


Introduction

* The heaviest elementary particle * The most Godly particle ever
ever discovered (1995) discovered (2012)
*  Almost exclusively decays to W * The last predicted missing particle in

boson and b quark SM now observed

* Short lifetime makes it decay *  Gives mass to all particles via Higgs
before hadronization (T = 4x102s) field

* Represents relatively clean * [ts properties and implications for SM
experimental signature to study are currently being studied in details

In SM top is expected to strongly
couple to Higgs (yt~ 1)

Yukawa =1y
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Why top Yukawa coupling is so strong ?

Vacuum

Yukawa interaction with quarks: ALEHUEE

Q_1/3A-1/3Q_1/3(H + v)

1 N ¥
V2

L_

Q2/3X2/3Q2/3(H +v)

Yukawa coupling

Top quark Yukawa coupling (yy) = 1.4*(173 GeV)/(246 GeV) ~ 0.98
precise calculations give 0.990 +/- 0.003
— presumably enhanced sensitivity to BSM particles
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Is our world stable ?

metastability/
stability instability

* Qur world is stable if there are no \Y4
other potential minimaV < Vrerm

*  Our world is metastable if there Is -
another potential minimum with a @
tunneling time greater than the age of ‘\ o

| 0

our universe (P_ltunnel > Tuniverse) |\_/ >
*  Our world is unstable if P-'ynnel < . Planck

T universe signQ)V A Strong coupling
* The answer is strongly connected to /

° ° '

top and Higgs properties ! Higgs seli- .

* uthr = O(v = 246 GeV) coupling
Instability :
Zero
. Scale u

Meermi Mpjancx

JHEP10 (2012) 140
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https://arxiv.org/abs/1205.2893

When the world (almost) crashes down

180
175
=
35
X * Our world is unstable at 1.30
* We seem to live in a metastable
170 world — transition time between
two minima > lifetime of the
universe
Aolute stability . * Main uncertainties on our fate
165 [ come from m¢, my and ye
120 135 140 . .
determination

----------
............
.® -~
73

Phuys. Rev. Lett. 115, 201802 (2015)

o N, o
. ., .
. . .
a® gy a®
----------
----------------------------

vacuum stability condition
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https://arxiv.org/abs/1507.08833
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Top pole mass M, in GeV

M, in GeV
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Higgs pole mass M), in GeV
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https://arxiv.org/abs/1505.04825

The importance of being y;

* Critical y« Higgs field has two

degenerate minima , M. /GeV — 125.7
; . . | 1y, = 0.9244 + 0.0012 X h/
t t t 4
* Yt € [)’tc” > )’tcr' + 004] the new 0.
minimum Is deeper than ours, the 10.0012 X as(Mz) —0.1184
age of the universe is smaller than 0.0007
the life-time of our vacuum T
(metastability) le+76 = ALY, a
* ye >yt + 0.04 (m. > 178 GeV): le+7g .‘§:28:332235% 3 s
the life-time of our vacuum s le+72NgYr=0.92448293 f-—-— 7
smaller than the age of the universe SolenTo [ — _
. . O I
* ye <yt - 1.2x 1076 our vacuum is £ le+68 | A
S - 1e+66 | _— i
* Yt € [)’tCrit - |1.2x1 0'6, )’tcrit]I our 6 /4/( "
vacuum is dee reretr p=173.2 GeV ]
per than the other - .
one 1e+62 1 a3l 1 a3 a3l PR
le+17 le+18 le+19

\

¢, GeV

J. Exp. Theor. Phys. 120 (2015) 3

K
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https://arxiv.org/abs/1411.1923

Mass, Yukawa and stability

Tevatron+LHC m, combination - March 2014, L =3.5fb"- 8.7 fo”
, ATLAS + CDF + CMS + DO Preliminary
CDF Aunl, kjets P 172.85 + 1.12 (052 = 0.49 = 0.86)
127 CDF Aunil, di-lepton = 170.28 = 3.69(1.95 +3.13)
7)) o CDF Runil, all jfats = 172.47 + 2.01(1.43+0.95+ 1.04)
e 126.5 :_ CLDT:T”’ By ets - = - 173.93 = 1.85(1.26 + 1.05+ 0.86)
— * ™~ DO Runll, |+jets 174 94 1 50
- - Con - = .94 = 1.50(0.83+ 0.47 + 1.16)
7)) 126 F DO Runil, dilepton o 174.00 = 2.79 (2.36 + 0.55 = 1.38)
(D) %, 2 ATLAS 2011, l+jets — e — 172.31x 1.55(0.23 + 0.72 = 1.35)
S O 125.5 F ATLAS 2011, dilepton ———— 173.09 = 1.63 (0.64 + 1.50)
' E-C " CMS 2011, l+jets ——rr—s 173.49 = 1.06 (0.27 = 0.33+ 0.97)
n 125 CMS 2011, di-lepton —_— 17250 £ 1.52(043 = 1.48)
ﬂ& E CMG 201, St P — 173.49 = 1.41(0.69 +1.23)
ﬂ 124.5 - World comb. 2014 ¥ /"= 41° - = 173.34 = 0.76 (0.27 = 0.24 + 0.67)
- - 25 TevatonMarch2013 Runt+l) b—o—a 173.20 = 0.87 (0512036 0.61)
124 28
8 S LHC September 2013 — e — 173.29 + 0.95(0.23 + 0.26 + 0.88)
0.92 0.93 0.94 0.95 0.96 5 , , , totgl _(stat. syst)
165 170 175 180 185
Myop [GEV]

Critical y;

yi(u=173.2 GeV)

19.7fb” (8 TeV) + 5.1 b (7 TeV)

yi(u=173.2 GeV)
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m, [GeV]
heor, Ph

Ex

I I 1 I I I I I i 1 1 I I I I 1 I I 1
m CMS Preliminary
4
v 127 —— e Rt
= C A ] CMS 2010, lepton+jets \g 173.1 = 2.1 = 2.6 GeV
n N J PAS TOP-10-009, 36 pb" (value = stat = syst) o o
7)) 126.5 C .~ - CMS 2011, dilepton X 172.5 + 0.4 = 1.4 GeV PI‘ECISIOII mass
C .\ 7 EPJC 72 (2012) 2202, 5.0 fb”! (value = stat = syst)
& ' Ny ] €15 2011, loponiens N®"  ms-0i-r00W measurements for
h > 1 26 -~ - JHEP 12 (2012) 105, 5.0 fb™' (value = stat = syst)
L 3 ———— °
CMS 2011, all-hadroni 5 =0,
m 8 125.5 : 3 EPJ cl;aj(lo:as) 2750'?::: b (‘Jalaui Do 1v2-t(); . to p an d H Iggsl an d
- = o
Rl . CMS 2012, lepton+jets 172.0 = 0.1 = 0.7 GeV ° °
2 . : PAB TOR14401, 107 10" b ot < oyet Yt determination are
= C 4 CMS 2012, all-hadronic ® 1721+ 0.3 = 0.8 GeV A
125 - PAS TOP-14-002, 18.2 fb" (value = stat = syst) Cruci al to
u C " CMS 2012, dilepton X 1725 = 0.2 = 1.4 GeV
- . PAS TOP-14-010, 19.7 fb° (value = stat = syst) d h
I 124 .5 | - CMS combination NS 172.38 = 0.10 = 0.65 GeV un erStand wnere
C : September2014 ... (value :stat:sys) o '
= C . Tevatron combination O 17434 2037 = 052 Gev we Ilve °
1 2 4 [ T T 1 July 2014 arXiv:1407.2682 (value = stat = syst)
= World combination March 2014 @ 173.34 = 0.27 = 0.71 GeV
= 0.91 0.95 0.96 ATLAS, cOF,CM8.00 | (value = stat = syst)
1 1 1 1 l l | 1 1 1 1 1 1 1 1
165 170 175 180

120 (2015)3 8


https://arxiv.org/abs/1411.1923

Higgs mass measurements
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1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
ATLAS and CMS —e— Total Stat. w1 Syst.
LHC Run 1 Total Stat. Syst.

ATLAS H—yy p——e—— 126.02 + 0.51 ( = 0.43 + 0.27) GeV
CMS H—yy P 124.70 + 0.34 ( £ 0.31+ 0.15) GeV
ATLAS H—->ZZ -4l ; - i 124.51+ 0.52 ( = 0.52 = 0.04) GeV
CMS H—ZZ -4l ——— 125.59 + 0.45 ( + 0.42 + 0.17) GeV
ATLAS+CMS yy ——— 125.07 + 0.29 ( + 0.25 = 0.14) GeV
ATLAS+CMS 4l ———q 125.15 £ 0.40 ( £ 0.37 = 0.15) GeV
ATLAS+CMS yy+4l == 125.09 = 0.24 ( + 0.21 = 0.11) GeV
1 | | | I 1 | | | I 1 | | | I 1 | | 1 l 1 1 | 1 l 1 | | 1 l 1 1 | 1 l 1 1
123 124 125 126 127 128 129
m,, [GeV]

Kirill Skovpen - [IHE Internal seminar




How to catch Yukawa ?

Directly
> >
W @ o eeeeeeeenn h
> >
Indirectly
g _ ! §
tY 0 e H_ .....I.—I ..... t wg Q
1 ; ‘b & Caveat: new
A ENS particles could
UL Ao VWWWWW contribute to the
g i h, 7 Z
&9 i -’ ) ’ loops !
t e 2 €

2017/03/20 Kirill Skovpen - [IHE Internal seminar 10



2017/03/20

Catch me directly, if you can

—
o
[\

o(pp — H+X) [pb]
=

10

10'2§

;’ I I — Ty rrrrrp e e rrerirprerid Ié §
N W) :
[~ — NNLO+NNLL QCD +NLO :
pp— H{( :
i =
3
t op — gaH (NNLO QCD + NLO EW) :
= pp > WH (NM
:—W
- 1o — boH (NNLO IS o -
MH =125 GeV__
: MSTW2008 -
1 oo v b by s by b by
7 8 9 10 11 12  13__ 14
s[TeV] tHq@14TeV
. ................................................................................................................................... 50.090pb
L cccccconr ,‘ ~0.020pb e ~0.020pb
tHq@8TeV tHW@14TeV
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How well do

we know y; ?

ATLAS and CMS ®- ATLAS+CMS
LHC Run 1 - ATLAS
-+ CMS
B i = 1ointerval
K, ~a—- -~ — 2cinterval
— —
o -
K= —— © -
TS M W _— =t
“ff ;f ——
2 "
K -
d t e —
But mostly comes | =t
ST T e summ
from indirect search :
analyses ! §
K e e— —*—f—
b »
—
fic, | —
" e & v
lllllllllllllllllllllllllll
JHEPOB (2014) 045 -2 -1 0 1 2 3
Parameter value
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https://arxiv.org/abs/1606.02266

y: and CP violation

scalar  pseudoscalar

Top-Higgs
interaction

L, = - (Kt + irityst) H

CP violation phase: Ct = arctan(i%t / lit)

1

\’
)
-
-
.
.
*
0
D)

Dl
"
.
.

1F ttH+tH 68% L ttH+tH 95% CL

................... » SM: xte=1,k¢=0

‘e
.
B
-
.

2017/03/20

.............. < ‘ |k < 0.01
All Higgs
results
I .
0 0.5 1
K4
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"N Electron EDM (indirect):

JHEPO4 (2014) 00%

JHe? 1311 (2013) 180
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https://arxiv.org/abs/1312.5736
https://arxiv.org/abs/1310.1385

y: and CP violation

o/ sy

2

E 7~~~
o =
B st k<
I
tH ¥
&)
@)
tH
10"
tﬂ-l | :l | | | 1
%1 0 1 2 2 -1 0 1 2
G g
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https://arxiv.org/abs/1312.5736

Direct CP measurement of y;

LD — @Kf (cos a + iy5 sinia) t H

Real number CP-phase

* Probe CP of y; in ttH dilepton events
* Sensitive to Adres

* Even more pronounced in boosted regime

High Lumi

L L

95% CL exclusion |

2 A =
. CP-a vs. CP-even E E $ ’A,Zq)) ) -
1 L L L l L L L L l 1 1 1 1 "H u
-1 -0.5 0 0. 5 1
cos(a)

CP-even SM Higgs 0* (K=1,a=0)
CP-odd SM Higgs 0 (K=1,a=x/2)

+
i

0.04
0.035
0.03
0.025
0.02
0.015

0.01

II'Il IlIIIIlIIIlIIIIIII'IIIIIIIIIIII
III|IIII|IIII|III|III|IIII|IIIIIIII'

BDRS R—1 2 PTJ>200 GeV
by ]

°o ft/°o ft

lll
I|III

1.5

- -
-
------------------

Phys. Rev. Lett. 116, 091801 (2014)
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https://arxiv.org/abs/1507.07926

ttH

Golden process to directly probe y; but a very complex final state !

H-oWW,ZZ,t7
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ttH search results

CMS Preliminary 12.9fb" (13 TeV)
'.g 40\: ] ! | ! | | | Postl-fit, o | |
H-bb , v
mitH
11.4-12.9 o™ (13 TeV) H WW,ZZ,TT S
g E| TT | T TT | T T | T'TT | T'TT | T TT | TTT | I_I T | T T | T |E !WZ
0 CMS Preiminary &% i S
g 40F dilepton Bt Et2d 3
g 352— >4 jets, > 4 b-tags =3:?;S Eﬁ{? gle Top —
g 30E pre-fit expecation ~ EEDiboson {77 Total uncertainty 3 . CMS Preliminary 12.9fb" (13 TeV)
F ] > e B e L UL I
U) = . - .
= 25F 3 © FHoyy ) . ]
& 5; ] O 8Efm1260Gev, fi-0.95 || eptonieTag E
S 20F = e 70 ¢ Data =
TS E c f — S+B it E
F ] S 6 BE 0 v aoee s e B component E
c 4 LLI C 7
B: f 59 o H2YY @ .
: = © TE ' T N - 206 ]
55 + |1 : 2 1.5¢ -9 & pe —»—# E 457 — =
0 IIJ I ! - D- 1 Ozl —l—+ | | + 3 - .
1.5 = s F = 2t 3k E
o O / M% 7 i CQU 05¢ + T ++ T AR 2 E (] ' =
© 0.0 Eegtt e L o | E
Q‘E 1 2 4 6 8 10 12 14 16 18 20 1 :
// // 4 . // | Category x BDT bin, 3l . I
1 1 1 1 1 1 1 / 1
05 7720806 -04-02 0 02 04 06 08 1 g GO SUBTaGe
BDT discriminator CMS-PAS-HIG-16-022 E
I IRINADINNONN uumumuu_:
CMS-PAS-HIG-16-038 =
150 160 170 180
my, (GeV)

CMS-PAS-HIG-16-020
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https://cds.cern.ch/record/2231510
https://cds.cern.ch/record/2205282
https://cds.cern.ch/record/2205275

ttH search results

JHEPOB (2014) 045

AT(LAS-CONF-2016-068

Run Il oo oo
ATLAS and CMS - ATLAS+CMS un ATLAS Preliminary {s=13 TeV, 13.2-13.3 fb
LHC Run 1 -+ ATLAS —total  —stat. (tot.) (stat., syst.)
-+ CMS ttH(H—yy) | 00— . #1.2 [, +12 402
[ : 1 (13Tev13.3fb7) : 0.3 -1.0 ( -1.0’ 0.2 )
] —-—z10
, < @i 13, 407 +1.1
M — i — 220 tH(H—>WWi/2Z) 2.5 f1.1 07 1).9 )
gg F __-_._—*—'—— (13 Tev 13.2fb™)
- 5 HiH(H-—bb) e 21 55 (55.%7)
- (13 Tev13.21b™") ’
' = T e = ePTTTTRCTTIC S
e —— R l I - +0.7 +0.4 +0.6
MVBF : . u n “ ttH %%r?gl/;latlon e 1.8 o7 04 05 )
L
- ; ttH combination ; 1.7 *08 (02 , w07
- (7-8Tev,45203f7") , | | | | Dl ,'0]8 L -(,)'5| ,_0]6 )
I"l‘ ——.-i—— 0 2 4 6 8 10
WH - - best fit u_ for m,=125 GeV
: CMS-PAS-HIG-16-022
— : CMS-PAS-HIG-16-020
: CMS Preliminary  2.3+12.9 fb™ (13 TeV)
—————
l"ZH »>- E " My = 125 Gev CMS Preliminary 12.9 fo"' (13 TeV)
M . +0. L L L B L B L I
K B combined p = 2.0 | How B Combined £ 16
= . S — +0.6
| ' Untagged 0 ) 0.95 55 —&- Percategory 16|
ﬁ E e e——— Untagged 1| 1.04 7% LT
‘ u H ; x Untagged 2 | 0.44 0% T |
| tt : ‘ riacee _. o ucombined= 0.95 tgf; —
- Untagged 3 _1 33109 m, Profiled |
e VBF Tag0 | 1.58
—.*— VBF Tag 1 004 “2 N
u ':'*_ | d— . e
————— | TTH Hadronic Tag | 2.10 "
llllIllllllllllllllllllllllllllllllllllllllllllll '[‘HTTHLeptonicTag_1.15ff :ﬂ
-1-050 05 1 156 2 25 3 35 4 . . = L ’ ° =
-2 -1 0 1.2 3 4 5 6 H

Parameter value Best fit u = o/c

Evidence for ttH reported yesterday at Moriond !
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https://arxiv.org/abs/1606.02266
http://cds.cern.ch/record/2206211
https://cds.cern.ch/record/2205282
https://cds.cern.ch/record/2205275
https://indico.in2p3.fr/event/13763/session/0/contribution/79/material/slides/0.pdf
https://indico.in2p3.fr/event/13763/session/0/contribution/79/material/slides/0.pdf
https://indico.in2p3.fr/event/13763/session/0/contribution/79/material/slides/0.pdf
https://indico.in2p3.fr/event/13763/session/0/contribution/79/material/slides/0.pdf
https://indico.in2p3.fr/event/13763/session/0/contribution/79/material/slides/0.pdf
https://indico.in2p3.fr/event/13763/session/0/contribution/79/material/slides/0.pdf
https://indico.in2p3.fr/event/13763/session/0/contribution/79/material/slides/0.pdf

tHq

* Suppressed In SM by destructive
interference: ye-yw < 0

* tHq is sensitive to both magnitude
and sign of y:

* BSM can be looked for by probing
negative Yy still allowed from global fits

* | 5x Increase in tHq cross section assuming
inverted coupling scenario, yt = -|

pp—>thj (LHC 14 TeV)

o0 (pp — thy) [fb]
CF = 1 Cp = —1

-2 -1 0 1 8 TeV

CF
14 TeV

0.42 4.6
18.28 38 233.8%5

7
88.21¢ 982128

J. High Energ. Phys. (2013) 2013: 22
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Eur,

Phys. J. C (2015) 25: 263



https://arxiv.org/abs/1504.00611
https://arxiv.org/abs/1211.3736

tHq search results

CMS 19.7 fb' (8 TeV)
; rrrrprrrrprrrrprrrrprrrrprr e pr e
8 05:_ ¢ Data _:
U tHq (C, =-1) .
~ : [ ]*a ]
® 04l N ExtratH (C =-1) |
c i -
:>_’| i 0 ]
035— -VH —f
0.2 i
0.1
: llllllllllll_lllllll]ll
‘?00 110 120 130 140 150 160 170 180
m,, (GeV)
19.7 b (8 TeV)
-E T T T
% | Muon channel CMS.
*q:-; 300 3tag 2regci;onv
— m =125 Ge -
el H—bb
200
100
)
gfg 0.5F]
Q. -
glr  OF
w -
ol -0.5E==t e
0 05 1
NN output
JHEPOL (2016) 137
2017/03/20

¢ Data

Events/Bin

Data/Pred.

] tHq (C=1)

L] tt+b

Stat.+syst.
T 50xtHqg (c=1)

_1 [_]Stat.+syst.

60

50

40

30

20

10
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CMS 19.7 fo' (8 TeV) CMS 19.7 fo' (8 TeV)
AnpAS A LALLE RAALE RARAE LARRE RARAE RARRE LALAE RAR== E E 5"'"'I""I'"'l""l""l""l""l""l""l"'_‘
e*u* channel e Data es] u*u= channel oo} 3-lepton channel ® Data ]
WtHg (@=-1) 1 & £ r Ml tHg (Ci=-1)

W, iz, tH 5 & 201 otiw, tiz, tH

Ewgw qq ”>J “>J ! Ewv, ww ]

oty L ["] Nonprompt 1

7] Rare SM 15+ —

[_]Nonprompt N . ]

[ Charge misid . L 4

+ 10 |

5
5
0 0

o f i B Y ' E

C 7 9 4F E 2 4t E
F o E 3 o - E
L + Py | s .L a 3»_ L] = a 3 :_ _f
v = i Y s % " 1 ® 2 E
E L] - o 1:—‘_. g * 0] é *‘: o 1 :_._* ‘ ‘ * ——1 i
070270304 0506 07 0809 1 070203 040506070809 1 00" 0102030405 0607 08 09 1
tHq classifier tHq classifier tHq classifier

CMS 19.7 fo™" (8 TeV) CMS 19.7 b (8 TeV)

.E 5 T T 1 T I T 1 T I T 1 T I T 1 T 1 .E ] 1 T 1 I 1 T 1 ] T T Ll I T T T T .

Q ¢ Data ] Q ¢ Data ]

£ | ~10xtHg (C=1) e 10 x tHq (C=1) HUT

O 4 twz a o Wiz 3

W Reducile i Reducible .

- fiH - W fH —

3|~ [ Diboson | Diboson .

i Stat. unc. Stat. unc. E

°r :

1 — E

o i L i T | ] 0 |k el T N B -

-1 0.5 1 -1 -0.5 0.5 1

Fisher score Fisher score
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https://arxiv.org/abs/1509.08159

tHq search results

a5 CMS 19.7 fb” (8 TeV) 1600 CMS 19.7 b (8 TeV)

S f pp — tHq : e ! | | | | o

3 F t — blv N 21400-_ — Observed

g 30 C=1,m =125GeV ~ < I - Expected -

o [ ; E [ -

E —o— Observed - = 1200~ W oep -

8 25—~ . Expected - Cz - | ] +20 exp. :

E + 1o exp. : P - -

: | S B :

S 201~ - - §

B . 800 ~

15 _ - -

’ 600 —

10 — ao0l- -

S — 200 —

0: l l | | | l q 0_Ilott'q(lc'.iﬂ'l.lx{..xxi.,,ll.xlll,-
e Cux  Slep  Hu- by 7 Com, 05 1.0 15 2.0 25 3.0

eg B(H—yy) / B, (H—vy)

JHEPOL (2016) 137
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https://arxiv.org/abs/1509.08159

tWH at the LHC13 oRo e oA
> 1000 | OFSNLO
CP even
§ 100 t
©
7/
N o
’ =
| ®
&)
10 3
wn
5
g
1 O
g
* As tHq, suppressed in SM by destructive 3 > p o 1‘ » 3
interference: ye-yw < 0 KHtt

* Sensitive to both magnitude and sign

CP even CP odd
of Yt

£6 _")Et (canHttgHtt + isaK’AttgAtt ’75)¢t XO

* Significant increase in tHW cross section

(up to 50x) in some phase space of (yi,yw) Ly — RSM(%guzz Z, 7" + Guww WIW‘“) Xo

No experimental results yet Eur, Phys. J. C (2012) 3%: 3
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https://arxiv.org/abs/1607.05862

Indirect probe of y; in four tops

i /
g g _
t Z [y t
g
t
. t
v g _
g t t
O.(t.Et.E) — O.SM (tttf)g—FZ/’y _I_ KJ% O-ISnl}G/I arXiv:1602.0193¢
2: \ S \“\\\\\'\\'\\ XK X \
S § i By [ B \: 8 TeV 14 TeVv
m§ : o J oM (ttE) g1 2/ - 1.193 fb,  12.390 b,
> - N7 Excl. by nit (300fb7) oSM(tttt) g 0.166 fb, 1.477 fb,
Q Kx 1:‘ | 1)>§ o M (L8 ) i, - —0.229 fb,  —2.060 fb.
] (a) \ L X XXX XA LHC data results @8TeV:
g O()-' L1111l |i| 1N 1121 ’11’/|/| | A ,1/ 3| A rl/l ll‘/l l’;‘|4:1 WYY "'I O-(tt_tt—) S 23 fb _» I{t S 3-49

K:
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https://arxiv.org/abs/1602.01934

When flavours change but charge
remains the same

* Flavour-changing neutral currents (FCNC)
suppressed at tree level in SM by GIM
mechanism

* Could be significantly enhanced in BSM

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

* DII”eCJ[ prObe Of anomalous >/t LHCtopWG [1] JHEP 12 (2015) 061 [2] arXiv:1610.04857 subm. to JHEP
[3] JHEP 04 (2016) 035 [4] EPJC 76 (2016), 55
November 2016 [5] arXiv:1610.03545 subm. to JHEP [6] EPJC 76 (2016), 12
[7] CMS-PAS-TOP-12-039
Each limit assumes that - — =
all other processes are zero Theory predictions SM 2HDM(FV) 2HDM(FC)

from arXiv:1311.2028
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From LHC to HL-LHC

LHC Global data fit results HL-LHC Projection
CMS Projection
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https://arxiv.org/abs/1307.7135

Study of y; at future colliders

arXiv:1506.05992

\CJ ete > Z/y*~ttH arXiv:0604166
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https://arxiv.org/abs/1510.09056
https://arxiv.org/abs/hep-ph/0604166
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https://arxiv.org/abs/1507.08169
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Conclusion

We live In a beautiful metastable world

Top quark Yukawa coupling might be a portal to other worlds
with new physics

Experimental studies of this vital fundamental parameter In
SM have just begun

A broad range of analyses in the top-Higgs sector Is being
performed by the LHC experiments

Very good prospects for y: determination at future colliders !
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