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Introduction

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

Aa, = a™F — ™ = +262(85) x 107!

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 Iin the
ranges of my, < 80 GeV, my~my+ < 230 GeV &tz > 40.
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2HDMs

« Two Higgs Doublets:
D, ,= (¢12:\/—[U12 +p12+inz]) - hHAH tg = —
G® = n1cp +125p h = piCq — P2Sa
A =115 — M H = pisq+ pacq
» Gauge coupling: £, = gymy(sg_gh + cg_oH)VV + ---
« FCNC: Mass diagonalization # Yukawa diagonalization
Ly, = yUZCIquLu +yupd)pqldc + quCD lief + h.c.

1 2
M=y 24y E > yihdidf +
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4 types of 2HDMs

Natural flavor conservation imposed by Z,

Nb) Type Il : aligned Yukawa

. 1 2
only one Higgs to each Yukawa type (d, €) Vij~Yij
CDZ (+)l q)l (_)l tR (+)l dR (i); €R (i)

Tc 2y ]t l A A A H H H h h h
1\ [(-} dP] u R d R € R Yu Y d Y l Yu Y d Y l Y '{i Y (fl_ Y l ?
Type b, b, Py Typel — cotf —cotf —cotS JHE G0  smp  swB  smB  smB
Type II o, o, D, Type 11 cotf tanf tanf % Py 3  ag :'(il”; —:'(il”;

Lepton-specific | ® P, P, Type X cot —cotf tanf GBI wB  sinf  smf coss
| ( . . o [ it [ sin o COSs v sin o COoS v _ sina COoS v
thped 1)2 (I)l Q)Q T} pe Y cot 3 tan -'d — cot **j) ;in 3 co.: 3 .:in 3 Sil‘lb 3 ::.05 3 5511‘13 3
/ m — — —
2HDM § : flef f icf A
‘C’Yukawa o v 5}1 ffh + ngfH o Z'gAfﬁ/iSfA)
JRwdd 126 GeV
V2V V2me€!
d u d LSA —
— { . < (M4 Pr +maiPr) dH " + — v (H" + H.c.
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126 GeV SM Higgs: gpyy=sin(f —a) = 1

ATLAS-CONF-2014-010

tan p

2HDM Type | ATLAS Preliminary 2HDM Type Ii ATLAS Preliminary 2HDM Type III ATLAS Preliminary 2HDM Type IV ATLAS Preliminary
——— Obs. 95% CL 1s=7 TeV: [Ldt=4.6-4.8 fb” Obs. 95% CL Vs =7 TeV: [Ldt = 4.6-4.8 fo ——— Obs. 95% CL 1s =7 TeV: [Ldt = 4.6-4.8 fb m— Obs. 95% CL \s=7 TeV: [Ldt=4.64.8 "
X Best fit is =8 TeV: [Ldt = 20.3 fo X Best fit \s =8TeV: [Ldt=20.3 1" X Best fit is =8 TeV: fLdt = 20.3 fb” % Best fit 's=8 TeV: [Ldt =20.3 b
- ==~ 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 — yy,ZZ* WW*
— - SM h — tv,bb — - SM h — vt,bb — = SM h — tt,bb — —SM h — t1,bb
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piige putiat il euiyutly s usigety | )
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Aligned/decoupled 2HDMs
Vg = m? &1 + m2,dld, — J{@g + H.c..)

+%)\1 (@{@1)2 Ly (<I>£<I>g)2 g (cb’{cbl) (cbgcbg) + (@’{@2) (cbgcbl)

(e (ola) " i (o) (10) - (als) (a}s) + 11|

T I 1l ) A A A . H H H . h h h
Model U dy €h Y Ya Yi Yu Ya Y Yu Yy '

r . _. ‘ . R ent R ant f sin sin v sin COS @ COS @ COS @
T'\ pe I (I)2 (I)2 (I)2 T‘ pe I ((Ut d cot d (’Ot') Gn JEi sin 3 sin;) C‘in 3 sin 3 sin 3
Typell |9, 3, 3, Typell |cotf [tamB tang)| [shg —oma cmg] ems  _sing _sing

VN_Q afie , ', Q| J L2l T sina sin o COS COs v cosa  __sina
Lepton-specific | D, D, Type X cot 3 [ cot 3 tan ﬂ BV Sl e oy B3 e
1 ( . ot 3 o R e L sin o cos & sin o COs «v __sina cosa
Flipped Dy d, D, TypeY \cotf tanfg —cotf3) \G 3 o3 sny/ \Gns ey Bl
/ m — — — l
2HDM flef f el
IR, = = > LT+ TrH — il A) ]
JZudt 126 GeV .
AV, \/— 5 LHC Higgs data
_ - U (mu&4Pr + ma4Pr) dH . vl HT + H.c. cos(B —a) ~ 0
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EWPD
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Vacuum stability & perturbativity

4 )
/\1,2 > O? A3 > —/ )\1/\2? ’/\5’ < A3+ M\ + \/ A1 Ao

\

m%Q(m% - mg? V AL/ A2)(tan 3 — ()\1/)\2)1/4) > OJ

Fortanf > 1

Aov? ~ M7 4+ \jv?/ tan® 3, o

Agv® >~ 2M=Z . — 2MG + M+ A\jv*/ tan® 3,

mi, ~ Mz [ tan 3 + (M7 — A\jv?)/ ta_l}_?_’_j .

12
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sin (3 cos 3

1
Mz. = M3 + 5’02(/\5 — \4).

M7 = — M50,

/szz ~ Mf \

A3v? ~ 2M?7 . — 2M% + M}

Agv? = ME — 2M? s + M2

stz ~ M5 — M3 /




Vacuum stability & perturbativity

AM = My — My+ = {20,0,-30} GeV

700 N — dn

vanishing AM ]
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M uon g -2 ® One-loop contribution:

2

GFm N T .

da"PM(1loop) = £ E (v2,)" 72 fi(rd)

1 p) T Ji\h
An2y/2 j=h.H,A H*

? b bl

. ) ) roughly scales with m,*!
For rd = mﬁ/M:f < 1: \_/'

foa(r) ~ —lnr—7/64+0(r) >0
falr)y ~ +Inr+11/6 4+ O(r)
fax(r) ~ —=1/64+0(r) <0

® Two-loop Barr-Zee type diagrams: mim2 wrt. 1 loop

Grmyj, o c i d i
5a,fLHDM(2100p —B7Z) = o ; :rm Z ¢ Q?c Y Y5 T Gi ('rf)
f;i=h,H,A

gnm(r) <0

gA('r) Type I, Ma = 3GeV & tanp = 5:

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

Cao, et.al, 0909.5148

5ai100p(7BZ) 47?2\/% a;m ZNf Qf CUL y} Ti@ gi(r})
I 1T/t2 _i/tz ]I?/tz t_PL__PR (1,X) NA | fortg>2
B B B B tg
I té 1 té H neg.a.tive i
X t§ 1 .1 | Ac:positive aPL + mytgPr (I1,Y) my+ > 380 GeV
Y 1/t -1/t -1
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electron g-2 limit

h— AA
l 1.40
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Conclusion

* Imposing the muon g-2 singles out Type X 2HDM in a specific
parameter region provable at the LHCZ2.

* The 1o region of tz > 50,my < 50 GeV requires Apy./v K 1 to
suppress h = AA.

* At 20 allowed is tz > 30, my < 80 GeV & my ~ my+ < 230 GeV.

» LHC13 prospect under investigation:
pp = h,Z,W - AA,AH,AH* - 47,37 +v.

Kanemura, et.al.,, 1406.3294
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