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RIBF facility

s mmeimemt an Lommev e

RIBF was equipped with 3 spectrometers for RI beams:

* ZeroDegree spectrometer

(RIKEN)

* multi-purpose for PID
* completed in 2007

*  SAMURAI spectrometer
(Tohoku Univ.)

» large acceptance, multi-particle
* completed in 2011

. .,

GARIS2

/ SAMURAT

Zer'oDegr'ee »

* High resolution beamline
+SHARAQ spectrometer
(Univ. of Tokyo)

* high resolution, rotatable
* completed in 2009
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Detector Setup in Beamline to SHARAQ
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Transport Mode of HRBL

Mod Dispersion High-resolution Large-Acceptance
oae Matching Achromatic Achromatic

Acceptance

Ap/p (%) +0.3 +1.0 +2
AB, (mrad) +10 +10 +20
A8, (mrad) +30 +30 +20
Maximum - F6 .
Dispersion arget >

Typical Spot size

100%X10 20-30X10 20-30X10
at target (mm) 3 3

Resolution Ap/p 1/14700 1/7500 1/3300

You can select beam transportation for your experiment.

INPC 2016
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SHARAQ spectrometer

Target (S0)

Mom. Disp. FP
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QQDQD configuration
— good angular resolution and momentum resolution
Dipole Magnets
— Minimization of higher-order aberration by pole-edge curving
 Easier tuning to dispersion matching conditions and data analysis
Superconducting doublet Q

— Higher resolution & Larger acceptance



Combine missing mass spectroscopy
with invariant mass technique

2 alpha particles: K. Kisamori, S. Shimoura et al.
Different particles: M. Dozono et al.
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|8 Selected for a Viewpoint in Physics week ending
PRL 116, 052501 (2016) PHYSICAL REVIEW LETTERS 5 FEBRUARY 201
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Candidate Resonant Tetraneutron State Populated by the “He(*He.*Be) Reaction

K. Kisamori,”” S. Shimoura,' H. I\-'li_\_-'u.l‘: S. Michimasa,' S. Ota,' M. Assie,” H. Baba,” T. Baba," D. Beaumel,”™”
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F->1>0+p

decay determination

LP-MWDCs

S2
* Beam: Primary **0O *
Invariant mass spectrum
- 7
250 MeV/U, 10 ppS c:1ot.2030<.;mt." t / 150 Of 150 + p
- Dispersion matched beam D
* Target: Plastic scinti. 800;_ F — 0 + p g
- 12 mm thickness D1 al - -
e (Coincidence measurement P Z ook <
of ¥F -> 50 + p o/ : | 1E
— > —
- Separated flow mode : =
400 |- 0
- ¥%0:2LP-MWDCs @ S2 ] ~ S
- p:2MWDCs @ Sa b o 5
160) SO - 100keV
- (FWHM)
»I 1 i \
| e SHARAQ 0

(Plastic scinti.)

Ref: NIM A 830 233-242 (2016).
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Mass measurement: M. Kobayashi, S. Michimasa et al.
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@rimary beam:
7°Zn

(345 MeV/u), | =150 pnA

. STQ1
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Experimental setup

@RIKEN RI Beam Factory (RIBF) - SHARAQ,
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Energy High Resolution
degrader F3 Beam Line QH17 §
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Q-H18b §

For Bp measurement

5TQ-H19
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* TOF-Bp method Position detector (PPAC)
mo  Bp
¢ L/t S2

=p Precise measurement
of TOF and Bp

* Tracking detector (LP-MWDC x2)

* Timing detector (Diamond)

* AE detector (SSD x2)
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D-H7

Flight length (F3-S2)
105 m (~540 ns)

For isomer tagging
(confirm PID)

Gamma
detectors

r
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Spectrometer

Dispersion matching
mode (p/dp = 14700)
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Gamma-ray detectors for PID

Veto nyoki

Nal scintillators

Ge detector
Gamma-rav detector array

2 clover-type Ge detectors

16 Nal scintillators

Active stopper E | Ey= 110keV b
Downstream of array  Energy Resolution

veto scintillator HPGe: 3.8 keV at 1333 keV
Al degrader

Al plate 14-18mm

Plastic active stopper

=
&

58

Isomer from 54Sc
(PID confirmation)

8

o

N (count/2keV)
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Property of Secondary Beam

PID by BigRIPS F3-SHARAQ S2
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Property of Secondary Beam

PID by BigRIPS F3-SHARAQ S2
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Preliminary Mass Spectra
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1. Statistical error

300
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200

150

100

50

* Mass resolution of 10500 (o) has been achieved
for Ca isotopes

55Ca: o(stat) = 9o keV

56Ca: o(stat) = 200 keV (400 events).

Evaluation of Mass resolution

IIII|IIII|I]II|I]II|IIII|IIII|II

54CQa

|

X

m/ém
10500 (0)

[o| NMEEE SN AW .
2.694 2.695 2.696 2.697 2.698 2.6

99 2

L v b by
.7 2701 2.702 2.703 2.704
AIQ

(3000 events)

2. Systematic error
(evaluated from known masses)

I

1 keV/q]
2 keV for Ca

o(mass) ~ 150 keV for 55Ca

< 600
g T i
= 400_ ]
5 - 408i
3 200; ] -
\0_), : 418 A‘{CI#ZCa 428 §51K 46c! 52K ﬁTi 42P :
= 0 ¢ wagk [P 53¢ l3t;Si 153K

- 143&4&“ J 1 47Ar tsc 4?1/:’r l ‘
- - {35 i l i i54 a |MP i
200 | ]
400: ey [o(syst) = 6]
! Fr<211mmary o(syst) = 12
000, 055 26 265 27 275 28 285
AIQ
Achieved masses resolution:
INPC 2016

~ 234 keV for 56Ca
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S,, (MeV)

S,, trend in Ca isotopes
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Summary

* Recent development of SHARAQ spectrometer

— SHARAQ developed the missing spectroscopy combined with invariant
mass technique.
* We have obtained the tetra-neutron state for the first time.
* Also successfully obtained a sensitive probe for O- collectivity

— SHARAQ continued to develop high-resolution performance.

 Diamond detector excellent time resolution
o0=12 ps(performance), 5 ps (intrinsic) for Sc isotopes.
« For PID of heavy ions, isomer tagging system installed.
New isomer states were found in °8Sc and °!Ti.

* Mass resolution reaches 1/10000 (o).
— We can target nuclei far from stability of < 102 cps
The °5°6Ca masses can be determined with good resolution.
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Maximum rigidity
Dispersion (D)
Horizontal magnification (M,)

D/M

X

Momentum resolution
Vertical magnification (M,)
Angular resolution
Vertical acceptance
Dispersion matching

For spot size of 60mm(H)x 1 0mm(V)
(in dispersion matching operation)
Horizontal acceptance

Solid angle

For spot size of |Omm(H)*10mm(V)
(in achromatic focus operation)

Solid angle

Basic Performance

6.8Tm
5.86m
0.40
14.7m
1/14700

0.0
< Imrad
t 3 deg
p &0,

+ | deg
2.7 mrad

4.8 mrad



Requirement of Tracking Detectors

— Little disturbing of the beam
— Low Multiple Scattering: ~2 mrad (s)

* Low Energy Straggling: thickness/L, <1073
— Precise measurement of the beam trajectory

* High Position Resolution: ~300 um (FWHM)
[ 30 cm*1 mrad ~ 300 mm ]

— Overcoming of Low intensity
* 100% Detection Efficiency for light particles

in Beam-line detectors, especially

— Operate under High Counting Rates
* Goal:Over1MHz

INPC 2016



ichor NSHNA — \What 1s SHARAQ

* SHARAQ_

= Spectroscopy with High-reso[uﬁon Ana[yzev
and RadioActive Quamtum beams

* BigRIPS x High-resolution beamline x SHARAQ spectrometer

— BigRIPS
provides High intense Rl beam

— High-Resolution beamline
realizes dispersion-matching transport with SHARAQ spectrometer
against large momentum spread of Rl Beam

— SHARAQ spectrometer
analyzes momentum of reaction products with high resolution

INPC 2016



Dispersion Matching

3@ I

Y

A6 =0 & =30 mr /
FHO9 S

F3 F4 F5 F6 FH7 0 S

TR D

AO=0& 10 mr

< BigRIPS > < SHARAQ>

Ap/p = +0.3%:

L3

0%: -0.3%:

D Q
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High-Resolution Achromatic

¥
Y
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///\/ \/
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Ap/p = + 1% 0%: -1%: D Q
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Experiment for confirmation (2016.6.16-25)

Better statistics and Better accuracy of energy than previous experiment (“He(®He,®Be)4n @ 186 MeV/u)

Y image @ SHARAQ

o« vertical scattering angle (~2mm/mrad)

4 events
— 5 times or more
Improve efficiencies (redundancy)
E,, =0.83 +0.65(stat.) £ 1.25(sys.) MeV
— better than 0.3 MeV both for stat. and syst.
Calibration using 'H(*H,*He)n with same rigidity *H beam (310 MeV/u) as 8He

- o
150~ ™
120(3H 3He) 2R F;
C(°H,’He)"; - / 4He(8He 8Be)4n i %
- (o I
somrad | sl /’ Z@§3 Tn\ l_g_:J
= ‘l' -
0_
E - T3 'H(CH,’He)n
o -50[~ I @ 8.3Tm
3 5 | o
~ -100[— n ™ n ~ n — n o somrad
os - ” (W) oysg °
_1Rn:_
111 | 111 | 111
20860 200  -100
1%
—>
1%
On-line Ximage @ SHARAQ corrected by beam momentum Resolution & Statistics are consistent with expected

o momentum (~6omm/%) INPC 2016
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Kinematics curves
are clearly observed

v

15F->1°0+p decay
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i /-7~ proton angular
50 - 08 \alclzceptance
II Il AN \\ & ‘
150 ~ i KR 0 . -
= i Y . PR
h 40 l' " ’I ‘ ‘—‘ - \\\ g .- B
E [ ! II * .7 ‘\\ \
A - . , 02; N “1.‘ ¥
2 § ‘ ’I i ’ * \\ 5 3
&0 i ", \
éo j ' - ' L] ", 9‘2 §
.E i : 1] l' l' \\
o 20 =0 . i \
= ;-. (i -' ' / \
C [ P \
0 L* & Py '.
—- L ‘.
1 l L L :L E L E L l E | | 1 [ 1 L L 1 |l [
660 680 700 720 740 760 780 800

Proton Momentum (MeV/c¢)



(7
@6F ->1>0+p decay

Relative energy (Erel)

- OErel = 100 keV (FWHM)
@ Erel = 0.54 MeV
= Clear separation
between *°F(07,17,27) !

Detection efficiency (g)
(Monte Carlo simulation)

- €=0.189 @ Erel = 0.54 MeV

- Dueto ang. accpt. for proton

Yield (a.u.)

Efficiency

800 |-

600

400

|

200 |-

I6fp — 150 +p ’%‘
=
<
;r*f
=
&

~ &
> —
D
=
&
-~ 3
100 keV o =
(FWHM) &

0.0
(0]
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vocL  Time resolution for heavy ions
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IIIIIIIIIIII[IIIIII]IIIIIIIIIIIIIIIIIIIIIIIIIII_ . .
_ i * Time difference between both edges
o(Tdiff) 57Sc - of a strip in a diamond detector
=17 ps -
. » Corrected by hit position in the stri
x1/v2 ] y hitp P
] (" cf. Time difference vs tracked position )
G=12ps ] (before correction)
] Strip length
Preliminary 1
IIII|IIII|IIII|III IIII|IIII l]lllllllllllYI_ (28mm)
50 1000105011001150120012501300135014001450
Time difference T, — T, [ps] A N R S
“20501000105011001150120012501300135014001450 °
Tdiff T -Tg [ps]
o B . 9 mm K Position resolution : 200 um(FWHM) by MWDC /
eam . . . .

— .| Td. + Timing resolution of the diamond

" 5 o detector is estimated to be 6 =12 ps

. . Iemm (cf. “He at 32 MeV — 0 =27 ps)

-« i INPC 2016
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* Previous record for 4N at 200 AMeV

Dispersion matching transport

Lateral . 140 After the correction
120
100
3 |
h -50 -40 -30 -20 -10 0 10 20 30 40 50 g 80
Position at Final Focal Plane (mm) ge; —: — 16 mm (FVVHM)
o)
> 60
. 2.9 mm (FWHM) —It corresponds
40 — to dp/p ~ 8100.
; 20 Including E struggling
x in FH10 detectors (1.4 mm FWHM)
050 40 -3020-10 0 10 20 30 40 50 0 E— S }
Angle at Final Focal Plane (mrad) _25 _20 _]5 _10 _5 O 5 10 ]5 20 25

Rosition at Final Focal Plane (mm)
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DM Optics Tuning and Correction in SHARAQO3

- | 57
i aooof- [ *SC
*E [ = |*¢ order correction
R [r0.3% 300 |.6 [mm] (FWHM)
R 9 3000
76:;‘ - tz‘n‘ - ‘71‘0' ‘-"EI;" ‘.;‘n' - ‘2|0‘ 30 2500:—
X52 [mm] 2000
2 1500
- 1000
- +0.3% -
- ' 500—
; i : | | | | I | | | | | | | I 1 I | | | | | | | | |
%o 20 10 0 10 20 30
AS2 [mm] X S2 [mm]

= Due to low intense secondary beam (< | cps),
ion optical tuning was not sufficient...

= 1.6 mm (FWHM) corresponds to p/Ap ~ 7500 (FWHM;)

We can do correction well using F3 (Starting) and SO (dispersive ) information.
INPC 2016



Radiation Damage
O pCVD diamonds operate 10-days beam time

Setup: 2 diamonds were installed for (F3 and F7)
Beam: 13°Sn beam
at F3: 193 MeV/u, 850kHz (AE=464MeV)
at F7 : 130 MeV/u, 300kHz (AE=581MeV)
Beam Time : 10 days

As Online Radiation Damage Monitor, we measured
leak current = Stable (not increased) during MT.
We have not observe serious problems of detector
signals

Details of radiation damage (in time resolution etc) are
under analysis...



Radiation Damage
O pCVD diamonds operate 10-days beamtime
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Masses of these nuclei will be determined
with the precision of several hundreds keV
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Masses of 55Ca and 56Ca are determined with precisions of a few hundreds keV



