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Introduction

® Current exp. data for the discovered Higgs boson are consistent
with the Standard Model (SM).

® On the other hand, structure of the Higgs sector is still unknown.

Number of Higgs, its multiplets

Symmetry of the Higgs potential

Nature of the Higgs boson (elementary or composite )
- etc.

® Shape of the Higgs sector is closely related to new physics.

New physics models Extended Higgs sectors

[MSSM, Type-ll seesaw, A 4 S )
Composite Higgs, DM, b+ D+

Electroweak baryogenesis, “ A

@adiative Seesaw, eftc. ) \_ Y,

- |t is important to determine the shape of the Higgs sector.
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Test of the Higgs sector

A
_ ~ ™
® Direct search ot S
. M{ Elo+d+.
Extra Higgs bosons are H A A
searched directly by collider exp.. - /
e Indirect search 125GeV] p
Effects of extra Higgs are indirectly Higgs observables :
examined though Higgs observables. " hXX : Higgs couplings
['(h —» XX) : Decay rates

\0 (XX — h) : Cross sectiory
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Test of the Higgs sector

A
] 4 )
® Direct search ot S
. M{ Elo+d+.
Extra Higgs bosons are H A A
searched directly by collider exp.. - /
e Indirect search 125GeV] p
Effects of extra Higgs are indirectly Higgs observables :
examined though Higgs observables. " hXX : Higgs couplings
['(h —» XX) : Decay rates

\0 (XX — h) : Cross sectiony

We focus on indirect search with the Higgs observables
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Deviations of Higgs observables

e |n extend Higgs models, predictions of Higgs observables
deviate from the SM.

Mixing effects : Loop corrections:

X X
h 4‘< h —Q H,AH*, ..
cosa X . X

e A pattern of deviations can be different in each model.
[ Kanemura, Tsumura, Yagyu, Yokoya, PRD90(2014)075001]

_EX. /_.SM
Kx = Inxx/ Ghxx

Model K Ky
D(SM) 1 1
®+5S (Singlet) cosa cosa
@ + ®(Doublet) cosa/sinp sinBcosa-cosasinf
: : _ _ - Extended Higgs models can
@ + A(Triplet) cosa/sinB sinBcosa-1.6cosasinf be discriminated with
O + ¢, (Septet) cosa/sinB sinfcosa-4cosasinf patterns of deviations.




Accuracy of the Higgs couplings measurements

Current data (LHC Run )

exp.

scaling factor: ky = gy o/ Ghsx

[ATLAS and CMS, JHEPO8(2016)045]
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— We should evaluate the theoretical predictions including radiative corrections.

Precision of Higgs boson couplings [%]

Future prospect (HL-LHC, ILC)
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10}

[K. Fujii, et al.,, arXiv:1710.07621]

12

. LHC 3000 fb™ (ATLAS: ATL-PHYS-PUB-2014-016 (2014), Model Dependent x fit)

LHC 3000 fb™ & ILC 250 GeV, 2000 fb™' (Model Independent EFT fit)

. LHC 3000 fb™ @ ILC 250 GeV, 2000 fb™'
@ ILC 500 GeV, 4000 fb™ @ 350 GeV, 200 fb™ (Model Independent EFT fit)

Vs e e e s T S Py




H-COUP project

We have calculated the Higgs couplings at the 1 loop level in various

extended Higgs models with on-shell scheme.

G

HSM v

THDM
Type-I
THDM
Type-ll
THDM
Type-X
THDM
Type-Y

IDM

< < < <
< < < < L
< < < < L

v

v

LS < < < <
LIS < < < <

HTM

LIS < < < <

LIS < < < <

LIS < < < < L

Kanemura, Kikuchi, Yagyu, NPB907 (2016)

Kanemura, Kikuchi, Yagyu, NPB917 (2017)

Kanemura, Okada, Senaha, Yuan,
PRD70 (2004)

— Kanemura, Kikuchi, Yagyu, PLB731 (2014)

Kanemura, Kikuchi, Yagyu, NPB96 (2015)

Kanemura, Kikuchi, KS, NPB96 (2015)

Aoki, Kanemura, Kikuchi, Yagyu, PLB714 (2012)
Aoki, Kanemura, Kikuchi, Yagyu, PRD87 (2013)

 We constructed the computation program called H-COUP.

e H-COUP ver.1.0 was released last Oct.

[S. Kanemura, M. Kikuchi, KS, K. Yagyu arXiv:1710.04603]
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H-COUP is a calculation tool composed of a set of Fortran codes to compute the renormalized Higgs boson couplings with radiative corrections in various
non-minimal Higgs models, such as the Higgs singlet model, four types of two Higgs doublet models and the inert doublet model. The impolved on-shell
renormalization scheme is adopted, where the gauge depdence is eliminated.

Authors: Shinya Kanemura, Mariko Kikuchi, Kodai Sakurai and Kei Yagyu

The manual for H-COUP version 1.0 can be taken on arXiv:1710.04603 [hep-phl.

Downloads

+ H-COUP version 1.0 : [HCOUP-1.0.zip] [The manual is here]

In order to run H-COUP version 1.0, you need to install LoopTools (www.feynarts.de/looptools/).




Extended Higgs models

We focus on 4 types of THDMs and the HSM.

THDMs Type |, II, X, Y

HSM
(Softly broken Z, Sym., CP conserved)
Pt P ®+S
Higgs sector ®; = (1/\/5(1) -|M-/ihl- . iZi)) (i=1,2) S=v,+s
(1o covtga| M HAH b H

Free parameters

2
My, My, My+, a, f, M

2
my, &, Mg, }{S HUs

2m? 2
1,tree \% 2m
Higgs coup. Pavv = y Pa F}L’xirxie == ,UVCa,
St mg S m
Chps = ——(88-a +&rs-a) potree — S

ntf T T, Ca
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Application of H-COUP ver. 1.0

« By H-COUP ver. 1.0 we can numerically calculate each form factor in
Higgs boson 3 point vertices functions:

no v
A A A PP W o PlpP2o
Civy = Doy e + Dy = 5% + iy 7 = 5%
|% \%
Chrr = F;‘fﬁ + )/SF;f“ +151F;§/f1f +1/52Fﬁv£2ﬁ
+ p1 stgAﬁlﬁ + p2ys thﬁzf +¢1ﬁ2tht~£ +I!51I§2V5££Zg

l_‘h hh

« If we try to compare loop corrected theoretical predictions with exp.
data of the Higgs coupling in the future collider exp., it is not clear how

we define the scaling factor for the Higgs coupling.

 We should directly evaluate observables for the Higgs boson.

- With H-COUP, we calculated Higgs decay rates, including NLO
EW and QCD corrections.:

[(h- ff), T(h > ZZ* > Zff), T(h > yy), T(h > Zy), T(h > gg)
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Calculation of h > ZZ* - Zff

Self-energy correction Zff vertex correction

P1 b4
B

h==-—

s

P2 pP3

hff vertex correction Box diagram correction



Calculation of h—- 77* - fo 11/18

(THDM): k2% = sin(f — a)

K, =sin(f —a)+éscos(f — a)

hZZ
Kro

Self-energy correction Zff vertex correction

i hzz
hZZ n_KLO o
Kro h-—- T 7
}

P2 pP3
P2 P
Z ANNN «— f

|
hff vertex correction

Box diagram correction
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Numerical evaluation for each contribution
D(h— Zff) =To(h = Zf)[1 + Afeax + AdED + Adcp]-

M = =20 = Mt [ 8 AR M)

(M55 12
GEmimpy, o m% . i
To(h — Zff)= —EM2™h 2, )F( ),W Ar : weak correction for G,
2473 A N
m,=300GeV,M=M.___ tanp=1, cos(p-ci)<0 AZ.,¢ : wave func. reno. for Z boson
10 T T T T T T I I T
I NLO total —— ||
(M=0GeV) =— — —
Nzz —— ||
‘ dllzz B
[r— : : : : : :
) RS SRS S S R e —— AT
O\o L
— N S L S S — (M=0GeV) ——— ]
f ; } } } : 2 B .
[ S TN VO UV N S Bt S Size of total NLO EW corre
S o T ] -ction is 1~2% .
§ I R N N N Box ——
N | . .
Only I}, is sensitive to
— extra Higgs loop cont..
e eemtte s A RS SN SR
-10

| | | | | | | | |
1 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.9

sin(p-a.)
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Numerical calculations (1-loop)

We discuss whether or not THDMs and the HSM can be
distinguished by deviations from the SM in the decay widths.

« Scan region of input parameters in the THDMs :

095 <sin(f—a) <1, 1<tanf <3,
Mp = My = My = mHi,

me = 400,700,1000, 1500, 2000 GeV,
O< ML Mo

« Scan region for the HSM :

095 <cosa <1,
me = 500,1000,2000, 3000, 5000 GeV,

0O<m, <mg, As=Us =0
« Constraints :

Perturbative unitarity, Vacuum stability, Wrong vacuum condition (for HSM),

S, T parameters
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AR(h - bb) vs AR(h - T%) [Tree]

['(h - XX)gx

1

Ith > XX)gpm

For THDMs :

AR(h — fF)X0 = (sin(8 — ) — & cos(8 — a))? — 1

Eu &d Ee
Type-1  cotp cot cotf
Type-1II  cotp —tan f8 —tan f8
Type-X cotpB cot B —tan 8
Type-Y cotp —tan 8 cot B

cos(p-a)<0
60l L0085 S N S 7
3 tanf = Type II
40 | 0.98 tanB = 1,3
. 0.99 '
o Type Y 0.995|
.o\_o. 20 |- 3{2”5 S St | S
g
| 1 .
=3 _ : : 5 tanf =3
< 20 | ‘O 995 ;
- Type | 099
g [ e oosin(B—a)=0.98"
| /“”ﬁ =13 Typex
60 |- , : ~tanf =1.0.95
-60 -40 -20 0 20 40 60

AR(h—tr) [%]

[S. Kanemura, K. Tsumura, K. Yagyu, H. Yokoya,

PRD90 (2014) 075001.]

In this plane, 4 types of THDMs can be distinguished.



AR(h - bb) vs AR(h - t@)

[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu,]
60 | -

- Color plots : predictions at the
1-loop level for each model
2
- Contrast of color : values of &
mass of extra Higgs bosons é
oC
<
- Black line : predictions at the -40
tree level (tanp = 1,3).
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40|

20|

-60_—‘

I['(h - XX)EX
AR(h - XX) = —
(h = XX) I'th - XX)sm
cos(f-a)<0
! Type II
o0 | TypeY N A
’ 2TeV
| 1.5TeV
HSM
i 1TeV
Type | ;
o : 700GeV
| Type X -
‘ | 400GeV _» l
60 40 20 0 20 40 60

AR(h—tT) [%]

— Even if we include loop corrections in the calculation,
pattern of deviations are almost unchanged from the result at the tree level .

— The upper bounds of mass of extra Higgs can be obtained

from magnitude of deviations.



AR(h - ZZ*) vs AR(h - T%)

[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu]

AR(h—ZZ*) [%]

S
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AR(h - XX) =

['(h - XX)gx

cos(f-a)<0

1
(&)
—

.................

wi S

_1 5 _ e e B EE— B — _— 4OOGeV ..... S v |
20 50720 20 0 20 40 60

AR(h—7t) [%]

— HSM can be separated from the THDMs.

— Type | and Type Il can be discriminated in this plane.
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AR(h — YY) VS AR(h — TT) AR(h o xx) = L= X0ex
[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu] ['(h - XX)su
5 cos(f-a)<0
o |
X | |
— 5 ,
=< | 1
>—
! ;
E:’-‘lo B e Type“,x "
< HSM :
Type Y
-15 B — SRR SN U N N i
2060 40 20 0 20 40 60

AR(h—tt) [%]
« The behavior is similar to the correlation between AR(h—>ZZ*) vs AR(h—717)

By investigating various correlations of deviations, we can discriminate all the models
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Summary

® Higgs sector can be thoroughly tested by precision
measurement of the Higgs observables.

® We calculated the Higgs decay widths at the 1-loop level
by using H-COUP ver. 1.0.

® We discussed a possibility of discrimination among HSM and
4 types of the THDMs with the deviations from the SM.

— Pattern of deviations : HSM and 4 types of THDMs can be discriminated.

— Magnitude of deviation : Information of the mass of extra Higgs boson
can be obtained.
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Impact of Loop correction of extra Higgs in hZZ vertex

Approximate formula (m, m,#m, >> m, ) 7N
sin(f —a) = 1,tanf =1

22 1 m?2 M2\’

mz 1 — E C(I)_% 1 —

v 6 v?2 M2
d=AH H*

2) M2 5 2 Non-decoupling case

1 —
FhZZ -

1) M2 > 02 Decoupling case
m%{) =~ M2 ‘I‘)\Z'UQ ~ M2

[S. Kanemura, M. Kikuchi, K. Yagyu Nucl.Phys. B896,80.]

mé ~ M? + \0° ~ \v?
[S. Kanemura, M. Kikuchi, K. Yagyu Nucl.Phys. B896,80.]

0.2 T T I T | | 0 = T T | | -
= SqrtOw’) = 150 GeV = - =
= O = — ?\L =
| 02F /;///’/—'__;E o W -
; N ? %‘Q/ Cf/ = SNE N =
— -0.4 = !SQ = CQ,\ N E E
e Y v-z 2 << F E
06 = = LF . -
=00 - 2 ;
S O8E = Sk .
&~ = / = N £ -
RPN = = SN 4E N\
~ £ | : <=3 5
-1.2E / = - =
= | | | | | = 45 | | | | -

500 1000 1500 2000 7200 300 400 500 600

mg, [GeV]

m, [GeV]



constraint for THDMs (Higgs signal strength )

[ATLAS, JHEP1511(2015)206]

2HOM Type ! ATLAS 2HDM Type Il ATLAS - 2HDM Lepton-specic ~ ATLAS 2HDM Flipped ATLAS

tan p

—— Obs. 95% CL , — Obs. 95% CL - o = OveGexCL E=7TeV,4547 " Obs. 95% CL f5=7TeV, 4547 "
X Bestft forTonasaTD X Bestft g; . ;E:Sb X Bestit 6=8 T:V, 203" X Beeth f-8Tev, 203"
e Exp 9% CL =8 Tev, 20311 o Exp. 95%CL ' T - Exp. 95%CL -= - Exp. 95% CL
— —sm — —sm — -sm — —sm
10 5P < 105 <« 10 NE R 2 107
<> & g P s F
af> af) E
38> 3¢ 3K
2 5 2 2 :
16 =% 1 I
0. s”” 04 |
04 4 4L
03 % 0 . 0350 o
4 02 <P 02p 4 02}
issressscesnslfiesasedoses R snsseestenll;
10_1 L 00| 9:9.9:.9:4:¢ 10~ Dot A i b P N 107 K2EPEX A . 107
-1-08-06-04-02 0 02 0406 08 1 -1-0.8-0.6-0.4-02 0 0.2 04 06 08 1 -1-08-06-04-02 0 02 04 06 08 1 -1-08-0.6-04-02 0 0.2 0406 08 1
cos(p-a) cos(B-a) cos(p-a) cos(p-a)
(a) Typel (b) Type Il (c) Lepton-specific (d) Flipped

Cpogq = 0.1-> 55 4 = 0.99
Cpoq = 02> 5.4 =098
CB_a =03~-> SB_a = 0.95



| sinoc | (upper limit)

Constraint of direct search (HSM)

[T. Robens, T. Stefaniak, Eur. Phys. J. C (2016) 76,268]

 —
09

0.8
0.7
0.6
0.5

0.4}
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0.2}
0.1k

"‘/ D
i
Y%

/\ o /

\
LHC searches in EPJC 75 (2015) 104 |
updated results

200 300 400 500 600 700 800 900 1000

LHC Run Il

Table 1 List of LHC Higgs search channels that are applied by
HiggsBounds in the high-mass region, yielding the upper limit on
| sin | shown in Figs. 1 and 2

Range of mpy [GeV] Search channel Reference
130-145 H—ZZ—4l [94] (CMS)
145-158 H—VV (V=W,Z) [66] (CMS)
158-163 SM comb. [95] (CMS)
163-170 H—-WW [96] (CMS)
170-176 SM comb. [95] (CMS)
176-211 H—VV (V=W,Z) [66] (CMS)
211-225 H—ZZ—41 [94] (CMS)
225-445 H—VV (V=W.,Z) [66] (CMS)
445-776 H—ZZ [70] (ATLAS)
776-1000 H—VV (V=W.,Z) [66] (CMS)




Status of direct search of extra Higgs

® constraint for THDMs (LHC Run I, Summary plots by CMS )

CMS Preliminary

<511 (7 TeV) +<197 ' (8 TeV)

[CMS PAS HIG-16-007]

CMS Preliminary <5110 (7 TeV)+<19.7 b (8 TeV)

2HDM Type I, cos(B-0)=0.1, m, =m, =m, + 100 GeV 2HDM Type I, cos(p-)=0.1, m, =m,, =m, + 100 GeV
a 18 o 18
c =
S 8t [ Obesrved exclusion 95% CL E 8 ] Observed exclusion 95% CL
7r S Expectsd exdlusion 95% CL 7 r%ln- me:ecﬁlm?ma
6 R . ] (125) (Hi .
H-> WWIZZ (ar)iv:1504.00836) 6 [ 1 Ho WWIZZ (arXiv:1504.00936)
51 [ AHM- T (HIG-14-029) 5 [ AMHM-s Tt (HIG-14-029) |
ab [] A-ZH-sli (arXiv:1603.02001) | | 4 [ A—ZH-slit (arXiv:1603.02991) (4
] A-ZH-sibb (arXiv:1603.02991) [ A—ZH-slibb (arXiv:1603.02991
3t Non-perturbative region 3 Non- ive region
B O S o S

- Basically, tanf < 2,
my < 380 GeV are excluded.

500
m, [GeV]

® Future prospect of excluded regions | Kanemura, Tsumura, Yagyu, Yokoya, PRDS0(2014)075001]

1000

900
800
700
600
500

Type-Il THDM  my=my,, cos(f —a) =0

LI L L O
_ LHC 3000 fb”

— LHC 300 fb"'

4(x) v,:‘.‘:' i § R R R |

— In the future exp.

excluded regions are spread.

=: 4 : 6 1012 4 16 18 222426 28 30
tanf



Constraint of direct search

At LHC Run Il

[ATLAS ,Eur.Phys.J. C78 (2018) 24] [ATLAS, arXiv:1712.06386]

L:e,
o, RN R R R R AN AR RN RN RN R <=} ARNRARNRRR AR AR LR RS AR RRRE RRRN R
< 10 HoWwW =01 ] c 10 HoWwW =01 - @ 2
S UF ATLAS Sownet” 18 T} ATLAS Gpwmeen ] 5§ | ATLAS — Opserved [+ band § | amas — observed [l]+% band
[ 5=13Tev —Observed95%CL E*lo [ 5=13Tev —Observed95%CL [l - (s=13TeV,36.1 fb! —Expected [ J+20band Vs=13TeV, 361 fb' - Expected [ ]+20band
i 36.1 1o &mﬁ:%%CL B#20 i [ 86.11b mgg:f;:: 95%CL <20 i H— ZZ - I'TI'T + I'Ivw Excluded H—ZZ ST+ I'Tw M excluded
2HDM Type |, cos(f-c) =-0.1 95% CL limits 2HDM Type Il, cos(-) =-0.1  95% CL limits
i 10 = 10 =
] S ] r ]
% ] KRR : - 1
08 alelote = ] <
i X K )
KRR 7 g’:‘:’:‘:’:‘:"""v YoY% % %% 1
3 1 IIRRIIIRIXRILRS
% Sossseseletatateteteresetototeteteteseds
S 1 B0 RRIIILLKNS
2R 117.0:90.9.0.9.9.9.9.0.9.0.9.9.9.0.90.9.0.9.4 & = X XXX > A
- sty ERNI s B
Lleteteletetetete’ sl e otots tatitetete B e tetelooletetetet et o s s o tetete
1 i
300 320 340 360 380 400 10200 220 240 260 280 300 320 340 360 380 400 my [GeV] m,, [GeV]
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final state: evuv



Signal strength( current data)

Decay channel | ATLAS+CMS ATLAS CMS
i g [ 110y |1y
(+0.18) (+0.26) (+0.23
—0.17 —0.24 —0.21
= 10982 | 1208 | 1oagR
(+0.23) (+o.32) (+0.30
—0.20 —0.27 —0.25
i Lol | 12408 | 00023
(+0.16) (+o.21) (+0.23
—0.15 ~0.20 ~0.20
ur 1.11 4923 1417032 | 0.88 1058
(+0.-24) (+o.37) (+0.31
—0.22 —0.33 —0.29
g 0.70 *-2 0621037 | 0.81 )%
(+0.29) (+0.39) (+0.45
~028 ~0.37 ~0.43

p 01433 -0.6%55 | 09752
(+2.4) (+3.6) (+3.3)

23 36 39

JHEPOS,045

Definition of u/

BRgx

f _ BREx
A T BRg,



Signal strength by ILC (prospect)

ArXiv: 1310.8361

ILC ILC LumiUp?
250/500/1000 GeV 250 /500/1000 GeV
ZH vvH ZH vvH
Inclusive 2.6/3.0/—% - 1.2/1.7/—% -
H —3 20-38%  —/20-26/7-10% | 16/19/—% _/13/5.4%
H — g9 7/11/—% _/4.1/23% | 3.3/6.0/-% = —/2.3/1.4%
H-2zz | 19/25/—%  —/82/4.1% | 88/14/-%  —/4.6/2.6%
HoWW+ | 64/92/—%  —/2.4/16% | 30/51/-%  —/1.3/1.0%
Horr 12/54/—-%  —/9.0/31% | 2.0/3.0/—%  —/5.0/2.0%
H — bb 12/1.8/—%  11/0.66/0.30% | 0.56/1.0/—%  4.9/0.37/0.30%
H > ce 8.3/13/—%  —/6.2/31% | 3.9/7.2/-%  —/3.5/2.0%
H — pp — —/—/31% — —/—/20%
ttH ttH
H — bb —/28/6.0% —/16/3.8%




Constraint from flavor experiments

A. Arbey, F. Mahmoudi,O. Stal T. Stefaniak arXiv:1706.07414v1

THDM Type | - Flavour constraints THDM Type Il - Flavour constraints

tan

| |

600 800 1000

PN N N N Y W NN TN SN TN (NN TR TN SO (Y O M P |

200 400 600 800 1000 200

400
M, (GeV) M, (GeV)
THDM Type IlI- Flavour constraints THDM Type V- Flavour constraints

200

400

1 1 1 1 I 1 1 1 1 1 I 1
600 800 1000 200
M, (GeV) M, (GeV)

400

1 1 1 1 I 1 1 1
600 800 1000




Higgs singlet model(HSM)

G+
- Higgs potential o = , S=wvg+s

T+ ¢ +iG?)

V(®,S) =m3|®2 + A\|®|* + 1gg|P|%S + Aos|P|?S? +tgS + mES? + 1553 + AgS?

* Mass eigenstates
= R(«) with R(a) =
¢ h Soy Cop

Physical state :h, H

* Physical parameters

2
vV, my, My, , &, Mg, /15' Uops

29



Two Higgs doublet model(THDM)

wt
* Higgs potential L (v + i +i2)

V2
V =m?|®|? + m3|Ds|* — m3 (@J{ $y + h.c.)

1 1 1
" 5/\1|‘I’1|4 + 5)‘2|‘I’2|4 + A3| D1 2| Do + A\g| D] o[ + 5)‘5[(‘1’{‘1’2)2 +h.c.]

* Mass eigenstates

hq | H 21 y 2 wy Iy wT
) (-rol) €)oo

Physical state :h, H, A, H™

* Physical parameters

2
vV, my, My, My, My, a, f, M

30



Scaling factor Ky = Diax/Tivy

THDM :
G a1 M‘2 z’ z’
HSM

Ky = oS X



Some tools

Prophecy4f :
- Model: THDMs, HSM

* h > WW/ZZ - 4 fermions

RECOLAZ :

- Model: THDMs, HSM

- Calculation to NLO amplitude



Other plot
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AR(h - bb) vs AR(h - 17T) = e

AR(h > XX) = TS sorwe

[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu]

cos(B a)<0 o cos(B a)>0

AR(h—>bb) [%]
AR(h—bb) [%]

60 40 ~ 20 0 20 40 &0 %0 40 T20 0 20 40 60
AR(h—tt) [%] Signal strength (LHC run 1) AR(h—t) [%]

ILC250 (20) [K. Fuijii, et al., arXiv:1710.07621]
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AR(h - ZZ*) vs AR(h - T%)

[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu]
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AR(h = cc) vs AR(h - 17)

[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu]
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