Avalntovrog rapdaceva copatiown oto neipopo ALICE
1. Iepiinyn

H doxknon mov mpoteivetor €d® €xer va kaver pe v avolitnorn mopdéevov
copoTdiny, mov tapdyovtal and cvykpovoelg oto LHC kot kataypdeoviol omd 1o
neipapa ALICE. Boaoiletar omnv avoyvdpiorn Tov Tpdnov dldoTaoNs TOVG, ToL Eivat
Yoot cav didomacn VO, omog ot dtuomdoec Kd— n'n, A— p + m f “cascade”,
omwg N dwonaon E — A + w (A — p + m). H tavtonoinon tov mapdsevov
copotdiov Paciletor oty TomOAOYiRL TG OAGTOCNG TOVS GE GUVOVLAGUO UE TNV
TOVTOTOINGCN TOV TPOWOVI®OV NG oldomacns. H mAnpoeopio amd ta ixyvn tov
COUOTOIOV YPNCIUOTOLEITAL YIOL TOV VTOAOYIGHO TNG OpeTdPfAntg palog tov
ocopoTdiov mov dlaomdtol, cav emmAéov emPefaimon Tov £id0Vg TOL S1UCTMOUEVOV
ocOMOTO0V.

Xta emopeva Katopynv mapovotdletal suviopa to weipapa ALICE kot ot 6todyot Tov
KOl ©TN OLVEXEW TO Kkivitpo yUovty TV  oaviivon omd Amoyrn  QUOIKNG.
[Teprypdpovtor avaivtikd n péBodog yio TV tavTonoinon mopdéevov copatidiov
KO TOL EPYOAELD TTOV ¥PNGUOTOOVVTAL. TN GLVEXELN Topovctdlovtot OAa Ta frpota
™G AOKNONG, 0 TPOTOG TAPOLGINCNS TOV OMOTEAEGUATOV Kal 1 HEBOSOG GLAAOYNG
KOl GUYYDOVELGNS OA®V TOV ATOTEAECUATOV.

2. Ewayoyn

To meipapa ALICE (A Large Ion Collider Experiment), éva and ta téccoepa peyaio
nepdparta oto peyaio emrayvvty adpoviov (LHC) oto CERN, éyel oyediootel yu
Vo LeAeTHGEL GLYKPOVOELS Paptdv 1dviwv. Emiong peietdel cuykpoOoelg mpmToviny,
OV KATA KOPLO AOYO YPNGIUEVOLYV GOV avaPOPd Y10 TIG GVYKPOVGELS Bopldv 1OVIMV.
Emumiéov ta dedopéva amd cuykpovoelg TpoTovioy divouv T duvotdtta PeEAETNG
opopévav kovolov euotkng. To meipapo ALICE €xet oxediaotel pe tétolo tpdmo,
MOTE VoL UTOPEL VL KATAYPAWYEL TO IMAOEG COUATIOL TTOV TAPAYOVTOL GUYXPOVAOS OO
GLYKPOVGELS TLPNVAOV LOAVPIOL TG TOAD VYNAES evépyeteg tov LHC.

3. H gvow tov wepdpatog ALICE

Ta kovdpk cvvdéovtar peta&h TOLg HECH OTA TPMTOVIO KOl TO VETPOVIO, HE L0
duvaun mov glval yvmoTn ®G 1oXLPY OAANAETIOpaoT, HECH TNG OVTOAAAYNG TOV
cOUOTWIOV —@opémv NG OLVaUNg mov ovopdlovtal ykiovovia.  H oyvpn
aAnAenidpaocn eivor emiong vmedBvvn Yy T GUVOEST TV TPOTOVIOV KOl TOV
VETPOVIOV HEGH GTOVG TUPTVEG TMOV ATOUMV.

Av kot EEpovpe OTL T KOLAPK EIVOL GTOLYEIDON COUATIA Ot T OToio ArOTELOVVTOL
oA o YVOoTd adpdvia, moTé dev £xel mapatnpnbel eAedBepO KOLAPK: TO KOLAPK,
Om®G Kot o YKAOLOVIO, QOiveTol OTL givol HOVIHO GUVOESEUEVO KOl TEPLOPICUEV
péco oe ovVOETO cOUATIO OTMG TA TPOTOVIO KO TO VETPOVID. AVTO elval YvooTd
oav “eyKAoPiopds”’ tov kovdpk (confinement) kot 0 akpiPig UNYOVIGHOS TOL TOV
TPOKOAEL TOPAUEVEL AYVOOTOC.

Av xor ofuepa  katodofaivovpe peEYEAO HEPOC TNG QULOIKNAG TNG  OYVPNG
aAnAenidpaong, 600 Pacikd ntiuota wopapévovy dALTA: M TPOEAELOT TOV



“eykAoBlopod” kat o unyavicpoc mov dnuovpyet ™ pala. Kot to dvo miotedeton 0Tt
£YOLV VO KAVOLV HE TOV TPOTO OV Ol WIOTNTES TOV KEVOL TPOTOTOLOVVTOL OO TNV
woyvpPN aAANAETIOpOON.

H tpéyovoa Bewpia ¢ woyvpng arinieniopaong (rov ovopdletar KBavtikn Xpwpo-
Avvapky, QCD) mpofAémel 0Tt 6 TOAD VYNAEG Beprokpaciec Ko TOAD VYNAES
TUKVOTNTEG, TO KOVAPK KOl To YKAOLOVIO Og BAmpene vo LEVOUV TEPLOPIGUEVE. LEG
o€ oOVOETO COUATLO, OAAG Bdmpene va VITAPYOVY EAEVBEPA GE L0 VEQ KOTAGTAOT TG
VANG, TOL gival VOO o0V TAAGHO KOVAPK Kol YKAOLOVIWV.

M tétoto petafolrr Bdmpene va copPet o0tov 1 Oepuokpacio Eemepdost o kpicun
T mov vroloyiletan yopw otic 100 000 @opéc Beppotepn omd tov TLPNVA TOL
nhov! Tétoleg Bepuokpaciec dev Exovv vrdpéel ot POon amd TN YEVvNon TOv
YOumavrog. [Tiotevetor OTL pEPKO EKATOUUVPLOOTE TOV OELTEPOAEMTOL HETA TN
Meydin 'Expnén n Oepupokpocio Eemepvodoe v kpioun T Kot OAOKANPO TO
Youmav Bplokdtav g KATdoToon TAGGLOTOS KOVAPK Kot YKAOVOVI®V.

Otav dvo Papeic mupnveg TAnclalovy 0 €vag ToV GAALO LE TOYLTNTO TOAD KOVTIA
G’ VTNV TOV POTOG KOl GLYKPOVOVTAL, OVOOTLIOVPYOVVTOL AVTES Ol AKPaieg cLUVOTKEG
TUKVOTNTOG Kot Oepuokpoaciog kot €T61 omeAevfepdvovTal To KOLAPK Kol To
yKAovovia.  AVTA GLYKpovOVTOLl HETAED TOLG ONUIOVPYDVTOS M0 KOTAOTOON OF
Oepukn wwoppomia: To TAAGHO KOLApK Kot YkAovoviov. To mAdopo dtuotéAeTon Kot
yoyetal otn Beprokpacio 6TV omoio To. KOVEPK Kot T0 YKAOLOVIK AVAGLVTAGGOVTOL
Ko oynpotiovy cuvndiopévn VAN (1012 Badpoi), porc 107 devtepdiento petd omd
mv apyn ™G ovykpovons. To meipapo ALICE peletdel tov oynuotiopnd kot Tic
WB0TNTEG AVTNG TNG VENS KATAGTAONG TNG VANG.

4. Evioyvon ™ mapadofoTnTag 6av o1jio Y10 T0 TAGGRA KOVAPK KUl YAOLOVI®V

H dudyvoon kot peAét tov 1010TNTOV T0V TAACUATOG KOVdpK Kot YKAovoviov (QGP)
umopet vor yivel xpnNoHOTOIOVTOS KOVAPK OV dgv €ival TapdvTa GTNV VAN TOL HOG
nepfdrdrel. ‘Eva and ta mepapatikd onpata Paciletor oty 10€a TG evioyvuong e
napadoEoTTaG. Avti NToV £vo amd T TPAOTO TOPATNPNCIHE HEYEON Yo TO TAAGHO
KOVApK Kat yKAovoviov, Tov tpotdbnke 1o 1980. Avtifeto pe ta mdvo kol Kt
KOVAPK, To TOPAEEVE KOVAPK OV VTAPYOVV GTOVS GUYKPOVOUEVOVLS TLPTVEG.
Emopévag, omotodnmote mopdEevo KOvapK 1 aVTIKOVAPK TOPOTNPEITOL TEPAUATIKA
Exel nuovpynOet amd TV KvNTIKN EVEPYELD TOV GVYKPOVOUEVDV Tupnvev. H pdla
TOV TUPAEEVOV KOVAPK Kol avTIKOVdpK elvar 1codOvaun pe ) Oegpuoxpacio M
EVEPYELOL GTNV OTOI0L TOL TPMOTOVLAL, VETPOVIO, Kol GALN adpOVIQ SLHAVOVTOL GE KOLAPK.
Av16 onpaivetl 6TL | aebovia Tov TapdEevov Kovdpk eEoptdtat omd Tig GUVONKES, T
dopn| kot T duvapukn g aneyKAwpBlopévng edong tg VANG, kot av o aptBpds Tovg
etvan peydog, pmopel va vrotedei 6t Eyovpe POAcEL oTIc cLVONKES ameyKA®PBIoHOD.

Ymv mpdén, N evioyvon g mapadooTrag unopet va mapotnpnel petpdvTog Tov
apBpd tov topdéevov copotdiny, SnAadr cOUOTIOIOV TOV TEPLEYOVY TOVALYIGTOV
éva mapaevo kovdpk, kot vroAoyilovtag tov Adyo tv moapdéevev mpog T Oyt
napdéeva copotiole. Av avtdg o Adyog givor peyodvtepog amd 6 TL divouv Ta
Bewpntikd povtéda mov dev TPoPAémovv Tn dnuovpyio TAGGUOTOS KOLAPK Kot
yKAovoviwv, 10t £yl Tapatnpndei evioyvon g TapadodTTags.



Evolloktikd, yio Tic oLykpoOoElS 10viov HoALPdov, o aplBpdc tov moapdéevov
COUOTIOIOV KOVOVIKOTOLEITOL MG TTPOG TOV APlOd TV VOUKAEOVI®V TOV GUUUETEYOVV
oTN oAANAETIOpaoN Kot GUYKPIVETOL e TOV 1010 AGYO Y10 GLYKPOVGELS TPOTOVIWV.

5. Hopda&eva copatiown

[Mopa&eva copatiow eivar adpdvio. OV TEPLEYOVY TOVAUYICTOV £vo. TAPAEEVO
Kovdpk. Avtd yapaxtnpiletar and tov kPavtikd apOud g “mopagevidg”. To
eAappOTEPO 0VLOETEPO TOPALevo pesovio gival To K2(dS) kot to ehapputepo ovdétepo
napa&evo Papvovio gival to A (uds), mov yapaktnpileTor cav vrepdvio.

Ed® o peletnoovpe TIC dlaomdoelc Tovg, Yo mapadetypo KS— n'n, A— p + .
2’ 00Tég TIC dtooTacElS 0 KPavTikog aptfuog g “moapaevidg” dev dwtnpeital, apod
T0. TTPOLOVIO TNG OAoTOoNG amoTelobVTaL UOVO omd TAVE Kol KOT® KOVAPK.
Emopévog dev mpodkertar yuo 1oyvpég dwondoels (mov emmAéov Bo MTov TOAD
ypfiyopeg, pe xpovo T = 107 s) adhd yuo acOeveic Swaomdoeic, otic omoieg M
naposevid pmopet va dwutnpeitar (AS=0) 1 va adddler katd 1 (AS=1). T'Uavtég T1g
Sloomaoelc o péoog xpdvog Lomge T eivon avapeoa o 10% s ko 100 s. T copdra
oV Ta&WELOVY UE TOLTNTO KOVTE GTNV ToyVTNTO TOL (PMOTOS, OVTO CMUOIVEL OTL
dloTdvTol o pio amdotacn (Kotd péco Opo) HEPIKMOV EKATOGTMOV OO TO GNUEL0
TaPOy®yNG ToVG (dnAadn amd to onueio g aAANAETiOpOoG).

6. llog avalnrovpe mapaceva copatiown

YKomO¢ TG Aoknong eivat 1 avalnon TapdEEVOY GOUATIOIMV TOL TOPAyoVToL omd
ovykpovoelg oto LHC kar kataypagpovror and 1o neipapo ALICE.

Onwg avaeépdnke ota mponyodueva, to mopdéeva copatidw dev {ovv TOAD:
SOTAOVTOL TOAD GOVIOUO HETA TNV TTopay®yn tovg. Qo61d6c60, (0uV apKeTd MOTE Vo
Ta&OEYOUV GE AMOCTOCT UEPIKADV EKOTOGTAOV OO TO CNUEID NG OAANAETIOPOONC
(IP) o6mov mapdyovtar (primary vertex). H ovalnmmon tovg Poacileton oty
TOVTOTOINOT TOV TPOLOVIMV TNG SLAGTAGTG TOVG, TOV TPEMEL VO TPOEPYOVTAL OO EVOL
Kowo onueio (secondary vertex).

Ovdétepa mapaéeva copdtia, o6mwg ta K kot A, dwondvior odivovtag éva
YOPOKTNPIOTIKO ayvapt dtdomaong, mov ovoudletoar VO.  To oapywd ocopdtio
e€apavifeTar oe OmMOCTAON UEPIKMV EKATOCTMV aO TO onueio g oAAnAenidpaong
kKot ot 0éon tov epgaviCovior 600 avtiBeta  @opTICHEVO COUATIN, OV
KOUTOAGVOVTOL o€  ovTifeteg oOlevbivoelg péco oto  poyvntikd medio  Ttov
ocwinvoewovg tov ALICE.

Y10, emdpuevo. KOKKIVOL 1yvn vtodnAmvouy BeTiKd QOpTICUEVO COUATIO Kol TPAGIVOL
v LTOOMADOVOLV APVNTIKA POPTICUEVO COUATLOL.

Oa avalntioovpe Tig aKOAoLOES S10GTACELS:
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BAémovpe 61t yuoo TEMKY Katdotoon pe VO TOVIH 1M JdoTaon Eivor TEpimTov
CUUUETPIKY], EVA Y0 TEAMKN KOTAOTOON MHE TOVIO Kol TPOTOHVIO 1 OKTiva
KOUTOAOTNTOG TOL TP®TOVIOL e&lvar peyoldtepn omd tov moviov: Ady® NG
peyoAvtepng palog Tov, To TPMOTOVIO TOIPVEL TO HEYOADTEPO HEPOS OO TNV OPYLIKY
opun.

Oa avalnmoovpe emniong SOCTAGES POPTIGUEVOV TAPAEEVOV COUOTIOIOV OTMG TO
E" mov dwomdrtol o T kot A; 10 A 01N cvvéxEln dlaomdtal 6€ T Kot Tpwtdvio. To
apyd movio yapaxtnpiletal cav bachelor (Lovd {yvog and PopTIGUEVO GOUATIO) Kot
eaivetor pof oty eova.
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H avalnmon tov VO Baciletor otnv tomoioyio tng 6146TaoNg Kol TNV TOVTOTOINon

TOV TPOWOVIOV TG ddonaons.  EmumAiéov emPefaioon g towtdTTOS TOL

ocopoTdiov amotedel 0 vwoAoyiopds ¢ palag, mov yiveror amd TV TANPOPOpia

(naa kot opun) TOV TPOOVIMV TG SLACTACNG, OTMG TEPLYPAPETOL GTO ETOUEVAL.

7. Yrohoyiopog g (apetapintnc) palaog
Oempovpe TN S1ACTAGT TOL OVIETEPOL KaOViov Gg V0 popTicuéva mdvia, KS— m'r.

‘Eocto E, p kot m 1 oAk evépyeta, opun (Sidvooua!) kot pdlo Tov apytcod
copotdiov (K9).

‘Eocto Ei, p1 kou m; n odkn| evépyeta, opun kot pdlo tov Buyatpikod copatidiov 1
(") ko E,, p2 kot my 1) OAIKN evépyeta, opui Ko pala Tov Buyatpikod copatidion 2

().

Awotpnon evépyelog E=E/+E, (1)
Awtiipnon oppng P=pitp:  (2)
Amo ™ oyetwotra (Yo c=1) E’=p’+m’ (3)

Omov p=|p| ivar To0 PK0Gg TOL SLOVOGLOTOG THG OPUNG P-
H e&icmon (3) woyvetl puoikd kot yo o Buyatpikd copatiow:



El=p’+m’ “4)
Ey? = po? + my? (5)

O6mov p1=|p1| kot p2=|p2| lvar Ta KN TOV SVOGUATOV Pi KoL P2.
Ao Tig Tapandve eElodoelg Bpickovpe OTL:

m® =E? - p® = (E\+Ey)” - (p1+p2)*=E> + EX2 +2E\Ey - p1 op1 - p2.p2 -2p1pz (6)

OOV P1.p2 €lvat To apOunTIKS YIVOUEVO TV 30 SoVUCUATOV P1 KOt P2, TOL 1GOVTOL
LE TO GOPOIGLO TV YIVOUEV®V TV GUVIGTOCOV X, Y Kot Z T®V 000 VUG UAT®V:

P1-P2 = Pix P + Piy P2y +2P1z P2y (7
P1-p1 =P1X2+p1y2 + P12 , = Py (8)
P2.P2=pax "t P2y  tp2:T = P2 )

Enopévac n e&icmon (6) yivetou:
1’1’12 = E]z + E22 +2EE, - plz - p22 -2 P1-pP2
= 1’1’112 + mzz +2EE, -2 P1-P2 (10 )

Mmnopovpe eropévag vo vitoAoyicovpe ™ ndlo Tov apykold copatdiov and Tig
HALEG KOt TIG GLUVIGTAOCEG TN OPUNG TOV BUYOTPIKOV COUATIOIWV.

Ot paleg Tv Buyatpikdv copatdiov m; Kot m; gival yvootés: Evag aptOpoc
SPOPETIKMV oviyveLTAV ToL Ttelpdpatog ALICE tavtonolobv 1o cmpudtia.

Ot opuég Tov Buyatpik®v copatdiov pi, p2 Ppickovtal amd T HETPNOT TG AKTIVAG
KOUTVAOTITOG TNG TPOYLAS TOVG AOY® TOL HOyVNTIKOD TS0V, TOL 1) TN TOL Elvat
YVOOTY.

21V GoKNOo™ YPNOLUOTOLOVLE TIG TPEIS GUVICTMGES TOV JAVOGLOTOS TG OPUNG KAOE
tyvoug amd T ddomacn tov VO, 6nwg 6TIig Topandve EEICAGELS.

O vroAoyo oG TG aUeTAPANTNG Haag divel katavopég Onmg ot mapakdto. H
Katavoun ota aplotepd etvor n pala mov £xet vmoloyiotel yuo {evyn moviov-
npwtoviov. H kopuen avtictoryel 610 A Kot To cuve G “OTOGTPOUN” TPOEPYETOL
Ao TVY0IOLG GLVIVAGHOVG TLOVIMV KoL TPMOTOVIMV, TOL PAIVOVTUL GAV VO
npoépyovtal amod to 1010 onpeio (secondary vertex) 1} Tov £yovv Tovtomon el
AavBacpéva. H katavoun ota de€id eivor 1 pala mwov éxel vmoAoyiotel yro {evyn
apvnTkod Kot Betucod moviov. H xopven avtiotoryel oto K§.
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8. Ta gpyaieio kKo n p1ion TOVGS

H doxmon yivetan pe pio S1001KTuoK EQOPROYR, 1 0oio HOACEL e TO TPOYPOLLLLLOL
aneikdviong yeyovotog (event display) tov ALICE. Ilpénet va avoi&ete to mpdypapipio



TEPUYNONG OV TPOTIUATE GTOV VITOAOYIGTH GOG KO VO AKOAOLONGETE TOV GHVOEGLO
nov gpeaviletor oty evotnra «Installationy» tov kOpLov 16TOHTONTOV. OOl EUPAVICTEL 1)
apykn cehida tov MasterClass, OTmg poivetol otny eKoOVa.

Welcome to ALICE MasterClass! ALICE Masterclass Home

ALICE

D)

Visual Analysis Large Scale Analysis

E:;%Eean Republic \Varsaw University Eun:pean };lniunl
Smart Growth I of Poland of Technology Soropetn el

H apyn oelida gpeavilel 5o eikdveg pe dvvatotnta kik: "Visual Analysis" kot
"Large Scale Analysis". Kdvovtag kAik 610 " Visual Analysis " Oa cag mapovoiactel
0 0kdAovBog 16TOTOTOG:

Please select dataset for Visual Analysis: ALICE Masterclass Home
:

Dataset v

Start Visual Analysis

Av Bélete va deite mapadeiypata dtuondoewv K9, A, avti-A ko 2, emAélte “demo
dataset”. Awwpopetikd, emiéEte 1o dataset mov cag £xel KaBopioel 0 EKTAUOEVTNE GOC.
Y K60e mepintwon, kavte KAk oto " Start Visual Analysis ", 10 omoio Ba cag
LETAPEPEL OTNV EMOUEVT] GEALDN, OTMOC POIVETOL GTO Gy LLOL



Visual Analysis Exercise ALICE Masterclass Home

ALICE

Event handler 3D View View 1
-,
Event 0 ) ~

‘ Invariant

i Mass - Add
| (GeV/c?)

Particle

previous next

View y_ Histograms
Detector
Tracks

» Decays
3D View -

View 1Zoom

Invariart Mass (GeVic2)

Particle masses

Calculator

e, et 00005 GeV/c

7, w0139 GeV/c (+) O ®
KD 04976 GeV/ Px (GeV/c)

: P 0.9383 GeV/ py (GeV/c)

A A 11157 GeV/c? Px (GeV/c)

2 5 13217 GeV/ mass (GeV/c?)

H otAn ota apiotepd mpooeépet évav apBud emroyov: IMhonynon (Event
Handler), emAoyn tov i gppaviletor (yeopetpioo Tov aviyvevtn, iyvn copatidiov,
dwondoels (VO kou cascades). To event display deilyvetr tpeilg amdyelg tov ALICE
(tprodidotaTn, TpoPoArr 1o Kot TpoPoAn 1z). Mmopeite va emAEEETE TIG TANPOPOPIEG
nov Bélete va eppaviCoviot yuo kdbe yeyovoe. Tlatdvtag 1o oyetikd kovuni, PAEnete
oA ta iyvn (tracks) tov yeyovotoc. Ilatwvrag “decays”, ta VO (kou cascades)
eppaviovtat pe d1aPopeTikd ypopata, av vrapyovy. Otav Bpeite éva VO, pmopeite
va Eavaroatioete “tracks” dote va pun eaivovtol to vdélouma iyvn Tov YeYEVOTOG,
aAAG povo avtd mov avikovv oto V0. Ta ypdpoto mov ypnoipomoovvtol ivol:
KOKKWvO ywo o Oeticd iyvn and VO, mpdowvo yu ta apyntikd (Ko pop yo to
“bachelors”, omnv mepintwon cascades).

Kdévovrtag KAk og kKa0e {yvog ot TIHEG TOV GLVIGTOOOV TNG OPUNG Kot TG Halag Tov
copotdiov (avtov pe TN péytotn mbovotnta, omd Tovg oAyopiBpovg Y
TOVTOTOINOT GOUATIOIMY) aviypdeovtol avtépato oTov vroAoywoty (calculator),
nov Ppioketon kdte amd to event display. Apol kdvete KAk Kot ota dVo iyvn (Yo
V0s) 1 ko ota tpia ixvn (ywo Cascades), n apetdfint palo TOL PNTPIKOV
ocOMOTOI0V VITOAOYILETOL QVTOUATO YPTCLUOTOLDVTOS TOV TOTO TOL TOPOVCIAGTNKE
oV Tpornyovuevn evotnta (oto mAaicto "Particle", oty endvo de&1d yovia).

To mpoypappa teprhappdvel téocepa totoypappato apetdfintmg palog (yio K3, A,
avti-A and E). T ka0e didonaon VO pmopeite va avoyvompiceTe T0 ap ko coUATIO
Ao o, TPOLOVTO TNG SACTAoNG KO amrd TV T TG AUETAPANTNG nalag (aplotepd
vrapyel €vag mivakag pe Tig ndleg pepikadv copotdiov). EmAéyete 1o €idog Tov
copotdiov (Kaon; Lambda,...) kot matdte “Add”. 'Etor 10 kotaywpeite o610
avtiotoyo otoypoppa. Ta otoypappato opetdfAne pnalog epeoaviCovral KAt
a6 to mAaicto “Particles”.

9. H doxnon — avarvote yeyovoto Kot Bpeite 1o mapdieva adpovia

H avdivon mov €xete va kdvete 0@ gival ToVTOTOINGT Kot LETPNUO TOV TOPAEEVDV
copotdiov 6’éva pukpd deiypa mov mepiéyel 15 yeyovota. Ilpwv apyicete v
avédivon, OwAiéste to delypo yeyovotov mov Ba oavoivoete.  Ymapyovv 19
JtapopeTiKd delypata e dedopéva amd cLYKPoUGElS TpmTovioy ota 7 TeV.



Kottaovtag v aneikdvion 1ov kdbe yeyovotog Tapatnpnote mOGo cuvoeta eivat
— TOPOTNPNOTE TOV UEYAAO aPlOUO 1YVOV GTOVG OVIYVELTES OO TIG cLYKpPovoels. Ta
TEPLGGOTEPQ OO OV TA TO Tyvn glvor TdviaL.

Motovrag VO (1 cascade), ta {yvn and dwondoelg VO (1) cascades), av vadpyovv,
eppaviovtat pe dapopetikd ypopata. And tnv tonoroyio tov VO tpocmadnote va
HovTéWETE Y10 TL cwpdTio Tpoketat. Kavovtog khk og kdbe iyvoc eppavifovtar ot
OYETIKEG TANPOPOPIEC — TO POPTIO, Ol TPELG GUVICTMGES TNG OPUNG Kot 1 pudlo tov
mhavotepov copatidiov (mov £xet Ppebel pe ) Pondela TV SAPOP®V AVIXVELTDOV
TOV YPNCIULOTOOVVTAL Y10, TAVTOTOINGT copatdiov). Hon and to mpoldvia g
dtdoTaoNG UIOPElTE va LavTéyete To apykd copdtio. Mo emPePaimon, vroroyilete
™V aUeTAPANT palo Omwg TEPLYPAPETOL 6TO 7 KOl GUYKPIVETE TNV T TNG UE TIC
TIUEG TOL TivVOKaL.

é\v N péla givar 497 MeV +13 MeV (o10 dtdotua [484, 510] MeV) npdkettar yio
K"

Av n pala etvon 1115 MeV +5 MeV (oto dwwotnua [1110, 1120] MeV) kot ta
Buyatpucd copdtio Etvot TPMTOVIO Kot opyNTIKO TLOVIo, TPOKELITOL Y1, A.

Av n pala etvon 1115 MeV +5 MeV (oto dwwotnua [1110, 1120] MeV) kot ta
Buyatpikd copdtio tvat avTTpmOTOVIO Kot BeTIKO TOVIo, TPOKELITUL V1o oVTl-A.

INa ddomaon cascade, av 1 palo wov vroAoyiotnke and ta 3 {yvn eivar 1321 £10
MeV (oto ddotpa [1311, 1331] MeV) npdxettor yio Z.

Avdloya pe to omotédecpa, motdte to kovumi “Kaon, Lambda etc”. 'Etol 1o
TPocBETETE 0TO OVTIOTOYO 16THYPAUUN ApETAPANTNG HALaC.

Eivatr dvvatdév n palo mwov vmoloyiotnke vo unv avtiotoryel og kopd omd Tic
napomdve tés.  IIpokettor yio “vméotpopa”. Ta to okomd tng doknong Oa
ayvoricovpe avtd ta VO.

10. Avaivon peydrov apOpov yeyovotomv

To event display eivar éva epyadeio mov Ponbder va eheyybel m mowdtTOo TOV
OedOUEVMV KOl TNG OVOKOTOOKELNG TOLG Kot dfvel po 10€a (OMTIKN) Yoo TO MG
potdlovv to. yeEYovoto amd TIG GLYKPOUGELS. (AOTOCO OTNV TPOYUOTIKOTNTO M
avdAvon TV d0edopEVeV dg Yivetal €16l KATL TETO0 Ba NTav VIEPPOAikd KOVPAGTIKO
Kat ypovoPopo. T va avaADcovpHE TO EKOTOUUVPLO YEYOVOTO OV GLAAEYOLLE
kanpepwvd oto LHC tpéyovpe mpoypappata, Kot avtd akptBag Bo kdvooue yio va
avalnmoovpe VO og moAd peyadvtepa delypata pe dedopéva.

Avoi&te v apywn oedido tov MasterClass 0nwg mpv, oAAd topa emihéEte "Large
Scale Analysis". v celida mov avoiyel Bo mpémer vo emilééete €va omd Ta
Srobéotpa copotido (K, A 1 anti-A) kot pio Tepoxy KeVIPIKOTHTOC. APOD KAVETE
KMk oto "Plot Invariant mass", o gueOVIOTEL O KOTOVOUY TOPOUOL HE TNV
TOPOKATO:
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210 10T0ypoappe ovTtd cuvovalovial (eLYN YVOV COUOTIOIOV TOV TPOEPYOVTOL Omd
éva kowvd onpeio mov dev eivan to onueio g oAAnAenidpaong (secondary vertex). H
apetdPfintn pnala toug vroAoyiletal and TIG GLVICTMOESG TG OPUNG Kot armd T pala
TV TPOWOVIOV NG dldomaong mov &xovv tavtonomdel. Mmopeite vo emhééete K,
A M avti-A. MOl tedeidosl 1 oviAvon OAOV TOV YEYOVOT®V TOL O&lyloTog
enpaviCetor oty 006vN N Katavoun e opetdfAnte palog.

Topa Ba avalvoete ekatoviadeg yeyovota tavutdypova. BAémete 6tL 1 apetdfAnm
palo stvor pio cvveyng katovou - avtd opeihetal 6to yeyovog Otl ta (ebyn m.y.
moviov Tov cuvovalovtal pmopel va ivatl toyoio, OV TPOEPYOVTOL OO L0 KON
devtepelhovso Kopuen Kot pmopodv va ddcovv omowadnmote Tl palag. Ta
TEPLGGATEPO OO ALTA Elval LTOGTPOLAL.

T va Bpodpe Tov aptdpd Tav copoTdiny evoc Tomov, yia tapaderypa ta K, mpénet
va Bpovpe tov aplBpd TV YeyovoTOV OTNV KOPLON UETG OmO OQOipeEs TOV
VIOGTPOUOTOC. [0 va Teptypdyovie T0 VTOCTPOLA LE 0L GUVAPTNON (TOAVMOVLLLO
devtepov Pabpov) emdléyovpe mpmta v mepoyn tov fit. To onuo meprypdopetor pe
I'coovowov kotavourn, yw. v omoia emiong TPEMEL vo. EMALEOVUE  TEPLOYT).
[Motovrog “Fit”, ot Vo cuvaptioelg epeavifovtol Tive oTo 1eTOYPUp Kot UTopet
va gheyybel ontikd av 1o fit elvar Aoywo. Eqv ov cvvaptioelg (puetd amd 1o fit)
TEPLYPAPOVY KOAG To. dedopéva, umopeite va matnoete 1o kovuni "Accept". Xto
woTdypappo epeoavifovtal o GLVOAMKOS aplBUdc YeyovOTOV STV KOpVueN, 0 aptOpudc
YEYOVOT®V TOL VTOGTPOUATOS Kol avtOg tov onuotos. (o v aeaipeon Tov
VIOGTPOOTOC YPTCLLOTOLOVVTAL Ol GUVTEAEGTEG TOV OELTEPOPAOLLOL TOAV®VOLOV).

11. Bpeite K’, A, avti-A og ovykpoboeic PbPb ot drogopetikés meproyic
KEVIPIKOTNTOG

Otav PELETANE CLYKPOLGELS POPLOV WOVIWV GLYVE KOTATAGGOVUE T YEYOVOTO GE
KATNYopieg, avAAoya e TNV KEVIPIKOTNTO TNG GVYKPOVOTG.

O mupfvag Tov HoAVPSoV eivar TOAD peyOAVTEPOC amd TO TPOTOHVIO, TPAYL TOV



odnyel 6€ SPOPES GTO MG YIVOVTAL Ol GUYKPOVCELS. TNV TEPIMTOOTN TPWTOVIOL-
TPOTOVIOL VTAPYEL €val HOVO €100G GUYKPOLOTG, EVAD Ol GLYKPOVGCELS HOAVPOOV
dwpépovy  avaioyo pe 1o péyebBoc TG  MEPOYNG  TOV  TUPNVOV OV
OAANAETIKOADTTTOVTOL.

Mo va ovalnmoovpe O0QOpEG AVARESO OTIGAT GLYKPOVOELS TPOTOVIOV Kot
Topnvev HoALPdov, opilovpe TPMOTO SPOPETIKEG KATNYOPlEG YEYOVOTOV Yo TIC
ovykpovcels Papidv wvtev. ‘Eva and to kprmiplo mov ypnoiponotodue gival m
KEVIPIKOTNTA NG OGVYKPOLONG, 7OV oyetiletal pe TNV TOPAUETPO GUYKPOVOTNG
(amodoTOon HETAED TV GLYKPOLOUEVAOV TUPNVOV KABETN oTov A&ova Tng dEcuUNG).
Avt n mopdpeTpog dev givor amevBeiag petpnotun. ‘Evag amd tovg tpdmovg pe toug
omoiovg to meipapo ALICE mpoodtopilel TV KEVIPIKOTNTO TV YEYOVOT®V £lval amd
10 TAQTOC TOv onuatog otovg amapluntéc VZERO (8o opddeg amd mAaotikolg
omwvOnpotég tomobetnuévoug og amdotacn +330 cm kot -90 cm omd 10 onueio g
aAnAenidpaong). Avtd ¢aivetor oto 0e£1d oynua. Ilocotwkn extipunom g
KEVIPIKOTNTOG 1TNG oVYKpovons divetoar omd Ttov aplipd TOV CUUUETEYOVI®V
VOUKAEOVI®V Npart (KOKKIVOL GTO 0PLGTEPO GYTHLAL).
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>’00to 10 Kopdtt TG doknong Bo avaldceTe yeyovoTa amd GLYKPOVCELS TUPNVEOV
LOADBOOV TTOL AVAKOLV GE SLOPOPETIKEG KOTNYopies KevTpkoTnToS ovalntaviag VO
Ko 0o vrohoyioete Tov apdpd Tav K, A, avti-A yua k6e kotnyopia.

12. Yroloyiopog Tng 0m0606ng TopaymyNS CORATIOIMV

Aol Bpeite tov apBpd tav K, A, avti-A pmopeite va voloyicete Tov apOpd tov
TOPUYOUEVOV COUOTOIOV avd aAlniemiopacn yw kdbe tomo VO kot yi ke
KOTNYopio.  KEVTIPKOTNTOG. ' ovtd tov vmoroywopd ypeldleote emumAéov
TAnpoopieg, mov Ba cag dobovv OtV TEAEUOGETE TNV OVAALON (T.).: AmOd00M
OVOKOTOOKEVNG TOV vav Yo kdbe tomo VO, olkd aplBud yeyovotwv mov
avaALON KoV Yo vo oag dMGoLV Ta suykekpiuéva VO).



