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General Review of Detection Setup
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An EMIT exp. Like Detection
setup
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General Review of Detection setup

MCP

MORATrap

Phoswich

CAD cross section of
the D- correlation
Detection setup

setup inside the Vacuum
Chamber
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MCP

MORATrap

-----

Phoswich

.....
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-l ] = B 1) -
. Detectors installation around the Trap In MORA
CAD cross section of Chamber during the first installation in

the D- correlation Jyvaskyla, FINLAND
Detection setup ’
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‘Polarization Degree
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Annular Si
detector

Laser beam for optical
polarization

The Monitoring of P degree with an asymmetry
observed in two annular Si detectors on the
axis of the trap



‘Polarization Degree THE WORA PUJECT
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P degree Measurement

12mm max
Uncltiding

conmectors)

—

Si Detectors
s T T EEEEEEEEET .
l/ \
I Inner Active radius: 14.9mm :
I (]
Outer Active radius: 20mm I :
| .
I I v
: Outer flat-to-flat: 43mm I ma:
I Wafer thickness: Imm : e
|
: Active area separation: 0.13mm : 2 annular rings
Al. Protection layer: 100 micron o .
B Y ,/ divided into 8

sectors

Det. provided by Micron Technologies..
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P degree Measurement

First testings @ GANIL, Caen

Calibration with Alpha source:
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THE MORA PROJECT

Obtained Resolution:
With Alphas
(28-30 keV FWHM)

3-alpha spectra obtained in a
preliminary testings with Si Detector
(without Aluminum plate)



P degree Measurement

First testings @ GANIL, Caen

Calibration with electron source:

Counts
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THE MORA PROJECT

Obtained Resolution

With Electrons

21-30 keV FWHM (for 1 MeV
peak)

- consistent with calculated
straggling Energy of ~ 40
keV in Al. protection Cover

Threshold : from 400 keV to 70
keV (Mesytech-Preamplification)

207Bj electron energy deposited in Silicon
detector: Comparison of experimental data with
Monte Carlo (PENELOPE) simulations
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THE MORA PROJECT
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‘Phoswich Detectors for 3 JE

\"

T
‘Phoswich Detector Assembly

Tested and CAlibrated @LPC,Caen

4 Voltage

Fast pulse : thin scintillator

{ Combination of 2 plastic scintillators: Connected
o)
to a common PMT

Slow pulse : thick scintillator

I
I
[ AE: thin (0.5 mm) & fast (t = 1.8 ns) "Q_fast"
|

E: thick (5 cm) & slow (t = 285 ns) "Q_slow"

/ Ofast Cslow Qtot ] Time (ns)



“Phoswich Detectors for 3 THEM%JEN

‘Detector Response Function: 3 Qqiow VS Qpagy _
First Testings: 207Bi o ey it 13
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‘Phoswich Detectors for 3 JE

THE MORA PROJECT
‘Evergy (Calibration
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‘Phoswich Detectors for 3 m

50

THE MORA PROJECT
‘Evergy (Calibration
CH1,Q,, vs Q, . CH1,Q_ vs Q;
- I After Correction I | jl
m— | - = and cuts ol JF
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‘Phoswich Detectors for 3 m

THE MORA PROJECT
CH1_fitQtot, QF

‘Energy Calibration: R
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Energy fast [MeV]

e

THE MORA PROJECT

Study of Response function
(Geant4 Simulation)

Energy fast vs tot

x10°
09" R2 thinVsTotal | —450
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08 Meanx  0.03324 | —1400
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s the tthlllnt oo Test Configuration to study
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Preliminary Simulations of MORA
detection setup in Geant4 (still

ongoing for recently introduced
geometry of silicon detectors)




Study of Response function

(Geant4 Simulation)

_ * —\C
Eexp=0" Q7 + [

Simulation vs data
(Phoswich Detectors)

e

THE MORA PROJECT

Test Configuration to study

Phoswich detectors
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CR‘]CDCE fOI’ cRCCOiI ‘lon Detection THE MORA PJECT

e RIDE Detectors equipped with Chevron Micro-Channel Plates(50*50) Provided by
Photonis
e Front plate coated with MgO layer to increase the surface sensitivity to ions.
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CKCFDCE fOI‘ cKCCOi] lon Dttection THE MJECT

GND -4kV -2.1kV -2.kV -2.1kV L oox

transmission
grid

1. 4KeV
acceleration
from Grid to
MCP to post
accelerate
the ion

lons(+)

Reflection

anode 1. Resistive PSA
L (Position
Sensitive

()90%

transmission (3)Position sensitive Anode)

grid (ZMicro. b osistive anode collecting
Channel plates electrons

chevron from the
( ) MCP




cKcchcE fOI‘ cIKCCOiI ‘lon ‘Dttection Tuﬁ%mr

Resistive PSA
(Position Sensitive
Anode) collecting
electrons from the
MCP

Horizontal Strips:
Pitch 1.3mm

Vertical pads Pitch
0.9mm

° 6
o
o
o

mmmmmm

e 5 signals: charge emitted by
MCPs, charge collected on
anodes (z1,z2,y1,y2)

e 3 Polarization Voltages: front
m @ (3) MCP, back MCP=reflection
electrode, Position anode



RADE Jor Recoil lon DEtection - 'f o

Testings with ALPHA source
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Det. Image before changing the Full image of the detector
flex which eventually caused the using the calibration mask on

spark while biasing the detector the top of the front plate



RIDE ‘Image position Reconstruction: o ? =
Corrections to determine Position ‘Resolution

- aligned

................... 2 Enires 143485
- o e
! \ 3 N oo 0381
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‘RAIDE ‘Image position Reconstruction:
1t Order correction/Calibration

(H-1.065"B)/(H+1.065"B)

08

06

1 aligned

Enlies 143495
Mean x 0.07099

Meany  -0.007954

StdDevx  0.3391

SidDevy 03312

)
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=

06 08 |
(G-1.047'D)(G+1.047'D)

Raw RIDE Image With Calibration masque

- == =P

(centre aligned at (0,0), corrections to get the

charge linearity in x and y dir.

Y (mm)

mask callb

Ny
A

4

I Enes 142790 |

Mean 2936
Mean y -0.138
Std Dev x 143

13.63

RIDE Image with First order correction
aligned and calibrated in position(mm)



‘RAIDE ‘Image position Reconstruction:

1 Order correction/(Calibration

(H-1.065"B)/(H+1.065"B)
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‘RAIDE ‘Image position Reconstruction:
15 Order correction/(Calibration

(H-1.065"B)/(H+1.065"B)

it aligned
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‘RAIDE ‘Image position Reconstruction:
299 Order correction/(Calibration

THE MORA PROJECT

Xc :ng2+p1XY+p2Y2+p3X+p4Y+p5,

Yo  =qX’+qXY + @Y +gX+aqY +gs.

Fitted Positions Fitted Positions




‘RAIDE ‘Image position Reconstruction:

2" Order correction/(Calibration

Xc

Yo

=po X2 +p1 XY + Y2+ p3 X + pY + ps,

— g X + @ XY + @Y ? + @3 X + .Y + g5.

THE MORA PROJECT

yC:xC {mcp>30000}

h1

[ rTea—————
Mean x 1.866
. |Meany  -0.2646
 |supevx 1236

Std Dev y 12.31
&




RIDE 1mage position ‘.I\eco.nst’ruction: THW%% =
2" Order correction/(Calibration

yC:xC {mcp>30000}

_ hi
Y Enries 83230

o |Meany  —0.2646
|sdpevx 1236
-| Std Dev y 12.31

XC — p[]X2 + plXY _|_p2Y2 +p3X _|_ p4Y + p5? - ' Meanx  1.866

Yo = @X° + XY + @Y ? + X + Y +gs.

Less distortion in the image aofter the second
order correction.
(shifts of small holes close to their physical
nominal value)

-20 -15 —107 -5 0 5 10 15 20



‘RIDE Tmage pf)sit‘ion fl\eco.nst‘ruction: "ﬂ%% —
3" Order correction/Calibration

Xdest =ay+a,-x+d, y+dy X +a, Y +ag-x-y+ag X +a, -y +ag- X’ y+a,x-y’
Ydest=by+b -x+b, - y+b,-x’+b,-y* +b,-x-y+b,-x’ +b, -y +b-x* - y+hb,-x-y’

yD:xD {mcp>20000}

T e T
i s.,?:c. AR

calib_3rdorder
Z Enries 143495

20

| Mean x 2.489
{Meany -0.08559
|sdpevx 129

15

[3)]

StdDevy 1247

10

RIDE calibrated image in 5
position (Corrections aofter
Second order Polynomial Fit)

LT ARRE  ABR" S RRES

11 i|1 1 |1§'F| 1 ||E& £y i:"ﬁi—:i’l |[—£L [
20 -15 -10 -5 0 5 10 15 20




‘RAIDE ‘Image position Reconstruction:
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THE MURA PR[IJECT

143495
2.489
-0.08559
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‘RADE Jor recoil ion Detection M

Testings with lon source

THE MORA PROJECT

-RIDE testings with lon source(?*Na) pallet.

- Filament heating up at 4.5-5 volts, producing
ions accelerating at 1.5keV hitting the front of
MCP with 1.5-6 keV Energy depending on the
bias Potential.

lon gun simulation using SIMION software
toolkit to reproduce ion beam behavior through
the beam Optics



RAIDE for recoil ion Detection:

Testings with lon source:

| MCP raw image P2 vs Py
Entries 65008
Fy 2 Mean x 0.01707
C RE : Meany  -0.08129
15 E - StdDevx  0.2831
T mEl " |StdDevy 02889
e L : — 160
B — 140
05 S o oo
- RS So°° —120
0F- — 100
_0.5:_ —80
- 80
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C i r-_:-_'_'- - 40
. —_ - __: - - ‘.- _. . "
oE o 2
- ST
_2 | ‘ 1 1| | ‘ | ‘ [ el ‘ | | | 111 | | L1 1| ‘ L 11| G
- -15 - -05 0 05 2
Pz
v

on MCP

Centred 1.5keV lon beam
without the Calibration mask

**First Observation of High background (HOT-

2

THE MORA PROJECT

SPOT)with MCP’s without the Calibration mask

| MCP raw image Pz vs Py
Entries 6653
2 2 Mean x -0.5584
F Mean y -0.6178
15 Std Dev x 0.175
~E Std Devy 0.1508
1=
- o 50
05—
c 40
0= | ‘
- —130
-05—
F 20
1=
15 :_ 10
: ] T | | ¥ S i P | ‘ 11 I ] ‘ L1 1| | s I ‘ s | I I | | ; I O N
= -1.5 -1 = 05 0 0.5 1 15 2 0
| Pz

v
Instead, observation of high background on
edges with biasing of 1.7kV



RIDE for receil icn Detection THEM% —

Testings with offline Surface lonisation source

lon Energy vs Det. Efficiency

@ == ~.
< 45 gI L \l __l . s :
£, - : Detector Efficiency scan with
& 35 S respect to the energy of the
Saturates at 3-4.5keV . .
30 ions reaches maximum
25 efficiency plateau at 45%,
20 Similar behaviour previously
; observed with delay line
- anodes.
0
0.5 1 1.5 2 2.5 3 35 & 4.5 5 5.5

lon Energy (in keV)
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Preparation pericd (76/07/22- 15/02/22) THE MORA PROJECT

The mysterious background on the recoil ion detectors
was found to be MCPs wrongly positioned, originally by
Photonis

Instead of the standard chevron configuration the
channels were aligned on all detectors exhibiting
background.

Identified as the cause for backfiring ions.
Recoil ion detectors worked nominally (except the noise
from RF) as the Si and Phoswich during the beam- period



RIDE Detectors( change in MCP Cenfiguration)

-Helped to get rid of the Afterpulsing seen every 20-40ns.
-Big issue of HOT SPOT on detector edges supposedly being solved



Progresses during the beam time (17/02/22-19/02/2022)

Phoswich Detectors

« Detectors worked Fine

% Observation of noise during
the beam time with few
Phoswich channels

PSWa15_Gfast_vs_Oslow_1

| Entries 66100
8 Mean x 6867
8 Meany  4.411e+04
9 StdDevx 1.223e+04 jog
o StdDevy 7.718e404
o
-
T —{8000
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4000
2000
I | | | | | |-
200 300 400 500 600 700 800
PH315_1_QDC2
Psw315_3 raw image [
o 80050
Q E Meany  3.766e404 |
9 SdDevx 9450
o Std Devy 7.306e404
o
i —18000
6000
4000
2000
1B | | AR Il N
200 300 400 500 600

700 800
PH315.3 QDC2

Psw315_2 raw image |
5

PSW315._last_vs_Qsiow 2
Entries 33859

PH315_2 QDC3

Mean x 6109
Meany
Std Dev x

PH315_4_QDC3

200 300 400 500 600

700 800
PH315_2_QDC2
[ Pswa
Entries 31
| Mean x 6455
Mean y 4.47e+04
StdDevx 1.069e+04
Std Devy 7.583e+04
SO Jo—— L 0
200 300 400 500 600 700 800

PH315_4.QDC2



Progresses during the beam time (17/02/22-19/02/2022)

Si Detectors E_SI_ADC_15

IS with furny p-mk:l
Entrlles—=573085

Mean 7739
Std Dev 2881

800

700

Count Rate

G00
< Detectors worked Fine.

time(arising from the
switching of RF)

1 L ]
20000

L L ]
25000

30000
ADC

=]

s Optimized again to suppress 5OUE_
as much possible 400~
background from unknown 3005_
sources. n
< Strange peaks were 20E
observed during the beam 100 J\
0

5000 10000 15000



Progresses done in JYFL (during the first beam peried) M

THE MORA PROJECT
RF noise observed in the detectors during the first beam time
pm = e |
E_SI_ADC 15 P — 1 E_SI_ADC_15 {t_cycle>0.07} . _
s Envtes 23065 RNt e T e e
g - Mean 739 o 8 r Mean  1.147e+04
2 700 Std Dev 2881 £ StdDev  1.062¢+04
o = 37
aoo;— .
500;— 5
400;— 4
3005— 3
zoof— 2
mof— 1
En_||||||| T T T I R T 0 |||||||||||I|||||||||||||||||||||lll><103
O 5000 10000 15000 20000 25000 30000 0 20 40 60 80 100 120 140 160 180 200
ADC ADC
Silicon Channel with noise peaks After Correction

shown, supposedly coming from
the pulses of R3 and R4



noise observed because of the switching of RF, R3 and R4 in the detectors m
during the first beam time: THE MORA PROJECT

**Similar case with Phoswich in some of the Channels

e -
+ Ph135_Ch2_Q1 {t _cycle>0.077} 1
Ph135_Ch2_Q1 1, Ph135_Cha Q1 {t cycle>0.077 } e
- h1 o L Entries 1918172
= Entries 2653085 § 300— Mean 3.76e+04
2 - Mean  2.825e404 = .
g 500~ SdDev 37490008 . StdDev  4.321e+04
g | O L
S r 250l
4001— I
200/
300 j
150/
a
200 B
100
100 ﬂ
50
0 Pt L O DWWWWL ot il oo X107
¢ 20 40 60 8 100 120 140 160 180 200 0 20 40 80 80 100 120 140 160 180 200
ADC ADC
Same Correction After Correction

applied to retrieve the
beta activity in Phoswich



RF noise hindered the recording of recoil-ion coincidences.
Recoil ion detectors were OFF during the beam-time due to
excessive noise

| RD180_MCP_OSC | | RD180_MCP_OSC
‘ Entries 1.59628e+07
= Mean -20.97
z | Std Dev 6.519
>
E 0 W
-100[—
—200(—
~300(—
-400|— \
500 \
= \ ‘ L C I T TR
0 5 10 15 20

us
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Outlook and Future Perspeclives THE MORA PROJECT

- Meas. of trapped radioactivity of 23Mg ions
Less contamination from 23Na to trap more 23Mg ions.
Beam purity issue is being addressed by baking out the targets
surroundings( spig electrodes) etc.

-  Meas. of B -recoil coincidences.
High background with RIDE, PHOSWICH and Si detectors has
been addressed.
Possible to filter out the noise from Switches using the time cycle
information, no more noise from RF.

- Detector Response Function
RIDE detectors to be calibrated again with Alphas in position.

Simulations (Geant4/PENELOPE) to be used for final calibration
of Si and phoswich Detectors (in progress..)
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THE MORA PROJECT

In a hope to see more Mg in
the next scheduled experiment

(27-31 MAY,22)
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Thank you for your attention!
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THE MORA PROJECT
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Deviation/Curvature in the RIDE image:
E field points toward the screws, thus the force exerted on electrons points away from

the screws toward the center of the MCP plate.



RIDE Detector channéls

J1VH IN3S 1L
J1vH IN3S 01
31vd IN3S 2dOW
J1vH IN3S LdOW
31vY LN3S ¥ 0.2C
31vH IN3S € 0L2C
31vH IN3S ¢ 0L2C
31V IN3S L 0L2C
31vH LN3S dOW (
31vH LN3S ¥ 081C
31VH IN3S € 081C
31VH IN3S 2 081C
31VH IN3S L 08LC
31vY LN3S dOW (
J1VvH IN3S ¥ 06Q!
31vd IN3S € 06Q!
J1vH IN3S ¢ 06Q!
31vH IN3S L 06Q!
31vH LIN3S dOW (
31vY LN3S ¥ 00y
31vd IN3S € 0ad
31vY IN3S g 0aY
31vY LN3S + 0QY
J1vH IN3S dOW C
31vY IN3S ¥ SlEt
J1VH IN3S € Slet
J1VH IN3S 2 Siet
J1VvH IN3S L Glet
31vH IN3S v Seat
J1VvH IN3S € Seet
J1vH IN3S € Seet
31vd IN3S | Seet
J1VH IN3S ¥ SELt
J1vY IN3S € SEH
J1VH IN3S € SEH
31VH IN3S | SELt
31vH IN3S ¥ GPH
31vY LN3S € SvH,
31VvH IN3S € G¥H.
31VY IN3S | GtH
31vH IN3S 8 2IS
31vY IN3S £ 2IS
31vd LN3S 9 2IS
3J1vH IN3S G 2IS
31vY LN3S ¥ 2IS
31vY IN3S € 2IS
31vY IN3S 2 2IS
31vY LN3S | eIS
3J1vY LN3IS 8 LS
31vY IN3IS £ HS
31VH IN3IS 9 LIS
31vY LN3IS S HS
3J1vY IN3IS ¥ LS
31vY IN3S € HS
31vH IN3IS 2 LS
31vY IN3IS L LS

‘In presence of R°F




RIDE 180 deg.

(Suppression of
noise by the
factor of 2)

J4LVA ALINJO Ut
JLVH IN3S L
31VH IN3S ¥
31vd IN3S €
31vd IN3S 2
31vd IN3S
31vH IN3S d
J1vH IN3S ¥
31¥d IN3S €
31vd IN3S 2
31vd IN3S
31vH IN3S d
31vd IN3S ¢
JLVH IN3S €
JiVH IN3S €
31vd IN3S |
31vd IN3S d
31vd IN3S ¥
31vH IN3IS €
31vd IN3S T
31vY IN3S
JLVH IN3S d
JLVH IN3S ¥
JLVY IN3S €
31vd IN3S ¢
31vY IN3S |
JLVH IN3S ¥
31vd IN3S €
31vd IN3S ¢
31vd IN3S |
31VH IN3S ¥
JIVH IN3S €
31vd IN3S ¢
3LVY IN3S |
31vd IN3S ¥
31vY IN3IS €
J1vd IN3S @
3J1vH IN3S
31vY IN3S 8
31vH IN3S £
31¥H IN3S 9
31vd IN3S S
J1VH IN3S +
31vd IN3S €
31vH IN3S T
31vd IN3S
31vd IN3S 8
31vH IN3S £
31vd IN3S 9
31vH IN3S G
31¥Y IN3S ¥
31vd IN3S €
31vH IN3S €
31vd IN3S L

‘Without RF switch




