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The LHC trium
ph

•
h has S = 0 and P = 1


•
h is SU(3)c  x U(1)em  neutral


•
h belongs to SU(2)L  doublet


•
h couplings prop. to m

asses

H
?



Understanding the EW
 scale
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•
No superheavy (coupled) degrees of freedom

  
(finite naturalness?) 


•
Large sensitivity to superheavy scales, but cancellation not accidental  
(environm

ental selection? unknow
n dynam

ics?) 


•
New

 TeV physics tam
ing sensitivity to high scales 

(supersym
m

etry? com
posite Higgs?) 

The LHC challenge (I)



The scale of “natural” new
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Exam
ple: supersym

m
etry

M
 = m
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Exam
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The LHC challenge (I)

•
No superheavy (coupled) degrees of freedom

  
(finite naturalness?) 


•
Large sensitivity to superheavy scales, but cancellation not accidental  
(environm

ental selection? unknow
n dynam

ics?) 


•
New

 TeV physics tam
ing sensitivity to high scales 

(supersym
m

etry? com
posite Higgs?) 



“Hints” of physics M
UCH above the EW

 scale

•
M

Pl  ≈ 1.2 x 10
19 G

eV


•
Q

uantum
 num

ber unification


•
Neutrino m

asses

w
ho know

s

give up



The LHC challenge (I)

•
No superheavy (coupled) degrees of freedom

  
(finite naturalness?) 


•
Large sensitivity to superheavy scales, but cancellation not accidental  
(environm

ental selection? unknow
n dynam

ics?) 


•
New

 TeV physics tam
ing sensitivity to high scales 

(supersym
m

etry? com
posite Higgs?) 



Environm
ental selection

•
G

ive up reductionist understanding of EW
 scale 

•
Assum

e cosm
ology populates a landscape of vacua 

•
Retain the understanding of SM

 gauge quantum
 num

bers, neutrino m
asses, 

success of gauge coupling unification, W
IM

P m
iracle 



Cosm
ological relaxation

•
O

riginal proposal:


•
Accept field excursion up to 10

30 G
eV (M

/10TeV) 2 


•
Invoke inflation m

odel w
ith N ~ 10

30 e-foldings


•
Non trivial low

-E inflation dynam
ics to avoid θ

Q
CD  ~ 1


•
Low

 cutoff anyw
ay M

 ≲ 30TeV


•
(a starting point…

)
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A new
 resonance in pp →

 γγ?
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Significant?

200
400

600
800

1000
1200

1400
1600

Events / 20 GeV

1−
10

1 10 2
10

3
10

4
10

A
TLA

S
 

Prelim
inary

Spin-0 Selection
-1

 = 13 TeV, 3.2 fb
s

D
ata

Background-only fit [G
eV]

γγ
m

200
400

600
800

1000
1200

1400
1600

Data - fitted background

10
−

5− 0 5 10 15

Events / ( 20 GeV )

1 10 2
10

D
ata

Fit m
odel

σ
 1 
±

σ
 2 
±

EBEB

 (G
eV)

γ 
γ

m
400

600
800

1000
1200

1400
1600

statσ(data-fit)/

-2 0 2

 (13 TeV, 3.8T)
-1

2.7 fb
C
M
S
Prelim

inary

Events / ( 20 GeV )

1 10 2
10

D
ata

Fit m
odel

σ
 1 
±

σ
 2 
±

EBEE

 (G
eV)

γ 
γ

m
400

600
800

1000
1200

1400
1600

statσ(data-fit)/

-2 0 2

 (13 TeV, 3.8T)
-1

2.7 fb
C
M
S
Prelim

inary

Events / ( 20 GeV )

1 10 2
10

D
ata

Fit m
odel

σ
 1 
±

σ
 2 
±

EBEB

 (G
eV)

γ 
γ

m
400

600
800

1000
1200

1400
1600

statσ(data-fit)/

-2 0 2

 (13 TeV, 0T)
-1

0.6 fb
C
M
S
Prelim

inary

Events / ( 20 GeV )

1 10
D

ata
Fit m

odel
σ

 1 
±

σ
 2 
±

EBEE

 (G
eV)

γ 
γ

m
400

600
800

1000
1200

1400
1600

statσ(data-fit)/

-2 0 2

 (13 TeV, 0T)
-1

0.6 fb
C
M
S
Prelim

inary

200
400

600
800

1000
1200

1400
1600

1800

Events / 20 GeV
1−

10

1 10 2
10

3
10

4
10

A
TLA

S
 

Prelim
inary

Spin-0 Selection
-1

 = 8 TeV, 20.3 fb
s

D
ata

Background-only fit [G
eV]

γγ
m

200
400

600
800

1000
1200

1400
1600

1800

Data - fitted background

10
−

5− 0 5 10 15

ATLAS	
13 TeV 3.2 fb

-1	
3.9 σ

ATLAS	
8 TeV 20.3 fb

-1 	
1.9 σ

CM
S	

13 TeV + 8 TeV 	
3.4 σ



Significant?
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Com
patible (S = 0)?

ATLAS 13 TeV vs 8 TeV 
8 TeV has sm

aller strength 
com

patible at 1.2 σ w
ith 13 TeV best fit 

for S = 0 and gg production

ATLAS vs CM
S
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W
hat if	pp →

 X →
 γγ

•
Celebrate


•
L

SM  + ?


•
w

hich field?	
	

	
(spin? SM

 quantum
 num

bers?)


•
w

hich interaction?		
(parity? w

idth? production and decay?)


•
W

ho ordered that?



Spin

X

γγ

⇒
 S = 0, 2…

X = Z’

γγγ

a
(

)
caveat: S = 1

S = 0		
1.2 σ (gg)		

2.1 σ (qq)  

S = 2		
2.7 σ (gg)		

3.3 σ (qq) 

8 TeV →
 13 TeV 

scaling: 4.7
8 TeV →

 13 TeV 
scaling: 2.7

ATLAS



Production

•
Large C allow

s sm
aller Γ(X→

γγ) ≣ Γ
γγ  (m

ore plausible?)


•
Large σ

13 /σ
8  ratio im

proves com
patibility 13 TeV vs 8 TeV


•
W

ill assum
e gg production w

hen relevant
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Decay and w
idth

•
Γ = Γ

γγ  + Γ
gg  + Γ

extra  


•
large (Γ/M

 ~ 0.06) or narrow
 (Γ/M

 ~ few
 10

-6)?


•
Γ/M

 ~ 0.06


•
Γ/M

 ~ g
2/(8π) →

 g ~ 1


•
accounted for by Γ

extra (tree level?)


•
experim

ental bounds Γ
extra / Γ

γγ  drag Γ
γγ /M

 ≳ 10
-4


•
strongly coupled m

odels? →
 talk by Elena Vigiani

Strumia Moriond 2016
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•
 


•
 

O
R

=
exp resolution ~ 10 G

eV 
Γ = 0.06 M

 ≈ 45 G
eV

 M
i 2 = M

2 + O
(v 2) 

ΔM
i  ~ v 2/2M

 ≈ 20 G
eV

=
X

γγ

X

γγ

a

γ γ
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Bi et al.1512.08497

m
a  « M

 →
 γγ ~ γ

-
w

idth large because of tree level X →
 aa 

-
signal large because of tree level X →

 aa  
-
Γ(a →

 γγ) “only” affects lifetim
e of a
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W
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Narrow
 w

idth

•
Sm

allest Γ
γγ  for i) gg production ii) dom

inant Γ
gg 

Γ
γγ /M

 ≈ 0.5 10
-6 ➔

 Γ/M
 ≲ 10

-3


•
Then		

	
	

	
	

	
	

(! ≠ SM
 fields)


•
Extra charged, colored degrees of freedom

! →
 talk by Dario Buttazzo 

- W
ho ordered those as w

ell?



•
Supersym

m
etry:		

SM
 ⬌ SM

	
	

m
 > m




•
Spontaneously broken through


•
G
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ions) get m

ass by coupling to X 
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UV com
pletion?

•
W

 = λ X ! ! 		
(m

inim
al gauge m

ediation) 
	

- couple F to gluino and photino 
	

- couple s to gluon and photon


•
Num

bers:


•
O

n the other hand: 

_
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•
 


How
ever
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•
Supersym

m
etric effective description fails: λ M

 ≈ F


•
Fine-tuning ~ (g

eff /λ) 2 


•
For g

eff  ~ 4π, !
-  bound states can form

 (and m
ix w

ith s)


•
IR non-perturbativity - does not spoil nice UV properties of supersym

m
etry


•
M

 ~ 100 TeV, as previously argued


•
Sferm

ions heavier than O
(TeV) (tree-level) if X has U(1)X  charge



Exam
ple

•
! + ! ~ (3, 2, -5/6) + (3, 2, -5/6)	

from
 Σ 	SU(5) adjoint


•
N = 5 (barely UV perturbative)
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W
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M
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�
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F
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1
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(and an R-axion w
ith m

a  = O
(0.1 G

eV)…
 )



Conclusions

•
The LHC has confirm

ed w
hat w

e thought about the Higgs


•
Has provided a puzzle to solve: w

here is everybody else


•
And, IF the diphoton excess turns into a new

 resonance, an unexpected tw
ist


•
w

hose interpretation w
ould be trem

endously exciting


•
w

hich could be the first of a series of new
 discoveries


