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?1ù��ó��ÄÅ

• gu�CP»�§�«K-MÅ�±	�CP»�5


• Lee Model´�±¢yguCP»��{ü�ª

• Áãn)�Higgsâf��CP»��'é

�o���º��or125GeV�Higgsâf���º

• SMµmh =
√

2λv = 125GeV⇒ λ = 0.13� 1

• BSMµmh � Λ(�U�#Ôn�IÝΛ ∼ O(TeV)½�p)
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S.-H. Zhu, arXiv:1410.2042

http://arxiv.org/abs/1410.2042

http://arxiv.org/abs/1410.2042
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The Lee Model

T. D. Lee, Phys. Rev. D 8, 1226 (1973)

A Theory of Spontaneous T Violation

L =
∑
i=1,2

(Dµφi)(D
µφi)− V (φ1, φ2);

V = V2 + V4

= µ2
1R11 + µ2

2R22 + λ1R
2
11 + λ2R11R12 + λ3R11R22

+λ4R
2
12 + λ5R12R22 + λ6R

2
22 + λ7I

2
12;

Ù¥Rij = Re(φ†iφj), Iij = Im(φ†iφj).

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.8.1226
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Iþ|

φ1 =
1√
2

(
φ+
1

v1 +R1 + iI1

)
, φ2 =

1√
2

(
φ+
2

v2e
iξ +R2 + iI2

)
.

XÛ¢yguCP»�))ý�Ï��

〈φ1〉 =
1√
2

(
0

v1

)
, 〈φ2〉 =

1√
2

(
0

v2e
iξ

)
.

ü�ý�Ï���m�±�3��Ã{���� �ξ
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Iþ|Ü©��.ëê(9=2+7)µ

• (4)Iþâf��þ))�>m±§¥5mi, (i = 1, 2, 3)

• (3)ý�Ï��))v1, v2, ξÓþ��

• (2)hiV VÍÜº:�IO�.�'))ci = ghiV V /g
SM
hV V
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• SMµmW = gv/2§hW+W−º:gSMhWW = 2m2
W/v = g2v/2

• 2HDM¶mW = g
√
v21 + v22/2§hiW

+W−º:ghiWW = g2vi/2

• Ù²�Ú´��ØCþg2v/2))>fé¡5»"

• ù��c21 + c22 + c23 = 1§n�ci¥�kü�Õá"
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'uYukawaÍÜµ

• ¤kÍÜ´¢ê§d	vkÙ¦���(Type III)

• �±�)�(��þÚCKMÝ
§~XW. Liao, (2014)

Flavor (non)diagonal CP phase and the Higgs physics

• FCNC¯Kd¢�5��(�¡?Ø)

http://conf.ccnu.edu.cn/~whhep14/docs/highenergy/F2/F2-4/2.LiaoWei.pdf
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�Higgs��CP»��'é

PÒµsα ≡ sinα, cα ≡ cosα, tα ≡ tanα

d	½Âtanβ ≡ v2/v1��ü�ý�Ï���'
Äk��Goldstone|

G± = cβφ
±
1 + e∓iξφ±2

G0 = cβI1 + sβcξI2 − sβsξR2
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¥5Higgs�þÝ
m̃(é¡Ý
§±v2/2�ü )

(λ4 − λ7)s
2
ξ

−((λ4 − λ7)sβcξ

+λ2cβ)sξ

−((λ4 − λ7)cβcξ

+λ5sβ)sξ

4λ1c
2
β + 2λ2cβsβcξ

+(λ4 − λ7)s
2
βc

2
ξ

(2(λ3 + λ7) + (λ4 − λ7)c
2
ξ)sβcβ

+λ2c
2
βcξ + λ5s

2
βcξ

(λ4 − λ7)c
2
βc

2
ξ

+2λ5sβcβcξ + 4λ6s
2
β


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• Uì(tβsξ)�Ðm

m̃ = m̃0 + (tβsξ)m̃1 + (tβsξ)
2m̃2 + . . .

• 3tβsξ → 0�4�e§m̃→ m̃0§det(m̃0) = 0

• ¦)����§§'u���¥5Higgs�(J

(�tβsξ�+Þ�Cq)
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m2
h =

v2t2βs
2
ξ

2

(
(m̃1)

2
12

(m̃0)22
+

(m̃1)
2
13

(m̃0)33
+ (m̃2)11

)
=

v2t2βs
2
ξ

2

[
4(λ3 + λ7)

2

(
c2θ

(m̃0)22
+

s2θ
(m̃0)33

)
+ λ2

5

(
s2θ

(m̃0)22

+
c2θ

(m̃0)33

)
− 2λ5(λ3 + λ7)s2θ

(
1

(m̃0)22
− 1

(m̃0)33

)
+ 4λ6

]
;

h = I2 + tβsξ

(
(m̃1)12
(m̃0)22

(cθR1 + sθR2) +
(m̃1)13
(m̃0)33

(cθR2 − sθR1)−
I1
tξ

)
= I2 + tβsξ

[(
2(λ3 + λ7)

(
c2θ

(m̃0)22
+

s2θ
(m̃0)33

)
+
λ5s2θ

2

(
1

(m̃0)22

− 1

(m̃0)33

))
R1 +

(
(λ3 + λ7)s2θ

(
1

(m̃0)22
− 1

(m̃0)33

)
+λ5

(
s2θ

(m̃0)22
+

c2θ
(m̃0)33

))
R2 −

I1
tξ

]
.
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ùp(m̃0)22(33)´Ý
m̃0Ø
0±	�ü����

mh ∝ tβsξ, h ∝ I2 +O(tβsξ)Ri

Ó��±��

c1 = tβsξ(1 + η1) ∝ tβsξ

Ù¥

η1 = cθ
(m̃1)12
(m̃0)22

− sθ
(m̃1)13
(m̃0)33

= 2(λ3 + λ7)

(
c2θ

(m̃0)22
+

s2θ
(m̃0)33

)
+
λ5s2θ

2

(
1

(m̃0)22
− 1

(m̃0)33

)
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þÝCP»����þµ

• IþÜ©§¥5HiggsÜ©K = c1c2c3

A. Méndez and A. Pomaral, Phy. Lett. B 272, 313 (1991)

• YukawaÜ©Jarlskogþ§½Â�

det(i[MUM
†
U ,MDM

†
D]) = 2J

∏
i<j(m

2
Ui −m2

Uj)(m
2
Di −m2

Dj)

C. Jarlskog, Phy. Rev. Lett. 55, 1039 (1985)

JSM = (3.06+0.21
−0.20)× 10−5, K. A. Olive et al. (Particle Data

Group), Chin. Phys. C 38, 090001 (2014) Download

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.55.1039
http://pdg.lbl.gov/2014/html/computer_read.html
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3tβsξ → 0�4�e§mh,K, J, c1 ∝ tβsξ

• ùo�þ±Ó���ª�Xtβsξ → 0ªC0

• �Ñ�Higgs��CP»��'é

• ��HiggsâfªC�Iþ

• y¢­.¥·?�
Iþ¤©

vkIO�.4�§c21 ∼ O(0.1)(X0.2, 0.3, 0.4, . . .§cSM1 = 1)
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¢���(�)pU�$UÜ©)

pUÜ©))

• h→ ZZ∗ → 4`

• ­�¥5Higgs�Ïé

• >f°(ÿþ(S-Tëê)��

• LHC&ÒrÝ���(χ2[Ü)

• 'uº§��FCNCL§(DkPC§ÓÒé�))
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$UÜ©))

• é>f!¥f�EDMÿþ

• 0f·Ü9Ù¥�CP»�

• B0f�DkPC(B̄ → Xsγ,B
0
d,s → µ+µ−)

(J´E,�¹"
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Ì�(J

A. h→ ZZ∗ → 4`L§CP5��ÿþ

LhZZ =
h

v

(
a1m

2
ZZ

µZµ +
1

2
a2ZµνZ

µν +
1

2
a3ZµνZ̃

µν

)
• ¢�3> 3σüØX�I�(éAa1 = a2 = 0�a3 6= 0)

CMS Collaboration, Phys. Rev. D 89, 092007 (2014)

http://arxiv.org/abs/1312.5353

• �Øü½·Ü�

http://arxiv.org/abs/1312.5353
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• |^Ônþfa3 = (a3/a1)
2/((a3/a1)

2 + σ1/σ3)§

Ù¥σ1(3)��ka1(3) = 1�Ù{ai = 0�éA�©°Ý"

• y3�ÿþfa3 < 0.47⇔ |a3/a1| < 2.4

CMS Collaboration, Phys. Rev. D 89, 092007 (2014)

http://arxiv.org/abs/1312.5353

• �´�­��.¥a35g�p�§a3 � a1 ⇒��ét

http://arxiv.org/abs/1312.5353
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B. ­¥5Higgs�Ïé

CMS Collaboration, CMS-PAS-HIG-13-014

• UìIO�.�hV VóÜ§248 ∼ 950GeV®üØ

• �©?Ø��¹(ci < 1)��Öã§

­Higgs��uÑy3. 300GeV½& 700GeV

• ù´�ÄO�ë�§¿�î����
XJ,�­Higgs�ZZÍÜ�~f§E,�Ñy3¥m

http://cds.cern.ch/record/1546776
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lCMS-PAS-HIG-13-014Á��ã

Higgs boson mass [GeV]
200 400 600 800 1000

thσ
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%

σ
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210
-1 L=  19.6fb∫=8 TeV s, -1 L=   5.0fb∫=7 TeV sCMS preliminary,  

theory

combined

=0 jets

1 jets≥

VBF

http://cds.cern.ch/record/1546776
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C. >f°(ÿþ(S-Tëê)

�ë��mh = 126GeV,mt = 173GeV§�½U = 0§k

S = 0.05± 0.09, T = 0.08± 0.07, R = +0.91§

The GFitter Group, Eur. Phys. J. C72, 2205 (2012),

http://arxiv.org/abs/1209.2716

�âþ��!�naÄO:§�>Higgs�þ���µ

http://arxiv.org/abs/1209.2716
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• SëêCÄ��§TëêCÄ��

• �>Higgs��u�þ�C,�¥5Higgs§cÙ�ü�¥5

Higgs��þ'��C�§1��²w

))TëêéÓ ^�»�'�¯a

• e��wAÜ«¿ã
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~Xµ�c21 = 0.25, c22 = 0.4, c23 = 0.35,m2 = 280GeV,m3 = 300GeV

• m±�#N«´(94 ∼ 136)GeV(�7)Ú(312 ∼ 351)GeV(�ù)

• mãkÚ­�´80GeV < m± < 380GeVéA�:(S, T )«¿ã

-0.2 -0.1 0.1 0.2
S

-0.1

0.1

0.2

0.3
T

-0.2 -0.1 0.1 0.2
S

-0.1

0.1

0.2

0.3
T
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D. LHC��ÿþ))&ÒrÝ[Ü

• LHC(J�IO�.ÎÜéÐ

• ´Ä|±��CP·Ü�§cÙ�Uk���I¤©

• Global Fit

(J´ØüØ§=¦hV V�ÍÜ �"

µ = (σ · Γ/Γtot)/(σ · Γ/Γtot)SM
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�#�¢�(JÑy�CMS�ATLAS�[Ü1��q"�
«¿ã
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ã¡�ghttp://arxiv.org/abs/1409.6844§?U�htt̄º:#N«µ

Re(ct)→ Re(ct), Im(ct)→ 1.52Im(ct)

• 1�ü´ATLAS(J§�½cV = 0.6, c± = 0.4, cτ = 0.8¶

• 1�ü´CMS(J§�½cV = 0.5, c± = 0.2, cτ = 1¶

• l��mcb = 0.1, 0.3, 0.5, 0.7

• [Üécb¯a§�ATLAS�CMSêâ�1�aq

http://arxiv.org/abs/1409.6844
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E. éº§�FCNCº:���

L = − 1√
2

∑
q=c,u

t̄(ξ1tq + ξ2tqγ
5)qh+ h.c.

• t→ qhÚuu→ ttL§⇒ ξtq . O(0.1)

• D0 − D̄0·Ü§��t, h�Boxã⇒ |ξtuξtc| . O(10−3)

F. éÙ{§�FCNCº:���

• 0f·ÜL§⇒ ξijv/
√

2mimj . O(10−2 ∼ 10−1)
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G. étbH+º:���

L = −t̄(XtmtPL +XbmbPR)b/v + h.c.

• t→ bH+DkPC§éum± < mt§Xt . O(0.1 ∼ 1)

• B0f·Üé­��>Higgs�ÑXt . (0.5 ∼ 1)

• ¥5B0f��PC�Ñ����cüL§����
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H. B0f�Ë�PC

U�c���ÀJÄO:§Ë�PC�Ñ�&E��§«¿ã
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�Xt = 0.5,m± = 150GeV¶mXt = 0.8,m± = 500GeV"



32

I. >f/¥f>ó4Ý(EDM)ÿþ�Ñ���

−(id/2)ψ̄σµνγ5ψFµν → d(~S/S) · ~E

• �´>ó4Ý�>|�p�^�/ª

• »�PÚCP��p�^§Ã²;éA

• >fÚ¥f�>ó4Ýÿþ~^u��kCP»���.
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EDM¢�(J))

de = (−2.1± 4.5)× 10−29e · cm (|de| < 8.7× 10−29e · cm 90%C.L.)

dn = (0.2± 1.7)× 10−26e · cm (|dn| < 2.9× 10−26e · cm 90%C.L.)

C. Baker et. al. Phys. Rev. Lett. 97, 131801 (2006)

http://arxiv.org/abs/hep-ex/0602020

The ACME Collaboration, Science 343 6168, 269 (2014)

http://arxiv.org/abs/1310.7534

http://arxiv.org/abs/hep-ex/0602020
http://arxiv.org/abs/1310.7534
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>fEDM���~r§Ly�ëê�m��r'é§«¿ã
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��ÄO:�C�Z[Ü �§cV = 0.5, ct = e1.2i

�ã�Ñ­Higgs��z§mãò­Higgs��z��Ä?�
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¥fEDMdoÜ©�z))

§�EDM!§�CEDM!Weinberg�Î!rCP��

M. Pospelov and A. Ritz, Ann. Phys. 318, 169 (2005)

http://arxiv.org/abs/hep-ph/0504231

e�«¿ã§ÄO:Ó>fÀ�§d	�½|cd| = |cu| = 1

http://arxiv.org/abs/hep-ph/0504231
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�5�¢�u�

LHCþVBF/V+HL§±9h→ bb̄PC��ÿþ

• ´ÄVBF/VH�)½bb̄PCwÍ lIO�.

• XJ31(2)σ�IO�.ÎÜéÐ§LHC�üØUå

Excluded level 2σ 3σ

300fb−1 0.62 0.55

3000fb−1 0.77 0.72

Excluded level 2σ 3σ

300fb−1 0.53 0.45

3000fb−1 0.7 0.65
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LHCþh→ ZZ∗ → 4`L§CP5��ÿþ

• 300fb−1µfa3 < 0.14⇔ |a3/a1| < 1

• 3000fb−1µfa3 < 0.04⇔ |a3/a1| < 0.5

H. Okawa (on behalf of ATLAS and CMS Collaborations, 2014)

Studies of Higgs Boson Properties in Future LHC Runs

• (Øµ��E,ét"

>féEÅþZ+H�)�¡���ÿþ

σ ∝ c21§A�fb−1v
�IO�.«©"

http://moriond.in2p3.fr/QCD/2014/SundayAfternoon/Okawa.pdf
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Ì�(Ø�?Ø

(Ø

• ·�JÑ�«n)�CP»���Higgs'é�Å�

• �.A�))vkIO�.4�

• ?Øyk�¢���§(J´E,�¹

• {�?Ø�5¢��üØUå
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I�UY?1�ó�

• XÛgÄ�)��FCNCÚrCP��º

• �»Æ¯K(Domain Wall, EW Baryogenesis)º

• ���Ôn))#�ÄåÆº

• �Ù¦kCP»��A��.�mXÛ«©º

• Ù¦ýó(cÙ'uCP»�). . .

(�§���)


