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Top quarks as New Physics prob

» Top sector is an attractive place to look
for NP (New Physics)

— Just starting to collect enough ttX/tX data to
study Top couplings in detail > deviations
from SM couplings may hint at possible NP

— Clean/unique decay signature of top quark >
relatively easy to ID decay products, events
containing tops

* FCNC, anomalous couplings and EFT can
all be used as tools to search for NP in
Top sector
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FCNC

Flavor Changing Neutral Currents

Standard Model FCNC Top+gamma Top+Higgs
suppressed by GIM

(Glashow-lliopoulos—Maiani)

u)//
mechanism —»—% —i——(\
¥ H\\\
BSM FCNC >

With Tops

Beyond-the—SM FCNC ufe
S o .
. ] {%a% %

Model: SM_OS 20DM FC2ODM MSSM RPVSUSY Rs Eme Many NP models

B(t — qZ): 10—14 10—4 10—6 10—10 10—7 10—6 10—5 10—6 aﬁ:ected by TOp FCNC

(Ref[1-10] in JHEP 07 (2018) 176)
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Top-y FCNC

Search for tqy FCNC in single top
+Y events

Topology: isolated muon+photon,

large missing transverse energy, 0
and 1 b jet

BDT to separate signal from W+y

Constraints on tqy couplings
translated to limits on B(t>yq)
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Couplings, EFT

JHEP 04 (2016) 035

20fb! @ 8 TeV

CMS,

19.8 fo' (8 TeV)
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BDT output for tuy

B(t—yu) < 0.013 % (obs)

0.019 % (exp)

B(t—Yyc) < 0.200 % (obs)
0.170 % (exp)
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Top-gluon FCNC

EPJ C (2016) 76:55 @)

q t ‘00000 ———
>m\< g [ 20.3 fb-l @ 8 TeV EXPERIMENST
@ a V0000 ———%—
d g i
a g

g q

q t
§ /a: B(t—>gu) < 0.0040 % (obs)
¢ 0.0035 % (exp)
B(t—>gc) < 0.020 % (obs)
0.018 % (exp)

(H—

v

« Search for tqg FCNC in single top events CMS
(specifically W->1v)
5+20 fb! @ 7+8 TeV

« Topology: isolated lepton, large missing
transverse energy, ==1 b jet and (in case of
CMS analysis) ==1 non-b jet

* NNs to separate signal from background (tt B(t—gu) < 0.0020 % (obs)
or W+jets) 0.0028 % (exp)

« Constraints on tqg couplings translated B(t—gc) < 0.041 % (obs)
to limits on B(t>gq) 0.028 % (exp)
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Top-Z FCNC

CMS PAS TOP-17-017 Q&N
35.9 fbl @ 13 TeV |
4 35.9 fo' (13 TeV)
>_(1'0' R L L e
— 14 CMS Preliminary - —— Observed -
O B Expected = 10 i
W 1.2 :_ ..................... ., — Expected £ 2 o 4
= B obs. JHEP07(2017)003
o 1:_ ................. R e mees exp. JHEPO7(2O1A7)003 _:
- S D T N O R N
Search for top-Z FCNC in single top and | -
tt production 06 e -
tZq vertex in production or decay y _ ]
Event selection: | ;
— 3isolated, charged leptons (2 SFOS) AP SN S S J
— 1-3jets (1 or more b jets) | o ] o0
— 4 channels based on lepton flavor % 005 o1 o015 02 02 03 035
Main background: non-prompt leptons B(t>Zu)
BDT used as final discriminating variable B(t>Zu) < 0.024% (obs)
— trained on event-level kinematic + b-tagging 0.015% (exp)
observables B(t>Zc) < 0.045% (obs)
0.037% (exp)
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Top-Z FCNC
) ﬁ]ef(;;hggi; J;)Orgazuigé\lnc See poster by

i | -1
° Event topology: Ana PeIXOtO. 361 fb @ 13 TeV
— 3isolated charged
leptons b N N N
— Atleast2jets (1 bjet) ¢ X2 minimizationto ° . ATLAS _ — Observed CL, ]
- Missing transverse invariant masses Of s-13TeV ST . Expected CL, - Median |
energy - Expected CLg* 1o
W, SM top and FCNC os pecied ™=
\:IExpected Cls+20
S top to reconstruct ]
P 50;_?5T:?3‘?Tev, 36.1 fo' -7 B event o R
S [ CReSRIit(=0) _"O"tﬁer . .
D 40f-Signal fegion mwnpomn | ¢ Result extracted viaa o,
C B =0017%) 1 : H 2
o g i simultaneous fit to x¢ |
X ] value in signal 02f
] regions, and to I
. . . - 0
E kinematic quantities - - - M B
(such as leading
& lepton p.) in B(t>Zu) < 0.017% (obs)
- Do P 0.024% (exp)
s ik ) 2 background regions y o (exp
S os - B(t>Zc) < 0.024% (ObS)
0.6 n
0 2 4 6 8 10 12 14 0.032% (exp)
X2
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Summary of current FCNC limits

t—Hc
t—Hu
t—=yc
t—=yu
t—gc
t—gu
t—=Zc

t—=Zu
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ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
LHCfopWG [1] ATLAS-CONF-2018-049 [2] JHEP 02 (2017) 079
[3] JHEP 06 (2018) 102

[4] JHEP 04 (2016) 035

September 2018

[7]1 JHEP 07 (2018) 176
[9] JHEP 07 (2017) 003
Theory predictions
from arXiv:1311.2028

[8] CMS-PAS-TOP-17-017

Each limit assumes that

all other processes are zero = SM 2HDM(FV) [Z]2HDM(F
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Top quark Anomalous Couplings

G—TCI:-I‘Q,DSVTIgMS Preliminary ; v, |= (;T:;S from single top quark production May 2018
[ ]
Probes of Wtb vertex:
PRD 83 (2011) 091503, PRD 82 (2010) 054018,
PRD 81 52010; 054028
M M AOy,.,: SCale ® PDF total theo
* W polarization (and
° If V! = (meas) = (theo)
related observables) in tt e |
+ . n I _t n_t PRD 90 (201:8112006 (459 o) T
Si g e Op eve S ATLASBTEV! o et 1028 = 0.042 = 0.024
CMS 7 TeV [P 1.020 = 0.046 = 0.017
M M JHEP 12 (2012) 035 (1.17-1.56 fo™") :
¢« G lized le t
MS 8 TeV : 0.979 = 0.045 + 0.016
eneralized single top o
observables (e.g. angular |#esmmerer e o o o
d . 't . b t. ) PLB 772 (2017) 752 (2.31b™") D
ATLAS 13 TeV*® H—t— 1.07 = 0.09 = 0.02
IS rl u Ions JHEP 04 (2017)9086 (32™)
. . . wt:
® I d t I rr\ 't ATLAS 7 TeV ——— 1.03*%21%. 0,03
n I rec I I S PLB 716(2012) 142 (2.051™) : -018
: +0.16 +0.03
gF'x\lll_Sn% (Tz%Ys) 022003 (4.9 fo™) : 101 013 004
ATLAS 8 TeV"” —t 1.01+0.10 = 0.
JHEPOS1‘(8201%)064 (20.3b™") : 01=0.10=0.03
b~"(V, P VaP W- 9&('.81182-(2%\1/4‘) 231802 (12.2fo™") —fe—— 103012004
C - \/éb / ( LTL + R H) t H LHC combination 8 TeV Uhctopwa }—|——v—|—{ 1.02 = 0.08 = 0.04
ATLAS-CONF-2016-023,
. CMS-PAS-TOP-15-019 :
= ot ATLAS 13 TeV? — . | 1.14:024:004
o J biq,/ (gLPL +QRPF;)t Wl_ + h.c. EPJC78(2018)e186 (3.21™) ' : I L
\/§ MW ’ s-channel: :
éIIBL%% (%c;qg)vzszs (20.31b7") } et 1 O.93ig:;g:0.04
VL = th = 1 (Wlthln SM) : ;including top-quark mass uncertainty
: - NLO PDF4LHC11
VR; gRI gl_ 9 anomalous Coupllngs (Njgf’oszos(201o)1o,CPc191 (2015) 74
including beam energy uncertainty
[EPJC50 (2007) 519, NPB804 (2008) 160, NPB812 (2009) 181] T o
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
If, V!
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W helicity and top quark ACs
|

T
+112

longitudinal W
SM (L0): F,=0.6966

+

T b -112

+112

[PRD81 (2010) 111503]

left-handed W  right-handed W
F=0.3030 F,=0.0004 ¢

Ndcosg* 2

1 dN 3 sin 0%\ 2 1 —cos#*\? 1 4 cosf*\?
- lFO( >+FL< 2 )+FR< > )

ERr
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Information on W helicity
obtained by looking at
top decay products
(single top or tt)

Anomalous couplings =
deviations on helicity
fractions (F,, F, and Fg
observables)

Fi Fr

LJ_c,0,73_....].,..,.,..].,..].,../,.,..,....]...._ LJ__.0,33_...,[...,[....I,\...[..,.I..,.I..,.[...._ ,&0.008 frrrrrs ]\]][/,]
- m,=172.5 GeV ] [ m=172.5 GeVY ] , ]
0.725 M, = 4.8 GeV / 1 032 m=48GeV \ 1 0006 \ / |
T ' ] I \g ] i Ve\}\ 9 / :
C ‘\ R 1 0.004 / R

0.31- ., . r /
i 0.002 - / 1
03~ Vg C A
C 0 ]
0.297" C ]
- .‘ -0.002 .
o \ L m =172.5 GeV 1
0'28: \ -0.004 - m, = 4.8 GeV .
0.6 :nnln“nl“nlu’”nnl“nl““l““ L] 0.2 :n“[nu:[“nn[unnl“n:‘[“nlunl“u- -0.006 I I T N PR P FTre free
2)2 -0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 62 -0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 7-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2
anomalous coupling anomalous coupling anomalous coupling
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W helicity AC results

19.8 fb" (8TeV)

* Several W helicity analyses o :
that set AC limits goos Wexc | tT (I+jets)
. . . 006 V,=1,V_=0 o%
e Various combinations of I Hesw%ct -
couplings considered, as ooz * sM
well as independent oot :
measurements of helicity 3 -
H -0.04—
fractions . 3 PLB 762 (2016) 512
« Allin agreement with SM a0
o0C e b b L L
5.0 fo" (7 TeV) + 19.7 fo' (8 TeV) )
G 045 CMS [ 195% CL observed -
0.3;— [ 68% CL observed 2 107145 W 99.7% CL
02 e 95% CL expected ® 0.8 .Ld 0.2 fb] 95.5% CL .
—— 68% CL expected . :/ t=20. —— Og:ils/o ct ﬁ (I+J etS)
" 0.6/ =8 TeV
. B EFTfitter
0.4
¥ V=1
ook Single To 02- Va=0
S T 0.0 =D
0 0.05 0.1 0.15 0.2 0.25 0.3 L
; L 0.2
Ccms | 1Al :
JHEP 02 (2017) 028 S U R R BRI
§ -0.4 -0.2 0.0 0.2
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AC constraints from additional angular infor

JHEP 04 (2017) 124 @ JHEP 12 (2017) 017
DI ATLAS

* Angular distributions in (t-channel) single top Description of the Wtb vertex using
events used to measure top polarization and normalized triple-differential
W spin asymmetries, constrain ACs (0,06*,¢p*) decay rate of top quarks
+ Constraints on extended amplitudes
Top and W spin ?nd I?hfsdesf (]cﬂ, TJ*,_to*, 0,,0) ;
- ranslated into limits on couplin
Angular > Unfolding measurements ratios P9
Distributions Technique
AC Constraints = O0SpTr LI B I
2, 0a5c. ATLAS X Best Fit -
g s T o P (5 o8 Tev, 2020 eSM ]
g ) ) 4F -
i \s =8TeV,20.21b" Signal region 0. E [ 68%CL =
6000 - E 0.35 95% CL
0.3F E
4000 1 0.25 B
o Data 2012 =5 E
—Img =0 3
2000 Cima oz 015 E
W Stat.R+MuItijet unc. . _f
0708 06 04 02 0 02 04 06 08 1 LS =
N PG | PR S T S AN T ST SR S NN ST S R B
cost: . . 03 04 05 06
Assuming V;=1: Im(gr) € [—0.18,0.06] VAV
19/11/2018 Geoffrey Smith -- FCNC, Anomalous 12
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Effective Field Theory
* Model-independent expansion of the SM Lagrangian

« (Dimension-4) SM Lagrangian extended with higher-order
operators

— Dimension-5 operators typically excluded as they do not conserve

lepton number

— Effective Lagrangian is thus a series expansion of dimension-6
operators, in the inverse of the energy scale of the NP, 1/A

— Dimensionless Wilson Coefficients (WCs) ¢, parameterize the strength
of a given NP interaction

* Proposal for common standards + prescriptions for EFT
interpretations by LHCtopWG: [arXiv:1802.07237].

1
ﬁeff:£SM+FZCiOi+"‘

19/11/2018

P

NP energy
scale

‘!

WCs

.

Dim-6 operators

Geoffrey Smith -- FCNC, Anomalous
Couplings, EFT

59 Dimension-6
operators that
conserve baryon and
lepton number

(not all relevant for Top
physics)
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EFT interpretation: ttW/Z cross's
Multilepton ttW and ttZ xsec CMS

measurement, with additional 35.9 fb! @ 13 TeV
interpretation in context of EFT

« Eight operators selected that impact expected ttZ/W/H cross section w/o
significantly impacting expected backgrounds (mainly tt)

« Constraints on the individual operators obtained by fitting to one operator at

a time
* Full results in backup
2 \C\M\\s\ \S\i|rrr‘vl‘\llwa\\ti\o\n| TT M\G\S\_\a!vl!q@\!\l\l-\()[ IT(r) | 12chrS T T T T T T T T 3\5.91 ft\)_lw (1\3 Te\\/) CMS 35'9 fb_l (13 Tev)
L _ 1 | ] 7-—-2.2:\"|\_\\\"\1\\‘|V\\\\\';
§3.0: X tEW ] E L e Best flt : _8- ] + ttV theory [1]
5, .l + w2 TR L S — 68% CL 1 N200 % 2D best fit
3t t ] I 1 s
I ] o ttH 1 (Tl i e 95% CL 18 Lo 68% CL ]
5,0 ] . Tl --- 95%CL
L . ] 1.6- y Best fit
] | ~ 2 WA
1.5 T ] 1.4) 1€l
L - | B i
O + ; | A+ o) O: + ! IS \
1_oix299$5@®®m¢2§59§xx4 ] 1.2 "' Y ]
] | i iy
A ] 1.01 :Ex : I!
OSj j | ] i \ —/l/[
i 1 e 0.8 =
00" 35570 1.0 0.0 10 20 30" 8o 10 20 30 _ 00 02 04 06 08 10 12
Cug IN? |€us/N?| [TeV~2] Otiw [pb]
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EFT interpretation: other resultSSNaWA

ATLAS-CONF-2018-047 @ CMS PAS TOP-17-014 JIENMEVg
36.1fbl @ 13TeV UM 35.9 fbl @ 13 TeV S
. }'op cgrfc:cmoma netic dipolfe momentchodr)\(sl‘f)rained
rom differential tt xsec as function o at
o ttV+tttt cross particle level
section ana|ysis Ta +  Compared expected yields after varying C,
. . operator strength using EFT predictions at NLO
multilepton final (PRD 91 (2015) 114010
states . Limi’lc consistentzwith SM and improves previous
L results on C,o/A
— Details in talk « See talk by K. Kousouris
yesterday by Clara ., CMSpeimnay 3591"(13TeV) . CMS Proimnay 359" (13 TeV)
Nellist R S 3 . |
dgs Gt i
e ttV measurement 3. .
used to place limits i o omealt
on 5 EFT operators i | e
that would affect ttZ | oo =" i
* Results in backup E——
005 1 15 2 25 3 95040302 01 éllafnéi J; 04 05
Ao(l, 1) C/A?[TeV?
19/11/2018 Geoffrey Smith -- FCNC, Anomalous 15
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EFT: Direct search for New PhySicSSN WA

Search for deviations

CMS PAS TOP-17-020 [Jl€\1Yg

35.9fb! @ 13 TeV

from the SM in single top

(tW) and tt production * Event selection
targeting dilepton +

35.9 fb' (13 TeV) .
gzsoooi—CMS i Data(20b16) —tc\?(wpb) Jets events
~ = .. tcg(10 t
£ Poimay g oy — Separated by lepton
0 (n-jets, 1-tag) Ei‘frs ZZ?p(;ogz flavor
R — tt: >=2 jets (2 b jets)
oo . — tW: 1-2 jets (0-1 b jet).
5000k . 1 . Y Signal extraction Via
e neural networks
S - s ey -
R R TR YR T B R AR TR on analysis channel)
NN output
19/11/2018 Geoffrey Smith -- FCNC, Anomalous
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EFT: Direct search for New PhySicSSN WA

CMS Preliminary 35.9fb' (13 TeV) CMS PAS TOP-17-020 JISI4N
L L B B L L L _ A
| $ Obs. Best fit A — 1 TeV | 35'9 fb ! @ 13 TeV
I 682 Obs. . . .
| s _*» Analysis sets limits on
| 55% Ons. theory sy | 6 EFT operators that
ct | affect tt and/or tW
Cun | mmmmm | - Limitson C g and Cg
C.x10 | B | translated to
c - - observed (expected)
— | | . limits on FCNC BRs
— I | | -« First experimental
cG [T I AR T B m | T bound On CG

8 6 4 =2 o0 2 4 6 8 .
c, coupling

Single Top (tW) tt B(t > ug) <0.12 (0.22)% obs (exp)
Single Top (tW) + tt B(t = cg) <0.53 (1.05)% obs (exp)

Geoffrey Smith -- FCNC, Anomalous

19/11/2018 Couplings, EFT
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Search for cLFV Top decays !

ATLAS-CONF-2018-044 @)

79.8 fbl @ 13 TeV

Charged Lepton Flavor
Violation

EXPERIMENT

C

* Top-quark pair production
with the decays:

— Different-flavor, opposite-
sign dilepton + 1 up-type
quark

— SM leptonic decay

« Event signature: 3| + >=2 jets
(1 b-jet)

* Main background: non-
[diagram: EPJ C (2015) 75: 450] prompt leptons

— Estimated using data-driven
matrix method (tag-and-
See poster by Carlo Gottardo! probe approach in control
regions enriched in non-
prompt leptons)

Geoffrey Smith -- FCNC, Anomalous

19/11/2018 Couplings, EFT
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Search for cLFV Top decays

10°

ATLAS-CONF-2018-044 @

2 31 I I L B B DAL I =
5 = i ¢ Data Non-prompt 3
ol Slgnal reglon [ Others 7/ Uncertainty B
= Pre-Fit — Signal ---Signal t-veto =
- 1+ Event reconstruction in signal
ol N region to reconstruct cLFV
: o top quark
B 1+ Invariant mass of
- _ reconstructed cLFV top,
E other kinematic quantities
i used to train BDT - final
10 - discriminant to set limits on
X Top cLFV BR
AV _
E 1.5
< e | | %// B(t—>0€8'q) < 1.86(1.36)x10 obs (exp)
8 . W ///’// /// B(t>euq) < 6.6(4.8)x10°6  obs (exp)

-0.6 —0 4 —0 2 0.6
BDT discriminant

Geoffrey Smith -- FCNC, Anomalous

19/11/2018 Couplings, EFT
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* No clear evidence (yet) for BSM effects in the Top
sector

* Lots of activity in FCNC, AC and EFT Top analyses

— Constraints on NP continue to tighten as more data is
analyzed

— See talk by K. Finelli tomorrow for tqgH FCNC update!
* EFT gaining in popularity in BSM top physics
— When appropriate, relatively straightforward to
include constraints on EFT parameters in Top analyses

— Way to do apples-to-apples comparison of BSM/NP
constraints across different analyses

Geoffrey Smith -- FCNC, Anomalous

19/11/2018 Couplings, EFT
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Backup

Geoffrey Smith -- FCNC, Anomalous
Couplings, EFT
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Top-gluon FCNC

x‘IO3
= ——
?030_47’-43 (s=8TeV, 203" EPJ C (2016) 76:55
= ] u,c b
0.25/ 7 20.3 fbl @ 8 TeV
— Observed .
- — - Expected
0.20)\ -
, =10 | t /+ S 18000 .
- . o . -
0.15 . | % 16000 ?;"-:Tsv . FCNC (50pb)
i Excluded ; ] o s=8TeV, . " 1 Single top .
0.10" xcludedregion w § 14000 Signal region . i E
: ] “" 12000 e 3
0.05F -] g vV Z+jets, diboson
s 1.5 10000 B Multi-jet e
0.00 0 o4 006008 (] Uncertainty ]
B(t—>ug)

 Search for tq}g FCNC in single top . O
events (specifically W->1v) 5 2 ]
« Topology: isolated lepton, missing 3 ot
transverse energy, ==1 b jet s o | :
* NN to separate signal from W+jets -
« Constraints on tqg couplings
translated to limits on B(t>gq) B(t—>€u><%g%§g‘:{/°((°b8>)
— : o (exp
Best limits on B(t>gc) B(6-ge) < 0.020 % (obs)
0.018 % (exp)

Geoffrey Smith -- FCNC, Anomalous
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Top-gluon FCNC

JHEP 02 (2017) 028 CMS

/m\f 5+20 fb! @ 7+8 TeV
g
A
x10° 19.7 fb (8 TeV)
2 i B t channel
N s channel
: W
: O
& & 5 3 W+light
0 as |[EWW+C _
. Q oty ”"’ et E@W+QQ
 Search for tqg FCNC in single =10 00 artuny ot ettt ity Mt 5 W4QX (UE)
top events 5° oio 02 04 06 08 10 M Dposons
o . . . . : -~/ Drell-Yan
» Topology: isolated lepton, tug FCNC BNN/ 7 Muttijet
missing transverse energy, =
or ==Tb jets B(t—gu) < 0.0020 % (obs)
. ]Ic?;ayes;an NN to separate signal 0.0028 % (exp)
LB o t5qu B(t—>gc) < 0.041 % (obs)
est limits on gu 0.028 % (exD)

Geoffrey Smith -- FCNC, Anomalous
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Top-Z FCNC

Search for top-Z FCNC in single
top and tt production (backup)

tZu

35.9fb™ (13 TeV)

£ 70— CMS Preliminary
2 Post fit: TTSR

S 60 All channels

2

§ 50 $

2

I

N
S

ttbar

| LT

4 data

B tZq
[l other
| P74

wz

tzZ

NPL DY-like
I NPL tt-like
— FCNC tZu x20
post fit unc.

&

0
!
Q15 ' I
2 R 2 S |
Tt i
3 os |
0 -1 0.8 0.6 0.4 0.2 0.2 0.4 0.6 0.8 1
D
35.9b" (13 TeV)
""é 70 CMS Preliminary 4+ data =
2 Post fit: STSR ] 'Zﬂf E
S 60 Allchannels = ;Zer 3
g wz B
o & =
NPL DY-like E
+ 40 I NPL tilike =
S — FCNC tZu x20 3
GJ 30 S post fit unc. =
oo = ¥ E
C 10 + M =
[ s
m IS, |
20
Q15
s | | |
g Ty — |
Sos |
0 -0.4 0.2 [ 0.2 0.4 0.6 0.8 1
D
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Events /0.1 units

Data/MC

Events /0.1 units

Data/MC

tZc

35.9fb™ (13 TeV)

CMS PAS TOP-17-017

35.9fb! @ 13 TeV

35.9 17" (13 TeV)

1072

3u
1e2u
2elu
3e
STSR
TTSR

Combined

CMS

Compact Mu

35.9 17" (13 TeV)

CMS Preliminary

B
(Y
(I H|

Ed
[

I Expected +10
------ Expected =20
rrrrrr exp. JHEP07(2017)003

—=— Observed

107 107°

1072 107
95% CL limit on B(tZc)

* Above: upper limits
broken down b
analysis channe

e Left: BDTs used as

[ P dat: | L
© CMS Prelmiary - 3 CMS Preliminary
50— Postfit: TTSR I other I
[ Allchannels = B 3u -l
40i wz 3
O NN tzZ |
F \ﬁ NPLDY-ike Te2u I
30 I NPL tElike A
= . — FCNC1tZe x50 7
C \? post fit unc. | 2etu -
20 A
: ot 1 e -
10 4* =
_d;u% STSR e
ok | B Expected <10
2
1 TTSR - ------ Expected =20
‘51 R RN T T e B exp. JHEP07(2017)003
I AL —— Opserved
‘ | moned
03 o8 08 04 0z 0 2 od o5 o 1 Ll P | L
D 107 10°°
o -
35.9 1" (13 TeV) 95% CL limit on B(tZu)
CMS Preliminary ¢+ data
455 post fit: STSR .z
40 All channels
. zz
35 wz
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Summary of W helicity measure

ATLAS+CMS Preliminary November 2017

LHCtopWG total stat

B Theory (NNLO QCD) FR FL FO

PRD 81 (2010) 111503 (R)

—e—#—+ Data (F_/F /F)

ATLAS 2010 single lepton, Ys=7 TeV, L =35 pb™! H—e—H H—a—H H———H

ATLAS-CONF-2011-037

ATLAS 2011 single lepton and dilepton, {s=7 TeV, L =1.04 fbo HmH Ha-H
JHEP 1206 (2012) 088

CMS 2011 single lepton, {s=7 TeV, L _=2.2fb™'* HeH H——H
CMS-PAS-TOP-11-020

LHC combination, /s=7 TeV (= Ha+H
LHCIopWG
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025

ATLAS 2012 single lepton, Ys=8 TeV, L _=20.2 fo'! |
EPJC 77 (2017) 264

CMS 2011 single lepton, {s=7 TeV, L _=5.0 fb™ i H
JHEP 10 (2013) 167

CMS 2012 single top, {s=8 TeV, L _=19.7 fb™
JHEP 01 (2015) 053

CMS 2012 single lepton, {s=8 TeV, L _=19.8 fo! kel H
PLB 762 (2016) 512

CMS 2012 dilepton, Ys=8 TeV, L =19.7 fo heH He!
CMS-PAS-TOP-14-017

)
i
*i:h:

* superseded by published result |
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W boson helicity fractions

See also talk by Petra
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EFT with Top Quarks

» To investigate effects of NP on a given
process using EFT, one must calculate the
expected cross section as a function of the

c.f. JHEP 08 (2018) 011

WCs: CMS Simulation  MG5 aMC@NLO LO

53-0} X ttw -

Matrix 3 | .tz ]

element SM  EFT expansion +25 o tiH 1
S

N
o
T
\

M= Mo+ ) M, +

. . :6 b ) - + & 9 re) 6 é,
e Xsec scales quadratically with WC strength: 1.0/ o5 g-gant 8 O -
2 0.5? .
osmnp(Ci) &« | M| : l | l
5 00720 00 20 i
X S0 + 51;C; + S2;C; Cuw /N
Geoffrey Smith -- FCNC, Anomalous 26

Couplings, EFT



EFT interpretation: ttW/Z cross st

Results: limits placed on 8 EFT operators

Wilson coefficient

68% CL [TeV 2]

35.9fb! @ 13 TeV

cMmS |

95% CL [TeV 2]

Caw / A —1.6,1.5] —2.2,2.2]

e/ A% —16.8TeV 2| [3.7,23.4] 0,28.7]

3G/ N? —0.5,0.5] —0.7,0.7]

3G/ A? —0.3,0.7] —0.5,0.9]

Cug/ N* —0.9,—0.8] and [-0.3,0.2] [-1.1,0.3]

Cup/ A?| 0,1.5] 0,2.1]

CHu/ A\ —9.2, —6.5] and [—1.6,1.1] [—10.1,2.0]

Cac/ A2 —0.7,0.4] —0.9,0.6]
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EFT interpretation: ttX measureme

From talk by C. Nellist

ATLAS-CONF-2018-047

Interpretations of the inclusive cross-section measurement in terms of
Effective Field Theory (EFT).

o  Set constraints on the five operators which modify the ttZ vertex:
o First two enter the ttZ vertex as a linear combination
m measurement is sensitive to the difference: Céz = Cgé

o  Only one operator is considered at a time.

0(3) 0(1)

O¢t’ OtW’ OtB

¢Q’ T oQ’

Coefhicient

Expected limits
at 68% and 95 % CL

Observed limits
at 68% and 95 % CL

Previous constraints
at 95 9% CL JHEP o5 (2016) 052

(C(Q) — c(;lQ)) /A2 | [-2.1,1.9], [4.6,3.7] [-1.0,2.7],[-3.4,43] [-3.4,7.5]
Cor/ A2 [-3.8,2.8],[-23.5.0] [-2.0,3.6].[-27.5.7] [-2.0,5.7]
Cig/A° [-8.3,8.6], [-12, 13]  [-11, 10], [-15, 15] [-16, 43]
Crw | N* [-2.8,2.8],[4.0,4.1] [-2.2,2.5].[-3.6,3.8] [-0.15, 1.9]
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EFT: Search for New Physics

Search for new physics in top quark
dilepton final states (backup)

Single Top (tW)

CMS PAS TOP-17-020

35.9fb! @ 13 TeV

TTBar

CMS

Contributions
From SM

Contributions
From EFT

19/11/2018
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Search for cLFV Top decays
Ranked list of variables &)

used in BDT 79.8fbl@ 13Tev  [LUIFLW
Variable Separation (%)
OSSF lepton pair invariant mass 11
cLFV top mass 10
pr of the electron associated to the cLFV decay 9.1
pt of the muon associated to the cLFV decay 8.5
pr of the lepton associated to the SM decay 8.3
Scalar mass of all jets and leptons in the event 7.6
Same-sign electron pair invariant mass 6.9
Missing transverse momentum 6.8
Number of b-jets 6.7
W transverse mass associated to the SM top lepton 6.6
AR between the cLFV electron and the cLFV light jet 6.5
SM top mass 6.4
AR between the cLFV muon and the cLFV light jet 6.3
BDT discriminant 4
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