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Nuclei studied by electron scattering April 25-27,2016

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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50 o Most of stable nuclei (except noble gases such as Kr, Xe)
o some example for unstable nuclei such as 3H, *C, 41Ca etc...
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Hofstadter’s experiments for exotic nuclei April 25-27,2016

low production rate —> no “thick” target
short half lives

expected low luminosity [=> elastic scattering
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Beyond charge radii (isotope shifts)

ChargeDis_132Sn_fixR2_2

April 25-27,2016
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Accessible gq-range for L and Z April 25-27, 2016

p(r) : two-parm. Ferm
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The SCRIT electron scattering facility

world's first electron scattering facility for short-lived nuclei
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o ope Saclay WS, France
SCRIT electron scattering facility @ RIKEN  /,: 57 516

injector + ISOL driver
150MeV/0.5 mA peak/2 Ys pulse

‘ RTM : Race Track Microtron

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

Racetrack Microtrcyr/

_/

"1ISOL (ERIS)
photofission of 238U
132G : 3x10°> @ 20W

Luminosity
Monitor

Electron Spectrometer

Ap/p ~ 1073
e AQ ~ 100 mSr
Electron

long target acceptance ~ 50 cm
N s v ol v e v ol s e
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First Physics Data from the SCRIT facility
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132X e(e,e’)

First electron scattering data
for (stable) Xenon nuclei.

~107 ions on the electron beam

(Liq. Xenon for Dark matter search ?)

Switching to unstable 138Xe this summer

Kyo Tsukada
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we are here!
. | SCRIT

Collider

Toward scattering
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Photonuclear reaction of exotic nuclei
at
the SCRIT electron scattering facility
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Nuclear response function in the (w, g) plane April 25-27, 2016

w~ q (photon point)
w ~ 0 MeV : isotope shift, B-NMR with stopped RI
w ~ a few MeV : B(E2) (Coulomb excitation)

w ~ afew 10 MeV : GDR @ SCRIT++ (Total Photoabsorption)

w < g (electron scattering)

w ~ 0 MeV : charge density distribution
w > 0 MeV : transition density, Giant Resonance, QE (e,e’p) ...

o |
o3
T |5

elastic

SCRIT+ +

time-like region w

\ 4

real photon

>Resonances W = q
A, N .
Quasi-elastic
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Total Photoabsorption Cross Section April 25-27,2016

8 10 12 14 16 18 20 ae 24 26

30t (a) 133CS~

Cross Section (mb)

0 l(y.n) 7(7.2n) (7.3n)|

1) Response functions (operators : well-known)

2) E1 Sum Rules

> 2m2e?h NZ NZ
TRK sum rule /0 o(Ey)AE, = == = (L k) = 00— (1 + w)Mel - mb
o0 2,2
Bremmstrahlung sum rule / )y, AT NZ o
o B, 3h A—1

. *o(E 272
Migdal sum rule /O (E;)dE7 = —P P : polarizability
i
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otot in GDR region April 25-27.2016
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photo-nuclear responses of exotic nuclei April 25-27,2016

spherical Prolate o Triaxial nuclei
) & & &

R. Bergere :Lecture Note in Physics, 61 (1971) 84
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Triaxial nucleus and their orot(EY) April 25-27,2016
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Total Photoabsorption Cross Section April 25-27,2016

1. Attenuation method
N(E,) = NO(Ew)e_nUtOt(EW)
Yy =2 =D 1ot (Ey) = 011 (,) + oomie(E, )

2. Optical theorem

(elastic) Compton Scattering \
do
d_Q(E’Y? 9) — |R(E77 9)|2
Y :{> -------- > A

PN Otot(By) = dmo— - ImR(E,,0)

3. detecting all final states

few nucleon system, heavy nucleis (y,xn)

Utot(Ev) — Uﬁ)t(Ev) T aﬁt(E,y) T Ufot(Ev) T

/‘ e’ electro-excitation
/ e + virtual photon theory

e | d &

’:) photo-reaction cross section

' 4. virtual photon tagging
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otoT by attenuation method April 25-27,2016

under huge EM backgrounds (Compton scattering, pair production)
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photonuclear reaction for exotic nuclei April 25-27,2016

132Sn+Pb -> 131Sn + n + X @ GSI

ST : : tabl
only way : Coulomb excitation in heavy ion reaction R e
: strong int. and/or multi steps ???

RI beams 4
- o

radioactive
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g 100
©
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SCRIT facility ' e-beam e E
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well under control
negligible multi-stop Virtual Photon flux
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Virtual photon flux




Expected reaction rate for L = 102’ /cm?/s
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p
virtual photon theory
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Comp. Phys. Comm. 32 (1984) 291
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Possible photoabsorption exp. at the SCRIT facility April 25-27,2016

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 : ¢, ~m./E,  ~3mradforEe=150MeV  Oprems ~ 10° 0ya

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 April 25-27,2016

1. SCRIT electron scattering facility started its operation.

2 . Electron accelerator + SCRIT system : req. luminosity achieved (L ~ 10?7 /cm?/s)

3. ISOL (y+U) : towards higher beam power (a few W -> 20 W ---> 1 kW) : ~108 fission/W
4 . first e+Rl ('38Xe, 132Sn) scattering starts soon @ L > 102526 /cm?/s !

5. photonuclear response of exotic nuclei

ultra-forward inelastic electron scattering : well established in “old-days” experiments
L ~ 1027 /cm?/s is high enough for measuring Ototal(Ey) in Ey < 30 MeV
background study : positive



