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DA®NE accelerator, since 1998:

The Double Annular @ factory for Nice Experiments
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. energy of the ® meson

: mass m=1019.413 +.008 MeV

width T =4.43+0.06 MeV
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kaonic atoms
kaon-nucleons/nuclei interaction studies

SIDDHARTA /SIDDHARTA-Z experlments
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SIDDHARTA data taking campalign:

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

/

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

of kaonic atoms

\

Y

&

Fundamental study of strong interaction

between anti-K & nucleus at low energy limit

J




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 Hydrogen atoms

K- captured in excited
orbit, replacing the e-
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" electromagnetic

/ cascade
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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

Kaonic atoms: the

m (MeV/c?) i (MeV/c?) By, (keV) rg (fm) Accessible interaction . .
| - — unique opportunity to
ep 0.511 0.511 13.6 x 10 53000 Electroweak .
up 105.7 5.0 253 279 Electroweak perform experiments
ap 1396 LS /- 216 Electroweak + strong i i
T 4937 3239 8.61 8> Electroweak + strong e Iva:len.t W SC&tFerl g
pp 938.3 3091 [2.3 38 Electroweak + strong at vanlshlng relative

energies

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 (2017) 113, Nucl. Phys. A881 (2012) 88; Ph D

- Kaonic deuterium: 100 pb, 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 — Nucl. 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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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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€1s = -283 + 36(stat) + 6(syst) eV
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SIDDHARTA results: KHe(2009)
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1. Kaonic Hydrogen

Residuals of K-p x-ray spectrum after subtraction of fitted background

g1s= —283 + 36(stat) + 6(syst) eV
rs= 541+ 89(stat) +22(syst) 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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C.J. Batty et al., Physics Reports 287(1997) 385-445

Optical model

7
V,::‘Pt}(r) = —47 (1 + E)bgp(r).

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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E570 @KEK (2007)

SIDDHARTA(#He) @DA®NE (2009)
SIDDHARTA @DA®NE (2011) SIDDHARTA(He) @DAD®NE (2011)




1970

1980

1990

K-He

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

L A
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
* 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 impyovements

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 :
200 - 'I éq Y(Ktot) =0.0077 £0.0051
d Y(K,) =0.0019 + 0.0012

Events

100 -

é ‘Il2 1IEi
¥ 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.




Important features of the SIDDHARTA-2 setup

» New interaction region and
beam pipe

r=—r=r—
L= — ]

> New vacuum chamber

Target cell

Veto-1 counter

SDDs

» New cooling system

SDD-
Kaon monitor electronic

upper scintillator Jf

» Special designed shielding

ig;g;cﬂon » New Lightweight cryogenic
target

Veto-2 counter

> New Silicon Drift Detector

Kaon monitor K’ Kaonstopper:
lower scintillator K"K discrimination > Veto SyStemS

» Luminosity monitor




New Interaction region

ea QF focusing
| quadrupole (QF)
= — qu adru pole
permanent magnet (QD)

25



New beam pipe [am—s"
flanges removed ; :‘*
major source of
asynchronous
background

carbon fiber reinforcement
thickness ~ 500 micron
Internal ultra pure aluminum
@ 55mm, thickness ~ 150 micron




SIDDHARTA-2 cryogenic target

Working temperature: 30 K
0.3 MPa

Working pressure :

Final test during summer 2017:
Pressurised for 16 days

with P=0.3 MPa (overP)

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

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

» HP Deuterium generator



Light target and Silicon Drift Detector assembly

b increase the target | , t{/ -y
1 stopping power ‘ W

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

SDDs placed 5 mm
from the target wall

—a = calibration
/ foils
inserted
near to the
Target cell wall is made of a SDD are
2-Kapton layer structure activated
(75 pm + 75 pm + Araldit) by the X-ray
tubes

. J




New SDD detectors

difference with respect to the SDDs in SIDDHARTA: o
the change of the preamplifier system from the JFET 665 | |
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
‘ P 34 mm radiation entrance window
|

Better drift time of 300 ns e

compared to the SDDs In i
SIDDHARTA (~800 ns) — | ]

I\/Ionolltlc 4x2 SDD array - single unit CUBE:
| | SDD characteristics:

wuw 8T

e area/cell = 64 mm? More details:
e total area = 512 mm: |see talk
« T =-100°C F. Sgaramella

e drift time < 500 ns



| The 4 x2 SDD array 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.




The veto-1 system:

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)

The Veto systems

The veto-2 system:

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

Time Resolution
243 2435 244 2445 U5 M5
400 PR PSP RIS ) ST S RPRN e

1| — Gaussian Fit: *
FWHM 47.7 ps

S

Tr—r— INELJNL I B e e e e e |
24,3 24,35 244 24,45 24,5 24,55
Delay Laser Pulse - SiPM (ns)
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... internal components




SIDDHARTA-2 PRESENT STATUS

during the commissioning of DAQNE
optimization with the SIDDHARTINO setup
for the K-*He measurement
(with 8 SDD arrays)

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



SIDDHARTINO = SIDDHARTA-2 with 8 SDDs arrays

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

8 SDD arrays
(out of 48)
1 BUS structure

More details:
see talk of M. Miliucci




SIDDHARTINQ - 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
g 250 4 La
S
3d->2 - )
S 200 - P SIDDHARTA
measurement
150 S ‘
'g sy [ Nucl. Phys. A914 (2013) 305
5d S Zp 8 K*He Lu
100 - = |
50 4d -> 2p \ 6d ->2p “E
100 :— i
P I J 1 PR ﬂ- ® _ i } } M\‘M
! ! o,.‘.l‘.*‘...|....{|‘T‘*?'Tu"w’1m...| ..... b
6 8 Energy [keV] 12 b o ot e e
S/B was 10/1 for the K-*He
measurement with ~ 30 pb* l




Plan - Phasel:

* Work with SIDDHARTINO inside DAFNE:
optimization SDD, trigger, DAQ, calib....
(see talks M. Miliucci, F. Sgaramella)

* Refine optimization of luminosity detector and
cross check with DAFNE luminometer
(see talk F. Napolitano)

* Background reduction and optimization
together with DAFNE for kaonic atoms
measurements
(see talks M. Miliucci, F. Sgaramella)

* HPGe test run in parallel with SIDDHARTINO
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Phase 2
SIDDHARTA-2

SIDDHARTA-2 strategy

éetup with all the SDDs (48 SDD arrays) all \

2021 (22) and the kaonic deuterium
measurement for a run of 800 pb

Action plan for Kd measurement:

e First run with SIDDHARTA-2 setup as planned

(about 300 pb! integrated)

e Second run with optimized shielding, readout
electronics and other necessary optimizations;
(for other 500 pb integrated)

Test runs for other kaonic atoms measurements
w-IPGE...) j




Phase-2: SIDDHARTA-2 K-d measurement

Kaonic deuterium run in (all)

achievable
precision

2021
for S/B @ 1/3: 15001 &5 =(-800 + 33)£ SIDDHARTA-2
for an integrated luminosity e = (750 +80) eV
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) ! //L L &

€1s= —283 £ 36(stat) £ 6(syst) eV energy [keV]

counts per 80 eV
)
o
2
- &
_..
-\
N
...
...

KH

[';= 541 + 89(stat) + 22(syst) eV




SIDDHARTA-2 targeted precision

Theory — SIDDHARTA-2

'S Shevchenkov 2012
]
Oset 2001 D017

1100

1000

900
>’
L. 500
= L
§ 2700 Mizutani 2013 \VeiRner 2011

- Gall2007

500

-1100 -1000 -900 -800 -700 -600

shift [eV]
The experimental result will set essential constraints for theories
and will help to disentangle between different theoretical approaches



SIDDHARTA and SIDDHARTA-2 experiments on DADNE collider

provide unique quality results for the understanding of the low-

energy QCD in the strangeness sector.
! e e




FUTURE at DA®NE

Dark Matter studies Fundamental physics
KN1, KN2 New Physics KA1, KA3

Kaonic atoms: KA1, KA2, KA3
Kaon-nuclei interactions (scattering
and nuclear interactions) KN1, KN2

Part. and Nuclear physics Astrophysics

QCD @ low-energy EOS Neutron Stars
KA1, KA2, KN1 KA2, KN1, KN2

- selected light and heavy kaonic atoms transitions (KA1, KA2, KA3)
- low-energy kaon-nucleon scattering processes (KN1)
- low-energy kaon-nuclei interactions ( KN2)



Priorities and readiness:

Experiment

st

KA1l

2" year 3" year 4" year

e year

1 iear

KA2

T

KA3

KN1

-

KN2

Fig. 1. Schematic Gantt Chart for Fundamental physics at the Strangeness Frontier at the DA®NE

Proposal: KA1 (sce Sec. [2.1)), KA2 (see Sec. [2.9), KA3 (sce Sce. [2.3), KN1 (see Sec. [3.2), KN2
(see Sec. . Ycllow: preparation phase. Blue: installation phase. Red: data taking.
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Fundamental physics with kaonic atoms

Kaon mass discrepancy — Iimpact on kaonic atoms; CPT, all physics
where kaon mass is important such for charmed meson studies and searches
beyond standard model

» anew measurement is strongly required — PDG...

The best DO mass relies, and is limited by the K- mass (Claude
Amsler; Simon Eydelman)

WEIGHTED AVERAGE
493.677+0.013 (Error scaled by 2.4)
26ppm 13 keV leads to +0.17 eV uncertainty
> of EM value of K-4He 3d—2p x-ray
Large diff o
9 60 ke indistinguishable
strong-int. shift? or kaon mass?
Most recent
Pb, W XZ two experiments
B e DENISOV 91 CNTR 7.7 493.696 % 0.007 [MeV]
---------- GALL 88 CNTR 136 493.636 £ 0.011 [MeV]
------- LUM 81 CNTR 05
------ BARKOV 79 EMUL 0.1
------ CHENG 75 CNTR 1.0
-+ - - BACKENSTO...73 CNTR __0.1
22.9

(Confidence Level 0.001)
| |

493.55 493.6 493.65 493.7 49375 493.8 493.85

Uncertainty in electron screening. Gamma-ray contamination(Pb,W).
— new measurement with low-Z gas targets
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Possible kaonic transitions to be measured:

KC(2—1) : 340 keV
KC(3—1): 402 keV

KSe(4—3): 733 keV
KSe(5—4): 339 keV
KSe(5-3): 1073 keV
KSe(6—5) : 184 keV
KSe(6—4): 524 keV

KZ1(4—3): 1015 keV
KZr(5—4): 470 keV
KZ1(5—3): 1485 keV
KZr(6—5) : 255 keV
KZ1(6—4): 725 keV

KTa(6—5): 853 keV
KTa(7—6): 514 keV
KTa(7—5) : 1367 keV
KTa(8—7): 334 keV
KTa(8—6): 848 keV

KPb(6—53) : 1076 keV
KPb(7—6): 649 keV
KPb(8—7): 421 keV
KPb(8—6): 1070 keV
KPb(9—8): 289 keV

OF ~ 3 eV needed -
for om, =5 keV

KPb(9—8) : 290 keV

Target just behind
the luminometer,
which is used as trigger

% 12—
- L
c
o I~
s 10—
c
g L
i g g r
o Feasibillity: o S 8
@ -
HPGe (etector avaitable, @ 2 -
Funded by University of Zagreb =] g
Croatian Science Foundation project 8570 % 6 e
S B
Resolutions (FWHM) _5 -
obtained with %°Co. 133Ba sources : § 4—
e -
0.870 keV @ 81 keV s L
1.106 keV @ 302.9 keV £ L0
1143 keV @ 356 keV z L
1.167 keV @ 1330 keV. 2 -
Detector system ready for measurements! 00
2 6 K
myi 1 10° oEy_y
gix = 5 7296.6 (L 1
Hien 2°26,6 (72 — x2)

L1 | L | | L ] I | I - | 11 | | - | L1 | L1 | L1 | | F 1
2000 4000 ' 6000 8000 10000 12000 14000 16000 18000 20000
Precision on K mass determination (V)

Detector Key Points:
- Very large dynamic range
- Possibility to test High Z targets
- High resolution for precision measurements
- Rate capability up to 150 kHz

Dedicated measurements:

- Targets: Se, Zr, Ta, Pb

~ 360 pb-1 (~ 30 days) of
beamtime requested

(systematic errors minimisation,

cascade processes in heavy

kaonic atoms

)

111 Similar estimations for
each target !



KAL: Kaon Mass and High Z kaonic atoms: HPGE

Feasibility test run during SIDDHARTA-2: KPb
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I Target just behind

the luminometer,
which is used as trigger

Dedicated measurements:

- Targets : Se, Zr, Ta, Pb

OF ~ 3 eV needed
for om, =5 keV

KPb(9—8) : 290 keV

1 | 1 i S — - | L1 I Ll L1 | | N T S S - | L1 |
4000 " 6000 8000 10000 12000 14000 16000 18000 20000
Precision on K mass determination (eV)

Detector Kev Points:
- Very large dynamic range

\\\\\\\\\\\\\\\\\\\\\\\

- Rate capability up to 150 kHz

~ 360 pb-1 (~ 30 days) of
beamtime requested

(systematic errors minimisation,

cascade processes in heavy
kaonic atoms)

111 Similar estimations for
each target !



KAZ: Light Kaonic Atoms Measurements

Expected impact:

» kaon-nuclei potential and chiral models below threshold and the nature of A(1405).

» astrophysics: search for dark matter with strangeness and the equation of state for neutrons stars

+ K&3,4He(2p — 1s) transition: stronger constraints on the theoretical models describing the kaon-
nucleon interaction in systems with more than two nucleons

* Information on the nature of the A(1405) state can be obtained from the upper-level transitions of

light kaonic atoms (different isotopes of KLi, KBe and KB )

Setup: SDD1mm & CdTe

PFOQOSGd measurements:

- Targets : 3*He, %’L.i, 8°Be, 1011B
both low level and high level transitions
with An =1, 2, ...5, and energies in the
range 10-100 keV

Kaon Trigger

Luminosity
___ Monitor

Second SIDDHARTA-2 like setup

Luminosity
Monitor




SDD 1mm - FBK — FINANCED AND ORDERED

Possible kaonic transitions to be measured with
1-2 mm SDDs: Prototypes of electronics boards are already available
140 :
KHe(2—1) : 33 keV P e i —l%r:r:'lhllf'l:‘ck.
K*He(2—1) : 35 keV o 13V ||
£ &0 E‘n FTN
KS7Li(3—2) : 15 keV L 1 N
KS7Li(4—2) : 20 keV o vme| | e U g, T
26.4keV 59.5kel
K3Be(3—2) : 27 keV 2°l e
K3=9Be(4—>2) 137 keV oo ; 10l 20 : 30 40 50 20 70 | ;
K59Be(5—3) : 14 keV S T s e
First XRF tests with known targets show very pron = One O T
K9,10,11B('4_)3) 115 keV results
K%10.UB(5-3) : 22 keV

K*10UB(6—4) : 11 keV C d (Z n ) Te

Possible kaonic transitions to be measured with

CdTe detectors:
KSLi(2—1) : 81 keV
KSLi(3—1) : 97 keV
K'Li(2—1) : 82 keV
K'Li(3—1) : 98 keV
K%19B(4—2) : 58 keV
K%19B(5—2) : 65 keV : - Si .
KSUB(6—2) : 69 keV 0=l (LR M
KEVB(1-2) : 71 keY 0102 051020 50100 1 CdTe (and also CdZnTe) detectors

K!B(4—2) : 59 keV Thickness[mm] ] .
KUB(5—2) : 66 keV will be developed in the

ol g STRONG2020-ASTRA project
First prototypes will be available by
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oo
o
I
o
a
—
@
~
|

.
o
~
|

guard ring

Efficiency[%]
[o2]
o
T
~
~
L

[
o
T
\
\
|

required 300 pbh-1 for each target
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KAS3: sub-eV precision Kaonic Atoms measurements:

Kaon-Nucleon interaction:
Chiral vs Phenomenological models

Possible kaonic transitions to be measured with
HAPG crystal spectrometer:

K°He(3—2) : 6.2 keV
K°He(4—2) : 8.4 keV
K*He(5—2) : 9.4 keV.
K*He(6—2) : 9.9 keV.
K3He(7—2) : 10.2 keV.

K*He(3—2) : 6.4 keV
K*He(4—2) : 8.7 keV.
K'He(5—2) : 9.7 keV
K'He(6—2) : 10.3 keV.
K*He(7—2) : 10.7 keV.

KN(6—3): 7.6 keV
KN(7—5): 12.1 keV.
KN(8—5): 15.1 keV.
KN(7—6) : 4.6 keV
KN(8—6): 7.5 keV
KN(9—6) : 9.6 keV
KN(10—6) : 11 keV
KN(11—6) : 12.1 keV.
KN(10—7) : 6.5 keV.
KN(11—7) : 7.5 keV.
KN(12—7) : 8.3 keV

MORE DETAILS:
See talk of A. Scordo

There is only ONE possible solving measurment:
The K3“*He isotopic shift measurement

S

Solve the kaonic helium
isotopic shift problem

Caleulated quantity [1] | Phenomenologica [2] | Chiral [3] |
¢ (K*He) 041 eV -0,09 eV
¢ (K*He) 0,23 eV -0,1 eV
£ (K*He) - ¢ (K’He) 0,64 ¢V 0,01 eV

Precise determination of  But...levels and calculated shifts
depend on the K- mass value...

the K- mass (2)
Stronger constraints for
the EM cascade models
for kaonic atoms

New Physics?

... ALL IN PARALLEL

But...EM calculated levels

depend on the cascade
Processes...

WEIGHTED AVERAGE
493.664:0.011 (Error scaled by 2.5)

Values above of welghted average, error,
and scale factor are based upon the data in

this ideogram only. They are not neces-
sarily the same as our 'best’ values,
obtained from a least-squares constrained fit
utilizing measurements of cther (related)
quantities as additional information.

2

p
J | | DENISOV 91 20.5
: - GALL88  KPb 98 226
GALL88  KPb 11-10 02
} GALLES KW 98 0.4
— = GALL88 KW 11-10 22
— LUM &1 0.2
‘ BARKOV 79 0.0
! CHENG75 KPb 98 11
Jl-a—} | CHENG 75 KPb 109 0.1
- CHENG75 KPb 1110 05
[ N —— CHENG75 KPb 1211 36
— 4 CHENG75 KPb 1312 08
. BACKENSTO... 73 0.4
526
/ (Confidence Level 0.001)
I e ] |
4935 4936 4937 4938 4939 494

“Giornata di discussione sulle prospettive per la Fisica Fondamentale a Frascati (FFF)” , 4. Scordo, Frascati (LNF), 13/01/2021




Kaon-nuclei scattering and interaction: KN1, KN2

= The present knowledge of total and differential cross sections of low energy
kaon-nucleon reactions is very limited.

= Below 150 MeV/c there is a “desert” - the experimental data are very scarce
and with large errors and practically no data exist below 100 MeV/c.

= Studies of Hyperon-nucleon, Hyeron-multinucleon (AMADEUS
experience)

= Kaon-nucleon scattering/interaction data are fundamental to validate
theories: chiral symmetries; lattice calculations; potential models etc.
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Measurement of the low-energy scattering process of kaons, and of the
A(1405) kaon induced production, on various targets such as hydrogen,
deuterium, helium-3 and helium-4
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FUTURE at DA®DNE

Fundamental physics at the strangeness frontier at DA®NE,
Qutline of a proposal for future measurements.

C. CurceANU, C. GUARALDO, A. SCORDO, D. SIRGHI,
Laboratori Nazionali di Frascati INFN, Via E. Fermi 54, Frascati, ltaly
K. Pisciocma
Museo Storico della Fisica e Centro Studi e Ricerche Enrico Fermi, Rome, Ttaly
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Stefan Meyer Institute of the Austrian Academy of Sciences (SMI), Wien, Austria
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S. EIDELMAN

Budker Institute of Nuclear Physics (SB RAS), Novosibirsk and Lebedev Physical Institute
(RAS), Moscow, Russia

H. OuNIsHL, Y. SADA

Research Center for Eleciron Photon Science, Tohoku University, Sendai, Japan

The DAGNE collider at INFN-LNF is a unique source of low-energy kaons, which was used
by the DEAR, SIDDHARTA and AMADEUS collaborations for unique measurements of
kaonic atoms and kaon-nuclei interactions. Presently, the SIDDHARTA-2 collaboration is
underway to measure the kaonic deuterium exotic atom. With this document we outline
a proposal for fundamental physics at the strangeness frontier for future measurements
of kaonic atoms and kaon-nuclei interactions al DAPNE, which is inlended to stimulate
discussions wilthin the broad scienl;
related to this field.

ommunity performing research directly or indirectly

PACS numbers: 13.75.Jz, 36.10.-k, 36.10.Gv, 14.40.-n, 25.80.Nv, 29.30.-h, 29.90.+r, 87.64.Gb,
07.85.Fv, 29.40.-n, 29.40.Gx, 20.40. Wk

https://arxiv.org/pdf/2104.06076.pdf
Towards a LOI

(authors: Editorial Board only)
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FUTURE at DA®NE

Support:  Theoreticians who provided input:
STRONG-2020, EU . |gnazio Bombaci
THEIA Network - Alessandro Drago

- |saac Vidana

(.\ Wolfram Weise, TU Munich
STR@NG - Avraham Gal, Jerusalem

- Eli Friedman, Jerusalem

- Jiri Mares. Prague

- Oset & Ramos, Spain

- Laura Tolos, Spain

- Ulf Meissner, Bonn & China

- Tony Thomas, Adelaide

- Tetsuo Hyodo, Japan

- Shota Ohnishi, Japan

-  Maxim Pospelov, Randolf Pohl ->new physics




Contacted and consider signing LOI (groups of)

Theoreticians from list shown + others

Laura Fabbietti, TUM, Germany

Paul Indelicato, CNRS, France

Hiroyuki Noumi, Osaka Univ. Japan .
Shinji Okada, Chubu Univ., Japan 11 countries
Fuminori Sakuma, RIKEN, Japan

Kiyoshi Tanida, JPARC, Japan

Hiroaki Ohnishi, Sendai and Tohoku, Japan

Simon Eidelman, Novosibirsk, Russia

Moskov Amaryan, Old Dominion University, USA

Pawel Moskal, Jagiellonian Univ, Poland

Josef Pochodzalla, Mainz Univ, Germany

Mario Bragadireanu, IFIN-HH, Romania

Damir Bosnar, Univ. Zagreb, Croatia

Igor Strakovsky, SAID INS The George Washington University, USA
INFN (LNF + more), Italy

SMI, Vienna, Austria




LOI/Technical Design Report in preparation

We strongly believe that this is an opportunity which
cannot be missed, since we propose to measure
fundamental interaction processes which could not be
measured till now, and which will have a huge and

concrete impact, “now and here”, in particle and nuclear
physics, astrophysics, cosmology and foundational

Issues, supported by a strong international collaboration.

Our proposed measurements have a huge potential of
producing a consistent number of high-impact
publications in high-impact factor journals, which will
guide the developments of physics at strangeness frontier
in the next 10-20 years, setting DA®NE and LNF on the
forefront of fundamental physics studies.
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