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Explaining the baryon-antibaryon asymmetry

 Matter-antimatter asymmetry
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e Conditions for baryon asymmetry

Sakharov conditions[Sakharov,1967].

[ Baryon number violation
 C/CP violation

d Departure from equilibrium

Continuous Crossover

The Standard Model:

M Baryon number violation: EW sphaleron
(non-perturbative)

increasing time

VI C/CP violation: from CKM matrix, however First Order Phase Transition
too small What Sakharov needs

Out-of-equilibrium: EW phase transition is
a smooth crossover

increasing time

Calli ng for NEW thSiCS I Firgure from Lian-Tao Wang’s talk
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The composite Higgs as a solution

What’s the Composite HiggS[Kaplan et al (1984), Agashe et al (2005)]7
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v’ Hierarchy problem solved (Goldstone theorem)




* The composite Higgs as a solution

What’s the Composite HiggS[Kaplan et al (1984), Agashe et al (2005)]7

(s : =
Composite Higgs SM QCD
G/H _{ SU(2),xSU(2)./SU(2),

Higgs as pNGB =0 as pPNGB

C— . —

v’ Hierarchy problem solved (Goldstone theorem)

Composite Higgs v.s. Sakharov conditions
v The enlarged scalar sector

SO(6)/SO(5): Higgs + singlet; Triggering strong 1st-order
SO(7)/SO(6): Higgs + 2 singlets;

, , _ EW phase transition
SU(5)/SO(5): Higgs + 2 triplets + singlet; el
50(8)/SO(7): twin Higgs: et (departure from equilibrium)

v' The new CP phase associated with new scalars & fermions



* The composite Higgs as a solution

What’s the Composite HiggS[Kaplan et al (1984), Agashe et al (2005)]7

(s : =
Composite Higgs SM QCD
G/H _{ SU(2),xSU(2)./SU(2),

Higgs as pNGB =0 as pPNGB

C— . —

v’ Hierarchy problem solved (Goldstone theorem)

Composite Higgs v.s. Sakharov conditions
v The enlarged scalar sector

SO(6)/SO(5): Higgs + singlet:

This talk

Triggering strong 15t-order
EW phase transition
(departure from equilibrium)

v' The new CP phase associated with new scalars & fermions



e Realizing baryogenesis with Higgs + singlet

The scalar potential is crucial. At finite temperature:

2 2 2 2
+cp T A we ~+ ¢, T A A
Vi (h, 1) = Fh 2h h2+zhh4+ n 2"7 772+Zn774+$h2772
LT 4 "2 T Ty g

The departure from equilibrium can be achieved by

T>>EW scale n phase trans. 1st-order EWPT o T=0
o
< D‘ < <
246 GeV
@ o @ @
h ~ h h h

-- the 15t-order EWPT (only in some specific parameter space!)

CP violating phase comes from the r-relevant interactions.



e Realizing baryogenesis with Higgs + singlet

The scalar potential is crucial. At finite temperature:
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The departure from equilibrium can be achieved by

T>>EW scale n phase trans. 1st-order EWPT o T=0
o
< D‘ < <
246 GeV
@ o @ @
h ~ h h h

-- the 15t-order EWPT (only in some specific parameter space!)

CP violating phase comes from the r-relevant interactions.

The central task of this talk: generating such a potential in the
SO(6)/SO(5) composite Higgs model



e Logic of our work

uv

EW

Strong dynamics (QCD-like theory??)

Form factors

Coleman-Weinberg
potential

Weinberg sum rules

V(h,n) that can trigger strong 15t-order EWPT
Potential is derived, NOT added by hand!




Baryogenesis in SO(6)/SO(5) composite Higgs

Two sectors

Composite sector: 50(6)/50(5)[Gripaios et al, JHEP 0904 (2009) 070]
v' 15 -10 =5 pNGBs: Higgs doublet (4) + real singlet (1)
v' Composite resonances: spin-1, spin-1/2, etc

59(2).% ) lf.(l)Y SO(6)/SO(5)

sssss 2.4 Mev/c® 1.27 GeV/c* 171.2 GeV/c’|
charge |24 2/ 2/
spin -5 u Y2 C Y2 t
name | up charm top
4.8 Mev/c® 104 Mev/© [ 4.2 Gev/c®
é Y% ¥ ¥
> down strange bottom
(o4
.17 Mev/cill [<15.5 Mev/c?|

Higgs

‘LVe Resonances
e : : Singlet
The elementary sector The composite sector
(SM without Higgs) (New strong dynamics)
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Baryogenesis in SO(6)/SO(5) composite Higgs

Interplay between two sectors

Interactions break the SO(6) symmetry
v" Making scalars pseudo-NGBs;
v' Generating the scalar potential.

SP(Z)..L ) lf.(l)Y SO(6)/SO(5)

sssss 2.4 Mev/c® 1.27 GeV/c* 171.2 GeV/c’|
hi - %% EZ]
“wn2U [2C |At I
name -.| up charm top
4.8 Mev/c* 104 Mev/c® [l |4.2 Gev/c® 1 . .
=d 17s |7b SO(6)-breaking Interactions
ng down strange bottom
<22 evic* [<15.5 Mev/cz - R ' "1'.‘1'91‘“““;“':‘17',‘;/‘”"'4' g
> i g
»Ve O e i n
l0.511 Mev/c? [l [105.7 mevic* [l [1.777 Gevic| § = e e
g 5 g @
e JuH [T 3
8 electron muon tau T
- O
.
The elementary sector The composite sector

(SM without Higgs) (New strong dynamics)
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 Generating the scalar potential

Potential source 1: gauge interactions

, , SM gauge bosons
Lint O T W5 + Ty B”
I l Strong currents

Gauging a subgroup of SO(6) --
50(6) explicit

breaking

Higgs potential V(h) is generated !!

W & Z mass

SU(Z)L X U(].)Y X U(l)n,

e e e

) T —————
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 Generating the scalar potential

Potential source 1: gauge interactions W & 7 mass

| I SM gauge bosons I 7 i
Eint > j;Wa“ + jYNBH
I I Strong currents

Gauging a subgroup of SO(6) --
SO(6) =" SU(2), x U(1)y x U(1),,

breaking

Higgs potential V(h) is generated !!

e ——————
) T —————

S

Potential source 2: fermion interactions

, T SM quarks
Lint O qr.Or +trOp, + h.c.
l l Strong operators

Symmetry breaking —

explicit

e
:UN
- ‘ ’.---
o |
AN
h

SUQR2)LxUQ)y i~ 9% f

breaking

Joint potential V(h,n) is generated !! * U(1)y is introduced: ¥'=X+ T}’
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 Generating the scalar potential

The crucial source: fermion interactions

| T
Lint D qr.Or +trOr, + h.c.

SM quarks -- in incomplete reps of SO(6)

I l Strong operators in reps of SO(6)
V(h,n) depends on the g, and t, embeddings in SO(6).

Previous studies:

References on EW phase transition & baryogenesis

q,=(t,, b,)" & t, embedding

J. R. Espinosa et al, JCAP 1201 (2012) 012

6+6

L. Bian, Y. Wu and K.-P. Xie, JHEP 12 (2019) 028

6+6, 15+6, 15+15

S. De Curtis eta al, JHEP 12 (2019) 149

6+6, 15+6, 6+20’

This talk: g, & t;in 20°+20" K.-P.Xie, Y.Wu and L.Bian, 2005.13552
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I l Strong operators in reps of SO(6)
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Motivations:

We love group theory and representations
M The 20’ embedding has its own advantage
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* Fermion sector: g, and t, in 20’ of SO(6)

Dim-20 reps of SO(6): 20, 20’, 20” 626=1®15c 20’

=X+7T.3
2053 — 149/3 @ 553 ® 1a3 (Y=X+Ty)

— (92/3 D 4a/3® 1a/3) ® (4a/3 D 1g/3) ® 193
— [(85/3 ©32/3®3_1/3) ® (276 © 21/6) @ﬁ} @ [(27/6 © 21/6) ® Lo/3] © 1oy3.

Two/three ways to embed q,/t., respectively

/

/ 20’y 205 .
i qr 4ePL cos 6, +q; "sindp,

/ , 20’ : . 20/ . . 20/
t?_—io — ¢'PR1 ¢og Orityp * + e'PR2 gin O py cos Opoty © +sinfry sinOpaty ©

Due to constraint!detailsin our paper),
(00 0 0 b O 00000 0 0)
0 0 0 0 b, O 0000 0 0
20 _11 0 0 0 0 ity Of ,o_ 10000 0 0
L =510 0o 0o 0o -t of” "B T Al0000 0 0
iby by itp, —tp, 0 0 0000 0 tg
\0 0 0 0 0 o0 \0 0 0 0 tg 0)




e Lagrangian: fermion sector

UV D L= Lsm + Lstrong + TEWE + Ty B + 20 OF + 132072 + hec.

Ly — tr [6%0 Ypq3O ] I + <ET@%° VpLq3° E) IT{ + (ETCY%O E) Y p,, (ETQ%O E) 11
EW ot | B3| T+ (STE 3 S T+ (STEYS) vp, (ST S IS

+tr [q%o't%"} M+ (2%%0’@0’2) Mt (zngo’z) (thgo’z) M+ hee,

Q p2-dependent form factors g5 5(p°), Mg, 5(p°) (strong dynamics)
- i2n T

QO Goldstone matrix U(7) =€ 7 ™2 £ =U-(0,0,0,0,0,1)T

U Goldstone decay constant: f> 1 TeV [LEP & LHC]

y  T5.

(1 SM doublet & singlet H = 1 (

V2
O Unitary gauge
m1,2,3 =0 h_ e sin'ﬂi+ﬂ§ L. 15 sin°7T‘%+7Tg
o 7 J \/7‘(‘24-7'('% J , / \/WZ—FTF% J

U —|—i7T1
v —iﬂ'g




e Lagrangian: fermion sector

uv L= Lsu + Estrong + jaW'u + jY B* + q _20 O OIO%O/ + h.c.

Ly — tr [67%0 Ypq3O ] I + <ET67%° VpLq3° E) IT{ + (ETCY%O E) Y p,, (ETQ%O E) 11
EW +tr [f%-{o/'y“put%o } I, + <2Tt 2011y 42 2) I+ <2T%0'2> VD, (2%1%{0’2) 10

b || M+ (ST S) M+ (ST@) (STHYS) MS +he,

Q p2-dependent form factors g5 5(p°), Mg, 5(p°) (strong dynamics)

L Composite operator decomposed; Top partners excited by the operators
50(6) — 50(5) (0|OK LI Y14) = yr R/,
020’ Ly 014 ® 05 ® O1

4 Determining the form factors (QZ — _pZ)[Pomarol et al, JHEP 08 (2012) 135]

N14 14(”)| f2

Sum over the whole tower
I =1+ (0%, —1+Z S ov W W

of top partners

14( )



* From form factors to scalar potential

Form factors as functions of top partner masses & couplings

5(”)| f2 Nia 14(n)| f2 )
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Nia 14(n)| f2
LIRS o
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Yr
— L,
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Vo ]§V5: 2(“) 5(")*f2M5 %1:4 i4(n) 14(n)* f2M14(n)
1 Q2+M2(n Q2+M24(n
4
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1(n)

)
N1 1(n l(n)*f Ml(n)

Yr
Z _|_M2

Ny 5(n) 5(n)* 2M 14 14(n) 14(n)* 2
22 f 5(n) f

1(n) n=1

Mya(n)
Q + Ta(m) ’

Q2+M2 (n)

Ly — tr [(ﬁo v“pquo } g + (ETqL ~y quL E) i + (ETQ%O E) o, (ETQ%O Z) 113

EW +tr [ﬁ%‘)/fy“putﬁo } I + (ETt 20"t 1 Z) It + (ZT%"'Z> Y, (Z%%{"Z) I
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From form factors to scalar potential

Coleman-Weinberg mechanism

d4Q Hq ,'72 Hq h2 + 2772 Hq h2772
h,n) ~ — 2N. In(1+—L-"1 In (1 L 2
Vilham) /<2w>4 [“( +2H%f2)+ ”( Ty Tmo )]
d4Q § Ht h2 2Ht 772 h2 + 772
— 2N, In {1+ —2(1-—— 27 (- =T
/<zw>4 " *m@( f2>+ I f2( 72 )]
d4Q [ 1 R2 h2‘|‘772 772 2
— 2N, n|{l+———— (1 — ——1 ) | Mt +4MLL
/(%)4 T 8QIIGIIG f2 ( f? ) ‘ 1T 8| |

h 7 h? + n?
> = 070707_7_7 1—
( 7T \/ 7

------ Integrating out the g, and t, ------

Ly — tr [(ﬁo v“puqio } g + <ETQ%O W‘J’pquo Z) i + (ZT(j%O E) o, (ETQ%O Z) 113

EW +tr [f%o,’y“pﬂt%o/] I + (ET%O'fy“put%’/z> I + (ZT%"'Z> Y, (Z%%{"Z) I

+tr 28 | Mg+ (STEES) M+ (7S (STHY'S) Mg + b,
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* From form factors to scalar potential

Coleman-Weinberg mechanism

d
Vi(h,m) ~ — 2N, /

d4Q I h2
2N/ _1+ﬁ<1_ﬁ)+

d*Q 1 h?2
_ 9N, m|1+—o
/ e SQ2IIIILL /2

4 q 2
@ (1 Y (14

Ht f2

h2
(1_ ﬂ) ‘Ml L

¢ h% + 2n?

ATTY

(1-

LI h2n2)]
Hq f4

)
|

h2—|—77

2f2

.y e it 1 —6,
Convergence condition 17, /115" ~ Q7
Nig4 14(n)| f2 N5 5(n)| f2 N1g 14(”)‘ f2
t it
recall ¥ 1+Z , 10 —2<Z e Z >
My 4y n=1 5(n) = M4y
achieved by Weinberg sum rules
Nig
Nia
Z| Lk PMiy) Z AR Z AR

Potential is a functlon of top partner masses & couplings!
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From form factors to scalar potential

Coleman-Weinberg mechanism

d*Q

Vf<h777) %—QNC/
2N/

— 2N,
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d4Q

d4Q I
In
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o)

Matching to a polynomial (since f>1Tev)
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e Potential: vector contribution

1 5 /2
Lrw D §PF}L { ( p + Q_H ( )) B/J,BV + (_p2 + HO(p2)> W,LCLLWIEL
0
EW 11 h?
N 1(p?)

p 1 217172 3 96 3 96
Wiw! +wrw? 4+ (wi-%p, ) (ws-Lp, }
4 f2[ < " g0 M)( 9o )]

Form factors determined by vector resonances p and a
2

NP
(n)
I = g°Q>> 5,
= Q2+ M2,

2

Np f2

a(n) (n)

I = ¢°f* +2¢°Q? Z 2 2 Z 2 2
QM o @ MG,

Coleman-Weinberg mechanism

(I = Q* + Iy, Iz = Q* + (¢"*/g*)y)

3 [ d*Q I, h? g”? 11, II; \ A2
Vg(h)mﬁ/(%)4 {21n<1+4ﬂwf2)+1n [1+(92 4HB+4HW> F]},

Convergence conditionIl; ~ Q—4 hence Weinberg sum rules

Np
Z_:lf/f(n) +Zf3<n>7 prm) p(n) = Zfam) a(n)?

Potential is a function of vector resonances masses & couplings!



* Back to the cosmological study...

The scalar potential is still written as

2 2 2 2
+onT? 5 A p24 e, N . A
= Eh e 4 Tt ey 4 Syt Sy

But now all the coefficents are determined by the resonance mass

and couplings.
Coleman-Weinberg ‘ /

Weinberg sum rules

VT(h7 77)

(0o}
Scalar potential V(h,n)




Back to the cosmological study...

The scalar potential is still written as
2 2 2 2
+ T A we ~+ ¢, T \ A\
= b P Tt P g Tt S Ry

But now all the coefficents are determined by the resonance mass

and couplings.
Coleman-Weinberg ‘ /

Weinberg sum rules

VT(h7 77)

(0o}
Scalar potential V(h,n)

Question: can this EWPT paradigm ot

1st-order o

) _ ]
< <o < <
e © @ ®
h h h

h
be realized in the mass & couplings parameter space??




-ﬂ*?’to the cosmological study...

32 RARRARERE ARRSRRES RASRRRRRE S RARRRRERE RARRRRRES SRRRRRRRR
M, [TeV] i S M mevy
* 4 L
0.153 : 302
0.136 273
0.119 2.34
0.102 1.95
0.085 156

<> Embeddings lower than 20: quartic couplings too small
< In20', A, ,, is enhanced!

Ly — tr [rﬁo Ypuqgr? ] 11§ + (ETQL Vpag?® Z) IT{ + (ETQ%O Z) Yp,, (ETQ?.O Z) 113

+ tr [%O/VMPM%O } Hé + (ETtR Y putR E) Hi (ZTE%%O/E) Yo (ZTt%%OIE) Hé

+tr [ng’tg”] M+ (qu—i" 120 2) M+ <2T 2 z:) (thzRO’E) M} +hee.,
The first composite Higgs model that succeeds to trigger the
strong 1%t-order EWPT via Coleman-Weinberg potential



Phase transition is OK, then next...

CP violating phase
Ly — tr [(ﬁo'v“pmﬁo/} 11§ + (ETqL Vs E) I + (ETQ%OIE) YDy (ETQ%O'E) 15
+ tr [ta o putzol} I + (ET?RO/”Yuput%%O/Z> I + <2Tf%°/2) VD, <ZTtZR0/Z> 11

+tr [q—go’t?g”} M+ (ET 20t z:) M+ (ET 2o 2) (ETt?%O/E) M+ hee.,
|

N14 14 n) 14(n)*f2M14 )

Z YL,
2 ;
2+ M7 4(n)
QQ + MQ(n) QQ + M24(n) )
Zl i(n l(n)*f Ml(n) _2Z5yz(n 5(n) f M5(n) % }/4(71) 14(n)*f2M14(n
4 My, 24 Mg, P+ My
I
) [ Mt B2 — 2 2 (&M M
Ly D — ﬂtLtRh 1’0 (1 — 5 ) + 1 5 t2’0 — 1’0 + h.c.
V2 _|M1,0| 2f 2f |M1,0‘ ‘M1,0|
~ - h2 12 _ g2 . 3
D — %tLtRh e!?1 (1 — 27}2 + pte7’¢22n—f2 + h.c.

Novelty: CPV from dimension-6 operator ihn’ty°t !



 Towards the baryogenesis

In the field space: 1st-order EWPT
o)

This is the departure from
thermal equilibrium!

In the spacetime: .
EW breaking vacuum Bubble wall EW symmetric vacuum
vV
(h) # 0, " th) =0,
(n) =0 (n) #0

Top quarks experience a force when crossing the bubble wall

2 2 2 2

Yt i h*+n" —wv ips N
LoD — Ziistrh | (1- > | 4he.
RV [ ( 272 )*’”6 272 T

_ -_5
— —my e O

Yt 772 i

my = h 1—B2_U2— (1 — pg cos ¢2) tanf, = —— sin ¢
t—\/i 212 212 Pt 2) > t—2f20t 2

28



 EW baryogenesis

EW breaking vacuum
(h) # 0,
(n) =0

Bubble wall

CP violating diffusion ::>

EW symmetric vacuum

(h) =0,
(n) #0
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 EW baryogenesis

EW breaking vacuum
(h) # 0,
(n) =0

Bubble wall

CP violating diffusion ::>

Strong sphaleron
CD —i i N( T
ﬁs%h. %H(uLuR)(deR)

_

EW symmetric vacuum

(h) =0,
(n) #0

q,-qr asymmetry
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 EW baryogenesis

EW breaking vacuum Bubble wall

(h) # 0,
() =0

CP violating diffusion ::>

Strong sphaleron

£8P — T ue) (i)

sph.

Weak sphaleron
con = 1] @) ] [(45)"aL]

5; — olsph. (T hL = 5 1B

/

EW symmetric vacuum

Y (h) =0,
(m) #0

q,-qr asymmetry

/

Loy ~ 18agy T

Net

baryon

Baryon number asymmetry
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EW baryogenesis

EW breaking vacuum Bubble wall EW symmetric vacuum
(h) # 0, " th) =0,
(n) =0 (n) #0

CP violating diffusion ::>

Strong sphaleron

£8P — T ue) (i)

sph.

q,-qr asymmetry

/

Net SEVENETRCIY

Survives till today!

Swept

baryon

Baryon number asymmetry
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 EW baryogenesis

Mechanism proposed in loyce et al, PRL 75 (1995) 1695-1698],
Technica”y we adopt [Fromme ez al, JHEP 03 (2007) 049] + calculate.

Two benchmarks for illustration:

>

O :
© 150
(e B
g
=100
2 i
S 50
)

@)

R0

— 200

”
_________

-
________

T ‘ T T T T T T T T T ‘
Red: benchmark 1
Blue: benchmark 2

o o e e |
-

-

P o e e

Solid: fz(z); E
Dashed: #j(z) E

0.0

Spatial distance [GeV™!]

\\‘\\\\\\\\\\\\\\\\\

e
P
’
7 4

’
’
’
’
s
’
td
’
4
’
’
’/
Ud

BBN observation

Blue: benchmark 2;

Solid: v,, =0.01; 7
Dashed: vw =0.1

005 010 ()15 020
CP phase

The baryon asymmetry of the universe can be explained.
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* Testing the scenario: gravitational waves

1st-order EWPT generates stochastic GWs:
v" Collision of the bubbles

v Sound waves in plasma
v Turbulance in plasma

Typical spectrum mmp

Near-future space-based =
detectors: q\;/
LISA (EU) éD
Taiji (China)

TianQin (China)
DECIGO (Japan)




* Testing the scenario: gravitational waves

Signal-to-noise (SNR) study for the LISA detector

a: (EWPT latent heat)/(the universe energy density)

B/H.: (Universe expansion time)/(EWPT time)

tilde v, : wall velocity relative to plasma at infinte distance

.‘ Y
“ ®
- Ly g
3 R o g™ \7‘1‘]¢"
9 oo P -
103 - MR
C € e . /Q'—' 7
E B . <
L . } 4] VV—\)'
- v -
: L p 0 ” .
»
m L R4 L 2 ?°
L ’ .’ L7 .
\ ') * "¢ * -.u
Q r . B1 .
*

p—
—0

P
. o’
’ ’
A .
PR
.
’ .

L4
o, ,
» 4

LISA probe limit
(SNR > 10)

-
Ld
—f
- -

| \\\\\H“'.W I I

10~!
o

OIH
(\9]

10V

T, [GeV] EWPT temperature

112
98
84
70

56

B1 & B2: benchmarks for EW
baryogenesis in previous slides



Conclusion

1 We build a SO(6)/SO(5) composite Higgs model with g, and ¢,
both embedded in 20’

1 This model is able to trigger a strong 1st-order EWPT with
resonance masses O(1-10 TeV)

1 CP violation comes from the dim-6 operator ihn’ty°t

J EW baryogenesis is realized.

1 Phase transition GWs can be tested at the near-future space-
based detectors.
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Embedding g, and t, into 20’ 626=1d150 20’

Dimensional-20 representations of SO(6): 20, 20, 20”

=X+ 7.3
205/3%142/3@52/3@12/3 (Y X TR)

— (92/3 D 4a/3® 1a/3) ® (42/3 D 1a/3) ® 1o/3
— (3573 ®32/3®3_1/3) @ (276 @M) @ﬁ} @ [(27/6 © 21/6) ® Lo/3] © 1oy3.

Two/three ways to embed q,/t,, respectively

(0 0 0 0 1br, 0\ (0 0 0 0O O ibL\
0 0 0 0 b, O 0 0 0 0 0 b

q2oj4 _ 1 0 0 0 0 itr, 0 qzo'B _ 1 0 0 0 0 0 g

L 21 0 0 0 0 —tr, 0|’ L 21 0 0 0 0 0 —tp|’
by, bp ity —tr 0O O 0 0 0 O 0 O
\0 0 0 0 o0 o0 \ib, by itp, —t, 0 0

(207 _ I (—Iyxatr O4x2 ;205 _ 1 (04xa Osxo2

= 26\ O2xa  2(Iax2+7%)tg R V2 \O2xa Tltg)’

20’ 1 —I t 0 / 4 o

th© = V30 ( 051255 ’ 557;1) , a2 =aq; *e?t cosfr +qz “ sinfy,

' 3 20/ 5 . 20/ . . 20/
t%o = e'PR1 cog Ority * + e'R2 gin Oy cos Oraty © + sinOri sin Opaty ©.



* Embedding g, and t, into 20’

WARNING: Dangerous mixing!

1 14 ne” "L cos O, . - 7
25— g (s ) B ¥

/\

ac

/

/ 20, ; 207 .
¢ = q7 AetPL cos O + q; °sindr,

1453 — 35,3 © 32,3 & 3_1/3 © 276 D 216 D 1oy3
Yy - K @© N © Y & Jx & Jo © 71T |’

217 = 2 (1} - Q).

Zb b, is measured at the LEP accurately. Should not be modified!

Letting 9, = 0 and n = 0 at zero temeprature can avoid this
problem.



* Embedding g, and t, into 20’
To get a top mass

20A

1 hy (3M1t B2 4n2>
M Y
2v/5 f?

200, | 11t 1 h h2+n2< . mQ)
tp " Mg =—rrmp |l - —— | M{ +4M;5— |,
o Qﬂf\/ Iz 1AM

t
e L g (50

Only the second embedding provides a massive top when the VEV
n = 0 at zero temeprature.
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e EW baryogenesis benchmarks

Details of the parameters

f [TeV] Mp [TeV] Ma [TeV] M14 [TeV] M5 [TGV] M1 [TGV] M14/ [TeV M]_/ [TeV]
B1 2.17 4.57 6.49 1.61 1.89 1.05 8.57 13.9
B2 1.88 3.41 9.02 1.68 1.77 1.37 8.47 18.7
7 7 7 7
vit | g v? Y% yr | yp | vt i vl v | My [GeV]
B1 1.90 0.676 —1.91 0.681 1.90 0.676 0.224 0.0798 0.216 0.0769 91.8
B2 2.11 0.574 2.12 —0.575 2.11 0.574 0.141 0.0383 0.126 0.0342 99.9

Table 1: The benchmarks used to evaluate the BAU. The T,, for B1 and B2 are
respectively 59.2 GeV and 76.4 GeV; while v,, for B1 and B2 are respectively
222 GeV and 205 GeV.




Generating the scalar potential

Potential source 1: gauge interactions W & 7 mass

————————

, , SM gauge bosons
Ling > IZW3 + Ty B”
I l Strong currents

Gauging a subgroup of SO(6) --

e e e

].50@
I 1 50(5)/50(4)

' 150(6)/50(5)

. - &
Higgs doublet real singlet

explicit

Breaks the symmetry down to SO(6) —
Higgs potential V(h) is generated !! "

SU(Q)L X U(].)y X U(l)n,
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 Generating the scalar potential

Potential source 2: fermion interactions Top mass |- .
, T SM quarks : E

Lint O ¢.Or +trOr, + h.c. : h :
| | Strong operators i i

1 1

1

Linear mixing: ! hi
. . ’ : - R, . I

so-called “partial compositeness  (OLOr) ~ = = fsin 7,
\ 4

N NS N NN NS N NN B S

SM quarks

qu(tLr bL)T; te
in incomplete
reps of SO(6)

Agashe et al (2005)

explicit

Breaks the symmetry to SO(6) x U(1)x
Joint potential V(h,n) is generated !!

SU(Q)L X U(l)y

breaking

*U(1)yis introduced: Y =X+ T,?
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