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High-Precision Mass Spectrometer
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t ISOLTRAP - Measure
| —
* Mass measurement of neutron rich 4%2CAr B | 2]
« Motivations: S e 2 : !
* two neutron separation energy S,y up to N =32 Sub-shell closure in Argon‘z ]\ 3 ? -
* Results: 2 S " | c > s

* first direct measurement of “°Ar mass !
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* no succes for *%Ar due to space-charge effects induced by massive contaminations
Neutron Number
e commissioning of Mini-RFQ for Mass-Selective Re-Trapping 1]
#94r 1000revs initial mass-selective ejection
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[1] D. Lange et al., in preparation
[2] D. Lange et al., INTC-P-715 (2024)
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ISOLTRAP - Measure

e Mass measurement of neutron deficient 26:°7.98Cd

* Motivations:

* evolution of nuclear structure around the doubly magic 1°°Sn

* rp-process sensitivity to nuclear masses around the doubly magic 19°Sn

e Results:

e first direct measurement of 26:9789/nCd masses !

* improvement on ?8Cd mass
* implementation of a new DAQ system for the MR-ToF MS in parallel to the standard one [

104
97Mo

[1] M. Benhatchi et al., in preparation 10°
[2] D. Lange et al., in preparation
[3] M. Mougeot et al., INTC-P-682 (2023)

16/03/2026

2 W AllLData Laser ON
[ ] B Lasep ON (norm)
WM Laser OFF (norm)

97, 9Cd

8G9 97';’7C:é

relative Time-of-Flight / us

10*

-

Two-neutron shell gap (MeV)
w

- N W &

~

—$— AME2020
- BSKGL
- Slyd BMF

3] /’

Proton number

96Mo

Maroua BENHATCHI — ISOL-France Workshop 2026

[2]

4
relative ToF / us

W= All data Laser ON
—_wsgrtou (norm.)
B Laser OFF (norm.)




t ISOLTRAP - Measurem

. e .
Edge of sensitivity . AME 2020
* Interest in more exotic nuclei ! sef X mwe )
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[1] M. Mougeot et al., INTC-P-682 (2023)
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t ISOLTRAP - Measurem
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* Edge of sensitivity 2 102
. . . o 10
* Interest in more exotic nuclei ! B oo
* Challenges: 8 o0 =ibeo 0 1000 2000
. . Time-of-Flight (ns) - 49550706.6 ns
* |low production yields 8 Jo s m/q = 105
. . N 210
* isobaric and molecular contamination & 03 ’
How to overcome | » ions of interest overlayed by tailing of contaminants j%10l
these limitations? | » ToF shift and peak deformation due to space charge effects § 10° ‘
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[1] L. Nies et al., PRC 111, 014315 (2025) Time-of-Flight (ns) - 48845946.9 ns
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* Mini-RFQ!1
* Mass-selective re-trapping 12! :
* contamination suppression
* collision-induced dissociation (CID)
e Initial trapping in MR-ToF

[1] D. Lange et al., in preparation
[2] T. Dickel, et al., J. Am. Soc. Mass Spectrom. 28, 1079-1090 (2017)
[3] C. Kanitz, Master-Thesis, Friedrich-Alexander- Universitdt Erlangen-Nirnberg (2021)

ISOLTRAP - Technical devel

— jn-trap lift - l [D
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~ ISOLTRAP - Technical devel

e Mini-RFQ!Y £
Nrevs () €3

* Mass-selective re-trapping 121

« contamination suppression ) UUDUUDL_(:)_[_'DUHUUH_'

* collision-induced dissociation (CID) — in-trap lift = [ID
e Initial trapping in MR-ToF + Re-bunching in Mini-RFQ

EMP2H

mEmrTEan
Wi uduu.umbbuu E

ne

EMP4H

butter-gas feetn RFrods  endcy
[1] D. Lange et al., in preparation SN 2
[2] T. chk.el, etal,J. Am. .Soc. !\/Ias§ Spectrom. 28, 1079-19?0 (2017) ) Mini-Buncher designed by MIRACLS [3]
[3] C. Kanitz, Master-Thesis, Friedrich-Alexander- Universitdt Erlangen-Nirnberg (2021)
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t ISOLTRAP - Technical develo

. EMP3H
e Mini-RFQ!Y :
. . N revs £ 3
* Mass-selective re-trapping 12! : N* revs
N . 0,5re MO
e contamination suppression D._ ‘DUUU '
» collision-induced dissociation (CID) L in-teap tift < m> <7
e Initial trapping in MR-ToF + Re-bunching in Mini-RFQ + Second trapplng in MR-ToF n
EMP2H
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[1] D. Lange et al., in preparation

[2] T. chk.el,et al., J. Am. 'Soc. !\/Ias§ Spectrom. 28, 1079-19?0 (2017) ) Mini-Buncher designed by MIRACLS [3]
[3] C. Kanitz, Master-Thesis, Friedrich-Alexander- Universitdt Erlangen-Nirnberg (2021)
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” ISOLTRAP - Technical develo

.. . EMP3H
* Mini-RFQ!Y: Ar beamtime 1006 e
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[1] D. Lange et al., in preparation
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” ISOLTRAP - Technical development

* MR-ToF MS Temperature Stabilization

‘.HCSO ]J3CS+

2000 revs 30 IPEs 2000 revs ; 40
3 10 | 5
c i e 30 2
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2
0 0 0

9.50 9.75 10.00 10.25 10.50
(ToF - 55492.0 ps) / ys

7.00 7.25 750 7.75 8.00
(ToF - 55496.0 us) / us

*  ToF drift correlated with temperature
~ 500 ns\K

* Active temperature stabilization system
based on Peltier elements 1]
*  MR-ToF MS enclosure

[1] F. Mehlhorn, BSc thesis, University Heidelberg
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t ISOLTRAP - Technical devel
° LAI S[l] Laser Table with
e Offline ion sources for: I;)ig;l;:)sat?gs -

* optimizations, testing, reference for mass measurements \
* Surface ion source: ~~= -
= —
« alkaliions (K, Rb, Cs) SR icnosics

s
e

Insulator

* stable production of continuous ion beam Surface lon
H Source 90 Degree
e Laser Ablation lon source:
* wide range of possible target materieals Quadrupole

Bender
* target holder on motorized feedthrough

Extraction

* laser pulses produce bunches of ablated ions Ehactrostivg

Ablation Target
on motorized
feedthrough

[1] P.F. Giesel et al., in preparation
[2] L. Nies, dissertation, 10.17181/CERN.RQYQ.2TJZ (2023)
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‘ ISOLTRAP - Technical develop
12Cl+2 13C12C1+°
R 1 A =144 A=133
LAIS[ | 1921 revs 2] 1999 revs
* Production of different metals and carbon clusters available 142 [0]
 RFQ-CB require heavier buffer gaz for heavier species ig;
 Load ions from both source possible
. : : 5 10? 159]
* Possibility to investigate space charge effects, @ 10! ‘
and molcecular formations ¢t clustersizen [2] S 10°
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[1] P.F. Giesel et al., in preparation
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ISOLTRAP - Technical developmen

* MR-ToF MS Data acquisition system!!]

Standard DAQ - MCS6A :

* all raw data is lost
e can create bias

Scaler TDC type that convert raw data into histogram
* good for low intensity beams
* amount of data is reduced

Time resolution of 0,1 ns

New DAQ - Picoscope 6428A :
Oscilloscope + python programs [1]
- raw data =one spectrum saved for each ion shot
* python to control both the scope and the

conversion to counts Time resolution of 0,2 ns
Amplitude resolution of 0,4 mV

raw signal at oscillosco 250 kS
.,r,..,q”rr,ﬂ-r-v—.-T-rw—rTq—Bgqu—n—Lr-,——rw-r—v—ﬁ—-
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g
o
1
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ToF after ejection from MR-ToF MS in ps

[1] M. Benhatchiet al., in preparation

raw signal at oscilloscope (250 kS)
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‘ ISOLTRAP - Technical develop

* MR-ToF MS Data acquisition system!!]

e Detector signal devided with an active splitter
* throught output: no effect on MCS6A acquisition
e coupled output: half of initial signal going to PicoDAQ

Acquisition
MCS6A PC29
Control

* no reflections, nor noise increase on both outputs

Through
lon Signal Output Communication via
Magne EPICS
ToF
Coupled
Output

Acquisition
Picoscope PC23
Control

[1] M. Benhatchiet al., in preparation
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ISOLTRAP - Technical develop

* MR-ToF MS Data acquisition system!!]

10 N\
U_
—
>
& 10
~— w
g 0
B =20 f %-10 |
= o=
& -30 | g-w B
<C ko
—— raw Picoscope Data
40 = Q290 4300 4320 a0 4360 4350 as00 |—
Time (ns)
—— raw Picoscope Data
|
2000 4000 6000 8000 10000 12000
Time (ns)

[1] M. Benhatchiet al., in preparation
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t ISOLTRAP - Technical devel

* MR-ToF MS Data acquisition system!!]
Selecting ions peaks: use « find_peaks » function from SciPy

10
ToF (ns) Amp (mV)
S 1 t1 al
E
S 2 t2 G
=
3 3 t3 a3
<C
; ' —— raw Picoscope Data 4 t4 a4
— |im = -9.01
-0 4280 4300 4320 4340 4360 4380 4400
Time (ns)

One file for one waveform
(x N cycles for one measurement)

[1] M. Benhatchiet al., in preparation
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” ISOLTRAP - Technical develo

* MR-ToF MS Data acquisition system!1]
* Define an ion amplitude threshold:
e characterize noise amplitude

Noise amplitude distribution for one
Window of 10 ns/waveform =» 50 samples/waveform measurement

Gaussian fit:
e Amp = 0.83 MV
Sigma = 1.97 mV

g
®

— 3500
>
E E 3000
S L0
(7] & 25004
ge} g.MD
B % 2000
= 2
Q 13001

£
< 1000

~——— raw Picoscope Data ' ' 500

— lim = -9.01 y

N 4280 4300 4320 4340 4360 4380 4400
Time (ns)

Threshold =5x o

[1] M. Benhatchiet al., in preparation
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t ISOLTRAP - Technical devel

* MR-ToF MS Data acquisition system!!]

* lons ToFs:
* from « find_peaks »: the function return peaks indexes =» Time of indexed sample

* from fitting the waveform with multi-gauss function

10
ToF_PF (ns) | ToF_Fit (ns)
S 1 t1 t'1
E
= 2 t2 t2
=
3 “ 3 t3 t3
< ——— raw Picoscope Data )
— lim = -9.01 ' ' ; 4 t4 t4
—— fitted Picoscope Data '
4280 4300 4320 4340 4360 4380 4400
Time (ns)

One file for one waveform

[1] M. Benhatchi et al., in preparation (x N cycles for one measurement)
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‘ ISOLTRAP - Technical develop

* MR-ToF MS Data acquisition system!1]
* lons ToFs: comparing ToFs results for Picoscope between two methods

ToFs for 85Rb at 2000 revs over dlffe" ent files ToFs for 133Cs at 2000 revs over different files
T ‘ I T T
Mesur_10 + ToF from Peak F nder - PlcoDAQ ' Mesur_7 4 —@— ToF from Peak Finder - PicoDAQ ‘—'
—&— ToF from Gaussian Fit of each ion - PicoDAQ —e— ToF from Gaussian Fit of each ion - PicoDAQ
Mesur_9 -+ ‘ i | 1 = | |
! | | ! Mesur_6 @
Mesur_8 7l - S —
Mesur_7 Mesur 5 11 ¢
e} 0
: / :
g Mesur_6 g
L @ Mesur_4 -f—?
2 Mesur 5 1 2
i ©
2 g J
Mesur_4 1| Mesur_3
Mesur_3 |-
! ! ! ! ! ! ! ! Mesur_2
Mesur 2 11 8 10 12 14 16 18 20 22 = 2 A & a 10 12 14 16
Mesur_1 -:; Mesur_ 1 1| @ /‘! | n
5750 6000 6250 6500 6750 7000 7250 7500 5500 6000 6500 7000 7500
ToF (ns) +4.436e7 ToF (ns) +5.55e7

[1] M. Benhatchiet al., in preparation
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ISOLTRAP - Technical develop

L

* MR-ToF MS Data acquisition system!1]
* lons ToFs: comparing ToFs results between two DAQs

Origin still uknown, but the ToF shift is
constant for one spectra !

ToFs for85Rb at 2000:revs overdifferent files ToFs for 133Cs at 2000 revs over different files

] T 1 | l :
Mesur_10 4 —&— ToF from N!CSGA ‘ Mesur_7 4 —a— ToF from MCS6A | #%
—8— ToF from PicoDAQ —8— ToF from PicoDAQ
Mesur_9 - | ] Il
Mesur_6
Mesur_8 /I B = Vd 4 / |
Mesur_7 N 4
@ i / Sy - Mesur_5 &—
= e
g Mesur_6 o;; \\
g i @ Mesur_4 ' i '
2 Mesur 5| /At ~27ns § At ~ 42 ns
()] / ]
= ‘ =
Mesur_4 + Mesur_3 4
Mesur_3 | Z 4!
. — - : - Mesur_2 : . : . : : :
Mesur 2 pao ki Lo 70 70 = 260 270 280 290 0  3lo 320
Mesur_1 1} Mesur_1 1| |~ =
5750 6000 6250 6500 6750 7000 7250 7500 5500 6000 6500 7000 7500
ToF (ns) +4.436e7 ToF (ns) +5.55e7

[1] M. Benhatchiet al., in preparation
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ISOLTRAP - Technical deve

* MR-ToF MS Data acquisition system!!]
IS745: mass measurement of neutron deficient Cd

10*

10°

Counts per bin

i

Relative ToF / us

At ~ 49 ns

<+

=
o
=

MCS6A

=
o
w

=
o
N

g

Counts per bin
g

[
2

10°

Relative ToF / us

[1] M. Benhatchiet al., in preparation
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t ISOLTRAP - Technical devel

* MR-ToF MS Data acquisition system!1]
* |S745: mass measurement of neutron deficient Cd At - 45 ns

10?

105 - 102- A =98 at 1000revs
i E
1074 } |

103

Iml
EMCd -

Counts per bin

Relative ToF / us

R ———
Counts per bin

’IMol
VL 8Cd

—
(=
~

Counts per bin
=

Relative ToF / us

Relative ToF / us
[1] M. Benhatchiet al., in preparation
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t ISOLTRAP - Technical devel

* MR-ToF MS Data acquisition system!!]

.
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2
Fv

'-El
i
£ i
g i
Q 10?4 { i
4
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3
O 10!

10“‘4&] nam

Relative ToF / us

e |S745: mass measurement of neutron deficient Cd

104 i '1
: S E
g T )l
& £ 3
c 10° i %
3 x‘j
b Ref
=1 i
102 } |
b4 1
= |
o i
o 10! !

Relative ToF / us
[1] M. Benhatchiet al., in preparation
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At ~ 47 ns
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ISOLTRAP - Technical devel

* MR-ToF MS Data acquisition system!!]

* IS745: mass measurement of neutron deficient Cd
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2
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[1] M. Benhatchiet al., in preparation

At ~ 49 ns
<+
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Thank you for your
attention !
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” EXTRA - Technical developm

MMS8 software for
timing control

* MR-ToF MS Data acquisition system!!]
e Synchronisation of both DAQs with EPICS

MPANT software
for MCS6A control

Says go
MCS6A n
Send DATA

Request MCS6A Send MCS6A
status status

Says go
Picoscope
Send DATA

- Saved after one
» DATA measurement done

Saved after one
»§ DATA cycle done - Temporary !!!

[1] M. Benhatchiet al., in preparation
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” EXTRA - Technical develop

* MR-ToF MS Data acquisition system!!]

* Long cycles (> ~100ms) for one ion bunch

Timings control

with MM8 Trigger 1 Trigger 2 Trigger 3
Stop acquisition
Save data on Save data on Save data on +
MCS6A start Acquisition 1 MCS6A Acquisition 2 MCS6A Acquisition 3 MCS6A Save data on PC29
Save data g5ye Save data gaye Save data g3ye
. . on  dataon o on  dataon on  dataon Stop
Picoscope start Acquisition 1 Picoscope pc23 Acquisition 2 Ppicoscope pc23 Acquisition 3  Picoscope pc23 acquisition

[1] M. Benhatchiet al., in preparation

16/03/2026 Maroua BENHATCHI — ISOL-France Workshop 2026



” EXTRA - Technical develop

* MR-ToF MS Data acquisition system!!]

e Short cycles (< ~100ms) for one ion bunch

Timings control

with MM8 Trigger 1 Trigger 2 Trigger 3
............................................. Stop a.c&u.is.iti.oﬁ s
Save data on Save data on Save data on +
MCS6A start Acquisition 1 MCS6A Acquisition 2 MCS6A Acquisition 3 MCS6A Save data on PC29
Save data g5ye Save data Save
on data on on data on Stop
Picoscope start Acquisition 1 Picoscope pc23 Acquisition 3 Picoscope PC23 acquisition

[1] M. Benhatchiet al., in preparation
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~ EXTRA - Technical develo

* MR-ToF MS Data acquisition system!1]
* Acquisition time window, with T defined by calibration ( for Aand N revs = T)
* Picoscope time window reduced due to memory space issue

' At = 24 us
| - |
Delay =T ns
]
| |
| |
I At = 6 us I I
1 <+ [ 1
At =12 us I
«r I

Delay = T + 6000 ns
g

[1] M. Benhatchiet al., in preparation
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