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Muon g-2 anomaly

Magnetic moment:
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New physics contribution

 Improved theoretical and experimental inputs over the years
established a concrete 30 deviation from the SM prediction:

Aa, = af™® —a = +262(85) x 107!

« The 2001 rush for new physics at TeV:

gy ME
Aq, ~—W " H In SUSY, 0102145, 146, 147, and many more

" 4m ALy In 2HDM, Dedes, Haber, 0102297 (Type | & I

Cheung, Chou, Kong, 0103183, and a few more
Cao, et.al, 0909.5148 (Type X)
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Dark Matter
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Scalar DM through Higgs Portal

* Introduce a stable singlet scalar in SM — the ﬁ/illv[e)ira, zee, B9
. . . . ] cDonalds
minimal (simplest-minded) model: Bird, etal, 06 and many

V =pg|H|* + AglH|* + Ays [HI?|S|? + uélS|* + As|S|*

* Right relic density through freeze-out by
controlling the parameters Ay & my.

« Strongly disfavored by direct detection
experiments.

« Way out — more extension like in 2ZHDM...



A 2HDM for muon g-2 and DM

> The SM-like 125 GeV Higgs discovered.
» Extra Higgs spectrum constrained by

EWPD, vacuum stability & perturbativity;
New results on B - X,y & B, » utu~;

Lepton universality tests.

> Viable Type-X 2HDM with large tanf & light A.

» LHC test through 3/4 tau &
2tau+2mu signals.
> Features of scalar singlet DM.
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Two-Higgs-Doublet-Model (2HDM)

* The most general Higgs potential — 10 parameters :

N 5 1 B F 2
Voron = m2,® @, + m2,8,®, — §<I>2 n h.c.] + M (@{qn) + =)o (@‘@)
¢ X : J_ g 2‘-‘ .
2 (<I>I<I>1) (q>.§<1>2) 3 (@;qxg) (<I>.§<I>1) b {5,\,-, (cb}cbg) + [Aﬁ (q»}cpl)

i i .
+X (@2@2) ] (cblq)Q) + h.c.}. Z, symmetry

* 1+3 masses for physical Higgs bosons:

1 .
@1 ,= (p72—=[vi2 + P12 +in12]) = h(125),H,A H*

V2 1% G° +
2 = Mg T N2Sp h = picy — prs
* 1+2 parameters: v, tg=—, « s _ore e
(2] = MiSp — N20p H = piSq+ p2Cq
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Models with natural flavor conservation

 To avoid dangerous flavor-changing processes:

Impose Z, to couple only one Higgs to each Yukawa type (d, €)
D, (+), P1(—); tr(+), dr(2), er(2)

—Ly= y}‘jélvbl,zqiuf + yflj¢1,2qid]¢ +y;iP12lief + h.c.
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4 types of 2HDMs

Impose Z, to couple only one Higgs to each Yukawa type (d, €)

CDZ (+), (Dl(_); tR (‘l‘), dR (‘|_‘), €r (-l—_)

Model | uj p Ch I A A A A S
Iypel |9, b, %, Typel  cotf —cotf —cotf 3hg  SRe g e gme ey
Iypell |9, b & Typell  cotd tanf tanf  Sng fg fEg Ghe —mnn e
Lepton-specific | @, D, ) Type X cotf —cotf tanf G  sing cma cmacosa_sing
Flipped | 9 b % TypeY  cotd tanf —cotf Ig  f2g e cag _dne g
—cgns = N DL (Ot +(yBHT — (G PATs ])
f=udd | 125 GeV

+ [ﬂl*’;;.fiHJr-ﬂ. (FL + R) d + \@?THﬂ?PRE + h--ﬂ‘-}
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125 GeV SM Higgs: gnyv=sin(f —a) = 1

L

gauge

2HDM Type | ATLAS 2HDM Type I ATLAS
—— Obs. 95% CL AR e R 5=7TeV,4547 "
X Bestfit Ty P X Bestfit 5=8TeV,203 0"
= === Exp. 95% CL i Exp. 95% CL
— = SM oM
<o 10 gar s % 10' X
< ©
L I -
- I
35 I
2 I
1 b 1
:
2 k. 5
04 | / :
03t W | e
02} 3 02
Q) |
10—1 RV ANY | "0 10—1 L L o
1-08-06-04_02 0 02 0406 08 1 -1-08-06-04-02 0 02 0406 08 1

cos(B-c)
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cos(p-c)

= gymy(sp_gh + cg_oH)VV + -

- 2HDM Lepton-specific

T = Obs. 95% CL P
- 5=7TeV, 45471

ATLAS

, % [Best S=8TeV, 203 0"
= === Exp. 95% CL
— = SM
= 10
= [
3
S

RSLRLK
o ERRICSCRIK KA
-1-08-06-04-02 0 02 0406 08 1

cos(p-c)
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e— ODS. 95% CL 4
: 5=7TeV, 45470
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Aligned/decoupled 2HDMs

Impose Z, to couple only one Higgs to each Yukawa type (d, €)

CDZ (+), Cbl(_); tR (‘l‘), dR (‘|_‘), €r (i)

Model il . € ve oyl oy ve oyl oyt e wr oy
Typel [0 o, 2, Typel (cotd —cotf —cots) ((hg 5 5| (W5 @5 9§ )

Typell |0, D, D, Typell |cot$ (tanB tanp]| |sne  coa oo | fowa _sino _sing
Lepton-specific | @9 D, P, Type X  |cotB Lcots tans] sne mhe dag | feq cmsg g
Flipped | @ P, ;) Type Y \cotS tanf —cotf) \gf 5 W5/ R —cad  swa

9HDMs mf l RS

_‘{:11"11}:;1“'; _ hff +ff ;‘lf Fﬁf 11 WS

f=u :H Y 125 Gev
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+ |VaViaH*a (P + = Hy4Pr) d + VESLySH 7Pal + hec.
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Right & Wrong Sign limit of Yukawas

 Tau Yukawa coupling to h(125) can be negative in 2ZHDM (I, X):

S Ferreira, et.al, 1403.4736
a
Vp = —— = S,B—a — t,BC,B—C( ~ il 1410.1926
g
T ORI ACKIK R
B R NS
RS limit: y,~ +1 with sg_, > tgcp_q 3 ><} b ‘3:’:
WS limit: y, = —1 with tgcp_, = 2 IR | 0’0“&
f R SRS RE | 558
:>/ /N /\>%\/ ) “ I "““ ]
04 Q& o0 Wl % %% e
03 SO | DO KK
s ssseseasiseses
10_1 1«1 f IIN\ A DL DA ]
-1-08-06-04-02 0 02 04 Oéﬁost)<g-a1)
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Muon g-2 at 1-loop

» For a light H and large y = tg (11, X):

GFm N :

da>""M (1loop) = Z ()"l f(r])

ol p) T i\
4n*V2 j=h,H,A H*

. ‘ ‘ roughly scales with m#!
For rf, = mﬁ/sz < 1 \_/ “
fa(r) ~ —lnr—7/6+0(r)(>0) il

A

falr) ~ +Ilnr+11/64 O(r)
fus(r) ~ —1/6+0(r) <0

IBS 2017-10-30 2HDM: g-2 & DM
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One-loop solution excluded

* Muon g-2 requires H below 5 GeV - in
contradiction with Y - y + X,B - Kuu (& B, - up).

Krawczyk, 0208076

- — -
: allowed VN

' by g-2 1

S oL V9 ,hv/ﬁ'*{ Delphi |
be! E Opal
1" ___~Upsilon |
‘LN _
eta Z->h gamma]
0.1 1 i' ul I”“i_.-’l‘.l_ L 1l
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Muon g-2 at 2-loop

» For a light A and large y; ; ~ tg (11, X):

2

Gpm Q . .
§a>"PM(2loop — BZ) = e ”‘ i (7!
a’,u ( oop ) 471_2\/5 T Z Y g (Tf)

r) <0

In,H (
94 0

T t b
| 1/2t[§ —1/t§ 1/2t§
1 ts 1 ts
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Muon g-2 at 2-loop In Type I & X

100 —

80

601
1

tan B

401

201~
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Constraints from EWPD

= Such a light A with heavier H/H* strongly onstrained by the “p"

parameter bound:

1+ 1 dra 1
sin” 0P = & (M) sin” Oy

2
cos“bw
2HDM 2HDM _
AN = A« —
sin“ Oy

a2l
AL2HDM cos~fy
E —

M2
Miy ==

sin’fy

MP = 80.385 4 0.015 GeV,
sin? 0P P — 0.23153 + 0.00016.
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Vacuum stabllity

4 — il i
ALQ > 0? Ay > — )\1)\2j < A3+ M\ + A1\ ]\”f?l = 81117;2)86 — /\5’02?

1
| mia(my = mi N ) (ban 5 = (/A2)' ) > 0] Mis = M+ 5000 =)

In the limit of tanfB > 1 & sin(Bf — a) = 1,

//12122 ~ Mf \

As

Av? ~ —2M2. +ME +M2 (1 + sp_qyr)Mft — 2M7 — sp_oyeMpy < \[A;vM),

\/151;2 ~ M% — Mz /

IBS 2017-10-30 2HDM: g-2 & DM 18




Constraints from B decays

bl H— 15

m m
—tp —2p, (X,D
tg tg

me
t_PL + mstPR (I11,Y)
B
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Type Il is excluded

* B - Xy puts a strong limit of my+ > 480 GeV. Misiak, etal, 1503.01789
* B, » utu~ excludes the muon g-2 region.

Exclusion 95%C.L. for A in 2HDM(II)

: G allowed| [ | e
100 by g-2 | 4T 3 Br(B, » utu™) =(294+0.7) x107° @ LHC
E Aleph _T Del p;L’ievaEtron
© yavad — 4 4
E 10 E_ Opal ~ | _E BT(BS - ‘Ll+‘Ll ) 0.4 tB/mA
| < 1 > Excludes tz = 7 for my < 70 GeV.
i L Upsilon 1
LN -
I Z->A gamma
0.1 T R TYY A N Krawczyk, 0208076
0.1 1 10 100
M_A, GeV
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Type X is still viable

* B - Xy puts no bound on my: for tg > 2.

* B. » utu~ not affected if my = 15 GeV'.

- Type X at large tz, being hadrophobic, is elusive at
LHC.

* Being leptophilic, strong limits from precision
leptonic observables like lepton universality

. / / Abe, et.al., 1504.07059
NZ->IU&l-1lv. Cao, etal. 0909.5146
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Type X in the right-sign limit ess-o ~ +1)

Anaav =~ —(1+ Sﬁ:ayT)Mf, + 2M7 + sg_oy; My,

140

vanishing AM

Amax = {V4m, 27, 4w}

120 F

100

I

wlh > AA | h > AA* > 41

arXiv:1409.3199 |

100 200 300 400 500 600 700 800
M. [GeV]

50 100 150 200
m4(GeV)

63 GeV < My < My ~ M+ < 250GeV, or My ~ My~ My
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Type X In the wrong-sign limit ¢.sp«=~-1

- h > AA can be arbitrarily
suppressed even for M; «
My allowed up to the
perturbativity limit.

Wang, Han, arXiv:1412.4874

10 GeV s my K my = my+ < V4w “ e

IBS 2017-10-30

AnaaV = —(1+ sg_qyr )Mf + 2M; + sp_qy:Mj > 0

M2 — 2 MZ — Ay 40V

Yr = —

M — M,

140
120 F
100

e

60 |
-

WS AA L h - AA* — 4T

40

I ilﬂ I — I l[;ﬂ I I — lilﬂ I I — EE;E
m 4(GeV)
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Lepton universality in Z decays

e Precision EW ?3*““‘ = 1.0009 £ 0.0028, LEP EWWG, 0509008
measurements on Z Ly |
poles determine T, R
with correlation +0.63
* One-loop corrections ) _‘_
mediated by extra SO NI
Higgs bosons can be o

sizable for large tanp.

IBS 2017-10-30 2HDM: g-2 & DM 24



L2ZHDM corrections

e Large corrections to Z — tr at large tang:

_ 1 . .
— £ =L 20 Fy (9P + grPr)f + i(—5 + SV H O, H™ + AD, H)

CW
 Deviation from lepton universality:
on=(zs1+1-/Tz5ete-) =1

Opp =0,

’5.—.—:
gEE_FgEHE

IBS 2017-10-30 2HDM: g-2 & DM

297 Re(9g7"™™M) + 2g7Re(dg3 ™)

Hollik, Kuehn, 1991
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1

oHpM _ 1 m? 1
dg1. t3 { — EBE(TA} — EBE{?‘H) — QCE(TA,TH:]

1~E~:rr

+siy le{'-“A} + Bz(rg) + Cz(ra) + éz(TH}] } ,

1672 2

1
5g2HDM _ f {ECE(?‘A,?‘H} —2Cz(rgs,rgt) + Cz(rys) — —C“z(?“A} - —CE(T‘H)

IBS 2017-10-30

+5py [Bz{m} + Bz(rg) +2Bz(rg+) + Cz(ra) + Cz(ry) + 40z (ryg+,rp= ]] }

re =m2/m%|with ¢ = A, H, H*

&
A, 1 1
Bz(r) = —5 17" EIDE(’-‘”}
&E 1 1 T
Cz(r1,me) = o 5/ a’a:f dy log[ra(1 — ) + (r1 — 1)y + 2y ,
- A,

? - % —r[1 +log(r)] +r*[log(r)log(1 +r~") — dilog(—r )]

—? [1 —2r +2rflog(1 +r1)].

Larger correction for larger hierarchy: my <K my = my+ and my > my

2HDM: g-2 & DM 26



Lepton Universality & 7 decay e s

* From pure leptonic
processes:

T—=evw T - UV T vy

U—evw u—evw T evy

e From semi-hadronic
ProCesses: (r - yr/k)

(/K — uv)

e Correlation matrix:

IBS 2017-10-30

(&) — 1.0011 + 0.0015

(&) — 1.0029 + 0.0015

ii) — 1.0018 & 0.0014

) = 0.9963 £+ 0.0027
_) = 0.9858 £+ 0.0071

1 +0.53 —0.49 +0.24
+0.53 1 +0.48 +0.26
—0.49 4048 1 +0.02
+0.24 +0.26 +0.02 1

\ +0.12 +0.10 —0.02 +0.05

2HDM: g-2 & DM

Note) Only two ratios
are independent:

The redundant
direction should be
projected out.

10.12 \
+0.10
—0.02
+0.05

L

27



L2ZHDM corrections

n ] v .._E_F_r._ ] V|
* Tree-level contribution from H*:
 One-loop corrections mediated by A, H, H*: j ~0<
T(VT
Otree = 5, ml t/g 5 k(mf /m7) Krawczyk, Temes, 0410248

+2
B 2 my 2 Mmp
5loop TenZy? ( [H T S3_q H (m_Hi) + Cﬁ_aH (mHi)])

(&) =1+ ‘jluup: (ﬁ) =14 diree + ‘fi]r_'uup (H_F) = 1 + Jtree,
|:> Gu Je Ye
(&) = 1+ doop, (&) = 1 + dioop-
Gu/ = 9u/) K
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Results

1 and 20 regions for
constraints from

the muon g-2,

Z and tau decays.

Poor y2,;,,~12
for tau decay;
SM about 20 away

Allowed region larger
than in the previous
studies: 1504.07059,
1507.08067.

IBS 2017-10-30

2} au decay

20 40 60 80

mig [GeV]

arXiv:1605.06298 |
20 a0 e 80 T R S~ S S

my [GeV] my [GeV]
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LHC tests

* Discover a light pseudo-scalar with large tanbeta:
B(A - 17) = 100%

e Electroweak production of H*A & HA

* Exotic Higgs decay: h — AA



Tau-rich signatures at LHC

« EW production of extra Higges decaying mainly to taus
pp »W** o H*A - (r*v) (1), tan 8 = 1.25 ( A ) 495
b =20 [yt =5 HA — (747~ )(#7) | GeV
e ; Region A: my+ = my + 15 GeV
pp =W = L H*H = (T YT,

pp = Z%|v* > H H™ — (t7v)(r7 D).

HE > AW* vs. v :
H - AZ vs.t%1” )

Gy
150 - £ ._\,-"

IBS 2017-10-30 2HDM: g-2 & DM

(<] =] <) <
o s > o0
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LHC14 perspective

 Production X-section & missing signature:

—signal

.J'LL —Z+jets
1 —W+jets

107" .'[J —tt

mA=100 GeV
mH=200 GeV

Normalized Events

[

102}

160. Region A ) G,

; Totla! cross secton Sy

ld loolo.s‘;na PR .

40 60 80 106120 1401601
m , (GeV)

.
- 1
QL&A adssaldastlaosaslasslaosslaonalaoaslacas

-3
0 1070 300 200

E.[GeV]
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Fvent selection cuts

ex) my = 100 GeV & my = 200 GeV

selection cuts |point C tt  Wjets Z+jets WW  WZ  ZZ| total BG||S/B S/ \/§25ﬂ)-1
total ogen [fb] |153.580(102 - 10% 1365 - 10° 714-10% 8125 942 112|2190 - 10? - -
ne 2> 3 21.713| 273.27  138.59 3412.84 6.495 88.937 26.965| 3947.1 - 1.7
N =3 4.386 D.837 13.776  91.324 0.070 0.343 0.174 111.52(0.04 21
Er > 100 GeV| 1.179( 1.482 0.232  1.244 0.000 0.018 0.003 2.980| 0.4 3.4
ng=mn; =10 0.857 0.163 0.000 0.505 0.000 0.017 0.003 0.688( 1.2 0.2

IBS 2017-10-30 2HDM: g-2 & DM



Current limits & future perspective

« LHC8 constraints mostly from chargino-neuralino searches.

- Challenges to probe light A producing soft taus, and heavy H*/H
producing boosted A(tT).

%) E & TeV LHC with 20 fb'
2300 1oV L
t—?: : m,; 15 GeV
& [ .o " 5
250F
2004 =5
1 5() I.- | - RN TN (N WY ST TR SR [ TN S 1
50 100 150

200
m,[GeV]

R=0

— -
ok | |
2300f 3
—r e aesmees,
= T

mD m mfF

250F -
5a

14 TeV LHC with 25 fb™’

Region A
mp=myg + 15 GeV

. .100. .

50 200
m,[GeV]



Benchmark study of significance at 25/fb

IBS 2017-10-30

point A point B point C point D point E point F

ma [GeV] 20 40 ) 100 40) 100 180
my [GeV] {200 20()} 200 (260) 260 260
total oge, [fb] [270.980 241.830 153.580 100.430 71.271 44.163
ng >3 6.606 16.681 21.713 7.110 11.962 8.822
ny =3 0.804 2.602 4.386 0.888 2.346 1.971
Er > 100 GeV| 0.201 0.547 1179 0.209 0.765 0.926
np=n; =0 0.098 0.314 0.857 0.121 0479 0.631
S/B 01 05 12 02 07 09
S/ vV Baga-1 0.6 1.9 532 0.7 29 38

Needs HL-LHC to probe the favored region

2HDM: g-2 & DM
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Search for h - AA - uu v

BR(h — AA)

% 1C T T T T T T T - ":Il:.., 1[’2 E ' ' ! L L}‘ I 3
= . + E my = m, = 125 GeV -
S — : s [ ATLAS — | Observed 95% CL ]

s C i e fs=8Tev,203®m7" . . Median Expected 95% CL
i - < 10 BN ilo E
i i - +20 3

! ||| | 16 i
10-1 — ] (L 1: 3
- ] x - 3
- ATLAS - Z s F ]
B fs=58 TeV, 0.3 _ -E-’b1 D'I ! —
- = i ]
10-2 ] ] ] ] L1 ] ] ] i | i
4 5 6 7 8910 20 30 40 50 10° 4 5 6 78 Qﬂ] 20 20 40
m,, [GeV]

e
[5
RS

ATLAS, 1505.01609
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LHC search for h - A4 - uutr

EJC, S. Dwivedi, T. Mondal, B. Mukhopadhyaya, arXiv:1707.07928

B(h - AA) = 15%
o(h - AA) = 7.5 pb; o(h - AA — uutt) = 52 fb

Parameters | M4 (GeV) | tan 3 | cos(ff — ) | Apaa/v

BP1 50 60 0.03 0.02
BP2 60 60 0.03 0.03




Event selection with m, = 50 (60) GeV

Cuts Signal pp— T pp— VV pp — tt
+jets +jets +jets
pr(jr) > 20 GeV
Preselection 858 (1480) | 41041 (41041) | 107890 (107890) | 14486 (14486)

M, — M| <75 GeV

836 (1430) 909 (779)

1189 (1325)

1637 (1697)

M, >Ms—20& 760 (1336) 130 (390) 307 (654) 330 (419)
M; ;. < Ms+ 10 GeV
Moo > My —20 & 698 (1283) | < 130 (< 390)x 81 (109) 65 (51)
Ma,9j, < My + 10 GeV
pr(ir) > 25 GeV
Preselection 277 (493) 28833 (28833) 75209 (75209) | 11629 (11629)
(M, — Ma| <7.5GeV | 269 (475) 649 (390) 794 (924) 1324 (1396)
(M (jr7r) — Ma| < 15 GeV | 228 (420) < 649 (130) 112 (416) 182 (196)
Moy, — Mp| <15 GeV | 211 (410) | < 649 (< 130)* 20 (15) 27 (27)

IBS 2017-10-30

2HDM: g-2 & DM

with 3/ab
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LHC prospective

10 10
8: —_— pr(j:)>20 GeV — o1 (fr)>20 GeV
" 8
® L[| = pr(j:)>25 GeV @ — pr(j;)>25 GeV
S gl =
[ 5.- s 6
O e O e e
S 4 5 °
D . w
2- / 2
: M,= 50 GeV M, = 60 GeV
0 . — \ 0 . >
1 10 10 10 1 10 10 10
Luminosity (fb™") Luminosity (fb_1)

BP1 (BP2) with 3/ab

IBS 2017-10-30 2HDM: g-2 & DM
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SM + Scalar DM

V =pg|H|* + AglH|* + Ays [HI?|SI? + uélS|* + As|S|*

Opn = (DD — h™ — Xoy) + o(DD — hh)
41022 ST (0 = X, ) ol =

9 \2 2 92 — 5
(mh ._s) + I'ymy /s —4my,

)\QL(]Q\' Nh m ?\' 1 )2

O-(DD — h* — JX&\.[) —_

T (-m p Tt -rrz.i\r)g-rrz.i

| ;
0.1 ;
Al gt W7
e T
0.001 RS
Tl 5
(a) 3

10—4 L P | ' P | ' L ......‘I ' L 10—50 ' ' ......‘l ' | ' ' ‘....‘.| . Lt '

1 10 100 1000 10° 1 10 100 1000 10"

mp (GeV) mp (GeV)

IBS 2017-10-30 2HDM: g-2 & DM
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|l 2HDM+Scalar DM

IBS 2017-10-30

1 ®, ~ A H, H*

st 4 552 [H-1|(I}1|2 + H-~2|(I)~2|2}
CDZ ~ h

52 2v(kph + kg H)

+rpph? + 2kpghH + kggH? + kaa (AQ + QHJFH_)}

where £y,
KH

Rhh

KhH

KEHH

I AA

—R1SaCB T K2CaSg & r‘ilf-"fa + h:g-ﬁ'f?.
—|_Jr'l.,1(_'- &_(j'.ﬁ + h'-E'-‘:“crﬁﬁ ~ ( Ky — H-Q)t’i‘ﬁ ‘13
ff-la.‘iv‘ft + htg(."g_ R~ H_]_(j'?j + H.QHE;.

— (K1 — K2)CaSa = (K1 — K2)cgsg,
f1Co + Kase & K185 + KaCh,

2 2
K1Sg T+ KaCjy

2HDM: g-2 & DM
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DM-Nucleon scattering

tan 3 = 50,my = 50GeV, my g+ = 250GeV.

0.04—— I e e e e e e e e o e e S
I T - XENON1T
0.03F . 0.005 7
XENON1T ; I
IS LUX-ZEPLIN " e SO LUXCZEPLIN
g = 002 < 0.000 7
o+
= /4 T 7] I e e
0.01 -0.005F -
0.00 — 1 ooy "
200 400 600 BIJIJ 'IIJDD 00 0z 04 06 0.8 10
ms [GeV] K

(a) (b)

e 20171050 P Bandyopadhg/ay, EJC R Mandal, to appear
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DM

annihilation

tan 3 = 50,ma = 50GeV, mp g+ = 250GeV
10¢
| §S — 1111 Fermi-LAT
w 0.1
SS - AA HH
10~2} SS - AA ]
1073 ‘ ‘ |
10 50 100 500  100C

ms|[GeV]

SS
~ P. Bandyopadhyay, EICVR. Mandal, to appear



Conclusion

- L2ZHDM with large tanf and light A is a viable option for the
muon g-2.

 Lepton universality tests in Z and tau decays strongly limit the
parameter space (my, tanf).

* No region is allowed at 1g, but large region opens up at 20,
particularly, for my = myz+ = 200 — 400 GeV.

* It can be tested through h —» A4A™) — 41 (2u2t); H%* A -
AA - 4t (2u27).

« Higgs-portal Scalar DM can be realized successfully.



