Higgs boson pair production at LHC and ILC

Kunio Kaneta (Kavli IPMU)

Based on

- PLB718 (2013) 1441. Collaboration with N. Haba,Y. Mimura, R.Takahashi
* Work in progress with T. Enkhbat, N. Haba,Y. Mimura, R. Takahashi

Scalars 2013 @ Warsaw (12 - 16 Sept. 201 3)



Outline
|, Motivation
2, Higgs potential and the Higgs self-interaction
3, Non-perturbative Higgs model

4, Summary



|, Motivation



|, Motivation

> 3
()
3 (B,
wn - Vs=7TeV.L=511"
:1500 \s=8TeV,L=53M"
£ |

D¢ Higgs has been discovered at mjp >~ 125 GeV g0

oLl

S/(S+B) Weighted

P39 lip o g 3 Wigi g gp§ gig-g p-lfilpy
110 120 130 140 150
m,, (GeV)



|, Motivation

? [P
O} | W Hepy
wn L Vs=7TeV.L=511"
15008 1s=8TeV.L=53m"
g |

v¢ Higgs has been discovered at my, ~ 125 GeV 0.

Combined
g=080+0.14

H — bb (VH tag)

H - bb (ttH tag)

H — y7y (untagged)
H— vy (VBF tag)
H - vy (VH tag)

H - WW (0/1 jet)
H— WW (VBF tag)
H - WW (VH tag)
H - 1t (0/1 jet)

H - tt (VBF tag)
H - Tt (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

-4

[ Jsto

fs=7TeV.L<51fb" 1s=8TeV,L< 1961’ " B «20
imi = 125.7 GeV T T T L T TR
CMS Preliminary m, e 010 120 130 140 150

S/(S+B) Weighted

Pey = 0.94

m,, (GeV)

3¢ Interactions of Higgs are now probing.

0 2 4
Best fit o/cSM



|, Motivation

Pk

Combined
p=080t0.14

H - bb (VH tag)

H - bb (ttH tag)

H — y7y (untagged)
H— vy (VBF tag)
H - yy (VH tag)
H-—> WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H - 1t (0/1 jet)

H - tt (VBF tag)
H - T (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

-4

i @:
y /l
L l.‘i:ﬂ-n
. \s=7TeV,L=511"
%, \s=8TeV,L=53m"

Events / 1.5 GeV

A
T ™

Higgs has been discovered at mj >~ 125 GeV

S/(S+B) Weighted

1s=7TeV.L<S51fb" 1s=8TeV,L< 1961’ " B a2
imi = 125.7 GeV A | [ I i | S
CMS Preliminary m,, e 0 o s = o ==

m,, (GeV)

3¢ Interactions of Higgs are now probing.

0 2 4
Best fit cs/oSM

7}

(" | V(#)
¢ Higgs potential is still mysterious.
"

u Im(4)

Re(4) |




|, Motivation

. \s=7TeV,L=511"
\s=8TeV,L=53m"

Events / 1.5 GeV

Y¢ Higgs has been discovered at my ~ 125 GeV

A
T TR

1s=7TeV.L<S51fb " 1s=8TeV,L< 1961’

Combined
u=080t014 [ CMS Preliminary m, = 125.7 GeV

H - bb (VH tag) | p,, =094

H - bb (ttH tag)

H — yv (untagged)
H— vy (VBF tag)
H - yy (VH tag)
H-—> WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H - 1t (0/1 jet)

H — =t (VBF tag)
H - tt (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

S/(S+B) Weighted

o

S| SR P e 5
10 120 130 140 150
m,, (GeV)

3¢ Interactions of Higgs are now probing.

4

4 0 2
Best fit cs/csSM

7}

(" | V()
¢ Higgs potential is still mysterious.
- How does the Higgs field acquire a VEV? ’ ‘ ~
8 | (}%‘Q’?

u Im(4)

Re(4) |




|, Motivation

Pk

Combined
g=080+0.14

H - bb (VH tag)

H - bb (ttH tag)

H — vy (untagged)
H— vy (VBF tag)
H - vy (VH tag)

H - WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H - 1t (0/1 jet)

H — =t (VBF tag)
H - tt (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

-4

> [
o L B Heyy
wn . Vs=7TeV,L=511"
™1500 %, 's=8TeV,L=53n"
\ .
2 [
8 >
L] L] > -
Higgs has been discovered at mjp >~ 125 GeV g0
2 |
= [
ke [
= 500
, @ [ tlﬂ
\s=7TeV.L<51fb" 1s=8TeV,L<19.6fb’ ) " B .2
CMS Preliminary m, = 125.7 GeV s 0 -11'0 TR 156 ' *14'0 TR

m,, (GeV)

3¢ Interactions of Higgs are now probing.

0 2 4
Best fit olog,,

Pl
V()

4
S

=

Re(4) |

¢ Higgs potential is still mysterious.
* How does the Higgs field acquire a VEV!?

* What kind of interaction works on there!?

Im ()




|, Motivation

“Interactions in nature” .....c..

Gauge forces

“Higgs forces”




|, Motivation

“Interactions in nature” .....c..

Gauge forces

¥ Gauge interaction stems from

SUB)e x SU2)L xU(1)y

v< For fermions: = .
Q Z’Y“Du Q
For Higgs boson: 2
D, H
Self-interaction: 1 I

Y% well-known

“Higgs forces”




|, Motivation

“Interactions in nature” .....c..

Gauge forces

¥ Gauge interaction stems from

SUB)e x SU2)L xU(1)y

v< For fermions: = .
Q Z’Y“Du Q
For Higgs boson: 2
D, H
Self-interaction: 1 I

Y% well-known

“Higgs forces”

¥¢ Higgs self-interaction gives

Y¢ Lagrangian

_»CHiggs — m2‘H‘2 T )‘(‘H‘2)2

(We really do not know)

(3% Yukawa interaction )  (out of my talk)




|, Motivation

“Interactions in nature” .....c..

Gauge forces
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Self-interaction: 1 I

Y% well-known

“Higgs forces”

¥¢ Higgs self-interaction gives

Y¢ Lagrangian

_»CHiggs — m2‘H‘2 T )‘(‘H‘2)2

(We really do not know)

(3% Yukawa interaction )  (out of my talk)

key point is ...

- Higgs self-interaction is an origin of EW symmetry breaking.

- It is important to probe the Higgs self-coupling.
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¢ Higgs potential as a function of |H |’
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We focus on (), £ 0 case.

y¢ Possible enhancement of Higgs boson pair production

¥ pp — hhX @ LHC
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Now we have found that ('}, < 0 easily enhance the Higgs pair production.

¢ An example for realizing C}, < 0

* Toy model
V(HP) =m?|H]? + A2 (lHP)* [ me=2m (01— a)
\
\ Ch:%“//// %(Q_Q)
This kind of potential can be realized in context of SQCD. <0 (Whel’l a < O)
* Non-perturbative Higgs model (SQCD)
A% \"
__ A3 b5 4
Whp = A <Hqu Chﬁ—g—gﬁs <0 (k>0)
4 p N 4 V(o) N
V(#)  NP-potential V(¢) SUSY breaking
—
— ()
~_
S <¢>) sz \_ % J

(D’Hoker-Mimura-Sakai)
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Let us consider other possibility of new physics effect.
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¥¢ pp — hhji @ LHC

* VBF and Higgs-strahlung

o (pp — hhjj)§n 1arev ~ 1.6 b
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S e"e” — hhX @’LC

* Higgs-strahlung

S0 24
Cy, \/g = 500 GeV

O‘(€+€_ — Zhh)SM,5OOGeV ~ 0.16 tb

-

* Vector boson fusion

500 G@eV, MG

—5 [ [#]
L 1

5-4-3-2-101 2 3 4 5
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Summary

v¢ Higgs self-interaction is still unknown.

¢ Self-coupling measurement is important to understand

how the Higgs field acquires a VEV.

3¢ Non-perturbative Higgs model is suggested.

3¢ We pointed out that sizable enhancement of Higgs pair

production is induced by non-zero (;, and () .
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