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Anotacia

OPS pojednava o realizovanych exkurziach na Slovensku avzahranic¢i s fyzikalno-
biologickom zameranim s ndzvom Od srdca hmoty k hmote srdca. Pontikam skusenosti s
pripravou, realizaciou a ukonc¢enim exkurzii zameranych na vedecky vyskum v oblasti
fyziky abiolégie nielen na Slovensku ale aj vzahrani¢i (OLV nemocnica v Aalste,
Belgicko, EMBL v Heidelbergu, Nemecko ¢i CERN, §Vajéiarsko). Na Slovensku mam
skusenost' s realizaciou fyzikalne zameranych exkurzii do astronomického observatoéria
na Lomnickom Stite, v Starej Lesnej CiHvezdarne a planetaria v PreSove, .aplikaciou
projektu SKALTA na Prirodovedeckej fakulte UP]S v Kosiciach. Na podporu biolégie boli
zorganizované exkurzie do Specializovanych pracovisk v KoSiciach (Vychodoslovensky
ustav srdcovych a cievnych choréb) a do hyperbarickej komory v Presove.
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UvoD

Podl'a Statneho vzdelavacieho programu pre vysSie sekundarne vzdeldvanie (ISCED
3A)vo vzdelavacej oblasti Clovek a priroda ma $kola Ziakom sprostredkovat’ poznanie,
Ze neexistuju bariéry medzi jednotlivymi Uroviami organizacie prirody a odhal'ovanie
jej zakonitosti je mozné len prostrednictvom koordinovanej spoluprace vSetkych

prirodovednych odborov.

V nasej OPS prepajam dva prirodovedné predmety - fyziku a bioldgiu gymnazia pod
nazvom 0Od srdca hmoty k hmote srdca, kde biologia predstavuje c¢ast ,hmota srdca“ a
,srdce hmoty“ zahfna fyziku. PrinaSam pre Ziakov zaujimavi organizacni formu

v biologii i fyzike - exkurziu.

Snahou je umoznit Ziakom formou exkurzie spristupnit kontakt s najmodernejSou

vedou a lekarskym vyskumom na vychode Slovenska i v Eurépe.

Expedicie samotné vyZzaduju starostlivo planovanie z hladiska logistiky, formatu a
velkym doérazom je potrebné klast na obsah. VOPS sa spomina exkurziu do srdca
vedeckého vyskumu v Eurépe v CERNe (Eurépska organizacia pre jadrovy vyskum) a aj
do oblasti zdravotnickej techniky v oblasti srdcovych operacii v kardiovaskularnom
centre OLV vbelgickom Aalste. Realizované expedicie na Slovensku i v zahranici
umoznuju stretnutie sredlnymi vedcami ¢i s pacientmi so srdcovo-cievnymi

problémami.

Vyucovacie metddy, ktoré sa podielali na priprave a uskutocniovani expedicie,
podporuju aktivnu ucast ziakov, socidlnu interakciu nielen medzi Ziakmi samotnymi, ale
aj medzi Ziakmi a vedeckymi pracovnikmi. Sucastou kazdej exkurzie je aj Ziacka
konferencia, na ktorej timy ziakov prezentuju svoje vyskumy o danych témach v

anglickom jazyku, ktory je komunika¢nym jazykom vedcov.

Hlavnymi témami, ktorymi sa realizované exkurzie zaoberali, bolo nielen vzbudzovat
zvedavost mladych l'udi v oblasti hmoty (fyzika) a tela (biolégia), ale aj poukazat na

zmysel pre I'udskd rovnost a demokraciu a vzajomnu toleranciu.



OPS je rozdelena do piatich kapitol, ktoré sa venujui obsahu vzdelavacej oblasti Clovek
apriroda vISCED 3A, metodickej priprave exkurzie vo vSeobecnosti a nasledne
realizovanym exkurziam na Slovensku a v zahranici sledujic tému fyzikalno-biologicku
Od srdca hmoty k hmote srdca. V zaverecnej kapitole prindSam ukazky z pracovnych

listov a odborné aktivity Ziakov, ktoré boli spojené s obsahom exkurzii.



1 VZDELAVACIA OBLAST CLOVEK A PRIRODA

Zakladnou charakteristikou vzdelavacej oblasti Clovek a priroda je hl'adanie zakonitych
suvislosti medzi pozorovanymi vlastnostami prirodnych objektov a procesov, ktoré nas
obklopuju v kazdodennom Zivote. Porozumenie podstate javov a procesov si vyZaduje
interdisciplinarny pristup, a tym aj uzku spolupracu jednotlivych prirodovednych
odborov. Vzdelavacia oblast Clovek a priroda ma preto Ziakom sprostredkovat
poznanie, Ze neexistuju bariéry medzi jednotlivymi uroviiami organizacie prirody a
odhal'ovanie jej zakonitosti je mozZné len prostrednictvom koordinovanej spoluprace
vSetkych prirodovednych odborov s vyuzitim digitalnych technoldgii.

Celkovy ciel' vzdelavacej oblasti je dat’ Ziakom zaklady prirodovednej gramotnosti, ktora
im umozni robit prirodovedne podloZené usudky a vediet pouzit ziskané operacné
vedomosti na Uispesné rieSenie problémov tak, aby zZiak bol schopny:

- porozumiet prirodnym aspektom vplyvajicim na Zivot Cloveka a vediet vysvetlit
prirodné javy vo svojom okoli;

- osvojit si niektoré zakladné pojmy, zakony a met6dy prirodnych vied;

- osvojit si zakladné postupy, ktorymi prirodné vedy ziskavaji nové poznatky;

- vediet' ziskavat informacie o prirode a jej zlozkdch prostrednictvom vlastnych
pozorovani a experimentov v laboratoriu a v prirode;

- docielit' schopnost pracovat s grafmi, tabul'kami, schémami, obrazkami, nacrtmi,
mapami;

- vediet vyuZivat digitdlne technolégie pri vyhodnocovani a spracovani ziskanych
udajov;

- vytvarat' si vlastny usudok o tych aspektoch prirodovednych poznatkov, ktoré su
dolezité pre Zivot spolo¢nosti.“ (SPU, 2009)

Vzdelavaciu oblast’ Clovek a priroda tvoria predmety biolégia, fyzika a chémia. V nasej
praci sa zameriame na prepojenie fyziky a bioldgie.

Statny vzdelavaci program ISCED 3A - Vys$Sie sekundarne vzdelavanie charakterizuje
bioldgiu ako predmet, ktory poskytne Ziakom zakladné poznatky o Zivej a nezivej
prirode, ako predpokladu formovania prirodovednej gramotnosti. Biolégia pomaha
pochopit fungovanie prirody ako celku a poukazuje na dolezitost citlivého vztahu
k celému svetu.

Na dosiahnutie ciel'a v bioldgii uplatiiujeme vhodnejSie metddy, formy a prostriedky.



Ciele v biolégii st podl'a SPU (2009) formulované takto:

1. Formovat ucelenu predstavu o rozmanitosti a jednote Zivej prirody, o javoch a
procesoch, ktoré v nej prebiehaji, o zakonitostiach, ktorymi sa riadia vSetky Zivé

organizmy.
2. Poznavat prakticky vyznam zivych organizmov pre Zivot Cloveka.
3. Poskytnut poznatky o fungovani I'udského tela ako celostného systému.
4. Rozvijat zrucnosti pri praci v teréne a v prirodovednom laboratoriu.

5. Rozvijat schopnosti a zrucnosti pri rieSeni tloh a Skolskych projektov najma v

oblasti ochrany Zivej prirody a zdravia €loveka (samostatne alebo v skupinach).

Statny vzdelavaci program ISCED 3A - vyssie sekundarne vzdelavanie charakterizuje
fyziku ako predmet, ktory umozni Ziakom hl'adat zakonitych suvislosti medzi
pozorovanymi vlastnostami prirodnych objektov ajavov, Kktoré ndas obklopuja
v kazdodennom Zivote. Porozumenie podstate javov aprocesov si vyZaduje
interdisciplinarny pristup. V procese vzdeldvania sa ma Zziakom sprostredkovat
poznanie, Ze neexistuju bariéry medzi jednotlivymi drovilami organizacie prirody
a odhal'ovanie jej zakonitosti je mozné len prostrednictvom koordinovanej spoluprace
vSetkych prirodovednych odborov, aj s vyuzitim digitalnych technoldgii.

Okrem objavovania a osvojovania si novych poznatkov arozvijania kompetencii
fyzikalne vzdelavanie poskytne Ziakovi moznost ziskania informécii o tom, ako suvisi
rozvoj prirodnych vied srozvojom techniky, technoldégii aso spésobom Zivota
spolo¢nosti. Vyuéba fyziky v ramci prirodovedného vzdeldvania ma u Ziakov prehibit’ aj
hodnotové a moralne aspekty vychovy, ku ktorym patria predovSetkym objektivita
a pravdivost’ poznania. Ziak prostrednictvom fyzikalneho vzdelavania ziska vedomosti
na pochopenie vedeckych idei a postupov potrebnych pre osobné rozhodnutia, na acast
v obcianskych a kultirnych zalezitostiach a da mu schopnost zmysluplne sa stavat
k lokdlnym a globalnym zalezitostiam, ako zdravie, Zivotné prostredie, nova technika,
odpady a podobne. Ziak by mal byt schopny pochopit kultirne, spolo¢enské a historické
vplyvy na rozvoj vedy, uvaZzovat nad medzinarodnou povahou vedy a vztahoch

s technikou.



2 EXKURZIA AKO ORGANIZACNA FORMA

Pojem organizac¢na forma je v didaktike vysvetl'ovany rozne. Turek (2002, s.195) uvadza
definiciu organizacnej formy podla ] Velikanica ako “organiza¢né usporiadanie
podmienok vyucovania na realizovanie obsahu vyucovania pri uplatiiovani jednej alebo
viacerych metdd vyucovania, vhodnych u¢ebnych pomocok a didaktickych prostriedkov
a pri reSpektovani didaktickych principov*.

Organizacné formy delime:

1. podl'a poctu Ziakov na vyu€ovacom procese:

e individualne (jeden ucitel a jeden Ziak)
e hromadné (jeden ucitel a viac ziakov)

e zmieSané
2. podl'a miesta realizacie vyucCovacieho procesu:

o Skolské (vyucovacia hodina v triede, v odbornej ucebni, v laboratériu)

e mimoskolské (exkurzia, vychadzka)
3. podl'a stupna samostatnosti prace Ziakov vo vyu¢ovacom procese tzv. socialne:

e individualna praca Ziakov
e skupinova praca ziakov(trieda sa delia na 6 aZ 8 skupin po 4-5 Ziakov)

e frontalna praca Ziakov (Turek, 2002, s.195 -203)

V pedagogickej praxi pouzivame vyucovaciu hodinu ako zakladnu organiza¢nu jednotku
triedno-hodinového systému pri priprave exkurzie. Zaujimavou organiza¢nou formou
v biolégii i fyzike je vychadzka a exkurzia.

Vychadzka je organizacna forma, ktora sa liSi od exkurzie. Je ¢asovo dostupnejsia.
Spravidla sa realizuje v blizkom okoli Skoly, ma kratSiu ¢asovi dotaciu. Podl'a Pavika
pod pojmom vychadzka rozumieme kratke vyucovanie v okoli Skoly alebo v prirode
v blizkom okoli. Exkurzia sa odohrava tieZ v prirode alebo v zavodoch, ale uZ vo vacsich
vzdialenostiach od skoly.

Vychadzka sa organizuje v blizkosti Skoly (do parku, k rybniku, na pole a podobne), je
spravidla c¢asovo kratSia (len vynimocne niekolko hodinova) aumozinuje Zziakom

bezprostredne poznavat a pozorovat predmety a javy, ktoré maju prispiet k vytvaraniu



spravnych predstav a vedomosti. Exkurzia plni tie isté ulohy ako vychadza, len treba
dbat’ na vacsiu ¢asovu pripravu, najma ak ide o exkurzie do institucii (Petlak, 1997,
s.270).

,ExKkurzia je mimoskolska organizac¢na forma vyucovacieho procesu. Umoziuje Ziakom
poznat predmety, javy, aprocesy priamo vpdvodnom prostredi a v typickych
podmienkach.“(Turek, 2010, s.298).

Kritéria delenia exkurzii v didaktickej literatire si mnohé. Tolmaci a kol. (2008) triedi

exkurzie takto:

1 Kritérium umiestnenia vo vyucovacom procese
e uvodné exkurzie - na nich ziskané poznatky, skisenosti a u¢ebny material
vyuzivame na l'ahSie spristupnenie nového uciva v nasledujicich vyucovacich
hodinach
e zavere(né exkurzie - slizia na overovanie teoretickych poznatkov, tvorba

zaverov a zovSeobecnenie uciva
2. Kritérium vztahu k obsahu uéiva

e tematické exkurzie - si zamerané na ziskavanie poznatkov jedného uciva alebo
uzko vymedzeného problému

e komplexné exkurzie - komplexné jednopredmetové exkurzie si zamerané na
ziskavanie vedomosti z jedného predmetu a komplexné viacpredmetové exkurzie

(medzipredmetové) sii zamerané na niekol'’ko vyucovacich predmetov

3. Kritérium prostredia

terénne exkurzie v prirodnom prostredi - exkurzie do lesa, prirodnej rezervacie,

naucného chodnika, k rieke, rybniku

e exkurzie do vyrobnych podnikov - realizuji sa v spolupraci s majitelom
inStitucie

e exkurzie do kultirnych institucif - zoologické zahrady, muze4, botanické zahrady

e exkurzie riadené na dialku - pri tychto exkurzidch st Studenti rozdeleni na

skupinu, ktora pracuje v triede a skupinu, ktora pracuje v teréne. Obe skupiny sa

dorozumievaju pomocou digitalnych technologii.
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4. Kritérium ¢asového rozsahu

e Vychadzky maju ¢asovy rozsah maximalne 2-3 vyucovacie hodiny.
e Exkurzie kratkotrvajuce maju 1-2 dni. Ak je viacdniova hovorime o dlhotrvajucej

exkurzii.

NezadrZatelny technologicky vyvoj priniesol so sebou systém zobrazovania, ktory dostal
pomenovanie virtualna prehliadka (virtual tour )- systém, ktory ma schopnost
preniest navstevnika do zvolenej lokality, dat mu moZnost’ ,na vlastné oci“ si prezriet
predtym nenavstivené miesta, ,poprechadzat sa“ po najvysSich vrcholoch nasich hor,
muzedch ¢i v popularizacnych vedeckych centrach.

Biologické  virtudlne  prehliadky = moZno  realizovat cez  portdl napr.
http://www.slovakia3d.sk/ ¢i http://www.virtualtravel.sk/. Zfyziky je pre Ziakov
zaujimava virtualna prehliadka napr. CERNu (http://Ink.sk/tFn) ¢i inych laboratérii,
napr. Princeton Plasma Physics Laboratory (http://www.pppl.gov/about/virtual-tour).
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3 METODICKA PRiPRAVA EXKURZIE

3.1 Metddy a zasady vyuZivané v exkurzii
K najcastejsie pouZivanym vyucovacim metédam pri tvorbe a realizacii exkurzie patria :

¢ monologické metddy - rozpravanie, opis, vysvetl'ovanie

e dialogické metddy - rozhovor

e autodidaktické metddy - praca s literarnymi zdrojmi, praca s u¢ebnicou, praca
s kl'i¢om, atlasom, s pocitaCom, praca s pracovnym listom

e problémové metdédy -pozorovanie bezprostredné (zivé prirodniny, preparaty-

pozorovanie sprostredkované (napr. film, obraz, nakres)

Metodicka priprava exkurzie je ¢asovo naroc¢na. Spociva v priprave ucitela, priprave
ziaka. Po tejto pripravnej faze nasleduje vlastna realizacia a zhodnotenie vysledkov
exkurzie.

Zasady vyuzivané v exkurzii

e zasada vedeckosti

e zasada primeranosti

e zasada nazornosti

e zasada spojenia teorie so zivotom
e zasada sustavnosti a postupnosti
e zasada aktivnej UCasti Ziaka

e zasada vychovného vyucovania

e zasada individualneho pristupu
3.2 Priprava ucitel'a a Ziaka

Priprava ucitela je naro¢na, ucitel navrhne zaradit exkurziu do ro¢ného planu Skoly
a predmetu (miesto, datum konania, ¢asovy rozsah).K realizacii je potrebny suhlas
riaditela Skoly asamotny terénny prieskum ucitela, pri ktorom zistime, ¢o sa da
pozorovat na trase, ziskame potrebné povolenie, zabezpelime pripadne sprievodcu
a bezpecCnost. Navrhneme vhodny druh dopravy (autobus, vlak, objednavka, pesi
presun), ubytovanie, poistenie, financny rozpocet, oslovime aj dalSieho kolegu ako

pedagogicky dozor. Nezabudneme na zdravotny stav zZiakov, metodické a materialne
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zabezpecenie, napisat a dat’ potvrdit navrh na Skolskd akciu, zoznam Ziakov (pozor -
pracujeme s osobnymi ddajmi Ziakov).

Plan exkurzie umiestneny na nastenke pripadne webstranke Skoly slizi ako vhodna
motivacia pre Ziaka a informadcia pre rodi¢a (Kimakova,2008).

Z pedagogickej praxe je zrejmé, Ze tato priprava je casovo, odborne a metodicky vel'mi
dolezita.

Podcefovat netreba ani pripravu Ziaka. Ziakov pripravujeme postupne:

e motivacia a informacia o cieli a mieste exkurzie

e poucenie ziakov ospravani sa podla Skolského poriadku, o dodrziavani
Skolského poriadku, o mieste a hodine odchodu a navratu, o sp6sobe prepravy,
vhodnom odeve, obuvi

e bliZzsia informacia o finan¢nych nakladoch, stravovani, ubytovani, o potrebe
priniest si pisacie pomd6cky, poznamkovy zoSit, mapy, atlasy, fyzikalne tabul'ky

e teoretickd priprava - ucitel' zopakuje tému, zaradi Studentov do skupin, zada

ulohy, na ktorych budu pocas exkurzie pracovat

Pripravu Ziakov usmeriiuje atrpezlivo vysvetluje ucitel. Ucitel' pripravi pre ziaka

pisomne vyssie uvedent pripravu k nahliadnutiu a podpisu pre rodica.
3.3  Realizacia exkurzie

Po d6slednej priprave ucitel'a a priprave Ziaka nasleduje samotna realizacia exkurzie.

1. Praca pred nastupom na trasu - ucitel vykona kontrolu Ziakov a materialneho
zabezpecenia. Znovu v ivodnom rozhovore zopakuje ciel a tlohy, ktoré maju Ziaci plnit
pri samotnej praktickej ¢innosti na trase.

2. Vlastnda cast exkurzie sucitelom resp. sprievodcom casto vyuzZiva metédu
informacno-receptivnu (pozorovanie, vyklad, demonstrovanie).Vyklad ma byt strucny,
vystizny a zrozumitel'ny pre vetkych. Ulohou ucitela na trase je podnecovat zvedavost,
poukazovat na zaujimavé momenty, objekty a pytat sa a odpovedat Ziakom. Popritom
nesmie zabudndt na bezpelnostné predpisy ana to, aby Ziaci zbierali podklady na
rieSenie zadanych uloh, pracovnych listov, robili si poznamky, nacrty. Ucitel’ nezabuda,

v e

Ze Ulohy rieSia Ziaci, nie on za nich.
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3. Na zaver exkurzie ucitel beseduje so Ziakmi .Zhodnoti klady a zdpory exkurzie,
skontroluje splnenie tloh Ziakmi.(Turek, 2010, s. 299). M6Ze navrhnut termin a sposob

odovzdania zadanych dloh aj vinom ¢asovom horizonte.
3.4 Zhodnotenie a vyuzitie vysledkov exkurzie

Podl'a Tureka na dalSich vyucovacich hodinach (v Skole) sa zhodnoti prinos exkurzie,
prehibia sa a zhodnotia ziskane poznatky, vyhodnotia sa jednotlivé tlohy.

Zadané ulohy Ziaci spracuju zadanou formou, napr. ako pocitacové prezentacie, referaty,
nastenky. Ziaci moZu pripravit vystavku fotografii, prirodnin, informaénych brozur,
pripravit prispevok do S$kolského rozhlasu ¢i casopisu, pozvat na besedu inych
spoluZiakov.

Vyuzitie vysledkov prace ziakov je vhodné pouzit v inych predmetoch ako si napr.
geografia, environmentalna vychova, dejepis, eticka vychova. Je vhodné klast déraz na
vyuzitie vysledkov exkurzie, na spojenie teérie s praxou, aby Zziaci nevnimali tdto
mimoskolskd formu vzdeldvania len ako ,vylet“. Vzdelavanie Ziaka pocas exkurzie
chapeme ako priamy prinos exkurzie.

Cielom exkurzie je vzdelavat Ziaka a zaroven vychovavat. Vychovny aspekt je zasa
nepriamym prinosom exkurzie. Ziaci st ntteni plnit’ si zakladné povinnosti, ktoré st im
zadavané na exkurzii. Musia sa prisposobovat praci v skupine, naucia sa reSpektovat’
vztahy v skupine spoluziakov, ucitel'a ¢i sprievodcu. Exkurzia ma Siroké moZnosti, ako
vychovavat Ziakov k estetickému citeniu. U¢ime Ziakov vSimat si prirodné krasy,
fungovanie technickych pamiatok, technologické postupy vyroby, krasy historickych

objektov ¢i krasu miestneho regiénu.
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4 OD HMOTY SRDCA K SRDCU HMOTY

4.1 ExKkurzie na vychode Slovenska

V nasledujucom texte popiSem realizované exkurzie, ktoré zZiakom pribliZili hmotu srdca
(bioldgia) a srdce hmoty (fyzika).

Na Slovensku Ziaci postupne navstivili najvyssie poloZené astronomické observatérium
na Lomnickom Stite a v Starej Lesnej, v KoSiciach analyzovali na Prirodovedeckej fakulte
UPJS vysledky projektu SKALTA (detektor sekundarnych spr$ok kozmického Ziarenia,
http://astronomy.science.upjs.sk/skalta/). VyuZzili sme aj prednasky vo Hvezdarni a
planetariu v PreSove (http://www.astropresov.sk/). Na podporu biolégie sa Ziaci
zoznamili so Specializovanymi pracoviskami Vychodoslovenského ustavu srdcovych a
cievnych chorob (http://www.vusch.sk/) a navstivili hyperbaricki komoru v Presove
(http://www.hyperbarickecentrum.sk/).

Astronomické observatorium na Lomnickom Stite a v Starej Lesnej

Exkurzia na Lomnicky S$tit odporicam zacat skoro rano, napr. o 6:00. Je potrebné
zabezpecit transport (autobus, vlak) do Tatranskej Lomnice alebo do Starého Smokovca.
Vol'ba trasy zavisi od poveternostnych podmienok, od finan¢nych moZnosti, pre akych a
kol'’kych Ziakov je exkurzia organizovana.

Pre fyzicky zdatnych Ziakov odporucam trasu od Zeleznic¢nej stanice v Starom Smokovci
(1010m) po chodniku so zelenymi turistickymi znackami smerom na Hrebienok (1285
m), kde sa napojime na Tatransku magistralu a aZ po Skalnaté pleso budeme sledovat
Cervené turistické znacky (0930) a znacky naucného turistického chodnika Skalnaté
pleso - Hrebienok.

Druhou moZnostou je zacat cestu na Lomnicky Stit z Tatranskej Lomnice lanovkou na
Skalnaté Pleso.

Zo Skalnatého Plesa je potrebné dopredu objednat’ a zaplatit’ lanovku po 12 I'udi na az
Lomnického Stitu. V pripade nepriaznivého pocasia st listky na lanovku stornované.

Na Lomnickom Stite je moZnost absolvovat vyhliadku ale aj odbornud prednasku
pracovnikov astronomického observatoria napr o skimani slnecnej atmosféry na
observatdriu na Lomnickom Stite: akymi spo6sobmi pozoruju astronémovia slnecnu
kordnu a preco je dolezité ju skiamat. BliZSie o kozmickom Ziareni, ktorého zdrojom je aj

SInko, sa Ziaci oboznamia v Kosiciach na Prirodovedeckej fakulte UPJS (PF UPJS).
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Po obede je mozné pokracovat autobusom do observatéria Slovenskej akadémie vied v

Starej Lesnej, kde odborni pracovnici pripravia kvalitné prednasky napr. o Slnku.
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Obrazok 1 Pesia trasa Stary Smokovec - Skalnaté Pleso - Tatranska Lomnica
Pramen: http://www.vysoketatry.com/chodniky/vt20/vt20p.jpg

Prednasky aj diskusie su vel'mi obohacujuce, napr. o existencii slne¢nych cyklov alebo na
¢o sa orientuje moderny vyskum Slnka na Slovensku. Pre Ziakov je inSpirujuce, Ze
predndasky robia realni vedci, ktori im pribliZia aj svoju pracu.

Projekt SKALTA na PF UPJS v Kosiciach

Projekt SKALTA (SlovaKiAn Large-area Time coincidence Array) je detektor
sekundarnych sprsok kozmického Ziarenia. Je identicky so systémom CZELTA (CZEch
Large-area Time coincidence Array)
projektu Ustavu  experimentalnej a
aplikovanej fyziky CVUT v Prahe. Ciel'mi
projektu je vytvorit relativne riedku siet
detekénych stanic, ktoré budu
umiestnené prevazne na strechach
vybranych strednych $kél a univerzit

v Eurépe a detekéné stanice deteguju

spfsky sekundarneho kozmického
2iarenia S minimélnou energiou ObréZOk 2 Detektor SKALTA na StFEChe UP]S

v KoSiciach
primarnej Castice 100 TeV. V KoSiciach je

umiestneny na  streche  budovy Pramen: vlastny archiv
Prirodovedeckej fakulty UPJS.
Detektor SKALTA je plne funkény od oktébra 2010. Detektor predstavuje vyznamné

zlepSenie technickej infrastruktiry kozmického vyskumu na UPJ]S. UmoZiiuje $tudovat’
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vysoko-energetické castice, ktorych energia prevySuje energiu, ktord sme schopni
dosiahnut’ aj na najvykonnejsich pozemskych urychl'ovacoch c¢astic (napr. LHC). Stanicu
tvoria: detektorova Cast, GPS, ovladacia elektronika, riadiaci pocitac.

Na Ustave fyzikalnych vied PF UPJS pod dohladom RNDr. Mareka Bombaru, PhD. je
mozné ozrejmit Ziakom pracu casticovych fyzikov. V ramci medzinarodného projektu s
detektorom SKALTA je mozZné analyzovat redlne vedecké data zozbierané v ramci
projektu anasledne Ziacke zistenia prezentovat pred ostatnymi Ziakmi a ucitel'mi
a diskutovat' o nich. Ziaci mdéZu porovnavat’ spfky sekundarneho kozmického Ziarenia s
minimalnou energiou primarnej cCastice 100 TeV, ktoré dopadnu na detektory
umiestnené na streche univerzity v noci a cez den. Pracuje sa v skupinach a doblezitou
sucastou nasho cvicenia je nutnost’ efektivnej
delby prace vramci timu. Ziaci potvrdzuju

alebo vyvracaju viacero hypotéz, napr.:

1. Slnko ovplyvnuje mnozstvo
kozmického Ziarenia zachyteného

detektorom SKALTA.

2. Mnozstvo zachyteného kozmického

Ziarenia cez den (od 9:00 do 15:00) je Obrazok 3 Prezentovanie vysledkov
Ziakmi v ramci dulohy, ako vplyva
sekundarne kozmické Ziarenie na
3:00). pocasie

vysSie ako zachytené v noci (21:00 do

. . D .1 Pramen: vlastny archiv
Ziaci na konci exkurzie zistia, Ze kozmické y

Ziarenie vysokych energii nepochadza zo Slnka, Ze pocet sprSok mierne vplyva na nase
pocasie. Ziaci za $tyri hodiny skusia pracu realnych vedcov, kde sa zozndmia s metédami
analyzy dat, analyzuju redlne ziskané data, spracuju vysledky a prezentuju ich v ramci

Ziackej konferencie pred spoluZiakmi a vedcami.

Hvezdaren a planetarium v PreSove

Z fyzikalneho hl'adiska pre analyzu srdca hmoty je vhodna exkurzia aj do hvezdarne.
Hlavnou ulohou Specializovaného zariadenia je popularizacia astronémie v
podmienkach mestskej infrastruktiry, s regiondlnym dosahom na mnoZstvo cielovych
skupin. Pontka vecerné pozorovania s hlavnym dalekohladom Coude-refraktora

(kIicového pristroja v  odborno-pozorovatel'skej oblasti pozorovani Slnka)
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umiestneného v kupole pozorovatelne a na vyuzivanie prenosnych pozorovacich
d'alekohl'adov na terase planetaria. Ziaci mézu absolvovat naucny audiovizualny
program pod umelou hviezdnou oblohou o tom, ¢o vSetko moZno pozorovat na oblohe

po zapade Slnka z viacerych vynimoc¢nych oblasti Zeme.

VUSCCH v Kosiciach

Vo Vychodoslovenskom tstave srdcovo-cievnych choréb (VUSCCH) je moZnost
dohodnut odborné prednasky o srdcovych chorobach aich lieCeni. Za hodinu a pol
z hmoty srdca (biologie) sa ziaci maju
moznost dozvediet o histérii a manazmente
kardiovaskularnych choréb na
srdcovocievnom oddeleni vo VUSCCH ¢&i
o intervencnej terapii srdcovej arytmie.

V dobre vybavenej kongresovej sale lekari

komentuja vlastné zaznamy z operdcii srdca.
Obrazok 4 Prednaska vo VUSCH o Ziaci maji moZnost vmensich skupinach
operdcii srdcovej arytmie absolvovat prehliadku ustavu a vidiet

Pramefi: vlastny archiv Spickovo vybavené pracoviska s kvalitnym

personalom.

Hyperbaricka komora v Presove

Liecba hyperbarickym kyslikom je znama
od roku 1662, ale zvySeny zaujem vznikol
len pred 40 rokmi. Pocas pobytu pacienta
v hyperbarickej komore, pri dychani
Cistého medicinalneho kyslika, sa tento
pomaly rozpusta v krvnej plazme. Tak ako
stipa tlak v komore, tak stupa aj

mnozstvo rozpusteného kyslika v krvnej

plazme. V komore teda neprenasaju

Obrdzok 5 Ziatka v jednomiestne; kyslik v tele pacienta len ¢ervené krvinky,
hyperbarickej komore

Pramen: vlastny archiv3
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ale aj krvna plazma. A to je rozdiel medzi dychanim pri normalnom tlaku a zvySenom
tlaku. V hyperbarickej komore méze byt v krvi pacienta az 20-nasobne viac kyslika.
Kyslik rozpusteny v Kkrvnej plazme sa dostdva az do tekutiny v medzibunkovych
priestoroch. Takymto sp6sobom moZe priamo vstupovat aj do tych buniek v organizme,
ktoré za normalnych okolnosti trpia nedostatkom kyslika. Funkcia tychto buniek sa
postupne obnovi. Tuto exkurziu je moZné zaradit do nami vybraného fyzikalno-
biologického bloku aj kvdli tomu, Ze lieci okrem diabetické nohy, drazy mozgu, detsku
mozgovu obrnu, Alzheimerovu chorobu, Parkinsonovu chorobu, Sclerosis multiplex,
unavovy syndrém, pooperacné hojenie ran, otravu plynom i dekompresnu chorobu aj

niektoré typy anémie a ischemické choroby srdca.
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4.2 ExKkurzie v zahranici
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Obrazok 6 Plan tyZzdennej exkurzie v zahranici

Prameni: vlastny archiv

Na zaklade volby
fyzikalno-biologickej
témy Od hmoty srdca
ksrdcu hmoty som
navrhla exkurziu
v zahranici ako
tyZdenny pobyt.
So zZiakmi sme sa
presunuli letecky
z Budapesti do
Bruselu anasledne
vyuzivali objednany
autobus do mesta
Aalst (Belgicko),
Heidelbergu
(Nemecko),

Strasburgu

(Franctzsko) aZenevy (Svajéiarsko), odkial bol zasa presun letecky do Budapesti.

Komunika¢nym jazykom pre vSetkych zucastnenych bola anglictina. Exkurzie sa

zucastnilo 18 Ziakov a 2 ucitel’ky.

Harmonogram exkurzie

nedel'a 30. marec 2014 - piatok 4. april 2014

30. marec 2014

cas |program

5:00h |odlet z Budapesti do Bruselu

7:00 h |prilet do Bruselu, prehliadka Bruselu

15:00 h jubytovanie v mlddeZnickej ubytovni (hosteli), Youth Hostel Van Gogh (Chab)
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http://www.hostelworld.com/hosteldetails.php/Youth-Hostel-Van-Gogh-Chab/Brussels/8699?sc_sau=sfab&sc_pos=2

rue Traversiere 8, 1210 Bruxelles, Brussels

31. marec 2014

cas Program
7:00 h  |Ranajky v hosteli
Odchod do OLV nemocnice v Aalst. objednany autobus, ALBION tours Hulkstraat
8.00h 3 8380 Zeebrugge telnr :050518688
11:00h |Prichod do nemocnice, uvitanie, prehliadka
12:00h {Obed v nemocnici - sendvice a dezert, Guernica
1. overacia srdca - nazivo. Dr. Gabor Toth, pacient s bolestou v hrudi, aplikacia
stentu. diagnostika a liecenie
Prenos online pomocou cathlab do miestnosti so ziakmi, 4 Ziaci d¢astni priamo
pri oneracii
otazky a odpovede
13:00h prestavka
2. oberacia - nazivo. nacient s nalniticiou. nrenos online nomocou cathlab do
miestnosti so Ziakmi, 4 Ziaci U€astni priamo pri operacii
otazky a odpovede
16:00 h |Prezentovanie biologickych tém ziakmi
17:00h |odchod do Aachenu. 175 km
19:00h |Prichod do hostela v Aachene,
Youth Hostel Aachen EU-Regional Guesthouse
Maria-Theresia-Allee 260 52074 Aachen phone: +49 241 71101-0
Jh-aachen@djh-rheinland.de www.aachen.jugendherberge.de
Cena na osobu:26€
20.00h | Prehliadka Aachenu
22:00 h |vecerav hosteli
1. april 2014
cas program
7:00 h ranajky v hoteli, obedovy balicek
8:00 h Odchod do Heidelbergu (308 km)
12:00 h Prichod do EMBL, obed.
’ Meyerhofstr. 1. D-69117 Heidelberg Tel: +49 (0) 6221 387-0
14:00 h Prehliadka EMBL
-16:00 h
Tugendherberge Heidelberg International Tiergartenstr. 5 69120
Heidelberg
17:00h | Tel. +49 (016221 65119-21, 31 eur za izbu s viacerymi postel'ami, 35 eur za

2postel'ovu izbu
www.jugendherberge-heidelberg.de
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18:00h | Vecera
19:00 h | Prehliadka Heidelbergu
2. april 2014
cas program
7:00 h Ranajky v hosteli
8:00 h Odchod do Strasburgu (137 km)
10:00 h Prachod do Strasburgu, prehliadka European corner, instittcii
Eurdpskej unie, Palais de I'Europe Avenue de I'Europe, 67075
Strasbourg
11:00 h Prehliadka Rady Eurépy
12:30h
13:00 h Obed v Modrom saléne, Rada Eurépy, 10,25 eur/osoba
13:30 h Prehliadka Strasburgu
15:00 h Odchod do Zenevy (391 km)
20:00 h Prichod do Zenevy, ubytovanie
Auberge de jeunesse Rue Rothschild 30 1202 Geneve Tel: +41 22
732 62 60, http://www.yh-geneva.ch, ubytovanie 35 eur/ osoba,
veCera 15eur/osoba
do 22:00 h Prehliadka Zenevy
3. april 2014
cas program
7:00 h Ranajky v hosteli
8:00 h Odchod do CERNu, Route de Meyrin 385, 1217 Meyrin, +41 22 767 61 11
9:00 h Konferencia v CERNe, hitp://home.web.cern.ch/
10:00 h Prehliadka vystavy Mikrokozmos
(http://outreach.web.cern.ch/outreach/expos_cern/microcosm.html)
11:00 h Prehliadka vystavy Globe
(http://outreach.web‘cern.ch/outreach/expos cern/univers particules.html)
12:00h Obed v reStauracii v CERNe
14:00 h Prehliadka CERNu so sprievodcom
17:00 h Odchod z CERNu
18:00 h Vecera v hosteli
4. april 2014
cas program
7:00 h Ranajky v hosteli
8:00 h Odchod do CERNu
9:00 h Prednaska z casticovej fyziky, hlavné auditérium
11:00 h Obed v CERNskej reStauracii
12:00 h Prehliadka Zenevy
15:00 h Odchod na letisko
18:00 h Odlet do Budapesti
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Nemocnica OLV v meste Aalst
Tato nemocnica ma v Belgicku ale aj vo svete skvelé renomé v oblasti kardioldgie,

kardiovaskularnej chirurgie, neurochirurgie a urologie.

Obrazok 8 Komentovanie lekara pocas realnej Obrazok 7 Ziaci vo viacmiestnej
operacie srdca hyperbarickej komore v belgickej

nemocnici Prameni: vlastny
Prameii: vlastny archiv grchiv

Ziaci v tejto modernej nemocnici mali moZnost vidiet' nazivo dve operacie srdca. Blizsie
na http://Ink.sk/tC9. Ziaci sami prezentovali vysledky svojho vyskumu pred odbornym
publikom v anglictine. Okrem prednaSok mali moZnost exkurzie v priestoroch
nemocnice a porovnali viacmiestnu hyperbaricki komoru v podzemnych priestoroch s

navstevou jednomiestnej komory na Slovensku.

EMBL v Heidelbergu
V nemeckom meste Heidelberg sa nachddza Eurdpske laboratériummolekuldrnej bioldgie

- The European Molecular Biology Laboratory. Je to vedecky tstav zamerany na zakladny

Transter 3

Obrazok 10 Exkurzia po EMBL
v Heidelbergu s architekturou
v tvare DNA

Obrazok 9 Oblasti, ktorymi sa EMBL zaobera
Pramen: vlastny archiv
Prameii: vlastny archiv



vyskum v oblasti molekuldrnej biolégie, ktory vznikol v roku 1974. Ide o neziskovi
organizaciu financovanu z verejnych prostriedkov od 20 ¢lenskych Statov a jedného
pridruZzeného c¢lena.Pracoviskda ma v Styroch Statoch - Nemecku, Francuzsku, Velkej
Britanii a v Taliansku. BliZSie informacie na http://www.embl.de/.

Ziakom bola predstavena podrobne institicia ako taka, videokonferentne prebehlo
spojenie s mladym vedcom z Monterotondo v Taliansku, exkurzia po jednotlivych
pracoviskach so zaujimavou architekturou v tvare dvojitej Spiraly DNA a v zavere mali
moZnost Ziaci moZnost diskutovat s mladymi doktorandmi o Studiu a praci v tejto

inStitucii.

CERN v Zeneve

Vo Svajciarskej Zeneve sidli Eurépska organizacia pre jadrovy vyskum, www.cern.ch, v

ktorej Ziaci mali moZnost navstivit niektoré casti urychlovaca LHC (Large Hadron

Collider).

CERN je najvyznamnejSou medzindrodnou

organizaciou pre vyskum v oblasti Struktiry

hmoty, ktora sa stala svetovym lidrom v oblasti
fyziky elementarnych castic. Poslanim CERNu
~ je uskutoc€niovat zdkladny vyskum v oblasti
Struktiry hmoty. Cielom je poznat hmotu do
najmensich detailov. Ak budeme dobre poznat

vlastnosti hmoty, budeme ich vediet aj vyuzit v

nas prospech.
Obrazok 11 Po prednaske s doc. RNDr. P. Chochulom, PhD. v CERNe
Prameii: vlastny archiv

Z CERNu vsak nevychadzaju len fyzikdlne vysledky najvyssSej kvality ale aj takzvané
vedlajsie produkty, ktoré su niekedy velmi uZito¢né. Spomenme napriklad Web (WWW),
ktory sa zrodil v CERNe, a bez ktorého by dnesSny Internet nefungoval tak efektivne. Za
pomoci CERNu sa zrodili gama kamery, ktoré sa vyuZzivaji v naSich nemocniciach.

Technoldgia supravodivych magnetov sa v CERNe posunula na vysoku urovei a teraz je
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predmetom zdujmu Specialistov budujucich fazny
reaktor ITER, ale aj iné energetické zariadenia

buducnosti.

Obrazok 12 Pred CMS (Compact Muon Solenoid) v
CERNe

Pramen: vlastny archiv
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5 AKTIVITY ZIAKOV

Pontkam niekol'’ko typov na Ziacke aktivity, ktoré dopiiiajii samotné exkurzie. Je mozné
ich zaradit pred realizaciou samotnej exkurzie alebo ako zaverecny vystup po exkurzii.
Vybrala som pojmové mapy, slovnik, tvorbu posterov a pocitacovych prezentacii na
dohodnuté témy a realizdciu merani apokusov, slovnicek pojmov a otazky
k dokumentarnemu filmu Particle fever a odborny text s pracovnym listom v anglictine

o Casticovej fyzike.

Pojmové mapy

Pojmova mapa (mindmap, mentdlne mapovanie, myslienkovd mapa) je nazorné
zaznamendavanie myslienok pomocou grafickej mozaiky. Od zakladného pojmu (slova,
vety, obrazku) postupne rozvijame jednotlivé vetvy asocidcii, vytvorime urcita Struktiru
a nachadzame nové suvislosti. Ziaci jednoducho vytvarali pojmové mapy pomocou volne
dostupného softvéru na vytvaranie pojmovych madap, napr. program VUE (Visual

Understanding Environment). Ujasnili si hierarchiu pojmov a tieZ stvislosti medzi nimi.

Na nasledujuicej strane uvadzam pojmovd mapu, ktort sme robili spolu so Ziakmi na
tému kozmické Ziarenie

Obrazok 13 Pojmova mapa na tému kozmické Ziarenie

Prameni: vlastny zdroj
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Slovnik (Dictionary)

Ziaci pri $tidiu pracovali s mnohymi odbornymi pojmami z fyziky a biolégie. Ked'Ze

anglictina je komunikacnym jazykom vedcov, vela odbornych materialov je v tomto

jazyku. Prirodzene vznikla potreba vytvorenia anglicko-slovenského biologicko-

fyzikalneho slovnika.

Uverejiiujeme z neho len cast’:

anemia

beam of light
blood pressure
blood vessels
blood

core

diseases

field

heart attack
heart murmur
heart rate
heart valve
heart

L/R auricle, ventricle
matter
particle

quark

ray

research

shell

Sun

Viac informacii

chudokrvnost
svetelny luc
krvny tlak

cievy

krv

jadro

choroby

pole

infarkt

Selest

srdcova frekvencia
srdcova chlopna
srdce
I'ava/prava predsien, komora
hmota

Castica

kvark

Ziarenie
vyskum

obal

Slnko

je mozné

http://particleadventure.org/frameless/glossary.html.
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Meranie BMI indexu

BMI je skratka vyrazu Body Mass Index a v preklade znamena Index telesnej hmotnosti.
Patri medzi najviac vyuzivané metddy merania obezity. Obezita je Casto definovana ako
nadmerné ukladanie tuku v organizme, ¢o ma za pri¢inu vzniku aj ochoreni srdca.

Ziaci rozdeleni do skupin merali pocas prestavok $kole vy$ku, hmotnost, tlak, tep a
obvod pasa svojich spoluziakov. Udaje zapisovala kazd4 skupina pomocou Google
formularov (http://Ink.sk/tC]) arealne online vyhodnocovali priemerné hodnoty za
Skolu. KaZzdému spoluziakovi dali odporucania vzhl'adom na jeho BML

BMI sa pocita podla vzorca:

BMI = hmotnost v kg : (telesné vy$ka v m)?

Vysledkom vypoétu BMI je ¢islo. Cim je ¢&islo vyssie, tym je ¢lovek na svoju hmotnost
tazsi. BMI je normalne v hodnotach medzi 20 az 25.

ochorenia kardiovaskularne choroby (srdce)
gastrointestinaineho diabetes mellitus (cukrovka)
traktu, Zlénikove problemy
plicne choroby nadory (rakovina)

@ 2,5

£

=3

S 20

=

N

| -

o 1,5

c

>

=

L,

o 1,0
stredne velmi lizke stredne VySOKE velmi
zvysene nizke riziko Zvysene riziko vysoké
riziko riziko riziko riziko

BMI 17 20 25 30 35 40 BMI

Tabulka spracovand podla kniby: 2iklady klinick

Obrazok 14 Urcenie rizika chorob podl'a BMI
Pramen: http://Ink.sk/tCN)

BMI - menej ako 19 = podvaha
Podvaha je pre zdravie nebezpecna. Podvaha je pre zdravie rovnako nebezpecna, ako

vel'k4 obezita.
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BMI - viac ako 25 = nadvaha, viac ako 30 = obezita

Nutné zmenit Zivotny Styl a zacat' zdmerne chudnut.

Tvorba vlastnej hmlovej komory

Na ,zviditel'nenie“ kozmického Ziarenia potrebujeme akvarium, kovovu platiiu na uplné

prekrytie otvorenej steny nadoby, plst, vhodné uchytky na pripevnenie plsti na dno

nadoby, mald drevenu Skatul'u vyloZenu polystyrénom na suchy l'ad, dataprojektor ako

zdroj svetla, Cisty izopropyl, suchy I'ad, ochranné rukavicepre manipulaciu s 'adom.

Vtmavej miestnosti pri osvetleni dataprojektorom je moZné vidiet rozne druhy

trajektorii pochadzajuce od roznych castic:

0

rovné stopy, Kktoré ostro zahynaja dolava alebo
doprava. Toto je rozpad miénu. Dve vybodkované stopy
patria Casticiam nazyvanym neutrina, ktoré komora nie

je schopna detekovat.

Tri stopy, ktoré sa stretavaju v jednom bode. Pri tychto
udalostiach jedna stopa pochadza od Castice
z kozmického Ziarenia, ktora sa nazyva mioén. Tato

Castica sa zrazi selektronom. Dve od seba sa

zrazke.

Tato

Obrazok 15 Realizacia pokusu v hmlovej
komore

Pramen: vlastny archiv
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vzd'al'ujuce stopy pochadzaju od

povodného midénu aelektréonu po

¢ velmi skrutena chaoticka stopa.

ddosledkom

mnohonasobného rozptylu, ked sa
nizkoenergeticky kozmické Ziarenie

postupne zraza s atbmami vzduchu



Pocitacové prezentacie

Ziaci pripravovali viaceré pocitacové prezentacie.
Témy boli biologické, fyzikalne, ale aj kombinacie
oboch prirodnych vied. Napr. kozmické Ziarenie,

meranie sprSok sekundarneho kozmického Ziarenia

pomocou SKALTA detektora, tvorba vlastnej

hmlovej komory apozorovanie sekunddarneho Qbrazok 16  Prezentovanie
pocitacovych  prezentacii v

kozmického Ziarenia zachyteného v nej, prezentacia
CERNe

o zloZeni I'udského srdca, diagnostika chorob srdca

. . . oy . Pramen: vlastny archiv
termoviziou, diagnostika aliecba srdcovocievnych y
choréb (aneuryzma, srdcova arytmia, hyperlipidémia, angina pectors, hypertenzia,

tachykardia, perikardia) ¢i popis hyperbarickej komory a liecba pomocou ne;j.
Vyznamne Ziakom pomohli redlne ziskané data z exkurzii a diskusie s odbornikmi

v danej oblasti.

Did you know?
Oxygen (Oz) makes up
approx. 21% of the air

Red blood

cell

Oxygen
from lungs
Oxygen released

to tissue cells _3 2

Hemoglobin
molecules

Oxygen bonded
with hemoglobin molecules

Obrazok 17 Ukazka snimky z pocitacovej prezentacie o hyperbarickej komore

Prameii: vlastny archiv
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Premature ventricular contractions

Superior
Vena Cava

What Causes PVC?
* Heart attack

* Medications

Pulmonary

* Excessive intake of alcohol

* High blood pressure * Excess caffeine intake

* Cardiomyopathy * Stimulant drug use

* Disease of heart valves * Myocarditis

* Hypokalemia * Cardiac contusion

* Hypomagnesemia Pumonary _\.e

alve \N L

* Hypoxia Tricuspid ="
Valve

Inferior Vena Cava

Obrazok 18 Ukazka z pocitacovej prezentacie o chorobach srdca

Pramen: vlastny archiv

Otazky Kk filmu Particle Fever

Pocas cesty autobusom Ziaci mali moznost' sledovat dokumentarny film Particle Fever,
ktory sleduje pracu Siestich vedcov pracujiucich na LHC v CERNe. Hl'adaju dokaz
existencie Higgsovho bozénu ako Bozej castice. Film je zrozumitelny pre

stredoSkolskych Studentov.
Ponukam slovnic¢ek pojmov:

beam, Big Bang, black hole, cosmological constant, data, European Organization for
Nuclear Research (CERN), experimental physics, Frangois Englert, Higgs boson, high-
energy collision, Large Hadron Collider (LHC), laws of nature, magnets, mathematics,
matter, Meyrin (Switzerland), multiverse (meta-universe), parameter, particle, Peter W.
Higgs, physics, proton, quark, scientific breakthrough, Standard Model of particle physics,

structure, supersymmetry (SUSY), symmetries, theoretical physics, universe
Na zaklade informacii z dokumentarneho filmu mali Ziaci zodpovedat na nasledujice
otazky:

1. Kde je umiestneny LHC?

2. Kedy zacali planovat vystabvu LHC?
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3. Ktoré druhy experimentov sa realizuja v LHC?

4, Co sa snazili vedci pochopit pri praci v LHC?

5. AKka je uloha kvarkov v Casticovej Strukture?

6. Popiste realizované vyskumy na jednotlivych projektoch LHC: Alice, CMS, Atlas
a LHCb.

7. Porovnajte tedriu supersymetrie a tedrie vSetkého.

8. Objavenie akej castice sa predpoklada po objaveni Higgsovho bozénu?

9. Kto dostal Nobelovu cenu za fyziku v roku 2013?

10. Kedy bol objaveny Higgsov bozén?

11. Myslite si, Ze je dolezité investovat do projektov ako je LHC? Preco ano, preco

nie?

Odborny text z casticovej fyziky

Pocas cesty autobusom na zahranic¢nej exkurzii Ziaci mali k dispozicii 30 mindt odborny
text vanglictine (Priloha 1), ktory popisuje zaklady casticovej fyziky, a pracovny list
(podl'a Seljeseth, 2000, Priloha 2). Ziaci sa mali moZnost’ zoznamit' s odbornou anglickou
terminolégiou v kontexte. Pocas vyucovania fyziky v Skole bola dana téma vysvetlena
vslovencine (viac na http://particleadventure.org). NiZSie uvddzam odpovede na

pracovny list urceny pre Ziakov.

Odpovede

Part 1

QUARKS

Quark symbol | Name of Quark Name of Quark | Quark partner

and charge partner symbol and
charge

u+z/3 Up Down d -?1

C+2/3 Charmed Strange ] -?1

T+2/3 Top Bottom b -?1
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LEPTONS

Lepton symbol | Name of lepton Name of lepton | Lepton partner

and charge partner symbol and
charge

el Electron Electron neutrino | y?

ul Muon Muon neutrino VE

71 Tau Tau neutrino Vo

1) Which particles are quarks? Up, down, charmed, strange, top, bottom

2) Which particles are leptons? Electron, muon, tau, electron neutrino, muon neutrino,

tau neutrino

3) Which particles have no charge? Neutrinos (there is some newer info that may make

this answer wrong)

4) Which particles have charges? All quarks, and the electron, muon, tau

5) Which particles have integer charges? Electron, muon, tau

6) Which particles have fractional charges?all quarks: up, down, charmed, strange, top,

bottom.
Part 2
Symbol of particle | Name of particle | Name of | Symbol and
and its charge antiparticle charge of
antiparticle
u+2/3 Up Anti-up (or up | —
anti-quark) d
d-1/3 Down Anti-down(or a +31
down anti-quark)
c*2/3 Charmed Anti-charmed 2
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s-1/3 Strange Anti-strange _ %l
S
t+2/3 Top Anti-top T ;32
b-1/3 Bottom Anti-bottom E %1
e-1 Electron Positron (or anti- | e+l
electron)
Vel Electron neutrino | Anti-electron —
Ve
neutrino (or
positron
neutrino)
ul Muon Anti-muon —
ﬂ +1
v ou® Muon neutrino Anti-muon —
Vv o
neutrino H
7-1 Tau Anti-Tau —
T +1
v 70 Tau neutrino Anti-tau neutrino | —
Vo

7) Which particles are antimatter quarks? Anti-up, anti-down, anti-charmed, anti-

strange, anti- top, anti- bottom or a, d. E,E,T,B

8) Which particles are antimatter leptons? Positron, positron neutrino, anti-muon, anti-

muon neutrino, anti-tau, anti-tau neutrino.

Part 3

. : E
Because E=mc?, mass can be measured in energy units: m = —
C

eV =electron volt is defined as the energy that an electron gains when accelerated
through a potential difference of 1 volt.

GeV= Giga-electron volt=1.10° eV
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=C£2 G:z where c? is the speed of light, squared. (For convenience, c?=1)
Symbol of | Name Mass in Symbol of Mass in
particle ¢’ anti-particle ¢’
U — Mass will
u always be the
same as the
mass of the
matter particle
’ d
C _
C
Part 4

up quark = u+2/3

down quark =d-1/3

9) Write two up quarks and one down quark with their charges in these blanks:

u+2/3 d-1/3

10) What is the total charge of the quarks in #9? %3 or +1

11) The total charge of # 9 means that it must be a (proton, neutron, electron)

proton

12) Write two down quarks and one up quark with their charges in these blanks: d-1/3 d-

1/3 y+2/3

13) What is the total charge of the quarks in #12?_0

14) The total charge of # 12 means that it must be a (proton, neutron, electron)

neutron

36
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15) On the “family tree” of particles, the up and down quarks are on the same branch as
the electron and electron neutrino. Can you think of a reason why these particles would
be more closely related to each other than to the other quarks and leptons?

Three of these particles(up, down, electron) make up ordinary matter
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6 POSTREHY A ODPORUCANIA

Organizovanie exkurzie je velmi ¢asovo naro¢na c¢innost' ucitel'a, ak ju organizuje bez

pomoci cestovnej kanceldrie.

Odporucam vybrat zaujimavy anauCny program, ktory bude mimo Skoly rozvijat

vzdelavacie ciele urCené Statnym i Skolskym vzdelavacim programom.

TaktieZ je potrebné objednat’ bezpeénu a spolahlivii $kolskti dopravu. Program, dizka a
trasa exkurzie su zakladnou informaciou pre objednanie dopravy. ZabezpeCenie dopravy
pri jednodnovej akcii je samozrejme iné ako pri vylete viacdiiovej. OdliSovat sa mdZze
nielen cenou, ale aj poctom vodicov (pri dlhsej trase), pripadne typom autobusu (s/bez
toaliet, batoz. priestoru a pod.). Zakladom pre vypocet ceny je informacia ci
potrebujete/vyuzijete autobus na mieste. Ak napriklad cestujeme na exkurziu na miesto
vzdialené 30 km aazZz o4 hodiny pdjdeme spat, cenovo vyhodnejSie bude objednat

dopravu len tam a spat, bez platenia statia pocas exkurzie.

Pocas planovania exkurzie je potrebné ratat pri preprave s dostatocnou casovou
rezervou. Vodi¢ by mal overit poCas trasy obmedzenia a pristup pre vozidlo, existuju
miesta, kam sa napriklad 53-miestny autobus nedostane. K bezpecnosti tieZ prispievaju
prestavky pocas jazdy. Je dobré ak si prestavky vopred dohodnete s dopravcom alebo
priamo vodi¢om. Dizka a pocet prestavok zavisi nielen od poZiadaviek cestujucich, ale aj
od povinnosti, ktoré vyplyvaju z legislativy EU pre pracu vodi¢ov (napr. povinna 45-min.

prestavka vodica po 4,5 hodinach jazdy).

Pri ceste so ziakmi na viacdnovu exkurziu potrebujeme v autobuse priestor na odloZenie
batoZiny, teda kvoli dodrzaniu Co najvacsSej bezpecnosti je vhodné odlozit vacsiu
batoZinu do batoZinového priestoru autobusu a v priestore nad sedadlami pasazierov

nechavat ¢o najmenej veci, ktoré by neohrozili Ziakov pocas jazdy.

Samozrejmostou je poucenie Zziakov o spravani pocas exkurzie, bezpecnostnych

predpisoch a prisluSnom odbornom pouceni v Specifickych priestoroch. Netreba
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zabudnit na vyplnenie tlaciva ohromadnej akcii (Navrh na organizacné
zabezpecenie hromadnej Skolskej akcie) ainformovany sdhlas sucastou Ziaka na

hromadnej Skolskej akcii.

Netreba zabudnut pocas exkurzie na uzatvorenie hromadného poistenia na dobu urcitu.
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ZAVER

V OPS som predstavila stru¢ne vzdelavaciu oblast Clovek a priroda v ISCED 34, venovala
som sa metodickej priprave exkurzie vo vSeobecnosti. Ponikla som namety na
realizované exkurzie na Slovensku a v zahranici sledujic tému fyzikalno-biologicka Od
srdca hmoty k hmote srdca. OPS som eSte doplnila ukaZkami z pracovnych listov a
odbornymi aktivitami Ziakov, ktoré boli spojené s obsahom exkurzii (tvorba pojmovych
map, pocitacovych prezentacii na fyzikalne a biologické témy: kozmické Ziarenie,
choroby srdca, hyperbarickd komora, meranie BMI, stavba vlastnej hmlovej komory,
pozorovanie sekundarneho kozmického Ziarenia v Skolskych podmienkach) a taktiez

konkrétnymi postrehmi a odpordcaniami z realizacii exkurzii.

Samotni Ziaci ocenili exkurzie, ktoré prepajali fyziku a biol6giu, umoznili im zlepSenie
svojich jazykovych schopnosti (anglictina, nemcina, francuzstina) ¢i zlepSenie IKT

zrucnosti.

Ziaci Casto pri zadanych témach pracovali v skupinach, komunikovali s vedeckymi
pracovnikmi i Spickovymi domdacimi i zahrani¢nymi institiciami. V neposlednom rade si

uvedomili aj vyznam eurdpskej integracie pri rieSeni vedeckych problémov.
Snazila som sa naplnit definiciu exkurzie ako mimoskolskej organizacnej formy

vyucovacieho procesu, ktord umoznuje Ziakom poznat predmety, javy, a procesy priamo

v pévodnom prostredi a v typickych podmienkach.
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ZOZNAM PRIiLOH

Priloha 1: What is Particle Physics? (odborny text)

Priloha 2: Pracovny list pre ziakov
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Priloha 1
What is Particle Physics?

Protons, electrons, neutrons, neutrinos and even quarks are often featured in news of
scientific discoveries. All of these, and a whole "zoo" of others, are tinysub-
atomic particles too small to be seen even in microscopes. While molecules and atoms
are the basic elements of familiar substances that we can see and feel, we have to
"look" within atoms in order to learn about the "elementary” sub- atomic particles and to
understand the nature of our Universe. The science of this study is called Particle

Physics, Elementary Particle Physics or sometimes High Energy Physics (HEP).

Atoms were postulated long ago by the Greek philosopher Democritus, and until the
beginning of the 20th century, atoms were thought to be the fundamental indivisible
building blocks of all forms of matter. Protons, neutrons and electrons came to be
regarded as the fundamental particles of nature when we learned in the 1900's through
the experiments of Rutherford and others that atoms consist of mostly empty space with

electrons surrounding a dense central nucleus made up of protons and neutrons.
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Inside an Atom: The central nucleus contains protons and neutrons which in turn
contain quarks. Electron clouds surround the nucleus of an atom. The science of particle
physics surged forward with the invention of particle accelerators that could accelerate
protons or electrons to high energies and smash them into nuclei — to the surprise of

scientists, a whole host of new particles were produced in these collisions.

By the early 1960s, as accelerators reached higher energies, a hundred or more types of
particles were found. Could all of these then be the new fundamental particles?
Confusion reigned until it became clear late in the last century, through a long series of
experiments and theoretical studies, that there existed a very simple scheme of two
basic sets of particles: the quarks and leptons (among the leptons
are electrons and neutrinos), and a set of fundamental forces that allow these to interact
with each other. By the way, these "forces" themselves can be regarded as being

transmitted through the exchange of particles called gauge
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bosons. An example of these is the photon, the quantum of light and the transmitter of

the electromagnetic force we experience every day.

Together these fundamental particles form various combinations that are observed
today as protons, neutrons and the zoo of particles seen in accelerator experiments. (We

should state here that all these sets of particlesalso include their anti-particles, or in
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plain language what might roughly be called their complementary opposites. These

make up matter and anti-matter.)

Matter is composed of tiny particles called quarks. Quarks come in six varieties: up (u),
down (d), charm (c), strange (s), top (t), and bottom (b). Quarks also have antimatter
counterparts called antiquarks (designated by a line over the letter symbol). Quarks
combine to form heavier particles called baryons, and quarks and antiquarks combine to
form mesons. Protons and neutrons, particles that form the nuclei of atoms, are

examples of baryons. Positive and negative kaons are examples of mesons.

Today, the Standard Model is the theory that describes the role of these fundamental
particles and interactions between them. And the role of Particle Physics is to test this
model in all conceivable ways, seeking to discover whether something more lies beyond

it. Below we will describe this Standard Model and its salient features.

What about the nature of our Universe?

Here is our present understanding, in a nutshell. We believe that the Universe started off
with a "Big Bang", with enormously high energy and temperature concentrated in an
infinitesimally small volume. The Universe immediately started to expand at a furious
rate and some of the energy was converted into pairs of particles and antiparticles with
mass— remember Einstein's E= mc2 . In the first tiny fraction of a second, only a mix of
radiation (photons of pure energy) and quarks, leptons and gauge bosons existed. During
the very dense phase, particles and antiparticles collided and annihilated each other into
photons, leaving just a tiny fraction of matterto carry on in the Universe. As the
Universe expanded rapidly, in about a hundredth of a second it cooled to a
"temperature” of about 100 billion degrees, and quarks began to clump together
into protons and neutrons which swirled around with electrons, neutrinos andphotons in
a grand soup of particles. From this point on, there were no free quarks to be found. In
the next three minutes or so, the Universe cooled to about a billion degrees, allowing
protons and neutrons to clump together to form the nuclei of light elements such as
deuterium, helium and lithium. After about three hundred thousand years, the Universe
cooled enough (to a few thousand degrees) to allow the free electrons to become bound

to light nuclei and thus formed the first atoms. Free photons and neutrinos continue to
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stream throughout the Universe, meeting and interacting occasionally with the atoms in

galaxies, stars and in us!

We see now that to understand how the Universe evolved we really need to understand
the behavior of the elementary particles: the quarks, leptons and gauge bosons. These

make up all the known recognizable matter in our Universe.

Beyond that, the Universe holds at least two dark secrets: Dark Matter and Dark Energy!
The total amount of luminous matter (e.g., stars, etc.) is not enough to explain the total
observed gravitational behavior of galaxies and clusters of galaxies. Some form of
mysterious Dark Matter has to be found. Below we will see how new kinds of particles
may be discovered that fit the description. Recent evidence showing that the expansion
of the Universe may be accelerating instead of slowing down leads to the conclusion that
a mysterious Dark Energymay be the culprit. Perhaps some new form of interaction may

be responsible for that.

So how do we get to study quarks and such, if they don't exist freely now?

Just as in the Big Bang, if we can manage to make high enough temperatures, we can
create some pairs of quarks & anti-quarks, by the conversion of energy into matter.

(Particles & anti-particles have to be created in pairs to balance charge, etc.).

When particles of matter and antimatter collide they annihilate each other, creating
conditions like those that might have existed in the first fractions of a second after the
big bang. This is where high energy accelerators come in. In head-on collisions
betweenhigh-energy particles and their antiparticles, pure energy is created in "little
bangs" when the particles and their antiparticles annihilate each other and disappear.
This energy is then free to reappear as pairs of fundamental particles, e.g., a quark-
antiquark pair, or an electron-positron pair, etc. Now electrons and their positron
antiparticles can be observed as two distinct particles. But quarks and antiquarks
behave somewhat like two ends of a string — you can cut the string and have two
separate strings but you can never separate a string into two distinct "ends". Free quarks

cannot be observed!
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So when a quark-antiquark pair is produced in a head-on collision with excess energy
(i.e., E> 2mgq c2 ) the quark and antiquark fly off in opposite directions until "the string
breaks into two" and each of the pair finds itself bound with another quark. What we
actually observe is a pair of mesons being produced, each meson consisting of a quark
and an antiquark bound together. With enough excess energy, larger clumps of quarks
and antiquarks can be produced: protons, neutrons and heavier particles classed

as baryons. These mesons and baryons make up the zoo of particles discovered earlier.

What we have thus found is that to study quarks, one has to create them in high energy
collisions, but they can only be observed clumped into mesons and baryons. We have
to infer the properties of individual quarks through the study of the decay and

interactions of these mesons and baryons.

Baryons and Mesons contain combinations of quarks and anti-quarks.

The Standard Model

Particle physicists now believe they can describe the behavior of all known subatomic
particles within a single theoretical framework called the Standard Model, incorporating
quarks and leptons and their interactions through the strong, weak and electromagnetic

forces. Gravity is the one force not described by the Standard Model.

The Standard Model is the fruit of many years of international effort through

experiments, theoretical ideas and discussions. We can summarize it this way:

All of the known matter in the Universe today is made up of quarks and leptons, held
together by fundamental forces which are represented by the exchange of particles known

as gauge bosons.

One guiding principle that led to current ideas about the nature of elementary particles
was the concept of Symmetry. Nature points the way to many of its underlying principles

through the existence of various symmetries.

Quarks
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The quark scheme was suggested by the symmetries in the way the
manymesons and baryons seemed to be arranged in families. Theorists Gell-Mannand
Zweig independently proposed in 1964 that just three fundamental "constituents" (and
their anti-particles) combined in different ways according to the rules of mathematical
symmetries could explain the whole zoo. Gell-Manncalled these constituents quarks, and
the three types were named up, down andstrange quarks. Evidence for quark-
like constituents of protons and neutrons became clear in the late 1960s and 1970s. In
1974, a new particle was unexpectedly discovered at SLAC (Stanford Linear Accelerator
Center). It was given the unwieldy dual name J/Psi, because of its simultaneous
discovery by two groups of experimenters! The //Psi was later shown to be a bound
state of a completely new quark-antiquark pair, which nevertheless had been predicted
on the basis of a subtle phenomenon. The new fourth quark was named charm. (We do

not wish to comment here on the choice of names!)

The four-quark scheme was extended to its present state of six quarks by the addition of
a new pair, in a prediction by theorists Cabbibo and independently, Kobayashi and
Maskawa (collectively known as CKM). So now we have the six
quarks: up, down, strange, charm, bottom and top quarks and they each have their
partner anti-quarks. The quarks are usually labeled by their first letters: u, d, s, ¢,
b and t. In various combinations they make up all the mesons and baryons that have
been seen. The six-quark prediction was fulfilled when in 1977 a new heavy meson
called the Upsilon was discovered at Fermilab and later shown to be the bound state of
the bottom and anti-bottom quark pair. The B meson, containing an anti-b quark and
a u or d quark was discovered by the CLEO experiment at Cornell in 1983. Finally, in
1998, conclusive evidence of the existence of the super heavy top quark was obtained at

Fermilab.

Leptons

What about leptons? Only the electron, muon and neutrino were known before the 1960s.
These behave differently from the mesons and baryons. First, they are much less
massive. The mass of the electron is almost 2,000 times smaller than the mass of the
proton, and the muon appears to be just a heavier version of the electron, its mass being

nine times smaller than that of the proton. The neutrino has almost no mass at all, and
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up until recently, its mass was thought to be truly zero. Hence the name "leptons" or light
particles. Second, the electron and muon interact with matter mainly through their
electric charges; the neutrino being neutral, hardly at all. They all have
a weak interaction with the matter in nuclei and, in high energy collisions, they do not
produce the profusion of new mesons and baryons that protons and neutrons do when
colliding with nuclei. In 1962, the first experiment using a high-energy neutrino beam
(the PhD thesis of this author) showed that the electron has its own electron-
neutrino, and the muon its own distinct muon-neutrino. This was the very first evidence

that there could be families or generations of pairs of fundamental particles. This notion

was dramatically extended in 1974, when shortly after the discovery of the J/Psi, a
new heavy lepton was discovered, called the tau, almost twice as massive as the proton,
but behaving like the other leptons, sharing the weak interactionproperty! This was the
first evidence that three pairs or families of leptons existed: the electron and electron-

neutrino, the muon and muon-neutrino and the tau and tau-neutrino.

A Note on Masses & Energies: We give all masses in terms of the proton mass. Since

energy is related to mass by E= mc2 the proton mass is given in energy units as 938

MeV (Million electron Volts), the energy required to create a proton, or
approximately1GeV (Giga electron volt), which will henceforth serve as the unit of

energy too.

Quarks and leptons have an intrinsic angular momentum called spin, equal to a half-
integer (1/2) of the basic unit and are labeled as fermions. Particles that have zero or

integer spin are called bosons.

However, the fundamental questions still remain: why are there quarks and leptons, with
different charges and interaction characteristics? Why are there three generations, and so

many different masses?

Forces and Interactions

Now we must tackle the fundamental forces or interactions among the quarks and

leptons: Gravity, the Weak Force, Electromagnetism, and the Strong Force. Of these, our
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everyday world is controlled by gravity and electromagnetism. The strong force binds
quarks together and holds nucleons (protons & neutrons) in nuclei. The weak force is
responsible for the radioactive decay of unstable nuclei and for interactions of neutrinos

and other leptons with matter.

The intrinsic strengths of the forces can be compared relative to the strong force, here
considered to have unit strength (i.e., =1.) In these terms, theelectromagnetic force has
an intrinsic strength of (1/137). The weak force is a billion times weaker than the strong

force. The weakest of them all is thegravitational force.

We can compare the relative strengths of the electromagnetic repulsion and the
gravitational attraction between two protons of unit charge using the above equations.
Independent of the distance, the ratio turns out to be 1036 ! Thus the two protons will

repel each other and fly apart, easily overcoming the puny gravitational attraction.

As we noted before, forces can be represented in the theory as arising from the exchange
of specific particles called gauge bosons, the quanta of the "force field". Just as photons
are real (i.e.,, quanta of light!) and can be radiated (shaken off) when charged particles
are accelerated or decelerated, the other gauge bosons (see below) can also be created

and observed as real particles. All the bosons have 0 or integer spins.

The carriers of the strong force are called gluons, the glue that holds quarks together in
protons and neutrons and also helps form nuclei. The carriers of the weak force come in
three forms, and are called weak bosons: the W+ and the Z0. The carriers of the

gravitational field are called gravitons and are unique in having a spin of 2.

Unification!

For a universal theory, four forces are too many. Why is there not just oneuniversal
force? For decades physicists have been striving for the unification of the four forces into
one universal force that existed at least in the primordial stage of the Universe. In such a
picture, the four forces we observe today are just manifestations of the original single
force. However, we must understand that our existence depends on having these
different forces now. If gravity were not so weak, there might only have been one

massive black hole instead of galaxies, stars and planets. If electromagnetic forces were
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not in delicate balance with the strong force, nuclei would disintegrate — no atoms or
molecules, chemistry or biology! The weak force allows more subtle phenomena —
the slow burning of stars like our Sun may not be possible without the weak interaction;
supernova explosions which create all elements heavier than iron also depend on just
the right strength of neutrino interactions; and radioactivity in its bowels allows the

Earth to remain a warm hospitable body.

It is not quite satisfactory to have four different theories to account for these four forces.
The electromagnetic interaction of particles is explained by a well established modern
theory of Quantum Electrodynamics (QED). The weak interaction had its own theory but
these two have now been combined as the Electroweak Theory in the Standard Model.
The strong interaction between quarks and gluons has another theory called Quantum
Chromodynamics (QCD), where the equivalent of electric charge is named "color". And
Einstein'sGeneral Theory of Relativity explains how the gravity we know is a

manifestation of the basic geometry of space-time.

Just as Maxwell showed that electricity and magnetism were manifestations of the same
basic phenomenon of electromagnetism, the Electroweak theory, which in 1979 won the
Nobel Prize for Glashow, Salam and Weinberg, succeeds in unifying the Weak and
Electromagnetic interactions into what is called the Electroweak force. These strengths
could depend on the "temperature" or energy level of the interaction. Although these
strengths are quite different at present temperatures (e.g., at 300K or equivalent energy
of about 1/40 eV), the weak interaction depends strongly on the energy, and in
collisions at near 1000 GeV, it gets just as strong as the electromagnetic interaction! The
Electroweak theory of the Standard Model explains all this. The basic equations are
symmetric in the way the two interactions occur and in fact the masses of all the quanta
are zero. However, as the temperatures drops, the symmetry is broken and the quanta
split up into four different gauge bosons of different masses: the W+ and W- ( both 80
GeV), the Z0 (91 GeV) and the photon with zero mass. At "room temperature" , the
massive W and Z do not play an important part. But at very high energies of 300 GeV or
more, the difference between the zero mass photon and the heavier W and Z bosons is
erased, and they all act equally strongly. In 1983 the W boson and in 1984 the Z boson
were observed at the CERN laboratory in Geneva, in high energy collisions of protons

with antiprotons. They had the predicted masses. The Standard Model was on its way!
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There is however one piece of evidence yet to be found. We mentioned above that the
basic symmetry of the electroweak theory is broken as the temperature drops and the
forces separate in strength as the bosons gain mass. The culprit that causes this is
actually a new field called the Higgs field. It is possible to visualize how this works. Recall
that massis a manifestation ofinertia or resistance to acceleration. If a Higgs field
suddenly permeates all of space as the Universe cools, it can act as a drag on every
particle moving in space, the drag depending on how well each interacts with the Higgs
field. This drag shows up asinertia and thus a measurable mass of the particles that were
originally massless. But now we have to look for the boson that carries this field —
the Higgs boson. It is expected to have a mass of about 100 GeV, within the reach of the

largest accelerators planned for the immediate future.

Beyond the Standard Model

Theories, called "Grand Unification Theories" or GUTs, have been proposed to unify
the electroweak force with the strong force. But so far no concrete evidence has been
found for them. Beyond that, the holy grail of unification has long been the unification
of gravity with all the other forces. Einstein himself labored in vain to fit gravity into a

scheme where it could be compatible with quantum theory.

The theory of Supersymmetry requires a whole new set of particles beyond the Standard
Model complement: a heavy partner for each quark, lepton and gauge boson of the old
set, together all of them making up one great super-family of particles. The three forces
strong, electromagnetic and weak all have exactlyequal strengths in this theory at a very
high energy. And of course, it gives experimentalists a whole new game of looking for
new particles. It is just possible that one of these new super particles is a primordial
relic of the Big Bang and makes up the Dark Matter in the Universe, a further incentive to

discover thesesuper-partners.

Meanwhile theoretical studies range far and wide in a search for the Theory Of
Everything (TOE). Most familiar is String Theory, which pictures particles as infinitesimal
little vibrating loops of strings in 10 dimensions. Further refinements lead to Membrane

Theory, with the entire Universe regarded as existing on multidimensional sheets or
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membranes, with particles as loops anchored on "our" sheet and gravitons ranging into

the continuum between sheets. We await predictions that can be tested.

Particle Physics Experiments

Throughout the history of Physics, experimental discoveries and theoretical ideas and
explanations have moved forward together, sometimes playing leap-frog, but always
drawing inspiration one from the other. Modern versions of Rutherford'stable-
top experiment on the scattering of alpha particles occupy many square kilometers of
land, with massive and costly apparatus in underground tunnels tens of kilometers long.
These are the particle accelerators that speed protons, antiprotons, electrons, or
positrons to near the speed of light and then make them collide head-on with each other

or with stationary targets.

In an accelerator, focusing magnets and bending magnets guide the beam of particles
around a ring. (Only a few of the bending magnets are shown here). High frequency

microwave (RF) cavities accelerate the beams as they pass through.

The quest has mostly been for higher and higher collision energies. To make a pair of
massive new particles and observe them flying apart, one has to generate excess energy
over and above the equivalent of the mass (2mX) of the pair :Ecollision > 2mX c2 . High
energy is also needed to probe deeper and deeper to smaller length scales in studying
the unknown — this is the equivalent of using Xrays of shorter wave-lengths to probe
smaller crystal structures. On the other hand, to look for rare phenomena, it is necessary
to increase the intensity of particle beams and the collision rates. So accelerators have

proceeded along parallel paths of ever higher energies and ever higher intensities.

To observe and interpret the results of collisions, particle detectors have to be developed
that can track and analyze the particles that fly apart and disappear in nanoseconds. The
detector consists of many different types of complex apparatus and electronics,
requiring a cadre of experts in every conceivable technology. Collider experiments use
large detectors completely surrounding the "interaction point" where high energy

particles and antiparticles collide head-on.
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Typical are electron-positron colliders, proton-antiproton colliders and massive detectors

at the interaction points.

Other experiments study the collisions of intense beams with fixed (stationary) solid
targets. Typical are several experiments with intense high energy neutrino beams and
massive detectors in which neutrinos can interact. Many are studying the conversion of
one type of neutrino (the muon-neutrino) into another (e.g., thetau-neutrino). Evidence
for this is now pretty definite after decades of research, and precise measurements may
pin down the non-zero mass of each neutrino. Relic neutrinos from the Big Bang

populate the Universe, and even a tiny mass can explain some of the Dark Matter.

The art and science of particle accelerators and detectors has depended heavily
on technology. The technology of solid state devices, superconducting magnets,
electronics, computers and exotic materials, all have played leap frog with developments
in experimental particle physics, sometimes driving and sometimes being driven by the

inventions of particle physicists.

All these very complex detectors are built and operated by large numbers of physicists,
in collaborations ranging from 100 to almost 1000 personnel. The collaborations extend
across boundaries of countries and continents, in a typical illustration of science

extending the hand of cooperation and friendship across national and political barriers.

Looking to the Future

One of the primary goals for the new and upgraded facilities in Fermilab near Chicago
(the Tevatron) and CERN in Geneva Switzerland (the Large Hadron Collider or LHC) is to

find the Higgs boson, the one missing element of the Standard Model.

Evidence for supersymmetric partners of the known particles is a goal in all experiments,
as part of the search for the true particle theory beyond the Standard Model. Beyond
that is the need to find anything that can point to a realGrand Unification with the

gravitational force.

A different kind of e+e- collider is being planned internationally — the International

Linear Collider or ILC, a very high energy linear collider, with two opposing linear
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accelerators tens of kilometers long. The technical challenges are many and this is likely

to be the first truly world-wideaccelerator collaboration.
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Pracovny list pre Ziakov

Part 1
Complete tables
QUARKS

Priloha 2

Quark symbol

and charge

Name of Quark

Name of Quark

partner

Quark
symbol

charge

partner

and

ll+2/3

c+2/3

t+2/3

LEPTONS

Lepton  symbol

and charge

Name of lepton

Name of lepton

partner

Lepton
symbol

charge

partner

and

1)Which particles are quarks?

2) Which particles are leptons?

3) Which particles have no charge?

4) Which particles have charges?

5) Which particles have integer charges?

6) Which particles have fractional charges?

Part 2

Symbol of particle

and its charge

Name of particle

Name of

antiparticle

Symbol

charge

antiparticle

and

of

u+2/3

d-1/3
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7) Which particles are antimatter quarks?

8) Which particles are antimatter leptons?

Part 3

. . E
Because E=mc?, mass can be measured in energy units: m = —
C

eV =electron volt is defined as the energy that an electron gains when accelerated
through a potential difference of 1 volt.

GeV= Giga-electron volt=1.10° eV

m = CEZ = GCeZV where c? is the speed of light, squared. (For convenience, c?=1)
Symbol of | Name Mass in Gez\/ Symbol of Mass in >0
particle ¢ anti-particle ¢
U
D
C

Complete also for S, T, B,E, ve u, v u, v, v, 7,K,P,N, A, Q.

Part 4

up quark = u+2/3
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down quark = d-1/3

9) Write two up quarks and one down quark with their charges in these blanks:__

10) What is the total charge of the quarks in #97?

11) The total charge of # 9 means that it must be a (proton, neutron, electron)

12)Write two down quarks and one up quark with their charges in these blanks: __ __ __

13)What is the total charge of the quarks in #127?

14)The total charge of # 12 means that it must be a (proton, neutron,
electron)

15) On the “family tree” of particles, the up and down quarks are on the same branch as
the electron and electron neutrino. Can you think of a reason why these particles

would be more closely related to each other than to the other quarks and leptons?
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