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X-ray spectroscopy of =--atom

‘| We (J-PAEC EO3 group) are aiming for
world first measurement of X ray from E--atom

— Information on the =A optical potential

 Information on

=—_atom (effective) EN interaction
large baryon mixing?
( small AM(=N-AA)=28 MeV )
 EA interaction
and it’s A dependence
Role of =~ in neutron star?

absorption

Establishment of experimental method in the J-PARC EO3 (Fe-=" atom)
— Systematic measurement (over wide mass range) in future




X-ray spectroscopy of =--atom

Level scheme of Fe-E-atom
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Measurement of energy shift and width

— ="Areal and imaginary term (near surface)

This method has been successfully
applied for negative charged particles
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Physics motivation

e Valuable information on EN (effective) interaction

Need systematic X-ray measurement over wide mass range

— Potential shape, mass dependence \
1”5_1 S as in the case of X~ atom data
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Physics motivation

e Valuable information on EN (effective) interaction

Need systematic X-ray measurement over wide mass range
— Potential shape, mass dependence \

CE ) | : | as in the case of X atom data

Our strategy for =-atom | No =-atom data so far

A | C(Z=6)-atom: J-PARCEO07(-2017)? or future measurement
( also N-atom, O-atom... )
Fe (Z=26)-atom : Coming J-PARC EO3 [Todays talk]
Br (Z=35)-atom :
Ag (Z=47)-atom :
Pb (Z=82)-atom : PANDA [morning talk]

]— Ouir first try in J-PARC E07(-2017)




Impact on emulsion data

Stopped =7s form =E-atoms before reaction

2C + 27— \SHe + *He + ¢

NAGARA event

4§

ﬂiHe—> iHe + p + 7.

e H. Takahashi et al,
\ 4 \ B/\/\ - 691 i 016 Mev Phys. Rev. Lett. 87 (2001) 212502.
I . .
N obtained from analysis of
: both production and decay point
Depends on B of C =™-atom [ B; =0.13 MeV ]
(energy center and error)
10um
= C atom
. e 4F
Theoretical prediction: Ex~ 55 £ AB( < fow l({N)'/
3D absorption is dominant 3D | Last orbit ?

C. J. Batty, E. Friedman, and A. Gal

Phys. Rev. C59, 295 (2001) Ex ~ 154 £ AE( ? keV)

BR(ABS,;3D)

X-ray data will support B, , analysis

Absorption



Our first try in J-PARC EO7

Experimental study of double hypernuclei
Done in 2016-2017 | Emulsion at J-PARC

AA hypernucleus

Target

K- -1 = hypernucleus

1.8GeV/c 1 — | — ()
9@'

Ge detector X-ray from Z~ atom
"""SI(—ra
® \ ©
(\/\/ \‘

Emul_sion Sheets

Junya Yoshida (Advanced Science Research Center, JAEA)
On behalf of J-PARC E07 Collaboration




Our first try in J-PARC EO7

Feature of the measurement:
* Good S/N ratio [we can tag =~ stop in emulsion]
 Lowyield rate
* Low stop probability (long flight, low density)
* Mixture target (H, C, N, O, Br and Ag)

* Not optimum setup for X-ray detector J. Yoshida and M. Fujita
HADRON 2019
X- rTag/ energy spectrum Ge N E stop with nuclear fragment (1.3k events)
= - ' B
2 9= Z-+Br (~316 keV) Z-+Ag (~370 keV) wlo GQ SuPPress'on
= 85 (7,6) = (6,5) | (8,7) = (7.6) | |
e 7E
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3E- |
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SE_ Hlmllﬂml II‘II\IIIII I I‘II | } i \I%II \X ‘ [l H Ll
100 200 300 400 500 600 700

energy [keV]
Expected # of event . o ] ]
- 10-20 (for Ag) w/ full stat. Emulsion analysis is on going to search “special” event

—Not enough analyzed = stop event (10-20%) so far



Qur first try in J-PARC EOQ7

We checked performance of
X-ray spectrometer (Hyperball-X Ge array)

Almost same system as
our coming measurement

* Energy resolution: 2.0~2.5 keV [FWHM]

* (Calibration accuracy: < 0.05 keV

In beam calibration LEnergy spectrum w/ LSO
[ every one hour ] 00

LSO triggerable source
[ B-v coincidence ]

/'I:I 4 B @ 300
Ge crystal — LSO E
8

Ge detector
LSO pulsar

Ge x LSO coincidence

201.83 keV
306.78 keV
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Experimental method [J-PARC EQ03]

[ron target K
g

K-

(1.8 GeV/c) ’;‘ S
o

.

“X-ray
< J-PARC EO3

Fe target for the first measurement

* Absorption strength (and width) reported in theoretical case study
is suitable for our measurement

( (5,4) state : AE~I'~ 4keV [W.S. shape potential of -24-3i MeV] )

* Enough dense (~7.9 g/cm3) for higher stopping probability of =~

1.8 GeV/c kaon beam — J-PARC K1.8 beam line

« large yield of the =~ production for coincidence measurement
— Wide acceptance spectrometer KURAMA (~0.2 msr)

« A few keV resolution for X-ray measurement — Ge detector



1 Spectrometer
Experimental setup (E03) OV,
K* (KURAMA)
- W, \ ‘. TOF
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_ ] magnet
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BAC e
B Detect X ray from =~ atom BC3.4 Eg Q13| Ge detector
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will be used in

HyperbaII-J Ge detector array Full statics EO3 run

Lower half of Hyperball-J

| Features
# Large photo-peak efficiency Ge detector PWO counter

— €~6 % @1 MeV with 32 Ge detectors Beam P, Target
# Fast readout system ] PSS N, = 5P
#® Low temp. Ge detector

for radiation hardness

— Mechanical cooling
@ Fast background suppressor _

— PWO counter

Y
weaq uoipey
Ayisuaiyul y3iy Joj

Developed Ge detector

Ge detector Pulse tube refrigerater

— —u- h llllr/‘wull]‘ “"(

Pulse-tube cooler




Strategy of EO3

We decided to run with 10% statistics (15t-phase)
for not full accelerator intensity

< 1stphase > 10% statistics (~20 days with present beam power)

- (7—6) transition will be seen
— “World first measurement of X ray from = atom”

- (6—9) finite shift & width (if '<l keV )
- Information of absorption strength from (6—5)/(7—6)

< 2"'d phase > 100% statistics (7,6)
. . Measure in EO3 » 172 keV
- (6—5) shift & width A
(n,1)=(6,5) «~
- > \ \‘
(iIf Mr~4 keV) 4 — |
_/\ o o st int Absorption
Reported from Enﬁ_rgy I (5.4) strength
shi —ak. _ S
theoretical case study 7 ( § width |
(no strong experimental constrain) '.
| Absorption | | Absorption
M
“fudclear




Optimum f
Hyperball-X’ for 1stphase

BGO suppressor

“clover-type” Ge detector (4 segmented crystals)

4 detector units with
vertically covered configuration

- Horizontally wide
beam profile and target
- Self-absorption of X ray
Is serious for horizontal direction

| HBX | HB)

I'~1keV case, A O

Higher energy resolution el ere | D ow M, | el Ei.

N : capabilit *segmented *large crystal
as great merit P y crystal * radiation

- better peak significance hardness

- small error on shift & width Energy 2.5 keV 4 keV

resolution (FWHM) (FWHM)



Pilot run for realistic estimation

First time to use our Ge detector array with “heavy” target

We have experience for A <19 target,
but A=56 target will be used in J-PARC EO3

<Unknown factor>

 Live time of Ge detector
 B.G. level in final X-ray spectrum

Need data with
actual beam and target

—

Pilot run for EQ3-1st

June 2017 (2.5h) + Feb. 2018 (19h)

Setup: KURAMA + clover-type Ge + Iron target

« optimization of Ge detector position and beam intensity
(Live time vs coverage)
« data for realistic B.G. estimation



Pilot run

- study @
Position and beam intensity K- beam
dependence of “Ge live time” ekl

Direct measurement
using dummy signal

- study @
B.G. level in energy spectrum

=~ production x Ge coincidence direction Fe target

Beam

(very low statistics physics run) y & T " [20g/cm2 ]

o ;

: distance Ge—Target Ge detector
- horizontal | [clover type]

<Scan parameters>

» Ge detector position
X, Y(2D) scan

 Beam intensity

. [‘ b o
a+K = 200 - 800 k/spill (effect of not
symmetrical beam halo)
« Slow amp. or fast amp.

X <




Direct measurement of live time

Source ofldead time

PreAmp | ShapingAmp
(reset type) | | (slow or fast)

1‘ Trig.

Dummy signal . . . # of peak counts in ADC
(clock or beam sampling) Live time = ol trig

Ge sensor —> ADC

Energy spectrum w/ dummy input trig. (typical condition)

k| Beam OFF Live time _F [ Beam ON Live time
: = 9% = 62 %
ok Base line shift Sianal bl
- after preamp reset 'ghal piie up

10 = 10
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II|IIII|IIII|IIII
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ADC channel ADC channel



Live time [%]
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Measured Iive time Beam condition:

K-beam [1.8GeV/c]

| Live time of typical crystal m+K= ~500k/spill
—8—clock slow
—8—clock_fast /
——o—beam_slow ,,'//
beam_fast
ST Assumption in proposal (50%)
0 2 4 6 8

Distance (target~Ge) [cm]

Yield oc Photo-peak eff * Live time * analysis eff

Optimum condition:
~6¢cm distance + 500k/spill(2s) beam intensity




B.G. level measurement

=

L, Ly
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Ge energy spectrum Select &
production events
. K+ select
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nkvent = in Ge spectrum
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Before After

B.G. level [ / = production]:
90% of our assumption

. 335 123 .
K 4744 (7.1%) (2.6%) Not serious



Counts/1keV

Expected spectrum for E03-15! phase

Expected X-ray energy spectrum We_ re-estimated ylel_d & B.G. level
for (6—5) transition [width=1 keV] =~ using result of the pilot run

330f R t (7—6) transition will be seen
200k (MO ME?,UE.S 9 * Weak absorption [width~=0]

0 \UVIL ycliclhalt. 22 ) ]

Hwﬂq — ) * Higher X-ray yield
230r w"H{Hl‘anﬂ“\h | \ [ X3 yield of (6—5) transition ]
200k Fmﬁ?qfﬁ T No physics output, but

i ' = U

- \Hﬁ%ﬁ% first measurement of Xi-atom X-ray
150 [

- Simulation HJWH‘M (6—5) transition will be seen
100f W if width ~= 1 keV
0/ Physics outputs

- le « Chance for finite shift & width
32()' | |240| | |260'I | 280' 300 | |320| | |340‘ | |360| error In Shlft 03 kev

Energy (keV)

* Yield for absorption strength



Preparation status

Detector preparation: almost ready
- KURAMA detectors: common with E07/E40(now running)
f no special development necessary
- Hyperball-X: common with EO7
- Maintenance of Ge detectors: Finish (2019.06)
- Modified frame: under construction [-2020.2]

Mamtenance work @IQBRC

| Erame construction
@ Hadron-hall

HBX frame




Schedule for E03-15t phase

We are aiming for beam time after J-PARC E40

Delay due to
ACC trouble
in this spring

\

J

*need “KURAMA magnet move” and “HBX’ installation”

2019.10 v
New primary target (T1)
2020.1 will be installed
. E40 (@K1.8 beam line) HBX’ frame (for higher beam power)
. construction
Kaon beam tuning
2020.4
KURAMA magnet
+ detector move
2020.7
HBX’ installation
2020.10

EO03 detector system ready

EO3 beam time (we are requesting)

Coming soon !




Summary

We (J-PAEC EO3 group) are aiming for
world first measurement of X ray from Z=-atom

— Information on the =A optical potential

» Test of Experimental technique in J-PARC EOQ7
» EO03 2 phase strategy for current ACC condition

> Pilot run for optimization of 1st-phase [2017-2018]
» Ge detector live time measurement
» B.G. level study

— Realistic yield and B.G. estimation was done
» Detectors are almost ready

We are aiming for beam time in Autumn 2020




