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THERE IS EVIDENCE OF DARK
MATTER IN A WIDE RANGE OF
DISTANCE SCALES:

K. G. Begeman et al, Mon.Not.Roy.Astron.Soc. 249
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WHAT IS THE DARK MATTER:

Quarks THE STANDARD
—— electromagn.

—— strong

unstable

they move too fast

(hot dark matter) to .

form the observed
large scale

structure ‘ 0 : i QDM h2 — O . 1 1 98 4
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WHY DARK MATTER:

THERE IS EVIDENCE OF DARK
MATTER IN A WIDE RANGE OF
DISTANCE SCALES:
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- PORTAL DARK SECTOR

SIMPLIFIED MODEL:

» extension to SM w/ only the relevant parameters
» not considering what happens at UV-scale

» opening the possibility to directly produce the
mediator
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PORTAL -

MASS
WEAKLY INTERACTIVE MASSIVE PARTICLES: <HIGH ENERGY CULLIDT)
thermally produced in Early Universe with p
masses at GeV-TeV and annihilation cross- ,"
section of electroweak scale. ,"
see also C. Weniger’ talk 9 RS
= R
BUT NO CONVINCING SIGNAL 8 r e
@) o
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PORTAL DARK SECTOR

Low-energy frontier experiments are startingto § . _——————____

probe light masses and very feebly coupling to
SM with high-intensity.

see Chu' talk “Light Dark States associated with
photons”

~ 1/COUPLING

‘Qow ENERGY COLLIDER
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AXION-LIKE PARTICLE (ALP)

GENERALISATION OF
AXION PARTICLE:
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AXION-LIKE PARTICLE (ALP)

» Light
GENERALISATION OF

AXION PARTICLE: » Pseudo-scalar Particle

» Derivative Coupling to SM
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AXION-LIKE PARTICLE (ALP)

> Light pseudo Nambu-
GENERALISATION OF . Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously

broken global

» Derivative Coupling to SM
symmetry



FEDERICA GIACCHINO PHOTON 06/06/2019 11

AXION-LIKE PARTICLE (ALP)

» Light pseudo Nambu-
GENERALISATION OF | Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously
» Derivative Coupling to SM SIELEN ¢l eloe.
symmetry
Motivated by string theories [ |, proposed in many extensions
to the SM to address open problem as Strong-CP Problem [
] or Hierarchy Problem [ ], possible solution for

the muon magnetic moment anomaly [ ]
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AXION-LIKE PARTICLE (ALP)

> Light pseudo Nambu-
GENERALISATION OF . Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously
\ » Derivative Coupling to SM SreleEn glolse)
symmetry

{7 NOT NECESSARILY THE QCD AXION:
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AXION-LIKE PARTICLE (ALP)

» Light pseudo Nambu-

GENERALISATION OF . Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously
\ broken global

» Derivative Coupling to SM
symmetry

““~{] NOT NECESSARILY THE QCD AXION:
so mass and couplings are independent
parameters
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AXION-LIKE PARTICLE (ALP)

» Light pseudo Nambu-

GENERALISATION OF . Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously
\ broken global

» Derivative Coupling to SM
symmetry

“~{7] NOT NECESSARILY THE QCD AXION:
so mass and couplings are independent
parameters

= Wide Mass Range: at masses < MeV implications for

cosmology and astrophysics (see Galanti’s talk), at = MeV
they have implications in particle physics
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AXION-LIKE PARTICLE (ALP)

> Light pseudo Nambu-
GENERALISATION OF . Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously
\ broken global

» Derivative Coupling to SM
symmetry

“~{7] NOT NECESSARILY THE QCD AXION:
so mass and couplings are independent
parameters

= Wide Mass Range: at masses < MeV implications for

cosmology and astrophysics (see Galanti’s talk), at = MeV they
have implications in particle physics

= Role in the dark sector: dark matter (WISPy) or portal
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AXION-LIKE PARTICLE (ALP)

> Light pseudo Nambu-
GENERALISATION OF . Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously
\ broken global

» Derivative Coupling to SM
symmetry

“~{7] NOT NECESSARILY THE QCD AXION:
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parameters

= Wide Mass Range: at masses < MeV implications for

cosmology and astrophysics (see Galanti’s talk), at they
have implications in particle physics

= Role in the dark sector: dark matter (WISPy) or
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AXION-LIKE PARTICLE (ALP)

» Light pseudo Nambu-

GENERALISATION OF . Goldstone boson of
AXION PARTICLE: » Pseudo-scalar Particle a new spontaneously
\ broken global

» Derivative Coupling to SM
symmetry

“~{7] NOT NECESSARILY THE QCD AXION:
so mass and couplings are independent
parameters

Increasing interest for experimental searches at accelerators: assuming a
leptophilic ALP = Lepton beam/fixed target, e.g. PADME,...

Lepton Beam/Collider, e.g. Belle ll,...
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HOW TO DETECT IT? ACCELERATOR PHYSICS wustassume LeproriLic ace

The effective ALP Lagrangian [assumed valid for scales < O(TeV)]:

1 1 -
= —0'ad,a -\ % = ——aF,,F" — i< _mapyy+ Lpy

<

alp
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HOW TO DETECT IT? ACCELERATOR PHYSICS wustassume Lepropriic at)

The effective ALP Lagrangian [assumed valid for scales < O(TeV)]:

| | 8 ~
- Ea”aaﬂd — _Mc% = Z_W aF/«”/F/w i igaeemeal/_/ysl//_l_ °CZDM

<

alp

» visible decay a — ["I7,yy at My, > M, /2 .

signal: yyy, et/e-+vy
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HOW TO DETECT IT? ACCELERATOR PHYSICS wustassume Lepropriic at)

The effective ALP Lagrangian [assumed valid for scales < O(TeV)]:

| | 8 ~
- Ea”aaﬂa — _Mc% = Z_W aF/v”/F/w i igaeemeal/_/ysl//_l_ °CZDM

<

alp

» visible decay a — ["I7,yy at My, > M, /2 .
signal: yyy, et/e-+vy
» invisible: long-lived or portal a = DMDM at M, <M /2 :

signal: 1y + missing energy/momentum/mass
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21

It is a Positron Annihilation into Dark Matter Experiment which searches the light
dark particle using a positron beam on a thin diamond target, detecting the SM
photon produced in the annihilation reaction:

where X is the light dark particle and therefore measuring the event as a peak in
missing mass:

M2 _(Pe++Pe__Py)2

miss

The PADME technique is completely model independent (it only requires a lepton
coupling)



Beam Energy: 550 MeV

Angular Acceptance of ECAL: 0.026<6(rad)<0.083

CUT: E, >30 MeV

With cut gaee=1 GeV™' ga,,=1 GeV™’

— FERMION MEDIATOR

— PHOTON MEDIATOR

— INTERFERENCE TERM

with cut gaee=1 GeV™' gaw=10'3 GeV™'

— FERMION MEDIATOR

— PHOTON MEDIATOR

— INTERFERENCE TERM




PAD M E CUt: Photon Energy VS opening angle (with cut)

0.026<6(rad)<0.083 and E, >30

— Ma=1MeV
\Yi =\
Ma=5MeV

- Ma=10MeV
— Ma=15MeV
— Ma=20MeV

including SAC 0<B(rad)<0.083

COMMENT:

Photon Energy VS opening angle (with SAC)
i) AT SMALL ANGLES EASIER TO

DISTINGUISH THE ALP MASSES

— Ma=1MeV
Ma=5MeV
- Ma=10MeV

i) AT SMALL ALP MASSES THE
CALORIMETER RESOLUTION
ENERGY IS CRUCIAL IN ORDER TO
DISTINGUISH THE DARK PARTICLE

— Ma=15MeV
— Ma=20MeV




diamond densit
p y

— — - 3.5 g/cm3
In PADME P = Neae+e——>ay — 6dtargetNAA Ge+e——>a)/ 7
#:0t of e on target per unit

atomic mass = 12 g/mol
surface area target thickness = 100pm .
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with cut M;=5 MeV with cut M,=10 MeV
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WHAT ABOUT VISIBLE DECAYS OF ALPS IN PADME?

It depends on the ALP decay length relative to the size of the detector

64ncE h I _ 8acEh
a—yy — g2 M4 a—ete~ — g2 M2M2
ayy*™a aeet™at"™e

Ea=550MeV Ea=550MeV

Distance (km) Distance (km)
102 102
10°
1072
1074
107°
1078
10—10

10—12

INVISIBL
= ° ECAY

10—14
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CONSTRAINTS

Alves and Weiner JHEPO7(2018)092

Belle-T1 (5 ab ) ~ | <—
DarkLight :>—<7"

<Light...----""
L. — _Belle-II (50 ab!) |

— —_—

o

’°~=~naZzSJZP[E3"' S m e

m, [MeV]

do (1 + cos? )1 a? 2 (3.2)
deosf 2 sin’0 E? ' -

beam

7

where € denotes the kinetic mixing parameter.” To convert a bound on € for Dark Photons

Gayy [GEV™']

into a bound on g4+~ for ALPs we therefore have to correct for the fact that the geometrig
acceptance will be very different in the two cases.

The BaBar analysis considers —0.6 < cosf < 0.6 for ma > 5.5GeV and

cosf < 0.6 for my < 5.5 GeVemiy iabagrafing the regpagtisaulifferential cross géctions for
ALP production and Dark Ph I wttion o h®yrares we obtain the fiducial cross
section including geometric acteptarree USfc M hes® 1befs, we can tpfnslate bounds on

Dark Photons into the ALP parameter space under the assumption t#at all other selection

T T TI00m

UBLBLRALLL

cuts have the same efficiency for the two models. For very smg# masses of the invisibly

decaying particle, we find that the translation is given by

FTTirm

= 1.8 10*‘;\v*‘( ‘,) . 33
Jaryy X ¢ 103 (3.3)

Repeating this calculation for finite ALP masses and taking into account the probability
that the ALP decays before leaving the detector (see above) using a detector length of

Lp = 275 cm [59], we can then reinterpret the full BaBar bound in the context of ALPs.
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CONCLUSION

» INVESTIGATE LIGHT DARK MATTER PORTALS

» AXION-LIKE PARTICLE IS A PROMISING DM PORTAL
» PADME EXPERIMENT CAN DETECT AN ALP SIGNAL
» LET'S WAIT FOR RESULTS FROM PADME

» WHAT IS THE INTERACTION WITH THE DARK MATTER?
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CONCLUSION

» INVESTIGATE LIGHT DARK MATTER PORTALS

» AXION-LIKE PARTICLE IS A PROMISING DM PORTAL
» PADME EXPERIMENT CAN DETECT AN ALP SIGNAL
» LET'S WAIT FOR RESULTS FROM PADME

» WHAT IS THE INTERACTION WITH THE DARK MATTER?

THANKS FOR ATTENTION!!
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WIMP: Weakly Interacting Massive Particles
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