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Flavor-Changing Neutral Current (FCNC)

+ Flavor-changing neutral current (FCNC) interactions: Transition from a quark with
flavor-X and charge-Q) to another quark of flavor-Y but with the same charge-Q.
* For example:b = sy, t—=u?Y,t—>u’ ... _
Top FCNC Penguin
c,u
« FCNC are forbidden at tree level
and only allowed via higher order
corrections such as penguin diagrams
and strongly suppressed: due to GIM vIZ
mechanism and smallness of the related
CKM matrix elements. SM Predictions
Br(t — cg) O(10~ 1) |
Br(t — c2) O(10-13)
Br(t — c¢v) O(10-13)

Phys. Rev. D 44, 1473 (1991); Phys. Lett. B 435, 401 (1998).



FCNC and new physics

* Top decays through FCNC are enhanced in many models

beyond the SM. The enhancement mechanisms depends on the model. It can be
done via weaker GIM cancellation by new particles in loop corrections.

- Example:
Supersymmetry: gluino/neutralino
and squark in loop corrections.

+ BExperimental tests of FCNC interactions:
sensitive probes of new physics.

* Any signal above SM expectations Model BR(¢ —:4Zq)
would indicate new physics. Standard Model 0(107%)

g =2/3 Quark Singlet ~ £(1074)
Two Higgs Doublets o(1077)

| _ MSSM 0(10°%)
allows to constrain new physics models. R-Parity violating SUSY 6/(1075)

* Measurements of FCNC branching ratios

arXiv:hep-ph/0409351; Acta Phys. Polor B35 (2004) 2695
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Current observed limits

The most stringent bounds are:

BR(t — Zq) < 0.05% , BR(t — uy) < 0.0161% , BR(t — ¢y) < 0.182%.
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Analysis in FCC-ee

The anqmalous FCNC couplings of a top Lo = Z [e Aegf (XY — /\a75)z'ayu<f’ AV
quark with a photon and Z boson can be e my
written in a model independent way using

gw If LU a_ b iO"qu v
. . + Kigt (K" — K VA
an effective Lagrangian approach. ey 9 ( ) —_—
+ 2ch Xiq f’y,,(:rLPL + zRPg)q Z*| 4+ h.c.,
W

The anomalous FCNC interaction tqA and
tqZ lead to production of a top quark in
association with a light quark in electron-
positron collisions.

In this work, we only concentrate on the

leptonic decay of the W boson 1n top quark,
1.e.t 2> Wb =2 lvb with 1 = e,mu.

Final state: charged lepton, a b-jet, a light-jet
and missing energy
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Backgrounds

Based on the expected signature of the signal events, the main background contribution is
originating from WW production when one of the W bosons decays hadronicly and
another one decays leptonically, i.e. ete- 2> W+W = Iv+j;.

Signal and background generation

-We use MadGraph5 to generate the signal & background
events. The signal and background events are generated in th
center-of-mass energies of 240, 350 and 500 GeV.

-We employ Pythia 8.1 package for parton showering,
hadronization and decay of unstable particles.

-To reconstruct jets the FastJet package with an
anti-kt algorithm with a cone size of R = 0.4 is used.
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Cross sections of signal & backgrounds

Cross-sectionsXxBR(t=21vb) (I = e,mu) for three signal scenarios, tqA , tqZ (vector-tensor)

before applying cuts:

Vs 240 GeV 350 GeV 500 GeV
FCNC o(fb o(fb o(fb o(fb o(fb o(fb
couplings Siéngl B(kg.) Si(gng.l Bﬂ(g.) Siéna).l BS(g.)

tqy 1077(Aeq)* 4879
tqZ (o) | T17(Keg)? 4879
tqZ (vu) | 458(X¢q)* 4879

1916(N\;y)7 3221.2
1080(risg)?  3221.2
303(X,,)?  3221.2

2151(\y)% 20486
1141(keq)?  2048.6
232(X ;)2 2048.6

All cross sections have been calculated with MadGraph5.
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Simulation and event selection

-To account for the detector resolution, the nal state particles (leptons and jets) are
smeared according to a Gaussian distribution with the following parameterization:

AFE; 40% AFEy 15%

= 25? s — 1? )
E; VEj (GeV) @ ’ E V Ee (GeV) G

-In our analysis, b-tagging plays an important role to reject the contribution of WW
background.

-We present the results with 70%; 80%; 90% for the eciencies of b-tagging and a 10%
mis-tagging rates.

-Now, we apply the following detector acceptance cuts on the final state objects:

> 25 GeV, E7™° > 25 GeV, |pfetbbicr| < 25,

jetae,bjet

-In addition to these cuts, to have well separated objects, we require DR > 0.4.
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Event reconstruction

NE] 240 GeV 350 GeV 500 GeV
FCNC o(fb o(fb o(fb o(fb o(fb o(fb
conphngs | Sooh g gL g gy g

tqy 317.7(\eg)? 13612 | 595.8(Aeg)2  901.9 | 720.5(N\eg)?  577.7
tqZ (ou) | 210.8(keg)? 1361.2 | 332.6(keg)? 9019 | 381.1(keg)?2  577.7
tqZ () | 135.1(Xy)? 13612 | 122.2(X,,)2 901.9 | 76.1(X,q)? 577.7

0.16F AL L

In order to reconstruct the top quark, all 0.14f '
components of the neutrino momentum is 012}
needed. o1
30%}
We obtain the z-component of the neutrino 0068
momentum by using the W boson mass 0_045_
constraint. oot

%5100
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Signal Optimization

To separate signal from background events, we use a MVA analysis with the
following input variables:
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Signal Optimization

After the MVA analysis, a signal efficiency of around 90% and a background

efficiency of 1-3% are achieved, depends on the signal scenario and the

center-of-mass energy of the electron-positron. The cross sections after the MVA

analysis are presented in the table:

Vs 240 GeV 350 GeV 500 GeV
FCNC o(fb o(fb o(fb o(fb o(fb o(fb
couphngs | Savh F L g B S B
tqy 288.6(Atq)2 180 571()\tq)2 23.7 215.2()\tq)2 2.3
tqZ (a,u,) 190.7(:*9,:,1)2 160 317.5(rs:tq)2 18.3 377.7(rs:tq)2 1.7
tqZ ('y,,) 122.2(th)2 168.3 116.7(th)2 26.7 74.9(th)2 2.6




Monday, July 28, 2014

Upper limits

In order to set upper limit on the branching ratios, we use the CLg method used by
ATLAS and CMS to set exclusion limits.

First, upper limits are set on the signal cross section, then it is translated to upper
Limits on the anomalous couplings—> upper limit on the branching ratios @ 100/fb:

Vs (GeV) 240 350 500

Br(t — qv) 2.066 x 107*  3.859 x 107>  8.753 x 10°°
Br(t —qZ) (0,,) | 2.394x107%  4.700 x 107>  1.126 x 10™°
Br(t — qZ) () 3.942 x 1072 1.664 x 1073 7.087 x 1074
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LHC Future results

910-¢1-4.1d SVd SIND

B(t — Zq) 195fb " @8TeV | 300fb @14 TeV | 3000fb™ " @ 14 TeV
Exp. bkg. yield 3.2 26.8 268
Expected limit < 0.10% < 0.027% < 0.010%

300 fb! of 14 TeV data leads to a bound around half of the present limit from 7+8 TeV.

FCC-ee with 100 fb'! would be able to set upper limits at the order of 10>,
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Upper limits as a function of the integrated
luminosity for three signal scenarios:
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