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FOEWPT, THCs and GWs in the 2HDM

Sven Heinemeyer, IFT (CSIC, Madrid)

Nanjing/zoom, 05/2024
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Sven Heinemeyer, Nanjing Normal University seminar (zoom), 22.05.2024



1. Introduction
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1. Introduction

Gravitational

HIGGS 2013 Waves 2017
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1. Introduction

Gravitational
HIGGS 2013 = w.Waves 2017

= Why is there more matter than antimatter? = (EW) baryogenesis
= requires First Order EW Phase Transition (FOEWPT)
FOEWPT not possible in the SM = BSM Higgs sector required

FOEWPT can cause Gravitational Waves (GW), detectable with LISA, ...
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Phase transition: BSM vs. SM [taken from V. A. Rubakov and D. S. Gorbunov]

Vers(9) Vers(9)

= BSM Higgs sector required to realized FOEWPT
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Bubble formation can lead to Gravitational Waves

= Can this happen in the 2HDM? Implications for THCs?
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GW observatory: LISA

Approved launch date: ~ 2035
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2. FOEWPT and GWs in the 2HDM
Two Higgs Doublet Model (2HDM):
Fields:

o7 63

b = , P =
' %(’01 + p1+in1) ° %(’02 + p2 +in2)

Potential:
A Ao
Vo= miy|®q2 4+ md 0o — miy(@ldy 4 he) + E(q’;q’l)z + §(¢£¢2>2

A
FA3(P] 1) (PLds) 4+ As(P] o) (Dhavy) + 35[(65%)2 + h.c]

Physical states: h, H, (CP-even), A (CP-odd), H* (charged)

“Physical” input parameters:
CR—a » tanﬁ ) v, Mh? MH ) MA ’ ‘]\4[{i ) m%Q

Alignment limit: cg_,, — 0 (for M} ~ 125 GeV)

I\/Iany triple nggs COUD|iﬂgSZ )‘hhhi )‘hhﬂi )‘hHHr >\hH+H_’ )‘HAAr
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Assumption: h ~ hqiog

Z> symmetry to avoid FCNC:

CD1—>CD1,CD2—>—CD2

Extension of the Z>, symmetry to fermions determines four types:

u-type d-type Ileptons

type I P P P
type II Ps P4 P4 — SUSY type
type III (lepton-specific) o P P4
type IV (flipped) P P4 b,

Sum rule (with A SM-like): sin(8 —«a) ~ 1, cos(f —«a) =0

Unitarity/perturbativity and EWPO : = My ~ My ~ M+
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= Parameter scan in the 2HDM type II = ScannerS
tan g8 = 3, Choey = 0, m%z = m%sﬂcﬁ
0.2 TeV<Imyg<1TeV, 06 TeVImy=my+r<12TeV

Constraints:

e Tree-level perturbativity = ScannerS

e Minimum of potential is global minimum = ScannerS
... or sufficiently long-lived = Evade

e Higgs searches at LEP, Tevatron, LHC = HiggsBounds

e SM-like Higgs properties = x7,- = HiggsSignals (2HDECAY, SusHi)
e Flavor physics (mainly BR(Bs = Xsv), AMp,) = Superlso bounds

e Electroweak precision data (7" and S) = ScannerS

e )\, at one-loop = BSMPT
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FOEWPT/GWs in the 2HDM: & 1= v./T. > 1
[T. Biekétter, S.H., J. No, O. Olea, G. Weiglein '22]

1000

900

700

-— . é-’n > 1
/ ° Global min. in origin
4 £ <1

400 50 600 700 80 900
mg [GCV]

600

= large &. found in the 2HDM = strong GW signal?
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FOEWPT/GWs in the 2HDM: &, := v, /Ty > 1
[T. Biekétter, S.H., J. No, O. Olea, G. Weiglein '22]

1000

900

e ]
¥ ]
. 800 ;
<
3
===
700 / e  Global min. in origin 7
&5 ]
e Vacuum trapping
600 bant e Loveneny Besvon Lewvoniea TETIEERTe
400 50 600 700 800 900
mg [GCV]

= potentially strongest GW signal: forbidden by vacuum trapping
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Six thermal histories in the 2HDM:

[T. Biekotter, S.H., J. No, O. Olea, G. Weiglein '22]

1000

900

600

Th
75 100 125 150 175 200 225

e A"<=my,ormy

T 400 500 600 700 800 900 1000

my [GeV]

E: viable for FOEWPT, GWs are induced (detectable?)
F:no FOEWPT, no GWs are induced
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Six thermal histories in the 2HDM:

400 i
A I B C
— 300 _/ . ]
>
v | [ \
S 200 - | - -
;é origin : EW origin EW
100 - i - -
|
O 1 I I 1 1 I — I_ — _I — _I — _I ——— I_ 1 I 1 I
400
| | 1
D ! E ! F i
300 A I . I . I
S, 200 - I . . I
- — — —
£ EW : origin EW origin EW 1 origin
100 1 i . .
|
0 _n_l__u__n__n__u_ T e Y — -, T
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400
T [GeV] T [GeV] T [GeV]

= Zone E preferred by phenomenology/FOEWPT
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GWs vs. LISA: (my = 419 GeV, my = mpy+ = 663 GeV)
[T. Biekotter, S.H., J. No, O. Olea, G. Weiglein '22]

", — = ().2
_9- 0“ — ’UW=0.4
10 ., = (.6
N , Uy = 0.8
.0. .a. Ve = 1
Lo—111 Noo, T e
(aN] Fo
< >
\._._\ \\
'\ ~ X\
10—13 i \\ \\
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N
T ] PR, FES
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f [Hz]

+o0 2 2
=
= bubble wall velocity and turbulence important —0 Sens
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GWs vs. LISA: (vw = 0.6, 7 years of LISA data)

[T. Biekotter, S.H., J. No, O. Olea, G. Weiglein '22]

mpg [Ge\ﬂ
400 500 600

= detectable GWSs only in a very small zone close to VT
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R\

2HDM parameter scan to vield FOEWPT:

o SM,tree
KX = Anhh/ AL

[T. Biekotter, S.H., J. No, O. Olea, G. Weiglein '22]

6 OF
5t 5
[ \ [ [L.C-500
_ ILC-500 | o HILHC
Af === HL-LHC it o
[ ——- ATLAS limit ~ [ === ATLAS limit
. < [+« EWGSnR
! Ay < my or myg I
3t 3t Trapped
: I SNR > 1
I of T
| | g
0 100 200 300 400 0 100 200 300 400
mg — my [GeV] mg —my [GeV]
= FOEWPT requires k) <2 and my —mpyg ~ 200 GeV
= GW signal requires k) ~ 2 and my —mpg 2= 200 GeV
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Smoking gun signature: gap between my and myg: pp - A — ZH — Z it

&n
1.5 20 25 30 35 4.0

| | | | | | | | | I | | | | I | | | | I | | i PR [ R T T N S 1 1

[(HL-)LHC searches for pp — A 2 ZH — Ztt

900 F -

. i

& i

O, 800 F ;
<

& :

700 FZ,

2 Proj. 95% C.L. excl. i

: No FOEWPT or &, < 1 ]

600 E :

= GW zone can be covered at the HL-LHC
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| atest experimental results: ATLAS at LHCP23 [ATLAS '23]
— 700

-ATLAS Preliminary /s=13TeV, 140 fb", gg = A — ZH — ¢/t
- 95% CL upper limit exclusion, type-l 2HDM

- 3 tanp=0.5 Obs.
r === EXP.

600+ —— A width 25%

| 3 tanp=1 Obs.

[ === EXp.

990 —-— A width 25%

[ B tanp=2 Obs.

500 |

650

my [GeV

450+

400 ‘ ’f’ /l | K '\\“‘ f!.

\
L
]
1
\

¥

A /W A T T A [, J I
500 600 700 800

350 L 900 1000 1100 1200
Ma [GEV]

— interesting excess in the “right spot” :-) (my = 450 GeV, m4 = 650 GeV)
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Smoking gun signature: highest excess for tang = 1.5
[T. Biekotter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglein '23]

1.2 14 1.6 1.8 2.0 2.2 24 2.6

900

600 |

Local 2.850 excess

ATLAS obs.: g¢g — A — ZH — €70t
ATLAS exp.: gg— A — ZH — £ 07 tF
ATLAS obs.: gg = A — ZH — vubb

500 W 7 ATLAS exp.: gg > A > ZH — v bb
-_ ‘ : '. : * HiggsBounds comb. 95% C.L. excl.
30 400 500 600 700 800
Mg [GEV]

= excess in the sweet spot
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Smoking gun signature: highest excess for tang = 1.5

[T. Biekétter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglein '23]

1.2 14 1.6

900

600 |

300 400 500

— excess in the sweet spot = not confirmed by CMS Run 2 analysis :-(

By s
1.8 2.0

* Local 2.850 excess

== ATLAS obs.
e ATLAS exp.:
= ATLAS obs.:
=== ATLAS exp.:

cgg— A ZH — Tt

gg— A— ZH > ¢te ¢t
gg = A — ZH — vubb
gg — A > ZH — vvbb

== HiggsBounds comb. 95% C.L. excl.

600
Mg [GEV]

700 800
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Smoking gun signature: GW signal at LISA?

[T. Biekétter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglein '23]

SNR
i 10 1= 10—3 T 10t

700

10—®

680 |

660 F

ma [GeV]

640 |

620 |

% Local 2.850 excess

: \‘5\ —— ATLAS obs.: gg — A — ZH — 0+~ tf
[ \_l'_ === ATLAS exp.: gg =+ A — ZH — ¢ttt
600 R [N 1 Ll e e e
400 420 440 460 480 5
my [GeV]

= GW signal at LISA possible, but not guaranteed
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3. THCs in the 2ZHDM at the HL-LHC and the ILC

SM triple Higgs coupling: comparison of all colliders:

HL-LHC

HE-LHC ————

FCC-ee/eh/hh |

FCC-ee

ILC

Higgs@FC WG September 2019

M R

CLIC

BSM case 1: k) #

20

0

68% CL bounds on K, [%]

1

30 40 50

rrrr[rrrr[rrtrr[p 11 o[ o101 71 e : =
di-Higgs single-Higgs
HL-LHC HL-LHC
rertis i 50/
e e HE_LHC
- 0205
- —_— —_ — FCC- seleh/hh [ JFec selehvhh
‘\'-.“\'-"\_<\."\- > \\\\\ e S \_\"\\__{ ' . .25/
% N -l_.:_.-l"l-l." \\\\\\\\\\\\\\ 5 :..;.\\ LE FCC LE FCC
15% ﬁ
FCC-eh, . FCC eh,.,
IR moATH24%
DRSS N Feg Ger
24%
under HH threshold FCC-ee,,

3301/ﬂ

”‘Cmm
10%
H_C‘el}:)
27%
%o
N reos
2000 O
%11 L] 49%
CLIC CLIC,
1500 . TR
36% et 43
[TJCLIC,,
——150%

All future colliders combined with HL-LHC

= focus on “SM triple Higgs coupling”, sy := Appn/Arre e

BSM case 2: THC that involves BSM Higgses: A\, 5,
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Di-Higgs production at the LHC:

g ---h ¢ .-h 8 . coh
h] -7 - -
O 1 fo O >l Qo >t
e VA /'. ~.
g -==nh g h g A h
S Anhn hhH
Diagrams that exist in the SM: Diagrams that are sensitive

Ism ~ 38 b at NLO They have a negative interference | to triple Higgs couplings

= strong interference of “box” and “SM-like Higgs"

T T T T T .
HH production at 14 TeV LHC at {N)LQ in QCD 1
My=125 GeV, MSTW2008 (N)LO pdf (68%cl) :

——
-
-
-
-
—_—
-
-
-
~—
-
-
-

MadGraphS_aMCRNLO
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Higher-order correction to the THCs: [taken from J. Braathen]

Box vs. s-channel Higgs:

g - ————h 00 ~h
. )\hhh/’
b f >t @
¢ S .
g : ————h OO ~h

Inclusion of one-loop corrections to THCs:

TR e T -~ @~ -
N o
nt ——I—.\ |(I) ut Y I(I)

~ I |
TR o oLl eI
X O(ytgihq@) X O(yfgf%hqﬂb)

Correction to A, — included not included

= always closed subset, dominant for large THCs
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Di-Higgs production at ILC/CLIC:

Higgs-strahlung:
ete™ — Z* — Zhh

weak boson fusion (WBF):
e +e— — vvhh

v € vE
Signal diagram Background diagrams

Sven Heinemeyer, Nanjing Normal University seminar (zoom), 22.05.2024

23



Di-Higgs production at ILC/CLIC:

+ - + - —
e'e - Zhh e'e - vvhh
4 ! ! T } I | ! ! ! 4 [ | ! R L
i — ILC 500 GeV, P(e”,e")=(¥0.8,+0.3), 313 fb | | ——— |[LC 1 TeV, P(e”,e*)=(-0.8,0.2), 0.13 fb
IcL|(_3|c1 EVT’ F\’}'ei?)l-(_o-%ofé-go]; ;7 fo ] SEREEEE CLIC 1.4 TeV, unpolarized, 0.15 fb
4 TeV, unpolarized, 0. - o | -
3+ - CLIC 3 TeV, unpolarized, 0.03 fb - 3 \\ GLIG p TeW. tnpolaiized. 8,59 o /
AN
2 | ‘.‘0\\
w) L s,
o 2 2 '—"\\‘*.,’\
b 4-\:‘,;\’
S (R i ot | | L (oo™ \ ;e’.‘~- = ‘.- = -
L ILC 500GeV (+16.8%) S '-‘J&K
P
LILC 1TeV (+37%)
COLIC TATeV EdR
0 . . | i A ; i i i ; 0 [ | T T BT
—2 —1 0 1 2 =10 -05 0.0 05 1.0 1.5 2.0
5K,\ 5!(,\
Ky -— 1 -|— 5&:)\

= strong and different dependence on k)
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Measurement of k) selfcoupling at HL-LHC/ILC:

Higgs selfcoupling projections

==Be== HL-LHC (single coupl. analysis)

— ==w = cross-section-level extrapolation
B ==g== |LC 500 GeV ZHH (full coupl. analysis)

mmgpem |LC 500 GeV + 1 TeV vwvHH combined

o ________ - +. SEENENE

-05 0 05 1 15 2
Mrue! Mo

rue
FOEWPT/GW: A\, < 2 = bad for HL-LHC, good for ILC
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Measurement of k) selfcoupling at HL-LHC/ILC:

()} 2 . 5 T 1 11 1 1 T ] Higgs selfcoupling projections 1 [ 11
g | : : ==sem HL-LHC (single coupl. analysis) : i
(S B ==%= cross-section-level extrapolation =
% o SE— SRR SRR A —e=— |LC 500 GeV ZHH (full coupl. analysis) |}.......5.._.._|
CIEJ B : : s |LC 500 GeV + 1 TeV vvHH combined P
< - P
- - i LK -

- | - u u
1 5 e e [ T ::.i. ......... : ......... :. ....... —
1L ,” ______ 35 -

[ | | | [ | l_
L 0 u LH -

l: n [ ] l:
= L H u b -

l: n [ ] l:
- L u bH -

l: n [ ] l:

L1 | [ ] -
05 I TN SO S

- | I | L] L
B " ] LH =
= : : H -
B [ [ I [ [ [ ] [ ] I [ ] ] ] I [ ] ] [ I ] [ [ [ I [ I-

i
-0.5 0 0.5 1 1.5 2
Mue/ Mo

true

= over most of the parameter space ILC is clearly superior to HL-LHC
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Example: 2HDM = FOEWPT = GW's
[T. Biekotter, S.H., J. No, O. Olea, G. Weiglein '22]

= Synergies: collider: Ay < LISA: GW signals

SKSP (%] at HL-LHC
70 71 72 73

2.20 f . 2.20

2.15F . 2.15

< <
e « ® ¢
2.10 F 1 2.10
2.05 2HDM-II, tan § = 3: SNR > 0. 1 1 205
107! 100 101 102

SNR at LISA, T = Ty, vy = 0.6

SKSP (%] at ILC-500
90 95 100 105 110

’ - e

.--....

- 2HDM-II, tan § = 3: SNR>01;

107! 100 101 102
SNR at LISA, T = Ty, vw = 0.6

= FOEWRPT requires large Ay, and can induce GW signals
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BSM THCs at the HL-LHC

g --~-h ¢ _-h g _-h
hi _ .~ H -7
O 1 o o> e Qo >
g ---h ¢ ~hoog A "~ h
Ahhh hhH
ooy ~ 38 fb at NLO Diagrams that exist in the SM: Diagrams that are sensitive

They have a negative interference to triple Higgs couplings

= possible strong resonance with BSM Higgs

Important: experimental limtis are obtained for

— non-resonant production
— purely resonant production
= no limits available for mixed scenarios :-(

= existing exclusion bounds questionable!
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Two types of BSM effects:

BSM case 1: k) # 1

BSM case 2: THC that involves BSM Higgses: A\ppp, - - -

Example of my; distortions:

= analyses so far focus on “SM THC": k) 1= Ahhh/Aim’tree

[ | _O-f.h(l; trL\(:(Jt(Jt I: 22.43 f;:)) |
100 3 —Othc loop(atn‘u = 16.31 fb) 3
“ Ok, l(JOp(UtOt = 19.98 fb) :
= = O)pur loop(Ttot = 19.94 fh) 1
— F N\ :
= 101} ! my = 512.5 GeV
Q\ maq = 545.0 GeV
Co—n = (.2
= ty = 10
< 10-2
= 10
=
=
e,
3
107
W = 0.99, Aty = —0.39°
00 00
200 400 o600 800 1000 1200

mpn [GQV]

=1

[S.H., M. Miihlleitner, K. Radchenko, G. Weiglein '24]
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Di-Higgs production at the HL-LHC: [rF. Arco, S.H., M. Miinlleitner, K. Radchenko '22]

Benchmark point: 2HDM type I,
ma g+ = 545 GeV,my = 515 GeV,ts = 10,c5_, = 0.2, m?, = m%.c2/ts

100 - — A\ = -0.3975 (owor = 22.43 fb)| |
: — X = 0.3975 (040 = 27.26 1) ||
107
-
)
o)
—
=,
2 40
g
"
—
S
3
1073
1 0_4 T T T T T
200 400 600 800 1000 1200

mph [GCV]

= dip-peak / peak-dip from resonant H-exchange = access to A\j,p”7
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Di-Higgs production at the HL-LHC: [F. Arco, S.H., M. Miinlleitner, K. Radchenko '22]

Benchmark point: 2HDM type I,
ma g+ = 545 GeV,my = 515 GeV,ts = 10,c5_, = 0.2, m?, = m%.c2/ts
15% smearing

10°¢ | — N = -0.3975"
| — A = 0.3975

107 ' ' : ' '
200 400 600 800 1000 1200

mMphp [GGV]

= smearing of 15% applied (optimistic?) = access to A\;,y7
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Di-Higgs production at the HL-LHC: [F. Arco, S.H., M. Miinlleitner, K. Radchenko '22]

Benchmark point: 2HDM type I,
ma g+ = 545 GeV,my = 515 GeV,ts = 10,c5_, = 0.2, m?, = m%.c2/ts
Bin size: 50 GeV

0. : —
10 i — g = -0.3975
— Az = 0.3975 ]
__ 10" 3
> :
L
@
9
1072}
-~ [
E L
=
T~
S
1073
107 ' ' ' ' '
200 400 600 800 1000 1200

mpuyn [GGV]

= binning of 50 GeV applied (realistic?) = access to A\,,y7
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Experimental analysis vs. reality:
[S.H., M. Miihlleitner, K. Radchenko, G. Weiglein '24]

THC tree-level THC one-loop
10° | | — (00 = 22.43 1b) | 100} —ta(Tor = 19.94 fb) |
_o-lft.‘ﬁ(o-tﬂt =5H.77 fb) _Jr(!H(Jt(1t =211 fb) -
[ kY =099, A9 = 039 ! ) = 3.61, AL = —0.21
10 'E my = 512 GeV 107" my = 512GeV
; my = 545 GeV ma = 545 GeV
Co—a = 0.2 Cl—a = 0.2

dO‘/d'm}Lh, [fb/GCV]
s 5

-
o
L d,
T
H
o
S

200 400 600 800 1000 1200 200 400 600 300 1000 1200
mun [GeV] mpy [(GeV]

= experimental analysis = full calculation
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Experimental analysis vs. reality:
[S.H., M. Miihlleitner, K. Radchenko, G. Weiglein '24]

100 - | | _Io-full(o-tolt. - 9434.fb) e

‘l_L _O-res(o-tut =50.55 fb)
: :I_L kY =5.01, A, =0.23

mpyg =450 GeV
my =800 GeV
Ci—q =0.05

tg =4.00

—
-
L

da/dmhh [fb/GCV]
s 3

I

- Resonant production : 54%

200 400 600 800 1000 1200
Mhh [GCV]

[
9
o

= excluded by ATLAS resonant searches < reality: exclusion?
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Experimental analysis vs. reality:
[S.H., M. Miihlleitner, K. Radchenko, G. Weiglein '24]

—100.29 fb) .

10“ 2 _Jflﬂl(at()t
J_L _Ur(rs(atot =83.82 fb)
| s\ =0.86, AL =0.24

mpg =450 GeV
myg = 450 GeV
Cl—aq = 0.04

ty =2.20

—
o
L

dO‘ / dmhh [fb / GCV]
= 3

H
o
1

- Resonant production : 84%

200 400 600 300 1000 1200
mMph [GCV]

= excluded by ATLAS resonant searches < reality: exclusion?
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4. My first neural network analysis

Di-Higgs production at the HL-LHC: [F. Arco, S.H., M. Miihlleitner, K. Radchenko '22]
Benchmark point: 2HDM type I,

ma - = 545 GeV,my = 515 GeV,t3 = 10,c5_o = O.Q,m%Q = m%cg/tg

Bin size: 50 GeV

0. : —
10 i — A = -0.3975
— g = 0.3975
10"
=
Q
&
S
1072
=
g
=]
T~
oS
103}
107 ' ' : ' '
200 400 600 800 1000 1200

mpup [GeV]
= access to & x A\ppp?
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Parameter plane to train the NN:
[M. Frank, S.H., M. Miihlleitner, K. Radchenko, PRELIMINARY]

g%'x-khhH
—0.10 —0.05 0.00 0.05 0.10

tan [

100k -
[ Type I mpy = 450 GeV

-0.3 —-0.2 —-0.1 0.0 0.1 0.2 0.3
C—a
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Each point yields an my,; distribution = fed to the NN

i —HPAIR prediction|
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o 1071
.
=
s
= 107
3
o
=
10—3 -

200 4(I]0 660 860 1(]I{'J(J
mpn [GeV]
— 16 input values (smeared and binned)
— 4 hidden layers with 128 nodes
— output layer to yield & x Apppg
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=
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ot
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e
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— training with 3/4 of my, distribution (randomly chosen)

— “measure” the remaining 1/4 (or ..

)
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Train with the correct my; distributions: = perfect result

[M. Frank, S.H., M. Miihlleitner, K. Radchenko, PRELIMINARY]
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“Realistic result’” has statistical uncertainties (bb bb final state):
[M. Frank, S.H., M. Miihlleitner, K. Radchenko, PRELIMINARY]

Total (SR) efficiency: 17.3 (1) %, my = 450 GeV

10° 3
. 10% :
: — :
| L
0 —I_
10°F —L‘I_ 3
E 1,
10! - ~ -
200 400 600 800 1000
TTybbh

= for each point in the plane test an my; distribution statistically smeared
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“Realistic” determination of Ay, g X &
[M. Frank, S.H., M. Miihlleitner, K. Radchenko, PRELIMINARY]
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“Realistic” determination of Ay, g X &
[M. Frank, S.H., M. Miihlleitner, K. Radchenko, PRELIMINARY]
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Hypothetical improvement in the efficiencies by x2:
[M. Frank, S.H., M. Miihlleitner, K. Radchenko, PRELIMINARY]
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5. Conclusions

e = Why is there more matter than antimatter? = (EW) baryogenesis
= requires First Order EW Phase Transition (FOEWPT)
FOEWPT not possible in the SM — BSM Higgs sector required
FOEWRPT can cause Gravitational Waves (GW), detectable with LISA
Q: Can this happen in the 2HDM? Implications for THCSs?

e 2HDM: = FOEWRPT requires k) < 2 = GW signal requires k) ~ 2
= bad for HL-LHC (5)‘hhh ~ 70%), good for ILC (5)‘hhh ~ 10%)

= FOEWPT favors A-H mass gap = Smoking gun: A — ZH — Ztt
= 2.9 0 excess (my = 450 GeV, my = 650 GeV) = possible GW det. at LISA

e Tripe Higgs couplings are in the focus of current and future colliders
= focus on “SM triple Higgs coupling”, k) := Ahhh/A%m
BSM case 1: k) # 1 (particularly via 1-loop corrections)
BSM case 2: THC that involves BSM Higgses: A\png, - - -

e Searches for resonant di-Higgs production:
= exp. analyses leave out interferences = results not reliable

e Acces to Mg X &4y at the HL-LHC:
= NN analysis shows remarkable sensitivity
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