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v" Goals of the Working group:

« Review the recent progress in top and flavour physics in the last year
« Follow up on the last year SM@LHC Workshop
« Make a concise summary of the expectations for the near-term future

v" The WG’s program at this Workshop:

« 3 Sessions (Tue, Wed, Thu)
 Talks on top physics (tT and single top)
« Liza MIJOVIC
* Luca SCODELLARO
- Kathrin BECKER
» Fabrizio CAOLA
« David HEYMES
* Frank KRAUSS
« Anne-Catherine LE BIHAN

 Talks on “flavor physics”
« Giovanni PASSALEVA
« Philip ILTEN
« Martin GORBAHN

- Top/flavour interplay talks
* Jernej KAMENIK
« Markus SCHULZE
«  Emmanuel STAMOU




Top Physics: Status

v" Top physics moves from the search area to precision physics
v Excellent precision on measurements and theory predictions
v Moving towards fiducial cross-section measurements

v" High statistics available at LHC
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Top & Flavour Summary SM@LHC, GGI Florence, 24 April 2015



Top Physics: top pair inclusive

v" Inclusive top pair production is in a very good shape
v" Theory & experimental errors are small — at few %.
v" Agreement is very good (both 7 and 8 TeV).

v" The 8 TeV measurement dominated by luminosity/beam energy uncertainties !!

v 8/7 TeV ratio is not as good

 Is it modeling (i.e. the way we estimate theory errors in ratios — recall top Ag)?
 Is it real (if this then it will become obvious at 13 TeV!).
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Top Physics: top pair inclusive differential

v" Inclusive differential top pair production

« theory at NLO(+)

 Discrepancies between theory
predictions and exp for top P
(plays a role in many places: searches, ttH)

« Sensitive to PDF
« NNLO QCD should help

, CMS Preliminary, 12.2 fo'at ys= 8 TeV

v First NNLO differential results have

appeared

v" Applied to top A
« Significant corrections
« SM in agreement with
Tevatron data

Czakon, Fiedler, Mitov ‘14
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Top Physics: single top theory

v" Dominant (t-ch) NNLO QCD known; theory in good shape

v" Top decay will be added soon Brucherseifer, Caola, Melnikov ‘14
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Top Physics: single top exp

v" Inclusive and fiducial measurements available
v" All channels seen

v" Precision currently at ~ 10%

Total inclusive cross-section [pb]
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Top Physics: single top exp

v" Differential measurements also available from ATLAS and CMS

v" Large statistics for t-ch
v Good agreement with MC's
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Top Physics: New concepts: pseudo top
v" Differential measurements start to probe the tricky question:

"How to compare measurements and predictions at the level of top quarks”

v" Operational definition is to combine particles (jets, leptons, ...) to an object closely related to
top quarks: pseudo-top.
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Top Physics: New regimes : boosted top

v" First differential cross-section measurement for boosted top:

- Using lepton + jets events in Vs = 8 TeV data

 Hadronic top decay reconstructed as jet with R=1.0 with substructures
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v" So far we observe a persistent feature: at high Py data is lower than theory

v Isit:

« NNLO QCD? Or ( 2> n merged @ NLO) - matched to PS ?

- EW?
« Shower modeling?

See Frank Krauss talk for new MC developments

Q
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Top Physics: tt+W/Z

v Rare processes in SM

v" Just been observed at ~ 3sigma
v ttZ probes directly the ttZ coupling; not so much for ttW

Evidence for tiZ (ATLAS, CMS) and tiW (ATLAS)!
8 TeV NLO cross sections: o(ttZ) = 206 + 45 fb, o(ttW) = 232 + 51 fb
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Top Physics: tt+gamma
v Solid brand new observation (ATLAS ‘15) of this associated production mode

v 5.3 sigma
v" Fiducial measurements agrees with SM

v Handling top decay correctly is crucial for getting this observable right
v Opened interesting discussion about how well MC’s deal with this situation

1
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« Directly probe the top electric charge « Radiation in top decay is dominant for

P+ below 50 GeV or so.

« Interesting flavor connection — more in Uli's summary part
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Top Physics: tt+H

v" New results in this difficult channel

Dilepton

Lepton+jets

Combination
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v" Starting to test the SM cross-section predictions.

v" High-requirements for the MC’s to model the final state well

v It is important to understand top production well in order to model ttH properly. In particular
the top P; and tT P; are important (presently reweighting to top Py is used)

v" Also important to control exp systematics in tT: for example, in the most sensitive channel
(H-> bb), ATLAS has S/B ~6%

1D
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Summary: Where do we stand compared to last year?

@ top mass definitions (how to settle this and quote a reasonable error)

- Not discussed here. Nothing new since last year; this questions will continue to
appear for years

@ when should experiment correct back to (terential) cross sections fa
on-shell tops and when not?

- Discussed extensively at the particle truth sessions.

@ EW corrections D irrelevant for total cross section but important fol
boosted top. How to get make sure they get included consistently

- aMC@NLO just released automated EW corrections (nice addition to many existing
EW results). Makes possible combined NNLO QCD + EW!

v" Some things were not anticipated but happened:

A at the Tevatron resolved

2
=
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Summary: Where do we go from here?

v Expect fully differential NNLO QCD

v" Combined with EW (fully differential)

v Top decay with NNLO QCD is not unlikely within 1 year’s time

v" Single top with top decay can be (and should be) expected

v Anticipate activity towards NNLO matched to showers (builds nicely on existing work on
multijet merging in top).

v" More measurements on 8 TeV data underway, Run-II data coming

v" NLO 2-to-n MC's are being commissioned for the new data

v" Fiducial cross sections are the way to go!

v Expect to scrutinize, for the first time, top production in the TEV range.

v" First evidence for top pair production in association with boson (Z,W).
Expect precision at Run II.

v" Looking forward for ttH in Run-II !




