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Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Physics case

2d; ),

* N =51 isotones : only one neutron above N = 50 shell closure 18,
* Even Z: ground states are 5/2* and the first excited states are 1/2* 35172
* Excitation energies reflect the ESPE - 2d;,

 Tensor force drives the evolution of the ESPE

s, R



Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Physics case

* Systematics on N=51 isotones: emptying of the proton fp orbitals 18,/
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Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Physics case

* Whatis the energy of the 1/2*,?2 18,/
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Physics case

* Doesthetrendlead to aninversion? 18,/
........................................................ 2d3/2
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Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Physics case

3000 1 N=51
2800 { S=0.84

S=0.49 _ _ _ _
S Single-particle state according to (d,p) reaction

2400 | J.S. Thomas, PRC 71, 021302 (2005) and PRC 76, 044302 (2007)
2200 -

2000 -

1800 -

(2+) of the even-even

1600 - / core(semi-magic N=50)

Core-coupling 2*®v2d;,, according to life-time meas.
(F. Didierjean — to be published in PRC)

E(keV)

1400 -

1200 1 :
, hon-stripped

1000 -
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~700 keV . . . .

e * Which 7/2*is single-particle (g/,)?
400 -

200 - ~300 keV

I - S T - — "
SrZ=38 KrZ=36 Se Z=34 Ge Z=32 Zn Z=30 NiZ=28

Courtesy of D. Verney




Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Experimental method

* Accepted experiment (INTC-P-352) *
> T-REX Si detectors A )
= Angular distribution of the protons of gl g a;na"'f‘ i e i P
= Between 400-keV and 1-MeV resolution  rcs H(Gp;}GQ(?)I spectrum (all an- ZZZ

gles). The solid line is the two-state fit for the ground
and first-excited states of %Ge. 2000 o 372+

1800 -
1600 -

E (keV)

1400 -

> MINIBALL Ge array 1200
= Detection of the y-rays with high resolution (~ 10 keV) 1:::
= Limited by low efficiency for high-energy states (7/2* @ 2 MeV) ]
= E2 transition might be not observed (T,, > 10 ns) sl

200

SrZ=38 KrZ=36 Se Z=34 Ge Z=32 ZnZ=30




Spectroscopy of #Zn via (d,p) reaction using ACTAR TPC
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Experimental set-up ere

sssssssssssssssssssssssssssssssss

* ACTAR = ACtive TARget
» Gasis used as a target ...

» ... and to detect the reaction products.




Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Experimental set-up

* ACTAR = ACtive TARget
» Gasis used as a target ...

» ... and to detect the reaction products.

> 3" dimension with e drift time .

30 -

 TPC = Time Projection Chamber 5 ﬁﬁ::.‘"‘ﬂ- 00
> 2D projection on the pads g7 . e
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Courtesy of B. Mauss and A. L. Laffoley
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Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Experimental set-up

* ACTAR = ACtive TARget
» Gasis used as a target ...

» ... and to detect the reaction products.

« TPC = Time Projection Chamber i_ ...‘-'ﬁ::-‘.“ﬂ- o
» 2D projection on the pads g jj: . e
» 3" dimension with e drift time g 1% _-J'-:"l-ﬂ_a o
°E o0
 High luminosity and angular coverage (41) I e W
* Effective thickness ~ 10 times higher than solid target Courtesy of B. Mauss and A. L. Laffoley

but still a good resolution on the vertex. wm



Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

This experiment 102 ¢
- I=2(5.1MeV/u) —
L\ I=0(5.1MeV/u) — -
S _ _ - I=4(5.1MeV/u) —
* (d,p) transfer reaction in inverse kinematic =\
: ) 10
> Protons mostly emitted at backward angles - SN
= -
.. : £ B
* Angular distribution of the protons e i
o
~ 1° = 0
- M= § 10 GNP
» Reconstruction of the vertex: FWHMq 4, ~ 200 keV S b
i T —
5003 0 e htempo.m‘?:: . Inelastic Scattering experiments: 10-1 v e b b b b Ly
i h el | 5®Ni(p,p’)®eNi 0 25 5 75 100 125 150
s © Hf\ . am 0, . (deg)
T I'05IE*W(I;Ae\;)fPomIreo;iIingk;oj LLII} Courtesy of B. Mauss and A. L. Laffoley 11




Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

This experiment

* (d,p) transfer reaction in inverse kinematic
> Energy resolution of Si: oz~ 75 keV
» 37% of angular coverage

6 DSSD KUL (3x2)
(10cmx 10 cm)
1 mm thick

I=2(5.1MeV/u) —
\ I=0(5.1MeV/u) — -
I=4(5.1MeV/u) —
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Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

This experiment

> F
S E — g.s.
o 30— -
 Excitation energies YE o
: o5 — elastic
> Using the Eg; (75 keV) B
> Wide angular coverage 20
» Separation even if E* ~ 100 keV 15/
10—
G5B Wiy i OBl .| nelastic scattering experiments: o
6Li(o,a’)CLi -
o_lllllllllllllll II|III|III|IIIIIIIII

o

20 40 60 80 100 120 140 160 180
Lab Angle (degrees)

———————————————————————————————————————————————————

(d,p) with T-REX and solid target:
' resolution of ~ 400-1000 keV

___________________________________________________

o 4 N W A~ OO N ®© ©

PR IS T TN S T S TR T SR NN SO T S

10 15
Biab assa () Courtesy of B. Mauss and A. L. Laffoley
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Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Beam request me——
2800 -
2600 -
* Secondary beam (TAC) 2400 | 32+
> 80Zn: 1.10%pps 207 inons
2000 372+ m=—
> 5% of transmission, 16% of B decay ool X
. 2%10)3 g 1600 -
3710 PPS W 1400 |
° T&fg@t : D2 (95%) + CF4 (5%) @ 1 bar 1200
1000 -
. 800 -
* Reaction rate (Spec. factor = 0.6) 600 -
- Cross Section (mb) | Reaction rate (pph) :Z: S0 ke
Ss-wave 37.6 400 g—a . BB B .
SrZ=38 KrZ=36 Se Z=34 Ge Z=32 Zn Z=30 NiZ=28
d-wave 64.7 690

Courtesy of D. Verney

g-wave 21.8 230

—



Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Beam request

* Efficiency
> Reconstruction: ~ 90%
> Sidetectors: Q ~ 37%

Reaction rate (Spec. factor = 0.6)

- Cross Section (mb) | Reaction rate (pph) | Part. detected (pph)

s-wave 37.6
d-wave 64.7 690 230
g-wave 21.8 230 75

ot



Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Beam request

» 10 shifts for 89Zn(d,p)®Zn with LASER ON

- Cross Section (mb) | Reaction rate (pph) Part. detected (pph)

S-wave 37.6 11 K

d-wave 64.7 690 230 18 K

g-wave 21.8 230 75 6 K
o Sloawillrepresent—20%ofthebeam-

»—o-shtftswithEASER-OFF No contaminants

* 2 shifts for the beam and detector tuning
We require a total of 12 shifts

it
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Back up slides
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Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Beam request — TAC feedback

8Zn

INTC-P-494
Actar
[ ]
=]
ACTAR

N/A

UCx-quartz v1.0-Ta n conv
3*4 0 conv

1.4%5 targ in DB

le5/uC requested
2006: UC329, 45%Ga, 20%Rb, 1 10* 80Zn/uC
UC542 (2015) ¥Zn — 1.2E3 /uC (lower estimate Laser
on/off beta activity ratio: 1.2)
2016 UC584 ca Se4/uC ®Zn: no impurities.

A yield of 5e4 can be delivered/guaranteed (lower than
quoted 1n the proposal): physics still feasible?

ACTAR
needs
clearance

Eﬂzn

done before
Alg=80/21

Eb and Zn mass
markers

If 3 CMS are ok, then
TideViu ok

N/A

» Two times less intensity
> But no contaminants

> Still feasible with 10 shifts
> No shift with LASER OFF ?




Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Time line of ACTAR TPC project

AN
TIMELINE S erc

£ - European Reseamh Council
« ERC Project Planning R
° Experiments in G3/SPIRAL (2017), LISE (2018), HIE-ISOLDE (2018)

WP 1: Physics & Sims 2014 2015 2016 2017 2018
a [ @ [ a3 | o | a1 [ @ | 3| aa | a1 | @2 [ @3 | a | @ | o3 [ aa | &t | @2 [ a3 [ as
Cubic Cuboid

3 =
¥

e —

WP 1.1: Demonstrator Expt

IPNO PAC Meeting
GANIL in-beam test ANR Deliveratie
IPNO Demonstrator Campaign -

Demonstrator @ GANIL in G3

————————’

WP 1.2: Commissioning Expt
ACTAR TPCLOF's @ SPIRAL WS
Mount in G3
Experiments (E1)

i'

‘WP 1.3: 2p Decay Expt
ACTARTPC LOI's @ LISEWS
Mount at LISE
Experiments (E2)

WP 1.4: HIE ISOLDE Expt
ACTAR TPC LOI's @ ISOLDE W5
Setup and Installation
Experiments (E3)

GANIL PAC Meeting |

ISOLDE PAC Meeting

-

ACTARTPC ACTARTPC ACTAR TPC
Demonstrator—-G3 | GANIL GANIL & HIE ISOLDE
1

END OF PROJECT (Jan 2019)

A.T. Laffoley INTDS 2016




Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

=4 identified in the

Beam request for 1=4 T  case of 5Se
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Se(d,p) Se (1.115 MeV)

3000 1 N=51 -
2800 -
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o
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©
S

2600 +

3/2+ w—

o
T

2400 -
2200 -

2000 keV

2000 | 372+

1800 -
1600 -
1400 -

E (keV)

- Cross Section (mb) | Reaction rate (pph)

s-wave 37.6
d-wave 64.7 690
g-wave 13.4/21.8 140/ 230

1200 -
1000 -
800 -
700 keV

600 -
400 -

el 7/2*, @ 2 MeV is most probable to be a single-part.

512+ 512+ 512+ 5/2+
— T ==n T —

Sz  Kiz=3  Sezs34  Gez=32  nz=30  Niz=28 state, according to F. Didierjean
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Additional setup

Ep > 15.7 MeV escapes 1.5 mm of Si
(DSSD of Leuven available soon)

e Sithicknesses...
(12cm of gas mixture included) s.
> L y
s E — g.S.
& % —— Exc_300keV

— elastic /

1 1 | I 1 1 | |- | 111 111 11 1
100 120 140 160 180
Lab Angle (degrees)

22



Spectroscopy of 81Zn via (d,p)

Kinematic lines

g.s.
- — g.s.
30—
N — Exc_300keV
251 — elastic
20—
15—
10—
5
O_Illllllllll II|III|III|IIIIIIIII
0O 20 40 60 8 100 120 140 160 180

Lab Angle (degrees)

reaction using ACTAR TPC

Angle in lab. (deg)

E* =100 keV
e 75 keV
E* = 300 keV

o
=1
=]

Energy difference (keV)

-300

-600

23




Spectroscopy of 81Zn via (d,p) reaction using ACTAR TPC

Kinematic lines

, Angle in lab. (deg)

0] 20 40 60 80 100 120 140 160 18 200

. "E* = 100 keV
* Wide range of angles allows to _— 75 kev

determine the excitation energy E* =300 keV
> If E*~ 100 keV : forward 6,

> If E* > 250 keV : difference above
the Si resolution

o
=1
=]

-300

Energy difference (keV)

-300

-600
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