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top pair production

approximate (!)
expected / measured

SM cross sections in pb

Tevatron 7 TeV LHC 14 TeV LHC
tt 7 160 900

~ 90% ~ 20% ~ 10%

~ 10% ~ 80% ~ 90%
[ )

decay, including spin correlations and NLO
corrections

bound-state effects
non-factorizable corrections, off-shell effects

(non-perturbative) colour connection to pro-
ton remnant

Adrian Signer, TOP 2011 — p. 3/16



SM tt theory status
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® fully exclusive known at ~ one-loop

electroweak corrections known [Bernreuther et.al., Kuhn et.al.]

spin correlations included [Bernreuther et.al., Melnikov et.al.]
non-factorizable corrections computed [Denner et.al., Bevilacqua et.al.]
included in MC@NLO and POWHEG [Frixione, Nason, Webber ...... ]
two-loop corrections on their way . ..

® inclusive cross section(s) known at ~ two-loop

two-loop nearly known [Czakon et.al, Moch et.al, . . .]
bound-state effects computed [Hagiwara et.al., Kiyo et.al.]
non-factorizable corrections computed [Beenakker et.al.]
resummation of logs under control [Ahrens et.al, Beneke et.al . . ]

Sessio
® further processes known at one-loop: m

ttH [Beenakker et.al] and ttj [Dittmaier et.al.] ; = MC@NLO and POWHEG

ttbb [Bredenstein et.al; Bevilacqua et.al.] and ttj5 [Bevilacqua et.al.]

“background” processes V + jets
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single top production
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d
u u d,s,b d.s.b W
%74
d,s,b t d t g t

Tevatron | 7 TeV LHC | 14 TeV LHC
approximate (!) —
expected / measured t () “t-ch 1.2 40 (20) 150 (100)
SM cross sections in pb t (t) “s’-ch 0.55 2.5 (1.4) 7(4)
tW— 0.15 8 45

b € p — 5-flavour scheme

b & p =— 4-flavour scheme

[Campbell et.al]

LO 5 Flavour : LO 4 Flavour

Adrian Signer, TOP 2011 — p. 5/16



SM single top theory status

NLO QCD corrections, production and hadronic decay for t—, s—channel and Wt known
[Harris et.al; Campbell et.al; Cao et.al .. ]

® all channels included in MC@NLO and POWHEG [Frixione, Laenen, Motylinski, Alioli,
Nason, Re, Webber, White ...... ]

® EW corrections known [Beccaria et.al; Macorini et.al]
® non-factorizable corrections known [Falgari et.al.]
® resummation of inclusive cross section [Kidonakis, Wang et.al.]

® Note: issues with definition of cross section:

s and t channel mix (beyond LO)
— more appropriate to talk about (¢.J), (tb) and (tW) cross sections

disentangling Wt vs tt non-trivial [Frixione et.al.]

t — channel s — channel tt or tW
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resummation
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enhancements from special kinematic regions — order by order in a5 not sufficient

® in threshold region \/1 —4m?/s=8 =0

® “bound state” effects (as/3)"™, can be resummed [Fadin, Khoze; Hagiwara et.al, Kiyo
et.al, Beneke et.al]

® resummation of soft logs o log?™ 3, initially to NLL now NNLL and partly NNNLL
[Bonciani, Catani, Mangano, Mitov, Nason, Czakon et.al., Beneke et.al., Ahrens et.al.,
Kidonakis, ...... ]

® note: cross section not necessarily dominated by small 3, can use different resummation
parameter (done at NNLL)

® standard: 8 — 0 = a” In™ B with m < 2n

nIn™(1—2)

Y G with m < 2n —1

® invariantmass: 1 —z=1—-M?/5 -0 = «

® SPlisy=p5 —mi—0 = a?lnm(‘zj/mt) with m < 2n — 1

® recover total cross section by integration
= treatment of formally subleading terms are numerically relevant

® approximate “NNLO” cross section [Aliev et.al. (Hathor), Ahrens et.al, Beneke et.al,
Kidonakis . . .]
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Impact beyond top physics

ew precision pdf

gg luminosity at LHC ( N's =7 TeV)

805 July 2011I
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s/s
LEP EWWG plot from G.Watt (HepForge)
my, but also Vi, ott, but also single top ot /oy

other measurements: y¢, I't, App ... mainly as test of SM (or establishing BSM)
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top mass
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Problem 1: conceptual problem with pole mass; O(Aqcp)

The pole mass has an intrinsic uncertainty of order Aqcp In perturbation theory
(infrared sensitivity, renormalon ambiguity)

consider (fictitious) meson:

2
M = mQ + mq + V(g*)
well def. pole mass pert. ambiguity pert. ambiguity

There is a principal limitation of the usefulness of the pole mass: ém: > Aqcp

® can be solved in principle by using other (short-distance) mass definitions

® highly relevant for m; determinations at linear collider [Beneke et.al, Hoang et.al]

/'\

m¢ sensitive

® probably (??) not relevant for LHC

W precision

observable observable
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top mass

Problem 2: how to relate mexp to pole mass;  O(I':)

mx determination by requiring O™ (m x) = O*P in principle for any scheme X and any
(mass sensitive and well measurable) observable O

in practice limitation through lack of higher-order terms in Ot"

m+ measurements through kinematics of decay products are basically tree-level
determinations

pick a scheme where higher-order corrections are small, i.e. pole scheme —-
my extracted using decay products is “something like” the pole mass

the issue is not (and never was) whether this mass m.xp, is the pole mass or MS mass, but
what the precise relation between mexp and mpqle IS

: : ?77
care has to be taken when interpreting mexp = mpole

however mexp = mpole + O(I':) is fine. (Note: non-factorizable corrections have been
computed and seem to be small [Denner et.al., Bevilacqua et.al.])

alternative ways to measure m¢, using different O, where higher-order corrections are
known, e.g. total cross section [Langenfeld et.al] or other choices [Melnikov et.al.]

the ultimate m; determination with dm: ~ 100 MeV from threshold scan at ILC.
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parametrizing ignorance [Aguilar-Saavedra et.al, Willenbrock et.al. .. .]

0
4

BSM

!

general approach, finite number of possibilities, respect generic constraints
general vertices (e.g. W t b) with anomalous couplings

g - _ g -1woh?qy
— YR (Vi Pr 4+ Vo PR)tW T — b
\/§V(LL R) LW, \/§MW(

effective dimension 6 (and higher) operators e.q:

Opq = i(¢TTDud) (@ Tq) of Oy = (Fo"Ttd)Wp

complete analysis possible, devise sensitive observables

P, + PR)tWM_—Fh.C.

4

similar to anomalous triple-gauge couplings, with similar problems (form factors)

explicit models (i.e. a very long list of possible explicit models) [. .. (sorry)]

more information
can extend to high-energy region
can compute anomalous couplings for a given explicit model
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Apg In theory
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definition: A{?B = olye > 0) —olye <0) or AE?B = oAy > 0) —o(Ay < 0)
o(yt > 0) 4+ o(y: < 0) o(Ay > 0) + o(Ay < 0)
® zero for QCD @ LO, non-zero but small for EW @ LO W
® QCD @ NLO (from gq only) [Kuhn, Rodrigo]
A A A A

3 4
_ 9 + O(as) __ __virt real __ - ~ . -
FB = 0210 oMt 4 o' = o000 ~ few%  (SOft singularities)

® EW @ NLO: increase A%, but not too much (~ 20%) [Hollik, Pagani]

® QCD @ NNLO: not known exactly, but from resummation small corrections expected, a
SM value of A%, > 0.2 seems highly unlikely. [Almeida et.al, Ahrens et.al]

® Need BSM (tree-level) contributions to get A%?B 2 0.2
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App at Tevatron
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® 2011 Tevatron measurements

Forward-Backward Top Asymmetry, %

Reconstruction Level [pIOtS from DO]
m,; < 450 GeV
e _
D@, 5.4fb* 7.8+4.8 delicate dependence of Agpg on plf,’?
—e— E N
. —— MC@NLO 3.4
CDF, 5.3 fb™ 2.2+4.3 < 03%
02RY e PYTHIA 6.425 SOA-Pro
m,; > 450 GeV 0.1 -wmis PYTHIA 6.425 D6-Pro
—e— e
DY, 5.4fb* 11.5+6.0 0;
-01? \
i 0.2F T,
CDF, 5.3fb™ 26.6+6.2 = Tl
S. Frixione and B.R. Webber, 0.3 N O
JHEP 06, 029 (2002) oab- T
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oL
w
o
IS
o
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® there is a tension between experimental results and the theoretical SM value
® currently no convincing evidence that effect depends on m,;

® this could be BSM, but a more boring explanation is as likely (ok to get excited, but no
reason to go insane)
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AFB at LHC

“eliminate” large denominator, i.e. gg initial state, use f,(x) > fq4(z), f(x) for z large.

t more central, + more forward

several possibilities [Antunano et.al, Wang et.al, Hewett et.al, Aguilar-Saavedra et.al]

ot(|yt] < yeut) — ox(|ye| < Yeut)

~ 1%
ot(|yt] < yeut) + oz(|ye| < yeut)

® central charge asym: A =

o(Ay > 0) —o(Ay < 0)
o(Ay > 0) 4+ o(Ay < 0)

® one-side asym: A =

Pt£>Pcut7MtE>Mcut

20

& E|—wmpam, v - — Mp2m,
o 9 2 18
o) o o
< SE —— M>500GeV o 16f — M>500GeV
= o o
7F-| — M;>1000GeV ‘w14 E — M;>1000GeV
c 12:
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c 10—
51 -
C 81—
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3E pi==
2F zi’/_\
7\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 0 o b b e b b b b by
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(example for 7 TeV LHC [Wang, Xiao, Zhu: arXiv:1008.2685])

® use Appinttjandttjj as cross-check for new-physics scenarios
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spin correlations

I't > Aqcp = top quark decays before QCD blurs spin information [Mahlon, Parke;
Bernreuther et.al; Motylinski; Cao et.al; Melnikov, Schulze, .. .]

® detailed test of t — Wb — fvb possible

® details depend on process (top pair production / single top), collider (Tevatron / LHC) and
kinematic regime (invariant mass)

® find observable that strongly depends on spin correlation, e.g:

tt : A¢pp o With M,z < 400 GeV single top: cos(Fpec: )

Dilepton Events

0.6 L T |

C Vs = 14 TeV ]
- avg mg < 400 GeV -
0.5 —
C correlated

LHC7Tev

(1/a1) da/d(ag)
o
£

do/dcos s [pb]

o
w

o
[

ol

[Mahlon, Parke, arXiv:1001.3422] [Falgari et.al: arXiv:1102.5267]
® test against SM and BSM predictions

Adrian Signer, TOP 2011 — p. 15/16



wrap up

Measurement Fit |O™S-0M|/g™Meas

0. 1.2 3

m, [GeV] 91.1875+0.0021 91.1874
r,[GeV]  2.4952+0.0023  2.4959

® overall theory of top is in pretty

good shape, with further progress ol Inb]  41.540+0.037  41.478

on |tS Way R, 20.767 £ 0.025 20.742

A 0.01714 + 0.00095 0.01646

® so far, most experimental results AP 01465200052 0.1482
. R, 0.21629 = 0.00066 0.21579

agree reasonably well with SM R, 01721400030  0.1722
predictions, apart from . .. A 0.0992:+0.0016 ~0.1039

A° 0.0707 £ 0.0035  0.0743

® possible problem in Agpg (this A, 0923+0.020 0935
h d f il A, 0.670 £ 0.027 0.668
Somenow sounas tami Iar) A(SLD) 0.1513 + 0.0021 0.1482

sin’85P(Q,,) 0.2324£0.0012  0.2314

° L
keep scrutinizing ! m, [GeV]  80.399+0.023  80.378

r,[Gev]  2.085+0.042 2.092

m,[GeV]  173.20 +0.90 173.27

July 2011 0 1 2 3
[LEP EWWG]
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