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> Sub-GeV thermal produced WIMP.

> Lee-Weinberg limit. Require thermal DM mass
larger than GeV. PRL. 39(1977), 165.

WIMP SM
WIMP>< SM
> With mediator, Sub-GeV WIMP can thermally
produced.
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> Direct detection for WIMP.
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> Sub-GeV singlet Majorana WIMP, X . Weak-
isospin singlet.

- Singlet scalar mediator, & .A Z,-even
mediator.

> The mediator mass is around the WIMP mass, in
order to give correct relic density.

> Vector mediator case for future work.

CosPA 2017, PY. Tseng, p.4



> The Lagrangian with renormalizable interactions is

1 _ . 1 C, . _ Cp_ _.
& = Lo+ 77 —m,)y + (09 = 207y ——®Fiysy —V(®,H),

> The scalar potential of the model is

A
Vy(H) = p2H'H+ TH(HTH)E,
2

u % A
— 3 e o 2 3 3 i <4
Ve(P) = u1<1>+—2 D= + 3!<I> + 4!<I> ,

A
Ve (@, H) = Agxu®H H + %ézHTH.
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> The Asy®H'H allowed the mixing between Higgs
doublet and scalar singlet, where the expressed
are

H=[0,(v; +h)/v2]" and & = vy + ¢’

> The mixing is
( ) (C 181 i )( I)
¢) \sinf cos6 J\ ¢’
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~ Mediator width and branching ratio:
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125 GeV Higgs decay:
I'(h — SMs) = cos® 0 x I'(hg; — SMs),

- Because of the constraint from Higgs precision
measurements, we take -0.35< sinf <0.35.

CosPA 2017, PY. Tseng, p.8



> Relic abundance and thermal equilibrium.

- When m, = m, , t-channel WIMP annihilate into
a pair of mediators.

> When m, < my , s-channel WIMP annihilate into

a pair of SM. The resonance enhancement

m, ~my/2.
SM

WIMP WIMP

------ mediator mediator,

------ mediator
WIMP WIMP SM
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> Relic abundance and thermal equilibrium.

> WIMP and SM particles need to be in kinetic
equilibrium during the freeze-out.

> WIMP & mediator & SM.

mediator
C, sin 6

WIMP SM
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WIMP & mediator & SM.
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~ Cosmology constraints.
> BBN — the life time of mediator less than 1 sec.

- The AN, , require the WIMP mass > 6.4 MeV.
(WIMP inject entropy into SM during freeze-out,
and neutrino decouples at T~2.3 MeV.)

> CMB constraint =, ¢, =0

WIMP annihilation is P-wave.

(oV)ems/m, S 3x 10 ®cm’s™ GeV !

CosPA 2017, PY. Tseng, p.14



> Collider constraints.

> K, B-meson, Upsilon decays:

Br(K* - n*s) < 5x107'%~107® at 90% CL for m, C [0,240 MeV], E949
Br(Bt - K'vy) < 1.4x10™ at90% CL, Belle[41],
Br(B" - KTv?») < 1.3x107° at90% CL, BABAR[36, 41],

(4.36 £0.15+0.18) x 1077, LHCb[34]
(5.370°5+0.3) x 1077, Belle[ 25]

Br(B* > K utu™)
Br(BT > K 'u u)

> CHARM: proton beam dump experiment.

CosPA 2017, PY. Tseng, p.15



> Collider constraints.

> CHARM: proton beam dump experiment.

Shielding

V Detector
Proton beam \ A’ —:;
— T - """"""" """""""""" Pucy
Target \\\
f =
_ _: 480m |
K->pi+mediator PLB. 713(2012), 244.
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> Combine all the constraints:
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> Future Collider constraints.

- Belle-Il (SuperKEKB) with luminosity 50/ab.

1074
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> Consider the minimal sub-GeV WIMP model.
> Mediator mix with SM Higgs.

-~ Theoretical, cosmology, and collider constraints
are take into account.

> The scalar mediator: i).correct relic density.
ii).maintain thermal equilibrium between WIMP
and SM. iii) provide signal at collider.

CosPA 2017, PY. Tseng, p.19



Thank you !



> Mediator decays through the mixing with Higgs:

2 mimq{, 4m§ 7
I'(¢p > e"e)=sin"0O x 1 .

2 2
81y my

> If mediator mass > 0.25 GeV:

I
I'(¢p =) = ik ol +(1—-0o)],
(p>7m) = =5 [oT,+(1-0)L]
FKK
I'(p > KK) = ol +(1—o)l"_]|,
(6 >KK) = A5 [oT, +(1-0)T ]

Summer Instituite 2017, PY. Tseng, p.6



> Vacuum stability condition below 1TeV.

> This minimal WIMP model is an effective model
below 1TeV.

> Minimum of potential at (246,0)GeV:

V(n, ‘g) > V(ve, vy)

Summer Instituite 2017, PY. Tseng, p.10



> Vacuum stability constraint

05 !

1 05

0
s [TeV]

Summer Instituite 2017, PY. Tseng, p.1



> The Lagrangian with renormalizable interactions is
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> There are eight parameters:

m,, Cs, C,, My, SN0, “’cpr U, and )LI,,

> The vacuum stability condition give two relations.
~ Higgs mass =125 GeV.

> We consider CP-conservation, ¢, =0. Because of
the CMB constraint.

(oV)ems/m, S 3% 10 °cm®s™ GeV !
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> Direct direction.
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> Collider constraints.

~ 125GeV Higgs precision measurement:
Br(h — nonstandard) < 19%

~ 125GeV Higgs decay into a pair of mediators from
ATLAS and CMS: prompt and long-live searches.

h — aa — 44

CosPA 2017, PY. Tseng, p.16



> Thermal equilibrium

- Rate of decay width:

i [ drt f(}f)
Ty ay={(=)T
el < >¢ [ T

y
> Where f(y) is the thermal distribution of
relativistic gas.

f)=7*/1—1/y2eTms/T

Out of Higgs era to Dark, PY. Tseng, p.2



> Thermal equilibrium

- Relaxation rate of scattering process:

DM<->mediator<->SM

> After DM freeze-out, SM: relativistic
> Mediator: relativistic, non-relativistic

> DM: non-relativistic

Summer Instituite 2017, PY. Tseng, p-19



> Thermal equilibrium

> Relaxation rate:

r 3 m m
\/;nE<O-V>SE—>A11: for ( <2, <2)

\FT Ng <OV >gp a1, for (7 <2,7£>2)

Ispan = {
\/? ng <oV >g_a, for (5 >2,7 <2)

m m m m
Foonr 7> ?S) Ng < OV >gp Ay, fOT ( F>2,5>2),

Out of Higgs era to Dark, PY. Tseng, p.2



> Thermal equilibrium

> Relaxation rate:

Out of Higgs era to Dark, PY. Tseng, p.2
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