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Dark Makter Problems
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The light DM mass region

Can we 9o to the region below (7eV?
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Cosmological Lower Bound on Heavy-Neutrino Masses
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The present cosmic mass density of possible stable neutral heavy leptons is calculated
in a standard cosmological model. In order for this density not to exceed the upper lim-
it of 2x 102 g/em?, the lepton mass would have to be greater than a lower bound of the

order of 2 GeV, : : e
Unless, a vew light mediator is introduced!



Simplicity and Light mediator

¥ SM O  Z_2 odd scalar mediator (like
Y, squark) + SM fermion. LEP mass

X limit for charged mediator is
@ heavier than 100 GeV.
SM

X SM @  Z_2 odd fermion mediator (like
Chargino) + SM gauge boson.

t-chanvel s-chawvel Invisible decay gives a severe
annihilation anninilation limit.

Therefore, an MeV mediator of the the DM annihilation
to SM pair via t-channel CANNOT be Z_2-o0dd.

odd
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Basic and minimum Lagrangian

¥ X-EYSX = V(@,H),

psendo-scalar
nteraction

X
Scalar interaction Mixing between New
% SM

mediator and SM Higgs.

A Wminimum setup:
|_£¢m:—°°;9(cs¢2x +eppRivsy)+ Sigﬁ(cm +chTirsy). one SM singlet Majorana DM + one
———————————— SWM singlet scalar mediator,
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The joint contribution of |¢s| = |¢,| leads to s-wave

annihilation of Yy — ¢¢




Thermal dark matter

- Likelihood Constraints
XX < ¢¢ ¢p < ff p—

_ QSPh2 = 0.1193 % 0.0014 [90];

X$ > x¢ of < of Relic abundance Gaussian -

qﬁ(—}xx QSHSMS Osys = 10% x (13 'h*.

¢l SM <+ SMs either (F%DM > Hyg), or
Equilibrium Conditions

(TES\ = Hro and T'EQ > Hro)
e 9GeV < my < 10TeV (LZ [91]),

Low energy

\ ;) before collision

DM direct detection|Half Gaussian|3.5 GeV < m, < 9GeV (PANDAX-4T [16]),

- iy ) Standard 60 MeV < m, < 5GeV (DarkSide [92]).
i a ower
temperature / ¥ temperature Model AN.g Half Gaussian ANyg < 0.17 for 95% C.L. [90]
~ (\ if (mg > 2m;) then 74 <1 s [93],
High energy - a BBN Conditions
before collision o if (my < 2m,) then 74 < 10° s [94].
H ; =
condzziion [ Xf “— Xf XX < ff

1. Must be frequent momentum

Heat travsfer can be via the exchavgel

oreen or orangetblue. 2. Number density can be discribed
by w~exp (-m/T)!




Possible parameter space

Jﬁfhc density and thermal conditions.
10% T T T T

E—ﬂm+2 7(id—m, )y + [acb) —Efb;fx—?ﬁfinx V(9,H),

i

The unitarity, stability, and
perturbative constraints.

¢ signature Constraints |

See the upper limits of BR(h — ¢¢)BR(¢ — 11)*

Prompt*
o from Fig. 12 of Ref. [99] and Fig. 7 of Ref. [100].
L Higgs decay 5 199) K i)
% Displaced* See Ref. [101, 102
0 : :
1 0 — Long-lived* BR(h — inv.)ggy < 0.145 [103]
1 MeV < m, <30Gev, | QY E o =
X L - Prompt BR(B* — K*p~put) <3x 1077 [104]
e f .
] S Cp S 1’ E - B decay (1) sin® @ =2 2 x 10~° for the region
- Displaced 0.5 < mg/GeV < 1.5 and 1 < erg/em < 20 [105]
—1 S Cs S 17 10_1 (2) See Fig. 5 of Ref. [106] for details.

Long-lived®|  p, BR(B* — K*ww) = (2.3+0.7) x 107° [107]

1 MeV < my < 60GeV,

(1) BR(EKt = ntppt) <4 x 1078 [108]

—71'/6 < 0 < 71'/6, i Prompt (2) BR(KL — n%~et) < 2.8 x 1071 [109]
Kaon decay (3) BR(K, — w%u~pt) <3 x 10710 [110]
—1 TeV2 S ﬂ% S 1 TeV2 1 0 -2 3 Displaced CHARM detected events > 2.3 [111]
3 (1) BR(K7, — 7'vp) < 3.0 x 107[112)
—1TeV < H3 < 1TeV --_ Long-lived™ (2) See BR(K " — 7 v&) limits from
= « )\q) < i 10 Tig. 18 of Ref. [113] and Fig. 4 of Ref. [114] for details.
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Possible parameter space
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Possible parameter space
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Thermal Dark Matter evolution.
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Three typical annihilation :

a.

Forbidden :
b. Resonance :

m, < my,
ZmX ~ My,

c. Secluded : m, > my,
v4
Forbidden DM: m,=0.1 Gev, my=0.13 GeV,
10716 - T T - —
— H Txo-x0
10-19 - = Tpod * Txroaxr
\\ == D-ge
10—22 =5 \\ -
L
~
— 10725 \ 1 =
> N >
3 ............ A ST T g
L N, RETEIEERRL 41 =
10-28 N, R,
. \
W S, X i
34 = T~
= | " Ny -
0 \\ .‘ Ay —_—
\\
-37 | | | '
0 20 30 40 60 100
X =my/T

Strong.

sin @, c.

Iwteraction rates

sin@=10"3, c;=0.1 and Ay =1.0
10-16 | T T _I —] o
e
190 N |
10 N
e ————s ————
- \ T e
1072 - \ |
.......... \-\.--.,_
103 - X |
\
\\
—-28 | ;
10 A
’ \
10'31, \' \\ |
N .
‘\ H —_— = Ty
10-34 - ’\ == Tgpoyy =muen 5™
= Typait * Torer
10_37 ; \ L A Y L 1 n n
n hN i 80 100
X=mX‘IT

¢ < ff
of <+ ¢f
¢ <> SMs
¢ SM + SMs

Standard
Model

[XfHXf xx < ff

Proken

/ Super Weak.

1078

10—12 5

10—15

10—12
1071¢
10—20
S 1072
[«}]
2
10-28

10732

10436 e

1040

Resonance DM: m,=2.2 Gev, my=4.7 GeV, sin6=0.01, cs= 1073 and App=1.0
N 10—3 -
—H Ty -xo
P—, . .y
"-.\ — Tg-r sem Dyfoyr 10-12 B
'~ == Tyy-oe ad
10—15
10720
%
—24
o 10
L o 10-28 \
‘e \‘; \
| *a 10-32 — H — rﬁ4¢ .
== Tggpoxx  =een Fg,?a””- \\-\
— - oy Ty
- 10-36 |- Fop-f  evns T gf “"'-.. SR
[e—— r¢aﬁ? - '\_.. —
-~
e | i ¢, 10-40 Tl AL =
10 100 10 100
X =my/T X=my/T
Secluded DM : m,=1.0 Gev, my=0.01 GeV, sin6=10"" ¢,=0.045 and Ay =0.1
[= 10-19
~
N —22
N 10
A
| “~
\\\\ >
-.-...
— —
= ---"‘-.._.- E 10—25
-~ [G] -
=, vie,
- 10-31 \ PR
A — "'--.._
— — \ "-..._
AT 10-94 - \
ees, = H Tt o ‘\ H e (Lt
_ r)[x-)ff L r)(f-.xf 10_37'— \\ == rzpnp—-xx == rg?am'
3 == Ty \ == Too-rt © Torogr
\l PR S R | I n 10—40 1 PR I T S i | 1 I
20 50 100 200 500 20 50 100 200 500
x=my[T X=my/T



—— Full BEs

10_3_ T LI B |

= 4
—— Yx_and_yx BE - 10_47 10 :102
o E io "
------ . .
4 «* = 10—5 - 103
- =
[ ] -
* P 1075 " 102 2o
oo’ - E
16-? - :
: 10t 10°g : R
1078
F 110° [
F E 1072
—g E
= 101 1077k
o Qobs "-.. ] -1 . blue: H . i
10—8 o . 10-10F . ; ; 410 L blue: comoving red: comoving
e blue: comoving red: comoving 10-10L number density Y, temperature y,
F  number density Y. temperature y, ] F | L I . 100
e X X
10711 M T T | L L Tl O A faer | 1072 20 50 100 200 500
10 e T 100 X=mxlT
T REX

s oony v oo | doc
. blue: comoving red: comoving 1

number density Y, temperatup€ y, Forbidden DM 10% 72%

I | I 1 I 1 1 1

20 30 40 60 100

X =m,y/T Resonance DM 1000% 1000%

Planck error is Secluded DM - 9%

(TT+TE+EE+Ioy




Summary

 The light thermal DM has a lower mass limit around MeV.

e Direct detection can also constrain the low mass mediator mass
region, but pseudoscalar can relax this tension.

* Pseudoscalar can generate s-wave annihilation which is testable in
indirect detection.

* Considering CMB constraints, most of p-wave annihilation with
mass below GeV is excluded, while the resonance is still testable

in future MeV gamma ray telescopes.

* For the resonance DM and forbidden DM scenario, the temperature
evolution is very important (72% and 1000%), while the Seculded DM shows
some impacts from asymmetric elastic scattering between phi and DM (9%).




Thank you for
listening and please
stay on dark matter!



