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EXP 23.015 - Introduction

* Study the decay-out mechanisms of the highly deformed rotational bands in
136Nd and 13’Nd to understand their structure and behaviour at high spin.

* These bands challenge current nuclear structure theories as they survive in
high-energy regions where damping is expected.

Perform a high-statistics thin-target measurement with the AGATA detector
array using 33S + 110pd reaction.

AGATA 1m, 15ATCs, ~13% peak absolute-efficiency

EUCLIDES ancillary can be used to disambiguate y-rays originating from axn
and 2pxn channels.

Link observed bands to low-lying states and determine their spins and parities.
* Test theoretical models of nuclear structure at high spins.




EXP 23.015 — Experimental Setup

O=@ Q=@ @=@ Q=@ = = = @

o 3
B < ALPI Accelerator =
Q
? [In 41.57m ﬁ
h
‘ ' = “ %from

Tandem
4064mm N ~
@ Low Beta s = 0.047- 0.055 o =
L) mm
‘ Medium Beta s = 0.110 :
@ High Beta fs =0.130 i v
igh Beta s = 0. 00 B :
2E
@ Buncher 160 MHz S
1800 -
® Buncher 80 MHz i = "
= Triplet 164-303-164mm E > 5
W8 Triplet 224-424-224mm < from
°  Diagnostic Box i e ‘ ;_ SRFQs
4304mm

S

vacuum gage




EXP 23.015 — AGATA Standalone
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Total Projection does not exhibit excellent peak-to-
background

Gate placed at 374 keV, low-spin members of 13°Nd g.s
band visible among other contaminants.

Lots of unsubtracted background though the
background gate was placed at 365 keV with similar
background counts under the curve.

ggg matrix (cube) produced using CubeBuilder software.
Very few counting statistics in the cube, peaks barely
visible among background.

Substantial decrease in total count with each applied
gate. Low efficiency?



EXP 23.015 — EUCLIDES Calibration

e EUCLIDES provides particle
identification through E — dE method

* Calibration to true energies necessary
to enable EUCLIDES event-by-event
Doppler correction

* |Instead of using alpha source data, use
in beam.

* Use SRIM to calculate the
expected punch-through energy of
protons and alphas in 130 um dE
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* Now can place 2D gates around the bananas corresponding to different decay channels. Let’s have a look at 1«
decay channel which gives us 136.137Nd...




EXP 23.015 — EUCLIDES Alpha Tag
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EXP 23.015 — Efficiencies
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EXP 23.015 — Efficiencies

Tagged By la EUCLIDES Fit (374 keV) * Another method is to compare
_”5‘200000 --------- Background (374 keV) d d 136N d . I d . h I
2 o000 predicte yield with actual.
z 100000 * PACE4 predicted cross section:
& 50000 147 mb
0 ............. 250 ..................... 300350400 ..................... 450 ..................... 500550 ............. ° PA.CE4 knOWn' to predict ~1.0X too hl-gh in
Energy (keV) this mass region, let’s call it 15 mb

*  Predicted yield over 86 hours: 9.8x10%
e Measured yield from 136Nd 2% — 0%in EUCLIDES a-tagged spectrum: 360,446

 AGATA Efficiency = ratio of yields adjusted for EUCLIDES efficiency

(3.6><105

1
o X100) X o = 0.9%

* Both measurements subject to uncertainty not quantified here, but consistent with
each other and indicative of systematic faults..



EXP 23.015 — What's The Problem?

* AGATA does not actually have low absolute efficiency

* AGAVA System Limitations:
* AGAVA used to send particle data to the TP; designed to handle up to 20 kHz.
* Dead time increases drastically beyond 6-7 kHz, reaching 87% at 16 kHz.
* This caused over 90% of particle information to be lost at the TP level.

* Trigger Processor (TP) Dead Time:
 The TP has a significant dead time, roughly 1% per kHz of incoming trigger requests.

* At higher rates (30-40 kHz observed in this experiment), this results in a 30-40% loss
of trigger requests.

* Potential Solutions
* Hardware gate on the events sent from AGAVA to trigger processor - implemented

* More selective trigger requirement: e.g using EUCLIDES E-layer only
* Run at an overall lower intensity.




EXP 23.015 — EUCLIDES Event-By-Event Reconstruction
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EXP 23.015 — Conclusion

* High dead time on the TP and AGAVA systems led to significant data
loss.

* New hardware gate may reduce AGAVA-related dead time and
partially improve TP processing, but high-rate experiments will still
pose challenges.

* The experiment highlights the need for careful consideration of
trigger conditions, particularly for high-fold experiments with AGATA.

* New “commissioning” experiment to test AGAVA hardware gate and
more restrictive trigger processor rules?




EXP 22.096 - Introduction

* Investigate octupole deformation in uranium isotopes, particularly
226 and 228U, which may exhibit "pear-shaped" structures.

* Use AGATA, PRISMA, and DANTE detectors with a 12°Xe beam on a
232Th target to study these isotopes via multinucleon transfer
reactions.

* Provide evidence for octupole deformation in uranium isotopes,
contributing to the understanding of nuclear structure and informing
CP violation studies.

e Success could lead to extended studies on transition elements and
insights into fundamental physics beyond the Standard Model.




EXP 22.096 — Experimental Setup




EXP 22.096 — PRISMA Calibration - MCP

e Using the “new” calibration points distributed in June.
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EXP 22.096 — PRISMA Calibration — PPAC ToF
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EXP 22.096 — PRISMA Calibration — PPAC X_Left
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EXP 22.096 — PRISMA Calibration — PPAC X_Right
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EXP 22.096 — PRISMA Calib

ration — PPAC Cath

Raw.PPAC_Cathode_raw[0

foocPPac_Camona_ra

Raw.PPAC_Cathode_raw[5

1er07
319

Su Devy 9033

foocPpac_Camona s

Envies  1e+07
Mean 2980

SuDll 8384

Raw.PPAC_Cathode_raw[1

——

Entries
Mean

| EFT

Raw.PPAC_Cathode_raw[6

1er07
3181
940.1

o}

foscrrac_camoca sl

Entries 1er07
Mean 3426
| EETEY]
——

Raw.PPAC_Cathode_raw[2

n

PPAC_Cahode_mv)

| EELE .

Raw.PPAC_Cathode_raw([7

Entries
Mean

1en07
3245

9368
—

}

CPPAC_Camoda s

1er07
3407

Raw.PPAC_Cathode_raw[3

PPAC_Catads. rand

| ECLC )

Raw.PPAC_Cathode_raw[8

Entries 12407
Mean 241

L

PPAC_Camod_rand

Entries 18407
Mean 3734
Leoe _zos

Raw.PPAC_Cathode_raw[4

PPAC_Catads_ ]

Raw.PPAC_Cathode_raw[9

18407

3116
959

prd




EXP 22.096 — PRISMA Calibration — PPAC Bans
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EXP 22.096 — PRISMA Calibration — X_FP Calib and Thresholds
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EXP 22.096 — PRISMA Calibration — XL_Cal
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EXP_017 — PRISMA Calibration — XR_Cal
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EXP 22.096 — PRISMA Calibration — lonisation Chamber Row A

Raw.IC_A_raw([0] Raw.IC_A _raw([1]
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EXP 22.096 — PRISMA Calibration — lonisation Chamber Row B

Raw.IC_B_raw(0] — Raw.IC_B_raw(1]
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EXP 22.096 — PRISMA Calibration

— lonisation Chamber Row C

Raw.IC_C_raw[0]
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EXP 22.096 — PRISMA Calibration — lonisation Chamber Row D

Raw.IC_D_raw([0] Raw.IC_D_raw(1]
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EXP 22.096 — PRISMA Calibration — lonisation Chamber ICNr vs ICE
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EXP 22.096 — PRISMA Calibration — Z Selection

e Used ICDEAB_ICE_7 since easier to visualise the bananas here.
IC_DE (Arb Units)

6500 — 6500 —

6000 — 6000 —

5500 — _ 5500 —

5000 NT + Fission 5000

4500(— 4500—

4000— 4000—

3500— 3500(—
- Fission -

3000 3000

2500 — | | 2500 — g
;lIllllll'l‘.xiz'ﬁ#}fslIlllllllllllllllllIlllIlllllIIll ;|11|11111.£&Fi|111111|11|11111||l|11111||1||1|1
3000 4000 5000 6000 7000 8000 9000 10000 11000 1200( 3000 4000 5000 6000 7000 8000 9000 10000 11000 1200(

IC_E (Arb Units)




EXP 22.096 — PRISMA Calibration — ToF Offset and Alignment

NRV: 2 body nuclear kinematics

* PRISMA was set at the grazing
[ ]+ [ Jlz= ]+ Qui=oomen 11
ene=| 00 | MeV Eomou)= | 61053 | MeV angle 46 deg (htt S: aI_
serv.nl.infn.it:20443/exp 22.96/p

350 oy
Laboratory Energies and Angles of Emmited Fragments Bx age
Reaction: 12:Xe + 232Th — 23 + 232Th, Elab = 950.00 MeV
o e
o 2
B W Fedevent| | teses,,
N - “tn
s R .
3 - .
2 K 3
L :
§ 2
& %,
300 ‘..
[¢ )
Kinematically allowed values Fixed event parameters
oo (MV) Epir=| 82220 MeV  Bpie=[ 2924 | deg
p— 2 77.34 < Eiab < 950.00 Erie=| 127.00 MeV  6rie=[ 6750 | deg
2 00<Ewp<87266 Bom= [ 4590 | dog
P— Grazing collision(®): P7); 8, (cm) = 71.8 deg, By(lab) = 47.6 deg, by, =7.91m, Ly ~389h ‘Save data as ASCII file

2): Vo = 4835 MeV, Ro=9.6fm

2501— .} § S

I

L. o 129 4y ° Assuming negligible energy loss in
L™ target (SRIM has 20-30 MeV) then
ol Velocity 31008964 msv  the ToF estimate comes from

relativistic kinematics
https://www.calctool.org/relativit

If the velocity of an object is lower than 1% of light speed, y/relativistic-ke
you can use the regular kinetic energy calculator instead.

Kinetic energy 648,000,000 evv

xR 3 | * ToF = 6 metres / 31008964 m/s = 193.4 ns

; |
0 200 400 600 800 1000



https://gal-serv.lnl.infn.it:20443/exp_22.96/page
https://gal-serv.lnl.infn.it:20443/exp_22.96/page
https://gal-serv.lnl.infn.it:20443/exp_22.96/page
https://www.calctool.org/relativity/relativistic-ke
https://www.calctool.org/relativity/relativistic-ke

EXP 22.096 — PRISMA Calibration — Q Selection

* Charge states identified and labelled by comparison with output from REACTION

code.
Analyzed.IC_E:Analyzed.RBeta {mcp_ok && tof_ok && traj_ok && side_ok && Z_Nr == 54} Analyzed.IC_E:Analyzed.RBeta {mcp_ok && tof_ok 8& traj_ok && side_ok && Z_Nr == 54}
13000 _ 13000( —
__Bp - 12000_
q = D/TOF 12000y [
Eic ~ gpv. > 11000 110001
et
c , -
o 10000 10000
S
<
% 9000 9000
8000 8000
7000 7000
GOOO_I N GOOO_I Clov o b b b b b |
2200 2400 2600 2800 3000 3200 3400 2200 2400 2600 2800 3000 3200 3400

IC_E (Arb Units)



EXP 22.096 — PRISMA Calibration — A/q Optimisation

* A/q vs X_Fp for Z=54. We can see that the right-hand side (X_Fp >
500 mm) much nicer resolution than the left.

e Segment 4 (400 — 500 mm) particularly low resolution. Can this be

fixed?

A over q:X FP {mcp ok && tof ok && traj ok && side ok && Z Nr == 54}

B Entries  5.424285¢4+07 2
B Mean x 386 380 -
450 . Mean y 320.7 =
. | Std Dev x 152.2 [&
~| Std Devy 21.16 360:—
400 -
o —
o C.
i L
* 350 -
O L
S~ e
m | S

Optical Params Optimised
/ Aberration Corrections
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EXP 22.096 — PRISMA Calibration — Mass Selection All Runs After Run 115

Z=54 A * Overall mass resolution not great,
more optimisation needed?

e 2D Plot of Mass vs X_Fp forZ=54

; shows poor resolution in X _Fp 0 —
'“°Z=53 PR 500 mm stemming from A/q

132

130

128

126

124

Atomic Mass (u)

122

\(l[[(II\\\I\\]I\\]I\IIIIII

120 1 ‘ 1 1

5 Ti6 117 118 119 120 121 122 123 124 125 126 127 128 120 130 131 132
Mass Number (A)




EXP 22.096 — PRISMA Calibration — Mass Selection Run 115 Only

Z=54 A1 * Original calibration performed only
on Run 115 then extended to all

°| other runs
o * Could do calibration run-by-run

 Mass resolution looks better here

132

T

I

130

{

I

128

X10

1 z

52 A=127

126

E 124

I[ll\l[l\‘ll\‘\

122

| | | 1 1 | 1 1 | 1
5 116 117 118 119 120 121 122 123 124 125 126 127 128 120 130 131 132 0 200 400 600 800 1000
Mass Number (A)



EXP 22.096 — PRISMA Calibration — Gamma Rays Z = 54

X 10
z=90,A=232 | * Elastic scatters first
15 SR
* Resolution looks reasonable

232Th: 112.8
232Th: 310.2

* Event-by-event Doppler
correct working for both
beam and target-like

Z=54,A=129 products

Counts (1 keV/bin)
>

232Th: 206.8

129%e: 282.1

129%e: 321.7

Counts (1 keV/bin)
(=] () —_
{ 9
W

129%e: 479.1

0 200 700 600 800
Energy (keV)




EXP 22.096 — PRISMA Calibration — Gamma Rays Z = 54, yy performance

X10

z=90,A=232 | * Yy matrix looks very clean

* Placed gate at 10+ -> 8+
transition (270 keV) with

232Th: 171.2
232Th: 223.6
232Th: 269.8

232Th: 112.8
232Th: 310.2

Counts (1 keV/bin)
o

232Th: 206.8

. 15,000 counts.

T * Measured 8* -> 6* transition
i P 7 -0 A =232 (224 keV) with 909 counts,

s I . E,=1mkv | adjusted to 2,065 counts

= = .oz g considering internal

5, | conversion (0.44, BRICC).

* Resulting efficiency: ~13%

=}
T

0 200 00

Energy (keV)




EXP 22.096 — PRISMA Calibration — Gamma Rays Z = 54

X10

z=90,a=231 | ®* Now we |look at one-neutron
transfer

N
T

U9
T

231Th;: 168.1

* Clearly identified partners,
but lots of background
creeping in for the TLP.

Counts (1 keV/bin)
N

[u—
1

(=]
T

st ; Z=54,A=130
]
34_ %) ; \n
o Q
2 . B » 3
=) g "
: 2 g
@) ~ _
~—

[u—
1

(=
T

0 200 00 600 300 1000

Energy (keV)




EXP 22.096 — PRISMA Calibration — Gamma Rays Z = 53

z=91,A=234 | * Now we start looking at
proton transfer channels

* Harder to identify the
gammas because of the
more intense background.

[
:92.8
a: 103.3

Counts (1 keV/bin)
o

Z=53,A=127

2.0F

1271. 21522

1271 116.2
1271 172.1
1271: 360.3

1271.375.0

1271. 5933

Counts (1 keV/bin)
>
1271576

0 200 200 600 800
Energy (keV)




EXP 22.096 — PRISMA Calibration — Gamma Rays Z = 52

x10° . T
o o z7-92, =237 | Moving further away it is
Loo} becoming increasingly hard

5O L EEEY to verify if the spectra are

correct.

* Labelled gammas limited to
3 ' ' ' = “yrast” only from ENSDF

Y database — other strong
T peaks in the BLP spectrum

Counts (1 keV/bin)
(]
~
N

=] =] =)
S N D
(=} N (=)
T T T T

1271¢. 697.4

%;jo : not labelled — what are
go.so- E § \ Ay, these?
Yt (N . Spelitrum for TLP just
0.00F_; L L L L -
O N . " " E Iae(; ngi :Sgu ggnal?ﬁiencism aybe

of 99.9 keV gamma.




EXP 22.096 — PRISMA Calibration — Next Steps..

TKEL (M&V)

.......................

10° 4500 [(b) ~ Z =56

/\\ ]
wol /\J/

3500 3600

Nuclear charge Z

6000 | Z =52 m (@)
4000 /\

2000 + }
0
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1500 | Z =50 m (e)

500 | / \
0 I L

0
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0T = 107

0 e S elastic **Xe

==

102

200 [ - = 10

e L o T T 1
3450 3500 3550 3600 3650
AToF (arb. units)

* The plots are from PhysRevC.92.024619
and show clear fission-MNT separation.

* The crucial separation comes from the
AToF variable, which arises because of
the different velocities of the beam-like
MNT products compared to the fission
products.


https://journals.aps.org/prc/pdf/10.1103/PhysRevC.92.024619

EXP 22.096 — PRISMA Calibration — Very Preliminary Stuff!!
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EXP 22.096 — PRISMA Calibration — Very Preliminary Stuff!!

100

‘III‘

Counts/1 keV

80
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[ T T [ T 1T 1T 7 T T

” 12476 7907
1240 . 101QE &
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EXP 22.096 — Conclusion

* Move mass gates make sure everything is labelled correctly, EDCBP
correct

* Change analysis to new selector from PrismaFilters, use the
optimisation procedure on the PRISMA optical parameters

e Profit
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