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Top turns 15!

® On the year of its |5th birthday:
» s it just an “ordinary” quark!?

» does it have an special role in
the EWSB ?

® With 50 times more data than

SEEEEE available at the discovery time,
Discovered in 1995 at we can now study its properties
the Tevatron accurately

® [Extensive program at the

by the CDF and DO Tevatron

collaborations
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Is it the SM top?

-
Strong top pair production

CDFNote 9913
Cacciari et al,arXiv:0804.2800. Compatible Predictions:

N. Kidonakis and R.Vogt arXiv:0805.3844
S.Moch and P. Uwer, arXiv:0906.5273

ONnwo =746 £ 0.8 pb (Mt=172.5GeV)

~

\_ Y,
r ™
Top Mass
Tevatron combination
(hep-ex 0903.2503)
new single measurement
172.8 £ 1.3 (stat+syst)

9 CDFNote 10077 y

Observation!
(see Garcia-Bellido’s talk)

What else can we do
experimentally?
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Top in the SM

t = Wb ~ 100%

tWhb vertex structure w -
determined by the

charged current V-A interaction

with a short lifetime T = 10-%s
an order of magnitude smaller
than the hadronization time

Top quark properties can be studied
using its decay products
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Top Properties

Top Charge
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Couplings
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Forward-Backward Asymmetry
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Top Charge

If SM, expect 2/3

< but what if instead of Wb , we t ,

find Wb ? <

b
<+ s this actually an exotic quark of
) . Pseudo Experiments
charge -4/3 ! 3 o.1J COF Run i Preliminary (2.7 o)
+ > | b- i

Lepton+]ets and > 1| b-tagged jet | (exotic)

% reconstruct event with kinematic fitter

Measured

¢ charge of lepton provides charge of W

Y T T Y T L4 T T

-4 -2 0 2 4
Normalized Asymmetry

¢ Soft Lepton Tag provides the b-jet flavor

Similar analyses, using a Jet Charge

p-value XM = 0.0094

algorithm for b-jet flavor found both at DO
and CDF strong evidence in favor of SM

exclude 4/3 hypothesis with 95%CL

(p-value compared with a-priori 5% Type | error)

PRL 98,041801 (2007) , DO
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Top Width

SM predicts ~1.5 GeV (M= 175 GeV/c?)

1-tag Lepton+Jets

Arb units
(=)
&
I

* Leptont]ets channel (=4 jets),

—T,__ =15GeV
Z I b-tag o I =10.0GeV
fit to the data
: —T,__=200GeV
2D Template £ crsommmon: ——— oo |
analysis og(L) = 4.5 0.02

0.5}

. 150 200 250 300 350
M™° (GeVic")

Mijj used to reduce

° [ i ‘20 06
systematic from - £ o
| g COF Run N Prefimilary 4.3 b
J ES o 2 < 6 s 0 | 20 \
I‘:;‘"(GGV) ) — U Aeq ()
| —0.0A,4 (o)

0.4 GeV < [p<4.4 GeV @ 68% CL

— 2040, (0.)

0.02

[eop< 7.5 GeV @ 95% CL

Previous experimental limit i w SR

o< 13.1 % CL ) )
wop< 13.1 GeV @ 95% C ( Consistent with SM )
(PRL 102, 042001 (2009) , CDF)
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Spin Correlations

" The spin-spin correlation at top pair production
not diluted due to hadronization

J

results in characteristic angular distributions
and correlation of top decay products Y

) v ;
1 a0 2 (1-:C o505 ) YU Y-
=—(1—Ccos0,cos0., : s

o dcos0,dcos0, 4 ; i | / \\0“\ b

6/2_ %
/ OV t
denotes angle of a decay product flight rb

direction in top (anti-top)
rest frame with respect to a chosen C = N+ NG - N -NGT)
quantization axis for top (anti-top), N(TT) + N L)+ N(TL) + N(LT)

with C :strength of spin-spin correlation [-1,1]
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Spin Correlations : Dilepton Channel

Template analyses

Using the beam axis, In the off-diagonal basis,
SM NLO :C=0.78 SM NLO :C=0.78

using also b/bbar information

DZ Run II preliminary (4 fb )

:: 0 Signal (cosll,, cos«‘l._) | C=| Signal (cosi,, coso_is)
s B (T, SM spin corr. COF U Proliminany——" [™~_ i
60 — ti, no spin corr, -2 3 ~ - R A £ 200d
7y S
— Diboson . w
S0

—— Multijets

40

0
Observed (cosi,, cosw__)_
CDF Il Prefiminary= |

Observed (cost,, cosu_)
CDF Il Preliminary ™~

| La=2em? —_|Lat=28m"

20

10

Events
o
Events

llllllllllIlllIlllllllllllllllllllll

Ll =08 =06 =04 =02 ] 4 06 08 1 0 :

cosi Bl Icos| 9_.)
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Spin Correlations : Dilepton Channel

Template analyses

Using the beam axis, In the off-diagonal basis,
SM NLO :C=0.78 SM NLO :C=0.78
using also b/bbar information

1 D@ Run |l preliminary (4 f5)

e
:
o- - -
1 Feldman-Cousins interval CDF Il Preliminary
i - [ 68% C.L. (Stat onty)| : —
0.5 » < + 68% C.L
g 0.5 - 95% C.L.  lcetseemegu i
—_ | ——— Bestvalue
| - r
0 o;ijsz.am"
05 : A i | Observed » = 0.309
-0.5 680/0 CL : !/f »0.455 < x < 0.865 (68%C.L.)
95% C.L. 1 i g x=032055%
<] T |, :
- 1 2
Measured «

C =-0.17 *96% _g53 (stat+syst)
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Spin Correlations : L+J Channel

Template analyses

b-tagged sample

In the helicity basis:
SM NLO : C = 0.4

2D fit to angular

' Top Pair Spin Correlation |

T
distributions of lepton and 220F-  COF Run i preliminary L=4.3 b
the down-type or bottom i :

quark from the hadronically 160} rt
. o 140}
decaying top. § 1200
“ joof- |
...... Same Hellcty Basis Tempiate _ Opposite Helicly Basis Tempiste  goF *
i 80f- =
a0
l_: Ht mE
| 0 :

T TR T T R R
cos(6)"cos(d,)

down-type quark chosen as jet consistent with SM
closest to the b in W rest frame

Mahlon and Parke, PRD 53, 4886 (1996)
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Branching fractions Ratio

t = Wh ~ 100% 22

o 600 | |
€ | L=09fb" +D@ Data
R = B(t #Wb)/B(t #Wq) s Wit
5 400 -
Leptont]ets events: 5 B Multijet
® divide sample in 0, | and =2 btagged jets. 200
® Probability to have n-tagged jets depends on decay : . |
: ] ' 0 1 >2
?ode (gbb, bPi| ,qq : g down-type) and overall will o L
epend on R. | |
® Build a discriminant exploiting kinematic g 120] 1=0AMF < R
differences between top and background events 5 100 & .gther
B :
® Fit number of events on the | and 2 btagged ‘§ % .:‘VJ:E;;
samples, and the discriminant for the 0 tagged one. 2 % -
40 -& ol

' .

5 —-i-f-_z__- .

% 02 04 06 08 1
Likelihood discriminant

— 0.90
Ow= 8.18 070 Lgg4 (stattsyst) DO PRL 100 192003 (2008)

® Simultaneous fit of R and cross section:

R = 0.97 1099 g (stattsyst)
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Examining the Wtb vertex

WV boson helicity

-

\

In SM

t = Wb ~ 100%

~

due to the V-A nature of the
vertex, expect:

J

\%

0.8 L eft-handed

D

0 ' ongitudina
(@) P right-handed
o : n (S
©

f.=0.

3

E_eft-Handed

Lo

ngitudinal

fo=0.7

"
Right-Handed 02k -
f+ : Suppressed J : \

0 “ A A 1 A A A A 1 “\rﬁ‘x—l A

b w w -1 0.5 0 0.5 1

10y 10— 111 -
. Vv . = — Suppressed by
\y A 0 ﬂ \y the V-A coupling
l J \/" decay angle of down-type fermion
w b b in the W rest frame with respect
to the top quark direction
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B X

7/

W Helicity

-I (] [ ]
2 e 2D model independent fit
Template analysis Matrix Element analysis
Lepton+]ets and Dilepton Lepton+]ets Channel
- CDF Run Il Preliminary (2.7 fb")
=) L DO Run Il preliminary T 0.08
é 60— Lepton+jets channel e DO cata, 1.2 o (a) g
E L won e gooe
i 40— . _ [ Background 3
L 4 *~ 0.04
LR &
20 + Tl g 0.02
-1 '0'5 0 0'5 1 2 0.55 0.6 065 0.7
coso* f. (uncorrected)

fo = 0.490 £ 0.106 (stat) + 0.085 (syst) fo=0.88 £ 0.1 (stat) £ 0.06 (syst)

fo=0.110  0.059 (stat) % 0.052 (syst) fo = -0.15 £ 0.07 (stat) + 0.06 (syst)

Ifb"! Reference: DO PRL 100 062004 (2008) Reference: CDF arXiv:1003.0224v1
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Anomalous Couplings 1

Wiy (e iy gh-awsor (i) A
.C.

Lth

SM values : f|l= o fiR=fHLl=HR=0

® observables like the WV helicity fractions or the single top cross section/

kinematics will depend on the tWb couplings (C.R.Chen,F. Larios and C.P Yuan,
Phys.Lett.B631:126)

® Measurements can therefore be used to do a general analysis of the vertex

® By investigating one pair of coupling form factors at a time (others at SM
value):

2

DO 0.9 fb”, single top only ==« : DO 0.9 fb”, single top only g_;n 5 DO 0.9 fb, single top only

® Measured Peak = ® Measured Peak ® Measured Peak
15 [J68% C.L. 15 [J68% C.L. 15 [Je8% C.L.
Moo C.L. Moo C.L. Moo C.L.

Bose. C.L. o5 C.L. BoeseC.L.

0.5
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Anomalous Couplings 1

%W;Bw (/i P+ P )t - \ELMBVW;E o (1P, + [P )t
+ h.c.

Ler

SM values : f|l= o fiR=fHLl=HR=0

® observables like the WV helicity fractions or the single top cross section/

kinematics will depend on the tWb couplings (C.R.Chen,F. Larios and C.P Yuan,
Phys.Lett.B631:126)

® Measurements can therefore be used to do a general analysis of the vertex

® By investigating one pair of coupling form factors at a time (others at SM

value):
&= %" Do Preliminary 0.9-2.7 b’ 3«2 Do Preliminary 0.9-2.7 fb" $=? DO Preliminary 0.9-2.7 fb" 4 A
® Measured Peak ® Measured Peak ® Measured Peak o)
15 [ ]68% C.L. 15 [ J68% C.L. 15 [ J68%C.L. find 95%CL
Moo c.L. Moo c.L. Moo cL. if f| L=
M5 C.L. Bose C.L. Bose C.L.
1 1
fiR|2<0.72
0.5
f,L12<0.19
% 1 2 3 |le§ f,R12<0.20
\_ J
Consistent with SM
| fb-! Reference:

DO PRL 102 092002 (2009)
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Forward-backward asymmetry

* NLO QCD calculations predict a

charge asymmetry:
Ac =5 = |.5% (pp frame)

e |f CP it can be interpreted as

_ Nt(p) _Nt(]_))
N,(p)+ N,(p)

AF B

* New physics models could give
rise to a Arg asymmetry.

* | eptont]ets and = | b-tag

* Use rapidity of hadronically
decaying top

* Correct by detector effects

Reconstructed Top Rapidity

I bttt 2 e —
200 A" =0.098+0.036 "'Dit;%ee ‘

- SigeBrg _ N venis | -
180F- Amgw = .0.019 + 0.0026 _+_ [ Signal + Bkg |
- |_As®=-0.059+0.0079 , 276 events

160" CpF 11 Preliminary I Bkg
140" L=32fb" 167 events |
120! |
100" .
80" : t =
60" _+_

40

20 tv_"_’_‘_\_\—\i—[ﬁ

% 45 a4 05 o0 0.5 1 15 2

-Q"y
had

Afb= 19.3 £ 6.5 (stat) + 2.4 (syst) %

References:

CDF PRL 100 202001 (2008) : 1.9fb-' ,Afb =0.17 + 0.08

DO PRL 100, 142002 (2008) :0.9fb!,Afb =0.12 + 0.08

(observed)
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Summary

Top charge : not 4/3 @ 95% CL anom coupl : no evidence found

f. = 0.110 * 0.059 (stat) * 0.052 (syst)

Top width < 7.5 GeV @ 95% CL

AM¢ = 3.8 * 3.7 GeV/c? + ,/'

o = 7.50 * 0.48 (stat+syst) pb

Afb= 19.3 £ 6.5 (stat) * 2.4 (syst Many Searches
O =CIERalC IS Garcia-Bellido and Goldschmidt’s talks
do/dpt no discrepancy with SM

Experiment’s web pages:

fraction via gg fusion : 0.07%°-15_g o7

CDF: http://www-cdf.fnal.gov/physics/new/top/top.htm

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

Moriond QCD 2010 Veronica Sorin 1B


http://www-cdf.fnal.gov/physics/new/top/top.html
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Conclusions

® We are studying top from many angles

® performing high precision measurements such as mass and cross
sections

® measuring some properties for the first time

= so far experimental measurements agree with SM predictions

® Though some properties still statistically limited, more data is being

analyzed

% ~7fb! on tape (expected >10fb! by end of Runll)

7/
%?

Many properties to be soon combined between D0 and CDF

Stay Tuned |
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