
Kaonic deuterium X ray experimentsKaonic deuterium X-ray experiments -
SIDDHARTA and plans for LNF and  J-PARC

Michael Cargnelli, SMI

Advanced studies in the low‐energy QCD in the strangeness sector
and possible implications in astrophysicsp p p y
Dedicated to the memory of Paul Kienle

19‐21 June 2013, LNF‐INFN



SIDDHARTA-2 at DAFNE

with 10 pb-1 per day

SIDDHARTA-2J  at J-PARC

at 30 kW beam powerp p y

1.5e6 K± per pb-1

=>   1.5e7 K± per day ~ isotropically
p = 127 MeV/c   E= 16 MeV

p

40e7 kaons per day
p = 660 MeV/c   E= 331 MeV

p

Target stops:  ~ 2 %  per kaonpair (gas)
due to solid angle. Intrinsic ~ 100%

430e7 kaons per day
p = 1000 MeV/c   E= 535 MeV

Target stops:  
SDDs: 144 cm2  existing from SIDDHARTA
active/module = 6 / 27.5 = 0.22

g p
~ 1 %  per kaon (660 MeV/c, liquid)
~ 0.03 % per kaon (660 MeV/c, gas)
~ 0.046 % per kaon (1000 MeV/c liquid)

low energy kaons
no tracking

SDDs: 342 cm2   new devices from Milano
active/module = 9x0.8x0.8 / 3x3 = 0.64

high energy kaons

preparation in advanced status

high energy kaons
tracking

feasibility study, planned letter ofy y, p
intent to J-PARC



KEK E570:    KHe L line:     after fiducial volume cut:  signal/backgr ~ 25 : 1  (hadronic+beam backgr.)
yield in liq. He ~ 10 %       yield K in D2 gas ~ 0.1 %

...  0.25 : 1 = 1 : 4
FWHM 200 V FWHM 800 V > 1 16FWHM ~ 200 eV FWHM ~ 800 eV  => 1: 16



KpX:  PRL 78(16)3067 1997,  Phys. Rev. C 58, 2366 (1998)
beam:  600 MeV/c,     X-ray detectors:  45 (60)  SiLi   with 200 mm2 each  =>  90 cm2 total

h d t 1 32 % LHD t h d i t “ K ±  ± ±hydrogen at 1.32 % LHD  „two-charged-pion-tag“   K- => ±  ± => n  ±

Kp K line:     after fiducial volume cut:  signal/backgr ~ 1 : 1  (hadronic+beam backgr.)
yield in H2 gas ~ 1 %       yield in D2 gas ~ 0.1 %
FWHM ~ 500 eV FWHM ~ 1000 eV  => 1: 20

The average kaon intensity and the K/ ratio, both after the carbon 
degrader, were 8000 per spill and 1/90,respectively. The spill 
duration was 2 s and the repetition rate was 1 spill per 4 sduration was 2 s and the repetition rate was 1 spill per 4 s.

=> 2 kHz after degrader, ~ 20 kHz before degrader  (4 times higher 
than JPARC near future expectation ! )



Expected shift and width

Compilation of predicted K‐ d scattering lengths ad and corresponding experimental values 1s and 1s  calculated
from eq. 1.  (see below),  except for [5] where the shift and width are given in the paper explicitly (They differ 
slightly for ”one‐pole” and ”two‐pole” structure of (1405) an averaged value is inserted in this table). 

ad [fm] 1s [eV] 1s [eV] Reference

-1.58 + i 1.37 - 887 757 Mizutani 2013 [4] =>
-1.48 + i 1.22 - 787 1011 Shevchenko 2012   [5]

-1.46 + i 1.08 - 779 650 Meißner 2011 [1]

-1.42 + i 1.09 - 769 674 Gal 2007  [6]

shift = 800
width = 800
used in simulation

Modified Deser formula next‐to‐leading order in isospin breaking (Meißner, Raha, Rusetsky 2004 [3])

[ ]

-1.66 + i 1.28 - 884 665 Meißner 2006   [7]

Modified Deser formula next to leading order in isospin breaking (Meißner, Raha, Rusetsky 2004 [3])
(c reduced mass of K‐d,  finestructure constant )
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[7]  U.‐G.  Meißner, U. Raha, A. Rusetsky, Eur. phys. J. C47 (2006) 473



Estimated signal rate   Kd-jparc
EFFICIENCY FOR 346 CM2 AREA SDDs (10 x 6 modules of 9 x 0 64 cm2 each => 346 cm2) situated at diameter= 9 2 cmEFFICIENCY FOR 346  CM2 AREA SDDs    (10 x 6 modules of 9 x 0.64 cm2 each => 346 cm2) situated at diameter= 9.2 cm.
Target cell:  windowless, diameter= 9.2 cm, length= 20 cm Or:  with windows,  diameter = 8 cm
The simulations starts with 660 MeV/c kaons (Ek = 330.6 MeV) with momentum bite as measured. Kaons and pions are degraded
in a carbon block, pass plastic scintillators and enter the target. The kaons decay, can be absorbed in flight or be stopped and then
absorbed If stopped a 7 0 keV X-ray is generated with yield 100% The X ray attenuation in the deuterium and in the 75 mabsorbed. If stopped, a 7.0 keV X ray is generated with yield 100%. The X ray attenuation in the deuterium and in the 75 m 
Mylar exit window is calculated at tracking.

Efficiency per beam kaon, applying a longitudunal fiducial-volume-cut: dE * z-vertex   zvertex from kaontrack * piontrack 
660 MeV/c,  = 0.05 liq.dens  = 0.2×10-3 × Kd-X-yield × efficiency-of-tagging
660 MeV/c,  = liq. dens  = 4.0×10-3 × Kd-X-yield × efficiency-of-tagging
1000 MeV/c,  = liq. dens  = 0.13×10-3 × Kd-X-yield × efficiency-of-tagging

EXPECTED BEAM
From „Sakuma: The K1.8BR spectrometer system at J-PARC“:  the intensity of the 1.0 GeV/c K- beam is expected to be 2e6 per spill (6 seconds repetition) 
.... at 270 kW (30 GeV, 9 microA proton beam)
Jan 2013:  1 kW proton beam  „1e4 per pulse“ 6s   extrapolated by the authors to 2.7e5 at 27 kW   (=> 0.5e5 Hz)
Tatsuno using the Sanford/Wang formula: „In the near future, about 30kW power will be available, then the intensity will also increase 240k/spill @1.0GeV/c. 
So, the expected K- intensity will be 30k/spill @660MeV/c with opening slits. This means 5k Hz kaons (0.4G kaons per day) are available.” 

660 MeV/c  .... 0.4 × 109 kaons per day
1000 MeV/c  .... 4.3 × 109 kaons per day
Kd K yield:   Ygas = 10-3 Yliq = 10-4

tracking efficiency      tr = 0.7 

660 MeV/c, = 0.05   R = 0.4 ×109 × 0.2 ×10-3 × 10-3 × 0.7 = 66 events per day 1780 per month
660 MeV/c, = 1      R = 0.4 ×109 × 4.0 ×10-3 × 10-4 × 0.7 = 112 events per day 3360 per month
1000 MeV/c, = 1      R = 4.3 ×109 × 0.13 ×10-3 × 10-4 × 0.7 = 39 events per day 1170 per month

Note: signal intensity will depend on the cuts finally used, this depends on the background suppression techniques



extraction of shift and width

obtainable precision

P=4.0
Q=0.5

parametrized Khigh for various P,Q

Fit components representing the signal:p p g g

Voigt functions  for K, K, Khigh

P=4.5

keVIhigh total intensity of Khigh

Khigh shape parametrisation by 2 params (P,Q) P 4.5
Q=0.5

high p p y p ( )

y(i→1) = Q abs(i-P) i = 4,5,....

keV
Fit parameters:      I, I, Ihigh,  P, Q 

P=5.0
Q=0.5

keV



obtainable precision
deuterium 30 days
1000 ev. in Kd Ka
sigma(shift) = 30, 42, 37 => 36
sigma(width) = 79, 108, 119 => 102

1000 ev. in Kd Ka
sigma(shift) = 68, 102, 52  => 74
sigma(width) = 203, 231, 192 => 209

1000 ev. in Kd Ka
sigma(shift) = 71, 93, 71 => 78 
sigma(width) = 227, 209, 185 => 207 

deuterium,    30 days

1000 ev. in Kp Ka 2000 ev. in Kp Ka

hydrogen,    3 days
1000 ev. in Kp Ka
sigma(shift) = 16, 18, 17 => 17 eV
sigma(width) = 35, 36, 37  =>  36 eV

2000 ev. in Kp Ka
sigma(shift) = 10 
sigma(width) = 22  



Input for Monte Carlo simulationInput for Monte Carlo simulation

Beam:   position, momenta, directions of the incoming kaons
(cases: 660 MeV/c central value, 1.0 GeV/c, (440 MeV/c)

Degrader:  dimensions, material,  position relative to beamspot

(Beam telescope detectors)

(Collimator)

Target cell:  dimensions, position, window materials (entry, exit, lateral or „windowless“)

Target filling: density (cases: 3% (5%) gas liquid)Target filling:  density (cases: 3% (5%) gas, liquid)

X-ray  detectors (energy range:  4-400 keV possible?),

Tracking detectors for vertex reconstruction: acceptance, spatial precision

Accidental background rate,  X-ray detector time resolution



J-PARC beam properties
(2013/04/16 14:00), Fuminori Sakuma wrote: 
Dear Ishiwatari-san, 

Attached please find 1.0 GeV/c K- data sample @ BLC2 (FF-130cm) 
analyzed by Hashimoto-san. Details of the sample are following: 
-----------------------
RUN#: RUN#43(2012 Jun.), run0021 

diti 1 0G V/ K t i x
(m

m
)

condition: -1.0GeV/c, K-trigger, 
kaons are selected by Time-of-Flight (BHD-TOF) 

format: x[cm], dx[tan], y, dy, dp/p[%] <-- @ BLC2 (FF-130cm) 
------------------------
Please check the data sample. As for Q1/Q2, Hashimoto-san reported the 
analysis-results in E15-meeting as an attached file (see p.6). 

B t d
y (mm) x (mm)

x

Best regards, 
fuminori

y ( ) ( )

x
(m

m
)

y (mm)x (mm)p/p (1.e-3)

p/p (1.e-3) p/p (1.e-3)



Draft for target cell + detectors   setup (SMI 2013-03)

new SDDs: 1 module consists of 9 pcs of 0 8x0 8 cm2new SDDs: 1 module consists of 9 pcs. of 0.8x0.8 cm2

Target volume surrounded by 10 x 6 modules
 total 345.6 cm2 active area
active area per module: 64 %active area per module: 64 %



degrader:  +-1 cm carbon

energy at target entry kaon stop position 

Degrader

D2

z (mm)MeV



K- absorption in deuterium
taken from GEANT4 code

K- N
reaction
products

Subsequent  decay mode Finally
produced
particles

Branching ratio
(%)

taken from GEANT4 code

Monte Carlo results
+ - + →   0 p; 0 → 2  - 2  p 11.1

+ - + →   + n - + n 11.1

- + - →   - n - + n 10.0

Kaon stops in gas:                 378
with charged multiplicity > 0:  294
with charged multiplicity > 1:  225
with charged multiplicity > 2:  101

0 0 0 →     ;   →   - p - 3  p 7.6

0 0 0 →     ;   →   0 n ; 0 → 2  5  n 7.6

 - →   - p - p 14.2

  0 0 2  0 2 4 14 2
K- d 

 - →   0 n ;  0 → 2 0 → 2  - 4  n 14.2

0 - 0 →     ;   →   - p - p 5.4

0 - 0 →     ;   →   0 n - 2  n 5.4

- 0 - → - n - 2  n 10 8

absorption

 0  →    n  2  n 10.8

multiplicity of charged
d isecondaries



fiducial volume  derived from vertex reconstruction
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in flight

dE beam-counter transformed
z-vertex    (mm) z-vertex    (mm)

di i i t i tdiscriminates against
- Kabsorption BG from wallstops
- Kaonic  X-rays from wallstops

- in flight reactions if dE vs. z-vertex

z-vertex    (mm)



fiducial volume  cont‘d

background from target stops => gas target preferedg g p g g p
.............  wall stops  =>  liquid target prefered

radial position of reconstructed vertex

liq. He liq. D2 D2 gas
3% dens.

r (mm) r (mm)r (mm)



BG from kaon stops in SDDs

ff ti di i i ti if

dE SDDs 
ALL

effective discrimination if 
threshold can be set above
the pion dE
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(inkl. K stops
in Si)
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Conclusions

Kd X-ray measurement looks feasible in reasonable beamtime (30 days)

We intend to submit a letter of intent

What still has to be worked out besides financial issues:What still has to be worked out besides financial issues:

- actual background at 1.8BR:   measurement?  realistic simulation needs input

- shielding possibilities

- liquid vs. gastarget scenarioq g g

- windowless target:  advantage, drawbacks

besides the Kd K-series:    Kp as test measurement,     L-lines (windowless)





Kd yields from theory (1)

= 0.03 liq. dens. 
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Kd yields from theory (2)
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Kd yields from theory (3)



Kd yields from theory (4)



Kd yields from theory (5)


