Top kvark Il (S. Tokar, 16. 11. 2001|

Zakladné viastnosti

Zakladné konstituenty latky

Tab.1: Fundamentalné fermior@,=elektricky naboj v [€], Ts = slaby izospin.

Hmotnog t-kvarku:  myp = 174.3+ 5.1 GeV/¢
Objaveny - kedy : 1995
Kde : Fermilab

1.1 Produkcia top kvarku
Z&kladné mechanizmy produkci&vark (vp p (pp)-zrazkach ) su (di. Obr.1):

» Kvark-anitikvarkova anihilacia
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Obr. 1: Dominantné produlné mechanizmy prekvark.

Dominantné produiné mechanizmy su sprostredkovaiigymi interakciam a kvarky su
produkované \paroch (t ).

Produkciasingletného tkvarku sa uskuteéruje prostrednictvonslabych interakcii(Obr.2).

8
q q W t 777,
W
g b

(@) () ©

Obr. 2: Produkcia singletnéhekvarku via slabé interakcie: (&kanabvy proces ; (b)s-
kanalovy proces; (c) asociovana produkikvarku.



Existuju 3 zakladé procesy single top produkcie:
« t-kanalovy proces: realizuje sa pomogmiestorupodobného W bozén(g? < 0).
Virtualny W bozon je pohltenf-kvarkom zprotonoveho mae ameni ho na-kvark.
« skanalovy procesiasupodobny virtualny Whozén(s virtualitou g > (mt + mb)z)
vznika anihilaciou kvarkového paru

» asociovana produkcia: singlep kvarkje produkovanyspolu srealnym Wbozonom

Jednym potiatoinych parténov je ¥kvark zprotonového mora.

1.2 Rozpadt-kvarku

Top-kvarksa rychlo rozpad&ez hadronizaciémiy(=175 GeV) >>Mw (= 80 GeV).
Pri slabych prechodoch méig@rechadzéna b, sad kvarky— intenzita prechodu je
charakterizovana elementory (q=b,c,9 maticeCKM (Obr. 3).
Prakticky rozpadt-kvarku ide vyléne cezanal t - Wb (V=1).
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Obr. 3 : Rozpadt-kvarku, amplitida rozpadu - Wq je tmerna elementu matice CKN).

Rozpadova poloSirka procesutWb :
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Ked'Ze,
Thaar =107°s plati: 1, << T, , teda tkvark sa rozpadne este pred sformovanim hadrénu.



On Measurement of the Top Quark Charge

Status of the Top charge

CDF and DO:The correlations of the quarks and th&V bosons in

pp - tt —~ W"W™bb are not determined!

Consequence:
Besides the SM charge assignme@t,f, = +2/3), the ,top quark®

could be an exotic quark with char§g,, = -4/3.

SM: t—»bW+—>b|+|7
Exot.: t - bW = blv

Moreoverthe present precision electroweak data are fully consistent widh'a

charge quark of mass 170 GeV.

How to determine top charge:

* By measuring the charge of its decay prodwétlyoson,b jet)

« Via photon radiation intt events: (pp - tty ) and
pp - tf, t — Why) —the tfy cross section Q.
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The top charge measurement via photon radiatioti events.

Top quarkcan radiate photons in:

« Top productionpp - tty

* Topdecay:pp -» tt, t - Why

For the top quarlchargeanalysis are suitable:

Dilepton events:  pp — ybb(Iv)(Iv)

Lepton + jets eventspp — y1*vbbj

Lepton + jets modeanalysis (byBauer et al.)

3 contributions topp — yl*vbbjj:

Radiation intop production pp - tty — yl*vbbjj:

Radiativetop decay pp — tf = W bW b - yl*vbbjj (tor T quark
decays radiatively-t - Wby)

RadiativeW decay pp — tt - W*bW b = yl*vbbjj, W decays

radiatively, W - lvy W = jjy).

Suppression of radiativé/ decay:

m(jjy)>90GeV and m;(ly; pr)>90GeV

where p; is missing transverse momentum,

m; (1y; p;) isthe Iy p; cluster transverse mass:

mZ(ly, pT)=(Jp$<Iy)+m2<ly) + p%)z ~(pr (1 + pr )



The matrix elementdor gg, Gq — tiy — yl*vbbj|

were calculated usingIADGRAPH + HELAS library (the spin correlations

for the top decay).

For the numeric simulationge £t of SM input parametensere used:
Mp=175 GeV, m=5 GeV, My =80.3 GeV, sif8y=0.23and a(My)=1/128.

MRSR2 parton distribution functionemployed.

Applied cuts (for LHC)

pr(b) > 15GeV n(b) <2
pr() > 20 GeV n(1) <25
pr(j12) >20 GeV 7(jy )| <25
pr()) > 30GeV n(y) <25
pr > 20 GeV AR(i, j)>0.4 fori#j

m(jjy)>90GeV and m;(ly; p;)>90GeV

n = pseudorapidita and A4R(i, j) = \/A¢(i )2 +4n(i,j)? is the separation

between 2 particlesand]j in the pseudorapidity and azimuthal angle plane.

No backgroundorocesses were considered.



The events passing the LHC cuts can be divided into 3 damp
1. events satisfyindt y cuts
m(bjjy) >190GeV and m, (bly; p;)>190GeV (radiative
top quark decays suppressedlmost purett y sample)
2. for m; (b, ,ly; p;)<190GeV and m;(b,,]jy)>190GeV

processpp - tt, t - Wby, W - lv dominates ( - Why, W -1V cuts)

3. for
m; (b, ,ly; p;)>190GeV and 150GeV<m;(b,,jjy)<190GeV

processpp - tt, t— Wby, W - j j dominates ( - Why, W - jj cuts)
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Fig. 1. The differential cross section for the photgt in the reaction
pp — Yjjbb at the LHC for 3 diffelent "top" quark charges.



The top charge determined via its decay products.

The event samples suitable for the analysis:
« Dilepton decayq tt - (Iv)(Iv)bb)
« Semilepton decayg tt — (Iv)(jj)bb) can be used.

Remark.All jet decay modes araot suitable due to the high QCD

background.

Theb-jet chargecan be determined via the charges of the tracks
belonging to the jet (DELPHI collab.):
L Qi‘JT [P

',_—,( (1)
2./i )

‘K

Opjet =

Where:

g (p) is the charge (momentum) oftajet track,

j is theb-jet direction andk an exponent.



Production of thett pairs in LHC

Typ eventu Branching (%) | # events /10 fij
tt - WWIb - (jj)(jj)bb 655 5 500 000
tt - WWIb - (Iv)(jj)bb 29.6 2500 000
tt - WWHb - (Iv)(Iv)bb 4.9 400 000

Choice criteria for the diepton sample

Applied cuts tott -~ WWtb - (Iv)(1v)bb

1. Two isolated highpr leptons (ej)

pl >35GeV, p? >25GeVand|j < 2.5

2. Big missing transerse energyE™** > 40 GeV

3. At least two b-jets with pr >25 GeV(one or two tagged als-jets)

4. Z-boson cut‘:M - M Z‘ >10GeV (if leptons of the same type

eg Uy )




PYTHIA 6.125 simulationghe charge distribution irb(b) jets.

« Theb(b) jet charge found by the weighting (1) using= 1.0

 Criterion for the choice of jet tracks:R(part,b) < 0.2

Fig. 2: Theb-jet charge distribution Fig. 3: The b -jet charge distribution
(PYTHIA 6.1) (PYTHIA 6.1)

R=\/(4¢) +(an)y

Where ¢ is azimuth angle andy is pseudorapidity



Reconstruction theb-jet charge by ATLAFAST.

Choice of events di-lepton everd from tt decays.

Applied cuts:
 Two b-jets with p;(b-jet) > 25 GeV/c
« Two opposite charge leptonsith p, (1*) > 35 GeV/c(25 GeV/)

Assignment of leptonsand b-jets: (I*, b-jet) and (~,b — jet): via
restrictions @ the leptonrjet invariant massNl;,,-cut).

m(l*,b,) < m,, and m(~,b,) > M,

1 Miet 1M jet

m(l' b ) < m, and m(l+ b ) > my,

1 Miet 1M jet

Track choice for b-jet’s requirement: R(b,,track) <0.4

0 10
Entries 15785 D 20
Magn 94.60
RMS 32.86

L 5 - " 1 1 " |
[+] 50 100 150 200 250 300 350 400

Fig. 4: Invariant massn(l,bjet) for | Fig. 5: Invariant massn(l,bjet) for |
andb-jet from the same top quark andb-jet from the different top quarks
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Fig. 6: The top quarkp; distribution
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Fig. 7:The relative efficiency of M-cut
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Fig. 8: Tracking efficiency for the-fet tracks ( R<0.4 used).
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Fig. 9: Theb-jet charge distribution (2 Fig. 10: The b -jet charge distribution
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Fig. 11: Theb-jet charge distribution (1 Fig. 12: The b -jet charge distribution
b-jets) (1 b-jets)



The reconstructedb(b)-jet charge distributions

Fig. 13: Distribution of theb-jet charge  Fig. 14: Distribution of the E-jet

charge

The obtained mean charges (after rescaling):

q(b,,) = -0.0839+0.018 and q(b,,) =0.0832+0.017

Statistics:
# of tt events 480 000
# of dileptonevents 22183

# of dileptonevents after cutslbe (2 bey)

1951 (1 747)

# of dileptonevents after Mj,,-cut

744 (758)

# of dilepton.. after tracks recon.

be: 179 (381)

bjet

175 (381)




The Charge distribution irb(b) strings— PYTHIA 6.125 simulations.
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Fig. 15: Theb-string charge (PYTHIA 6.1)  Fig. 16: The b -string charge (PYTHIA 6.1)

The bjet charge for the different values
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Fig. 17:Theb-jet charge distribution fox = 0.8 and 1.0.



3. Nepriame svedectvaxistencie tkvarku

3.1 Predozadna asymetria (FBasymmetry)
Ak uvazujeme proceg*e” -, f f , tak tento proces (di. diagramy na obr. 1) v ddsledku

interferencie medzi vektorovou a axiawnektorovoucag'ou amplitidy Zvymeny a
interferencie mplitid sZ-bozénom a fotbnonvedie kasymetrii dopredu (F) a nazad (B)

produkovanych fermiénov {(f)):

>~3~,~< el Q’f’ Yu ® 1*

€2 [vulI§ — 2Q.5%) — Hvuvs) ® [v*(I — 2Q5%2) — Iiv*¥s]
Z 459392 s — M3

o, -0,
o, o,

A’ = (3.1)

kde o (oB) je (Kinny prierez produkcie fermiéntidopredu (dozadu).
Pre asymetrids pri hmotnosti Zbozénu(s= M ?), za predpokladu nepolarizovanych
zvazkov, zanedbanievymeny ayZ-interferencie, plati:

Hn-3

2 foyf
ALy _ZAeAf + A = S I

S e (3.2)
(o! F +(a!)?

kde
o =p (i-20,s))  al=p1). f=emrsch

Sy =sing,, je uhol elektroslabého zmieSavang@a =elektroslabé korekcie

Porovnaniexperimentalne zmeranej asymeprie produkciubb s predpove’ou SM:

Experiment Standardny model

(MeV) | b

-1 b —
37T 2 |3—0

AP |s=M 2
sl ‘) 0.0984+ 0.0024 0.1030+ 0.0009 0.




3.2 Polosirka rozpadu Z — bb

SM pre polosirkurozpaduZ - bb dava:

-\ G.M3 G.-M3 2
rle - b) =SR2 g7 4 02) e = S5 - + st (29)
kde
as al al)
CQCD = 3 1+7+1409F_1277F) (34)

predstavuje QCExorekcie (faktor 3 je farebny faktor).

Porovnanie experimentis predpove’ami SM:

Experiment Standardny model
M
r(z - bb) - e o
- 377.4+2.1 376.0+ 0.1 24.2+0.1

3.3 Nepritomnog’ FCNC (flavor meniace neutralne prudy).

Kvarkové savy uvedené Tab.1 su vlastnymi stavmi slabého izospinu, no nie su vlastnymi

stavmi slabych interakcii. Flavorovyiistymi stavmi su kvarky’, s’ ab’:
(d"‘ (Vud Vus Vub\rd\

s (3.5)

Kde

V je unitarna maticay *V =1) nazyvan&KM matica (Cabibbo, Kobayashi, Maskawa).
NediagonalndsCKM-matica znamena pritomnbsabitych slabych priddov meniacich
flavor. Napr. slabé prechodyO — c,u a sOf - u sa uskutéiuji via nabité pady

svazbovymi konStantami amernyiip, Vup & Vus.



V pripade, zéb-kvarkma izospinovéhpartnergslaby izospin), tj., Ze existujekvark,
potom vdosledkuunitarityV a univerzality vazb¥ k 3 generaciansa vazbové konstanty

slabych neutralnych pdov meniacich flavovyruSia:

z (d@r#d +sr*s+orHp)=z,(dr*d+sr*s+br+ (3.6)
Kde

/-ﬂf =i%y/t(\/f _afy5)=i%yp((l_y5)l3f - 2Q; SVZV)=/',§”' +/_I5f)Q 3.7

Vztah 3.6 plati len \pripade, 2e/'”f =/, pre f =d, s,b. Ak vSakb je izotopicky singlet,
teda/\”" =0, zatid co /(' =" #0. To vedie ktomu, Ze vazbové konstanty slabych

neutralnych pradov meniacich flavor pre proc&ys, Zbd st tmerné/ V..V, , €0

ts?
znamena, ze rychlésozpadov via slabéeutralne priudy meniace flavor akoeIT - s,d, je
rovnakéa ako \pripade rozpadovb O - c,u .

Prakticky by to znamenalo, Ze rozgad 4" 47X by mal branching ratia 1%, ¢o sa

nepozoruje Bexy,< 6.8 107", CL 90%).



4. Top kvark a precizna elektroslaba fyzika

4.1 Fermiho konStanta aparametre SM

Uvazujme rozpad mionw~ - eV,

B ———— Vi M Vr
%w O O -
e Ve -
¢ e Ve
G
(e Yoy DL
\2/2s, ) @ M3 I

Kde J& =T, y,(1-ys)u, je nabity slaby pridi¢e, z).

Ddélezity moment:

charakteristicka Skala slabych interaktiMy) << charakteristicka Skajdrozpadu (/my).

Vztahmedzi Fermiho konStantou a parametrami SM:
JE 8s3 M2

Ked zo vzrahu (1) vypditameM, —dostanemewl, = 77.6 GeV zatid ¢o experimentalna

hodnota jeM,=80.419 +0.056 GeV.

(4.1)

Dovod rozdielu: nebrali sme do Uvahiyorekcie vySSich radov!

4.2 Korekcie vysSich radov 4r a t-kvark

2 BT A W

) .

A

T REVE L1+ Mé, +(vertex box)J (4.2)

Kde

€,,Sy .My, sU holé parametre &boj sinGy, hmotnos 2)

2"(0) je vlastna energia Wozonu.



Po renormalizacii, ktora spiva vtom, Ze vypéitame prispevky vyssich radov a

predefinujeme zakladné parametre, tj. prejdeme od holych paramegrsf,, M,
k fyzikalne pozorovanym,s, ,M,, , dostaneme:

G _ ¢
NRrITE (1+ar) (4.3)
w

Kde 4r je kon€na veltina zavisla ne, My, Mz, My, m; predstavujica vysledok zahrnutia

vySSich radov déa sa vyjadtiako

(4.4)

rem

2
Ar = Aa -2 Ap +(4r)
Sw

kde 4a predstavuje korekcie 2. radydkopagatoru fotonu otlahkych fermiénov:

A , 2
Aa=—Re/7V(M§)=LQZi”[E—IogMZZ (4.5)
3 m¢ )

Ap predstavuje korekcie 2. radugtopagatoru W boanu :

a m

Ap=N
P € 16ms’ c2 M2

(4.6)

(Nc=3 je pciet farieb).
(ar)..., predstavuje vietky ostatné korekdiétane logaritmickej zavislosti od hmotnosti

t-kvarku aHiggsovho bozénu:

X - Z o = f— — i _ -
N4l s, 3) gMZ o lers, 3\ g|\/|V2V 6)

(.2 2
(ar)e =9 Sw i LI (ar)tos = 9 11(Io Mg 5 (4.7)

Vzl'ah 4.4 je mozné pouZna ugenie hmotnosti-kvarku- Aa =0.0602+ 0.0009, typicka

hodnota(Ar),,, = 0.01. Vypotty davajd:

= 1682+ 96 GeV
m = -74
Poznamkal. Vztahy 4.7 umotuju urobit’ aj ohranienie na hmotnasHiggsovho bozonu.
Poznamka 2Efekty vysSich (vSetkych) raddov poruchovej tedrie je moznétzigkaenou:

1+Ar -

1-Ar




