3. Two Higgs Doublets

e FCNGCs
e Flavour alignment

e Flavour bounds

e LHC constraints
e EDMs

e Rare decays
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Ng = 3 Fermion Families

Flavour Dynamics:
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Non-Diagonal Complex Mass Matrices:

GIM Mechanism m f
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Flavour-Changing Charged Currents:

Lo = —f% WJ [Z oyl —s)Vd + 217@7“(1 —75)4 + h.c.
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Flavour-Changing Charged Currents:

Lee = —f% WJ [Z oyl —s)Vd + 217@7“(1 —75)4 + h.c.
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d u; u c t
v A g d =a-V-d
ij
w N 7y =5V,
d s b

Flavour-Conserving Neutral Currents: 7.7 =7 .7 .
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Quark Mixing

Via Vb + VgV + Vg Vi, = 0

" " " "
Vud Vab/ Ved Veb VidVeb/ Ved Veb

0,0) (1,0)

A=n (1 -1 >\2> = 0.352 + 0.014

ﬁzp(l—%)ﬂ

0.132 4 0.023

A=0.821 £0.012 ; X = 0.2253 £ 0.0007

0.7 —— — T S e e e e e B |
g ' N m, g E
06 = z - . Amy « 9. E
05 [—§ D 1 —
8 =5 . | solwicosp<o
K ~ (exchaicL>095) |
04 i —
= & 3
03 B | N
' a 3
0.2 : —
01 : =
: B 4
00 & 1 1 1 1 ~|
-0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
3
1-22/2 A AX3(p — in)
v = - 1-22)2 AN2 +o(xh)
AN(1—p—in) —AXN? 1
.
Successful CKM Mechanism
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Tree-level determinations

b — Cvgu/c, B — vy (Vo) B — DIIKE) ()

Loop processes
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Bounds on New Flavour Physics

(D)
C
— k (D)
Ly = Loy+ 2, 2, O

W . D4
D>4 k ANP
it g
Isidori, 1302.0661
Operator Bounds on A in TeV (exp = 1) | Bounds on exp (A = 1 TeV) Observables
Re Im Re Im
(8p71dL)’ 9.8 x 107 1.6 x 107 9.0x 1077 3.4x1077 Amp; ex
(5pdp)(5rdg) | 1.8 x 10! 3.2 % 10° 6.9x1077  2.6x10" 1 Ampg; g
(7" ur)? 1.2 x 10° 2.9 % 10° 5.6 % 1077 1.0 x 107 | Ampslq/pl.op
(Gpup)(ELup) | 6.2 x 10° 1.5 x 10 57x107% 1.1 x107% | Ampslg/pl.op
(bpy*dp)? 6.6 x 107 9.3 x 107 23x10°0  11x10°° Amp,: Syk
(brdyp)(brdr) | 2.5 10° 3.6 x 10° 3.9%x1077  1.9x 1077 ;
(bry"sp)? 1.4 x 107 2.5 x 107 50107 1L.7x107°
(bpsy)(brsg) | 4.8 x 10% 8.3 x 10? 88 x 1070 2.9x1070

= Generic flavour structure [cy,~O(1)] ruled out at the TeV scale

= Ay ~ 1 TeV requires cyp to inherit the strong SM suppressions (GIM)

Minimal Flavour Violation: The up and down Yukawa matrices are the
only source of quark-flavour symmetry breaking D'Ambrosio et al, Buras et al

A. Pich Theory Highlights & Outlook 26
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Two Higgs Doublet Model: ¢, @-12

(0167 ()I0) = 55 (0,vae®) . 61=0 , O=06—6
Higgs basis: v=4/vZ4 2 , tanf = wa/vy

O =

1

2

(OF] | cospB  sing D1
—-P, ~ | sin8 —cosf3 e~ 10 ¢y

Gt
(v+S1+iG°




Gt H*
N Hvesrice) | TGS

N

Goldstones: G*, GO

Mass eigenstates: ©¥(x) = {h(x), H(x),A(x)} = Rj Si(x)
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Gt H*
b1 = 75 (v+5S1+iGP) S (S2+153)

N

Goldstones: G*, GO
Mass eigenstates: ©¥(x) = {h(x), H(x),A(x)} = Rj Si(x)

CP-conserving scalar potential:  A(x) = S3(x)  CP-odd

h _ cos@ sina 5
( H) o [ —sin& coso?} ( S > CP-even
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Gt H*
b1 = 75 (v+5S1+iGP) S (S2+153)

N

Goldstones: G*, GO
Mass eigenstates: ©¥(x) = {h(x), H(x),A(x)} = Rj Si(x)

CP-conserving scalar potential:  A(x) = S3(x)  CP-odd

h cos@ sindG 51
( H ) o [ —sin@ cos& } ( S > CP-even
Gauge couplings: gaw = Rit g
2 2 2 _ SM )2
ghvv + 8hw T 8anwv = (&)
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Yukawa Interactions in 2HDMs

Ly = —Qu(Mio1+Ta¢)dr — QL(A101+ Ao o) ui

— L (Ny ¢ +Na2) € + hec.

\‘/ SSB

Ly = Y2 {QL(MQq)lJrY(’,d)g)d,’? + Qp (M}, ®1+ Y, ®) up

S

I (ML oy 4 Y] Do) by + h.c.}

¢ and Y/ unrelated e FCNCs

\/EM; =wvil1 + V2r20i9 , \/EML = viA1 + V2A207'.9

\/§ Yd, = Vlrzeig —wl s \/E YL; = V1A287m —wnAq

A. Pich Higgs Physics



Avoiding FCNCs

e \ery large scalar masses == 2HDM irrelevant at low energies
e Very small scalar couplings
e Type Il model: (Y¢)ij o< /mimy; Yukawa textures
Cheng-Sher '87
e Discrete Z, symmetries:  only one ¢,(x) couples to a given fg(x)
Glashow-Weinberg '77, Paschos '77
Zy 1=, 2=~ , QU—-Q , L=l , fr—*f

— CP conserved in the scalar sector

A. Pich Higgs Physics 10



Aligned 2HDM

Yukawa alignment in Flavour Space: Yay=ca 1 Mgy, Yi=q; M,
\/5 + ) =7 - i o (v
Ly = — ” H {U [Qd Vexn MaPr — <u MUVCKMPL] d + < (VM Pr I)}
1 -
- ny’ ©; (foPRf) + hec
)f
0 0
vii = R+ Rio+iRia)sar »  yi =Ria+(Ri2—iRiz)s;

¢¢ == New sources of CP violation without tree-level FCNCs
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Aligned 2HDM

Yukawa alignment in Flavour Space:

Ya, = <d,0 Ma,

Pich-Tuzén, 0908.1554

)

Yu = g,f Mu

Ly = fﬁ H+{u[

v

f_zy

Ve MaPr — 6o Mi Vo Pl d + < (7 My Pr /)}

(F My Pg f)

0
}/i"/ = Ri1+ (Ri2+iRi3)sd,

+ h.c.

?

0
yi' = Rip+ (Riz

—iRiz)s)

¢¢ == New sources of CP violation without tree-level FCNCs

Z>, models:

A. Pich

Model Sd Su SI
Type | cot B cot 3 cot 3
Type Il —tan cot 3 —tan 3
Type X cot B cot 3 —tan 3
Type Y —tan cot 3 cot 3
Inert 0 0 0

Higgs Physics
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Aligned 2HDM

Yukawa alignment in Flavour Space: Yoo =<aiMay , Yi=c¢, M,
V2 _ _
Ly = - H* {U (¢4 Vesens MaPr — su M{ Vi, Pl d + < (7 My Pr /)}
—= Z y (FM¢Prf) + he.

0 o0 .
yi", = Rii+ (Riz+iRiz)<d, , yi' = Rin+ (Rix — iRiz) s,

¢¢ == New sources of CP violation without tree-level FCNCs

i0

Fo=¢&e 7T
Model Sq Su S/ "
Type | cot B cot B cot B Ny =¢re N
Z models: Type Il —tanf3 cot B —tan g —i0
2 Type X cot 8 cot B —tan g My =¢ e M
Type Y —tan cot 3 cot 3 gf _ tan ﬁ
Inert 0 0 0 Gf = ———
1+ ¢&rtan
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Pty T—Pu..P— Ply, —

A}
+
H= ™
Jung-Pich-Tuzén, 1006.0470

Global fit (95% CL) My = My . GeV™2 units

T T
M- Iv+B - Dtv+ D
Z - bb+t-pv :

M- Iv+B - Dtv 0.2
301
=
B-1w ] T o
F]
NS
=
§.0.1

0.3 i
Fackaie: R(B - DIv)(+B . 1v)
-0.1 0.0 P 0.1 02 © -0.1 0.0 0.1 0.2 0.3* 2.4 0.5 0.6 0.7
Re(C,0i/My) Re(Z,0/My)

Very weak constraints
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1-Loop Constraints on H* Couplings (95% CL)

q b q w b w t
b b
w w uct uct
b b w
< < < < z z
b q b w q

Virtual H* /W*. Top-dominated contributions

u,ct

uct

AMg,  (|sq| < 50) Z = bb  (|sq| < 50)

25¢ ] 25 11..

100 200 300 400 500

300 400
My /GeV M, /GeV

|sul/My+ < 0.011 GeV ! Jung-Pich-Tuzén, 1006.0470
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Constraints from b — s~

Complex couplings
I I I

i B
] ] ] 4
0 0.5 1 15
I,
T T
lsul = 0.5 |
L1 1 ] 1
100 200 300 400 500
My
Ciosm + lsul? Crouw — (sisd ) Ciud

(95% CL)

Real couplings
T T T T
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Global Constraints on Z, Models (95% cL)

Type | Type X

Log(M,/GeV)
Log(M /GeV)

0.0 05 1.0 15 2.0 -1.0 -0.5 0.0 0.5 1.0
Log(tan( B) Log(tan( B)

Sy =64 =¢ = cotf3 gu:gdz_gl—lzcotﬁ
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Global Constraints on Z, Models (95% cL)

Jung-Pich-Tuzén, 1006.0470

3

Type Il Type Y

28 28 -

[
=Y

N S2e
[} [}
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I I
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(=] o
3 3

N

N
N
N

-1.0 -0.5 0.0 05 1.0 15 20 -1.0

-0.5 0.0 05 1.0 15 20

Log(tan( B) Log(tan( B)

(u:_g‘;]':—Cl_l:COtB §u=_§J1:§I=COtB

My+ > 277 GeV In agreement with previous analyses

Aoki et al, Wahab et al, Deschamps et al, Flacher at al, Bona et al, Mahmoudi-Stal, Misiak et al ...
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Global Constraints on Z, Models (95% cL)

Jung-Pich-Tuzén, 1006.0470

Type Il Type Y
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Updated bound (NNLO, new data): Mpy+ > 480 GeV

A. Pich

Misiak et al., 1503.01789
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Scaling factors for Higgs Production & Decay

, W,z
Ry ),\[‘2.
iy _ SM
- gxovw = Ri1 ghyv
Pi
W=, Z
f of i *
Wi my ’ }/u/ :RI’1+(R"27 ’RB)gU
;0_ - o0 .
i ; Yai =R+ (Riz + iRiz) a1
e CP Symmetry:
ghvv = Cosi givy ) gHvv = —sind gy
y}’:cos&+gfsin a o, yf’-" = —sind@+crcosd , yA=—igq, ydAJ =G4,
17
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LHC Fit within Z, Models

tan B

2HDM Type | ATLAS Preliminary 2HDM Type Il ATLAS Preliminary 2HDM Type IIl ATLAS Preliminary 2HDM Type IV ATLAS Preliminary
—— Obs.95%CL (5=7Tev: fLdt=4648 1" —— Obs.95% CL f5=7TeV: fLdt=4648 1" —— Obs.95% L (E=7TeV: fLot=a.6-4810" —— Obs. 95% L (E=7TeV: fLot=a.6-4810"
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— -~ sm h— b —— h— .65 — -~ sm h— b6 — -~ sm
10 T T TR @ 10 ST @ 10
i c . c
| £ S
4 | 4 a 4 3
3| | 3 AR 3 )
2 | 2 N 2 s
[ RS i
1 1 ! 1
| a5 )
| (I
04 | 04 | 04
03 N\ | /A 03] ¥ 03
0.2 ) IF 0.2 | 0.2
0.1 L : 0.1 ! ‘ ! 0.1 Ll : 0.1 ! :
-1-0.8-0.6-0.40.2 0 0.20.40.60.8 1 -1-0.80.6-0.40.2 0 0.20.40.60.8 1 -1-0.8-0.6-0.40.2 0 0.20.40.60.8 1 -1-0.8-0.6-0.40.2 0 0.20.40.60.8 1
cos(B-a) cos(p-ct) cos(p-at) cos(p-a)
Model Sd Su Sl
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A Light CP-even Higgs at 125 GeV

Celis-llisie-Pich, 1302.4022, 1310.7941
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\ | CP conserved
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Strong (indirect) evidence for Higgs coupling to t

t ) P AAYAV
H H L0
-_ - - - - ---(\ 1
W ¢ n\**lvv\/

Dominant o . . 2
Production Mechanism Moo ‘ 84 Kkw + 18Kt + CNP‘

SM: kw=k:=1 , Cnp=0 Destructive interference
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T T
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6 Feetev20an’
ey aTev. 2031 . Lok E
1. 3
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A Light CP-even Higgs at 125 GeV

Celis-llisie-Pich, 1302.4022, 1310.7941

RIS PP SN
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A Light CP-even Higgs at 125 GeV

Celis-llisie-Pich, 1302.4022, 1310.7941

h ~ .
CP conserved yf = cos @ + ¢ sin &
1 1
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Strong constraints on the A2HDM parameters
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Heavy Scalar Searches

CP Symmetry: KWy =cosa K =—sina KR =0
h_ ~ o H_ o= ~ A_ A _
Y =cosa+grsina , yr =—sina+gcosa , Yy, =—ISu , Yg;=1Sd,
H|2 h 2 Hi2 A2 B2 H H h_h
- |kylt=1—|kyl" , AP =10y kuye =1 kyyf

N

T T T T T T T T T T T L e e e e e L e e
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A. Pich

Oblique Constraints (S, T, U)

s S
wez \\\ w2 w2 /'( NowEZ
AVAVAV] A
\
5 Wz
cos o € [0.8, 1] Celis-llisie-Pich, 1302.4022, 1310.7941
: —

MH (GeV)

Higgs Physics
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A. Pich

Electric Dipole Moments

Highly sensitive to flavour-blind CP-violating phases
Stringent experimental bounds: neutron, Tl, Hg. YbF ...
1-loop H* contributions very suppressed by light-quark masses
Contributions from 4-fermion operators are small Buras et al
Two-loop contributions dominate  weinberg, Dicus, Barr-Zee, Gunion-Wyler

Strong cancelations among <p? contributions: Jung-Pich

©? o7 #
> Re(yy") Im(yy') o Im(sfep)
Cancelation exact in the equal-mass and decoupling limits

Higgs Physics
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Charged contribution

Im(Zénl

Mpy:/GeV

Neutron EDM

m(giénl

Neutral contribution

15

10

Im[5.451
o

150 200 250 300 350 400 450 50
M,/GeV

0

Jung-Pich, 1308.6283

Comparison with b — s~

b — sy

r
y

\\

M4 € [80, 500] GeV

-5 0 5 10 15 20 25

Rel&uggl

Im(g,s;) strongly constrained, but not tiny

A. Pich

My = (M,

Higgs Physics

0) (effective neutral mass)
i
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A. Pich

9l

Im(Z4;

Electron EDM

Jung-Pich, 1308.6283
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Quantum Corrections

3 H ian: v _ I
L oy invariant under the phase transformation: [0 = o]
fi(x) — e’ Fi(x) fi(x) — e Fi(x)
L L ’ R R
i ot i oot ol —iaff
Viu = €9 Vdue 7 ) Mgjj — "% My jje

e Leptonic FCNCs absent to all orders in perturbation theory

e Loop-induced FCNCs local terms take the form:

u chK)rl(MdMI{)nVT (MUME)mMUUR

CKM
C7L V(T?KM(MUME)n VCKI\I (MdML)dedR

MFYV structure

D’'Ambrosio et al, Chivukula-Georgi, Hall-Randall, Buras et al, Cirigliano et al
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FCNCs at one Loop

General 2HDM 1-loop Renormalization Group Egs. known cuetic et al, Ferreira et al

l Jung-Pich-Tuzén, Braeuninger-lbarra-Simonetto
c - g
FONC = 753 + SiSa) Z‘P,
x R+ Ri3) (4= 5) |0 Vi MuM] Ve M,y

_ (Ri2 — i'R,’3) (C; - §;) { VCKMMdMZ Vi M UR}}

CKM

+ h.c.

o C(u) = C(uo) — log (11/ o)
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FCNCs at one Loop

General 2HDM 1-loop Renormalization Group Egs. known cuetic et al, Ferreira et al

l Jung-Pich-Tuzén, Braeuninger-lbarra-Simonetto

Lrone = e (2)3 (1+<554) Z‘P,
x R+ Ri3) (4= 5) |0 Vi MuM] Ve M,y

- (Ri2 - iRi3) (<§ - CZ;) { VCKM MdMZ VCKMM UR}}

+ h.c.

o C(u) = C(uo) — log (11/ o)

e Vanish in all Z> models as it should
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FCNCs at one Loop

General 2HDM 1-loop Renormalization Group Egs. known cuetic et al, Ferreira et al

l Jung-Pich-Tuzén, Braeuninger-lbarra-Simonetto

Lrcne = e (2)3 (1+<isq) Z‘P:
{ +iR) (o) —5,) {dL Vi MMV M, dR}

- (Ri2 - iRi3) (<§ - CZ;) { VCKM MdMZ VCKMM UR}}

+ h.c.

o C(u) = C(uo) — log (11/ o)
e Vanish in all Z> models as it should
e Suppressed by mqmi,/(47r2v3) and V99 w5 bp, tr

CKM
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FCNCs at one Loop

General 2HDM 1-loop Renormalization Group Egs. known cuetic et al, Ferreira et al

l Jung-Pich-Tuzén, Braeuninger-lbarra-Simonetto

Lrcne = e (2)3 (1+<isq) Z‘P:
x R+ Ri3) (4= 5) |0 Vi MuM] Ve M,y

- (Ri2 - iRi3) (<§ - CZ;) {u/— VCKM MdMZ VCKMM UR}}

+ h.c.

C(n) = C(po) — log (1/po)
Vanish in all Z> models as it should
Suppressed by mqmi,/(47r2v3) and V99 w5 bp, tr

CKM
AMgy = 2L [C(Mw) (14 6ksy) (54 —<u)l < O(1)
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A. Pich

My+ (GeV) Br(t — cv) Br(t — cZ) Br(t — ch)
100 <2x10712 | <2x107183 | <6x107°
200 <1010 <3x1071 | <3x10°8
300 <1074 <S5x10712 | <2x10°8
400 <2x10712 | <2x10712 | <5x107°
500 <1012 <1012 <2x107°9

Exp. limit | <1.8x1073 | <5x10~* | <5.6x103

Higgs Physics

Abbas-Celis-Li-Lu-Pich, 1503.06423
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0 —
Bs,d — ll:+l,l/ Li-Lu-Pich, 1404.5865

CMS & LHCb:  B(B? = ' i Jexp. = (2.8 £0.7) x 107°  [SM: (3.65 £ 0.23) x 10~ 9]

B(By = p' 1 exp. = (3.9115) x 1071 [SM: (1.06 £ 0.09) x 107 1]

e
o l~lsul<2 10{® >
3.0 O 3¢
\ . My=80GeV )
205 N — My=200GeV /
2.0 . My=500GeV 3

200 300 400
My-[GeV]

Rey = B(BY — ptp™)/B(BY — p' ™ )sm
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Byy — mtp~

Mass1:

M, = = 80 GeV
My = 80 GeV
My = 130 GeV

Mass2:

M,+ = 200 GeV

My = 200 GeV
My = 200 GeV
Mass3:

M+ = 500 GeV
M, = 500 GeV
My = 500 GeV

Li-Lu-Pich, 1404.5865

A. Pich

Mass1 Mass2

ulo =1 =1

B 20

O 3o ﬁ
K]

-40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40
Se Se Se

Mass1

-40 -20 0 20 40

Mass2

-40 -20 0 20 40

Mass3

~

A

-40 -20 0 20 40

Se Se Se
Mass1 Mass2 Mass3
4o{M 1o su=—1 4o/M 1o su=—1 qo[M 1o su=—1
W 20 W 20
201 ke [ 200 30
O & - a
0 i B B
2 g -20
-40 -40 -40
-40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40

Se
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2HDM SUMMARY

The Aligned THDM provides a general phenomenological setting

Includes all Z> models

Tree-level FCNCs absent by construction

Loop-induced quark FCNCs very constrained (MFV like)
New sources of CP violation through ¢

Satisfies flavour constraints with ¢ ~ O(1)

Sizeable flavour-blind phases allowed by EDMs

Interesting collider phenomenology

Neutral and charged scalars within LHC reach



Status & Qutlook

The SM appears to be the right theory at the EW scale
The H(125) behaves as the SM scalar boson

The CKM mechanism works very well

Neutrinos do have (tiny) masses. Lepton flavour is violated
Different flavour structure for quarks & leptons

New physics needed to explain many pending questions:
Flavour, CP, baryogenesis, dark matter, cosmology. ..

A. Pich
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Status & Qutlook

e The SM appears to be the right theory at the EW scale
e The H(125) behaves as the SM scalar boson

e The CKM mechanism works very well
e Neutrinos do have (tiny) masses. Lepton flavour is violated
e Different flavour structure for quarks & leptons

e New physics needed to explain many pending questions:
Flavour, CP, baryogenesis, dark matter, cosmology. ..

e How far is the Scale of New-Physics Ayp?

e Which symmetry keeps My away from Ayp?
Supersymmetry, scale/conformal symmetry...

e Which kind of New Physics?

A. Pich Higgs Physics 34




This, no doubt, Sancho, will be
a most mighty and perilous
adventure, in which it will be
needful for me to put forth all

my valour and resolution

Let your worship be
calm, senor. Maybe it's
all enchantment, like
the phantoms last night
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Minimal Flavour Violation in 2HDMs

SU(NG)5 Flavour Symmetry in the Gauge Sector (Q;, ug, dg, L1, Ir)

Chivukula-Georgi '87

Spurion Formalism:

D’Ambrosio et al, Buras et al

° rl ~ (NG,]-’NG,]-’]')
_ Aligned Yukawas
° A1 ~ (NGaNG717171) —-

- are also invariant
° I_Il ~ (171717NG7NG)

Allowed Operators:
QI/_ (rlri)n(A1ADmA1”;?
Q (A, AD)"(My )Ty dy
A. Pich
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Tree-level Constraints

Jung-Pich-Tuzén, 1006.0470

o T e |8,/ 8e|? = 1.0036 + 0.0029
o 51|/ My+ < 0.40 GeV™1  (95% CL)
m? 2 2
P
o F(P — I~ I//)——<1——> ‘GFm/fp ‘ II—AU’
87T mP CKM
A,‘j _ m,% « SulMuy; +§dmdj

S
M2, my; + mg,

e (P — P'I"7)) wad Scalar form factor:  fo(t) = fo(t) (1+d;t)

X
S misy — mjsy
2 T m

M. mi—m;

5,‘1'27
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B — D®ry, and B — Tv, decays

Belle 2007 1 e
BaBar 2008 | '
Br(é N D(*)T—D ) Belle 2009 e e
R D(*) = S i e | f—e——
B =5E oo e T i

‘
02 04 06 08 03 04 05 06
R(D) R(D*)

Celis-Jung-Li-Pich, 1210.8443

D—wav(+B—tv)
w «
> > ]
[} [
o S
& & ]
.:; .:7,
J o b
E . E
R(D)(+B—1v) ]
-
Pagkage
-0.1 0.0 0.1 . 02 0.3 04 -1 05 . 0 05
Re((,Ci/MZ)/GeV' Re((,L/M3)/GeV2
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B — D®ry, and B — Tv, decays

R(D(*))

Celis-Jung-Li-Pich, 1210.8443

Br(B — D¥r=7,)

Br(B — DM)(~1)

Belle 2007 L S
BaBar 2008
Belle 2009 H———e——H+ f——e———
Belle 2010 e
BaBar 2012 e e
012 014 016 018 013 0‘.4 0.‘5 016
R(D) R(D*)

045 T T T 3 T 15
1 10
04 -l
1 5
035 - 1 q —_
' ol a2
=X < =,
o g E
03 B - -
1 5
- = : | .
P i i . e 5 L i L L i
03 04 05 06 4 3 2 4 3 1 2 o 5 3 5 0 15
R(D) Re(3),) Re(Al,)
Scl: R(D) and R(D*) only Sc2: R(D), R(D*), Br(B — Tv+) Sc3: All data except R(D™)

A. Pich
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Real COUplingS: Jung-Pich-Tuzén, 1006.0470

Ds — v, (B —71V1;)

07 .

Ds — pv, (B — 7v7)

T > 0.7

R ¢w/MG

Re({{a)/MA Re(Z' La)/MG

B — Druv,

o° (95% CL, GeV~2 units)

Type I/X: Dashed Line

Types I1/Y: Lighter grey area , tan 8 € [0.1, 60]

01 L L
02 04

Re(4{a)/M
A. Pich Higgs Physics 41




Constraints from e€x (5% c)

Jung-Pich-Tuzén, 1006.0470

20 T T

150

[$ul
—
<

T

ool
100 200 300 400 500

M, H/ GeV




a(pp = ¢f) Br(¢} — f)
a(pp — h)sm Br(h — f)sum

Higgs Signal Strengths: uf =

o = ol i @?) Br(¢? — f) . V@) Br(w} = f)
F ™ o(pp — jj h)sm Br(h — f)sm Y7 o(pp — V h)sm Br(h — flsm
Brigf = X) _ 1 T(p—=X) o(0) = M%)
Br(h — X)SM /)((,’)?) F(h — X)SM Y ! FSM(h)
o0 2 o0 2
R | g Relyg N FOq)|* + | S Imlyg ) K (xq)|
& 7 o(gg — hsm |Zq ]__(Xq)|2
@0 o2 e? 2 ©0) o2 2
o Tl o) | S Reb7T)NEGE F ) + Gbw)Ri +Clh T+ | S ) NE QR (x)
T T = yv)sm ‘ S NEQEF(x) + Q(XW)‘2
xf = 4m$»/M?po ; Xy = 4M5V/Mio

i i
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Constraints from b — s~ (95% cL)

Jung-Pich-Tuzén, 1011.5154

Important Correlations: CM(puw) = Cism + Isul? G — (sksy) Ciud
* *
lsroy| vs. Mys lsacal vs. arg(sisy)
5, 25 T T T T T T
20| 20
_15 _ 15
Elo )
5| 5
1 200 300 00 500 o ] 2 3 A 5 .
My ¢/rad

e Stronger constraint for small Scalar Masses
e For ¢ = arg(s;s;) = 7 (0) constructive (destructive) interference

e Important restriction on CP asymmetries



Fermiophobic Charged HiggS Celis-llisie-Pich, 1302.4022, 1310.7941

0
=0 — vi = g(,p?VV/gsg)v\[/V = Ri

Fermiophobic charged Higgs Fermiophobic charged Higgs
A A R A
a4 A:Fit |
p— m: 68% CL
r ‘ m:99% CL
2f ~ 4
of -
Che | ]
o ]
L ]
[ f/dof=o.65: m: 68% CL
b = I N N A TSRt R - X
.0 .2 0.4 06 0.8 i o 15 0
sin(a) AnHe H-
c = —vA hHYH™ -2 AGMP o /M
hHYH— = TV Mt H— , HEt = W wHtH— AGM L /M)
H
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A Heavy CP-even Higgs at 125 GeV Celis-Ilisie-Pich, 1302.4022

Invisible Width ~ (H — hh)

S, T,U 60
1000 . .
501
800
I~ ~ 40
% 600 >
3 3
= 2 30
S 400 5
200 204
Y. . 10}
100 200 300 400 500 600 700 800
Mpy:(GeV) o
00 05 1.0 1.5 2.0 2.5 3.0
A pinn x10°
sina~1 — ghvw < 1
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Complex Yukawa Couplings

Complex Top Yukawa
1.5] N -
vi=y=1
1.0]
0.5
=§ 0.0 E%
E E
=05
-1.0
—1.5]
-15-1.0 -05 00 05 1.0 1.
0
Re(yu)
. = P
Dashed lines = constant pu~ 4
Ri1 = 0.95,
A. Pich

Celis-llisie-Pich, 1302.4022

Complex Tau Yukawa

Complex Bottom Yukawa

z

;
yu‘=y7‘“=1_“

2
1 .’
/
/
1
0 |
|
\
-1 \\
-2
[ S ] i 2 2210 T
Re(’) Re(y{")
0 0
constant urbiv constant p.fj_v
parameters not shown set to SM
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