iRy I RETFIVICHITS

Ev I AIRnEEEARA77LOY

R 1EE (KRERKZFE D2)
HEMEE: BT (KRAS)

t

S SCE (R

T AT —IUE= 2021/5/20



A48 3Y

NEERE (SM) [FLHCERBR E K< EBELTWS

w S — ORHEg \EHBEE = A M1
(—l: RIS AT @Fﬁb—\ F—Sl\/li) N G=R AN b E%%ﬂ

. EXRNF?ESHNF? . FEHO/INYU A VHIETIE
Ly ARTYIvILDEIR - BEYVBOFE
. BIEWMEDENDY AT X - Za—KNY/BUNEBE
\_ L J
n, — n;

- INY 7V HESEXS PRI A R . b —58—-6.6x10"10  PDG 2020

Y

H\O 7 DEAE: (Saknarov 1967 Eg) EE5/\U A VEAERL: Kuzmin etal : PLB155 (1985)
OWAUEDZ -0}t O R7 7L OViEE
@ C, CPOmEN @ FYEBOWME
@ FEENFEDRIR 3) TBEHE—KIFER

tw O XAt 0 5 —DIER « BSMOEER



A7 7LAOYENIAEDIEN

A7 7 LAY (Sphaleron) Energy 4
. \ . B i AZ77LOYV

DFr—JiHE by T RIFGORERD Espn ==

RN AL
@RIFRRIZ DAL

2 R 0 : 2 Nes
Ay Configuration space
Esph(T = O) = ?%(T = O) ~ 9TeV
W<ODDRERWBIERE v IV REFIL T b))  ORIE TREAH
-

o " < @ 1O [Kanemura and Tanaka, PLB 809 (2020)]
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« TXR)LF—NBEE(¢'=0)  Manton: PRD28 (1983)]
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Eg) Two Higgs Doublet Model(ZHDM)  [Kanemura et al.: PLB606 (2005)]
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. . . . [Kuzmin, et al. : PLB155 (1985)]
AU EINY A D washoutE 7R WLV [Funakubo and Senaha et al, - PRD92 (2009)]
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+ CP-conservingZz2HDMITEH

2 2
VDM = 2 | @, + 2 | @] — (mi0i@,+h.c. )

tree

‘d)l‘ o \cbz\ +,13\c1>1\ o, +,14‘c1ﬁc1>2‘2+

A 2
gs(cb‘{cbz) +h.c.]

ST A —=F mys, my, my, my, v, tanp, M? = m; 2/(sin B cos B), sin(ff — a)

[Kanemura and Tanaka 2021 (Preliminary)]
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[Parwani, PRD45 (1992)] 8.6 | Landau gauge
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[Kanemura, Okada and Senaha, PLB606 (2005)] 8 > Coon(T)

A77LOVERR@GERGFEIZI IV TAD5 4007
267GeV < mg < 765GeV  (tan f = 1.5) A
200/ tanB=1.5
== » R B3 L S gras ' sin(f-a) = 1
HEWeEY I XAOBEMNMBRLTWS é:tanﬂ > 2Cl& - Mg = MH = MH*= Ma
L L . . Landau gauge .
st step CEIFI—REERZHEE R L) o] s —
O 200 400 600 800 1000
Non-perturbative /& i & Rk DFER M[GeV]
[Dorsch et al., JHEP 12 (2017), Andersen et al. PRL 121(2018)] [Kanemura and Tanaka 2021 (Preliminary)]

9



HEBICBIFSRAT77LAYOIRILF—EE YT AIRER

new

AEDEW ~ _ ANew hhh

sph — 1SM
hhh
BHIADEEZEB U7 7 LAOVEREASE
=0
453(”T ) S Csph (T)

&= 59 D supercoolingE R 3B EICEE

- 2HDMTIBWEH—RBEEZ X T SRICEIcITNE K

(]l

/12HDM _ ASM — \» = >
jnhh "h S 20% (tanf= 1.5, ELWE VI ROEEIFER)

SM
;thhh

- AP R T 7 L OV REE R /T, > 1IC K2R EHEDimprovement

-tanf £ IUAATORT7 7 LAOYVZFEL, EEGXA7 7 L AOYVEREESRMEF

ICEBDETINADHIBEZEL U

10



Backup



tanBDEALICHES A7 7 LAV DEBADEE

A7 7L OVIREESREICEZEVE Y ADBEANDHE

[Kanemura and Tanaka 2021 (Preliminary)]
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Two-Higgs Doublet Model, Type |
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Two-Higgs Doublet Model, Type I

[Haller. : Eur. Phys. J. C(2018)]
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. NEZTB+LOEN A 5| = & T EEIFERD )& [Aoyama, Goldberg, PLB 188 (1987)]

[J. Ellis, K. Sakurai, JHEP 086 (2016)]

A(B+L)=+46 qq — lllgqqqqqqqqqq
Vs> Eg,~9 TeVOEH I RILF—HEAER TB+LOBNAERE 2 DM 7?

[Aoyama, Goldberg, PLB 188 (1987)]

[Funakubo, Fuyuto, Senaha, arXiv: 1612.05431] [ye, Wong, PRD 96 (2017)]
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» instanton »
' -
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[Tye, Wong, PRD 92 (2015)] K [Arnold, McLerran, PRD 37 (1988)]
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+ CP-conservingZ&2HDMITEH
tree

V2HDM _ 2 ‘@1‘2+m22 \@2\2— (m§q>‘1fq>2+h.c.)

P N A A N AL %(q@z)ﬁh.C.I

CINT X =5 mye, my, my, my, vy, tanf, M* = m; 2/(sin B cos f3), sin(ff —

— 1
-2HDMICKITHAT7 7L OYMansatz & = —gv(T)r w(T) = \/vl(T)2 + vy (T)*

. v T B 1 . R 1.00 |
Wi(E) = £ ety =20
2 5 0.50
— V1(T) 0 0251 tanp = 1, sin(B-a) = 1
(I)I( 5 ) — Sl (5) < 1) 0.00F MH = My = Ma=265GeV
\/5 o5k Landau gauge
— V (T) 0 ~0.50
8=~ 52@(1) s,
\/5 100l —— numer ical S2(x)
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ER— KGR | EZa0ER s FETET V(@)
SEDERE  [Linde, Nucl. Phys. B216 (1982)]
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S5(T) 55(T) —
I’ T)~T4( = — T=T,

bubble(1) < AT > CXp [ T ] ,
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0 50 100 150 200 250

@
. nucleation temperature D E & .
— T=Tn-5GeV
S3(Tn) —— T=Tn=58.272GeV
Coubie TYH(T,) ™ = H(T,) = < 150 0.87  T=Tn+5Gev
\ ' <06 F
H(T): I\ LIS AX—% =
o S04t tan3 =1
Pp(r =0) # v, [FEFF/\NY A VEERD sin(B-a) = 1
0.2 M =0
HIRNEEMEICEE T H2DH 7 e et MAc395GeV

0.0 - - - - - -
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
r[Gev—1]
17



HRE Y VRAETIVICBITE A7 7 LAV EGEEFRMG

@ AN Z——EBEZZNEENMU 2 D IAHRIRERET IV

2

S = (81,85, Sy), u2>0, Mgv)?=pui+

A
Zos 2
2

N — j, — j, —
V,(, S)=—ﬂ2q>fq>+z(cpfq>)2+”75| SP+ IS+ S0t 5P

RIVFTTLy MERD
REE = B3R [CEol

3
g wmé (@
127%v2m} mé

SM
ﬂhhh

B35 DI & consistent [Grojean et al. : PRD71 (2005)]

DecouplingfBfR (u? > 1) TIE, 27 7 L O VEHEARED ALINASM > 100 % & EK
= IfEE M & Unitarity DR ADEBITHICHIE TE 5 N A
20005 AS=0 é
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mg < = 1500 j
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% 1000
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¥ — | e 500+ 1
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eV T ARTV vl (tree)

2

S = (81,85, Sy), HZ>0, Mw)? = pu2+ dgsv’

— — A, — —
Vy(@, S) = —ﬂ2q>fq>+,1(q>fcp)2+%5| S |2+TS| S|* + Aps®'@| S|

-VIL="THRESCEHNT >V 2 v L TE, % 7Hil

Nscalar
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[Coleman, Weinberg.: PRD7 (1973)]
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