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Motivation Phys.Lett. B749 (15)

CMS 19.7 fb™" (8 TeV)
ut,, 0 Jets | . | | |
0.87 0869, -
[ CMS reported the BR for h — tu to be e A det| N
BR(h - ut) = (0.84%53)% o1 35% | ' |
a 2.4 o deviation, pLB749(15) ue,, 2 Jets .
0.05 /8%
. . . e ut , 0 Jets R N
J ATLAS did not see the significant excess, 0 e, .
BR(h_) Tﬂ) < 1.85% u’ch,1Jet_ |
0.21 41039 *
d We study the implications on rare tau e, 2 Jets .
1.48 1189
decays, muon g-2, Z — ut, etc '
H—
0.84 lggf % T
L1l | L1l | L1l I L1l | L1l I L1l | L1l | L1l

-15-1-050 05 1 15 2 25
Best fit to B(H—ut), %

SR1 SR2 Combined

Expected limit on Br(H — u7) [%] | 1.6070% | 1.7570-75 | 1.2470-39
Observed limit on Br(H — ut) [%] 1.55 3.51 1.85
Best fit Br(H — u7) [%] —0.07+08L | 1.04%092 | 0774062 | JHEP1511(15)
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What has been done?

- S, flavor symmetry, Campos etal arXiv:1408.1652

- 2HDM type-lll, Sierra etal, arXiv:1409.7690

- DM with minimal FV, Lee & Tandean arXiv:1410.6803

- Abelian & non-Abelian FS, Heeck etal, arXiv:1412.3671

- Gauged L, — L;in a 2HDM, Crivellin etal arXiv:1501.00993
- G2HDM, Omuraetal, arXiv:1502.07824

- Horizontal gauge symmetries, Crivellin etal arXlv:1503.03477
- Hidden scalars, Das & Kundun, arXiv:1504.01125

- MFV, He etal arXiv:1507.02673

- Axion model, Chiang etal arXiv:1507.04354

- Leptoquark, Cheung etal arXiv:1508.01897

- SUSY inverse seesaw, Arganda etal arXiv:1508.04623

- Leptoquark, Baek etal arXiv:1509.07410

- R-parity, Huang & Tang arXiv:1509.08599

- Lepton-flavored DM, Baek etal arXiv:1510.00100

- SUSY, Arganda arXiv:1510.04685

- MSSM, Aloni arXiv:1511.00979

- More ...
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Why is LFV interesting?

 Flavor changing neutral currents (F_CNCiappear in the SM via the
charged weak interactions, DD,KK, B,B;, b — sy, etc

(1 Most of these processes involve nonperturbative QCD effects;
It is difficult to distinguish the new physics from the SM effects
due to the QCD uncertainty

O LFV can be induced in the SM and is irrelevant to QCD; but they are tiny,
e.g. T uy ~ 0(107*Y)

W
e AVAVAVE
Q Unlike the hadronic cases, if any LFV signal is observed!’ ; | 1 qP
it is certainly strong evidence for new physics - —
W
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Higgs LFV in the 2HDM

 Simple extension to the SM by adding a second Higgs doublet; originally proposed
for spontaneous CP Violation T.p.Lee PRD8(73);
resolution of the strong CP problem Ppeccei-Quinn PRL38(77)

O Studied well in the literature and classified by several types without FCNCs at tree:

Model u'y dh, e,
Type I (I)Q (I)Q (1)2
Type 11 D, 02 Dy ACY — yzljwzqyqu)l + y%¢z¢j®27
Lepton-specific | P D, O
Flipped d, D, o, Branco etal Phys.Rept516.(12)
Type 1 Type 11 Lepton-specific Flipped
&' | cosa/sin cos o/ sin 3 cos o/ sin 3 cos o/ sin 3
£ | cosa/sin 3 —sina/ cos B cos o/ sin 3 —sina/ cos 3
& | cosa/sin 3 —sin «/ cos 3 —sina/ cos B cos o/ sin 3
&Y | sina/ sin 3 sin o/ sin 3 sin o/ sin 3 sin o/ sin 3
¢4 | sina/sin 3 cos a/ cos 3 sin o/ sin 3 cos a/ cos 3
¢4 | sina/ sin 3 cos o/ cos 3 cos o/ cos 3 sin o/ sin 3
€% | cot B cot B cot cot 8
g4 | —cotf tan (3 —cot 3 tan 3
¢4 | —cotf tan 3 tan 3 —cot
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Higgs LFV in the general 2HDM(Type-Ill)

O Higgs doublet of SU(2)

. ot
( (vi + @i + an>/\/§)

[ Scalars:

h = _Sa¢1+ca¢27
H = co91+ sad2, U:\/U12+U22

Sq = Sina, c,
H*(A) = —sp¢7 () + csdy (1) sp = sinB ="

“1
v

%)
v

2 CP-even; 1 CP-odd; 2 charged Higgs H* g = cosf =
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Type-ll

O Yukawa sector o . N .
—Ly = QuY'"UrH + QY5 UrHo

+ QLY'DrH, + QrYs' DrH,
+ EYlegRHl + E}/QEERHQ + h.c. ,

1 Fermion mass matrix

M; = % (cos Yy + SinBYQf)

d Ylf & Yzf cannot be diagonalized simultaneously; Unless Ylfand Yzf are correlated

Ylf e Yzf : Aligned case, Pich & Tuzon PRD80(09)

~

v F TFF vF 7TF
Youy = L1 Yi2)dRos  Ahnachen, pLB690(10)
Chen&Nomura, PLB749(15)

O Type-lll: Yf, Y;are independent in the lepton sector; qu, Yzq are just like type-ll
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Higgs LFV

_[’qu — ZL €¢y55 ER ¢—|— Uy, ygi gR H+ + h.C.,
}/26
V2

Cheng&Sher PRD35 (87)

X' =V -2V

Yy =diag(y;,ys,v3)

Cga = COS(f — )
Spa = Sin(f — a)

L Flavor conserving parts <« m, /v, H and A couplings have tanf8 enhancement

[ Decoupling limit cg, — 0, FCNCs at tree still exist in H and A couplings

(d Besides the flavor changing, Xﬁ also affect the flavor conserving couplings
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Scalar potential for 2HD

O If we assume the Yukawa matrix to be hermitian, Vf = V}f

Y
¢ 12 0t { _ y?
X = ‘/L—2 ‘/R ) Xij — le,

7

1
V(®y, ®y) = m20Id; + m2dldy — (m2,d1d, 4 h.c) + §A1(<1>1<1>1)2

1
5 2(@5@2) + Ag(@]P1)(B1 D) + Ao (B],)(2)1)

A
+ [?5((1)1@2)2 + ()\6(1)1(1)1 + )\7@@2) Py + h-C-] -
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Constraints:

Perturbativity: A; < 8w
)\1>O, )\2>0,>\3—|—\/)\1>\2>0, \/)\1)\2+>\3+>\4—|>\5‘>0,

1
2| A6 + A7| < 5(/\1+A2) + A3+ A+ s
Unitarity: ¢l¢] — ¢l¢]

Vacuum stability:

Sp = (4.0 + 2.4)x10™*

Oblique parameters: S = 0.05+0.11,T =0.09 £ 0.13,U = 0.01 + 0.01

lobal fit EPJC72(14
b - sy > mys > 480 GeV Elobal T EPIE72(iA)

Parameters used for analysis are

{mhymHymAamHi7U7tanﬁ7ay)\67>\7}
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50,

mpg.a D [126,1000] GeV ,
Green: theoretical requirements + §p
Red: Green + oblique parameters

cos(B-a)

Basically, the constrainton cos(f — «) is not strong

i
i
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Constraints: from Higgs measurements

TABLE I: Combined best-fit signal strengths figerttn and ziyver4+vh and the associated correlation

coefficient p for corresponding Higgs decay mode [61, 62].

/ ﬁggFthth //Z{/BFJth + 10geF +tth + 1ovBF+vh p

Ny 1.32 0.8 0.38 0.7 -0.30
Z7* 1.70 0.3 0.4 1.20 ~0.59
WW* 0.98 1.28 0.28 0.55 ~0.20

T 9 1.24 1.50 0.59 ~0.42

bb 1.11 0.92 0.65 0.38 0

1 1 2

2 foafy2 AT P foafyef  Af
Xf = = (Ml_ 1) + 3 (M2_ — X x (M1_M1)(N2_H2)

I 631 —p?) 52(1 — p?) G162(1 — p?) ’

X2 =) xG+ Xer
f
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tanf

50.0 0.50

10.0+

0.30"

5.0

K

=.0.20
1.01
! 0.15

................... 01008 06 —04 —02 00

02 -01 00 01 02

3 Blue: Ay? = 2.3; Green: Ay? = 5.99; Red: Ay? =11.8

(d Higgs data give a strict constraint on cos(ff — «), approaching to decoupling limit
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Flavor conserving & violating processes

So M Char
(yo)ij = ——>—"8;; + —2 X,
h CB (Y Cg
— TU. .
H (Vi) = =g, — 22Xt
5 | ' |2) Cg (% Cﬁ

o (| X35 + | X4 x¢

BR(h — oo M. 6V = _tan g, 4 U
( QT ) 167TC%F}L h (YA)%] —_ ta’nﬁ v 51] + Cﬁ )

With my, = 125 GeV, Ty, ~ 4.21 MeV, and X4, = XZ4;, we can express X&; as

_ 0.01 BR(h — ur)
Xty =377 % 107 () J
s = 3100 G500 ) \opn )V 0sax 102

ansatz Xj,[ = /mﬂmf Xm )(ﬁ,[ ~ 2 can satisfy the central value of CMS

d In the decoupling limit, cg, = 0 > BR(h - tu) =0
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20 0.01
— Xy =4 | (a) (b)
| T A= 0.001 '
BR(h— u1)=0.84% | i
L ° /l:.\
| A
’ 4
10 L 10
’ &
| a ® 99.7%
5| 107 ® 955%
* ® 68.0%
- ] 10—6 . S
~0.15 -0.10 —005 000 005 0.10 -0.15 -0.10 -0.05 0.00 005 0.10
cos(f—a) cos(f-a)
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Tree level T — 3u:

m,m
5 02 ¢ / 2 0|2 ? _ Tt
Ty | X5 CBalYp22  Spalmoz Ya22 Xij - Xij
BR(r — 3p) = g oor Pal || Gl Sl |y (Vo v
3277 Cs m; mi; ms
K 0
BR(t - 3u)®*P < 1.2 X107 8 urac . A
20F 10 oo Ol
i : Falov )
(a) ) RN
~ f AN
L 1 I 1 1 1
15. 8 cos(B-a)=-0.05 Fyorog ‘|‘ \
_ . tanB=6 B
cosp-)=0.05 Comg=200Gev [ f 4 A
X23 =33 X9 =-2  mu=300GeV [/ i | VoL
6 015 1 \ \
Q mA=3OO GeV Q II 'l’ ', |I \ 1\‘
S \
§ 107 = I’I :" " “| ‘\ ‘\
A ] VoV N
U4 7 1 \‘ \‘ \\
_______ 4 ,l’ K4 ',' \‘ \ N
———————— 4'.'2-_— R ,,,, ',, II \‘ \\\
5* ————————— e 4 Vi \
PP Ll Lz’, ,' ,I \\ \b5
B Y —— O-F-- - ’,’, / \
‘———Q—S‘:‘ _________________ 2 - Prag 94 \\\\
150 200 250 300 —4 -2 0 2 4
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-0.05

cos(B-a)=

tan =06

my =200 GeV
ma=300 GeV

¢
X33

I“‘
-
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one + two loops
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BR(t — uy)®? < 4.4 x1078
20F
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Muon g-2vs u — ey:

AR
MMy Xgs X

Aau ~

¢ 2
Xi34m*Aay,

] 2
X5 m,

8#20%
3 3
. (1n<mz/mz> — ) sh (m(mi/m?) - 3)
: i i
ln(m/m?) 3
m? ’
em
ﬁu—)e*y ]_671"[; éo_,uy (CLPL + CRPR) /,LF’MV ,
Crm = CL;R) j CL<R>> Cf(fz) -
X5, X -
B 0
CH:l: . ]. 2X§3Xf3
P 12mly c |

Strongly correlated between
Aa, and BR(p - ey)

Much smaller than the neutral bosons
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Muon g-2vs u — ey:

_ exXp __
Aau—a

P — gSM = (28.8 £ 8.0) x 10710 BR(u — ey)®? < 5.7 x10~13
301 448 128 St 3
 cos(B-)=-0.05 y -
25 - X 53=5 / /II i \\\ ‘\\ \\\
- my =300GeV ; 40 v
20 } /// //// \\\ \\\ \\\
[ ‘ // @)} \\ \\ \\
Q I /// y S 37 \ Y \\\
= 15* /// 3. B \\ \\ \\
S | //// 20- //// g : \\ \\\ \\\
107 /////// ////// : \\\ \\\ N R
,// ////’/ 2 \\\ \\\ \\\
L \\\\ \\\\\\ B \\5?7
17\\\\\\\\\\\1\\\\\\\\\\\\\\\\\
150 1200 950 300 0.0 0.1 0.2 0.3 0.4 0.5
mp[GeV] X13/x5310°
Xia/xhs )
d ng < )(53 BR(h —eT) <2x 107" ( 1130_323> BR(h — ur).
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l — Ut:

20

15

BRx107

cos(B-a)=-0.05

X§3 =0
my =200 GeV
ma=300 GeV

10
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BR(Z - ut)®? < 2.1 x107°
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Conclusions:

L We revisit the constraints on the 2HDM by using the theoretical requirements
+ 0p + oblique parameters + Higgs measurements

L Higgs data give strict constraints on cos(f — a) and tanf
L With the values of parameters that satisfy CMS BR(h — tu) ~ 0.84%,

» T — 3u, T — uy can fit the upper limits of current data
» Aa, can be explained
» Aay, has a strong correlation with 4 — ey

BR(h—et) - 10_4

BR(h-ut)
> BR(Z - ut) < 107°
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