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Why Kaonic Atom?

On self-gravitating strange dark matter halos around

galaxies Phys.Rev.D 102 (2020) 8, 083015 Fundamental physics
Dark Matter studies New Physics

The modern era of light kaonic atom experiments
Rev.Mod.Phys. 91 (2019) 2, 025006

Kaonic atoms

Kaon-nuclei interactions (scattering and
nuclear interactions)

Kaonic Atoms to Investigate Global Symmetry The equation of state of dense matter: Stiff, soft, or
Breaking Symmetry 12 (2020) 4, 547 both? Astron.Nachr. 340 (2019) 1-3, 189
Part. and Nuclear physics Astrophysics
QCD @ low-energy limit EOS Neutron Stars

Chiral symmetry, Lattice



Kaonic Atoms X-ra

highly-excited state

Spectrosco

Kaonic atom formation

1) Initial capture

1s

_ 12p—1s 2p—1s
€1s = Emeas T Ee.m.

Electromagnetic + strong interaction

2p

repulsive

attractive

_ElsI

+&s

3s

2s

1s

n ~ sqrt(M*/me) n’ ~ 25 (for K-p)

(M* : K-p reduced mass)

| = 0 1 2 n-1

PRy 17T PRy 17T PR 1~ IR
a” oo - - - - —- Stark mixing
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= External Auger emission
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2 - Coulomb de-excitation

g & e ,\

P4

X-ray emission

o

------- purely electromagnetic

Key observables:
Shift (&), Width (T)
and X-ray Yield



Width Ty [eV]

The SIDDHARTA-

2 Scientific goal

Scientific goal: first measurement ever of kaonic deuterium X-ray transition to the ground state (Is-

level) such as to determine its shift and width induced by the presence of the strong interaction,
providing unique data to investigate the QCD in the non-perturbative regime with strangeness.
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Theoretical predictions for the kaonic deuterium
I's level shift and width

Reference e1s (€V) Ty (eV)
Kamalov et al. (2001) [55] -1080 1030
Gal (2007) [56] 769 674
Déring et al. (2011) [57]  -779 650
Shevchenkov (2012) [58] -787 1011
Mizutani et al. (2013) [59] -887 757
Revai (2016) [60] -800 960
Weise et al. (2017) [61] 670 1016
Liu et al. (2020) [62] -803 2280

Shift €45 [eV]

The low X-rays yield has, until now,
prevented the observation of Is level
transitions in kaonic deuterium.




The SIDDHARTA-

Scientific goal:

2 Scientific goal

irst measurement ever of kaonic deuterium X-ray transition to the ground state (Is-

level) such as to determine its shift and width induced by the presence of the strong interaction,

providing unique data to investigate the QCD in the non-perturbative regime with strangeness.

K-p: agreement — Kaonic Hydrogen

Re F-. . (fm)

Im Fy-, (fm)

Combined analysis of the
kaonic deuterium and kaonic
hydrogen measurements

“2a’ ,ufl —2au (Ina - 1

(4 reduced mass of the K'p system, a fine-structure constant)

— - = Prague (P) U.-G. MeiBner, U.Raha, A.Rusetsky, Eur. phys. J. C35 (2004) 349
NENCIN SO (S S S T | 5 PPN EEPE TIPS T S I TP TRPY B B to- . A . : - .
1400 1450 7500 7200 7450 w0 | ngg EBzg next-to-leading order, including isospin breaking
i S N —— Kyoto-Munich (kM)
K-n: disagreement y
10 —— - - Barcelona (BCN)
e — — — Murcia M, i _l[a +a] k[ ] k
[ T - —— — Murcia M, Kp ” 0 1 _ aK_dZEGK_p+aK_" +C:Z[ao+3al]+C
05F — | \ i N
g Al j“\ Pr—— E 05 ! \\\ @ =a e 4[mn +mK]
<0.0F k_:\—}/— s . —=— = N i [2m,, +m, |
u_x """""""""""""""""""""""""""""" LL! L a '\_h;n..:_"
co05f P e 1 R = e '
S 0.0 N
“1.0F \ } St
1400 1450 1500 1400 7450 1500
s'2 (MeV) s'? (MeV)

Conf. Proc. 2249, 030014 (2020).

Ciepl y, A. et al. From KN interactions to K-nuclear quasi-bound states. AIP

Experimental determination of the

Isospin-dependent K-N scattering length




® — K- K" (48.9%)
Monochromatic low-energy K- (~127 MeV/c ; Ap/p = 0.1%)

Less hadronic background compared to hadron beam line







Kaon
Trigger

INFN

Istituto Nazionale POLITECNICO
’ di Fisica Nucleare MILANO 1863

Laboratori Nazionali di Frascati

48 Silicon Drift Detector arrays with 8
SDD units (0.64 cm?)
for a total active area of 246 cm?

The thickness of 450 pm ensures a high
collection efficiency for X-rays of energy
between S keV and 12 keV




THE ROAD TO THE FIRST
KAONIC DEUTERIUM
MEASUREMENT

2.01410
NA: 0.0115%

kicked-out ..
electron




counts / 40 eV

The Kaonic ‘He measurement (2021-2022)

* Most precise measurement of kaonic helium-4 La in gas: 2p level energy shift and width

* First observation of kaonic helium-4 M-series transition (n—3d)

* First Measurement of high-n transition in kaonic carbon — nitrogen — oxygen and aluminium
&p = Bxgy0p — Bjdbsop = —1.9£0.8 (stat) 2.0 (sys) eV
I, =0.0141.60 (stat) 0.36 (sys) eV

—> no sharp effect of the strong interaction on the 2p level

— K-He L, new data to enrich the kaonic
— SIDDHARTA-2 L
— atoms transitions database
2500 — | —— Data
= K-He Lg — K-He L-series transitions P
- ”# : —— K-He M-series transitions D Energy [eV]
2000 — K-He L, — K-C, KN, K-O, K-Al K-Titransitions | g-C (6—5)  5546.0 + 5.4 (stat) + 2.0 (syst)
— ’ E=Sbackground K-C (7—5)  8890.0 & 13.0 (stat) + 2.0 (syst)
N ==(global it iunchion K-C (5—4)  10216.6 & 1.8 (stat) + 3.0 (syst)
1500 2 | K-C (6—4)  15760.3 & 4.7 (stat) + 12.0 (syst)
— | K-Og.s _ A
- Kt J Her=ge P K-O (7—6)  6014.8 + 8.4 (stat) + 2.0 (syst)
— a5 i x2indf = 1.27 K-O (6—5)  9965.1 + 6.9 (stat) + 2.0 (syst)
10002 K-He M T | K Cs>s K-O (5—4) 18361.1 % 5.4 (stat) + 12.0 (syst)
~ KcHe M, | KCos! 3 . K-N (6-5)  7581.1 + 16.0 (stat) & 2.0 (syst)
— L lg | | KAl [ Kl K-N (5—4)  14008.0 % 6.0 (stat) & 9.0 (syst)
—K—Hel M[g & i E E ! 5 E .
500 — | . Ko 8 ke Lcomplex ke, | K-Coxa K-Al (8—7) 10441.0 + 8.5 (stat) + 3.0 (syst)
I | o e | K~Al (7—6)  16083.4 + 3.8 (stat) + 12.0 (syst)
A W i e - ! K-Ti (10—9) 14790.3 + 16.6 (stat) + 9.0 (syst
0 LAy A 1 )JJ::(LKM Lo | : 1 , 1 ijh\ LT Il i l( ) (Sa) (SyS)
4000 6000 8000 10000 12000 14000 16000 1803([’6\,] Sgaramella F,, et al., 2023, Eur. Phys. J. A, 59 (3) 56

10



The Kaonic ‘He X-ray Yield (2021-2022)

New experimental data for cascade models calculations
The X-ray yield is the key observable to understand the de-excitation mechanism in kaonic atoms

and develop more accurate models.

First measurement of Study of yield density dependence
K-*He M-series transition for the K-*He La transition
Density 1.37 £ 0.07 g/1 Eu; 0'3;_'"" ; ;T:D:";TA
Lo yield 0.119 4 0.002 (stat) o0 o) 028 f
Mg yield 0.026 % 0.003 (stat)*ygo1 o) s e St ey (s SIS SR SN ISR e
Ls / La 0.172 4 0.008 (stat) N O el TS W S B I S
i 0.012 & 0.001 (stat) E + ) e A i S
Mg / L, 0.218 4 0.029 (stat) % ol PSS WO NCK. NG (S SIS M C e
M, / Mg 0.48 & 0.11 (stat) SR BE K
Ms / Mg 0.43 + 0.12 (stat) BRE
R U el el BON G ) O F s (U SN
0.8 1 1.2 1.4 1.6 1.8 2 2.2
Sgaramella F., et al, 2024, J. Phys. G: Nucl. Part. Phys. 51 055103 Gascensiyiol)

Sirghi D.L., Shi H., Guaraldo C., Sgaramella F., et al., 2023, Nucl. Phys. A,1029 122567 First observation of the stark effect in kaonic helium-4




counts /40 eV

The Kaonic Neon measurement 12023! - —

K-Ne (9 — 8)  4206.35 £ 3.75 (stat) £2.00 (syst) eV

. . oo [K-Ne (8§ > 7) 6130.86 £+ 0.71 (stat) £1.50 (syst) eV |
First measurement of kaonic neon X-ray transitions KNe (10 8) 719121 £ 491 (stat) £2.00 (syst) oV
(

11 [ K-Ne (7 — 6) 9450.08 + 0.41 (stat) £1.50 (syst) eV |
(SUb eV statistical accurac)’) K-Ne (10 = 7) 13352.20 £ 10.07 (stat) £3.00 (syst) eV
[K-Ne (6 - 5)  15673.30 + 0.52 (stat) £9.00 (syst) eV |

10000 __ —— Data ¢ K-Nes.6 SIDDHARTA'Z
— K-Ne transitions {
— — K-C, K-0, K-N, K-Al transitions det =125 pb'1
—  — background P K-Neg s i
8000 — — global fit function I xeindf = 1.37
6000 —
B K‘06->5
4000 4
i K'C6—>4
K-Neo.>7 i I:<-A|7_>6
2000 | %
E K'N5->4 - E
L 1L K-Oss4 | Article in preparation
. e AN A
14000 16000 18000

E [eV] 12



The charged kaon mass Euzzle

discrepancy between the two most accurate measurement

WEIGHTED AVERAGE
493.677+0.013 (Error scaled by 2.4)
PartICIe Data Group’ 2020’ VALUE (MeV) DOCUMENT ID TECN CHG COMMENT
083C01 (2020) 493.677+0.016 OUR FIT Error includes scale factor of 2.8.
493.6771+0.013 OUR AVERAGE Error includes scale factor of 2.4. See the ideogram
_below.
L 493.696+0.007 1 DENISOV 91 CNTR - Kaonic atoms
|1 493.636+0.011 < GALL 88 CNTR -— Kaonic atoms
493.640+0.054 LUM 81 CNTR -— Kaonic atoms
493.670+0.029 BARKOV 79 EMUL + ete™ —» KT K™
493.657 +0.020 2 CHENG 75 CNTR —  Kaonic atoms
""" DENISOV 91 CNTR . 493.691+0.040 BACKENSTO..73 CNTR - Kaonic atoms
"""""" GALL 88 CNTR 13.6
"""" LUM 81 CNTR
""" BARKOV 79 EMUL 0.1 .
...... CHENG 75 CNTR 1.0 Large uncertainty — 26 pP-p-m,
22.
(Confidence Level = 0.0002) Mmyg = 139.57061 + 0.00023 MeV, 1.6 pP-p-m
| | | |
493.55 493.6 493.65 493.7 493.75 493.8 493.85
mc+ (MeV)




The charged kaon mass Euzzle

The measurement of kaonic neon high-n transitions can potentially solve

the charged kaon mass puzzle

The kaonic Neon
measurement to determine
the K (K*) mass

l

Less/different systematic
uncertainty with respect to

Kaonic Ne energy transition as function
of kaon mass (MCDFGME code)

9450.5

6130.4 1 9450.4 -

9450.3

6130.3

9450.2

E(8K) — E(7i) (eV)
E(7i) - E(6h) (eV)

6130.2 9450.1

49367 49368 49369
Kaon mass [MeV/c?]

49367 49368 49369
Kaon mass [MeV/c?]

DENISOV 91 and GALL 88
measurements, thanks to
the use of a low Z gas target

A
o
A
K — Ne(7 = 6) = —=—

V2To

Santos, J. & Parente, F. & Indelicato, Paul & Desclaux, J.. (2005). X-
ray energies of circular transitions and electron screening in kaonic
atoms. Physical Review A. 71.10.1103/PhysRevA.71.032501.

—(E-Eg)?

. e 202 E() = (mg_ﬂ i Kmass T QS—>7)
—(E—Eg)?

. e 202 EO = (m7_>6 : Kmass + Q7—>6)

493.56

GALL 88

—6—

DENISOVY 91

—e—

SIDDHARTA-2

BACKENSTOSS 73

CHENG 75

BARKOV 79

LUM 81

>

b d

|
|
|
!
|
|
|
|
|
|
|
|
I

49358 4936 49362 493.64

493.66 493.68 4937  493.72 49374  493.76

Kaon mass [MeV/c?]

Measurement Kaon mass [MeV]
DENISOV 91 [23] 493.696 £ 0.007

GALL 88 [22] 493.636 + 0.011

LUM 81 [114] 493.640 & 0.054

BARKOV 79 [115]
CHENG 75 [116]
BACKENSTOSS 73 [117]

493.670 £+ 0.029
493.657 £ 0.020
493.691 £ 0.040

This work 49

3.694 + 0.015 (stat) £ 0.060 (syst) |4




The first kaonic deuterium measurement (2023-2024)

The SIDDHARTA-2 collaboration aims to perform the first measurement of the strong interaction
induced energy shift and width of the kaonic deuterium ground state
with similar precision as K-p !

 First run with SIDDHARTA-2 optimized setup for 200 pb-! integrated luminosity: May — July 2023
e Second run - October — December 2023: 344 pb-!
* Third run 2024 - February — April 2024: 435 pb-!

Kaonic deuterium Kaonic deuterium Kaonic deuterium
Runl Run2 Run3
Ma)’ —JUI)’ OCtOber — December February — Apr'll Run I data analysis and

2023 2023 2024 preliminary results -



events / 40 eV

The first kaonic deuterium measurement

Inclusive energy spectrum: the continuous background and the fluorescence peaks are due to

the electromagnetic (asynchronous) and hadronic (synchronous) background

x10°
B - Bi L Bi L
0000 SIDDHARTA-2 8
- == Data
- det =196 pb”’
8000 — °
— Ti K,
7000 —
6000 —
- BiL
5000 —
4000 |—
_l 1 1 1 | 1 1 1 | I 1 1 1 | | | | 1 1 1 |
4000 6000 8000 10000 12000 14000 16000 18000
E [eV]

-Asynchronous background: the
electromagnetic shower produced in the
accelerator pipe (and other setup materials)
invested by e-/e+ lost from the beam overlaps
the signal; the loss rate in the interaction region
reaches few MHz.The main contribution comes
from Touschek effect. — Kaon Trigger and SDDs
drift time

-Synchronous background, associated to
kaon absorption on materials nuclei, or to other
@ decay channels. It can be considered a
hadronic background.

-Spectra contamination by Xray fluorescence or
by X-rays produced in higher transitions of other
kaonic atoms, formed in the setup materials;

— Veto systems



counts /50 eV

The first kaonic deuterium measurement

1600 ;
=poli(E) + exp(E) + Gauss(Agi, E;i,0) + Tail(Ar;, E;, B, 0)+
SIDDHARTA-2 J o f =poli(E) p(E) zl: (Ac ) (Ar B,o)
“\5->4
1400 —— Data Vi
— Kaonic deuterium transitions Axda sy - Voigt(Bn1,0,T1s)+
1200 — K-C, K-O, K-N, K-Al and K-Ti transitions Akd, ;- Ares_,, - Voigt(ESTy + €15,0,T7,)+
1000 xeidt = 1.2 b1 4195 ob” dK ek Rl Axdy s * Arels ,, + VOigt(EgTy + €1,,0,T'1,)+
- R _ Akdoss * Arele y, - VOIgL(EET + €5,,0,T,)+
800 115514 I + K-Al .
TiK i i ! 87 AKd4—>1 i AT617->1 ’ VOlgt(E'?—T)nl + EIs) g, F;s)
+ ¢ ; i K'Id Kcomplex i
600 ' | -
i i K-Ti11.>1o Au L 1
400 . : A Lg L
-' | o BB o
' Z o 2 il
200 i (E — Eo)"+ (37)
! i : I |i I E |
Z&) 5000 6000 7000 11000
E [eV]
Purely electromagnetic Electromagnetic + strong interaction
2p 2p
— meas e.m. —
€1s = E3psis —Ezp51s = —816 + 53 (stat) + 2 (syst) eV epulsive
FlS =756 + 271 (Stat) eV Kq attractive
€15
1s 1s

*€1s




counts /50 eV

AKdz—n
AKd4_> 1
AKd4—>1
AKd4—>1
AKd4—> 1

AKd4—>1

f =poli(E) + exp(E) + Z Gauss(Agi, Ei, 0) + Tail(Ari, E;i, 3,0)+

- Voigt(Es_1, 0, Ts)+

* Arels ,, - Voigt(E3T; + €1,,0,T1,)+
- Voigt(Ef™ + €15, 0,07+

-A

Tels 31 ° VOlgt(Eg—Tl g 73 EIs) a, F;s)"—

3 Arels_u i VOlgt(Eg—T)nl + SIsv g, FIs)"*_
) ATEI?—)I ) VOlgt(E;—")ll + 5\)i(s’ 0’ F;s)

1600
—  SIDDHARTA-2 b e
1400 — —— Data o
B —— Kaonic deuterium transitions
— — K-C, K-0O, K-N, K-Al and K-Ti transitions
1200— background K-Og.rs
I — global fit function
1000— . 2r it o1 AACER WP KL -
- x%ndf =.1.23 ‘;‘_'ﬁ.-‘gapb K-d K, K-d Ky K-d K, E f
800 %‘Jils»m : ' . LR KAlgs
- +T| Ke i i K'Id Kcomplex i¥
600 — i § »
400 ; K'T'!11->10 Al:J Lg
200 |
] | ] R ]
Z&)OO 5000 6000 7000 8000 9000 10000 11000
E [eV]
— meas __rrem. —
€1s = E3psis —Ezp51s = —816 + 53 (stat) + 2 (syst) eV

I[o =756 + 271 (stat) eV

“The most important experiment to be
carried out in low energy K-meson physics

today is the definitive determination of the
energy level shifts in the K—p and K—d
atoms, because of their direct connection

with the physics of KN interaction and their

complete independence from all other kinds

of measurements which bear on this

Interaction”.
R.H. Dalitz (1982)



width [eV]
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Kaonic Deuterium Runl: preliminarz result

Preliminary comparison between SIDDHARTA-2 Runl result and the theoretical models

O

Liu 2020

Kamalow 2001 Shevchenko 2012
@ ‘<>
SIDDHARTA-2| Revai2016
| *
Mizutani 2013 ' Gal 2007
Doring 2011
-1050 -1000 -950 -900 -850 -800 -750

shift [eV]

-700

A
Weise 2017

-650

-600

The analysis of the full dataset can
potentially improve the statistical
accuracy by a factor 2
(precision similar to kaonic hydrogen
measurement)



DAO®NE delivers almost 47t K-
We want to exploit this unique beam as much as possible to perform important physics
measurements

SDDs (4-15 keV) - Light Kaonic Atoms

HPGe
(0,1-1 MeV)

CdZnTe
(30-300 keV)
Intermediate Kaonic Atoms




CdZnTe detectors: test run with 8 detectors

8 cm? CdZnTe detectors to perform X-ray spectroscopy of kaonic aluminium in parallel with

SIDDHARTA-2 kaonic deuterium run
(Advanced ultra-fast solid STate detectors for high precision RAdiation spectroscopy : ASTRA)

300

250

Counts/2.0 kev

200

150

100

50

K-

0

~ 60 pb! of data with a 2,2 mm Al target

R : ,
KAl 3:107.8+ 0.6 keV f — F1.rst kaonic atoms’ spectrum measured
~ K-Alg _4:51.4 + 0.4 keV —— Global it functon with CZT detectors
- —— Other transitions
L d Background
- * CZT proved to be the perfect technology
- : A ﬁJD+ | ﬁ for intermediate mass kaonic atoms,
- = ] : :
- ] Pb K & T HE with very good “in-beam” performances
L / o . ..
. ‘ during preliminary tests
AL KAl 5 * (CdZnTe detectors can be easily used in
" POy KPbis 12 parallel with already existing experiments,
17 _ 16 ..
’ | | | N\ KPby requiring very small space and not
40 60 80 100 120 140 invasive electronics.
Energy [keV]

See A. Zappettini Talk
“CdZnTe-based radiation detectors, a
breakthrough for hadron physics”

STRENG-VH &

Universita

degll Studi
d' Palermo u ' Im r@ Islllutu dej Materiali per [Flettronica ed il Magnetlsmﬂ
: imem /Consigho Nozionale dele Ricerche 21
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Kaonic Lead Measurement at DA®NE with HPGe

Installed in the antiboost side of the IP to perform the kaonic lead measurement in parallel with the SIDDHARTA-2

kaonic deuterium measurement
Integrated luminosity: 109.38 pb: subset of 40 pb-! already analysed

HPGe active
detector

diameter ~60 mm,
height ~60 mm.

counts/lkeV

900F- K -Pb and 133Ba 511 keV
800
700
600
500
400
300
200
100

counts/Tkel”

all cuts

240 260 280 300 322, ke l?‘ﬂ

Pb:(10->9) Pb£(9->8)

Pb:(11->10) Pb:(8->7)
' !

1

356 keV

W]

IIIIIIIl||III|IIIIIIIII|1III|IIII|III||II

0™""700 200 300 400 500 600
E [keV]
K~-Pb transition | Peak position | Resolution (FWHM) | Number of events
(keV) (keV)
10— 9 208.92 £+ 0.17 3.68 4+ 0.42 584 + 30 . .
9 8 902 47 + 0.17 3.97 + 0.49 770 + 65 Article submitted to Nuclear Instruments and
8 7 427.07 + 0.24 4.37 + 0.54 457 + 45 Methods A preprint: arXiv:2405.12942

22


https://arxiv.org/abs/2405.12942

Beyond SIDDHARTA-2: EXKALIBUR

EXtensive Kaonic Atoms research: from Llthium and Beryllium to URanium

Precision measurements along the periodic table at DA®NE for:
- Selected light kaonic atoms (LHKA) — Li, Be, B
- Selected intermediate and heavy kaonic atoms charting the periodic table (IMKA) - Al, C, O, S, Pb

Dedicated runs with different types of detectors:

el S, New 1mm thick SDDs have been developed to achieve a

Multi-element (6’7Li, ‘Be, . . .
1011B) solid target Higher quantum efficiency needed to perform the
i measurement of .
7 ::: . l--.--?::‘:zav - . . Sansev . l--.--s::sev
p R guon| P I
g S0k (s) A8y o .
! y 0 J"“" 0 .'.L J” 10k R | R
: : I G 59005" m-w = - mEm::vo?cV) i o bmaEm?voftV) e
W hos: - ch3 - chs = ch7
---- 144 3eV 150k 141.3eV 100k ----181eV
oo z::: £
L 3 3 o
1 mm SDDs + 450 pm SDDs s | Cldt A
' m:aoo 900 kmjm o;m 900 -kG?M juoo 0wn 5900 - 6200 660).
Energy (eV) Energy (eV) Energy (eV) 23



EXKALIBUR

Proposal to perform fundamental physics at the strangeness frontier at DA®NE (ltaly) and JPARC (Japan)
Kaonic atoms data are the experimental basis for all the theoretical models used to derive:
KN, KNN interaction at threshold, Kaon mass, cascade models, possible existence of kaon condensates

SDD 1Imm

Kaonic atoms at DADNE collider: a strangeness adventure
C. Curceanu et al.,
doi.org/10.3389/fphy.2023.1240250

. EXtensive

Kaonic
Atoms research: from
LIthium and
Beryllium to
antikaon URanium
Nucleus



https://inspirehep.net/literature/1858022
https://doi.org/10.3389/fphy.2023.1240250

Conclusion

» KHe L-transition measurement in gas : J. Phys. G 49 (2022) 5, 055106

» Kaonic helium-4 yields L-lines in gas : Nucl. Phys. A 1029 (2023) 122567 - Nucl. Phys. A, (2023) 1029 122567
» First measurement of intermediate mass kaonic atoms: Eur. Phys. J. A 59(2023)3, 56

» First Measurement of KHe M-lines : J. Phys. G (2024) 51 055103

2350

> First Measurement of kaonic Neon (stat. precision <1 eV) oo g
2050
» First measurement of Kaonic Deuterium: preliminary analysis 1900
1750
€15 = Eg'},‘f}fs —Ezeb"l;ls = —816 + 53 (stat) *+ 2 (syst) eV s j:z
Fls = 756 + 271 (Stat) eV jf: 1300
3 1150 Kamalov 2001 Shevchenko 2012
1000 @ o0 A
» EXKALIBUR: new X-ray detectors (SDDs — CZT - HPGe) have been 850 SIDDHARTA-2 Revai2ols Yeelse
. |
developed/tested to perform kaonic atoms measurements along 700 Mizutani 2013 o Gl 2007
the periodic table providing new experimental data to probe the o ki
kaon_nucleus interaction -1100 -1050 -1000  -950 -900 -850 -800 -750 -700 -650

shift [eV]
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The SIDDHARTA-2 collaboration

Silicon Drift Detectors for Hadronic Atom Research by Timing Application

LNF-INFN, Frascati, Italy I N F N
SMI-OAW, Vienna, Austria _ LNF

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

Politecnico di Milano, Italy

IFIN —HH, Bucharest, Romania
TUM, Munich, Germany
RIKEN, Japan

Univ. Tokyo, Japan HIrZZ
. . . SEBIILAY SV RSUE LA Il S Croatian Science
Victoria Univ., Canada Foundation

Univ. Zagreb, Croatia
g ’ UJ F Der Wissenschaftsfonds.
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Silicon Drift Detectors

Large area Silicon Drift Detectors (SDDs) have been developed to perform high precision
kaonic atoms X-ray spectroscopy )
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SIDDHARTINO - The kaonic *He 3d->2p measurement

Characterization of the SIDDAHRTA-2

apparatus and optimization of DA®NE background

through the kaonic helium measurement

Kaonic Helium puzzle:
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SIDDHARTINO - The kaonic *He 3d->2p measurement
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Selected materials:
GaAs, Pt, Au, Ge, Fe, Mn, Zr




