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J. Ellis, M. Gaillard, D. Nanopoulos, arXiv:1504.07217

What is the origin of symmetry breaking?
How many Higgs fields?

Find the fundamental model describing
the Higgs and DM in a unified picture!

https://phys.org/news/2011-12-dark . html

rotational velocity
tkm/s]

50000 100000
distance from center (light years)

Planck Collaboration

What is dark matter (DM)?
How was it generated?

So many literatures suggest that the Higgs is a
bridge between the DM and our world

Important and necessary to carefully investigate
the connection between the Higgs and DM
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Higgs portal dark matter (literatures)
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G. Arcadi, A. Djouadi, M. Kado, PLB (2020)

Relic density (early universe)
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Indirect detection (current universe)

G. Arcadi, A. Djouadi, M. Raidal, Phys. Rept. (2020)

Previous works

DM + DM & H + H (in general, two SM particles) only
for the calculation of relic density

(cv(DMDM - HH)) —

(early universe)  (almost) one-to-one
correspondence

ov(DMDM — HH)
(current universe)
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High-multiplicity scalar production

K J. M. Cornwall, PLB243 (1990), H. Goldberg, PLB 246 (1990)
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\43? . : Exponential growth of the “decay rate” of

energetic scalar with final state multiplicity
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n dependence of n-Higgs production
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7 Higgs production V. Khoze, M. Spannowski, NPB 926 (2018)
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Aim and Talk plan

Revisit the Higgs portal DM with taking into
account high-multiplicity final state

Relic density (early universe)

-- precisely calculate the relic density to make
use of a probe for DM-Higgs interaction

-- analyze the indirect signals of DM annihilation
to reconstruct the nature of DM from cosmic rays

>— n-Higgs

_/

>

Indirect detection (current universe)

2. Setup and formulation
3. Numerical result
4.  Summary

Talk plan
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¢: Higgs (¢ after symaneiry)

i Note: Applicable to other
dard Model + dark matter X models of a general scalar

L= 3(00)" ~ TM6” — )" + X (i~ my) X — (43 6Xxs +hc)

1 o~ - ~ —targM,
> L = =M@’ — X" —oX (I Pr + U Pr) x| A
Symmetry 4 C M, =m, + y,v
breaking TSN
Transition amplitude
2
1
IM(xx = ne)|” = M(xx — ¢7) : M(p" = nyp)
S;g Sgn:s s —my(s)? —imy(s)Ly(s)
DM annihilation to intermediate Higgs Dressed propagator — Higgs “decay” into n-body Higgs
(straightforwardly calculated) D Higgspersion effect D Higgsprosion effect
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Formulation

Boltzmann equation (evolution equation of DM density)

dn,, &K &Pl
X 3H — X X
oy Zn: f (27)%2E, (27)%2E,
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Dimensionless reaction rate

M. V. Libanov, V. A. Rubakov, D. T. Son, S. V. Troitsky, PRD50 (1994)
V. Khoze, M. Spannowski, NPB 926 (2018)
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Recurrence equation of dimensionless amplitude
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Ron(s) = exp [n(Lan)\—nJr m( c ‘/E_'”’m@) _2_5\/5‘”7’%)]

3T nmy 12 nmy

From phase-space volume of n-Higgs final state

Higher-order contribution /. Khoze, JHEP (2017)

2 T(5/4) S o /i Important
~ (.854
V3T(3/4) argument of the exponential = positive-valued

My = ——

—3 R, (s) grows with the multiplicity n



Boltzmann equation

21)32E,, (27)32E5 {fxf* ~Jer 'f""“]

X |gx‘2(5 - 4|Mx|2 coS ng)

2
Rn
s2 + miR(s)Qm@ (5)

With Maxwell-Boltzmann distribution and energy conservation

= ()" = (5

2|7, |74
ng?)? (4wt
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O Final state multiplicity depends only on
the self-coupling 1

O If 2M, > \/Speqk, the final state does not

explode (averaging integral covers the
region outside W (s) only)

O For the case of SM (4 = 0.13):
\Speak = 195m,, with Ay/s = +1m,,
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Interaction rate/Hubble rate vs M, /T

My =nmy/2, A =0.129, m,= 50 GeV O Maximized by 2|M, | = 194m,,
- smaller compared with the expectation

from window function, 2|M,,| = 195m,,,

10 |
: due to thermal kinetics of DM

O Small interaction rate for 2|M, | < 190m,,

(ov)npm/H

mismatch between the window function
and other part in thermal averaging due to
K, (\/s/T) « 1 wherein the window opens

10! 3

10 100

Freeze-out of yy < ne

(rough criterion)
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M, =nmy,/2, A =0.129, m,= 50 GeV

107

10—8 |

10—10 B

DM

10—12 |

1013

10—14
10

Qpyh? = 0.120 + 0.001

Planck collaboration

Relic density

O Parameter set (M, = 4.9 TeV, j, = 1.3i)
successfully accounts for relic abundance

Much heavier than the Higgs portal DM in
previous works, mpy = 62 GeV, where
relic density is achieved by the Higgs pole

O Quantum statistics for the high-
multiplicity state could change the results

Bose-Einstein distribution should be applied
for the thermal averaging, which may be
enhanced by stimulated emission
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Summary and discussion

O Revisit Higgs portal DM with taking into account Higgsplosion
-- energetic Higgs boson decays into n-Higgs boson
-- long-stay in equilibrium through strong interaction with Higgsplosion
-- a favored parameter: M, = 4.9 TeV and |y, | = 1.3
(much heavy compared with Higgs portal DM in previous works)
-- simple and applicable to various models

Relic density (early universe)

>

<

O Discussion

DM

-- quantum statistics effects for high-multiplicity

Bose-Einstein distribution and stimulated emission
could change the shape of window function W (s)

> n-Higgs

DM _/

-- test in indirect search of DM

important and necessary to reanalyze the signal with Indirect detection (current universe)
high-multiplicity state to reconstruct the nature of DM

»

»
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=ecurrence equation of dimensionless amp.

Ref: e.g., M. V. Libanov, V. A. Rubakov, D. T. Son, S. V. Troitsky, PRD50 (1994)
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Zero-momentum limit

mQ n—1 n—2n—mi—1
_ ¥
= e (gzcmcn 2D e )
Sy — mi = (n? — l)mi Cn = Cp (P, = 0)

1 n—1 n—2n—mi—1
Cn = nZ 1 (3 CniCn—n; T 2 E E Cnq Cngcn—nl—ng)
ni nq n2

ci=1, ¢o=1, cz=1, ..., ¢ =1 (VYn>1) Backup slides 2



Finite momentum amplitude

With finite momentum
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