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Top Quark Production & Decay

» Main production of Top Quarks — via strong interaction in pairs:

t t . .
. " Theoretical expectation:
_ _ +0.71
q ) . 3 Cacciari et al., JHEP04,068, m=175 GeV
t t

* EW Single Top production: see next presentation!
* SM Top decay ~100% Wb = Final states determined by W decay mode
— 2 b-jets
VeVipVe S Up to two charged leptons/neutrinos
—> Up to four additional jets
Need to reconstruct/identify:
 Electrons, muons, taus
‘ » Missing transverse energy
o Jets/b-jets
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Classification of
Top Quark pair events

Dilepton: 10% Lepton + Jets: 44% | All Hadronic: 46%
Two high-pT jets Four high-pT jets Six high-pT jets

Two high-pT leptons One high-pT lepton

*low branching fraction high branching fraction high branching fraction
*low background *manageable background *high background
(WWHjets, Z+jets, Wjets) (WHjets, “QCD” multijet prod.) (“QCD” multijet production)

Marc-André Pleier 3/15 University of Bonn



What do we want to measure?

1o Pal_r Non-SM Decays: t - H'b
Production:

Rare Decays: t—>Z/yc
CKM Matrix:|Vy|

Branching Ratios .
: N wt
Mass b
Charge
p Lifetime

7 Forward-backward asymmetry
... mmeasure

Production Cross Section

Resonant Production?

Production Kinematics everything !

Production Mechanism

Scalar top production?

W Helicity

Spin Correlations
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Top Quark Production

(@ Tevatron: The precision era
Top Discovery: Tevatron “Run I (*92-796): ~125pb-!, /s =1.8 TeV.

Now “Runll™: >Increased luminosity
>Increased /s : 1.96 TeV = +30% o,

Run II Integrated Luminosity 19.4.2002 — 10.2.2008  z""r—rmr—
38 - < otk PP pp ]
WEEEEEEEEEEEEEEE PR EEEELY e ; ;
> 3.6 fb- i g v ]
34 record 40% Run I/ week { / 10 z = E

N i ] =
/ 10 "¢ 4 — 3
— 3.0 E o i E
T , 0% gl B
é 2.6 / / i - - ]
>, 24 e / / 10 ‘E— bb 1
= 22 Ton E 15 ti Run I A A b31 fb'} 10 %L | i

3 20 op BEvents: 15 times Run ... '10-10

£ 18 10 E
s 16 L /// PEY Jf 5 ]
Y A T/ T experiment! 10 "¢ Ow 1
L ///'/J 10 1_ ’ /_
1.0 Wb . 5 | f
0.8 _///,/
06 /,)/;: — Delivered 10 1_ / '
" BE=i — Rosoras oy o/ |
0:0 ( — ‘ Rl"'ln I ‘ ” ‘ | I."'IE [ IIH“Il I Ll L |E

3 4
2002 2008 1 5 Gev)

Marc-André Pleier 5/15 University of Bonn




Top Quark Pair Production:
Lepton+Jets channels

*Use two complementary methods for signal extraction: b-tagging and kinematic LH
*4 (8) channels: e/u+jets (including leptonic t decays), 3/>4 jets, (1/> 2 b-tags)

DO Run Il preliminary DO Run Il preliminary

7 160_ —=— data (3 jets) E 120 —=— data (=2 b-tags)
- - & signal - - fi signal
5 1 40:_ +’l’ bacigmunds with leptons E’ 1 00_— 22 b tagS bacigmunds with leptons
11 120:_ ? ‘**L _L - backgrounds without leptons L B - backgrounds without leptons
o= C Y N
o - o] Bu -
g L | 3jets| &
<2 80 # T 2 6o
E F £ OUF
z 602 0.9 b Z 407
40 ;— ' :
. 20
- -
OD 0102030405060.70809 1 0 et 2Jets 3Jets >4Jets
Likelihood Discriminant jet multiplicity

— I

o, =7.42 £0.53 (stat) £ 0.46 (syst) = 0.45 (lumi) pb

most precise measurement to date!
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Top Quark Pair Production:
Cross sections

DO Run i preliminary

Winter 2008

I+jet5 (b-tagged and topological)

H®H 7.42 :0.53 :0.46 £0.45 pb
910 pb™’
I+jets (from B(t—>Wb)/B(t—Wq), PRL) —-o—i 818 *0% 05 pb
910 pb™ —0.84
dilepton HE o | 6.8 ob
I+track e " 5.1 ob
tau+lepton H ° 83 ob
tau+jets I Py i 5 1 ob
alljets H—e—H 4.5 pb
(stat) (syst) (lumi)
Mgy = 175 GeV Cacciari et al), JHEP 0404, 068 (2004)

Kidonakis and Vogt, PRD 68, 114014 (2003)

0 2 4
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o (pp — tt) [pb]

715

[T 1 T T J T
D Cacciari et al. JHEP 0404:068 {2004)
Kidonakis,Vogt PRD 68 114014 (2003)

'Lepton+TraFk
(L=1070 pb ')

'Dilepton :
(L=1200 pb ')

'Lapton-i-JeiT:s: Kinematic
(L=760phb ")

o

T T T
Assume m=175 ev/c?

CDF Preliminary

8.3+1.3+0.7+0.5

6.2+1.1+0.7+0.4

6.0+0.6+0.9+0.3

0

'Lepton+Jets: Vertex Tag
(L=1120 pb) 8.2+0.5+0.8+0.5
@

Lepton+Jets: Soft Muon 1.0

(L= 760 pb) / 7.8+1.7 iu_gi0.5

"MET+Jets: Vertex Tag / 6.1:1.2 +14+0.4

(L=311pb’) / = 1.e Sg oY

. “—i

All-hadronic: Vertex Tag/ 8 3+1 0 +2-U+D 5

(L=1020 pb™) / D=1V S5V

"Combined(old SLT,aII-hé 7.3+0.5+0.6+0.4

(L=760pb") s e He UL I

L 1 1 | 1 | | 1 1 | | 1 1 | |1 (ISfTﬂli I(SII{StIJiI :(!'I{Jlllrilﬂlul,]I
2 4 6 8 10 12 14

s(pp — tt) (pb)



Top pair production via resonance?

16 D@ Run gMTe“mi"arv Search for narrow-width (I'’, = 0.012M, ) heavy
; S — resonance X—ttbar by analysing reconstructed

M,,,.,, distribution in I+jets data (bumps?).

-
L

|III|IIIII!IlIlIIIII|III]1II
+

Fraglion/25GeY,
s

o
k

SMtt .~ ++ M,=650 GeV
+ + DO Run Il Preliminary

g ‘E
g °F

08 T L4 F S " Observed Limit 95% CL

0.06 %+ \ E - e Expected Limit 95% CL

0.04 # * + o 3? — Topcolor Z (CTEQ6L1)
++ ” ” ° 25

0.02 ST ~ o+ “E L =0.9 fb"
e i 532 C
i s [ o O = > 2:_
35 L =09 fb" 11064 Zpimerso YEE
® = 148.56 lljet E
B 30 012 22 1=
4 0.31 Wz B
8 1.00 WW =
% 25 2135 tba 0.5

;:gg?‘iels ) E | | | | |
< — b 800 400 500 600 700 800 900 1000 _ 1100

B 3.90 Wip M, [GeV]

15 I 6.27 Muttijet

o E.g. leptophobic Z’ in topcolor-assisted technicolor:

DO M..> 680 (expected: 740) GeV @ 95%C.L.

Bt 0 | CDF M., > 720 (expected: 710) GeV @ 95%C.L.
Mibar [GEV] [ (both with L = 0.9 fb)

IIIIIHlllllIllFHI]I]I]lII[I]I]I]lII 1T
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Top production via a Massive Gluon?

*Search for new massive colour octet particle G—ttbar,
interfering with SM g—ttbar production

Analyze reconstructed M,,, . distribution with a Matrix
Element technique in 1.9 fb-! I+jets data

*Set upper and lower limits on coupling strength,
A=A Aq for I';=5-50%Mg and M;=400-800GeV

CDF Runll Preliminary 1.9 fb™! CDF Runll Preliminary 1.9 fb™

> I/M=0.10, M=800 % K '/M=0.1. M=800
Z —s— Data (Nev=371) _|E 12t ° ' PR
—— Bkg S 10:_ 95% C.L. Lower Limit = -0.02
J —— Bkg + SMttbar 5 C 95% C.L. Upper Limit = 0.26
10 —— Bkg + MG (1=0.148) O E
u o™

z L
hd

1.9fbt |\ \\
I+jets \\ \
\

1 .1 L1 1 J 1111 I | - | I I L iiihl Ll Imh I\ |
%300 400 500 600 700 800 900 1000
tt invariant mass [ GeV/c“]

) ."..."f..h o o™
w
(=]
F =S

Fon s ulnmas i oo ponalssuu i N0
3 0.2 -01 0 01 0.2 0.3

(=]

Data consistent with SM within 1.7c for tested parameter space.
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Top Pair do/dM,,, .

* Measure differential cross section do/dM,,,. and test consistency with SM
* Possible non-SM contributions: Z', axigluons, topcolor,...
 Sensitive to interference effects (shape distortions) as well as resonances

CDF Il Preliminary CDF 1l Preliminary

10"

C -1 gl »
160 -:— 19 fb él ;ata,j. L=198+01fb _ SM Expectation
140 -:— I+J etS B \W-+heavy flavor Subtl'aCt baCkgI'OUI’ld - SM Uncertainties
- @ W-+light flavor Lo .
120 [ ron-w and unfold per bini = o Data [L=19:011
[ [ Diboson [1b)
1001 Il Single top g
- B Zets II 3
80 -:— Er'-ln—ﬂ |
60+ i bkg B
wof doo N, -N;/” 3 [
B 1 4
20f dM AiJ'LAM 10
- » ©  r—_—m————————————————,—,—————
Ub‘ e ————— 0 200 400 600 800 1000 1200 140C

200 400 600 8002 1000 1200 1400 Unfolded M-[GeWcz]
econstructed M,, [GeV/c™] i

Py

assume m, = 175 GeV
observed G, = 7.8 pb

Invariant mass distribution 1s consistent with SM.
(p-value = 0.45)
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Simultaneous measurement of 6., and R

SM: top decay rate «|V, |* — study ratio of branching fractions: W
R Bt >Wb) IV, | t
B(t >Waq) [V I + [V, [F +[Vy I b,s,d

tt tagging probability
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0.4

D@ Run I
>4 jets

06 038

1

*Measure 6, and R simultaneously via tagging prob.
*No assumption of B(t —» Wb) =1
*Higher precision on R,c: different sensitivity to syst.

R=0.97 (stat +syst) (submitted to PRL)
o =8.187 ), (stat +syst) £ 0.50 (lumi) pb

0.9 fb! I+jets dataset for m=175 GeV

best limit

R >0.79@95% CL. o

V. |>0.89 @ 95% C.L.

(3x3 unitary CKM matrix)
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FCNC 1n top decay?

(Flavour Changing Neutral Currents)

« No FCNC at tree level in SM: B(t — Zq) = O(10-14)
 Best limit so far on B(t — Zq): 13.7% (no tq @ LEP/L3)
* Beyond SM models: B up to O(10-2)
* Any signal = NOT SM — look at Z+2>4 jets events

» Template fit to mass y? variable utilising kinematic constraints

Events

40

20

0

Tagged
(13 Events)

| ® Data (1.9 ")

[ FCNC tt (3.7%)
Fit Uncertainty

[0 Z + Jets (HF & LF)

B Standard Model tt

" B Diboson (WZ, 27) |

Anti-Tagged
(33 Events)

| CDF II Preliminary |

fLdt=19 fb!

= ke O

o 2 4 6 0 2 4 6
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—
Control
{136 Evenis)
[ ]

12/15

Data 1s consistent with SM.
B(t — Zq) <3.7% @95% C.L.
(expected limit: 5.0 = 2.2%)

best limit
to date!
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W Helicity 1n top decay

Standard Model top decay V-A 1nteract10n (like for all fermions)

W helicity states: ﬂ

lﬂ

ﬁl?

left—handed
fraction: f

longi%udinal rightl—’handed

fraction: f,  fraction: f,

In Standard Model: ~30%

~70%

~0.036%

P P Lo AP ATRTE PR BRI et = 1 PP PR
-1 A8 -08 02 04 0B DB i
cosb

—> Measure angular distribution of charged lepton wrt. top in W rest frame: cos0*

25

g 40~ DO, L =11fb" E 3 DF,L 11b"
(7)) i n u
2 30: ®-Dodata 1 fo! | & 201 ‘I Fooe | I |
r = [ background T - t-f-
= — best fit wose I I | T | |
20— : |
¢ 10—
- - l+jets events
10 o +
i ] o=
: . e
Q4 0.5 0 05 1 0.5 0 05 1
coso*
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W Helicity 1n top decay

f, 12,
1 DO,L=1fb"
u.sf 1 fbl
0,60 |+]ets
g &

___________________________________________________

RL 100, 062004 (2008)

.2 0 02 0.4 06 08 1 1.2
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+

CDF Run Il Preliminary AlnL(F ,F)
——— . |

f, =0.425 + 0.166(stat) £ 0.102(syst)
f,.=0.119 £+ 0.090(stat) = 0.053(syst)
fixing f, , f, to SM values:

f, =0.619 + 0.090(stat) £+ 0.052(syst)
f,=-0.002 £+ 0.047(stat) = 0.047(syst)
(f,<0.13 @ 95% C.L.)
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f

+

f, =0.38 £ 0.21(stat) + 0.07(syst)
f,=0.15 = 0.10(stat) £ 0.05(syst)
fixing f, , f, to SM values:

f, =0.66 £ 0.10(stat) + 0.06(syst)
f,=0.01 £ 0.05(stat) = 0.03(syst)
(f,<0.12 @ 95% C.L.)
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Summary

*Entered era of precision measurements:
mass, cross-section — understand systematics!
«Still lots to learn about the Top Quark — some
properties just become measurable (@ Tevatron
Impressive progress in analysis techniques
*Top 1s 1deal probe for “New Physics”
S0 far: good agreement with Standard Model
*There’s still plenty room for surprises...

non?

Standard
Model

More measurements / information available online:

e http://www-d0.fnal.gov/Run2Physics/top/top _public web_pages/top public.html
e http://www-cdf.fnal.gov/physics/new/top/top.html

i
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http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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