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a common language

o top quark probes SM in wildly different settings
o systematically limited high precision differential x-sec meas.
o rare-event type searches (41, ...)
o everything in between ( T/TT+Z/W/H/y, FCNC, ... )

— uncertainties evolve differently with time

o different energies 7/8/13 TeV, growing PU, evolving detector
o Want to confront all that with plethora (and evolving) BSM predictions
AND include Tevatron/LEP/EVWPT results
AND enjoy the results for some time — demand longevity.
o First approach: anomalous coupling to Lagrangian
o defined in the broken phase, simple, facilitates physics intuition
o can break symmetries, difficult beyond LO, no global hierarchy of effects

o this could all be solved, but relevance of results will decline with time

Top physics at the precision frontier, FNAL, 18-01-18



effective field theory

Grzadkowski et.al.

' ' JHEP 1010 (2010) 085
O generic extension of the Standard Model https://arxiv.org/pdf/1008.4884.pdf

(4) Oy, 59 dim-6 gauge-invariant ops.
Eeff _ Mt Z A2 06 z + h.c. C, Wilson coefficients (complex)

N\ scale of dim-6 interactions

o defined in unbroken phase of SM — complex pattern after EVWSB

o based on limited & well defined approximations

o global way to look for NP in SM measurements

o parameterizes deviations from higher-order SM predictions due to interference
of NP with SM; even if new particles are too massive for LHC energies

o EFT provides guidance to exp. searches

1TeV?2 1TeV4 new challenges for analysis design:
_ a2 G0t 23 CiC%; o understand operator hierarchy,
z = understand EFT validity
o longevity/unfolding — sensibly
o e.g to include 4-f ops in 2| FCNC states balance exp. uncertainties and

o etcetc. longevity. MVA ?

0O = 0sM +

o e.g.on combination strategy in T T+X



FCNC

o FCNC suppressed to 10" — 10> in SM by GIM mechanism
o sensitive probe BSM models: 2HDM, SUSY, etc. arxiv.1311.2028

o anomalous coupling Lagrangian:

latest results:

V2 K _ .
Lrene = z = 9s ;\gq (go"T*(f,,PL+ f,.Pr)t) G, / & 8TeV*
g=u,c

eQt Ky (- v ol R

+— — L (go*(f2 Pr + f:Pp)t) F,, 8TeV*
nevermind prefactors - V2 oA (20" (f2Pe + f1,Pr)t) F
different conventions in use. + 9 K a( L Py + % P)E) H 8&/13TeV
Compare BR. V2 tat (Q(qu L+ Ji1:Pr) ) €

\/ﬁg BtqZ (_ v/ 2 A

+4CW 1;1 (qo-# (féqPL + fngR)t) Z/-“’ 8 & / 3 Te\/

+ h.c.

+0 }){(W‘(iz’*q& + 17, Pr)t) Z,
o often simplify chiral structure, e.g. R = 1.
O g = u,c with more sensitivity to u (higher x-sec)

* see backup



FCNC t/tt qZ

. 8 TeV TOP-12-039
o combine t & tt FCNC channels JHEP 07 (2017) 003
https://arxiv.org/abs/1702.01404

13 TeV TOP-17-017

FCNC signal FCNC signal
- http.://cds.cern.ch/record/2292045

single-top-quark tt
1jet, |7|<2.4 2> 2jets, [n|<2.4
1b tag > 1Db tag

m¥ >10GeV | m¥ >10GeV
pRiss > 40 GeV | piss > 40 GeV

o consider all flavor combinations eee/pee/Uhe/PHH
require same-flavor opposite-sign Z candidate

o consider only tensor coupling K.,

o three low njet/nbjet SB for (1) non-prompt leptons and W+ets
(separated by m(VV) and per flavor) and for NPL + (2) t and (3) tt

o train BDTs to separate t and tt-FCNC signal,
fit output discriminator in CR and SR simultaneous in t/tt



FCNC t/tt qZ

LI B L I I I |197rb1(a|.rew SMSI ,,197?‘(8:.8\,)‘_ 8 TeV TOP-12-039
S 16k % + data i S ooF + data E JHEP 07 (2017) 003
> 1af % Brorwomet 1 > 20F N https://arxiv.org/abs/1702.01404
27 Dowz 1 £ 18k Swz E
s of =i 1B =t
W 10F 722,97 v 1 @ 14F T 3 13 TeV TOP-17-017
8f ™ 3 Q2 wncertalnty < http://cds.cern.ch/record/2292045
6F ] E 3
4 3 3
i i o BDT output for
AL S t- and tt FCNC
& os]—? A
0798 06 04 02 ‘0. 02 04 06 08 1 0T 0% 0% o4 02 'o"'oz 04 5688 1
BDT,, ccne discriminant v BDT rcnc discriminant
e
f . \ 10° 35.91b (13 Tev)
Branching fraction | Expected | 68% CL range| Observed s “FoMms 'p',"_;.,',,,',,',,'a',}',‘ T obsened )
S 085 i .. [ Expected =10 =
B(t— Zu) (%) | 0027 | 0.018-0.042 | 0.022 SO . swecesa 7 [ 3TeV
B(t — Zc) (%) 0.118 | 0.071-0.222 | 0.049 20 S| o o merongoimon 7§ S 1€V
Branching fraction | Expected | Observed “#F e B
B(t— Zu) (%) | 0015 | 0024 | E
0.15 —
B(t — Zc) (%) 0.037 0.045 : :
l ) = 3
/ 3 ITeV 0.053 _f
- :><104

o statistics dominated; profit from energy

and lumi; excluded BR ~ O(10)

oO

0.1 0.12

0.14 0.16
Ko/ A (GeV)
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FCNC tqH

13 TeV TOP-17-003

o Combine 8 TeV results from top quark pair Atestenicoraabstriz 2609
. . JHEP 02 (2017) 079
P roduction in H—bb/ YY/ WW+TT ("‘ZZ) https://arxiv.orq/abs/1(610. (7))4827

35.9 o (13 Tev

o H—YY most sensitive bata S e
bkg estimation from m,, SB fit B i g
W ti+cc 5 2000
o For H=>WW+TT(+/2/) B 05 1500
. : other
combine 5SS and multi-lepton channels CISTru=1932 100
o H—bb has largest branching 7"
but large combinatorial background | .
BDT to select correct assignment in FCNC signal, E 1
ANN (8 TeV) or BDT (13 TeV) to selecting signal R " )
o At |3 TeV focus on H—bb but include SDT discriminant
' o) I UL[%%] 8TeV  [3TeV (bb)
tH production (+20% sensitivity 3R (t—Hu) 0.5(0.40) 0.47(0.34

from PDF enhancement when g=u ) [BRt=Hc) 040(043) 047(044)




FCNC tqH

13 TeV TOP-17-003

o Combine 8 TeV results from top quark pair Atestenioraabe 7120233
. . JHEP 02 (2017) 079
P roduction in H—=bb/YY/WW+TT ("‘ZZ) hitos erxivorg/aba/1610,04857

o H—YY most sensitive tWH B & 131eV)

bkg estimation from m,, SB fit

o For HoWWHTT(+72)

combine SS and multi-lepton channels

o H—bb has largest branching

but large combinatorial background

BDT to select correct assignment in FCNC signal,
ANN (8 TeV) or BDT (13 TeV) to selecting signal

o At |3 TeV, focus on H—bb but include /™ <
: o) STELA, UL[%] 8TeV |3 TeV (bb)
tH production (+20% sensitivity R (t10) 0.55(040) 047(0.34)
from PDF enhancement when g=u ) [BR{tzHc) 040(043) 047(044)




FCNC tqH

13 TeV TOP-17-003

o Combine 8 TeV results from top quark pair —Atestanicogebelriz02999

production in H=bb/YYWWAHTT(+Z2Z)  npssenivorebsrisr osss:

o H—YY most sensitive 3591 (13TeV)
bkg estimation from m,, SB fit

o For HoWWHTT(+72)

combine SS and multi-lepton channels

T
2)
=
7]

95% CL upper limits ]
....... Median expected 7
[ 68% expected -
95% expected
m—— Observed

0.8:—

B(t — cH) [%]

o
[22]
T 1

0.4

o H—bb has largest branching . :

but large combinatorial background | , :
BDT to select correct assignment in FCNC signal, ’ ' ' ' o B(t qu) [&3
ANN (8 TeV) or BDT (13 TeV) to selecting signal

o At | 3 TeV, focus on H—bb but include

: o) STELA, UL[%] 8TeV |3 TeV (bb)
tH production (+20% sensitivity R (t10) 0.55(040) 047(0.34)

from PDF enhancement when gq=u ) [BRit=Hc) 040(0:43) 047(044)




FCNC summary — ATLAS & CMS

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <@ CMS Dot Preliminary November 2017
LHCtopWG [1] JHEP 10 (2017) 129 [2] JHEP 02 (2017) 079 BR(t— Hu)  Each imitassumes that ll other processes are zeo  BR(t— yU)
[3] CMS-PAS-TOP-17-003 [4] JHEP 04 (2016) 035 g [TTTTTTRERRTT MTTE T T T T T T
November 2017 [5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028 1 10k LEP 1 1t
[7) ATLAS-CONF-2017-070 [8] JHEP 07 (2017) 003 z ok TEVATRON T =z
S Teoryprdions —SM [ J2viomey) - Eeriomeo) \
fromaIXiv:1311.202MSSM va ERS 107°F EF 3
R 77/ . e W 104 T Py ]
t—=Hc / . o = 10k 1 ]
7 —e e T e T
t—=Hu
o «~—0 10 cms E 3
t_)YC 10 ATLAS = E
10°F + b
t—yu S 107 T iz
(o2} (=2}
— e g Lot i i1
t_)gc g iy L L iy L ul ul wl ul ul %
10" 102 10° 10* 10° 10° 10 10° 102 107
BR(t— Hu) BR(t— yu)
t—gu
ATLAS+CMS Preliminary November 2017
LHCIopWG
t—>ZC BR(t— Hc)  Each limit assumes that all other processes are zero - BR(t— yC)
ﬁ T T IHERA Li T T T T T E
1L LEP L 4
t—Zu , %10 %
| Al L L | | | L | L 1 ] m 102k TEVATRON = S0
107" 107 107"° 10 107 10 i ]
Branching ratio ok ]
o common language pragmatic choice: BR } i
, G. Durieux, F. Maltoni, C. Zhang S B
' 10°F T b
o EFT approach in:  Pnys Rev.D 91, 074017 (2015) ;.
: 107F T 3
https://arxiv.org/pdf/1412.7166.pdf
. . ' ' 10°%F CcMS = E
o points out few missed contributions o | 1
[$) (&)
(2] (2]
Lot L 1L
o o
m L L L L L 1 1 1 L L m
107 102 10° 10* 10° 10° 10 10° 102 107

BR(t— Hc) BR(t— yc)



anomalous charged current

. ' 8 TeV TOP-14-007
o charged current anomalous interactions JHEP 02 (2017) 028

https://arxiv.org/pdf/1610.03545.pdf
uv

_ _o*o,W;
8= %bfy" (FFPL+ fEPR) tW;, — \%b M"w “ (fEPL+ fRPr) t+he

o constrained In single-top t-channel (I p) at 7 & 8 TeV
o 3 BNNs to separate V| contributions from Vg, g/, gx

o 3D analysis in right handed vector- and the L&R tensor couplings

x10° 19.7 fb”' (8 TeV) ; .
N 6f | Daia 5.0 o' (7 TeV) + 19.7 o' (8 TeV)
S ‘fcms A o
53 - > B t channel ‘E~ t CMS (] 95% CL observed
g 4 (CJs channel 0.3F [ 68% CL observed
w Ctw C
EﬁW‘H' ht (1] =S w 95% CL expected
ig Bl )
B W+c o1E 68% CL expected
|| W+QQ F
t 7|20 W+QX (UE) 0 e
Pateagane, et wwsssai |l Dibosons -
AT TR e T - | il Drell-Yan e
0 02 04 06 08 1.0[)Multijet -01 et
fufy Wb BNN s
-0.2
95%CL @ 8 Te\/ -o 3 : A A s s l ' 'S 'S A l A A A s I L 'S A A l A s

IVq| <0.16 o0 o 01502 025 03
lg | < 0.057, -0.049<gz<0.048 |f%.|




helicity fractions

. ' 8 TeV TOP-13-008
o charged current anomalous interactions Phys Lett. B762 (2016) 512-534

https://arxiv.org/abs/1605.09047

_ _o*o, W +
¢ = S byt (fin+ f3Pe) W, — 56 “ (fEPL+ fRBr) t+he. 4
o also modifies helicity fractions and diff. decay w. 0"
b t
1 dr 3 2 3 ) 3 . 9.4
fdcosf); = §(1+cos(9‘,) Fgr +§(1—cost9[,) Fr, +Zsm 0, Fy
v
; ' ' ' ; F,= 0.681 +0.012 (stat) £ 0.023 (syst.)
o semi-lep tt+jets with full kinematic reco P = 0.323.£0.008 (st  0.014 (o)
F.= 0.004 + 0.005 (stat.) + 0.014 (syst.)
angular l/j
separation resolution
198 @) 0.10 19.8 17 (8TeV)
1":__ 5')005_CM5 t +j §¢0.08§— CMS .68% cL
1l ' 40t0f : * o6l V=1, V=0 [oswcL
1:_ 53000? | st o:ozé— Combined p+jets and e+jets » SM
S = ‘T
)3 ~ 1000 "~°‘;—
' § v' v Ve Vo Vo oy P Ty _-:.j:;—‘.,1“..1..A.l.“‘l‘.‘.l‘,“
R L S 2 - R e e 00 e 0 e

Leptonic cos(8*)



spin correlation

8 TeV TOP-14-023

PRD 93 (2016) 052007
O top decay perdUCtS ar‘e d prObe Of https://arxiv.org/pdf/1601.01107.pdf
the ttbar spin correlation - 195 15" @ TeV)
LoosE T T N0 5m | eData |
i < % < 1 L % g 0455 e :tgiﬂsm --nDnthQNLo 1
m bl X - no spin corr. 2
-~ = ~~ 3l <
e iy e 0 B o partonlevel [y
. 0.35-
o |A®D(Il)| in 2l-ttbar unfolded to parton-level N
o sensitive to chromo magn. & el. dipole moments  oasff .~
/R — éms?-"t'i”’”"""""é
Lieff:—?ta TtGm,—itw vsT Gy, 3 " . o
2 oosf Py
a ———— —L0-4---|---.-'-.v-.1-935'fb-.1(-8T?V 50.950:“”}6 =3 n/'z"znlfs“sﬁ/e':n
= oz NP shape 1 s [ CMS detector level 4 A0,
) S _
s | | T oaf
% cp N\\ § 035;
E I = 03 } -
< o2 L { Data 1 JAD(N| & other asymmetries:
I R —— Fit ]
. - 028 =p=m) ] A
o oMk : S Nomgeram]  —0.053 < Re(f,) < 0.026
[ arametrization | L NLO SM (i = =m/2) ] n
= R~ S 7 S - — 020_' = S R '5156' 2 —-0.068 < Im(d:) < 0.067

186, | 180, |



spin correlation

TORP Fitter
JHEP 1604 (2016) 015
O top decay prOdUCtS are d prObe Of https://arxiv.org/abs/1512.03360
the ttbar spin correlation es! -
L1 1 m
r A A2
NGNS S s )
production lifetime hadronization  SPin—flip
107275 107% s 10724 g 107 s

o |A®D(Il)| in 2l-ttbar unfolded to parton-level

o sensitive to chromo magn. & el. dipole moments

tt pair différential x-sec

Ay di (Topfitter)
Lo = —y—tO"wTatGa — —tic* s TG 0. !
ef 2 w2 75 d R R— 0.0 o o2
N R S | "1 2 (A [ 1] . -
= 7 NP shape 1 o [cMms detector level e t
- I . 1 3 i 033
g - "\\\\ % 0_35-_ - p 33,
D o i |
s e | ; ! £\
e | < o3f . |
< o2 i { Data 1 JAD(N| & other asymmetries:
D s N o —— Fit 1
. =p= 0.25- NLO SM (u =p.=m) ] .
04 2 NP% - ™ i —— NLO SM (ﬁ}t::rznr:\,): -0.053 < Re([l,) < 0.026
AT Parametrization ] 02_ ..... NLO SM (”R=“r=m/2)‘ A
R R R~/ R R S 7 BT B R —0.068 < Im(d,) < 0.067

186, | 180, |



spin correlation

TOP Fitter
JHEP 1604 (2016) 015
O top decay plI”OdUC’ES afe d probe of https://arxiv.org/abs/1512.03360
the ttbar spin correlation N I
1 < 1 < 1 mg O.I-d/fferent/a/
my Ty Aqep A?
~~ N ——v ~
production lifetime hadronization  SPin—flip 00f-=------ : Tt
107275 107%°s 10724 g 107 s |
. —0.1
o |A®D(Il)| in 2l-ttbar unfolded to parton-level
—0.2

o sensitive to chromo magn. & el. dipole moments _| 7

It - di .4 Inclusive
Lot = ——tO'WTatGZV — —th'W’)f5TatG;v ’ , j ,
2 2 02 -01 0.0 0.1 0.2
. 19.5 fo! (8 TeV Ce
g —_—_ - 0.-,_ T T T T q t/
= oz NP Shape 1 o [CMs detector level
~ i ) 1 2 ! 033
g - ’\‘\\ % 035-_ g uG
e S 5 I .
< o2 i { Data ] |AD(IN| & asymmetries:
S N I ' R —— Fit 1
. =p= 025~ NLO SM (1= =m) ] N
o oMM : T Nosgram]  —0.053 < Re(,) < 0.026
A" — Parametrization | 02: ..... NLO SM (”R=“r=m/2): A
I R S BT BT R R R B R B R —-0.068 < Im(d;) < 0.067

180, 140,



associate production

13 TeV TOP-17-005

o measured inclusive tt+Z/W/Y x-sec at 8 & |3 TeV submitted to JHEP
hitps://arxiv.org/abs/1711.02547

~ 1w0t¥q, . 8 TeV TOP-14-021

L = cup) ('7” (Crv +7°Cra) + ———= (Coy +i7°C3a) | v(Pi) 2, JHEP 01 (2016) 096
vector tenZSOI” — FWK dipO e moments https.//arxiv.org/abs/1510.01131

A. Alloul, B. Fuks, V. Sanz
JHEP 1404 (2014) 110

o 8T1eV:Iimit on current Coupnngs CI\/A https://arxiv.org/abs/1310.5150

o also used tt+Z inclusive x-sec to constrain “HEL" & anomalous couplings

o |3 TeV:Combine tt+W/Z inclusive x-sec to constrain 7 W.C.

|3 TeV inclusive
8 TeV x-sec anom coup. ous

3597 (13 TeV) =1 b(_:MS 35.9 fo! (13 TeV o
_ [ T T _ T ] : *  HV best fi =+ &V theory [1) £k co
" b s 150 M Data ttz .ttW t(t)x - i’é" i _ZB%e(:Il.:onlour - é- 3 ey
03 - .Wz IRare INonprompt y 1_4-_ —— 9% CLcontoer [k N
0.0 o i : |
os 40 R i 3 3 o
. < 2ol d 12 /S " O\ | P4
g;_10 32::1 100//% 1 [ ’ . 6 0.
\ ) 4 ! I 7 7 I
K, L » il
7| sk w1 | ;
v 0.6, . 1 s P PP
0.2 0.l4 O.IG 018 ‘ll 1.2

full circle equally allowed UL pue  pee  eee ' T o, Ipbi



(QPG#VUT)TI(ZWI,{V
0" [219] 9, [0'2]
feGerGleGer
fachZ v Gg P Gz I

(QPO'WTAUr)‘;Gﬁu
(Gp0*ur)® By

(@ry*ur) (H D .H )
(DFGw)" (D,G™)"

constraints from tt+Z/W

Wilson coefficient

68% CL [TeV 2]

95% CL [TeV 2]

Cuw / A? [—1.6,1.5] [—2.2,2.2]
e/ A2 —16.8TeV™2| [3.7,23.4] [0,28.7]
Cag/ A? [—0.5,0.5] [—0.7,0.7]
Cag/ A? [—0.3,0.7] [—0.5,0.9]
Cug/ A [—0.9,—0.8] and [-0.3,0.2] [—1.1,0.3]
|CuB/ A?| [0,1.5] [0,2.1]
Cru/ A2 [-9.2,—6.5] and [-1.6,1.1] [-10.1,2.0]
o/ A? [—0.7,0.4] [—0.9,0.6]



CMS Simulation _wcs amcanioto | 1,CMS 359107 (13Tev) CcMS 35.9 fb~1 (13 TeV)
< e RAMARS AR A — T : = Ty
g3 x W it Best fit §+ iV theory [1]
= tiz <wp 0 e 68% CL OF * 2D best fit ]
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_ 5 ,io.puqu A c bz
L = eilp) ('7" (Crv +7°Cra) + (Cow +1iv CZA))

mz

+eti(p;) (’y“ + ii:,zq" (C;’ v+ z’*f’C’Qﬁ A)) v(pr) Ay
o gauge symmetry relate EWK dipole moments

o manifest in EFT — Same W.C. enter C,#Y, but in different lin. comb.

C ;3;, (NTeV)?

lessons on TT+V from EFT

'U(Pt') Z,, M. Schulze, Y. Soreg
Eur.Phys.J. C76 (2016) no.8, 466
https://arxiv.org/abs/1603.08911

Ciihg (NTeV)?
S =

1
[

2 -1 0 1
CH (NTeV)?

Combination

2 -2 -1 0 1 2

Cuy (NTeVy?

-2 -1 0 1 2

Cuw (NTeV)’

o should combine TT+/Z/y differential x-sec to constraint EFT
o gauge symmetries relate C,#Y also with the Witb vertex

o new "dim6_top” EFT from TopLHCWG disentangles tt+V from Wtb

Top physics at the precision frontier, FNAL, 18-01-18



new model from TopLHCWG

o global strategy provides conservative, well-defined & enduring results

O ‘ ‘d | M 6 JEO p E FT, ’ fFO m TO p LH CWG http://desy.de/~durieux/topbasis/eft_note-submitted-to-readers.pdf

““6 A simple analysis strategy

The simplest strategy to constrain the standard-model effective field theory with measurements in
the top sector could rely on fiducial observables defined at, and unfolded to, the particle level. It
is meant to be simultaneously practical and useful on a long-term basis, being for instance able to yy

unfolding advantages disadvantages
None high precision, hard to integrate in global effort
(detector level) MVAs feasible difficult to profit from e.g. theory & MC

developments
particle level unfolding  scalable, can use less precise data, limits on e.g. MVA
(fiducial) cutting edge theory,

active role for theorists

parton level unfolding scalable, can use least precise, frozen unc. e.g. from
(full phase space) cutting edge theory acceptance, correlation pattern,

strong limits on MVA usage



EFT is not a simple BSM model

C. Zhang, 2017

o recent tttt x-sec constraints C, Do farxora/pdl/1708.05928.pd!
gi) — (t—R’YpTatR) (GrY*T ur) ] 2htté);;//arxiv.orq/pdf/1712.;231134::\)/:#
©15 ﬁ
T, o (4t) = 6.140.1005+0.081C240.016C5*+0.0048C 5" 3
4th power in W.C., two dim-6 insertions &
can neglect dim-8 for wide class of BSM | =
4t wsec: —-88<Cy) < 7.1, B oo
inclusive tt x-sec:  —11.8<CY < 4.6 e
—. . 10 ' ' ' ' ' 0 SR1 SR2 SR3 SR4 SR5 SR6 SR7 sa
O tt inclusive Ne | No | N | Region Region
o tme L o
m tt global w0 2 7 sre
O tttf M., =3 TeV - ’ ; A
O tttt Mey=4 TeV -10 ST AN, 3 - ;g ggz
aw 25 223 i Sﬁg
tu Inverted Zveto | CRZ




final remarks

o welll always have anomalous coupling interpretations

o comprehensible, quickly doable, a selling point

o Run-ll endgame: we should have (carefully planned) EFT
interpretations using (multi-) differential distributions

o TT+W/Z/y[H: profit from independent linear combinations

o ttbar x-sec + spin corr constrain tt pair production & chromo moments
o Witb/single-t + helicity constraint the Wtb vertex

o FCNC

o similar to e.g. SUSY-pMSSM efforts
o EFT is not a simple BSM model

o particle-level unfolding is a good compromise & defines a suitable
interface to theorists



FCNC tgq (q=u/c)

8 TeV TOP-14-007

: JHEP 02 (2017) 028
o single top t-channel events (l u final state) tosilfarkiv.ordi1610.03545, o

o require | bjet, | I|ght forward jet as predmted in t-channel
o BNN to reject multijet BG (fit to normalize)
o In FCNC, light forward jet Is softer + more subtle effects

o top reconstruction (VW mass — neutrino z momentum)
o BNN to distinguish FCNC from SM

o combine kinematic and angular observables (FCNC top softer)
o lepton charge & PDF effect in u & ¢ — different BNIN
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19.7 o' (8 TeV)

FCNC tgq (q=u/c)

8 TeV TOP-14-007

JHEP 02 (2017) 028
https://arxiv.org/pdf/1610.03545.pdf

MVA output

!

fit

N x10° 19.7 o (8 TeV)
& cms || ' o g © cms | ' e
2 _teg z b - tcg
B e | £ ! crarnel
w [Js channel
= 2 —Hy
=w:29ht [ W+light
mW+QQ o 0 5 =mfm
: 4 1y @ wW+QX (UE)| 3|, 00 . Wiy | 1 @ w+ax (UE)
L L @l Dibosons | S|S0 i i i — I Dibosons
06 0.8 B Drell-Yan 8 00 02 04 06 08 1.0 @ Drell-Yan
tug FCNC BNN [ Multijet tcg FCNC BNN [ Multijet
Vs kgl /A (TeV1) | B(t — ug) |xtcg| /A (TeV) B(t — cg)
7 TeV 14 (13) x1073 24 (21)x1072 29 (2.4) x1072 | 10.1(6.9)x10~*
8 TeV 5.1(5.9) x10™3 | 3.1(4.2)x107° | 22(2.0) x10~2 | 5.6 (4.8)x10~*
7and 8TeV | 4.1(4.8) x10~3 | 2.0 (2.8)x107%|| 1.8(1.5) x10~2 || 4.1 (2.8)x10~*

5.0 fb! (7 TeV) + 19.7

fb' (8 TeV)

[J 95% CL observed
[[] 68% CL observed

- 95% CL expected
68% CL expected

| AN U B e
0 0.005 0.01 0.015 0.02 0.025 0

Pl BT
.03 0.035 0.04

Ik cql/A (TEV)

gq

!

Observed (expected)
limits

o fit procedure to extract individual limits
on K

and BR for g=u/c

o BR(t—ug) <20 107

BR(t—cg) < 4.1 10
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FCNC tqy

. . 8 TeV TOP-14-003
single top t-channel (— single M final state) JHEP 04 (2016) 035

O https://arxiv.org/abs/1511.03951
o pr(Y)>50 GeV, £1b jet

0

o

top reconstruction (p+(V) from my,)

main bkg W+jets with real or fake y

o extract normalisation from NN shape fit
in data: £17% (WY) and £23% (W+jets)

-1
200 19.8 fb™' (8 TeV)

u/c

19.8 fb”' (8 TeV)

S t Data S 000f-CMS t Data
2 :gg (] other s [ @ [ ] Other
- = - )
S 00 ] wjets g 800 ] wjets
w B Wy+jets % soof- I Wy+jets
— Signal(tcy) 1 pb - — Signal(tuy) 1 pb
— 8888 Uncertainty 400 R B8 Uncertainty
............ 200
BSEREE ? 1-§ T OO VOO ...
% ) i a0 T % o_é i e : —
- 3 02 01 0 01 02 03 04 05 06 s 03 02 01 0 01 02 03 04 05 06
a BDT output for tey S BDT output for tuy
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FCNC tqy

8 TeV TOP-14-003

| ' JHEP 04 (2016) 035
O Smgle J[Op t—charmel <_) Slﬂg|e IJ ﬂnal State) https://arxiv.orq/abs/1(511.0)3951

o pr(Y)>50 GeV, £1b jet
o top reconstruction (p(V) from my,)

o main bkg W+jets with real or fake y

o extract normalisation from NN shape fit
in data: =179 (WY) and £23% (Wjets)

Exp. limit (LO)  +1c (exp. limit)  £20 (exp. limit)  Obs. limit (LO)

Oty B (D) 40 30-56 23-78 25

Ticy B (fb) 39 30-55 24-76 34
Keur 0.036 0.032-0.043 0.028-0.051 0.029
Kicy 0.111 0.098-0.132 0.087-0.16 0.10

Bt—suy)  27x107%  (20-38)x10™% (1.6-54)x107* [17x10°*
B(t — cv) 25%107%  (1.9-36)x10"% (1.5-49)x10"2 |22x1073
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the 59 SM EFT operators

X° ¢° and ¢‘D? L
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FCNC tgq

o multjet BNN discriminator

10° 19.7 fb™' (8 TeV) 19.7 o' (8 TeV)
8 f { Data 2 i Data
o B ¢t channel 0] B t channel
.g 1|/ s channel % []s channel
o CJtw y 2 Ctw
T tt o o (|[Eott
[ W+light w o | 0 W+light
Bl W+c _ || Bl W+c _
B W+QQ B W+QQ
CW+QX (UE) ; B | W+QX (UE)
O [l Dibosons %) T Il Dibosons
=, {|/lM Drell-Yan | =/, g- @ Orell-Yan
g 2_0.1, ‘ 4|0 Muttijet Lol br A A Lo .| Multijet
al 0.0 0 5 1.0 a 0 20 40 60 80 100
Multijet BNN m(W) (GeV)
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FCNC tHq, H—bb

19.7 fb" (8 TeV) 19.7 fb" (8 TeV)
- w [ T T T l T T T l T T T l T T T l T T L3 ]
c ¢ Data 1 € I ¢ Data

S o —twa ] ©1000f CMS —tw

— — - tt+jets ] - i — - tt+jets
sook | W B{t - Hc) = 3% gook I | 0 B(t - Hu) = 3%
- Other bkg. [ - Other bkg. ]
t — Hefit - - t— Hufit .
400 t T3 600} :
300 B [ ]
. 400 .
200 = 4
100 E 200~ 7

0 ot u-leic Y iy o o e | : 0 L ‘ ,,..l“"-.”l:.'i - ‘.’. e e
03 04 05 06 07 08 09 1 0 02 04 06 08 1
Neural network discriminator Neural network discriminator

Figure 6: The output distributions from the ANN discriminator for data (points) and simulated
background (lines) where the ANN was trained to discriminate the backgrounds from either
t — Hc (left) or t — Hu (right) decays. The solid line shows the result of the fit of the signal
and background templates to data. The dotted line gives the predicted signal distribution
from simulation for B(t — Hc) = 3% and the filled histogram shows the proportion of signal
estimated from the fit.
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359 b (13 TeV)

tZq individual limits

35.9 fb™" (13 TeV)

CMS Preliminary CMS Preliminary
3u i 3u |
1e2y B | 1e2p i
2etu BRI 2etu i
3e 3e Iim
STSR - B expected < 10 STSR -* B expected < 10
TTSR e TTSR Bl s
Combined _I | 1_._ Omsenee 1 Combined 1 1 | e oo:md 1

95% CL limit on B(tZu)

95% CL limit on B(tZc)

Figure 6: Exclusion limits at 95% CL for each leptonic channel and signal region on the FCNC
tZu (left) and tZc (right) branching fractions considering one non-vanishing coupling at a time.
The CMS 8 TeV [7] observed (expected) limit of is given with a blue dashed line).
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