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Introduction

* Muon anomalous magnetic moment (muon g-2)
Muon g-2 collab., PRL126(2021)141801

[ New physics hints ]
BNL g-2 : = -
FNAL g-2 + —@ * 2ZHDM
e MSSM
* U(1) extension
< 420 > ( )
® e
Standard Model Experiment
Average 1-loop diagrams
175 180 185 190 195 200 205 210 215 -
9
a,x10° - 1165900 o

v’ CP conserving process 4@
[ T
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Introduction

* The same diagrams will have contributions to CP violating
processes = electric dipole moment (EDM)

4 9 Relativistic
Parity: S—+S B—-+B E — —E

LD —%472M (o’ 1) Fop —d ;(MU Pys 1) Fogs

* EDM (d,): same type of operator as g-2

if model has CP violating source, EDM is predicted!

* Lepton EDMSs constrain models with CPV



Introduction

* Experimental status of EDMs
electron muon
de] <1.1x107* ecm (90%C.L.)  |d,| < 1.8 x 10~ ecm (95% C.L.)

ACME collab., Nature 562 (2018) 355

de| < 4.1 x 107 ecm (90% C.L.)

JILA, 2212.11841

Muon (g-2) collab., PRD80(2009)052008

Note: For tau EDM, < O(10Y7) e cm

Belle collab., PLB551(2003)16

* Indirect bounds

. : : NPB292(1987)93, PRL65(1990)2939,
- Minimal flavor violation PLB500(2001)161, NPB645(2002)155, JHEPO8(2014)019

‘du| — ﬂde

< 2.3 %1072 ecm - Severe constraint for MFV models
mMe

- EDM of heavy atoms

Ema, Gao, Pospelov, PRL128(2022)131803, PLB835(2022)137496

‘d'u‘ <1.7%x107%% ecm - One order smaller than direct bound
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Introduction

* Future prospects

|d,| [ecm] Ref.

Fermilab (g — 2) exp 10— 21 1 [1] EPJ Web Conf. 118 (2016) 01005
' o1 = [2] PTEP2019(2019)5, 053C02
J-PARC O(10—=) [2 [3] 2102.08838 [hep-ex]
—23 _ [4] 2201.06561 [hep-ex]
PS,I 6 x 1024 [3 5] [5] PoS NuFact2021 (2022) 136
J-PARC (dedicated exp.) 10~ 6] [6] PRL93(2004)052001

[ Muon EDM is also important obs. for NP search! ]

Note: similar contributions to muon g-2 and EDM predict

| ~ %Aau ~ 234 x 1072 cem
7

 What kind of model can predict “large” muon EDM?
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Introduction

d,, ~ 0cpv X {

. e . . d0cpv : CPV phase
* Model classification - rough estimate M : New physics mass scale

( )2 k m . A : Coupling in loop

( 1672 ) M'L; (SPUI"IOH) Yur : LFV coupling

k : Loop level

v A2 \*m

)lf > <167r2) ﬁg (Flavor changing)

% (Radiative stability)

A2 g VH 4mv .

\)\ (167‘(‘2) Ve < e (Tuning, A < 47)
use A~ 0.65, y,, ~ 0.3 1-loop 2-loop

NP scale M

Spurion

300 GeV (75 GeV) | 16 GeV (4 GeV)

-

Flavor changing

580 GeV (140 GeV) | 30 GeV (7 GeV)

Radiative stability

5900 GeV (1400 GeV)

Tuning

1.0 x 10° GeV (2.5 x 10° GeV)

Y. Shigekami (TDLI)

Produce PSI (Fermilab and J-PARC)

Large muon EDM in two Higgs doublet model and its extension

Large d,!



Introduction

* We focus on Spurion and radiative stability approaches

for g-2 explanation,

Spurion ... muon specific two Higgs doublet model (2HDM) seroz20171012

» CPV source > scalar potential: Vo > —m?,®1®, + %(@{@2)2 +h.c.
» Large muon EDM from large tanp ~ (O(1000)

> |du| ~ O(107%3) ecm

Radiative stability ... radiative muon mass model for g-2 explanation, 1eros 20211174

mrr

» CPV source = exotic fermion sector: £ > —mpirir — , Vs
» Large muon EDM due to radiative mass — %w_ﬁiw;{ +hec.
rad YLYR _929
dyymi o S5 ) |dy| ~ O(107%%) ecm

[ Both models can be explored by future experiments! J
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Muon specific 2HDM

Ref: Abe, Sato, Yagyu, JHEP07(2017)012

* Model: muon exclusively couples to 1 scalar doublet
¢ | uh | d% 05 07 (7 |er | TR | ur | 1 | P2

SUB)c| 3 | 3 3 1 1 1 1 1111
SU((2)L 2 1 1 2 2 2 1 1 1 2 2

Ul)y [1/6|2/3|—=1/3|—-1/2| -1/2 | =1/2 | -1| —1|—-1|1/2]|1/2

Z4 1 1 1 1 1 ) 1 1 ) —1 1

Z, sym.: only muon couples to @, S

2 scalar doublets
* Yukawa couplings and scalar potential

Ly = -1 Y,up — GrP2Yydp — Z yely ®2ER — v, lh ®1up + hec.
E=e,r

A
Vo = m2,®{®; +m2,0l 0, — chg +h.c] LA L(@le,)” + —2(@5@2)2

+ A3 (D] D) (2105) + A4 @TN /@qﬂ% +hc]

CP sources, relative phase is phy5|cal



https://inspirehep.net/literature/1598051

Muon specific 2HDM

* Muon magnetic and electric dipole moments
g-2 EDM

4 2 2 3 2 2

m,; Am m em; Am m

-~ p H ,2 H -~ m H ,2 H

Aa, ~ S22 4}{ tcog log (—2 ) d, ~ — 4}{ t3s2¢ log (—)
m ”lu m

Sg: mixing between CP-odd and CP-even heavy Higgses
2 2

Both enhance large tanB and Am3, = m3,, — myp,

* Dependence of 6
6 - 0 (orm/2): Aa, /, d, \ (CP conserving limit)
B = n/4: Aa, ,d, J (maximal CP violation)

L 0 - 1/8 (sg > 0.35) will be important both for Aa, and d, }
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Ref: Nakai, Sato, YS, PLB831(2022)137194

2

Muon specific 2HDM
Note: Ampy = y/m3, —m3,

* Results: tanf = 3500 (left); Am, = 300 GeV (right)

d, [1072® e-cm]: my = 650 GeV, tz = 3500 dy [10°° -23 e-cm]: M = 650 GeV, Amy = 300 GeV
: 4000—

3507

300

3500/
250 - 7
7 3000
= 200
O | SN
- | 25001
€ i I
E 150

2000 |

100

1500 |

00 01 02 03 04 05 06 07 0.0

[ Interesting parameter space: s5 ~ 0.35 ]
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Ref: Nakai, Sato, YS, PLB831(2022)137194

Muon specific 2HDM
Note:AmHz\/m

* Results: tanf = 3500 (left); Am, = 300 GeV (right)

However, LHC Run 2 full result pushes up the lower bound on m,!

CP-conserving muon specific 2HDM case: m, > 900 GeV is required

Iguro, Kitahara, Lang, Takeuchi, 2304.09887

When m, =900 GeV is applied...
e g-2 band is disappeared (or require lower cutoff)
* itis difficult to test at PSI experiment, although d, = O(1023) e cm

Amiy 42
4 "B

Note: Aa,,, d, o
po Qpu m,


https://inspirehep.net/literature/2064297
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Radiative muon mass (Rad-m,) model

Ref: M.J. Baker, P. Cox, R.R. Volkas, JHEP05(2021)174

* Model: singlet fermion + singlet scalar + doublet scalar

H L : :
L pr H P TR # Assign four Z, symmetries:

SU@2). 2 1 2 1 1 2 1 I 1, .. muon number

Y ! % 1 1 % 0 0 % 1 I avoid LFV constraints

L ! ! + + o+ |1 I " ... exotic number

Ny T | DM stability

S n | n + .+ -+ : | | #, ... softly broken

a .

I forbid Higgs Yukawa

* Lagrangian

£ (_W’EL! "R = yn" L#uR|—mD" " R — mgLL"_L" L~ m;R_CR R|T h.c.) — Vsal
Vi = 3 (s s 500 0| 4 Suaaltt )0 1) Y Su(H ) #) 4 8000t 1) 9

s=H,¢p,n

+$h,(H (! H)+ (aH# |+ $%¢(H 1)2

One phase of (m,, m,;, mgz) cannot removed - CP source of the model


https://inspirehep.net/literature/1853442

Rad—mu model

* Radiative muon mass (with xia ! m?./m? )

o o7 e P
cad — L YEYR L Xia INXia o [YrY# SasSow
182 T Xl 1612 4 ’ o
| Ya
12, iz : mass eigenstates
* Attach photon - dipole operators: .3 Mg anges for s,
€ _ov, IR v
L dipole = ! am.. au "IV ST édu gl "sp Fr f
U
@ w; e “x\%‘_
Y1y So#S2$ , / ‘.
a.u, du I 16' 5 4 KR ’l;')a KL

* Loop factor + couplings = My { Enhancement is expected! ]
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Rad—mu model

e Constraints on the model

h=> H+M' decay; Z > 'y decay | Small NP effects
P G o T | VN BR(Z! p"p’ ), 1 are required
- L(h! pr ') sm BR(Z! et€)

Scalar couplings ... unitarity constraints, T-parameter and SM vacuum
trilinear (a) and quartic (A;) couplings are constrained

Collider searches for exotic particles

slepton searches can be applied to our model

Dark Matter (DM)

check relic abundance (DM candidate is $; in our analysis)

* We explore viable parameter space which is consistent
with these constraints and (g-2), with large d,,



Ref: Khaw, Nakai, Sato, YS, Zhang, JHEP02(2023)234

Rad—mu model

yi =1.2, M? = (1000 GeV)?, a =900 GeV,
Inputs:

* Results Mp = 700 GeV, Mgg = 1000 GeV, ! prys = 1.0
#$" 237%8&g00! "%
S 9 i v d,>102%2ecm!
» I # sg\ //
155 S, Note: PSl sensitivity ! 6" 102 e cm
: )
s )]s v’ Aa,: Exotic mass of 700 GeV
- 58
N gs| ) v' DM relic = coannihilation
S / is required
T)es ! %,
| A Il v Enough small contributions
56 | ’ S toh > utuw and Z > utu
i IS
: H¢ 5% d,>10?% e cm is predicted
&&$_‘ o TAA Y. 18 ... FNAL, J-PARC prospects
&&$  )$S &S B3 &3 483 +&3
I #5626 $
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Summary and Discussion

* We explore the possibilities to predict large muon EDM
focus on muon specific 2HDM and Rad-m, model

— N

Large tanB! 3500 No loop suppression

* Predictions:

muon specific 2HDM ... 0(10"%) e cm ! constrained by LHC...
Rad-m, model .. O(10"" ) e cm ! can be tested by PSI!

* Rad-m, model has a parameter space which can be
tested by FNAL and J-PRAC experiments (O(10"#) e cm)

[ The muon EDM may have important key for the NP! J




"#3$%&



Muon specific 2HDM
Note: Ampy = \/m3;, —m7,

* Results: tanf = 3500 (left); Am, = 300 GeV (right)
my =700 GeV case

Lo Lot eoeR | S (#)* %, $+" (#)

%! oy &l -
! ,
%!l - f
L %l
$1
E %l |
= [ [
7SI
H ".
. “- = $u
—
‘\‘ [ N
o s
e *
! #-
"l "y
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Potential analysis for 2HDM with CPV

Vo = mf @1 @1 +m3,05®@: — [mip @] P2 + huc] + %(qﬂ@lf i %(@5%)2

A
2 (@10)) (®102) + Au(@10,) (0101) + [?5 (01,)° + h.c.]

 Mass matrix elements of neutral scalars:
Lag | " avoC + " avEs! + 2" ga5viSTCl HP"= v tant = valvy, vi = vi+ v
1] 1] 1 1] 2 3 mn 1 1] 2 3 ) 345 # "3+ "4+Re"5
beg V" ("1" Mass)visicl (M2 "ass)VESiCr,
! HH | (Il 1 + n 5 " 2" 345)V28|2 C|2 ’

Lo 1" Im"sv@s ¢
1 - 0 for CP conserving models
Lo ! Z(" &+ sP)Im" 5v?
‘HA S 5L M ! oF

| «x!" Re"sv?. > CP-odd scalar mass for CP conserving models

Y. Shigekami (TDLI) Large muon EDM in two Higgs doublet model and its extension 18



Potential analysis for 2HDM with CPV

)W )
Vo = m3 ®1®) + mZ®i®; — [m2,®] @y + hc] + 25 (cb*cb )+ 72(c1>§c1>2)2

+ A3 (@]D1) (BIDs) + Ay (B]D2) (B]D1) + [ (0] ®,) —I—h.c.]

e We consider M >8! v

mass matrix is approximately diagonalized:
RTM 2R = diag(m3, m3, ,m,,0) > diagonalizing matrixx R | R,R3

) 1 ey 2 1M 2 0 1 0 O o;
L T LV 1 0 % ~.="0 o s 0f
2 #o HA‘/MZ 1 ’ 3_#0 'S C 0]

1 0O 0 0 1

e + O(LM 2),
M2+ 1 .l 280 + |88+ OLM 2),
M2+ 1 .sf+2l..50C + ! .G+ O1LM ?).

0
0
Mass eigenvalues: {

Y. Shigekami (TDLI) Large muon EDM in two Higgs doublet model and its extension 19
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Potential analysis for 2HDM with CPV

Vo = mf @1 @1 +m3,05®@: — [mip @] P2 + huc] + %(qﬂ@lf i %(@5%)2

A
2 (@10)) (®102) + Au(@10,) (0101) + [?5 (01,)° + h.c.]

* Expressions for A;in M" > 6 and large tanp limit
Lve !l mi+ mi + st mgt M2 tEr 20t
I 1
Lov3 !l mi+ m3 +s?l m3 " M? t2+2" Lt t,
# $
1av2 ! mi" mg " st mi " M2+2mi. + s G
v M2+ md + & m3 " 2m2.

2 2n 2 n 2 2
Rel sve 1 M mg " ¢! mg,

S
2 | n 2! 2
Im! sv< ! 2" g2 l'mj . [ %? is chosen so that & becomes ' (1) in large tanp limit ]

Y. Shigekami (TDLI) Large muon EDM in two Higgs doublet model and its extension 20




Potential analysis for 2HDM with CPV

)W )
Vo = m3 ®1®) + mZ®i®; — [m2,®] @y + hc] + 25 (cb*cb )+ 72@);(1)2)2

+ A3 (@]D1) (BIDs) + Ay (B]D2) (B]D1) + { (0] ®,) —I—h.cw

e Theoretical conditions

[Vacuum stability] 1> 0, P+ 13> 0,
!

I>> 0, !1!2+!3+!4!|!5|>O.

[Perturbative unitarity] 31t 1a)t 901! 12)7+4R15+ 4]

|

E > !<8", la+21, +||5||<8
| i I | |
e GrTa b rdes
i('1+'2)+" ("1 "2)2+4|'5|2: | |

; > l<8 Nax|!s5|1< 8

Y. Shigekami (TDLI) Large muon EDM in two Higgs doublet model and its extension 21



Potential analysis for 2HDM with CPV

* Higgs quartic couplings —> related to theoretical conditions

: Rem? e X
Parameterize: — C12 = m + sl m? | 2%! vzt—2
1 G ! !

1 v2 !l mé + Xv?
Roughly, required to be:

I 2V2 ! mﬁ X ~ 0(1)
Lav2 ! m@a" 2sf! mf +2! m2 " "ot Snir ~ O(v?/tg)
V20 I mE 2 m2 Amf ~ v°
2 2
Rel sv2 1" cy! m? Amy ~v
Im! gv? ! 52!@_/6 =0 > CP conserving limit

Scalar masses:
2 2 2 _ 12 2
{mh,mHl,mHz = mg, +! my

2 — m?2 2
my. = myg, + ! mg

[ Large tanp is important for Aa,, d, ]




Potential analysis for 2HDM with CPV

* 1-loop RGEs for dimensionless couplings ; .
- relevant couplings: g;, A;, v+, y,, ud—uc: 1612 ©

lg, ! 701, lg, ! 38, lg ! 763,

3,.3 O 4 w 2n s AnZ A N2 e g s o2 e te g2 g 2
Ll Ol SO0t 0" B0iT " 90;"a H 12T AN H AN+ 2 4 2] 6"+ ATy Ay,

3,.3 9
Lol H0IF SO0t 0" B0iTe " 90y o #1275 AN+ A" + 2" 4 216" + 125y " 12y

3 3 9
by ! "'ng" égfg§+ Zgg+(2yﬁ+6yt2" 305" 95 +6" 1 +6"p+4"g) g+ 2" "4+ 2" " 4+ 2" 5+ 2] 5|7,

Ly, | +30705 + 8] 5"+ (2y; +6y7 " 307" 905 +2"1+2",+8"3+4",)"y,
L, ! +(2yZ+6y2" 3¢ Og5 +2" 1 +2", +8" 3+ 12" )" s,
I n

# D

n 3
> y 502 +305 Yy -

9 ,, 5
2% 8% Yoo [y ! oy,

- 17
Ly, b+ oy3+ "

S 2m,t t
° . = - = 1+ | " . # —
We have large y,: yu v tz" 06#% 7900



Muon specific 2HDM

* Parameter scan strategy — we have 7 parameters
_ M

my, Amy, AmZ, tg, 0, We can optimize these: 2
\ [0ha| S10x
8

Sub-dominant for Aa,, we can fix it as Am3 = Am3; /2 = Ay ~ 0

[ Higher cutoff A+ can be obtained! ]

satisfy all perturbative unitarity and
vacuum stability conditions at this scale

* We focus on my! 650 GeV to avoid LHC constraint
Abe, Sato, Yagyu, JHEP07(2017)012

* Find parameter space for (s, Am,) and (so, tanp) planes

we assume A ¢! 10 TeV is viable parameter space

Y. Shigekami (TDLI) Large muon EDM in two Higgs doublet model and its extension 24
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f couplings in muon specific 2HDM

* Fermion-neutral scalar couplings:

Ly = —qr®2Yyur — P2 Yyadp — Z yely ®sER —{y, 0} ®1pR|+ h.c.

E=e,r
. ' omy R R '
Lty Tf Ry + TZI # + s 3'fﬂ5f "

ftu I
&

m .
" Tu (R " Roiti)pn " IRzt @l sp "

'+1 for f = d,e

S =
f 'l forf =u

* Only muon coupling is enhanced by tanf3

Note: Ry;; ! 1,R4 " 1



1-loop integrals for Aa, and d,

 Neutral scalar contribution

-1 2 2"
Is(r)!  dx XZ(,, X)_ (cp-even)
Aa, o IX X+1
! 1 n X3
lp(r)! dx CP-odd
> (1) g Ix2" x+1 (P-odd)
: 1 2
X
d,: fo(r)! dx

o Ixe" x+1

e Charged scalar contribution

. 1 11 [ 1]
X(1" Xx)
Aa,: lc(r)! dx




2-loop contributionto d,,

* Dominant one: Barr-Zee type diagram with muon loop

TR em 2
dhlu = | @ )Z‘ilzri (R1j ! Ryjts) Rgit#!—|u(ri)
. . b1 x@ x), o x@t x)
i loop integral: 1,(r) = i dxr! XL X) In r

JHEP01(2014)106, JHEP08(2017)031, JHEP12(2019)068

!
h, ho, hs '
!

v’ 1- and 2-loop contributions are
7 U

e 20 1(r)
2 dli o =d) ! =
%%Zé“ # g B fo(r)

* Facts: [2t/" 1 46" 10 °
1, (r) ' # (15-19) o(r) [Z-Ioop contribution is important!]
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[-parameter

Peskin and Takeuchi, PRL65(1990)964; PRD46(1992)381

m2
e p-parameter: ! = =1 in the SM
e NP contributions deviateitfrom1: | | =" T

experimental status (PDG): |T|! 0.2

* In 2HDM, mass differences among Hyg-and H' are crucial

Grimus, Lavoura, Ogreid, Osland, J.Phys.G35(2008)075001; NPB801(2008)81

* For muon specific 2HDM, Am, is enough small to satisfy
e.g.) m, = 650 GeV with Am, =320 GeV and s =0.35 2 T=-0.03

* Radiative m, model also predicts small T! 0.002


https://pdg.lbl.gov/index.html
https://inspirehep.net/literature/296528
https://inspirehep.net/literature/321491
https://inspirehep.net/literature/768571
https://inspirehep.net/literature/780413

h! u'u decayin u2HDM

 Yukawa interaction in mass basis for scalars:

1 .. -

L

m

Lt =1 n\]/—f Ry + ?  + ist ?fﬂ- sf " ! Tu [(Rli I Rait )]FIIJ! IR3it @ s "
| |
f!=p" ' ' ) . +
1S 2 2!
o= e (mg:Pg! muaPL)daH+*Tt! M4, Prp! ==  m-#Pr$ H* +h.c
' a=1 Porep

* Large tan limit, h-u-u coupling may be large

current experimental status (95% C.L.):
'yl < 147 (ATLAS)
ATLAS collab., PLB812(2021)135980

0.61< |! ,| < 1.44 (CMS) CMS collab., JHEP01(2021)148

(2HDM

no O(Vz)
— n A
(=D 'w=Ru! Rati " 1+ My 4 1+ Z



https://inspirehep.net/literature/1806929
https://inspirehep.net/literature/1815813

Mass spectrum in radiative m, model

* Fermion sector

1 . -

Ié_ﬂl_ q

4 1¢
2 _ 2 2 2 2
| m!l_émLL+mRR+2|mD| bhmj
Eigenvalues: < 1! N
mZ == md +mi; +2|mp|°+ ! m?
2~ 5 UL RR D !
\
" "2
Im? = (M2 ! m3)®+4 |mp[Pm € o + mpg e s "
Mixing angle and phase:
: 2lmp |1 i m;; !
sin2l = m DllmL g o 4 mRRe ovs |- tan" = | L tan#,ohys
m¢ \ my. + mRR
1 _ _ _
Physical phase of model: ! s = —(l|_ +1g! 2Ip) t=0whenB,,s=00r) ;=) g
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Diagonalization of M,

* M, is complex symmetric matrix
Real eigenvalues can be obtained by M, 7M,,

. 2 2 !i" i" EERY
n m + |m m m e Phys 4+ m @ nphys
M, M, = L+ Imo] y Imol mu RR

Imp| my €'evs + mgg e ens mag + [Mp |?

Comparing with diagonal matrix, M, gias ™M giag = diag(my,;2, my,?)

m2 ¢ + m?_s? (m?_ ! m? )s c &
Y1 L) - 2 -1

U M
| (mz,! m¢)sce™ mis?+m?c

I diag M1 diagU’ =

* Each off-diagonal element gives sin2a and tant:
Imp | my € e+ mpreltevs = (m?2 ! m.?l)s#c#ei$

1
Physical phase of model: ! ppys = > ('L +!1r! 2p)




Mass spectrum in radiative m, model

e Scalar sector Parameterize exotic scalars:
. "
neutral scalar (basis (oy, ay) 'S L tia) 0 HEHF
: + N 2 '
2, TH! 2 -
,_ LM TR o {
MZ=4 R A
0 M2+ T‘vﬁ
charged scalar (basis (¢*, n*))
H M 2 H VH W
T 20 Lo
2 _ 0 2 _ 2 H!,H 2
Mi_#ﬂ M.?é’M!’"_m!’"-l- > VG
2 J—
Ci Si . _ 2aVH
) Diagonalizing matrix: Us ! " | sin2l = -7 —— 7
St G 'y
( 1 T
m?. = 5 MZ+Mz2Z!1  (M2! M2)2+2a2v?
Eigenvalues:< l 1! " #
m?. = 5 MZ+ MZ+ (M2! M2)2+2a2v3




Radiative muon mass model

* Radiative muon mass (with xia ! m;./m# )

y2yR
162 e

I
rad —
mid =
I,a

Xia INXia Y Y# S2$Soes Fn : '

ML

Xia! 1 1612

N
Yq

I'12," 1, : mass eigenstate

 Similar diagram (attach SM Higgs) gives effective Yukawa:

Ye (pr) =

" YEYR A
161 2

L,j,a

=

el
|mrad | = |¥p_|
: 2

Relevant couplings:

2 2 2 2 2
m!aCO(mp’mpiph’m"i’f’m!

(1, a) Y Y (4,7) Aij

(1,1) | —ysco8a€™  —YnSeCa (1,1) | —asz + V2vi (Agsci + Apysd)
(1,2) YsCoCa —yns0sa€” || (1,2) | acop + V20 (Mg — Aiy) Seco

(2,1) | —ypSesae™"" YnCoCa (2,1) | acgg +V2vy (Ao — AHn) SoCo

(2,2) Y$S0Ca YnCoSa€™ || (2,2) | asap + V20 (Augsi + AyCh)

Y. Shigekami (TDLI)

2
a’m"r)

Vy :constraint will come from h 2 u*u decay

Diagonalizing matrices:

I i#
C Sw e
U= sai o for! | R
I (1}
S mn
Us = Cs S for"t,#
'S¢ Cg
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Radiative muon mass model

* Point: m?? has phase md = m, ' [Needchiral rotation

u! € i!u"5/2u 7
* This affects dipole operators f
Lapoe = ! SCr(cP) @ " W Fr ! SCr(d) Wit" "si Fr ol T
e ! .7 i L
= | mau @ u R ! éd“ @l - "si Fye KR : o . JLL,

g! 2:a, =2my (Cy(0)cos!, + Cr:(0)sin! )
:> EDM: d, = e(Ct:(0O)cos! ;! Cr(0)sin! )

' ReyPyR]x% ! 1! 2Xia In(Xia) c .(0):! Imly2y@a]xZ ! 11 2Xja In(Xia)
162 2m a(l! xia)? T Tz 2my a0 xia)?

* Loop factor and some coupling can be replaced by m,

rad , | yry
My, Cr(0), Cr(0) ! 16! 2 Enhancement is expected!

Cr(0) =

i,a
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Full forms for vg (p). Cr(af), Cr (o)

ye (pR) =
ij,a
!
Cr (o) =
i,a
I
Cri () =
i,a

ia jaA..
! yl_ly6+2”m! aCo(mﬁ,mﬁ,pﬁ,m?r ,mlza,m?;)
Aij rad#ialja 2 2 M2 M2 2 2
T 1g 2™ YR YR Ca(my, Pr, My, M, M, mi )
H I ] $%
+yRyl* ' Cy(m2, p2, m2,m?_,m2. ,m?,)
i j
ayia; # & '
Re 1a y/la
—E/g, el Qs Col@m?, m2. ) +2Cy(@ m?, m2.) 1 2Y Cy(f m2, ,m2,)
gyli_"" 22 + gyiF‘{"‘ gz #
16 2 Re[m; ] QSCsub(qz,m!za,m?r )+ Y Csub(q21m?i+ 1m!2a)
ia \i # &
Im 1a y/la
MYYE i, Qs Cole?, m?, m2.) 4 2C(@m?,m?,) 1 2% Cu( 2. m? )
gYi_agz‘F gyiF‘eﬁgz el # > 2 2 2 2 2
16' 2 Im[mp ] QSCSUb(q 1m! a1m"i+)+ Y! CSUb(q lmui+ ,m! a)

Co(e, mi,,mZ, ) ! Co(my, my, g, mi. ,m¢_,m7, )

with Cn(g?,m3, m3)! Cy(m2, ¢, m2,mi,mi,md) (N=1,1112)

§

§

CSUb(qzlmiimé)! Cl(qz,mi,mé)"' Cll(qzlmilmé)-'- ClZ(qzim,zA!mé)



Muon couplings to bosons

. . e|
* Higgs coupling: Lo ! %mpRh%h.c.

Decay width in our model

Cmn 4mz m % & %N &
!h! |J-+p-! - ﬁ 1' m—ﬁ 1' m—ﬁ Reyﬁ + Im yﬁ
(1} ¢ Lyo. lll
1 vy #2 " Am? #2
|:> IME J_im— Reye “+ 1" —} Im ye!
H h
* Z boson coupling: L ! Cog g (g + #g") P + (gt + #gh) Pr]pZ,
FW

'z )., ., 20fRe(g)+2giRe( gr)
1 (Z! e'e) (95)? + (9R)?

!QE,R in our model can be found in Ref. JHEP04(2021)151



https://inspirehep.net/literature/1837620

Dark matter in Rad-m, model (4)

* Main annihilation mode: muon in the final state

Y1 \/ 7 (O \/ 7
0 P
wl /\ ﬁ (pil— - ’\’\/\’\/\,\M ’y/Z
self-annihilation co-annihilation
* Direct detection: 4, ”
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Lattice results on HVP
* Result: a;°"™" =707.5(2.3)(5.0)! 10 *

lattice —8—
R-ratio —&— S. Borsanyi, et. al., Nature 593 (2021) 51
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Lattice results on HVP

. LO-HVP _ l 10
* Result: a; =707.5(2.3)(5.0)! 10
‘7
BNL g-2
@ i
FNAL g-2
{156 >
' @ - @ 4
Standard Model with  Experimental
BMWc lattice LO-HVP Average
< 12¢ >
: o :
White Paper
Standard Model
17.5 18 185 19 195 20 205 21 21.5
a, x 10° — 1165900
Figure from talk of L. Lellouch (Wits ICPP iThemba Labs seminar)
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