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the SM was ‘confirmed!” BUT...

[ATLAS+CMS, arXiv:1606.02266]
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A 125GeV scalar was discovered,
which looks SM-like.

Parameter value

(Part of) gauge & Yukawa
couplings were measured.
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Full structure
should be declared!

, But, we know only few on
Higgs potential yet!




effective couplings the Higgs
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next target measured
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I—qugs production @ LHC

effective couplings the Higgs
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How to address c; (in the SM) — di-Higgs production

g f - H 97000 , p H [Baglio et al., arXiv:1212.5581]

1 Yt A _H.@ _ al(pp s HH+X) [fb] _

N - /5 =14 TeV, My = 125 GeV -

g - - H g500v" L off=-shell . :
t Higgs

Cross section is not so large.

A featured decay branch is HH—bbyy
(Br[HH—bbyy] ~ 3 * 10-3)
+— suppressed

Lots of data would be required...




effective couplings the Higgs

I—qugs production @ LHC
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How to add  2ituation can be drastically

g t  changed if another scalar exists!
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di-Higgs production @ LHC

Significant enhancement happens: SU(2). singlet s coupling
to (hew) colored sector

e.g. [G.D.Kribs, A.Martin, We consider both of them. e.g. [I.M.Lewis, M Sullivan,
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[motivation for new colored particle] [motivation for singlet scalar]
Addressing flavor anomaly (leptoquark) Ist order electroweak transition

e.g. [B.Dumont,K.N.,R.Watanabe
arXiv:1603.05248]
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production

A resonant bump was reported in
HH-bbyy (5 events) around 300GeV.

A n i ce b enc h ma rk i § 9 [ATLAS, arXiv:1406.5053]

osm(pp— HH)|stev = 9.2fb,

expected events:

- non-H BG: 1.310.5,

- single-H: 0.1710.04,

- SM HH: 0.04,

— 3.5 events would be from NP.

3.5/0.04 - 87.5=time iarger,
o(pp— HH) = 800fb.

still consistent with other branches
1.1pb  (bbyy at CMS),

— s — hh < _
7(rp ey {1.7 pb (bbrT at ATLAS),



Setup: SM + real singlet scalar + colored particle(s)

( [effective interactions to 2g & 2Y] | ] ([the most generic potential] )
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Setup (Con'd)

Possible choices of the colored particle(s) [SU(2). singlets, assumed]:

Dirac spinor complex scalar
field |*° p;rt“iott°m g,cne"quuar\‘ d‘quﬂ‘ °°‘<3;°“
SU(3)c 3 3 6 8
S T T
Ab, 3 3 : 1
sy | B4 [ hE LR o
n yrNr3 YBNBy /<3¢N¢f—%
t';tj;g > 800 GeV >07-11TeV >7TeV = 55TeV

(note: they can decay into a pair of SM particles through mixings or

[ATLAS, arXiv:1505.04306]

[ATLAS,ATLAS-CONF-2016-101]

Yukawa-type interactions.)

[ATLAS, arXiv:1605.06035]

[CMS, arXiv:1612.01190]
[CMS, arXiv:1611.03568]




Branching ratios of s
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Constraints via 125GeV Higgs
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Yukawa interactions for decay

@3 (leptoquark):
(¢3)" (qu)" - fr, (¢3)" (ur)"er, (¢3)" (dr)“er,
(Qo = -1/3) (Qo = -1/3) (Qo = -4/3)
e (¢3), (QL)Cbi (QL)cj ; e’ (¢3), (UR)Cb (uR).. » e (#3), (dR)Cb (dr), ; e (¢3), (“R)Cb (dr),
(Qo = -1/3) (Qo = -4/3) (Qo = 2/3) (Qo=-1/3)
®¢ (di-quark):

(ur)g (66)™" (ur)y, (dr)f (96)™ (ur)y, (dr)g (d6)™ (dr)y, €7 (arL)g; (d6)™" (ar)y;

(Qo = 4/3) (Qo = 1/3) (Qo = -2/3) (Qo = 1/3)
®3g (coloron):
%ﬁa (¢8), " (q1)y; €7 Hj, (Qo= 0) %@ (¢8) " (qL)p; (H")', (Qo=-1)
%@a (¢8)a " (L )y €7 Hjs (Qo=-1) %Ea (¢8), " (qL)y; (H*)", (Q9=0)



