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AIm of the work

In previous work (Eur.Phys.J.C 80 (2020) 9, 884 [arXiv2005.10576] we explored the 2HDM
(type | and Il) and Pnd large triple Higgs couplings (yet allowed by constraints)

'

Can enhance the double Higgs production cross section

We have studied the cross section production of hh = hh, hH, HH, AA
e'e " hhZ and e’ " hh!k
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The Two Higgs Doublet Model (2HDM)

: : . 2
Potential: V= mii(! 4! )+ m5(1ol )t miy(Lyl o+ Lol )+ (0l )P+ (5! o)
|
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¥CP conserving: all real parameters

_ Five Higgs b :
¥# , symmetry to avoid FCNC »  softly broken by m:, I\;]e nggsangsl_logs

¥4 types of Yukawa structure: we will focus on type | and type Il

Physical input parameters: iy, (= 125 GeV) <11y, Iy, s, tan™, cog" ! #) and ”‘122

OAlignment limitQ if cog" ! #) " 0 the SM-like interactions for h are recovered
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Triple Higgs couplings (THC)

Coupling dePnition:
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Constraints
¥ Electroweak precision data, | parameter:

motivates scenarios with degenerate masses
| FOr us 1y = 1y = Iy
¥ Tree level unitarity and potential stability:
mlz2 = mﬁ cos #/tan" helps reach large masses
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Final allowed ranges:
Type | Type Il

$,.%][! 0.5, 1.5 $,.9(0.0, 1.0
% %[ 1.4,1.5 %, %[ 1.6,1.§
%, %[0, 15] %, %[0, 15]

%an %610, 16 %an %60, 16

¥ Collider measurements of the 125 GeV Higgs
¥BSM Higgs searches in LEP, TeVatron and LHC

| Closeto coq" ! #) = 0, specially for type Il
¥Flavor observables: BR(B " X&) and
BR(BS 11 1 1 )

2HDMC, HiggsBounds, HiggsSignals
and superlSO were used



MadGraph and FeynRules were used

Dependence with energy

Example point:
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/Z channel decreases with ¥hhZ and hh! k& ~3 times the SM due mostly to H mediated diagrams.

the energy ¥hHZ and hH! & e'e " HA" HhZ(" Hh!9 is the dominant
' ¢ channel Increases with  contribution but we can still have THC sensitivity

the energy (VBF topologies!) ¥HH!k ~ AA! k: dominated by %, (%a,) if it is large enough

| Two examples at ILC 500 GeV and CLIC 3000 GeVE
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ILC 500 GeV

hh production in both channels wrt the SM
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ILC 500 GeV

Type |, m= 300 GeV,
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mZ, = My cos #/tan”

_ o(e'd " hh2), s =500 GeV I (e'¢ " hh2), /s =500 GeV _ o(e'd " hh2), s =500 GeV
g 10 E 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _ I%I ; 10 E 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _ g E 10 E 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _ %I
= _ _ . —— 0=1.0631 - 0] = g —— 7 =10631 - = _ - —— 0=1.06310 - )
= : k,=11,A, ,=-025 o Coasat g S S : #,=11," =-025 T Corsst 110 5 = : k,=11,A, ., =-0.25 o 0158 b Jqg S
— OnoThe = 0-472 T 3 RS ! orne = 0472 1b = NS Orothe = 0.472 fb 3 —
o 1 Ore = 0.539 fb - g = 1F ! 4 =05391b - - o 1F Oe = 0.539 fb . g
N - O = 0.018 fb ] - < - ! on=0018 fb ] N N - O = 0.018 fb ] Ay
= - i — 0,,=0519f% |5 10° o 2 _ — ! =05191b < 10° - _ — 0,,=0519% |5 10 [%
2 10 - o S 10''E - S 810 - o
- 1 &% F | 2% |, &
8 " - 10 3 N — 102 3 N - 10
S 10°g - %10!25— - S 10°E -
o F L [ PP A o © -
; | ~ 10 . """‘,P\""'tl + 10 - < 10
10'35— ’_I’_r "ql - 10!35— - 10'3§— -
- | | <1 - =1 - | <1
10°E \ - 10 | |[ z 10°E r“,-' » z
- 1 1 R T T B E . ||||h|- 1 | 1 ] - R R T | R R T N T A U I T T B ] - 1 "“ |=!I!I | IR W SN TN N TR A | || | O A T T O A TR T N ]
200 250 300 350 400 450 200 250 300 350 400 450 200 250 300 350 400 450
M, [GeV. ? M,z [GeV] ? m, . [GeV]

Larger inf3uence of

» appears at the

threshold of the

Invariant mass of
the two Pnal Higgs
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Events coming from A: no THC information

Events coming from H: Energy of h, > Energy of h,

information of %,

The contributions from non resonant diagrams are not negligible



C L I C 3000 G eV hh production in both channels wrt the SM
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¥ hnZ still has effect of the A resonant diagram

¥ In hh! k the H on-shell contribution is the main
BSM effect.

Now we can bnd the effect of the H
for larger masses
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Events hh" )

sm (Events hhZ,

/!



CLIC 3000 GeV
(hh' 9

H resonance for points with
different 1,

LOow mass:
Narrow and high resonance
Large mass:
Large values of %, are
possible and still have a
sizable resonance

Again, larger infBuence of

appears for the lowest values
of 1y,
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The H resonance at CLIC 3000 GeV

Evolution of the resonance with coq" ! #) (and indirectly with 9%..,)

o(etes — hhvv), Co = 0.1, Vs = 3000 GeV
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Height of the
resonance

depends on %,

More events at the
left of the peak
than at the right

More events at the
right of the peak
than at the left
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For large cog" ! #)
the resonance Is

wider because ( y IS
larger



Conclusions

Sensitivity on THC:
¥ For hhZ (better at ILC energies) and hnh! k (better at CLIC energies):

%= %0/ %30 at low invariant mass of hh

| %4 (and its sign): if H can propagate on-shell and %, is large enough

| But we can also have contributions from A propagating on-shell (specially for hhZ)
¥ hH, HH and AA production can also have THC sensitivity:

I No resonant process  Sensitivity on the invariant mass distributions

I Better prospects for CLIC energies
¥ A whole study for all channels at all the projected collider energies can be found In

our upcoming paper
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Thank you for your attention! )

Iime for questions



Back-up, &, sensitivity on the SM

aglo

'l = Zhh
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Back-up, THC In
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Back-up, example of NhH! k at \[S = 3000 GeV

o(e-et — hHVV), Point BP3, (s = 3000 GeV

o(hHvp), /s = 3000 GeV
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back-up, example of (HH' 9 at \[S = 3000 GeV

- c(HHv®), /s = 3000 GeV
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Back-up, constraints in

Allowed by collider searches
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