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PEFEERAMNDDRA
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Experimental information

e X nuclel in emulsion

— V=244 MeV?? [C.B. Dover, A.Gal, Ann. Phys. 146 (1989) 309.]

— Formation is not guaranteed experimentally, rather doubtful

« 12C(K-,K*) reactions

— Two experiments,
KEK-PS E224 &
BNL-AGS E885

— Both shows significant
events in the = bound
region, after considering
the effect of poor
experimental resolution
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Naive Interpretation

e Simple model
— Rigid "B core + == < core excitation is ignored
— Woods-Saxon potential with negligible width
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Problems (1)

« Core excitation

— Cross-sections of ground/excited states depend strongly
on =N interaction detall

> If excited states dominate, underestimation results.
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Problems (1)

« Core excitation

— Cross-sections of ground/excited states depend strongly
on =N interaction detall

> If excited states dominate, underestimation results.
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Problems (2)

=ZN-2>AA conversion
— AA continuum can appear at the same energy as = states

— Calculation by Kohno and Hashimoto
- E885 spectrum can be explained with V = 0 MeV
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S0, what can we say?

=A potential is still quite a lot uncertain
— V~-14 MeV can be underestimate or overestimate

= bound state vs AA continuum

— Shallower real part < Larger imaginary part
(actual balance is model dependent)

AA continuum A" (or W)




=N Interaction model and
=A optical potential (examples)

Model T, | 3, | P, | %, | °P, | %P, | U Iz
NHC-D ol -26| 01| -2.1| -02| -0.7| -1.9

1| -32| -23| 30| 00| 31| -63] -25.2 0.9
Ehime o]l -09| -05| -1.0] 03| 24| -07

1| -1.3| -86| -08| -04| -1.7| 42| -223 0.5
Escosd* | o 63| 184 12| 15| -1.3] -19

1| 72| -1.7| -08| 05| -1.2| -28| -12.1| 127

* One boson exchange (NHC-D, Ehime)

— strong attraction in odd states = strong A dependence

« ESCO04d*

— strong attraction in 3S,(T=0)



Gw(R,0) central (MeV)

25

20 ¢

15 ¢

Quark cluster model potential

-----

fss2 (cont)
Ke=1.35 fm’”

= 120 central

Example:
Kyoto-Niigata/fss2
+ G-matrix

Potential shape is
non-trivial, but overall
rather weak.

Integral is almost 0



What we know

« =A potential is still quite a lot uncertain
— Theory: no strong principle

— Experiment: Naive interpretation of E885 data (V~-14 MeV)
can be underestimate or overestimate

e = bound state vs AA continuum

AA continuum ™. AT (or W)




= nuclel spectroscopy

* Need distinct peaks to obtain definite information

— Only applicable to attractive & narrow potential

— What can we do if the potential is less attractive or
absorptive?
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X-ray spectroscopy of = atom

« World first measurement of X rays from =Z-atom
— Gives direct information on the ZA optical potential

* Produce = by the Fe(K-,K*) reaction, make it stop
In the target, and measure X rays.

* Aiming at establishing the experimental method

@(dss) i} Fe target /'




Principle of the experiment

» Atomic state — precisely calculable if there is no
hadronic interaction

 1st order perturbation 4
AE = [| W= () Us(r)dr N\ wor

— If we assume potential shape, \
we can accurately determine
its depth with only one data U(r)

— Shape information can be
obtained with many data

— Even if 1st order perturbation is
not good, this is still the same.

* Peripheral, but direct 2> complementary to = nuclel
* Applicable regardless of potential type (repulsive, ...)

—_




Energy (arbitrary scale)

= atom level scheme

I=n-3 I=n-2 I=n-1 (circular state)

// nuclear absorption

| (orbital angular momentum)

X ray energy shift — real part
Width, yield — imaginary part

Successfully used for n-, K-, p, and =-

€)



Experimental Setup
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(K-,K*) detection system

EURAMA magnet

End garad End .Hl.lrﬂl.l
rAL
BV |
TI K- Baciz T2 {1/g L+
! .".- m ! I D_;'J A, K—i:'__éff______ _d_____.
i : ﬂ LTS o
BPC3 BPC4 BPCS Ve CH
DCl | a
DC2 L
1.8 GeV/c - oo
. n DC3
1.4x105%/spill (4s)

U Im 2m im

* Long used at KEK-PS K2 beamline (E373, E522, ...)

— Minor modification is necessary to accommodate high rate.
« Large acceptance (~0.2 sr)



X-ray detection

Hyperball-J
— 32 Ge detectors
— PWO anti-Compton

Detection efficiency
— 16% at 286 keV
High-rate capabillity
— < 50% deadtime
Calibration

— In-beam, frequent

— Accuracy ~ 0.05 keV
Resolution

— ~2 keV (FWHM)




Run Plan
« Expected beam time: 201577 (hopefully)

— Unfortunately, J-PARC is under shutdown due to radiation
accident. Operation might resume by the end of 2014.

— Beam intensity: ~ 30 kW (~10%)
* Making larger detectors to compensate low intensity
— KURAMA gap: 50 cm - 80 cm, x1.5 larger acceptance

* Two step strategy

— In the first beam time, only ~10% of statistics may be
obtained.

- \What can we do with that statistics?

We can take rather good data



Expectation with ~10% stat. (1)

Observation of X rays is certainly possible
— 7 = 6 transition: 720 counts with 410 counts/keV BG

(7,6) — (6,5)

Counts/0.5keV
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Expectation with ~10% stat. (2)

« Can we see the 625 transition we are interested in?
— Depends on absorption (width & yield)

(6,5) — (5.,4)
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Expectation with ~10% stat. (3)

e Can we see the 625 transition we are interested in”?

— Depends on absorption (width & yield)
(6,5) — (5,4)
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Expectation with ~10% stat. (4)

e Can we see the 625 transition we are interested in?
— Depends on absorption (width & yield)

(6,5) — (5,4)
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Future Prospects (hope)

First experiment
— Determine actual yield & background
— Establish experimental method

Based on shift & width in iron,
— If too small to be seen, use heavier target (Co, Ni)
— If too large to be seen, use lighter target (Mn, Cr)

— If we are lucky, take a few data points around, and then
go to different mass region.

Final goal: a few points for each n

— ~10 data points in total

— Potential shape, A dependence.

— At full intensity, it will take a few weeks/target

Gamma-ray spectroscopy of double A hypernuclei?



Summary

=A potential is important for studies on neutron stars

We will measure =-atomic X rays
— First of the series of experiments

— For the first time in the world — aiming to establish the
method

Precision of X-ray energy ~ 0.05 keV
— Good accuracy for expected energy shift (~1 keV)

— Width: measurable down to ~ 1 keV, X-ray yield gives
additional information on imaginary part.

First beam in 2015 with smaller statistics
— Xray itself can be observed with this statistics

Ultimate goal: data over wide mass region



Backup slides



€ Parameters in the cascade calculation of ®Fe-=-

E-nucleus strong interaction
Woods-saxon potential
V,=-24 MeV, W,=-3 MeV,
R, = 1.1 XAV fm, R; .= 1.1 XA fm,
a=0.65 fm

- Cascade parameters
1. =" initial distribution:
P(l) <21+1) e, a=-0.056 at n
2. electron initial distribution:
assuming completely filled.

=350

start

K- /L-shell refilling processes are considered.
M- /N-shell are kept to be filled.

atom



Summary of the experiment

* Produce =" by the (K-,K+) reaction, make it stop in
a Fe target, and measure X rays from =" atom.

Fe target /

K- :\ K+
 Physics: : X ray
— Z-nucleus interaction (optical potential)

— Real part — shift of X-ray energy (up to ~10 keV)
Imaginary part — width, yield

« Sensitivity
— X-ray enerygy shift: ~0.05 keV

- Good for expected shift of O(1keV)
— Width: directly measurable down to ~ 1keV




Expected X-ray spectrum
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—Shift (ev)

Width (eV)
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Setup of tba proposed experfmant

. -FF’”FFFFI':

.. #Beam: K- (1.7GeV/c),
: 3 x 10°K/spill with K-/t- > 6
at K1.8 beam-line (~20% of 9uA)

Emulsion Stack
Thin Plaze(l} mik s Totsl 12 Thigk Plates mnF;E #T—ME:{K-‘ K+]
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i (more than 10 times higher stat. than E373)
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