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This is an unnatural large num
ber and our target is to understand w

hy the Electrow
eak scale is  

so far from
 the Planck scale, i.e., w

hy the H
iggs vev is sm

all. 

In 
physics, 

naturalness 
is 

the 
property 

that 
the 

dim
ensionless 

ratios 
betw

een 
free 

param
eters or physical constants appearing in a physical theory should take values "of order 1" 

and that free param
eters are not fine-tuned. That is, a natural theory w

ould have param
eter ratios 

w
ith values like 2.34 rather than 2.34 x 10.000 or 2.34/10.000. 

For exam
ple only on dim

ensional grounds w
e m

ay w
rite that the period of a pendulum

 should be  

It turns out that  

T
⇠

(l/g)
1
/
2

T

(l/g)
1
/
2
=

2⇡

Intro
duction

T
here

is
an

interesting
interplay

b
etw

een
the

scanning
of

the

cosm
ological

constant,
the

sup
ersym

m
etry

breaking
scale

and
the

gravitino
m
ass

in
sup

ergravity.
T
his

is
due

to
the

fact
that

there

are
tw
o
com

p
etitive

contributions
to

the
C
C
in

sugra:

1)
a
p
ositive

one
prop

ortional
to

the
square

of
the

sup
ersym

m
etry

breaking
scale

f,
and

2)
a
negative

one
from

the
square

of
the

gravitino
m
ass,

so
that

⇤
=

f
2�

3
m

2

3/
2

.



T
he large num

ber of the Ferm
i constant to N

ew
ton 

constant is not the only large num
ber w

e are aw
are of. 

Let m
e recall another unnatural large num

ber, nam
ely 

that of the Planck m
ass square to the C

osm
ological 

C
onstant Λ

:

M
2p

⇤
⇡

10
1
2
0



Various ideas have been proposed to explain this large num
ber 

w
ith m

ore or less fantasy. A
m

ong them
 I can recall: 

1)
A

djustm
ent m

echanism
s (m

ainly by scalars), 
2)

Extra dim
ensions, (branew

orld,…
)  

3)
M

odified gravity (unim
odular, …

), 
4)

Scanning of C
C

, 
5)

…
.. 

I w
ill discuss briefly the last possibility, the scanning of the 

C
C

, since it is related to the solution w
e propose for the 

sm
allness of the EW

 scale. 



For the scanning of the C
C

, one needs to m
ake the C

C
 

dynam
ical. But how

 can you m
ake the C

C
 dynam

ical? T
he 

C
C

 m
ay be attributed to a 3-form

 field. T
he action is 
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T
he three-form

 is non-propagating :
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From
 the field equations, F is piecew

ise constant: it w
ill 

jum
p by one unit of e  (charge) any tim

e w
e cross a 

m
em

brane

So it contributes like a C
C

 in the effective action
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D
ynam

ical R
elaxation: T

he C
C

 is the vev of a non-
dynam

ical field (3-form
). T

his field has no propagating D
oF 

but it does contribute to vacuum
 energy.  It can have though 

different values in different regions w
ith different C

C
.  T

he 
vacuum

 is therefore filled w
ith bubbles and the C

C
 is 

scanned 
and 

relaxes 
to 

the 
observed 

value 
through 

consecutive bubble nucleation (BT, BP)  
 

Λ

Λ

Λ

1

2

3

Λ
Λ

Λ

Λ

1
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A
dS

D
S

Λ
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T
his is the original proposal of Brow

n-Teitelboim
. 

H
ow

ever it does not w
ork basically for tw

o reasons: 
  A

)
G

ap Problem
: the BT

 m
echanism

 requires an 
energy spacing w

hich is infinitesim
al com

pared to the 
scales of m

icrophysics.  

B)
E

m
pty U

niverse Problem
: the BT

 process 
involves spontaneous m

em
brane nucleation in a 

prolonged de Sitter phase. O
ne w

ould expect this to 
lead to an em

pty universe.  
 



T
hese problem

s are solved in the Bousso-Polchinski picture: 
U

se of m
any-three-form

s w
ith fluxes filling a Euclidean 

grid. 
n q

n q

2
2

1
1

q2

1/2
bare

Λ
q1

F
igu

re
1:

T
h
e

a
llow

ed
va

lu
es

o
f

th
e

fo
u
r-fo

rm
en

erg
y

d
en

sity
a
re

g
iv

en
b
y

th
e

ra
d
iu

s-sq
u
a
red

o
f
p
o
in

ts
in

th
e

g
rid

,
w

h
o
se

d
im

en
sio

n
is

th
e

n
u
m

b
er

o
f
fo

u
r-fo

rm
s

J
.

T
h
e

sp
a
cin

g
in

d
irectio

n
i
is

q
i .

T
h
e

n
eg

a
tiv

e
o
f
th

e
b
a
re

co
sm

o
lo

g
ica

l
co

n
sta

n
t

co
rresp

o
n
d
s

to
a

(J
−

1)-d
im

en
sio

n
a
l
sp

h
ere,

a
n
d

ca
n
cella

tio
n

is
p
o
ssib

le
if

th
ere

is
a
t

lea
st

o
n
e

g
rid

p
o
in

t
su

ffi
cien

tly
clo

se
to

th
e

sp
h
ere.

A
n

im
p
ortant

featu
re

of
th

is
resu

lt
is

th
at

th
at

th
e

q
i
n
eed

n
ot

b
e

exceed
-

in
gly

sm
all

if
th

ere
are

m
ore

th
an

tw
o

fou
r-form

fi
eld

s.
In

ord
er

to
ach

ieve
a

sm
all

λ
,
it

is
su

ffi
cient

th
at

th
ere

b
e

a
d
iscrep

an
cy

b
etw

een
th

e
m

agn
itu

d
e

of
λ

b
are

an
d

th
at

of
th

e
ch

arges.
F
or

fi
xed

ch
arges,

th
e

task
of

can
cellation

actu
ally

b
ecom

es
easier,

th
e

larger
th

e
b
are

cosm
ological

con
stant.

T
h
is

can
b
e

u
n
d
erstood

from
F
ig.

1.
T

h
e

larger
th

e
sh

ell,
th

e
m

ore
p
oints

it
w

ill
contain

. 6
T

h
e

resu
lts

(2.24)
to

(2.26)
treat

th
e

n
i
as

essentially
continu

ou
s,

an
d

b
reak

d
ow

n
if

any
of

th
e

q
i
exceed

J
−

1/2|2λ
b
are | 1/2.

In
th

is
case

th
e

fl
u
x

associated
w

ith
q
i
sh

ou
ld

sim
p
ly

b
e

ign
ored

.
6N

ote,
h
ow

ever,
th

at
th

e
rad

iu
s

of
th

e
sh

ell
in

F
ig.

1
rep

resents
n
ot

|2
λ

b
a
r
e |,

b
u
t

th
e

squ
are

root
of|2

λ
b
a
r
e |.

T
h
is

is
w

hy
on

e
can

n
ot

recogn
ize

in
F
ig.

1
th

e
n
eed

for
th

e
ch

arges
q
i

to
b
e

in
com

m
en

su
rate,

a
fact

th
at

is
im

m
ed

iately
clear

from
E

q.
(2.21).

It
is

also
th

e
reason

w
h
y

in
creasin

g
|λ

b
a
r
e |

h
as

n
o

b
en

efi
cial

eff
ect

in
th

e
case

of
J

=
2.

F
or

fi
xed

∆
λ
,

th
e

sh
ell

gets
th

in
n
er

as
on

e
in

creases
its

rad
iu

s.
If

J
=

2,
th

is
p
recisely

com
p
en

sates
for

th
e

in
crease

of
th

e
sh

ell
rad

iu
s,

an
d

th
e

volu
m

e
rem

ain
s

con
stan

t.
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For the em
pty universe problem

 reheating w
ith a scalar 

(inflaton).



 The ingredients for the relaxation of the CC in the BP scenario are :

1)
a large num

ber of discrete vacuum
 states,

2)
a sm

all fraction of them
 have a sm

all CC. 

3)
There is an inflaton

4)
U

sing  W
einberg’s bound on values of the CC

 consistent w
ith galaxy 

form
ation, BP argue that only those states w

ith CC
 consistent w

ith observation 
w

ill have living organism
s in them

 to observe the value of the CC. 

5)
BP solved the em

pty universe problem
 w

ith the inflaton, w
hich is displaced 

from
 its m

inim
um

 due to therm
al fluctuations  in the penultim

ate state of very 
large CC

 and then slow
-rolls in the final state w

ith a sm
all CC

 and reheats the 
U

niverse. 



H
ow

 this m
echanism

 w
orks in a SU

SY
 

fram
ew

ork? 

T
he C

C
 is connected to the SU

SY
 breaking scale and the 

gravitino m
ass. A

 basic question to answ
er is how

 to keep 
SU

SY
 breaking scale high and still have a tiny C

C
. 



Intro
duction

T
here

is
an

interesting
interplay

b
etw

een
the

scanning
of

the

cosm
ological

constant,
the

sup
ersym

m
etry

breaking
scale

and
the

gravitino
m
ass

in
sup

ergravity.
T
his

is
due

to
the

fact
that

there

are
tw
o
com

p
etitive

contributions
to

the
C
C
in

sugra:

1)
a
p
ositive

one
prop

ortional
to

the
square

of
the

sup
ersym

m
etry

breaking
scale

f,
and

2)
a
negative

one
from

the
square

of
the

gravitino
m
ass,

so
that

⇤
=

f
2�

3
m

2

3/
2

.

SU
SY

 scanning

Euclidean lattice                                Lorentzian lattice  



n
I q

I

n
0 q

0p
3m

U3
/
2

m
U3
/
2

�
f

F
igu

re
2:

T
h
e

light
con

e
of

th
e

L
orentzian

lattice.
C

on
fi
gu

ration
s

resid
in

g
in

sid
e

th
e

light-con
e

strip
of

w
id

th
�

f
give

rise
to

a
u
n
iverse

w
ith

th
e

ob
served

valu
e

of
th

e
cosm

ological
con

stant.

A
t

th
e

sam
e

tim
e,

th
ese

con
fi
gu

ration
s

sh
ou

ld
b
e

at
a

d
istan

ce
m

U3/2
from

th
e

origin
,
w

h
ere

m
U3/2

is
th

e
gravitin

o
m

ass
of

ou
r

u
n
iverse.

w
h
ere

�
N

�
1

=
2⇡

N2
/�

(N
/2)

is
th

e
volu

m
e

of
th

e
u
n
it

(N
�

1)-d
im

en
sion

al
sp

h
ere

S
N

�
1.

T
h
e

con
d
ition

to
h
ave

a
solu

tion
to

th
e

cosm
ological

con
stant

p
rob

lem
am

ou
nts

th
erefore

to
h
avin

g

at
least

on
e

p
oint

(n
0,n

I)
on

th
e

light
con

e.
T

h
ere

is
an

ad
d
ition

al
con

straint
th

ou
gh

:
w

e
are

interested
in

th
ose

con
fi
gu

ration
s

in
sid

e
th

e
light-con

e
strip

th
at

h
ave

a
large

en
ou

gh
gravitin

o

m
ass,

in
ord

er
to

b
e

con
sistent

w
ith

th
e

gravitin
o

m
ass

m
U3/2

in
ou

r
u
n
iverse.

T
h
erefore,

in
ord

er

to
h
ave

a
u
n
iverse

w
ith

a
sm

all
cosm

ological
con

stant
an

d
a

gravitin
o

m
ass

m
U3/2

w
e

n
eed

D
NYA
=

0

q
A

<
V

lc (m
U3/2 ),

(72)

w
h
ere

th
e

factor
D

h
as

b
een

in
serted

to
accou

nt
for

th
e

large
d
egen

eracies
exp

ected
[8].

H
en

ce,

w
e

get
th

at
th

e
typ

ical
sp

acin
g

of
th

e
scan

n
in

g
of

th
e

cosm
ological

con
stant

w
ill

b
e

�
�

=
2

N
+

1D
Q

NA
=

0
q
A

3
N

�
2

2
�

N
�
1
m

U3/2
N

�
2
.

(73)

T
h
erefore,

if
q
A

⇠
10 �

a,
m

U3/2
⇠

10 �
b

in
P

lan
ck

u
n
its,

w
e

fi
n
d

th
at

th
e

n
eed

ed
nu

m
b
er

of

m
em

b
ran

es
to

en
d

u
p

w
ith

a
u
n
iverse

w
ith

th
e

ob
served

valu
e

of
th

e
cosm

ological
con

stant
is

N
=

120�
a

�
2b

a
�

b
.

(74)

A
typ

ical
valu

e
for

N
is

th
en

N
⇠

100
for

a,b⇠
O

(1)
(orO

(10)),
as

in
[8].
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H
IG

G
S

 N
A

T
U

R
A

L
N

E
S

S

In traditional solutions of H
iggs naturalness based on w

eak-scale dynam
ics 

(technicolor, supersym
m

etry, com
posite H

iggs, etc.), it is com
m

on to disregard 
the analogous naturalness problem

 of the C
C

. T
his m

ay be view
ed as an 

acceptable w
orking hypothesis because one can alw

ays postulate that the 
dynam

ics of the H
iggs and the cosm

ological constant are com
pletely unrelated. 

H
ow

ever, this hypothesis is hardly defendable in the context of cosm
ological 

selection solutions, w
hich generally involve a landscape of values for the H

iggs 
m

ass. W
hatever m

akes the H
iggs m

ass scan alm
ost necessarily contributes to the 

energy density of the system
 and therefore the cosm

ological constant m
ust scan 

as w
ell. T

hus, the first observation is that:  

A
ny solution to H

iggs naturalness based on cosm
ological selection 

m
ust sim

ultaneously address the problem
 of the C

C
.



T
he 

second 
observation, 

generic 
of 

m
echanism

s 
based 

on 
cosm

ological 
selection,  is related to the the landscape:  

T
he presence of a dynam

ical landscape not only offers a natural 
setup 

for 
anthropic 

argum
ents, 

but 
m

akes 
statistical 

or 
environm

ental considerations alm
ost unavoidable. 

 W
hen dealing w

ith selection m
echanism

s based on cosm
ological evolution, 

anthropic 
argum

ents 
look 

as 
m

otivated 
as 

natural 
selection 

in 
biological 

evolution. To em
phasise the sim

ilarity w
ith the role of evolution in biology w

e 
called our m

echanism
 Selfish H

iggs, since the H
iggs acts as an anthropic 

selector for the em
ergence of a fairly unique non-em

pty universe. 



T
he selection criterion that singles out our universe am

ong the 
m

ultitude of possibilities is purely anthropic, but rather m
ild:  

A
 universe can be `non-em

pty' only w
hen the C

C
 and the 

H
iggs m

ass are close to critical values around zero.  

T
he result that the cosm

ological constant m
ust lie w

ithin a sm
all 

interval 
around 

zero 
follow

s 
from

 
W

einberg's 
w

ell-know
n 

considerations. T
he novel ingredient of the Selfish H

iggs is the 
feature that:   

O
nly a H

iggs near the critical point for EW
 breaking is 

capable of igniting the start of inflation by driving the 
inflaton field aw

ay from
 its true m

inim
um

.  



H
ow

 to im
plem

ent the scanning of the E
W

 scale? 

So far w
e have seen how

 the C
C

 can be set to its m
easured value 

by the BT
 and BP scenario. C

an w
e also say som

ething about the 
sm

allness of the  H
iggs vev?  

W
e have seen that the m

em
branes are nucleated by the three-

form
 field. If this field exists, then it is expected to  couple also to 

the Standard M
odel fields as w

ell. T
he coupling should be gauge 

invariant and dim
ension 4. A

lthough, w
e can not w

rite any 
operator satisfying these requirem

ents involving ferm
ions or 

gauge fields, one can w
rite a gauge invariant coupling of the 

three-form
 to the H

iggs. 



T
he SM

 Lagrangian coupled to the three-form
 is: 
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If w
e w

rite 
F
µ
⌫
⇢
�
=

f
✏
µ
⌫
⇢
�

the equations of m
otion are:  
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T
he H

iggs m
ass param

eter in                                     is then: 

Let us focus on the constant-field vacuum
 configuration:

hhi
=
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From
 

the 
equations 

above 
 

w
e 

learn 
that, 

w
hen 

a 
m

em
brane is nucleated,  f and h are constant on both 

sides of the m
em

brane w
all, but there  is a jum

p in their 
values across the w

all�
f
�

y2
�
v
2
=

e

T
his condition leads to the quantisation condition: 

f
�

y2
v
2
=

e
n
,

n
2
Z
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n
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A
s usual, these problem

s can be solved by IN
FLAT

IO
N

Inflation is ignited by therm
al effects.  

I w
ill not  present specific m

odels, but only  point out that a 
therm

al origin for inflation can be fairly generic. To react to 
tem

perature effects, the inflaton m
ust have a m

ass less than 
the w

eak scale and be sufficiently coupled to SM
 particles.  
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