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= \Why dolwe needan Electron Beam [on lirap (EBIT at the:
TITAN Faciliby 2

=iheunamipurposeiotalilANAE tolperform high=precision mass
measurements (Smym/= 1GEI onjshortlived isotopes (b, >0 ms)ihe
EBlisproduceshighly charse dionsiiEls) whichwilllboostthe precisiohiot
suchimeasurements,

= Why do\we need ta charactenze extracted FHElbeams ¢

4 ﬁaTITAN EBlpwillibe receivingionline redioactiveionbeams fiomithe
ISR facility at TRIUNME The radionuclides of interest will be of mintite
auantities, A characterization of HEl heams extracted fromithe EBlpallows
foranunderstandineiof the exiraction, trap and beam dynamics necessany
Qmaxi’mize the transfer efficiency.ofions towards the Penning drap;

dhe HANTTRIUN Esionfrap forsAtomic and Nuclearscience) experiment b
IRIUNMEIREUniversityMeson Facility) uses aunigue combinationioFairadios
frequency quadropole(REQ))aniEectroniBeamion Trap BB andiaiPenning;
Trap Lo achieve Miass i easurementwith a relative precision o f smymis: 105
on short|ived Isotopesid ms L )
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Theimass isidetermined from thelcyolotion frequency o theioniin the
homoeenousimaenetic fieldiofthe Penning trap maenet:

Theuse of HClswill increase the mass measurementresolution bya facton
corresppndme to thelchiarse siale g of the HiElE

wherells isihe durationof e radio-fiequency excitationtand Wisithe number
ofimeasurement.cycles,

Motivations forhigh precisionimass spectiometiy,

= Shell clostreeffects, existenceandlocations ofmagic numbers far from the:
valley of stability. '

siest theunitary of the CKM matrix and the GVE hypothesis (Standard

Model)"

= Study of rp-process waiting-poi'nt nucler

Other experimental uses for IITAN

=iGollinean]aser spectrometnyon capled ionibunchesiusing the RES:

= Sitidy0f thebranching ratio of odd-odd intermediatenutierin double-beta
decay usmg:the EBIIFn Penning trapimode;

SXrayspectrometny ot shortlivediradioactive nucle

ilieipurpose ofthe dliAN Electron Beam lontrap (610 is to trap and charge
breed, bylelectoniimpactionization, sinaly.chiarsed 1onsComing ffomiie
REQUn the TIHANEBIT; the tonsdre trapped in the axral'and vadralidirection
by elecirostatic potentalsiapplieditodnft iubes) the space potentialiof the:
elecitonibeam aswell a5 asiiong magneticifield”

Axial potental
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TITAN EBIT Parameters

Maximum Magnetic Field (B) 6T
Maximum Beam Energy (E.) 60 kev
0.5 A (Upgradable to 5 A)
Beam Radius (1)) 25 pm
Beam Current Density (J,) 30 kA/cm? (Upgradable to 300 kA/cm?)
Trap Voltage (Vy,,) 0=1kV
T; 100-500 eV

fon

Maximum Beam Current (I,)

Number of trapped ions ~107

Bug tojthehighielectron beam current density and energy, the EElTican’
produce Helswithin 0 ms: This short breeding time s crucial forhigh
priecision mass measurementon short-lived isotopes.
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Extraction Scheme "

Ihetrapped ionsicanibe extracted fromithe EBINN tvoiditferent
modes:

- Pulsed

By lowermetheipatential of:theldrift tubemearestthe collector below
the potentialiofitheicentral drift ibeatairesular Fequency up)to 100
117 the: HCls are expulsed fromithe trap towandsithe collectorim
bunchesiatregular miervals

- Leaky/{(continuous)

The potentialiof the drift tube nearest toiihie collector islowered 10/a
potentialinthenyvaen s onglnal vallieand the one opithe central drift
tubie and keepifixe g g streamiotiHEls
emeraime fromg pated toithe pulsed
mode: |

710, 0 Potentials o D G/ Ve oD 0l line) n B o0y dashed ine) iodes:

Thepry,

- [pngithdinaliemitiance

c=AE-At

Where AE s itheienerey spread and Athsihe time spreadiofitheion bunchy

= Transverse emittance

e=mw-r-r

Whereisitheiion beam|source radius andy: is the divergence of the beam.
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Expenmental Setup
We are planning to/measure the emittance of Hel beams extracted from the

EBlistsing fyme-ofeHipht Mass Spectioscopy (I GEMS]icombined withion
deflectioniplates;
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+ Advantages.

= Gharge resolution (1)

=CAbTe fo resolve Specitic 11/ ratios for sufficientlylowion temperatire in the
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Offline measurements

Foremittance medsurements of thelextracted Hsllbeam; the EBII can be run
offlinel(disconnected fromithe ISAE beamline] usingeither aigas njection
systemior aib keVilonisolrce:

= Gas njectioniSystem

Whe gas mjectionisysteminjects aifine sieam ol atoms Lo the rapifrom a side;
portofithe magnetic chamber. Ihesefatoms can be used for'charge breeding
meastrementsand as a copling £as forincoming ionsinom either the 1SAE
beamiineiorion source)

ngg dliferEhfwﬂypumped gus m]ecflon SyStern) s sy ster oanbe e d Ty ect
HEatiof dlelsrentstaith region (otated on
Thenenmpurple), syichithen becontes mnlzedandtmpped :

*SkeVon SoUlce:

Aniion sourcewilllberconnected tothelEElfbeamiine and used toinject
sngly: chiarged fonsup toisikeVinto the EBI- Thiswill belused toltest the
apticsinithe beamlimedunme miection and thefrapping potentialsofithe
drifi tubeswhile performing all the regularmeasurementsion the HEl beam
emittance parametens{described belowi.
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HEI beam emittance parametersto bestidied

= on tempernattire

sNumber oftrappedions

=Hnjectionipressure onipn beam njection density;
= Joncharge -étage .

s Magnetic figld

= Electron bean) energy, current and radius {re)

=i rapping potentialsandiexiraction’scheme:

ihe first fwo parameters to be analysed will e the temperature and| the
charge statesof the extracted HiEls,

siemperatune

"Wheltemperature is primordialin determining the transverse emitiance (ds
seen below) and crucial fon gopditranzmissioniofthe HElbeami towandsthe
detectorsion Penningitrap. Reducing ilimprovesihe mass measurement
sensitvity inithe PEnning lraps

By L2 heexpectad Unhormolized [ ansverse S ttance ol an £l ys: I hisean betcalcul ated front
tfie properties of the trapped rons; where T {5 thetenperatare ofthe trappedions i astheradisof;
therconfmentent Vol ine, (7] mheal:cel!ntmn potential, and g sthejomcharze:

*ICharge states, magnetic field and 1,

heitransverse emittancelisa fnction ofthe source radiuswhich varies for
differeny charge states, EBINEsmagnetic feld andibeamiradius Hence,

g how'these p ¥ the'beamiemitlance is of
ndamentalimportance.

From pdst experimen tsawithvanous o ther EBITs, sve can predict a few:
parametersweexcentiiolsee fromithe TN EBIT:

Expected parameters of the TITAN EBIT

Energy Spread (AE) ~20 g eV

Extracted number of HCI = 108 ions/s (Pulsed mode)

Transverse Emittance <30 n mm mrad
Longitudinal Emittance 8x10° geVs
Breeding Time Imsst<ls

Forinstance, ifiwe extract aipulse oiNeCjons from the EEI, the resultimg
enerey spredd fromithis bunchiwillibearound 260 eV it is to be notedithiat this
valueis fonanonscompensatedielectronibeam. Gihenwise theenergyspread
canleasily/double or:more dependingonithe degree b compensation;

Afesize ofithe transverse emitiance canialsabealiecied byithe chiaroe
breeding time end|electronbeamicurrent increasmgif eitherofthem
NCreases:

hechargestate distrtiution cannot: bepredicted accurately and willlonly be
known once the fifst measurementssith either an X-ray detector on 10 F with
a Wienfilterisidone,

The TTANEBTRwIlliprodice thermpstntense electron bean currently
available and will beiused toicharge breed radioactive jonsifram the |6AG
Facilityat RIUME Wsediiniunisoniwith the Penning rapy these Helswilllbe
usedifor Righ-priecision massmeasurementsion short:-lved isotopes:

Before becomig, fullyloperationalitoveceive the online radioactive beam from
ISAE calibrationiand testing of the EEITwill need tobe performed While
offlme, the EBIiwillienther use the gas injection system or the 5 keVion source
a0 Sources for testing purposes. Ihe firsbof thesemeasurementswill befon
the transverse and Iongtudinal emittances while simul‘taneously 1esting the
opticsofithe EBIIE :

@nce the testing s completed) integration of; the EBITwith theirest of the
AN expermentwillibedone Thetfinst online measurementwill start shortly

aftenwards s 2R s Bichwill helpin refinine easunement o fith e GKV

matrxandfundamental symmetriesin the Standard Mogdel S
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