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Plan of the presentation:

1. Progress made during the year towards the objectives

2. Minimum quantity of access to be provided at 31 October 2021

(Give the estimation of the access that had to be provided to the month 29 according to the GA)

3. Access actually provided at 31 October 2021

(If there are some deviations as regards the initial plans, explain the reasons, the consequences and the
proposed corrective actions)

4. Other significant achievements
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Barbara Erazmus, Coordinatrice du projet

Paris,08/02/2018

The DANE Complex
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TA3 – Transnational Access to LNF

DAΦNE
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Barbara Erazmus, Coordinatrice du projet

Paris,08/02/2018

Experiments on the 
DANE complex

•SIDDHARTA-2

•PADME
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SIDDHARTA-2 Experiment

OBJECTIVES

Study of strong interaction effects in kaonic atoms

The study of the strong interaction effects was the major motivation for performing experiments with kaonic

atoms. The electromagnetic interaction with the nucleus is very well known and the energy levels can be

calculated at a precision of eV by solving the Klein-Gordon equation. Even a small deviation from the

electromagnetic value allows to get information on the strong interaction between the kaon and the nucleus.

The binding energy of the ground state (K-, p)system is 8,61 KeV, to be compared with the tens of MeV in the

low-energy scattering experiments.

Hence, kaonic atoms offer the unique opportunity to study the antikaon-nucleon/nucleus interaction, nearly “at 

threshold”, namely at zero relative energy.
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SIDDHARTA-2 Experiment

Formation  of kaonic atoms

When a negatively charged particle other than an electron enters a target it is slowed down to a kinetic

energy of a few tens of eV by ionizations and excitations of the molecules of the target. An exotic atom is

formed when this particle is stopped inside the target and is captured by a target atom into an outer

atomic orbit, replacing an electron.

When the particle is a kaon, the kaon cascades down via Coulomb deexcitation, external Auger

emission, radiative transitions until interacts with the nucleus. The levels are shifted and broadened with

respect to the e.m. value.
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SIDDHARTA-2 Experiment
Kaonic hydrogen
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SIDDHARTA-2 Experiment
Kaonic hydrogen
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TASKS

SIDDHARTA-2 Experiment
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Phase 1: 
during the commissioning of DANE 
SIDDHARTINO: measurement of K-4He (8 SDD arrays)

Phase 2: 
when DANE operating condition is 
comparable (S/B) with SIDDHARTA ones
kaonic deuterium (48 SDD arrays) run for 800 pb-1

Strategy

SIDDHARTA-2 Experiment
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DAQ – BUS structure
• 4 SFERA ASICs
• 8 SDD arrays

• 4 ADC channels

SIDDHARTINO = SIDDHARTA-2 with 8 SDD’s

ONLY 
8 SDD arrays

(out of 48)
1 BUS structure
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SIDDHARTA-2 Experiment

QED
K

K

Khigh

achievable precision:
shift: 30 eV
width: 75 eV

Kaonic deuterium run in 

2021/2022 for 800 pb-1

to perform the first 

measurement of the strong 

interaction  induced 

energy  shift  and  width

(similar precision as K-p) 

SIDDHARTA-2  K-d measurement 
Monte Carlo simulations
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From Cosmological and Astrophysical observations of 
gravitational effects, something else than ordinary Baryonic 
matter should exist. 

The abundance of this new entity is 5 times larger 
than SM particles.

Dark Matter is the best indication
of physics Beyond SM (BSM)

OBJECTIVES

The Dark Matter issue

PADME Experiment
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A new mediator

There are many attempts to look for new physics phenomena to explain
Universe dark matter and energy.

One class of simple models just adds an additional U(1) symmetry to SM,
with its corresponding vector boson (A’)

U(1)Y+SU(2)Weak+SU(3)Strong[+U(1)A’]

The A’ could itself be the mediator between the visible and the dark
sector mixing with the ordinary photon. The effective interaction between
the fermions and the dark photon is parametrized in term of a factor ε
representing the mixing strength.
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The search for this new mediator A’ is the goal of the PADME experiment at LNF.

PADME Experiment
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A’ production at PADME
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PADME aims to produce A’ via the reaction: 

This technique allows to identify the A’ even if it is stable or if 
predominantly decay into dark sector particles.

Know e+ beam momentum and position

Tunable intensity (in order to optimize annihilation vs. pile-up)

Measure the recoil photon position and energy

Calculate 𝑀2
𝑚𝑖𝑠𝑠 = ( ത𝑃𝑒+ + ത𝑃𝑒− − ത𝑃𝛾)

2

𝒆+𝒆− → 𝑨′𝜸

PADME Experiment
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TASKS

Goal: collect 5 × 1013 Positron On Target (POT) to reach 
sensitivity 𝝐𝟐~𝟏𝟎−𝟒

Run1 (Oct. 2018 – Feb. 2019) devoted to beam and background 
studies to have the cleanest possible data sample.

Run2 (Jul. 2019) meant to study primary beam.

Run3  foreseen in Autumn 2019.
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Signal and Background
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PADME Experiment
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The PADME detector in a nutshell
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BGO Calorimeter
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TA3 – Transnational Access to LNF

Update on progress

➢Management

➢Experiments
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TA3 – Transnational Access to LNF

Update on progress

➢Management

• Launch of the second Call 15/07/2020   dead line 10/09/ 2020 
Remind: 12/03/2021 and 04/06/2021

• Re-launch second Call 27/10/2021 dead line 14/11/ 2021
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TA3 – Transnational Access to LNF

Update on progress

EXPERIMENTS

➢ SIDDHARTA-2

➢ PADME
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TA3 – Transnational Access to LNF

Update on progress

SIDDHARTA-2 EXPERIMENT
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SIDDHARTINO installed on DA NE 
(17 April 2019)

TA3 – Transnational Access to LNF
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Up to end of 
2020

During 
pandemic

Dafne 
restart,   
collider 
mode

2021, 
January

Dafne   
shutdown for 
Easter 
holiday and  
maintenance

2021, 
April 02 - 15

DAFNE collisions 
optimization

2021, 
April 16 – 31 May

June – 18 
July 2021

Back. 
Reduction

KHe

Project time line SIDDHARTINO

Collisions 
started:  
luminosity 
measurement 
tuning of 
detector

SIDDHARTINO 
and Laboratory   
activities: 
working on SDD 
calibration and 
optimization  

Mechanics and 
hardware 
optimization:

Kaon trigger

Electronics 

New cooling  
system installed 
and tested 
restart collisions 
and 
measurements
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SIDDHARTA-2: phase 1 (SIDDHARTINO)

Shielding optimization – background rediction
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Measur.Sci.Tech. 32 (2021) 9, 095501

Silicon drift detectors system for high-precision light kaonic atoms spectroscopy
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Preliminary results KHe SIDDHARTINO

Most precise measurement of KHe in gas!
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FWHM = 153 eV 
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KC (10,2 keV)
(5->4)

KHe (8,7 keV)
(4->2)

KC (5,5 keV)
(6->5)

KTi (10.9 keV)
(5->4)

First Kaonic Helium measurement at LOW DENSITY: 
(0.73+-0.04)% liquid density
L= 9,496 pb-1 – yield to be estimated: paper

KHe4 (6,4 keV)

(3->2)

KN (7,6 keV)
(6->5)

KO (9,9 keV)
(6->5)
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Presently: SIDDHARTA-2 – under installation on the DANE 

collider for run pf Kd to start November 2021
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SIDDHARTA-2: the  scientific aim
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• To perform precision measurement of kaonic atoms X-ray transitions
-> unique info about the QCD in non-perturbative regime in the strangeness sector
not obtainable otherwise; impact in astrophysics (EOS neutron stars)   
• Precision measurement of the shift and of the width of the 1s level of kaonic 

deuterium and the of and of other types of kaonic atoms
• Comparison with various theoretical models

33

QED
K

K

Khigh

achievable precision:
shift: 30 eV

width: 75 eV

MCarlo Kd spectrum
for 800 pb-1

SIDDHARTA-2 precision
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TA3 – Transnational Access to LNF

Update on progress

PADME EXPERIMENT
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TA3 – Transnational Access to LNF

Update on progress

PADME EXPERIMENT

Run1 (Oct. 2018 – Feb. 2019) commissioning and background 
studies.

Beam Test (Apr. – Jul. 2020) beam line optimization

Run2 (Sep. – Dec. 2020) Collected 5 × 1012 POT

Run3  foreseen 2021 to study X17 boson.
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Data Quality in different RUN periods
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Physical channels comparison Run1 Run2

37

e+e- -> gg RUN2 better signal/noise ratio.

The sum Eg+Ee+ RUN2 brems. channel

e+N -> e+Ng
shows a cleaner peak

Eg+Ee+
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Backgrounds in different Run periods
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SM physics @ PADME
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TA3 – Transnational Access to LNF

Transnational Access to LNF in the period: 01/06/2019-31/10/2021

40

Project
Days spent at 

LNF
Days indicated 

in GA
Access provided
(beam x hours)

Access in GA
(beam x hours)

PADME 62

SIDDHARTA-2 63

TOTAL 125 1208 1500 1510

Work in remote : equivalent of more than 150 days 
Only from summer 2021 situation somehow normalized 
Other 50 days planned within 2021 
Planned to intensify days in 2022 SIDDHARTA-2 full run and PADME periods of runs
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THANK YOU
FOR THE ATTENTION!
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