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Motivation

* Multiparticle probabilities

e Perturbation theory
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Multiparticle processes

Processes with n >> 1 bosons in the final state and n; < n in the initial

Examples

ol >—eE]n g
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Growing number of diagrams

In theory S[¢] = %f d*x(—¢pO¢p — m?¢p? — 1¢p*/2)
| A = E=nm|5(0)0) |

The number of tree diagrams

Bl

The number of one-loop diagrams

G — — @} «
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Tree-level and one-loop
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Tree — level amplitudes are [Brown, 1992]

n—1
tree __ A\ 2
[ Ajon =n! (8m2) J

Indeed grows factorially

One-loop correction [Voloshin, 1992]

4 )
A7 = Atree Ba(n? + 0(n))
L B = const )

Indeed has n! n?
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https://arxiv.org/abs/hep-ph/9209203
https://arxiv.org/abs/hep-ph/9209240

Failure of perturbation theory

Perturbative series for A{_,, [Argyres, 1993]

- 1 p

A 2
A, =n! (W) [14+ #A(n? + ) + #22(n* + ) + - ]

N /

At L loops leading contribution o< n! (An?)~

Blowupatn = 171
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https://arxiv.org/abs/hep-ph/9303321

Series resummation
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Resummation of leading contributions at large n gives
| Apesymmed = Aleexp(BAn?)(...) |

B is the same as in the one-loop o n? term[Libanov et al., 1994]

Using Stirling formula
[Aﬁ’”_fﬁ ~ exp(nlnA/2n — n)]

Then
AT ~ exp(Fa /)

Exponential form = Semiclassical treatment
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https://arxiv.org/abs/hep-ph/9407381

The exponent

Conjectures [Libanov et al., 1994]

~
Afewon ~ eFaAm)/A 1 > 1, An = const. Fy(An)— “holy grail” function

F,(An) do not depend on the initial state if n > n;

/!\)!—\\

Semiclassical limit: A = 0, An = const

. T or ¢ ivie T, etc.

29/03/2023 ITMP seminar


https://arxiv.org/abs/hep-ph/9407381

(i . . ’)
Higgsplosion
It was suggested [Khoze, 2017] that at high energies

g

n X h
g

Probability also has exponential form o eFHiggsplosion/4
An 3 An
[FHiggspmsion = Inln (T) +oAnln—+ =+ 0.845(An)3%/2, n<n, E=n(m+ e)}

Friggspiosion = 0 at n, and grows for n > n, (unitarity?)

&

mm

Result was obtained semiclassically with additional assumptions

Consistency check?
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https://arxiv.org/abs/1704.03447

Method of singular
solutions

 Formulation

e Numerical implementation

[Son, 1995]



https://arxiv.org/abs/hep-ph/9505338

Landau method in QM

In QM one can consider

[ (E’|6|E> ~el, f= —Im[f 2m (B — W) da _/[2m(E—V)]”2dx] }

.’L'O P > o L,

E>V(zx) Viz,) =00

*0 can be %, X%, P, etc. — answer is insensible
*X, is a singular point of V = singular solutions in path integral

*We need only exponential accuracy
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Parametrization

°In (3 + 1) we consider theory
1
[ S[¢] = 57 | d*x(—pog — m?¢? - ¢4/2)]

*At A — 0 action becomes large = semiclassical description

*Consider processes n; - nwithn > 1 and n > n;

nxc A t1=sE=n(m+e)xA1?!
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Probability

Our aim s

[ Pn(E) = Zfl(f; E,Tll §6|O)|2 = fD[f, qb]eW//l ~ eF(/'ln,e)//’l, }

where
e=E/n—m

0]0) — initial state with n; < n particles
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Initial state

~ 1 -~
[ 0,10) = exp (—;f d3x1<x>¢<o,x>) |0>J

1. Createsnj « J*/A particles

2. n; K A7 tor] — 0= universality

3. Atl <K n; <A1 wecan

J ®—¢ > Calculate semiclasically
J (Ei) ¢ o Use universality
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Probability as a path integral

We compute

R 2
R ® =3 rEA SO0 = [ DIfg)e"
Landau conjecture: P,(E) = }irr& Pn](E)

In the path integral representation

/
P (E)
- ‘
N
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Saddle point

Use saddle-point approximationat A — 0

w0
CS‘('bcl

P,g (E) ~ BFJ(AR, g)/A

_ FOn,&) = Wl¢al

$¢) obeys
[ et () + M2y () + 300 = JR)S(E) }

We consider only spherically-symmetrical ¢
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Boundary conditions

Solution is calculated on the complex time contour

¢ = 0ast — +ico A tm?
(vacuum)
Y
bo — | A3k (age "kt + biel®kt) ast — +oo

) e

0 Ret

v = e—9+2Ta)kb
k — k

T, 0 — Lagrange multipliers (E, n fixing)
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Limit ] — 0

After ¢, was found, we calculate
|F, = 2AET — An8 — 2AImS[¢,] — 2Re [ d3x J (), (0, %))

Then perform the limit
[F (An, ) = }1_{% F;(An, e)]

Solutions become singular in the limit
‘E; = 0, Ef = E = discontinuity:
*iJ](x)6(t) = energy changeatt =0

] = 0 = energy conservation conflicts with BC
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Numerical implementation

To solve the saddle-point boundary value problem numerically we

—x? /207

*Use J(X) = joe

°Discretize: ; i ; > T

1
Im ¢

1
1 b5
WV
I

| ~
1 I - I
0 j

*Solve 2 X N,- X N; + 2 real non-linear equations

Re t
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Solving the equations

*We used Newton-Raphson method ¢cl

cl

*Solution with required parameters is obtained by

¢cl (/\nv 87j0= U)

walking in the parameter space

¢)cl ()\TL,, 8,? ][I)a OJ)
Need ¢, to start procedure
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Source-dominated ¢

When An < 1: 0, AE = const and An Ong

only source produces particles

4 2702 )
qucl + m2¢cl+%= ?:jﬂe_x 20
o1 7,
Jo Jo Jo
- J

Can be analytically solved!

We use the solution as ¢ 3,
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Numerical data

e Suppression exponent and amplitudes
e LimitAn > 1

e Limite > m
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Example of a solution
|¢cl(ta T)l
A

t = 0.00 +22.00

arg chl (ta ?")
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Extrapolation /] — 0O

4
o
""" Jo?a ~ 92 o
— - Jo/o =~ 100 202
— jg/a ~ 109 e + Use /(X) = joe ™ /%7
00 e Considerj, = 0, j,/0 = const —
= weak narrow source
* Use F; = F + Fjg + FAjg + -
12 * Compute j, — 0 with different j, /o
universal | F | |
0 5 10
Jo
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Fatin <1

Reminder: P,(E) ~ ef/4

When n < A~ 1(tree-level)

[ F(An,&) = Anln (/11—:) —In+An f(e) + O(/ln)zJ

*For £ < m function f () is known up to 0(&?)

*For larger € it can be evaluated numerically [Bezrukov, 1998]

29/03/2023 ITMP seminar 25



https://arxiv.org/abs/hep-ph/9901270

FatAin > 1
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In the limitn > A1

~
1. F(/ln; S)Mfoo(g)}{n+goo(€)

2. foorGoo < Oforalle )

P,(E) ~ efo(&)ntgeo(£)/2

ITMP seminar
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Example of typical behavior

* Tree:
An
F=Anln (R) — An+ An f(g) + 0(An)?

* Linear:
F = foo(g)ln + .goo(g)

E
s £=——m

n
e P,(E)~efl?
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Numerical suppression exponents

0
. o =3m £
X A £=0m e £=——1m
: n
e -00 \. * F become closer, when € grows
\'
.\.
e c=m/2 :
© e=m .\' '
-100 |- \
] ]
0 10 20
AN
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f as a function of €

e F - fo(e)An+ g (e) forin > 1

* fo growsto-2.57 + 0.06 for ¢ = o
E

[ ] 8 =__m
n
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Amplitudes at threshold (¢ — 0)

In the limit € = 0 one can estimate

{Pn(E - mn) = |z‘1n|2 X phase volume= eF(A”'ESm)}

Can get |A,,| = exp(F,/A) from F(An, &€ < m) via extrapolation & — 0

29/03/2023 ITMP seminar 30




Fitting of Fy(An)

2 E-nm
* Tree:

* One-loop:

A
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Pn(E)m4—2n

e F, =2 lim In
piree A—nln (An) _n

1-loo
F p — jree_l_

phase vol.

2 \8) 2
n 233/2
( 3)2n2 In(2 + V3)




Conclusions

{We calculated “holy grail” function F(An, e)}

P,(F) —— pMeotgoo/A

An—+oo
Generic?
1% V(o)
A (¢) "
> \/\/ > O
Suppression Higgsplosion?
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Thank you!
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