Mass separation and mass measurement
capabilities/opportunities with PILGRIM

P. Delahaye
S3 physics workshop, Saclay, 2017/03/27
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MR ToF MS principle

Multi-Reflection Time of Flight Mass Spectrometer
— Two ion optical mirrors, connected through a pulsed drift tube

— Atime of flight focus can be realized inside the trap: the revolution time only depends on the
mass and not on the energy

* ISOLTRAP MR-ToF-MS

R= M/6M= t/25t

BradbuW'N‘e‘se“ gate

e\ec\ros\a\'\c mirror 2 A  penning

mixture of \ift e\ethOW «—160 mm | /\%

different species L .m_“.ap460 e “ u_ .
g A= i
160 mm =
‘ = switched electric  deflected transmitted
""" T ‘ potential ions ions

time-of-flight separation
in multiple revolutions

Photograph Courtesy : R. N. Wolf (University of Greifswald)

ion trajectory

Collaboration with Greifswald University

PhD thesis Pierre Chauveau
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MR ToF MS performances - . sld—

* Typical trapping time: 10-100 ms ISOLTRAP MR ToF MS:

° Resolving power: up to X.105 R.;/Vol:tit al._, IJMS 349 (2013)123
and re erein

¢ Mass measurement: dm/m~5-10"/

, . . 53-54Ca mass measurements:
for intensities down to fractions of pps F. Wienholtz et al., Nature

498 (2013) 346-349
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Such performances require
» Cooled and bunched beams, with 6t <100ns
 High vacuum (<108 mbar)
 High precision and stability voltage supplies

ion trajectory




Bradbury-Nielsen Gate

 See eg Wolf, NIM A 686(2012)82
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relative revolution time 5T

In-trap lift
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Control of the time focus!
R. Wolf et al., IUMS 313(2012)8

Time focus
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Piége a lons Linéaire du Ganil pour la Résolution des Isobares et la mesure de Masse

See P. Chauveau’s PhD thesis,
University of Caen, 2016

Aluminium Alloy 2017
+ Nickel electrodeposition

@12 304L Rod

Features:

* Mirrors: hollow tubes configuration minimizing the optical aberrations
* Invar rods to support the mirrors minimizing d(T) variations

 Large vacuum conductance minimizing collision spreads P<5e-9 mbar
* Nickel coated aluminum electrodes homogeneous potential definition

Design, simulation and tests (GANIL)
P. Chauveau, P. Delahaye, Y Liu, A.
Shornikov

Mechanical design and construction,
electronics and slow control (LPC Caen)
Y. Merrer, J. Lory, P. Desrues, J. F. com, C.
Collaboration with uni — Greifswald Vandamme, J. Brégeault et F. Boumard

R. Wolf, M. Rosenbusch et L. Schweikhard
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Piége a lons Linéaire du Ganil pour la Résolution des Isobares et la mesure de Masse
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See P. Chauveau’s PhD thesis,
University of Caen, 2016
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Design, simulation and tests (GANIL)
P. Chauveau, P. Delahaye, Y Liu, A.
Shornikov

Collaboration with uni — Greifswald
R. Wolf, M. Rosenbusch et L. Schweikhard

Mechanical design and construction,
electronics and slow control (LPC Caen)
Y. Merrer, J. Lory, P. Desrues, J. F. com, C.
Vandamme, J. Brégeault et F. Boumard
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Simulations of PILGRIM

 Simulated with SIMION 8.1 without

space-charge

* Resolving powers above 300k

achieved for realistic emmitances
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Resolving Power

* Precision mass measurement (x-107)
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Point centre piege
MOT avec cet
ensemble source

Fentes X et Z

K, Ca pellet

Lentilles
Source \ \

~1850

Beam chopping with deflector plate and Behlke switch:
ot~100ns
0E~100eV
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Goals: R>100,000 and 5m/m<10-

39K 9 40K
At~100ns At~150ns
t =16ms t=8.1ms

Fall of 2016

R is limited because of:

» Beam chopping with a BNGate

* 0E~40eV and 0~1° due to beam chopping for SE<10eV. 0=0°

induce an increase in At with the number of
turns

*Temperature controlled electronic
rack

* HV supply with T variation active
correction

 Large Voltage variations due to large T
variations induce ToF variations
0t;~2.5 10 dT(K)
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Goals: R>100,000 and 5m/m<10-
Winter - Spring 2017

BN Gate is being constructed
J. Lory and J. Perronel

Corrected HV power supplies ordered: delivery end of April

Temperature controlled rack by June
* internship N. Lepoul

mm) Testing the new resolving power: summer 2017

Slow control is being modified for mass measurement
* Fast timing switching between reference ion and test ion
« J. Brégeault and F. Boumard

mm) Testing the mass measurement capacities: Summer - Fall 2017

Radioactive ion beam commissioning: 20187
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Outlook, conclusions

PILGRIM is almost operational
* lon trapping without losses during 32ms
* R~65,000 achieved

Should become fully operational with

- ABN

Thanks a lot for your attention!

T controlled rack and T corrected power supplies

* A slow control allowing fast switching between
reference masses

Radioactive ion beam commissioning
* Possible as of 2018: LIRAT?
* In 2019 with S3-LEB

PhD P. Chauveau

Ongoing

2018-
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Mass measurements

Goals: R>100,000 and 5m/m<10-
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MR-ToF mass spectrometer 20

\\ n-rich Calcium isotopes: 52Ca

1005 (3/27)
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Courtesy R. Wolf



MR-ToF mass spectrometer

\\ n-rich Calcium isotopes: 53Ca and 54Ca

A=53: measurement cycle = 4ms
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Kreim et al., INTC-P-317, IS 532 (2011)

Spectrum number

A=54: measurement cycle = 6ms
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