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Physics motivation
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Concept

Huge backgroud photons due to in-flight =- decay

— Identify stopped =- events using nuclear emulsion
(C, N, O, Br, and Ag)

J-PARC E07 : search for double Hypernuclei using emulsion

MonllI: Inforamation on double hypernulce1 with nuclear emulsion detector by K. Nakazawa-san

Theoretical expectation (E. Friedman and A. Gal, private communication 2001)

Last transition  Potential X—ra[ll}(/ee\lfl]ergy [T(l:\f]t] \[Xle(itfl]l
to 0.28 0.15
Ag(8]—71) 370. 4
ND 3.3 0.79
o 0.73 0 44
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— Germanium(Ge) detector : measure 300-400 keV X rays w! high enerpy resolution [ LN

W/ high accuracy (new 1in-beam calibration system)



Experimental setup (J-PARC E07)

(K-, K*) reaction spectroscopy

- Data taking : June 2016 , April-July 2017

- Total K- beam : 11.4 x10' in 38 days
- Beam condition
- p=18GeV/c
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Analysis

(K-, K") reaction analysis

Emulsion image analysis

X-ray analysis



Identification of stop =- events

30 um_

No charged track 1s observed except for Auger electron

One or more charged tracks are observed at the stopping point : :
at the stopping point

2208 events
9961 events

“*0-stop w/ Auger e selection
The events with Auger e emission were selected to reject a lot of proton Q-stop contamination.
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Result

X-ray spectra
Peak search
Branching ratio BRabs, Formation probability P(nl)

Upper limit of £(nl)



= Ag, Br atomic X-ray spectra

“»(a) with = production

(K°, K*) reaction analysis + Z tracking by SSD “*Total followed tracks : 35438
<(b) stopped = events “*w/ BGO suppression

0-stop + Q-stop(w/ Auger electron)

wW
o
o

counts/1keV
N
o
D)

—h
)
o

o O

counts/1keV
N AN

0 IIIIILIlIII s ;II.I 1
200 400 600 300 1000 1200
energy[keV|]




peak significance counts/1keV

Peak search

“*w/ BGO suppression

“*Fit method : loglikeli hood

“*Fit function : Gaussian + constant(BQG)
* MeangGauss = Emean

® GGauss — ﬁXed tO OGe (08 keV)
<*Peak significance = Amp,,, . [Amp,,, Error
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< No evident peak was tound.

< The upperlimit of X-ray yield was obtained as function ot X-ray energy.
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Branching ratio BRaps, Formation probability &(nl)

= Ag atomic level

Circular orbit:
Largest / orbit (I=n-1)

/ Coulomb

“
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—Coulomb + strong

Coulomb
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BRabs BREI

« PP(nl) : Probability thet the captured = reaches the (n,l) state

P(11)
P (8J)

*Assuming the Circular orbits only

BR8] = 7I) =

Yy # of (8—7) X rays
P(T]) = ek
Y5 stop - R(Z) * €4t # of = Ag atom
Yy, - X-ray yield
Y 10p - DUMber of G-stop events

R(Z) : probability a the = 1s captured to a Z atom
€4, - detector efficiency (Ge&BGO) 0.59%



Upper limit of P(n,, )

Br (7—6) Ag (8—7)
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Summary

“»To investigate the Z-nucleus strong interaction, the first = atomic X-ray spectroscopy was pertformed
as J-PARC EO7 experiment.

“»A novel method employing the coincidence measurement using the nuclear emulsion and the Ge
detectors, was deveploped.

+»In obtained X-ray spectra, no evident peak was found. — No information on AE and I'.

< The probability that = reaches the last orbit &(n,, ) was constratined for the first time.

Br:P(6H) < 094, Ag - P(T1) < 087 (0 < AE [keV] < 10)

» Papers
“=— atomic X-ray spectroscopy with a counter-emulsion hybrid method”
this results, submit to PTEP

“Development of a Ge detector array and an in-beam calibration system for highly precise
measurement of =-atomic X-rays”

Tecnical information on Ge detectors, submit to NIM A
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