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Introduction

e “Can the muon g-2 be accounted for in 2ZHDMs?”

Aa, = a —a™ = 4+262(85) x 1071

a lot of studies in SUSY, much less in 2HDMs...

0102145, 146, 147, ... vs. Dedes, Haber, 0102297
Cheung, Chou, Kong, 0103183

» Constraints from the 126 GeV Higgs data at LHC.

 Extra Higgs spectrum constrained by EWPD, vacuum stability
& perturbativity, and also by B, — X;y,u"u~, etc.

* The unique choice: Type X with Barr-Zee two loop In the
ranges of 20 < m,(GeV) < 120, tz> 50, & 200 <

my~my+(GeV) < 600.
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2HDMs

« Two Higgs Doublet5°
Dy ,= (4)12; =[V12 + P12 timz]) = hH A, H*; tg=—
G =115 + M25p h = piCa — P2Sa
A =115 —M2Cp H = piSq + pacq
» Gauge coupling: £, = gymy(sg_gh + cg_oH)VV + -
 FCNC: Mass diagonalization # Yukawa diagonalization
Lyyr = Yi @oq;uf + yl]pCquldC + v, ®glief + h.c.

Mf = )’51 :;i + ylj;z 33 > yij hdidjc
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4 types of 2HDMs

Natural flavor conservation imposed by Z, : Nb) Type Ill : aligned Yukawa
) 1 .2
only one Higgs to each Yukawa type (d, e) Yij~Vij
CDZ (-l_); CI)1 (_); tR (+); dR (i)) eR (i)

Model uly ds e, vii oyt oyt yl oyl oy oy yh
Type I b, 0y by Type I cotf —cotf —cotf HBG  =RG shg cmg g comg
Type [1 d, d, d, Type 11 cot3 tanp3 tan/f % o ‘; e % - :::l”; —:"(:l”;
Lepton-specific | D, d, Type X cot3 —cotf tanp  =ma e cosa. cmg cosg _sing
Flipped 0y D 0 Type Y cot 3  tanf —cotp3 % 3 jﬁﬁ’; e —% o

m — _ .
LE = = Y ST T — i s A)
fRudt 126 GeV

2V .
—{\/_ a. (mu 4PL—|—mdf4PR) dH " + \/_mgfil KRH+—|—HC}

v v
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tan B

126 GeV SM Higgs: gnyv=sin(f —a) = 1

ATLAS-CONF-2014-010

2HDM Type | ATLAS Preliminary 2HDM Type Il ATLAS Preliminary 2HDM Type Il ATLAS Preliminary 2HDM Type IV ATLAS Preliminary
— Obs.95%CL Vs=7 TeV:det =4.6-4.8 fb! = Obs.95% CL vs=7 TeV:det = 4.6-4.8 fb! = 0Obs.95% CL Vs=7 TeV:det =4.6-4.8 fb — (Obs. 95% CL (s=7 TeV:det —46-48f"
X Bestfit Is=8 TeV:det =203 1" X Bestfit \s=8 TeV:det =20.3fb" X Bestfit \s=8 TeV:det =203 fb" X  Best fit \s=8 TeV:det =203 1"
- ===~ Exp. 95% CL Combined h — yy,ZZ* WW* - === Exp. 95% CL Combined h — yy,ZZ*,WW* ---- Exp.95% cL Combined h — yy,ZZ* WW* ==== Exp.95% CL Combinedh — y;,ZZ* WW*
— = SM h — tt,bb — = SM h — t1,bb h — tz,bb — —sMm h = tr,bb
10,\ T, NARRN LERN RN RN EREE LN Inmw T T T T 1] [T \: A\ T [T |7 10.—' T T T T R O T T T T
5 L] | ] 5 5 A X N 3 ] I‘
“ | 1 ‘ | ,I ) I - “‘
2 | , : | ?
ods 1 AT f
jienss\ WSt iy N !
& ‘ ‘ . ’ ‘ ) § 3 ! 8
_““““O‘ | ““‘“““ 1 ,
g;‘ﬁgﬁkqh\ I gﬁ%ﬁh%5- [ o . 1 0.4
CIECEORNC | EOAAT \ | 0.3
028 CANNTY | A0 ' 0.2
COCTINY A A A | : -
01 “‘\ ‘)&l izi’m-ﬂ?‘t!ﬂ‘ﬂ“.- | 1 11 | 1 1 1 | [ R O 1 EY | | | | 1n 1A r| L|II I| I.'H"l'»"l L JLTTI --f"'-'l"'["'.l II"l---l"T-I I'| l-f'v-l"'l"'-] II"-I B
-1-0.80.6-0.40.2 0 0.20.40.60.8 1 -1-0.80.60.40.2 0 0.20.40.60.8 1 2002040608 191 o 1050 02040608 1
cos(p-a) cos(p-a) cos(p-a) cos(B-a1)
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Aligned/decoupled 2HDMs
Vg = -'rn..rfl(I)J{(I)l + -'rn.ggdl-g(bg — J{Cbg — H.c.)

2 2
i (#11) -+ D (0h0) 0 (0]0) (8102) s (8] (1)

+ %)\ ((I)T(I)Q) Jr%(fbifh) (@J{fbg) Jr//?((f’; 3) (@T@g) + H.c ] _.
Typel | 2 Dy Typel (@lf —colp —cold) (B8 S5 D) (G me me
pel |2, it il Typell |cotd (tang tanp)| [shs oy wmg) foms _sng _sing
Lepton-specific | D, d, Type X cot 3 [_ cotB tan ,3] sina sina cosa| | o cma _sina
thped (I)Q (I)l (I)Q Type Y \(:ot B tanf3 —cot ’/j’ \‘;ﬁ% E‘gi‘} jﬁﬂy \iﬁ:? _zglc; iﬁ:c; D
| m _ _ _ '
9HDM f(ef f e F
‘CYukawa - Z T (éh ffh + ngfH — Z’gAfﬂﬁfA) 1
J=tdt 126 GeV .
V2V, V2, LHC Higgs data
Vud _ 2meEh
— . 0 (muE4Pr + ma&iPr) dHT + - = AT (,HY + He. cos(f — a) ~
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M uon g -7 ® One-loop contribution:

Grm? 9 .

da; "M (1loop) = - E (2) vl f3(r0)

1 2 p) i\
4 \/§ JmhHAHE

_ ) ) roughly scales with m#!
For rJ, = me/Mf < 1: V

foa(r) ~ —lnr—7/64+0(r)>0
fa(r) ~ +Inr+11/64 O(r)
fax(r) ~ —=1/64+0(r)<0

® Two-loop Barr-Zee type diagrams: m2ima2 w.rt. 1 loop

2

p Yem N2 0,0 0 (o
A2 /D T Z N Q% v, yp 7y 9i(1%)
f;i:haHaA

Gpm

da, " (2loop — BZ) =

9h.H (’r’“ 0

gA('r‘) Type Il, Ma = 3GeV & tan = 5:

(2loop)a > (1loop)a. Similar for X.
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Muon g—Z VS. b = s )4 Cheung, Chou, Kong, 0103183

Cao, et.al, 0909.5148

¢ 2loo em i G i
()ail p(q/BZ) 47T2\/% - ZNJP Qf ’y}u yf Tf gz(Tf)
‘ ‘ b —P —P (I,X) NA
| 1/t§ —'I/té‘ 'I/té 5 L 5 R ) for tg > 2
| té 1 té H: neg.a.tive -
X g 1 - A : positive t—tPL + mptgPg (I1,Y) my+ > 380 GeV
B
Y 1/t -1/tg -1
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EWPD

M2 Aoy 1
Mpy ==2|1+,/1- f MEP = 80.385 + 0.015 GeV
W \/ V2GrM21 = Ar o °v
sin? 0P% <P = (.23153 £ 0.00016.

-2 plept 2 s 2
sin” 0.¢" = ki (M) sin” by

My-My. [GeV]

100

50f

sof

~100 L=

M, [GeV]

1
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2
Ap2HDM A, 2HDM cos~fw, 4+
SiIlQQW ) )Z&
‘29 6\@ /d‘/
ARZHPM COS™Uw, n 75, 0o
I ~ 3 . o,
sin”fyy Ay Lo
S8 qy.
% o,
100, 100 & Vg,
I 0)0/))
| | N
50} 50 S,
[ [ <
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[ . ;:'-'::;-'-71'4 - E [+
= e 0 X
= =
! s {1 <
-50f ~50]
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Vacuum stability & perturbativity

\

4 )
)\1:2 > 0, A3 > —/ /\1/\2? ’)\5’ < A3+ M\ + AV A Ao

m%2(m%1 - m%z\/ A1/ Az)(tan 3 — ()\1/)\2)1/4) >0

J

For tanf > 1 In the SM limit: sin(B — a) =1,

etmp—

Aov? =~ M7 + \jv*/ tan® 3,
Agv? ~ 2M7 e — 2M3 + M; + A\jv?/ tan® 5,
mi, ~ Mz /tan 3 + (M7 — A\jv?)/ ta_l}i_j :

ﬁ
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2
1y
sin 3 cos 3

1
Mz. = M3 + §”U2(/\5 — ).

M7 = — A5,

/szz ~ M; \

A3v? = 2MZ . — 2ME + MP

Ayv? = M — 2M7 s + Mj

\ASvZ ~ M% — M3 /
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Vacuum stability & perturbativity

aoo_' 800
AM = My — My+ = {20,0,-30} GeV ]
700} ] 700
600} 600
— 500¢ — 500
> >
L] 0
O 400 © 400
- -
= =
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My .[GeV]

100 200 300 400 500 600 700 800

vanishing AM
An]a}{ —_ { \V4 4/”-’ 27{-, 47{-}_

In the SM limit: sin(f —a) =1
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electron g-2 limit

h - AA
l 30 140
100 —————— . 100 ——————
- 2HDM Type—II
80+ 80 -
60 60 .
@ S
g ' g
40+ a0t -
20'-_,' 20} -
ol : ' - - | ol : - - :
20 40 60 80 100 20 40 60 80 100
M, [GeV] / M, [GeV]
ApaaV = 2MZ — Mi — 2M2 2 0.13 v2 (in the SM limit)
12

my (my) = 126 (200) GeV
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Type X In the wrong-sign limit

m - - o
LN, = —ZL (lThs + i FHF —ifFrsAf)
I (i 2m
{\f 43 (muE&PLerd&PR) H*d+ \f : 1LH+ZR+HC }
v
B COS (v l::_shu} Co 8-
== sin g’ h cos 3’ fZ = <. = Sg—aq Tt " ~ 1
¢ sina COS (v > g B
H —SH — 5 SH — o S
sin (7 cos [ rlz _ _Ca _ Spoq — g Cpoq ~ 11
£y = —5‘?1 = cot 03, 5{1 = tan (3. Cp

Ferreira, et.al.,
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Suppressing h —» AA(tt) by &

22 _ 2
\ = M cs +mi st — mists
L= 2.2 ;
v (18
2 2 o241
Mrs a+n C, — Misty
)\2 = 5 9 —,
IU blﬁ
\ (-m% — m%)ca Se + Q-mfi,i SRCR — -m,%g
3 — )
'Q"?Cd
(m? — QYT?Hi)Hjtfj + le
A = |
2850
m3, — m%i S3CAH
Ay =

)25,3( 3
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AhaaV =

(A3 + A4

Q

(1+&p)my

— 15)772
— {pmy, — 2myg

F Lepton-specific 2ZHDM

M 1 M M 1
40 80

M 1 M
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160

m, (GeV)
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Parameter scan

2HDM Parameter

Range

Prior distribution

Measurement

central value p

Error: (0. 7)

Distribution

0(g9—2), % 101
BR(h — EXO)
S.T.U

BR(7 — pvv)
R(h — 77T)ATLAS

RUI — TT)CMS

Higgs bounds

262.0

40%

see Ref. [?7 ]
17.42%
1.43

0.91

see Ref. [7 ]

35.0. 0%

0.0, 0%

see Ref. [7 ]
0.04%. 0.07%
0.4, 0.00%
0.28, 0.00%

see Ref. [? ]

Gaussian
hard-cut

Gaussian
Gaussian
Gaussian
Gaussian

hard cut
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Scenario I: my = 126 GeV
Scalar Higgs mass ( GeV) 126 < mpy < 600 Flat
Pseudoscalar Higgs mass (GeV)| 10 < m4 < 400 Flat
Charged Higgs mass (GeV) |94 < mpy+ < 600 Log
€—a 0.0 < eg_n < 0.05 Flat
ts 10 < tg < 150 Flat
A 0.0 < A < 4n Log

Scenario I1I: my = 126 GeV
Scalar Higgs mass ( GeV) 40 < mp < 126 Flat
Pseudoscalar Higgs mass ( GeV)| 10 < m 4 < 400 Flat
Charged Higgs mass (GeV) |94 < mpyx < 600 Log
C—a 0.0 < sg_q < 0.05 Flat
ts 10 <tg < 150 Flat
A 0.0 <\ <A4m Log
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Conclusion

* Imposing the muon g-2 singles out Type X 2HDM in a specific
parameter region provable at the LHC2.

* The SM limit is allowed only at 20 due to large h - AA(t7).
* In the wrong-sign limit, the region of tz > 50, my = 20 —
80 GeV,my ~ my= = 200 — 600 GeV, is viable with a tuned 44 «
1.
« LHC13 prospect under investigation:
pp - h,Z,W — AA,AH, AH* — 47,37 +v.
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