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Ultralight bosons are often seen as a natural

consequence of the string landscape > Fuzzy DM

However, a concrete proposal from simple extensions

of the Stl is lacking

In this lecture I will discuss simple
extensions of the Stl where complex and real

scalar and vector ultralight bosons can emerge .



strong Gravity

Minimal coupling to spin -s field in Ed :
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Our goal !

Build simple SH extensions that can consistently
explain ultralight bosons

I = Jay + ⑥
BSM



General principles for ultralight bosons

1. Fine-tuning : Tiny mass results from an
accidental cancelation of parameters

2 . Feebly coupled theory : Tiny mass proportional to

tiny (but not Zero) parameters

> global > scalar s=o

3. Symmetry protection
> local > vectors-- I



• The Stf Higgs potential: Sula)w ✗ UH
,
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electroweak
V. (1-1++1)=411-1+1-1 -1127*11++1-15 theory

• Extending the stuuith a complex scalar ①
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Theory invariant under a UC1)g↳a, INTERACTION
phase transformation to serial



The St electroweak breaking vacuum LH > =fg(%n )
implies the mass spectrum ; wh --246 GeV
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- -
Higgs Boson ultralight candidate
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QUANTUM CORRECTIONS
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• Quantum corrections push the mass to the
Electroweak scale Up unless 7+1*41 ( Feebly int .)



• Do destroys fine-tuned case and requires a
remarkable cancelation to all orders in perturbation
theory > often said to be unnatural

How to consistently build an extension

to the SM with ultralight bosons ?

SYMMETRY PROTECTION



case 1 : continuous global symmetry

v11)• example 110) =L(e"②)
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quantum fluctuations

radial and angular
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about the vacuum of

SPONTANEOUSLY BREAKS UC1)s SYMMETRY



Goldstone 's Theorem⇒ 1 massless scalar

per broken generator

MY -1-0 ME = 0

It is typically conjectured that continuous global
symmetries are marginally violated by quantum
GRAVITATIONAL effects Hui

,
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, Witten PRD 95,043541 (doA)



Add an explicitly V4)• breaking term :
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Higgsboson
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BSM Ultralight
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Mj = -2µF > Pseudo - Goldstone ultralight DM candidate

h
, ,hµ > Higgs + new visible scalar



Quantum connections to the DM mass
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For ultralight 0 the marginally violated
global symmetry protects ME against
large quantum corrections

.

self interaction : 7.
•••
= -

m%
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~~ 0 for MO4Y

0 is real > Relevant for oscillations
Seidel

,
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ON being directly detected
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what about a complex scalar ?



• Increase the global symmetry
SUCH ✗ UH

nv

E- i. I;+e)e:÷
iii ¥

za > Pauli matrices a- 143

Oa > 3 Goldstone bosons ( angular directions)

y > Radial direction fluctuations



The vacuum rty must preserve a Noether

charge : sumo ✗ UH)o > V11)G

Define : Z±= Lattice, + Oa)
10=-03

Expand eI%Y to obtain E- 1¥;)
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Vsat =hi to- ①+ + I µ:(to! + to:o)
-

Preserves
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Expansion for small fields !

Usage = -fi % + (Mi-µ:)2+2
.

+ 23k£
- h?
r¥
"
+ 131¥ z! + Shi-ti qqz.aewife 3vii.



•
Model contains a real

, zo , and a complex ,Y±, scalar

wi = - a.µ; my
.

-

-Mi -µ:To

• One can choose µ? and ME such that only
Y± is of astrophysical relevance

a. Fun we 77th, theory becomes free



Production @ colliders
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case 2 : continuous local abelian symmetry
> Gauge symmetry

> Hidden

V11 )④ ✗ 22 > No UG7Y ✗ UH)µ kinetic mixing
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( IDAHO> > My =L & of

Astrophysical relevant , e.g- Oscillators ,
if 1020£ when I 10-10 ⇒

eo-aof.si or I 10-10
a ev

Either tiny scale of
,
or feebly coupled theory,

or a combination of both
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Case 3 : continuous local non-abelian symmetry
> Gauge symmetry

<3 : Bj > -Bj
,
I > oI* SUCH ✗ UH)④ NZ,

H > Hidden symmetry

&nin=&BµoB"+1,1%1=10+8,42*8"I
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Ground state of the theory (4--7--154)
nv

My , =
0 > Hidden photon I.

⇒
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> Complex Pnoca field
m¥ = % wife

"
Cso of

> Hidden charge

sina.it?H:::i:::H;)Gi --¥
.

. %
'
=
e
'



similar to the SH J
'
→8,8→ É, At > w±

mpjo-I.wyeicschfaa.ie)
a) tiny dry scale

MÉ = f- of
erasing, }

"""%" be either

b) extremely small change e '

when ④µ >
①

•
=3 mi, >7m¥

> Only D- ± becomes of astrophysical relevance
6W 190521 > PAL 126,08110112021), C. Herdemo
6W 200714 > work ongoing

et al
.



g
****

=
MÉ± ⇒ Can become relevant

ya for Foca stars for Mz±~wg

%⇒•=%;÷aioiu
g
**hip,

= MÉ±%i%i 8+2*4=24+-4;Wpa
- -

Mµ± Suppresses ColliderIf m¥~UÑ
, PRE

depends on the annihilation
and direct detection
events

channels haha > TEA
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Note that :
2

① For ultralight scalars Yeah
, =%!;Oai

can be sizeable ⇒ Collider and direct detection
falsifiable

② For ultralight vectors 8µm;2mn02:
Invisible at colliders and direct detection

exp.



Conclusions

• Simple extensions of the SM can provide
ultralight bosons

• Construction upon symmetry arguments is
well formulated and stable against
quantum effects

a.• Possible to constrain /test in multiple channels



• First list of HEP models proposed
in 2107.09493 [hep - Ph]
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Thank You



Hidden Photon searches

in Haan Physics

@ NA62 - CERN
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