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Search for Electroweak Scale Physics
in the Higgs Sector

- Higgs Rate Measurements

- Search for Additional States Directly in
the Higgs Sector

- Searching for New Physics Produced
in Association with Higgs

- Search for Additional States
Related to the Higgs Sector

- Searching for New Physics Produced
from Decay of Higgs

- Precision Higgs Measurements to Search for
New Physics




Search for Electroweak Scale Physics
in the Higgs Sector

- Higgs Rate Measurements

- Search for Additional States Directly in 7+8 TeV 25 fb-!
the Higgs Sector
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- Searching for New Physics Produced Investigation of

in Association with Higgs Electroweak
Physics at the

- Search for Additional States Electroweak Scale
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- Searching for New Physics Produced Reached an
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- Precision Higgs Measurements to Search for
New Physics







Higgs Boson Rate Measurements

Number of Channels Observed + Measured o.Br ( Initial -> h -> Final )

Many Many More Eventually ...

Vs=7TeV,L<5.1f" (s=8TeV,L=19.6fb"

Combined
u=080=0.14 | CMS Preliminary my=125.7 GeV

H— bb (VHtag) | pg,,=0.94
H— bb (itH tag) =
H— yy (untagged)

Inclusive VBF Vh tth H - yy (VBF tag)
H— vy (VH tag)
YY @ @ @ @ H— WW (0/1 jet)
H—> WW (VBF tag)
77%* @ X X @ H— WW (VH tag)
H —> v (0/1 jet)
wwr | 0 |0 |0 | 0 e (V-1
@ @ H — 7t (VH tag)
b @ @ H—> ZZ (01 jet)
bb @ @ H—ZZ (2jets) | |
-4 -2 2 4
Zvy X X X Best fit o/ag,,
uu X X X X




Higgs Boson Rate Measurements

Signals of New Physics in
SM Higgs Rate Measurements

Deviations in SM Higgs Couplings

- Fit to SM Couplings
- Effective Operator Analysis

- Specific Underlying
Theoretical Framework

Extended Higgs Sector
Supersymmetry

0.8r ( Initial -> h -> Final )

Combined
uw=080x0.14

H — bb (VH tag)
H— bb (ttH tag)
H— yy (untagged)
H— yy (VBF tag)
H— vy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H — 7t (0/1 jet)

H — =t (VBF tag)
H — 7t (VH tag)
H— ZZ (01 jet)

H—> ZZ (2 jets)

Any Deviations at Discovery Level

Vs=7TeV,L<5.1f" {s=8TeV,L<19.6fb"

CMS Preliminary m,, =125.7 GeV
P, = 0.94

2 4
Best fit oloSM

are by Definition Large ...




Higgs Boson Rate Measurements

Modifications of o.Br ( Initial -> h -> Final )
SM Higgs Rate Measurements

Vs=7TeV,L<5.1f" {s=8TeV,L<19.6fb"
Combined

Specific Underlying Framework 13%-014| CMS Preliminary m, = 125.7 GeV

H— bb (VH tag) P, = 0.94

H - bb (ttH tag)
H— yy (untagged)
H— yy (VBF tag)
) .. H— vy (VH tag)
Higgs Mixing  O(1) (m,./M)? H - WW (011 je)
H— WW (VBF tag)
H— WW (VH tag)

Yukawa Form o(1) (m,./M)? H >t (01 jet)
F H — v (VBF tag)
GCTOI" H — 7t (VH tag)
H— ZZ (0/1 jet)
H—> ZZ (2 jets)
2 ] L .-| L
Partner Loops O(1) (m,/M) I

Any Deviations at Discovery Level
No (effective) Loop Suppression ! are by Definition Large ...







Higgs Boson Rate Measurements

New Tests of Standard Model - Higgs Sector o.Br ( Initial -> h -> Final )

1 L
0.1}

E SM Bosons (oY

[ g = (my/v
001! SM Fermions -~ Tnxx X
/ n=1 Fermion
n=2 Boson
0.001|
0.1 05 1.0 50 100 50.0100.0

m (GeV)
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Higgs Boson Rate Measurements (M)

New Tests of Standard Model - Higgs Sector o.Br ( Initial -> h -> Final )

| T T T, | CMS Global Fit
1t ] 5 + 20 fb!
T Standard Model
R 3 Hypothesis
0.1} $ _
P /L
/W
2 b 7 = n
& T - Inxx = (My/ V)
0.01 f .
u //* n=1 Fermion
T n=2 Boson
0.001}
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m (GeV)
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Higgs Boson Rate Measurements (cMs)

New Tests of Standard Model - Higgs Sector o.Br ( Initial -> h -> Final )
It's the Higgs Boson !

ot CMS Global Fit

Li */ 5+ 20 fb!
T Standard Model
R 3 Hypothesis
0.1} PR |
P /L
W
2 b - "
& T Ihxx = (My/V)
0.01 i .
W //* n=1 Fermion
T n=2 Boson
0.001}
0.1 05 1.0 50 100 50.0100.0

m (GeV)
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Higgs Boson Rate Measurements

New Tests of Standard Model - Higgs Sector

It's the Higgs Boson !

0.1t

8hxX

0.01¢

0.001 ¢

t A
///*
.
h
”
L
W
b 7/
T s
’ 41
0.1 05 1.0 50 100 50.0100.0

m (GeV)

o.Br ( Initial -> h -> Final )

CMS Global Fit
5+ 20 fb

Standard Model
Hypothesis

Gnxx = (My/ V)"

n=1 Fermion
n=2 Boson
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Higgs Boson General Couplings (Craig, Thalapill, ST)

tt, WW, ZZ, bb, tr, 99, vy Higgs Couplings o.Br ( Initial -> h -> Final )

All these Couplings Roughly Equally Important
in Rate Measurements

Effective Operator Description
If Scale Uniformly Small or Bounded

Smallest Couplings are Most Susceptible to
Largest Fractional Modifications

A Consistent Operator Expansion -
Include at Leading Order Only

Leading Irrelevant Operators for
Small Couplings bb, T, g9, 1y

Marginal Operators for
Large Couplings tt, WW, ZZ

15




Higgs Boson General Couplings (Craig, Thalapill, ST)

tt, WW, ZZ, bb, tr, 99, vy Higgs Couplings o.Br ( Initial -> h -> Final )

All these Couplings Roughly Equally Important
in Rate Measurements

Effective Operator Description
If Scale Uniformly Small or Bounded

Smallest Couplings are Most Susceptible to Applies to Wide Class

Largest Fractional Meodifications of UV Completions
A Consistent Operator Expansion - If Perturbative + All
Include at Leading Order Only Irrelevant Operators

Loop Suppressed
Leading Irrelevant Operators for

Small Couplings bb, T, g9, vy Potentially Large
Fractional Effects on
Marginal Operators for Small Couplings

Large Couplings tt, WW, ZZ
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Gauge and Yukawa Form Factors of the Higgs (crig maiapiii, s

Effective Operators - Coupling General
Function of Higgs to bb, tr, g9, vy

(Non)-Linear + Momentum Dependent
Form Factors

Dimension Six:

17




Gauge and Yukawa Form Factors of the Higgs (craig malapili, s7

Effective Operators - Coupling General
Function of Higgs to bb, v, g9, vy

(Non)-Linear + Momentum Dependent
Form Factors

Dimension Six:

At this Order

/ ) s Momentum Dependence
i e “Identical" to that from
o T Marginal Interactions
f - f
Consistent to Fit to
Overall Multiplier of

G, SM ff, g9, vy Couplings
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Gauge and Yukawa Form Factors of the Higgs (crig maiapiii, s

Effective Operators - Coupling General
Function of Higgs to bb, T, g9, 1y

Dimension Six: Small Couplings CMS + ATLAS
Global Fit
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Yukawa Form Factors from Radiative Fermion Masses

(Thalapillil, ST)
SUSY

Large tanp m, utanp / (16 i2 m?) ~1 -> Soft Down-Type Yukawa Couplings

H or OH

Y

A
Y

Y
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Yukawa Form Factors from Radiative Fermion Masses

SUSY

(Thalapillil, ST)

Soft Chirality Violation > Hard Chirality Violation = Soft Yukawa Couplings

H or OH
|
~ | ~
fu 1L I
N
/ \
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Yukawa Form Factors from Radiative Fermion Masses

(Thalapillil, ST)

SUSY

Soft Chirality Violation > Hard Chirality Violation = Soft Yukawa Couplings
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Precision Probes of New Electroweak Physics

Electroweak Observables
G, My, Mz, Iz, Az gp, ..

PDG

Renormalizable SM +

D=6 Operators

$=0.01+-0.10

H=<H>
¢ T=0.03+-0.11
ﬁTz (H'D,H)(H'D*H)
g—li'ism H'W,,H B*

Systematics: m,, In(m,), as , ...
25



Precision Electroweak Physics Through the Higgs (c:is sn

Higgs Observables
o . Br ( Initial -> h -> Final )

26



Precision Electroweak Physics Through the Higgs (c:i sn

Higgs Observables
o . Br ( Initial -> h -> Final )

Best Channels:

o . Br ( Inclusive -> h ->
Resonant Final )

27



Precision Electroweak Physics Through the Higgs (c:i sn

Higgs Observables Br(h — v7)
o . Br ( Initial -> h -> Final ) Br(h — ZZ)

Best Channels: (Ratios)

o . Br ( Inclusive -> h ->
Resonant Final )

28



Precision Electroweak Physics Through the Higgs (c:i sn

a M?
SM [1 O (WT)]

Higgs Observables Br(h —vy) _ Br(h— )
o . Br ( Initial -> h -> Final ) Br(h — ZZ) ~ Br(h = Z2)

Best Channels: (Ratios)

o . Br ( Inclusive -> h ->
Resonant Final )

Renormalizable SM +
D=6 Operators

H=<H>+h

% (H'D,H)(H'D"H)

919255 ; v
TH HTWW H B*

2
g 55 v
s 05,

2
9265' T v
LS {H W, W
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Precision Electroweak Physics Through the Higgs (c:i sn

a M?
SM [1 O (WT)]

Higgs Observables Br(h —vy) _ Br(h— )
o . Br ( Initial -> h -> Final ) Br(h — ZZ) ~ Br(h = Z2)

Best Channels: (Ratios)

o . Br ( Inclusive -> h -> PEW

Resonant Final ) 0o T ———— :

0.4} ;

Renormalizable SM + [ | i

D=6 Operators 02} | i

H=<H>+h 2 00} i

A - ! :

&r -02} ! i

7z (H'D,H)(H'D"H) | ! i

—04} 5 :

glg2£s P v | : I

TH HTWWH B [ f i

-0.6 ! ;

91€s -06 -04 -02 00 02 04 06
g HH BuB" .
12

2
9265' T v
W;Z H'H W, W*
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Precision Electroweak Physics Through the Higgs (c-i s

Q M2)]
1+0 | ———
SM[ (47”’2 §

Higgs Observables Br(h = v7) _ Br(h— )
o . Br ( Initial -> h -> Final ) Br(h — ZZ) ~ Br(h = Z2)

Best Channels: (Ratios)

o . Br ( Inclusive -> h -> PEW + CMS 5+ 12(5) fbl 7 + 8 TeV

Resonant Final ) 0.6 T ]
0.4}
Renormalizable SM + [
D=6 Operators 0.2
H=<H>+h 1 oo}
(/)F| r
&r ~0.2}
A3 (H'D,H)(H'D*H) [

—0.4}

91925513 1 v -
e H'W, H B* |
-0.61 .
5511 HTHB BH -06 -04 -02 00 02 04 06

N2
2M Sy,

6522 i ny
2M? HHWuW Systematics: Statistics, Resonant-Continuum

Separation + Interference, ... 3




Precision Electroweak Physics Through the Higgs (cris sn

Higgs Observables

o . Br ( Initial -> h -> Final )

Best Channels: (Ratios)

o . Br ( Inclusive -> h ->
Resonant Final )

Renormalizable SM +
D=6 Operators

H=z<H>+h

% (H'D,H)(H'D*H)

919285 y
Wl? HTWW H B*

2
9i&s v
aps H'H BuB"

2
9265‘ 1‘ v
W;Z H'H W, W*

Br(h = vy) _ Br(h—=77)
Br(h — ZZ)  Br(h— Z2)

PEW + 5% Uncertainty Br(h->yy)/Br(h->Z2)
0.6F ' - - - - g

0.4}
0.2} -

0.0' ” /”

S11+5y
~

-0.2¢ L

~04}

-0.6L, . . : . : N
-06 -04 -02 00 02 04 06

S12

Systematics: Statistics, Resonant-Continuum
Separation + Interference, ..

a M?
1+0 | ——
SM[ (47”’2 § )]
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Searching for 2" Higgs Doublet in
SM Higgs Boson Rate Measurements

Two Higgs Doublets h, A, H, H*

h-H mix

Large modifications of
h couplings Possible

Four Discrete Two Doublet
Models that Satisfy
Glashow-Weinberg Condition

Twe Parameters,

o, p

tan 8 = |(3)/(9])]
V2 Re(®3) —v2\ [ cosa sina h
V2 Re(®)) —v1) \ —sinacosa ) \ H

Four couplings
(see paper for correlations)

(Craig, ST)
2HDM I | 2HDM II | 2HDM III | 2HDM IV
u D, D, ) D,
d D, D, D, D,
€ (I)g @1 q)l @2
2HDM I 2HDM II 2HDM III 2HDM IV
RVV | sin(B—«a) | sin(8—a) sin(8 — a) sin(8 — @)
hQu | cosa/sinf8 | cosa/sinf | cosa/sinf | cosa/sinf
hQd | cosa/sinf | —sina/cosf | cosa/sinf8 | —sina/cosf
hLe | cosa/sinf3 | —sina/cosf | —sina/cosf | cosa/sinf
HVV | cos(B—a) | cos(B—a) cos(fB — @) cos(B — a)
HQu | sina/sinf | sina/sinf sin a/sin sin a/sin
HQd | sina/sinf | cosa/cosfB | sina/sinf | cosa/cosf
HLe | sina/sinf | cosa/cosf cosa/cos sin a/sin 8
AVV 0 0 0 0
AQu cot 8 cot 8 cot 8 cot B
AQd —cot 8 tan 3 —cot 8 tan 8
ALe —cot 8 tan 3 tan 3 —cot B
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Searching for 2" Higgs Doublet in
SM Higgs Boson Rate Measurements

Two Higgs Doublets @H mix

h-H mix

Large modifications of
h couplings Possible

Four Discrete Two Doublet
Models that Satisfy
Glashow-Weinberg Condition

Twe Parameters,

o, p

tan 8 = |(3)/(9])]
V2 Re(®3) —v2\ [ cosa sina h
V2 Re(®)) —v1) \ —sinacosa ) \ H

Four couplings
(see paper for correlations)

(Craig, ST)
2HDM I | 2HDM II | 2HDM III | 2HDM IV
u Lo L2 Dy 2
d D, g} D, @,
€ q)g @1 @1 @2
2HDM I 2HDM II 2HDM III 2HDM IV
RVV | sin(B—«a) | sin(8—a) sin(8 — a) sin(8 — @)
hQu | cosa/sinf8 | cosa/sinf | cosa/sinf | cosa/sinf
hQd | cosa/sinf | —sina/cosf | cosa/sinf8 | —sina/cosf
hLe | cosa/sinf3 | —sina/cosf | —sina/cosf | cosa/sinf
HVV | cos(B—a) | cos(B— ) cos(f —a) cos(B — a)
HQu | sina/sinf | sina/sinf sin a/sin sin a/sin
HQd | sina/sinf | cosa/cosfB | sina/sinf | cosa/cosf
HLe | sina/sinf8 | cosa/cosf | cosafcosf | sina/sinf
AVV 0 0 0 0
AQu cot 8 cot 8 cot 8 cot B
AQd —cot 8 tan 8 —cot 8 tan 8
ALe —cot 8 tan 3 tan 3 —cot B

h mass Eigenstate || Expectation Values

Alignment Limit:

cos(B-a)=0

h couplings = hg,, couplings

35



Searching for 2" Higgs Doublet in (Craig, Galloway, ST)
SM Higgs Boson Rate Measurements

Two Higgs Doublets @H mix

02 % =100

B ;=10
h-H mix

Large modifications of
h couplings Possible -

Four Discrete Two Doublet
Models that Satisfy
Glashow-Weinberg Condition

Two Parameters, o, p

15=0

tan § = |(93)/(®9)|
(\/Q Re(®9) —vz) _ ( cos & sina) (h)
V2 Re(®9) — v —sina cosa | \ H Alignmen‘l’ Limit:

F ki h mass Eigenstate || Expectation Values
our COUp |n95 COS(B _ 0(.) - O
(see paper for correlations)

h couplings = hg,, couplings
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Searching for 2" Higgs Doublet in (Craig, Galloway, ST)
SM Higgs Boson Rate Measurements

Two Higgs Doublets (hyH mix

Type 1: Combined Fit [68,95% CL] Type 2: Combined Fit [68,95% CL]

tg = 100 2 tg = 100
—t;; =10 n —t;} =10
{tg=1 'B p tg=1
i Ats=0 L] U S S A 44444 118 =0
-10 -05 0.0 05 10 -10 -05 0.0 05 10
cos(B—a) cos(B—a)
hQd, hQu  sin(8—a) + cotBcos(f—a) hQd sin(8—a) — tanfcos(8—a)

hQu  sin(8—a) + cotBcos(—ca)
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Searching for 2" Higgs Doublet in (Craig, Galloway, ST)
SM Higgs Boson Rate Measurements

Two Higgs Doublets (h}H mix

Experimentally:

h Couplings ~ hg,, Couplings

Theoretically for 2HDM Implies:

Type I - Close to Alignment Limit
Type II - Very Close to Alignment Limit

Implications for Proximity to
Decoupling Limit - (Model Dependent)

Implications for A,H H+- Couplings
Direct Searches ...

38
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Direct Searches for 2" Higgs Doublet (Craig, Galloway ST;

Evans, Kilic, Park, ST)

Two Higgs Doublets h, A, H, H*

Leading Topologies with Unsuppressed
Production Cross Sections
Near Alignment Limit

Consider Spectrum:
Second Higgs Doublet Alignment
2 mp < My ~ my ~ my,. < 2 m, Decay Topology Limit

splittings < O(my,) H - WW,ZZ -

P 9 W H,A — ~y v

H, A — 77,uu v

H A — tt v

A — Zh —

H — hh —

t — H*b v
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Direct Searches for 2" Higgs Doublet (Craig, Galloway ST,
Evans, Kilic, Park, ST)

Two Higgs Doublets h, A, H, H*

Leading Topologies with Unsuppressed
Production Cross Sections
Near Alignment Limit

Consider Spectrum:
Second Higgs Doublet Alignment
2 mh < my~ mH ~ mH+- < 2 mT Decay Topology Limit

splittings < O(my,) H - WW,22 -

P B W H,A — ~y v

H,A — 77,04 v

H A — tt v

A — Zh -

. H — hh —

SM Higgs Search Channels
Non-Standard Channels t — H*b v
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Direct Searches for 2" Higgs Doublet (Craig, Galloway, ST)

Two Higgs Doublets h,@ H*

gg->AH-> vy

o.Br(A->yy)=few.o.Br(H->yy)

TYPE 1: Inclusive o-Br(A—yy) (fb), may=300 GeV TYPE 2: Inclusive o-Br(A—yy) (fb), m,y=300 GeV
n n
5k : 7 i i 7 : " = 100 " . - . . - =
2 H , . ) ip 2 e : o 1g = 100
" 1 t/; =10 75
1
I
1
|
|
R 3n
! 8
T
ﬂ 4
1
b 3 1
SR ! / 100
.\ 1
500 > —
\\ \ N /
N\ [ .
\\\ 17
NEX
L ‘ . . : ‘ . of ‘ U‘ ‘ =0
-06 -04 -02 0.0 02 0.4 0.6 -02 -0.1 0.0 0.1 0.2
cos(B—-a) cos(B-a)
43

O .Br(hg,->yy)=51fb
for m, =125 GeV



Direct Searches for 2" Higgs Doublet

-BR [fb]

95% CL limit on Cpy

Two Higgs Doublets h @ H*- %

T 1 T T I T L I T T T 71 I T 1 T 1T I T 1 T 7T I T 1 T 1 I T 1 L

> ]

Qo ATLAS Preliminary 2000 .

AH S 10 = 1800f =

99 -> ' -> YY E; = 1eoo§ 3

S = 1400 .

Z 10 1200F o oo =

© = N 10003——Continuum+Hfit (m_ =125 GeV) =

- 3 3 . X =

L ‘ S e 800F -~ Continuum part of the fit -

10 \s=8TeV 115 120 125 130 135

- I Ldt=20.3fb" 3

- ty + ]

1 E—edata f _§

o.Br(hg,->yy)<5fb = Continuum-+H fit (m, = 125 GeV) '“ ﬂ| s
_ - —— Continuum+H fit (m_ = 250 GeV)

for m, =300 GeV 10" = Continuums+H fit (m i— 500 GeV) ‘ | | "E

Co v v b v b v b by b L1 -

100 200 300 400 500 600 700

my, [GeV]
10° = T LA R T ,- i<
— . ATLAS Preliminary 1 C ; 13
- E — Observed 00: : 14
102 k : - -- Expected N | 13
: I+ io 50~ i 43
[ [CJ+20 - 13
10 == ! 60 160 3

1E- E
= | \s=8TeV [ Lt =203 0" :
10—1 B 1 I E L 1 1 1 I L 1 L L I 1 1 L l 1 L 1 l 1 1 1 1 ||
100 200 300 400 500 600
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Direct Searches for 2" Higgs Doublet (Craig, Galloway, ST)

Two Higgs Doublets h,@H, H*-
gg->A-> vy

TYPE 1: Inclusive o-Br(A-vyy) (fb), may=300 GeV
N s ! T " "Jtg =100 3 [

’ ’ : . p
. 1 : Y 51

TYPE 2: Inclusive o-Br(A—yy) (fb), my=300 GeV

- |15 =100
—lﬁ=10

(ERE]
T

w
B

|

.8
B
T
s
0 O P 1 - 1 2 1 P Ly 1 1 1 1
-0.6 -04 -02 0.0 02 0.4 0.6 -02 -0.1 0.0 0.1 02
cos(f—a) cos(fB—a)

O.Br(hg,->yy)<5fb
for m, =300 GeV 45
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Direct Searches for 2" Higgs Doublet

Two Higgs Doublets h, A,@ H*
h-H mix gg->H->WW,ZZ

CMS \s=7TeV,L<5.1fb" \s=8TeV, L< 5.3 fb

=102 S A kadkand i i i I BN I
o - | — Observed “SM-like” H
B [ [ oo Expected

8 " | === Expected + 10

= 10 [~ Expected + 20

£

-

@)

X Tk

To)

»

H— WW/ZZ

200 400 600 800 1000
m, (GeV)

m,, =300 GeV TI'(h->All) =8 GeV

(CMS)
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Direct Searches for 2" Higgs Doublet

Two Higgs Doublets h, A,@ H*

h-H mix

gg ->H->WW, ZZ

TYPE 1: Inclusive o-Br(H->VV)/o-Br(Hgy—VV), my=300 GeV, A5=0

T
2

T

T

] tg = 100

0.01 ' - 4
-~ C y qtg = 10
005 | - ;
[ !
| !
Hl 1 | ,'
3x W N A S = R
8 Voo . :
\ \ | .
\ \ § >
0.5 \ 7
\
\ |
\ | /
\ | /,
x f 00s| .
ﬁ ) \ I/ ..... H{tg =
\ /
\ /’
kY h 0.1
\
AN
A
.4 B \\ ‘\ 0.3
8 R
A
\\\\ ' 1
\\\ 1
N
5 b F\
l I
0, . x ' . e Htp=0
-0.6 -04 -02 00 0.2 04 0.6
cos(B-a)

Could do a bit better with Narrow
Width H-> ZZ -> llll Search

TYPE 2: Inclusive o-Br(H->VV)/o-Br(Hgp—VV), my=300 GeV, A5=0

o
|

(Craig, Galloway, ST)

T ) 001 : - tﬁ =100

: —IB=10

0.0

cos(S-a)
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Direct Searches for 2" Higgs Doublet

Two Higgs Doublets h, A,@ H*
g9 -> H -> hh

F(H—)hh), mAzmH=300 GCV, lsﬂ)

10f{ 15 = 100
tﬁ=10

2 10 7] =0
-1.0 -05 0.0 05 10

cos(b—a)

['(H-hh)/T(H->WW), my=my=300 GeV, A5=0
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Direct Searches for 2" Higgs Doublet (Craig, Galloway, ST)

Two Higgs Doublets h,@H, H*-
gg -> A ->Zh

TYPE 1: Inclusive o-Br(A—Zh) (pb), m;,=300 GeV TYPE 2: Inclusive o-Br(A—Zh) (pb), m, =300 GeV
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Direct Searches for 2" Higgs Doublet
Two Higgs Doublets h H*-

gg->H->hh , gg->A->Zh

hh Decay Modes Zh Decay Modes
hh |ww | zz || b | vy Zh| WW | ZZ | 77 | bb | v
WWwW ' 74
YA vv
TT 17
bb
Y
Leptons +X N X
Di-Photons + X '[—)??Pk?gfo:\s + X
Quad-b-jets Di-b-jets + X

See Experimental Talks ...
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Experimental Investigation of ElectroWeak Physics
at the ElectroWeak Scale has (Finally) Begun !

Search for New Physics in Higgs Rate Measurements
Relatively Large Deviations Possible (Expected)

Higgs Boson Gauge and Yukawa Form Factors
Consistent Operator Expansion - Small Higgs Couplings Only
D=6 Kinematic Structure "=" SM - Consistent Fit to Higgs Rates

Yukawa Form Factors
Soft Yukawa Couplings - SUSY Large tanp or Radiative Masses

Higgs -> vy , ZZ* , Zy
The New Precision Physics (Will Complement + Surpass Old PEW)

Higgs Rate Measurements Sensitive to 2" Higgs Doublet
Type (II)I (Very) Close to Alignment Limit

Search for Extended Higgs Sectors in
Standard Channels H.,A -> vy, ZZ, WW, ...

Search for Extended Higgs Sector in
New Channels H->hh , A->Zh, ..  Enhance Sensitivity ! ...
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Extra Slides



Direct Searches for 2" Higgs Doublet (cms)

Two Higgs Doublets h, A, H,@
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Direct Searches for 2" Higgs Doublet (cms)

Two Higgs Doublets h, A, H,@
t+ -> H*"b H-->tv
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Direct Searches for 2" Higgs Doublet

ox BR(H—=vy y)

Two Higgs Doublets h,H*'
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