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Anomalous Wtb couplings

. %k Single top production cross section is proportional to
u d the strength of Wtb interaction

%k Provides the direct measurement of [Vi|
3%k Top quarks are polarized in single top production

2 Probe anomalous Wtb couplings: vector (Vr) and
tensor (gL, gr)

2 Look for differences in kinematical and angular
distributions in the presence of anomalous
couplings

anom. _ _ 8 T u{vs" - & —io*qy 5 _
i =~ P (AR HVRPR)EW ™ T30 e @R+ @)W+ hic

In SM: VL =Vw= 1 with Vg, g1 and gr vanishing at L O
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CMS-PAS-TOP-14-007

Anomalous Wtb in t-channel os:n: 7o

CMS preliminary, Vs=7TeV, L=5.0fb!

. . + Da
B Probe anomalous Wtb coupling in =
single top t-channel u+jets events (S iw-ehan
. =3V+light
2 Analysis Is based on BNN approach to m oo
: [ W(other)
reject QCD (QCD BNN) and to B Ditoson
: QCD
extract the signal (SM BNN) [
2 An additional aWtb BNN to extract
the anomalous Wtb contribution
Ry, _ Ly, — Ry, _
CMS preliminary,\'s = 7 TeV, L = 5.0 fb”' fV ‘/tb o VR’ fT ‘/tb o ng fT ‘/tb o gR
= 1:35 — E:xztmﬂw CMS preliminary,\'s = 7 TeV, L = 5.0 fb’'
2 B TN TR o L
/ ) —ma fvl > 0.90(0.88)
: B BN fil < 0.34(0.39)
e Y == fi| > 0.92 (0.88)
6y 01 0.2 0.3 0.4 05 0.6 f%?’ 0:6 S - f'Il-: < 0.09 (0.16)

Observed (expected) @ 95% CL
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https://cds.cern.ch/record/1702400

W boson helicity

- L . , Negati Longitudinal Positi
2 W helicity - projection of W's spin on Its ﬂ;ﬁ; M . ﬂ(;z;;;
momentum f=0.30 f,=0
P Helicity fractions: FLro = MLro / T(t—=Wb), 1§ Iy
>Fi= | g B 1
W ~ b
2 Helicity Is sensitive to the real part of 1 1
Wtb anomalous couplings

W1 dr 3 . 3 . 2, 3 "2
o(cos ;) = Fdcostr 8(1 cosﬂg)@—kzlsm 9 8(1 + cos 67 )

Theoretical Cos6* distributions

9* he||C|ty angle: 0;5_ —— Standard Model
@N NLO 0'85_ —— Longitudinal
B 07_ — Left-handed
Fo = 0.687 + 0.005 - —— Right-handed
. 0.6
FL = 0311 £ 0.005 Z|30s|.
Fr = 0.0017 + 0.000] o
0.25—
A. Czarnecki et al,, Phys. Rev. D81 (2010) 11503 0;_ et e L
-1 -08 -06 -04 -0.2 0 0.2 04 0.6 0.8 1

coso*
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W helicity in single top

event topology

P First measurement of W boson helicity In
single top quark event topology

2 Fo, FL and WHjets fraction are free
parameters in the fit

JHEP 01 (R015) 083
CMS, 20 fb'!, 8 TeV

19.7 b (8 TeV)

05 [H@68%CL  « Bestfit
- l@9%5%cL SM pred.
] T S SR R S N { ooy |
04 02 0 0.2 0.4
Re(g,)

Best fit gives Re(gL) = -0.017,
Re(gr) = -0.008

CMS 19.7 b (8 TeV) . CMs 19.7 fo” (8 TeV)
= i . jet . o [« Data [ W+jets ]
84500:_ A .,? ot o500~ IMt (t-chan.) [l Others etjets
© F (t-chan.) 2 :
24000¢ Tt (othen) qc) - Elt_(other) [ ]QCD
535002_ - u>J 2000:_ B it [ ] Stat. unc.

3000 ] W+ets '
W 500F [l Others 1500¢
2000} D<§CD 1000}
1500;_ tat. unc.
1000F- 500]- &
500 -
%0°100 150 200 250 300 350 400 450 500 0170.8-0.6-0.40.2 0 6.2“6.4'616165;'1
My, (GeV) cos(6,")
F, = 0.298 £ 0.028 (stat) = 0.032 (syst),
Fy = 0.720 + 0.039 (stat) =+ 0.037 (syst),
Fr = —0.018 £ 0.019 (stat) + 0.011 (syst),
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Measured helicity fractions
are consistent with SM


https://arxiv.org/abs/1410.1154

Forward-backward asymmetry

B Measure forward-backward asymmetry in the
normal direction (ANg) in single top events
— probe complex phase of gr

2 In ttbar:

2 Top quarks are only slightly polarized due
to EW corrections = no Arg asymmetry

2 In single top:
2 Top quark is highly polarized (P = 0.9)

B Two new reference directions: N and T

=

2 A presence of FB asymmetry would be a
sign of CP violation in top quark decays

Neyi(cos8? > 0) — Neyi(cosdN < 0)

AN =
B Newi(cosON > 0) 4+ Neyi(cosdN < 0)
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W ¢ t polarization
4 (spectator quark)

N =2

5§ X d In the top quark
5 restframe

XN  (helicity basis)



Arg in single top

B Measure Arg asymmetry in lepton—+jets events

B Asymmetry extracted with unfolding the

cosON distribution

B gr assumed to be purely imaginary

400

w1000ulII'T‘]‘1"""""""'[[[[']IIIIIIII_
;C-; - ATLAS Preliminary —— ATLAS data 4
> - 2 jets 1b-jet combined B tchannel .
g - 1 Backgrounds 7]
5 800 | Ldt=4.66fb Wi, MC stat. + multijet unc.
2 L Vs=7TeV .
% 600k . ;

8 600

rrlbecol b Lo L
1 -08 -0.6 -0.4 -0.2

0

el Lrcroel Lrcnn Lol Lo
02 04 06 08 1

cos O

AR, = 0.031 + 0.065 (stat.) 79057 (syst.)

First experimental limit on
Im(gr) of [-0.20, 0.30] at 95% CL
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e SM prediction (LO)
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) =10 (68% CL)
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http://cds.cern.ch/record/1527128

Double differential
asymmetry in single top

2 Perform a double differential angular
measurement in % and ¢*

B Angular distributions are expressed In the
form of parametrized spherical harmonics

> N

in the top quark rest frame

2016/06/02

JHEP 04 (R016) 023

ATLAS, 5 fb'l, 7 TeV

Kirill Skovpen - CMS Single Top workshop

i L B B | L 1 | UL
e .4 Data ATLAS A
2 | —f=0.3,8=0.0(SM) \s=7TeV,46f" -
o 100 -..1=0.3, 8 =0. —
3 f=0.1, 8 =0. ]
80 T I .
60| |
40
SR e e 7,
— ATLAS + BestFit —| 20/
_ Vs=7TeV, 46" e SM . 4
— Mes%CL |
- [ 195%CL | -
__ ] R D e
L i -~ ¢ Data ATLA .
i 1 140} —1=0.3, 8 =0.0 (SM) Vs=7TeV,46f" —
~ — [ ..f=0.3,8 =0.1n b
: : |20:_--f1=0.1,8_=0.0 -
e by by b by b Ly 1wy T - 7]
04 -03 -02 0.1 O 01 02 03 0.4 00 C— —
Im[gR/VL] 5 eens P RN .
80_— ]
—gR- 60:_ —:
Re|—] € [-0.36,0.10] S S SN S
VL 40.__ B ", ]
20" -
[ gR } 00 1 10121 1 10141 1 10161 1 10181 1 1 ;l 1 11 121 1 11 l4l 1 I1 161 1 11 181 1 1;2
Im v € [-0.17,0.23] S T ST e
L


http://arxiv.org/abs/1510.03764

Global fit for Wtb anomalous couplings

? How to combine and interpret all

experimental results related to VWtb anomalous C(s)* 2 1 v2
s

interactions ? = A2 , fﬁ=§c¢¢pa

Use an EFT approach with dimension-6
operators to calculate the deviation from SM in a
model independent way at NLO

Coefficients of effective Wtb couplings

Perform a global fit of general Wtb couplings e related to Wilson coefficients of

using the constraints from experimental results dimension-6 operators
| theoretical
experimental orediction 04— T e e
result :(C) b—ssy |
\ / 02! . Allowed
fit oo N - 68%CT.L.;
Oexp Oth . L | o
2 _ E * & # 90%CL. = 68%C.L.]
X = 552 -02 - 0SUCL. = 90%C.L.
0 t | ﬁ = 95%C.L.]
/ %4 Zo2 00 o2 ol 02

fr

total uncertainty
in experimental Q.-H. Cao et dl,

measurement arXiv:1504.03785

Allowed parameter space for the effective couplings
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Global fit for Wtb anomalous couplings

2 A global fit by TopFitter collaboration to set Vi CS(O?;)vz /A\?
bounds on dimension-6 operators
gr — \/éc"'tLW'ljz/A2

~ ' " Tevatron o'nly —a— 1 2 2
033, . |

C‘ZG i gr — \/§de'v2/A2
cz .. €—ttbar

Cross-sections —e—s
Helicity fractions —e—
Combined +——e—

-1 -0.5 0 0.5 1
C_'z‘ = Ci'v2/A2

A. Buckley et al,
JHEP 04 (2016) O15
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FCNC interactions

@ Flavour-changing neutral current (FCNC) — FCNC in SM
process where a fermion changes its flavour with
preserving its charge

w d;
B FCNC amplitudes are forbidden at tree level by i m i
the Glashow-lliopoulos-Maiani (GIM) mechanism [Phys. ﬁ} c ‘
Rev.D2 (1970) 1285] in the Standard Model (5M) v y

B FCNC is only possible in SM at higher orders via loops

~ -12
iInduced processes — highly suppressed SREEg) = 2 x 0

BR(t—cZ) = | x 1014

B FCNC decays could be enhanced in various BSM BR(t—cy) = 5 x 1074

FCNC in BSM | BR(t—cH) = 3 x 10-15 QQQ)
108 - 104 | |07 - |0¢ 10-10 ‘ BR(JE_’UX) = BR(JE_’CX) |\/ub/\/cb|2
10-19-10¢| 107 - 10 10~ | . . J.A. Aguilar-Saavedra, Acta Phys. Polon.

09107 | 109- 108 109 h B35 (2004) 2695-2710
105- 103 | 109-105| 104 Rosalble 2DV EENE enleresment

| in one-loop Induced process
K Agashe et al, arXiv:1311.2028
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Why top quarks ?

P Distinctive event signature of top quark decay in single top

B Several models predict large coupling of new particles to top t
quarks — enhanced sensitivity to FCNC in the top quark u/c
sector ”
B Search In single top (FCNC at production level) and top Y,8Z,H
quark pair (FCNC in top quark decays) events - very similar
final states in both production channels ih tthar
P Single top production is particularly interesting due to ¢ u/c

enhanced FCNC production with an up-quark —
differentiate between up and charm FCNC couplings

>

B With the charm-tagger in place it would be possible to have ¥.8Z4,H

separate analyses of up and charm FCNC couplings in ttbar
events

2016/06/02 Kirill Skovpen - CMS Single Top workshop



Top +
gluon

Top +
gamma

2016/06/02

FCNC with top quarks

7
S [vag.Erom T, (5 Py + 15 Pr) 4 G,

q=u,c A

9 (K/zqt)'to.uu (féquL 4+ fngR) quw
V2o A

(_K; th; v

e X to™ (fPr+ fiePr) q Auw

5 G\ Tl P+ [ Pr) a H] + .
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Top +

Top +
Higgs



Top + gluon

u/c

S

ATLAS: Eur. Phys. J. C (R016) 76:55

CMS: CMS-PAS-TOP-14-007



http://arxiv.org/pdf/1509.00294v3.pdf
http://cds.cern.ch/record/1702400

Search for single top

u/c

MEtop @NLO (ap

prox.)

Lo | §l1|0l-3' I """"""" I L] I L I L I LI -
> 16-ATLAS {s=8TeV, 20.3fb"'
= 1 ]
< 14 —
= . E Excluded region 1
w 125 -
10 -
8 =
61 -
- —— Observed -
4 __ . Expected -
5 - +1c0 B
0 :1 e a e by [ | Jgcy iy 1 1 | R
0 1 2 3 4 5 6 7
Kugt /A [TeV7]
2016/06/02

Event signature is top quark

leptonic decay: exactly one
isolated lepton, missing Er and one

b-tagged jet

Background: W+jets, QCD
multijet, single top, ttbar, Z+jets

QCD multi-jet measured in data

Events / 0.1

Data / Background

1x103

from missing Et template fit
-3
S 0.3OX1p T T T T T T T
- ATLAS {s=8TeV, 20.3 "
5’ 0.25_4— —_
- — Observed 5
0.20; — - Expected -
B +1o ]
0.15K —
- Excluded region .
0.10}- -
0.05) -
] y sy SEEEEEIS PR R T I R SR T | .H
0.00 0.02 0.04 0.06 0.08
B(t—ug)
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Eur. Phys. J. C (016) 76:55

ATLAS, 20 fbl, 8 TeV

18000_"'|"'|"l[l-|||--

16000-ATLAS FCNC (50 pb)

- Vs=8TeV, 20.3" mm Single top ]

14000 signal region . B

- W+LF ]

12000 B W+HF =
Z+jets, diboson

10000 I Multi-jet 3

LA I L BB

o ata

[ Uncertainty

1.2F .
1.1_— . .o ]
1_0 ® L] ° . . I i
oo ° -
0.8F :
-1 05 0 0.5 1
NN Output

Kugl A < 0.58 102 TeV-!
Kegd A < 1.3+102 TeV-!

BR(t—gu) < 0.0040 % (obs)
0.0035 % (exp)

BR(t—gc) < 0.017 % (obs)
0.015 % (exp)

|8


http://arxiv.org/pdf/1509.00294v3.pdf

Search for single top in t-channe

t t
qq — 1c gg — tc

. . t t
] cq'—>té‘ cg —tg

CompHEP @NLO (approx.)

CMS preliminary,\/s = 7 TeV, L = 5.0 fb™

2016/06/02

[T 95% CL observed
[ 68% CL observed

e 95% CL expected
— 68% CL expected

1 | 1 1 1 | 1 1 1 |

01
KtchA

Event sighature: one isolated
muon, missing Er, = | b jet, = |
non b jet

CMS preliminary, Vs=7 TeV, L=5.0fb"

« Data

B t-chan
[Js-chan
[JtW-chan
att

[ W+light
Bl Wc
HWQQ
[ W(other)
[ Diboson
[ Drell-Yan
CJQCD

IIIIIIIIIIIIIlIIIIIIIIIIIIII 1l

— Ky /A =0.04
— %, /A =006

CMS-PAS-TOP-14-007

CMS, 5 fb'l, 7 TeV

Bayesian Neural

Network (BNN) is
used to discriminate
signal and background

QCD multi-jet is

measured from data

using QCD BNIN

template fit

CMS preliminary, Vs=7 TeV, L =5, fb!

tug FCNC BNN

Ko/ A < 1.8-102TeV-!  ~Hf
Keg/ A <5.6°102Tev!  F

04 8
02

BR(t—gu) < 0.036 % (obs) E’z

0

[T llllllllllllllllll[lllllIIIIIIIIII

« Data

1| —x,./A=004

]| —x,JA=006
= -t'cgan

‘ - |Js-chan
i 4|CJtW-chan
|3 tt

i | mm W+light

| we
i | EEWQQ

[ W(other)
[ Diboson

.. 3 |mm Drell-Yan
J1E2QCD

0.016 % (exp)
BR(t—gc) < 0.34 % (obs)
0.11 % (exp)
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https://cds.cern.ch/record/1702400

ATLAS: Eur. Phys. J. C76 (2016) 12
CMS: Phys. Rev. Lett. 112 (2014) 171802

CMS: CMS-PAS-TOP-12-021
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http://arxiv.org/pdf/1508.05796v2.pdf
http://arxiv.org/abs/1312.4194
http://cds.cern.ch/record/1563579

Search for t—Zq in tthar  ina'sniswr

Event S|gnature three isolated leptons, missing
Et, = 2 jets, of them one or two b jets
W Fake leptons measured

- q from data with fake matrix
7 W _, Background: WZ/ZZ nethod
+jets, fake leptons, Z
PROTOS @LO b JeJ[S

=r 1 =
N = I [ I [ =
9 F 95%C.L. 7
;f/ - EXCLUDED
T 10 LEP REGIONS _
0 = CDF (qy=cy only) N é
% SJTIII"Ill'lIITIIIIIIIIIIIIIITIIﬁ % 7-II]II‘IIIIII IIII]II]II‘III I % 6-II'IIIIIIIIIlll'llllIIIIIIIIVIIIIII'I- _2— DQ \ n
g : ATLAS ) dauquZ ig l- © ATLAS ) dambWZ i BI (3 ATLAS ) dmabw Z sig l- lo §_ _§
R () signa o - 11— bWqZ sign - tt— bWa. na. — ]
~  [{5=8TeV, 203" S BF5-8TeV, 203 " 1 = 5-r 8TeV,20.3 0" ] i L I
jaga 4 =zwr$l p "g : =::rer3l ] g i =:1),tzher3l - 10—3 _—ATLAS e __
T B av ] L% 5:' v ] @ ac B iv E - =
3 - - fake leptons g - - fake leptons 1 i . fake leptons ] C CMS ’
N 7 stat. uncertainty 4 stat. uncertainty ] i 77)) stat. uncertainty 1 B .
: i - ] 3L 1 107 > ZEUS 3
[ A - qy=uy only) 3
2_ 7] 2: & - :
! - 10 E
] 1_— 1 L . :11111111 TEINRETIT| R RTTT] RS o) 171 [ AT A lllll:
: _ 10°  10* 10° 102 107 1
[ lll]llllllllllll: C ] [ c i BR(t_)qy)

120 160 200 240 280 100 140 180 220 260 75 80 85 90 95 100105110
m,, [GeV] m,,; [GeV] m, [GeV]
. BR(t—2q) < 0.07 % (obs)
m(qll) m(lvj) m(ll)

0.08 % (exp)
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http://arxiv.org/pdf/1508.05796v2.pdf

Phys. Rev. Lett. 112 (2014) 171802

Search for t—Zq in tthar  cus 200 s

g t
952 :f

ue Event signature: three isolated leptons,
missing Et, = 2 jets of which one is b jet
4 Background: WW/WLZ/ZZ+jets, ttbar+X
.\ q Background estimated from data
ql

— > 1o CMS,(5=8TeV + bsa ] 3 1o CMS,{s=8TeV - baa |
MadGI”aph @LO b 5 10 L —_ 197fb1 \:|t—>2q(B-01/) g 10p L = 197fb1 \:’t_,zq(B=01/)
8 - i g 8__ B _
2 e | . . aw, iz ]
350; 3 S o Etbz _'
~ T TR &
3 | CM8, (s = 8TeV- , - || ) ez
S L., =19.7 fbd 4- ] ‘ -
2300 i s : '
E | . : i E
2501 ., . . B foo 00 300
i . . my, (GeV)
2000 TR . . B(t— Zq) 8TeV  7TeV +8TeV
i fo ] Expected upper limit <0.10% <0.09%
150+ < P e . Observed upper limit ~ <0.06% <0.05%
i | 10 boundary 0.06-0.13%  0.06-0.13%
i i 2 0 boundary 0.05-0.20%  0.05-0.18%
10 coeoo b by b by
POO 150 200 250 300G \(/550
m,. (Ge
2 (V) BR(t—2q) < 0.05 % (obs)
0
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http://arxiv.org/abs/1312.4194

CMS-PAS-TOP-12-0R1

Search for tZ in single top s 50! 71

u/c t
Event sighature: three

isolated leptons, missing CMS Preliminary 4.9 b at\s =7 TeV

VA Et, one b jet

100}

K
Events

Background: WZ/ZZ “F
ufc ¢ +jets, fake leptons 60;

u/c 40:
7 VV and fake lepton 20;
g background measured :

668, (1, efiji, Sejl Ehannels T

® Data
B vy

[ non-prompt Lept. 7]

I 1, sin%lle top
dtZg S

3
, 2
MadGraph @LO from data using mr(\W) T
1

| 1 | 1 | 1

Illllllllllll

template fit

BR(t—2u) < 0.51 % (obs)
0.61 % (exp)
BR(t—Zc) < 0.11 % (obs)
0.16% (exp)

BR(t—gu) < 0.56 % (obs)
0.56 % (exp)
BR(t—gc) < 0.71 % (obs)
1.03 % (exp)

2016/06/02 : Kirill Skovpen - CMS Single Top workshop

Kzl A < 0.45 TeV!
Kz A < 2.27 TeV!
Kug/ A < 0.10 TeV™!
Keg/ A < 0.35 TeV-!

17 08 -06 04 -02 0 02 04 06 08 1
BDT output for Zut
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http://cds.cern.ch/record/1563579

Top + gamma

u/c

CMS: JHEP 04 (016) 035



http://arxiv.org/abs/1511.03951

Search for tgamma in single top

Event signature: one
isolated muon, one
photon, missing Et, one

+  Background: Wy+jets,

Wets, ttbar, Zy+jets

g b
+ .
wr U b jet
u/c
vV
PROTOS @LLO

—_— 1 1 T T T U LU II T LA II T T IE
N E L I 2
— m= e 95% CL -
? = IZJ;EUS (g=v) im. 1.7,2 ge\\j\l excluded :'egion i
a1 0-1 E__ E
o = CDF m=175 GeV I\ c
L DO m=175 GeV _
-2 - -
107°E I I
- | | -
1 0-3 — ATLAS | m=172.5 GeV | -]
- CMS m=172.5 GeV | 7]
4 —
107E CMS | =
— m=172.5 GeV H1 (q=u) 3
— (q=n) (q=c) m=175 GeV, 7

10-5 I Illllll 1 1 IIllI II 1 lIIIlI llllll
10° 10 10° 10?2 10" 1
B(t — ay)

2016/06/02

FCNC NLO

Events / 0.1

JHEP 04 (016) 035
CMS, 20 b, 8 TeV

Wy+jets and W+jets
measured from data
using cos(WW)Y) template fit

200

19.8 fb™ (8 TeV)
- CMS ¢ Data
1000{—
- (@ [ ] Other
800 [] W+ets
6005_ [ Wy+jets
- — Signal(tuy) 1 pb
400 s Uncertainty

O _____
corrections are 3 1%% ..................................................................... e B
. - Q@ oAb 4 e st e e —
sizable (k=1.375 % %3 02 01 02 03 04 05 06
@ 50GeV) \ 0 BDT output for tuy
R \ —— Limits @NLO
' - — -Tevatron(tuy)
N . - - #:f:a(ttfgr)\(tcw 1 -1
Kuyd A < 0.025 TeV
1454 TSl ~\\\\\
{ —— el e Keyd A < 0.091 TeV-!

1.30

1.25 +

1.20

1 N I N I
50 100 150
P, ..(GeV)

T
200
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250

0.02 % (exp)

BR(t—Ye) < 0.17 % (obs)

0.20 % (exp)
25


http://arxiv.org/abs/1511.03951

Top + Higgs

u/c

ATLAS: JHEP 06 (2014) 008 — H—yY
CMS: CMS-PAS-TOP-14-019 — H—yy
ATLAS: JHEP 12 (2015) 061 — H—bb
CMS: CMS-PAS-TOP-14-020 — H—bb

CMS: CMS-PAS-TOP-13-017 — H-WW/ZZ /<<



http://arxiv.org/abs/1403.6293
https://cds.cern.ch/record/2034227
http://arxiv.org/abs/1509.06047
https://cds.cern.ch/record/2104020
http://cds.cern.ch/record/2001934

Search for t—Hgq in ttbar

H—yYy ufc
channel ¢

H >
N
+
o f , ", q
AN
PROTOS @LO
b
Background: yy+jets, VW +jets, ttbar
$
=
> e L B Ig
i ° Dt 2011 2012 c
8 16: ﬁa.{-j’;(;?lg Selection —Slaga-l-SM Hngs+contmuum bkg. flt =
I 14 (m,, =125.5 GeV)
12 - SM Higgs+continuum bkg.
qC, - --- Continuum bkag. =
S 120 m
L 10: J.Ldt=20.3fb'1,\/s=8TeV .
. JL dt=47f", Vs=7TeV A
8— -
6 —o— —
4F- SRR —
2k =
- | L _

1 1 1 1 1 1 1 1 l 1 1 1 1 I 1 | 1 1 1 | 1 1
?00 110 120 130 140 150 160

JHEP 06 (2014) 008

ATLAS, 5+20 fb!, 7+8 TeV

Event signature: two photons, one b jet, 3 jets (hadronic
channel) or one isolated lepton, missing Et and one et

(leptonic channel)

Background estimated from data in YYj sample
(hadronic channel) and Yy (j—1) sample (leptonic channel)
S LR IS IS I LN I LN I I
E 225 arias « Data E
20 . —
=) = . [_JSHERPA yyj, norm. to data
E 185—\I§=8TeV,J.Ldt=2O.3fb [Signal, B = 5% E
"-E 161 Hadronic Selection =
10— T W 14 156 <m <191 GeV m(top) —
9F- ATLAS * Data 12 . .
- .tt&W(y) normalised to lumin 10:_ (b) 1n hadI'OIllC =
8§_E=8T8VJL& 203 15" I:ISHERPA YYi = |, norm. to da 85— hannel _E
7E_Leptonic Selection []signal. 8= 5% 65_ _E
6 No b-tag - =
55_15.s<m <191 GeV 4 | =
oF in leptonic %50 100 150 200 250 300 350 400 450 500
- my; [GeV]
oF ) channel
1E \f}{
% ~""50""700 150 200 250 300 350 400 450 00
mlv; [GeV]
BR(t—Hq) < 0.79 % (obs)
0.51 % (exp)
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Search for toHq in tthar  Guon s

H_}YY u/c
channel .
g t N

Event signature: two photons, one b jet,
3 Jets (hadronic channel) or one isolated

H o .
~.  lepton, missing Er and one b jet and one
) A additional jet (leptonic channel)
g t W 9
i .
MadGraph@LO e . .
A Background: yy+jets, \W+jets, ttbar
19.7 fb™' (8TeV) 7L 19.7 fb™' (8TeV)
''''''' RS IR IR LA RIS RN
Non-resonant yy+jets > 12 cMs 1 3 Fems T
. Q) i Prehmmary+ ll;adromc channel . Q) 6 Preliminary leptonic channel E
baCkground eStlmated 3 10_— ??gtzlatl: tlt(:tal bagkground fit — S - T guagt:alnotal background fit E
from data _.2 [ e N?:t: reggng:\?:\:l‘.n background ’ _.(Q 5 :— ......... Lc:)t: Ir::gzg:\‘:lmd background—
g 8 1 8 | :
w of i hadronic channel | I 4 leptonic channel :
: : 3 .
BR(t—Hu) < 0.4% % (obs) 4k h : :
2_ —— —
0.65 % (exp) TR ~ ] T _:
BR(t—Hc) < 0.47 % (obs) : Se : :
0 IR NS SR N R N S S N N W0 R N R S e e O RN I Ll L 1
0.71 % (exp) 00 110 120 130 140 150 160 170 180 00 110 120 130 140 150 180 170 180
M,, [GeV] M,, [GeV]
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JHEP 12 (R015) 061

Search for t—Hgq in tthar ATLAS, 20 fo1. 8 TV

H—bb
channel

Event signature: > 4 jets of which = 3
jets are b jets, one lepton and missing Et

Background: ttbar+jets

0~ . "
43,\’_\< Background and signal fitted
g t: 17 % 108 ATLAS + Data . from data
) & F Vs-8Tev,203f" 1T SZWEHE ‘(32 1?’)
bg q jety 10 Pre-fit % g+llght jets
+CC
{ . 10° T
by <) jets o = {m ......
H — 'rl\"gtglan unc 0 0 :
. N by <)t 10 | g une- Combination with JHEP 06
¢ \ 10° (2014) 008 (H—yy) and
PROTOS @LO h<Diets . Phys. Lett. B 749 (2015)
10 E
e i 519 (ttH, H>WW/t1)
o 0:F||||||||
5 1288 . L A
L A I . . 2 (et L S AR AT e < 0. 13 Ko < 0.13
(527 TeV, 4.5 fb" BR(t—Hu) = 0 —iTotal Stat. § 0072— 7/ ’ . , g : ,:
f5=8TeV, 203 15" Toual S Sys. %% 2 3 2 3 3 3 § : BR(t—Hu) < 0.45 % (obs)
HosWW*, t7 0.27 +0.27 (£ 0.18 +0.21) % ~ 0 bt < 0 K N "y pry
Al H 0
H-yy 0.22+0.28 (+0.26 £0.10) % O 29 /O (eXp)

0.17£0.21 (£0.12

------- LT et BRet—>Hu) < 0.61 % (obs)

BR(t%Hc) < 0.46 % (obs)

0.22 £0.14( £0.10 £0.10) % ._‘ BR(t%HC) < O 25 0/0 (eXp)

o 0.64 % (exp)

2016/06/02

0.8

1 1.2

BR(t—Hc) [%] BR(t %HC) < 0.56 % (ObS) ...................................................................
0.42 % (exp)
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Search for t—Hgq in ttbar

H—bb

channel

b jet assignment based on MVA
(s =

_CMS Simulation

8 TeV

CMS Prellmlnary \l§ 8 TeV fL —19 8 fb1

x | LU I T 7T | TTTT | TTT | TTTT]
E 4 :_ - Signal (test sample) _:
% ; Background (test sample) ]
Z 3.5 [ ®  Signal training sample) { B —
- 3 C ®  Background (training sample) I

5

-1 -0.9-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1

BDT response

([) 700__. --------------------------- .

0 6002—
500
400
300
200

100[-

—-tt+jets

20 xt—>cH ]
--- Other bkg. !
t—cH sig. 1

83704 05 06 07 08 09

K

Neural network response

2016/06/02

Events

Event signature: > 4 jets of which

Background: ttbar+jets

CMS Prellmlnary

\Fs 8TeV fL 198fb1

§1800— >4 jets =3 b-Jets —;
;1600:— . —e—Data —:
~1400F- [Jt—=cH
01400 °
2" signal i E
o200 . Mt Higgs
1000 FEZION Wiy -
- M Drell Yan -
800~ B W+lJets
600 vy =
- I Single Top]
400F- =
200— —
fo) 20_ f -
T * + ----- D -
% 50 100 150 200 250

Invariant mass [GeV]

CMS Prellmlnary /s=8 TeV fL —19 8 fb1

i | A I:I)a'(aI
1000 — Total 7
- —-tt+jets
800 - 20 xt—>uH_
i ---Other bkg.
s t — uH sig.
600 .

t—Hu

400}

200

°oo1 0203 040506070800 1
Neural network response

> 3
jets are b jets, one lepton and missing Et

CMS-PAS-TOP-14-020

CMS, 20 fb, 8 TeV

Madgraph@LO

Background validated in

data with two b tag jets

CMS Prellmlnary /s =

52000

[Ge

Lq

0000

8TeV fL 198fb‘

T >4 jets =2 b-jets

- control

1
®
@‘
@)
=)

- Data

=T

(o]

I
||||11||||||

M Drell Yan—]
I W+lets
DATAY) —
I Single Top]

—------+--+---?--.--.-.--.--.--.--.--.-‘--.--.--C--,---+--------------------—

50 100 150 200 250

Invariant mass [GeV]

BR(t—Hu) < 1.92 % (obs)

0.85 % (exp)

BR(t—Hc) < 1.16 % (obs)
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Summary on FCNC limits

ATLAS Preliminary

BR(t— uH) BR(t— uy)
N
O
1 10-1E LEP
8'5 102 TEVATRON \
107°
g S
IR
: :
e
1074 ATLAS
10_3E CMS } Preliminary
107
>
;I, 107
om PRI T WA TR R
107! 10° 10° do™* 10> 10° 10* 10° 102 10~
BR(t— uH) BR(t— uy)
2016/06/02

BR(t— q2)

BR(t— ug)

@ HERA:

ZEUS Collaboration, Phys. Lett. B708 (2012) 27; H1 Collaboration,
Phys. Lett. B 678 (2009) 450; A.A. Ashimova and S.R. Slabospitsky,
Phys. Lett. B668 (2008) 282

LEP:

ALEPH Collaboration, Phys. Lett. B543 (2002) 173; DELPHI
Collaboration, Phys. Lett. B590 (2004) 21; OPAL Collaboration, Phys.
Lett. B521 (2001) 181; L3 Collaboration, Phys. Lett. B549 (2002) 290;
LEP Exotica WG, LEP Exotica WG 2001-01

TEVATRON:

CDF Collaboration, Phys. Rev. Lett. 101 (2008) 192002; D@
Collaboration, Phys. Lett. B701 (2011) 313; CDF Collaboration, Phys.
Rev. Lett. 102 (2009) 151801; D@ Collaboration, Phys. Lett. B693
(2010) 81; CDF Collaboration, Phys. Rev. Lett. 80 (1998) 2525

CMS:

CMS Collaboration, Phys. Rev. Lett. 112 (2014) 171802; CMS
Collaboration, CMS-PAS-TOP-14-007; CMS Collaboration,
CMS-PAS-TOP-14-003; CMS Collaboration, CMS-PAS-TOP-14-019
ATLAS:

ATLAS Collaboration, arXiv:1509.00294; ATLAS Collaboration,
arXiv:1508.05796: ATLAS Collaboration, TOPQ-2014-14
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Summary on CMS to
FCNC decays

CMS Preliminary, 8 TeV March 2016

1 llllllll I IIIIIHI I llllllll I llllllll I

Phys.Rev.Lett 112 (2014) 171802

i, Br(t— Z q) |

JHEP04(2016)035
single top, Br(t—yu)
single top, Br(t—vyc) -

CMS PAS TOP-13-017
i, Br(t— H c), H— WW,ZZ,tt b

CMS PAS TOP-14-020

, Br(t— H u), H — bb ]
N

ft, Brt->Hc), H—»bb

CMS PAS TOP-14-019
ft, Brt->Hu), H -y '

|
ff, Brit>Hc), H -y I

~~~~~ 95% CL Observed Limit [l +16 Exp.Limit
— 95% CL Expected Limit  [__] +26 Exp.Limit
Coovvnl vl v vl vl

10+ 10° 10°¢ 10" 1

Top decay Br (%)
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Global fit for FCNC couplings

B Parametrize top FCNC interactions with

EFT approach at NLO 049 or |0+ | =15
P Set bounds on ”;op quark effective CEHD)| or |CTY)| | ] L5
operators via X“-based global fit 59 o |CLEHD) 5 9

3 3
: Cior |G| Em===dd_ |
Z
_g_W Viq — —€ my C(a+3)*ic—(a+3)* Cz(;;?f) or CS}“‘,) =—0.94
2ew \—af,  2swew A2[ pu ¢q Js —1.2

C@)| o 1039 10,041
aw {g}l’t _ —2my m2 [C(“?’) N 0(3“)*] uG uG
up )

P i I Ul et (ol I —————R
rfy 3(a3) 3(3a)
oS flia T ol 4 o) e or G399 b 049
A thq A (a3) (a3) (a3) (30) 26
+(C.5 +Cow’ )], |Ciy”’| or |Cuy "
_g_WH_gl{ft% _ —€ My [(82 C(Ba)_cz C(Ba)) 0
2o i~ e 22 [ et b g
i(SW CuB — Cwy CuW )*]7
Kiq [ i My (3a) | ~o(a3)r 1 v 7|
_gsﬂ{.t% =gs—t[0,$;) chfL(f) ]. G. Durieux et al, arXiv: 14 12.7 166
A Uihg, A
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Conclusion

B No evidence of top quark anomalous
interactions so far

The best limits on FCNC top quark

B ATLAS and CMS have significantly decay BR from the LHC
improved the exclusion limits on
. Eur. Phys. J. C (2016
anomalous Wtb and FCNC couplings (—=gu  0.004 % = y$6:55 LR
with Run | data (= gc 0.017 % Eur Phys.J. G (2016)
: . ° 76:55
B Run Il analyses ongoing
t_’Z(] 0.05 ° Phys. Rev. Lett. 112
— e (2014) 171802
The best limits on Wtb anomalous
couplings (approximative summary) t—Yu 0.01 %  JHEP 04 (2016) 035
VR RS TOP-14-007 t—=YC | 017 %  JHEP 04 (2016) 035
g <0.1 TOP-14-007
t—= Hu 0.42 % | CMS-PAS-TOP-14-019
Re(g;) | =1-0.2,0.2] JHEPOL (2015)053
Im( gR ) | =[-0.2,0.2] JHEP 04 (2016) 023
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Phys. Lett. B 708:21-26, 2012

Anomalous Wtbh at Tevatron 0:.% 10wy

? Probe anomalous Wtb coupling in single
top t- and s-channels

04]

L (c) * D@5.4fb’
R, tb+tqb (x20)
1500 ---- SM tb+tgb (x20)

2 Use Bayesian Neural Network (BNN)
approach to suppress W+jets and ttbar
backgrounds

Yield [Events/0
a o
=) =)
o o

B Consider two non-vanishing couplings at a
time (Vi and one anomalous)

=

0 0.2 04 06 08 1
BNN R, discriminant

froVio = Ve, f . Vie =91, frR: Vie = gr

v 05 ® DO5.41fb" R 4 b ® DO5.4fh "-‘f 0'5; ® DO54fb"

..:'904 (a) * SM .._'i j( ) * SM ‘-904:(0) * SM

== 0. []68% C.L. = al [168% C.L. > 0.4 []68% C.L.

- B 20% C.L. = 3 Bl 20% C.L. - r B 20% C.L. th . f LT |2 < 006
0.3 B 95% C.L. [ B 95% C.L.

0.3-

Vb - fry | <0.93
Vip - fry |* <0.13

@ 95% CL
% %5 1 15 2 V| is fixed to the SM
IthvaI2 value
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FCNC without top quarks

FCNC can be studied in the decays of
D-, B-, K-mesons - FCNC decays are
highly suppressed

/

Kp—pw

K(‘)
forbidden at
d tree level 1
s W o
}(() Y u,C,t \ I//_[.
d W T

Brexp ~ 6+10°

Search for D°—>Tc+n'p+h

4 -
v/Z° s at LHCD
C u
o { N }ﬂ Bre,, < 5.5+ 107 (90% C.L.)
T W+ d
< d Phys. Lett. B 728
} - (2014) 234-243
\_ ; -
@ervation of Bq—»utu b e \
at LHCb and CMS
Bs
Brey, ~ 3« 107 ‘ "

P\hys.ReV.Lett. 63 (1989) 2185 (AGS, BNL)/

L

HCb-CONF-2013-12

W

u  Search for D'—putp at LH&

.

Y

\V/VVV\

d,s,b v 4

W
A

-

N

u

I

Breg, < 6+10° (90% C.L.)

/

Phys. Lett. B 725
(2013) 15-24
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FCNC at LEP and HERA

Search for e*e” = t u/c at LEP2 Search for ep = t e X at HERA
Top + Z/ . Top + Z/ .
e~ gamma ¢ gamma
Z/y*
et/ ut
et q

L3 Phys. Lett. B549 (2002) 290-300
OPAL Phys. Lett. B521 (2001) 181-194 .
ALEPH Phys. Lett. B494 (2000) 33

DELPHI Phys. Lett. B590 (2004) 21-34
ZEUS Phys. Lett. B708 (2012) 27-36

HI Phys. Lett. B6/78 (2009) 450
BR(t— < 4 0
BRgtegq)) < 10 :/ BR(t—Y¥q) = 0.5 %
- BR(t—2q) = 4 %

:10,,D” g
AL .o = —# AH / 70 1 he. A=175 GeV
off = € € A Kny U + 2 cos Ory Yy Vz U + h.c
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FCNC at Tevatron

Search fort = g q at DO Search fort = Z q at CDF
;  uc

. t Top + e
Z t
g Top + q . t "
gluon g P < z
_ o - ) P o e e o e . l+’ q
q c = i t w

q

& 45[(b) ‘D@23’ 3 | ® D223 b
o 15+ - 2 b
S FCNC tgu T RosvcL
@ I FCNC tgc e ° Lk
o 10 W/Zz+X = BeoxcL. Best Fit to Mass %2
> . -SMtb'l'tQD ~ .95%C.L. @ LI B B S LN L e e :
E S O f 529 5 b-Tagged Non-b-Tagged Control
o] - Multiiets S N U?] (13 Events) (53 Events) .(]36 Events)
o 5 T ! ! 1 b epony 1 COFRumm |
> ~ + I O FCNC tt (3.7%) JLdr=19fb!
i Fit Uncertainty
— - Elzuets(HF&Lg) ®
8 085 09 095 1 [ N 20| B Standard Model tf | |
Ranked FCNC BNN Output % 40 60 B Diboson (WZ, 22)
(/A [10° TeV?] -
0 L‘-

BR(t—gu) = 0.02 %

BR(t—gc) =< 0.4 % BR(t—2q) = 3.7 %

Phys. Lett. B693 (2010) 81-87

Phys. Rev. Lett. 101 (2008) 192002
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FCNHiggs

g-2
Y
Tight constraints on qi\/qi I ] L
FCNH couplings to AF=) > ® k - J
light quarks from h B h
neutral meson :
osclllations qj/\\qi Stringent limits on FCNH -
couplings to leptons from
L FV searches http://arxiv.org/abs/1202.5704
FCNH in ttbar

Expect large coupling
with top quark ?
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CMS-PAS-HIG-13-084

Search for t—Hgq in tthar CMS, 20 . 8 TeV

Based on a combination of two analyses performed in Phys. Rev. D 90 CMS-PAS-
, 032006 (k014) HIG-13-025
multilepton (H->WW/ZZ/tt) and H—Yyy channels CMS. 20 fbl. 8 TeV CMS. 20 fbl. 8 TeV

Multi-lepton analysis is done in the framework of the ~ Di-photon analysis developed for the search for

SUSY search for natural Higgsino, slepton, etc. 2HDM H—Hg\Hgy and A—ZHgy,
- h
/ (jet.£) Jete(b) i H - .
fR»,. ' X1 ;Loety / , - — <
: X1 Y G -« N
' “HZ S a h ~
, HZ =
t : e < . EG 7 4
" . S Get) L A
JetZ £ t - - - —
jet(s) “
g h ~

Several SUSY scenarios are probed, also possible

to set limits on FCNH in this inclusive search:

Higgs Decay Mode observed | expected 1o range

: —— : | H—> WW~ (B =23.1%) 1.58 % 1.57% | (1.02-2.22) %
Higgs boson decay mode | Upper limits on B(t — cH) F | Ho 1t (B =6.15%) 7.01% | 499% | (3.53-7.74)%
Obs. Exp. 1lorange i |H—2zZ" (B =2.89%) 531% | 411% | (2.85-6.45)%

B(H—WW*) =231% | 16% 1.6% (1.0-2.2)% : | combined multileptons (WW*, 17, ZZ*) | 1.28% 1.17% | (0.85-1.73) %
B(H — 1) =62% |7.01% 50% (3.5-7.7)% i [Ho 1y (B = 0.23 %) 0.69% | 0.81% | (0.60-1.17)%
B(H - ZZ*) = 2.9% 53% 4.11% (2.9-6.5)% combined multileptons + diphotons 0.56 % 0.65% | (0.46-0.94) %

Combined 1.3% 12% (0.9-1.7)% :
e < 0.14

Kque < 0.21 MadGraph @LO is used Combination of results BR(t—Hq) < 0.56 %

BR(t—HQ) < 1.28 % for FCNH generation
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Search for t—Zq in tthar Arins s

u/c
> | | [ [ > L [ [ [ I
t 3 o data - 8 8 arLas o data E
- 2 ==~ ft— WbZq signal | 2 7:_ ---- fi— WbZq signal_
r W vz _ 3 f Ldt=2.11f5" :
g t % [ it(sm = E 6:— = ffkes E
Z & W zvjets ] & F2D+TL e ]
dibosons 7 5 r dibosons E
q V) bkg. uncertainty 1 - bkg. uncertainty ]
z ! 4 ;
t w* 5 : ; ;
g f q 3 2ID+TL -
. ; 2 -
TopReX @LO b A4 \7ZZ wy ] : E
74 72 ]
140 160 180 200 220 140 160 180 200 220

Event signature: exactly m, [GeV] my, [GeV]

three isolated leptons, missing Reconstructed top candidate mass

Er, at least two jets Main background: WZ7/7Z7+jets,
9

fakes, Z+jets
Analysis is performed in the

: . Limits extracted using binned likelihood fit
channels with 3 tight lepton (3ID) Additional requirement of &

and 2 tight leptons+ 1 track-lepton

a presence of b jet for 2ID

(2ID+TL) channel observed (—1o) expected (+10)
+TL channel 31D 0.81% 0.63% 0.95%  1.4%
2ID+TL 3.2% 2.15%  3.31% 4.9%
L2156 [l o el egranmmel s Events are tested for Combination  0.73%  0.61%  0.93%  1.4%
evaluated with a data-driven consistency with
method: scale factor in 3ID and ttbar—WbZq process by ¥2 BR(t %Z(D < 0.73 % (obs)
fake matrix method in 2ID+TL minimisation

0.93 % (exp)
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Input variables for MVA

Variable Definition

o) - o y " arXiv:1509.00294v1

mr(top ransverse mass of the reconstructed top quar 1

pfi. Transverse momentum of the charged lepton ATLAS’ <0 1b J 8 TeV

AR(top, {) Distance in the n—¢ plane between the reconstructed top quark and the charged
. lepton

pb'Jet Transverse momentum of the b-tagged jet

T
Ag¢(top, b-jet) Difference in azimuth between the reconstructed top quark and the b-tagged jet
cos (£, b-jet) Opening angle of the three-vectors between the charged lepton and the b-tagged jet

q° Charge of the lepton
mt(W) W-boson transverse mass
nt Pseudorapidity of the charged lepton

gqt

Ag¢(top, W) Difference in azimuth between the reconstructed top quark and the W boson
AR(top, b-jet) Distance in the 7—¢ plane between the reconstructed top quark and the b-tagged jet

top

n
pPlY Transverse momentum of the W boson

Pseudorapidity of the reconstructed top quark

e photon transverse momentum,

CMS-PAS-TOP-14-008

® b-jet transverse momentum,
e muon transverse momentum,

CMS, 19 fbl) 8 TeV

e angular separation between the photon and the muon (AR(

e angular separation between the photon and the b-jet (AR(b

e CSV discriminant value for the b-tagged jet,
e jet multiplicity,

¥qt

reconstructed top-quark mass,

A¢(lw — b), azimuthal angle between the lepton from the W candidate and the b-jet
candidate,

q|n|, with g and # the electric charge and the pseudorapidity of the W candidate,
respectively,

pr of the Z boson candidate,

n of the Z boson candidate, CMS-PAS-TOP-12-021
jet multiplicity, CMS, 5 fbl, 7 TeV
b-tagged jet multiplicity,

A@(Z—Er ), azimuthal angle between the Z candidate and the direction of the Er
vector,

CSV b-tagging discriminator,
) e Lqt
n of the leading jet,

A@(lw — Z), azimuthal angle between the lepton from the W candidate and the Z
candidate,

e cosine of the angle between the reconstructed top quark and the photon,
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Search for t—Hq in tthar

PYTHIA6 @LO

Background: \W/+ets, ttbar+V (tri-
lepton), fake leptons, charge mis-ID

(same-sign dilepton)

2016/06/02

|||||||

Fake and charge misID lepton
backgrounds estimated from
data

H-WW/ZZ/tt

e Data

—t- He (BR = 3%)

BG uncertainty

tri-lepton

19.7fb" (8 TeV
-E 220 r I T T T I T T I T T T I T T T I T T (] Ie n
~ CMS AIC .
- 200 C Preliminary - .
I’E’ 180 I Non-prompt
Q - B wz-3
w 160 I Rare =

0 2 4 6

50 100 150 200 250 300 '50 100 150 200 250 300 50 100 150 200 250 300
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