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Learning about the Wtq vertex

* Measuring B(t® Wh) only tells us Vg » Vi, Vis

BR(t®Wb): . [thE 2:0.94+0.31
BR(t®Wq) Vel HVis [ HVao| -0.24

e |n the SM

20.9730- 0.9796 0.2174- 0.2241 0.0030- 0.0044¢
g 0.213-0.226 0.968- 0.975 0.039- 0.044 -

* Single-top cross section proportional to [V, |2
—Measure B(t® Wb) in tt, extract dV, ~ ds /2

in each channel
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~Nq0 (- gs)

See polarization of top
at production

da /dcos 6 (fb)
=

0.0 0.5
cos @




Learning about new physics

1.96 TeV, pp

NLO (no vg)
NLO

aw (pb)

* Fully differential NLO W Gor arbitrary V, A
couplings S
— CDF Run [: (was 420 GeV)

1000

Look for resonant peak in Wbb invariant mass —
same rate for L/R-handed

Use spin correlations to tell if W Chas left or
right-handed interactions

= R u n I I Can re aCh 300 350 -’Iﬂl'i-A 45;’/ 500 > S_SI'} 600

5(
M,; (GeV)

ZS, PRD 66 (02) 075011

My = 500 GeV
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q

Single-top-quark

8 gy

production

T
h Vi W

Tevatron
Run |

Tevatron
Run I

LHC

S, (NLO)

1.45+0.20 pb

+0.28 pb

247+12 pb

S (NLO)

0.75+0.10 pb

0.88+0.12 pb

10.7+1.1 pb

Sy (LL)

0.0620.01 pb

0.09+0.02 pb

5618 pb

Total

2.26+0.25 pb

2.95+0.33 pb

314+15 pb

 s-/t-channel now known fully differentially
—IfM;=178.0+4.3 GeV ® s, =
— First honest PDF uncertainties included above:

° dSt:
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, ds =

 Ss =




Paradigm of “jet calculations”

* We are calculating not
— Calculations are not well defined
w/0 a jet definition
« “Bad things” happen if you
treat jets as partons —— >
 Choice of jet definition can have
a larger effect
than all theory
uncertainties
combined.

20 40 60 8O 100 120 140
pry, (GeV)
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LC=1.09
NLO (MDFE, i = my)

L) B (DS
NLO = 1.03 (P I = )
NLO (PSS, DDIS) ——

Highest E, jet

T % gain over LO (= AHGeV)

s — ML,

correct




Exclusive t +1 jet at NLO

b-jets/non-b jets have
different distributions

#Db-jets | 1] (W])) tiy(WijJ)

+24
0.168 pb 1 % s t—Channe_I,tj

s-channel =2

24
=10.022 pb T1g%

170

10

t-channel =1 0.152 pb _

=210.146 pb . 1° 6| 0.278 pb

Cuts: E;>15 GeV, |h;|<2.5, no cuts on t

» Cross sections & uncertainties depend on cuts

» Shapes are stable, only normalizations vary
—s-channel, tb,, ,=1.54"tb g
—t-channel, t j, , = t] o if using M=Q2, m=Q2+m 2

e ey, (i)
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NLO s-channel vs. HERWIG/PYTHIA

*LO " 1.54 great approx. for Wbb, using n&=M,,
e HERWIG/PYTHIA use

MLO NLO —— ]
i 0,51 PYTHIA

Il-l-.::fﬁgl;l':{:f} - é tOO Small a SCaIe (<MW) ] ':":"; "'I- 41 = HERWIG - é
S > too much radiation |
>Whb underestimated by ¥

factor of 1.4

Wbj

T »WDbj and W+3j over-

Pk, 102V

estimated by factor of 2

TTT [ TEFT[TIET[TTET 1||||||||-|||||||--|||||||-|-||||

NLE —
= 1 32=PYTHIA [
5t 1 e HERI E > 3 051 =PYTHIA
i . 5E I 10041 x HERWIG

* Feed LO events from
MadEvent/CompHEP
into HERWIG/PYTHIA
and normalize to NLO
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NLO t-channel vs. HERWIG/PYTHIA
* LO » NLO, using m=Q?, m=Q%+m. (double-DIS)

0,92 PYTHIA
1.5 = HERWIG

NLO —

0L.92 < FYTHIA
105 =HERWIG

Py > 15 Gey

« HERWIG/PYTHIA Wbb
of LO prediction

> |S radiation is too soft
and forward, miss hard b

>

* Feed LO events from
MadEvent/CompHEP
into HERWIG/PYTHIA
and normalize to NLO
tj, tb, tjj, th) samples.
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| .. Wbb 2.75x PYTHIA

ML)

1.37 « HERWIG
sl < 2.5

; | :E Q’“‘x-.. 1 7
= B S 11

e e == o

w40 B KD 100 120 140
pry, (V)

rrr |||T'|||| ey .-.rTr'r

—— NLO : J' S AE e
LT5%PYTHIA FTn =2 1
13T = HERWIC




Phenomenological Observations

3o evidence for all channels in at least 1 b-tag sample

R
]
=

D
=
=

0 40 60 80 100
Pra (_G';\"’ )

Integrated luminosity (pb~—)

55 60 65
b tagging efficiency (%)

* Lower Eq; thresholds from

improvement in signal

— improvement in signal

—Is there a clever way to
improve range in |h,| for CDF?
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* b-tagging has room to
grow:
— improvement in signal

—This is central to finding new
physics: H, SUSY, W ¢z C ...
—Remember single-top is a
large component of the Wbb
background
e Jet-energy resolution limits
cut on M(bl*n), currently

— drop in Wjj background
—Hurts MET from calorimeter

—A larger cone size may lower
out-of-cone uncertainties, and
Increase signal.




Conclusions

— A description of NLO kinematic distributions, uncertainties,
and matching to HERWIG/PYTHIA is in
 dM, dominates uncertainties right now, PDFs are right behind
« If M,=178.0t4.3GeV® s, = ;S =

« If Run Il design goals met , we will know with 2-4 fb!

— Computational tools:
. (spin-averaged NLO based on )
. (use MadEvent/CompHEP as inputs, match to NLO)
« MCFM (will add on-shell top decay code, available ~ Oct.)
« ONETOP (LO + threshold resum, DO version 1 Mrenna/Yuan)
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