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Great to be in Heidelberg !

QM’96: my first conference
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Great to be at a CKM workshop !



There has never been a more exciting time
for “high-pr flavour physics”

"‘.0, htt*ommons.wikimedia.org/w/index.php?curid=51145872
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A flood of first observations
in the last year, months or even weeks
T re E I S

Constraining BSM ... but no clear sign, yet
- F T 3
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Anomalies come and go (or stay?)
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Anomalies come and go (or stay?)

CKM2016 - 2.40 excess for LFV H - tu
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... be patient,
it’s towards
the end
of the talk
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Anomalies come and go (or stay?)

CKI\/\2018 — ~40 LFU violation in B = D(*)fv
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How will
these look
like in
2 Or 10 years?

More data will help clarifying !
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High-pr dataset at the LHC
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e e [ LHC after the Higgs discovery

Closer look at Higgs boson and Yukawa sector

1

— __F  FHKY 4 g hD Precision electroweak
L 4 py T w w and QCD

+ ‘ Dugb‘Q _ V(H) Higgs coupling to bosons

Higgs self interaction

Hi ling to fermi
‘|‘Y:ij ¢Z¢j¢ + h.c. iggs coupling to fermions

CKM matrix and CP violation
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VA (@] Status after Run-1 I

e e Assuming no new physics
Higgs couplings inz%;he IoopsP y

e to bosons: established JHEP 08 (2016) 045

* to fermions: indirect > 1 ATLAS and OMS
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Important to study all possible decay channels
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Is it all

Standard Model

like?




P8 «[@ Higgs boson production and decay
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.28 «[@  Higgs boson couplings to fermions I

Indirect probe (loop diagrams)

gluon fusion

201010010010100) (VVVA Y Y
g t,b
H
thi > o H--- vf o+ H--- wo o+,
g t,b
2010100010/0010)

99 — I H — vy

Direct probe (tree-level diagrams) Y;ivid + h.c.

3rd gen. 2nd gen.

Leptons H — 71 H — pp
H< Down-type quarks [ —> bb

7 Up-type quarks ttH
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Higgs and top quarks - ttH
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Higgs and top quarks - ttH

Combination of channels and runs
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sl e [ Higgs and top quarks — tH

CMS PAS HIG-18-009
2

Single top + Higgs
 very small production cross Ot X
section in SM

 but enhanced ~10x if sign(x/xv)
opposite to SM — Gty > OtiH

X K¢ = yi/yM X Ky= gavv/ 8%1\\4/\/

. . . _1
pOSSIble w0 CMS Pre\\ll?vll/nary 35.9fb" (13 TeV)
. . pp — tH + tiH —@— Observed
* can be used to constrain 3 b H— WW/ZZ/rr/bb/yy . EXPected (SW)
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....... Expected (Multilepton)
—e— Observed (77)
------- Expected (vv)
—e— Observed (bb) '] 50
------- Expected (bb)

relative sign of »x: and nv

New Run-2 combination

o data favors sign(xy/nv)=1at 1.50

* assuming SM ttH yield and SM tH
acceptance

o CMS: uen < 26.5 (13.6 expected)
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Y Higgs and beauty quarks I

H - bb in earlier searches
o LEP: my > 114.4 GeV
* Tevatron: my=125 GeV @ 2.80

ATLAS Insertable B-Layer
T 5 v'// L=

LHC Run-1

e combined 2.60 (3.70 expected)

LHC Run-2
* improved b-tagging CMS Pixel detector upgrades
» ATLAS and CMS pixel detector |27 | . . ocw 2017
upgrades o /I’]ljf’ s
* deep learning algorithms = \fxﬁ N
2016 M N, W EE-T |

[ M. Cristinziani | Top, Higgs and Flavour | CKM 2018 | 17-Sep-2018 | 16



Higgs and beauty quarks

Observation of H - bb L i
* mainly in WH and ZH channels
* can reconstruct the mpp peak

5.60 (5.50 expected) 5.40 (5.50 expected)
/-.\ _|||||||||||||||||||||||||||||||||||_
<51 (7TeV) +<19.8fb" (8 TeV) + < 77.2fb™ (13 TeV) g 18:_ ATLAS —e— Data E
CMS e Observed 7} - {s=13TeV,79.81" Il VH, H — bb (u=1.06) ]
_ +1o (stat @ syst) - 16:— 0+1+2 leptons Diboson —:
H—bb =15 (SYsSt) E = 2+3jets, 2 b-tags Y] Uncertainty
stat syst § 145_ Weighted by Higgs S/B Dijet mass analysis
ggF 2.80 + 2.08 = 1.30 -
©
Q
VBF | ——— 2.53 +0.98 + 1.17 S
)
ttH —— 0.85 + 0.23 £ 0.37 S
- %
WH - 1.24 + 0.29 =+ 0.24 0]
: o
—
f ZH —e- 0.88 + 0.24 = 0.16 -
: i) - ]
q Combined .:—_ 104 +014 +0.14 GCJ_2_||IIIlllIlIIIllllllllllllllllllllll_
T > 40 60 80 100 120 140 160 180 200
o 1 2 3 4 5 6 7 8 9o W
€ Best fit u Myp [GeV]

" }/ Observation of associated production
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B e @ Interpretation of PT (Higgs) I

Grazzini et al. 17

Shape & normalisation of pr(H) Crevii 3. 1
* can give constraints on x:, xp, xcand cg (eff. ggH coupling)

Additional handle to constrain Higgs couplings

CMS-PAS-HIG-17-028
Bishara et al. ‘17
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A «[E] Higgs and charm quarks

UNIVERSITAT

ATLAS PRL 120 (2018) 211802

First direct search of H- cc

e use of charm tagging algorithms

* two BDTs, separating c- from light and c- from b-jets

* uncertainties: tagging, jet energy, background modelling
* u<110 (u=-69 *101), tough channel!
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.24 «[@  Radiative Higgs decays to mesons

Search for H - M+y

* M=p - mnm, @ = KK, P(nS) - uy, Y(nS) - pu
* H- ggandH - yy* amplitudes

* gives direct access to u, d, s, ¢ Yukawa 2
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- Background fit 1o ]
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Results

o first constraint on light-quark Yukawa : un-py < 52

o first limit on H - Y(2S)y decays
e cancellationsin H - Y(nS)y : y»/ yp>M< O(10)

150 200 250 300
[GeV]

My

ATLAS

JHEP 07 (2018) 127
1807.00802

1807.00802
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i - [@] Higgs and fermions

The very colo ful table of Higgs and fermions 9
Channel u Significance Reference Experiment
FiH 1.26 +0.31-0.26 5.2 (4.2) PRL 120 (2018) 231801 CMS
1.32 +0.28 -0.26 6.3 (5.1) PLB 784 (2018) 173 ATLAS ﬂ
-0.9,-0.
tH+X <26 % € (-0.9,-0.5) CMS PAS HIG-18-009 CMS
or (1.0, 2.1)
H > bE 1.01 + 0.20 —0.19 5.4 (5.5) 1808.08238 ATLAS
_}
1.04 * 0.20 5.6 (5.5) 1808.08242 CMS
H = Y(1,2,35) (<94, < 420,<630) x 103 1807.00802 ATLAS
H = cc <110 (-69 *101) PRL 120 (2018) 211802  ATLAS C
H— (nS)y <120J/{ <1900 y(2S) 1807.00802 ATLAS
H— 210
oY © JHEP 07 (2018) 127 ATLAS uds
H— Py <52
’ 1.09 +0.27 —0.26 5.9 (5.9) PLB 779 (2018) 283 CMS
_’
e 1.09 +0.36 —0.30 6.4 (5.4)  ATLAS-CONF-2018-021  ATLAS
’ <2.92 (1.0 £1.0) 0.9 (1.0) 1807.06325 CMS
_}
HH <21 (0.1+1.0-1.1) ATLAS-CONF-2018-026  ATLAS
H— ut < 0.25%
JHEP 06 (2018) o001 CMS
H - et < 0.61%
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A [ LHC after the Higgs discovery I

— _ FHY i 1, D Precision electroweak
L ald +uwDy and QCD

1 | D,uﬁb ‘ 2 _ V(H) Higgs coupling to bosons

Higgs self interaction

Higgs coupling to fermions

—I—Y;'j ?ﬁz ?ﬁj ¢ + h.c. CKM matrix and CP violation

Higgs self interaction can be probed through di-Higgs production
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LY Di-Higgs production

SenSitive to Higgs SEIf'Coupling 8 TGEEOCETTy—> A H
* o(gg - HH) [ o(gg - H) ~ 1/1500 \ih oy
* and to BSM physics 8 ACEEET bt~ === H

Kt
Strategy P — ;
: Ky t/b
* several possible channels
i LLLLEENG S i

bbbb bbWW bbtt bbyy WWyy

34% 25% 7% 0.26%  0.1%  Ta0geeeT e o
A\ 1/b t____f(/
H

Higher 0 x BR 8 "GECETIT “H

Higher purity 8 fwww@> S H
' N>

8 76666600
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Y Di-Higgs production I

CMS ll - HH CMS PAS HIG 17 030 ATLAS coNF|2|0|1|8 0|4|3{ Inelwl I|a§t wlelell( T T T T I T T T T I T T T T I T T T T
reliminar — 35.9 b (13 TeV
P Y 99 a8 T ATLAS Preliminary ~ —+— Observea
I
gg:{v\e/d 78.6xSM - Is=13TeV, 27.5-36.1 b W Expected = 1o
Expected 88.8xSM gg’,‘z (bp = HH) =33.4 fb Expected = 20

bbbb Obs. Exp. Exp. stat.

Observed 74.6xSM
Expected 36.9xSM
HH— bbbb 129 207 185

bbtt

Observed 31.4xSM

Expected 25.1xSM HH— bbt*t 126 14.6 11.9

bbyy

Observed 23.6xSM
Expected 18.8xSM

HH— bbyy

Combined —— 3'036"\/60' g
- —— - Median expecte .
bsere 2 oM s 68% expected Combined 6.7 104 9.2
P ' 95% expected

6 78910 20 30 40 50 6070 100 200 300 400 20 30 40 50 60 70 80
95% CL on o, /op} 95% CL upper limit on o (pp — HH) normalized to o

* CMS Ucomb <22 (13 exp.) and ATLAS Ucomb < 6.7 (10.4 exp.)
* already below ~10 x SM
* goal: reach SM sensitivity with HL-LHC (3 ab-)

Extracting constraints on trilinear Higgs coupling
® —-5.0< AHHH/ASMyHH < 12.1 @ 5% C.L. ATLASCONF-2018-043
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Is it all

Standard-Model

like?




VA (@] Top-quark production

Top-quark pairs via strong interaction

q t 90 +—>—1t I ¢y t
g g
A
q t g 00 —e—1© 9 i g t

At LHC (13 TeV): 0:NNLO = 830 pb * 4%

Only 1in 108 collisions produces a top-quark pair
108 collisions produced a top-quark pair

Single-top quarks via weak interaction

(q) '(7) q ¢
q\q > I > q \q b ¢
| W+ b
. W —»— - <
AN
| (666 4
b 1 » q b N W

t 9

otNNLO = 213 pb + 1% owaNNLO = 70 pb * 5% 0aNNLO =11 pb * 4%
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Top electroweak couplings: tty, ttZ

e 7T _'(L)103__|||||||||||||||||||||||||||__
o —— Total S -  ATLAS Preliminary e Data ttw =
ATLAS Preliminary —— Statistical L|>J ~  Vs=13TeV,36.1 b mmtiz Wz ]
_ —1 ~  (post-fit) Other Bl ttH .
Vs =13 TeV, 36.1 fb Theory - e mm Charge-flips y+X 7
i Total  (stat  sys) 107 b %’/. Bl Fake Leptons . Uncertainty .
: +0.09 (+0.03 +0.08) e -
e+jets fE'H—| 107 .08 (-0.03 —0.08) .
. I +0.09 (+0.03 +0.09) |
p+jets ) 101 509 (~0.03 —0.08) N
1
1 +0.13 (+0.09 +0.10)
[ r—a—+ 111 512 (<0.08 —0.08) 10
1
. +0.08 (+0.05 +0.06)
eu :H"'H 109 508 (-0.05 —0.06)
! +0.14 (+0.10 +0.10)
ee H_?_HI 100 513 (—0.09 —0.09)
Single-lepton Ho— 105 008 Co0s 006 < 15
- i 1 v 08
Dilepton i 1.09 +g.g$ (+0. o:f +o.8§) o 1 4 7‘/ ,‘wﬁf.y1ﬁ+f7:/+¢+/3//{/(/¢//{/*///$//% /‘/—’—/ /+//+ﬁ4r
: Y- (-0.04 —0.06) %0.5,I',Ig;g;o:g:n:n:ccn:nr:n:o:m::In:n:oc:\.c\nn:EI:IIGEGC0:cvcv
Comb|ned(5channels) 1.0 +0-06 (+0.02 +0.06) Q ‘é222322Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁ
| | ‘ | o= 006 (-0.02 -0.05) At htAtacar AR ERTRATLOLRERERE QS
00 08 i E 20 794384848545 43484999005:84999045¢
NLO 8 80 23 8§06z T2T=s 3z § ® 3 Zo go 3 @
o tm/ 04
= 1.2 L e I B B B i
8 reliminar Unfolded data ] 2) AR L B
~—i: 1kl\4FTL?’fTZVI361 ﬂé,‘ Rl mgg :mg tztxlv?; ] ttY@13Tev ATLAS-CONF'2018-O48 g % - ATLAS Preliminary e Data m itz .
[ Normalised cross-section ___ \as aMC + Pythia8 (A14 Up) | - M M = - (s=13TeV,36.11b" Other WZzz .
- Dilepton MG5_aMC + Pythia8 (A14 Down) | lnCIUdln dlle ton W2 C  4L-comb (pre-fit) .
0.8: ..... Ponieg + + Pythia8 ] ‘ g. p NeW at . 3 comb (pre z’bwniertaimy- Fake Leptons E
s = differential spectra CKM 2018 : §
3 I 3 E
o2 e o(ttZ@13TeV) in pb ;

0.95 + 0.08 + 0.10 171102547 .

3 sISE T ' ' ' ' =
&_ 0. 91 + 0.0 8 + 0.0 9 ATLAS-CONF-2018-047 o W//////////7///#////////+////'////#/////////}(//AF:
§ 15BE ...l : g E E
% 0_;; """"""" — 2 NeW at 8% 0.5 l 1 15 2 25 3

A¢ (leptons from the tt system)

CKM 2018
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Singletop + Z, y

Evidence for tZ Evidence for ty

* observed 4.20 [ 3.70 {55000 e observed 4.40  cwissos.00is

Both in good agreement
with SM predictions

.................... S — 3591 (13 TeV)

S L ATLAS e Data _ o 1200 N A R N
- ] < D t
8°°F s=13TeV, 36.1 fb" tZq n S - CMS ¢ Data & .
£ L (et ] > 1000 - KX stat. ® syst. [] Zyjets E
c K= Y\§ 7 L | . . _
40k N Z+jets - - [ signal (tyj) [ vvy s
D_ibosgn _: 800 - t‘{(s-- and tw-) [l Misidentified photon |
- N ttV+ttH+tWZ ] - [ wyjets
30— - Uncertaint —] - :
] [ Uncertainty ] so0ol
- NN n -
0E S = 400 —
S NS \‘L - \: .
°F AT \\\\\\\ ) 200~
- -  t i iivi—,ii it 5 15
E E\\\\\ ....... i \\\\\\\ % 1
~ 1§“§\\\\\\\§\\\\s\x\x\s\>§x\§§ Ty 3
g SR ; ............................................................................................................... & 05 . . . . . . . . .
- € 0 1 2 3 4 5 6 7 8 9 10
a

O BDT output
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ZA 3] Production of four top quarks

UNIVERSITAT L
t
e sensitive to NP and top Yukawa z » t
t _
t
® Ottt [Ott= 1075 t t
g g
Results : f
* 2.86 (1.00 exp) SS, 3¢, 20, 10 1.60 (1.00 exp) SS, 3¢
r-—rr1rTr—rrrrrrrrr-rrrr Tt -1
ATLAS Preliminary  {s =13 TeV, 36.1 fb” S L NNNNNN— L M ()
_ Nk 60__ ~~ Obs. upper limit ]
it (SM) :g - —— Obs. cross section y
Single lep. / OS dilep. ° 50% . Egg? ;egv?gsgs5s(ezcc;i107r;,053004 —:
0 -
SS dilep. / trilep. 30F 4
=== Expected =+ 1o 20 =
: - -- Expected + 20 .
Combined — Observed 10 _
| e Explected (M=I1) .
O 2 4 6 8 10 oLt I T N SN A N R S D R RO I B B
o 0.5 1 1.5 2 2.5
950/0 CL I|m|t on M == Otttt/gttttSM CMS EPJC 78 (2018) 140 Iyt/ytSMI
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CKM Vtx

LHCtopWG

Oiheo : NLO+NNLL MSTW2008nnlo
PRD 83 (2011
PRD 81 }2o1o§ 054028
Aoy ., scale @ PDF

Myp = 172.5 GeV

t-channel:
ATLAS 7 TeV' —i—
PRD 90 (2014) 112006 (4.59 fb™") :

ATLAS 8 TeV '
EPJC 77 (2017) 531 (20.21b™")

CMS 7 TeV
JHEP12(2012) 035 (1.17-1.56fb™")

CMS 8 TeV
.JHEP 06 (2014) 090 (19.7 fb™")

MS combination 7+8 TeV
JHEP 06 (2014) 09

CMS 1 |—|-o-|—|
PLB 772 (2017) 752 (2.3fb7")

H=H
ot
o

ATLAS+CMS Preliminary ;. Wil = v T:as from single top quark production

091503, PRD 82 (2010) 054018,

May 2018

—t——
total theo

If \Vy! = (Meas) = (theo)

1.02 = 0.06 = 0.02

1.028 = 0.042 = 0.024
1.020 + 0.046 = 0.017
0.979 =+ 0.045 = 0.016
0.998 = 0.038 = 0.016

1.05 = 0.07 = 0.02

ATLAS 13 TeV? H— - —] 1.07 + 0.09 = 0.02
JHEP 04 (2017) 086 (3.2fb™")
W: 0.15
ATLAS 7 TeV ; } m | 1.037 5 +0.03
PLB 716 (2012) 142 (2.05 ™) :
GMS 7 TeV S | 1.01+016 +008
PRL 110 (2013) 022003 (4.9f0") : -013 -0.04
ATLAS 8 T —t+=— 1.01+0.10 = 0.03
JHEP 01 (2016) 064 (20.3fb7") :
CMS 8 TeV' —tie——— 1.03=0.12 = 0.04
PRL 112 (2014) 231802 (12.2 fb )
LHC combination 8 TeV (Hctopwa ——— 1.02 = 0.08 = 0.04
ATLAS-CONF-2016-023, :
CMS-PAS-TOP-15-019
ATLAS 13 TeV* l : T | 1.14+0.24+0.04
EPJC 78 (2018) 186 (3.2fb™") :
s-channel: :
ATLAS 8 TeV’ | . | 0.93"37%+0.04
PLB 756 (2016) 228 (20.3fb™") :
! including top-quark mass uncertainty
o, :NLO PDF4LHC11
NPBB5205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 1 1 1 | 1 1 1 |
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
I Vil

Vi, from single top
* t-, Wt-, s-channel @ 7, 8, 13 TeV
® assuming |th| > |th|, |Vts|

CMS

* |Vi| = 0.998 + 0.038 + 0.016
* 7+8 TeV t-channel

LHCtopWG
* |Vip| =1.02 £ 0.08 + 0.04
e 8 TeV Wt-channel

PDG 18

* |Vib| =1.019 + 0.025
e assumes correlated error

... there is much more than |V| in these measurements

Also:

studies of light-quark tagging and |Vtd| from Wt asymmetry

Alvarez et al. ’17

Faroughy et al. ’18
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Searches



i - [@] LFV Higgs decays

Search for LFV Higgs decay t-channels (ty, te)

» decays are forbidden in the SM
e can occur in many NP scenarios
» would allow t - ¢ via a virtual Higgs

o arise at tree level from the flavour violating Yukawa Y«#,
where the two leptons have different flavours

D(H = 090%) = —2 (1Y e + | Y gags 1)
37T
[(H— ¢%¢B)
C(H— ¢9¢B) + Tgpy
Previous direct searches
* CMS: 2.406 excess in the H —» ut channel PLB 749 (2015) 337

B(H— ¢%¢F) =

o ATLAS : no excess observed JHEP 11 (2015) 211 EPJC 77 (2017) 70
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i (@] LFV Higgs decays

CMS update with 36 fb-'and BDT discr. CMS HER o6 (o) 001
» excludes BF of best fit for 2.40 excess
New limits
ATLAS CMS

° B(H— ut)< 1.43%(1.03%) 0.25% (0.25%)
o B(H - et) < 1. 04/ (1 21/) 0.61% (0.37%)

| | | A0° 359 fb' (13 TeV)
= Expected * 16 (- T T T T T T T T T T T T T T
A TLAS . Expected +26 o 25F CMS —-¢- Observed|[ |Z—1t
{s=8TeV [Ldt=2031 S sorved Q0 n -
e ) - ut, 0 jet [ Z—ee/uu [ ]ttt+jets
— - — c o0k [T Diboson [ |W+jets,QCD
il et SR gJ - I SM Higgs — H—ut (B=20%)
&n et SR2 15 -
&\. et Comb 10 :_
@ e, SRnoJet 5 -
E § et SR ithJets
§ et_, Comb
| § et, Comb
| | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 |
0 2 4 6 8 10 12 14
95% CL upper limit on Br(H — et1), % BDT discriminator
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Top FCNC

Flavour changing neutral currents and top quarks

e suppressed in SM, access to BSM physics in the loops

» searchfort - (y,g,Z H) + (u, ¢)

t—Hc
t—Hu
t—=ycC
t—yu
t—gc
t—qgu
t—Zc

t—=Zu

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
LHCtopWG

September 2018

Each limit assumes that

all other processes are zero

[1] ATLAS-CONF-2018- 049
[3] JHEP 06 (2018) 102

[5] EPJC 76 (2016) 55

[7] JHEP 07 (2018) 176

[9] JHEP 07 (2017) 003

Theory predictions
from arXiv:1311.2028

—SM
[ImMssMm[“]rPV

[2] JHEP 02 (2017) 079
[4] JHEP 04 (2016) 035
[6] JHEP 02 (2017) 028
[8] CMS-PAS-TOP-17-017

2HDM(FV) [E]2HDM(FC)

EIRs

— [1 ]

(2]

(1]
(3]

(4]

(4]

(5]
(6]
(5]
(6]

(7]

(8]

L L NN Rt

(7]

[9
I L 1 L L |1

107'°

10713

10710 107/

107* 10~
Branching ratio
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s e [ Top FCNC

o ATLAS-CONF-2018-0
New results for this week "

ot ->H(bb)g or t-H(tT)q

» full combination of 2015-2016 dataset for t - Hg CKM 2018

Results
* B(t »Hc)<11(8.3)x104 and B(t—Hu)<12(8.3)x 104

_:'3: 0_1 — T T 1T T T LI 1T 1T 1T 1T | T 1T | T T | T 17T | T .
< 0.09E ATLAS Preliminary 3
TE Is=13TeV, 36.1fo" 3
0.08 = — Observed limit =
0.07 - B==8 Expected limit £ 16 S
B e Expected limit + 26 2
0.06 All limits at 95% CL 5
0.05F E
0.04F =
0.03F =
0.02F =
0.01F =
: 1 1 | | I | | 1 11 1 | I | | | | | | I | | 1 11 | | | I:

% 0.0 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
|7\‘tcH|
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— L Vector-like quarks

ATLAS 1808.02343

Vector-like partners of 3rdgeneration quarks
* color-triplet spin-1/2
» couple preferentially to 3rd generation

p bt t

New combination of all channels
» decays of T(+2/3), B(-1/3) to W, Z, Hbosons &

% 09 ATLAS | 81420 ?
e e e e ' Vs=13TeV, 36.1 fb™ —_
Singlet exclusion limits = o3 E .-
% 0.7 Observed limit = ;}
°* mr <1.31TeV 0.6 Lo 1380 &
0.5% Y SU(2) d.oublet E 6'
°* Mg <1.22 TeV . O SU(2) singlet 1360
° ° 0.3 1340 ”
Weak isospin (T, B) doublet = _;
1320
* mr and mg < 1.37 TeV excluded . [

0 0.10.203040506070809 1
BR(T — Wb)

B(T—Ht) + B(T—~Zt) + B(T»Wb) = 1
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Vi . [E] Implications of B-anomalies (I)

UNIVERSITAT T

Rp(*) and Rk)anomalies
» challenging Lepton Flavour Universality e

Rescue of leptoquarks? %:Q |

* Could preferentially couple to 3
generation leptons and quarks .
C< . I I | T T

* final states with t, b, T, v . cms

NN Preferred by
2.0 F B\ B-anomaly (95% CL)
" Excluded (95% CL)

JHEP 07 (2017) 121

A T
WW X 7\ T 7\ / T { 5L B ool
< b : experiment (::
b A K
1.0 LIS
A T ~_b I \\}‘\2&
RN

S NNNNANANANNNNNNY

Recent results 0.5]
o I_Q I_Q — €1—” CMS JHEP 07 (2017) 121 ' = o PR
° Single LQ — e—c(-c)b CMS JHEP 07 (2018) 115 0.0 500 1000 1500

Leptoquark mass (GeV)
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A [ Implications of B-anomalies (II)

CMS 1808.03684 I
) : q >
Search for Z’ boson below the Z mass #®
e canresult from additional U(1)’ symmetry (here: L, - L:) S
e search for Z’ - uu within Z - 4u : -
q ut
c 25— 773" (13 TeV) CMS 77.3 10" (13 TeV)
O i CMS ¢ Data (@)
—~ - [ ] SM 4u production
-UE) 20__ ——— m(Z) =5 GeV, g = 0.008
() i (Z) =15 GeV, g = 0.01 10—1 -
Lﬁ - (Z') =30 GeV, g =0.01 Z
1 5__ Background syst. uncer ]

CMS: Z—Z'upn—4u (obs.)
-------- CMS: Z—Z'uu—>4u (exp.)

1072

Constraints from Altmannshofer,

| L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 'l'

et. al. JHEP12(2016) 106; ;
Neutrino Trident -
i | “ B, mixing :
i “ATEAS BR(Z— 4u), Vs =7 and 8 TeV
L1 11 ] ] ] [ (N N | | ] ] ] [ (N N |
5 6 7 8910 20 30 40 2 3
10 10 10
m(Z') [GeV] m(Z)[GeV]
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Implications of B-anomalies (l1I)

ATLAS-CONF-2018-044

U, C

Search for LFV in top quark decays
o LFV probedin decaysofu, t,B,Z H...
* never searched for in top quarks
e indirect limit B(t - eug) < 10-3

t

Davidson et al. ’15

New at

“ CKM 2018

New search: ti » (0q)(vb) wp | iz ar
o 0={e,u}, g={u,c} L Snalregon —
* SR: eeu, ey, Z boson veto E ggjﬁgg;:f;}gj—g
e BDT trained — shape fit | i

..

First top result with 2017 data "
* Data compatible with absence of signal .
* B(t - 00’q) <1.9 (1.4) X 10-5 Z 12*j // ///%%é////

0.75 .

* B(t - euq) < 6.6 (4.8) x10-6

BDT discriminant
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Interpretation



.24 «[@ Interpretation of top physics results I

Precision measurements and explicit models
* e.g. asymmetries

1033| | I L l IR I T T I L l L I | |E 0.08 i ! ! I ! I I I I I l T T I T T I I I T I |
- ATLAS / . i ATLA$ 5

2 ¢ % : 0.06 " dolour )

= 421 / _ - S sextet i

% : - i $ _scalar |

": . b m, =100 GeV - 0.04 - : ]

@ 10 CMS 95% CL - <O I )ﬂ%lar isodoublet.

= ATLAS inclusive 95% CL] 0.02 - AT ATLAS ]

T - s A SM— NN |

ATLAS 95% CL B q ___,________________________________________-

Q. | _ 0 s A oo N NN R R o =

= 1 : ‘3 - - o | CMS -

© E a E I | i Models from i

. — Prediction from 2 -0.02 8 8 EEEPS_ﬁ 8358;;3 -

-1 | — | — I R | — i | | | | I J l | | I | | | | I | | | | I I:| | | | |
19-0.1 ?:A 0.3 04 05 06 0 0.1 02 03 04 05

FB Arg

CKM 2012 CKM 2014
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Interpretation of top physics results

Extracting limits on anomalous couplings

o, W_
o e.g. Wtb g L R _ ZU
g L= \/_b,),}t (fVPL —|—fVPR) tWy \/_ Moo (fTPL —|—fTPR) t+ h.c.
CMS preliminary,\s = 7 TeV, L = 5.0 fb’
a>s 14
Y — [ ] 95% CL observed
L 7] 68% CL observed
1.3 —
— u’“-"__________,,,_....-.,....-...-..--..m............,..:....-...:..,,,____‘__.‘ ....... 95% CL expected
1.2 :_ _-__.__"_,.,...----""""""’ \ —— 68% CL expected
e i
1.1 //
= . -
.'/.
-
0.9 g
0.8— )
0.7 ="
0-6 : | | I | | | | | | | | | | | | | | | | |
0 0.1 0.2 0.3 04 0.5 0.6 %7
v CKM 2016
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No direct evidence for NP

 add all “possible” operators to SM Lagrangian
* respect SM symmetries (results ind > 4)

(complex)
SM Lagrangian Wilson coefficient Dimension
\ c@ -
LZLSM-I_zﬁOl + h.c.
d d
/\ \\ \\
Effective Lagrangian New-physics scale Operator

Interpreting top-quark LHC measurements
in the standard-model effective field theory

DISCUSSIOI’]S (LH CtO pWG) J. A. Aguilar Saavedra,! C.Degrande,? G. Durieux,?
F. Maltoni,* E. Vryonidou,? C. Zhang® (editors),
common StandardS and D. Barducci,® 1. Brivio,” V. Cirigliano,® W. Dekens,®" J. de Vries,'° C. Englert,!!
. M. Fabbrichesi,'? C. Grojean,*'? U. Haisch,>'* Y. Jiang,” J. Kamenik,''6
bESt pra CthES M. Mangano,? D. Marzocca,'? E. Mereghetti,® K. Mimasu,* L. Moore,* G. Perez,'”

T.Plehn,'® F.Riva,? M. Russell,'® J. Santiago,'® M. Schulze,'® Y. Soreq,?"

A.Tonero,?t M. Trott,” S. Westhoff,'® C. White,?? A. Wulzer,%?32* J. Zupan.?® CKM 201 8
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.28 «[@  Constraining new physics with EFT

Example
e do/dAgp

* constrain top chromo-
magnetic dipole moment

® -0.06 < Cic//\2 < 0.41

CMS PAS TOP-17-014
CMS Preliminary ~ 35.9 fb™' (13 TeV)

— /F
ﬁg_ - + Data
= 6 — C/A%=-1Tev?
ol = =F C,o/A* =0 TeV? (SM)
S| T O Cy/AP=1TeV? R
32 + + +
2F
1_
................................
2| Stat. ® Syst.
8 ®©1.5 Stat. ONly
I-E (]
1
05_ ..................................................................................................................................................

Global fits: EFTFitter """

e combination
e include correlations
* consistent treatment of backgnd

only total Xsecs 99.7% BN combination 99.7%

Bl only diff. pT 99.7% combination 95.5%
only W helicities 99.7% combination 68.3%
* Standard Model
= EFTfitter
O .75 C. Grunwald
0.50
0.251
0.00 1 ‘ }
—0.25
—0.50"
—0.75

-20 —-15 -1.0 -0.5 0.0 0.5
~(3)
Coo

0:8TeV + 7 TeV + 13 TeV + differential + W helicity
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i 2 e (] Conclusion

New first time results
* observation of Yukawa coupling with third generation: t, b, t

What’s next

* Run-2 data doubles/quadruplicates
e improved couplings, FCNC/LFV test and BSM sensitivity
* only < 3% of the final LHC data analysed - much more to come!

LHC / HL-LHC Plan @m

LHC

Run 1 | | Run 2 | | Run 3

LS1 EYETS 14 TeV 14 TeV
13-14 TeV -

Future directions
e HE-LHC @ 27 TeV
* FCC-hh @ 100 TeV
* more options on the horizon: CEPC, CLIC, ILC, FCC-xx, ...
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Y Higgs and tau leptons I

 All T leptonic and hadronic decay modes considered CMSS PLB 779 (2018) 283
. ) ATLAS-CONF-2018-021

* now observed in each experiment separately

* main discriminant: mq, crucial to distinguish H— ttand Z- tt

35.9 fb' (13 TeV)

> B ]
> 1800 " T ' ~ o . e Data 2015+2016
g Fcus O | ATLAS Proiminary 5T
< E 2 o VBFlightSR == o Backgr.
C ] C T tight ther Backgr.
i) E 4 observed i & 10 Tlep’had 9 ] Misidentified 7 ]
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Significance: 5.90 (5.90) observed (exp.)>x< Significance: 6.40 (5.40) observed (exp.)>i<
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A [ ttH evidence and observation .

Run-17 and 8 TeV
o ATLAS 2.70 (1.60 exp.)

* CMS 3.60 (1.30 exp.)
Run-2 13 TeV 36/fb (2015-16)

e ATLAS 4.20 (3.86 eXp.) PRD 97 (2018) 072003

e CMS 3.20(2.80 exp.)

Run-2 13 TeV up to 80o/fb (2015-17)
o ATLAS 5.80 (4.90 exp.)
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Combination Run-1 + Run-2

o ATLAS 6.30 (5.10 exp.)
e CMS 5.20(4.20 exp.)
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