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WIMP-nucleon cross section [em®]

Small coupling
gX: a larger
exposure is
required!

Small DM mass:
DM mass might
be outside the

detector range.

Small mass
splitting
between DM
I 10 T o and other dark
particles.

[

WIMP Mass [GeV/e?]



The light DM mass region

Can we 9o to the region below (7eV?
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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 nghT mediator

Z_2 odd scalar mediator (like
squark) + SM fermion. LEP mass

X limit for charged wmediator is
@ heavier thav 100 (GeV.
SM

X
X SM @  Z_2 odd fermion mediator (like
t-chavnel s-chawnel Chargine) + SM gange bosow.
annihilation anvihilation Twvisible decay gives a severe

limit,

Therefore, an MeV mediator of the the PWM awnihilation +o
SW pair via t-chawel CANNOT be Z2_2-odd.

S odd



Discription of
DM-SM and DM-DM
interactions

- DM nature

Lagrangian (1) Mass,

‘ (2) spin,
(3) isospin

o understand DM nature, we can
(1) bet what is it and predict its
signature in the experiments,

(2) find the excess beyond the
background.

If no signal, set a limit!

Likelihood
buliding
(data)

Seaching
possible
signals

Particle
and
astrophysical
experiments.
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Basic and minimum Lagrangian

¥ X-EYSX = v(q):H)*

pseundo-scalar
nteraction

calar interactio iy
Sealar tn ’ WiXing between New

mediator and SM Higgs.

A Wminimum setup:

|_2¢m:—°059(cs¢;2x +eppRivsy)+ Sigﬁ(cm +chTirsy). one SM singlet Majorana DM + one

———————————— SW singlet scalar mediator.
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Z2 even mediator

types Lagrangian
L1 = (gpxx + g5/ )¢
. Ly = (gpxx + gr fin° fo
y and ¢ ~
L3 = (gpxXiv’x + g5 f o
Li= (gpXin°x + grfin°f)o
Ls = (gpX7* v x + g1 f1* )V,
- Ls = (apX71*7°x + 95 f1*7° )V Case (ii)
X and ¥y -
Ly = (gpx*x + gr fA* f)Vi Case (i)
Ls = (gpxV"x + g1 F"71° F)Viu Case (i)
Lo = (MpsS'S +g;ifflo Case (i)
L10 = (MpaS'S + gr fir® fop Case (i)
S and ¢ B
Lo = (gnS'So + g ff)o — b= -
Liy = (gpS1S¢ + gp fin® f)o = b=10 —
= =
W L11 = (ignS'0,5 + g551SV + gy fru f)VH a=0 |Case (C)|Eq. (B6)
5 an M ‘o 2 =
Lio = (ignS'8,8 + gbS'SV, + gs f1,7°f)V* | a=0 |Case (C)|] —
Li3 = (.&ID¢.Y"_'{L +g;f o Case (i) |Case (D)|Eq. (B7)
Lis = (MpaX* X\ + g fi® f)o Case (i) |Case (D)| —
X, and ¢ ' _
Lig = (gp X" Xpud + g5 fflé — b= —
Liy = (gpXFX)o + g fir®flo — b=0 -
L15 = igp{X*™ X1V, - XX, V, + X, X ve) (oo -
N a= ase q. (Be
+gp{ XEXHV, VY = X[VEX,V¥} + gs f* fVi
X, and V,
Ls = igp{X** X[V, — X*1X,V, + X, XV} 0 |case (€)
i1 = ase —

+gL{XAXPV, VY — XEVEX, V'Y + grfrb B fV,

™




Thermal dark matter

XX © o
X¢ < x¢
¢ <> XX

sin @, ¢,

[fox.f xx<—>ff]

Standard

Model

be via the green
or red+blue.

DM direct detection

Likelihood Constraints
QY PA? = 0.1193 £+ 0.0014 [90];
Relic abundance Gaussian
( ¢¢’ ey ff N Bags = 10 3¢ DR~
either (T¥9,, > H, , or
of < of Equilibrium Conditions - Cism 2 FFOO)
¢ <+ SMs (Tgsht = Hro and T'Y2 > Hro)
¢, SM <« SMs 9GeV < my < 10TeV (LZ [91]),

\ / Half Gaussian

3.5GeV < my < 9GeV (PANDAX-AT [16]),
60 MeV < my < 5GeV (DarkSide [92]).

ANegr

Half Gaussian

ANyg < 0.17 for 95% C.L. [90]

BBN

Conditions

if (mg > 2m;) then 74 <1 s [93],

if (my < 2m,) then 74 < 10° s [94].

eat travsfer cav
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Possible parameter s

1 1 o g
102 ¢ = Lo+ 7(i0-m )y + E[acx)]z—?m —Ep@xim ~V(9,H),

1 MeV < m, <30GeV, 1L
1 0 E L | CS | > | Cp | ¢ signature Constraints
! g Cp S ]-7 s See the upper limits of BR(h — ¢¢)BR(¢ — 11)*
- Prompt*
B fi Fig. 12 of Ref. [99] and Fig. 7 of Ref. [100].
< g €1 iy ; Higgs decay R SR AR DT BRI
- = E Displaced* See Ref. [101, 102
1 MeV < m, < 60GeV, G 10'3 3 - Long lived* BR(h — inv.)ggyy < 0.145 [103]
S E E Prompt BR(B* — K+p~ut) £3x 1077 [104]
—’}"T/6 S 0 S 71'/6, S : : B decay (1) sin?@ > 2 x 10® for the region
1T V2 & g2 & LT V2 E - - Displaced 0.5 < mg/GeV < 1.5 and 1 < erg/em < 20 [105]
= (§]
& = He = ’ 10_1 (2) See Fig. 5 of Ref. [106] for details.
—1TeV < p3 <1TeV, - - Long-lived*| P, BR(B* — K*uvw) = (2.3 +0.7) x 1075 [107
" . (1) BR(KT — ntp—put) < 4 x 1078 [108]
—1< X <1 i ] Prompt (2) BR(K,, — 7% et) < 2.8 x 10-10 [109]
Kaon decay (3) BR(Kp, - 7% pt) <3 x 10710 [110]
Displaced CHARM detected events = 2.3 [111]

[
(o
o

L IIIIII

(1) BR(KL — m’vir) < 3.0 x 1079112

Long-lived™ (2) See BR(K " — aatwi) limits from

Tig. 18 of Ref. [113] and Fig. 4 of Ref. [114] for details.




Possible parameter space
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Parameter space is finite and we may be able to probe them ALL!



Possible arameTer space
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Future DM indirect detection can probe

resonance DM
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The evolution equations of the comoving
number dewnsity and temperature

THY = (T opaxx¥) 1 Ygo eq — {Tsx ¥ >T‘ SY

. Y Y, H /p
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Iwteraction rates

H . — — - — =3 _— _— .
Forbidden DM : my=0.1 Gev, my=0.13GeV, sin€=10"", c;=0.1 and Ay =1.0 Resonance DM: m,=2.2 Gev, my=4.7 GeV, sin6=0.01, c;=1073 and As=1.0
1016 T T T - — 106716 T - T . T
1078 1078
— H r)(qj-‘;[‘p v\— A —— — —  S— — — | — H rx@axqa
. < P— S - .
10719 . == Tyt sene Dyraxe 10712 —__\_'. - 10-12 - ""'-\ - were Dypoyr 10-12
\\ Ll P -\---—-...._—---. ——— " ~\ —_— Tyyoge
1021 N\ — 10722 - \ el 1gie 10716
N \
N T——— | e IR I v
_10-%| \\ 4 m BT \\ N s B = 10-20 10-20
> ] > \ o, = =
g L T TR . g \ Vs o U 1p-24 U 10-24
= 10" % T LR % . 2 =,
\ . \. \ -28 -28
\ % \ 10 10
lo-f s, v . 1073 - N \ - \
‘-..___} i EER— — - Typ 10-32| . 10,32H— H — rf?a‘t .
34 ‘.-"-‘-._ 34 \ r c \ - Top-xx e [COANN. \\_
10-3 1 X e 10-% . == Topoxx  =meun o2 o - o LA
\\ ‘ C— \ — Dyt - 10-36 1 . 10-36L =" Teo=ff  .oun. Tt of “"-.. ey
10-37 I 1 1N : e e 10-37 | \ !  YS————— L F ""-..:'
20 30 40 60 100 20 30 40 60 100 1040 o PR 10-% L —— U 5
X =myT X =myT 10 100 10 100
X =my/T X=my/T
/ SMP@Y‘ W@dk‘ Secluded DM : m,=1.0 Gev, my=0.01 GeV, sin6=10"" ¢,=0.045 and Ay =0.1
10_12 [= 10-19 &
¢ o ff L Sk
of < of W07 102
¢ +> SMs \
¢ SM + SMs 10720 = \s__ 1072
B \N —
> 107 i > 10728
@] ~~o (3]
o ~~| ¢
10-28 10731 |-
S.h,ov' Standard
6‘ Model 1072, .. 10734 -
ewe. = H T \\ - ::l — - Mgt
10’357\ —_— Tyt ceen Tyrayr 1037 \\ - r.p.p-xx s I',,‘??a””‘
= \ == Tye T Teem e Tyragr
[XfHXf XXHff l ’Brok@w 10-40 N PP ) e | I r— 10-40 ] i ‘.‘ | T 1 rom—
20 50 100 200 500 20 50 100 200 500
x=my[T X=my/T




—— Full BEs
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Summary

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

* 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%).
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