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EXPERIMENT

[boosted top-pair production at |3 TeV; leptonic+hadronic top decay]



PGHLIGHT FROM RUN I THE RHIGGS DISCONVES

A very rare process with a very clean signature:
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Particle mass [GeV]

Higgs mechanism:
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L ow-energy effects of new physics at a high scale A > v
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Example: anomalous top-quark interaction
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RIOMALOUS HIGGS IN TERACTICHEE

Global fit of Higgs production and decay to Run | data:

L= 4551 7TeV +19420 3(8 TeV) fb 68/oCL ATLAS + CMS
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[Corbett, Eboli, Goncalves, Gonzalez-Fraile. Plehn, Rauch, arXiv: 1 505.055 | 6]

Starting to test new physics in the multi-GeV range.

| Caution with interpretation as effective interactions. !
8 [Brehmer, Freitas, Lopez-Val. Plehn, arXiv:1510.0344 3]



FIGHLIGHT FROM RUN ;| 3 TEV WOIRKS

High energies - apply brute force and enjoy

observe the standard model under new conditions
test the hypothesis of new heavy particles

Lots of data - challenge your patience

probe abundant processes with high precision
search for rare or hidden processes

Excellent tools - be up-to-date and use them

perform global analyses and investigate correlated signals
work at the intersection of theory and experiment



RO L OOK Al | 3-TEV DATA: RE-DISCOVERY @F GG

Search for new resonances In dijet production
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FECOND [ OOK: ANOTHER DIPHOTOIN RESGNANERS
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Assuming a scalar resonance, the largest excess occurs for:
mg — 750 GeV FS/mS — 6% mg — 750 GeV Fs/ms — 1.4%

Local significance: 3.90 Local sign.: 2.80
Global significance: 2.00 Global sign.: < 1o



0[S AND FICTIE

L andau-Yang theorem: resonance must have spin 0 or 2.

ATLASHCMS, 8+ 13 TeV: o(pp > S — vy) = 51b

[Buttazzo, Greljo, Marzocca, arXiv:1512.04929]

SM gauge Invariance implies a signal in diboson production.

A minimal model:

Need large couplings/electric charge/number of fermions.

-or Instance: new scalar in warped extra dimension,

coupling to KK excrtations of fermions.

P [Bauer, Hoerner. Neubert, , arXiv: 1 603.05978]
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1O AND HiG8

Strong top Yukawa coupling to the Higgs boson

Yukawa hierarchy breaks flavor symmetry of gauge interactions

LS —yiub (Hub, + (% W Vi, W, + hc.)
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TOP AND FLAVOR

Gauge symmetry of weak interactions: Qr = (¢,b)r

— [op-quark induces virtual effects in B physics.

Example: By — Bg meson mixing L.
igi, Sanda,
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Best fit o/og,, at m, = 125.7 GeV

HL-LHC at |3 TeV: expect dy:/y: ~ 10%
pNEC) Q) o(pp — tth) =~ (470 % 204ca1e) fb

[Broggio, Ferroglia, Pecjak, Signer; Yang. arXiv:1510.019 4]

|00-TeV collider: expect dy; /y: ~ 1% trick: use o(tth)/o(ttZ)

[Mangano, Plehn, Reimitz, Schell, Shao, arXiv:1507.08 | 69] 6



F-OUARK PAIR PRO

DUC TS

Precise predictions: Cross section at NNLO+NNLL QCD
\/g e 8 TeV 3 O-tf oured 2458 jg:i[scales} i—gi[pdﬂ pb [Czakon, Fiedler, Mitov, 201 3; and many more]

Powerful tools: event generators, top taggers, boosted top techniques
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[e.g, MadGraph: Alwall et al., HEP Top Tagger: Plehn et al.]

Precise measurements:
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Small QCD asymmetry:

Oy ~ ozi/(47r)2

[QCD NLO: Kuehn, Rodrigo, 1999]
[EW: Hollik, Pagani, 201 ]
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A RGE ASYMMETRY Al THIE T8

Up to now: measure absolute rapidity difference
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Small asymmetry in standard model:

A|y| o 123 = 005% [Bernreuther; Si, 2012: QCD NLO+EW] partOﬂ dlStI”IbUtIOﬂS

suppressed by large gluon backgrouna 0ui(v's = 8 TeV)
qq : 7.7%

From 8-TeV pp collisions during Run | 99 + 49 : 26-73

Aex|p = (0.5 £ 0.7 £ 0.6% [ATLAS+CMS comb, 2014] 99 : 62.6 V_»O
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Difficult to achieve better significance during Run |l.



IERGY ASYMMET o
Measure energy difference 2. % o(AE>D) (6
B T 05 Oo(AE>0)+0c(AE <0)

Significance for [4-TeV LHC
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energy asymmetry in qg frame
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Good significance achievable at LHC during Run |l.
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EW PHYSICS WITH TOPS AT TH

Direct interactions with top—quarks

t

|H~z

Virtual corrections to top-quark interactions
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JIREC T: TOP-ANTITOP RESONANCES

t
leptonicthadronic decay fully hadronic decays
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Benefit from precision:

Prediction for tall of distribution improves by including

information on PDFs from top-pair production cross section.

[Czakon, Mangano, Mitov, Rojo, arXiv:1303.7215]
22



t"é INDIREC T: ANOMALOUS TOP [INTERACHHEHNS

Example: electroweak production of a single top-quark

(3)
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two contributing operators:

O = y:9(Qot” 7 It)gEij ) U S R -
2 8 —6 -4 -2 0 2 4
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[C. Zhang, arXiv:1601.06163]

Precision matters, especially in differential distributions.
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RRIOMALOUS TOP INTERACTICHESS

Global fit to top- quark data from levatron and Run |
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[Buckley et al, arXiv:1512.03360]

Sensitive to new physics at the TeV scale in some Interactions. .
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Maturity In theory and experiment shifts the LHC paradigm:

The LHC is a discovery machine. [Higgs physics]
and
The LHC is a precision laboratory. [Ilop physics]

Iwo opportunities to find new physics during Run |I:

Direct evidence of new phenomena at high energies.

Indirect evidence of new physics in precision observables.
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