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Effective Field Theory

» We saw no evidence of new physics yet
» Can new physics live at energies beyond the LHC reach ?
» Thinkwide!

» Interpret the effects of new physics at higher energies with an extended SM
effective field theory (SMEFT) applicable within the LHC reach
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Flavour-Changing Neutral Currents
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» Forbidden at tree level and
heavily suppressed at higher
orders in SM by GIM mechanism

» Many new physics models allow
FCNC processes

» Searches in top decays and
single top+X production

» Interpretations via anomalous
couplings and SMEFT framework
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EFT in dilepton events with top quarks

36 tb-1, 13 TeV

arXiv:1903.11144 (Submitted to EP]C)

& EFT interpretation for tW and ttbar using
CP-even dimension-six operators

& Probe Wtb, chromomagnetic dipole moment,
triple gluon field, and FCNC operators

& DS/DR for ttbar and tW interference at NLO
& Study rate and shape (for FCNC) information

2019/07/11

RLZ
\\\“3\\X
Effective Channel *C,\v Observed [TeV 2]
coupling 0 €7 Bestfit [68% CI] [95% CI]
ce ~014 [-082,051] [—1.14,0.83]
el ~018 [-0.73,042]  [—1.01,0.70)
n ~0.14 [-0.75,044]  [-1.06,0.75)
Combined —0.18 [-0.73,042]  [—1.01,0.70]
ee 112 [-1.18,2.89]  [-4.03,4.37]
el ~070 [-2.16,059]  [-3.74,1.61]
m 113 [-0.87,2.86] [-3.58,4.46]
Combined —152 [-2.71,-0.33] [-3.82,0.63)
ee 618  [-3.02,781]  [-4.16,8.95]
el 164 [-0.80,559] [-1.89,6.68]
W -1.40 [-3.00,7.79) [—4.23,9.01]
Combined 238  [0.22,4.57] (~0.96,5.74]
ee ~0.19 [-040,0.02]  [—0.65,0.22]
eu -0.03 [-0.19,0.11] [—0.34,0.27]
i ~0.15 [-0.34,002]  [-0.53,0.19)
Combined —0.13 [-027,002]  [-0.41,0.17]
ee ~0.017 [-0.22,022]  [-0.37,0.37]
el ~0.017 [-017,017]  [~0.29,0.29)
m ~0.017 [-017,017]  [—0.29,0.29)
Combined —0.017 [-0.13,0.13]  [-0.22,0.22]
ce —-0.032 [-0.47,0.47) [—0.78,0.78]
el ~0.032 [—0.34,034  [—0.60,0.60)
m ~0.032 [-0.36,0.36]  [—0.63,0.63]
Combined -0.032 [-0.26,0.26]  [—0.46,0.46]
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https://arxiv.org/abs/1903.11144

Anomalous couplings in dilepton ttbar events

36 fb-1, 13 TeV arXiv:1907.03729 (Submitted to PRD) NEW
& Constrain anomalous four-particle effective # |

couplings with top quarks

. N ~UVTaA L\ Ka
& Probe the top quark chromomagnetic (CM) O = yth(QO'” I t)(PGV

and chromoelectric (CE) dipole moments

(DM) CMS 35.9 fb™' (13 TeV)
® The EFT study via the measurements of > Daw P Standardmodel
. . . . u CMDM ot -0.005 = 0.005 + 0.001
ttbar spin correlations and differential A
. . d, CEDM o -0.004 + 0.008 + 0.000
production cross sections -
C__ e -0.017 = 0.012 = 0.001
& Measure full spin density matrix and use all | ¢, " 0,002 + 0,003 + 0,000
possible relevant observables Cyy ot 0.016:2 0013+ 0.004
) 0 O O & =-V. = V. * V.
& Sensitivity to CMDM and CEDM A T PO OIEa
o o (o o . CAV e -0.001+ 0.017 = 0.001
significantly improved with respect to )
o 4. . . c H - H 0.13+0.11+0.04
existing direct constraints R
Cy - i -0.07 £ 0.14 + 0.02
-0.24 < CtG//\z < 0.07 Tev_z C1 - 02+ C3 - i -0.01+ 0.08 + 0.01
result = (stat+syst) + (theo)
-0033 < CtG[I]/A2 < 0020 TeV-2 L1 1 I L1 1 | I 1 1 | L1 1 1 I L1 1 | I L1 1 1 I L1 1 | I 1 1
-0.2 -0.1 0 0.1 0.2 0.3 0.4

. . : Anomal I
more results in the talk by Agostino De lorio \)c;\\‘e’ nomalous coupling
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https://arxiv.org/abs/1907.03729

Search for 4 top quark production

36 tb-1, 13 TeV arXiv:1906.02805 (Submitted to JHEP)

& Single lepton and dilepton OS

& Combined with previously published
dilepton SS and trilepton analysis

& Dominant uncertainties from limited
statistics, b tagging, jet reconstruction
and modelling

& Combined sensitivity to 4 top
production at 1.4 (1.1) O

& Constrain four-fermion operators via
event rate for Cy!, Cqq!, Cat!, Cal
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more results in the talk by Sébastien Wertz
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Operator Expected C;/ A% (TeV~2) Observed (TeV ?)
[—2.0,1.9] [—2.2,2.1]
[—2.0,1.9] [—2.2,2.0]
[-3.4,3.3] ,\6@6 [~3.7,3.5]
[-7.4,63] ° [—8.0, 6.8]
O


https://arxiv.org/abs/1906.02805

Study of ttV production

36 tb-1, 13 TeV IHEP 08 (2018) 011

& Study new physics effects

in ttW, ttZ and ttH production | "

& Set constraints on top quark ‘ ] t
electroweak, triple gluon field L z ’ t i
and Higgs couplings e t
ttZ and ttH: Csg, Coc, Cus . : o . g E

ttZ CHU

ttH: Cq

more results in the talk by Enrique Palencia
all processes: Cug, Cuw

Wilson coefficient Best fit [TeV 2] 68% CL [TeV 2] 95% CL [TeV 2]

Cuw /A 1.7 —2.4,-05] and [0.4,2.4] [-29,2.9] @
6/ A% — 168 TeV~2|| 15.6 0,23.0] 0,28.5] AW
6/ A2 0.5 0,0.7] 0,0.9] et

C3g/ A? —0.4 —0.6,0.1] and [0.4,0.7] —0.7,1.0]

CuG/ N? 0.2 0,0.3 —1.0, —0.9] and [—0.3,0.4]

|CuB/ A?| 1.6 0,2.2] 0,2.7]

CHu/ A? -9.3 —10.3, —8.0] and [0, 2.1] —11.1, —6.5] and [—1.6,3.0]
Cog/ A? 0.4 —0.9,—0.3] and [-0.1,0.6] [-1.1,0.8]
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https://arxiv.org/abs/1711.02547

Differential ttZ cross section

78 tb-1, 13 TeV CMS PAS TOP-18-009

, more results in the talk by Enrique Palencia
& Set constraints on

e EFT electroweak operators (Ciz, Cizl!l Copr, CopQ)
e Vector and axial-vector current couplings (Ci4v) and electroweak dipole
moments (Cyav)

CMS Preliminary 77.5 b (13TeV) CMS Pr eliml'nafrv
top EFr — 95°/° CL v SM | | I | | I I I | | I
model 68% CL A best fit :
o~ 2 TEsnl —r1 rrrrJ1rrrr1rrr1 c- — 950/0 CL Observed ’_E_‘
N> I —— prev. CMS (95% CL) b ’
o | 18 —— ATLAS (95% CL)
[ | SMEFIT (95% CL)
E 1'_ N 16 TopFitter (95% CL)
~ F 14 | indirect (68% CL)
<
=N I 12
© o ‘B0
P 8
1- 6
L 14 .\‘@ . :
L \ \)‘3\
P 2 *C
) EREN | | A L 0 ¢ P
-2 -1 0 > 1 22 l I
C /A" (1/TeV") 20 10
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http://cds.cern.ch/record/2666205

Future EFT projections

arXiv:1902.04070, CMS PAS FTR-18-031, CMS PAS FTR-18-036

Very good prospects for EFT interpretations in the top quark sector!

tttt

CMS Preliminary

top EFT —95% CL

775 b (13TeV)
v SM

model 68% CL

cll/A? (1/TeV?)

A best fit

ttZ

CMS Phase-2 Simulation Preliminary 3 ab a (14 TeV)

i £ AV
i —35§ %
1 <30
- o
15525 -
O
20 O

15

10

different axis ranges!

Wilson coefficient

68 % CL (A/ TeV)?

95 % CL (A/ TeV )2

[-0.47, 0.47]

[-0.89, 0.89]

[-0.38, 0.38]

[-0.75, 0.73]

[-0.37,0.36]

[-0.52, 0.51]

[-0.38, 0.36]

[-0.54, 0.51]
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Reference: Aoﬁﬁ :100.0% (at 13 TeV)

— HL-LHC 0.3 ab™', Ac .. : 30.0% (stat)

tttt

L1 | Ll H

— HL-LHC 0.3 ab™, Ac . : 41.0% (stat+syst)

— HL-LHC 3 ab™, Ac .. : 9.0% (stat)

titt
— HL-LHC 3 ab™, AG . : 26.0% (stat+syst)

—_ HE-LHC 15 ab™, Ac : 1.0% (stat)
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https://arxiv.org/abs/1902.04070
https://cds.cern.ch/record/2650211
https://cds.cern.ch/record/2652018

Present and future of FCNC searches

EP]C 79 (2019) 474

95%CL upper limits <) ATLAS <$® CMS
Each It assumes that (1] JHEP 02 (2017) 079 [2) ATLAS-CONF-2018-049
all other processes are zero (3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035
(5) EPJC 76 (2016) 55 [6) JHEP 02 (2017) 028
Theory predictions (7] CMS-PAS-TOP-17-017 (8] JHEP 07 (2018) 176
from arXiv:1311.2028 (9] JHEP 07 (2017) 003
| 2HDM(FV) ) 2HDM(FC) [T MSSM
CZARPV EIRS s HL-LHC
wen FCC-e€ wau: FCC-eh wess FCC-hh
— LHep
—@ (2]
—9 (1]
_ _Caae g
e (3]
@ (4]
9 (4]
@ (5]
—@ (6]
aHE e
(6]
(8]
(7]
(8]
Lol T . PO PRI BRI 1
107 10° 1 0'5 10“1 10° 102 10

Branching fraction
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https://doi.org/10.1140/epjc/s10052-019-6904-3

Future FCNC EFT projections

arXiv:1812.07638
Present constraints HL-LHC (3/ab at 14 TeV)
—(a+3) 1 (a+3) 1 / —(a+3) 1 (a+3) .1
g or [ey, | pr——— or [eg, | [r—
ceq ™ or el ™| ==L | AR RS IR ——— )
—(a+3 . (at3 —(a+3) 1 (a+3) - () 32
|C<pq ) Or |Cpu ) =— (())%7 |(3<,oq Or |Cpu —(())317
(a3) 1.(3a) 0.13 (a3) 1.(3a) 0.032
Cua | OT |Cyp = 0.48 Cua | OT |Cyp | 0.094
((1'3) X (’3(1) — ; ((1'3) X ('3(1) - ().
Cuz | OT |Cyz =—( )() if() Cuz | OT [Cyz b (()) ‘222
(a3) 1.(3a) R (al) 1.(3a) 016
cuc | O leug’ | BT cu | OF leug’ | F 4%
a3l S(3a 1 A a3l S(3a 1 A
] or e | [— 1.0 g | OF [c | —1.0
ad T(3a T(a3) T(3a
| I(EIu )| | Cle E[U ) — 0.49 I I(Elu | | Cle E[’U, ) — 0.48
(a3) (3a (a3) (3a) A
cip | or lery” = S e | or [epy,”| o 0-42
=1 (up) a=1 (up)
0 = 2 (charm) 0 4=2 (charm)

Factor of = 2 improvement in the constraints on several

two-fermion FCNC operators
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https://arxiv.org/abs/1812.07638

Conclusion

& Interpretation of the LHC experimental results in the EFT framework
represents an important LHC legacy result for many years to come

& Presented several first EFT results for some very rare processes with
top quarks

& Search for FCNC continues with setting strong limits

& Recent highlights from CMS:

& Comprehensive EFT interpretations from new ttZ differential
cross section measurement and studies of the ttV production

& First NLO EFT in the study of the tW process

& Hunt for 4 top production in progress with
probing four-fermion EFT operators

& Good prospects for future EFT and FCNC studies
at HL-LHC

& Interpretations go easy with Belgian beer!

2019/07/11 Kirill Skovpen - EPS-HEP 2019 12






Future FCNC EFT projections

arXiv:1812.07638

Present constraints
| I | l
|

HL-LHC (3/ab at 14 TeV)

4 t— j 00
w2
53
g 0
5
+
=3 -2 . 3 .
° tcX o ete™ = tj, tj |
|
|
—4+ i marginalised - 4 LEP 1] . marginalised -
! | 1 | | | | I | |
—4 -2 0 2 4 —4 -2 0 2 4
st op L) Cos@3) op ()

» Most stringent constraints on both two- and four-fermion operators expected at the
HL-LHC

» Significant improvement for two-fermion operators at HL-LHC with reaching LEP-II
sensitivity for four-fermion operators (mainly from other indirect constraints)

2019/07/1 | Kirill Skovpen - EPS-HEP 2019 |4


https://arxiv.org/abs/1812.07638

Study of ttV production

36 tb-1, 13 TeV JHEP 08 (2018) 011
60 CMS 35.9 fb' (13 TeV)
% ' l¢ Dalta I.th\ll tlt'Z -INor:pronlwpt | -IWZI t('f)X I.Fiallre '-CrI\argelmis-llD |
& Sensitive to electroweak i '

I | I

couplings of the top quark 40:—
& Important background to ttH e i

& Prompt: WW, WZ
Z+jets, tthar
(only in dilepton OS)

T Yo B gy Ity Brg j1p i gd Ity By S ST 1y Py 1>y,

& Non—prompt: Z+jets, ttbar » 10° CM? ' l | | | l 35i9fb"(13lTeV)
(except dllepton 05) g *35;(3 Igﬁre =trfl\g1prompt e

& ttW measured in dilepton SS 1o N=0

& ttZ extracted from trilepton % 02

and 4-lepton -

\\\\\\\\\\

10

o(ttZ) = 099709 (stat) 012 (systypb = 0oy

FE NSNS NN NN NN NN S TSN NN NN NN NN NI NN SN NN NN NN NN NN NN NN NI N NN NN NI E NN NN NN NN SN NN NN NN I NN NN NN NN NN NEENEEEEEN

] — : W-‘
U'(ttW) — O77+8:11% (Stat 1_8%% (Syst) pb 229, precision GOQd agreemeﬂt

.............................................................................................................................. -‘Ct"OnS
2019/07/1 Kirill Skovpen - EPS-HEP 2019 NLO pred 5


https://arxiv.org/abs/1711.02547

Differential ttZ cross section

78 fb-1, 13 TeV

CMS PAS TOP-18-009

& Cross sections
measured wrt pt(Z)

and cos(9%*) -

angle between Z and
negatively charged
lepton from Z decay
in Z rest frame

& Trilepton and
4-lepton

& Dominant
systematics reduced
by 2x due to
improved lepton ID
(=15% higher prompt
lepton efficiency)

2019/07/1|

do/dcos(8%) [fb]

Pred./Data

CMS Preliminary
AL IR I IR B

7751 (13 TeV) CMS Preliminary
UL L BLELEL IR AL L

77511 (13 TeV)
e ——

BN RERE | 7 T ]
300 1 ek $ Data 3
[ I { = —— aMC@NLO
S °F I E
200 = I J 1 1 - g 4— { E
N -;
100} . g of t :
$ Data ] -8 1_ _
—— aMC@NLO : . -
0 © 0 p——+—+——+——+———+—+ —
125F 4 ©i1asf ;
C . () s . o 2
0.75F 3 D 0.75F 3
ElllllIIIIIllllIIIIlIlllllllllllllllllll; (S L e
-1 -08-06-04-02 0 02 04 06 0.8 1 0 100 200 300 400 500
cos(6%) p1(Z) [GeV]
an
getter prects! \n g(\)ns
\culall
10% precision N INEORE
o(pp — ttZ) = 1.001 508 (stat) 007 (syst) pb:
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http://cds.cern.ch/record/2666205

Anomalous couplings in dilepton ttbar events

36 tb-1, 13 TeV arXiv:1907.03729 (Submitted to PRD)

IM(qq/gg — tt — (£Tvb) (L~ b))|* ~ Tr[pRp]

1 do 1
g dQldQZ (471')2

(1+B1-£A1+Bz-éz—€]-c-€})

B = bk + b°F, + b,

Cij = crkik; + ¢, Fif; + i
+ i (Fikj + Kify) 4 Cp (RiF) + Fitd) + iy (Kith + 11:K;)
+ ¢, (Pik; — kif;) 4 cp (A — Fidy) + ¢, (kii; — 1K)
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https://arxiv.org/abs/1907.03729

Anomalous couplings in dilepton ttbar events

36 tb-1, 13 TeV arXiv:1907.03729 (Submitted to PRD)
CMS 35.9 fb” (13 TeV)
—e— Data —+— POWHEGV2 + PYTHIA8
—=— NLO calculation *— MG5_aMC@NLO + PYTHIAS8 [FxFx]
—*— NNLO calculation
L | l . |
C.. e 0.300 + 0.022 + 0.031
-
C +H—e—1H 0.081+ 0.023 + 0.023
r H;{
C. H-e—H 0329001220016
D . 0.237 + 0.007 = 0.009
Alab Ho 0.167 + 0.003 + 0.010
cosy - -
s
A . 0.103 + 0.003 + 0.007
IA¢"I o
result + (stat) = (syst)
| | | | I | | | | l 1 | | | | | | | | l | | | |

2019/07/11

0.1 0.2 0.3 0.4 0.5
Spin correlation coefficient/asymmetry
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https://arxiv.org/abs/1907.03729

Anomalous couplings in dilepton ttbar events

36 tb-1, 13 TeV arXiv:1907.03729 (Submitted to PRD)

A

Coupling | Operator type Symmetry properties
i 2 quarks plus gluon(s) P-even, CP-even
d, 2 quarks plus gluon(s) P-odd, CP-odd
_ 2 quarks plus gluon(s) P-odd, CP-odd
i 2 quarks plus gluon(s) P-even, CP-odd

¢

¢

Cyy 4 quarks (weak isospin 0) P-even, CP-even
Cva 4 quarks (weak isospin 0) P-odd, CP-even
C AV 4 quarks (weak isospin 0) P-odd, CP-even
CAA 4 quarks (weak isospin 0) P-even, CP-even
¢ 4 quarks (weak isospin 1) CP-even

Gy 4 quarks (weak isospin 1) CP-even

C3 )

4 quarks (weak isospin 1 CP-even

2019/07/11 Kirill Skovpen - EPS-HEP 2019 |9


https://arxiv.org/abs/1907.03729

Anomalous couplings in dilepton ttbar events

36 tb-1, 13 TeV arXiv:1907.03729 (Submitted to PRD)
CMS 35.9 fb' (13 TeV) _ CMS 35.9 b (13 TeV)
(3:-‘ AL LA LA N LB L N B NN B B R B NN S - L L L L L L .
I : i ¢ Standard model -
0.02[~ P - 0'03:_ ; % Nominal E
- : 0-02:_ ' + Theory unc. up _:
0.01— o - - F Theory unc. down -
N i 0_01:— . —68%CL —:
of- ¢ Standard model - - % e 95% CL -
- % Nominal - o 3 _
_0'01:_ + Theory unc. up _: E E
i *# Theory unc. down - -0.01~ -
_0_02:_ — 68% CL _: P 02:_ _:
L % s sssaas 950/0 CL - * : :
I B B SR T BT A B R B ! s 2 1 » 2 2+ 2l 4 2 2 vl 2 3 2 .

-0.05 0 0.05 0.1 0.15 _ -0.05 0 0.05 ~
Cyy C__
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https://arxiv.org/abs/1907.03729

Search for top-Higgs FCNC

IHEP 06 (2018) 102

tH FCNC

& Probe tH (H—bb) FCNC in lepton+jets events

& Use of BDT and event categorisation to deal
with the dominant ttbar+jets background

35.9 fb’ (13 TeV)

% 2000 { Data
|5 D t+If
>
- W ti+ct
2000 Bl i+ 0b
other
1000 ST(x,,=1)x20
TT(K,=1)x1.7
O 15f
=
~ 1»
8
8 05_1

BDT discriminant

B(t—uH) < 0.47 (0.34) %
B(t—cH) < 0.47 (0.44) %
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http://arxiv.org/abs/1712.02399

Search for top-Z FCNC

CMS PAS TOP-17-017

& Probe tZ (Z—11) FCNC in trilepton events tZ FCNC

& BDT as the final selection with non-prompt
lepton background controlled via additionally
defined kinematic regions (WZ and ttbar)

35.9 fb' (13 TeV)

-‘::) 70— CMS Preliminary ¢+ data =
2 E Postiit: STSR ot -
S 60F All | —
~ 60: All channels . 77 .
= = wz 7]
g S0¢ ttZ =
w - NPL DY-like .
40 N B NPL ti-like -
jﬂ —— FCNCtZux20 3
30 N\ post fit unc. —
20~ + E
10:_ + :‘»*:\:\_\\i\~ _::
= ‘ WRES SIS ]
Otﬁ*_:}m | -
O 15 |- a ]
= | |
- T
O 0.5 |-
0

0.4 -0.2 0 0.2 0.4 0.6 0.8 1

B(t—uZ) < 0.024 (0.015) %
B(t—cZ) < 0.045 (0.037) %
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http://cds.cern.ch/record/2292045

Study of ttV production

36 fb-1, 13 TeV

IHEP 08 (2018) 011

Pre-fit data/MC comparisons in SS dilepton

CMS 35.9fb” (13 TeV)
[2] | I _ I _ T I |
c ¢ Data @ttW = t2Z W Nonprompt
L‘I‘>J’ 400-mwz  t{)X mRare WCharge mis-ID]
3001
200
100
CMS 35.9 fb (13 TeV)
e
%J - ¢ Data .ttW ttZ lNonprompt ]
O 200f- MWZ  t()X [ Rare WCharge mis-ID-
0 - i
w r- -
c 150 | -
m -
0 i
w Z i
B ]
50 -
800 100C
H; [GeV]
2019/07/1 |

Events / 10 GeV

Events

CMS 359fb (13 TeV)
] . :
¢ Data lth ttZ INonprompt .
400 WWZ  t(t)X pyRare i Charge mis- I[L_
% ] CMS 359fb (13 TeV)
300 7 7 __ ..U-‘) 300 I |l I |l I l- I Ll 1 I I Ll I
] S - ¢ Data ttW ttZ lNonprompt ]
200 . I_|>_I - BWZ t(t)X " Rare I Charge mis-ID 7
joof i 1 - Control region Signal region A
111111111111 i 200 i N
60 80 100 120 i Z/ ;22 4
Trailing lepton p_[GeV] [ ===, E
CMS 35.9fb" (13 TeV) B T
350 T T I T T =1 2~~~  NEEelees .,
¢ Data WIttW = ttZ [ Nonprompt 100 T
300 WWZ  t(t)X mRare @ Charge mis-ID— %%%41%
250 |
200
150 g o ==
-1 -0.5 0 0.5 1
100 D
50
uwut utet e'et wu uet ee”
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https://arxiv.org/abs/1711.02547

Study of ttV production

36 tb-1, 13 TeV IHEP 08 (2018) 011

Background validation

CMS 35910" (13TeV) cms _ _ _ 359fT(18Tey) CMS 35.9 fb' (13 TeV)
2] | | | | | = . —
5 ¢ Data Nonprompt ~ WtW  tZ | & e Data mWZ @ ttz WtW - %350 ¢IData -zzI -Rlare .
Z 300 ()X mCharge mis-ID mRare WWZ S1500_‘ tf)X M Rare M Nonprompt 1 Baco tH)X Z/\WZ+X iz ]
250 -~ @ - ’
S |
200 (111000
150
100 500—
50
85 90 95 100 0 [
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Study of ttV production

36 tb-1, 13 TeV IHEP 08 (2018) 011

Post-fit data/MC comparisons

CMS 35.9 ™ (13 TeV) CMS 35.9 b (13 TeV) CMS 35.9 b’ (13 TeV)
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Study of ttV production

36 tb-1, 13 TeV IHEP 08 (2018) 011

Cross section extraction

CMS 35.9 fb' (13 TeV)
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Differential tZ cross section

78 tb-1, 13 TeV CMS PAS TOP-18-009
Systematics
Source Uncertainty Correlated Impact on the ttZ
range (%) in 2016 and 2017  cross section (%)

Integrated luminosity 2.5 X 2
PU modeling 1-2 v 1
Trigger 2 X 2
Lepton ID efficiency 4.5-6 v 4
Jet energy scale 1-9 v 2
Jet energy resolution 0-1 v 1
B tagging light flavor 04 X 1
B tagging heavy flavor 1-4 X 2
Choice in pr and pp 1-4 v 1
PDF choice 1-2 v 1
Color reconnection 1.5 v <1
Parton shower 1-8 v 1
WZ cross section 10-20 v 3
WZ + heavy flavor 8 v 1
ZZ cross section 10 v 1
t(t)X bg. 10-15 v 3
X7y background 20 v 1
Nonprompt background 30 v <1
Rare SM background 50 v 2
Stat. unc. in nonprompt bg. 5-50 X <1
Stat. unc. in rare SM bg. 5-100 X <1
Total uncertainty 7
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Differential tZ cross section

78 tb-1, 13 TeV CMS PAS TOP-18-009
: 33 33
c;z = Re (— sin GWCl(lB ) + cos GWCL(JW)>
I : 33 33
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R _ ~1(33)  -3(33)
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Coefficient Expected Observed Previous CMS constraints | Indirect constraints
68% CL 95% CL 68% CL 95% CL | Exp, 95% CL  Obs, 95% CL 68% CL
Crz/N* —-0.7,0.7] [-11,11] | [-08,0.5] [-1.1,1.1] | [-2.0,2.0] [—2.6,2.6] [—4.7,0.2]
dl/a? | [-07,07] [-11,11] | [-08,1.0] [~1.2,1.2] - - -
5 - _— . B [—22.2, —13.0] -
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Differential tZ cross section

78 tb-1, 13 TeV CMS PAS TOP-18-009
Data/MC comparison
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Differential tZ cross section

78 tb-1, 13 TeV CMS PAS TOP-18-009

Data/MC comparison

CMS Preliminary 77.5fb” (13 TeV)
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78 tb-1,

Differential tZ cross section

13 TeV

CMS PAS TOP-18-009
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Differential tZ cross section

78 tb-1, 13 TeV

CMS PAS TOP-18-009

EFT constraints

CMS Preliminary 77.5fb” (13TeV)
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Search for 4 tops

36 tb-1, 13 TeV CMS PAS TOP-17-019

Data/MC comparison in single lepton (post-fit)
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Search for 4 tops

36 tb-1, 13 TeV CMS PAS TOP-17-019

Data/MC comparison in single lepton (post-fit)

CMS Preliminary 35.8 b (13 TeV) CMS Preliminary 35.8 b (13 TeV)
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