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Metody zkoumani hmoty

= Co jsme schopni zkoumat

Elementary

velikost (“malinkost”)

m Jak (ne)jsme schopni zkoumat stavbu hmoty

<< PhysicalConstants"

StringForm["c = ~° m/s", ScientificForm[c
StringForm["h = °° J.s", ScientificForm[h
StringForm["eV = ~° C", ScientificForm[eV

nano = 10'9;
femto = 10715;
giga = 10°%;
tera = 10%%;

c = 299792458 m/s
h = 6.62607x1073* J.s

eV = 1.60218x107'° ¢C

SpeedOfLight /. {Meter » 1, Second -» 1}]]
PlanckConstant /. {Joule » 1, Second -» 1}]]
ElectronCharge /. Coulomb - 1]]
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A = 500 nano // N;

C
vV i= —;
A
energie := v h;

Grld[{{"l [nm]vv’ "y [THZ]", "E [ev] ", "E [J]"}’

A v energie
{ , , , energie}} , Frame - All]
nano tera evl

A [nm] |v [THz] [ E [eV] E [J]
500. |599.585(2.47968 [3.97289x107*?
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Trocha z historie predstav o stavbé hmoty

= PredRutherfordovské predstavy
= Rutherfordiv experiment (1911)
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= Rutherfordem zjisténa zavislost po€tu dopadlych ¢astic na pozorovacim uhlu

4
1
Manipulate[PolarPlot[ — , {&, k, 7},

sin[ 7]
PlotStyle » Thickness[0.01],
ImageSize » {500, 500},
PlotPoints -» 500,
PolarAxes - True,
PolarGridLines -» Automatic,
PolarTicks -» {"Degrees", Automatic},
PlotRange - All,
PolarAxes - True,

Exclusions -» & == 0] , {{k, 3, "mez"}, 0, w- 0.00001}]

mez [}:

m Dlsledky Rutherfordova experimentu - popreni Thomsonova pudinkového modelu
= Atomové jadro je asi 100 000 krat mensi neZ obal

= V atomovém jadru je koncentrovano asi 95 % hmotnosti atomu
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Dnesni predstava o stavbé hmoty - standardni model
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Principy urychlovacu

= Experiment
= Pokuste se prokazat existenci Higgsova Bossonu v dané hmoté

Co budeme potiebovat?

Musime védét, co vlastné mame hledat (to ovSsem neznamend, ze bokem neobjevime spoustu jinych zajimavych
objektl).

Musime mit urychlovac.

Musime byt schopni udélat kolizi.

Musime mit citlivé detektory.

Cely pokus musime mnohokrit opakovat, pravdépodobnost, ze ¢astici nalezneme je VELMI mala.

= Jak funguje skuteény urychlovaé?

m Fyzikalni vztahy
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m Ukazka

q=0.05;
sol[q ,Ex ,Ey ,Ez ,Bx ,By ,Bz_ ,vx ,vy ,vz ] :=
NDSolve[{Thread[D[{x[t], y[t], z[t]}, t, t] =
q ({Ex, Ey, Ez} + Cross[D[{x[t], y[t], z[t]}, t], {Bx, By, Bz}])], x[0] =0,
y[0] =0, z[0] ==0, x'[0] ==vx, y'[0] ==vy, z'[0] =vz}, {x,y, z}, {t, -55, 55}];
Manipulate[
Bx = BCos[pt[[1]]] Sin[pt[[2]]];

By = BSin[pt[[1]]] Sin[pt[[2]]];

Bz = BCos[pt[[2]]]"

vx = VCos[vpt[[1]]] Sin[vpt[[2]]];

vy = VSin[vpt[[1]]] Sin[vpt[[2]]];

vz = VCos[vpt[[2]]]-

Ex = El1 Cos[ept[[1]]] Sin[ept[[2]]];

Ey = E1 Sin[ept[[1]]] Sin[ept[[2]]];

Ez = E1 Cos[ept[[2]]] ; Show[ParametricPlot3D[

Evaluatee ({x[t], y[t], z[t]} /. sol[q, Ex, Ey, Ez, Bx, By, Bz, vx, vy, vz][[1]]),
{t, -50, 50}, PlotRange -» 10, ImageSize -» {400, 400},
PlotStyle » {Tube[.1l], Orange}, PlotPoints -» 100,
AxesLabel -» {Style["x", Italic], Style["y", Italic], Style["z", Italic]},
Ticks -» None], Graphics3D[{Thick,
Blue, Arrow[{{0, O, 0}, 10 Normalize@ {Bx, By, Bz}}],
Red, Arrow[{{O0, O, 0}, 10 Normalize@ {Ex, Ey, Ez}}],
Green, Arrow[{{0, O, 0}, 10 Normalize@{vx, vy, vz}}]
11,
{{B, 0, Style["Velikost B", RGBColor[.25, .43, .82]]},
0, 10, .01, Appearance - "Labeled", ImageSize - Tiny},
{{pt, {-m, 0}, Style["Smér B", RGBColor[.25, .43, .82]1}, {-=n, 0}, {m, 7w},
ImageSize » Medium}, {{El, 0, Style["Velikost E", Darker[Red, .2]]},
0, 10, .01, Appearance - "Labeled", ImageSize -» Tiny},
{{ept, {-7/2, n/2}, Style["Smér E", Darker[Red, .2]]}, {-m, 0}, {m, 7},
ImageSize » Medium}, {{V, 1, Style["pocateéni v", Darker[Green, .5]]},
0, 5, .01, Appearance -» "Labeled", ImageSize -» Tiny},
{{vpt, {0, w/ 2}, Style["pocatecéni smér", Darker[Green, .5]]},
{-m, 0}, {m, 7}, ImageSize » Medium}, ControlPlacement -» Left,
SaveDefinitions -» True, TrackedSymbols :» {B, E1, ept, pt, V, vpt}]
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Typy urychlovacu

= Linearni urychlovace
= Jednostupnovy

Castice se pouze vystavi siinému elektrostatickému poli, v tomto p¥ipadé z nasobite napéti.
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= Kruhové urychlovace
= Cyklotron

Manipulate[
Show[Graphics3D|[{Lighter[Blue], Table[Arrow[If[Abs[x] = Abs[y] =1, {{.5%, .5y, 1.2},
{.5x%, .5y, 1.8}}, {{.8%, .8y, 1.2}, {.8%x, .8y, 1.8}}11, {x, -1, 1}, {y, -1, 1}1,
Thick, Lighter[Blue], Table[Line[{{x, -.1, 1.2}, {x, .1, 1.2}}],

{x, .05- .1IntegerPart[t] + If[0ddQ[IntegerPart[t]], O, .1], 0.0, .2}],
Table[Line[{{x, -.1, 1.2}, {x, .1, 1.2}}], {x, .15, .1 IntegerPart[t], .2}],
Lighter[Blue], PointSize[.025], Point|

{rCos[6] + If[Mod[r, .2] == .1, 0.05, -.05], rSin[®] + If[Mod[r, .2] == .1, 0.1, -.1],

1.2} /. 6 ->If[Mod[r, .2] == .1, If[.1t-r< .1, n-10xMod[.1¢t, .1], O],
If[.1t-r<.1,2n-10mrMod[.1t, .1], ®]] /. x> .1 IntegerPart[t—lO'lZ]]},

Boxed -» False] , ParametricPlot3D[{Cos[©6], Sin[©] + .1, h}, {6, 0, 7},

{h, 1, 1.2}, Mesh -» False],

ParametricPlot3D[{r Cos[6], rSin[6] + .1, 1.2}, {6, O, 7}, {r, O, 1},

Mesh -» False, PlotStyle » If[Mod[t+ 0.5, 2] > 1, Red, Blue]],
ParametricPlot3D[{Cos[©6], Sin[6] - .1, h}, {6, 3/2n, 27x}, {h, 1, 1.2}, Mesh » False],
ParametricPlot3D[{r Cos[6], rSin[6] - .1, 1.2}, {6, 317/ 2, 27},

{r, 0, 1}, Mesh -» False, PlotStyle » If[Mod[t+ 0.5, 2] > 1, Blue, Red]],
ParametricPlot3D[{r (1+ .2x2/xw (37 /2-6)) Cos[O],

r(l+.2x2/n(3nx/2-06)) Sin[6] -.1, 1.2}, {6, 7w, 37/ 2}, {r, 0, 1}, Mesh -» False,

PlotStyle » If[Mod[t+ 0.5, 2] > 1, Blue, Red]], ParametricPlot3D[

{(1+.2x2/nm7(3n/2-8))Cos[6], (1+.2x2/n(37/2-6)) Sin[6] - .1, h},

{6, n,3/2n}, {h,1, 1.2}, Mesh » False],

Table[ParametricPlot3D[{rCos[e] +If[Mod[r, .2] == .1, 0.05, -.05],
r Sin[6] + If[Mod[r, .2] == .1, 0.1, -.1], 1.2}, {6, If[Mod[r, .2] == .1, &, 2 1],
If[Mod[r, .2] == .1, If[.1t-r< .1, m-107wMod[.1t, .1], O],
If[.1t-r<.1,2mn-10mrMod[.1¢t, .1], n]]}, Mesh » False, PlotStyle -» Thick],
{r, 1, J1t- 10‘12, 1}] , SphericalRegion -» True, ImageSize -» {500, 500}] ,
{{t, 1.5, "Urychleni"}, 1, 11.02, AnimationRate - 0.3}]
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Urychleni aD

= Synchrotron

Kruhovy urychlova¢, ve kterém jsou elektricka a magneticka pole piesné synchronizovana, takze ¢astice se po
celou dobu urychlovani pohybuji s velkou presnosti po prstencové draze uvnitf relativné tenké trubice. To
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umoziuje budovani obrovskych urychlovacl, protoze magnety jsou umistovany pouze kolem trubice. (Na
obrazku Cast urychlovace SPS z
CERNu).
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Urychlovaé€ LHC - zakladni parametry

= Hlavni cile vyzkumu na urychlovaci LHC

= Hlavni parametry urychlovace

= Potiebné technologie https://ab-div.web.cern.ch/ab-div/Publications/LHC-DesignReport.html
m Ultravysoké vakuum

® Velmi silné magnetické pole

m Teploty blizké absolutni nule

m Velmi vykonné vf zesilovace urychlovaciho napéti

nekolik parametri RF urychlovaciho systému: kmitocet 400 MHz, napéti na urychlovaci dutin€¢ 2 MV (4x),
urychlovaci vykon 32 kW (béhem rampu)

m Ultra presné Fizeni veskerych procestu
= Vysoce spolehlivé ochranné systémy

m Pfipravné predurychlovace
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Detektory - princip

dnesni detektory jsou prevazné elektronické nebo optoelektronické

= Dvé hlavni kategorie detektort

m Gtyfi nejvétsi detektory v LHC se skladaji z mnoha typt trackerti a kalorimetrt
= ATLAS (A Toroidal LHC Aparatus)

= ALICE (A Large Ion Colider Experiment )

= LHCb (Large Hadron Colider beauty experiment)

= CMS (Compact Muon Solenoid detector)
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Provoz a dosazené vysledky

= Historické milniky

= Energie a luminozita
= DosaZena energie

= DosaZena luminozita

Druhym neméné diilezZitym parametrem je takzvani luminozita. Ta urcuje jak dlouho bude trvat, nez
budou odhaleny hledané jevy. Pravdépodobnost, Ze se ¢astice v kolizi trefi pfesné tak, jak je potieba, je strasné
mala, proto je potfeba maximalizovat pocet sraZenych Castic za ¢asovou jednotku (svételnost svazku Castic), aby
se to podafilo v rozumné kratkém cCase.
LHC zacalo s velmi malou luminozitou a postupné, jak je systém ¢im dal tim vice optimalizovan, luminozita
téméf exponencialné stoupa.

Cilova maximalni okamzita luminozita je 10* ubarn™! s~!, soudasna 25. 4. 2011 je cca 400 ubarn™! 57!

1 barn = 1072* cm?, 1ubarn = 1073° cm?
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Dékuji za pozornost.
Mate-li dotazy, ptejte se!
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