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DA®NE accelerator, since 1998:

The Double Annular @ factory for Nice Experiments
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Presenter
Presentation Notes
In the DAFNE accelerator, the low momentum, monochromatic (127 MeV/c) K-, are coming from the decay of the f(1020) meson produced by the e+e- interactions in the DAFNE accelerator. 

For this reason, DAFNE collider is suitable for low-energy kaon physics: studies of kaonic atoms and also for the  kaon-nucleon/nuclei interaction studies.

My talk is focused to the experiments dedicated to the studies of kaonic atoms and this kind of studies were done in framework of the SIDDHARTA experimentt
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SIDDHARTA data taking campaign:

ended in November 2009
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SIDDHARTA performed
kaonic atoms transitions measurements
on the upgraded DA®NE collider
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The scientific aim

a

SIDDHARTA measures the X-ray transitions
occurring in the cascade processes

of kaonic atoms
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Fundamental study of strong Interaction

between anti-K & nucleus at low energy limit
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The scientific aim

the determination of the
isospin dependent KN scattering lengths
through a
~ precision measurement of the shift
and of the width
of the K, line of kaonic hydrogen
and
the first measurement of kaonic deuterium




Kaonic Hydyrogen atoms

K- captured in excited
orbit, replacing the e-
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Kaonic Hydrogen atoms

K- stopped in H
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Importance of kaonic atoms studies

atomic binding energies of light systems the keV range —tens of MeV in the low-energy scattering experiments
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determination of the antikaon-nucleon/nucleus interaction at
“threshold”, without the need of extrapolation to zero
relative energy.

Determined isospin dependent KN scattering lengths are key ingredients for all
models and theories dealing with low-energy QCD in systems with strangeness

o Explicit and spontaneous chiral
symmetry breaking (mass of nucleons)

o Dense baryonic matter structure

o Neutron (strange?) stars EOS



SIDDHARTA results:

- Kaonic Hydrogen: 400pbt, most precise measurement ever,Phys. Lett. B
704 (2011) 113, Nucl. Phys. A881 (2012) 88; Ph D

- Kaonic deuterium: 100 pbt, as an exploratory first measurement ever,
Nucl. Phys. A907 (2013) 69; Ph D

- Kaonic helium 4 — first measurement ever in gaseous target; published in
Phys. Lett. B 681 (2009) 310; NIM A628 (2011) 264 and Phys. Lett. B 697
(2011);; PhD

- Kaonic helium 3 - 10 pb?, first measurement in the world, published in
Phys. Lett. B 697 (2011) 199; Ph D

- Widths and yields of KHe3 and KHe4 - Phys. Lett. B714 (2012) 40; kaonic
kapton yields — Nucl. Phys. A916 (2013) 30; yields of the KHe3 and KHe4 —EPJ
A(2014) 50; KH yield — Nuecl. Phys. A954 (2016) 7.

SIDDHARTA - important TRAINING for young researchers



L SIDDHARTA results: KH (2009)

Phys. Lett. B 704 (2011) 113
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€,s= —283 * 36(stat) + 6(syst) eV
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Gas target (22 K, 2.5 bar)

144 SDD used as X-ray detector . . .

Good energy resolution (140eV @ 6 keV) Drastically improved S/B ratio

\Timing capability (huge background)




SIDDHARTA results: KH (2009)
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Counts / 30 eV

SIDDHARTA results: K-*He

Energy of K4He L, (3d—>2p)
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Summary of the K-*He shifts

Shift [eV]
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SIDDHARTA results: K->He

Counts / 50 eV
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Kaonic atom data (Z>3)

The shift and widths of kaonic atom X-ray energy have
been measured using targets with atomic numbers from
Z=1to Z=92, which provide very important quantities
for understanding the antikKN strong interaction.

Kaonic atom data (Z>3)
Used for studies of KParN interaction
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Experimental X-ray data of shift & width:
Well fitted with optical potentials

Expected shift of K-4He 2p state:
AE — O eV

There are discrepancies for:

Kaonic Kaonic
Hydrogen Helium
(Z=1) (Z=2)
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Significant improvement !

KpX @KEK (1997) :
DEAR @DA®NE (2005)

SIDDHARTA @DAONE (2011) 20:1 0

E570 @KEK (2007)

SIDDHARTA(*He) @DA®NE (2009)
SIDDHARTA(°*He) @DAONE (2011)



K-p K-He

LA /[
STILL MISSING!!!

the measurement of the kaonic deuterium

the most important experimental information missing in the field
of the low-energy antikaon-nucleon interactions

SIDDHARTA-2 collaboration
starting from 2019 at DAFNE accelerator

DEAR @DA®NE (2005)

E570 @KEK (2007)

£SIDDHARTA(4HG) @DAONE (2009)
SIDDHARTA @DAONE (2011) SIDDHARTA(°*He) @DAONE (2011)




The scientific aim of SIDDHARTA-2

¥

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

Starting with the precision measurement of shift and width
of kaonic hydrogen
« NOW first measurement of kaonic deuterium

To extract the antikaon-nucleon isospin dependent scattering
lengths
e chiral symmetry breaking (mass problem), EOS for
neutron stars



Deser Formula

Deser-type relation (including the isospin-breaking corrections) connects shift
&1, and width I';; to the real and imaginary part of a

i
€15+ 5 T1s = 2a3p%ag_,|1 - 2ap(lna — Dag_,+... |

A similar formula holds for a4

i
€15+ 5 Tis = 2a3p?ag_4(1 — 2au(lna — Dag_g+... ]

The connection between the scattering lengths a ¢ ,and a x4 and the s-wave KN
isospin dependent (I=0,1) isoscalar a, and isovector a, scattering length:

1 1 1
ag—p =5 [ao +ai] Q =5 lax—p + ax—n] = 7lao + 3a]
C, includes all higher-order
Ag-n = A1

contributions, namely all other
physics associated with the K-d three-

4imy + m - :
[ N K] 0+C body interaction.

Ak 4 = [

2my + mg] Fundamental inputs

; of low-energy QCD effective theories.




SIDDHARTA-2 improvements

SIDDHARTA-2 is a development

both on the detector side and on target side.

SIDDHARTA-2, consists in a series of improvements with respect to

the SIDDHARTA setup aiming
increase the S/B ratio and also the signal rate:
- by gaining in solid angle
- taking advantage of new SDDs

and
of the reduction of the background:
- by improving the SDDs timing

- implementing of an additional veto system

to

dramatically:




SIDDHARTA Kd exploratory measurement

First exploratory measurement for Kd
300 --If

200 - n g

LiF
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KC o

Y(K,.,) = 0.0077 +0.0051
Kd K, yield Y(K_) = 0.0019 + 0.0012

Events

8 12 16
X ray energy (keV)

Yield of a factor about 10 smaller then the KH yield,
estimated to be 1 to 2 % for K.

= =

an enhancement by one order of magnitude of the signal-to
background ratio is required for SIDDHARTA-2.




Experimental challenges towards K'd

= X-ray yield: Kop ~1%
Kd ~0.1%

= ]s state width: K'p ~ 540 eV
K'd ~800-1000 eV

BG sources: asynchronous BG — timing
synchronous BG — spatial correlation

¥

an enhancement by one order of magnitude of the signal-to
background ratio is required for SIDDHARTA-2.




Imporiant features of the SIDDHARTA-2 setup

» New Interaction region and beam pipe
» Special designed shielding

» Lightweight cryogenic target

» Silicon Drift Detector

»\/eto-2 system

» Luminosity monitor

27



New Interaction region

a, QF focusing

“ quadrupole (QF)
guadrupole

permanent magnet (QD)

28



New beam pipe P
flanges removed JEE==r

major source of

asynchronous
& h e 7 = = =
background Fo e s thickness ~ 500 micron, A~
4 Winternal ultra pure aluminum="#%

P

SIDDHARTA-2
luminosity monitor




SIDDHARTA-2 cryogenic target

Working temperature: 30 K
Working pressure :

0.3 MPa

Final test during summer 2017:
Pressurised for 16 days

with P=0.3 MPa (overP)

Cooling/pressure test
w25 weeks 30K /0.19 MPa
* 35days 30K/0.31MPa

» Target cell wall is made of a
2-Kapton layer structure
(25 um + 25 um + Araldit < 100 pm)

» HP Deuterium generator



Light target and Silicon Drift Detector assembly

4ﬁ_ increase the target | , ?7// e 4
| stopping power W=

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

SDDs placed 5 mm
from the target wall

== 3 (calibration\
/ foils
inserted
near to the
Target cell wall is made of a SDD are
2-Kapton layer structure activated

(75 um + 75 pm + Araldit) by the X-ray

tubes

U J




= New SDD detectors

difference with respect to the SDDs in SIDDHARTA: o

the change of the preamplifier system from the JFET
structure on the SDD chip to a complementary metal-
oxide semiconductor integrated charge sensing \

amplifier CUBE), able to operate at very low L
temperatures (below 50 K) (standard SDD technology) _
reduction of the single element size (from 10 x 10 to 8 1 l l l 1 l

X 8 mm2) N
‘ s 34 mm radiation entrance window
|
50D

Better drift time of 300 ns e

compared to the SDDs In i
SIDDHARTA (~800 ns) —ﬁ_
Monolitic 4x2 SDD array - single unit CUBE:
= TN SDD characteristics:
e area/cell = 64 mm?
e total area = 512 mmz
e T=-100°C
e drift time < 500 ns

wuw 8T



Presenter
Presentation Notes
4x2 SDD-chip array for SIDDHARTA-2 (see Figure 7) are fabricated by FBK using internally developed “gettering” technique to achieve the extremely low leakage current. Due to the thin entrance window it will be possible to detect photons even below 500 eV. The area of a single SDD-cell is 8x8 mm2 (the size selection was mainly driven by drift time considerations) and has a square shape. 
To run the SDDs in a temperature regime of 30 – 50 K the gluing method, used successfully for cooling the SDD to a minimum temperature of 220 K, is not applicable anymore. Therefore, we are using a mixed mounting strategy: the SDD-chip will be glued to a special shaped ceramic board which will then fixed to a copper block using six M1 screws with plate springs to compensate for the different thermal expansions (see Figure 10). A thin layer of high-vacuum crease will ensure a good thermal contact 


SIDDHART-2 new X-ray detector

New SDD technology with ,
CUBE preamplifier F

3000 . —
MnKa = 123.0 eV
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The 4 x2 SDD arvay around the target cell

4x2 SDD array

BC-408
Scintillator tile

The new advance technology will allow to setup a cryogenic target detector
system with an efficient detector packing density,
covering a solid angle for stopped kaons in the gaseous target of ~ 2.



Presenter
Presentation Notes
The cryogenic target cell will be made of a 75μm Kapton body, with reinforcement structure made out of aluminium. In addition, the cooling and mounting structure of the SDDs (see Figure 17) is used, in addition, to reinforce the target cell in longitudinal direction. The working temperature of the target cell lies between 20 to 30 K. The maximum pressure is 0.35 MPa. With these parameters a gas density of 3% liquid deuterium density (LDD) will be achieved. 
Finally, 36 (48) monolithic SDD arrays will be structured close together around the target, with a total area of about 200 cm2 (see Figure 18). 
Figure 
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Simulation in the framework of GEANT4

The yiled of K-d: one order of magnitude below the K-p yield
Machine conditions — similar with SIDDHARTA 2009



Presenter
Presentation Notes
The SIDDHARTA-2 setup (sketched in Figure 19) on DANE was simulated in the framework of a GEANT4 simulation (checked on SIDDHARTA setup), see Figure 20. 
Using the theoretical estimates for Kd yields - one order of magnitude below the measured Kp yields – the kaonic deuterium signal and background were simulated, in machine conditions similar to those which were present during the SIDDHARTA data taking in 2009. 


Geant4 simulated K-d X-ray spectrum for 800 pb-!
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KH results:
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Presentation Notes
We have simulated the kaonic deuterium X-ray spectrum assuming an integrated luminosity of 800 pb-1, using the new X-ray detector with an active area of 200 cm2. The simulated spectrum for the transition energies of kaonic deuterium atoms is shown in Figure 21, with the following assumption: 
The yield ratios of the K : K : Ktotal transitions were taken from the kaonic hydrogen data, with an assumed K yield of 10-3 for the gaseous target. For the strong interaction induced shift and width, theoretical prediction were used: 
shift = - 800 eV and width = 750 eV. For a gas density 3% LDD the estimated signal to background ratio (integral) is 1:3. 
By fitting a set of simulated spectra, we extracted the shift and width for the kaonic deuterium 1s level induced by the presence of the strong interaction with a precision of: 
(1s) = 30 eV and (1s) = 70 eV 
with a statistical significance of the K line of ~ 20 . 
This precision is comparable with that obtained for kaonic hydrogen with SIDDHARTA and will allow to extract the antikaon-nucleon isospin dependent scattering lengths with a similar precision, required for the theories dealing with non-perturbative QCD including strangeness. 


SIDDHARTA-2 targeted precision

Theory — SIDDHARTA-2
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The experimental result will set essential constraints for theories
and will help to disentangle between different theoretical approaches



SIDDHARTINO = SIDDHARTA-2 with 8 SDDs

alming to measure kaonic helium to quantify the
background in the new DAFNE configuration

8 SDD arrays
(out of 48)
1 BUS structure



SIDDHARTINO apparatus and constraints

equipped with |
8 SDD (1/6)
arrays

target filled
with He-4 gas

trigger

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

complete

Veto systems

work with DAONE
luminosity monitor

Aim: confirm when DADNE background conditions are similar
to those in SIDDHARTA 2009






SIDDHARTINO — K-*He test measurement

SIDDHARTINQ expected spectrum for ~ 50 pb! About 1000 events in La

(one week of data taking in peak, S/B > 100/1
SIDDHARTA-like conditions) (ideally should be 300/1)
Position precision :
300 6.452 +- 0.002 (stat) keV
K-*He La
2 250 + 3d ->2p
3 « )
© 200 - SIDDHARTA
measurement
150 — .
'g a0 [ Nucl. Phys. A914 (2013) 305
5d -> 2p st K-He La
100 - 20 -
. ad -> 2p \ 6d -> 2p l: ,
100 :— {
= I J | W A— % _ ¢ I i
! ! o....I*‘...I....{I‘..‘%'*"........]....I
6 8 Energy [keV] 12 e ez eV
S/B was 10/1 for the K-*He
measurement with ~ 30 pb* l




T
SIDDHARTA and SIDDHARTA-2 experiments on DACDNE colllder -
provide unique quality results for the understanding of the low-

energy QCD in the strangeness sector
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Phase-2: SIDDHARTA-2 K-d measurement

Kaonic deuterium run in (all) 2021

for S/B as 1/3:

for an integrated luminosity

of 800 pb

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) !

Includes:

- Optimization grounding,
automatization — remote
control (covid), calib....

- Optimizations SDD, vetos

- Shielding, trigger....

achievable
precision

counts per 80 eV

15001

—_
o
o
(=]

500+

-

€15 = (- 800 £ 30) eV SIDDHARTA-2
Is=(750+80)eV

QED

8 9 10 11
energy [keV]
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This window of opportunity should be realized.


Luminometer of SIDDHARTA-2

scintillator: 80x40x2 mm3 Scionix

EJ-200 (BC408)

R4998 PMTs (at an angle of 38deg
with respect to scintillator axis)

lightguides

aluminum tube + pMetal (0.1mm)

reflective and light proof foil

optical cement

A NATIONAL MSTIVE FIRAUCLENR PHSYCS. ki3
INFN  SASCAINATONAL L8 e
[ SPAS NV 048 loimspure| G Capoccia

SIDDHARTA Il EXPERIMENT A
LUMINOMETER !
LUMINOMETER WITH 38 DEG. ANGLE Seinilator set




Luminometer tests in SIDDHARTA-2 lab




SIDDHARTA-2 Luminosity momtor

2 pairs of scintillators:
tiva 80x40x2 mm?3

3‘;1 0’ , Scionix EJ-200
120~ iijectiun e R4998 PMTs Hamamatsu
- sezee 1 o light-guides
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8 03_ (0.1mm)
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60__ foil
405 e optical cement
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RF/4 structures

SIDDHARTA-2 Interaction regions



Measurement
29/01 18:30 - 30/01 8:30

DAFNE: SIDDHARTA-2 Commissioning: electron beam trading
y

B
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The vero system

Veto system:

» veto-1: outer barrel of scintillators, acting as a gas stopping detector (and, possibly, as
active shielding)- to identify the products of K- absorption on gas nuclei, characterized

by a long moderation time (4-5 ns) (suppress the X-rays produce by the kaons stopped in
gas from kaons stopped in setup material)

« veto-2: an inner ring of scintillator tiles (SciTiles) placed as close as possible behind the
SDDs for charge particle tracking

Veto-1

Veto-2




SIDDHARTA-2 Luminosity monitor

e 2 pairs of scintillator: 80x40x2 mm3
Scionix EJ-200
e R4998 PMTs Hamamatsu

SIDDHARTA-2
Interaction regions bottom view

e Fast detectors & FEE
e Real time acquisition
e Accidental rate << Signal rate

Allows:

e Collision optimization

e Machine feedback
Luminosity ~1032cm=?s -1
Rate ~ 50 - 60 Hz 53



SIDDHARTA-2 schedule

We are presently in:

Phase 1:
during the commissioning of DADNE
SIDDHARTINO for K-*He (8 SDD arrays)
May 2019 - 1 November 2019 or until
the aim (S/B on KHe as better than 100/1) is
reached (in agreement with the LNF
management)




SIDDHARTINO - K-*He test measurement
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Available online at www.sciencedirect.com

SciVerse ScienceDirect NUCLEAR A

PHYSICS

MNuclear Physics A 914 (2013) 305-300

N
www.elsevier.comflocate/nuclphysa



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
(ideally should be 300/1)
Position precision : 6.452 +- 0.002 (stat) keV
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SIDDHARTA-2 future perspectives

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

 Plans for the extension of the scientific programme

Charged kaon mass, precision measurement < 7 keV
Kaonic helium transition to the 1s level

Other light kaonic atoms

Radiative kaon capture - A(1405) studies

Investigating the possibility to measure other hadronic exotic
atoms (sigmonic hydrogen?)

S7






New SIDDHARTA-2 Kaon monitoy

The SIDDHARTA kaon monitor:

scintillator pair, placed above and below the

IP, taking advantage that the ¢-meson is

decaying almost back-to-back to a K+K-

pair (49.2%). The K+ and K- are identified

in coincidence in each of the two detectors.

The  basic in  the

configuration:

« a new shape for the upper scintillator of
the kaon monitor

o its placement just below the kaon

entrance window, above the shielding.

change trigger

With this new position (which was not
possible in SIDDHARTA) only those kaons,
which are reaching directly the entrance
flange of the vacuum chamber will be
selected.

Kaon monit
upper scinti

3«
| B
et

%

Target cell

SDDs

SDD-
electronic

Interaction
region

Kaonstopper:

Kaon monitor_ ?
lower scintillator

| Compared with the “old™ geometry, a reduction
of the hadronic and e.m. background is expected.J

\

K*-K discrimination


Presenter
Presentation Notes
The SIDDHARTA kaon monitor consists of a scintillator pair, placed above and below the IP, taking advantage that the -meson is decaying almost back-to-back to a K+K pair (49.2%). The K+ and K are identified in coincidence in each of the two detectors. Further separation between kaons and MIPs (electromagnetic shower from lost electrons) comes via the measurement of the kaon time of flight, which is different for MIPs. In order to provide a good kaon-MIP separation, fast scintillators (BC 420) and fast PMs (R4998) were used. The time resolution obtained was 240 ps 6 

FWHM. This excellent time resolution allows to determine good kaon-pairs with a contamination level below 1%. 
The basic change in the trigger configuration consists in a new shape for the upper scintillator of the kaon monitor and its placement just below the kaon entrance window, above the shielding. With this new position (which was not possible in SIDDHARTA) only those kaons, which are reaching directly the entrance flange of the vacuum chamber will be selected. Therefore, compared with the “old” geometry, a reduction of the hadronic and e.m. background is expected. An improved trigger scheme was studied in order to increase the Signal/Background (S/B) ratio (one has to selectively trigger on kaons entering the target volume). This was realized in SIDDHARTA only partially, since the trigger system (scintillators read by PMs) waspositioned outside vacuum chamber, about 12 cm away from the target entrance window. Therefore, although the size of the kaon trigger was optimized, a certain number of triggered kaons were not entering the target volume, but were absorbed in the side walls and were producing background events. For this reason, in SIDDHARTA-2 we plan to move the upper scintillator of the kaon trigger close to the entrance window of the vacuum chamber, we will obtain less background and therefore an improvement in the S/B ratio.



Comparison of X-ray detectors for kaonic atom

Detector Si(L1) CCD
c : ¢ KEK DEAR
Xperimen 1998 2005
Effective area 200 124
(mm?)
Thickness 5 0,03
(mm)
Energy 410 150
resolution (eV)
@6 keV
Drift time (ns) 290 -
Efficiency @6 ~ 100% ~ 60%
keV




Silicon Drift Detectror for SIDDHARTA

New SDDs specially designed for SIDDHARTA, as well as readout electronics.

anode SDD design:

one side: concentric ring-shaped p* strip
system for the generation of the drift field
and the collecting anode in their center.
opposite surface : covered by a non-
structured p* junction (called *““continuous
back-plane”) acting as homogeneous
radiation entrance window.

S

integrated FET G field strips

»!
>

back contact

The key feature:

- Small anode = Small capacitance

- Integration of the JFET transistor connected to the anode = small capacitance =
small noise=> new detectors with large are an reduced thickness

- High resolution, with thin depletion layer

chip size: 34 x 14 mm?

sensitive area
3 x 100 mm*
1.4 mm

integrate d te mperature sensors




DAFNE background

It includes two main sources:

SYNCRONOUS: It’s associated to K production, or @ decays. It can be considered a

hadronic background.

ASYNCRONOUS: It’s dued to final products of electromagnetic cascade produced in the

accelerator and to other materials activated by electrons lost from the beam. Moreover it

also contains Touschek eftect (same bunch particles’ interactions)

The main contribute comes from the
asyncronous background, wich can
be reducted using a trigger and fast
detectors:

SDD (Silicon Drift Detector)

|

Winning card
of the SIDDHARTA experiment

Clear last Ring
n-JFET
/IN ;
DGS Ring #1
&7_;! =N
o path of
n- Si 00 electrons
\\p*

Entrance window
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