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Zdkladné otazky:
- Co je to ATLAS experiment
* Preco je potrebny experiment ATLAS ( a pod.

experimenty)
+ Co bude predmetom skimania ATLASu
* Nase miesto v ATLASe
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Mnoho-Ucelovy Casticovy detector (pokrytie do |n|=5, L=1034 cm2s1)

Moon eecs oo Gl PP 76eVx7GeV . Inner Detector
/\ T—— o/p, =0.05%- p,(GeV)® 0.1%
[/ ecwmion Tracking range |n|< 2.5
& EM Calorimetry
o/ E ~ 10%/ \JE(GeV) ® 1%
Fine granularity up to ‘77‘ <25

Solenoid |

Hadronic Calorimetry
o/ E ~ 50%)/ \JE(GeV) ® 3%
Range: ‘77‘ <4.9

Muon System
O'/pT ~2—-7%, range: ‘77‘ < 2.7

Barrel Toroid Inner Detector : g Shielding

Hadronic Calorimeters

Magnetické pole : Precision physics in |n|<2.5
2T Solenoid + 3 air core toroids | Lepton energy scale: 0-0200/0 (Z—>”).
Zaciatok: 2007 Jet energy scale: 10% (W —jj)
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!. polowca !U s!or'ocm: !FEQF!! ! !!!F”

> Vytvorenie Standardného modelu (SM) - elektroslabé
zjednotenie EW, kvantova chromodynamika QCD

SM so svojou ka’regorizciciou ¢astic a sil umoznil:

1. kvalitativne novy pohl'ad na fyzikdlne procesy na drovni
mikrosveta aj megasveta (hordca faza vesmiru).

2. predokladal existenciu celého radu ¢astic (W*, Z°, gludny,...)
3. Vynikajldca zhoda s experimentom

> Nespokojnost’ so SM: Velky pocet volnych parametrov -
v min. verzii 18 parametrov, SM nevysvetluje hierarchiu hmotnosti
Castic, povod narusenia CP-symetrie nie je uspokojivo zodpovedany,
neddva odpoved’ na otazku poétu generdcii, nezahrnuje gravitdciu.

> Vytvorenie novych fyzikalnych koncepcii iducich za SM
( GUT-teodrie, SuSy, Tedria superstrin)
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!. polowca !U s!orocna: !r'ogr'e! \ experlmen!e

> Vlyznamny progres (revoldcia) v technoldgii experimentu:
1. Vznik elektronického experimentu - moznost’ studovat’ procesy
s vel'mi nizkymi G¢innymi prierezmi.
2. Ndstup kolajderov (ISR, SPS, Tevatron, LEP,...) -prechod k stddiu
interakcii pri vel'mi vysokych energidch.

Experimentdlny objav kvarkovej struktdry hadrénov:
Objav c¢-, b- a 7-kvarkov,

Experimentdlne potvrdenie existencie W+, Z° bodnov.

Objav t-lepténu, neutrinv,, v,

Ndjedené experimentalné prejavy kvarkov a gluénov

=Yy

Zdkladnd poziadavka na experiment:
robit’ preciznu EW a QCD.
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Sily sd sprostredkované vymennymi ¢asticami

A

Elecromagnetic interaction

Electrons exchanging a photon

~ I~
d/\u u/\u

Weak interaction

UNIFICATION

W, Z-bozény

Quark and lepton exchanging a W or Z

% AR

9 gluony
(8 stavov)

Qn Qg

Strong interaction

. v . Quark exchanging a gluon and colour
? Higgsove Castice o
Vakuum=Higgsov kondenzat

Zatial
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" Zakladné tlohy fyziky na LHC

Povod mechanizmu spontanného narusenia symetrie v elektroslabom
sektore (hladanie Higgsovho bozonu + fyzika okolo )

Fyzika top-kvarku ( LHC ~ 107 tt-pdrov/rok — detailné stddium t-
procesov (Ucinné prierezy, rozpady )

Nové testy QCD at 14 TeV (Multijety, top produkcia, p.d.f. sensitivne
procesy)

B-fyzika a iné procesy SM (Stiddium narusenia CP symetrie, B, -
oscildcii; B® — J/y+K% BY — n* + -, fyzika jetov (testovanie QCD)
etc.)

Precizne merania v ramci fyziky SM
W a Top hmotnost’, ohrani¢enie na hmotnost’ Higgs bozénu via EW fyziku
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T Ako hladat novd fyziku

& Hladanie pravych W- a Z- bozonov
(SU2), - sU(2), ® SU(Z),— existujd aj "prave”
intermedidlne bozony W, aZ,,: m(Wy)> 406 GeV ,
m(Z,) > 310 GeV )

& SuSy castice

( Tedria Super Symetrie zahrnuje aj gravitdciu,
kvark < skvark , lepton < slepton ,

Higgsov sektor: H, H, h, A )

+ Kompozitnost' fundamentdlnych fermionov
( sucasny experiment: bodovost’' castic <~ 108 m )
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Produkcia SM Higgs bozdnu: 1025 T o]
» Gludnova fuzia gg—H | 1:11‘;;‘:}"\{ ]
* (W,Z)-bozénové fusion Bl CTEQ4M
WBF: 49— q'qH NS e
*  Top-quark associated _ S B, B W
production 99, 99 > tTH W sl
- Weak boson associated 0t Bl
production qq —q'q'H i ggqq%mt
ChGHﬂZISfOI"dZTeCTIOHZ 104 Vi o gt B R G L e el B B P e L BT B 6 b LR B e g
. . 0 200 400 600 &00 1000
Ho>Z9Z® 541, H-ovyy My [GeV]
H—o WOW ||+ pmiss L .
o _ Pr _ The cross sections for different H boson
H—>T1T1 ttH,H — bb production processes vs M,
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Na verifikdciu Higgsovho
mechanizmu experimentdlne:

Higgs mass(es), spin, CP

Higgs widths and couplings to
different particles:

Hbb, Htt, Hztz-, HW'W",
HZZ, Hgg, Hyy, HHH,...

Typical accuracies for couplings
and widths : 20-30%

10% accuracy for HZZ, HWW
couplings over W threshold

Systematic errors contribute up
to half the total error

5o discrepancy from SM up to
m,~300 GeV (MSSM)

2= F —§(H.2)
g F —g'(HW)
- 0118? gz(H,'c)
S g%(H,b)
1.6 - giH.b
L S,
1.4j
ATLAS

- —_—
O_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
110 120 130 140 150 1860 170 180 190

o my [GeV]

Precision of Higgs boson couplings
determination vs Higgs mass
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Q0D measurements

>

>

The LHC physics is based on the interactions of quarks and gluons
Factorization : a convolution of partonic x-section and PDF's:

o =Y [dx,dx, F (1, ) (X, 1) 8 (85 15 )
f

PDF's are obtained from a global fit of DIS and DY data + DGLAP
evolution to higher scales Q> — DGLAP splitting functions: theory is
at NNLO.

Partonic x-section: perturbative expansion in ag (LO, NLO, NNLO, ...)

Scale choice: pe = pr= Q < typical process scale (usually set by
invariant mass or p; of hard probe)

Problems: if two (or more) scales present in the hard scattering
process —» & -expansion contains: (agl?) and (al) (L=In(Q/Q,)

Tools: DGLAP + BFKL evolution equations — resummations

25/04/2005 S. Tokar, UK FMFI 11



Accurate measurements of QCD [ Lz naTen oot o
related processes at LHC will constrain |
the PDF's. e

The kinematic acceptance of the ”

LHC detectors allows a large range of <<
x and Q? to be probed 8 b e/
B L
Processes to be studied: o°E
> Multijet physics - test of pQCD, wh L
dijet physics: constraints on PDF's i
> Drel-Yan processes , pp—2L—>I*I N
(qand q densities) Uo7 i0% 105 100 105 107 100 10
» Direct photon production 99 — Y9 x
qg—Yq (sensitive to gluon density) Values of x and Q® probed in the

production of an object (mass M,

> Top and heavy quark (c,b) production rapidity y) at \s=14 GeV
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T Fyzika top-kvarky

- Top production cross section - ATLAS detector
precisious QCD tests LHC: pp 14 TeV
T Guatis G ATLAS per year

constraint on Higgs mass via EW physics i
Single top production pp © Lilo fo-t =
top partial width, V,,, spin effects... 107 #¢ pairs
Top spin effects Start: 2007

- Top-antitop spin correlations
Anomalous couplings

- FCNC in top physics
Rare decays of top and exotics

- Search for charged Higgs,
superpartners

Dobré miesto pre nds!
(mGj navrh)
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Test of QCD predictions: top pair production (inclusive and
differential x-sections) is an effective tool:

big m; = ag(m;)~0.1 = pExpansion converges rapidly
top decays before hadronization = spin of top is not diluted

Theory for top X-section: NNLO-NNNLL
(Kidonakis et al., PRD68,114014 (2003) )
Partonic Xsection:

G, = aS(;Ll)Z(‘lﬂas("‘))nzft;n’k)(n)lnk [%J 7= 4;:12 1

m- - k=0
Usual scale choice: pe= pp= p e(m,/2, 2m,) or top p+

A discrepancy may indicate a new physics!

Progress at MC: radiative gluon corrections included: MCatNLO
(Frixione et al, hep-ph/0311223)

ATLAS: Statistical uncertainties < 1%
— Systematics (Exp.& Theo.) will be dominant
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pp-> tf $7°=14 TeV m=175 GeV

7 70 —— NLO
| — NLO i oy e NLO p=m/2, 2m
S NLO p=m/2, 2m 7 —-—-= NNLO-NNNLL+{
1500 EXg, S —-—-= NNLO-NNNLL+{ | <
« e ﬁ
oy ]
L o I
£ 1000 | o
© <l
B
o
500 | dold
total c/dp,
KT R R T R R o i w0 a0 4w s00
m (GeV) p; (GeV)
NNLO: uncertainty from scale (m,/2, 2m,) < 3% !!!
(N.Kidonakis, hep-ph/0401147)
25/04/2005 S. Tokar, UK FMFI 15



Atlas top mass systematics (L=10fb-!): jet energy
scale, b-jet frag., ISR, FSR, comb. Bckgd. All mass

method combined =

M,, (GeVv/cY)

Am, (stat) = £0.1GeV  Am, (syst) = {fz:g GeV . e
ISR, FSR via Pythia = Realistic: Am, ~ 1 GeV 802 @e\s\%\
80.1 \X\g@“ﬁ
Masses of top, W and Higgs are bounded by SRS OTRNNE. L.l it ot
Mqp (GEV/CY)
M; o S 6 R
M, | 1-—2 | = (1+4r), Ar=Aa+-"Ap+(4r), R
Mé \/EGF cW | Fut
. . 4 _
Ar=rad. corrections ( Ap ~m?, (A”)nz <InM, ) o |
<]

Precise M,, and m, = constraint on M ;!
present—>LHC: Am,: 551 GeV, AM,: 33515 MeV

|Excluded .\

0
Grunwald et al, hep-ph/0202001 . E(gZV]
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T single fop production

Production via weak forces

4 q t grﬁ‘fﬁ“f !
. q w
+ Xsection~ |V, |2 i >“‘“““<_ /J:
¢ g b b W
b

( direct measurement of V,,)
- Significant bckgd to Higgs signal  t-channel s-channel  association

* Slngle TOP -100% polariza’rion production
(test of V-A structure of EW) 40 57 ) 107:07pb 5129 pb
» Possible new physics ( at LHC 14 TeV, NLO )
Selection criteria ol
-Only 1 isolated lepton (p>20 GeV, |n|<2.5) : t-channel:16515+ 49
* miss-p;> 20 GeV, 50 < m(l+v) < 100 GeV T F Wrjets: 63394265
+ exactly 2 jets: (pp20 GeV, |n|<4) o | Tt 455+ 74
1 jet with pp20 GeV, [n|< 2.5 : Jl

Events, 6.0 GeY/pb™

1 jet with 50<p<100 GeV, 2.5 <|n|< 4

-Exactly one b-tagged jet(reduces tt-bkgd) o
Two jet invariant mass €(80,100) GeV t MWW
(rejects WZ events) ; |, WWTH Ty HH

PRI N I 8 1 i
100 150 200 250 300 3sn 4a0 450
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7t spin correlations

Top decays before hadronization =
Spin of top is not diluted

Gluon emission unlike to do AS#0 1600 —
Imprint of 11 production spin: 1400
Angular distrib. of top decay prod's 1200

Considered parton reactions:
gg.qq >ttt +X >bb+4f+X f=q,l, v

‘M“)‘z o« Tr| pRPp |, A=gg,q¢ (narrow w.)

Decay of polarized t quark Most promising:
R =l(1+,cf§t .éf) Dilepton I*lI-angular distribution
I"dcosf, 2 1 d’c 1+ Ck, Kk _cos6, cosO
6, = angle (direction g, of f, polarisat. &) ;dcostcose_ B 4

k¢ = Correlat. coef.for V-A current 0.(6.) = angle (”t(”?)’ I"(Mdirection )
for anti-t decay: k; > —«; tt CMS t(t)LS

x.x_=-1, C=0.332(SM)
25/04/2005 S. TOkéI', U ravin 10



W

CKM phase only tiny effect on top production and oo
decay

Non SM CP-violating interactions — in prod.
density matrix (R) 2 CP-odd spin-momentum
correlations:

1 Dilepton events
Ql - kt °é+ _k? °é—
q,.,=1"" direction

A A A

k,-(s,—s;), k,-(s,xs;), k —>p °
k, = top direction, p=init. quark direction

EXGmPIQS: T FO T S

350 400 450 500 550 600 650

In MSSM fermion-sfermion-neutralino My Gev
interactions — CP violating phases from SUSY Bernreuther et al,
breaking terms hep-ph/9812387
Extended scalar sector — via hon-degenerate
neutral Higgs bosons with undefined CP parity. Can be also employed:

Coupling of Higgs (¢) with top: ~ m, (a,71+ i&t77’5t)¢ Asymmetry:
(inSM @, =1,4,=0)becomes resonant at m, ~2 m, 40 )=Nu@>0-N,(©Q <0)
or above gg —> @ >t 1 Ny

25/04/2005 S. Tokar, UK FMFI 19



W

*CKM phase only tiny effect on top production and decay

‘Non SM CP-violating interactions — in prod. density matrix (R) 2
CP-odd spin-momentum cor'r'ela'rlons

k,-(s,~s;), k,-(s,xs.), k, —> p, k, =top direction, p=init. quark direction
004 ——
- Extended scalar sector — via non-degenerate j Dilepton events
neutral Higgs bosons with undefined CP parity. . 0, - kg
Coupling of Higgs (¢) with top: ~ m, (at7t+ i&t77/5t)(o [ 9y —’+( ) direction
(InSM: a,=1,a,=0) o '
g8 — @ > tt becomes resonant at m, ~2 m, or above
-0.02
* In MSSM fermion-sfermion-neutralino interactions

— CP violating phases from SUSY breaking terms 30 400 450 800 550 800 650
Ly = iN2g. > (e_i¢’7LF,(~?“T”f, -+ e"¢’7RF1(~?“T"fl)+ h.c.
1=1,2

NII(QI > 0)_N11(Q1 <0)
N

u

Can be also employed: Asymmetry:  A4(Q,)=

25/04/2005 S. Tokar, UK FMFI 20



Top Xsection known with ~10% accuracy

No top hadrons Top quark a unique place for

Top decay via pure V-A weak interaction = a new physics behind SM
Only one significant decay channel: +—>Wb

New physics from symmetry breaking at scale A (~1TeV)?

Anomalous gtz couplings: Cross section of ¢q — ¢t will have terms for
-anomalous chromomagnetic and chromoelectric dipole moments
‘Retrieved from I*I- (fop pair decay) observables:

Choi et al, PhysLettB415(1997)67 = |15 = °Pr ~P)s(Pr > P)ss Ap =B~ E,
Q33 = 2(p7 + p1)3(p7 - p1)3 _§(pl — D )

Anomalous Wtb couplings
*Can be probed in top pair and single top production.

‘4 form factors describe Wtb - two are 3 ( from SM) and 2 to be
analyzed: Fo My W (_ftw* B (+),'hf,f*) —Boos et al,EF1C11(1999)473

L(R)2~ 4 Do b

25/04/2005 S. Tokar, UK FMFI 21



FCNC couplings tVcand tVu; V=gq,v,Z
> Absent at tree-level and highly suppressed in SM
»Present through loop contributions

»Observation of top quark FCNC processes
=> New Physics!

CDF & LEP2
_ Present Limits
t — SM two-Higgs SUSY
ggq | 5x10" " 10~° 10" BR < 17%
v q 5 X 10—13 10—6 10_5 BR < 3.2%
7 q — 1012 107 104 BR < 18%

25/04/2005

S. Tokar, UK FMFI
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W

Top decay widths and BR for anomalous couplings(=1) and for SM (v=250
GeV, m=175 GeV, A=1 TeV, Han et al, NuclPhysB454(1995)527)

Top decay mode

Wb (e4+uw)g (e+w)y (e+uw)Z, (e+u)Z, \/; (TeV) 2.0 14.0
FCNC coupling 1 1. 1 1 i (fb'j ) > 10
F('GQV) 1.56 2.86 0.17 2.91 0.14 K_g(z s 1) 0.019 0.0033
B 0.20 0.37 0.022 0.3% 0.018 ta
FCNC coupling 8% 100 | 3100 | 4Ax 107 A (2= 2y s L2
Tap(GeV) 1.56 | 8 x m—i 8 x 10-12 2.2 x m—i KE(2—>1) 0.0862 0.0084
Bsm 1 [5x10 5% 10 1.5 x 10— KE(Z>2) 0092 e

Limits on anomalous couplings =

vZ|”
tu

zZ

atu

Indirect constraint (from K —pu, Am(K -K, ..): \/ +la?]’ <0.15

vZ|°
tq

zZ

a

+tq

CDF results (decays t—yc(u) and t—Zc(u)): \/ " <0.73, Kl <0.78
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CDF, DO+precission EW data do not exclude :"top" quark is an
exotic quark with charge -4/3 (Chang et al. PRD59, 091503)

Exotics: t—>Wb (in SM: t—->W+*b)

Top charge determination:
- by measuring charges of top decay pr'oduc‘r’s

[Nami rieSeny problém !!!}
t>W*b (W charge: W* >lv, @y =

- Via radiative t t events (sensi‘rive to Q,)
Analysis for ATLAS (10fb-!) (Ciljak et al, Atl-Phys-2003-35):

* I(I")-b;.+ association criteria can be found to distinguish between
mean Q(by.:(I")) and Qb1 ). [ Realistic for ATLAS, CDF |

- Radiative top production (pp—11y) can be used to measure foton-top
coupling (0'~ Qf) = [ Realistic for ATLAS only ]

Integrated Xsection: os¢e"(Q=2/3) =7.8fb"!, o5¢e"(Q=2/3) =24.8fb"!
Background: oseen=6 5fb-!
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> Ciel ATLASu je .Cistd" fyzika (Higgs, top, SuSy, etc.)

» Prva fdaza experimentu:
— vyvoj testovanie a budovanie detektorov
— vyvoj a budovanie DAQ
— budovanie vypoctovych systémov

> Fyzika detektorov je potrebnd a zaujimava:
— je doleZita prepochopenie systematiky
— moze mat’ praktické uplatnenie

» Nasa U¢ast’ na budovani ATLASu: Hadronovy TileCal

25/04/2005 S. Tokar, UK FMFI 25



TCSTY fOTonéSObié ov Jean‘ ATLAS Calorimetry EM Accordion
% % lori

fotoelektrénovou metodou Hadronic Tile calorimeters
Calorimeters ‘

Rekonstruk. odozvy kalorimetra
na piony investigated (linearita,
homogenita, energ. rozlisenie)

Vypracovana metdda rekonstrukcie
Energie vyuZzivajica topoldgiu
Hadrdnovej sprsky

Forward LAr

Rozvoj metddy rychlych simuldcii Calorimeters
’ , . Hadronic LAr End Cap
odozvy hadronového kalorimetra Calorimeters

25/04/2005 S. Tokar, UK FMFI 2
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GEN

PMT excess factor found

QZ

lu:fPMT'?’ Sour = 1+

Details of PMT struciure
seen (15" dynode effect)

25/04/2005

Meverit= 695844 ) ok + 0.03

K 1.81 76" + 0.02

Gain = 48505 103,797 + 0.7
pA 0 — 89.807 ).864

K 336 03

1.739 121

398 1.0

125 .|:|:'_|

1030

377

0 750 1000

1250 1500

SAn

A PMT

spectrum analy.s-ed
by the single p.e. method

S. Tokar, UK FMFI
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" TileCal: topoldgia sprsky vs energia

Pri danej E, . rekonstruovand energia zdvisi od topolégie sprsky

Jednoduchy topologicky parameter: e Energy_100. Gy

Ncell Ncell Zlepéenie 555-
rr = Z r, S, Z S, rozlisenia | °}
i=1 i=1 55 [

A linearity
[Vzdialenosf’ i-tej
bunky od osi sprsk
Motivdcia: parameter r je citlivy na podiel 72 v sprske (malé r-
- vel'a E_,, vel'ké r+: naopak )[

p2= 0.774 +/— 0.115E-03
p3= 2053 +/— 3.379€-02

Signdl v i-tej bunke | T

R2002: pribrzdenie aktivit v rieseni problému
R2004: zdujem o problém - I. Vivareli (INFN Pisa)

v V4 V4
Mozna uloha !ll
25/04/2005 S. Tokar, UK FMFI 28




 The fast MC code for TileCal created = works 1000 x faster

than the full simulation (Sutiak et al.,Tilecal-2003-008|

» Idea: a few partial showers initiated by the principal
particles from the first interaction place.

- Works continue to create the fast MC for full Calorimeter

50 GeV 100 GeV 00 Gar
192 [:F_L = - 1 [Ei_
109
10 1000 §
CN Tn’r:TnﬂI I |r;;§1m Total algnal [ "o o
wna gna Sarmpling 1, slgnal [pdl Sampling 2, slgnal (pC]
CERE Offﬁ{" for |, o EE | ®F EE | mi EE_
e(ln ot 10! "R e -
Flash MC 111 | w EQE mi\s
1mllllwlmlllz1m 11|:rluu' T " =0 800 ﬂo-' z;:lm
Tatal afgral IpEl Tetal slgnal e Sarnpling 3, sigral [pcl Sarmpling -4, ignal [pC]

[ Nerezignovali smel! ] 200 GeV 300 GeV
25/04/2005 S. Tokar, UK FMFI _



Pre efektivnu pracu na ATLASe je treba vytvorit’
realny pracovny tim:
>3 kmefovi pracovnici
>3-4 PhD studenti
»3-5 studentov
Zvolit' si vhodny fyzikdlny problém - Fyzika top-kvarku?
v' Dobré zvladnutie problému z hl'adiska tedrie
v' Zvladnutie simulacnych a rekonstrukénych technik

v Vyuzit’ CDF experiment ako ..pripravu”
v mat’ efektivnych kolaborantov

Perspektiva ATLASu: svetovy experiment minimadlne
do r. 2025

25/04/2005 S. Tokar, UK FMFI 30




v' 1 kmenovy zamestnanec (S. Tokar)

Ciastoéne ~30% I. Sykora - PMT Redlna perspektiva
v PostDoc: J. Coss (ha 18 mesiacov) takéhoto timu
I. Fedorko (odchddza - Atény/Pisa)

v PhD: T. Zenié (redlne VCent), 50%
P. Bednar (cca 1 rok)

v Studenti: L. Lovas ( 5 R) .
B. Zilka (5 R) @

< Ext: P. St'avina et al. - dlohy z Mnichova, Kosic
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W

Standardny model/ (SM) je zaloZeny na kalibragnych symetridch:
> Castice su kvantd poli
> Fyzikdlny systém je systém poli s danym lagranzianom
» Charakter interakcii zdvisi od symetrii lagranzianu

o Teoria elektroslabych interakcii
(Symetria Lagranzidnu: SU(2) ®U(1), )
elektromagnetické javy a javy slabych interakcii

e Teoria silnych interakcii ( QCD )
(Symetria Lagranzidnu: SU(3), )
( sily pésobiace medzi kvarkami, nukleonmi etc.)

v Gravitacia nie sucastou SM !

( Problémy s kvantovou tedriou gravitdcie )
25/04/2005 S. Tokar, UK FMFI 33



Testy SM

X2 je rozumny
(nie viak perfektny):

2/ndof=29.7/15 (1.3%)

N.B.: vCitane NuTeV a
APV

Bez NuTeV a APV:

(teor. chyba otazna)

v2/ndof=18.2/13 (14.9%)

NuTeV —>»
APV —»

25/04/2005

Measurement Pull (o™= _gys™=
-3 -2-110 2 3
m, [GeV] 91.1875+0.0021  0.00
= L= . T I -l
T, [GeV]  2.4952+0.0023 -0.41
o, [nb] 41,540 +0.037 1.63
R, 20.767 +0.025 1.04
Al 0.01714 £0.00095 D.68
AP 0.1466 +0.0032 -0.55
R, 0.21644 £0.00065 1.01
R 0.1718+0.0031 -0.15
AQE 0.0995 +0.0017 -2.62
AYE 0.0713+0.0036 -0.84
A, 0.922+0020  -D.64
A 0.670 + 0.026 0.06
A(SLD) 0.1613+0.0021  1.46
Tmi|‘|:|%|f1|1:'1- Q) 0.2324+0.0012 087
m,, [GeV]  B80.449 +0.034 1.62
T, [GeV] 2 136 + 0.069 0.62
m, [GeV] 174.3 £5.1 0.00
sin“@, (vN) 0.2277 £+0.0016  3.00

F
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Castice vs. ranny vesmir

cas ( sec )
0 Big Bang( T ~ -15 %107)

1043 L Vesmir vznikd z kvantove]j gravitaénej fluktudcie?
E—sz% Kvarkovad epocha ( farebny svet )

m T~ 3x10" K (E~ 200 Gel ):
e Fazovy prechod — Vznik Higgsovho kondenzatu
— leptodny, kvarky, W*, Z-bozdény nadobddaju M
e Vznik prebytku latky nad antilatkou ( ~1:1010 )

__Je treba 3 pokolenia ¢astic |

T~ 105 K (E ~ 100 GeV): <« Sucasny exp.
Obsah vesmiru: leptony, kvarky, gluony,
v W+#, Z-bozdny, fotony
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SM vs kozmololgla

Vesmir ako na termodynamicky systém castic (rozpinajdci)
Vzt'ah medzi ¢asom (vekom) vesmiru a jeho teplotou:
242 (IMeV)Z

t(sec)= N\ kT

N(T) uddva pocet efektivne nehmotnych stupriov vol nosti
fermidnov a bozénov, podiel'ajicich sa na termodyn. rovnovdhe

Poéet pokoleni > | Priebeh teploty » | Nukleosyntéza
Castic V rannom vesmire 'ahkych jadier

Astrofyzikdlne pozorovania zastdpenia He, Be Li, efc.:
PoCet pokoleni < 4, pravdep. poCet pokoleni = 3
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HOVZ IZOI"IC

Technicolour (QTD) (narusenie symetrie bez Higgsovho bozonu)

GUT-teorie ( SU(B) a vyssie symetrie, zjednotenie
elektroslabych a silnych interakcii, M., ,=10'° GeV)

SuperSymetria ( zahrnutie gravitdcie, castica md
supersymetrického partnera, M., =10 GeV, 1043s )

Teoria superstrun, M-teoria ( fundamentdiny objekt je
superstruna existyjuca v D - rozmernom casopriestore
(D=10, 26) . nadbytocné rozmery su skompaktifikovane,
Kompaktifikdcia vedie k diskrétnym hmotnostiam )
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7 Urychlovac Tevatron

The Tevatron

LINAC

Booster
"\\H‘} /
Debuncher and

Accumulator Rings

\ Cockcroft—-Waltor

/’

P Storage
| B Run | Run Il
: ColisionRpte | 3.5 us | 369 ns
Bunchgs 6x6 36 x 36
L V5 [V /c2) 1.8 1.96
Tevatron k Luminosity | 2.4 x 1 0 1 44 0°'

Do

Heavy Flavor Results from the Tevatron - p.2/18
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