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MOTIVATION: PYGMY RESONANCE
PDR has been mostly Manifests itself as
interpreted as
collective oscillation
of neutron skin against

E1 strength
concentration around
the particle binding

the core energy
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MOTIVATION: PYGMY RESONANCE

Manifests itself as
E1 strength
concentration around
the particle binding

PDR has been mostly
interpreted as
collective oscillation
of neutron skin against

the core energy
A skin € core
Theory: Different approaches give varied (’
predictions in terms of collectivity, strength and £ n€>P
line-shape of the PDR g PDIR GDR ’)
~— >
. oy . . 5 10 15 20 25
A broad systematic study itis necessary using Excitation Energy (MeV)

complementary approaches.
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IMPORTANCE OF PYGMY RESONANCE

Implications beyond nuclear structure of the low-lying E1strength

Neutron
rich nuclei

N
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IMPORTANCE OF PYGMY RESONANCE

Implications beyond nuclear structure of the low-lying E1strength
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IMPORTANCE OF PYGMY RESONANCE

Implications beyond nuclear structure of the low-lying E1strength

can be used for
neutron skin

thickness
determination
(neutron stars radius)
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Possible impact
on the
r-process

nucleosynthesis ..
nuclear symmetry energy il

(n rich matter)
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THE PREVIUOS EXPERIMENT: PYGMY IN NICKEL CHAIN

Why Ni chain?
PDR strength and position change as a function of the N/Z ratio
A lot of Ni isotopes are experimental available
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E. YUksel et al., Eur. Phys. J. A(2019) 55: 230
1
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THE PREVIUOS EXPERIMENT: PYGMY IN NICKEL CHAIN

Why Ni chain?
PDR strength and position change as a function of the N/Z ratio

A lot of Ni isotopes are experimental available
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E. YUksel et al., Eur. Phys. J. A(2019) 55: 230
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THE PREVIUOS EXPERIMENT: PYGMY IN NICKEL CHAIN

Why Ni chain?
PDR strength and position change as a function of the N/Z ratio

A lot of Ni isotopes are experimental available
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ONGOING: PDRIN %4Zn

Why 4Zn?
PDR depend on N/Z and quadrupole deformation parameter B, | *Zn | ¢'Zn | $2In | $Zn | *Zn | $Zn | ¢In
2.16E-1 2.36E-1 2.21E-1
. . . . ea
The nucleus with the highest 5, in A=60 mass region is °4Zn. s5cy | 9cy | sicy | s2cy 5 [scu [s5cu
| o g SINi | $ONi | NI |/ é2Ni | $3Ni
151 E-6to8Mev ¥ [ E=6tosmev 4 A i
to v
E - e I xe e |  The ongoing experiment
@
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Eﬁ' | + T 1a o - * T
w 0357 Mo T T Mo | Mo + ! ~ Mo
el J0 R ——
5m © “ing S “ing
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NZ B,

R. Massarczyk et al. Phys. Rev. Lett. 112, 072501 (2014)
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ONGOING: PDRIN %4Zn

Why 4Zn?
PDR depend on N/Z and quadrupole deformation parameter B, | *Zn | ¢'Zn | $2In | $Zn | *Zn | $Zn | ¢In
2.16E-1 2.36E-1 2.21E-1
. . . . ea
The nucleus with the highest 5, in A=60 mass region is °4Zn. s5cy | 9cy | sicy | s2cy 5 [scu [s5cu
I — SINi | 6ONi | 6'Ni |/62Ni | Ni
0] E=6to8Mev E=6008MeV 4 A e
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R. Massarczyk et al. Phys. Rev. Lett. 112, 072501 (2014)
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ONGOING: PDRIN %4Zn

Why 64Zn?

PDR depend on N/Z and quadrupole deformation parameter B, | *Zn | ¢'Zn | $2In | $Zn | *Zn | $Zn | ¢In
2.16E-1 2.36E-1 2.21E-1
The nucleus with the highest 5, in A=60 mass region is ®4Zn.
g p2 g 59Cu | $°Cu | ¢'Cu | $2Cu U | %Cu | 5Cu
! | 59Nj | 6ONi | 6INi |/ 62Ni | 63Ni
1 E,= 6108 MeV E=6008MeV 4 A e
‘e +
E e e The ongoing experiment
@
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a 0P “Mo T c:I:MD ! B _II]_:MG
—— oo T—— ||
m ““Nd I
11 12 1.3 1.4 15 10 0.1 0z 03
NZ B,

R. Massarczyk et al. Phys. Rev. Lett. 112, 072501 (2014)
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ONGOING: PDRIN %4Zn

Why 64Zn?

PDR depend on N/Z and quadrupole deformation parameter B, | *Zn | ¢'Zn | $2In | $Zn | *Zn | $Zn | ¢In
2.16E-1 2.36E-1 2.21E-1
The nucleus with the highest 5, in A=60 mass region is ®4Zn.
g p2 g 59Cu | $°Cu | ¢'Cu | $2Cu U | %Cu | 5Cu
! | | soNi | ¢oNi | s1Ni |/ é2Ni | 6N
15 E,= 610 8 MeV E = 6108 MeV *+ + 2 05E-1 1.96E-1
E e e The ongoing experiment
@
: H..l\_?' ‘“\____+
& Y
.Eﬁ, X ¥ .
@ 0% - o v o In Zn isotopes case, too, a
 A— ST — complementary experiment on
J . HOT-PDR will be proposed at the
1.1 1.2 0.1 0.2 0.3
B, IFIN-HH tandem.

R. Massarczyk et al. Phys. Rev. Lett. 112, 072501 (2014)
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THE NEW PROPOSAL: PDRIN ¢Zn

Why %Zn? 607n | $17n | 427n

* PDR strength depends on both the N/Z ratio and the 2.16E-1
quadrupole deformation parameter B,. Cu | ¢°Cu | ¢ICu

* 567nis deformed, similarly to %4Zn. o
* %7n and %2Ni have the same N/Z ratios. 2 05E]

This proposal

N
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THE NEW PROPOSAL: PDRIN ¢Zn

66
Why Zn? GOZn 611n 621n 63Zn
* PDR strength depends on both the N/Z ratio and the 2.16E-1
quadrupole deformation parameter B.. ¥Cu [ “%Cu | ¢ICu | ©2Cu
* 557nis deformed, similarly to ®4Zn.
66 62N : 58Nj | S'Ni [ ¢ONi | ¢'Ni
Zn and °“Ni have the same N/Z ratios. . N
This proposal
1 1.13 1.20
. i : .
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THE NEW PROPOSAL: PDRIN ¢Zn
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USED AND REQUESTED EXPERIMENTAL SETUP

TARGETs: PARIS e
64N]i 2 CLUSTER
Ni 30 mg/cm (CeBr
62Ni 100 mg/cm? +Nal: ;1)
58Ni 200 mg/cm? fLaBr3 Ce e
647n 50 mg/cm? . BEAM
66Zn 23 mg/cm?2 | VACUUM TARGET Pyl _—— DUMP

| CHAMBER b

' » | BEAM
Y PLASTIC {\_:‘_ B ""’;
SCINTILLATORS & _"""',»';
"’-"; KRATTA angles:
yj oo
/ * 9, =12°
: . 9, =18°
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USED AND REQUESTED EXPERIMENTAL SETUP

32 KRATTA

P~ ——
-

TARGETs: pAR.‘s““\-«\\
64N]i 2 CLUSTER

Ni 30 mg/cm s
62Ni 100 mg/cm? y +Nal:Ti)
58Ni 200 mg/cm? /LaBry:Ce

84Zn 50 mg/cm? /
56Zn 23 mg/cm?

[vacuum
| CHAMBER

TELESCOPES:
6 column of 5

detectos each

Resolution:

BEAM 2 MeV (FWHM)

DUMP

Angular resolution:

0.8°

V' pLasTIC _f/{:_f S
SCINTILLATORS &/

T KRATTA angles:

/

/ g 91 = 6"
LaBr,:Ce * 9, =12°
+Nal:Tl . 9y =18°
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USED AND REQUESTED EXPERIMENTAL SETUP

g . 32 KRATTA
TARGETSs: 8 PARIS . ,
4N 30 mg/om? / CLUSTER > TELESCOPES:
. (CeBr, 6 column of 5
**Ni 100 mg/cm? / +Nal:Tl) detectos each
58Ni200 mg/cm?  /LaBr;Ce 2\ Resolution:
%Zn 50 mg/em? | BEAM 2 MeV (FWHM)
66 2 [VACUUM p’ =1
Zn 23 mg/cm s pTARGET ‘7 A DUMP Angular resolution:
l « il .__ T ‘| BEAM 0.8°
Y pLasTic /{ !
SCINTILLATORS o P
,':fl" KRATTA angles:
PARIS DETECTORS: /. . 9, =6°
Phoswich \ LaBr;:Ce * 9, =12°
CeBr; or LaBr;:Ce + Nal tNall = s 4 LaBr;:Ce
Energy range up to 20 MeV. e Size: 3.5”x 8”
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THE EXPERIMENTAL TECHNIQUE

58N| 62N| 64N|
647N - 6Zn

N
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THE EXPERIMENTAL TECHNIQUE
@
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PYGMY DIPOLE RESONANCE IN THE DEFORMED NUCLEUS %Zn A. Giaz & M. Ciemala 11



THE EXPERIMENTAL TECHNIQUE

25007
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THE EXPERIMENTAL TECHNIQUE
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THE EXPERIMENTAL TECHNIQUE
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°2Ni & °8Ni DATA ANALYSIS: TIME SELECTION

[ns]

At LaBr_3 Plastic

: f i N R
2000 4000 6000 800 10000

o
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°2Ni & °8Ni DATA ANALYSIS: TIME SELECTION

30000

| Large"’o_':ui‘ﬁé’t
 LaBrgikg

TTT
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Time resolution
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LaBr,:Ce is §|
about an 0.9 ns 2
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°2Ni & °8Ni DATA ANALYSIS: TIME SELECTION

10000 10000

5000

30000—————— 30000 =
621\ | m - 62N Large-volume
X e o~ LaBr;Ce; 25°°°§_ LaBr;:Ce:
=15000 : o X.15000f—
i oo

llllllllllIlllllllllllll'l

910 T T o ok v o B

«..Plastic.vs .. -

Time resolution Background

Plastic vs r events shoud be
LaBr,:Ce is §| subtracted from
about an 0.9 ns ‘3 the data

FWHM
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®2Ni & °5Ni DATA ANALYSIS: DECAY TO THE GROUND STATE

Large-volume
LaBr;:Ce:
OFF y prompt
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®2Ni & °5Ni DATA ANALYSIS: DECAY TO THE GROUND STATE

— 10 Large-volume
20000 £ ol LaBr;:Ce:
%;150005— _%{ . y prompt
100005— g 10
e y-axis g
: v L O projection to R T e
30000 extract the y ke
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50005— ) E
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®2Ni & °5Ni DATA ANALYSIS: DECAY TO THE GROUND STATE

250005_6 10 Large-volume
200005— § 10@ LaBr3:Ce:
£ 15000F- ;| y prompt
1o000f- 5
= © 10g
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50000 extract the y '
E g o'k
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5000} — :
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0 T
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LaBr;:Ce: y prompt — LaBr3:Ce: OFF y prompt
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LaBr;:Ce: °Ni LOW ENERGY TRANSITIONS

The calibration need to be refined

Measured Possible Real 1200 1173 keV
Energy [keV] | Transition | Energy[keV] N 1163 keV
505 - 511 L2000
=2 N
2t > 07 1173 =800
T eSSk , 2099keV
o [ 2584 ke
1435 37 - 2% 1455 g 600" 511 keV e ey
2099 4% - 27 2104 -
° 200~
2289 2§ - 0" 2301 -
1 1 1 I | 1 1 | 1 1 B
2577 37 - 27 2584 % Eﬂlfﬂ 1000 Eﬁ[ﬂl-:}av] 2000 2500 3000
y
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PDR IN Ni ISOTOPES

it + SN
1042 i{i * O
SN :‘4, bosa

= AN P L 58
S s ey =~ “°Ni exp. bkg
2 10° NS “ = = ®2Ni exp. bkg
R~ NN — _ B4y
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% \\ \\i :
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g \\ .\'\\Q
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101 \ -; L

N ﬁ\i\: ! T -
L ~
‘!}- \ ;
1Du 1 1 L | 1 | TN \'¢| 1 _,
4 6 8 10 12 14 16 18
Energy [MeV]

The data for ®4Ni are based on a semi-online analysis.
.
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” s ONi&ON
°8Ni data/bgk _
10 ¢ R + 52N data/bgk | N/Z=1.21
- * ®4Ni data/bgk N/Z = 1.29
°l . : Pygmy
2 . expected
< 6 ¢ o0
; ¢ 58NIi
4 = # ° 1 Nl
L ¢ * o ® o o i N/Z=1.07
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PDR IN Ni ISOTOPES

Counts [500 keV/ch]
o

—_
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—
o
=

—_
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—_
o
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i . . . 12 S ' 52Nij & ¢4Ni
BN °8Ni data/bgk _
'ili! Pz . e ¢ gme N/Z=1.21
SN “I: . : ::Ni * 84Nj data/bgk N/Z =1.29
. R ¢ ~ = ""Niexp. bkg
\\ \\\\:l“' T EENiexp- bkg 8 * * Pygmy
\\ \‘-\\ R B-‘I-N .
N \'{;; Maurizio ¢ 00 expected
“ “\ L . 5
LR Giunta’s . _ 58N
N ';ﬁ‘f‘ Bachelor and o o o i N/Z=1.07
WEEN :?2 Master : i i No Pygmy or
| e & - negligible
4 6 8 10 12 14 7 8 9 10 11
Energy [MeV] Kacper Energy [MeV] Pygmyd
Proszowski’s expecte
The data for ®4Ni are based on a semi-online analysis.
.
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PDR DECAY TO GROUND STATE IN °2Ni

LI

Large-vo|um-é; oo

62N [

S
=
-
o
=
E
0

Two different cuts:

1) Ex=Ey (decayto the grond state)
2) Ex+5MeV=Ey

Gate width 5 MeV

- §¥
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PDR DECAY TO GROUND STATE IN °2Ni

- 62 h: o ' <3 i » ' g ——Decayto g.s.
25000/ Nl 3 Larg e VOIurp’e 41 —— Off gate
E .+ LaBrzCe 10
_ 20000 Sy promg =
> — B P PN T "-"E
£ 15000 L > 10%}
0 = R~
10000|— .”G_'l.
: 2102}
5000 =
B o
- O
101 3
h“ H ]
Two different cuts: 100 - l - : - e
2000 4000 6000 8000 10000
1) Ex=Ey (decayto the grond state) Energy [keV]
2) Ex+5MeV=Ey
Gate width 5 MeV

PDR decays to the ground state
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PDR IN 62Ni

10000 B Off gate spect
CUtW|dth2 = o Dec%ytog.s.
2 1000}
MeV as KRATTA 3
Y4
resolution S 100 : ;
Ex=Ey 2 A, \
S 10¢ _ i
Ex+2MeV=Ey 3§ wﬁ?
ﬁqﬁ;
T 6 s 10 12

Energy [MeV]
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PDR IN ®2Ni

Cutwidth 2
MeV as KRATTA
resolution
Ex=Ey
Ex+2MeV=Ey

10000

1000 ¢

Counts (100 keV/ch)

1

B Off gate spectra
® Decaytog.s.

"

4

e
c - 4
: \ 4
o]
O 500+ _

B Off gate spectra ;
Exp. Fit

3 4 5

6 7 8 9

Energy [MeV]
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e O
o #ﬁ'ﬁﬁ
6 8 10 12
Energy [MeV]
Off gate spectra
fitted with an
exponetial
Exponential fit

subtracted to the
data

A. Giaz & M. Ciemala
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PDR IN ®2Ni

10000 | | The calibration need to be refined
. l Off gatle spectra 10‘00 | 1 T I 1
Cut W|dth 2 = ® Decaytog.s. 900 I N B Exp Data 1
O ~ . ' n
MeV as KRATTA 3 "™} * = g0l —— 6.0 MeV “Ni(p,p'y) ]
, = O [ —— 7.2 MeV ®Ni(p,py)
resolution S 100} ; % 700 | —— 7.6 MeV ®Ni(y.y") 85'Ni(d,p) -
Ex=Ey 8 J."- \ X 600k ® | _——094MeV®Ni(n,y) 4
3 " w? | S sl o _"
Ex+2MeV=Ey § e I =3 Ll L _
L TeEl = a00fm ool ;
4 6 8 10 12 £ 300l | |
3500 [ Olffgate s:pectra- Energy [MeV] = I I
= 3000 Exp. Fit o 200 - . . 1
= 2500 Off gate spectra  © 1001 IH i
Q L 4
= . .
0 N ] L |
2 ?zzz fitted with an 5 3 10
@ exponetial
£ 1000 P Energy [MeV]

3 | \'“'w_ Exponential fit
O 500+t i

. . | | subtracted to the
3 4 5 6 7 8 9

Energy [MeV] data
e —
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PDR IN ®2Ni

10000

The calibration need to be refined

o : . ales E:‘C ra 1000 LI | | I
Cutwidth 2 = © Decyioge 900 | —#— Exp. Data ‘
o B . , 7
MeV as KRATTA 3 "™} * = g0l —— 6.0 MeV “Ni(p,p'y) ]
, = 2 [ —— 7.2 MeV ®Ni(p,p'y)
resolution S 100} : %’, 700 —— 7,6 MeV ®?Ni(y,y") &°*'Ni(d,p)
Ex=Ey 2 *, \ X o0k W |_——094MeVNin,y) 1
gy 3 " ex 2 1 3 500 %n'ﬂﬁ'ﬁ ]
Ex+2MeV=Ey § .83 - _ ji' - ]
L RewEl T oggole® [ -
4 6 8 10 12 £ 300 i . )
3500 I I [ Olffgate s:pectra- Energy [MeV] = I l
= 3000 Exp. Fit o 200 - . .. 1
S 2500 Off gate spectra O 100 - ‘H ]
Q L 4
X . . 0 L I . |
5 jzzz fitted with an 5 3 10
@ exponetial
2 1000 P Energy [MeV]

3 | ‘ | Exponential fit
o | subtracted to the Final goal : extraction of the PDR cross

3 4 5 6 7 8 9 ‘i
Energy [MeV] data section
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ELASTIC CROSS SECTION: °2Ni

By using plastic angles, the elastic cross section can be reproduced over
the angular range from 8° to 30°.

p + 62Ni (180 MeV) | x? proxy: 0.0109

mmmm FRESCO (Smeared Theory)
® Exp (Norm C=1.53e+02)

103

=
(=]
e

do/dQ [mb/sr]

10! 4

107

T T T T T T T T
10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0
Angle CM [deg]

Courtesy of M. Ciemata
e
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ELASTIC CROSS SECTION: °°Ni

By using plastic angles, the elastic cross section can be reproduced over — medium effect
o o - - realistic den.
the angular range from 8° to 30°. - original Horowitd
p + 62Ni (180 MeV) | x? proxy: 0.0109
mmmm FRESCO (Smeared Theory)
¥ Exp (Norm C=1.53e+02) It was
103 4
previously %
measuredin E
— 102 58, .. G
2 Osaka for Ni % |
E -1 SO '
E -] V R W .
3 at 200 MeV. We " 25Mpv
3 ' 2 "v".. k 2%
10* 5 can compare 1 & R 8
our data with 107 | o, 300V
' 400MeV Ve
100 those results. 10k b0 R
] . “Nil(p,p)slsNi | .
ld.O 12|.5 lSI.O l'.’l’.5 2{3;.0 22I.5 25|.D 2}:.5 30.0 " 0 20 40 -60
Angle CM [deg] Ocym [degree]
Courtesy of M. Ciemata Y. Takeda, Mem. Fac. Sci. Kyoto Univ., Ser. Phys., 44, 1, (2003)

N
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ELASTIC CROSS SECTION: °°Ni

By using plastic angles, the elastic cross section can be reproduced over

the angular range from 8° to 30°.

103

=
(=]
e

do/dQ [mb/sr]

10! 4

107

p + 62Ni (180 MeV) | x? proxy: 0.0109

mmmm FRESCO (Smeared Theory)
® Exp (Norm C=1.53e+02)

10.0 12.5 15.0 17.5 20,0 225
Angle CM [deg]

Courtesy of M. Ciemata
e
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It was
previously
measured in
Osaka for *°Ni
at 200 MeV. We
can compare
our data with
those results.

dGI_dQ [mb/sr]

58 58y 4: -
I N0 N

— medium effect
-+ realistic den.

-- original Horowitz

400MeV -
{x0.1) .°Z';._

20 40 60

Ocym [degree]

Y. Takeda, Mem. Fac. Sci. Kyoto Univ., Ser. Phys., 44, 1, (2003)
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Y-RAY ANGULAR DISTRIBUTION

The plaastic detector granularity allows e e e s e e S
.. . | m 2+->0+, 1170 keV, 120Sn ]
us to extract the angular distribution 2200 [-|only scattered angle of proton 8,5 - 10 degree, .
(transition character). 2000 |-|ne normalization i
| = E2 AngularDist (User) Fit of Sheet1 B
1800 | -
1600 [ .
@ 1400 | . -
5 N a B
1200 | =
8 !. ‘ . . . = [Model E2_fngularDast (User)
1000 [- T600, doule c - o 130
800 |- Equation dodbiaPE= 05" (30 c2- 10
i dou bk P4 T]lalga"?::%?ﬂ'd-aﬂ
EDD B u y=A" (1.0 +a2 "P2 +ad "Pd);
L Plat :]
400 | : e B
| ad -0.74879 £ 0.36815
2[:]0 B Reduced Chi-Sqr 51,3612
L R-Square (COD) 064161
D . I . | . | . I . | . I . I Ad) I:'.-Squa:'e ; . 0.62568
0 20 40 60 80 100 120 140 160 180

Relative theta [degree]

Courtesy of M. Ciemata
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Y-RAY ANGULAR DISTRIBUTION

The plaastic detector granularity allows E————
2400 ["'w " 24> 0+, 1170 keV, 120Sn ]
2200 [-|only scattered angle of proton 8,5 - 10 degree, .

(transition character). 2000 ||no normalization
| = E2 AngularDist (User) Fit of Sheet1 B

us to extract the angular distribution

1800 | .
1600 -
@ 1400 | . _
5 N m N
1200 i
8 !. ‘ . . . Model E2_AnguilarDest (User)
1000 e
800 |- Equation dodbie P = 0.2° (10 2- 10
duubiepdzﬂilga"?::?a?ﬂ'd-m
EDD — . y=A"(1.0+a2 "F2 +ad "P4);
AF3E) :m ?BD.?‘BEE‘.BB; 5360045
O go|ng WOI’k ] :i %?%@;i ?13;3?;
n . Reduced Chi-Sqr o
- enem oo
extraction of angular ———+ 1. 1 . 1 . T
. - ) ) ) 40 60 80 100 120 140 160 180
distributions in Ni

Relative theta [degree]
data

N
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THEORETICAL PREDICTIONS

Calculations by E. Lanza: 04l ® 2Ni  \uciear 04l ® | 6ANi  Nuclear -
* PDR, ISGQR, and IVGDR contributions {
. 1
* Separate evaluation of nuclear and 0.2 0.2 : -
. . I
Coulomb excitation 1
. . 0 __ O
Indication that the observed > 04l ® Cotormb | 2 o0.4l® Coulomb
strength is with nuclear excitation. < =
-g PDR & IVGDR -g PDR & IVGDR
30----,----,----,....,....|....|....|....|...._ = 02_ — ISGQR i = 02_ — 1SGQR |
25 NI %
20 103 E
%‘15:- 4 0 0'{"}'I""I""I""I""I""
o | ] | (€ Total
g 107 : 0.4 0.4 o
T 54 - _
B oL .
i ] 2 .
5 __ 0 0.2
-10r ’
ST P P PRI P NS PR PR P P — 0
0 10 20 30 40 S0 €0 70 80 90 0 5 10 15 20 25 30 0 5 10 15 20 25 30

b (fm
{fm) Courtesy of E. Lanza E (MeV) E (MeV)
5
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PREVIUOUS MEASUMEREMENTS RESULTS

ONLINE RESULTS: ¢4Zn

- §¥
PYGMY DIPOLE RESONANCE IN THE DEFORMED NUCLEUS ©¢Zn A. Giaz & M. Ciemala




ONGOING: PDRIN %4Zn

llIlllllllllll]]]]lllllllllll
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The same analysis procedure was applied to the just

., 64 . .
acquired Zn data to investigate the presence of the

PDR.

10000

Counts (500 keV/ch)
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ONGOING: PDRIN %4Zn
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The same analysis procedure was applied to the just

., 64 . .
acquired Zn data to investigate the presence of the

PDR.
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ONGOING: PDRIN %4Zn

The same analysis procedure was applied to the just

., 64 . .
acquired Zn data to investigate the presence of the

E § PDR.
- 10000
= =
E [ | I
of; - Francesco | 1000}
30000 L. . ; :
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=> 20000 1 i
E 2007 keV g _
g 15000 3- > 2+ > 10
@ @)
§ 10000 O
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% 500 1000 1500 2000 2500
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THE PROPOSED EXPERIMENT

BEAM TIME EXTIMATIONS

N
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BEAM TIME ESTIMATIONS

We based our estimation on previuos Ni isotope meauserements.

Previous Proposed W le f h
Experiment: 6Ni Experiment: ¢6Zn € scale for the target

BEAM ENERGY 180 MeV 180 MeV thickness and the dead time
BEAM CURRENT 0.4 nA 0.4 nA reduction.
CROSS SECTION 64Nj ~ ¢6Zn 64Nj ~ 66Zn 47 UTs + 1 UT for KRATTA
DEAD TIME 50% 20 % . .
TARGET THICKNESS 30 mg/cm? 23 mg/cm? calibration = 48 UTs
BEAM TIME 50 UTs 47 UTs ~ 8 weekends
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BEAM TIME ESTIMATIONS

We based our estimation on previuos Ni isotope meauserements.

Previous Proposed W le f h
Experiment: 6Ni Experiment: ¢6Zn € scale for the target

BEAM ENERGY 180 MeV 180 MeV thickness and the dead time
BEAM CURRENT 0.4 nA 0.4 nA reduction.
64Nl; ~ 66 64Nl1; ~ 66
DEAD TIME 50% 20 % . .
calibration =48 UTs
TARGET THICKNESS 30 mg/cm? 23 mg/cm?
BEAM TIME 50 UTs 47 UTs ~ 8 weekends
TARGET:

* Target material purchased by INFN
* Target successfully manufactured by LNL-INFN
* Target already available at the Krakéw laboratory ready for the experiment
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SUMMARY

= We propose to measure PDR in the deformed isotope °°Zn to disentangle N/Z
and deformation effects

= [tis sequel of a previous experiment on PDR in Ni & Zn isotopes
= Experimental set up: KRATTTA + large-volume LaBr;:Ce + PARIS

= Considering target thickness (°**Ni ~ 30 mg/cm? while ¢¢Zn ~ 23 mg/cm?) and dead
time reduction we ask for 47 UTs for Zn measurement and 1 UTs for KRATTA
calibration

= Total beamrequest: 48 UTs corresponding to 8 weekends
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%4Ni TRIGGER IMPROVMENT

KRATTA TELESCOPES
+ PLASTIC Scintillators

LaBr;:Ce +
PARIS

®
P

We compensate the

OLD TRIGGER: PARIS & PLASTIC
NEW TRIGGER: PARIS & PLASTIC & KRATTA

Dead time reduction from 50% to 20% - Good events increasement
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POLARIZATION MEASUREMENTS WITH PARIS

Parity distinction:

On basis of scattering ratio vertical (LPARIS) D:I:I
horizontal (“PAR|S) -
2 :

%) ® Gateon?2*
0o ® Gateon3”
E Gate on Ey > 5 MeV
:::.
o 15] ° o
oc
<C
a
_{
O
w 1
o - 'Y
(72}
=
3
o)
@]

0.5 1 | |

Paris Cluster 1 Paris Cluster 2

]
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Counts

PARIS LaBr,:Ce & CeBr, DETECTOR ISSUES

CLUSTER I1: detector from 13 - 25
1 detector with wrong calibration: det
| detector with low statistics: det 22
| detector with a sligthty wrong calibration:

CLUSTER 1: detector from0-12
2 detectors with wrong calibration: det / & 7
2 detector with low statistics: det 0 &

PARIS_labr_cal_0 PARIS labr cal 13
PARIS labr cal 0 PARIS_labr_cal 13
1800 |— Entries 880584 Entries 1058788
- Mean 615.3 2000 Mean 538
= . Sid D 323.5
1600 |- Std Dev 389.6 {00 2y 323.5 |
1400 — 1600
1200 |— 1400
1000 |— 555“ 1200
- 1000
800— 8
= B00
600 [
- 600
400—
o 5 400
200} ELN ch:m‘_,-: 200
0 ] | ] ] A 1 ] (R 0
200 400 600 800 1000 1200 1400 1600
Ey (MeV)
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PARIS LaBr;:Ce & CeBr; DETECTOR ISSUES: CLUSTER Il

PARIS_stab_labr17 PARIS_stab_labr19
PARIS_stab_labr17
Entries 2422507
Mean x 4175
Meany 2.415e+04

supevx %7 [)etectors

Detectors 25200
with bad :°°°

T

calibration with bad
low 3 calibration
statistics are  aomf- low
not stable. ::Z: statistics are
23400 not stable.

PARIS_stab_labr22 L EEL

PARIS Stab jabz | 700 800 900  PARIS_stab_labr25 - - . 2%

25200 f—""" Entries 1504365 : PARIS_stab_labr25
= Mean x 3426 = Entries 3547245
25000 = Meany 2411e+04 - Mean x 643.1
s Std Dev x 156.9 Meany 2416e+04
24800 — Std Dev y 621.7 o Std Dev x 441
= = Std Dev 642.7
24600 — m
24400 — . =
g Detectors with 3
24200 [— -
24000 [— gOOd B
23800 — . . -
- calibration are s
23600 — o,
= stable. i
T R T R T R~ R T R T -7 e TR I T I IO B W Sl Wl i i
0 200 400 600 800 1000 1200 1400 1600 1800
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   3  − →  2  +


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜸


  𝜽


  𝜸


  𝜽


  𝜸


  ≈


  ≈


  ~  


  ≈


  ≈


  ~  


  ~


  ~
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  𝛾


  ⊥


  ⊥


  ∥

