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What is nuclear physics?

N neutrons 4+ Z protons Nuclei A 4+ Nuclei B at Energy E
® predict all eigen states e predict all final states
e predict any obervable: E, J%, g,... e predict C.S. for each one

— Getting the underlying W.F. right —» Getting the underlying W.F. right

a bunch of people Direct Reactions
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A daunting task?

Solving the "too many / not enough" body problem with an unknown interaction

Current model doing OK:
— Predict trends
> Need to tune per region
— Fail at predicting details

"You know what | mean" by Rafa Jenn

a bunch of people Direct Reactions
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A daunting task?

Solving the "too many / not enough" body problem with an unknown interaction

Current model doing OK:
— Predict trends
> Need to tune per region
— Fail at predicting details

Hang on people!
e First 70% of a task in 30% of time
® 39 years from Nucleus to S.M.
— All done in 2041

"You know what | mean" by Rafa Jenn
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Using directe reactions

Any reaction that occure in a single-step
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Using directe reactions

Any reaction that occure (mostly) in a single-step

Selectivity Sensitivity

Memory of initial state C.S. carries W.F. information

\/
Spemﬁc state structure Probe < AV >

Single Partlcl
np-nh  Cluster
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Using directe reactions

Any reaction that occure (mostly) in a single-step

Selectivity Sensitivity

Memory of initial state C.S. carries W.F. information

\/
Spe(nﬁc state structure Probe < AV >

Single Partlcl
np-nh  Cluster

price to pay = small cross section
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Using directe reactions

Any reaction that occure (mostly) in a single-step

Transfer 4——
\ \
(d,p) (t,p) Direct Reactions

("Li,t)
~10A MeV

(In)elastic Scattering \ Charge Exchange
(p,p") (e, ("Li,"Be) (14C,140)
~10-50A MeV Coulex ~100-200A MeV

~3-1000A MeV
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Using directe reactions

Any reaction that occure (mostly) in a single-step
Transfer 4——
v \ .
(d,p) (t.p) ~30-100A MeV

Direct Reactions
("Li,t)

~10A MeV

~100-1000A MeV

(In)elastic Scattering \ Charge Exchange
(p,p") (e, ("Li,"Be) (14C,140)
~10-50A MeV Coulex ~100-200A MeV

~3-1000A MeV
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Extracting structure information from transfer

do_ Mabp Ky 1 yp o
dQ  (2nh?)? ke (2J5+1)(2Ja+1) Mo Mg “

Tup = [ 2518, Ks) OV 1V1) - (90l Vo ) a7 Ko Il

Transition Matrix element
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@000

Extracting structure information from transfer

do_ Hallp Jp 1 Y | Tapl
d - (2mh*)? ka (2J5+1)(2Ja+1) i, “

Tap = [ 15106 (VA 193) - 06| Vil ) 1 (7 ) sl

Optical Potential describing elastic scattering

¢ Assume elastic scattering is dominant

¢ Imaginary part summed all other process
® Valid only at "small" CM angle

® Non-unicity of the solution

> Need for large data set in the region

— cf M. Grasso for theory driven one

a bunch of people Direct Reactions
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Extracting structure information from transfer

do_ My o1 ¥ TP
dQ (27rﬁ2)2 ka(2ja+1)(2JA+1)MaMﬁ @

Tup = | 23780, Ko)W1V - (01 Vi 02 X, o) ITaa 7

ab-initio calculation
or phenomenologic prescription
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Extracting structure information from transfer

do_Mabp lg 1y 7,.p
dQ  (2nh?)? ko (2J5+1)(2Ja+1) Mo Mg “

Tap = /XE(réb»Eb)<Wf‘wi> (05| Vina| §) Xa(Fas ko) dFaadap

Structure Input : nuclear overlap function
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Extracting structure information from transfer

do_pup 1o
dQ  (2nh?)? ko (2J5+1)(2Ja+1) Mo Mg “

Tap = /Xﬁ(r§b7Eb)<Wf‘wi>’ (05| Vina| §) Xa(Fas ko) dFaadap

Structure Input : nuclear overlap function

Spectroscopic factor:

S— / P2 (W W) 2d7 & / 12| 0|27
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Extracting structure information from transfer

do_ iy fo Ly iro
dQ  (2nh?)? ko (2J5+1)(2Ja+1) Mo Mg “

Top = / X5 (B, ki) (W 1V, - (96| Vira| 02) ot (FAay Ka) dFaad P

Structure Input : nuclear overlap function

Spectroscopic factor: Overlap injected directly:
e Correct shape :
S = /r2<\|lf\\|1;>2dfz/r2|¢n\2d? — correct overlap (AL)
— correct potentials (Real)
¢ Correct amplitude:
— correct overlap (Binding)
— correct potentials (Imaginary)
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Direct Reactions
@000

Extracting structure information from transfer

do_ iy fo Ly iro
dQ  (2nh?)? ko (2J5+1)(2Ja+1) Mo Mg “

Tup = | 23180 Ko) (V10 (96| Vil ) a7 Ko ATa it

Structure Input : nuclear overlap function

Spectroscopic factor: Overlap injected directly:
¢ Correct shape :
S = /r2<\|l,c\\ll,->2dF% /f2|¢n\2d7 — correct overlap (AL)
— correct potentials (Real)
¢ Correct amplitude:
— correct overlap (Binding)
— correct potentials (Imaginary)

— typical ~20% incertitude on S
(d,3He) vs (e,e'p)

a bunch of people Direct Reactions
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Extracting structure information from Coulex

Cline's criteria

Large impact parameter — Small scattering angle — "Safe" Coulex
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Extracting structure information from Coulex

Large impact parameter — Small scattering angle — "Safe" Coulex

dGif o dGruth
dQ  dQ

Pif — Pir = (Za(n))2

n
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Extracting structure information from Coulex

Large impact parameter — Small scattering angle — "Safe" Coulex

dGif _ dGruth
dQ2 dQ2

Pif — Pif = (Za("))2
n

aW) o< (We|M(E2)|V}) < B(E2) <= Tys

o) o Y (W [ M(E2)| W) (W M(E2) W)

J
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Extracting structure information from Coulex

Large impact parameter — Small scattering angle — "Safe" Coulex

a® oc Y (W | M(E2)|W)) (W M(E2)|W))

J

For j = f — reorientation effect
a'®) o (W |M(E2)|Ws) (We|M(E2)|W))
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Extracting structure information from Coulex

Large impact parameter — Small scattering angle — "Safe" Coulex

3(2)O<Z(‘Uf\M(EZ)WJNWJ‘M(Ez)WO 21(12> al?)

J

For j = f — reorientation effect — typical ~5% incertitude on M.E.
2@ o (W |M(E2)|W¢) (W | M(E2)|W;) — down to ~1% with Ty,

a bunch of people Direct Reactions
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Extracting structure information from Coulex

High-energy Coulex formalism

Z.e* « sensible to all B(EA
or ~ (A - =)
0 single step only
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Extracting structure information from Coulex

a bunch of people

e sensible to all B(E1)

® single step only

Correction [%]

100
Ejab [MeV/nucleon]

C.A. Bertulani et al, Phys.Rev. C68 (2003) 044609

Direct Reactions




Direct Reactions Shell evolution
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Extracting structure information from Knock-out

Knock-out formalism for NA(T,X)NA*1
Core + nucleon n = |V;) = |[V¢) @ |n)

Osp = Oabsorbtion + Odiffraction

a bunch of people Direct Reactions
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Extracting structure information from Knock-out

Core + nucleon n = |V;) = |V¢) @ |9,)

Osp = Oabsorbtion + Odiffraction

Glauber formalism |Sc|* — core survived

Oabsorbtion = / b|5C|2(1 - |5n|2)db

1—|Sn|? — nucleon is gone
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Extracting structure information from Knock-out

Core + nucleon n = |W;) = |V¢) @ |9,)

Osp = Oabsorbtion + Odiffraction

Glauber formalism |Sc|* — core survived

Oabsorbtion = /b|5C|2(l - |5n|2)db

1—|S,|> = nucleon is gone

Eikonal approximation

> +
SC(B) — e"GNN prore(Ibe‘)pTarget(‘F‘)szL

onn(p) =~ onn

a bunch of people Direct Reactions



Direct Reactions
[e]o]e] )

Extracting structure information from Knock-out

Core + nucleon n = |W;) = |V¢) @ |9,)

Osp = Oapsorbtion + Odiffraction

Glauber formalism |Sc|* — core survived

Oabsorbtion = /b|5C|2(l - |Sn|2)db

1—|S,|> = nucleon is gone

Eikonal approximation

> +
SC(B) — e"GNN prore(lbe‘)pTarget(‘F‘)szL

onn(p) =~ onn

PCore = Ptot — |¢n|2
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Direct Reactions
[e]o]e] )

Extracting structure information from Knock-out

Core + nucleon n = |V;) = |[V¢) @ |9,)

Osp = Oabsorbtion + Odiffraction

Glauber formalism |Sc|* — core survived

Oabsorbtion = /b|5C|2(l - |Sn|2)db

1—|S,|> = nucleon is gone

Eikonal approximation

SC(B) — e"GNN prore(‘Bi?‘)pTarget(‘F‘)sz‘L +

onn(p) =~ onn

PCore = Ptot — |(]>n|2

(Be,X) vs (e,e'p) = typical ~20% incertitude on S

a bunch of people Direct Reactions
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Shell evolution
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Breaking the shell
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® N=8 : "Parity inversion"

| | |
60 80 100 120 140 160 180
N

a bunch of people Direct Reactions



Shell evolution
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Breaking the shell

NT200 0 A brief history:
- , ® N=8 : "Parity inversion"

® N=16 : "Exotic magic number"
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Shell evolution
[ 1]

Breaking the shell

N120 A brief history:

- , ® N=8 : "Parity inversion"
® N=16 : "Exotic magic number"
® N=20 : "The Island of Inversion"

| | |
60 80 100 120 140 160 180
N
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Shell evolution
[ 1]

Breaking the shell

N120 A brief history:

- , ® N=8 : "Parity inversion"
® N=16 : "Exotic magic number"
® N=20 : "The Island of Inversion"

e N=28 : "Shaping nuclei"

| | |
60 80 100 120 140 160 180
N
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Shell evolution
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Breaking the shell

NIZO A brief history:
- , ® N=8 : "Parity inversion"
® N=16 : "Exotic magic number"
® N=20: "The Island of Inversion"
e N=28 : "Shaping nuclei"
N=40 : "Mid-Shell crisis"

| | |
60 80 100 120 140 160 180
N
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Shell evolution
[ 1]

Breaking the shell

NIZO A brief history:

- , ® N=8 : "Parity inversion"
® N=16 : "Exotic magic number"
® N=20: "The Island of Inversion"
e N=28 : "Shaping nuclei"
° N=40 : "Mid-Shell crisis"

Open Territory:
N=50 & Z=28
N=50 & Z=50
N=82 & Z=50
N=126

| | |
60 80 100 120 140 160 180
N
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Breaking the shell: a naively monopolar view
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Breaking the shell: a naively monopolar view

Mainly Single Particle Intruder states & Shapes coexistence

S.P. & np-nh < collectivity

> @@ < pairing

2000
00000

00000
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Breaking the shell: a naively monopolar view

Mainly Single Particle Intruder states & Shapes coexistence

S.P. & np-nh < collectivity

2 —
2000
00000

so0eoe
N/Z # 1

hard

1
1
1
1
|
|
|
1
1
| —
1 @@ <" hpairing
1
1
1
I
|
|
I
1
1
1
1
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Breaking the shell: a naively monopolar view

Mainly Single Particle Intruder states & Shapes coexistence

S.P. & np-nh < collectivity

2 —
2000
00000

so0eoe
N/Z # 1

hard

1
1
1
1
|
|
|
1
1
| —
1 @@ <" hpairing
1
1
1
I
|
|
I
1
1
1
1

Constraint Predict
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Breaking the shell: a naively monopolar view

Mainly Single Particle Intruder states & Shapes coexistence

S.P. & np-nh & collectivity

*o— =
0000
00000

soo0oe
N/Z # 1

hard

1
|
|
1
1
1
1
1
1
|, —
1 L @@ hairing
|
1
1
1
1
1
1
1
|
|
1
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Shell evolution around "8Ni

v Doubly magic: N=50, Z=28, yet not a good core
v/ Low 2] = np-nh = Gap ? Valence Space? Interaction?
v Hints 05 23 == Spherical/Prolate

@ Experimental*®
% This work

4 305 403434
289 2+ 300 4
2 .
T2 st 2482

E@)) (Mev)
Energy (MeV)
©

vy o 0_o0 o_ o 0 0 0 o0

oLOY vo oo 000 0
38 40 42 44 46 Experimental SSM28 MCSM IM-SRG  QRPA
Neutron number, N

R. Taniuchi et al, Nature 569, 53-58 (2019)
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Shell evolution

@00000

Shell evolution around "8Ni

v/ Doubly magic: N=50, Z=28, yet not a good core
v Low 2] = np-nh => Gap ? Valence Space? Interaction?

v Hints 0 23 == Spherical/Prolate

X Difficult to produce : hard for fragmentation, out of reach for ISOL

10133
1012
101
10104
1095
108

50MeV electrons

10134
1012
101
107104
109
10784
1074
1084
1084
104
1073
1072
104

"

| Particle Accel 2015 (IPAC 2015)

a bunch of people

Direct Reactions
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

a bunch of people Direct Reactions



Shell evolution
0@0000

Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

a bunch of people Direct Reactions



Shell evolution
0@0000

Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

i 14
80 Ni(p, p2n)
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

®TE
T V\mu

80 Ni(p, p2n) Cu(p, 2p)
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

®TE
T V\mu

80 Ni(p, p2n) Cu(p, 2p)
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

73Culp.20)Ni, M, < 6 E 151 | b Gate on 2,600 keV.
583(10)

Counts per 100

th Ml il
2,000
Energy (keV)

I 1,540(30)2,110(50)|2,600(33)
d A

\

5 pps "°Cu

290 pps 8°Zn
26% efficency
10cm LH; target

o
Counts per 80 keV.

50Zn(p, 3p)7Ni, M, < 4

1,067(17)

Counts per 80 keV

3,000 4,000
Energy (keV)

R. Taniuchi et al, Nature 569, 53-58 (2019)
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

® High energy beam
— Thick target
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

® High energy beam
— Thick target

* (p.2p) (p,3p) (p,pn)
— Tracker
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

® High energy beam
— Thick target

* (p.2p) (p,3p) (p,pn)
— Tracker

¢ Building level scheme
— Nal detector
— High-Efficiency
— y—7 coinc.
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

® High energy beam
— Thick target

* (p.2p) (p,3p) (p,pn)
— Tracker

¢ Building level scheme
— Nal detector
— High-Efficiency
— y—7 coinc.

R. Taniuchi et al, Nature 569, 53-58 (2019)
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

® High energy beam
— Thick target

* (p.2p) (p.3p) (p.pn)
— Tracker

¢ Building level scheme
— Nal detector
— High-Efficiency
— Y— 7Y coinc.

® Detail spectroscopy
— Ge Tracking array

— High state density
— Low Eff. but good FWHM

Bootstrap MINOS-MINIBALL-GRETINA

a bunch of people Direct Reactions
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

High energy beam Silicon tracker + LH»
— Thick target DALI/CALIFA and/or AGATA
(P.2p) (p.3p) (P.pn)
— Tracker

Building level scheme
— Nal detector
— High-Efficiency
— Y—Y coinc.

Detail spectroscopy
— Ge Tracking array

— High state density
— Low Eff. but good FWHM

Darmstadt, RIKEN, LPC, FAIR
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

High energy beam
— Thick target
(p.2p) (p.3p) (p.pn)
— Tracker
Building level scheme

— Nal detector
— High-Efficiency
— Y— 7Y coinc. — e

500 1000 1500 2000 2500 3000
£, (keV)

Detail spectroscopy
— Ge Tracking array
— High state density
— Low Eff. but good FWHM

counts/ 4 keV
& 3 8

500 1000 1500 2000 2500 3000
(keV)
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Shell evolution around "8Ni: Short term

High energy knock-out at RIKEN

High energy beam
— Thick target
(p.2p) (p.3p) (p.pn)
— Tracker
Building level scheme

— Nal detector
— High-Efficiency
— Y— 7Y coinc. — e

500 1000 1500 2000 2500 3000
£, (keV)

Detail spectroscopy

— Ge Tracking array
— High state density
— Low Eff. but good FWHM

Zero degree-detection

N Spectrometer 500 1000 1500EV (k;/o)oo 2500 3000

counts/ 4 keV'
& 3 8
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Shell evolution around "8Ni: mid-term

Transfer and coulex at SPES-TRIUMF-ISOLDE

! @@ EXP. Lif.
'VP-SU(3) —se—| —m EXP. Coul.
-9 DD-PC1
. ©-© SM.Ni78-1
— EuppmAB, Ay V8o v v P-SUQ3)

- A A g,,P-SUG)

- — 0 Calc
®-00' Exp

0
9
8
7
6
5
4
3
2
1
0

30

) Il Il 1
Zn Ge Se Kr
A. Gottardo et al, PRL 121, 192502 (2018) C. Delafosse et al, PRL 116, 182501 (2016)

B-decay 80Ga=80Ge at ALTO Fusion and transfer-fission of U-Be at GANIL

a bunch of people Direct Reactions
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Shell evolution around "8Ni: mid-term

Transfer and coulex at SPES-TRIUMF-ISOLDE
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Shell evolution around "8Ni: mid-term

Transfer and coulex at SPES-TRIUMF-ISOLDE

Locating
deformed 27" in Zn and Ge

Small B(E2) spherical-deformed
Large B(E2) deformed-deformed
Quadrupolar moment = f3
Life-Time by DSAM

Coulex of 80:8284Ge and 7880827 epherica

a bunch of people Direct Reactions
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Shell evolution around "8Ni: mid term

Transfer and coulex at SPES-TRIUMF-ISOLDE

® Low energy beam

— Thin target

— Compound foil (CD3)
— Implanted (Ti-t)
—

Cryogenic (CHyMEN)
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Shell evolution around "8Ni: mid term

Transfer and coulex at SPES-TRIUMF-ISOLDE

® Low energy beam
— Thin target
— Compound foil (CD3)
— Implanted (Ti-t)
— Cryogenic (CHyMEN)
* (d,p), (d,t), coulex
— 47 Silicon array
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Shell evolution around "8Ni: mid term

Transfer and coulex at SPES-TRIUMF-ISOLDE

® Low energy beam
— Thin target
— Compound foil (CD3)
— Implanted (Ti-t)
— Cryogenic (CHyMEN)
* (d,p), (d,t), coulex
— 47 Silicon array
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Shell evolution around "8Ni: mid term

Transfer and coulex at SPES-TRIUMF-ISOLDE

® Low energy beam
— Thin target
— Compound foil (CD3)
— Implanted (Ti-t)
— Cryogenic (CHyMEN)
* (d,p), (d,t), coulex
— 47 Silicon array
¢ Detail spectroscopy

— Ge Tracking array
— High state density
— Low Eff. but good FWHM
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Shell evolution around "8Ni: mid term

Transfer and coulex at SPES-TRIUMF-ISOLDE

® Low energy beam
— Thin target
— Compound foil (CD3)
— Implanted (Ti-t)
— Cryogenic (CHyMEN)
® (d,p), (d.t), coulex
— 4n Silicon array
® Detail spectroscopy
— Ge Tracking array
— High state density
— Low Eff. but good FWHM

GRIT: IN2P3-INFN
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Shell evolution around "8Ni: mid term

Transfer and coulex at SPES-TRIUMF-ISOLDE

Low energy beam

— Thin target

— Compound foil (CD3)
— Implanted (Ti-t)
.

Cryogenic (CHyMEN)
(d,p), (d,t), coulex
— 4n Silicon array
Detail spectroscopy

— Ge Tracking array
— High state density
— Low Eff. but good FWHM

Zero degree-detection
— Spectrometer

GRIT: IN2P3-INFN

a bunch of people Direct Reactions
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Shell evolution around "®Ni: long-term

Coulex of "™Ni and beyond at RIKEN and/or FAIR

Probing physics beyond 2
e Stat:

— need x10 beams
— need high-efficiency

¢ Density of states:

— need high-resolution
® High velocity:

— need tracking

= Best tool: AGATA 4rn
= Realistic ~ 37

a bunch of people Direct Reactions
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Shell Evolution at 132Sn and 199Snp

Doubly magic, but a good core?
ISOL/Frag accessible
> Result to be improved

> Whole region to be mapped

> Removal: RIKEN/FAIR

> Addition:
SPES/TRIUMF/ISOLDE

-1 0
Q (MeV)

K.L. Jones, Nature 465, 454-457(2010)
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o

Shell Evolution at 132Sn and 199Snp

v Doubly magic, but a good core?
v/ ISOL/Frag accessible
Result to be improved

=
= Whole region to be mapped
=

Removal: RIKEN/FAIR
> Addition:
SPES/TRIUMF/'SOLDE K.L. Jones, Nature 465, 454-457(2010)

-1 0
Q (MeV)

X Out of reach today
v N=Z = Effect of p-n pairing
= ISOL accessible?

a bunch of people Direct Reactions



Introduction Direct Reactions Shell evolution
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nucleon-nucleon interactions
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n-n interactions
(]

p-n pairing

Nature of p — n pairing: Superfluids
O (Ag—> At2y,)

® isovector = isospin symmetry - (e

-2 /\
® jsoscalar = a lot of uncertainties

2H bound:
L4 J=1+, T=O Vibrations
e T=0> T=1 y e

T=0 superfluid phase? Particie A

Closed shell

® collective mode

® isoscalar = (d,*He),(*He,d) * Max effect in N=Z
* isovector = (p,3He),(3He,p) * Max effect mid-shell

a bunch of people Direct Reactions



n-n interactions
(]

p-n pairing

Recently done: LISE exp.
N\

* 56Ni(p,3He)**Co (LISE)
* 52Fe(p,3He)*°Mn (LISE)
To be done:
® 50Nj(3He,p)%8Cu (SPIRALL+)
® 48Cr(3He,p)**Mn (SPIRAL1+)
* “8Cr(p,3He)*V (LISE)
Setup:
¢ GRIT-AGATA-ZDS + cryo target

—
=
T

o(0+,T=1)/o(1+,T=0)

® isoscalar = (d,*He),(*He,d) o Max effect in N=Z
* isovector = (p,3He),(3He,p) * Max effect mid-shell

a bunch of people Direct Reactions



n-n interactions
o

3-body forces in light nuclei

ab initio
* MBPT & IMSRG
° LT = B(M1)
® sensible to NNN
First AGATA result:
® encouraging £ hov
® DSAM technique

18
[} O+T| ZgUU 2320 2340 2360 2380 2400 2420 2440 2460 2480 2500

e difficult due to BR M. Ciemala (ifj-PAN) et al, to be submitted to PRL
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n-n interactions
o

3-body forces in light nuclei

Next step: 1°0(d,p)

® Selectivity

® Fine tune sensibility

® GRIT-AGATA-VAMOS
Next next: 15C(d,p)

® Hints VAMOS-AGATA

® Possible at LISE

¢ Specific setup

‘Simulated 0 2; decay with backing of 20 mg/om? of Au

y
1 o

1

i

‘lHn e
f :‘.Hh{[]llﬂh:

s

E.Clement e775s MUGAST-AGATA-VAMOS 2020
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n-n interactions
o

3-body forces in light nuclei

Next step: °0(d,p)
® Selectivity

® Fine tune sensibility

¢ GRIT-AGATA-VAMOS
Next next: 15C(d,p)

® Hints VAMOS-AGATA

® Possible at LISE

¢ Specific setup

NN

+
NNN

[ == E,=2217 keV, =60 s AR
30 — E,=2215keV, 1=230fs JI\ k) LI

2214 2218
Ey [keV]
even more sensitive
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n-n interactions
°

Cluster study < np-nh

Phenomena of custering is emerging in n-rich nuclei = ¢f O.Sorlin talk

° 150(7 Li,t)lg Ne: GRIT demonstrator

— Hot-CNO cycle
— o capture rate
Selectivity:
— Only cluster state
— Ex observable
~ AGATA

f
WA
‘UIJ

™ W‘W I il m

1 [
7000 1san

C. Diget and N. de Sereville
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Conclusion
@00

The collaboration

[JCLab: IPHC:
® Assié
® Astier ® Duchene
® Beaumel ¢ Didierjean
Bluemenfeld ® Moukaddam
Franchoo

Achouri

Delaunay Clement
Flavigny de France
Gibelin Lemasson
Marques Roger
Matta Sorlin

Orr Rejmund

Georgiev

Ljungvall IP2I:

Lozeva ® Dudouet
Matea

Many more things not mentionned

Parlog
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Low Energy High Energy
Add

Target  Cryo. >*He and 1?H, Solid 3H Cryo. 'H

1JCLab, IRFU, INFN IRFU, Darmstadt

Charged Particle GRIT == TR ASSE

1JCLab,LPC,GANIL,INFN Darmstadt, RIKEN, LPC, FAIR

y-rays 3-4TAGATA

all of europe

I
Main facilities SPES-TRIUMF : FAIR-RIKEN

Physics: Technical:

Nowacki ® Caceres

Grasso * Flavigny * Lopez-Martens
Blender Sorlin * Duchene
Hupin Hammache * Jurado

Lacroix Gulminelli
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Direct reactions timeline

1
MUGAST-AGATA MUGAST-EXOGAM? FF? + Electron

GANIL————— ] remvene sanm | s ing?

re-accelerated
beam:

HiCARI STRASSE-CATANA Beam x5 Beam x10

TINA-OEDO

|
|
RIKEN t
1
|

SPES — ORI A e
|

TRIUMF 222 _ARIEL Target Upgrade

FAIR — - - 22

not mentionning ISOLDE, FRIB, RAON
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