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Muon g-2 : signature of BSM?

magnetic moment (potential term in a magnetic field) IR A 2 1 )
DHMZ10 ' - : . [KNT18 arX1v18§)202995]
= —> = e - ' A. Keshavarzi, D. Nomura*' T. Teubner
’}_[:_MB Iu:—g—z S JS11 = . :
m HLMNT11 . §
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g = 2 tree level, Dirac equation : :
DHMZ17 - :
) o : :
g = 2.002 331 QED, — 20.00232..";1. KNT18 -4 E
- o e 3.7¢ :
g — 2.002 331 83 hadronic BNL 0v4 socuraoy) N mi
g = 2.002 331 836 6 EW 160 170 180 190 200 210 220
~ _J SM _ 4nT
~— (a,>™ x 10'%-11659000 )
anomalous magnetic moment x10~ 1Y
Theory total 11659182.80 (4.94) —»  11659182.05 (3.56)
CLM = (gu — 2) / 2 Experiment 11659209.10 (6.33)
Exp - Theory 26.1 (8.0) —» 27.1 (7.3)
currently computed including 5-loop QED,
Aa, 330 — 3.70

up to 9th digit reliable

For long time, the 30 level discrepancy observed

_ Exp _ _SM EW _
Aay, =a, —a," ~Aa," ~ 0107

last year, estimate of the uncertainty reduced

the resulting significance increased
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New physics at O(100GeV) ?
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Two Higgs Doublet Models (2HDM)

-

\_

. . )
one additional Higgs doublet to the SM : new states H, A, H*
HY H vi 4 v3 = viy = (246GeV)?
b, = , b, = ,
1 (\}§<Ul + hl + za1)> » =2 (\}§<’02 -+ h2 -+ ZCLQ)) tanﬁ — Ug/?)l
appear as a low energy EFT in many well-motivated models (MSSM, Axion Models (PQ sym))
Yukawa interactions in general for both higgs doublets
L = -Q Hiyudy — QL Hapdy — QL(V') Hiyjuf, — QL(V')Y Hyplful, i = (ics) H”
— L} Hyyiely — Ly HopY el + hec..
to avoid tree-level FCNC, certain parity structure is often introduced (otherwise simultaneously not diagonalized)
each type of fermions can couple to one higgs doublet
model ur dr er | Cu Ca Ge
Type 1 by Py Py | cotf cot B8 cot 3 £ = 58-a + Co—aly
Type II (MSSM-like) by P; Py | cotpf | —tanF| | —tanp §f = cs—a — S5—als
Type X (Lepton-specific) | &2 P53 Py | cotS  cotf —tan 8 &8 = 2Ty
Type Y (Flipped) by P; Py | cotpf | —tanP| cotp
* tan beta enhancement always with the minus sign, the pseudo-scaler couplings depends on isospin )
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g-2 in 2HDM By e

7“7]’} :mfc/mf

fh.u(’)—Ald‘ x2(2-x) ’ fA(’)—Ald =

Tl =x4rx?

o -r(1-x)’

-

~
1-loop in 2ZHDM suppressed by~ ~ 10~
GFm2 haHaAaH:t m2
1—loop __| i in2 e
20,101 I Briv. | DS G R0
' - - 1
/ - A \ ~ 1077 ~ 1077 (mg = 1TeV)
H Hy Vy
< S

cf.) muon-specific 2HDM [T. Abe, R. Sato, K. Yagyu, arXiv:1705.01469|

O(107?) contribution required
€, ~3000  my =1TeV

introducing LFV coupling has an advantage

; =P LFV enhance with mi/mi ~ 5000, &, ~ &rpy ~ 50 required  mpy = 1TeV
A°, HO, H*
e IR consider the case only LFV couplings p#", p™* introduced for heavy higgses
\
" o % o
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g-2 via lepton flavor violation

|S.Iguro, Y. Omura, MT arXiv:1907.09845]

g - . . ~
g2HDM (new Yukawa matrices : free parameters, phenomenological analysis)
we consider only p/”', pTM cf) [Y. Abe, T. Toma and K. Tsumura, arXiv:1904.10908]
Gt H* — ij
2 2

m,m. P pTH Ay, m% 5
Aau ~ B P Pe H-A [, T4 9

872 m m2 2

o o (PPN [ Am-a '\ (300[GeV])®
= ol ( 0.32 )(60[(}0\"])( ma

H, A contributions cancel each other, total contributions « Ag_a =my —ma

controlled by Higgs potential, V(H;) = Ma(HHo)(HYHy)+{ % (H| Ha)*+h.c.}+- -
2 2 /\4 - ’\5,

m3; ~ m?% + Asv?, Mips =My = —— v?,

we assume m4 < myg — mpy+ and require perturbativity, stability

0<XAs <1 [p"7] [p™]| <1

200 300 400 500 600 700 ) ) ) o
my[GeV] the parameter region available to explain g-2 is finite

ma < 700GeV  and  10GeV < Ap_4 < 100GeV

y,
A



g-2 via lepton flavor violation — LHC signatures

|S.Iguro, Y. Omura, MT arXiv:1907.09845]

é )
no QCD coupling : small but still sizable rate via SU(2) coupling

ll
Heavy higgses produced in pair via Drell-Yan, HA, ¢H*, and H"H~, where ¢ = H, A.

BR(¢p - 77u") = BR(¢p — 7 pu*) = 0.5,

£ ok N _ T U .
L BR(H® - 7"v)=1—- BR(H* — p"v) = P [ r.

they result in 4 leptons, 3 leptons, 2 leptons

HHT 13TeV - Sa, = 2.8X 10 multi-lepton 24,27 channels

T __ | UT .
Ipe I—Ipe | EspeClally ILL:EILL:ET:FT:F

- - - -

current data should already be
sensitive at LHC up to 500 GeV

200 300 400 500 600 70 200 300 400 500
ma[GeV] ma [GeV]
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g-2 via LFV — mass reconstruction at LHC

|S.Iguro, Y. Omura, MT arXiv:1907.09845]

4 leptons from HA production

+,,— -+

prp TIT
‘t-momentum : collinear approx. |
Pr, = (1 +c)py’
Pr = CIP'\}?;. + C'Zp:;‘i,a‘irg (€1,¢2 > 0).

3
.
L d

M1

f

S

4 in future at 14 TeV, ~2fb (300 GeV) with 3 ab = ~ 6000 HA pair produced, other modes similarly produced
,ui MiT:F 7T same-sign di-muon di-tau (50%)
opposite-sign di-muon di-tau (50%)

~

O(200 — 300) events for 3 ab™1

OSOF pair gives the resonances
(almost BG free)

s

7

~

for ,LL:E,LL:ET Tt
two possible combinations :

combination 1 : m,,,, and m,,
combination 2 : my, ., and m,,

My, o, 7%, and 75 in pp-order

select the one minimizing the sum of

xf(m,\, my) = (m;}‘;': —my)? /ai,,‘ + (i

Ui

— m")z/afm

> 8 B 8 60_ BP2 can reconstruct
=) g [ ma=300GeV g | ma=300GeV two Invariant masses
’“E & | m;;=358 GeV & | my=312 GeV mA and mH
c 8 540
v > >
= 201 i
E _
20k cf.) 10GeV < Ay 4 <100GeV
. charged higgs mass
% %700 200 B0 200 300 400 ~s00 rom 3 and 2 lepton modes
max(mm' 1’mm.2) [GeV] m A,mH[GcV] @




e =m3/m?

g;,_,,(r)=/ dx2 ((l-—t)—llnx(l—t)

g-2 in 2HDM via 2-loop By

ln

x(1=x)—r r
4 _ )
2-loop (Barr-Zee) in 2ZHDM enhanced by the large yukawa coupling for heavy fermions
X(IN?Q}/}I Slgn of (6”.6A)
T @ o
BZ _1 EM ) c =27, /.1 X B

Aau | AN/ 272 Z Z Nfog Sf 9 (7] » u (-4.6,5.4) x 10712 (= )

b (-1.1,14)x 107 (-

~ 107? T (~8.0,9.6) x 107 (-

O(107?) |[positive|contribution required

positive sign only for A with down-type fermion
= 1 is only the possibility ¢,&,/m%[TeV] ~ 10° required

bottom (type II) disfavored by bbA at LHC and Bs—pp

In lepton-specific 2HDM model, where all leptons tany enhanced 100 m—
90
mA ~ 30GeV and tanp ~ 40 will give an appropriate g-2 contribution o -~
70
T 6 .
LHC constraints for additional higgs bosons suppressed with no QCD coupling = tension : .
S0 Lepton Universality
In future, Drell-Yan productions = multi-taus (4 tau, 3tau, 2tau) events would be sensitive 40
30 Pu=0, my=my+ =300 GeV
2063030 40 50, 60 70 8090 100
We extend this scenario to a well motivated model (Variant Axion Model) ma [GeV] 7
g J




2HDM as the solution for strong CP problem

Strong CP problem

g

f-vacuum

o0 ' 9 .
05= 3 ™n> g=Pp £o= L0 oG,

~ 3272
n=-—0oo

Ot = 0 + arg det[M“ M%)

Why O < 10~ ?

assume spontaneously broken U(1) 7e”*? ~7n+ia to introduce axion field

- - - 2
PQ SOIUtlon Wlth axion triangle diagram (N: n. of coupled quarks), 0L = — J NEG’WG“V induced

~Invisible axion models
KSVZ heavy Q introduced Lo =—yoQLPQr + h.c. NDM —

(no problem but no low energy phenomenology, not interesting)
(Kim 1979, Shifman, Vainshtein, Zakharov 1980)

(Zhitnitsky 1980,
Dine, Fischler, Srednicki 1981)

Variant Axion model

ZDFS two Higgs doublet model @1@202 N DM — §
m®! ®y0 Npy = 3

/ mismatch due to the different periodicity \
T~1GeV 4 y

- Via)

. «=p d

=0

] a a
\ in O space n =3z spa(y

domain wall problem absent if only 1 quark coupled to PQ-Higgs N DM —

\ [R.D. Peccei, T.T. Wu and T. Yanagida, Phys. Lett. B172, 435 (1986)]

3272
after QCD PT, <G"G. >~ Ayep the potential w1 cos( +0) 0 = Outrong + O
Our = 0 + argdet[M“Md] + Sa=
very attractive, a also play a good CDM role Yo ap, ¥ =atOF,
\
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g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]
VAM is a 2ZHDM at low energy, there is a choice which one quark is PQ charged.

quark sector : domain wall problem = only one q RPQ charged

lepton sector : lepton yukawa has to be enhanced for muon g-2 & corresponding VEV is small (tanf>>1)

(Iepton sector is irrelevant to domain wall problem)

e ®;(PQ = +1) UR,dR

1L CR;SR

. D9 (PQ = 0) tR.OR



g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]

VAM is a 2ZHDM at low energy with various PQ charge assignments.

quark sector : domain wall problem = only one q RPQ charged

Al\epton sector is irrelevant to domain wall problem)

lepton sector : lepton yukawa has to be enhanced for muon g-2 & corresponding VEV is small (tanf>>1)

/(3\ ®,(PQ = +1)
to enhance lepton yukawa
T Vo KL V1

T (I)Q(PQ — 0)

UR,dR

CR;SR

trR.OR




g-2 in Lepton-specific 2HDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]
VAM is a 2ZHDM at low energy with various PQ charge assignments.

quark sector : domain wall problem = only one q RPQ charged

(lepton sector is irrelevant to domain wall problem)

lepton sector : lepton yukawa has to be enhanced for muon g-2 < corresponding VEV is small (tanp>>1)

/ \ $1(PQ =+1),,
to enhance lepton yukawa AN

Vo <K V1

T (I)Q(PQ — 0)

UR,dR

CRsSR

@

to avoid non-perturbativity




g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]

VAM is a 2ZHDM at low energy with various PQ charge assignments.

quark sector : domain wall problem = only one q RPQ charged

lepton sector : lepton yukawa has to be enhanced for muon g-2 & corresponding VEV is small (tanf>>1)
Al\epton sector is irrelevant to domain wall problem)

/;\

-

/ - - = T N

®,(PQ = -{—1)v v URp.dp :

to enhance lepton yukawa \~\ '/' : |
Vo < V1 ™. 1 CRySR !

~~"~ &" ~~~ N - = {
|

|

(I)Q(PQ — 0) "x

to avoid non-perturbativity

to avoid domain wall

the 3rd gen. part becomes identical to the type II 2HDM = very constrained by LHC via bbA production

also by Bs—un

= not viable possibility



g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]
VAM is a 2ZHDM at low energy with various PQ charge assignments.

quark sector : domain wall problem = only one q RPQ charged

lepton sector : lepton yukawa has to be enhanced for muon g-2 & corresponding VEV is small (tanf>>1)

Al\epton sector is irrelevant to domain wall problem)

[e) 2, (PQ = +1) ur,dp
/toe;hance lepton yukawa
¥ (N] < (95,

= Do (PQ = 0) tr.OR

CR;SR




g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]
VAM is a 2ZHDM at low energy with various PQ charge assignments.

quark sector : domain wall problem = only one q RPQ charged

lepton sector : lepton yukawa has to be enhanced for muon g-2 & corresponding VEV is small (tanf>>1)

Al\epton sector is irrelevant to domain wall problem)

e \
/ /‘me:1hance lepton yukawa
¥ V1 K V2

T P2(PQ =10) «

Bs -> mumu
constraints

to avoid non-perturbativity



g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]
VAM is a 2ZHDM at low energy with various PQ charge assignments.

quark sector : domain wall problem = only one q RPQ charged

lepton sector : lepton yukawa has to be enhanced for muon g-2 & corresponding VEV is small (tanf>>1)

Al\epton sector is irrelevant to domain wall problem)

o, (PQ = +1) up.dp

e \
/ /‘me:1hance lepton yukawa
I V1 K U2 CRySR
o Bs -> mumu
/& (I)‘Z (P Q — O) < tl { ‘@ constraints

to avoid non-perturbativity




g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]
VAM is a 2ZHDM at low energy with various PQ charge assignments.

quark sector : domain wall problem = only one q RPQ charged

lepton sector : lepton yukawa has to be enhanced for muon g-2 & corresponding VEV is small (tanf>>1)

Al\epton sector is irrelevant to domain wall problem)

/toe;hance lepton yukawa
/L U 1 << U2 ,.-“; , »

e
e
ws®
s*
(L
L
.
.
.
.
.
.
.
.
.
(L
.

Bs -> mumu
? 5 (PQ = 0) .
q 9 PQ < l R 0@ constraints

to avoid non-perturbativity

several choices, but up-specific is most interesting possibility
charm-specific : opposite sign for g-2

down/strange-specific : very constrained by Kaon physics



up-type specific Variant

Axion model

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]

I | I
1 12 ur &k tr dr QU !k Ly when we take up-type VAM,
+ + + +  F ! + top/charm/up FCNC is the generic prediction
v . N )
For up-specific VAM, ®5 only couple with ugr, er
u _ . 000
L" = _q)luRa[Yul]aiQi o [ UQ]ZQZ +h.c. Ya=|000]| and Yia= |+« «]|,
000 ——
- / J
mix with 5
4 , N
Higgs basis e o o
(only | SMhas a VEV) Lo reten o
cot 3
SM = SM
L=—- [Y ]JzQz ]JzQz Y/ = —tang Y
K Y, =cotf Y:_,S‘“ . j
/. . . . — \
diagonalizing mass matrix C = —tanf — (tanB + oot j)cow; 1
- —tan S . . (oo = cOL 3,
Yfé’dlag = cot 5 Yz? 8 + (tan 8 + cot B) H uth? P Ge=cots (tan 3 + cot ) — (;xs fu § = $5-adpp + C3-alyys
cot 3 ,_ sinp, §fy = Ca-abyp — 8a-alss,
Cut = (e = (tan 8 + cot 3) 5 - {}} _ (2,1‘3,)0!’ _
1 1 % 0 sir12pu
H, =V, 0 V- 0 = 0 0 0 : leptons and up: tan beta enhanced
0 0 e 0 e
FV «x~ sin ptan 8
. . . . . . t ) . .cot! n
L consider u-t mixing for simplicity mixing e L1 Ty ant byt 0 | tan ! /-1 Q




g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagida]

xaN;QF/x Sign of (8y,8,)
- -3 -
br | Grmilopy hiAbZ m ¢ Csen X0 o)
Aa,” = ; N Q 515 2 ( » u (-4.6,5.4) x 10712 (-, =)
p 4/2m2| ™ z fRfsusSf .2 ms . A s (_
7. Z,W* ~ 1077 d (~8.0,9.6) x 10~ (- |+

opposite sign contributions -tan B enhanced for up-type = only up negligible

LFV doesn’t contribute directly to g-2, but affects the diagonal elements

. o Il n
FV x~ sin ptan g3 mixing eC 3 Tyuo tant ! T 20" 0 tan

100

&

-~
o

.= "12C

2 2
S % " | 8 %
50 u — / 5C 50
40 40!
30| 30| o - 30
Pu=0, my=my+=300 GeV| 5 Pu=1/50, my=my+=300 GeV Py=n/20, my=my+=300 GeV |
20102030405060708090100 20102‘030405060708090100 20102030405060708090100
my [GeV] ma [GeV] mpy [GeV]

switching on LFV coupling induces negative top-loop contribution = rather distavored by g-2

but acceptable as long as a small mixing
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g-2 In Lepton-specific 2ZHDM with VAM

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagidal

Bs—upn observation exhibit a slight deficit from the SM prediction

2

_ BR(B® - ptu )exe M M UVAM " 15GeV
Ry = = =0.79%0.20 = 11" [ATA | " 12 2
“~ BR(B? = ptpu)sm N SN 1+ VS 1" 0.215 Y i I 1.21" 0.05' tan“#
100 100
90 | 90 |
80 80
70 70
= 2
8% g %
50 | 50 |
40 40
30 30
20 20

10 20 30 40 50 60 70 80 90 100

| 2

for combined fit including Bs—pp, small mixing !, = "/10C slightly improves the fit

mA ~ 15GeV, tanp~40, ! y ! 0.03 will give a best fit
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t—UA A—>TT

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y.

even for a slight mixing p~0.03 induces large BR(t—=uA) ~O(10%)

| 2n

I t! !ll

UAJCA sin !, tan

A decays dominantly to !! about 100%

important signal from top pair production : t®@!

recast the LHC searches for bbA, A—!!, in the context of MSSM (type II)

(CMS at 8TeV in prt, et, ep modes)

kinematics is different between 1A and bbA

— efficiency for fuA

higher due to P11 CUt

quickly goes down asmpa ! Odueto! R cut

we estimate 8 TeV sensitivity,

BR(t—uA) < 0.2% (mA>25GeV), 10% (mA=15GeV) : marginal

D L I ——
1510 | BR{t-+uA)
1.0*10%} 09 06 03 03 06 09 ]
5 5.0"10°} i
© 0
; vou‘O ......................................................................
— ]
a'-5.0'10""’ (1) 06 03 03 06 09
-1.0"10%4}
151074}
-2.0"10* = S a Y
0.3 0.2 -0.1 0 0.1 0.2
taA, Al Il py [rad]
it ! 25GeV" BR(t" uA/cA)! 40%
g —10t
- 104 F Notmalized with o(A+X)=1ph ey = 10 F Nomalized with o(A+X)=lpb 0=
o [ ETeV, L=20" | — r o o £ : 8 TeV, L=20b" | — a0 00
S FAY ol 7 HARTUA e oo
210°¢ 210° t0A =, 40 G
S -.. -V u TL ’r.”» — LA 'L‘ Oav
? 5y Tyl ‘bbA
0%k | 102 A
‘&\ﬁ . :‘._> 1§
{ I naHlighter ™
10f h,ma lighter 10 1L
— 1 R P PP L N L M
b 50 100 150 200 T
p; (GeV] AR,
>107%¢ = 10°
3 WA = : BRI oA e 0%
k= —1 = F 3
= - F bbA —~
) \
x -1 < \
gl07F z 10F \ | stronger bounc
z o | \o® 1
= X \
g ,/ § ! . 04%
@ e N
10~k = 1F = ———
- L b 9
- ’,, :‘," - 0.1%
v
f =)
-5 :"‘ A 1 1 1 |0_1 1 1 1
10 20 30 40 50 10 20 30 40 50
m, [GeV] m, [GeV]

03

'y]! 0.0€
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boosted A > T T

The reason for rapid drop of the efficiency is due to the overlapping t’s due to the boost

larxiv:1807.00593, C.-W. Chiang, MT, P.-Y. Tseng, T. T. Yanagidal

T-tagging ,«,"“~R =0.5 require energy deposit in the corep)rt
e ' = ERZ0D . 5 o5
; . ‘ E(R=0.5)
e : ‘R =0.1 (core

for boosted tau pair the usual isolation faﬁ

mutual isolation \
[A. Katz, M. Son, B. Tweedie, PRD 83, 114033(2011).]

if core 1 is removed, the rest is T-tagged
if core 2 is removed, the rest is also t-tagged

R=0.1 (core

: with boosted di-t tagging

For mA=15GeV
BR(t—uA) < 0.08%

R=0.1 (core 2

95% CL. bound on BR(1 -+ uA) [%)

S

-3
10 10

20 30

40

50

m, [GeV]

(10% by CMS study)

0.003-0.01% in future/
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Flavor violating Heavy higgs deca

arxiv:1807.00593, CX’.

For my > m; and tan > 1, we have

uctdsbeur

BR(H — tu) m? 3sin? p,

. 2
~ (120 - sin p,) Lo _my
BR(H —17)  m2 2 : 2
h
0 &5 = 8p-alsp + C-alsy
10 - Ejl'lf' = C.@—u‘sff' - SB—()C]!’ ’
up-specific VAM -
A f
tanp=40 §rp = (215 )Csy
tt —
T — I _ cot B8,
ul"' ) ff S - tan {)’O‘I‘lv
ut cos p, — 1
(uu = —tan B — (tan 8 + cot 3) - 2P
(e = cOt S,

o Cu = cot 8 — (tan 3 + cot ‘3)1 - ?;Sp"
/ Cut = (e = (tan 8 + cot B)Si';p“ .
002 004 006 008 01 0.12
py [rad]

the flavor-violating decay H — tu dominates for p, < 1/120.

very striking signature of the up-specific Variant Axion Model

Chiang, MT, P-Y. Tseng, T. T. Yanagidal

(E'};vhfnf;, + f}lj'HfRf;, + iE)”‘['AO.fRf;,) +h.c,

(for f=d,s,b),

(for f=e,pu,71)
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Conclusions

muon g-2 : long standing puzzle, the new updates coming soon

to explain the anomaly in the muon g-2 in 2ZHDMs

LFV in g2HDM or lepton-specific 2ZHDM

Lepton Flavor Violation in g2ZHDM
mA < 700 GeV, 10GeV < mH - mA <100 GeV

Drell-Yan production provide LFV tau-mu resonances, which would be sensitive at LHC

a well motivated extension of lepton-specific 2ZHDM

strong CP problem = domain wall problem
= variant axion models (only 1 right-handed quark PQ charged)

lepton sector has freedom for PQQ charge assignments and muon g-2 anomaly can be accommodated

by assign PQ charge to all leptons mA~ 15GeV, tanff ~ 40
(by assign PQ charge only to muon mA~ 1TeV, tanff ~ 3000)

For light A case, t ?uA, A—!l current constraints marginal

using boosted di-tau-tagging improves sensitivity significantly

For both cases, flavor violating heavy higgs decays (H ! !, tu) would be the distinctive signatures at LHC

10
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g-2 via LFV — mass reconstruction at LHC

(" )

. . . n * ' n
charged Higgs mass can be reconstructed via 3 leptons from | H * production p.i 1" 1" and u+ ! L

. . . . PT 2 \/
ratio controlled by Br(H* = r*v) =1 - BRUH* - u*v) = LAl

P part of T-mode contribute to p-mode

- R
50 : 00 : ' i I Inati

£ 12t (BPT:m =358 GeV) g _ 2nks (BP1:m, =358 GeV) 4 combinatorics : (production ®=A, H) x (2 Tu combinations)

-:o -H.—)‘IV -:O .LI_ -H.—)ﬂ.\'

e g ] —H > is

f\;‘ H <ty Qg H v p::c = (1 + cf.‘¢)p::h1 (CT:‘O > 0)

= 5

> -

o (43]

251

2 — 2 _ m2
mp,’..‘rec - (p“ + p:.?c - m¢a
b . - .
Toe = PT — CrigPTy
m —m ( vis {sub )
T — T p‘r,-n T\ rip/?
taking the minimum of the 4 possibilities

8 S By OO0 SIn PSS U S U N N Y S Y
foo 200 300 400 so0  fbo 200 300 400 500 min

my(tE, )[GeV] m(1E )[GeV] my, = mln(mT,nA, mrrH, MTmA, mT,'rgH)'
.

w
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also via 2 leptons from H* H' production

.g 2u (BPI:m =358 GeV) .g e (BPEm =338 GeV)) .E. 2t (BPI:m,_~358 GeV)

- 30 —W - 30 W g - e W o}

3 S 3 - g et mH, mA, mH+ reconstructed
2 S | - < — W o Ve

g F 5 by 4,3,2 lepton events

- - -

= 20 = 20 o

10 105

event number ratios among various modes
sensitive to the BR
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P(;)—Rﬁ)o 300 400 560 P[;O 200 360 46-0“ . 300 2(1)0 300 460 . 5(.)0
my,[GeV) my,[GeV) myg,[GeV)
mr2(Pey, Pey, Pr) = min  {max[mz(pe,, Pr,1), mr(Pe,, Pr2)|}
\_ Pr="r1+¥7:2 Z




u-specific VAM with muon-specific lepton sector

An extreme model: muon-specific 2ZHDM to accommodate muon g-2 [T. Abe, R. Sato, K. Yagyu JHEP 1707, 012 (2017)]

only muon yukawa is tanfy enhanced ~ 3000
better fit against the lepton universality constraints
constrained by multi-muon searches at LHC (A/H—up 100%)

VAM is essentially just a 2HDM with various PQ charge assignments (only one qz PQ charged)

lepton sector is irrelevant to the strong CP problem nor domain wall problem

muon yukawa has to be enhanced to accommodate muon g-2 < corresponding VEV is small (tanf>>1)

to enhance lepton yukawa
Q U1 < U2 ;( RS 1{,..-"

& Bs -> mumu
@ > (I)Z(PQ — O) < tR constraints

to avoid non-perturbativit
100r I pe

107" g

in this setup, suppressed muon BR to accommodate LHC constraints g
>T< ~ up- and muon-specific VAM
- =

0'2;
BR(A — tu) - BR(H — tu) - m? 3sin® p, ~ (2000 - p,)? ng
BR(A — pp)  BR(H — pp)  m2 2

-4

—

10 50,0005 0.001 00015 0,002 0.0025 20
py [rad]



g-2 In 2HDM

heavy fermion contributions enhance at 2-loop

O(10~?) [positive|contribution required
2.6! 10 °
L N
Flavor dependent contribution : yukawa type — \
. . . . € rt = m2 m2
chirality flip required L = aumlﬂ w ! FH f 7/m;
H | 22-3) S

G .,”2 hHAH* f“'(r)_f dl xl+rx)' f,.(r)zA dxl—x+rx2
A . VAM,1-loop __ F'', t 2,0 £ (ot Fue(r) r( Xx
l_loop A(l“ — 4\/.5772 Z ,“ ,(,“) 1= (1-x)°

| —7 2l —a)—1. {1—
9 ~ 10 () = dx2x(l x) llnx(l .r)‘
~ 10 my = 1TeV " ,/(; x(1=x)—r r
" i N gA(r)_/]d.t ; 1 - lnx(]_x).
A% H ’H,, — cf.) muon-specific ZHDM &, ~ 3000 o Ml=x)=r- r
s N [T. Abe, R. Sato, K. Yagyu, arXiv:1705.01469] \. J
/
# » Vk ) 3/ 2 - 3,3 | 2 ! 2 1 10° '
¢ ® I my/m§ =P LFV enhance with m;/m;, ~ 5000, ", wlip/mg [Tev] ! 10* required
h.H AtberT
2-loop (Barr-Zee) vampz _ OF T, Crom ! i
p A(l“ 4\/—,1.., T Z Z N (2f pppff f‘]:(’ f)

& /m%[TeV] ~ 10° required

Fermion (9f . g}) (rigf.ria}) xaN$Q}/x Sign of (8y,8,)
One loop u (17,-16) (1.9,-1.8) x 1077 (1.9,-1.8) x 1077 (+,-)
t (-12,15.9) (=3.6,4.7) x 107! (-1.1,1.5) x 1073 (= =)
¢ (118, 140) (-1.9,2.3) x 107 (=5.9,7.1) x 1077 (=-)
Two loop u (=282, 330) (-=1.5,1.7) x 10~° (-4.6,5.4) x 10712 (=, =)
2 2 b (—87,105) (-1.5,1.8) x 1073 (-1.1,1.4) x 10 (—.I
X m,umf/mH T (109, 130) (-3.4,4.1) x 10~ (-8.0,9.6) x 1077 (—.

.

Qo




g-2 via lepton flavor violation — other elements

Other Yukawa elements : Ist, 2nd generations severely constrained
TT it tec ct bb
Pe s Pus Pus Py and pg'.

BR(T — py) sets |p¥| < 0.05 and [p]"| < 0.06.
2-loop I-loop

€| < 0.11: lepton univ. in B! D"#
e measurements provide a severe constraint as |p¢| < 0.04

% < 0.22 is obtained by the flavor observables including BR(B — uv)

BR(H/A | p*!')is diluted by H/A | bE
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