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Introduction

o Top quark decays before hadronization.
almost 100% decays to b-quark and W boson in the SM.

0 Decay to lighter down-type quarks (d or s) are
allowed but suppressed due to CKM matrix.

o Flavor changing neutral currents (FCNC)

Transitions that change the flavor of a fermion without
changing its charge.

FCNC is suppressed by GIM mechanism (can occur only
at quantum loop corrections).

In the SM, the branching ratio of FCNC is expected to

be smaller than 1012,
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already.

Motivation

o0 FCNGCs are enhanced in many beyond the SM.
o Any small deviation would indicate new physics.
o Top rare decay should be sensitive to new physics

o Model independent searches using effective
Lagrangian were pursued.

o More 2 M events produced with 30 fb~! for Run2.
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Searches for tt,t - gW

[Phys. Rev. D 92,072005 (2015) ]

Branching ratio in top decays

CMS

[PLB 736 (2014) 33

CMS, (s=8TeV, fLdt=19.7 fb!
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2016-09-26 Tae Jeong Kim (HYU) 5



tt,t - gH at ATLAS

 Combination of H = bb with H - yy and H » WW*, 11
improves the sensitivity. JHEP 12 2015) 061 |
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tt,t > qH at CMS (8 TeV)

[ 19.7 fb-! at 8 TeV ][CMS-PAS-TOP- | 3-007 (paper in preparation) ]
o Combination of H = yy,bb, WW,ZZ, tt decay modes.

o Most sensitive channel in H — yy decay mode (hadronic channel)
with two highest photons. (pr > M,,, /3, pr > M, /4)

19.7 fb™' (8 TeV) . 19.7 fb™' (8 TeV)
> _|||||||||||||||||||||||||||||||||||||||_l > _|||||||||||||||||||||||||||||||||||||||_
O 12— CMS Hadronic channel s o - CMS Leptonic channel i
Q) - + Data 1 Q) 65 + Data ]
< 10k Signal + total background fit _| o0 - Signal + total background fit -
=~ - Total background . =~ - Total background ]
.,g [ e Nonresonant M, background | .."E’ BE| e Nonresonant M, background —
o 8p 79 ]
@ 729 events M 4p 8 events E

: in, hadronic in leptonic
4 ] §
| - -f

| | I 1 1 | I 111 I 1111 1111 I | 1 I 1 | I 1111 111
00 110 120 130 140 150 160 170 180 ‘POO 110 120 130 140 150 160 170 180

M,, [GeV] M, [GeV]
20060926 TheleomgKimHYQ 71




tt,t - qgH at CMS (8 TeV) |°°

*3b jets + one Iepton channel [CMS-PAS-TOP-I3-OO7 (paper in preparation)

19.7 b (8 TeV) 19.7 b (8 TeV)
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Events / 8 GeV

t > qZ,Z - 1l at ATLAS (8 TeV) 50

[Eur. Phys.]. C (2016) 76:12

. .

Three isolated leptons, at least two jets, MET.
Kinematic reconstruction using m;,, and my,.

Correct assignment : €;zcne = 79.9% €.y = 56.3%
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t > qZ,7Z — 1l at ATLAS (8 TeV) 550

EXPERIMENT

[Eur. Phys. ]. C (2016) 76:12 }

* Main uncertainties Sample Yiclds
on background are @ W< Lol e U
, ) vV 1.54+0.1405
from its modeling. 7 10L0.1L05
Fake leptons 0.7+0.3+0.4
e, 4 Other backgrounds 0.2+£0.1£0.1
* Uncertainties of the Total background 4.7+04+1.0
signal modelling are _Data 3
: Signal efficiency [x107%] 7.84+0.1£0.8
from the production
cross section and Observed 7 x 1074
. =l
ISR/FSR modelling,  (—10) 6 x 10
b_tagging. Expected 8 X 10_4
(+10) 120
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CMS

t - qZ,Z — ll at CMS (8 TeV)
[ CMS-PAS-TOP-12-039 ]

Single-top-FCNCt * New analysis searches
q . for tZq-FCNC in single-
: ; top and tt production.

Zqt

* Previous analysis
PRL 112 (2014) 171802

in tt production :

Br(t> qZ) < 0.05%
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t - qZ,Z — ll at CMS (8 TeV)
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CMS

[ CMS-PAS-TOP-12-039 }

* Four decay modes : eee, uuu,
elu, eell.

* Single-top-FCNC : exclusively
one b-tagged jet .

* tt FCNC :at least two jets
with one b-tagged jet.

 Single-top-FCNC, tt FCNC
and background-enriched
samples are combined in a
single fit.
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CMS

t - qZ,Z — ll at CMS (8 TeV)

[CMS-PAS-TOP-I2-039 }
Limits at 95% C.L. for 197 6 TeV)
different combinations = T o
of tZu and tZc couplings.

— Expected

---- Expected + 10

More stringent limit is
observed on the tZu
couplings for its larger
Cross section.

N
A
\
‘ 1141 ‘ 1111 ‘ 111l ‘ | \‘\\0 ‘

7\\\\‘\\\\‘\\\\‘\\\.\‘1‘\\\ P
OO 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Br(t— Zu) (%)

Branching ratio | Expected | lorange | 2crange | Observed
BR(t— Zu) (%) 0.027 | 0.018-0.042 | 0.014-0.065 0.022
BR(t— Zc) (%) 0.118 0.071-0.222 | 0.049-0.484 0.049
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N
FCNC tcg and tug in single top

142fbat8TeV | [ ATLAS-CONF-2013-063 }
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FCNC tcg and tug in single top

[ 7 TeV and 8 TeV ] [CMS-PAS-TOP- 14-007 (submitted) ]

o Search for FCNC tcg and
tug coupling in the t-channel
single top production.

O one isolated u, 2-3 jets, at
least one b-tagged jet

o Using Bayesian Neural
Network (BNN)

o W + jets is one of the main
uncertainty source.
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CMS,

FCNC tcg and tug in single top | -

T T

| 7TeVand 8 TeV ][ CMS-PAS-TOP-14-007 (submitted) J
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FCNC ATLAS summary

ATLAS Preliminary
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C M S S u m m a ry CMS Preliminary, 8 TeV September 2016

Phys.Rev.Lett 112 (2014) 171802
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All FCNC results
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Projections of t —» ¢Z at |14 TeV

[ 3000fb-! at 14 TeV ] [ CMS-PAS-FTR-13-016 J

o Search for tqZ couplingin tt pair production with upgraded
detector at 14 TeV scenario with high pileup conditions.

o |0 times better limit expected at 3000 fb"!

=2000E CMS Projection [t za (8- 0.1%] 32000E-CMS Projection [t za(8=01%)
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2 o range 0.05 — 0.20% 0.013 — 0.051% 0.005 — 0.020%




Projections of t —» ¢Z at |14 TeV

[ 3000fb-! at |4 TeV ][ ATL-PHYS-PUB-20I6-OI9]

EXPERIMENT
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Event fraction

Projections of t —» cH at |4 TeV

_ 3000fb! at 14TeV ][ATL-PHYS-PUB-20I6-0|9}

EXPERIMENT
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Conclusions

o LHC was indeed top quark factory. ATLAS
and CMS have performed the rare top decay
searches. Rare processes in top quark sector
are now reachable.

o Exciting time is ahead of us for rare process
searches with more data in 201 6.

o The results at |3 TeV will be coming soon.
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FCNC tqy in single top producti

on

CMS

19.1 fb' at 8 TeV ][

JHEP 04 (2016) 035 |

o Search for anomalous tqy coupling in the single
top production = The first at the LHC and the
most stringent bounds on the FCNC tqy to date.

o only one isolated p with 20 GeV, only one b-
tagged jet, one isolated y with 50 GeV

o Photon energy scale and Wy + jets, W +
jets (estimated in data driven way) are one of
main uncertainties.

o Boosted decision tree (BDT)
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