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SCRIT electron scattering facility @ RIBF May, 2016

World’s first electron facility dedicated for exotic nuclei

RIKEN RI Beam Factory (Japan)
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Exotic nuclei accessible RIKEN Rl Beam Factory
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size and shape of neutro- and proton-rich nuclei

O \ pe(F) =3 0 (P)(7)

[T | - |

size shape
: : electron
proton isotope shift <:: EM probe
reaction cross proton <:: Hadronic probe
matter section scattering ] ]
(reaction mechanism ??)
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SCRIT electron scattering facility May, 2016

injector + ISOL driver
L | 50MeV/0.5 mA peak/2 Us pulse

| RTM : Race Track Microtron

Electron energy - 150 - 700 MeV
stored current © 300 mA (as of today)
beam life time * 2 hours

Racetrack Microtron

7

ISOL (ERIS)
photofission of 238U
~ | 08 fission/w

Luminosity
Monitor

Electron Spectrometer

e Ap/p ~ 1073
E] AQ ~ 100 mSr

ectron long target acceptance ~ 50 cm
Spectrometer
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Electron scattering
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Electron Scattering May, 2016

Electron scattering provides direct and unambiguous
structure information of atomic nuclei
— >

w=e—e¢e

1. point particle f=¢&— o
2. electromagnetic interaction

I) coupling : charge and current => el.mag. structure

ii) “weak” -> probing whole volume

perturbation theory

lif) exp. data => structure information

3. variable q for fixed w
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Nuclei studied by electron scattering May, 2016

H.deVries, C. deJager and C. deVries
Atomic Data and Nuclear Data Tables 36 (987)495

B strictly limited to stable nuclei
B never applied for exotic nuclei (short-lived)
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o Most of stable nuclei (except noble gases such as Kr, Xe)
o some example for unstable nuclei such as °H, *C, 41Ca etc...
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“Hofstadter’s experiments for exotic nuclei”

low production rate
short half lives

expected low luminosity > elastic scattering

/

Elastic Scattering for spinless nuclei
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Beyond charge radii (isotope shifts)
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Cross Section (cm'z)
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Accessible g-range for L and Z

p(r) : two-parm. Ferm
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SCRIT electron scattering facility
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what is SCRIT (Self-Confining Rl Target) ??
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idea

Problematic ion trapping phenomena

@

electron storage ring

ionized residual gases are trapped
by the circulating electron beam

scattered

electron
vacuum

chamber

electron beam

residual gas ions

ill problem of e-storage ring

new ion trap for e-Rl scattering

trapping Rls on electron beam
(automatic e-scattering off trapped Rls)

Rls from an external
ion source

trapped Rl ejectron

electrode

electrode
manipulating injection,trapping and ejection

- for short-lived RI

Nucl. Instrum. Methods A532 (2004) 216.
Phys. Rev. Lett. 100 (2008) 164801.
Pays. Rev. Lett. 102 (2009) 102501.
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SCRIT electron scattering facility May, 2016

injector + ISOL driver
| 50MeV/0.5 mA peak/2 Us pulse

| RTM : Race Track Microtron

Electron energy - 150 - 700 MeV
stored current © 300 mA (as of today)
beam life time * 2 hours

Racetrack Microtron

-/

ISOL (ERIS)
photofission of 238U
1325n 1 3x10° @ 20W

Luminosity
Monitor

Electron Spectrometer

e Ap/p ~ 1073
E] AQ ~ 100 mSr

ectron long target acceptance ~ 50 cm
Spectrometer
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the SCRIT system May, 2016

Rl ions beam

| Trappingtime  Interval time
(240msec) (10msec)

Y 73° deflector
Wire target

\ L Switching deflector
Electron beam Scrapers I l
loss monitor . k\‘ o@ _d il
RIT device
A " g - _ = Electron beams
o[l |

T
TC it T IL

i IJ__H__LI Movable
i A

| -

|—| 73° deflector

Potential gate
switching

platform

Slits <

] — =
Mmoo

Channeltrons




NSws@Mainz
May, 2016




NSws@Mainz

lon trapping and luminosities May, 2016
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trapping efficiency ~ 100 %

overlapping efficiency ~ 17 %
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Luminosities May, 2016

~107 ions are trapped on e-beam (~ 1 mm?)

Nt ~107 /mm2=> 102 /cm?2
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Hofstadter’s era ~ InA (~107 1Al A28 2
(1950s) |50 MeV /s) 10" /cm 10%% /cm?/s

~I100pA ~1022 ~1036 /erm2
JLAB 6 GeV (~104 /s) 1044 /cm2 1036 /cm?/s

150 - 300 ~200 mA a9 ) e ,

SCRIT MeV (~10'8 /s) 10° /em 10%" /em?*/s




SCRIT electron scattering facility NSws@Mainz
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injector + ISOL driver
L | 50MeV/0.5 mA peak/2 Us pulse

| RTM : Race Track Microtron

Electron energy - 150 - 700 MeV
stored current © 300 mA (as of today)
beam life time * 2 hours

Racetrack Microtron

-/

ISOL (ERIS)
photofission of 238U
1325n 1 3x10° @ 20W

Luminosity
Monitor

Electron Spectrometer

e Ap/p ~ 1073
E] AQ ~ 100 mSr

ectron long target acceptance ~ 50 cm
Spectrometer




- NSws@Mainz
WISES May, 2016
(Window-frame Spectrometer for Electron Scattering)

€ long target acceptance (50cm)

®Ap/p <1023 @ Ee = 300MeV
& AO = 30° (45+15°), AQ~ 100 msr
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First physics run in April

132X e(e,e’)

Ee = 150, 200 and 300 MeV
0 = 30 - 60 deg.
=> q = 80 - 300 MeV

Ntrapped ~107 @ le = 250 mA
AT ~ a few days

Momentum resolution
to be improved

NSws@Mainz

400
300~

200

100— |
0 -
| !

Ee = 150 MeV

» . gay, 2016
Online” spectra

¢ =0.79 [MeV/c]
(Op/p ~5.3e-03)

L

100

1200
1000
800
600
400
200
0

150

| | |
11 120 130 140

Ee = 200 MeV

15

|
160

170

0 =0.71 [MeV/c]
(Op/p ~ 3.6e-03)

T

L

| | |
160 170 180

|
190

200

|
210

220



NSws@Mainz

First Physics Data from the SCRIT facility May, 2016

Yields

—e— Exp., Ee=150MeV
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Ee = 150 MeV

DWBA (DREPHA) calculation
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SCRIT electron scattering facility May, 2016

injector + ISOL driver
L | 50MeV/0.5 mA peak/2 Us pulse

| RTM : Race Track Microtron

Electron energy - 150 - 700 MeV
stored current © 300 mA (as of today)
beam life time * 2 hours

Racetrack Microtron
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ISOL (ERIS)
photofission of 238U

132Gn : 3x10° @ 20W

Luminosity
Monitor

Electron Spectrometer

e Ap/p ~ 1073
E] AQ ~ 100 mSr

ectron long target acceptance ~ 50 cm
Spectrometer
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ISOL (Isotope Separator On-Line)

Reaction : photo- (electro-) fission of 238U.
Target : house-made UCXx
Driver : Race Track Microtron
(Ee=150 MeV)
lon Source : FEBIAD type

T —

NIM B317 (2013)
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Photonuclear reaction of exotic nucler
at
the SCRIT electron scattering facility



NSws@Mainz

Nuclear response function in the (w, q) plane May, 2016
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Total Photoabsorption Cross Section May, 2016
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1) Response functions (operators : well-known)

2) Sum Rules

o° 212e’h NZ NZ
TRK sum rule /0 o(Ey)dE, = =y = (14 #) = 607 (L4 m)Mel - mb
Bremmstrahlung sum rule /OO U(EV)dE _in’e® NZ <r?>
o E, 7 3n A-1
] * o(E 272
Migdal sum rule / %d& = TP P : polarizability
0 v
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photonuclear reaction for exotic nuclei May@%m
132S5n+Pb -> 131Sn + n + X @ GSI
stable
only way : Coulomb excitation in heavy ion reaction T~
radioactive
RI beams 4
- . z
Y §_ 200
v~ 1 -
(ex.) Pb E
SCRIT facility i e
E’e=Ee-EY = 200
e-beam L]
) ——° =00
Ee %
Y - , -
v ~ 300 — 600 I @SCRIT E’ [MeV] E, [MeV]
@ o
purely EM probe
well under control Virtual Photon flux
ligible multi-st 2 2N EL
negligible multi-stop d°oc d“N;7"(E,Ey,0 -JEL(E )
F e g
ultra-forward dEdS) dE,dS) g

electron scattering



NSws@Mainz

Expected reaction rate for L = 10*” /em?/s ;%

0.6 e
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Possible photoabsorption exp. at the SCRIT facility May, 2016

Inclusive measurement :
detecting energy-lost electron at the SCRIT target in the bending magnet

w (Ey) = Ee - E€’ k

electron
detector

Photon Calorimeter
(bremss. veto)

SCRIT

Ee

background sources
1) lost electrons from the circulating orbit

2) bremsstrahlung : 0, ~m./E.  ~3mradforEe=150 MeV  Oppems ~ 10° 0.4

Feasibility studies on those backgrounds using plastic scintillators inserted
1) background counting rate is quite low (small acceptance, well-shielded)

2) bremsstrahlung events are clearly identified.
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Conclusions May, 2016

1. SCRIT electron scattering facility started its operation.
2 . stable 132Xe (e,e’) measured: L ~ 1027 /cm?/s with ~107 ions on e-beam
do/dQ @ g < 1.5 fm"

3. first e+Rl (138Xe, 132Sn) scattering starts soon @ L > 10226 /cm?/s
ISOL (y+U) : towards higher beam power (20 W ---> 1 kW) : ~108 fission/W

Future perspectives
Total photo absorption cross section of exotic nuclei covering the whole GDR region
ultra-forward inelastic electron scattering : well established in “old-days” experiments

L ~ 10%7 /cm?/s is high enough for measuring oiotal(EY) in Ey < 30 MeV
background study : positive



