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Intfroduction

« The top quark is the heaviest known fundamental particle. Could it play

a special role in electroweak symmetry breakinge

« The top quark has a very short lifetime, and is the only quark that decays

before forming hadronic bound states

« This leads to many measureable properties that we can test from its

decay products, probing the predictions of QCD

« Understanding tt production is crucial for many searches for rare SM

processes and physics beyond the SM

« The LHC is a Top factory!
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Lots of interesting results!

« ATLAS:
« Spin Correlations Eur. Phys. J. C 80 (2020) 754
« Charge Asymmetry ATLAS-CONF-2019-026
 Energy Asymmetry - (Pending)
* Top-quark Polarisation ATLAS-CONF-2021-027
* Flavour-Changing Neutral-Currents
* tqy - Phys. Lett. B 800 (2020) 135082
« Lepton Flavour Universality Nat. Phys. 17 813-818 (2021)

« CMS:

« Spin Correlations / Asymmetries
- tt-Phys.Red. D 100 (2019) 072002
* tqZ - CMS-PAS-TOP-20-010

« CP Violation CMS-PAS-TOP-20-005

* Flavour-Changing Neutral-Currents
 tqH(— yy) - CMS-PAS-TOP-20-007
« tqH(— bb) = CMS-PAS-TOP-19-002

@ * Lepton Flavour Universality CMS-PAS-SMP-18-011
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https://link.springer.com/article/10.1140/epjc/s10052-020-8181-6
https://cdsweb.cern.ch/record/2682109/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-027/
https://www.sciencedirect.com/science/article/pii/S0370269319308044?via%3Dihub
https://www.nature.com/articles/s41567-021-01236-w
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072002
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-19-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-011/index.html

This talk

« ATLAS:

« Charge Asymmetry ATLAS-CONF-2019-026
 Energy Asymmetry - (Pending)
* Top-quark Polarisation ATLAS-CONF-2021-027

« Lepton Flavour Universality Nat. Phys. 17 813-818 (2021)

« CMS:
« Spin Correlations / Asymmetries

* tqZ - CMS-PAS-TOP-20-010
« CP Violation CMS-PAS-TOP-20-005
* Flavour-Changing Neutral-Currents
* tqH(— yy) - CMS-PAS-TOP-20-007
« tqH(— bb) = CMS-PAS-TOP-19-002
@ * Lepton Flavour Universality CMS-PAS-SMP-18-011
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https://cdsweb.cern.ch/record/2682109/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-027/
https://www.nature.com/articles/s41567-021-01236-w
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072002
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-19-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-011/index.html

15min, 6 Topics...
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CMS-PAS- TOP 20-005 CMS\

Asymmetries that probe CP violating interactions are measured in
observables constructed from linearly independent four-moment vectors
Define T-odd operators using final state objects of top decays to build
asymmetries (see backup for details) [2]
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e’ _ . .
tt l+jets selection, 90% purity
Ve Backgrounds: ttbar dilepton, Single-
+ top, W+jets, Drell-Yan+jets,
w Diboson...
w- x?-based Jet assignment for Top and W
ﬁ reconstruction, ~75% accuracy
q ' Fit my;, with CR for W+jets normalisation

O3 = Qee(Po, P5, Pir Pj,) & Qebly - (Py X P/},

DB = QFE{PJPIJ

= P/ Per p;'.} < Q¢(Pp — Pp) - (Pe % ﬁ_.l't)

O12=q- (po — Ps)e(P,q, Po, Pp) & (Po — Pp)z - (Pb X Pp):
Oy = €(P,py, + ps, Per Pj,) & (Po + Ps) - (Pe % Pj)-
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ACF{DE) B NE\’EH[H{DJ: = 0} + event*-:(oa ) 3 6 12 14

Events / 0.04
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Note that green and yellow ratio bands are not symmetric
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-005/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.014020

CMS-PAS-TOP-20-005

137 fb~1

« Many sources of ‘dilution’ may affect the measured asymmetry Aqp (€.Q.
object mis-reconstruction) which can be corrected for

« BSM physics could be large enough to appear even in an uncorrected
asymmetry Acp

11ep, >4 jets (2 b jets) 137 (13 TeV)

< Ir | | T .

o — —

201Iep,24jetsf2bjels] E 0.8l CMS A Agpinetjets v Al inptets =

i E CMELl B I "E "q'j E Pre”minary A’ in lepton+jets (8 TeV) A’ in lepton+jets E
q:% ISE- Simulation Preliminary E E 0.6 = E
% 10~ 4 2 04 —
£ : 1 < = .
5_ — — —

% o ] 0-2: { :
h C ] L -
= » * A ] o ]
= - = — —
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10f- — Fitto Ay, = 04 B
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_zu-f.'...l....l....|....|....|....|....|....: ~ .
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Input asymmetry A in O_ [%] - ]

CP 3 4t l I N

(@) O

3 6

Precision of 10~3 achieved, no evidence for CP violating effects
observed — consistent with SM expectation.

Results are stat dominated.

Largest systematics: Top Modelling (see backup)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-005/index.html

tt produces unpolarised tops (parity conservation in QCD)

t-channel is dominant process for single-top production at LHC

Single-top production (V-A coupling in Wtb vertex) leads to tops with their
spin completely aligned along (or against) the direction of the down-type
quark (the ‘spectator’ quark), depending on the or

process and the production of atort

= Aligned = Anti Aligned P, (t)~0.90 (Depend on +/s,
@ = Anti A]igned — A]igned PZI(E)’V — 086 acceptance...)
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ATLAS-CONF-2021-027

Top Polarisafion 139 -1 ATLAS

EXPERIMENT

* Top quark spin affects angular distributions of decay products

b e*
. Ve
« MC Templates may be built between samples to represent any LANG
combination of valid polarisations {P,, P, P,} W
. C L. . . t g
» Build angular distributions for the charged lepton with respect to each ; ;’,
OXiS Gll 2 T T T T T T T T £20000F=T T T T T T T s
] [ ATLAS Preliminary & Data [Ot-channel 7 g r ATLAS Preliminary ¢ Data [Ot-channel 7
& Wos000f~ 15 =13 TeV, 139" [, tW, s-ch [W+jets — W18000~ s =13 TeV, 139 b [T, tW, s-ch [W+jets
[ Signal Region [Z+jets, vV [Wothers ] 16000:— Signal Region [zZ+jets, vv [Wothers 7
I top quark W Muttijet ZzUncertainty I top antiquark W Multijet 7 Uncertainty J
20000 Post-Fit - 14000f- Post-Fit —
15000:— _ 100005— - e
C ] SDDD;__‘_,__.,,J——‘“* 3
1000[]_'— - = C _ -
E—*\-o—r.__.' 3 6000 - E
5000 = 4000 ]
2000
. 0 E . 0
E e I 3 8 .
77 //%//////// 2.0 £\, v //% i Wk
g 0ss /ﬁ///%//// 7 //%/%//é- g 058 %// %/ /////%/// /////
L B R R R e R e L

Q

« Octant Variable Q defines all signal regions, broken by sign of cosb;; and q;
« CRs are introduced for tt, W+jets backgrounds

Profile likelihood fit over all regions simultaneously:
« 6 Pols (polarisations split by top charge)
« Normalisation Factors for CRs
* Nuisance parameters associated to systematic uncertainties

Jacob Kempster - University of Birmingham | 5 September 2021 9



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-027/

ATLAS |Eka

ATLAS-CONF-2021-027 ?
EXPERIMENT G:‘M“

Top Polarisation 30 -1

I . .
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. r ion:
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- . : I e T - - ; .
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. I * SM prediction ] . ..
Jet Energy Resolution (JER) I [ S Wilson Coefficient values
- Polarisation depends on : or — 1° EOThlfoeff'C'len(Téf'Hed ’r
. : . : ‘ 1 imultan n
kinematic angles determined | R ] >IMUITARSOUSY {[A0€s NO
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| Ciw
1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-027/

Top Spin Asymmetry s

In single-top tZg events, a ‘spin asymmetry’ A; may be
defined using leptons from top-decays which can be
used as a proxy for the Top polarisation:

PR P = Top polarisation
R a;= Spin analysing power of lepton
- 1%y | 2 l* ’
cos(801) = p(q™) - p(7) Momenta of spectator quark ¢' and

(@B lepton from top decay I, in

Spin asymmetry may be
d — g (1+A cos(6; )> related to differential cross-
deos(65,)  T\2 pol section using top quark
polarisation angle

g; Jacob Kempster - University of Birmingham | 8 September 2021 11



CMS-PAS TOP 20-010 CMS

Top Spin Asymmetry

* Measure tZq differential cross-sections using 3-lepton final states z

* Neural Network (NN) to separate signal tZg events from
backgrounds: ttZ /X, Diboson, Non-prompt leptons

* Many CRs defined with enhanced processes to check modelling in @
profile-likelihood fit

- ‘ISth [13TE'U'
138 1 (13 TeV) S goof CMS Prelimnay 4 Data  @EZq 7
§ ;. ‘e o I I.I o s : - E nonprompt enriched CJNonprompt E )X E
= 16 CMS Preliminary T ~ - @Xy gwz .
s \\\\« oy £ 500 miz mZzZH -
"__'E'); 14 i Measurement R o - uliboson % Uncertainty
* — i — = - -
o v © 400 =
©  12F ZaMC@NLO, 4FS ——= i ] z
S 10 2WaMC@NLO, 5FS RN+ 4 B s0of 3
o u : . E s ; b 1 t
“‘6 8 [ 7 = = -2- 200F - w ,
- - . C : q— > q
5F p*FS = 82.3% 1 "
P S AR SRR x ] i .
- P =56.0% E——— —
C % * ] o Stat un'c:arrain"ry ) ' ) ) b g t
2;_ = o 15F W Stat we o
PPN B 1 I 1 Ll 7 E 3 B i q q’
= ' ' ' ! ' ' ' ' ' |
HE 1.5 [RRNRPRNRRNRNY ] B 535 .
o|® 1 i | Number of mueons in event
S E 1 R Y
o|lo ! ! % |
a E 0.5 - T
77208 -06 04 02 0 02 04 06 08 1 A, =0.58 +D 16 (stat) 220.06 (syst)
Parton level cos(©,,) LFS SM
R A7 = 0.4375080% (SR FSR, PDFs,
Unfolded polarisation distribution A : renormalisation +
at parton level Al ’ — ()_4-54-f8'88‘5L factorisation scales)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-010/index.html

ATLAS-CONF-2019-026

Charge Asymmetry = 3051 BEalis

EXPERIMENT

« LO tt production is symmetric
* Higher-orderinterferences between qq and qg create an
asymmetric production Fou
« tisproduced preferentially in direction of incoming q

Nyl > 0) - N(Aly| < 0)
¢ = N(alyl > 0) + N(Alyl < 0) AR RRALALARSLARSLAN

| ATLAS Preliminary  s=13Tev, 139 1" |

Aly| = ly,| = lvz I :
= lyel = Iyel | differential A% vs. NNLO QCD + NLO EW

« Charge symmetric gg production dilutes asymmetry [ minteval | —a* —xtert e%CL ik |
« Several BSM models predict alterations 1o A, , especially [ ~©oc e i
with variation as a function of my; and S, ¢ - 1000- 1500 Gov -
« Anomalous vector/axial couplings (e.g. axigluons) - 790- 1000 GeV e A
 Heavy Z' bosons - 00 7s0Gev e
o o 0.07c 1 : : : _ - 0-500GeV Py
< 0.014-F8 nNLOQCD + NLOEW  ATLAS Preliminary] < 0,0SE—- NNLOQCD +NLOEW ~ ATLAS Preliminary| - N
0.0t2f M PowneosPytnias  V5-13TeV, 13910" | " N Powneg+Pyinias is=13TeV, 139 1o ] [ nausie = 1
E ¢ Data(stat.total) ] . é_ ata (stat./tota —% i
0'01:_ E gg:i b Doa oo E - LHC8 combination —— N
0.008 - = ! E E | ep & TeV, JHEP 1804 (2018) 033 ]
C ] 0.02F E - Tevatron combination ———
O_DOG* ot } - [ wan | R
0-004:_ E 05_?__3 __________ | [ L1 L1 L1 L1l L1
r T oo E -8 —6 —4 -2 0 2 4
0.002:— _: _0.02; _f _ )
ot _(_)_03E 1 I I 1 ] C [Tevz]
Inclusive <500 [500,750] [750,1000] [1000,1500] > 1500

C—/AZ C~ is linear combination of Wilson

My [GeV] Coefficients. A is scale of new physics

Ac = 0.0060 £+ 0.0015 (stat+syst.)

EFT coefficient useful for many models
(axigluons, kaluza-klein, randall-sundrum)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-026/

Energy Asymmetry 139 b~

Asymmetry built in ttj

! _a% " production
f  AE=E;,—Ef
g IF i ® 9] = JeT

scaftering angle

thj(gj, AE > 0) — thj(ﬁb AE < 0) JA(QJ) w.r.t incoming

Ae(0;) = = parton
(95) 0:5j(0;, AE > 0) + 047(0;, AE <0) — 0s(0;) - AE, 6, defined
— in ttj rest frame
0] Sanll

« Complementary measurement to charge
(rapidity) asymmetry (CA) — probes new
directions in SMEFT

« Potential for future combination with CA

« Many BSM models generate multiple four-
quark operators simultaneously

3
4

IS
(N

6; [rad]

@ S. Berge and S. Westhoff, Phys. Rev. D 95, 014035 (2017), arXiv:1608.00574 [hep-ph]

Jacob Kempster - University of Birmingham | 8 September 2021 14




Energy Asymmetry 139 b~

* ttleptontjefs boosted topology  § wiamaspsmer " ois | § poamaSFemy T Siia
. . . @ 100}-pre-marginalisation ac grotm ? - g I _pre-marginalisation acl Q;Oim i
« Fully Bayesian Unfolding to particle 5 - wesweor 3§ OF
] B 4 w F E
level 23: E 22* E
- Binned in 6; to increase sensifivity 20 E 20~ E
O e T e ot
AE<0 AE>0 AE<0 AE>0 AE<0 AE>0 gs 12 * i - Y gm0 g
<P 1 RO NN & 0o MRt e
AE | AB» | AEs | AE, | AE, | AE, | AEs | aE, | AR, | AE> | AE | AES 0 200 400 600 800 _ 1000 0 200 400 600 800 _ 1000
top-quark energy [GeV] anti-top-quark energy [GeV]
0< e}”” <nf4 nj4 < 9}?”‘ < 3/5n 3/5¢ ga}”" < o 4 : :
@ =TT AS Pl ——————3 = _ATLAS Prehmmary%%& MadGraph5 aMC@NLO |
§ 5000750, 1§§f;j?'”a"y E‘”"“‘“E" tron e 3 — - Vs=13 TeV, 139 fb” —4— Data (stat only) :
L 40003_pre -marginalisation Background - MC Stat+8ys_f 9?-: 2__ --¢-- Data (stat + syst) —_
- o LU — —
NN * = - i NN
3000:7 S T ) I < AL
= ® ° = L
20005_ e * _E OO \\\\\\\\\\\\\ \\\\\\\\\\\ \\"‘
1000:_ [ L] _: 2 BSOSO &\\\&kkk\\\ \\\\§§§\\\\\§\\\:\<
(0 ——————————————————— i : ]
fol kel L HaHMH EaE s EE—sss ] n x\\N\x\\\\\xl\‘\\x\\\\\x\\\ i
©| D | e - _4_ ANEUENERUNRENY SRS RN |
Qla 0 8; _____________ T s T e - -
()I 6\ \I I Ql 'C)\ '\J ‘ QI 'Q\ \I : : :
CSSTELST TS & Saecev 6L - ]
(A N ~ N DY S A~ 7 S~ S - :
<N T <N - . | . | . | . .
0<H6.<md4 m4< 8 <3/5n 3/5m < BJ <n 0 /4 /2 3n/4 T
All asymmetry results agree with SM 6, [rad]

predlchons (MGS_aMC@NLO+Pythias, NLO QCD + P3) Heavily dominated by statistical uncertainties
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8 (TeVin)?

o

Energy Asymmetry

ATLAS Preliminary
LVs =13TeV, 139fb~ !

% best fit value

68% CL
95% CL

~

—— 68% CL expected

95% CL expected

2 4
C38 (TeVIAY?

All EFT fits are consistent with zero

11 [
Coaq

18 L
Caq

Cl_

tq

CB_

tq

Cl_

tu

139 b1
ATLAS Preliminary mm A
Vs =13TeV, 139fb~! B Ar (expected)
—— 68%CL
—--- 95% CL
F——ti |
It
e ———— |
==+ F===1
S |
F——at-]
- =1 |
-1 -4
F+——t |
F+——+
— -

"4 3 2 4 0 1 2 3 4 5
C (TeV/A)?
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Lepton Flavour Universality (LFU)

Fundamental axiom of SM

1 1 i 1 1
Branching ratios of W and Z boson decays BW-—sv) iy
should be equal for all lepton flavours and e "54
charges et, ut, tt - ratios can be used to 3 W
check this!
LEP B{W—tv) - —
. _ x T _ o BIW —ev)
B(W — uv,) / B(W — ev,) = 0.993 £0.019, :ﬁé ------ g
B(W —1v;) /B(W —ev.) = 1.063£0.027, ¥ CDF
B(W — 77,) | BOWW — u,) = | 1.070 & 0.026.. e e 2.70
B{W—tv) e :
— |®LEP :
s P———— B L aTiAS 77
a [ HFLAV average Ayx*=1.0 contours -G-NEE'E‘E;?F&QEE '
m0'4__ _. |||||||||||l||||||||||
—— ] 08 09 1 11 12
035 = g < - B(W= Iv)/B(W= V')
g LHCbTS ]
0.3:— I.‘ —: (*)
C 5 : R(D(*)) BR(B_> D TV)
C iy _ —
: i BR(B — D™ uv)
Bellel n
02 C + Average of SM predictions HFLAV &
- EEET Deel| 310
: 0.2 0.3 0.4 0.5
. R(D)
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Nat. Phys. 17 813-818 (2021)

139 fb~1

Tag:

R(T/;_L) = B(W — TU)/B(W — .I'-LU) - Trigger

tt decays provide large
source of W bosons to
study

¢ Focus on leptonic T —» u decays, for a final
state with opposite-sign eu, uu
Large background from Z - uu , had - u
« CRs for normalisation
« Focus on muons with low-p; and large
tfransverse-impact parameter |d}|

Pl

Probe: B - fi?[{““ " Requires careful |df|
- Ratio 8 _y  W(hadrondecay)  madelling —
g 5 corrections for
05 e * Data A 5 beamspot size,
Vs=13TeV, 139 b ] Prompt  (top) / \ alignment and
10 Signal region M - . top) : : : material interactions
£ p—p, 5 < pf < 10 GeV [ ] i (hadron decay) e doH [m%{r’] prh [(3.9\/]200
E 10° Post-fit [ Z—
‘E‘. =gt:;:SM brocesses R(7/u) = 0.992 £ 0.013 [£0.007 (stat) 4 0.011 (syst)]
3 10 77 Uncertainty
Consistent with SM expectation!
10
L Largest systematic uncertainties:
® 1.05 U
S 100 fity/(////////w/%;%%/ s Prompt dg femplafes
8 pgobrotoe « Parton shower variations

0 005 010 0.15 0.20 0.25 0.30 0.35 0.40 0.45 050 . . . .
10| (mm) « Muon isolation efficiency
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https://www.nature.com/articles/s41567-021-01236-w

Nat. Phys. | 13-818 (2021)
a s. 1/ 813-818 (20 ATLAS

]39 fb_l EXPERIMENT
T 1T 1 | T 1T 1 T 1T 1 i T 1T 1 | T T | T T 1
ATLAS i (s=13TeV, 1391
B(W—pv) l |+|-| i
B(W=ev) -
Lo
B(W-—=1v) L :‘ * 1 !
B(W=ev) :
V- P .
*PLIBJZ& EMJ 137-145 E
»CDF P a
o Piys. G 34 (2007} 2457-2544, PAL. 68 (1992} 3398 3402 :
DO :
PRL. 75 (1595) 1456, PRL. & (2000) 5710 i I_._I
BWow) | o iep E' ATLAS - this result
- this resu . . )
B(W-pnv) -.:&?Ligm @ Statistical Uncert. Precision tighter
EPE’CSE";era os : [ Systematic Uncert. than LEP
-e:mgsrzmmTamr 9 | i _._|T0tal Unﬁenainty

08 09 1 11 1.2
B(W= )B(W=Iv)

Jacob Kempster - University of Birmingham | 8 September 2021 19



https://www.nature.com/articles/s41567-021-01236-w

CMS-PAS-SMP-18-011

35.9 fb~1

« Measuring each W — Iv branching ratio using tt, N=0| Nt N-2[N-3n >
tW, WW and W+jets processes, including R I R I
hadronic tau final states et pten et ut| e pt

* pr spectrum used as primary distribution Ny =1 ee, ki el

« CRs for estimating non-prompt background SFs eh, ph

* MLE approach using histogram templates N2 ’m"‘
R(t/n) =0.985 + 0.020 Agreement with SM! oh kb

- -1 . -1
CMS Preiiminary 359 ' (13TeV) CMS preiiminary 359fh (13TeV) 1.45 CMS Preliminary 359fb (13TeV)
- Expected (prefit) other HT, & CMS
5 Diboson (non-Ww) T Opcstat, W CMS LU (68%/95% CL)
10 QcD ,h A gy postit 4 LEP
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(Latest ATLAS result overlaid)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-011/index.html

Flavour-changing neutral currents |58

FCNCs are forbidden in SM at tfree level and strongly suppressed at higher
orders via GIM mechanism (BR~10"1%)

Some BSM models predict significantly larger branching ratios for FCNC

processes (BR~10"%), e.g. R-parity-violating SUSY pnj, 2HDM 21, new exotic
quarks 3

Top FCNCs may be studied in many channels:
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https://www.sciencedirect.com/science/article/abs/pii/S0370269301005986?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.55.3156
https://arxiv.org/abs/hep-ph/0210112

FCNC tqH (- yy) CM |

Both production and decay modes

—
[ ]

» Non-resonant background is modelled
a2y using data
. * Resonant background is modelled using
CMS Preliminary __1371b (13 TeV) simulation
g 120 H—wly I | l /IS‘IICatelgori_es| _E . . . . .
o | Mu=12538Gev S/(S+B) weighted 14 m,, distributions simultaneously fit to
E 100 — BF(t — Hu) = 0.031% ¢ Data - YY -
A oot extract FCNC signal strength (breakdown by
£ 5i;c i background-category BDT scores)
g o . ] _ 0.1CMS Preliminary. 137 fb”' (13 TeV)
) X [ I b 9;°/orL£Jpp;r Limits |
é 20 5 —Oisamed T
%) E ? 0.08 - t‘!:a:ian Expected B
E’ + 20
(00.06 .
cova b e e e b Lo by va bavay 0.04 ]
100 110 20 130 40 150 160 m:Y?lZGe\;;D
* No evidence of new physics found 002 i
« Observed limits are significant _
. . . 0 e
0 0.02 0.04 0.06 0.08 0.1
improvement on previous combined 8 & 20 o0
results - _4
- Dominant uncertainties are from b-jet B(t » Hu) <1.9 x 10
and photon identification B(t - Hc) <7.3x107%
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FCNC tqH(—> bb)
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C .ttbb .ttcc .ttlf

QCD [JHut

Events / bin

400 |-
300 F
200 F

100 |-

oL

- Data 7~Unc.

101 b’ at Vs =
T T T
Other Bkg

13 TeV
T

b2j3 ]

1.2 T T T

Data / MC

.

0.8 Err !

PRI BTRTEr
-1 08 -06 -04

02 0

MR BRI R S AR
02 04 06 08 1

BDT Score
CMS Prefmm ry 101 fb at \JE 13 TeV
c =
2 70000 .ttbb -ncc .ttlf Otheerg 3
§60000 [JHut « Data “Unc. b3jd 3
2 E
50000
40000 %
30000
20000
10000
o T T T T T
=
©
: %/ ////%
PRI IS B B i i
—1 -oa 06 -04 22 0 02 04 ns oa 1
BDT Score

b3j4

AN

B(t— Hc) (%)

CMS-PAS TOP 19-002 ,CMS_

Both production and decay modes

Events are categorised by jet and b-jet
tag multiplicities

CMS Preliminary 137 b (13 TeV)
o F T T T T E
& 95% CL upper limits Hut
@] | e---- Expected
I Expected + 1 std. deviations
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0 p —_—
| e y
107F 3
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0.15= =

' 0.2 0.25
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DNN used to reconstruct tops with jet
permutations

Resultant kinematic distributions
input to BDT for signal-background
separation

No evidence of new physics found

Observed limits are significant
improvement on previous combined
results

Dominant uncertainties are
from b-jet identification

7.9 x 104
9.4x%x10*

B(t - Hu) <
B(t - Hc) <
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Flavour-cha ﬂgiﬂg neutral currents

t—Hc
t—Hu
toyc
t—yu
t—gc
t—gu
t—>Zc

t—Zu

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
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September 2020 [5] JHEP 04 (2016) 035 [6] EPJC 76 (2016) 55
[7] JHEP 02 (2017) 028 [8] JHEP 07 (2018) 176
Each limit assumes that [9] CMS-PAS-TOP-17-017 [10] JHEP 07 (2017) 003
all other processes are zero Theory predictions - SM 2HDM(FV) [E2HDM(FC)
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Summary

« There is a lot of very interesting physics being studied with respect to the properties of the top

quark! (Far too much to cover in a single presentation)

« Novel analysis tfechniques are being created to probe new and interesting properties at
increasing precision — aiming to answer fundamental universal questions
« CPV limits set down to 1073
» Top Polarisation / Spin Asymmetry / Energy Asymmetry in agreement with SM
* LFU measurements more precise than LEP — agreement with SM
«  FCNC tHq limits set down to 107

« FCNC analyses are beginning to take the next step forward using the full Run 2 dataset -

these should make for fighter limits approaching BSM model sensitivities

ATLAS Top Public Results

CMS Top Public Results

LHC Top Working Group
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG
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Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector )

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tfracker
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arXiv:1008.4484

Effective Field Theories parameterise the effect of new physics via
higher-dimension operators:

1 1 1
Lo = i+ 3 LR + 5 0l + 0 ()
k k

EnergZ 1UV physics (heavy particles) Lnp(od,Z', X,Q,S...) W||Son
v

Effective Field Theory Ls7(¢) + Laime(®) H - - . COeffIC.:IeﬂTS:
Couplings of
andard Model Lg (¢ . .
Stenderd odel £ (0) SM fields to NP H|gher terms
A~ O(TeV) . .
| Gauge invariant ~ SuPressed by
. operators INcreasing
(resosnant) pOWGI’S Of A

E> ELHC

W+

EMay induce corrections to the SM couplings. ]
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https://arxiv.org/pdf/1008.4884.pdf
https://arxiv.org/pdf/1008.4884.pdf

CP Violation (CPV)

« CPV originates from complex phase in CKM matrix
« Detailed measurements frequent in b, ¢, s-quark sectors
« Consistent with SM expectation

« |nsufficient to explain matter-antimatter asymmetry in universe

—

I. Baryon number violating interactions:,

. CP violation: - Sakharov

3. Departure from thermal equilibrium;

]

—

« CPVin top decays is expected to be very small [1]
« Any observation would imply BSM physics (e.g.
chromo-electric dipole moments (CEDM)
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CMS CP violation

O3 = Qee(Po, Po, Per ) & Qup'y - (Pg X 1)) (3)
Op = Qee(P, P — pi. Pir Pj,) & Qul(Fo — Fis) - (Fe X Fy) 4)
O12 =4 (Po — P5)E(P, 4, Pb, P5) & (Po — P5)z - (Pb X Pp)- (5)
Oy4 = €(P, py + P5. Per Pj,) & (Py + P5) - (P X Bj,)- (6)

The symbol « indicates a simplification of the observable value by only considering the sign of
the triple product; € is the Levi-Civita tensor, which is contracted with four vector e(a, b, c,d) =
Emﬂﬁa“b"c“dﬁ and €353 = 1; P is the sum of the incoming protons’ four-momenta; g is the
difference of the incoming protons’ four-momenta; p, and py refers to the b jet momenta; p,
refers to the momentum of an isolated lepton that decays from a W boson; p; is the momentum
of the highest transverse momentum (pr) jet assigned to the hadronically decaylng W;and Q, is
the charge of isolated lepton. The z subscript indicates a projection along the beam axis (z-axis)
of the CMS coordinate system. The bb CM represents transformation to the centre-of-mass
frame of bb. The ' sign represents the quantity measured in the centre-of-mass frame of the
bb pair. The performance and sometimes the exact definition of these observables are different
between the lepton+jets and dilepton decay channels. Therefore, the measured asymmetries
may not be directly compared. This is in particular true for O; which is measured here and in
Ref [7].

_ Nevents(oi > 0) B Nevents(oi < 0)
events(oi > 0) + Nevents(oi < 0)
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Events x 10°/ 10.0
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PDF /5.0

tt [+jets selection, 90% purity
Backgrounds: ttbar dilepton, Single-top, W+jets, Drell-Yan+jets, Diboson...
« x%-based Jet assignment for Top+W reconstruction, ~75% accuracy
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137 fb~1

W+jets control region (CR) for data-driven
background estimation
« CR composition differs to SR background, but
kinematic shapes are similar (+ systematic)
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« M, distribution used for template fit in signal region (SR) and CR, split by

the sign of the relevant observable
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CMS CP violation

Syst. source Afp(%)
O3 Os O Ory
Experimental uncertainties

. +1¢ | —0.0008 —0.0003 +0.0023 +0.0040
PU re-welght —1c | 400010 +0.0007 —0.0017 —0.0044
_ +1c | +0.0002 +0.0001 +0.0000 +0.0000
b-tag scale factor (b and ¢ quark) 1e | —00002 —0D0003 —0.0000 —0.0002
_ . +1c | —0.0003 —0.0003 -0.0009 —0.0007
b-tag scale factor (light quark) | 1, | 00004 00000 +0.0007 +0.0005
Lepton +1c | —0.0002 —0.0001 -0.0001 -—0.0004
P —1c +0.0002 —0.0001 +0.0000 +0.0001
JER +1c | —0.0028 —-0.0069 -0.0024 -0.0070
—1c —0.0029 +0.0032 -0.0021 +0.0026
JEC +1o —0.0051 —-0.0046 —0.0046 —0.0062
—1o —0.0018 +0.0065 +0.0011 40.0041
EBkg. template - +0.0061 +0.0050 +0.0139 +0.0016
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CMS CP violation

w /o Top p; reweighting

Syst. source Alpl( )
O O Oz 014
Theoretical uncertainties
PDF +1¢ +0.00068 —-0.0008 <40.0003 40.0003
—1e —0.0008 +0.0006 —0.0004 —0.0006
jig and jp +1 +0.00068 400008 +40.0013 40.0007
—1e +0.0012 —0.0002 —0.0033 —-0.0004
ISR +1¢ +0.0006 —0.0005 +40.0017 40.0024
—1o —0.0004 +0.0004 —0.0015 -—-0.0021
FSR +1¢ —0.0001 —-0.0215 +40.0053 -0.0129
—1e —0.0008 +0.0122 —=0.0017 40.0060
Color reconnection CR1 —0.0162 +0.0186 +0.0091 +0.03584
CR2 +0.0000 —0.0206 —0.04604 40.0304
. +1co —0.0235 —-0.0043 —-0.0185 40.0352
ME-PS matching 1¢ | 400399 400177 400139 +0.0376
Underlying event +1e —0.0515 —-0.0576 —-0.0082 40.0116
—1e —0.0099 +0.0355 +40.0218 +0.0424
Flavour response +1e —0.0017 —=0.0007 —=0.0033 -—-0.0105
—1e —0.0024 +0.0024 —0.0004 40.0070
Top mass variation +1GeV | +0.0049 +0.0152 +0.0119 40.0082
—16GeV | —0.0179 —-0.0118 —-0.0097 —0.0046
Per event resolution +10% —0.0027 —-0.0022 +40.0023 —-0.0005
—10% —0.0004 400040 +40.0014 +0.0048
W+HF enriched - —0.0174 —-0.0132 —-0.0102 —-0.0098
- —0.0008 —0.0005 —0.0000 —0.0000
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Top Polarisation

Top polarisation is sensitive to NP that affects the tWb vertex

First order dimé EFT operators that contribute to t-channel production:

* 0yq - Affects cross-section only
* 044 - Four-fermion operator, negligible effect on angular distributions

* Oqy - Operator to focus on

\) Cew Most affects P

Ciew mMost affects P,

(Non-zero value could imply CPV)
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ATLAS-CONF-2021-027

Top Polarisation = 351 Biallls

EXPERIMENT

Polarisations in ogreemen’r (\Ipéurt;g%mmo& Parameter Extracted value (stat.)
predictions fo 1o t-channel norm. +1.045 £0.022 (< 0.006)
PI 1_5 T 160 1T 7 T 177 T 0 & 0 T 1T 1T 0 T 1T 1T 7T T 1 1§11 .
[ ATLAS Prolininary ] W+jets norm.  +1.148 £0.027  (+0.005)
1:_ ¥s=13 TeV, 139 fo" ] {7 norm. +1.005 +0.016 (= 0.004)
- ] P, +0.01£0.18  (£0.02)
0.5 . P ~0.02+ 020 (+0.03)
i top quark ] P;, -0.029 +0.027 (+0.011)
oF # & P:';_, —0.007 +£0.051 (+0.017)
top antiquark ) P, +0.91+0.10  (+0.02)
-0.5F R Z
i ] P, ~0.79+0.16  (+0.03)
- +best Fit . —
_1— W 68% CL stat. only ] L ) .
- 68% CL stat.+syst. i Uncertainties dominated by Jet Energy Resolution
L ¥ Powheg-Box+Pythia8 R (J ER)
i 1 I 1 1 1 | 1 1 1 1 I 1 1 L 1 I 1 1 L 1 ]

» es 1 o0y :
'§5 4 05 0 05 1 15 . Polarisation depends on kinematic angles
P determined in top-quark rest frame

« JER is key to reconstruction of this frame

First order dimé EFT operators that contribute to t-channel production:
* Oy - Operator to focus on \ Cew Most affects P,

Ciew mMost affects P,
(Non-zero value could imply CPV)
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TO PO'OF]SOTIOH ATLAS-CONF-2021-027 ATLAS
p 139 fb~1! EXPERIMENT
s 1 T pal . =42 NN " e Dala .
ole | ATLAS Preliminary Stat. + Sys. Unc ] olo T ATLAS Preliminary ° Stat.+ Sys. Unc E
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“lo ~lo '
- Unfolded to
af particle level
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= . ' cos 6
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z I | R R ML ]
. _ . O | ATLASPreliminary * oSt vale
Morphing technique used to interpolate ool 5=13Tev, 13910" ggj gt ]
between MC templates using difference St + SM prediction]
Wilson Coefficient values i ]
O LI 7]

Both coefficients fitted simultaneously L
(does not assume other is zero) 05F e -
Result compatible with SM within 2o B

(MG5_aMC@NLO+Pythia8)
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ATLAS-CONF-2021-027

Measurement of Top Polarisation /5= 13 TeV, 139 fb-1
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https://link.springer.com/article/10.1140/epjc/s10052-020-8181-6
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-027/

CMS Top Polarisation in ttbar

CMS 35.9 fb' (13 TeV)
—e— Data —— POWHEGV2 + PYTHIAS
—=— NLO calculation —*— MG5_aMC@NLO + PYTHIAS8 [FxFx]
B . . :3 : | 0.005 +0.010 + 0.021
|_‘.|
k 1 II.-I‘ Il 1
BX . ——t | 0.007 +0.010+ 0.021
|_'.|
B —— e+ : 10.023%0.011£0.013
[ag
B’ —t . B -0.010+0.011+0.017
2 W
|_'.|
B — — 0.006 + 0.009 + 0.010
gl
B" e | 0.017 £ 0.009 + 0.009
2 "
result + (stat) £ (syst)
1 1 1 I 1 | l | l 1 1 | 1 1 | I | | l | 1 1 1 | 1 | |

-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
Polarization
Polarisation Spin correlation
1 d*o 1

P = —(1 +[BYcos ¢ +[B"|cos 8" —[C(a, b)cos & cos &’
o dcos#¢dcos 6’ 4( * @ E + )
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CMS Top Polarisation in tZg

The top quark polarization is linked to the polarization of the lepton from its decay and can
be measured in respect to the axis of the spectator quark. The top quark polarization angle
cns(ﬂéﬂl) is defined similarly to Ref. [4] as:

5(q) - B
g* ) =
03(0pol) = HqTFE]

where 7(q'") and p(¢}) are the three-momenta of the spectator quark and the lepton from the
top quark decay, respectively. The asterisk indicates that the three-momentum is measured
in the top quark candidate rest frame. The polarization P of the top quark is related to the
spin asymmetry as A, = 3Pa,, where a; refers to the the spin-analyzing power of the lepton
associated with the top quark decay and is equal to unity in LO calculations [42, 43]. The spin

(2)

asymmetry A, is related to the cross section as a function of cos( Pnl) by:
do 1
= (T, — A g 9* . 3
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Top Spin Asymmetry

* Measure tZq differential cross-sections z

- b t = CMS Preliminary 4 Data
using 3-lepton final states qﬁiq, © §mm5f2ﬂ—
. Lepton opposite-sign same-flavour pair Z- 2 o
mass requirement provides reconstruction b t 3
ambiguity resolution R E
Z

* Neural Network (NN) used to separate
signal tZq events from backgrounds:
ttZ /X, Diboson, Non-prompt leptons

) o
m
.D_- -
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Top Spin Asymmetry

138 (13 Tev)

- Unfolded polarisation distribution at parton 2 16k cms rreliminay e
level ~ 1uf \\\ 3
.3 - i Measurement T
© 12F ZaMC@NLO, 4FS A7 7
» Spin asymmetry is left as a free-parameter g 10f vuaMc@NLo, sFs SRR TS
in the fit T o §55555 L2
g=] : ]
) ) 5F prs =82.3%
« Comparisons are made using two AR pgmzsﬁ 0oy
schemes: o % ¢ E
« Four-flavour scheme (4FS); preferred
for the kinematic modelling of final ERESS T
. . . S|E RN S
state particles, which the b-quark is g2 \_\\_\*\%_t\_\*w% :
explicitly required to be associated 28 L iy 1,
with The gluon-splitting process af the = A Ui 0T 002 04 0% 0%
Matrix Element level. However, larger Parton level cos(©)
renormalisation and factorisation
uncertainties. A, = 0.58 +g {g (stat) ==0.06 (syst)

* Five-flavour scheme (5FS); preferred
for the calculation of the total

. . 4FS,SM ,
production cross-section A = 0.41719-004

l —0.003

SFS,SM _ +0.004
4j = 0.454Z¢ 005
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Charge Asymmeiry

« LO tt production is symmetric —
- Higher-order interferences between qq and
qg create an asymmeftric production do
« tis produced preferentially in the ¥
direction of the incoming q
« At the LHC, this produces a central- y
forward charge asymmetry: ATLAS+CMS s =8 TeV
LHCIopWG -
tf asymm-etry lotal stat A *(stat.) £(syst.)
B N(Aly| > 0) — N(Aly| < 0) ATLAS, ljets —— 0.0090 + 0.0044 + 0.0025
C N(Alyl > 0) + N(Alyl < 0) ERggSS(J&]gB§4gﬁimplate) Heo—i 0.0033 £ 0.0026 + 0.0033
{-'\;(I;II_OA%-CMS I+jets K 0.0055 £ 0.0023 + 0.0025
Alyl = lyel = lyel ey
CMS, (gg}tiﬁunfoldmg) —a— 0.0010 +£0.0068 + 0.0037
« Charge symmetric gg production dilutes g\RTDLgﬁ\gmgigggggn AL H—a— 0.02120.01120.012
medsuroble Gsymme-l-ry S_I;flgognllggﬁn A H——te—H 0-011i?‘-‘.01<1t0-007
QCD NNLO (+ EW NLO) . 0.0095; 1007

« Several BSM models predict alterations fo A, --A;-L-;-S---,---e;t;;;;éié;**'—'-‘--‘-;--—.—*f‘*‘-“-*"- -------------------------------
especially with variation as a function of m,s oyl <2end 07 604220019 0.026

QCD NLO (+ EW NLO) 0.0160 + 0.0004
Ond ﬁz’tf \-}"H\ )12) 06
. . dilepton asymmetry
« Anomalous vector/axial couplings (e.g. ATLAS, dilepton A! - 0.008 + 0.005 + 0.003
. PRD 94 (2016) 032006
axig lu OHS) CMS, dilepton A, A bt 0.003 + 0.006 + 0.003
« Heavy Z' bosons GODNLO [+ EWNLO) | 0.0064.40.0003

A Rl Il L1 L L1 [ [ [

. . . -0.04 -0.02 0 0.02 0.04 0.06 0.08

Possible to do an EFT interpretation A
C

to test many models!
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ATLAS-CONF-2019-026

Charge Asymmetry = 3051 BEaias

EXPERIMENT

Ac = 0.0060 + 0.0015 (stat+syst.) EFT interpretation probes single important

Both inclusive and differential measurements porome‘l‘er |n 'I'he WCII’SCIW bOS|S (See CONF
are found to be compatible with SM . e /A2
notel). ¢ /A

predictions, at NNLO in perturbation theory
with NLO electroweak corrections C~ islinear combination of Wilson Coefficients
A is scale of new physics

U = -
< 0.014-8 nNLOQCD + NLOEW  ATLAS Preliminary

0.012:—- Powheg+Pythia8 Vs=13TeV, 139 fb! ]
: : _I T T | T T°7 ‘ T T | T T | T ‘ T I_ . . .

0.01:— ¢ Data (stat./total) . | ATLAS Preliminary  is-13Tev, 139" | Th|S IS VO“d .for mOny
0.008- = _differential AT vs. NNLO QCD + NLO EW models (CIXIg|UOﬂS,
o.ooe* Fmginteval  —a? afent emorimis | kQluza-klein, randall-
0.004 = == 1 sundrum), for

- Data excludes zero CA 1000 - 1500 Gev [y ]
0.002F - .
- by 40! ] : I example:
0 . L 750- 1000 GeV — i 2 9 2
Inclusive — | —_ .
o 0.07¢ T I T 1 ] L 500- 750 GeV E—— | C /A - _4gs/mA
< 50sE [ NNLOQCD +NLOEW  ATLAS Preliminary i |

0.05 I Povheg+Pythias {s=13TeV, 139 1b" ] [ 0-500CeY . ]

0.04; + Data (stat./total) _E - inclusive ——— .

0.0 E _ 1 Tighter bounds
0025 { E - LHC8 combination | —e— 1 achieved than for

0.01 ) ] | P | .

= ] e —— 1 previous LHC 8 TeV
E E L1 1 | I 1 | ‘ L1 | | L1 1 | L1 1 ‘ L1 1 . .
~0.01F = & % 4 =2 o 2 4 combination!
-0.02F .
-0.03% <500 I [500,750] ‘ [750,1000] I[10(}(].150(]]J > 1500 § C [TEVZ]
m, [GeV]
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Fundamental axiom of SM

Branching ratios of W and Z boson decays
should be equal for all lepton flavours and

charges e®, ut, t*
check this!

LEP

B(W — uv,) / B(W — erv,)

BW — 17,) /| B(W — ev,)
(

- ratios can be used to

0.993 = 0.019,
1.063 = 0.027,

BW = 77,) / BOW = pu7,) = |1.070 + 0.026.
o R T T T T T . T TR
| " I HFLAV avenage Ay’ = 1.0 contours ]
& 04 oy —

0.35 _ =

g LHCBTE a

03f ! e

0.25 =

E Bellel E
02— 4 Average of SM predictions

B R(D) = 0.299 +0.003 pring 4

8 : lR(D‘): 0258 +0.005 : P =27% 5

0.2 0.3 0.4 0.5
R(D)

BiW —uv )

BlW —ev)

B{W —tv)

BIW —ev)

BiW —1tv)

B{W —pv )

+UAT

i G (R 151

- LIAZ

PL S (R 40P

- CDF

m o alls A R
o P 0 0 AT AATL ARG FHE BN | T M M :

PAL £ 1RAS 1486, PAL. &0 SUY 5990

~+-LHCb
- LEF

o Ampd, K02 (TRTR 110

- ATLAS_
= PDG av?rages

PYD. 54 (2018) 43089

29

HJ

a4 2.70

0.8 0.9

1

1 i | I | 1 11 1
1.1 1.2
B(W—=WN)/B(W—=IVv)

BR(B — DM 1)

BR(B — D™ uv)
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EXPERIMENT

Tag:

R(r/u) = B(W — mv)/B(W — w) | -Tewer £ FOCUs on leptonic T — u decays, for o

final state with opposite-sign eu, uu

Large background from Z - uu , had - u

 Veto Z window

« Focus on muons with low-p; and large
fransverse-impact parameter |df|

tt decays provide
large source of W
bbosons to study

Probe:

- Ratio ¢ Prompt p
] L EL — T—fl_[
E ATLAS » Dats § _ M(hadron decay)
= f5=13TeV, 138" [JPrompt p (top) 2 .‘.-g
- Signal Region B — pitop) g‘ @
£ n—p [Ju (hadron decay) = E_
E Post-Fit € — pp f\ 8‘:
Wz — 1t A=
[ Other SM processe
# Uncertainty
5 05 200
do* [mm] ptH [GeV]
B : :
0 Requires careful |df| modelling -
.E n?':l DO5 01 015 02 025 03 035 D4 D45 05 corrections for beamspot size, olignmen’r

fy] fmam] and material interactions
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Nat. Phys. 17 813-818 (2021)

139 b1
 Fit to Z mass peak in CR to extract Wmé*
normalisation & 0wl Bone e
« Heavy-flavour normalisation extracted from o ]
SS lepton CR oo
« 2D profile-likelihood fit (pr. dy ) utilised, with 3
two free-floating parameters P
* R(t/w) °F a e f"""""“’““ﬁ*‘?‘f’?
« k(tt) - total normalisation ST e
- Normalisations from CRs are extracted prior atias b T
to fit B(W-nv) ' el i
B(W—ev) b
R(t/pu) = 0.992 + 0.013 [+0.007 (stat) + 0.011 (Syst)]‘ g":'
Consistent with SM expectation! s o) ", ! - |--|
iz | e
Largest systematic uncertainties: fggmmmf
»  Prompt dy templates O i S N
« Parton shower variations BW o) e ® A Shsicneen
«  Muon isolation efficiency SPOaEees L Uiy

08 09 1 11 1.2
B(W= Iv)/B(W=Iv)
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Events / GeV

CMS-PAS-SMP-18-011

138 fb~1

« CMS have a preliminary result on LFU using tt dilepton and single-
lepton channels, also with hadronic T decays
* pg Spectrum used as primary distribution

« All branching ratios extracted

 R(tr/u) =0.985 +0.020 Also in agreement with SMI

CMS Fraiminary 35907 (13TeV)
-+ Expected (prefit) other e,
Dibosen (non-Ww) TeTh Fracstat.
Qch Teh : L S—
N Ztjeis e eh 4+ Data
. ar; N|='1,ND=1
FY— }
W # ”.r T Fal y
...... LA '
25 50 75 100 125 150 175
Py, [GeV]

'Ill"\"—-E'."\.l'EI

1||'l."—|-|.l'.l'|_|

W1y,

358 ' (13TeV)

CMS Preliminary 35.9f " (13TeV) 1 15, CMS Preiiminary
+ CMS ; ———
| CMS LU (BB%:/85% CL)
&« LEP -
(10,83 £ 0.10)% LEP LU 1.10 i
L) [)
ra
Fa
wi LU
Br(W — ) = (10.80 £ 0.08)% 1.05
Br(W — ) = (67.32 & 0.23)% e N
— E =
i
(1084 £ 0.08)% ==
==
[n:n] 1.00
+ CMS
—_——— 0.95 LEP
% SM
(10,7720.21)% ATLAS
CMS (1D)
0% a0 0.55 1.00 1.05 1.10 1.15
o400 0405 0415 0420 0425 0130 B(W—1v)
Br{W — tv) BW—ev)
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Events / 0.01 mm

Data / Pred,

Events / 0.01 mm

Data / Pred,

Lepton Flavour Universality

ﬂ_g||||||||||||||||||||||||||||||||||||||||||||||||

ATLAS

{5=13 TeV, 138 i
Signal Region

e-U, s{p:{m GeV
Post-Fit

& Data

[C1Prompt u (top)

Wt — uitop)

u (hadron decay)
B — 1t

B @ther SM processes
#z Uncertainty

Loilien by

505

ATLAS

{s=13Tev, 130 fy”
Signal Region

L, 1D¢:p:<2{l GeV
Post-Fit

CIPrompt u (top)

Bt — uitop)

[OJu (hadron decay)
OZ — uu

Bz — 1t

[ Other SM processes
# Uncertainty

0 005 01 015 D2 025 03 035 04 D45 05

I} Imm]

Events / 0.01 mm

Data / Pred.

Events { 0.01 mm

Data / Pred.

ATLAS

s =13 TeV, 139 b
Signal Region

-, 5=:p:_=:10 GeV
Post-Fit

# Data

[CJPrompt u (top)

Wt — u(top)

Ju (hadron decay)
[]Z — uu

|Z =11

[ Gther SM processes
% Uncertainty

ATLAS

s =13 TeV, 130 f”’
Signal Region

e, 2D{p:{25l} GeV
Post-Fit

CJPrompt u (top)

Bt — uitop)

[Ju (hadron decay)
Oz —1r

[ Other SM processes

Zz Uncertainty

ﬂg|||||||||||||||||||||||||||||||£|||||||||||||||
“0 005 01 015 02 025 03 035 04 D45 05

i1 fmm]

Events / 0.01 mm

Data / Pred.

Events { 0.01 mm

Data / Pred.

ATLAS

10° f5=13 TeV, 133
Signal Reqgion

10° e-11, 10=p"<20 GeV
Posi-Fit

10°

[Ou (hadron decay)
EZ — 1

B Other SM processes
#z Uncertainty

# Data
[CIPrompt u (top)
Wt — u(top)

1
....I.*.I...

|I
{J_g{] 0.05 01 015

ATLAS

s =13 TeV, 139 fiy”’
Signal Reqgion

L, 2{J:p:<25l} GeV
Post-Fit

# Data

[OPrompt u (fop)

BT — uitop)

[Ju (hadron decay)
Oz — up

Bz — 1

B Other SM processes
“# Uncertainty

D_g||||||||||||||||||||||||||||||||||||||||||||||||

0 005 01 015 02 025 03 035 04 045 05

| [l
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« Both production and
decay modes considered

« Events are categorised
according to two BDT

Scores
 CMS Preliminary 137 fo™! (13 TeV)  CMS Preliminary 137 o' (13 TeV) « NRB = Non-Resonant
g 10 g - PR aanasassanansy -
§ g Deem s b A, B background
1 | top + Higgs (S T 1 FCMC {Hu) tap + Higgs (SM)
oo 0l w S — i * SMH =SM Resonant
) + jets - [X3 - 1)+ jets M- Hi S
ey v jeis ey o jeis
‘I'-"‘ : -Cu:-m- J il gg

« 14 m,, distributions

simultaneously fit to extract
FCNC signal strength
(CrystalBall+Gaussian)

Ay i i i
I B b
! ! -

D.;— ................ |-1:| Statur;cDSlastf-‘-)systincs ............. - u_;_ .......... u 5|:| Sl_?tun:1s|‘:|S1azt-‘=) sy:tsun: 3 ............. a 5 ...... - ° N O n_reso n O n.l. bO C kg r.o U n d
BDT-NRB (Hut) BDT-SMH (Hut) is modelled Using data

« Resonant background is
modelled using simulation
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137 b7 (13 TeV)

T T T
All Categories .
S/(S+B) weighted

¢+ Data -
— S+B model (exp.)z

m,, = 125.38 GeV
BF(t — Hu) = 0.031%

o

S/(S+B) Weighted Events / GeV

B component |

C+2e .

| IR EEE B
160 170 180

m,, (GeV)

137 fo (13 TeV)

95% CL Upper Limits
= Observed 1
===+ Median Expected

| B33

+ 20

T R
. 0.08 0.1
BF (t — Hu) (%)

CMS Prelrmmary

137 fb (13 TeV)

- my, = 125.38 GeV
— BF(t — Hc) = 0.051%

S/(S+B) Weighted Events / GeV

rrrrrrrrrrrrrrrrr AL B B B B B B R A

All Categorles
S/(S+B) weighted
¢ Data

— S+B model (exp.)_z

----- B component
IR EIE
[J*20

[N A
150 160 170

m, (GeV) o

137 fo1(13 TeV)

95% CL Upper Limits 4

= Observed

===+ Median Expected

| B3

*+ 20

No evidence of new
physics found

Observed limits are
significant improvement
on previous combined
results

Dominant uncertainties
are from b-jet and
photon identification

B(t - Hu) <19x107*
B(t - Hc) <7.3x107*%
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FCNC tqH(— bb) ~<Siar>o g

« Both production and decay modes
considered

\\
u/c H ™

« Events are categorised by jet and b-
R PP e o tag multiplicities
é o .ttbb .ttcc -mr Olh;erlg i § .ttbb .ttcc .mr ‘Olh;er‘g I
5 m:_ QCD (JHut +Data ~Unc. o0 1 % 500 SHut + Data - Unc. b2j4
w r 1 w

400 :—

 DNN used to reconstruct tops with jet
permutations, label as FCNC
production or decay signal-like, or

300 F
o 300
200 F F
- 200

100 F

background-like (including SM tt)
B :ﬁé‘ HWE ) -« ~80% process efficiency

1 UB DE 04 02 D 02 Dd UE OB 1 -1 UB DE 04 02 U 02 Dd OB DB 1
BDT Scor BDT Scol

(a) b2j3 (b) b2j4 . )
. CMS Prelmm il 1?1 fb’: at Vl§=1:|iTeV - CMS Prelmm -y 1o1 fb at \Fs 13 Tev CMS Prefiminary _ o1 fb‘: at E=1?Tev RGSU”CI rTI- kl nel ' lOTIC
£ 18000 F 31 5 =1 3
= .ttbb .ttcc .ttlf Other Bkg = 70000 .ttbb .ttcc .ttlf Other Bkg = .ttbb .ttcc .ttlf Other Bkg 3 . . . .
% 1:2: [JHut « Data 7;Unc. b3j3 g [JHut « Data 7 Unc. b3j4 ‘% 3000 [JHut Data 7 Une. baj4 E d ISTrI b U TI O n S I n p UT TO B DT
w w w 2500 % |
12000

- for signal-background
separation

10000 % 2000

_ Asymptotic CLs method

z R £ ///%%/
% = %/ ///////ﬁ % = %5 | used fo set 95% Cls
(c) b3j3 (d) b3j4 (e) b4j4
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FC N C tqH (_) bE) CMS-PAS TOP 19-002 CMSK

CMS Preliminary 137 o' (13 TeV) CMS Preliminary 137 67" (13 TeV)
=) F T T T T T =) F I T I ! I ]
o . o - 4
—_ 95% CL upper limits H ut — 95% CL upper limits HCt ] .
© i ;E:mﬂsm.demﬁons 5102:— ;E:Ezﬂstd-demns E ’ NO eVIdence Of new
102§ — E:;m:zgld_deviaﬁnns E — gn;zl;mwz:‘?std_deﬁaﬁnns E physics found
B 10k . .
o - — — i ¢ Observed limits are
i % [ e mmm significant
E — improvement on
i [ — previous combined
107" 107'F |t
C | | 1 | ] c | | | | | reSU S
b2j3 b2j4 b3j3 b3jd b4j4 all b2j3 b2j4 b3j3 b3j4 bdjd all
oA | g S L Dominant
I ;E:ﬁ%z;::a o1 =afieswe 1 UNCertainties are from
0 s — Observed ] AL —— Observed - . o .o o
5 f 1 i b-jetidentification
0.15F - - .
g 1 oo 1 B(t-> Hu)<79x10™*

- oosf

B(t - Hc) <9.4x107*

0.04f

0.02f

0.2 0.25 0 002 004 006 0.08 0.1 012 014
B(t— Hu) (%) Kut
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