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Motivation for BSM

Some iIssues suggestlng BSM

asymmetry between baryonic matter

- Baryon asym met ry |
[ A A A———— and anti-baryonic matter

- Nonzero neutrlno masses

- Dark matter baryon number density

Yn = "B —'B ~ 8 x 10711 s:entropy density
I S
Sakharov conditions

1. Baryon number violation
2. C and CP-symmetry violation

3. Departure from the thermal equilibrium
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Scotogenic model

small neutrino masses are generated via o
radiative corrections ’

_ 1
SM (Zz even) £ (haiLaiiN; +h.c.) = SMN;N; =V

+
Right-handed neutrino (Z2 odd) : N; . - 1 L2 T T
Y V = + = A + A3 (PP
SU(2)L doublet scalar (Z20dd) : 77 = (770) R (77 77) i ( ) (77 77)
1 i 2 7
+ Ay (T T®) + =5 [ (®Tn)” + h.c.
E. Ma, Phys.Rev.D 73 (2006) 077301 1 (®1) (') 97 _( ) o

Z. Tao, Phys.Rev.D54:5693-5697,1996
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.54.5693
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Leptogenesis In scotogenic model

N, are generated via inverse decay and depart from equilibrium

d> N, decays into leptons

/ f\/

CP asym. from interference of ~ T'(N; = Lan) =T (N; = Lan?)
6. p—

tree and 1-loop " T (Ny— Lan) +T (N1 — Lant)

- L Is generated !

28

= > Lis converted to B via spharelon process B ~ —(B—1L)
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Leptogenesis In scotogenic model

N, are generated via inverse decay and depart from equilibrium

d> N, decays into leptons
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CP asym. from interference of  T(Ny = Lan) — PedDoemseleetal e
€, — ‘ v

tree and 1-loop © (N1 = Lan) + '

The efficiency iIs
determined by the

=> Lis converted to B via spharelon process B~ —(p| Cdecay parameter.
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Leptogenesis without flavor effect

decay parameter controll L
H(T = M)
. 172 T2

R
H===1.66g"""—
R

mpl

Decay parameter K =

Best efficient K ~ O(1)

» |f Kis large, less departure,
strong washout Na

. 1f Kis small, N1 is NOT -
enough thermarize

>
< = Ml/T

... How about with flavor effcts?
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Leptogenesis with flavor effect

Baryon asymmetry can be enhanced by up to one order of magnitude
with flavor effects at 7' < 10*°GeV E. Nardi et al. JHEP 0601:164 (2006)

Decay parameters are defferent by flavor

F(Nz' —7 867])

K, = = K -BR(N; — /.
H(T = M,) ( )
F(N,,; — Y 77)
K, = P — K.BR N; — ¢
F(Ni — 6777)
K, — _ K- BR(N, — ¢,
H(T = M,) ( )
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Each flavor has different
washout factor

larger lepton number
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The L, -+ B/3 - Ls; conversion rates

Lo — B/3— Ly

el gT”
In thermal equilibrium,  Boson n, —n_ ~ *— (

3
3 ) Fermion n+—n_g£( )

ad ad
T 6 \T

For 10°GeV < T < 107GeV

+ processes in chemical eqilibrium » Before SU(2) symmetry breaking,
weak isospin and U(1) charge is 0O

Pw— = —Hpt T Und U0 = —[fhy; T Hupg
Hw= = THe¢+t T He0  Heo = Hd;, — Hdpg  Electroweak Spharelon process
Uw— = —HuL T HdL g0 = Mo, — MHen (O = p, 7) 2(3“ —ur.) =0
qi i)
HWw— = — Uy T+ ey (
64 10 10 T
| —97  Ta2r a1 6s e
L 56 1813 31 T
-B — L, = 297 594 594 6s Hi
56 31 1813 2
297 594 594 6s M
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Time evolution of B-L

Calculate B-L time evolution by solving Boltzmann eq.

Parameters

yukawa coupling with right-handed neutrinos

0.385¢ +2.11 x 10~ 74
0.426 + 1.28 x 10724
—0.408 +1.11 x 1024

3.21 x 107% 4+ 1.20 x 10723
—3.02x 10~%

hai —
1.10 x 10723

( 3.12x 1074 - 6.65 x 1074

Ni mass M; = 107GeV

1.51 +4.43 x 10~ 74
1.31 —4.24 x 10~ 74

| : generation of right-
handed neutrino

—0.287 + 8.76 x 10~2; ) a: lepton flavor index

Parameter of left-handed neutrino (NuFIT5.3)

) mass "n = 104G6V
my = 107°"GeV

sin® 0, = 0.307
sin® 093 = 0.572
sin® 0,53 = 0.02203

VL, mass

As = 1077
My /My = M3 /My = 1.5
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5013 — 1970
Am3, = 7.41 x 10~ °eV?
Am3, = 2.511 x 10" °eV?
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Time evolution of B-L

|B/3 — L,| and |B — L|

10>
/-?. - B/3 - Le
t £ —-- B3 -L,
1076 - M A\
/:." B N Y B/3 — L,
L N
M P ' —— |B=(Le+L,+Ly)|
—7 ot »
1077 = /0 ‘i
: L, Vb
: / . // \ X s
—8 - ../’: // \ & ~ ..N'.'N,.
10 'g .l; // || \\\ T T T L T L T T
i ./’. ,/ I \\\\
1072 | I € T T 1
_il/
1010 ':ill —
// Total Y525, =24 x 101"
I
10—11
10_12 ' T T T T LR T T
102 101 10° 101 10°
& = Ml/T

Yurika SEKIKAWA (YNU)

KEK-PH2025winter

/N and L are generated via
iInverse decay

« N1 depart from equilibrium,
reverse sign L. generated.

e B/3 — L, Have opposite sign
of B/3— L. and B/3 — L.

B-L for observed baryon asymmetry!
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Summery

For precise baryon number calculation, flavor effects must
be taken into account

We found that there is a parameter set ( M1, mq1,my, A5, hai )
that accounts for Y3*; = 2.4 x 107!° in scotogenic model
considering flavor effects.

Future work

research the contribution from /N, and /N3 decay
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NI AXA—IADHIE3

£&5ZX=2a—MY /OB=EDEREMSEDFHIFE

o o —y —EMS, EEXT_a—FY /DOEEIT (dirac mass)Z2/Mi
o —%EEXL\Eﬁg a—FY / DEBEEVPFEFDRL

QL

e EBEETZa— L)/ OBEETINEZ Y IHRIETH 2, £71F 3
> TV 20T EEBICIERE2 DOEWAEEE 12— MY /HEFE
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7L —I\—DWES EDEEE]

NYF o EOKF H AT [3]
ng = —0.01e1K4

£ 7 L—/x—DAsymmetry parameter €

I'(Ny = L,n)—T (N, = L,n' 1 1
o LW = Lan) ~ TN = Lan) Y (Im Bl (RTR), F(’“ﬂ’m)>
2 a [F (N1 = Lan) + T (Nl — Loﬂ?T)] 8m (hTh),, A1 g V7Tl
E(rji,ni) = /T | f (75i,m5) r/?l (1—m;)° i
_ J? -
" e __ —9
S LRSS e = 3.375 x 10™*
i = my /M i = M; /M T = —3.201 x 1074

[8] W. Buchmuller et.al. Annals of Physics, Vol. 315, No. 2, pp. 305-351
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https://www.sciencedirect.com/science/article/pii/S000349160400137X?via=ihub

7 L—I\—D\EWN55 & DLER2

NYF U BOKFE D45 [3]

NB — —0.01611{1
Efficiency parameter k.  (KIZFRER/X T X — & HIZ/Ny TIL/X T X —
1
K1 =
' 1.2K, [Ink; )08
K L1 ['(N; — L.n) ['(N; — L,n)
1= _ —p K€ L : B 1 p .
H(T = My ' H(T = M) Y H(T = M) 1
My >
b= 8T (mh)u (1 —=m)

BR K =275.5
K" = 292.0
T — 258.5
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F(Nl — LT77)
H(T = M)

kS =7.603 x 10~*
kM =T7.114 x 10~*

kT =8.178 x 10*
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(1) ZL == LICCPOBENDKE X Lwashouth EL BELEHE
ng = —0.01 (e{r] + €kl + €7Kk]) ~8.112 x 101"

1

—N—DF[E T UaELETE —
(2) ZL—NR—HPEREINTULLEVELEE = 12K, Ik, 08

Ki =K.+ K, + K; &£ LT washout factor K1 %Z3K® %
BITIL—N=TLDCPOWNDOEEWVWEZELLEITT. NUAF#HZ2REL S &
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THIEDS CPIERIMDE D HIRN B DI HE ?

L =—hai N;n'L, + h.c.

1 d’ 1 d° 1
/ 0 L2 |Mlowest + Ml-loop|2(27r)454(p]\f — P1 — p2)

oM, | (273) 2E; (273) 2E,
= |hail* Tiree + haihaihsihgiln, N, + (hgihajhsihgiln,N; )" + |hajh2jhm|2f1-1oop
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THIEDS CPIERIMDE D HIRN B DI HE ?

I (Nl — Lan) — I (Nl — EaﬁT)

CPOBNDORE X € = > o [T (N1 = Lan) +T (N1 — Lan')|

D(Ny — L) — T(Ny — Lnt) = 2i Im[hi;hajhbhsiln,n,] — 20 Imlhaihlheih D, x ]

4+ treeDIRIED —F. 1-loopDIRIED ZF(1L£5% S A L
¢+ FENBEEERHIERBTHNIL, THEIPOCPOBENDFEHNIEN S
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RIGER LNy TIWRZ A =2 DL T'/H(T)

I'/H(T) » FHERONENRISELY HREL, RIGIFEE AL FENEETOCE
»BRILHIET 5 h
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Bl. ey F2EL TR OFBNNBEERD KGR
Nt <U’U> TS . yt2 y? q}z 0 40 1,2 1018GeV & N 10°GeV (0= e)
H 7 1eeg2zz T H T

mMpl
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