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The Higgs coupling parameters

Interaction between neutral Higgs bosons and EW gauge bosons
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The Higgs coupling parameters

Interaction between neutral Higgs bosons and EW gauge bosons
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The Unitarity of scattering amplitude

Interaction between neutral Higgs bosons and EW gauge bosons
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The Unitarity of scattering amplitude

Interaction between neutral Higgs bosons and EW gauge bosons
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Scattering amplitude ( W} Wy — ¢pon)

The high energy behavior of scattering amplitude of W;_TWT: — ¢2¢Y,.

0 0 0 0 0 0 0
¢r\1 (/b'n’ ¢1\r1 ?n’ ¢Q ?n’ ¢n ¢?1/
\ / AN e \\\\ ,//
W W W W W W, W W
I L L L L L L L
s | 40 49 #9262, i(t—u) | ¢24°,
At 010 ~ ==L BotsrBoiagr — Ry p — ———= < k22 %,
Wiwg =000, ~ 2 ) FwwhRww WW 02 Z

Requiring the cancellation of enhanced term in the amplitude, we obtain

qb?l qbg/ L ¢g¢g/ ¢g¢2’ — 0
Rwwfww — fww hy —
«“ Unitarity conditions ”» J.F.Gunion et al (1991)

Ryo Nagai ( Nagoya.Univ )



Scattering amplitudes in high energy limit
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Unitarity conditions  :rcuionetaiuson

Interaction between neutral Higgs bosons and EW gauge bosons

Higgs-V -V Higgs - Higgs -V -V Higgs - Higgs - V

4 wiz) N N

0 W+.7Z

n. Z
— “ 0
n , ¢1’1 ===
o .~ "
- Pm W™, Z N0

W-.7Z
¢° Do $240 040 P2 B2,

\ww P2z )\ W T ) Y,

v In order to make theory unitary, the following conditions ( “Unitarity conditions” )
should be satisfied among Higgs couplings and tree-level p parameter.

0o = 1 ﬁ¢?‘¢g/ P $n — ,.Pn
' Z

=0, “WW:“zz:"?V'
¢ ¢ / ¢g¢g’ ?1 ¢?1’
kww = RFgzz = ’fq\bf KRy and Z “V HV =1

Ryo Nagai ( Nagoya.Univ )




Interaction between neutral Higgs bosons and EW gauge bosons

No o RN, Tsumura, Tanabashi (2014)
Ly=—v Z K%ng%tr[UTDMUT_F]tI’[UTD'MUT_]

n=1 " NO 0
- > kg d0tr[UT D, Ursltr[UT DF U]

n=1

Ryo Nagai ( Nagoya.Univ )



The electroweak oblique corrections

The electroweak precision measurements of the ff — f'f’ scattering amplitudes

In order to compare our models with the electroweak precision measurements,
We evaluate the oblique correction parameters (called “ S,T and U parameters ”)

M.E.Peskin and T.Takeuchi (1990)
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The electroweak oblique corrections

For example, UV divergent terms of S parameters at one loop are obtained by
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The electroweak oblique corrections

For example, UV divergent terms of S parameters at one loop are obtained by
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The finiteness of S parameters is automatically guaranteed

once unitarity conditions are satisfied among Higgs couplings
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The electroweak oblique corrections

UV divergent terms of T and U parameters at one loop are obtained by
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The electroweak oblique corrections
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o [ o 60 \2 4% 62 o [ osese2| A2
Tyt = 2 () a2 () + 2 (%) ,
quad 712::1 rww — % | Fww Kgz " T2\ Kzz "‘mz::l kg (47)2an?
Ny 2 2 No 2] M?
Po e oo Pndn o Do b 99,
Tiog = Z [{_“WW + (”WW) thRzz "~ (’fzz> - Z (“z ) } 2
n=1 m=1
~ {(FLWW> N 1} 19z <’fzz) ! (47)2cx o w2
Ny No No 2
1 62 62 2| |1 026% )7 | 1. A
Uieg = 15, [Z{<“zz> - (nw) }* 3 2 () | s
n=1 n=1m=1
Let us recall “unitarity conditions” again,
Pabnr _ bade _  ORdh 8% 45 _ 6D Z,@ K?
Ry, =0 KWW — Rhzz Rww = Rzz = Rv v Ry =

Ryo Nagai ( Nagoya.Univ )



The electroweak oblique corrections

UV divergent terms of T and U parameters at one loop are obtained by
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The finiteness of S,T and U parameters is automatically guaranteed
once unitarity conditions are satisfied among Higgs couplings
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The electroweak oblique corrections

We can test any model including arbitrary
number of neutral Higgs bosons.

¢ We don’t consider extensions including charged Higgs bosons and fermions for simplicity.

v Perturbative unitarity bound

v’ Electroweak precision tests

The finiteness of S,T and U parameters is automatically guaranteed
once unitarity conditions are satisfied among Higgs couplings
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Unitarity constraints

Let us consider the S-wave transition matrix among Wy Wy, and Z; Z;, states,
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The S-wave amplitude : %o = 3%/ A(s, cos)dcosb.
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Unitarity constraints

Let us consider the S-wave transition matrix among Wy Wy, and Z; Zy, states.

Assuming that Higgs couplings satisfy “unitarity condition”,
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The electroweak precision tests

Assuming that Higgs couplings satisfy “unitarity condition”,
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The electrroweak precision tests
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The Gifitter Group (2014)
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Constraints on “ heavy ” Higgs bosons

RN, Tsumura, Tanabashi (2014)
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Constraints on “ heavy ” Higgs bosons

RN, Tsumura, Tanabashi (2014)

5F 1.0F
- . 99%C.L
p L A8 ~ T osucl
[ Excluded region ;_____I_Eﬁc_luded region
o 1k ot e
> i = 0.6
£ |
X I X
=l = CMS-PAS-HIG-13-014
' 0.4f 95%C.L
il 99%C.L. i . ' R
i B 95%C.L. '
CMS-PAS-HIG-13-014  95%CL = — a2
-020  -015 _ -010 _ -0.05 000 -020  -0.15 _ -010 _ -0.05 000
Ai\],/ AI\'V
Perturbative unitarity The EWPTs The Gifitter Group (2014)
5 h\2 3,2 h \2 2 1
3902 [(/‘ﬂv) M;j, + {1 — (rv) }MH} < 5 S =0.06t0.09 7T =0.10=£0.07

Ryo Nagai ( Nagoya.Univ )



Summary

v' We introduce arbitrary number of neutral Higgs bosons in the electroweak
symmetry breaking sector.

v" We (re)derive conditions among Higgs coupling which need to be satisfied
to maintain the unitarity of the high energy scattering amplitude of weak
gauge bosons (“Unitarity conditions”).

v" We find that the finiteness of S, T and U parameters at one loop are
automatically guaranteed once unitarity conditions are satisfied.

v Using unitarity conditions, we can test extended EWSB model including
only neutral Higgs bosons by the unitarity limit and EWPTs limit. That gives
us strong constraint on the mass of extra neutral Higgs boson as function
of the deviation of the SM-like Higgs coupling.

Thank you for your attentions.
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Constraints on the SM cutoff
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