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Standard Model of Elementary Particles
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Weakly Interacting Massive Particle (WIMP)
» “Thermal freeze-out” CHIEEYVERGFENRES.
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Weakly Interacting Massive Particle (WIMP)
» “Thermal freeze-out” CHIEEYVERGFENRES.
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Weakly Interacting Massive Particle (WIMP)
» “Thermal freeze-out” CHIEEYVERGFENRES.
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Weakly Interacting Massive Particle (WIMP)

» “Thermal freeze-out” CTHEZE
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Weakly Interacting Massive Particle (WIMP)
» “Thermal freeze-out” CHIEEYVERGFENRES.
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"Heavy’ WIMP with Mpm> Tr
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”Heavy” WIMP w|th MDM > TR KM+ [312.3097, 1402.2846, 1901.11027
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”Heavy” WIMP w|th MDM > TR KM+ [312.3097, 1402.2846, 1901.11027
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Sakharov’s three conditions
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Sakharov’s three conditions
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3272
weak Sphaleron Chiral Plasma instability
10°GeV < T < 10%°GeV Depends on a size of asyms.
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Sakharov’s three conditions

vIN\UA V=R SEEER Qg =i[H,Q5] =0
- IBEEEAIDchiral anomalylc & > TR TWS (B+LDOMEN).
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3272
weak Sphaleron Chiral Plasma instability
10°GeV < T < 10%°GeV Depends on a size of asyms.
C - CPOEN . {Qg)=i([H,Qp]) =Tr{€p€  €H,Qpl¢ '} = i({[H ~Qpl) = —(Qp)

- IEERRITWAHENTWSD, CPOIEIL(CKM phase) VNS = 3.
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1§IJ I - Le ptoge n es i s Fukugida, Yanagida Phys.Lett.B 174(1986)
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1§IJ I - Le ptoge n es i s Fukugida, Yanagida Phys.Lett.B 174(1986)

(hLCD) ; h U5
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CPDIEN — neutrino Yukawa (h) Dphase g

(N — ®+L;)— F(Nl—»cpuﬂ) 3 1

€ <‘{(hh*) Rl
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Fukugida, Yanagida Phys.Lett.B 174(1986)

5l 1°. Leptogenesis

. M h?v?
L =ZLsm+ Nrai@Npg — (hafNRaLLfCD + T“NRaNRa +H.c. __EW

9 (hLCD) ~
— — m, -

» “Vanilla” Leptogenesis

(N - ®+L)-T(N; —d"+L) 3 1
== — ) C‘{(hh*)al}—
(N1 = ®+L)+T (N = @F+ L) 167 (hh')11 o33 Mg

-RE : EEabTIREE (h1ala) DcoherencehMRic 3.

€1 =

» “Flavored” Leptogenesis
- e.9., T-YukawalBE/ERIZ, T < 10'2GeVTFHEIR L D efficient.

= 7-YukawaZz @B U fc# T S XY & DMEEEA LA Middecohere.

- SBENTIA S & u-Yukawadb W T = TE 5lcdecohere,
2% 0k 9 B iZBoltzmann AR DILENSN N E,

e.g., Dev+ 1711.02861
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#%12. Spontaneous Baryo/Leptogenesis
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- {Qp) =i([H,Qpl) =Tr{CPp(CP) ' CP[H,Qgl(CP) '} = i([H,—Q3]) = —(Qp)

ELEDARED S D[P - OO —FRICEHI=ZLHT

Cohen, Kaplan Phys.Lett.B199 (1987)
Nucl.Phys.B308 (1988)



#%12. Spontaneous Baryo/Leptogenesis

¢

L=Lsm+ - (Qb) V(Qb)—Ka']B or ZL=%Lsm- [ >

1
(L@ +H.c.| + > (0)° - V(¢p) - ~0-Jp1

W

V(@) ' V(@) - Mo ~ HCOMN—KEICHEHT
o o - o . ﬁ&?]ﬂf.—'“?jﬂf?_'y:/'\’”’ %QB or %QB—L

CPDEN — FEHASRKMHE & U< kzompsticE 21819

- {Qp) =i([H,Qpl) =Tr{CPp(CP) ' CP[H,Qgl(CP) '} = i([H,—Q3]) = —(Qp)

ELEDARED S D[P - OO —FRICEHI=ZLHT

Cohen, Kaplan Phys.Lett.B199 (1987)
Nucl.Phys.B308 (1988)



#%12. Spontaneous Baryo/Leptogenesis

L =L+ — ( g[)) V(g[))—%d]B or L =L — [ (L1 D) +HC] %(G(P)Z—V((P)—%a-]B_L
Vew
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CPDEN — FEHASRKMHE & U< kzompsticE 21819

- {Qp) =i([H,Qpl) =Tr{CPp(CP) ' CP[H,Qgl(CP) '} = i([H,—Q3]) = —(Qp)
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f512°. Spontaneous Baryo/Leptogenesis

1 ¢

$:$SM+§(0¢)2—V(¢)—K0-]B or $:$SM—[ 4

iy 2 Lo — v - 2.
2UEW(LLcI)) +H.c.]+2(a¢) V(g) =051

» General couplings  km+ 2006.03148, Harigaya+ 2006.04809
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Baryo/Leptogenesis from Axion Inflation

1 - 1 .
L =L+ 5 (a<p)2 — V() + ﬁ Y Y*Y'  or £ =Lsmiruy + 5 (aq))2 — V() + % Y Y o< @pd-h
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Left-handed

E BV Domcke, KM 1806.08769




Baryo/Leptogenesis from Axion Inflation

L=%Lsm+ = (a<p) V(¢)+ﬁYMVY”V or %= %sM+Ruv+ = (G(P) V(¢)+%YWWV < pd-h

» 17— g VHRIEAY AU T—ISAER

Ey
s )
0= |02 +k(k +2£aH) | Ay,+(n, k) ' 0% (Y PPy = —4(Ey- By) 1/' ........ .

¢ _anainp
I‘ '

where ¢=—/— & &% g s
2AH

A >T7L—3 2 FICBFLIEXIHRMEA Y  bomeke, KM 1806.08769
Z : Right-handed . Left-handed - Lowest Landau Level — B+LIES R4

3 -
U 2
Oulp,p = 1672 (82 L W — g3 Yy YW) # O

- Higher Landau Levels — pair production
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Baryo/Leptogenesis from Axion Inflation

L =Lsm+ % (0¢p)” = V(¢p) + ﬁ Yo Y¥'  or £ =Lsmiray+ % (09p)” - V(¢p) + % Y Y oc @0 - h
» Schematic’® 2rcharge D FFEI R &

AV TIL—YgY T ~ Ty, ~10°GeV T ~ Tywpr ~ 10°GeV RS
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O = T3 (85 Wi W™ — g} Yun T
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Baryo/Leptogenesis from Axion Inflation

1 _ 1 3
L =L+ 5 (a<p)2 — V() + % Y Y*Y'  or £ =Lsmiruy + 5 (aq))2 — V() + % Y Y o< @pd-h
» Schematic’® 2rcharge D FFEI R &
AV TIL—YgY T ~ Ty, ~10°GeV T ~ Tywpr ~ 10°GeV RS
ok, =  60-Kes - Sf—nya-hy
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Baryo/Leptogenesis from Axion Inflation

1, .2 ¢ - b
L =%sm+=(00) - V(p)+ =Y, YI — Y, YHY
SM 2( (P) ((P) AN J14Y% AN Qv

» Schematic’d &-charge D KA1 R E

AV TIL—YgY T ~ Ty, ~10°GeV T ~ Tywpr ~ 10°GeV RS
u Say
0utty, ;= 60 Kcs — 5 0:hy

B L —-6Kcs 3;;1_”1/ hy --- -...... = ..... - I .........




Baryo/Leptogenesis from Axion Inflation

102 ¢ - ¢ o Su
L =Lsm+ 5 (0)" = V() + A Wy o VA

» Schematic’d &-charge D KA1 R E

AV TIL—YgY T ~ Ty, ~10°GeV T ~ Tywpr ~ 10°GeV RS
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Baryo/Leptogenesis from Axion Inflation

ZL=%Lsm+ % (G(P)Z - V((P) + ﬁ va Yuv % Y,u,v YyHv
» Schematic’® 2rcharge D FFEI R &
. S J\e= Domcke, Harling, Morgante, KM
- ViableZz /N T A Y (3H DD ? & s 13318

vIEEER + 1> 77 b FElF Tbaryogenesis
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Baryo/Leptogenesis from Axion Inflation

(P ULV 1 2 (P >
ﬁ Y,uv yH Z = °(£SM+RHV + 5 (G(P) - V((P) + E va YH oc ¢a -h
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AV TIL—gVv T ~ M, T ~ Ty, ~10°GeV T ~ Tywpr ~ 10°GeV RS
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- M, > 105GeV — B-LIEHFENT=E S,
B e S - v -Yukawalc CPORBENIZHEL N,
- N]U)E'Ei,%iyé >HTHELY

RHVEREL TD N
LN\
/7 H A

7

Nl ﬂ/
[
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Baryo/Leptogenesis from Axion Inflation

1 _ 1 5
L =L+ 5 (a<p)2 — V() + ﬁ Y Y*Y'  or £ =Lsmiruy + 5 (aq))2 — V() + % Y Y o< @pd-h
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» BINEEE
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- BIRIR(C (FEBEIN R FER D RN BN TRZR15H 5.
- High-energy tailh’ti 23548, 4177 b VERIERICSHEMRI N GE

> BEERME LR
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- Hic 9 %2#E, ' (Sommerfeld+REIRRE) [C X9 21
- BIN#wEE DHigh-energy tailh#Fific B BEYEEFHBRE 35,
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- FHFHIEFE TH D I EDWNAE.
- BE/NU A VIERIMEZE2 0 EFRL, (lepgogenesis, SBG)
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