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FCNC processes

s,d,b
Charged current decays:!
BR(t" bW) ~ 100%! " g, 0
BR(" sW) ~ 0.2%! W
BR(t" dW) ~ 0.01% ! 7.7
I
) u,c u, c
. FCNC decays: t—— _vbw! —é
H
Forbidden at tree level in the SM { o
, b, g
- Heavily suppressed at higher w, ' u,
corrections.
- BSM can enhance FCNC ! / Z a0~ v |
production.
67 €+7 D fy
Process SM  2HDM(FV) 2HDM(FC) MSSM RPV RS
t = Zu <1077 <10°%
t - Zc <10°% <1010 <1077 <10°% <10°°
t— qu S ]0—7 S lo—h
t — gc <108 <1077 <10°% <1070
t = yu = <10°% <10°Y
t = e <1077 <107 <107% <107 <107°°
t — hu 6 x 107 <107® <107 -
t — he 2x 103 <10°% <10°° 5109@
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FCNC In tZg

- ATLAS [Eur. Phys. J. C76 (2016) 12]
- Search for top quark pair production with FCNC decays.
- CMS [CMS-PAS-TOP-12-039]:

- Search in both pair and single production of top quark
with mediated via FCNC.

- Both of them focused on tri-lepton final state at 8 TeV.
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FCNC in tZq - ATLAS

=8 TeV
20.3 fb' 1

—

s
L

- Tri-lepton final state.

= One pair of SF-OS leptons!
|m” | mzl< 15 GeV

- At least 2 jets

- 1 or 2 b-taged jets.
EMSS > 20 GeV

- Reconstruction of top
anti-top system through
a ! 2minimisation.

Eur. Phys. J. C76 (2016) 12 4



FCNC in tZgq - CMS

- s=8TeV - Tri-lepton final state.
L =19.7 fb' 1 - One pair of SF-OS leptons,|Mmu ! mz| < 15 GeV

“N—

- ETSS > 40 GeV
MY > 10 Gev

single-top-FCNC

tt!IFCNC

- Exactly 1 jet, which!
IS tagged as b-jet!

- A BDT Is used to discriminate signal
from SM processes.

- Variables related to the top quark and
Z boson as well as jets and b-jets
kinematics are used

- Atleast 2 jets
- Atleast 1 b-tagged jet.

Single-top SM production discussed on
Monday by Ferdos Rezaei Hosseinabadi
Analysis discussed on Tuesday by Isis
Marina Van Parijs
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FCNC In tZg - Results

CMS Preliminary

19.7 ™ (8 TeV)

CMS Preliminary

19.7 b (8 TeV)

19.7 fb™ (8 TeV)
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FCNC In tHqQ

- ATLAS [JHEP12 (2015) 061]:

- Most recent results; combination of
different Higgs decay channels.

- CMS:

- Combination of different Higgs decay
channels [TOP-13-17]

- Analyses covered in this talk asume leptonic
decay of the W boson.




FCNC in tHqg - ATLAS

- s=8TeV S ool ATLAS Smmaten T :
— 11 @ oqa '5=8TeV — ti->WbWb ]
_E =203 fb‘_ ;f, " 4j,2b ---- tt>WbHc ]
o 012 -
s F tt—->WbHu
S 0.1
H->bb!channel selection is based on high 8 oos
multiplicity of jets and b-jets. 006
In order to discriminate signal from o
background a discriminant is defined e

% 01702703 04 05 06 07 08 09 1

D) = — L)
X)= - ,
Psig(x) + Pbkg(x) - —
= 45 = ATLAS @ Data a-misid aw
::3, 40F- 1s=8TeV, 2031 ! L WhHe a2 :ﬁH

(BR«=1%)

P*9(x) and P”9(x): PDFs including kinematical
iInformation from reconstructed objects.

H->"" channel strategy based on !

JHEP 1406 (2014) 008] o

H->W W', ""#channels are reinterpretations of ! § : f
:P LetteI‘S B 749 (2015) 519'541] 0 6ed —eess] end] epsh  ppdj D) élCatgg];gry
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FCNC in tHg - CMS

=8 TeV
L =19.7 fb' 1

—

- Multilepton channel:
- Optimised for WW Higgs decay channel.

- Tril-lepton and same-sign di-lepton channel are
considered.

- Cut based analysis.
- Diphoton channel:
- W decay from SM top quark both hadronic and leptonic.
- Clean signature.
b-jet + lepton channel:
- Sensitive to H->bb!

- A BDT is used to select the best objects combination for
each top quark reconstruction.

- A neural network is used afterward to define a template
fit and extract signal from background.

Events / 4 GeV

19.7 fb" (8 TeV)
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[TOP-13-17]
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FCNC in tHg - Results

ATLAS combination

H->WW* tt ATLAS —
\s=7TeV, 45"
\s=8TeV,203 "
H-yry o
BR(t—=Hu) =0
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. Expected * o
Combined}— 888 | = ... Expected + 20 -—
0.45%
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e
HWW", tt |- ATLAS —
\s=7TeV,45"
\s=8TeV,203fb"
Hoyry - —
BR(t—Hc) = 0
H-bb [~ =
Combined — .
0 25

95% CL limit on BR(t—Hu) [%)]

CMS combination

- Multilepton channel:
- BR(t->Hc) < 0.93%
- BR(t->Hu) < 0.86%
- Diphoton channel:
- BR(t->Hc) < 0.47%
- BR(t->Hu) < 0.42%
- b-jet + lepton channel:
- BR(t->Hc) < 1.16%
- BR(t->Hu) < 1.92%
- Full combination
- BR(t->Hc) < 0.40%
- BR(t->Hu) < 0.55%
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FCNC in tHg - Results

ATLAS combination
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FCNC In tgqQ

Processes involving t->gq are almost
indistinguishable from QCD events.

Direct top production is considered via FCNC vertex U, C b
to avoid overwhelming QCD background if
considered in the decay.

Kinematical differences with SM single-top A
production arise from the fact that the bW are more W
back-to-back than in the SM and the W boson is

usually more boosted. 1

ATLAS : [Eur.Phys.J. C76 (2016) no.2, 55]
CMS: [TOP-14-007]
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FCNC in tgqg - ATLAS

s=8 TeV
L =20.3fb *

- Selection based on the leptonic decay of the top

quark.

- In order to suppress multi-jet background!
the lepton p; is required to satisfy:!

T — |A¢(£’,jet)|)
-2 '

- A neural network is used in order to discriminate
signal from background.

pL > 9OGeV(1 -

c 0.3
S
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= 0.2
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Events /0.1

- ATLAS Simulation
- Signal region
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FCNC intgg - CMS

s=7" 8TeV
) x L X0 19.7 fb' (8 TeV)
L=5" 197 fb S e
o Bl ¢ channel
— — 2 ] s channel
Focused on a singly produced top quark with leptonic decay of £ CItW
the W boson: W ESVHight
- Request exactly one isolated muon (rejection is applied on =w:coc_)
extra leptons passing quality criteria). m W+QX (UE)
- Either 2 or 3 jets with at least one tagged as b-jet. Q 02;]. I — — =g'rt;ﬁ:°'$2§
: . TIO 0.0 Fhpaby g byt by A bt 0 -
A neural network is also used to diminish QCD background gi-o.a&o MM MWTUN “01*5 ' 1‘OIZ1 Multijet
. . D o . .
contamination. Multijet BNN
After preselection 2 neural networks are defined for tug and tcg.
Also sets stringent limits on anomalous Wtb couplings.
x10° 5.0 fb' (7 TeV) x10° 19.7 fb' (8 TeV)
N N —
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' - W CtW
05 ot [ i tt
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0.0LE= SoTseeaat e e W -W+cG s . -W+CG
®) 6.1 "R N L — §+ ™. : ] -W+Q ®) 0 L !9 -W+Q
=l 00f et i L mmwaax UE)| Zioo 1| . W-+QX (UE)
82'0'1 b 4 i . i ... i Dibosons 62'0' : | —i .Y, i/l Dibosons
gl 00 02 04 06 08 10/gmprglyan (Ol 00 02 04 06 08 1.0 gmprel-Yan
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FCNC In tgg - Results

5.0 fb* (7 TeV) + 19.7 fb™ (8 TeV)

E :j?ATLAS \s= 8 TeV, 20.3 fb-'—; % 0.0125 CMS -2zxgt i:z:
S.g, 12: Excluded region o oo 95% CL expected
“ E E s 0.008 - — 68% CL expected
10f : =
8f k & 0006 .,
6F . | |
. = Observed . C ‘
4~ . Expected -
I T S S S S _ x10° 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
o A TV Ko/ (TeV?Y)
- ATLAS: - CMS:
- 95% C.L. upper limit on BR - 95% C.L. upper limit on BR
- BR(t->ug) < 4 x 10” - BR(t->ug) <2 x 10”
- BR(t->cg) < 2 x 10™ - BR(t->cg) < 4.1 x 10™
- 95% C.L. upper limit on couplings - 95% C.L. upper limit on couplings
* Y%gd# <5.8x 107 TeV? -« % #<4.1x107°TeV?
* %g# < 1.3x107TeV? - % /#<1.8x107TeV?
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FCNC in t&g - CMS

Search for FCNC interactions In tu& and tc&

vertices.

. g b
Focused on the leptonic decay of the W wt KU
boson to '( ;! we
cleanest signature. > Vi
At least one jet should exists and at most v

one can be tagged as a b-jet.

High pr isolated photon due to recoil with
the top quark.

Events with more than one b-jet are vetoed to reduce tt+&

No electrons are allowed.

[JHEP 04 (2016) 035] 16



FCNC in t&j - CMS

- A neural network is used to describe Wé&+jets and W+jets
background from data. " 5=8 TeV

- Several inputs variables are used and a template fit is performed L =198 *
based on the neural network output (Xyn)- _— -

xNN W.+ er” I bB xNN)

- A BDT is used to discriminate signal from background.

- One for tu& and another one for tc&

19.8 fb' (8 TeV) 19.8 fb' (8 TeV)
> 700F <« T
8 N § ¢ Daa ] Other S 6001k + Data () Other
= 600:— H — S|gna|(tl.;y) 1pb [ W+]gts [ x (b) — Signal(tuy) 1 pb [ W+jets
~ s00F- 4 EZ Uncertainty B Wy+jets § 500} Uncertainty B Wy+jets
t F U
3001 300p-
200 200
100F- 100}~
of QEtia
0 0 250 300 0 5 6
Photon pT(GeV? AR (y,b)
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FCNC in t&j - CMS

Events /0.1

19.8 fb! (8 TeV) 19.8 fb! (8 TeV)
- ~ 900pg
- CMS N ¢+ Data S gyt CMS — + Data
- (a) EeRe (| Other E .,005_ (b) S [ ] Other
— R 7] WHjets S 600t 7] W+ets
3 I Wy+jets W spof- g [ Wytets
: —— Signal(tuy) 1 pb 400E- = —— Signal(tcy) 1 pb
| Uncertainty 300~ Uncertainty
ol 200E-
m 100E-
B - !_‘_ = > -
: ° 1:’?
----- SRR e E SRR
. . . . . R s v % 0-50. D
3 02 01 0 01 02 03 04 05 06 S 04 03 02 01 0 01 02 _03 04 05 06
BDT output for tuy QO BDT output for tcy

Exp. limit (LO) +1o (exp. limit) +20 (exp. limit)  Obs. limit (LO)

Oty B (fb) 40 30-56 23-78

Tiey B (fb) 39 30-55 24-76
Ktury 0.036 0.032-0.043 0.028-0.051
Kicy 0.111 0.098-0.132 0.087-0.16

B(t — uvy) 2.7 x1074 (20-38) x107* (1.6 —54) x 10~*
B(t — cy) 25x 1073 (19-36) x10°* (1.5-49) x 103

Exp. limit (NLO)  +1¢ (exp. limit)  £20 (exp. limit)

Tray B () 39 30-58 25-84

Tiey B (fb) 42 29-59 22-86
Keury 0.031 0.026-0.037 0.024-0.086
Kicy 0.098 0.082-0.12 0.071-0.140

B(t — uy) 19 x 1074 (14-29)x107* (1.2-42)x107*
B(t — cy) 20x 1073 (1.3-27)x10"% (1.0—-4.0)x 1073

[JHEP 04 (2016) 035]
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Summary results

ATLAS Preliminary

ATLAS Preliminary
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Summary results

ATLAS Preliminary

BR(t" uH) BR(t" u#)
10''E LEP J% 1.
102 TEVATRON \ ]x
o ]
107 _ - 1 CMS update
10" : E
& &
- — HIH+|—|—H-H++E1
{ cMs update
10!4% ATLAS E E
10!3E_ CMS Preliminary _é
10!25_ _a
; >
10" i 1=
E 1
E 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 Illllé m
10'* 10 10"° 10" 10" 10°° 10" 10° 10'? 10"
BR(t" uH) BR(t" u#)

CMS Preliminary, 8 TeV

September 2016

Phys.Rev.Lett 112 (2014) 171802

tt, Br(t" Zq) f |
TOP-12-039

single top+tt, Br(t" Z u) 0

single top+tt, Br(t" Zc) f
JHEPO04(2016)035

single top, Br(t" #u) '

single top, Br(t" # c) '

TOP-13-017 (paper in preparation)
tt, Br(t" Hu), H' WW,ZZ $,bb ## |
tt, Br(t" Hc), H' WW,ZZ $$,bb## :

----- 95% CL Observed Limit [ +1%Exp.Limit
— 95% CL Expected Limit [ | +2%Exp.Limit
| IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| |

10'4 10

10'2 10'? 1

Top decay Br (%)
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Summary results

BR(t" uH) BR(t" u#) BR(t" cH) BR(t" c#)
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. -5
- Some BSM models predict FCNC BR around 10 (e.g. 2HDM or MSSM)
- Reached some of those regions with Runl data
- Expected sensitivity to several BSM scenarios for the end of Run2 21

Run2 expectations

ATLAS Preliminary

ATLAS Preliminary




Conclusions

- Both ATLAS and CMS have studied FCNC processes in the top sector
for different vertices.

- A comprehensive strategy is being carried on by both experiments
covering different decay and production mechanisms.

- Results collected among all analyses constrain the allowed region for
“CNC processes to BRs below 107,

- Limits on couplings also obtained (uniform definitions would be helpful).

- Some BSM models predict BR ~10“which means that we are reaching
an interesting region.

- Predictions for BR limits at 3 ab™ set threshold at about 10~ in some
decays.

J.P. Araque is funded by the grant LIP/50007 FC I - '\"MPE(T,EO
Fundagdo para a Cséncia e a Tecnologia

and by the ATLAS project ATLAS CERN/FIS-NUC/0005/2015




