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LOW-ENERGY KN INTERACTION

Chiral perturbation theory

developed for np, nw not 1_
applicable for KN systems > (1385) A (1405)

l ‘ 5\.1 15|00

non-perturbative At Zm
coupled channels KN

approach based on
chiral SU(3) dynamics
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Review: channel coupling ‘ \
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FORMING “EXOTIC” ATOMS

“normal” hydrogen “exotic” (kaonic) hydrogen

n~25
n=1

(@

-

»

X-ray

n A Mred " 2p —1s
~ . C), o o
m, K, transition

Jagiellonian Symposium, Krakéw June 5-9, 2017 4




CASCADE PROCESSES

Stark-mixin
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Kaonic deuterium yields

Kaonic deuterium cascade calculations for X-ray yields

of K., Kg, K, and K,
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X-RAY TRANSITIONS TO THE 1s STATE

n=
s d f
4 P
3
shift and width of states
2 Ezp n > 1 are negligible
K, ~ 63 keV
€16 = E’Zp-ls (meas.) — E-2p_15 (e.m.)
815
1

Els

due to the strong interaction kaon-proton
the 1s level is shifted and broadened
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SCATTERING LENGTHS

Deser-type relation connects shift g;, and width I'; to the
real and imaginary part of a y_,,

= —2053;1021— 201, (Inax —1)

(Uc reduced mass of the K™p system, a fine-structure constant)

U.-G. Meil3ner, U.Raha, A.Rusetsky, Eur. phys. J. C35 (2004) 349
next-to-leading order, including isospin breaking

1
aK—p :E[ao +a1] k k
a, =a a, . =§[aKp+aKn]+C:Z[a0+3al]+C

~4m, +m,]
[2m, +m]




KAONIC HYDROGEN: KpX, DEAR and SIDDHARTA

€5 = -283 = 36(stat) + 6(syst) eV
I';,= 541 + 89(stat) * 22(syst) eV
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Kp SPECTRUM, BG SUBTRACTED
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Improved constraints on chiral SU(3) dynamics from

kaonic hydrogen:
Y. Ikeda, T. Hyodo and W. Weise, PLB 706 (2011) 63

15
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Real part (left) and imaginary part (right) of the K'p - K~ p forward

scattering amplitude extrapolated to the subthreshold region, deduced

from the SIDDHARTA kaonic hydrogen measurement.
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K-d AT J-PARC

X-ray detection — large active area

charge particle tracking — BG supression

light-weight cryogenic target — X-ray transmission

high momentum K~beam — degrader
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Development of new SDD-chips

Anode

» SIDDHARTA Cloar fast Ring
* JFET integrated on SDD i et
 lowest total anode g%g\
capacitance (-
* limited JFET performance N 0 S So—eecon
' /
i SOphiSticated SDD+]FET Entrance window
technology
» K-d @ ]-PARC/ DA®NE _ llllll _
radiation entrance window
* external CUBE preamplifier ——
(MOSEFET input transistor) SDD

* larger total anode capacitance D

* better FET performances

* standard SDD technology cooler

CUBE
15
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Large area Silicon Drift Detector
developed by Politech Milano and FBK-Trento, Italy

Array: 9 SDDs
(8 x 8 mm?
each)

26mm

12 x 12 mm
single SDD

FBK production:
4” wafer
6" wafer upgrade just finished

8 x 8 mm?
single SDD




The new 4x2 SDD array for K°d

SDD-chip back side with
bonding pads

SDD-chip glued to ceramic
board, bonded to CUBE
preamplifier

9 holes for
bondings
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New SDD technology with
CUBE preamplifier

3000 —
55F SDD characteristics:
e spectrum H . area = 64 mm2
=0T .+ T=-100°C
2000 4
i)
£ 4s00| 123.0 eV FWHM i
S —>| e—
1000 - ]
500 - ]
91.5 5 5:5 (IS 6|5 7 715 8

Energy [KéV]

‘ first series of new
SDD-chips available

Jagiellonian Symposium, Krakéw June 5-9, 2017

18



4x2 SDD array — layout + arrangement around target
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Combined target and SDD design

target cell: 1=160 mm, d =65 mm
target pressure max.: 0.35 MPa
target temperature: 23 -30 K
SDD active area: 246 cm?
density: 5% LHD
(29K/0.35 MPa)

SDD cooling and support

12 x 4 SDD arrays
Al reinforced side wall 75 um Kapton

entrance window 75 um Kapton

start counter TO 20



J-PARC K1.8BR spectrometer for E15 ""
J-P/ 7

R
‘beam dump X .




Charged particle tracking with the

K1.8BR spectrometer Solenoid
CDH...cylindrical detector hodoscope CDH
CDC...cylindrical drift chamber

CDC
main degrader SDD and
deuterium
target

T0

BLC
TO....... beam line counter T1

T1....... beam line counter
BLC....beam line chamber
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K-d cryogenic target and SDD detector setup

2-stage closed cycle cryo-cooler

16-channel amplifier boards —

Analogue signal and HV-LV cables

Ultra-pure alu cooling lines —

Line driver boards

Cryo target + SDDs
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E57 - SDD test setup

beam time June, 2016,

i “H |

}

3-stage Peltier-cooler

t:mW“!W!IHM q il | —— =

o S 587
& pre-amplifier boards

-
I—
» 28 working channels

3x3 SDD array ,,
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Setup of E57 and E62 in K1.8BR area
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v’ optimisation of stopped kaons in low mass targets

v K7Li X-ray intensity to background ratio and range
tuning in agreemerit with:-MC'simulation




STOPPED KAONS
RANGE CURVE MEASURED @ J-PARC - June 2016

x 103
z 14 .o 1
. . 5 12’: ° ]
with tracking s . . ] | o
chamber system| & 1o/ ,  Klix-rayyield:
for0.9 GeV/c K*| S © .~ ~180 counts / hr
s 8 . + (with 24 good SDDs)
©
++=

250 . . .
= F | consistent with G4 sim
= " ] L
£ 200 -+ within error of ref. value:
3 - + 1 K-Liyield =15+ 3 % / stop K
. O, - ]
with SDDs = 1500 + : [PRA 9 (1974) 2282]

for 0.9 GeV/c K- ;E 1000 A + ] ] ]
= B I 1 Note that the simulation was
Q' B : ] performed again
= °0C Confirmed th? Same 1 with obtained beam profile
- - peak position - &actual geometrical inputs.
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KAONIC LITHIUM 3—2

v' Sum of K- runs
(0.7 and 0.9 GeV/c) >00

57Co y ﬂ

ﬂ K-Li La
S 4001 15.323 + 0.008 keV
v 15.323 £+ 0.008 keV o |
~ 1200 counts = 300; *
resolution 160 eV~ o |
3 2"°W :

S,

_ — 100[-
K-Lj; , transition: i
15.330 keV (pure QED) i | | | | |
J.P.Santos et al. % 12 14 16 18 20
Phys. Rev. A 71 (2005) 032501 X_ray energy [keV]
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events / 120 eV

SIDDHARTA - deuterium target

fit constraints: shift: -500eV
width: 1000 eV

600 1 1 1 1
(C (5-4)

Y (K < 0.014 and Y(K,) < 0.004
(CL 90%)

500 -

400 - Nuclear Physics A 907 (2013) 69-77 |

300 -

200 +

100 ~

X-ray energy [keV]



counts per 80 eV bin

Geant4 simulated K-d X-ray spectrum

500

400 -

300

200 -

100

achievable precision:

shift:  60eV

width: 140 eV }
m 3 |

R
Q&b Kigh
K, :

j/ : KB

signal: shift - 800 eV
width 800 eV

density: 5% (LHD)

detector area: 246 cm?

Ka yield: 0.1 %
yield ratio as in Kp
S/B~1:4

> vertex cut
» charged particle veto
» asynchronous BG

6 7 8 9 10 11

X-ray energy (keV)
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K~d scattering lengths - theory

Ay, [fm]

-1.55+i1.66
-1.58 +i1.37
-1.48 +11.22
-1.46 +11.08
-1.42 +11.09
-1.66 +11.28

-1.62 +11.91
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Constraining the KN interaction from the 1S level shift of kaonic deuterium

Tsubasa Hoshino,! Shota Ohnishi,’ Wataru Horiuchi,! Tetsuo Hyodo,? and Wolfram Weise® *

! Department of Physics, Hokkaido University, Sapporo 060-0810, Japan
? Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan
3 Physik-Department, Technische Universitit Miinchen, 85748 Garching, Germany

Motivated by the precise measurement of the 15 level shift of kaonic hydrogen, we perform
accurate three-body calculations for the spectrum of kaonic deuterium using a realistic antikaon-
nucleon (KN) interaction. In order to describe both short- and long-range behavior of the kaonic
atomic states, we solve the three-body Schridinger equation with a superposition of a large number
of correlated (Gaussian basis functions covering distances up to several hundreds of fm. Transition
energies between 15, 2P and 2S5 states are determiy : yomplex energy
shift of the 1.5 level of kaonic deuterium is found to b¢g AE —i ' 1 The sensitivity
of this level shift with respect to the isospin [ = 1 ¢d A #n is examined.
It is pointed out that an experimental determination of the kaonic deuterium level shift within
an uncertainty of 25 % will provide a constraint for the I = 1 component of the KN interaction

significantly stronger than that from kaonic hydrogen.
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SUMMARY
Status of E57 at J-PARC

> first successful test run
» New robust SDDs developed — assembling is ongoing

» K-d target system under construction
d SIDDHARTA-2 at DAONE

» experiments at J-PARC E62, E15, E31, E27
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