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ü
h
lleitn

er,
S
em

in
ar,

1
4

M
ay

2
0
1
3
,
L
A
L

O
rsay



E
xp

e
rim

e
n
ta

l
V

e
rifi

ca
tio

n
o
f
th

e
E
W

S
B

M
e
ch

a
n
ism

E
W

S
B

m
ech

an
ism

:

C
re

a
tio

n
o
f
p
article

m
a
sse

s
w

ith
o
u
t

v
io

la
tin

g
g
a
u
g
e

p
rin

cip
le

s

T
est

o
f
th

e
E
W

S
B

m
ech

an
ism

•
D

isco
very

–
m

•
In

teractio
n

w
ith

th
e

scalar
b
o
so

n
 

g
H
X
X
∼

m
X

B
B

m
=

0
m
6=

0

w
ith

v
=

2
4
6

G
eV6=

0

•
S
p
in

-
an

d
p
arity

q
u
an

tu
m

n
u
m

b
ers

–
J
P
C

•
E
W

S
B

:
p
o
ten

tial
w

/
n
o
n
-van

ish
in

g
V

E
V

–
λ
H
H
H

,λ
H
H
H
H

V
(φ

)

φ
0

φ
+

M
.M

.
M

ü
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ü
h
lleitn

er,
S
em

in
ar,

1
4

M
ay

2
0
1
3
,
L
A
L

O
rsay



W
h
y

B
e
yo

n
d

S
ta

n
d
ard

M
o
d
e
l
(B

S
M

)
P

h
ysics?

S
ta

n
d
ard

M
o
d
e
l:

in
co

m
p
le

te
p
ictu

re
o
f
th

e
u
n
iv

e
rse

•
S
M

h
as

1
9

free
p
aram

eters:
W

h
at

are
th

e
valu

es
o
f
th

ese
p
aram

eters?

•
C
o
m

m
o
n

orig
in

o
f
all

th
ree

forces
o
f
th

e
S
M

?

•
H

ow
to

in
corp

orte
g
ravity?

•
C
an

d
id

ate
for

D
ark

M
atter

(D
M

)?
...

S
u
p
e
rsy

m
m

e
try

:
relates

ferm
io

n
s

an
d

b
o
so

n
s

♦
so

lves
h
ierarch

y
pro

b
lem

♦
g
au

g
e

co
u
p
lin

g
u
n
ifi

catio
n

(M
S
S
M

)

♦
H

ig
g
s

m
ech

an
ism

g
en

erated
rad

iatively

♦
C
o
ld

D
ark

M
atter

can
d
id

ate
(←

R
-p

arity)
...

C
o
n
se

q
u
e
n
ce

s:
n
ew

p
articles

(e
.g

.
ru

n
n
in

g
in

th
e

lo
o
p
s),

exten
d
ed

H
ig

g
s

sectors
(scalar,

p
seu

d
o
scalar

H
ig

g
s

b
o
so

n
s,

H
ig

g
s

b
o
so

n
s

w
ith

n
o

d
efi

n
itve

C
P

q
u
an

tu
m

n
u
m

b
er)

M
.M

.
M

ü
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ü
h
lleitn

er,
S
em

in
ar,

1
4

M
ay

2
0
1
3
,
L
A
L

O
rsay



(II)
H

ig
g
s-S

p
in

A
n
a
lysis

th
ro

u
g
h

g
g

→
H

J
→

γ
γ

D
e
cays

•
S
y
ste

m
a
tic

h
e
licity

a
n
a
ly

se
s

fo
r

a
n
g
u
lar

d
istrib

u
tio

n
s

1σ

d
σ

(γ
γ

)

d
co

s
Θ

=
(2

J
+

1
)[X

J0 Y
J0 D

J0
0

+
X
J0 Y

J2 D
J0
2

+
X
J2 Y

J0 D
J2
0

+
X
J2 Y

J2 D
J2
2 ]

∗
D
Jm
λ

sq
u
ared

W
ig

n
er

fu
n
ctio

n
s,

m
=

S
z

sp
in

co
m

p
o
n
en

t,
λ
≡

λ
γ −

λ
′γ

∗
X

pro
d
u
ctio

n
h
elicity

pro
b
ab

ility

∗
Y

d
ecay

h
elicity

pro
b
ab

ility

•
T
y
p
e
s

’scalar-typ
e

assig
n
m

en
t’

(H
ig

g
s):

X
J0

=
Y
J0

=
1

an
d
X
J2

=
Y
J2

=
0

[J
≥

0
]

’ten
sor-typ

e
assig

n
m

en
t’

(g
ravito

n
-like):

X
J0

=
Y
J0

=
0

an
d
X
J2

=
Y
J2

=
1

[J
≥

2
]

M
.M

.
M

ü
h
lleitn

er,
S
em

in
ar,

1
4

M
ay

2
0
1
3
,
L
A
L

O
rsay



G
e
n
e
ra

l
S

p
in

/
P

arity
A

ssig
n
m

e
n
ts

•
S
e
le

ctio
n

ru
le

s
fo

r
H

ig
g
s

sp
in

/
p
arity

fro
m

o
b
servin

g
th

e
p
o
lar

an
g
u
lar

d
istrib

u
tio

n
s

o
f
a

sp
in

-J
H

ig
g
s

state
in

g
g
→

H
→

γ
γ

P
\

J
0

1
2
,4

,···
3
,5

,···

even
1

forb
id

d
en

D
J0
0
D
J0
2

D
J2
2

D
J2
0
D
J2
2

o
d
d

1
forb

id
d
en

D
J0
0

forb
id

d
en

•
S
q
u
are

d
W

ig
n
e
r

fu
n
ctio

n
s
D
Jm
λ

u
p

to
∼
|co

s
2
J

Θ
|

D
00
0

=
1

D
20
0

=
(3

co
s
2

Θ
−

1
)
2/

4
D

22
2

=
(co

s
4

Θ
+

6
co

s
2

Θ
+

1
)/

1
6

M
.M

.
M

ü
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rö
b
er,M

M
M

,Q
u
evillo

n
,S

p
ira

’1
2

◦
bb̄γ

γ
,
bb̄τ

+
τ
−

lo
o
k

pro
m

isin
g
:

S
/ √

B
≈

6
for

∫

L
=

3
ab
−

1

D
o
la

n
,E

n
g
lert,S

p
a
n
n
ow

sk
i’1

2
P
a
p
a
efsta

th
io

u
,Y

a
n
g
,Z

u
rita

’1
2

M
H

=
1
2
5

G
e
V
:
e
x
p
lo

it
su

b
je

t
te

ch
n
iq

u
e
s:

◦
L
H

C
@

1
4
T
eV

[
∫

L
=

1
0
0
0

fb −
1]:

H
H

j→
bb̄τ

+
τ
−

j:
m

o
st

pro
m

isin
g

to
co

n
strain

λ
H
H
H

◦
L
H

C
@

1
4
T
eV

[
∫

L
=

6
0
0

fb −
1]:

H
H
→

bb̄W
+
W
−
→

bb̄lν
jj:

stro
n
g

evid
en

ce

M
H

=
1
2
5

G
e
V
:
e
x
p
lo

it
ra

tio
s

o
f
cro

ss
se

ctio
n
s

G
o
ertz,P

a
p
a
efsta

th
io

u
,Y

a
n
g
,Z

u
rita

’1
3

M
.M

.
M

ü
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ü
h
lleitn

er,
S
em

in
ar,

1
4

M
ay

2
0
1
3
,
L
A
L

O
rsay



S
e
arch

fo
r

M
S

S
M

H
ig

g
s

B
o
so

n
s

a
t

th
e

L
H

C

g
g
→

bb̄φ
0,

g
g
→

φ
0,

φ
0→

τ
+
τ
−

,µ
+

µ
−

(A
T

L
A

S
)

A
T

L
A

S
-C

O
N

F
-2

0
1
2
-0

9
4

C
M

S
1
2
0
2
.4

0
8
3

 [G
eV

]
A

m

100
150

200
250

300
350

400
450

500

βtan 

10 20 30 40 50 60
 P

relim
inary

��
���

M
S

S
M

 com
bination-1

 Ldt =
 4.7 - 4.8 fb

∫

���
��

s

>
0

µ, 
m

ax
h

m

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
	

	

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
	

	

O
bserved C

Ls
E

xpected C
Ls

σ
 1

±
σ

 2
±LE

P

			
	

	

			
	

	

M
.M

.
M

ü
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