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Searching for New Scalar Bosons via
Triple-Top Signature in cg — ttt(bar)

Flavour Down Under .
Outline

I. Intro: 2HDM & Extra Yukawas
> 0 Top Utilities

IT. Bonus l: EWBG2-t
ITI. Bonus 2: Alignment frorTw*O(l) Couplings!

IV. LHC Signatures: cg— tH? tA°

1. Same-Sign Dilepton
2. Tri-Top

HYA? — tc(bar); tt(bar)

V. Conclusion: HO A H* in Our Time X Fuvuto, WSH, &E. Senaha, PLE18

WSH & M. Kikuchi, 1706.07694
M. Kohda, T. Modak, & WSH, PLB'18




| Flavour Anomalies

Anomalies come and go, and they mostly go ...

Flavour Anomalies have been more persistent.

Per physics tradition, need Belle II for Confirmation,
If not Competition!

eorge W.S. Hou (NTU)



I. Intro: 2HDM & Extra Yukawas

- Two Top Utilities
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symmetry breaking

=8 =[0) =

6\0\?, 3 copies
o fermions

b1 bs
q) = ¢ —
: [¢2 S can be observed H boson.

results in /

- 5 Higgs bosons : (i’l‘,:,'H, A, H*,H")

Glashow-Weinberg (1977)
“Natural Flavor Conservation” (NFC) Condition:

MocY matrix relation

Edict: One Yukawa Matrix per Mass Matrix
Against:  Havor Changing Neutral Higgs Coupling
e.g. D > @, v, for u-type quarks
D, > @y, vq for d-type quarks

Implement by some Z, mapping of @, & Dy

eorge W.S. Hou (NTU) ~ Flav-NP, Lyon, 19/04/2018 5



SY'“'“‘(Y By 2 Higgs Doublet Model : 1@050“

_ [ 0 _ [ (b5
® [‘1)2] - [v] “:> (Dl_[‘l’z] ' ®2_[¢4] can be observed H boson.

results in
- 5 Higgs bosons : (h.::H, A, H*,H)
- 2 mixing parameters: (o, B)

u,(o“\o’(‘f”\ a :mixing angle of CP even h/H
P\ I 6\)5 ’ {t . .
W anp : ratio of v, / vg

Glashow-Weinberg (1977)
“Natural Flavor Conservation” (NFC) Condition:

MocY matrix relation

Edict: One Yukawa Matrix per Mass Matrix
Against:  Havor Changing Neutral Higgs Coupling
e.g. D > @, v, for u-type quarks
D, > @y, vq for d-type quarks

Implement by some Z, mapping of @, & Dy

eorge W.S. Hou (NTU) ~ Flav-NP, Lyon, 19/04/2018 6



P = [%] —> [v] ‘ P, [¢z] . P2 [¢4] can be observed H boson.

results in /

- 5 Higgs bosons : (h,,H A, H* H)
- 2 mixing parameters: (o, B)

Cc
P\U"o“\oz\\l\- a : mixing angle of CP even h/H
\NI D tanB . ratio Of vu / vd " mgus Prelminary =511 (7 TeV) + 5 197 8" (8 TaV)
2HDM-IT B 2HOM Type 1t
Constraint from the measurements : | .

cos(p—a) is very close to “zero”

h =) consistent with SM.

&

' _ (alignment limit) 03}
h-H Don't seem to Mix , 2
Alignment |
a1 05 0
August7.2017 Soshi Tsuno (KEK)

 crivwvvir-izop o QgCUIJC V.o. Nnou\Nniv) - I'ldv-INF, LYOIl, 1J/US/ZU1l0 / |



Minimal SUSY Best Fit (GAMBIT)
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Direct Search for Exotic Scalars at LHC

mass bounds better for high or low TaB

MSSM Higgs searches __otherwise low mj allowed
Minimum extension of the SM: 2 &0 CMS » H/A -> ﬂ: or IL*/:: 19.7.¢ )
2 Higgs Doublet Model : 2HDM LBRY Ziah =
@, = '1}1 D, = ¢3 30 ::ILI”-. - 4 S M, =126 GV
o) 0 T e can be observed H boson. —a 7 :
results in / " he s LA /’ Analyms strategy
_ - S tj_,/ J - m,=125 Gov
- 5 Higgs bosons : (h,H, A, H*, H) ——F
. . i I m, =124 Galf
- 2 mixing parameters: (o, B) of morzaGay
o : mixing angle of CP even h/H i I_I mm“mm;%m
{ tﬂﬂﬂ . Fﬂﬂﬂ Gf "u'u )'; Vd % mi:'_:l.ta Pralminary =51 " (7 Tevi+ < 1.7 10" 8 Tev) 3' ; S E:Tcn-nmnd m-oc.ll.sm 9% GL
R e
Constraint from the measurements : z N\ = | APHI s g (arX0:1508.01437)
2t I:I AHR — oo (HIG-14-029)
cos(p—a) is very close to “zero”. A->tt , hW, hZ, hh |||I|.. H —» WWIZZ farXiv 150400936}
i 400 500 1000
> consistent with SM. L : @ m, [GeV]
{alignment limit) |
2 . W
- 5M b b
o 05 o r:-ls !
cosifia)
August.7.2017 | P2017 g




and inclusive b — sy

B* — t*v: Powerful H* Probe

b "
: (H",W™)
Indirect Search |7/ >l Need Belle IT!
V
G2mp m2\?
B(B+ R ,}_4—1/7) — F—fm,g_' 1 — ; f%‘vub‘z’TB
Y mp
9 mEE:I: WSH, PRD’93
> H{E_}wj, = Bgy < |1 —tan™ 3 3 2HDM, Type Il
o lab My (SUSY)
%12 . 7 - physical -
<100 4 : : :
Current inclusive b — sy constrains )
80 m,,. > 570 [480] GeV at 95% C.L. M
60 (independent of tanf) ;
Misiak et al. (assuming no other NP)
40 - EPJC’17 [PRL'15]
. . . Grinstein & Wise, PLB’88
20 This region is allowed Beats Direct WSH & Willey,  PLB'8S
. . AN | | | Search at LHC
0 1 2 3
1 My, [Tev] |_Browder @ CKM2016




Whither Extra Yukawas?

Known CPV in CKM = Yukawd's. Extra Yukawa's?,

Jarlskog Invariant way too small! ¥
. 2 Killed by Z, (Glashow-Weinberg 1977)

Natural Flavor Conservation

Glashow-Weinberg’77 vs (Fritzsch-)Cheng-Sher’87

No Extra Yukawas Genuine Extra Yukawas (2HDM)
by Z, ~~Lery,
”"ZS&,,,_
u-, d-type mass each M,=M{ + M@ I
from separate doublet ~—
CNC if (ME ~4® / .
- Same Yuks. as SM FENC OK, if LN, T,
~ O(1)

My take (1991): ¢— ch
PLB'92

eorge W.S. Hou (NTU)



2012+ One Higgs => 2" Higgs
\

J

'
PLB'13 Highly Plausible!

When the Higgs meets the top: Search for t — ch” at the LHC @Cmsmm
Kai-Feng Chen?, Wei-Shu Hou®*, Chung Kao®", Masaya Kohda*

2 Department of Physics, National Taiwan University, Taipei 10617, Taiwan
b Homer L. Dodge Department of Physics and Astronomy, University of Oklohoma, Normarn, OK 73019, USA

ARTICLE INFO ABSTRACT

Article history: The newly discovered “Higgs” boson h”, being lighter than the top quark ¢, opens up new probes for
Received 18 June 2013 flavor and mass generation. In the general two Higgs doublet model, new ct, cc and ¢t Yukawa couplings
Accepted 28 July 2013 could modify h® properties. If t — ch” occurs at the percent level, the obserded ZZ* and yy signal
‘;‘E?tﬁ',]'f E.:;::;g August 2013 events may have accompanying chW activity coming from tt feeddown. We sug st that £ — ch® can be
" searched for via h® — ZZ*, yy, WW* and bb, perhaps even =t~ modes in {t events. Existing data
might be able to reveal some clues for t — ch? signature, or push the branching fratio B(t — ch?) down

to below the percent level.

pff\cﬂs(ﬁ — {E)jf[hn \/m_,nz only scaffold

FCNH modulated by h—H mixing Pcc Pet
Ptc Prt

Extra Yukawas

- Alignment overtakes Glashow-Weinberg NFC

eorge W.S. Hou (NTU)



2HDM (w/o Z,): FCNH p,

- Alignment overtakes Glashow-Weinberg NFC =

General Yukawa interaction for up-type quarks

—Ly = q_%L( 137 1)1 T }/213 I)Q)UJ'R + h.c.
V;=VC; V= VS,

Y’SM

1 ca +Ys S3

mg = yf"t-’/\/§
VUJFYSMVE’ = diag(yu, ve, yi) = YD diagonal

P = VET ( r1 53 —+ Y CJS) LR FCNH (Flavor Changing Neutral H)

Neutral up-type Yukawa interaction Ao — 0 alignment

- limit !
—Ly = ;L [y\@j SB—a T Pij B— a] ujrh diag. (sM-h)

N N
B yd .. [
-+ U], [ i/% CB—a — % ,5'5_&] ’u-jRIH
. > FCNH [pj;
i
N.B. tanf unphysical — —= UiLpiju;R A+ h.c., 1 idi
[2HDM II notation] \/§ P ‘p’lj' ‘E !

eorge W.S. Hou (NTU)



2HDM (w/o Z,): FCNH p, Ptc

- Alignment overtakes Glashow-Weinberg NFC F

General Yukawa interaction for up-type quarks

—Ly = Q_%'L( 137 Dl +}/213 I)Q)UJ'R + h.c.
V;=VC; V= VS,

ySM =y, cg+Yasg
my = yro/V2
VY SMyE = diag(yu, ye, ye) =Yp  diagonal
P = I{LT ( rl CFG —+ Y f’,ﬁ‘) If FCNH (Flavor Changing Neutral H)
Neutral up-type Yukawa interaction Ao — 0 alilgir:\‘?rca!nf
pij share trickle-down of V;; , and m; hierarchy — diag. (SM-h)
0 )
P~ O4) ~ 1

> H,A € FCNH [p;

N.B. tans unphysical Pic likewise

[2HDM ITI notation]

pijle i

HDM/ri- eorge W.S. Hou (NTU)



2AEHE [1790.01773] Twa Top Lititties of Two Higgs Doublets: Elecioweak Baryogenes!s and Alignment
Bookmark

(hatis i)
=R
High Energy Physics - Phenomenology

Title: Two Top Utilities of Two Higgs Doublets: Electroweak Baryogenesis
and Alignment

Authors: Georre WS Hou
(Submitted on 3 Oct 2017)

Abstract: With two Higgs doublets but without any discrete Zy symmetry to forbid flavor
changing neutral Higgs couplings, new top Yukawa couplings py; and p,. are allowed and

naturally complex. Electroweak baryogenesis is remarkably efficient if both p;; (and p;.) and
exotic Higgs quartic couplings are Furthermore, the alignment phenomenon, that the
observed 125 GeV boson so closely resembles the Standard Model Higgs boson, emerges
naturally. One not only has many new flavor and CPV phenomena (modulo SM-like flavor

organization plus alignment), but the exotic Higgs bnsons-. an;d- are necessarily
sub-TeV in mass, and LHC search should be readjusted.

10 pages, 4 figures, talked presented at APS Division of Particles and Fields Meeting (DPE
Comments: 2017), July 31-August 4, 2017, Fermilab. C170731. arXiv admin note: text overlap with
arXiv:1709.01262




IT. Bonus1l: EWRG2-t

K. Fuyuto, WSH, & E. Senaha, PLB'18
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R EW BaryoGenesis ~ O(1)

- > ( \ %4 %
5 EWBG2-t Tmpy I a
SRy {t» Los
— ' folklore ="
s‘rrow order EW phase transition (EWPT) ? Expanding Bubble of Broken Phase

To avoid ng washout:
Hubble const.

Extra Hig al Loops AN
w/ @O(1) Higgs Co

C‘ -— ry" (Tc) < H(Tc')l

2HDM OK sigllrggion hanging ratﬁbr‘oken phase)

b hal

see e.g. Kanemura, Okada, Senaha, PLB'05 Y sSpbhazelions \ -l_,-c/'TC ~ CSph (TC) ~O(1)
vev @ Tc

Vo) +v3(Tc)  (keep vy, vy)

fig. stolen from Jim Cline *

Baryon Asymm. of —3TE 0 A Planck 2014
. T — - B wat Iy — _z' }robs — 859 10—11
Universe (BAU) ng/s | Y5 9D \.s / dz El(* Je B X
q - —00
Va() s (y) r™ = 12005,T ng changing rate (sym)
S N I D, ~ 89)T quark diffusion const
bubble V  ¢p ¢z S wall S entropy density
I 2 Ar &y bubble wall velocity
t, t nr, l.h. fermion density (l.h. fop density)
K. Fuyuto, WSH, & E. Sencha, PLB'18 [1705.05034] coord. oppo. bubble exp. dir.

HDA eorge W.S. Hou (NTU)




» CPV Top Interactions

Extra Yukawas

CPV source term

%LJR Z)—*\CPQ E? D dtz (Z)

= (tz,Z4) position in heat bath (Very Early Univ.)

NTC =3 # of color (quark based)
F Function® of complex energies for i, j
O, B(Z) physical variation (A3 = 0.015)
* See e.g. Chiang, Fuyuto, Senaha, 1607.07316
o1 (sym) 0
Baryon Asymm. of n/s |V = —3l'p d-' El(zf)e—?\—z’
Universe (BAU) B 2D A1 s ) oo '
Vo () vp(y)
bubble _— 7 wall BAU < CPV Top Interactions ~
———— e - — at Bubble Wall — nr, skip
. ) left-handed Top density > detail
. T port
K. Fuyuto, WSH, & E. Sencha, PLB'18 [1705.05034] coord. oppo. bubble exp. dir, ) (TranseerD

HDM/tri- eorge W.S. Hou (NTU)



CPV Top Interactions
£ g Extra Yukawas s
CPV source term “Jarlskog” both doublets participate

Sizjr Z)—*\CPQ )ij D Z) 0y, B(Z)

[ (Y1) (Ya)5;] = Im [(VAYRVED) 5 (ViEpVEt)z ]

To understand the scatter plot to follow, suppose (H.k. Guo et al. 1609.09849)

(YD) #0, (Y20, (Y)i=(Y2)u#0 (3 Pﬂr'gjqns-)

all else vanish, and take t; =1 for conveni

then V2YSM — vy, 1+ Y, diag. by just V¥
but —Y7+ Y5 not diag.

CPV Source Pte  still basically free param.

Pit and Py least constrained
B. Altunkaynak et al. PLB'15

eorge W.S. Hou (NTU)



Bonus:

Extra Yukawa Drive EWBG/

BaryoGenesis

Fuyuto, WSH, & Senaha, PLB'18
[1705 05034]

100 |

scan over |pie| d1r dre |

}/Bif }fglﬁ

YB/YE>

[
=

DclTC > O(l)

for illustration (t;= 1)

Pt
Sufficient for BAU

=ZmR=_conmdl

Pic. P satisfy
By s mixing, b — sy
Remarkably Altunkaynak et al., 1506.00651

no obvious diff.
= pyt driven!

the charm of EWBG

10° 1
|t my = ma = myg+ = H00 GeV|
]
sma" Pit sub-TeV

AB=0.015 D, =89/T Dgy=101.9/T

"Te = 119.2 GeV

th

ve = 176.7 GeV'
= 0.62T

me, = 0.50T F'IL,H —

v = 0.4
= 0.22T T =120a3,T T..=16a'T

= 0.59T

My,




ITT. Bonus 2: Alignment from O(1) Couplings!

WSH & M. Kikuchi, 1706.07694
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V(e = 1111 | R + 13| @7 — (u3,@7®" + hoc.) Higes basis
_2|‘1)r|4 n ??3|@|2|¢r|2 n ?'?:1|‘1’+‘1’f|2 (tanp unphysical)
EWSB - assume CP-Inv
+ ”2(‘1?*‘1’ + [16]@|* + 7| @'|*] 7@’ +h*3} |
minimization\ 2 1L 5 5 1 5 Davidson & Haber, PRD05
Hir = —5"v \Pilz = o'ls? ’ see Hccll\éelf?O'Ngil,e;éD’Oé,'ll
f 1 Y“ M ”
m2. = 2, + Tl V2, soft breaking” term absorbed
< 1
2 Coy — 8-
my = ,Ugg T35 (??3 + 74— nr) R, = [; . K ] cos(B—a)
. S
o2 2 diag. m2 0
Ur}! _ hv MgV } RT TU'E R _ H
even ﬁ [ nﬁvﬁ ‘u%z 1 %(ng + 1y + 'HE:}UQ — even 0 mi

2 2 2
o MUT —my o 2ngv
c, = 5 3 SN2y = —5——5

C, small

—mp? > several v? my — my

Near Alignment, {nle—th ~ sub-v?2 (#0) — ~ _ 6"
II:; m 2

eorge W.>. fou (N1U)



Alignment in 2HDM: No need for Small ng!
Higgs basis: w/o or w/ Z, |

Howie Haber

Large, parameter space for'lni's ~ O(l)l

4 3 )

— gV
Near Alignment (c, small), | ¢,
! m; 3o + 5 (13 + 1y + 15)0°

/

le

%

My? —my?> > several v?

\ n.b. '?Tl,%/’l»’z ~ (.26 | Not Required; Mg ~ O(1) OK /

ne ~ 1/4 would result in rather small ¢,

|M%2/V2| ~ O(1) also; damp EWBG ==  exotic Higgs sub-TeV

2 Single 1 EWSB
Curiosity: 1{3_‘% — [ el } ingle term ( )

4 terms

'T?ai"g@ (7?3 T Th@




~ Alignment is Emergent in 2HDM indep. of Z,

2
e = N5 = n = |maA = Mg+ ) N - o —TlgV
_ . M+ = Hio + 5V v m%} _ mi
Custodial SU(2) Illustration .1 ,
% 4 ATsy My = Hag + 5(3?3 + 14— n5)v
EW Precision Constraint i R (R
sl m, =M= GeV . Ry
G ! 475 Ge¥ o ; N

N5 <3

350 GeV & 7
08t ———wmes AT O —— i A -1

ni’s: Higgs Quartic "'7_
Self-Couplings = 06

0.5

0.4

extreme 03/
alignment |

m32 v? ~ 0.26

‘ O(1) Higgs (quartic) self-couplings > Near Alignment: €, Small \




|1/2

kz (~ |Thozze /TN 400 measured experimentally)

m, =m, =350GeV n,=0.25,0.50, 075, 1,0 m,=m, =475 GeV m, =m, =600GeV

|
102 :
| |

1.0
058
056

094 ="=

K=z

052
0.50

sk

0.86

Purely Bo3onic Loops (O(1) couplings)

New
Yukawa
= Original Motivation to Study Alignment in G2HDM
based on WSH & Kikuchi, 1704.03788 [PRD'17]

| IAVTINE, LYUII, LJ/UT/4LU10 4LJD
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for illustration: e =01 B(h — pt) < 0.

Cy—>0

207 rMS 13 TeV (2016)

C—>0

~

vs < 0:46% (0-40%) ATLAS (CMS)
0.22% ATLAS 1707.01404
o1 & Complex
EWBG ()Ptjt p .
O(1) Higgs Quartics
h — py width reduction

Ahhh coupling

AXnnn = (N = Nph)/Anhi = 60%

Higgs @ LHC
the charm of EWBG
L-m.H = my4,= my+ = 500 GeV

pr'obanyYhidden % param. space
in t1(bar) much broader

charged Higgs H™

B(t — ch) ~ u.to7o)  for pte] = 1 —=> |B(T = pu7y '—15'8 | Belle II

h — py width reduction
(ptt Gomnenc Te)

CJ’_)O

Barr-Zee

e-EDN—(2-Lagp)

but: Cr — 0
|Pee| ~ Ye

’

cancellations

when imaginary




346 W.-S. Hou et al. / Physics Letters B 409 (1997) 344348
WSH, G.L. Lin, C.Y. Ma, C.P. Yuan

40 much smaller
PG 7o »
. wt w %
- 40 o= A0
P
\ t t -~ H |
b t b t
Fig. 1. Subprocess cg — 14". \ Fig. 3. Subprocess g¢b — ¢'tA°. /

IV. LHC Signatures: cg — tH?, tA°

1. Same-Sign Dilepton HYA® — te(bar)  Pic
2. Tri-Top tt(bar) P
%ﬂiL{HD—I— I'HD}HJR + h.c. take cosy — 0

M. Kohda, T. Modak, & WSH, PLB'18

eorge W.S. Hou (NTU)  Flav-NP, Lyon, 19/04/2018 27



" cg — tHO, tA° B

0 Barger, Keung, Yencho, PLB'10 — v
cg — tSY[: up to pb, vs fb in SM B o

: AT _

0 , AV —
e ©
\ 10 g
. . ; 1 included
Fig. 1. Subprocess ¢g — tA°. 350 400 450 500 550 600 650 ‘J’l]lll

_ - m g (GeV)
gg — S? — i : interference w/ g8 — It
e.g. M. Carena and Z. Liu, JHEP'16
} - Suffer from my, my; mass resolution
gg — §Y — t¢ ~ s-channel single-top
e.g. B. Altunkaynak et al., PLB'15

p
1E . . ! : . . 100 ¢ 3
"""""""""""" S T S PR—————
_ e tr e
& b T ] S e
o %
4 1 1w} < 10k
1 = L 2
1 = [ g ]
] ® [ assume H? A? and HE ;
) A sufficiently close in mass|
. te +ef
102k . . . . b 107k .., : : : : I 1 . . . . . .
350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700
m o (GeV) m 4 (GeV) m g0 (GeV)

eorge W.S. Hou (NTU)



)

— — {;"V%f
1. Same-Sign Dilepton: ttt, ttC and ttc
+pr+e . FIMISS “same Sian top”
MadGraph5 aMC@NLO / NN23LO1 PDF e bb(b)'ET 5592£ P
PYTHIA6.4 /| MLM / DELPHES 3.4.0 23]
Degenerate or nondegenerate H"and A" Degenerate or nondegenerate H"and A°
¥ T T 30 Y T r T r Y
myo-mp=30Gev 4 1 L=300" |
S - = | e
) "'------.::::::::-_;:.___MPtc - 10f P
==S=zzz S RRinag,, . 8 ._-_--._:; ““"“":::::::' 50
— e L = Sp _=7==s==s==o___ ema, .
ttt dominnant Prc =0.5 = Ea '—'—--—-———-—--—-‘—"—‘*—‘*—-‘-ﬁ.-—‘-_b—‘-;---5(-"-"‘-"3@
e Ec 50(3000 ) IR
v 1fp------o kT T
P =0.1 q 1 30(3000 ™)
500 550 600 650 700 350 400 450 500 550 600 650 700
m 40 (GeV) m 40 (GeV)
NLO/LO  Backgrounds Cross section (fb)
156 ti7 0.04 e pic = 1: Boup to 600 GeV @ 300 bt
1.35 ttW 0.72| [1+15 nonprompt*] - : -1
e 072| ps. = 0.5: 5o beyond 600 GeV @ 3000 fb
3t+ ] 0.0002
3+ W 0.0004 :
127 tth 0.024 —> | SS2( can tell if ps. ~ 1 mech.
2.05 a 0.04 for EWRBG is allowed
1.84 Q-flip [+)] 0.04




| 2. Tri-Top: ttt |

€, 0,8,; bbb; EMIsS .
MadGraph5 aMC@NLO / NN23LO1 PDF _ T Tr‘|p|e Top
PYTHIA6.4 /| MLM / DELPHES 3.4.0 >3 > 3
Degenerate H"and A’ Degenerate H° and A’
107" . v r r v v 3 30 ' r
; I T L =3000 b |
) I::> -----------
g : .
{ £ | ]
- 1 £ 3
: . =0. 1 5§ | ]
PT | 1 &
n . .
AR 10—3 » ] 'l ] » » [ o o o o o . ]
Hy 350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700
m 4 (GeV) m 4o (GeV)
NLO/LO B_ackgmunds Cross section (fb) e py. >0.5: 5o to 700 GeV & beyond @3000 fb
156 ttZ + jets 0.0205[(0.0026) | o _ 1
135 =h 0.0017] (0.0015) +§ * pye ~ 0.1: 30 up to 500 GeV @3000 fb
1.44 tZjb 0.0002|(-) N better than SS2¢
3t + 0.0001(0.0001)
3t+W 0.0004)(0.0003 .
127 h 0.0015 Eﬂ_nm% Crosscheck Tri-Top w/ SS2L can tell
2.05 4t 0.0232(0.0209) whether py; or p;. ~ 1 mech. drives EWBG
1.84 tt + jets (fake)  0.0026[(0.0025)




V. Conclusion : HY A% H* in Our Time

- EWBG Remarkably Efficient w/

Higgs quartics n;
o(1) g9s q i
New Yukawa py [and py.

N.B. O(1) Modulo flavor org. (of SM): much smaller Yuk. involving lower gen.

* Much New FPCP Pheno most modulo c, a better substitute for NFC

 Approx. Alignment for O(1) Higgs quartics < w/oorw/ Z,!
- mild tuning (1/4) = Extreme Alignment
- mild Alignment (C,=-0.2) > lower m, by level repulsion
-|sub-TeV HY, A°, H* preferred| = rethink LHC Search

Discover @ LHC/?
_NOT SUSYV cg — tHYAY — ttc(bar), ttt(ar)

- Touch EWBG! [need CPV probe
- Another Energy Layer guaranteed! [by Landau pole

eorge W.S. Hou (NTU)






Much New FPCP Pheno

B(h — put) < 0.25% CMS 13 TeV (2016)

B(T — py) < 108

Belle IT

% charged Higgs H™

= h — py width reduction

(pit compensate)

ye=0 Barr-Zee

e-EDM (2-loop)
but: c,=0.1,

|Pee| ~ Ye

cancellations
when imaginary

for illustration: c,= 0.1
B(t — ch) =~ 0.15%| for |pi| =1 —
VS < 0:46% (0-40%) ATLAS (CMS)
0.22% ATLAS 1707.01404
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Much New FPCP Pheno

most vanish with c, — 0

for illustration:  Le =01 B(h — pr) < 0259 _2£MS 13 TeV (2016)
Cy—>0 _ C?—>0
B(t — ch) ~ vrop for [pe| = 1 —= |B(T = p77r s 71038 | BelleII
vs < 0:46% (0-40%) ATLAS (CMS) _
0.22% ATLAS 1707.01404 o charged Higgs H
0 : s i

- O h — pp width reduction
— -wbn"f:'. f’_-
~05[ Q/Q(‘_’}é (it gamnancate)
NS C? — 0
Y
. -1 ¥
3 - -
o - Il !
< =] B £ 4 e
f ;/ \f = -15 o] : "---.__“_H;yezo Barr-Zee
\ / & - o~ ' ACME, Science 2014%— _ (2 loc
n - b\ de| > 8.7 1072 e em e-ED p)
nHA ST -2 \ but: c,—0|
-/ & _ - \
¢ —e ] \ lpeel ~y
-2.5- N P =08, e e
- S ' cancellations
- . ——
i | \ when imaginary
107 107" 1
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* CMS, EPJC'17 (5S28) w/ 36 fb!

Not Optimized for “same sign top”
H or A® alone (pg =0)

[Mgolm o =20%

r_.\-:-.'llH g = |"u.-"';:| 1

S 1F ;
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