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SIDDHARTA-2 strategy

\

when DAD®NE operating condition
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run for 800 pb!
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SIDDHARTINOQ = SIDDHARTA-2 with 8 SDD’s
DAQ BUS configuration

SFERA 3 | SFERA 4 SFERA1 | SFERA 2

SDD & BUFFER
POWER
(unplugged

SDD & BUFFER
POWER

(unplugged)

11

SDD &
BUFFER
POWER

) SDD &
BUFFER

z<i| powsa

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

M"i\:l

!!H 1 ,J”

{

Ceramic
107
Ceramic
Ceramic
53
Ceramic
21

Ceramic
90
Ceramic
Ceramic
74
Ceramic
27



SIDDHARTINO - SDD arrangement

L

;

1

1"

)

]

P
i)
\




SIDDHARTINQ apparatus

* Needs to work with DAONE
luminosity monitor

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

e SIDDHARTA-2 luminosity
e monitor included

e equipped with 8 SDD arrays

e complete Veto system

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

Aim: verify when DAD®NE background is similar to the one in
SIDDHARTA 2009



SIDDHARTINQ

Design by C. Capoccia




SIDDHARTINO was installed on DAFNE
in April 2019

Summer shutdown period for more optimization
and debugging

Restart operation in September

(compatible with DAFNE schedule)



New platform and 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

externa caron |er jacket

® 66 mm and thickness ~ 500 micron
internal ultra pure aluminum
¢ 55mm and thickness ~ 150 micron DAFNE luminosity monitor




SIDDHARTINOQ
shielding — we need
madifications/integration

I s e )

|

,.
7
Iz
- ¥,

-

e

Nl
= A

C\pete -
ava N \,‘1.*;‘"’2‘_' N
RS S\ 7 :




SIDDHARTINO
Lateral shielding
completed in summer
shutdown period




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 + Cryo Tiger
> Light target and Silicon Drift Detector
> \eto-2 system

> Luminosity monitor

> \eto-1 system

> Kaon Trigger system



add additional cooling power

COOIing syStemS to the SDD and electronics

* Target + SDD cooling
Leybold MD10-16 W @ 20 K
target cell and SDDs are cooled
via ultra pure aluminum bars
T;c =30Kand T¢,, =100 K

LT

Optimization for
the SDD cooling
using different
materials

+ Line driver boards
4 CryoTiger—-30 W @ 120 K
Copper - band cooling lines

epoxy, Tp =120K 16

aluminum



Light target and SDD detector assembly

increase the target
stopping power

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

SDDs placed 5 mm
from the target wall

calibration foils
inserted near to
the SDD are
activated by the
X-ray tubes

Target cell wall is made of a
2-Kapton layer structure
(75 pm + 75 pm + Araldit)




The VETO-2 system

an inner ring of scintillator tiles placed as
close as possible behind the SDDs for
charge particle tracking
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Luminosity monitor

Fast

Needs:

e Fast detectors & FEE

e Real time acquisition

e Accidental rate << Signal rate

Allows:
e Collision optimization
e Machine feedback

® 2 pairs of scintillator: 80x40x2 mm?3
Scionix EJ-200

® R4998 PMTs Hamamatsu

e light-guides

e aluminum tube + pMetal (0.1mm)

e reflective and light proof foil

e optical cement

SIDDHARTA-2 Interaction regions



SIDDHARTINO mstalled on DACDNE (Aprll 2019)




Summer
shutdown
work

SiPm from VETO-2
replace after
the “power glitch”




Commissioning of SDD’s in DADNE

e Test of the first signals in the accelerator environment
(SFERA-SDD coupling, noise test, EMI/RFI filters on power

lines)

* Tuning of the power supply parameters

e (Calibration with the x-ray tube

e Comparison x-ray tube vs beam
(more details in the M. Miliucci talk)
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SDD’s and DAFNE operation
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Circulating beam in DAFNE

2019-5-24 8:32:22 DAFNE (From 2019/05/23 00:00 To 2019/05/28 00:00) plots
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... two beams circulating

... but no collision yet ...

vacuum improvement with the beam current

2019621 20:56:1
e+ 133.94

Ele- 194.01

R >
S = [ o
S S
R S,
e i 5" P -
@ o e S
= & €

=
-

_+_

S
ket L
W @
- o
o o o
+2 2 >
e + &

Wﬂhﬁﬁﬁf‘ epptitl

—f—---=r—"""" | —_—

DAFNE (From 2019/06/21 00:00 To 2019/06/22 00:00) plots

I - . -
.
> ~ o a © & ~ > ) ) ) 2 a o o o < = ~ & B ~
~ e o5 L e Pl &a? e ot < oV S e s e w2 = A <5 G ey sy
Bk [ = ) =5 ¥ & i B b3 s £ < < v ) o = e 5 2
-4 A -, B -, = e b o Gl S o = by s -3 = -+ -+ s - iy
w! o N =5 = . < < = = ~ n < = o o - o A +
o B o o o o ah P o o P 1 a o P o 2 o o~ o o
o ] = = oF o oF o = of = o oF =3 = = o o oF = =
s I K 3 o o oF of o S o o of S S G of o
N Fog¥ S A © S S
~ = + + + + L + + v v v i b +

VUGN 00 vs iele 17/06/2019

| "?-__”i _+=:+: +‘-+:F_ +#:=‘=

I++
'f' | _'_T_:_i# -

e WL B e bk 1 TV

'r:#i-—++ + ++

= il VRN B v ke P
VLEIDS] v ke 1 DO PO 1

i WL O | o el 008 T 1D

--_- = — - .
:+_ | _-I_ T B .. l — i VLI D0 v bk 1 A 1
= . _:F"“—-— — i VLCIID0] ke SR ETI
g D
) I ] | R T | M= A P ' WL D0 v sk AT
50 100 150 200 250 300 350 a0 450 500



Online beam monitoring
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Online beam monitoring
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SIDDHARTA-2 access infrastructures
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Data exchange protocol with DAONE team

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

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

e dedicated VLAN network

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

* 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. )

File Edit View Project Operate Tools Window Help

S @N0

write_error
KT XRay Lamp Vahe

2000

50Ds Temperature (€]
gk

Target Temp D§41473

Target Temperature [K]
Hew B o=
= BB
1 s
El E] B
1 H
HEHEB
I M
i El B
€80

o B

& 1 1 T 1 0 ¥ T v 0 |
0 200 400 600 BOD 1000 1200 1400 1600 1800 1979

34E-6-]
F 226
E 2.0E-6-]
'y 2865
5

§ 2.66-6-
& 2486
! 226
v v v m v v " v v v 20E-6-7 v v v v v 0 v 0 v '
0 200 400 60D 800 1000 1200 1400 1600 180D 1579 0 200 400 600 300 1000 1200 1400 1600 1800 1979

Time Time

=
SEe|

'1“]‘1ﬂ|,"lr‘\mlmf"f\mﬁmﬂ]‘p{rﬂml\_; _,|,,,1rr,,ﬁn




SIDDHARTA-2 present status

We are presently in Phase 1

during the commissioning of DADONE
optimisation of SIDDHARTINO for K-4He
(8 SDD arrays)

May 2019 - December 2019
or until the aim is reached
(S/B on K-*He as better than 100/1)
in agreement with the LNF management



SIDDHARTINO - K-*He test measurement

Nucl. Phys. A914 (2013) 305

Counts
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Available online at www.sciencedirect.com

SciVerse ScienceDirect MUCLEAR A

PHYSIES

Muclear Physics A 914 (2013) 305-309
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S/B was 10/1 for the K-*He measurement with ~ 30 pb*



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

300
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250 -+ & 3d->2p
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200 -

150 -

100 -

50
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SIDDHARTA-2 K-d measurement

Kaonic deuterium run in
2020/2021

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 Kp) !

achievable
precision

counts per 80 eV

15001 &4 =(-800 £ 30) eV SIDDHARTA-2

—_
o
(]
o

500

L

Ty = ( 750  80) eV

6 7 8 9 10 11
energy [keV]



Presenter
Presentation Notes
This window of opportunity should be realized.


SIDDHARTA-2 plan

Phase 1
is over (S/B for K-*He is about 100/1) we pass to

¢

Phase 2
we will install all the SDDs (48 SDD arrays) at beginning of 2020

and start the kaonic deuterium measurement with a run for 800
pb™

Action plan for Kd measurement:

e run until summer (June 2020) with actual setup (about 300 pb
integrated);

e during summer break install veto2 second layer, adjust shielding,
readout electronics and other optimizations;

e restart run from autumn 2020 with optimized setup (for other
500 pb-1);
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SIDDHARTA-2 plan

Phase 1
is over (S/B for K-*He is about 100/1) we pass to

¢

Phase 2
we will install all the SDDs (48 SDD arrays) at beginning of 2020

and start the kaonic deuterium measurement with a run for 800
pb™

Action plan for Kd measurement:

e run until summer (June 2020) with actual setup (about 300 pb
integrated);

e during summer break install veto2 second layer, adjust shielding,
readout electronics and other optimizations;

e restart run from autumn 2020 with optimized setup (for other
500 pb-1);




Spares



Strategy and Time Schedule

DAFNE and SIDDHARTA-2 operation schedule 2019 2020

April May June July [August September [October  [November [December

|PHASE 1

SIDDHARTA-2 Installation

Lead schielding table

[Transport and installation setup

Vaccum test

Alignment of the shielding and setup

Cooling cryogenic target

nstallation of SIDDHARTA-2 Luminosity monitor

SDD optimization and calibration with x-ray tube

nstallation of Veto-1 system

nstallation of Kaon Trigger system

ntegration 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)




More details:

The modern era of light kaonic atom experiments

Catalina Curceanu, Carlo Guaraldo, Mihail lliescu, Michael
Cargnelli, Ryugo Hayano, Johann Marton, Johann Zmeskal,
Tomoichi Ishiwatari, Masa Iwasaki, Shinji Okada, Diana Laura
Sirghi, and Hideyuki Tatsuno

Rev. Mod. Phys. 91, 025006 — Published 20 June 2019



SIDDHARTA-2 kaonic deuterium at DADONE
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Future programme and perspectives:

- Feasibility studies in parallel with Siddharta-2
(Ge and VOXES) -> Alessandro Scordo

- Proposal for Extension/New Scientific Program

= Kaon mass - precision measurement at a level < 7 keV
= Kaonic helium transitions to the 1s level

= Other light kaonic atoms (K- 0O, K C,...)

= 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 ?)

New ideas will be discussed during: STRANEX: Recent progress and
perspectives in STRANge EXotic atoms studies and related topics
workshop at ECT* - 21- 15 October — we invite you to participate!



Feasibility tests for future measurements - (ll)

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
detectors

— Kaonic atom —— Simultaneous measurement of the widths

of the radiative transitions occurring
from and levels from the same element
oY @ e i e ot eertaintics % kaon single-and multi-nucleon
by o ] ] processes using VOXES / TES
Lrays providing fundamental information 300 pb-1 for 3 data points
on single- and multi-nucleon processes
inferataon of anti-K in nuclei % determination of the charged kaon
Wicth ™ . . mass (K-) using VOXES / TES
St oE Very different radial dependences of the 1N and 2N terms 300 pb-1 per data point
s n 5% sn e | | w6 lew |
TN mN TN mN

E Friedman, 5. Okada, Nucl Phys. A915 @2013) 170-175



CHALLENGE WITH NEW X-RAY DETECTORS

~—— Kaonic atom

determined so far only with indirect measurement
(with relative yields of the upper to lower level transitions)

X-ray
W No direct measurement
X-rays P T

due to quite small strong-interaction widths

V

"‘m . Breakthrough with ultra-high resolution
Shin: AE X-ray spectrometers :
Superconducting Pyrolitic Graphite
[ Nuclear sbaorption (1) [Transition Edge Sensor| (2) |mosaic crystals
: Microcalorimeters (HAPG or HOPG)

WOrieshop - Dec 17, 2018



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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SDDHARTA-2 expected result

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

> -
2 - achievable precision: |
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Presenter
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 Ka : Kb : Ktotal transitions were taken from the kaonic hydrogen data, with an assumed Ka 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: 
e(1s) = 30 eV and G(1s) = 70 eV 
with a statistical significance of the Ka line of ~ 20 s. 
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. 
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Accepted Paper

The modern era of light kaonic atom experiments
Rev. Mod. Phys.

Catalina Curceanu, Carlo Guaraldo, Mihail lliescu, Michael Cargnelli, Ryugo Hayano, Johann Marton, Johann Zmeskal, Tomoichi Ishiwatari, Masa lwasaki, Shinji Okada,
Diana Laura Sirghi, and Hideyuki Tatsuno

Accepted 3 March 2019

ABSTRACT

ABSTRACT

This review article covers the modern era of experimental kaonic atoms studies, encompassing twenty years of
activity, defined by breakthroughs in technological developments which allowed performing a series of long-awaited
precision measurements. Kaonic atoms are atomic systems where an electron is replaced by a negatively charged
kaon, containing the strange quark, which interacts in the lowest orbits with the nucleus also by the strong interaction.
As aresult, their study offers the unique opportunity to perform experiments equivalent to scattering at vanishing
relative energy. This allows to study the strong interaction between the antikaon and the nucleon or the nucleus "at
threshold”, namely at zero relative energy, without the need of {} extrapolation to zero energy, as in scattering
experiments. The fast progress achieved in performing precision light kaonic aioms experiments, which also solved



SIDDHARTA-2 - new organization structure
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Mean events on SDDs 1-6: 47M
% on SDD 8: 0,1%
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DAFNE vs x-ray TUBES (raw) (BUS 5 CH 49)
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DAFNE vs x-ray TUBES (calibrated spectra)
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BUS configuration
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Monte Carlo simulations

Simulation in the framework of GEANT4

Machine conditions — similar with SIDDHARTA 2009
(more details in the D. Sirghi talk)
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The SIDDHARTA-2 setup (sketched in Figure 19) on DAFNE 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. 
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counts per 80 eV
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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 Ka : Kb : Ktotal transitions were taken from the kaonic hydrogen data, with an assumed Ka 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: 
e(1s) = 30 eV and G(1s) = 70 eV 
with a statistical significance of the Ka line of ~ 20 s. 
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. 





... experienced adjustments . ...
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