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New physics at a distance
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Here: effective interactions with top quarks.



Effects in top observables

Example: heavy color-octet boson
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Goal: resolve effective top couplings in a global analysis.

new vectors (e.g.): Bauer, SW et al. 1008.0742; Haisch, SW 1106.0529

new scalars, fermions: Dawson, Homiller, Lane 2007.01296 3



Top eftective theory

Higgs gauge bosons light quarks
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L/ Cyi L7 Cow b/ Ciw LTSN

Orp = (Qt ) (1) Four = (Qo™t)tlo W],  OF, = (T ) (@i T w;)
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Observables: o =osm + Z A2t Z —A4j i

dimension-6 operators with tops, NLO QCD precision
flavor symmetry U(2), x U(2), x U(2)q4
O(20) operators in top-pair, single top, ttV, tV production

automated simulations with SMEFT@NLO: Degrande et al. 2008.11743
analysis framework (LHC Top WG): Aguilar Saavedra, SW et al. 1802.07237 4



LHC processes in top EFT
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Hartland et al. 1901.05965:; Brivio, SW et al. 1910.03606



Global analysis of the top sector
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Global fit using SFitter SFitter: Lafaye, Plehn, Zerwas hep-ph/0404282

LHC top observables measured in Run 2 data
cross sections and kinematic distributions

accounts for correlated uncertainties

Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, SW, Zhang 1910.03606
other global top fits: Buckley et al. 2016+; Hartland et al. 2019; Durieux et al. 2019 6



Bounds on effective top couplings
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Brivio, SW et al. 1910.03606 7



Bounds on effective top couplings

Run IT ATLAS+CMS 68% and 95% C.L.
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Disentangling operator contributions

4-quark versus gluon operators

—> boosted tops

chirality

—> charge asymmetry
spin correlations

gauge structure (weak isospin) /
—> boosted top, ttW, ttZ

flavor structure

—> B and K physics



4-quark versus gluon operators

Sensitivity to 4-quark operators grows with energy:

™V

A? A? A4

2
s> m?: ou(s) ~ ogu (1 + —Cia + —08 + O ( ) CZ-CJ)

- [ Data: CMS @ 13 TeV, 35.8/fb ) o~
T 1803.08856 O = (Qo"T"t) ¢ G,
107
- A A
- 05, = Ty, T7) (@' T  u;)
10“45—
E g t q t
- SM
0% T Coo 2CS
B EGexp
1.2F Ch. @ O(KY) o, ’ 2 K f
iy Cic @ EO(IA‘”‘)
| S S T -
1:= 1 f t t } t : ) .
0.8 BN ‘ Search with boosted tops
S ?tgﬁ..@.iq(./.\_.Q.). R in tails of distributions.
0-8y~"700 200 300 400 500 600 700 800
pr(tn) GeV

Brivio, SW et al. 1910.03606; see also Englert et al. 1607.04304
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Top chirality

N qu = (trY, T R)(qy"T"qr) ~ RL
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linear Wilson contributions O(C/A?)

top-antitop cross section:
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Brivio, SW et al. 1910.03606 11



Top chirality
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quadratic Wilson contributions O(C?/A*%)

top-antitop cross section:
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Brivio, SW et al. 1910.03606 12



q\(/jt
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Resolving blind directions

T Ay

Jet probes new directions in EFT space:
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measured: ATLAS-CONF-2019-026

rapidity asymmetry A, (¢¢)

projected:
energy asymmetry Ag (ttj5)

Ap(8;) =

Basan, Berta, Masetti, Vryonidou, SW 2001.07225
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Gauge structure

weak singlet: Og, = (Qv,.7Q)(@"T" ) key: parton distributions

weak triplet: OQq (QuuT 7' Q) (@ T 7 ;) r(w) = ;ZEg;ZEjggg

linear Wilson contributions O(C//A?)
20

top-antitop cross section:
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Brivio, SW et al. 1910.03606 14



Gauge structure

weak singlet: Og, = (Qv,.7Q)(@"T" ) key: parton distributions
iolet:  03% = (O, TATLOY (AP T AT g, () — Jul®) fals/(25))
weak triplet:  Og, = (@, T 7 Q)(@"T 7" q;) (@) = s/ (@9))

quadratic Wilson contributions O(C?/A%)

All Wilson coefficients bounded.
Remaining blind directions in fit.

Brivio, SW et al. 1910.03606 15



Key to better resolution

correlations between measurements Bissmann et al. 1912.06090
precision in high-energy tails (tt, single top) Englert et al. 1607.04304
top properties including lepton observables Basan et al. 2001.07225
SM-rare processes (th, thj, tZW) Degrande et al. 1804.07773

Maltoni et al. 1904.05637

comparing predictions to data at parton/particle/detector level?

New physics could first show up in small, connected deviations.
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Top and flavor
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Hewett, Rizzo 1993; Grzadkowski, Misiak 2008; Fox et al. 2008
Brod et al. 2014; Cirigliano et al. 2016; Bissmann et al. 2019; Aoude et al. 2020 17



Combining top and flavor observables

Breaking blind directions
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... and gaining sensitivity.

marginalized constraints
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Bissmann, Erdmann, Grunwald, Hiller, Kroeninger 1909.13632
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Top - Flavor - Higgs - Electroweak

Connecting Flavor - Higgs - EW Aoude, Hurth, Renner, Shepherd 2003.05432
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COnneCting Top and Flavor Bruggisser, van Dyk, Schaefer, SW - work in progress
COnneCting Top and nggs Ethier et al. - work in progress (Maltoni at ICHEP 2020)

global Higgs + EW fits: Ellis et al. 1803.03252, Biekoetter et al. 1812.07587, Almeida et al. 1812.01009 19



Summary: new physics search with tops

q t
q> <t Probe effective couplings with precise observables.

Use kinematics to decipher gauge and chiral structure.

I//;i New observables resolve blind directions.
‘ﬁtQ—th'S‘ Combine top with flavor, Higgs, EW for new insights.
\'Y

Thank you!
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