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The scientific goal of SIDDHARTA-2
in brief

To perform precision measurements of kaonic atoms X-ray transitions
** unique information about QCD in the non -perturbative regime in
the strangeness sector not obtainable otherwise

SIDDHARTA-2 main goal:
** The first measurement of kaonic deuterium transitions to the
fundamental 1s level to extract the antikaon-nucleon isospin

dependent scattering lengths (using also the measurement of
kaonic hydrogen performed by SIDDHARTA)

Fundamental to understand:
+*¢* The chiral symmetry breaking mechanisms
** EOS for neutron stars (strangeness content of neutron stars)



First experimental determination of the
kaon-nucleon scattering lengths

Deser-type relation (including the isospin-breaking corrections) connects shift ¢,

and width I';; to the real and imaginary part of a K-p Done by SIDDHARTA
Phys.Lett. B704 (2011) 113
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Aim of SIDDHARTA-2
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The connection between the scattering lengths a _, and a ¢ 4 and the s-wave KN
isospin dependent (I=0,1) isoscalar a, and isovector a, scattering length:
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SDDHARTA-2 expected result

Geant4 simulated K-d X-ray spectrum for 800 pb!
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SIDDHARTA-2 strategy

Phase 1:
during the commissioning of DADNE
SIDDHARTINO measurement of K-*He (8 SDD arrays)

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




SIDDHARTINO = SIDDHARTA-2 with 8 SDDs

DAQ - BUS structure
4 SFERA ASICs
8 SDD arrays
4 ADC channels

SFERA

!y

8 SDD arrays
(out of 48)
1 BUS structure




SIDDHARTINO - SDD arrangement

8 SDD arrays
will be used




SIDDHARTINO

with full operation of DA®NE
luminosity monitor

setup lifted by 100 mm

SIDDHARTA-2 luminosity monitor
equipped with 8 SDD arrays
complete Veto system

target filled with He-4 gas
(to compare with SIDDHARTA)

verify when the DA®NE
background is equal to,
or lower then in

SIDDHARTA 2009




SIDDHARTINO




SIDDHARTINO was ready for installation on
DAFNE in November 2018

SIDDHARTINO was installed on DAFNE
in April 2019

(compatible with DAFNE schedule)
and started the commisioning run



New platform near to interaction region

KLOE-2 roll-out
with internal magnets
focusing
quadrupole (QF)
quadrupole
permanent magnet (QD)




New beam pipe

flanges removed
major source of
asynchronous background

external carbon fiber jacket

® 66 mm and thickness ~ 500 micron
internal ultra pure aluminum

@ 55mm and thickness ~ 150 micron

DAFNE luminosity monitor
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SIDDHARTA-2 aluminum
support frame

With the help of
DAFNE experts the
setup and the
shielding were
aligned with the
beam line axis



Details about the SIDDHARTINO setup

» 2-stage cooling system + CryoTiger

» Light target and Silicon Drift Detector
» Veto-2 system

» Luminosity monitor

» Veto-1 system

» Kaon Trigger system



add additional cooling power
to the SDD and cryogenic target

Cooling systems

s Target + SDD cooling
Leybold MD10-16 W @ 20 K
target cell and SDDs are cooled
via ultra pure aluminum bars
T;c =30Kand T,,,=100K
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Optimization for
the SDD cooling using
different materials
epoxy, aluminum

X/

** Line driver boards

4 CryoTiger-30 W @ 120 K
Copper - band cooling lines
T, =120K 21



Light target and Silicon Drift Detector assembly

increase the target ‘ ,‘ | 7.
stopping power

almost double gas
density with
respect to LS
SIDDHARTA (3% LHD)

SDDs placed 5 mm
from the target wall

calibration
2 2w’ foils
inserted
near to the
Target cell wall is made of a SDD are
2-Kapton layer structure activated
(75 um + 75 pum + Araldit) by the X-ray
tubes

. J




The veto-2 system:

an inner ring of scintillator tiles (SciTiles)
placed as close as possible behind the
SDDs for charge particle tracking
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y SIDDHARTA-2 Luminosity monitor

Fast

Needs:

/ o N P o Fast detectors & FEE
g e Real time acquisition

e 2 pairs of scintillator: 80x40x2 mm?3 ) )
e Accidental rate << Signal rate

Scionix EJ-200 4 - o
e R4998 PMTs Hamamatsu L4 "j Il Allows:
e light-guides & ) e Collision optimization
e aluminum tube + pMetal (0.1mm) U oy e Machine feedback

e reflective and light proof foil

i H ~ 32 2¢-1
e optical cement Luminosity ~ 10 > cm™ s

Rate ~ 50 - 60 Hz

SIDDHARTA-2
Interaction regions bottom view
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... precise adjustments ...




... internal components




SIDDHARTINO lnstalled on DA @NE (17 April 2019)




Calibration of SDDs with the x-ray tube in DA ®DNE

Counts

Counts

SDD 48 BUS 5

800

700

600

500

400

300

200

100

IITTPIII|IIII|IIII|I|II||III|I||I|IH

%27 ndf 23677.08984 /919
p0 1094.67578 + 106.31940
p1 -1.57643 + 0.16903
p2 0.00083 + 0.00010
p3 —0.00000 + 0.00000
p4 0.00000 + 0.00000
p5 —0.00000 + 0.00000

TR L
5000 5500

ADC channels

= W Lo 2 ndi 36934.16016 / 757
700 :_T K Fe K p? 205.56396 + 14.21004

— Ti e Ka p -0.12569 + 0.00900
600 — a Cu Ko, 0.00003 + 0.00000

- ~0.00000 + 0.00000
500 — 0.00000 + 0.00000

E —0.00000 + 0.00000
400 —
300 =
200 =
100 =

4000 14000

Energy [eV]



SDD signals during circulating beam in DA @NE

Remote Desktop Connection
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First signals from the Luminosity monitor with beam
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SIDDHARTA-2 access infrastructures

sddslowpc sddhvpc sddgnap sdddagpc
192.168.64.103 192.168.64.11 192.168.64.204  192.168.64.201
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Data exchange protocol with DADNE team

e beam conditions measured by our
detectors — veto system (very useful
information for machine/background
optimization)

* luminosity parameters (kaon rates,
estimation of integrated luminosity, etc. )

e dedicated VLAN network

e optical fiber connection with DA®NE and LNF
computing services

e dedicated file storage server for data (NAS)

 10G interconnection between our computers

e online control and monitoring of our setup
parameters (target pressure, SDD cooling,
remote control of x-ray tubes, etc. )
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SIDDHARTA-2 schedule

We are starting:

Phase 1:
during the commissioning of DADNE
SIDDHARTINO K-*He (8 SDD arrays)
May 2019 — 1 November 2019 (?)




SIDDHARTINO — K-*He test measurement

Counts
8

o 8
?

lf.' K“He La

kaonic helium-4
about 28 pb- 1%0
S/B 10:1

100

it !
|1|||H||+||11||| il

4000 S000 6000 7000 85000 S000 10000 11000
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Available online at www.sciencedirect.com

SciVerse ScienceDirect A
PHYSICS

Nuclear Physics A 914 (2013) 305-309

—
vww.clsevier.com/locate/nuclphysa



Monte Carlo simulations

Simulation in the framework of GEANT4

Machine conditions — similar with SIDDHARTA 2009




Kaonic Helium-4 SIDDHARTINO expected

spectrum for about 50 pb!
(one week of data taking in SIDDHARTA-like conditions)

About 1000 events in La peak, S/B > 100/1
Position precision : 6.452 +- 0.002 (stat) keV

300

K-*He Lo
250 1 | 3d->2p

200 -

Counts

150 -
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100 4 P
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R A S A W VA o
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SIDDHARTA-2 schedule

When Phase 1 is over

(basically when S/B for K-*He is about 100/1)
we go for:

Phase 2:
SIDDHARTA-2 run:
we will install all the SDDs of SIDDHARTA-2

(48 SDD arrays) and start the kaonic deuterium
measurement with a run for 800 pb

(in addition/parallel feasibility tests for future measurements)



SIDDHARTA-2 setup

SIDDHARTA-2 apparatus

mounting frame
Cesidio Capoccia
Giovanni Fuga

Shielding
New design

beam pipe

luminosity monitor

kaon trigger




Feasibility tests for future measurements

GEKA proposal presented at DADONE 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

« measurement of kaonic | ' R B L " :
atoms on selected solid Z
targets (Tungsten, lead, " —
etc..) using HPGe .
. NN OMETE] |
e 100 pb per data point b |
] Febas  H -
E_l H ] JPEE\JH:—-
- e
Simulations — work in progress e
%  estimate background —fromthe | : IR f::
beam and from the kaon p o o B
absorption and to determine - T, ] _ —
optimal position of the detector S GIRDER i
and target (+ target size) and N : ot \ GIRDER
shielding . —J il
2 Iy —
% estimate required time for the - f5 I " "
measurements. =

% Not all parameters are known —
test measurements with the
beam is required. HPGe active detector diameter 60 mm, height 60 mm.

Signal from the luminometer (80x40x2 mm?3) as a trigger for HPGe detector.




HPGe LABORATORY TESTS & ANALOGUE ELECTRONICS

. . . . hi
Croatian Science Foundation - Project 8570 o e
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‘I. hhhhhhh TR e L 0|
4000 6000 8000 10000 12000 14000 16000
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_ __ hist
= O - e 1 06
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CAEN spectroscopy amplifier N968
Canberra Multiport Il
Canberra Genius DAQ + analysis

2mF

Setup is ready for transportand ... .. .. /. L
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installation in DAM®NE! ADC channel
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Strategy and Time Schedule

DAFNE and SIDDHARTA-2 operation schedule

2019

2020

April

May

June

Jul

IAugust

fse

ptember

October

November

Decembe

=

PHASE 1

SIDDHARTA-2 Installation

Lead schielding table

Transport and installation setup

Vaccum test

Alignment of the shielding and setup

Cooling cryogenic target

Installation of SIDDHARTA-2 Luminosity monitor

SDD optimization and calibration with x-ray tube

Installation of Veto-1 system

Installation of Kaon Trigger system

Integration of Dafne signals in DAQ (timing, injection)

Debugging and optimization DAQ

PADME BEAM TEST in new configuration

BTF2 BEAM TEST (nights and weekends)

LNF summer SHUTDOWN

DAFNE MAINTENANCE

SIDDHARTINO

K-He measurement with only 8 SDD arrays

PADME second BEAM TEST

PHASE 2

SIDDHARTA-2 final installation

LNF winter SHUTDOWN

Kaonic Deuterium measurement with full setup (48 arrays)




56th MEETING OF THE LNF SCIENTIFIC Committee —5-6/11/2018
Recommendations:

e The SC encourages the SIDDHARTA-2 and DAPHNE teams to
maintain the tight collaboration towards achieving optimal beam
conditions for the test run before summer 2019.

e The use of the SIDDHARTA-2 set-up for parasitic tests is a
welcome initiative, which should be properly analyzed to discard
possible unwanted interferences with the experiment. A
document describing the details of these tests should be provided.



The trigger system

_” L‘ The basic change in the
/ ' ~ | trigger configuration:

a new shape for the
upper scintillator of
the kaon monitor

The veto-1 system

~w

its placement just
below the kaon

entrance window,

above the shielding

.-\ i

outer barrel of scintillators, ,"
acting as a gas stopping
detector (and, possibly, as 7
active shielding) - to identify A
the products of K- absorption
on gas nuclei, characterized ™
by a long moderation time (4-
5 ns).




Feasibility tests for future measurements — (1)

WIKAMP proposal presented at DAFNE as Open Accelerator Test Facility, LNF December 17, 2018

Investigation of single-and multi-nucleon processes of antikaons in nuclei by simultaneous measurements
of upper and lower levels transition widths of selected kaonic atoms with ultra-high energy resolution

— Kaonic atom —

_ stron
interachion

Wigtth -
Shifi:&F

detectors

Simultaneous measurement of the widths
of the radiative transitions occurring

from upper and lower levels from the same element
' @ [common density distnbubion
-> removing the density uncertainties

providing fundamental information
on single- and multi-nucleon processes
of anti-K in nuclei

Very different radial dependences of the 1N and 2N terms

o rada of vanoss tormn of the K™ —auchous potential (in fm). 74 s the rms radivs of the suclous

Retfully Ra(IN) Ra(mN) Beex fully e IN) Imd mN )
Ni v (AT L 254 L] 446 12
™ 1% b | an 4.7 546 621 100

TN mN TN  mN

E Frieoman. 5. Okaca. Nucl Prys. A915 2013) 170-178

+» kaon single-and multi-nucleon
processes using VOXES / TES
300 pb-1 for 3 data points

+» determination of the charged kaon
mass (K-) using VOXES / TES
300 pb-1 per data point



CHALLENGE WITH NEW X-RAY DETECTORS

~——— Kaonic atom —

n+2

determined so far only with indirect measurement

(with relative yields of the upper to lower level transitions)

No direct measurement
due to quite small strong-interaction widths

V

Breakthrough with ultra-high resolution

(1)

X-ray spectrometers :

Superconducting Pyrolitic Graphite
Transition Edge Sensor| (2) |[mosaic crystals

Microcalorimeters (HAPG or HOPG)

- 1 sesm
o = Dec 7 Y18
L = = R — = W



The Monte Carlo simualtions

The following main improvements are included in the final GEANT 4
simulation for the SIDDHARTA-2 experiment at DAONE, LNF-INFN:

2 o Changed geometry and gas-density: closer distance
" 0T between IP and target cell, doubled gas density (3%),
distance centre to SDDs
| I e = S | o Trigger system: upper kaon monitor (smaller then
Scintilators (K" entrance window) DIRECTLY in front of target
e:"*'“CD “'*""e. o Added kaon live time detector for K+- discrimination:
f identification of the K+ by (t, = 12.8 ns)
] o \eto-1 and veto-2 system

o SDDs operation at lower temperature to improve timing
resolution (~ 400 ns)

S/B =1/100 in SIDDHARTA #S/B =1/3 in SIDDHARTA-2



SIDDHARTA-2 future perspectives

o Feasibility studies in parallel with SIDDHARTA-2 (HPGe and VOXES)

o Plans for the extension of the scientific programme (abstracts for Dec.17, 2018)
» Kaon mass - precision measurement at a level <7 keV

s Kaonic helium transitions to the 1s level

* Other light kaonic atoms (K- O, K-C,...) TES — Japan
» Heavier kaonic atoms (K- Si, K-Pb...)
» Radiative kaon capture — A(1405) study

» Investigate the possibility of the measurement of other
types of hadronic exotic atoms (sigmonic hydrogen ?)



SIDDHARTA-2 winning cards

SIDDHARTA-2 relies on a major upgrade (w.r.t. SIDDHARTA)

of the detectors systems and of the cryogenic target

SIDDHARTA-2 builds up based on a series of improvements with respect to
the previous SIDDHARTA setup aiming to dramatically:
e increase the S/B ratio and also the signal rate:
by gaining in solid angle taking advantage of
new SDDs form factor (more active area)
e reduction of the background:
by improving the SDDs timing resolution ( ~ 400 ns)

and implementing additional veto systems
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SIDDHARTINO installed on DA®NE
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