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Due to absence of signs of new physics

HEP has ‘Big Mac’ blues,
i.e. why nature not like (as natural as) advertised?

Commercial Reality
Sure, Higgs boson does the job, but...
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The Higgs boson, a window to new physics
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A Standard Model Tale

Before the discovery of the Higgs boson - (Yang-Mills theories)

Situation at tree-level
Multiplicity

>

ooo
' '..o"?
5 :

Gluon amplitudes for || ™% o
n x gluon -> m x gluon

! for given helicity and

' color structure strong |

| cancellations between
Feynman diagrams

[Parke, Taylor ‘86 ]
[Berends, Giele ‘87 ]

. m gluon -> m! Feyn. diags |

Perturbative unitarity —_— model inconsistent

" but not m! growth for
¢ Amplitude value

f

violated at high energies (at high energies)
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After the discovery of the Higgs boson - complete Standard Model

Situation at tree-level

>

Multiplicity 2

Lack of symmetry
for elementary

! scalar particle , W W
| h* ->n x h | R Ay
‘ W H W
. w W

n Higgs -> n! Feyn. diags |

and not n! growth for | W W
Amplitude value : W W

[Brown ‘92 ] [Voloshin ‘92 ]

Kinetic Energy

: Perturbative unitarity model consistent
(at high energies) |

_ restored at high energies

+ Hierarchy problem (Loop level)
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Calculation of 1* -> n amplitudes

Assume Lagrangian

1
Lo(¢) = (a¢) — 5 M9 - —Aqb +pd
The amplitude is calculated using the LSZ reduction technique [Brown "92]
n . 5 |
. 4 . ipj-T; 2 _ 2 :
o)) = iy \TT tim,, [ tase s (2 =) 5 | Qo) 0n)

where the tree-level approximation is obtained via (0ou¢|¢(2)|0in), — dar()

and ¢c1(x) is a solution to the classical field equation

IDEA: Fill whole phase-space with particles, i.e. produce all particles at mass threshold

with 53 =0  p!=(w,0) and p(x)=p(t) = po(w)e™’

(M2 = )y (M? — ?) o =

Here QFT -> time-dep QM: op(zj)
- 00 w) eiwt .
(1) = M? —w? —ie

= zp ™' 2y = finite const
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Hence, the generating function of tree amplitudes on multi-particle thresholds
is a classical solution to the Euler-Lagrange equation. It solves an ordinary

differential equation with no source term
h*->nh relies on outgoing particles

2 2
dt gb + M Qb + )\qbg =0 thus, only positive freq. modes present

/ (initial condition)
o0

Apr snxh = (3) ¢a| = nld, =n!(20)'™  Factorial growth!

0z

z=0

2(1) A\ T
C t — —n — '
bal) = T e | Ao T (&7

Same findings by [Voloshin ‘92] [Argyes, Kleiss, Papadopoulos ‘92]
[Libanov, Rubakov, Son, Troitski ‘94]
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Several generalisations of this approach:

e Higgs like, ie. phi"4 with vev: [Brown '92]
1 2 A 2 _ g " _ 1—n
ﬁ(h) — 5 (8h) — Z (h2 — ’U2) Al—Wb _ <5’Z) hCl 0 = n! (ZU)
® Gauge-Higgs theory: [Khoze ‘14]

Higgs process Ah s nxh4+mxZy) = (20)' """ nlm!d(n,m)

1
(QU)n—i—m

Z process A(Zp, > nxh+(m+1)x Zp) = n!(m+ 1) a(n,m)

® Go beyond mass threshold (needs space-dep sol.):

: I 1
.« _ (AU 2 _ 2 3 _ kin _ — = 2
DGL: —(0"0,+ M)y = 3 ve” + Ay £ Wi E RV sz

;
An(p1...pn) = nl (2?))1_n (1 — zng — 1 i

2
c 6n_15—|—0(5)>

[Argyres, Kleiss, Papadopoulos ‘92] [Libanov, Rubakov, Son, Troitski ‘94]
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How about loops?

Usual criticism: need to include loops to render cross section finite.

Keep in mind, we calculate exclusive rate of massive internal and
outgoing particles -> no mass-divergencies and observable IR-safe

Loop corrections calculated by expanding around classical field ¢(z) = ¢o(x) + ¢q()
Euclidean Lagrangian becomes [ = %(@Lqﬁq)z + %(m2 +3)\¢%) qﬁ?] + )\¢0¢2 + %gb;l

After promoting classical solution @0 to quantum expectation value (#) = ¢o + (¢)

0

Individual amplitudes calculated via gen. functional (n|¢[0) = (6—zo> (¢0 + (¢q)) |z0=0

Use Feynman rules of Eucl. Lagrangian and calculate

G0 = (3 [@0 G0 o) Glar)  =mmeee@ )
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You will find for the combined tree + 1-loop
generating functional

e 3 (\fsm)()’
Go+1(t) = 1 — (0/8m2)=(1)? (1 4 F(l — ()\/877”&2)2(75)2)2)

[Smith '92]
[Voloshin '92]

Now follow Browns program to build

¢"¢' :"’
"—-“:-<~ ’b "‘-~:---
' S e a ssible
....... : A A \ 4 ol possibl
' ' ' ' combinations
$ ‘ P s 4 g
~.-‘----‘~ ~._—----‘~
One obtains for scalar loops
3\
A, =n!(20)'" [1 +n(n — 1) \f— + O()\2)] for k1
T

and including fermion loops it is argued cancellations can occur [Voloshin '17]
Ay = Ay x [T+ (=17 Cr)n" Al with 7 =my/vV2M?
(exponentiate for nA > 1)? in SM subleading to scalar loops
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In non-rel. limit the LO cross section for n-Higgs
production scales like:

1 1 AT
Onp X €XP [X Fh.g.()‘na 5)] with X Fh,g_()\n, 8) = T (fo()\’n,) + f(&'))
for a scalar theory with SSB:  fo(An) = log %" -1 il
. : , 3 25
[Libanov, Rubakov, Son, Troitsky "94] f(e) — 5 <log 3% + 1) ~ g€ fore 1

However, leading loop contributions can be resummed (only valid when n\ < 1):

Resummed 1-loop contribution:

A1sn = AV x exp [B An? + (’)()\n)] with B = ?
T
AN V3
fo(An) = log 1 1+ AnE significant loop enhancement
\\I/ \I/ . . #Loop
tree loop Higher loops expected to scale (E)
3 23
f(g)%§(10g3%+1>—ﬁ€ for ex1 . o
— P [Smith ‘92, Voloshin 92]
Kinematics [Voloshin “17]
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From amplitudes fo cross sections

1 2
Onm = / d@n,mm An snxnimxz: . x flux factor

/ d®, = (2r)*sW (P, — jz:;pj) Jli[l /

d>p; \ Bose statistics factors for n identical
(27)3 2p!

Higgs and m identical long. Vec.

. . 1 M? " 3n
Integration with ney fixed Pn = NG exp —(

Eh nep 2
og S 1) + 1
5 5 oggﬂ%— + + O(ney)

4

factorial growth (Stirling formula)

fn )

A
On,m ~ €XP [2 log(x™d(n,m)) + nlog 1 + mlong

25
+ g (SIOgg—h+1) + % (SIOgE—V+1)

_ 22 _ 2 2
™ 5 Eh 3.15mey + O(ne;, + mey))

kinematic (phase space)
suppression
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For nA > 1 loops overpower free resulf,

how about semi-classical approach?
[Son ‘95]

e Multiparticle decay rates 1';, can be calculated using semi-classical method
infrinsically non-perturbative method

no reference to perturbation theory

® Path-integral calculated in deepest descend method, where

A—=>0, n—>o00, with An=fixed, ¢ = fixed.

e Semi-classical calculation in regime where An = fixed <1, ¢ = fixed <1,
reproduces tree-level perturbative result for non-relativistic final states

Remarkably this semi-classical calculation also reproduces the 1-loop

resummed calculation in this limit
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Just like in the case of Browns solution for diagrams in perturbation

theory, is the self-energy > (p?) calculated semi-classically

Tn(s) o< Ry™e(y/s) = /dq)n(s) (0]07(0) ST[n)1p1 (n|S O(0)|0)1p1

t — —0o0 T t — 00

configuration with single
jump in energy corresponds E =0 E=+5#0
to 1-PI contribution

® >
t
Saddle-point solutions considered in
semi-classical approach approximate cemmemszere-o S Commmn--
the matrix element --//--Q----zz-:::a--“:} ........
M, = "X )™y = 00T ST)ipe T
\_ / "\ d
BB \4
E=0 E=+/s
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Semi-classical calculation for rate R(1->nh, E)

[Son ‘95]
[Khoze ‘17]

® Semi-classical calculation is applicable and more relevant for non-
perturbative regime of Higgsplosion, where

Aan=fixed>1, e=fixedgK1.

® This calculation was carried out with result given by [Khoze 17]

S A [ A 3 25
Ri?{g;j;assmal = exp [n (log In — 1) + 3.02n ﬁ + 777/ (1 + log 3%) — 5N

higher orders are suppressed by powers of O(1/v'An) and powers of €

Recovers structure of 1-loop resummed result:

st An An®  3n 3 25
Rl—loop d — exXp [TL <10g Z — 1) -+ \/gg -+ 7 (1 -+ 10g 3—7‘_) — ET&S]

Genova Seminar 16 Michael Spannowsky 28.11.2018



Thus we have computed the rate R in the large lambda n limit:

using the semi-classical approach and the thin-wall approximation

1 Vs — nMj
Explosive growth of 1->n process = dHn|/\/l (1 = n) £ = —
AN AT 3 € 25
— Z | 1og &= 24/ = 1 — 1 ~ =
where R = exp [ ) ( og + 3.0 } E 5 og + T 5)}
An > 1 Smalle n— Nmax = € — 0
100 ——
' E/M:205
® Massive energy 10° ,E
dependence E/M=200
100 ]
e Very narrow - 4
resonance-like - 001 :
peak in n
1075 E/M=190 ]
0—10 ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
100 120 140 160 180

n n < MNmax — E/Mh



Thus we have computed the rate R in the large lambda n limit:

using the semi-classical approach and the thin-wall approximation

1
2M2

AN AN AN 3 € 25
- AP 1og 22 24/ 1+ (1 = 1) _ 2
where R = exp [ ) (og 1 {3 0 } 5 og e + T 5)}

dHn\/\/l(l —n)|?

Explosive growth of 1->n process

energy low energy beyond threshold




Schwinger-Dyson-propagator and optical theorem

SD propagator, valid in perturbative and non-perturbative QFT

7
p? — m% — X(p?) +ie

Alp) = / d*z e (0|T (¢(x) $(0)) |0) =

where —iX(p?) = Y —(I1PI)— and the physical (pole) mass is m” = mg + X(m”)

: . d>.
with the renormalisation constant 2, = (1 - -

—1
5 we define the renorm. quantities
dp p2=m2

Zgb(_l) A(p) y

Yr(p) = Zs (S(p*) — B(m?) — ¥'(m?*)(p* — m?))

>
R
=

|

)
p? —m? — XRr(p?) + ie

renormalised propagator ARr(p) =
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Schwinger-Dyson-propagator and optical theorem
[Khoze, MS ‘17]

The optical theorem now relates the 1* -> nh amplitudes with the imaginary
part of the self-energy (valid to all orders)

— Im Zg(p*) = mI'(p?) - Im (Lé ) = m Pz_E

where T'(s) = irn(s) and Fn( Zm/

n=2

TIM(1— n)]2

0
p? —m? — ReXg(p?) + imI'(p?) + ic

and thus ARr(p) =

No information as

h
perturbation theory breaks . " hh
doer for many loops, but no Higgsplodes h A
physical reason to explode h h

h
or cancel imaginary part h )
hh h

Genova Seminar 20 Michael Spannowsky 28.11.2018



"It is just like asymptotic perturbative series!
We always expected it to break down!”

Except, its not...

2
p
Asymptotic behaviour of large order in Higgsplosion -
perturbation theory
['(p®) ~ Im 3(p?)
1 n! growth l o n=number of
. L cuts of
o | internal
o o | propagators
.......o. order of o ® o
0 5 10 s 20 pert. T, . o o
T divergent tail series S0 100 150 200
stop here T
P Y
©.@ Mo max M
> = Z 2ip —> 00 Im X(p?) ~ Z I',, = finite sum
n=1 n=1
[Dyson ‘52]

Not the same types of beasts
e.g. [Broadhurst, Kreimer ‘99]
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Higgspersion [Khoze, MS 17]

Previous calculations neglected ‘width'/self-energy contribution to scalar

ropaqgator ¢
p? —m; — ReX(p?) + imp'(p?)
h n n
hh " hhhh hh " hhhh
h : Tu(s) o R(A;m,e) h \
" " "h "
h h h h
h ] h h
, hh o h hh | ,h
phi _. B h N S
g e 9 h hbp 8 . idg
~ . phi . h -
phi o7 ~< phi _ - *phi _ 6 hh e . "-|q~~ ~< e
v TeilPl Lol h h s s 19 g Y
phi ‘~P~' h Sse ing ~>»
—-- = 5 h g "> - " .
Si- irig
phi h h a - P
g i I h h L
" phi  phi . h Yoo iq ) .
~zz-phi "~ h dq g >
ssopn » g 1N9
1 ~~ 3 hh TGtz
h h € .- t
2
A o TN} 4 [ M 1

~ y; —1 ) x x I'),
Ogg—)nxh Yi my, 0g \/g (S - R@Z(S))Z n m%]_—Q(S) (8)
-> no violation of perturbative unitarity for large multiplicities
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Higgspersion in loops

Continuous resummation of the SD propagator does not shut down imaginary part.
You need to consider the self-energy as one object.

1 5 % xn!l xn! ~n! : alltermsincluded
¥, ~ = (An)” ~ ¢ 7 .
n. -7 X n! ~1 : no interference terms.
dominant contributions:
h(p) . h
-----g: ’.--.(E) E(E)_ -('
P . ’ P *
subleading contributions:
h(p) - . "
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Higgsploding the Hierarchy Problem [Khoze, MS “17]

d* 1 h h ‘ p|
AM}% ~ )\p/ p S “

1674 M3 — p2 +iIlm Sy (p?) BT T
_ / d*p ( M% — p? iIm ¥ x (p?) )
- ) 16rt \(MR - p2)?2 + (ImSx ()2 (M3 — p2)? + (ImSx(p?))?

Due to Higgsplosion the multi-particle contribution fo the width of
X explode at p° = s« where /5, ~ O(25)TeV

It provides a sharp UV cut-off in the integral, possibly at s, < My

Hence, the contribution to the Higgs mass amounts to

AM% X Ap ]\84*2 Se K )\pM)Q(

X

4 4
and thus mends the Hierarchy problem by (]\/E) = (25Tev)
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If Higgsplosion is not a mathematical artefact but realised in nature:

Situation at tree-level

>

Multiplicity 2

":::PhT-- ¢ 1%,74 W
1 “-< 3
[ . W _____
Higgspersion . > H Q
w W
w w
w w

Energy

+ Hierarchy problem (Loop level)
Higgsplosion

SM heals itself, retains self-consistency
to very high energies and multiplicities
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constructive interference between amplitudes for
h*-> nh elementary scalars in a spontaneously broken QFT

Higgsplosion

[Khoze, MS 17]

Why not observed somewhere
else before?

Higgs lacks symmetry to prevent Higgsplosion:

® Gauge fields (gauge symmetry)
see [Parke, Taylor ‘86 ]
e Fermions (Pauli principle) zero at threshold

Quantum Mechanics:
® Energy levels not equidistantly spaced

Integrable systems in 1+1 and 2+1 dim:

® Scalar loop integrals near mass

threshold IR divergent  [Libanov, Rubakoy,
Son, Troitski '94]

Might need spontaneously broken scalar QFT in at least 3+1 dim
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Consequences of Higgsplosion
[Khoze, MS ‘17]

® SM has new physical scale
(close analogy to Sphaleron)

mp .
E* = CT with (' = const. Msph — COHSt?Z_W

w

Scaling behaviour of propagator:

’

m? e~ ™=l for |z| > 1/m
A(@) == (OIT (o) 6O)I0) ~ { /22 + for 1/E. < Jz] < 1/m |
\ E? . for |x| < 1/FE,

for |z| S 1/E. one enters the Higgsplosion regime

Effect calculable on the lattice?

Genova Seminar 27 Michael Spannowsky 28.11.2018



Consequences of Higgsplosion
[Khoze, MS ‘17]

° AI l P arll.i C Ies Hi g gs P IOd e iF Vi rfual en O ug h Y T
‘"-w‘-:'-'-_'._'-_:_'-_'._'-5_'-_'._:_'._:_:_:_'._:_:_:_:_'-_:_'-_:_'-_:_'-_:_'-_:_'-f-_'-{_:f. -f-_'-_'-f-_'-_'-_'F igé’s-';';aé;_’-_:_:f-f-{_:_:_:_:_:::: -----
e.q. top quark Higgsplodes
" al ’ . h h
t(p) et Tl
' Light cone
il
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Consequences of Higgsplosion

¢ As all loop-diagrams are regulated, i.e. quantum fluctuations are exponentially
suppressed, the Standard Model develops an asymptotic fix point.

Classical/Deterministic theory
From high scale, quantum fluctuations are

emergent phenomenon

® SM is embedded info asymptotically safe theory

Graviton Higgsplodes as well, as do all quantum corrections

Allows to combine QFT and Gravity
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Consequences of Higgsplosion

Running of couplings in presence of Higgsplosion

1.0 83 -
08 % S i
L ~ |
~
~~
i -g\z =~ o T =
o1 0} 06 - o —_——— — _\ Y~ - _ — — - N
'g 81 e — T T TR — e
% L —_— — —— — B
= 0.4 j _____ i
o - (Mp/2)°G
02 ]
L A i
0.0 - ———
-0.2 \ \
5 10 15 20
Log [u]

-3 Higgs self-coupling doesnt turn negative
-3  Electroweak potential remains stable

-~ No Landau poles for U(1) and Yukawas
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Consequences of Higgsplosion

¢ High-energy scatterings are significantly modified, i.e. virtual s-channel

particles are Higgspersed

example DIS

k'

k

B
=

lepton

P zp
proton }

% g=k—F
/\
.
i
f  hadrons
Fs
, mass W

Genova Seminar

At high energies
only ladder diagrams

: important
' In analogy to
Reggeon picture
To probe smaller and theory with
smaller structure the ‘'minimal-length’

photon needs to be more

and more virtual

dynamical
mechanism for

Higgsplosion sets cut-off classicalization

31
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Questions on implications: Khoze, MS ‘17]

Is Inflation excluded/affected by Higgsplosion?

Not necessarily... for example singlet field S non-minimally coupled to gravity

Take Lagrangian in Jordan frame /

M 52
»C:\/jg[— Pl_;gs

R+0,H'O"H +(9,5)* - V(H, S)]

N 1 1 1
the scalar potential is V(H,S) = —punH'H + \y(HTH)? — 5#?«;52 + ZASS‘l + 5)\5hHTHS2

During Inflation Higgs mass in Inflaton background large M, ~ \/%S(:ﬁ) ~ ]\j?

No phase space for S to Higgsplode

Picture changes fundamentally during reheating
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Questions on implications:

Is the existence of Axions (light scalars) irreconcilable with Higgsplosion?

QCD-Axion provides predictive framework fo address this question

5.7-10%%eV 0*V (a) m2
My and A\, = ~ —0.346—2
fa (9&4 a—=0 fg
. 2
Axionplosion scale FE2¥on ~ 609 limit  f, > 2.1 GeV
Mg,

current experimental limit fu 2 10° —10'7 GeV

If scalars are very weakly coupled they will not trigger X-plosion
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Can we discover Higgsplosion?

Modification in loop corrections:

Gluon fusion

Gluon-fusion for different shat or mH

O(1) effects when Vs~ 2E,

[Khoze, Reiness, MS, Waite ‘17]
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Can we discover Higgsplosion?

Loop-induced Higgs decays

nZ) VAAAA RIS
H H
..... ‘ o o) Il | |

o000 7

20 30 40 50 60 70 80 90
Higgsplosion Scale , E, [TeV]

—
=
H~

(ICF1/1CM) =1

)—\
S
|
Ut

20 30 40 50 60 70 80 90
Higgsplosion Scale , E, [TeV]
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Can we discover Higgsplosion?

Anomalous magnetic moment of the muon and electron

2 2 ,LO_/,LI/q [so
['H = Fl(q )”}/'U“ + FQ(q ) m, - 10~ 14w o v S3mee R LR AR R R R R LR ]
e 222 .-...-..::-.....-::-.'.'.'.‘z1-.-.-
anomalous magnetic moment given — 10
by F(0) g
* - €
= 10—14
| A
) 10—15
X theor -9
Aay, = a, P —a, Y =290 10 1016\
. 10—17 , , . . . . . .
P = 11596521807.3(2.8) - 10~ '? N

Higgsplosion Scale ;, E, [TeV]

Problem: all corrections scale like §/E?
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Prospects of direct observation of Higgslposion

Collider observables for Higgsplosion production

Scalar Sum of Jet p; in Higgsplosion Events

0.00035 F ' .

=] 100 Higgses
w -1 150 Higgses |4
[ 200 Higgses

0.00030 |

0.00025 |

0.00020 |

0.00015

0.00010

0.00005 |

1
r— —r

5000 10000 15000 20000 25000 30000 35000

> |pr.je| [GeV]

Fraction of Events per GeV
1

see [Gainer '17]

If Higgsplosion is realised, the
detector lights up like a
Christmas tree

-> discovery with few events possible
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Jet Multiplicity in Higgsplosion Events

0.14 +

0.12

0.10

0.08 |

0.06 |

0.04
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0.02 }

0.0040

0.0030
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=] 100 Higgses
v -1 150 Higgses |
[ 200 Higgses

35 40
Number of Jets

It“l.lnl‘.\s n H

45 50 55 60 65 70

iggsplosion Events

0.0035 |

0.0025 F

0.0020 }

0.0015

0.0010 }

0.0005 }

- -

] 100 Higgses
v -1 150 Higgses [
[ 200 Higgses

-

200 400 600 800 1000

E'I‘mi.ss [Gev]
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Prospects of direct observation of Higgsplosion

Partonic gluon-fusion cross -7 RN
7
section: A 4 [ Mt Rn(s) N
Ogg9—nxh ™ y;m; log (ﬁ) ><,/ iy . \
(1= 8) "+ R2(s)
\ y /
~ 7~
R . for /s < E, where R <1 S~ __ - -
Ogg—nxh ™ : :
1/R =0 : for /s > E, where R>>1 asymptotic large energy behaviour

there is smooth-spot for energy info hard process, or subsequent emissions of jets

R : for /s < E, where R < 1
Ogg—nxh ™
1 : for /s > E, where R ~ 1  maximum probability for hard process

Partonic process want to stay ‘on resonance’, where ZRn(s) =R(s) ~ 1

n

adjust x in hadron collision or emit excessive energy via jets
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Prospects of direct observation of Higgslposion

Vector boson fusion at high-energy pp colliders (FCC)

energy excess over \/Sx carried away by jets

quark pdfs v

A
> O' ¢v
g Z/W AP 4
V S* ¢: _'—"v
/s’ —————{ T n non-relativistic Higgses
A . . .
2w . - Higgsplosion at /S«
< : KR
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Vector boson fusion at high-energy pp colliders (FCC)

Higgsplosion at pp colliders

Higgsplosion at 100TeV Collider

6 || . . . 1 | |
1000 T T T T T T T T | [ :
100 | Sr -
- 10F 4 .. = .5
@ = | .
-~ 1§ L . ;
) & 3 ‘ .
5 0100} g | . 2
€ 2f ’ ;
0.010} [ o ]
W[ T
0.001 | - 1
1 1 1 M " 1 1 1 " 1 o [ 1 M M M 1 M 1 1
50 100 150 200 140 142 144 148
51"2[TeV] Number of Higgses in the final state
. Higgsplosion at pp Colliders
using pyjer > 40 GeV ool | - 1 1 '
O I S s"%= 200 TeV
Khoze, Scholtz, MS in pre ' . . . | ©
[ ' ' prep] Y L . ] s"2= 150 TeV
. s . o < - £ ®
preliminary: no Higgs 2 IO P S S N s"%= 120 TeV
. ™ & e
fiecays info SM dofs 5 1b v v s"22 100 TeV
included; E v 7 M| -
. \ -
& no vector bosons in o s =80 TeV
final states yet | o s"%= 60 TeV
102 _
see also [Gainer 17] oo bt . - §™°= 40 TeV
140 142 144 146 148

Number of Higgses in the final state



: h
Q ., h h'h,
\/ o "3 h
, o,
_m& ‘ e W ‘. w h
! e H" ! e of A “» < ”
/ ‘H" i ~w ) “f
. w, N W,
W "

Train of thought: " )

h* -> n h shows factorial growth in classical, 1-loop
resummed and semi-classical calculations

1f [,.(p°) for any n explodes T’y (p?) explodes

optical theorem
(all orders)

Imaginary part of self-energies explode

Real part cant cancel imaginary part of self-energy

All 2-point and n-point functions shut down beyond
Higgsplosion scale

New physical scale in SM, no Unitarity violation, no

Hierarchy problem, asymptotically safe theory, stable
vacuum, minimal-length theory
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If Higgsplosion realised it will have spectacular
consequences, i.e. many pieces fall into place

The SM has a new energy scale one can test

-~ No-loose theorem for future collider
(either Higgsplosion or NP, e.g. composite Higgs)

Currently, idea relies on 20th century QFT
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