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FCNC interactions

e Flavour-changing neutral current (FCNC) transition is an interaction process where a
fermion undergoes the change of flavour without alternation of its charge

e FCNC amplitudes at tree level are forbidden by the Glashow-Iliopoulos-Maiani (GIM)
mechanism 1n the Standard Model (SM)

e However, highly GIM-suppressed FCNC transitions are possible in the SM in the higher
orders via loop induced processes

e Some extensions of the SM could introduce FCNC decays at tree level including new

particles:
Fourth-generation models Model Br (t— Z/y q)
Extended technicolor models SM ~ 1012
Leptoquark models SUSY - 10

Extra dimensions
2HDM ~ 107
Extra quark models

Supersymmetry Observation of FCNC
Two-Higgs-Doublet models

process = new physics

GIM mechanism: S. L. Glashow, J. Iliopoulos and L. Maiani, Phys. Rev. D 2 (1970) 1285
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Why to look for FCNC with a top quark ?

QUARK MASSES

® Distinctive event signature of top quark decay

® Secveral models predict a large coupling of the new
particles to the top quark = enhanced sensitivity to FCNC

in the top quark sector

® FCNC in single top production is particularly interesting

due to enhanced production associated with an up quark

2015/09/17 Kirill Skovpen - Top2015 3



FCNC searches with top quark
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FCNC searches at LEP2 and HERA

/ FCNC searches in ete'—tgbar at LEP2 \

.

e t
Z/y*
et q
Kth ,S 04
Kth ,S 0.4

BR(t—qy) =4 %
BR(t—q2) = 10 %
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

e

AN

BR(t—qy) = 0.5 %
BR(t—q2) = 4 %

H1: Phys. Lett. B678 (2009) 450

/ FCNC searches at HERA 1n ep—etX \

ZEUS: Phys. Lett. B708 (2012) 27-36 /
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FCNC searches at TEVATRON

/ - Search for t—gq at D@

u,c §
g q
K o q q | ;
q
§ 151®) ‘Dg23’| 3 | ©® PO 23"
= " FCNC tgu r .
2 B FCNC tgc 5 []68% C.L.
10 o W/Z+X o B90% c.L.
> Il SM tb+tgb Sa,' Bles% c.L.
= mi £
u A
3 5 B Multijets ]
> o ;
8 085 09 0.95 .
Ranked FCNC BNN Output % 20 40 60
(g /A [10% TeV?]
tgu tgc
Cross section 0.20 pb 0.27 pb
Kigf /A 0.013 TeV~* 0.057 TeV~*
B(t — fg) 2.0 x 10~* 3.9x 1073
Phys. Lett. B693 (2010) 81-87
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Events

Search for t—Zq at CDF
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BR(t—q2) < 8.7 %

Phys. Rev. Lett. 101 (2008) 192002




FCNC searches at the LHC

ATLAS: arXiv:1508.05796v1
CMS: Phys. Rev. Lett. 112 (2014) 171802
CMS: CMS-PAS-TOP-12-021

ATLAS: arXiv:1509.00294v1
CMS: CMS-PAS-TOP-14-007

ATLAS: JHEP 06 (2014) 008
ATLAS: PAPER SOON !
CMS: CMS-PAS-TOP-14-019
CMS: CMS-PAS-TOP-13-017

CMS: CMS-PAS-TOP-14-008
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http://arxiv.org/pdf/1509.00294v1.pdf
http://cds.cern.ch/record/1702400
http://arxiv.org/pdf/1508.05796.pdf
http://arxiv.org/abs/1312.4194
http://cds.cern.ch/record/1563579
http://cds.cern.ch/record/1700519
http://arxiv.org/abs/1403.6293
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://cds.cern.ch/record/2034227
http://cds.cern.ch/record/2001934
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Search for single top production at ATLAS

Main background: W+jets,

MEtop @NLO (approx.)

Event signature is the top quark

decay: exactly one isolated

lepton, missing Et and one b-

tagged jet

multijet, single top, ttbar, Z+jets

%107

T rrrJrrrr [rrrrJyrrrrrrrrrrrrrrr T T Ty

(s=8TeV, 20.3 fo"]

Excluded region 1
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MVA approach to discriminate

signal and background events

QCD QCD Multi-jet is measured in data

from the missing Et template fit
-3
60.303(110 LA L S B B B B B B S R R
r ATLAS {5=8TeV, 2031
£ — Observed §
0.20} — - Expected .
: Bl +10 .

0.15K
L Excluded region

arXiv:1509.00294v1
ATLAS, 20 fbl) 8 TeV
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* Data N
~ 16000 ATLAS FCNC (50 pb)  —
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g 1 4000 signal region I =
I.IJ I W+LF .
12000 B W+HF =
[0 Z+jets, diboson ]
10000 B Multi-jet -
(] Uncertainty ]

g C T T

= 1 .2 __ ]
g" 1 1__ & Y PO ]
'6 1#0—0—‘—! - 1] % ® 'y 4
g 0.9 7]
~ 0.8 ]
S i . . l ]
g -1 -0.5 0 0.5 1
NN Output

Kug A < 0.58 102 TeV-!
Kegd A < 13102 TeV-!

0108 1 BR(t—ug) < 0.0040 % (obs)
0.05F - 0.0035 % (exp)
000 002 004 006 10'68.&10'3 BR(t—cg) < 0.017 % (obs)

B(t->ug) 0.015 % (exp)
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Search in t-channel single top at CMS [+

Event signature: one isolated Bayesian Neural
muon, missing Et, > 1 b-jet, Network (BNN) is
> 1 non-b-jet used to discriminate

qq — tc g9 — tc signal and background

CMS preliminary, {s=7 TeV, L=5.0fb"!

— O—> N 3| ZX*9A 2006
T ............... tug E;h?gm DT
) ) ? B — : = measured in data from the
> cq _) t&_ cg 5 tg :: _g é‘%%‘%gn QCD BNN template ﬁt
CompHEP @NLO (approx.) ;F ) |
= S O SO S CMS preliminary, Vs=7 TeV, L =5, fb!

CMS preliminary,\'s = 7 TeV, L = 5.0 fb" | t;ngCNCBNN § 2R ;EajA=o,m
S A I {men""
Emgt ::::m umé ................... , ....................... | ...... t Cg ....................... l ....................... ...E %f{;{fﬁa )
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Kugt / A < 18 . 10 TeV o 7% S e = =WCQQ
1000~ N L W _ WO [ W(other)
) 1 : 5 3 | Drebven
Kea! A < 5.6 102 TeV =

BR(t—ug) < 0.036 % (obs)
0.016 % (exp)

BR(t—cg) < 0.34 % (obs)

X — oicl.c;l/\ 0.11 % (exp)

Data-MC

teg FCNC BNN
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arXiv:1508.05796

Search for t— Zq in ttbar events at ATLAS [mrrmrrs

Event signature: three isolated leptons,

> missing Er, > 2 jets, of them one or two b-
g t .
c z jets
‘ Fake lepton background is
g O 4 f W q_, Main background: measured in data with fake
q : :
{ WZ/77+jets, fake matrix method
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http://arxiv.org/pdf/1508.05796.pdf

Phys. Rev. Lett. 112

Search for t— Zq in ttbar events at CMS (2014) 171802
CMS, 20 fbl, 8 TeV

ufe Event signature: three isolated leptons,

> missing Er, > 2 jets of which one is b-jet

z Main background: WW/WZ/77+jets, ttbar+X

g O y f W q_ Background estimated from data
f q

— 3 10.CMS, (s=8TeV - owa | 3 1o CMS,(5=8TeV - oaa |
MadGraph @LO b 5 10 Lmt— 197fb1 \:lt—>Zq(B—01/) g 10: L = 197fb l:’t—'ZQ(B—01/)
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10 coe e e b b by
‘POO 150 200 250 300G \1/350
m.,
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0.09 % (exp)
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http://arxiv.org/abs/1312.4194

CMS-PAS-TOP-12-021

Search for tZ events in single top at CMS  mvrar;

L Event signature: three =~ cMsPreliminary 19 b
¢ . o Z “eee, UMy, elil, éey channels ]
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g Z ET, one b'] et 80:— = r\\,c\zln-prompt Lept. E
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g 7 leptons 3 n—— A |

g i _' . |
MadGraph @LO VV and fake lepton 17105 05 04 02 0 02 04 06 08 1

BDT output for Zut
background measured

from mr(W) template fit BDT is used to discriminate

S [CMS preliminary at 7TeV, 4985 ] d |
e[ T in data BR(t—Zu) < 0.51 % (obs) signal and background
E 0.61 % (exp)
. BR(t—Zc) < 0.11 % (obs
- o 0.16%0(EaXp)) Kzl < 0.45 TeV”
1
BR(t—>ug) < 0.56 % (obs) Kzl A < 2.27 TeV
0.56 % (exp) Kl A < 0.10 TeV"!
BR(t—cg) < 0.71 % (obs) Kegd A < 0.35 TeV-!

(;.3 0.4 0;5 o.ls 0;7 0;8 o..9 1.03 % (eXp)
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Search for ty events in single top at CMS

~~

u/c

PROTOS @LO

Event signature: one
1solated muon, one
photon, missing Er,

one b-jet

Main background:
Wy+jets, Wjets,
ttbar, Zy+jets

CMS-PAS-TOP-14-008
CMS, 19 fbl) 8 TeV

CMS Preliminary, 19.1 fb", Vs =8 TeV
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CMS Preliminary, 19.1 fb™, Vs =8 TeV
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Higgs + FCNC = FCNH

Tight constraints on q; q; Y

. ! J [. l [.
FCNH couplings to , l k )

. ' AF=2 e >
light quarks from i h 7 h
neutral meson qj//\\qi Stringent limits on FCNH =~ ™ ’
oscillations couplings to leptons from
http://arxiv.org/abs/1202.5704
LFV searches
o FCNH in ttbar
FCNH in single top

Expect a large
coupling strength

with a top quark ?

w/c

=
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http://arxiv.org/abs/1202.5704

JHEP 06 (2014) 008

Search for t=Hgq in ttbar events at ATLAS [FZEuEi

7+8 TeV

H=yy

channel Event signature: two photons, one b-jet, 3 jets

> (hadronic channel) or one isolated lepton, missing Et
g t M . :
g ~_ andone jet (leptonic channel)
,66' ; I", q . . .
g t w v, Background for hadronic channel estimated from yyj data

sample, and from yy(j—1) sample for leptonic channel

PROTOS @LO L B B L L B B I I
b 2 2E amas * Data E
o 20;‘( - ijm s JSHERPA 7y, nom. to data =
0 . S 18F Vs e ; — Eo —
Main background: yy+ijets, 8 b [ JSignal, =5% 3
‘0 E 14: Hadronic Selecélon ) =
. S I IS LA IS RS IR R — 156 <m, <191 GeV -
W+J ets, ttbar E 9E ATLAS * Data 12 m(top) E
o - -tt&W(y) normalised to lumin - (b) ln hadronlc
> 85_‘%:”9".["‘” 20315" [ sHERPA 1yj - I, norm. to da 105_ h ] _:
% 16F UL L L '.d:: 7;_Leptonic Selection [ Jsignal. B.=5% 8; anne E
— ATLAS . Data 2011+2012 UCJ = No b-ta 6F -
O] - Hadronic Selection — Sig.+SM Higgs+continuum bkg. fit 65 156 <mg. <191 Gev aF
Y 40 (m =125.5 GeV) - 5 m(top) # " rﬂ f
i - e sM’ Higgs+continuum bkg. . = () p 2
qc’ = -- Continuum bkg. - 4 . l t : (0) S e R U U B R ST i o
S 12F = oE in leptonic b ~"50 100 150 200 250 300 350 400 450 500
L 10 :_ JL dt =20.3 fb-1, Vs=8TeV _: 2%_ ) ) Channel M [GeV]
- IL dt= 47", Vs=7TeV - = ;
8— —o— o =P
- . 00 50 100 150 200 250 300 350 400 450 500
6 s — my; [GeV]
4 C PR _f
?: 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 : BR(t%qH) < 0.79 O/o (ObS)
00 110 120 130 140 150 160
my, [GeV] 0.51 % (exp)
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http://arxiv.org/pdf/1403.6293v1.pdf

. CMS-PAS-TOP-14-019
Search for t—=Hgq in ttbar events at CMS v

H=yy

channel

> Event signature: two photons, one b-jet,
\ O [ .
I t N 3 jets (hadronic channel) or one isolated
H
“<  lepton, missing Er and one b-jet and one
g t . I g additional jet (leptonic channel)
77 v, Q'
MadGraph@LO —_— . . .
! Main background: yy-+jets, W+jets, ttbar
b

lllllllllllllllllllllll 197 fb” (8TeV) . 19.7 b (8TeV)
Non-resonant yy+jets > 12fems TR > e T
. Q) - Preliminary+ ll;attiaronic channel : O] 6:— Preliminary leptonic channel E
background estimated 3 10} Signal + total background fit | 9 T Siahal + total background fit
) i Total background i ; g Total background E
from the ﬁt tO data .E 8_ ......... Non-resonant M,, background | _E 501 000 e Non-resonant M,, background —
o [ 7] o) N ]
= [ ] > A0 7
W ol hadronic channel { Y 4 leptonic channel :
BR(t—uH) < 0.42 % (obs) " :

0.65 % (exp)
BR(t—cH) < 0.47 % (obs)
0.71 % (exp)
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https://cds.cern.ch/record/2034227

Search for t—=Hgq in ttbar events at ATLAS

H—bb
channel

PROTOS @LO

1)
Y C o
< sob- ;\4FTLAS Prellmlna_r1y ° E—>WbH o BR = 017%)
P [ Vs=8TeV, 20.3 fb - fi+light-jets
§ C 4j,4b — :%+b5
- It
w 40— Post-fit (| tiv
- I ttH
1 Non-tt
s/, Total unc.
D(x) =
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Psig(x) + Pbkg(x)

©
o
o
o
©
)
D
— T —1 77—
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Vs=7TeV, 45 o BR(t—Hc) =0 e Total | Stat.
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H—-WW*, 7t 1  0.23:0.28(+0.18+0.21) %
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_ S e— .
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Combined '_E_' 0.16 = 0.16 ( = 0.11 = 0.12) %
R I R S U S R N SR
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PAPER SOON !
ATLAS, 20 fbl, 8 TeV

Detailed overview in the talk by Shota Tsiskaridze

Event signature: > 4 jets of which > 3

jets are b-jets, one lepton and missing Er

Main background: ttbar+jets
Background and signal

—e— Data

- --- tt>WbHc (BR=1%)
------- tt—WbHu (BR=1%)
[ ti+light-jets

[ tt+cC

mm tT+bb

[ — Y

Il tH

] Non-it

7,/ Total Bkg unc.

10° ATLAS Preliminary
s=8 TeV, 20.3 fo'

Pre-fit

Events

estimated from the likelihood
fit to data

--------------------------------------------------------------
.

. .
.

* S

Combination with JHEP 06 .
(2014) 008 (H—yy) and é
Phys. Lett. B 749 (2015 \Q‘}

/ o . 519 (ttH, H WW/«n &
125;27 .//_///}///”%/ ( - )\x

Data / Bkg

0.75F H
0-555 S 8 5 8 85 % fi fi EK’th<013 KcHthI:S

. BR(t—>uH) < 0.45 % (0bs) |
0.29 % (exp) |
. BR(t—cH) < 0.46 % (obs)
. BR(t—cH) < 0.25 % (exp) |

*

- *

00000
-------------------------------------------------------------

BR(t—uH) < 0.61 % (obs)
0.64 % (exp)
BR(t—cH) < 0.56 % (obs)
0.42 % (exp)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

. CMS-PAS-TOP-13-017
Search for t—=Hgq in ttbar events at CMS v

H-oWW/ZZ/xt

channel

Event signature: three or two

same-sign leptons, one b-jet,

missing Er, > 2 jets
PYTHIA6 @LO

c Edlo'a"l'"l"'l"'}g'zfq‘(?vaz
) , Fake and charge misID lepton 5 CMS I Charge MisiD
Main background: WZ+jets, ttbar+V , 2 qof " B Non-prompt
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. . [ =J-7{0 e e B L L I .
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(D 160;_ I Rare _; i
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BG uncertainty ]
100 : ]

6 8 10
60 = Nets
40 :

—; K Ht < 018
0 | T N [l q

o 2 4 6 8 10
| AIC=WW/ZZ/Z+jets Nes BR(T;%QH) <0.98 % (ObS)
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300

M, [GeV/c?] 0.89 % (exp)
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https://cds.cern.ch/record/2001934/files/TOP-13-017-pas.pdf

Summary on the best FCNC limits from the LHC

Experiment

BR(t—ug)

BR(t—cg)

Reference

ATLAS

0.004 %

0.017 %

arXiv:1509.00294v1

Experiment

BR(t—uZ) | BR(t—¢Z)

Reference

CMS

0.036 %

0.34 %

CMS-PAS-TOP-14-007

ATLAS

0.07 %

arXiv:1508.05796

CMS

0.05 %

Phys. Rev. Lett. 112

(R014) 171802

Experiment

BR(t—uy)

BR(t—cy)

Reference

Experiment

BR(t—uH) BR(t—cH)

Reference

CMS

0.0 %

0.18 %

CMS-PAS-TOP-14-003

ATLAS

0.45 % 0.46 %

PAPER SOON !

Y

2015/09/17

u/c

CMS

0.42 % 0.47 %

CMS-PAS-TOP-14-019
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http://arxiv.org/pdf/1509.00294v1.pdf
http://cds.cern.ch/record/1562777
http://arxiv.org/pdf/1508.05796.pdf
http://arxiv.org/abs/1312.4194
http://cds.cern.ch/record/1700519
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Summary on the best FCNC limits

ATLAS Preliminary
BR(t— uH) BR(t— uy) @ HERA:

N F T T TRERATTT TR T T T T RN ZEUS Collaboration, Phys. Lett. B708 (2012) 27; H1 Collaboration,
1 0-1E LEP ,l, oy 11 Phys. Lett. B 678 (2009) 450; A.A. Ashimova and S.R. Slabospitsky,
= e 1= Phys. Lett. B668 (2008) 282
e 102 TEVATRON \ 15 o LEP:
{02 i ALEPH Collaboration, Phys. Lett. B543 (2002) 173; DELPHI
- 3. Collaboration, Phys. Lett. B590 (2004) 21; OPAL Collaboration, Phys.
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Conclusion

e An experimental review on FCNC .
The best limits on FCNC top quark decays

hes with k ted
searches with top quark was presente from the LHC

e All possible types of FCNC couplings .
BR(t—ug) 0.004 % | arXiv:1509.00294v1

BR(t—cg) 0.017 % arXiv:1509.00294v1

Phys. Rev. Lett. 112
(2014) 171802

e No evidence of new physics yet BR(t—uy) | 0.02% CMS-PAS-TOP-14-003
BR(t—cy) | 0.18%  CMS-PAS-TOP-14-003
BR(t—uH) | 0.42% CMS-PAS-TOP-14-019
BR(t—cH) 0.46 % ATLAS PAPER SOON !

are considered in the searches

including various final states

BR(t—gZ) @ 0.05%

e The ATLAS and the CMS experiments

have significantly improved the

exclusion limits for FCNC couplings

with Run I data A dedicated combination effort would improve

. the existing limits further
e Run II analyses are on their way
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Examples of FCNC non-top quark related searches

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

Kp—pfy

forbidden at
A tree level [

P W 7
K Y u,c,t Yy
d Wt Tl

Bl‘exp ~6+107°

st.ReV.Lett. 63 (1989) 2185 (AGS, BNL)/

2015/09/17

Search for D°—>n+n'p+h

at LHCDb

Brey, < 5.5¢107 (90% C.L.)

Phys. Lett. B 728

(2014) 234-243 /

@ervaﬁon of Bq—utu

ut
at LHCb and CMS
Bs
Breg, = 3107 z 0
\LHCb-CONF-2013-12 > /
/ c W " Search for D=ty at LH%
Brey, < 6107 (90% C.L.)
d7 ob b AV
W Phys. Lett. B 725

\u - - ” (2013) 15-24 /
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Search for t—=Hgq in ttbar events at CMS

Based on a combination of two analyses performed in
multilepton (H->WW/ZZ/tt) and H—yy channels

Phys. Rev. D 90
032006 (2014)
CMS, 20 fbl, 8 TeV

CMS-PAS-HIG-13-084

CMS-PAS-
HIG-13-025

CMS, 20 fbl, 8 TeV

CMS, 20 fb', 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

P

= Z
A
t _ _.\\J"J\)'\]\J
. . g PR
Several SUSY scenarios are probed, also possible
to set limits on FCNH in this inclusive search:
Higgs Decay Mode observed | expected | 1o range
, — ! [Ho WW*  (B=231%) 158% | 157% | (1.02-2.22)%
Higgs boson decay mode | Upper limits on B(t — cH) P |Hor (B = 6.15%) 701% | 499% | (3.53-7.74)%
Obs. Exp. 1o range i |H—zZ" (B = 2.89 %) 531% | 4.11% | (2.85-6.45)%
B(H—WW*) =231% | 16% 1.6% (1.0-2.2)% i | combined multileptons (WW*, tt,ZZ*) | 128% | 1.17% | (0.85-1.73)%
B(H — t1) =62% |701% 50% (35-7.7)% ! [H—o 9y (B =0.23%) 0.69 % 081% | (0.60-1.17)%
B(H — ZZ*) = 2.99%, 53% 4.11% (2.9-6.5)% combined multileptons + diphotons 0.56 % 0.65% | (0.46-0.94) %
Combined 1.3% 1.2% (09—1 .7)0/0 :
o o K, Ht < 014
- i Combination of results .
Kqar < 0.21 MadGraph @LO is used ; BR(t aqH) < 0.56 %
BR(t—qH) < 1.28 % for FONH @eNeration & oo eeeeseeeeeeessesesssssseeeesssseeeeessssmmasssseeeseessseeeemesennn
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Search for t—=Zq in ttbar events at ATLAS oo

% - | | [ [ % e [ [ I I
t o | ATLAS e data il (0] - ATLAS e data
> 2 12 N ; -~~~ tt—> WbZq signal ] 2 7:_ ---- tt— WbZq signal_:
3 [f[rd=211" Wz pr :fl.dt=21fb‘ :
g P t ‘% 10J [ |ft(sm - % AR ='fkes E
“ z @[3 B zvjets ' @ [2D+TL e :
( 8- dibosons N 5F dibosons J
i 3ID bkg. uncertainty - bkg. uncertainty -
’ ) t- + q i ] 4:_ _:
w q' - ] : :
g f q | | 3 2ID+TL -
S - o .
TopReX @LO b o ] i ;
Z ]
140 160 180 200 220 140 160 180 200 220
Event signature: exactly m, [GeV] m, [GeV]
three isolated leptons, missing Reconstructed top candidate mass
Er, at least two jets Main background: WZ/Z7+jets,

fakes, Z+jets
Analysis is performed in the
channels with 3 tight lepton (3ID) Additional requirement of Limits extracted using binned likelihood fit
and 2 tight leptons+ 1 track-lepton

a presence of b-jet for 2ID

channel observed (—10) expected (+10)
(2ID+1L) +TL channel 31D 0.81% 0.63% 0.95%  1.4%
2ID+TL 3.2% 215%  3.31% 4.9%
Fake lepton background is 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; N/ Q) <0.73 % ( ob S)
fake matrix method in 2ID+TL minimisation

0.93 % (exp)
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MVA discriminating variables

Variable Definition .
©p) - Py T arXiv:1609.00294v1
mt(top ransverse mass of the reconstruc p quar 1
pff Transverse momentum of the charged lepton ATLAS, 20 fb*, 8 TeV
AR(top, £) Distance in the 7—¢ plane between the reconstructed top quark and the charged
_ lepton
pl*Jet Transverse momentum of the b-tagged jet

T
A¢(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 t
n’ Pseudorapidity of the charged lepton &9

A¢(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

n'°P Pseudorapidity of the reconstructed top quark e reconstructed top-quark mass,
pTW Transverse momentum of the W boson e Ag(lw — b), azimuthal angle between the lepton from the W candidate and the b-jet
candidate,

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

respectively,
e pr of the Z boson candidate,
° photon transverse momentum, e 1 of the Z boson candidate, CMS-PAS-TOP-12-021
o biet transverse momentum,  OMSPASTOP-14-008 | e jetmultpliciy, CMS, 5 fbr, 7 TeV
CMS. 19 fbl. 8 TeV e b-tagged jet multiplicity,
® muon transverse momentum, ’ , e Ap(Z—Er ), azimuthal angle between the Z candidate and the direction of the Er

e angular separation between the photon and the muon (AR(  vector, S
e angular separation between the photon and the b-jet (AR(b ° SV b-tagging discriminator,
e CSV discriminant value for the b-tagged jet,

Zqt
t o Ag(lw — Z), azimuthal angle between the lepton from the W candidate and the Z
° jet multiplicity, Xq candidate,

e cosine of the angle between the reconstructed top quark and the photon, '

e 7 of the leading jet,
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