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Top quark decays f
in Standard Model oW

— -
T ) GIM mechanism

BR ~100% in SM BR ~10-4 in SM

FCNC can be enhanced
in models beyond SM

gt v

SM QS 2HDM FC 2HDM MSSM R SUSY  TC2 rs— Observed limits
t—>qy ~10"1%4 ~1072 ~10°® ~10"9 ~10% ~10°® ~10-¢ ~10-% 0.59% (ZEUS)
t—qgZ ~1071% ~107% ~1077 ~10"10 ~10°% ~105 ~10"4 ~10-5 3.2%(D0)
t—qg ~10"12 ~10-7 ~10"% ~108 ~10"5 ~10"% ~10-4 ~10-9 0.02-0.39% (DO)
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Two searches for FCNC @

ner-=p

u |

t—qg
Keug e Search in gg—t—blv
p \Y  Single top production
b 4
t—qZ v q t t %' V
 Search in tt — gqZ bW — qll blv W """""

* Final state with three leptons
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Ne»r=p»

Search for FCNC in single
top-quark production (2.05/fb)

Phys. Lett. B 712(2012) 351, published 12-Jun-2012

u |

One lepton (p>25 GeV)
Vv Onejet (p>25 GeV), b-tagged
t E.Miss > 25 GeV
m;V + E;Mss > 60 GeV
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Control sample and background estimate @

> L I B IR I IR %5000:"'|"'| L IR L I L IR
S 300 ILdt:2.05 b \s=7TeV ) 4500;— ATLAS J.Ldt:2,05 f5', \s =7 TeV —i
S edata M ] S 4000 * data =
E 250 M single top Z+jets - :@ F — ECNC (0=100 pb) 3
§ Wijets  EWbBWeWe § 3500 = tstingh; fop E
W 2pp W multijet % uncertainty ] W 3000 Z+jets =
] E W-jets =
150 - 2500 M WbbWct,We -
E 2000 ;_ /,// l:n nuclg]r‘la;inty _;
100 Pretagged E ] 500;_ : _;
. 1000F b-tagged =
50 — =
one. ] 500§ B,
% 20 40 60 80 100 120 140 160 180 200 % 20 40 60 80 100 120 140 160 180 200
pY [GeV] pY [GeV]
. . Process Expected events
Background estimation SM single top 1260 = 150
. tt 660+70
[ J
Strategy as for single top W + light jets 4700£ 1100
t-channel measurement Wbb|W cC + jets 27001500
. Wc + jets 121006700
* W+jets 7 + jets/diboson 700170
—simulation and control region Multijet 1600=800
. Total background 240007000
* QCD multijets
o Observed 26223
—templates with jet-electrons . —
Signal efficiency 5.5%
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Analysis strategy %

ner-=>»

Signal characteristics
* p;(top) ¥0 — W and b are back-to-back
* p(W) large
* 4x more top than anti- top quarks

3000 7000rrrrrr |BRSES RANGE AERRS LR LES AR R LERAS RERAS RRTEN

2 g ' BARAARARERARRRRRAREF B F 1, 45000 1 ' ' 3
G 4500F ATLAS J-Ldt 205", /s =7 TeV —f % F ATLAS ILdt=2.05fb,|s=7TeV . ‘540000;‘4”-‘45 JLdt:z.osrbhs:?Tev 3
; 4000F ® data E 5 6000:_ ® data E ] £ b-tagged ® daa — FCNC (5=100 pb)
3 g —FONC (o=100pb) [ FCNC{o=1008h) b-tagged 1 35000 W Msirgeop
S 3500F W A = 50001~ M i = : . e E
g £ M single top 3 - M single top ] 300005 Wz et
W 3000 W Z+jets = 40005 W Z+jets B E ’.Wbb‘W.cc‘Wc W muttijet ]
F Wijets B C W+J_et$ _ B 25000 “ uncertainty 3
2500; B Whb, WcE,We 3 - u WbI'QzWCC'WC ] E 3
2000 [ | mUlliiEt. = 3000__ //- mumet. =] 20000:
= %27, uncertainty F 777 uncertainty . E
1500 3 2000F 15000F
100059 b-tagged 3 F 10000:
500 ! i 1000; _ ] 5000F
00720 40 60 80 100 120 140 160 150 200 %05 1 15 2 25 3 35 4 45 5 0> 1 0 1 2
py [GeV] AR(b-jet,lep) Lepton charge
Data analysis / ) Mb-iet ™
. .. . . Pt Ag (W, b-jet)
° )
11 discriminating variables AR(b-jet,lep)  plep
. . . T
e Combine in a NN with Lepton charge piriet
Mo T
6 background templates — cosf*
h-jet

AR(W, b-jet]/
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Result ? i

S
0‘22:"“""“"'"\“'"‘"'|“‘|“'|"‘: [5 700_|ll|||lll|llll L B
0.2~ ATLAS Simulation \s=7TeV - S - ATLAS J Ldt=2.051" (s=7TeV 1
0.18F —FCNC —i = %) 600 —
0.162— —singletop  — Z+jets _f T B @ data N
0145 Wijets  —Wbb,Wea,We | 0 FCNC (6=3.9pb) ]
0125 — multijet E L 200 M it i
.0 1; E [ single top _
o b-tagged ] 400 W Z+jets —
0.08f E Wijets .
0.061 ol B Wbb,Wct,We ]
0.04H — 3 ‘ 300 //////% B multijet —
0.021 | = 22 uncertainty .
07087060402 0 02 04 0.6 08 1 200 -
NN Output b'tagged E
100 S, —
Dominant systematics N
° jEt energy scale 8.6 0.65 0.7 0.75 0.8 085 09 095 1
NN output

* initial/final state radiation
* b-tag efficiency and mistagrate Observed limit @ 95% C.L.

No excess found * 0<3.9 pb (2.4 pb expected)

* Binned likelihood fit
* Extract upper limit
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Interpretation

nepr-»

Leff = &s Z

q=u,c

X
4_"
1o
4 W

ta“”T“(fLP + f PR)qGS

N
o o O
NI RRARRRRRN

-----

— Observed
-- Expected

—
o
\‘I\l\l\l\l\‘l\‘

T T | LI T
J. Ldt=2.05f"
\s=7TeV

Excluded region

3

Kugt <

6.9-1073

A TeV

Kcgt

1.6 -10~2

A TeV

v Hhe

x107°
S B L I L AR BN N
T 030l ATLAS j Ldt=2.05f" ]
@ 0 25; \s=7TeV E
0.20F =

Excluded region

0.15) =
0.10F JEN —
- — Observed ]
0.05 __. Expected 3

0-056" 0,01 0.0 0.0 0.04 0,05 0.06

B(t—ugQ)

BF(t—ug) < 5.7 - 103
BF(t—cg) < 2.7 - 104

ix107®
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Search for FCNC in
top-quark decay (2.05/fb)

submitted to JHEP 01-Jun-2012, arXiv:1206.0257

b4
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Event selection strategy @

tt — qZ bW — qll blv
* 3 leptons (p; > 20 GeV)
e 2 same flavour | m(I*l')) —m(Z)| < 15 GeV
* E;MS > 20 GeV, >=2 jets (p;>25 GeV)

ner-=>»

3 ID selection 2ID+TL selection
* pr (1%)>25 GeV * 2ID + ‘track lepton’, p; (TL)>25GeV
> L > SN Sl R AR RARS RALN RARN AR RARS RARNRARE
& [ ATLAS . data ] &8 18 arLas . dew :
g 50:— P ""rf_’ WbZq signal_ E '15:— P === i WqusignaI—:
2 :det=2.1 b !:l:';} 2 M;_J‘Ldt=2.‘l b B ks ]
L% 40[-31D ising.'elapfsw . E 12:_2|D+TL B iz
L -Z+fefs i - dibosons _
| dibosons __ 10 7/// stat. uncertainty |
2yt moenainty | : Orthogonalto 3 ID
- 22% more acceptance

[y
L]
‘I --:--l.-'l__lt‘.ri'rrﬁ:iL-fl“ma Jl.t. L rll 1
80 120 160 200 0 40 80 120 160 200

ETe® [GeV] ET* [GeV]
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Event reconstruction and yield ¥

Minimisation of

2 2 2 2
7 reco s reco oreco oo leco o
) ("”'jafa(:'b f”-f_) ("”‘jb{fcv f”-f_) (”"Ecv My ) (m.{:.a{,.b mz)

X = 5 + 2 T 2 T 2
Tt Tt Tw 9z

* wrt jet-lepton combinations
* p, (z) solution from E,™s

Additional requirements
* |[m,—172.5 GeV| <40 GeV
* |[my,—80.4 GeV| <30 GeV
e 1 b-tag for 2ID+TL
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Background determination

nepr-=p»

3 real leptons: ZZ, WZ, ttW, ttZ
* at least three real leptons - MC simulation

%807\\\‘\\\ \\\‘\\\‘\\\T %100—AII|\II|\\I‘I\\I\\lll\‘ll\‘l\l\\l— %160_—\\I‘III‘I\\ \\I‘\Il‘l\\l\\ll\—_
(0] C ATLAS ® data ] (©] r ATLAS e data ] i ATLAS e data ]
2 70F ---- i WbZq signal-| = ---- tt-> WbZq signal | © 140 ==~ fis WbZq signah]
P ZJLdt=2.1fb1 W vz ] P so—JLdt=2.1 o' Elawz . P jJLd1=2.1 o' Elawz ]
S 60F [ Jt(sm . S F [ et (sm S 1201 [ Jr(sm ]
& 3D Il single top (M) @ [3D [l singte top (sm) | 0 31D Wl single top (sm) 1
50j -Z+jefs ] 60— -Z+jers - 100 -Z+jers ]
[ 7 dibosons ] 3 dibosons 4 N 7 dibosons ]
40 } stat. uncertaimy{ stat. uncertainty | 80 L i stat. uncertainty |
30- + } . 408 ] 60; & :
20- % i = i ‘L 1 401 .
r 7 20+~ % P = L i
10[ i “ - f | 20f s ]
O: P VI L R et Eﬁ%:}’wi 8 . 0_ -\-;-J-i-\.:.l-]'l"\-r{’I}l’k*ﬁ»lwn I S |_ :\ L1 i-:-I'J"!-t{:f:ﬁ‘x-_.._-i_;J PRI B \:
0 40 80 120 160 200 0 20 40 60 80 100120140 160 180 0 20 40 60 80 100 120 140
Leading lepton p, [GeV] Second lepton p_ [GeV] Third lepton p, [GeV]
v [ I \

| 31D | 21D+ TL

1 TAS = ' 0.5

ZZ and WZ 95 £ 44 1.0 £+ g%

ITAT o n = A S =
ttW and tt7 0.51 =+ 0.14 0.25 =+ 0.05

uni\.tPrd‘r#i‘rhnnnll@
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Background determination

ner-=>»

3 real leptons: ZZ, WZ, ttW, ttZ
* at least three real leptons - MC simulation

2 real leptons: Z+jets, tt dilepton, Wt single top, WW
* loose lepton selection

» Z+jets dominant: data driven method
—control regions in E;™s vs m(ll) in bins of EMss

>109 T RN AR RRRRNRRRR®

o} . ATLAS * daia 3

e 10 [ ]t (sm

5 107 .|.Ldt=2.1 fo!  [Msingle top (sm)

c dibosons

2 106 31D Wsjets 3
10° -Zjers —;

10* 7/ bkg. uncerfamty

10°
_ NMcC

{N’?Da't-a ] o Other backgrounds [\ “MC } 10?
IV Z +jetsISR — NV MC Z+jets]gR

Z+tjets CR

107 /
31D 2ID+TL 0 50 100 150 200 250 300 350 400

ZZ and WZ 9.5 4+ 44 1.0 £ 52 E7* [GeV]
ttW and ttZ 051 4+ 0.14 0.25 =4 0.05
tt, WW 0.07 4 0.02
Z+jets 1.7 £+ 0.7
Single top 0.01 4 0.01
2+3 1
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Background determination

E\i’/)
ner-=»

3 real leptons: ZZ, WZ, ttW, ttZ

* at least three real leptons - MC simulation

2 real leptons: Z+jets, tt dilepton, Wt single top, WW
* loose lepton selection

* Z+jets dominant: data driven method (others: MC simulation)
—control regions in E;™s vs m(ll) in bins of EMss

< 1 real leptons: tt lepton+jets, W+jets, single top, multijet
* data control region: three same-sign leptons
* no events observed with looser selection

31D 2ID+TL

ZZ and WZ 05 + 44 1.0+ 93

ttW and ttZ 0.51 £ 0.14 0.25 £ 0.05

tt, WW 0.07 + 0.02 |

. _ . TL fake probability
+jets : 0.

%jL']Lh _1_ roE _ { — determined in bins of

Single top 0.01 =+ [__l: 01 o and N,

243 fake leptons 0.0 £ 3 3
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Result

Y

ner-=>»

% 14_—| LN L L I BB |—_ % e T T T T
(O] - ATLAS * data (L] | ATLAS e data
E 12__ ----fis WbZq signal| S 12 R %qu:gna.-'_
2 I I Ldt=2.1fo  [lldwz P ;_[ Ldt=2.1fo'  Ilawz
2 10“_ . |tE(5M) g 10 |t (sM)
“ohap [0 zijets @ [3ID 0 zejets
dibosons 8- dibosons a
8 L % bkg. unceriainty B r % bkg. uncertainty ]
61 7 . ]
- _
4f é | 5
. ‘ Y :
2F / . .
i ] 1o ]
95 ‘l 00 105 140 160 180 200
m, [GeV] m, [GeV]
% 8__I | T 17T | TT 17T T 11T | T TT | T T |__ % 8__ | | | | B
O - ATLAS * data O] r ATLAS ® data ]
g 7:_ y RRRbl [ Wqu‘signaI_: % 7:_ p RRRh 1 '-'Ibequgna!_
E FlLdt=211fb .fakes _g |l Ldt=211b .i'akes
> 6 7 1 2 6F
“ootap e TL I sz D [2D+TL I vz
o dibosons o dibaosons
5 . . 5 . ]
r /% bkg. uncertainty - F % bkg. uncertainty
4- - 4- =

80 85 90 95

100 105
m, [GeV]

160 180 200

my, [GeV]

220

Main syst. uncertainties

e Diboson modeling (31D)
e Fake-TL (2ID+TL)

Final event selection

* 16 events observed
20 £ 7 expected

Limit extraction
* Using CLs
e Expected limit: 9.3 - 103

BF(t—qZ) < 7.3 - 10

220
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Summary

ner-»

Two searches for FCNC at ATLAS with 2.05 fb!

t—qg
Search in single top production qg—t—blv
Background determination as in single-top
Neural-network trained

BF(t—ug) < 5.7 - 10~

t—qZ
Search in tt — qZ bW — qll blv

Two channels used: 3ID and 2ID+TL
Background determination according to number of fake leptons

|mi\.'Prqi’r#i’rhnnn| @

BF(t—qZ) < 7.3 - 107

and BF(t—cg)<2.7-10%
Phys. Lett. B 712(2012) 351, published 12-Jun-2012

submitted to JHEP 01-Jun-2012, arXiv:1206.0257
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Backup @

ner-=p

NN distribution pre-tagged

* good background modeling

x10°
IS :"'I"'l"'l"'"'|"'|"'|"'|"'|"':
o 250 ATLAS JLdt=2.05 b, is=7TeV ]

%)

e 7 ® data M i .
L%) 200 __% M single top Z+jets _]
i é Wiets B Wbb,Wee,we
| . > . -
150__% B multijet 7/ uncertainty B
- z
100 2 % Pretagged E
A :
50/# Shna, =
L /’//”m%%,}'l E
0—1 -08-06-04-02 0 02 04 06 08 1

NN output
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Backup @

Posterior probability function
 direct sampling approach with same Gaussian shifts applied to
each source, process and bin for each uncertainty
* large number of samples of syst. shifts created

Expected Observed
ryrrT T T T T T 045 I|"'|"'|"'|"'|"'I‘1III
J Ldt=2.05fb" ATLAS _[ Ldt=2.05fb
04
\s=7TeV \s=7TeV

Expected limit Observed limit

Posterior Density
Posterior Density
o
w
(@)

G<2.4pb@ 95% C.L. 6 < 3.9 pb @ 95% C.L.

© ¢
¢ O N
)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.15
0.05
PR N T N AN SR S MR RN NN | 0 - | | i
6 8 10 12 14 o 2 4 6 8 10 12 14
o [pb] o [pb]
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Backup

ner-=>»

Systematic uncertainties for FCNC in decay

31D 2ID+TL

Source Background Signal | Background Signal
Luminosity 4% 4% <1% 4%
Electron trigger 4% 1% <1% <1%
Electron reconstruction modelling 10% 3% <1% 2%
Muon trigger 3% 1% <1% <1%
Muon reconstruction modelling % 1% <1% 1%
TL reconstruction modelling 2% 1%
Jet energy scale 11% 1% 1% 1%
Jet reconstruction efficiency 5% 2% <1% <1%
Jet energy resolution 1% 3% 1% 4%
ET™ modelling 4% 1% <1% <1%
LAr readout problem 3% 1% <1% 1%
Pile-up 1% <1% <1% <1%
b-tagging 1% 6%
Top quark mass <1% 2% 3%
0 <1% 8% 8%
ISR /FSR <1% 3% 6%
PDFs 3% 3%
Z7 and WZ shape 33% 5%

Z7 and W Z cross section 4% <1%

ZZ and W Z heavy-flavour content <1%

Fake leptons 1% 17%

Total 38% 12% 18% 15%
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Backup @

ner-=>»

3ID and 2ID+TL contributions

channel observed (—1lo) expected (+10)
31D 0.81%  0.63%  0.95% 1.4%
2ID+TL 3.2% 2.15%  3.31% 4.9%

Combination 0.73% 0.61% 0.93% 1.4%
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