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Standardni Model i Veliki Hadronski S

 Fizika elemetarnih Cestica danas

1
L= _ZF"aVF Y+ Dy provereno, izvanredna preciznost
+Y;Nijpjh+h.c. znacajan razvoj poslednjih godina
+|Dyh|2 - V(h) obavijeno misterijom... do sada...

* Testiranje Standardnog modela i otvorena fundamentalna pitanja
Prioritet: Narusenje elektroslabe simetrije i Higgs-ov mehanizam
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ATLAS
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.« CMS u punom sjaju

‘il Decembar 2007. |
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Testiranje teorije elektroslabih interak
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Neverovatan uspeh Standardnog modela!!!
(posledica investiranog ogromnog teorijskog i eksperimentalnog rada)
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Produkcija Higgs bozona i nacini ras

Produkcija
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' Glavni kandidati sa detekciju Higgs-a:
Male mase: H2YYy, H/ZZ

Srednje i visoke mase: H>WW, H—-ZZ
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H - ZZ - 4]
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H - ZZ - 4]

« Zlatan kanal - lako prepoznatljiv zapis u detektoru

m» profitira zbog izvanredne rezolucije detektora

proces H & ZZ — 4] ‘“nerazlucivi” procesi
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* Precizna rekonstrukcija leptona
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« Optimalno iskoriscenje kinematiCke

informacije
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H - ZZ - 4]

« Zlatan kanal - lako prepoznatljiv zapis u detektoru

m» profitira zbog izvanredne rezolucije detektora

proces H - ZZ — 41
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Uska rezonanca u spektru mase 4 leptona

- Bitni aspekti analize

* Precizna rekonstrukcija leptona

* Prezicna procena suma

- Optimalno iskoris¢enje kinematiCke

informacije
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H - ZZ - 4]

« Zlatan kanal - lako prepoznatljiv zapis u detektoru

m» profitira zbog izvanredne rezolucije detektora

proces H - ZZ — 41

0~

8
0
el 7
H
g ZO*

as

o+

=

Uska rezonanca u spektru mase 4 leptona

- Bitni aspekti analize

* Precizna rekonstrukcija leptona

* Prezicna procena suma

- Optimalno iskoris¢enje kinematiCke

informacije
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CMS Preliminary \Vs=8TeV,L=1221fb"
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CMS Experiment at LHC, CERN 20/ A
Data recorded: Wed May 23 21:09:26 2012 CEST
un/Event: 194789 / 164079659 /
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H - ZZ - 4p

/\Tx S

k)

Run Number: 204769 \
Event Number: 82599793 B\

- Date: 2012-06-10, 13:12:52 CET.
|

EtCut>0.4 GeV
PtCut>1.0 GeV

Muon: blue
Cells:Tiles, EMC
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Rezultati - otkrice (jul 2012)

Region niskih masa

CMS Preliminary \s=7TeV, L=5.05 fb™! Ns=8TeV,L=526 fb™
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Rezultati - otkrice (jul 2012)

Region niskih masa

* lzmereni podatci

e Zatvoreni

* Procenjeni pozadisnki dogadaji
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CMS Preliminary \s=7TeV, L=5.05 fb™! Ns=8TeV,L=526 fb™
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Rezultati - otkrice (jul 2012)

Region niskih masa

CMS Preliminary \s=7TeV, L=5.05 fb™! Ns=8TeV,L=526 fb™
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Rezultati - otkrice (jul 2012)

Region niskih masa

CMS Preliminary Vs=7TeV,L=5.05f";Vs=8TeV, L=5.26 fo
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Ocekivan signal na mpy = 126 GeV
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Rezultati - otkrice (jul 2012)

Region niskih masa

* |lzmereni podatci
 Otvoreni
* Procenjeni pozadisnki dogadaji

Ocekivan signal na my = 126 GeV

* Preciznost merenja mase
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CMS Preliminary
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“Noc¢ otvaranja” (jun 2012)
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Maseni spektar (H 2 ZZ — 4)

CMS ATLAS
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' Registrovan visak dogadaja oko 125/126 GeV
u skladu sa oCekivanjima za Higgs boson Standardnog Modela!
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Visak dogadaja (H @ ZZ — 4p)

CMS - region niskih masa
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' Ocekivana statistiCka znaCajnost oko 124.3 GeV: ~7.10 (~6.50)
lzmerena statistiCka znaCajnost oko 125.8 GeV: ~6.50 (~6.10)
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Visak dogadaja (H @ ZZ — 4p)

CMS - region visokih masa ATLAS
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Ocekivana statistiCka znaCajnost oko 124.3 GeV: ~7.10 (~6.50)
lzmerena statistiCka znaCajnost oko 125.8 GeV: ~6.50 (~6.10)

odbacena hipoteza o SM Higgs bozonu: [130, 827] GeV
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Masa otkrivenog bozona (H @ ZZ

CMS ATLAS
CMS prellmmary Ns=7TeV,L=5.1fb"'\s=8TeV,L=19.6fb"
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StatistiCka “likelihood” analiza kompletnog seta podataka
' Najverovatnija vrednost mase novog bozona:
CMS: mg = 125.8  0.55¢ac £ 0.25ys¢ GeV
jaCina signala u odnosu na SM: yp = 0.91 * 0.30
ATLAS: ma = 124.3 * 0.6s¢tac T 0.55ys¢ GeV
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Spin otkrivenog bozona (H — ZZ —

* Matrix Element Likelihood Analysis (MELA):

 Kinematika raspada opisana sa 5 uglova i 2 mase

» ZnacCajna diskriminacija izmadu signala razliCitog spina i-ili parnosti

CMS preliminary {s=7TeV,L=5.11%" {s=8TeV,L=19.61" CMS preliminary {s=7TeV,L=5.11" {s=8TeV,L=196 1"
%) i) T T @ 0.16F T T T T T
S S o1 o 4 .5 F ii0”
£ E @ £ o4r [2:(g9)
g 8 008 —omMsdaa | 2 0.2 —CMSdata
[ [ [
£ £ g o
3 3 3 0.1
[ Q Q L
0 o 12 k
o o Y o 0.8
3 ] 0.08-
3 0.04f-
& 3 - F
T ) 0.02f-
L 1 T L 1 W L
% 20 40 0 10 20 30 % 20 0 o0 10 20 30
- -2x In(L /L.
3 2xIn(L /Ly) x In( 200 o)
CMS preliminary {s=7TeV,L=5.11" {s=8TeV,L=1961" CMS preliminary {s=7TeV,L=511" {s=8TeV,L=196 15"
2 2 0.14F T . T 2 F T T T
€ € o € s or
2 e r = g ot = .
£ . £ oa2f & 1 £ E H2q@
S b —CMsdata | ¢ —CMs data g om4p —CMSdata
8 g o 8 o12f
© © ° E
3 041 - 3 =1
3 & oosf 8 o
0.08}- B F
0.0k Fay E 0.08f
0.06[ ] i 0.06[
0.04f e 0.04¢ 4 s E 0.04F
0.02[- 3 0.02 i L ] 0.02f
! L L 1 I L 1 I . t 1 w N1
% 20 40 o0 10 20 30 % 20 - 10 20 30 % 20 0 0 10 20 30
2xIn(L /L, - -2 xIn(L /L.
xIn(L, /Ly) 2xIn(L,./Ly) xIn(L, o/t

* Svi testirani alternativni modeli za spin i parnost novog bozona
odbacCeni sa statistiCkom znaCajnoséu 95% CL
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H - Yy
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H - vYy

* Veoma mala verovatnoca za raspad H — Yy,

proces H — Yy pozadinski procesi (Sum)

Higgs production / Higgs decay to photons
p ; il/ ~ A P /

O N~

9t 3

o By Dy /g

o A,
p > g

] \ p \

* Vrlo jednostavan “zapis” u detektoru: «10°
. of o o F Simulation CMS pr'eliminary
— dva izolovana fotona sa velikim trans. impulsom w0k smiaien
— rezonanca u masenom spektru dva fotona e M0 o

h
FWHM =3.1 GeV/c® £ b

Events / ( 0.35 GeV/c?)
N
o
o

 Potencijal za detekciju direktno zavisi od rezolucije:

' Krucijalna uloga elektromagnetskih kalorimetara too

L Rt | l:"'-zz.,-‘-_.
?00 110 120 130
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Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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H - vYy

VBF H->vy event candidate

‘xheriment at LHC, CERN
ecorded: Mon Sep 26 20:18:07 2011 CEST
vent: 177201 / 625786854
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H - vYy

* Rezolucija mase Myy direktno zavisna od rekonstrukcije verteksa sudara

Yy cluster

ECAk I XK.V A AUAY T R e Y | Y R M 9 K A T R

mistake
in Ny :1.3m

40 reconstn ucted vertices
High PUrun October 25; 2011

beam spot ~ 6cm

* Dogadaji su analizirani po odgovarajuc¢im kategorijama
Myy je fitovana istovremeno u svim kategorijama (polinom nt reda za Sum)
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Visak dogadaja (H — YY)

CMS - region niskih masa ATLAS
L. (s=7TeV L=5.1fb"
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' Ocekivana statistiCka znaCajnost oko 125 GeV: ~40 (~40)
lzmerena statistiCka znaCajnost oko 126 GeV: ~40 (~70)
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H > WW — lvlv
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H > WW - lvilv

- Kanal sa odliCnim performansama u Sirokom spektru moguéih masa bozona

proces H > WW = |vlv ‘“nerazlucivi’”’ procesi
proton VA
q w "
antiproton q w ¢
Y

“razludivi®” procesi parovi W bozona iz raspada Higgs bozona
(instrumentalni $um) imaju drugaCije kinematiCke osobine:

Ty % %\M !
v g @
antiproton g @ @ &

Korelacija izmedu spina dva W bozona
uzrokuje mali ugao izmedu dva finalna leptona!

Predrag Milenovi¢ 3 Beograd, Srbija, Mart 2013




:
:
-
!

Predrag Milenovi¢

G

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
Run/Event: 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815
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H > WW - lvilv

* Lako prepoznatljiv “zapis” u detektoru:

— 2 izolovana leptona sa velikim trans. impulsom i malim uglom izmedu njih
— velik “nedostajuci” impuls u transverzalnoj ravni

* Nema uske rezonance u masenom spektru
' ekstrakcija signala na osnovu odbroja dogadaja

NO - T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T ™ %) : I T T T T I T T T T I T T T I T T T T I T T T T
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2 B = 2\;* -\II-S\?V (s=7TeV,L=491f" - ~ C ) ’ ' Bl Z+ets [ W+ets 7
E soo | N\ stat@syst oieten ] ..g 250:— H—-WW' '—evuv/uvev + 0 jets B HI25CeV]
c
s [ N ] 2 - .
o B ] w200 -
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- ] 150 =
- z z
B i 1 100 -
50 - & - C ]
i N t ] 501 =
B [ | *e- - i C ]
0 e Lot - e 8 O - -
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* Posebna optimizacija za svaku vrednost potencijalne mase Higgs
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Kombinovani rezultati

CMS - region niskih masa ATLAS

Vs=7TeV,L=<511fb" \s=8TeV,L=12.21" I I I I I I I
CMS Preliminary m,, = 125.8 GeV ATLAS Preliminary | M= 1255 GeV

W,ZH — bb :
\s =7 TeV: fLdt = 4.7 fo” e e
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Combined u=1.30=+0.20 ;
\s=7TeV: [Ldt=4.6-48fb" | _e—
Vs =8 TeV: [Ldt = 13- 20.7 fb” :

15 2 25 10 4
Best fit o/0g,, Signal strength (u)

H—ZZ

Registrovani signal u svim kanalima je u skladu sa predvidanjima SM
' (jos uvek velika statistiCka neodredenost)

CMS: acCina signala = p = 0.88 + 0.21
ATLAS: jacCinasignala=p =1.30*0.19
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Zakljucak

LHC eksperimenti su postigli impresivne rezultate
u rekordno kratkom periodu!

CMS preliminary
Ll Ll I Ll

>
[0} - 4
G 30t * Data §=7TeV:iL= 5.1fb"
. A K s o CJ my=126GeV s=8TeV:L=1961" -
» Analiza dogadaja u mnogim kanalima s | W = o
e |
cH-ZZ- 4, H-YYy, H-oWW-lvlv o2
- Anatomija registrovanih dogadaja 10}
» StatistiCki znaCajan viSak dogadaja oko 125 GeV )
» Dodatni signal odbaCen u regionu 130 - 827 GeV m,, [GeV]
- Registrovani signal je u skladu sa predvidanjima SM e ][Ld'=4~83fb"1 i
@ F ¥s=8TeV | Ljit=20.65f " Dec 9,2012 =
* Masa bosona: 125.8 * 0.5 GeV (CMS) @0 [ e AE

C H-22""- 41 channel .
20— -

- Signal (mH=125 GeV)
I Background 22"
I Background Z+jets, tt
—4— Data

125.5 + 0.6 GeV (ATLAS)

15—

10

 Spin i parnost bosona: 0*

Uzbudljiva vremena su ispred nas (nova otkrica?)
H Studenti pridruzite nam se!

[T 4
50 100 150 200 250 300 350 400 450 _ 500
M, [Ge

Data - Background
o o>

T TTTT]TTTT[TTTT[TTT

= | L
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Zakljucak

« LHC eksperimenti su postigli impresivne rezultate
u rekordno kratkom periodu! . CMS Preliminary _
§30; &ait:izeeev Ns=7TeV:L=00fb" _;
X y . ; NS Ozyzz -
» Analiza dogadaja u mnogim kanalima % | mox ]
® 20F- E
*H-ZZ -4, H-Yy, H-oWW-Iviv & ¢ ;
- Anatomija registrovanih dogadaja o :
5- E
» StatistiCki znaCajan visak dogadaja oko 125 GeV E ]
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 Dodatni signal odbaCen u regionu 130 - 827 GeV m,, [GeV]
* Registrovani signal je u skladu sa predvidanjima SM § o o [rasemse soaman
+ Masa bosona: 125.8 * 0.5 GeV (CMS) s T
- [ Signal (mH=125.)GeV) R
125.5 £ 0.6 GeV (ATLAS) 5 e
 Spin i parnost bosona: 0* £ E
- ,.E...i!....;.,..!....,....4‘...,....!...‘;....E
- Uzbudljiva vremena su ispred nas (nova otkri¢a?) i ° - |
H Studenti pridruzite nam se! o
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