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1. Introduction
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B Evidences of dark matter
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B Evidences of dark matter
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Are there other mechanism that can enhance the cross-section? _ _
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] Higgsplosion [C. Degrande, V. V. Khoze, O. Mattelaer; PRD 94 (2016)]

B a hypothesis that the explosive Higgs production is caused above a certain energy
B Essences:

bosonic statistical effect 7 P00 - - - - -
(3- or 4-pt) self-interaction g
~ ~ -
~ ~
: } Ty
L . e e B L
: no= F 1l + 14TeV 0 25TeV x 35TeV ]
A 50TeV m 100 TeV A“
- } n—mn;—ny I ]
: 10-20 |
g X
% 100 0
nl 9 n! i '%
iM(1—=n) = Z —iy/ =Am2 | - - X — - iM(1 = ny) 0
— 2 ¥ nilln —ng)!l sy, —mg 1 4, COO50N XX
ni=1 v a *a, 000G XXX KX XHXKXXHNHXK
) 8 0000
X iM(l = n—n O + 0000000000,
- ma iM( n—ny) - + ., Ooooooooooooooooooooo o
*y Pog,
n—2 n—ni—1 . ; 3 ++ O,
+ —i)) - : SiM(1 = n 100 | 4 Boxes, one-loo
Z Z ( ) nilna!(n —ny —ng)! sny —m3 ( 1) 10 ., p
ni=1 na=1 P S RSN R S B P P
; ; 20 40 60 80 100 120 140
% Spy — m.% ' iM(l - M) Sn—nj—ng — mf; HM(L =0 = na = ng) number of Higgs

* Blow uparound o(gg — 60h)

M(h* > nh) ~ A%2nl- £,(s)

* oa(gg > h) ~a(gg — 135h)
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B “Decay rate” for h* - nh near the n -particle mass threshold (v/s ~ nmy,)
[V. V. Khoze and M. Spannowsky; NPB 926 (2018)]

[ *_ S An 3 € 25 10
Rp = hm;h() = exp[ (ln—++zln§—ﬁe+302\/_>] e A
n

|\/§/mh = 205|

106 -

Vs —nmy, /s/my = 200
e=—— K1 100 - ]
nmp R
" /s /my, = 195)
0.01 gy
ook /s /mpy = 190} j
10—10 L 1 1 1 | L | | | 1 1
100 120 140 160 180 N
M Total rate 150 . . . l
100 -
R(s) = ) Ry 0G5 >nmy) 3
- % S0 .
Exp growing for high s or T
-50 T~ 1 1 I
50 100 150 200 250 300

Vs / mp
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B “Decay rate” for h* - nh near the n -particle mass threshold (v/s ~ nmy,)
[V. V. Khoze and M. Spannowsky; NPB 926 (2018)]

[ *_ S An 3 € 25 10
Rp = hm;h() = exp[ (ln—++zln§—ﬁe+302\/_>] e A
n

|\/§/mh = 205|

106 -

(EE\/E—nmh <<1> /s/my, = 200

100

/s /my, = 195)

0.01 ¢

s/my, = 190|

10—6 L

10—10 1 L 1 1 L 1 L 1
100 120 140 160 180 N

B Total rate 150 . : . l

100 1

R(s) = ZRn L 0(y5 > nmy)

50 - 1

logig R(s)

i l We consider the higgsplosion effect

Exp growing for high s 0 _ _
in the DM relic abundance!

-50 1 1 1
50 100 150 200 250 300

\/S / mp
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2. Application to DM relic abundance
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B Model setup

Can we derive this naturally...?

B Lagrangian (¢: Higgs, ., Xz: DMs)
1 1 £
L D E(aq))z - Z/l(qbz —v)2+ 7(@ —m,)x - (quﬁ - YrxL + (h. c.)) (y : complex Yukawa coupling )

U (SSB: ¢ =v+h)
1 2 1 5 s_L1o4 - M. = : |
= E(ah) _Emhh — Avh —Z/lh +)((ﬂ—MX))(—h(yX-XR)(L+(h.c.)) (M, =m, +y,v: complex)

U (Re-phasing: y,e'28Mx - y,)

1 1 1 - _i
— E(ah)2 — Em,zlh2 — Avh3 —Zlh4 + (4 — M, )x — h(j/x -YrxL + (h. c.)) (7, = yye " 2"8Mx : complex)

—--'-
-

> nh
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B Scattering amplitude

L > _yxhﬁ)@

X PR X N -

0y = argy,

> nh ~ OO > nh
X -7 v -7

1 2
M — nh)|* ~ M —h ‘ M(h — nh
Z MO ) Z (ox = h)— M (5)2 — iMp(5)Th(s) ( )
spins spins
1

~ 2|7y [? (s — 4| My |* cos? 6

E IM(h = nh)|”.

2 s2+m3Th(s

0 = 0: p-wave \ Z:Jdnn X

0y = tm/2: s-wave

~ T (s)

for the maximized cross section
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B Scattering amplitude

L > _yxhﬁ)@
X N X S )
0y = argy,
> nh ~ OO > nh
X -7 v -7
1 2
M — nh)|* ~ M —h ‘ M(h — nh
Z MO ) Z (ox = h)— M (5)2 — iMp(5)Ta(s) ( )
spins spins

1
s2 +m3Th(s)

0 = 0: p-wave \ Z:jdnn X

0y = tm/2: s-wave

~ 2|5y | (s — 4| My |* cos{by)

5 [M(h — nh)|?.

~ T (s)

for the maximized cross section

Forms a “window”
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B Cross section

1 |7 |? ( 4| M, |? cos? Gg) ,
“Window” function
2.5";?2.27?,(5)
Wi(s) = ho ) 0<Wi(s)<1 R(s) = T} (s)/m
(5) s2+miR(s)? < Wis) < [ (s) n(s)/my, ]
L \fSpeak = 195m; -
0.8 I | i X -
g 0.6 AVs ~ +1my, 7 : > ~ 195h
0.4 f _ - RN
Higgspiosiy Higgspersion X
v \» 1 V5 ~ 2M,, ~ 195m,
0 , N | & My ~ 100 my,
190 192 194 196 198 200 for the maximized cross section

\/S/ Mp
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B DM (thermal) relic abundance

B Boltzmann equation: 1, + 3Hn, = —(ov) (n)z( — (nf(q)z)

B Numerical result

Evolution of DM abundance (¥, = 1.3i)

1077y T T
113——8 - % \\\\;\‘\\ =
_ 10710 198 |
= I
a N
bH 1{)-11 ! ! b ; _____ .
10-12 e 1851011 ]
1013 =[194m g —

10—14 i LY : a a .

10 100
MX/T
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Higgspersion

4

Higgsplosion

[L > _yxh)(_RXL ]

Scale of freeze-out

T ~ M,/25

- am, ) My ~ 100m,
~ 500 Gev (my = 125 GeV)
Failed (- before SSB)

T ~200GeV (m; = 50GeV)
OK (during SSB)

= M, ~ 100m, ~ 5TeV
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B A model to provide our setup
B Simple model fails:
1 1
£ Z09) =A@ =)+ 77 = my ) = (g - Ty + Chec) (¢: Higes, v, xr: DMs)
*
SU(2) SU(2) = L o gulx

Ruled out by the direct DM search
AL XL

\/

Z O
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L] Siﬂgth-dOUblEt DM model (+ complex pa rameters) [T. Cohen, J. Kearney, A. Pierce, and D. Tucker-Smith; PRD85 (2012)]
1_ _ _ _
L D —El{](mlpPL + m:/)PR)qJ — mD(fRfL + foR) — (l'p(yLPL + YRPR)H . f + (h C)) (mlp Complexr others: real )

{ Y =Y singlet fermion, f, = <];LO> , fr = (fza,()) : SU(2), doublet fermions J
L R

1 LI(’) mlp m; Mmp 1
= L > —E(w fO fro)(mp, +mTPy)| f M = (mL 0 mp>, MLR) = S YLRY
flo mgr mp 0

1 mq X1
= -5 ()Tl X2 )(_3) m; X2 [ m <m- <m }
2 ms/ \X3 t=TR e

Case of Remy, =0, m;, =mg, and mp > |m¢|,mL,mR
M m, <Km, ~mg: yx;isLSP=DM
B Coefficients relating to the direct detection: £ > ¢, - hiyixy + ¢z - ¥12Y°x1
2
_ nyrvRemy 9 |vi — il
- ) CZ ~ 2
mp |m¢| 4cosby 2mg

=0

Ch
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3. Summary

|
B Higgsplosion: w =
B The explosive Higgs production at very high energy due to
Bosonic statistics e e w n

Self-interaction

B Application to DM relic abundance g oo \ai~ sim,

B The decay rate including the higgsplosion forms a “window”

Higgsplosion # @emon
0

in the CrOSS Section 190 1I92 1:34 | 1I96 1I98 200

Vs /[ my

B Higgsplosion effect is maximized at /s = 195m,,

Evolution of DM abundance (¥, = 1.3i)

B Mp,, ~ 5TeV higgs portal model is possible if m;, ~ 50 GeV
at the freeze-out scale (during SSB, T ~ 200 GeV)
B Singlet-doublet model is better to evade the direct detection

Higgspersion

Yﬂuﬂs. *-;t::-:;j;—_j_:i:_ 190my ||
3 . ) )
Higgsplosion

10 100
M, /T
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Backup
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B Evolution of relic abundance

10_7 10—12

194mp -\ 3
193mpyg ---- %\
195mpyg --- & )

00|

198m g |~y

1807 g7 | ot

185?7],1’{

[190mz

1 94?7],1’.1
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B Reaction rate v.s. Hubble

198771,;1;

10

194mp |

N

iSO?RH

85mu]

\

\

190m g

T

~

% N
= 1 . | e NL L —
= | N ~
B

~

10

M, /T

100
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B How do we evaluate analytically?

B EOM for wave function

| I I I
W(s)
1k 1/cosh[2.14(V/s / m}, - 195.04)] - - -
0.8 |- -
- 0.6 |
=
0.4 |- |
0.2 F -
0
| | \ I
190 192 194 196 198 200

Vs / mp
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