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Introduction

Gauge hierarchy problem can be avoided by
" — scale invariance in extended SM
— dimensional transmutation not so far from EW scale

-

Towards the SM-like Higgs mass term
" — its value should be EW scale
— Its sign should be negative to break EW symmetry

We construct a model which

 avoids gauge hierarchy problem with scale invariance

« dynamically generates negative mass term of the Higgs
« explains active neutrino masses by type-l seesaw

* realizes vacuum stability (Ag > 0) by scalar mixing
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Model

We consider U(1)s, gauge extended model
with two Higgs doublet and one SM singlet scalars.

SUB). @ SUR2),@Ul)y Ul)p 1

0 3,2,1/0) 1/3
U (3,1, 2/3) 1/3
D (3,1, —1/3) 1/3
L (1,2, —1/2) 1
B (1,1, —1) 1
N (1,1, 0) _
H, (1,2, 1/2) 0

H, (1,2, 1/2) < 4 5
o (1,1, 0) >

Only H, couples to the SM fields.

2015/12/5

Scalars 2015

different
B-L charges



Bosonic seesaw mechanism

[[02 X. Calmet], [05 H.D. Kim], [05 N. Haba, N. Kitazawa, N. Okada]
Potential

Vo= A [ H 4 da [Hol* + Mg |Hy P [Hal? + Ay (Hgﬂl) (H{U%)

g [ 4+ oo [H 2|+ Ao | Hol? B + ()\mix (H%Hl) o2 h.c.)

After @ obtains nonzero VEV (Coleman-Weinberg),

—Lonss = 1 (H;r H;r) )\H1¢'U§> )\mixv?p Hy BOS()niC
2 AmixV3  Amyavy ) \He seesaw

A2
1 (H’T HIT) (Aﬂli’vgb o ﬁvé 0 ) (Hi)
1 »+72
2 0 2 H)

)\H2¢>”U(D

Q

where we have assumed large hierarchy (0 < A7, 0 < Anix < Ai,a)

A2 5

mix U(I)

Negative mass term dynamically generated: m;j, ~ —
2)\H2q>
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Prediction of heavy Higgs mass
Moy = \Aa¥s g1 gs.L = 0.01
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Masses of heavy CP-even Higgs, CP-odd Higgs and charged Higgs
M% = M3 = Ag,ovs + (A3 + M) vi  Mizi = Ag,avp + A3vi
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Running of quartic couplings
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To realize the hierarchy (0 < A\py, ¢ < A\mix < Ag, ) at 4 = Vs, We take

Ard =0, Ao = 1077 (107%) for ve = 10 TeV (100 TeV)
N Amix is determined to realize the 125GeV Higgs mass y
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Running of quartic couplings
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[Large hierarchy becomes milder

. o . = No fine-tuning
during renormalization evolution
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quartic couplings

Running of quartic couplings

(For example)

When we extend the model

_ _ _ SU@B).®SU2),@U(l)y U(l)p_p
with vector-like fermions, S n (1, 1, 0) .
hierarchy for Amix is also Swr (1, 1, 0) v -2

) L.R (1,2,1/2) T
much milder than before. D, , (1,2, 1/2) 2+ 2
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Summary

« We have constructed a model which
— avolids gauge hierarchy problem with scale invariance
— dynamically generates negative mass term of Higgs doublet
— explains active neutrino masses by type-l seesaw
— realizes vacuum stability (A > 0) by scalar mixing

* Negative mass term of Higgs doublet dynamically arises
from “bosonic seesaw mechanism”

* Heavy Higgs masses are 1 TeV < Mpyeayvy < 1.7 TeV

* Bosonic seesaw can be used for a general THDM.
Particularly, it is a new possibility in scale invariant models.
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Introduction

From the Bardeen’s argument [1995, w. A. Bardeen]

“We have argued that the Standard Model does not, by
Itself, have a fine tuning problem due to the approximate
scale invariance of the perturbative expansion.”

* RGE of the Higgs mass parameter in the SM

3 9
2 [12)\H + 6y, — 59% — 593]

dm% 1

dlnpg 1672

I:> m7 (1) ~ m7 (A) — Order of magnitude does not change

* RGE of the Higgs mass parameter in some extended SM
dm% 1
dlnp 1672

3 9
mj, [12)\1{ + 6y} — —g7 — g%]

2 2 1672

2

A N
I:> m7 (i) ~mi(A) — AM?In 7 Large contribution appears
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CW mechanism

Scalar potential
Vo= M [Hy[* 4 X [Hol* + X3 [Hi | [ Ho | + Ay (H%LHl> (HIH2)

o B 4 Ao |HL P 1B + Ama | Hol? |8 + ()\mix (H%Hl) B2 1+ h.c.)

where there is no mass term due to scale invariance

* One-loop CW potential for the SM singlet scalar

2
Va(@) = ixcp(v@)& + g (e)ot (Iny = )

> Ao (Vo) [GgB 1 (vae) — tr¥ps(ve)] (minimization condition)

Nonzero VEV causes U(1)g, breaking.
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Introduction

Renormalization condition at the UV scale is
sensitive to the heavy particle.

A [extended SM] A2

m7 (i) ~m;i (A) — AM?In oz

Gauge hierarchy problem arises whenM > Agw
( Fine-tuning for m3 (A) )
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Higgs mass correction

Higgs mass correction mainly come from

Then, the Higgs mass parameter is given by

A2 50 AH,d

mix

B 2)\H2<b Yo 1671‘2

Neutrino loop and U(1);, gauge boson loop also contribute,
but we consider the case where they are enough small.

(2)\3 -+ )\4) ”Ué)

mi:
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Higgs mass correction

Higgs mass correction mainly come from

(9) . _ {9)
() (9) Yo
__________ — N it /- \
H,y X Hi = N E::::I Ha | 112
Hl """ X—m--- Hl H, ____\_\: ::/_———H1

VR

Vii I

Then, the Higgs mass parameter is given by

AH® o A 2 AHo
2 (I) 2/\H2cp (I) 167T2

From bosonic seesaw

(2)\3+)\4)U(2b—|—

m%’l’




Higgs mass correction
Am;, should be lower than Higgs mass: Am} < (125GeV)?

* Neutrino (one-loop)

(I)T y $
N R . 2v2 .2 3
5 Y YMU(I) m,,MN
Amh ~ 5 ~ 5 9
1067 1067 V7
Y2 2
7 . m, ~ Y v /My ~ 0.1eV
lr v
H HT

1
f‘> M N < 107GeV > U S, (0—) x 10° GeV
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Higgs mass correction
Am;, should be lower than Higgs mass: Am} < (125GeV)?
« U(1) gauge (one-loop)
3329/4,0(21)
1672

Am; ~

2
1 /0.1
) U < x 10° GeV for x # 0
~lzl \ g

(x=0 corresponds to U(1)g_)

2015/12/5 Scalars 2015 16



Higgs mass correction
Am;, should be lower than Higgs mass: Am} < (125GeV)?
« U(1) gauge (two-loop with top Yukawa)

- - —— . ——




constraints on Ve

* Perturbativity up to the Planck scale: gs-1. < 0.2

e LHC boundon Z': Mz >29TeV (M = 2gg.Lvg)

:> ve > 1.25TeV

« Smallness of B-L gague contribution (assumption)

5 2 ytzg]%-L 2 10G V 2
mh ~ (167T)2UCI) < ( € )

160
> Ve < 27T GeV
Ytdgp-1,

~ 100 TeV for gg.1, = 0.1
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Relahon befween ve and \i,o
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To work the bosonic seesaw, \x,sv3 IS almost fixed.
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Vacuum stability

The EW vacuum becomes stable by the mixing
between H, and H,

"« The vacuum stability Ei; y
/\374 Z 0.15 []:1[!5-“"“
« Perturbativity N EE: |
/\3’4 S 0.48 0.045
) n.uzé-
0.15 < )\334 < 0.48 100 105 108 10! 10 10V

p [GeV]
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Further extension

« Toward more complete model

SUB).@SU2)r@U()y U(l)p-r
SL,R (1, 1, O) T
Si g (1, 1, 0) r— 2
DL,R (1, 2, 1/2) x
L Hy
Extra loop contributions appear |
in the running of A ix Sy D;
o - - --d
e ST N DPr
Hierarchy becomes much milder :T
Hi
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Constraint on new parameters

« Extra Yukawa terms
—L = Yg55.8S8) + Ysp S, HID, + YppD, ®Dg + YpsDrH, Sy
+Y,gSr®S) + Yip S, HiDy + Yhp D), ®Dy, + Y}, s D, Hi Sk + h.c.

« Minimization condition

11 1 / /

A > 0 and g1, < 0.2

N

Vi, + Yeh +2YA 4+ 25, <3 x (0.4)*

We take all Ysare0.2and Y'sare 0.1 @ Vo



quartic couplings

Running of quartic couplings
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quartic couplings

Running of quartic couplings
After

Before
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Hierarchy for A\.ix becomes much milder than before.
{=> There is no fine-tuning at the Planck scale.
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Beta functions

Gauge couplings

g5 95 95
9gB—L 68
BQB—L — 1672 (7gr2nix + 89mixgB—L + EQZB—L)
1 2 2 683 2 2
6gmix — 1672 Jmix 149}/ + 7gmix + 89mix9B—L + ?gB—L + 89B-1L9y

Yukawa couplings

By, = 62 (—893 — 492~ E(gy + Gmix) — JImixgB-L — 2951t Y
Y
Bra = gz (—69h_r +4Yy +20rYy)



Beta functions

Quartic couplings

1 3
B = 62 [g (295 + (95 + 9% + 95)?) — 6y7 + M1 (=993 — 3(95 + gmix) + 127)
$242027 + 202 4+ 2030 4+ A2+ 2200 }
1 3
Br. = 16722 [g (205 + (95 + 9% + gmin)?) + 4895 _1.(95 + 9v) — 120mixgB—1.(95 + 95 + Grnix)

+14495,, 95—, — T680mixgp_ 1, + 1536g5_1, — 6y; + A2 (=992 — 3(9% + gimix)
+480mixgB—1 — 19205 + 1257) + 2403 + 202 + 20 ha + A2 + Aoy }

1 3
/6>\3 = [—(25]3 + (—gg + g%/ + g?nix)z) -+ 489?111}{9?8_[, - 12gmngB—L(_g§ + glznix + g%/)

1672 |4

+23(—995 — 3(9% + ghix) + 249mixgB -1 — 96951 + 67 + 1201 4 12X;) + 43
+AM Ay 4 AAodg + 207 + 2X 1o A r20 ]

1
Br = 16722 305(9% + Gmix) — 2495 gmixgB—1 + A1(—995 — 3(9% + ghix) + 24GmixgB—1.
—96g%_ 1, + 6y7 + 4A1 + 4o + 8Xg) + 402 + 402 ]
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Beta functions

Quartic couplings

Pre =

BAHl@ -

6>\H2®

/8/\n1ix -

2015/12/5

1
62 (96g5_1 — 16trY,; + A (—48g%_ 1, + 8trYyy) + 20A3 + 2X714 + 2AT 00 + 4A24)

1 9 3
62 [)\Hm (—§g§ — 5(9%/ +g25) — 2495 +AtrY + 6yF 4+ 120 + 8)\(1))

0110 + Daie + 2Nudirze + 8\ + 120763 |

1 9 3
62 [)\qua (—593 - 5(912/ + Gmix) + 240mixgB—1 — 120951 + 4trY 4+ 12X, + 8/\<1>)

+4X 120 + Dadanie + 20\ mn1e + 8\ + 1267, 0B_ 1, — 1920uixgh_, + 76805, |

Amix 9 3
1672 [_593 - 5(9% + i) T 120mixgB—1 — 7295, + 1Yy + 3y; + 2X3 + 40y

+4M 1o + 4Agoe + 48]
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