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We are presently in Phase 1 with SIDDHARTINO:

during the commissioning of DAΦNE we run with
the SIDDHARTINO setup

aiming to the K‐4He measurement
(with 8 SDD arrays)

SIDDHARTA‐2  ‐ present status



SIDDHARTINO was installed on DA NE 
in April 2019

The summer 2019 shutdown period was used for 
optimization and debugging

Restart operation with beam in September

(according to the DA NE schedule)



SIDDHARTINO = SIDDHARTA‐2 with 8 SDD’s
DAQ BUS configuration



Aim: verify when DANE background conditions are similar
to the one in SIDDHARTA 2009

SIDDHARTINO apparatus

work with DANE 
luminosity monitor 

SIDDHARTA‐2 luminosity 
monitor included 

setup lifted by ~100 mm 
w.r.t. nominal position

complete 
Veto systems

target filled 
with Helium gas 

equipped with 
only 8 SDD 
arrays 

Designed by C. Capoccia

Kaon Trigger 





DA NE luminosity monitor

Shielding optimization 

SIDDHARTA‐2 
luminosity monitor



SIDDHARTINO
lateral shielding 

completed in summer 
shutdown period



Commissioning of SDD’s in DANE

• Test of the first signals in the accelerator environment

front‐end electronics (SFERA) ‐ SDD coupling
noise test
EMI/RFI filters on power lines

• Tuning of the power supply parameters

• Calibration with the x‐ray tube  

• Comparison of data with x‐ray tube



First calibration of SDD’s in DANE

Missing calibration lines in 
the upper energy regionX‐ray tube  

target materials
(Tungsten anode)



… more optimization in the summer shutdown period 
change calibration materials, filters on x‐ray tubes 

Calibration of SDD’s in DANE autumn 2019

New calibration
after summer 

Zr foils

... suppress the activation on the target materials



KILLED
channel

SDD 
CERAMIC 53

7/8 channels 
working  

Check  the 
working 
Channels

Laboratory results

The resolution 
obtained in 
DAFNE is 

compatible 
with the one 

from 
laboratory 

measurements 
(FWHM ~190 
eV at Cu line)



two beams circulating

Circulating beam in DA NE

… more than 1000 mA



● 2 pairs of scintillator: 
80x40x2mm3 Scionix EJ‐200  
● R4998 PMTs Hamamatsu
● light‐guides
● aluminum tube+μMetal (0.1mm)
● reflective and light proof foil
● optical cement

SIDDHARTA‐2 Interaction regions

Luminosity ~ 1032 cm‐2 s ‐1
Expected rate ~ 50‐60 Hz

SIDDHARTA‐2 Luminosity monitor

RF/4 structures



• check of the interaction point 
stability

• measurement of the crossing 
angle

Collision data with a similar system in 
the past ‐ DEAR kaon Monitor

TDC [50ps/channel]

SIDDHARTA‐2 Luminosity monitor

new data

TDC data of the inner scintillator



Work to be done after the first collisions:

• threshold optimization 
• Kaons/MIPs separation
• Background estimation
• luminosity estimation

TDC vs ADC correlation

DEAR data

important tool for 
machine optimization

Kaons

TDC [50ps/channel]

MIPs

new data



The beam     behavior is registered by the two independent monitors
important tools for machine optimization

DAFNE Luminosity monitor

SIDDHARTA2 Luminosity monitor

Luminosity monitors – online and offline crosscheck



SIDDHARTINO expected spectrum for ~ 50 pb‐1 
(one week of data taking in 
SIDDHARTA‐like conditions)

Energy [keV]

co
un

ts

K‐4He L
3d ‐> 2p

4d ‐> 2p

5d ‐> 2p

6d ‐> 2p

SIDDHARTINO aim – K‐4He test measurement

S/B was 10/1 for the  K‐4He 
measurement with ~ 30 pb‐1

SIDDHARTA 2009
measurement 

About 1000 events in La 
peak, S/B > 100/1

(ideally should be 300/1)
Position precision : 

6.452 +‐ 0.002 (stat) keV



SIDDHARTA‐2  K‐d measurement
achievable 
precision

Kaonic deuterium run in 

2020/2021 

for S/B as 1/3:
for an integrated luminosity 

of 800 pb‐1
to perform the first 

measurement of the strong 
interaction  induced  energy  

shift  and  width  of  the kaonic  
deuterium  ground  state 
(similar precision as K‐p) !



Phase 2
SIDDHARTA‐2

during the commissioning of DANE:
Run with SIDDHARTINO for optimization of 

run conditions, verified with the 
measurement of K‐4He (8 SDD arrays) until 

S/B better than 100/1

Phase 1
SIDDHARTINO

SIDDHARTA‐2  strategy and plan

Kaonic deuterium measurement
(48 SDD arrays)  for a run of 800 pb‐1 

• First run with SIDDHARTA‐2 setup as existent 
(about 300 pb‐1 integrated);

• Second run with a new veto2 second layer
optimized shielding, readout electronics and other 

optimizations (for other 500 pb‐1 integrated);

Test runs for other kaonic atoms measurements
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New development of thick (1 ‐ 2 mm ) SDD’s
for study of other kaonic light atoms 

may increase by x2 ‐ x4 the efficiency @30keV

Feasibility tests for future measurements

GEKA proposal 
presented at DAΦNE as Open Accelerator Test Facility, LNF December 17, 2018

Precision measurement of X and gamma-ray transitions in selected 
Kaonic Atoms with High Purity Germanium detectors

Dedicated talk by prof. Damir Bosnar from Zagreb University
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Thicker SDD’s for larger efficiency at Energy > 15 keV

future measurements
Kaonic 8Be  to 2p transitions ~ 27 keV

Kaonic 6,7Li   to 2p transitions ~ 15‐18 keV
Kaonic 10,11B   to 3d transitions ~ 15 keV
Kaonic 10,11B   to 2p transitions ~ 45 keV

present measurements 
Kaonic Deuterium to 1s transitions ~ 7 keV
Kaonic Hydrogen  to 1s transitions ~ 6 keV

actual SDD futures 
SDD



Preliminary tests on 1mm thick SDD

450μm

1mm

241Am

single SDD 5x5mm2 square
operation temperature = ‐40°C

measurement performed at Politecnico di Milano
©1mm SDDs prototypes already produced by FBK Trento



The R&D work and the progress in detector development ‐ dedicated workshop at LNF 



Condensed Matter, Volume 4, Issue 2 (June 2019)
https://doi.org/10.3390/condmat4020042
(This article belongs to the Special Issue
High Precision X‐Ray Measurements)



STRANEX: Recent progress and perspectives in STRANge EXotic
atoms studies and related topics

21 ‐ 25 October 2019, ECT* Trento, Italy

The STRANEX workshop was focused on the most recent achievements and open 
problems in the studies of strange exotic atoms & related topics. 

The workshop addressed questions as: 
How does QCD behave at very low‐energies in systems with strangeness and how 

strange exotic atoms contribute to its understanding?
What is the nature of Lambda(1405) and how strongly bound are kaonic nuclei? 

What is the role of strangeness in neutron stars? 



Special thanks to the accelerator, 
research and technical divisions, 

and in particular to 
the DAFNE staff and 
to the LNF Director

Thank you!



Spares
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Development of thicker SDDs: design and simulations 
(1)
Goal: increase the SDD efficiency over 15 keV

 Develop SDDs realized on thicker substrates
Search for proper wafers:
800µm and 1000µm (100)
Nominal Resistivity > 10 kΩ cm
 Maximum expected depletion voltage:
~200V (800µm), ~320V (1000µm)

Device simulations for addressing the design

With unchanged design, a border region 
~500µm wide becomes inactive for 1mm thick 
devices
 Need to increase by 500µm the dimension 

of last drift ring and entrance window

Example: effective collecting area

1m
m

2.5mm

anode cathode

Electric field
horizontal 

component

EF ~0 or 
pointing in 
opposite 

direction here



Concept: 
stack of 2 (o more) SDD chips to 
further increase efficiency

Main challenges: 

1) avoid substrate materials 
between SDD chips

2) cooling efficiency

3) spurious fluorescence's?

Proposal for a new design of SDD detection module

SDD array

support/cooling

14 mm

Thick batch design

~2mm border

PCB frame



SIDDHARTA‐2 Luminosity monitor

• check of the 
interaction point 
stability

• measurement of 
the crossing angle

TDC difference between 
the two pairs of scintillators

Collision data with a similar system in the past – DEAR kaon Monitor

RF/2 
structures



TiK
 BiL

BiL

PdK

AgK



Comparison x‐ray tube vs beam


