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Setting the stage

* Dark photon: one of the simplest extension of the SM (just add a new U(1))
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 Today: focus on dark photons with m,, > 1 MeV
= various possibility for detection/various bounds

* The bounds can be drastically modified by adding interactions (i.e. making the dark

photon invisible with interactions gdA/;JC/;ark), typically becoming less restrictive
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Our question:
Have we exhausted all possibilities?

Or can we imagine different modifications of the
dark photon couplings without making it invisible?

D. Barducci, EB, G. Grilli di Cortona, G.M. Salla
2100.04352



Framing better the question

* Givena SUQ3),. X SU(2); X U(1)y X U(1), symmetry, it is easy to imagine that
additional states will be charged under it

* Suppose these states are HEAVY A (new physics) ~ TeV

= we can use a EFT approach (dark EFT)

* Further hypothesis: origin of the dark photon mass SM
_|_

is left unspecified (i.e. lies above A)
dark photon



The dark effective field theory

Dipole operators

Operators generating kinetic terms or kinetic mixing

Operator
OXu XHVQ_FIO"W’U,R
OXd XM,,QHO"WdR
Ox. XWZ_LHU””eR
Oz, BMVQﬁJ“”uR
OBd B/WQHO'/WdR
OBe B,WEHO'“VGR
OWu WngTEﬁGNV’U,R
Owa | We,QT¢Ho"dp,
Owe WSVLTEHU“VGR

Operator
Oxx H HX X HY
Ogg H'HB,, B*
Oww H'H Wi, War
Oxp H'HX,, B*
Opw H'T*H W, B
Oxw H'T*H Wi, XH
Other relevant operators
Operator
Or H'D,H|’




The dark effective field theory

After properly going into the physical basis, we are left with

dy
T2 AZELU‘“’ERA + h.c.

N

usual coupling dark dipole interaction

['int — ECw EA:LJg |

(here, only with leptons for simplicity)



Canwe take € and d, as independent parameters?

3 & 4-loop generation
(new heavy fermions
& new heavy gauge bosons)

1-loop generation
(new heavy fermions
and scalars)
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BBN & CMB
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Supernova
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Supernova bounds
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A =0.5TeV

less constraining because
the lifetime diminishes



Supernova bounds
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Supernova bounds

10—11:
1073

107

10_7§

107}

1072

ma [GGV]

107"

A =3TeV

less constraining because
the lifetime diminishes



BEAM
(P)

(800 MeV)

production: NOT affected
by the dark dipole
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LLSND bounds

A =0.5TeV




LLSND bounds
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LLSND bounds
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will explain shortly
this behavior
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137 bounds

no dipole




137 bounds
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LSND/E137 bounds: what is going on?
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‘Time to answer our question:

Can we imagine modifications of the dark
photon couplings without making it invisible?




Answer: YES

* In the context of the dark EFT we still have a visible dark photon

Couplings: /., + dipoles

* Dipoles are generated by heavy new physics: bounds just slightly “deformed”?

 NOT IN GENERAL: since experiments probe also very small ¢, the dipole effects
may be dramatic



Overall effect

A increasing
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Backup



The full lagrangian

Line = eA,J; + e (cwe — swSa) JHA,

(\/ 92+ g2 (1 + swewS) |Jy — sy Jg| — elcy — s%V)SJg) 7

dy
| 1671'2 AzeLO'ungA, +hC




Modified decay width
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Lifetime: letting the cutoff vary

Y Y T T 1 T T | I
© o ~ |
o o o |
b - -
I I |
6l w w w _A8 -
10 E"\G
o Lo
10 i st
S = =
I I
@ P ~»
< |
/ \
s /,‘\’L
~ - A0
-
= R
| P
100 _ - :
/ -
~ //
S T
P
e —
i, . ]
N b
/// I _1013
— o S S
———Ty=18

0001C: " 000500100 > 00500400 . & 0500 1
Mma: [Ge\/]



Supernova bound from the emissivity

T — <QA, e_RC/(CTA’)> VA e i T erg/s

V. = 4/37R® R. ~ 10 km is the core radius



Terrestrial bounds
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800 MeV proton beam from
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