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@ Lepton flavor violating decay of the SM-like Higgs (LFVHD)

© Conclusions

L. T. Hue*, H. N. Long*, T. T. Thuc*, and T. Phong On Lepton-Flavor violating Higgs decays Beyond the ¢ ICISE, Qui Nhon, Sep/2016



Motivation

@ First experimental evidence of Lepton flavor violation (LFV) is in the active
neutrino sector: (VeL7 Vul, V.,-[_)T = UPMNS(VlLa Vs, V3L)T, where

caci3 13512 s13
Upmns (612, 013,023) = —C23512 — C12513523 C12C23 C12523
512523 — C12€23513  —C12523 — C23512513  C13C23

For example a best-fit, in normal hiararchy case, is (D.V. Forero et. al, Phys.
Rev. D 90 (2014) 093006)

Am3, = 7.60x107°eV2,  Am3 =248 x 1073 V2.
5122 =sinf, = 0.323, 5223 = sin® 6,3 = 0.467, 5123 = sin? 13 = 0.0234.

@ Experiments have been searching LFV in charged lepton sector: decays of
charged leptons,
o Br(r — wy), Br(r — ey), Br(r = I, I;, k) < O(1078).
o Br(u — ev), Br(u — eee) < O(1071).
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@ Experimetal reports on LFV decay of the SM-like Higgs h°:
i) Br(h® — ur) < 1.5 x 1072 at 95% C.L., CMS Collaboration, Phys.Lett. B
749, 337 (2015); (< 1.2%, CMS-PAS-HIG-16-005);
i) Br(h® — pr) < 1.85 x 1072 at 95% C.L, ATLAS Collaboration, JHEP
1511 (2015) 211.

@ Theoretial predictions from the models beyond the SM 7

—LHY = KO(AEPLT + ARTIPRT) + hec.,

TR = pr) = T = p 7)) +T(A° = pfr) = ko

8m

[|AL|2 + |AR|2} .

This talk: The 3-3-1 model with left-handed neutral lepton,
One-loop contribtution to A; and Ag.
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General 3-3-1 model

Main properties

SM 3-3-1 model
5U(2)L X U(l)y 5U(3)L X U(l)N
Ty, T, T3, b Ty, Ta,.. T, To = %/3
Q=T+ 7 Q=T33 +0Tg+N
DX =9, —ig>l  TWi,—ig'XB, | D' =0, —igs> s | T.W,, — i;sNT,B],

@ Anomaly free: i) [SU(2).]? x U(1)y — number of fermion triplets= number
of fermion antitriplets; i) U(1)3.
@ Spontaneous symmetry breaking needs three Higgs boson triplets x, 71, p,

5U(3)1_ X U(l)/\/ —><X> 5U(2)1_ X U(l)y _>(n),(p) U(l)Q
@ Symmetry breaking consequences: i) (x) > (n), (p); i) |8] < V/3;iii) g3 = g;

2 in2
& _ 6sing,,

Y
d—=0Tg+N.
&€ T (@), 20T
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The 3-3-1 model with left-handed neutral lepton

(331LHN): 3 = % (Phys. Rev. D 83 (2011) 065024)

@ Quark. There are one SU(3); triplet and two SU(3), antitriplets.

@ Lepton.
v, 1
Lla = e; ~ (1737 _§> ’ e,;R ~ (17 17 _1)7 N;R ~ (17 170)7
N,/

@ Higgs boson.

V2 V2
P’ = L(V1-|-51—|-i/‘\1) ﬁ?zi(vz-l-Sz-FiAz) XgZL(V3+5§+iA§)-
V2 ’ V2 ' V2
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Leptons and gauge bosons

Yukawa terms:

77 A Yal .
L pron = VisLapets + Y TxNig + 22 ()0 ) (n1L4) + hic,

v 2
mass ya Vi—— YabV3 17— ya v 5
lepton — \;5 ;L l/JR + bE N?L NbR + h.c. :| 2b/\2 |:( ;RybL) + h.c. }

e’ - = ’ L ’ R

€ = €ps €r = €prs Var = Ualpr, Ny = VopNpr,  Nyg = Vi Nir,
where V4, UL, and V£ are transformations between flavor and mass bases of
leptons.

%1 e
me, = —=Yysplap, a,b=1273,
a \/E.yb ab
2
v_2UT YU = Diagonal(mVU My,, mVs)v (Yu)ab = }/:bv
VL‘ YNVR = Diagonal(mn,, mn,, mas),  (YN)as =y, (1)

V2
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Gauge bosons

Charged gauge bosons

0

Y VR

\/E Uét* V+ 5
1% 12

The masses of these gauge bosons are:

W2T? = . a#3,8.

where vi = v» = % and the matching condition of the W boson mass in 331LHN
model with that of the SM: v ~ 246 GeV.

Neutral gauge bosons

my =0,
in the limit v < vz: m% ~ miy m%, ~ gvicy
8- Mz ="a Mz = 343,
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Higgs bosons

A simple Higgs potential is chosen as:

2 2
Vo= @f(pp+ntn) +paxtx + M [ple+afn] " + e (xTx)
+ A2 (pr + nTn) (xTx) —V2f (eijkpinixk + h.c.) . (2)
This potential respects a custodial symmetry SU(2); x SU(2)g (L.T. Hue and

L.D. Ninh, Mod. Phys. Lett. A 31 (2016) 1650062). Minimizing this potential
leads to v; = v, = 246//2 GeV and

1
u% + 2/\1V12 + 5/\12V§ = fvs,
fv?
/1,% + >\2V§ + )\12V12 = V_; (3)
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Higgs bosons

ty =tanf = 4 =

v J— . J—
v Sva So =sin 0, cog = cosb.

@ Singly charged Higgs bosons.

()-% (0 ) GE) (8)-(a o) (&

mg,, = mg, =0, my = (1+ t3)fv3, mpy, = 2fvs.

@ CP-odd neutral Higgses.

_sp
A
Az \ _ [ co —so Gs ,
A, ] \Us c H, As <o
2 0 ) A, A 0
1+ ¢
mg, = mg, = mg, =0, mj, ( 5 e)mi,z,

2
—% o
Ve3+1 c2+1
—S9Ch S0
A /c2+1 241
f o
A /c5+1 c§+1
(2+1t) -
= > my,.

)

Gy
G
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Neutral Higgs bosons

2 v; 2 tof 2 vi 2 tof
my = = |4t 20+ —VA|, mp =2 |4\t + 20 + - +VA|,
i 2 v3 2 2 v3
2 2 2 2 2 tof 2 2 f\°
mhg == mHli, mhg = My,, MG, = O7 A= 4)\11'9 - 2)\2 - 73 + 8t9 )\12 - V_3 .
—Ca So 1 0
(B -5 (3)(337)(8
S S “\ R ) - V2 V2 2
3 ) 0 4 s M 0 h2
Aty — my/v3
Sa = 1 > ~ tg >~ Sp.
\/2 @\ — f/ws) £ + (4>\1t§ - mi?/vg)
A2 — F/v3)? 246
t9<<1—>mf,of:v12 [4)\1—M]; vi = — GeV.
1 A2 V2

The Higgs boson h? is identified with the SM-like Higgs observed by LHC.
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Couplings for LFVHD

Vertex Coupling Vertex Coupling
N4€/7Hf *I.\/EVbL: (mTibCQPR + n:/’;la S@PL) a;/\/hHl 7i\/§VbLa (me" coPL + mNa SQPR)
Paeph, ~iUg; (Ewa T PL> 8vaH; 7anL,,< =P+ "aP )
2 " ) 2
NaNohf e 2esh? v
NaepV, s =Vt Py &N,V 'g VP
va,ep W, 'g UL*A/“PL e, W, 'g2 Uawa“PL
WHE WY hY —igmwCaguw (2l %(\/55&@ — CaS0)
_ g _
WY H v 23 G+ V25.59)(Pro — P ) | MPHT VIT 2\/—(Ca09 +V25050) (P — )
W H; Hy — Vs, WHSH; | —iv [-2V36,) + sudatsl]
77N T o hOH Wi 0

Note: Apop,ny = SaCadiz + 25202 — V2(2ca €21 + 53 A12)tp — ces(;—\/_
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Feynman diagrams contributing to the hY — p*77 decay
in the unitary gauge
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Contributions of heavy neutral leptons

VL V
N § _“la“2a
AL = - 2\/—

% [E[_VV + E[_VH + E[_HV + EFHH ELVFF + E[IFF 4 E[_V + ELFH} ) (4)

In the limit m§,, m2, > m}, m3 — 0, we get equalities for Passarino-Veltman
1

functions at one-loop level (analytic expression for these functions, see L.T. Hue,
H.N. Long, T.T. Thuc and T. Phong Nguyen, Nucl.Phys. B907 (2016) 37): i)

M~ g@ M o

two-point scalar functions: B; B(z) and ii) three-point scalar

functions: C; ~ —GC,. These are not applled for F,VH and EFHV.
Analytical expressions:
3
ELFVV = m13g (—ca59 + ﬁsace)
m
v
X [mzN (B(l) — 2B(()1)) + sz + m,\,a (2mv + mho) (G- G) — mHlmsz} ,

m1g m2 Ca

2
mig m o«
ELFV _ 1 7 ELFH_ lg N, C B(l)

3 . 20 >

m?, So my, So
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Largest contribution

FVH
EL

FHV
EL

FHH

E(
VFF

EL

HFF
E(

3 2

g Sp mimy;

_——33 CaCo + \/ESaSG
Co my,

{-~(BY =B + [my(Co+ G) + (i, — mip) (G- G|}
_%i:g (caco + \/Esasea) {Z—é [—m?BfZ) _ m2NaB§)2) 4 (mfva Co — me,?)
v o

my, —

2 m20
my G — (miy, — mig)m?vaCO} + mi, <—2C0 +G - Thl(ﬁ) } ;

2 2
migcom S,

(2P ) ET o 2],
6

3.2
mg’my, sav2

: [B0? + BY +2m3, G — mi (G - 4G)] |

my, Co
2 3 2
mm 25& S
_ligvagf [Bg“)+—‘;mi,a(co—zcl)ﬂmi+m2H1)C0]-
my, Co 7
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Divergence cancellation

Dimension: 4 — d = 4 — 2¢. Result:

DiV[Coﬁl,Q] = 0,
1
Div[Bélz)] = Div[Bél)] = Div[Bé2)] =A== +Indr — v + Inp?,
€
1
Div[B"] = —Div[B®] = 54 (5)

Consequence: total divergence of A g vanishes in two ways:

Q the Glashow-lliopoulos-Maiani mechanism, . V% V5, = 0: divergent terms
do not depend on my, .

@ The devergent part depending on m,2\,a is proportinal to
2 o (32 1.2 2 V2sq (_3.2 12 2 1)| —
my, A {2_9 (355 —1-35% +¢j) + 5 (-36 — 35+ + 5)} =0.

The total one-loop contribution is finite!
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Setup parameters

@ Free parameters: my,, vz, my,, A1, A2, and mpy, (2 =1,2,3)

2
2 2 2
2 m 2 _
My f5<h‘f_"’Hz>_(*12"’H2/2V3)

Fo= Ao = 7
2v3 2 2 V12 2v§ —4)\1 + mi?/vl2
1 1
. v v 0
Vi = Uwm00)=| - oo |,
0 0 1
N |2
m/\/a2 Yij

< 3 : perturbative condition.

V2

o Default values: m,, = 1071% GeV, myy, = 80.4 GeV, s, = 0.23, g = 0.651,
My = 125.1 GeV, (A — all) = 4.1 x 10 GeV, Ay = Ara = 1, mp, = 2
TeV.

9 0.5 TeV < mp,< 20 TeV, 4 TeV < v3 < 10 TeV.

v3
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Numerical results

Only contribution

Br(h{-ut)
2.x2076 p- - -

Rl SRR LR L e R L LR LR
1.x10°% — my=0.5TeV - Mye=10TeV
- My=5TeV - my=20 TeV
5.x10° 1
2.x101  4x10M 6.x10M  8.x107M
Result:
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from active neutrinos
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- diagonal V! or my, =

Br(h)-ur)

2.x10°%
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; '

: va=4Tev 4

Poosve=6Tev
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i
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Numerical results

Br(h? — pu7) as function of v3, mp,/vs = 0.7 (2) in the left (right) panel.

Br(h0->ur) Br(h§—ur)
oL ] :
10 — Mp=5TeV -~ myp=15TeV 10°

-—- My=10TeV --- myp=20TeV
107 S -

109 — M=5TeV -~ myp=15TeV
“axa Tooo0 s GV - Mp=10TeV - myp=20TeV
=~ L L L L L L v, [Gev]
5000 6000 7000 8000 9000 10000
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Numerical results

V3 [GeV]

6600

6200

13000

Br(h? — u7) as function of vz (mp,) and my, in the left (right) panel.

Br(h{-ur)x10°, my, =2 TeV, my,=2v3

70007
6500./

L
13500

L
14000 14500

M2 [GeV]

15000

my2 [GeV]

Br(h{->u1)x10°, my, =2 TeV, vs=7 TeV

16000 F" T \;/ T i
15000 g
14000 g
13000 B
12000t . . . I
13000 13500 14000 14500 15000
My [GeV]

Note: The peaks satisfying mp, ~ 2v3y/A; = 2v3 results in Br(h? — ur) ~ 1075.
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Conclusions

@ We established the analytic expressions of one-loop contributions
to LFV decay hY — u7 in terms of one-loop two and three point
Passarino-Veltman functions.

@ The divergence cancellation of the amplitube at one-loop level
was indicated analytically.
@ Numerical investigation showed that:
o The Br(h? — pr) depends strongly on the Yukawa couplings,.i.e masses, of the
heavy neutral lepton, the SU(3), scale v3 and mass of the charged Higgs My

o The 331LHN predicts the Br(h? — 1i7) can reach maximal value of 107°. This
is rather smaller than recent experimental sensitivities of order O(1072).
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