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Higgs triple coupling

ANV = —3m? /v at the tree level

At the one-loop order, the effective hhh vertex

function
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The double Higgs boson
production at the e+e-
collider
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The double Higgs boson
production at the LHC
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The amplitude for  g“*(p)g”"(p,) — H(p3)H(p4)

o
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partonic cross section

do(gg — HH)
dt
a2 |F(s, t,u, m?)|?> + |F,(s, t, u, m?)|?
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In the SM, the top quark contribution is dominant.



LET (Low energy theorem): m? >

Projection for spin-0

Fi(s, t, u, m?) = F%(s, t, u, m?) + FY*(s, t, u, m?),
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LET (Low energy theorem): m? >

Projection for spin-0

Fi(s, t, u, m?) = F%(s, t, u, m?) + FY*(s, t, u, m?),
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4
F°%(s, t, u, m?) = — §S{1 +

Triangle diagram (Higgs triple coupling): No angular dependence

Box diagram (Higgs triple coupling): angular dependence in
mt~(-4)
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Wigner d-functions, ds, s,

j 1s the total angular

s; (s¢) 18 the 1nitial (final) state spin:
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Angular dependence

At leading order,

Box Triangle
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LET Is a poor
approximation
for di-Higgs



pp—HH, VS=14 TeV

u:MHH, CT10 NLO PDFs, mH:125 GeV
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dG/de (fb/GeV)
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pp—HH, VS =8 TeV
w=M,,, CT10 NLO PDFs, m, = 125 GeV
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How to deviate the
SM result for the
gluon fusion?
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1. New )\hhh

2. New Scalar

3. New colored fermions
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Two Higgs doublets

(I)l and (1)2 |

In order to suppress FCNC at tree level,
we impose Z2 symmetry

(I)l —> (I)l and (I)z —> _(I)Z



HIgQgs potential

v Softly broken Z2
V = miqu{qﬁ + m32@£@2 — m%z(qﬂiqb + H°C°)
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hmlt

sin(f —a) : gnw+w-, 9nzz, YzZAH, IWEHTH,

No resonance decay into hh!



2HDM
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AApnn can be large!
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peaks around M, ~ 400

m@:2OOGeV
———- mp=300GeV
=400GeV

CTEQ6L, /s =14TeV
SM

mh=120GeV

>

1
oy
-
[ d
‘\
-

o
o=
o
-’
Cd

-

’l"
-
""" -

'---
- -
"'--"-"- - - - o
"'
- e

-

-y
-y - .
',"' -y
LTS -y

-

-«
"'
«»
«»

- o  © <+
S S S S S
-) -) o -)
BRI Y

[A9D/qJ](yy«33)

-Op

«»
S

300 400 500 600 700 800 900 1000

Mhh [GGV]



0.1}

0.08 |

(gg—hh)[fb/GeV]

mh=120GeV

CTEQ6L, +/s=14TeV
SM

““““ m@ZZOOGeV
- ——- mp=300GeV

— — - mp=400GeV

4
l’/\/

Mhh [GGV]

1. interference effects b/w A and
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peaks around M, ~ 400

2. Enhanced Appp decreases o(gg — hh).



At leading order,

Ahhh
Box Triangle
4 4m%{
Fy(s, t, u, m7)| gy — (_§+ 2)5’

Fy(s, t, u, m;)| gt — O.
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At /s =400 GeV,



At eTe™ collider
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Not in the aligned 2HDM
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1. New )\hhh

2. New Scalar
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3. New colored fermions

S.C. Park
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New heavy quarks!

But we have to satisfy the single
Higgs rate & EWPD



Mirror fermions

a generation of heavy mirror fermions

T T2
() rms wi-(T) i

. 2 1
with charges 3 and —3



The couplings of the fermion mass eigenstates to the Higgs boson
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For single Higgs production through top quark and mirror fermion loops,

C C C C
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pp—HH, Vs=8 TeV
m, =125 GeV, 8,°=0, 8 '=n/2, A=-0.1

— SM, Exact
- SM, Low Energy Theorem

— - Mirror Fermions, Exact, 0=0.4
- —  Mirror Fermions, Low Energy Theorem, 6=0.4
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Conclusions

e Di-Higgs process is elusive.
e In the SM, the signal rate is very small.

e It is very difficult to have large NP effects.



