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Introduction

« 13 TeV LHC data - more solidifying the Standard Model, and no
signal for new physics.

« Usual way to explain the absence of new signal is to push new
particles out of the LHC reach, or to introduce hidden sectors.

e If either is the case, a clue on new physics can be searched
through radiative corrections mediated by new particles or the
linking to the hidden sector.

« We aim at proposing new signals for a heavy scalar boson
generated only through loop effects, which are so significant to
be useful in the search for a new heavy scalar boson.




Introduction

« How can loop effect be significant ?
—->When heavy particles running in the loop non-decouple, so that
the amplitude is substantially enhanced.

* Non-decoupling means that the suppression of loop effects due to
arge mass of mediator is compensated by the increased coupling.

* In the SM, the process h — yy shows non-decoupling of t.
> Since t Yukawa coupling is =t , t contribution to the amplitude

v
. mg 1 1
is of the form ——
v 1lé6me mg

« We study a possibility that loop induced decay rate of a new
heavy scalar can be enhanced.




Model

* On top of the SM, we introduce a singlet scalar boson S,

UI
VLQ doublets Qg = <D€/R> , VLQ singlets Uy g, Dy /R

L/R
« Scalar potential :

V(H,So) = —pHYH + XHH)? + S50 H H + 2 S3H'H
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« Minimization : v = (h%) = 246 GeV,

(So) =0, u? = A? b=—-——a
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Model

* Yukawa interactions for VLQs :
~ % = Sy |yoQQ + yulld + ypDD| + Mg QQ + MyUU + MpDD
+ [YDQLHDR +YL,OrHDy, + Y1 Q1 HUg + Y, QrHU;, + H.c.

 VLQ mass matrix : _ ( Mo i%u)
F_

diagonalized by (69 s )
F F




Model

« Mass eigenvalues & mixing angles

1
Mp p, = 5 [MQ + Mp F \/(MF — Mg)* + 23/5”02]

2
\EYF”U
Mg, — Mp,’

S20

« Gauge Interactions
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Effects of VLQ Loops

* To see how loop induced decay rate of S, can be enhanced, we
take a limiting scenario where S, has no tree level coupling with
the SM higgs :

airee — O — agree
« VLQs play the messenger connecting S, to SM higgs
2 radiative phenomena :
- radiative generation of S,—h mixing

- radiative decays of S, into SM particles



Effects of VLQ Loops

(1) Radiative generation of S;—h mixing

Ui/Di
e T /
. mg
» 1-loop Mixing mass squared term TR = amZ
ys N
M2, = — 47T2C y: S:thZ—FiMI%%’ [4(7'% -~ 1)9(71%) — 47}% +5
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Effects of VLQ Loops

» Since Yur,r, = —Yner, + OM$, is suppressed when My ~ Mg,
» Scalar mass-squared matrix

Mijis = (M’%Z 51\45,1)
SMSh MSS

» Mass eigenvalues and mixing angles®] 7|0 =4l = QUAHSIMA| L.

1
s = 5 (M Mo 7 /(083 = 237+ 45M3,)?)

20M2,
52?’] — 9 R
mgqg—my

h = cyhg — 53S0 > 125 GeV scalar boson



Effects of VLQ Loops

 Loop induced decays of h into gg and yy have additional loop
contributions from VLQs.

* In the SM :
Alivos = SM —h GG 4+ . M E FHE
SM _ SM _ Ce ( A. Djouadi, Phys.Rpt.457(2008
9T 167T T 87TAh’w J PR

(7).

» Contributions from VLQs :  A/L? = ZZ%F@ -

hgg
F

X,)I/i? ZZNCQF thzF,L

F :Z/{,D, 1=1,2, 7] :m%/(élmj)

(’TF ),




Effects of VLQ Loops

- Contributions to k,

SM VLQ
CnAnggnyy T Snlngg nyy

Kgy = ASM
hgg,hyy

e Similar to §M&,, Azgg nyy @re enhanced for large [Mp, — Mg, |.



Effects of VLQ Loops

(2) Radiative decays of S — hh
_.--- b Coupling of shh : mgC S-h mixing

~ ysNe
yU:/D; - 42 Z thFF mh ms, Mp,, MF )
jI)

» Form, K mg & Mg, ~ Mg,  =mk/(4M2%)
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—
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VTCr =24+ (1—2171)f(7) — 29()
j i AZN[872+497 —48 (73 + 1272 — 267 + 16)g(T)
2
+ 22

127(1 — 7) + 41(1 — 1)?
» C Is not suppressed by taking large mg if ys, Yy p~1
* I'(S > hh) (x mg|C|?) increases with Ag




Effects of VLQ Loops

(3) Radiative decays of S = VV
-couplings : S(p)V.(p))V(p2) : ms [AQ”V_I_BPQ;AUM]

m
> S-h mixing

_Q‘?’VL{?;’DJ. AT(mWa mg, Mb{ﬂ M‘DJ) + {u — D}

oy . Br(mw, mg, My,, Mp,) + {U < D}} ,

g WU;D;
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Effects of VLQ Loops
(3) Radiative decays of S - VV

 For my 1G4 mge & MFl ~ MFZ’

AL

ViAr =1+ (1= Of(r) + (55)[ -1+
VTBr = —2-2(1— ) f(r)+ (35)[3+

Br -1

(7% +47 — 8)9(7)}

472 A(1 — 1)
(8=57)f(1) (72 + 127 — 16)g(7)
272 27(1 — 1)

 Sizable mass difference of VLQs are crucial to generate & to enhance

the radiative decays of S into VV.

|

« Yukawa couplings of VLQs with SM higgs are crucial to obtain sizable mass

difference of VLQs.



Numerical Results

- model parameters in the analysis : ys, mg, Yy ,p, Mg, My, Mp

« Consider a simple benchmark parameter space :
MQ — MU — MDJ
 Branching ratios of radiative decay of S
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Numerical Results

* Exclusion region in (AMy.p., ¥s )
- we iImpose Higgs precision data : (ATLAS & CMS, '15)
ky = 0.97 £ 0.06 k, = 0.817015 K, = 0.905:59
= 0.87%511, Ktp = 0.57%51¢
- For the heavy scalar search with mg = 500(750) GeV,
the observed 95 %CL upper bounds on B at 8 TeV are
WW: 200(40) fb / ZZ: 43(12) fb / hh: 107.6(34) fb.

- Consider heavy scalar search channels of dijet and W(2)y



Numerical Results

» Exclusion region in (AMy.p., ¥s )
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Numerical Results

» Cross sections of production and decay of S
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Conclusion

« We have investigated possible new signals for a heavy scalar boson
generated only through loop effects, which are so significant to be useful in
the search for a new heavy scalar in a simple extension of the SM with a
singlet S and VLQs.

« We have shown that the mixing between S and h can be radiatively
generated, and the radiative decays of S generated via the S — h mixing &
triangle VLQs loops can be enhanced.

« We found that the most required condition for enhancing the S — h mixing
as well as the radiative decays of S into WW,ZZ and hh is the sizable mass
difference of VLQs.

« The persistent searches for a heavy scalar at the future LHC are of
Importance in constraining new particles that appear at loop level.






Introduction

* When a scalar boson is heavy enough, its decay into a massive
gauge boson pair has a special feature.

* In the SM, the partial decay rate of hgy, = V,V} Is proportlonal to

m; /v?, while that of hg, — V7 Vy is proportional to m—
h

* The heavier higgs boson is, the more dominant hgy, = V.V, will
become. - longitudinal polarization enhancement

« We wonder whether the same thing happens when a new heavy
scalar boson decays only radiatively.

 To answer this question, we consider a simple extension of the
SM where a singlet scalar and vector-like quarks are introduced.



Model

« Mass eigenvalues & mixing angles

1
Mp p, = 5 [MQ + Mp F \/(MF — Mg)* + 23/5”02]

2
B \EYF”U
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- Gauge interactions . p 9 gy Bl —sQrfor F=QUD.
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Numerical Results
» Total decay rate of S
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* For 0< AMy, p, < 75 GeV, I°" decreases
as AMy_p. increases

* For AMy_ p, > 75GeV, , I¥°" increases with
A1\4(]1D1



We consider a J7¢ = 077 scalar particle S which has a mass mg and a momentum p*.
In the CP-conserving framework, the most general coupling of S to a pair of gauge bosons
and that to a pair of the Higgs bosons can be parameterized by

S(P)Vu(p1)Vy(p2) : ms [AQW +B%] , (2.1)
S
Shh : mgC,

where A, B, and C are dimensionless.
We write the helicity amplitudes for the decay S — V'V’ as

(Vu(p1, M)V, (D2, 22)[S(P)) = msTix,, (2.2)



Tov =T

y

— _ A
m2

Mg
Too = 4 4mv
L 0, if my, =0 or my, =0,

> (2A+B) — (A+B), if my =my, =my, # 0;

and the other helicity amplitudes are zero. The partial decay rates are

1 ﬁvv 9
A1,A2
Bhh
['(S — hh) = mg ]C\

327

Fe . —~ - — I~ n



When a scalar particle 1s heavy enough. its decay into a massive gauge boson pair V'V
(V = W=7 ) has a special feature. The condition mg > my makes Top greatly enhanced
if (24 + B) # 0. The SM Higgs boson, if its mass is greater than 2my . has

¢ 2
2m v

Ahsm _ BhSM — (). (25)

vmy,
The partial decay rate of hgyy — Vi, V], is proportional to the cube of m; while that of
hsy — VpVp is inversely proportional to my,. The heavier the Higgs boson is, the more
dominant h — V;Vy will become. Another significant decay rate I'(h — tt) is linearly
proportional to mj,. The Higgs boson decay into V; V], is dominant in the total decay rate.

This is called the longitudinal polarization enhancement.



