
Tracks 15 [T 269
Tracks 17 | la16
Tracks 24

HYPATIA - Control Window
Interaction and Window Control |
Parameter Control

storegate key: StacoTrackParticles
do = 0.015 cm

20 =
120-2Vtx]| = 3.583 cm
72.031° (1.257 rad)

P
chi2/numDoF = 0.84251183

MuonTrack (id: 1 index: 1)
storegate key: StacoTrackParticles
d

e o
phi0 = 264.941° (4.624 rad)
n=2146
tw 217

p =130.39 Gev
chi2/numDoF = 0.8426325
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Vizualizacija

File Name | ETMis [Gev] | P[GeV] | +/- Pt[GeV] | n | M@)[Gev] | M) [GeV]

|___efmsg

*YY

8006 Canvas Window - File: event034.xml Run: 185649 Event: 1770324

)
event013.xml 13.073 Object 0 49.0 48.7 0.115 110.062
Object 1 67.3 54.2 -0.683

4 800 HYPATIA - Track Momenta Window
/ / < > Y X O
| Previous Event  Next Event Photon  Delete Track  Reset
ETWis: 13.073 Gev (1 5.120 rad __ Collection: MET_Refrimal
[ |events/group04.zip/event0 13.xml ‘q: & o= of} o

Tracks Physics Objects

P [GeV] Pt [GeV]

HYP - Control Window
and Window Control | Output Display

ontrol |

Objects |* Geometry

Value wm

> 5.0 Gev =]

< (2.5 mm =

< [20.0 cm _
[]1d0 Loose| <|2.0em
] |20-2vtx| < |25 mm
[ Layer > o b
[ Number Pixel Hits 3 o
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8006 Canvas Window - File: event034.xm| Run: 185649 Event: 1770324

Pt [GeV] @ M@) [GeV] | M) [GeV] ¢
.0 1.567 87551 e
-1.602 e
-0.697 0.368 e
-0.760 e

{YPATIA - Track Momenta Window

<@ X @
Previous Event  Next Event Photon  Delete Track  Reset Can|
EmMis: 18.336 GeV___ (¢ 2.826 rad __Colloction: MET RefFinal
[H‘Eventxr‘gmupﬂfl 2ip Jevent034.xml [@[»] e~ ot o
Tracks Physics Objects
Track [ PiGevi [ pricevi | @ I )
Object 0 1119.49 145.71 -1.125 10.393
147.46 l4a1.82 2.142 1.079

C

{YPATIA - Control Window

[ Parameter Control | Interaction and Window Control | Output Display |

2\ an"

25

R
[]1d0 Loose|
[1z0-2vex| < [2.5 mm
[Jiayer > o b
umber Pixel Hits >=3 -
== -
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Vizualizacija

e // - eeee

File Name ETMis [GeV] Track PiGev] [ +/-| PtiGev] v n [ M@ (Gev] [ M) [Gev) e/m/g File View Histograms Preferences Help
event0 15 xml 8.258 z [91.056 ELLLUL E File Name. ETMis [GeV] Track +/- Pr [Gev] M2) [Gev] M(4) [GeV] e/m/g
vent006.xml 8.495 Tracks 1 + 42.8 1.100 89.939 229.736 e
[Tracks 59 - 43.7 0.505 e
[Tracks 6 + 20.0 0.594 87.551 e
Tracks 12 - -1.423 e
Previous Event  Next Event Electron  Muon  Ph Delete Track  Reset Canvas < > s
ETHis: 8.258 GeV  : 0.541 rad  Collection: MET RefFimal
0 Previous Event Next Event  Electron Muon P Delete Track Reset Car
bl‘E\'EﬂtmmuvD“l‘DFEVE"m15'xm‘ [«[® o~ ot o ETMis: 8.495 GeV @1 0.537 rad _ Collection: MET Reffinal
Tracks I Physics Objects | [i|events/group04 zip /event006.xmi <9 o= on o
Track +/- P [GeV] Pt [Gev] @ ] Tracks I Physics Objects |
o2 * R e i, 3 Track +-|__Plcev) PLGev] ® o
> - s - + |7l,4l 80 0.691 0.643
racks 11 + 67.65 44. 0.154 41 T 23.58 95 1.567 1.009
racks 72 - 35.46 3s. -2.835 .54 . AT o T3 602 868
[Tracks 59 = 49.43 .73 -2.245 1.086
{YPATIA - Control Window
Parameter Control | Interaction and Window Control | Output Display |
Objects | Geometry
oo
bt {YPATIA - Control Window
MuonDet > [12.0 Gev e Parameter Control | Interaction and Window Control | Output Display
< (2.5 mm = Objects | Geometry
§3]20-0 cm Name Value ]
[]1d0 Loose| < [2.0cm > [5.0 Gev =
[]1z0-zvex] <|2.5 mm ) < [2.5 mm
[ Layer > [0 - < {200 em 0 |
=
T jav Loose |20 o [11d0 Loose| <|2.0m
[ 20-2Vax| < [2.5 mm & [11z0-2vex| <25 mm s
[ Layer > o [[Layer >0
| Number Pixel Hits >=3 | ] Number Pixel Hits >=[2 ||
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