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Introduction

« Iso-doublet exists. — Extension to Two Higgs doublets is natural

« 2HDM-II (2HDM with discrete symm.)
— Motivated by SUSY
— So far, there is no indication of SUSY particles @ LHC

— Tree level Flavor Changing Neutral Couplings are forbidden by discrete sym.
Ly = _éL,i(Kijcbl +§&i—_]&23fR,] + h.c. Glashow-Weinberg, '77
— ad hoc Z, symm. "artificially” restricts Y-matrices too much.

* Ingeneral 2HDM, fip;;®,f; interaction appears

It is important to determine the form of additional Yukawa
interactions (p;;) not by ad hoc symmetry, but by experiments

(bottom up) !
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In my talk

Projected Higgs coupling precision (7-parameter fit)
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Properties of radiative corrections ! 5T

Future precision measurements can explore larger parameter space

Summary
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General 2HDM

* General Higgs potential
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In 2HDM-IT case,

Decoupling limit is the special case

of alignment limit.
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Yukawa interaction

Ly, = —QLJ-(KU&IV) + pij@)uR’j + h.c.+(down quark part) + (lepton part)

\/imi

* k;; — Diagonalized mass matrix of fermion K, =
()

, Rij =0 (i%j)

p;j can have non-diagonal components
p;j (i # j) cause FCN processes
(FCN processes including p;. are interesting processes (t—ch). )

(b)y mg+ =500 GeV, p, =0

+  Some components are still allowed to be O(1). "} E
. Vis™ Dyt V., p.* 0.02
B, mixin — |
ptt ds 9 b : t : S 0.01f
H* 1 | H* ‘
! : £ ooof
B — XS Y Vi Pe™ t Vts*vptt b —o01}
H/_ = \j\!\'\’ —0.02;
b / t \ s :
i L i
- ~0.03f
VI‘S*pl’t th ptt
I ~ (0 ~ 0 C be O(1). Altunkaynak, Hou, Kao,
f pbb ! pCt ! ptt an ( ) Kohda, McCoy (2015)




Tn our numerical calculations

1-loop vertex
corrections Counter terms

HDM[perZIq ]_ __________ { T t {

We numerically evaluate renormalized scaling factor of hZZ.

Tree

r2aPM l(mh + mV) , mé, mh]

Renormalized scaling factor ; «y = —
Chvy l(mh +my ) 'mV'mh]

P

AKVzKV _1
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Properties of one-loop hZZ

Approximate formulain ¢ = v*/mj, 4 ,+ < 1 limit — sin(-y) > 1

K, o~ sin(—7) «———  Tree contribution

1 1 m2 (3 . . P
T 6516:2 Z Co ™o (lmzf) «<—— Bosonic loop contribution

¢ 2
p=H A H*
2N m : d
V2NE my ~0S {(2 — In[m?%]) — [BO[-;rnﬁ;-;rn.t,_-';rn-t] — 4’!71?561 2BOLP m, mt”pQ—m?]

1672 — Pyt COSTY
| N . P (~O1))
+ 2sin*(—y) [(vF + a7) Py — (v — a7) P " contribution

Dominant contribution in
fermionic loop R { Qi

(@)

p; (izj) cont.; subdominant
because they have higher power of cosy suppression

p;; (except i=t) cont.; subdominant
because they are suppressed by m:/V[ /11




Sign of loop contributions

Approximate formulain - = viimy, e <1 limit

Ky o~ sin(—v) «———  Tree contribution
11 my (o pd | o
~ i Ton > oe, — (1 - «—— Bosonic loop contribution
o—H, A H=E ¢
2N{ m . d
- \f;)j_; {—T Py COSA {(2 — In[m?%]) — [BO [m3:mye, my] — 4m3 i 2Bu[p me, ;rnthg_mg]

+ 2sin?(—) [(tfc + a.?)Pl — (zfc — a-?)PQ} } «<—— Top py; contribution
Sign of loop contributions

_—

Aloop = kg — Siﬂ(—’“/)

~ bosonic Ptt :
~ Aoy Aloop Depend on s(l)gn o:, Pt -COS)J
: p: cosy >0 & Negative
Negative | P+ cosy <O : Positive 1

If p.; cosy < O, Ajpse™€ and A | can cancel out each other, so that k; = 1
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AIoop

p; COSy >0 P COSy <0
Aloop =~ Aﬁ)oc;sgnic (@ _|_ Aﬁfép (U AlOOP = AFOOOS}?MC (\L) _|_ Afotcip (T)

1 T T '
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Aoop is always negative « Total loop effect can increase

hZZ by p,, effect.

A, decouples in large mass limit.
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p.+ dependence of Ak, (Illustration)

Positive deviation in hZZ can

be realized by A(\S

Suppose that the Ak, 5 feasured
at center value +1.5% at ILC

Measurement uncertainties (1o)
HL-LHC : 2%
ILC (250+500) : 0.5%

It can be a probe of p:: in general 2ZHDM
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|p:+l< 0.6 (m, = 500 GeV)
|p4:l< 0.9 (my =1 TeV)

0.5 1 [.5

10/11




Summary

« In General 2HDM, extra Yukawa p., is still allowed to be O(1)

« Explore p,, effect in precision measurement of hZZ
— Calculate hZZ by on-shell renormalization

*  p, loop effect can cancel against bosonic loop effect for p,,cosy <0
= Only p,. loop can increase hZZ from SM

Can probe p., coupling in General 2ZHDM
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Extra |

Alignment w/o decoupling
(lcosy| << 1, my 4 4. ~ 5006GeV )
naturally emerges in General 2HDM |

arXiv:1706.07694
Thank you !
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Counter terms

Parameter Shlft, %’ }’Tl _|_ OITI ((:) p— ]1._, H._. A._, a-lld Hj:)..
v — v+ Oq—*, V>0 OV, 5y —> L5y + Op5,,
Ny — Mo + 01)y, 1= —> 1)= + 01)-.

9
Field shift ; (H) ( 1+6Zy  6Cyp+ 5”) (H )
h 6ChH 6]/ 1+ (SZh h
Tadpole shift ; Ty, = Ty, + 6T¢1 Ty, = Ty, + 5T¢2 2

9(parameters) + 2(Tadpole) + 6(fields) + 6(field mixing) = 23

Tree uzv ng ; uzv
| P VA =Tsm(—y) hzZ*Z

° 1+6 Z 6v+5Z +15Z + ld 6Cyp | RZHZY
%_ — — J— —_—
- sm( Y) 2 » z* 502 sin(—y) Hh
|

Y
Counter term formula of hzzZ
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Renormalization conditions

B On shell conditions

= 5Ty = =T, [0]
h ]

p2=m,2
2 _ w 2 9
6m,*  n,,(m? =0 om? = 221, — 29T, 4+ L2 m3].
v v
d 2) —

6zh d_pznhh(mh ) =1 62,, = _an 1”’(m 2)
5CHh 1
6ChH nhH(mhz) = nhH(mHz) = 0 OOHh ?,n%r . ?,ni (H}LPI){I [TT?%J H}LPI:TI {Tn’_?—f})

ov 06Z,, ; Determined by renormalization in gauge sector
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In our numerical calculations

2
2HDM 2
Pxi l(mh + mV) , my;, m

i

Renormalized scaling factor ky =

® Parameter set
* Pcc = Puu = Ppb = Pss = Pda = 0,

* My =my=my,

® Constraints
* Perturbativity bound on n;: In;] < 2

e Vacuum stability bound on Higgs potential

2
SM 2
vy [(mh + mV) ,my, m

pij = 0 (i#))

2
h

|
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Heavy scalars searches in tt channel @ LHC
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LHC Run-I data of K

Kz 1.00_9.03
Ky 0.90% 00
K, 1.42i8:£
K, 0.87%0 11
K 0.57%0 10
Kq 0.81%0 10
Ky, 0.9Oi8:(1)8
BRpoy 0.00*"-1°
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/2 symmetry model limit

Basis : P, = (

B Top Yukawa interaction

_ (m | d
ﬁt = —1lL {Tt(st?—a — tan 60*3_“) T v

~_(m
_ 7 {_’5(@3(1 + tan 3s3_q) —
v |

Z, symmetry model limit; n,-> 0

_ny

wi
%(hi +U; + ZZL) ) tanﬁ

V2
Tt

V2

Cf}_a(Sﬁ tan 5 + Cq) } htp

——S5_o(sgtan 5 + 03)} Htp+h.c.+---.

L, = —t,—(53-q — tan feg_ Jhitg — tp—(cs_q +tan Bsg_o )Hig + hc. + -+ -
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v
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BO basis

Basis : o — i _ _
/ ( =5 (h; + vi +iz;) ) tanf =

B Top Yukawa interaction

_(m
L, =—1f {Tt(sé’—a — tan fcg_q) + %03_(1(83 tan 3 + 03)} hi p
— 17 {ﬁ(cbv_a +tan 5s5_o) — ESQ_Q(SQ tan 3 + 03)} Htp+hoc. +---.
v | V2 | |

B B0 basislimit: >0

_ [(m _[m
L, =—tf {Tts_a + lc_a} htp — 1t {th_a — is_a} Htp+hoc +---.

V2 V2
The change by the shift B - B'= B + AB can be absorbed by reparameterization ;
Cg T Sgtan 3

a%a’:—l—a—I—Q.ﬁ. e —> 1 =1 -
' I L I Ca+Ap + SB+AB T-Elll(.-_f + .AU}}

We can take B=0 without loss of generality.
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Important contributions

Factor that suppresses the effect of new physics : cosy

In the SM like limit : cosy - 0
Pse SIN?Yy  cosy

A
| |
t /
» D¢ SIN%y COS Y One suppression factor
h H
t

PttCOSY

t

h .

- t » P+COSY One suppression factor
t
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