2wpoatidtakn Quetkn: A0 TO
HAektpovio pexpt to Higgs kat to
Meyalo Adpovike Emttayvvtn (LHC)
octo CERIN

Avadpopn oto TIC XPYES TOU EIKOOGTOU aUWVX 0TV YEVVIONKeE 1)
Zwpotidiakn Puoikn (Puoikn) YUnAwv Evepyeiwv)- avakoAvel,
TEYVIKEC, TEPAOTLH TTPOOOOC XAAX ETTIONC GUYYXUOT) Kot AdO).

To xaBiepwpevo MovteAo — Tt Eepolie onpePA YIX TOV KOOLO

KO oTtO TL €XEL DTLOY(TEL

Ta mpo AN paTa Tov amaayoAovy Ty Puoikn YYniwv

Evepyelwv onpepa.

To LHC xou n avadrtnon tov cwpoatidiov Higgs, tnc
vrtepouppetpiog (SUSY) .....

Ka. K. ®ovvtde, Epy. Puowknic YYnAwv Evepyeiwy, Iav. Ioovvivwv 27/8/2017
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/ >wpotdtakn Quokn

H 2Zwpotidtokn Puoikn) mpoomadel va
OUTTAVTTOEL T KOAOUVOX EpW T AT

e ATO TIL OTOIYELWON CWHUATIN KTTOTEAEITAU OTO CUUTIOY ?

e [Twe aAANAETIOPOUV TA OTOLYELWOT] CWHUATIX HETAED

TOouC ?
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/H)\e KTpW

* To 1898 Sir J.J. Thomson (AyyAia) avakdAuve to
HAektpovio peretwvroag tnv dpvon twv KaBodikwv
AKTLVWV.

* To 1919 o Ernst Rutherford (AyyAix)

ovokdAuvpe to [pwtovio.....

27/8/2017 KaB. K. ®dovvtdg, Epy. Puoiknc YYnAwv Evepyewwy, IMTov. Iwavvivwov
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Oswplec TwV Thomson kat Rutherford
[Telpdpota 2wpoatidioknc Puoikng

To Movtedo
Rutherford
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ToQutovio -y

Ot kPavtikn Oewpic Tov Gpwtog OepeAlwOnke oTIC APYEC TOU
20°Y auwva oo toug Plank kot Einstein (lepuoavio/ EABetia)
To pw¢ elval A NAEKTPOUOYVITIKT] AKTIVOBOALX KoL €€l
OWHATIOLKT) Ppuon.

To cwpatidio Tov pwtdc ovopddletal pwtdvio ()

To ®wtdvio éxel undevikn palo (darepn epPereiar) aAAd €xel
evepyelo: E=hxv (toh sivou Lot Gtaeepa KO TO V €vaL 1)
ovyvotnta) Ke> *

27/8/2017 KaB. K. ®ovvtdg, Epy. Puoiknc YYnAwv Evepyeiwy, ITov. Iwoavvivwv
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"H Quowkr o 1930 (a |

¢ O xO0HOC amoTeAsiTAU ATTO
e [Ipwtévia - p* (pe palo ~ 2000 GOPEC HEYHAUTEPT] TOU
nAektpoviov kat Oetikd doptio)
e HAgktpdvia - e (apvnrtiko ¢poprtio)
e dwtovia -y (u&la = o)
* Ta p* e aAAnAemidpoulv pe avtoaArayn dwtoviwv Bdon g
Oswplioc mov ovoUA{eTOL KPOVTOUNXOVIKT TWV:

e Schrodinger (Austria), Bohr (Netherlands), Heisenberg
(Germany), Pauli (Schweiz)

KaB. K. ®ovvtdc, Epy. Puoiknic YYnAwv Evepyeiwy, [MTov. Iwoavvivwv



P 1o 1930 (B)

* 'Etot pmopovoav va e€NyHoouV To TePLOGOTEPA GAVOEVA KoLl
bdopota twv atopwy pe tnv KPavtikn Mnyovikn.

* H avtaddayn dwtoviwv peta GopTiopevwy cwuaTidiwy
givorl uTTeVOUVN YIX TNV NAEKTPOUXYVITIKT)
dUvoUN/xAANAemidpoon.

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE

27/8/2017 KaB. K. ®dovvtdg, Epy. Puoiknc YYnAwv Evepyewwy, IMTov. Iwavvivwov
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H QuotkTo-1930 (v)
O

ELECTRON

NUCLEUS

Rutherford (1909): ot mup1jveg
QUTOTEAOU VT OUTO MPWTOVIA TTOV €ivout

~ Oetika popTicpeveL

" Chadwick (1932): ...kot atd Netpovia mov
.. gxouv TNV id1o pada pe to IMpwtovia A
givou AekTpIKd ovdETEP QL.

27/8/2017 KaB. K. ®ovvtdc, Epy. Puoiknic YYnAwv Evepyeiwy, [MTov. Iwoavvivwv



Quotlkn ="AmAoTnTa
e K="AmAoTATA

2UVETWC OAEC OL YIALXOEC OTO ATOUX KL LOPLA LTTOPOVTAY VX
eEmynfouv Hovo pe 4 CwUaTIOW: To GpWTOVIO TO TTPWTOVIO TO
VETPOVIO KOl TO NAEKTPOVIO.

History of Elementary Particles
| | | | | | | |
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< Howrd | oot
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BC AC
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MpopAnpotiopoetrtou 1930
/
H I(Bowtuc%@ewpw( kot Oewpio tng Eidikng Xyetikotntag dev eiyov
evoronBei onAadn dev vmnpye axopa Xyetikiotikn Kpavrkn

BOewpicn mou va eptypdPel cwpdTior Tou SXOUV gvepyeia peyoAvtepn otd
ouTr) Tov Tpogpyetol atd Ty pdlo toug (E=mc?).

H pa&svspyew( TIOU EIXE ocvoaca?\ucl)eel oo tov Becquerel to 1896 dev
avoTave vor ToUPLAGEL PE TX TOPATIAVL KoLt snmlsov dev parvotave va

vrtakoVeL gty apyr) TG Sratrpnong g opung (4oxnua vea yio Toug
bUCIKOUC TN EMOXTIC
o AZ > AMZ+1)+p + EAAeippo opung

e EmimAéov T) EVEPYELX TV AKTVWV B~ 0V 1Ty SLakpier) Omwg Bo mepipeve
KOVEIG a0 S140TooT) 08 300 CWHATLO OUTE KAl EEXE TNV EVEPyeLa TTOL Bt
TEPIHEVE KOAVEIG 0tV OL B )TV GUCTOTIKA TOU TTUPT VAL

Tn £l00VC 5UV0(|JI] KpO(‘EO(El o Ttpwtovw( paZl OTOV TTUPTIVX TWV ATOHWYV ?

H d0vapn ot Ba mpemet va eivat LoxupOTepN TG NAEKTPOUAYVITIKIG
AnwoTg mov aokovy petady touc. ‘Erotn tpitn aAAnienidpaon avtr)
ovopdotnke loyvpn lMupnvikn AAAnAemidpoon.

H 8¢ Bewpia tng Papitnrag (Tevikn Zyxetikoétnre, Einstein 1916) Sev
taiplode kaBoAov pe Ty KPavtikn Oewpio (kou akOpo dev touptdlet o’
OAOUC TOUC TOVOUC atd YopTi Ko LEAGVL £xouv E0BEUTI) €KTOTE).

1
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ﬂauarm%&aq tou 1930

O melpapotikol puolkol TNC ETOXTC OV XPYIoTEL VX
KATOXOKEVALOUV SLATAEELC TTOU TOUC EMETPETAV VX BAETTOUY
ocwpotidio: OdAapol Nedbwong (Cloud Chamber) Metpntég
(Geiger-Miller Counters)

Movable Fiston
Expanslon Space

| A / \
@_ \Wcuum :;}‘Ll," o
2 d

Valve c\. ‘,_\._,:__L_;'} \ /
| ) r[— . \ //"

mat.mdsp})em b pump lo moi

Wilson Cloud Chamber

27/8/2017 KaB. K. ®ovvtdc, Epy. Puoiknic YYnAwv Evepyeiwy, [MTov. Iwoavvivwv
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= —aeedaa.. B
2uvNOwc ot OAAXOL XPTOILOTTOLOVVTAV OE GUVOUXTHO E

GWTOYPAPIKES LNYOVES KL LOYVTTIKO TTEDIO

13
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DwTo leC Zwuatdlwyv
e YPOPLECTWL DV ==

DUAX T POAUPBOO 1) KAAO HETAAAO Y PTCLUOTTOLOUVTAL YL
VoL ITOPPOPTICOUV EVEPYELX XTO TO CWHIATIOLX

14
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H e€{owdhwou.Dirac ™

O Dirac otnv mpoomndOeix Tov va
oupPiBdoetl TV KPovTikT pnyovik)
LLE TNV OXETIKOTNTA eDeVPE U €ElCWOT)
IOV OXL LOVO TePLEYPAPE KPOVTIKK
bovOHEVX XAAX CUYXPOVWC T)TOV
OUMPATN LLE TNV E1OIKT) OYETIKOTNTA
tou Einstein.
e H e&¢iowong ¢ kPavtikng Bewpiag tov Schrodinger ko
Heisenberg ntav amAwg vomepintwon TIC o YeVIKNC €&icwaonc
tovu Dirac.

e H e&¢iowon tou Dirac mpogPAeme to S1mAS aplBuo cwpatidiwv
ortd Ot giyorv mapornpndeil otnv Ppuon pexpt to 1930. [poePAeme
OTL YL K&O€ owpaTiOlo Ba TPETEL VA UTTAPYEL KL £V XVTI-
owpoatidlo. Katt avaAoyo ocupPaivel onuepa pe tnyv Ymép-
OUHMETPICL....

27/8/2017 K. K. Douvtéc, Epy. Puotikic YUnAdv Evepyeidw, Tav. loavvivev
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H avakoAupn Tovsmolitpoviou—=

T**)pi(pﬁog ¢ Bewpiog tov Dirac !! To molitpovio eivou to
OVTI-CWHATIO TOU AEKTPOVIOU KL £XEL TIC (OLEC IOLOTNTEQ
LLE TO NAEKTPOVIO €KTOC OTL €ivat BeTiKA POPTIGUEVO.

Carl Anderson at CALTECH, USA

: O 4 © Copyright California Institute of Technology. All rights reserved.
J Commercial use or modification of this material is prohibited.

To Avti-TTpwtovio Bpédnke to 1955 oo opdda mov cuppeteiye ko 0 EAAnvac T. YYnAdvng
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W. Pauli (Ziirich, Schweiz)

Tnv mepiodo autr) kavevag Gpuotkog Oev giye 10€a OTL oW
oo TIG PASIEVEPYEG HETUMTWOELS KPUPBETOL piat TETOPTT) Ko
AyvwoTi pEYPL TOTE aAAnAentidpaot), 1 AcOevrg ITupnvikn,
1 _omoia g€iYe MOAD OlPOPETIKEG IOIOTNTEG OO TOV
HAexktpopayvntiopov kou tn Bapitnrag mouv nrav 1on
YVWOTEC OTTWC EITOLE.

[ tnv wpa o TpoPAnpa OAwy 1Tav 1) U ST pron NG
opHN¢ mov £depve 0AN TV PuoiK) o€ Kpion.

O W. Pauli pag £¢Byaie oo to adie§odo otav mpoTeLve TV
Umtapdn Tov NevTpivo, EVOG OUSETEPOU CWNATIOIOU UE TP
TOAU pikpry 1) HNOEVIKT) péda, TOAV acBevi) aAinAemidpaon
HE QAL CWHUATLX TO OTTOIO0 TAPAYETL OTNG PASLEVEPYES
METATTWOEILC.

Eto1812000n 1 apyn} TG StaTiipnomng Ttng oppng aArd ot
ducikoi Twpa enpeme va BPouV TO HUGTNPLWOES VETPIVO.
[Tépaoav Tovw oo 20 xpovia pexpLva Bpedei teAkd TtV

dEKAETIN TOV 50.
27/8/2017 KaB. K. ®ovvtdc, Epy. Puoiknic YYnAwv Evepyeiwy, [MTov. Iwoavvivwv
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onu/p'rll'lupr]vm' AMNAemtibpaon

O lanwvag Puoikdc H. Yukawa mpdteve OTL oL 1oyUpEC i
CAANAETIOPACELS TTOU KPATOUV TA TPWTOVIX Slxdidovton H. Yukawa
516 pécov evée petaSoTn mou éxel pdlo (ot oyupée UaPan)
CAANAETTIOpAoELG £XOUV TTOAD pIKpT] EUPEAELR).

MdAiota ypnopomolwvtag tnv KPavtounyoavikn propeoce

v Aoyoapldoel TNV Hédoe auTov TO PETAOOTN OF TEPITOU

200 MeV.

duoikd omoOpEVE OTOUC TEIPAUXTIKOUC GUOIKOUC VA
amodeiéouv 0TI To owpatidio tou k. Yukawa vmapyel xou

ekel dpylooav toe mpoPANuaTa KaOOTL Ol MEPAHATIKOL

Bprxav mpwta To AdBoC cwpaTidlo Tov SUoTUXWC €iye

ué&la mou ftave kovrd otnv palo tov Yukawa (106 MeV

OPKETA KOVTA oV AdPBel Kavelg umdPn Tou TNV SIoHKPITIKT)

(KOVOTNTO TWV TOTE TEPAUUATWY)

18
27/8/2017 KaB. K. ®ovvtdc, Epy. Puoiknic YYnAwv Evepyeiwy, [MTov. Iwoavvivwv



AvokoAuln Tou'Mioviou 1937 —

/EW)(/‘I])\EKtp(')VlO’ 200 Popec PapuTEPO TG TO NAEKTPOVIO

H owouch\ULl)n EYLVE SUVO(tn LLE TNV XPT)OT TEXVIKIG TTOU OVOTTUY TIKE
oo tov P. Blackett o omoiog ouvdeoe tnv cl)wto padikr| pnyovr pe
petpnreg Geiger Miller oe Siatadn trigger. AnAaon n pnyovi
cbwtoypac])le LLovo otav ot petpnrec Geiger Miller eiyov onjpa mou
£0€LYVE OTL KATTOLO GOPTIOHEVO SwHTIdI0 TEpaTE To OdAapio.

To cwpoatidio ékmAnén mou kaveic dev oUTE TO TEPIEVE OUTE TO
xpetaldtav (Who ordered this ? I.1. Rabi)

OO+ m Anderson (US) Blackett(UK) Rabl(US)

19
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e H teputeteta peto-Mwvio

Mnyv £xovtog dAAN Ypnion yid to Miovio kot emweidn)
N pofo taiprole ot Puoikoi vmeBecoy OtTL UTO
TPEMEL VI EIVAL O POPENC TWV LOYUPWV
AAANAETTIOPAGEWV.

Avotuywc o Ianwvac puoikdc Tomonaga Aoydpilaoe
OtL orv To Miovio ntay evaicOnTo oTIC LIoYVpEC Fe
UAANAeTIOPAOEL O ETTPETE VX LETATTITITEL TTLO YPT)YO PO S
ot OTL OTO KEVO 0TV TTEPVA PETH ATTO VAIKK e Popeic i
(HeydAoug) muprive.
ALdpopa TELPAPOTH E€YIVOV KXL CUVEXIOTNKOV PeXPLTO  Tomonaga
1945 Kol VOTEPA ATTO XPKETA dlodbwvouvTA

QUTOTEAECUATH XTTOOELYTNKE OTL TO [LLOVIO OEV EXEL KOPLLX

OXEOT] LE TIC LOYUPEC TTUPTIVIKEG XAANAETTIOPATEILC.

To plovio emepeve MEICHATIKA VX €lval €vag xdeAPOC

TOU NAEKTPOVIOU arrAW¢ Afyo oy V¢ (200 popEq).

20
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TTioviar1948

Evtuywc to cwpdatio tov Yukawa BpeOnke oto IMav/pio
tov Bristol (UK) a6 tnv opdda twv Powel-Occialini:

Occialini, Powel

21
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2wpotidlakn @uoetkn to 1948 —
I B TStk GuoikiiT0 1948

'Etol L katdotoon To 1948 eiye w¢ €&NC:

O ZHATIo pe HEYAAN Pl (~2000 NAEKTPOVIX) :

1. Ipwtovio (p*), pe Betikd dpoptio kot cAANAemIdpAoELG
HAextpopayvntikn, loyvpn mupnvikn ko Baputnro.

. Netpovio (n), nAektpik& ovd€Ttepo AAX LE LoYUPT] TTUPTVIKT] KO
BoaputnTa.

O XWMATIO ME MIKPT) OYETIKA palo:

1. Hlextpodvio, (e7) Iolitpovio (e*),Miovio(pt) pe Betikd aAAd kot
apvntiko poptio. To HAektpdvio ko tae Mioviat aAAnAemidpovv
NAEKTPOLXYVNTIKA. To NAeKTPOVIO Tty GUVEESEUEVO E PASLEVEPYEC
LETATTTWOELC.

>.  Netpivo v oudétepo oxeTI{OLEVO LLE PASIEVEPYEC LETATTTWOELC.

3. ITovio * pe Betiko ko xpvntikd doprio .

22
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3 2npaviika AntoteAeopato. 194 7- ar)'
/

0 1947 B. Pontecorvo:

. Edv to puovio dev eivau to cwpotidio tov Yukawa tote dev ypetddeton v
£XEL OV UNOEV KA HTTOPEL Vo €XEL OTTIV V5.
2. ZUVETWC UTOPEL VA HETATTETEL O€ 3 PEPUIOVIX XvTi YL SvO.
O 1948 Adaxktopikn Ararpifn] J. Steinberger EmiAenwv ka®.
E. Fermi (ITov/ o Xikdeyov):

1. To g petamintel 6€ NAEKTPOVIO Kat dvo verpiva: L—> € V V

. 'OAoLiocTevaY 6TV ap)T) OTL TK SVO VETPIVA €ivor T Id10t ALK
Lot voe aerrod ey TeL To avtifeto.

3

YPELNCTNKE AAAT) LK SEKAETI

T
<
ID T[’ - Scanned at the American
}V%o OH‘*\CKW Institute of Physics

23
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3 2npaviika AntoteAeopato. 1947- B)
/

0 1949 Lee, Young, Rosenbluth: YmoAdyioov tnv otabepda
cOlevénc ylw p—> e v v, m> pv,Z> (Z+1) e xolT(g
Bpnxov va unv dladépouv moAU petaél toug. ‘Hrav opwc
TOAU OLXDOPETIKEC MO AAAEC TOU €YV VX KOEVOUV L€
NAEKTPOUXYVINTIOHO Kol Loyupeg aAAnAemidpaoelc. 'Etol
CUMTEPOVOY OTL KOL Ol TPELG ELYOV VO KAVOUV HLE I VEX
aAAnAemidpaon, TNV aocOevi mupnviki cAinienidpaon

O 2uvenwg £YOuE 4 €01 cAANAemidpdoewy (JUVApEWV)

1. Boapvtnro
. AcOevi) IMMupwvikn (WE/Z°)
3. Hlextpopayvntiopo (dbwtodvio)

2. loyupn mupnvikn (ykAouovio)

: 24
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1950 - EritayuVvTeC

Mayvnriko tedioB

0 EmrtoayuvOopevo cwpATIo HTOopPEL Vo Etvot
L TPWTOVIX Kot A Bapid cwpdtio (ASpovikog emTo(UVTHG)
>.  HAextpovia ko mo{itpovia

25
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0000

Particles

0000000000000,

000000
/
|
\
\

Magnetic field

O Odiapot PuocaAidwv avrtikateotnoav toug Oaidpouc
vepwonc

27/8/2017 KaB. K. ®dovvtdg, Epy. Puoiknc YYnAwv Evepyewwy, IMTov. Iwavvivwov
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£ Emttoyuvteg

O Oremroyuvteg mMapEYOUV SECHEC UE LEYOAT] EVTOOT) CWHATIIIWY £TOL
£0woav TNV duvatotnTto vo HeAeTNO0UV 0L 1I810TNTEC TWV CWUATIOIWY
movu eiyav €upelel ME KOOHIKEG OKTiveG kot emeTpePov TNV
avokAvYn peydiov oplOpov véwv cwpotidiov. Ta mo onpavtikeg
avokoAVYPELg jToy

1L 3 €8V VETPIVA, TAV, V,, T, Kol 3 €18WV NAEKTPOVIX TA e, 1%, T" Tov 0Ax
polli A€EyovTo AETTTOVIX
2. Mux peydAn cuidoyn) Bapitepwy cwpatidiwv onwg p, o, ¢, E, Z, Q....

History of Elementary Particles

I I | I I
Chemical

Elements

100

Sulfur, Salt

10

Mercury

Different Kinds of Basic Matter

Earth

| Air
Fire

Welner

ra-:'

1 1 1 1 1 1
1000 0O 1000 1500 1800 1900 1850 1980 2000 2020

BC AC

1
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Koupkea)

O OtmAnOwpa Twv ocwHUTIOIwWY £yive duvatov va eEnyn0dei
pe tnv Oewpio twv Kovdpkg.

Q=-1 Q=0 \£=\+1 Q=t2
s=° -] [} A +) )

§=-1

[l
£
-

Nicolas Samios

Murray Gell Mann
28
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Kovapke:(B) —

Etot 6Aa T Bopld cwpdria amotTeAOUVTAL oo Kovapxg
OV £PYOVTOL KXL UTH OTTWC TH AEMTOVIX 6€ {EVYAPLL.

1. u(up) d(down) To KaOiepwpevo Ipotumo

>. c¢(charm) s (strange)
;3. t(top) b (bottom)

ELECTRON

B NUCLEUS

PARTICLE

QUARK

‘Etol €yope méAl €va oxeTikd pikpO aplOpo cwpatidiwy !!!

29
27/8/2017 KaB. K. ®ovvtdc, Epy. Puoiknic YYnAwv Evepyeiwy, [MTov. Iwoavvivwv



To Jwpotidto-Higgs '
/

O 'Hroav to pHOVo cwpatidlo To ofmoio mpoPAémetanl ord TO
KaOLepwpEVO TPOTUTO MOV J€V £ixe ovakoAuPpOei akOpa.

d Eivou aatapoaitnto yiox va e€niynon
1. [Tl T KOvApKE Ko T AETTOVIX €X0UV Ao,

2. T v kavel 0Agg TiI¢ dAdec mpoPAreelc CUMPATEC HE T MEPAUATIKA
O€BOUEVH TWV TEAEUTAUUWY 30 ETWV.

O XVpdwva pe to KOOIEPWHUEVO TPOTUTO TPEMEL VL £XEL Pl
Kotw amo ~ TeV

O 2 Ileipaparta orto CERN to ATLAS xou to CMS gyouvv
oXE0LAOGTEL Le OKOTO TNV cvakaAvYn Tov cwpoatidiov Higgs.

d Eva veo owpartiolo ovokaAvdpOnke tov lovilo
TOU 2012 KO LEAETEC EKTOTE €0€IENV OTL EIVAL TO
ocwportioo tov Higgs.

30
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/M
e

Proton - Proton 2808 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10"2eV)
Luminosity 10%4cm-2s-1

Crossing rate 40 MHz

- ~..|
Proton |
e @ Collisionrate 107-10°

Parton
(quark, gluon)

Particle ; '»
|
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New physics rate = .00001 Hz

Event selection:
1in10,000,000,000,000
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Key:

Mueon

Electron

Charged Hadron (2.g. Pion)

= = = = Meutral Hadron le.g. Meutron)
'''' Photon

Silicon
Tracker

; Elzctromagnetic M %

}I! ]l Calorimeter T ;31

- I i

Hadran Supercanducting 1) e

Calorimeter Selenzid ]

AR e

lron return yoke Interspersed 111

Transverse slice with Muon chambers I i

thraugh CMS U=
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B Pixels
B Tracker

B ECAL

B HCAL
B MUON Dets.

B Superconducting
Solenoid

Total weight: 12500 t
Overall diameter: 15 m
Overall length: 21.6 m

Magnetic field : 4 Tesla | http://cms.cern.ch

KaB. K. ®ovvtdc, Epy. Puoiknic YYnAwv Evepyeiwy, [MTov. Iwoavvivwv



D/ —

—

» Eneepyactiic MP7 * 12 Eneepyoocteg MP7 oto

0.720 Terabit/sec reipopa CMStouv CERN
[720,000 Megabit/sec VLY VEVOUV HIOVIA.

* [lavemotnpuio lwovvivwv
* [lavemotnpio AOnvwyv
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4 IovAiou 2012

CMS CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

%

A
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Corpact Meon Solerckd

HH(Z,) pr: 43 GeV

8 TeV DATA e (Z,) pr:10 GeV

4-lepton Mass : 126.9
GeV

W(Z,) pr:24 GeV

e*(Z,) py:21GeV

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115
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, Ploviiov 2012 o —
CMS Experiment at LHC, CERN :

/ Data recorded: Thu Oct 13 03:39:46 2011 CEST
- Run/Event: 178421 / 87514902

Lumi section: 86

— \

\h (Z,) E; : 8 GeV

W(Z) py:28 GeV

- TeV DATA

4p+y Mass :126.1 GeV

|‘l+(Zz) Pr - 6 GeV
1(Z,) py: 14 GeV

1(Z,) py: 67 GeV
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ATtO TNV 6takeén.tov 2010
- — |
O MeydAog Emtitogagyrng Adpoviwy
APYLOE LI VEX ETTOXT) ‘é‘j@v
CWHATIOLOKT) PUOIKN KO(%IEI’)(D OTL N
€TTOUEVT) OeKaEeTIO O eival T@%ma o€
 ‘Eva peyado mAovolio og €pevva IZ%{QG
TTOCyKOOLO TTPOYpappe o€ Guotkr) I
VETPIVWV APYLOE KO UTTOCYETAL OXL
Atyotepa arto to LHC.
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