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T-CHANNEL SINGLE TOP

¢ Already thought of more than 20 years ago
Dicus e5 Willenbrock, PRD54, 155 (1986) q

Take advantage of (compared to pair production):

\\/

% t-channel enhancement over s-channel growth

b

more available phase space
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¢ For very heavy quarks single top

dominates -- t’ searches

2 Sensitive to Vi, FCNC, ...

é
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% NLO corrections by
e b b b 1y 153 Bordes ¢5 Van Egk (1995); Harris et al. (2002); Campbell et
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m, [GeV] al. (2009); Q.-H. Cao et al. (2005); Frixwne et al. (2000)
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HEAVY INITIAL STATE
QUARKS

% The t-channel single top
production has a (heavy) b

quark in the initial state

2 There 1s an equivalent
description with a gluon
splitting to b quark pairs
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COLLINEAR LOGARITHMS
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5¢ Contribution to the cross section: / 5 5
0 pr + my

¢ Coethcient of the logarithm 1s: .

. P, - matrix elements
9—qq
AP splitting | < times with splitting
b

function

removed
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RESUMMATION INTO PDF

Al dO-( g — q tb) as daj
S Puttlng 1t together: dlong,maX ~ <%) / - Pg_>qqu x a(qb — q/t)

s¢ But the first part resembles the evolution equation for a quark:

df dx
dloquQ - (27'(')/ . [ g—>qqu—|—Pq_>qgfq}

Al

¢ So when the logarlthms really dominate, we can replace this

description by (g9 — ¢'tb) ~ o(qb — ¢'t)

¢ Scale of the bottom quark PDF should be related p1max

Ay

2 At all orders both description should agree; otherwise, ditfer by:
% evolution of logarithms in PDF: they are resummed
“¢ ranges of integration (obscured here)

¢ approximation by large logarithm
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ACOT FORMALISM

¢ Sensible way to combine the two approaches was formally identified
some time ago: ACOT formalism  Aivazis, Colling, Olness &3 Tung, PRD50, 5102 (1994)

L Roughly use the bottom PDF ("5 flavor scheme”, 2 = 2) when the
“spectator b” 1s not important, otherwise keep 1t explicit (“4 flavor
scheme”, 2 = 3)

Al

¢ But what to do 1n the intermediate region?

Al

s Demdmg factor -- snnpler to calculate with one less external leg

q

Al

e All hlgher order calculations
so far have been performed

in the 5F (2 = 2) scheme b

¢ Terms from 4F (2 = 3) enter at NLO.
Properties of spectator b are only LO

Al

% All calculations presented so far set mp=0 in final state tor simplicity
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NEED FOR MATCHING IN THE
SF (2 — 2) APPROACH

¢ At LO, no final state b quark e

and use (N)LO 5F (2 = 2)+ shower below and LO 4F (2 = 3)

above Y, \_

dN oyert/dP1(b), G A
dﬁfdpr{b), pbfGi:V 2-26jen/ r(b), Ge

. Sum 1.8}
Boos et al., ! CompHEP, P, (b) > 20 GeV Lal matched

Phys. At. L e - PYTHIA, P;(b) < 20 GeV _
: | I \%

Nucl. 69, 1517 3 | 1-0: at 10 Ge
(2000) 0.6

02 1

30 40 50
P;(b) (bin = 1.00 GeV)

KA

¢ Ad hoc matching well motivated, but theoretically unappealing
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FOUR-FLAVOR SCHEME

2t Use the 4-flavor (2 = 3) process as
the Born and calculate NLO

s Much harder calculation due to
extra mass and extra parton

“¢ Spectator b for the first time at NLO

2t Compare to 5F (2 = 2) to asses logarithms and
applicability

2 Starting point for future NLO+PS beginning at (2 = 3)
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CHECKS OF THE
CALCULATION

MadGraph & MadDipole

A

¢ Gauge mnvariance, CP, m¢ < mp symmetry

A

s¢ Two ditferent reduction schemes

2

¢ Most interesting check comes from crossing the whole calculation

/ —
q q € b
Change couplings, 7

t m¢ — mbp, sign of

| i boson virtuality \
g b et b

Navon ¢> Oleart, NPB 521, 257 (1998)

R

¢ Excellent agreement found
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¢ Process implemented in the MCFM parton-level NLO

code

% Use m=172 GeV and mp=4.7 GeV
'« For the 5F (2 = 2) scheme, use regular PDF
# For 4F (2 = 3) calculation, PDF’s need special

treatment for con51stency

VA

2t the b quark should not enter the evolution of the
strong coupling or the PDF: MRrsT2004FF4

2t could also use a 5F PDF and pass to the 4F scheme
using transition rules by Cacciari et al., JHEPO5, 007 (1998)

¢ We use second option: CTEQG6.6 PDF set for both
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4 FLAVOR CALCULATION
S FLAVOR PDF

M. Cacciart, M. Greco, P Navon, JHEPO5, 007 (1998)

% To the calculation in the 4 flavor scheme add

2t For each imitial state gluon include a term to
compensate for the smaller gluon luminosity in a

5F PDF:
Ir

— vy — log —2
a377 52

2 For each QCD coupling in the Born compensate

for the running of the coupling:

T 2
_&S —F lOg ILL—F;MBOI'H
37 mi
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SCALE DEPENDENCE

' S | . I —
g% at NLO (solid) and LO (dashed) in pb -
g**3 at NLO (solid) and LO (dashed) in pb -
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Al

¢ Both schemes much improved

from LO
®*5F (2—2) only mlldly

sensitive to scales at NLO
(use m¢ in what follows)

2 4AF (2 = 3) expected to be

worse, but 1sn’'t much

Al

¢ Hardly a region of overlap
between the two

2 AF (2 = 3) prefers smaller
scales than my, particularly at
the Tevatron



SCALE DEPENDENCE 2 —™ 3

Al

¢ Due to the near-factorization between the heavy and hght quark
lines we can vary the corresponding scales independently

S

s Expect smaller scale for heavy line due to g — bb splitting

2 1 3) at Nb (solid) and Lo (@amod) in 1o Gdmysy | D€aVy scales
| o(2 » 3) at NLO (solid) and LO (dashed) in fb (u'=m,/2) | ﬁxed,

/ight varying

: light scales
Preference fOI‘ Scales Smaller ; g fixed,

heavy line, as expected

than m; heavy varying

Choose central values:

pr =me/2, g = my/4
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TOTAL RATES AND
THEORY UNCERTAINTIES

¢ Estimate of the theory uncertainty:
independent variation of renormalization and factorization scales by

a factor 2 and 44 eigenvector CTEQ6.6 PDI’s

TeV t (= 1) LHC ¢ LHC
(LO) NLO (LO) NLO  (LO) NLO
2—2  (0.92) 1.0019:93+0.10 (153) 156143 (89) 93+3+2
23  (0.68) 0.94F70:07H0.08 (143) 1461443 (81) 86FiF2

¢ Tevatron: 30% difference at O becomes 6% at NLO, well within the

comblned uncertainties

Born

¢« LHC: 8% difference at ILO not 1mproved at NLO, only marginally

consistent due to < 5% uncertainty in both schemes

¢ Perturbative expansion 18 well behaved: small scale uncertainty and
corrections are mild

% Larger differences (and uncertainties) if one uses m; scale throughout
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Tevatron, mt=172 GeV LHC, mt=172 GeV

- 5F (2 » 2) 4F (2 » 3)

Oyo(t+E) [pb]
Oyo(t+E) [pb]

scale (dots)

.4 |— + PDF (dashed) + PDF (dashed)

Al

s Conservative combination of scale and PDF uncertainties
¢ PDF uncertainty dominant at Tevatron, but not at the LHC

s¢ Consistent at the Tevatron: logarlthms not so 1mportant?

¢ For the LHC, the minor difference could point to either

2t large logarithms being resummed

5¢ the need for a NNLO calculation in the 5F (2 = 2) scheme
(for which the 4F (2 = 3) NLO already forms a part)
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PDF CORRELATION

X

PDF correlations, CTEQ6.6
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PDF correlation between 2 = 2 and 2 = 3 (almost) 100%
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TOP QUARK
DISTRIBUTIONS

[ dashed: do?*?/ d'r) top quark _dashed daz"z/ d'n light jet _
- solid: do?*3/dn " [ solid: do®*%/dn i
F normalized . normalized

Tevatron -
- LHC

dashed da'z"z/dp : _ i j — dashed doz"z/dp
solid: daz"3/de 1 ‘ X - solid: dg**3/ de :
normalized - F normalized

80 40 60 80
Pr(t) (GeV) P.(i) (GeV)

2 Jet defined by: pr>156 GeV, AR > 0.7

Some differences, but typically of the order of ~10% in the regions

where the cross section 1s large
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BOTTOM QUARK
PSEUDO-RAPIDITY

e A B T 1 T I R
[ dashed: do®*%/dn | - Spectator b - dashed: do®*®/dp, 0.06 F
= solid: do®*3/dy i ' solid: dg?*3/dp,, :
| normalized ' normalized 0'04;

0.02¢

=1 . 0.00°
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[ Tevatron
—LHC

' 40
p(b) (GeV)

2 First NLO prediction for this observable

More forward and softer in 4F (2 = 3), particularly at
the Tevatron

Al

¢ Dewviations up to ~ 20%
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MORE BOTTOMS IN 4F

* Event though b quarks in the 4F (2 = 3) scheme are more forward
and softer, we expect to see more b’s than in the 5F (2 = 2)

In 5F (2 = 2) only a subset of real emission diagrams have a
final state b quark

R

¢ Define “acceptance” as the ratio of events that have a central, hard
b over inclusive cross section:

a(|n(d)] < 2.5, pr(b) > 20 GeV)

Oinclusive
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ACCEPTANCE

i I ' ' T I
F Acceptance: o(jn(b)|<2.5, p(b)>20 GeV)/o in %

Al

2 Very large scale dependence
for 5F (2 = 2),
— effectively a LO quantity

% NLO 4F (2 = 3) much
stabler

2 = 3 LO underestimates
the uncertainty

— 2 - 2 at NLO (solid)
| 2 5 3 at NLO (solid) and LO (dashed)

¢ Striking difference at the

Tevatron! 0.2 0.5 1.0
p/m,
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¢ Results look pretty good!

s¢ Thankys to Retnbard Schwienborst
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ACCEPTANCE

Al

2 Very large scale dependence
for 5F (2 = 2),
— effectively a LO quantity

CDF 20

% NLO 4F (2 = 3) much

stabler .

40t

2 = 3 LO underestimates
the uncertainty

¢ Striking difference at the
Tevatron!
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i I ' ' T I
F Acceptance: o(jn(b)|<2.5, p(b)>20 GeV)/o in %

30 |

— 2 - 2 at NLO (solid)
| 2 5 3 at NLO (solid) and LO (dashed)

0.2 0.5 1.0
p/m,




CONSEQUENCES FOR
SINGLE TOP OBSERVATION?

2 No change in total cross section (s + t channel)

% Measured t channel goes up, s channel goes down

s¢ More events that were considered s channel before are

in fact t channel, because more t channel events have
also a spectator b quark
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S AND T CHANNEL
SEPARATION AT CDF

N\

CDF Il Preliminary 3.2 fb™ Aln(L)

.

Could this explain
(part of) this 2 sigma

deviation?

. : N ot P
O U AN WL A O

A

CDF and DO single
i top groups to address

h 0 .
0051152253354455 these 1ssue
s-channel cross section [pb]

CDF note 9716

t-channel cross section [pb]

o
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A

% Ditferent but equivalent calculation of t-channel
single top

.

#* Allows exploration of theoretical assumptions
and prejudice

Al

2 The two calculations are 1n excellent agreement
at the Tevatron, but marginal at the LHC.

% Spectator b distribution predicted at NLO
throughout entire region
# Probably a significant impact on

discrimination of t- and s-channel events
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