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¢ The three single top production mechanisms are proportional
to [Vipl?.

% Hence, if | would measure the total rate, I can extract its
value
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Al

¢ The three single top production mechanisms are proportional
to [Vipl?.

\/

% Hence, if | would measure the total rate, I can extract its
value

No! This argument 1s wrong...

Rikkert Frederix, University of Zurich



NOT ONLY Vg

Al

¢ If we want to measure |V, there are new ‘background’
contributions that have to be taken into account
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% Also the decay of the top quark changes if V! 1s not equal to 1.
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A WAY OUT?

R

¢ A possible way out is to argue that the use of [Vip/=1 in my event
selection and analysis 1s okay even though I want to measure [V,
is to claim that

‘V;tb‘ > ‘V;ﬁs|7 |V;5d‘

A

¢ However, the recent measurement from D0 (from top quark
decays 1n top pair production) suggests otherwise:

Vi
— = V. + 0.04
v = 09000
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¢« which translates into

VI Vial?2 + [Vis|? =~ 0.33 Vi
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¢ Which 1s a bit in conflict with the requirement above
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VWHY NOT INCLUDE ALL
CONTRIBUTIONS...

[Alwall et al (2006); Lacker et al. (2012)]

s At the Tevatron (where we can ignore the Wt channel), we
have to take all these possibilities into account
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% We can discriminate some of them by looking at the number
of b-jets in the final state
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E.G. ONE B-JET FROM
S-CHANNEL

[Alwall et al (2006); Lacker et al. (2012)]

el

12673655 T =L.0° - R |V;5b|2€b(t—>bW) + (|Via ‘2 + |V}S Eb(t—>dW) + Ed(t—>bW) + Ted(t%dW))]

1ntegratf3d NLO) erons \ \

section
luminosity efficiencies to find exactly

for s-channel, without

. one b-jet from the various
CKM matrix element )

final state conﬁgurations
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E.G. ONE B-JET FROM
S-CHANNEL

[Alwall et al (2006); Lacker et al. (2012)]

el

12673655 T =L.0° - R |V;5b|2€b(t—>bW) + (|Via ‘2 + |V}S Eb(t—>dW) + Ed(t—>bW) + Ted(t%dW))]

1ntegratf3d NLO) erons \ \

luma section efficiencies to find exactl
Tt s-channel, without Y

. one b-jet from the various
CKM matrix element )

final state conﬁgurations

And similar for t-channel and for two b-jets
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RESULTS

[Lacker et al. (2012)]

p-value p-value p-value
1-0 T T T I T T T I T T T T T T I T T T 1.0 T T T I T T T I T T T T T T I T T T 1-0 T T T I T T T I T T T T T T I T T T 1.0
— | excluded area has CL > 0.95 - — | excluded area has CL > 0.95 = — | excluded area has CL > 0.95 -
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2
IV 1 AR

NA

# Only subset of data taken into account: CDF data on one lepton + missing
transverse energy + two jets with one reconstructed b-jet and D0 data on
the top branching ratio to b quarks

A

% Assuming a 4x4 CKM matrix (so that 3x3 unitarity constraints don't apply),
but direct constraints from flavor physics and from W-boson branching
ratios taken into account

Val = 1 lies well outside the 95% C.L. contour

A
Ny
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T-CHANNEL PRODUCTION




INITIAL STATE B QUARK

A

¢ “Standard” way of looking at the t-channel single top process

q / q q
q
5-flavor
W %4 t
scheme
b t g 7
leading order (contribution to) NLO

R

#¢ But there 1s an equivalent description with no bottom PDF and an
explicit gluon splitting to b quark pairs

q q
4 t 4-flavor
‘ _ scheme
g b
Does not exist (part of) leading order
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q q/ q q

W W t

’ t g \ b
5-flavor scheme: “2 = 2” 4-flavor scheme: “2 = 3”

A

s At all orders both description should agree; otherwise, differ by:

Al

s evolution of logarithms in PDF: they are resummed

R

% ranges of integration

Al

¢ approximation by large logarithm

A

% Uses 2 = 2 when interested 1n total rate, use 2 = 3 when spectator b
quark 1s important.

% At LO they ditfer. What about NLO?
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TOTAL RATES AT NLO

¢ Estimate of the theory uncertainty: [Campbell, RE Maltons, Tramontano (2009)]
¢ iIndependent variation of renormalization and factorization scales by a factor 2
¢ 44 eigenvector CTEQ6.6 PDF'’s
% Top mass: 172 £ 1.7 GeV
% Bottom mass: 4.5 + 0.2 GeV

o (t+ 1) 2 — 2 (pb) 2 3 (pb)
Tevatron Run I 1.96 T3 1030 008 08 Le7 3} 013 08 “0,
LHC (7TeV) 62655 Ty Typ Tyn 594750 T Yo T
LHC (14 TeV) 244+, *2 *2 1 234 17 t3 43 4

Fac. & Ren. scale

b mass
top mass
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DEPENDENCE ON X

o (t+1) 2 — 2 (pb) 2 3 (pb)
Tevatron Run I 1.96 “o157 "0 Tolog Toios 187 521 T0115 “0l06 004
LHC (TTeV) 626 Tg5 Ty Typ Din 594550 By T 3
LHC (14 TeV) 244 t5  to 2+ BRI SR

S

% Interestingly, the agreement seems to be better at the LHC
than at the Tevatron

% The logarithms that are resummed in the b-quark PDF
are larger at large X

¢ Hence, this resummation i1s more important at the
Tevatron
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DISTRIBUTIONS
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% Jet defined by: pr>15 GeV, AR > 0.7
# Some differences, but typically of the order of ~10% 1in the regions

where the cross section 1s 1arge

Al
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_dashed daz"z/dn
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dashed daz"z/ dp
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% Shapes are very similar to LO predictions (not shown)
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BOTTOM QUARK

dashed daz"z/ dp O 06
solid: do?*3/ de :
normalized 0.04 ;

F solid: do®*3/dn S

. Tevatron
— LHC

 normalized

dashed daa"a/ d17

O = =t

P(b) (GeV)
Dashes: 2 = 2 at “NLO”, with massive (when final state) b quark:
the same shape as the 2 = 3 at LO, but different normalization

- F
i | | | BEzs
% T 2~V ! ! ! :
O0F L
gE . | | e, | |
—4 -2 0_ 2 4
n(b)

Solid: 2 = 3 at NLO: first NLO predictions for these observables

More forward and softer in 2 = 3, particularly at the Tevatron

Mild dewviations up to ~ 20%

¢ These plots are normalized: 2 = 3 much larger than 2 = 2, because for
2 = 2 only subset of NLO diagrams contributes to these observables

Rikkert Frederix, University of Zurich
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RECENT PROGRESS

q q

% So, already at NLO the 4 and 5 flavor scheme W "
calculations are in agreement

g b

% However, the 4 flavor (2 -> 3) has a better

description of the “spectator b” quark: 1t’s os00f

described with NLO accuracy

0.100 |
0.050 |

% The 5-flavor (2 -> 2) process in POWHEG+HW6 i
and MC@NLO+HWG6 show some non-physical soos|

qud]' ‘-i&'p};)p

peaks due to the way the backward evolution 1s L;
done in the HW6 parton shower Lot

# Recent progress: Using POWHEG and
MC@NILO, match the 4-flavor NLO results to a
parton shower to allow for event generation at

NLO accuracy

do/dpy [pb/GeV]
o
&

—
|
>

dashes: MC@NLO
solid: POWHEG
nll A n a -

pp, VS=1960 GeV -
t-channel, |yz |[<3 ]

0 50
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(RE Re, Torriell]
R

Tevatron

Tevatron

(very) preliminary

---- pdf unc

aMC@NLO-+HWS
POWHEG+HW6"

A4

---- pdf unc.

scale--unc. scale unc.

1.0 FApmeme s et pteyteleleintetulotgl Iy i 1 4 Rl LT
0.5 — pow+her amcatnlo+ er . . . S .
' 50 100 150 200 iy —2 o 2 4
pt B y B

A
ws
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Stable B-hadron coming from the spectator b-quark (if there are more
than one, take the hardest)

Excellent agreement between aMC@NLO+HW6 and POWHEG+HW6

for transverse momentum, okay-ish for rapidity

PDF and scale uncertainties generated by aMC@NLO without extra

CPU time using reweighting techniques
19



MORE WORK NEEDED

(AS ALWAYS...)

A

% The 4-flavor (2->3) calculation does not (yet) take spin correlations
between the production and decay into account. It has been shown
that those are important in the 5-flavor process

Frixoone et al.; Alwoli et al. (2009) ]
2‘00: L N 1 I D D
- pp, VS=14 TeV = : 30
= 1.7 = s - i
Q r s-channel ] t-channel 1 &
o i 9
= : 1~
> 1.50F — S {a
n i - 20 -+, 8
o X i 1@
9 125} ' 4 : ] =
o f dashes: MCGNLO |} =
© 1.00f solid: POWHEG 1 C 12
07l dotdashes; PYTHIA x 1.16 |3 = dptdashes; PYTHIA x 0.93 |
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

cos X cos 6

% Angles between hardest lepton and beam (left) or hardest jet (right)
evaluated 1n the top rest frame
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VWT-CHANNE

% When including (N)NLO corrections, the s-, t- and Wt-channels

start to interfere among each other and also with double resonant
(top pair production) and non-resonant contributions

A

% In particular, the Wt channel 1s the most dubious one from a
theoretical point of view. Already at LO (in the 4-flavor scheme)
there are interferences with top pair production

% It has been shown [C. White et al. (2009)] that the Wt channel can be
1solated from the ttbar background at the LHC

Alx

% However, given that there 1s interference already at LO, how much

sense does this make? In particular when tops are backgrounds to
other processes

22
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WWBB AT NLO

¢ Recently, the full NLO
corrections to the WWhbb Pprocess

were calculated by two

independent groups
| Denner et al.; Bevilacqua et al. (2011)]

¢ Consistent description of top pair

production and irreducible

backgrounds

#¢ Particularly important when cuts

require (one) top(s) to be off-shell

KA

% Matrix element-level calculation;

matching to the parton shower
not (yet) available

Rikkert Frederix, Sep 26, 2011 23



¢ Corrections are small for most observables

% Compared the LO WWbb production, the

NLO corrections are not an overall change

In normalization

'LHC (7 TeV) NLO ——
< .
o 10 3 =
S 3
S S
g 11 =
3 : 3
2 _ 3
S 07} ., 0.01
2.5 : : : : :
2t NLOLO —— - 2‘2
1.5 1 151
; .
0.5 ' ' ' ' 0 ;
0 50 100 150 200 250
m/ss [GeV]

| Denner et al.; Bevilacqua et al. (2011)]
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Top pair production
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=
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Looks like single top production
(Wt-channel, 4-flavor scheme)
but 1t 1sn’t really...

Al

% Unfortunately, b quarks are considered to be massless: need
to put cuts on them to make this process finite

% This calculation cannot be used to predict the rate when
one b-quark 1s too far forward/soft to be observed. So, not

so useful when tops are backgrounds to other processes
Rikkert Frederix, Sep 26, 2011 25






S- VERSUS T-CHANNEL

3.5

2.5

t-Channel Cross Section o, [pb]

1.5

0.5

4.5

CROSS SECTION

CDF

CDF Run Il Preliminary, L=3.2 fb™

° B(-;st Fi‘t

68.3% CL
95.5% CL
99.7% CL
SM (NLO)

BEECEE

SM (Res NLO)

0L

0

0.5

1

el e e e e
156 2 25 3 3. 4 45 5

s-Channel Cross Section o [pb]

t-channel cross section [pb]

DO 2.3 fb'
Measured Peak

SM

Ztu FCNC
thu=0.04 gZ

IV 1=0.2
ts

Top Flavor
m,=1TeV
Top Pion
m_=250GeV

68% C.L.

B s0% c.L.
[ o5% c.L.

%

1 2 3 4 5
s-channel cross section [pb]

S

Why 1s it that the theory prediction 1s outside the 95% C.L. contour for CDF?

During the last years, collaboration between theorist and experimentalist trying
to pin down this difference. Nothing found that could explain this. Most likely a
More data will tell...

statistical fluctuation?

Rikkert Frederix, University of Zurich
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SUMMARY

In general: theory for single top production theoretically well under control

.

K\§

|
\

Al

A

KA

¢ Experimental determination of [Vl should be improved. In particular
because it is not true that V3| > |Vis|, [Vid]

A

¢ Model independent approach (using a small subset of the available data)

suggests a value for [Vl significantly smaller than 1, leading to some
tension with a value obtained from a unitairy SM 3x3 CKM matrix

A

# t-channel single top 4-flavor and 5-flavor calculations agree at NLLO for
total rate, but 4-flavor has a much better description (1e NLO) of the

spectator b quark

Al

¢ Recent progress: implementation of 4-flavor process in aMC@NLO and
the POWHEG BOX to allow for event generation at NLO accuracy

¢ Wt-channel isolation from top pair production

% s- vs t-channel cross sections: D0 agrees with theory prediction, CDF sees

some tension
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INTERESTING TOPICS FOHK . :
FURTHER DISCUSSION

% Given the recent measurement for R by D0, which no longer suggest that
'Vl 1s much larger than [Vl or [Vidl, can we, please, relax this constraint
in studies in which we want to measure |V, ?

% t-channel single top 1s a b-initiated process (in the 5-flavor scheme). Can
we use this to constrain the b-quark PDF? Can we get the required
experimental precision?

% Any (new) 1deas/insights about the s- vs. t-channel cross section
determination at CDEF? Can we expect a similar plot with the full data

set? When?

A
N

Wt-channel single top and top pair production interfere already at LO (in
the 4-flavor scheme). How are these processes treated within the
experimental community? In particular, when they are backgrounds to
other processes? How useful would a NLLO calculation for the combined
process be?

Rikkert Frederix, University of Zurich 2



