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Similarly, in operation of a Time of Flight (TOF)
system, or a hybrid TOF mass spectrometer, such as a Trap-
TOF, the operator typically attempts to deliver as high an
absolute ion rate as possible to the TOF to maximize
sensitivity, but not so high as to saturate the detection
system. When dealing with internal mass standards for high
mass accuracy measurements, this problem is further
compounded by the need to match closely the relative
intensities of the internal standard and the analytes of
interest.

Space charge effects arise from the influence of the
electric fields of trapped ions upon each other. The

combined or bulk charge of the final population of ions
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cyclotron frequency of the ion in an ICR cell can be
approximately described by:
® = gB/m - 2aV/a’B - gpGi/egB

where o is a cell geometry constant, V is the trapping
voltage, a is the cell diameter, p is the ion density, Gy
is an ion cloud geometry constant, and g is the
permittivity of free space.

Hence, if the ion population in a FTICR is allowed to
vary, the measured peak positions will move as a result of
the interaction of the ions with the electrostatic fields

of the other ions in addition to the fields of the cell and
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corresponding to the accumulation period; and introducing

the accumulated ions into the mass analyzer.

In general, in another aspect, the invention provides
methods and apparatus implementing techniques for operating
a mass analyzer. The techniques include controlling a
population of ions to be introduced into the mass analyzer
by accumulating ions and introducing ions derived from the
accumulated ions into the mass analyzer. The ions are
accumulated for a time period determined as a function of an
ion accumulation rate and a predetermined optimum population

of ions. The accumulation rate represents a flow rate of

ions from a source of ilons into an ion accumulator.
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andljfd# Mhd ions derived from the sample of ions are
accumulated during a sampling time interval. Ions derived
from the sample of ions are detected, and an injection time
interval is determined based on the detecting and the
sampling time interval. TIons are accumulated for a time
corresponding to the injection time interval, and ions
derived from the accumulated ions are introduced into the
mass analyzer. The injection time interval represents a
time interval for obtaining a predetermined optimum
population of ions.

Particular implementations can include one or more of
the following features. The ions can be accumulated in an

ion accumulator. The techniques can include transferring
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The ions can be filtered with a mass filter before
being accumulated. Filtering the ions can include passing
the sample of ions and the ions through a multipole device
including one or more mass filters. The mass filter can
include a quadrupole device. The ions can be detected in
the detector after being accumulated in the ion accumulator.
Substantially all ions derived from the sample of ions can
be removed from the ion accumulator before any subsequent
accumulation of ions.

Accumulating ions can include receiving ions in the ion

accumulator substantially continuously during a single time
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_ions derived fromthe accunul ated ions can b
lefefer mi ned. The mass spectrum can be determ ned by
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spectrometer, a ion cyclotron resonance mass spectrometer,
an orbitrap mass spectrometer, or a TOF device. The source
of ions can produce a substantially continuocus stream of
ions. The source of ions can be an atmospheric pressure
chemical ionization (APCI) source, an atmospheric pressure
photo-ionization (APPI) source, an atmospheric pressure
photo-chemical-ionization (APPCI) source, a matrix assisted
laser desorption ionization (MALDI) source, an atmospheric
pressure MALDI (AP-MALDI) source, an electron impact
ionization (EI) source, an electrospray ionization (ESI)
source, an electron capture ionization source, a fast atom

bombardment source or a secondary ions (SIMS) source.
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Particular implementations can include one or more of
the following features. The ion accumulator can be included
in a second mass analyzer. The apparatus can include a
mass filter located between the source of ions and the ion
accumulator along the ion path. The mass filter can be
included in a multiple multipole device located downstream

of the source of ions along the ion path. The multiple
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atmospheric pressure photo-chemical-ionization (APPCI)
source, a matrix assisted laser desorption ionization
(MALDI) source, an atmospheric pressure MALDI (AP-MALDI)
source, an electron impact (EI) source, an electrospray
ionization (ESI) source, an electron capture ionization
source, a fast atom bombardment source or a secondary ions
(SIMS) source.

In general, in another aspect, the invention provides a
mass analyzing apparatus that includes a source of ions; an
ion cyclotron resonance (ICR) mass spectrometer located
downstream of the source of ions along an ion path; a

detector located off of the ion path; an RF linear
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1@@,@@ﬁhf|cThe storage device can be configurable to
iteratively receive and accumulate ion samples from the
linear ion trap and to eject the accumulated ion samples
towards the ICR mass spectrometer.

The invention can be implemented to provide one or
more of the following advantages. The population of ions
accumulated in the ion accumulator and the population of
ions introduced into the mass analyzer can be controlled to
reduce or eliminate space charge effects in the selection
and analysis of ions. In MS" experiments, both the
population of precursor ions and/or the population of
product ions can be controlled. Unwanted ions can be

removed from the ion stream before ions are introduced into

the mass analyzer, resulting in improved sensitivity,



ternms used herein have the nmeani ng conmonly under st ood

by one of ordinary skill in the art to which this
w0 pooeiésse  bel ongs. I n case of conflict, the D@Eﬁﬁanmnsm
speci fication, including definitions mill contro

Unl ess ot herw se noteg t he terns i nc
ACFRRR e sYCSAHYE L AR | /Y n@peegnaf E%nﬁﬁﬁggrement achieved

by CONPIS$Es" agdyzE&0Npri sing” are used in an
open ended sense - that is, to indicate that the

"I ncfbRes Obrerebaprfeinedubpéit LRERPAFALs2BA sgheBEific

t&rRA fsOF héP@PﬁnﬁQ§e°£hé hééﬂfﬁgaggﬁﬁ9ﬁ§§ thQEQHBod by
w t hout excluding presence of other gar S or

oreNPbreAiENEY t B lhbgi@gbh@ apk HePowpicirhéhdet apvengfon
b@f@n 5, ”Dfﬁ égpées§n&éﬁfPﬂét0fthéhﬁréeéﬁetbgecﬁEﬁcé%Eon,

In the acconpanyi ng draw ngs” and
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@ﬁgént@ﬂgstgiméhelhﬁYﬁgé“0”“fh&iugggO"Enépp§58ﬂ5d358nl and
the ' déscription, ralM ngs, clains. .
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nass anal yzer. FIG 5A s a schenatic
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ustrati
mass analyzer accorxrding to one aspect of the invention.

FIG. 2 is a flow diagram illustrating a method of
controlling ion populations in a mass-analyzer according to
one aspect of the invention.

FIG. 3 is a schematic illustration of an alternative
implementation of an apparatus according to FIG. 1.

FIG. 4 is a schematic illustration of an
implementation of an apparatus according one aspect of the
invention, including a triple multipole system,
implementing a method for controlling ion populations in a
mass analyzer.

FIG. 5A is a schematic illustration of an alternative
implementation of an apparatus according to FIG. 4,

incorporating an ion splitter.
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alternative inplenmentation of an apparatus according

to FIG 4, incorporating a beam sw tching devi ce.
WO-R@B4/068523 a schematic illustration of an al t ePCEUB2064/001810

i npl enentati on of an apparatus according to FIG 1,
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accuniGat®rig29 flewvtdiagsani at bdstoatasguaul at or
' 5 c ass
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onen can, be. copfiqured to perform
CRnPpcr e e uted PhorefERst i SR HEES 110 Pohi on can
be anykeOﬁNE@teﬂ@elnumhersoaﬁ@edeumbnaSiansimn speayarious
dor electrOégrag if soui generates ions from
TR IRl LPALeR bR L HFOnTLPBr " BRanpl e, an aut osanpl er
105 and a liquid chyomnetoen apsddeTionms generated by
i on source 115 roceed %Glrectly or i1ndirectl

i on %%C%I%‘P%(%? 2d0in| BAGactundlapBPatagus] sy }éem 100 that
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ions derived fromthe ions enerated by ion source
13qsaceerdsed ta PREsasBPpeEi PfchbfohnvVEBREONdERYEGEs an

168088, 108s1 PEOYh dedniYn@cation with an ion accumulator 120

(with associated ion accumulator electronics 150), a

detector 125 (with associated detector electronics 155),
and a mass analyzer 130. Some or all of the components of
system 100 can be coupled to a system control unit, such as
an appropriately programmed digital computer 145, which
receives and processes data from the various components and
which can be configured to perform analysis on data
received.

Ion source 115, which can be any conventional ion
source such as an ion spray or electrospray ion source,
generates ions from material received from, for example, an
autosampler 105 and a liquid chromatograph 110. Ions
generated by ion source 115 proceed (directly or

indirectly) to ion accumulator 120. TIon accumulator 120
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to
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tReal yZedccuhl aexanpheorifranal ¥8b51B0EFFQRI £84T. ,
cel 1) 135, The 12 WD 2004/ 068523 PCT/ US2004/ 001810

cerhssShpapyz8FaR3hizanine ahytBBniensi dpapcted into the ion

atéa3RRI RPntyPgoliON  mass spectroneter, such as a
t hree-di nensi onal quadrupole_ion trap, an RF |inear

quadlgpgh@ ivRlepgptahsen illustrated in FIG. 1, ion
accumulator 120 can be configured to eject ions towards

detector 125, which detects the ejected ions. Detector 125
can be any conventional detector that can be used to detect
ions ejected from ion accumulator 120. 1In one
implementation, detector 125 can be an external detector,
such as an electron multiplier detector or an analog
electrometer, and ions can be ejected from ion accumulator
120 in a direction transverse to the path of the ion beam
towards the mass analyzer.

Ton accumulator 120 can also be configured to eject
ions towards mass analyzer 130 (optionally passing through
ion transfer optics 140) where the ions can be analyzed,

for example, in analysis portion (e.g., cell) 135. The
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t ¢ B
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filled to capacity with ions generated by an electrospray
ionization source over a time of 0.02 to 200 ms, or more.
Thus, an appropriate sampling time interval for such an
accumulator might be in the neighborhood of 0.2 ms.
Substantially all the accumulated ions are then ejected
from ion accumulator 120 and at least a portion of the
ejected ions are passed on to detector 125. Any remaining
ions should be ejected from ion accumulator 120 before ions

are next accumulated in ion accumulator 120.

The detected ejected ion signal generated by detector 125

is used to determine an injection time interval (step 230).
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be described in nore detail below The injection tine
interval can be determ ned fromthe detected ejected
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p
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mass anal yzer can avoid this problem On the other
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28¢pnsform nass spectronmeter too far can lead to space

charge probl ens, causing individual ions to
s discussed above, the injection time interval

represents the period of time for which ions must be
supplied to the ion accumulator 120 such that the
accumulator accumulates a desired population of ions (after
initial processing or manipulations) to optimize the
performance of the ion accumulator or the system 100.
Optimum performance can relate to different criteria,
such as avoidance of an excessive space charge, space
charge constancy over a number of measurements, adaptation
to special characteristics of the mass analyzer, and the
like. Thus, for example, for low ion populations in the
mass analyzer, it can be difficult to differentiate the

detected population of ions from the noise level.
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capaci ternatively, it e netessary
camlleaﬁetOi@nr@nsunmlmtaraﬂ@igmm¢@ttinﬁs hmgbedechacge

I . : ) . '
1 GERHE S S Lbe Ao L ORd, host A0 FRaARAEEY Bk e
fabbyntr afatohslinat Thbsil dabhebé nof odacedctitem thaceon when

dur full ln ction ti nterval).
d$§y{§$s&%§%eg éﬁ%u%%gb%%la ed” h?o%%aga%r%eCi?o?ean
1$¢BQNMerma$as aisd delsen i heglsiningreasdeiatenbeétdap of
nt t he desired secondary accunul ator population is
Hel. T9hTs, an injection tinme interval is
deteIm1@Edefrb®1at@@mﬁb@t@C£@ﬂy|ﬂbeﬂhéaﬁétaﬂdiﬁédm
timumion | i condi tions associ at with
e S0t e B0 DHREY e Wi L BOpUPArT Rty aPareY: gesd
t@lm@emnlyepahaigslﬁeﬂﬁilgd whi eh11&ak@srentBan once. That
consi derati on bot£ the er of charges and t he

13ctTRAF THAryeCHRY %Eﬂr %@yth% PBRNBENEPL FRewRFERa™ OF
idakesrdd V6 20041068528 f’&ir/ 4S20Q4/ 992848 1EBEOthan the

consi deration the nunber of ions and assunes that th
CMar fRARLERE| BP ebl i t Fhevery defertédtPsnled Fﬁel§an€ull

céggahtysuaAive@ﬂsﬁlvah§,dﬁﬁemgyn@élﬁecegsah9 tBJ%QEEOBhe
time interval can. be sinply based on the detected ion
1%%a§@%uwgh@g%¥amub$lple timés in order to accumulate for

the determined injection time interval (e.g., if the
accunmulator cannot accommodate the amount of ions that
would be introduced from the ion source 115 during the full
injection time interval). In this case, the accumulated
ions can be stored elsewhere (as i1s described in more
detail below) until the desired secondary accumulator
population is reached.

Thus, an injection time interval is determined from
the ion accumulation rate and from the optimum ion filling
conditions associated with the system 100. The optimum
population may relate to either the charge density, which
takes into consideration both the number of charges and the

actual charge on each ion, or the ion density, which takes
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detected ion current): Tinjection-optimal =
(et ected-optimal X Tinjection-pre-experinent
woxietmeetsesl AGC - pre-experinment where T represPI/BES2004/001810
time, and Q represents the ion charge (integral of
the detected i0n current) detected. Restrictions, or
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system 100 can, be tuned to operate at optinmum
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wuererﬁ1neﬁrea¢3ts|bmmé;nananerupkesesUbtShenlan charge

ulat t iLLl .either th n,ac | at or
(DSBELFAL PR ERG techien 18hECRE-ERE) | A8LBRRET 2 %) 5
Réotristiomxi aunltapagstiynshamhpwskd hgttﬁatmbatecbhﬁhlator
resul.t n undesi
128 ve89 hhe choart enrayterndohi Y Hbphrat SRSbReE: Ebged
opbﬂmi%nlbhspﬁpal¥815n cele. l35héapobalﬁtZoﬁnaEy%Qﬂslﬁhat
a. hunpber o own ways. or e In an FT
R et Cg eV o he L FEBABs5E  hRe  ERGPFtIon time
1ﬁy§£@élDncﬁﬁkégpohéseﬁbaéﬁedp@mﬁuhab@§hYat§@hebgn&ons in
such that ions of éhe same nfz have cyclotron notion

| LA SCAREREFEPR pREsePT ¥hi ePF SHE| DEROLPEEPENOY dons

1@66@@aéhalygggnaén§hfgstfsaﬁerﬁgggngné@y%e&t@9@8 oRk,0
the_ el ectrodes of the analysis cell 135 so that an

repptdkinat Bhacceretetdshabicianpolie £hel doppargumaflator
1@@atgnéﬁoyfagogﬂéOéﬁé%gsngéy§ioQééOQAS%Qe ﬁ@@%cbhgﬁyzer

% IS generated he ions are excited
1H@vethar geshed %gﬁs@aﬁtbalFynedhépeﬁpeé§§ﬁo@ﬁo@ptlmum

cgygbge e%ﬁéEaEéonaéééﬁﬁiaEEH thsngoeﬁlgr 0@l kawed to

cycle {oscil l'ate) freely at th nat ur a requenci es
d%h@ImLyedcy@D@@t@ﬁnnﬁnm@n}ntervaherﬁaghés|@nfaeldoms

Qﬁﬁi§€££ﬂ that will £ill either the ion accumulator 120 orx
the analysis cell 135 in the mass analyzer 130 to its
maximum capacity that will not saturate that device (i.e.,
that will not result in undesirable space charge effects).

The final population of trapped ions in the analysis
cell 135 can be m/z analyzed in a number of known ways.
For example, in an FT-ICR method, trapped ions are excited
so that thelr cyclotron motion is enlarged and largely
coherent (such that ions of the same m/z have cyclotron
motion which is nearly in phase). This radial excitation
is generally accomplished by superposing AC voltages onto
the electrodes of the analysis cell 135 so that an
approximate AC electrostatic dipole field (parallel plate
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uni form and the DC el ectrostatic trapping potential is

perfectly quadrupol ar (a honbgeneous case, with no
wW@rGven68523 el ds to consider), then the natural PCT/US2004/001810

frequencies of the ions are wholly determ ned by t he

fleld ar ame s.,and the niz of the jons. To a good
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nf£SYkting Begtr um,ape gﬁga' by gﬁaekogggrgggﬁ?ggfhoqn

I njectron (over a f>the r'on (
thsed CDrC@mgvadeesanﬁ#é/ﬂmézemhlch the spectrumis

gene e T e.resulting m. z spectrum t he
flnafﬁ%igsgﬁgggtlﬁg 18§%|aﬁggﬁeo%m?gappgareggg A éﬁ@d
cana¢y§®sdneglsm35lhaelta99essghaés bhattaeeeu9ctrodes of

0 i onnf 0 the.rat t hese.
t%%o%%%%d |n111 The F%%n%gurégeaﬁglagl 65Véagt egFﬁ§S|8ﬁ
dast@nuiambran&&sgeﬂblﬁﬂeCﬁntbenadaptad tenQDEﬁatﬁelﬁell
nentgd (t |ca |y

n
TR T DA RGE e AP LA TRtlos04di Bt l Euoerbpsa. ahid: pgcbrded.
Tt agobne edomahs asea, t?ﬁﬁo&thﬁé&@dkgﬁwﬁasﬁgﬁﬁﬂ|ﬁ%b&e551ng
u n this ecification roduct ions
R et Toho g eRE ot BTN t ROT7 oAb SBbAF 0BgsS e aency
A& WS2904/ 091828quensynghbeciras) sel eati an §R€Qde—
fO||OMAng by a single fragnentation ste &E in an

f%@#%@?ynﬁﬂ%§t5§mméﬁ|Cagvergﬁé §eneraf®n Pﬁes@éénd

sp&EE Hulr ( ﬂé§§e§p88ﬁ§ﬁﬁ§'68§e9fonnBS§r§€h895l9nd@9grmlned f
fragmentation steps. One techni can be used

£ gigerer ot RT pF Hect TBﬁslP§eP§ht#?§gﬁﬁnF€€|Eﬁaks in the

resulting spectrum are scaled by the total time of ion

- injection (over all “fills” of the ion accumulator) used to
provide sample from which the spectrum is generated. Thus
the resulting m/z spectrum of the final m/z analysis
population of trapped ions in the analysis cell 135 has
intensities that are in proportibn to the rate at which
these ions are produced in the ion source and delivered to
the ion accumulator.

System 100 can be adapted to operate in an MS" mode,
in which ions are fragmented (typically following an
initial mass selection step), and the fragmented ions are
then subjected to mass analysis. As used in this

specification, “product ions” includes ions generated with
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caused by Col lisional Induced Dissociation (ClD) of an
ion wth neutral background gas. O her nethods of
w@emenetsehg product ions include, but are notPCT/DE1084001810
to, ion-nolecule or ion-ion reactions that lead to
di ssoci ati on, E£Oto_ di ssoci ation and t hernmal
2 4P 54T aPfoh. SREPEF+PRGSEERI AL 6ORERI RY Bn&ingle

frapheneat abhopteh ai.syst em 3Q0-adaptednbgeppgialgliinas
this node includes two mass anal yzers 165, 130 and
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cCeargpc wpedchn peneperategotdBcieliens dpedphi érapwastation
cgggedl$yd@§11§910591pfﬁaae@dDBQQQBElae SnOYeE D BY¥MIE ion

generations. Analyzer 165 can al so be use
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pﬁéd@ 98H§r2§81?§epaﬁﬁt Egt g19§m§@8d'985 &Bﬁgﬂggecule

i the devic n-one nmo opera I6ns
orn}@@te@nln@@chnonessbatlébby toptysRBclirbhéan, photo-

afiyade ool s, enqtEap Ll ona;ageumulabgr 120) as

desc above a es “appli to the RF
I|ne%efquaumgp@gelnohotFﬁﬁ aile thenimphepahatedont of a

t n 4S ecific ss ot char (m z r ip .a
2§%§ﬁf%%8n%%§ arg%ef Ta aés %g e%PlgugﬁEygwo
maﬂﬂ am@byzazy bGSthiSOsheﬂ aSSOSmatedcbaEQErdemeedemD,

ntation S|n ar ent .
1o bRl T ShaTar e SRPhREea FRo, (ONtRont BAGCEReddnes)
ite appesl amnSoarsceumhledornlza gashods gedruMiheagause
fragnentation of the i olateg i ons, Hd henci produce
BRI oheh Shabysaid b pP Bt T o Bla i PELgaPy Shoci fic
icepemid Ngi Bp@ssihedsucsepsoahicbophotsetatbaB o@88 a number
%ra nentatlon Subsiantlall all of the product ions

r ESRPERT é?%%tedAn? ﬁﬁ?Fhé i fBRr 28R PPapSgAdtat verify

the€asisa At femmeityhem ane séﬁe@@bao@éﬁg6$§2§ generate
PCT/ US2004/ 001810 assed on to detector 125, wher e

2 1TRYS afRCdet @Bt @l Bac dewerFhaBPafole. thpefgvaBEY -t hi s

is doneors ﬁo§538fm8§é§at§8ﬁ | 9BsAReeCiRGEBElNiALE an
sequence. This allows for correction of nz dependant

eeferbiallynenpey eBY cbivpast @dadryRoOdpghan FsaBsédono
aE&GHh L € F Ne2 PPPYL 8L 98- 9Heli0BBove. The voltages applied

to the RF linear guadrupole ion trap are then manipulated
to select ions of a specific mass to charge (m/z) or in a
specific mass to charge (m/z) range. The efficiency and
accuracy of this step are space charge dependent. 1In an
implementation using CID, the parent or precursor ions are
trapped in isolation, and these trapped ions are excited in
a gaseous medium to cause fragmentation of the isolated
ions, and hence produce product ions. The yield of product
ions will vary depending upon the success of both isolation
and fragmentation.

Substantially all of the product ions are then ejected

from the linear ion trap and at least a portion of them are
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trapped in the linear ion trap, and in turn, the

popul ation of ions transported to, then trapped, and
wGauimgeepient |y anal yzed in mass anal yzer 130. PEI/US2004/001810

injection time interval is determined. In this node

operatjon, the desi timumion popul ation in
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i ons after any sel ection an ragrrent ati1 on st
Otht@N¥hEr@@®@@bt$dt%Ornpbgnubnappﬁé,uﬁnéreabshagebEém

aggifgganfg,méggsaggf Q}rggyced into and accunul at ed
in

tipole [ oh gui de of the first mass anal yzer
165 A@rl@]e©tn©np@IM©dlnberEsbomd|dgt&omthad i nfer vaks

. d_th h ion
ol o SUIULRLEN, 008, AES: HRE"ohEAIRRET LB DLESDl
tQQC@Qdum@$stoanaayzeorneﬁpombete ahéysaredapapyzedlas of
b f bl h
oA EIRE node arbeer Lt TSR HoetVRetho Porhort prodtbt

n$©®ssarbhy tMetheméoaawtbé poptiatibn. ef, (parent) ions
ions,

s_ are jnjected_into sen e
OREITHI Rk f¥ %n %?u%%l%h%oho?r%ﬁcﬁﬁﬁlangﬁ &Qaggﬁ?nﬁ
thé nenjatetval tiddeiptecussoreposseat g thheﬁlﬁé|€ﬁbgdw1ll
in the, RF I e uadrupol e ion trap. ol ate
ot preii o) LRt it B0y DR ranClnaLebaT! 1o vhaha
p@p@ﬁaﬂp@heofIp@ﬁéntrﬁ@néZQuﬁﬂﬂcﬁénteﬂﬁt aepar thendekired
the S 0 a detect 125. 19 MD 2004/068523
B D047 DORBIBUC ThioHt SET @A BPBCcPRUSEOROEI GRAT | s
fﬂ§@@eﬁ@aﬂ§@@rg1@§san injection tinme interval
representlng the anmount of tinme, for which it will be

necedRGF yt e FPPELRTIdRE 1RI|CthenRFime| hehprval has been

deteefupeh e 1ORstL AP ﬂggrbﬂuéégeinﬁg Shti BBEEhYM1ated in the
control the popul ati on of Pro uct ions produced in the
mgktipole ion guide of the

irst mass analyzer 165 for a
time period corresponding to that interval. The
accumulated ions are then transferred through ion transfer
optics 140 into the analysis cell 135 of the second mass
analyzer 130, where they are analyzed as described above.
Preferably, the ions for use in an MS/MS mode are
regulated not in the form of “product ions” but in the form
of initial (i.e., parent) ions. The ions are injected into
an essentially empty RF linear quadrupole ion trap 120
during a sampling time interval. The precursor ions are
then selected in the RF linear gquadrupole ion trap. The
isolated (precursor) contents are then ejected from the RF
quadrupole linear trap 120 and at least a portion of them

passed on to a detector 125.
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| i near quadrupole ion trap or the final popul ation of
product ions that are subsequently analyzed in the

wore®g/o6sannl yzer 130. This determination will bRCDHESEO4/001810
on several assunptions, including the assunption that

the yield of r.oduct ns resulting, fromprecursor
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controlllng the popul ation of ions in the RF |linear
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aPglyoLpegzgrior to the introduction of ions to a RF
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t hi sTeasedeteheifidhabni vhlpopal hased to bevemaioduced

aééﬁﬁb{DShé“:lﬁéfﬁéinguéﬁé“BgéﬁmégﬁoﬁrQR feipher;at jon
or over™ severar rteratrons) rs defermned by“th
pfﬁd@btonon@op@$altbnglfnbm pfheurebatlonshwmlmebeeen

ne u oIe ion tr st be, .
@% appropr| te ng? +# ﬁ%%gana y2|n%lgeFPniggngyopﬁeatlng
cmm@stamm$yzern13@1£oxnshencdescoedrEIthgeSHEtsobumation

h t ed b .
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efiemilt® e@mﬂr@lthﬁrd&ﬁlEeﬂstODlmpﬁ@Uiahboﬁflﬁhbhﬁon
s s_cel can b deter e cal | usi ng
p%ﬁéﬂ ot Pat & g%eeﬁﬁﬁ YHbht §© ﬁl?é?ngg %@?y, %he first
StaanOénéhfmﬁﬁéﬁeﬁﬁaﬁhaﬁgﬁor(MEZMSSQbéﬁétQBnlns§€tem 100
%%gw; node_can besgerforned in the RF 20 WO
2795 8% 250 AP IS DBRF 681810255 feart §oRaFGpore BR mass
ahd Bpzd20130 N éﬂdStﬁeS§lr§bes£a@@Iofpeﬁelﬁhsgnt@fchgege
transferred to the FTMS nass anaI%zer can

(Roht rottedt bakeltion TaESpbpONaff o h%fp§%PEEF@6 iends)) is
péﬁ$¢ﬂ@e&né@l@ﬁc@@nthéhEn@f@@Qé%i@ﬂ 8f 1B8si pbt hakpl 9Rfecar

expected to be lost in the selection step, the
q%g¢¢%p%%%ylon trap (ion accumulator 120). In this case,
the final ion population to be introduced into the RF
‘linear guadrupole ion trap (either at one time or over
several iterations) is determined by the FTMS ion
population limit. The relationship between how “full” the
RE linear quadrupole ion trap must be to appropriately fill
the analyzing cell 135 of the mass analyzer 130 for the
desired FTMS results (that is, the optimum population of
selected ions to be introduced into the RF linear
guadrupole ion trap in order to ensure the desired ion
population in the analysis cell) can be determined
empirically, using appropriate pre-experiments.

Alternatively, the first stage of the mass to charge

(m/z) selection in an MS/MS mode can be performed in the RF
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of the fragnentation step, and the anmount of ions that

will be required to produce FTM5 mz spectra to
wowaohiosss23 desi red maxi mum error. Once agai n, PEI/BS1084/001810

an enpirically determ ned calibration based on

a roprlate re- eriments. It_should be noted that
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experinments, the spac arge rinmt of
defeeenhiee chbiboatiohl bagedf otheppiropatatenprerap. For

s where higher dynamic range but less 'z
e%%@ﬁ[%%@@%s desired in the FT data, the isolation

spackt shaube bemdtefl thetl inemostonateaptiel kellbkeky

ef erm nec he e linear, i trap. The
%%%%%F% ap%%r%?%s i%ng??sWﬁ%EaﬁelgﬁoﬁEcg IﬁFgF or much
gﬂ@@tandtbmnatmatsbfnas$1aeaky26h t6ap abong wht Ang case,
second. mass nal%i? 130 conjgnct on, w
[

R SRR g s L IO LS Rt el ae vhgel S  thuthendChags L
13$Iattyzllesflé.ﬁé)dlh}ﬂaan t?pspaum ?naagé wwigraab! yhehll_near
contro t he ouatlono ons tr p In _the 1o0n
LR CuhtR at of HB0°BnECi AP UPRCTRBhEPBI Vi g fFgend Strondly
o@obméa&pp@r&%uéOmﬁa?ﬁéﬁﬁaofiéﬂdt§tréﬂ§ﬂh ,trappediandize)

ysis cell 135 of the nmass

anal in the
a %a¢§%e$eaeﬁed2@ WP 58047 6885289 PETT V82004206281 bhese

tHde éﬁflwygmraa§§aaﬂoﬁgt@ﬁnakaygeanpbﬁnﬁaﬁ@&kgn TER
whi ch a system 300 includes a detector 125 that is

r3EEAT RIEC bbf bP Pt Ner PBRdad chnubhe oF T18B. dphat hj Eor ultra

hi@mlﬁaggtgéeﬁfac¥lQﬁﬁegﬁﬂ@ﬁ@gedtﬁa gﬁscéoeh§9§é0§1$1§ of
traverse a nass [ter 2310 before arrivin i on

the iFRtBRY 199tevasgef Fheefon f£illing of the linear ion
trap. For experiments where higher dynamic range but less

m/z accuracy is desired in the FT data, the isolation space
charge limit of the linear ion trap will likely determine
the ion filling of the linear ion trap.

The described apparatus, comprising an ion accumulator
120 and/or a first mass analyzer 165, along with a second
mass analyzer 130, in conjunction with the described pre-
experiment enables one to feed the mass analyzer 130 in an
optimum manner, preferably controlling the population of
ions trapped in the ion accumulator 120 and in turn
controlling the population of ions transported to, then
trapped and analyzed in the analysis cell 135 of the mass
analyzer 130.
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310 can be any device that is capable of filtering out
undesired ions, such that only specific desired ions

w@e@4/0p8833ed to i on accumul ator 120. Thus, forPErREIPDE01810
mass filter 310 can be provided by a nunber of
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3ﬂ@a§Hﬁebe°£n§hSeb Bekaét'§spEggbg§g B¥. gﬁﬁﬁgkgﬁglgét

The neasured i on [ux 1s used eterm ne an
up@¢etrednionse snckrvhbtr eplgsepecaginodesdmgdi tionsl hre

pgg%e@ﬁESS§@ﬁvaéeuhphsegr ?Eé.i” Bubhe he oene§gﬁgﬂa'a&3

order to ultimately contr
fpbpet aBloncah b@n@rOVhdedlbysabseqbentbﬁ andkypedesn for

na l o nalyz helr
Rt Clat TR S M 7 T R TN
spe@iélcsmﬁzandtaoe, docuanbkaped, i apehéfionpacduntl abas, to
&20 The entire contents of the ion accunul ator 120
P3¥% sent to mass anal yzer 130 for analysis. Although
FIGIB shbmslmpbeﬁeheatmbn125hdispﬁsedcaﬁbeétothQZUHss
er the ion aCﬁunu ato

3
t?%?%f?ﬁ%}¥oa?ﬁ%mﬂiﬁﬁ?ﬁafﬂnsaWPéF aPPVeOFo@§¥|BR§ P&r
alh@adﬁepﬁétﬁélatﬁeﬁ988h6|ﬁee&hﬁodehaeéoéngamnb@pendent
$ i EIO ed t? geasure the ion f gf thg accunul at ed
bt %i FRi RCEREC T BR"Sacctiftuf488P th pucgaappton
a@@@ﬁﬁ@§85231§C56Ugﬁoﬁéiegﬁ81@ dEbGced 1 hhushiates measure

not her varjation, in which a systen1400 includes a
ﬁu???p?%nnﬁiFprFep§9¥%€ﬁg4?® dgfertoss g doubl e or

triptree qHagdsupotie: sy stefk peshitkaned qupstneam gh mass
analgzer 130. A conventional configuration for a

indeetbPe FiMei porervpst EAPAEASNRENddBSY AoRdadEupbllé be
n8Bsssiiites #R9ect 9yadrupeberpel hbsi @BcGRbhator 120 in

order to ultimately control the final population of ions
that is subsequently analyzed in mass analyzer 130.

Ions to be analyzed (or their precursors) are then
allowed to pass through the mass filter 310 and are
accumulated in the ion accumulator 120. The entire
contents of the ion accumulator 120 are sent to mass
analyzer 130 for analysis.

Although FIG. 3 shows the detector 125 disposed after
the mass filter 310 but before the ion accumulator 20,
relative to the beam path, alternative locations for the
detector are possible. The detector can be positioned to
measure the ion flux of the accumulated ions within the ion

accumulator itself.
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430, a second quadrupole mass filter 440, foll owed by
a detector 125. The ions are passed froman ion
wG@ouwroess2315, into the nultiple quadrupol e sysPenug04/001810
and are then detected by the detector 125. In
conventional . operation nodes, the {riple quadrupol e
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inuadehpohel pisse f qhadrupahe aystent 4pAsseddt arehehen
r.ar C d,4h an ion accumrul ator 120.
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operEt i con{dB2)ondh ¢bhesatbae, mdles passeotripier gehdrupole
rent . ion).is selected in.the first_ quadrupol e, nass
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simelguafiunpolen tol theioassefi 1480, 3a0eistapnedted therIic.
second quadrupole  mass filter 440 and are en
3 ot BT %ed %Jé%‘?o‘ﬁui‘g%u%?iep%%%d %ﬂF%EgﬁEBoth@FBﬂted

sace urhe at Dsnd 20f  Setbsemet hel 1 podel ohaepetat tRAryss (m/z)
available if a recursor scan is utilized. In this
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440 of the conventional nultipole quadrupole nass
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ion accunulators 120 are required external to the
sqb$?mgﬁntly pass through the second quadrupole mass filter
and are not passed to the detector are accumulated in an ion
accumulator 120.

The configuration of FIG. 4 also allows for MS/MS
operation (MSz). In this mode, the mass of interest (parent
ion) is selected in the first quadrupole mass filter 420.
Fragments (product ions) are produced in the guadrupole
collision cell 430, are scanned in the second quadrupole
mass filter 440 and are then detected by detector 125 or
passed through to the ion accumulator 120.

Yet another mode of operation is available if a

precursor scan is utilized. 1In this mode of operation the

second quadrupole mass filter 440 is set to a specific mass
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quadrupol e arrangenent. In a first node of operation
in this arrangenent, during the sanpling tine
WO pi0e0e8sk3 | ons of substantially all mass to CPEF/GER04/001810
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Lan ft S sten1 IIust a n_El , t .ion
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4Bﬁchudedetnsonh teutcep Andgmentanibnabstetsophidcshd4Gons

u d. ,Alternative second mass filter

phis LERS' FER .1 ORSFERMR L Tof 8800 Ahe BbrkaueRLy
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LhE WA chO™ t RBPF FF%HB g abnif oRCEEBHAEFSF ot Rofthg Lon
asSyshennboo lgoZéuyﬂhQOQHé0@35@318§Tku§%09ﬁk%Q$%10 The

mpnitored in real tinme, as the ion accunul ator
ipjeFregon Fhm?hF§t95VPétF6H thani BA SgéﬁFQ%Pﬁﬁnﬁsléﬁscrlbed
asevwece 115/ion beamgate 510 is split in an ion

splitter 520 such that a portion of the ion beam
di recRed $BCPBA Be€EnOFaPBErablgn, thpnéarstr gypdrppole

masd §1P@é£'@QO'§sd§EEQCE§dsEQeQ€t?Qéeﬁr%%§ 1io0hRE selecting
integrated detector signal is continuously nonitored

af ppRFrE heCt AR Pﬁeal6ﬁn5@aﬁf|§/§aF@db@npe§S§d tor et he
qtd8Bupole collision cell 430. The parameters of the

quadrupole collision cell are set such that fragmentation
occurs and the resulting ions are accumulated in the ion
accumulator 120. The ion accumulator 120 will then transfer
them to mass analyzer 130.

In another variant of the system illustrated in FIG, 4,
the ion accumulator 120 and the mass analyzer 130 are
included in one device, and no ion transfer optics 140 is
required. Alternatively, the second mass filter 440 can
take the form of an ion storage device, in which case no
separate devices 120, 140 and 130 are reqguired.

Another variation is illustrated in FIG. 5A, in which

the filling of an ion accumulator of a system 500 is
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injection of ions into the ion accunulator is

comenced). Wen the integrated detected ion current
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target level of filling of the ion accumulator, the
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stem 600 i ncorporate am swi. .t chin
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6B. Thus, for exanple, sw tching device 0 can
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ion beamflux 1s Tow enou
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signal imparted by this portion of the ion beam provides a
continuous measurement of the ion current. As described
previously, when the integrated detected ion current signal
reaches a target amount corresponding to the target level of
filling the ion accumulator, the ion beam is gated off, as
illustrated in FIG. 5B.

In a particular implementation of the apparatus of FIG.
5A, illustrated in FIGs. 6A-6B, a system 600 incorporates a
beam switching device 610, which directs the ion beam to ion
accumulator 120 for a predetermined period of time, as

illustrated in FIG. 6A, and then directs the ion beam to
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that the fill time of ion accunmulator 120 is |ong

conpared to the switching cycle tine (e.g., nore than
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such as hexapol_e or octopole trap. 26 WD 2004/ 068523
o2e5%1 USB0DRT B0 B619%¥RatLPBr agBedBYFCEXPEIRSR all§ocarried
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further ion optics as
population is collected in the ion accumulator 120 and is

transferred to the larger-capacity intermediate storage
device 710. This process is repeated until the total
accumulation time corresponds to the determined injection
time interval, at which time the storage device 710
contains a final ion population which corresponds to the
ion population that will produce the optimum population in
the mass analyser after transfer thereto. This ion
population is then transferred to mass analyzer 130 for
analysis. In one implementation, the storage device 710 is
an RF multipole based on a higher order multipole RF field,

such as a hexapole or octopole trap.
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well), which can be nmultipoles. Thus, in the operation
of system 700 a popul ation of ions corresponding to

W0 b@4destses m ned injection time interval is coPCBEUSEO4/001810
in the internediate ion trap 710, and is then
transferred in a single_step to mass anal yzer 130,
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e e al yzer 130 ,S.carr it
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1nnarvabdlsanobbeatednnhatbd LntéhmeaﬁatageodeVKap 710, and

external S anal can be read
el SranSretfedtit 208HIETE, 80P5, B0naR0  A8pgERY 130,
Th@npbﬁébdchghgs oﬂct@asesepbelﬂuﬁyteyche Eﬁbrsgéhdevice
ntatjon system 700 c a

RoiR SRR AR PRI R R AL A
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ions are coII|S|on di s |g% These di ssoci at ed

D2l andviad

CHPLUERt Fonsharant %ﬁ trap cBhtiPYt EBSin the

m&h Db @Uet devs cend 10/ z Asngi 6ussed aheveond’iMOche analysis
2004/ 068523 PCT/ US2004/ 001810 a col I'i si on or danping
Ceas tan be YAFFoubicedsihed (heS- sPOFagEcHERFYe M8 in
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of ions injected into the device. The s orage device

710 Babs rLbpYs nfoedtihercohbeckkppaeti 6hcopPPEABRTLAte

q@@ﬁtfﬁ?eofhféﬁst{§n§pQuit&Ql@ngtOEQBEuﬁ@vheetQﬁternal to
analysis cell 135 of the mass analyzer 130. Such a

the Jragre @@@lzéev1b3@an Beigespgned @dV@ﬁﬁaga@usowhere the
time to perform an analysis scan exceeds the time to carry

out a single or multiple fills of the ion accumulator 120.
In this case, while the mass analyzer 130 is carrying out
its analysis scan, the next population of ions to be
analyzed can be accumulated in the storage device external
to the mass analyzer 130, and can be ready for analysis as
soon as the previous scan has been completed. This
increases the duty cycle for such experimentation.

The system 700 can include a collision cell/ion guide
between the ion accumulator 120 and the storage device 710,
in which extracted ions are collisionally dissociated.
These dissociated product ions are then trapped and

accumulated in the storage device 710. As discussed above,
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the inposition of a DC gradient along the axis of the
devi ce during the extraction, which, if inplenented in

W0 b@4/0685m3 accunul at or 120, m ght necessitat e nRCTTES10048001810
features that would conprom se the ability of t he
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inte 0.2 ms_.(ste .
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cappearxpettapping p pre- expescteoh) and depasdi 8g bpos
lthe desjired results. 28 WO 2004/ 068523
Beri g ?5%3810 The popul ati on of trapped ions (the

nunbEIGOf8diSlﬁQﬁiat@@So@é amspeeehtetebarge dempskthyi
in the ion trqg % is detected using the detector
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tﬁ(%% (step.820) representing the accunulation tine
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he best possi bl e neasurenent results.
In the method, ions are produced continuously from a

source of ions, such as an electrospray ion source as
described above. These ions may have been manipulated,
modified, filtered, or otherwise interfered with from the
time the ions emanate from the original source to the time
they enter the RF linear quadrupole ion trap accumulation
device 120. During an initial calibration experiment (a
pre-experiment), the RF linear quadrupole ion trap 120 is
opened and ions are accumulated for a predetermined
sampling time interval (trer) — for example for about 0.2 ms
(step 800). The predetermined sampling time will vary from
pre-experiment to pre-experiment and depending upon the

desired results.
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After the pre-experinment (i.e., after the injection
time interval has been determ ned), the ions in the
WO 2004/06852p 120 can be quenched to ensure that BECT/US19€4/001810
initial sanple of ions is renoved fromthe ion
accunul ator before the introduction of ions to be
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p@h@lgﬂi@R‘ﬁﬁsSOBpetraOﬁﬁeerGQSDO(ShepmaSAO?naAuyer that
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t he Abbsrthlaé peeeeckpérodened (Lneo, t Afteonthe lnjectlon

Th f d ., I [
o BRE I ELPLY RS BLERoLELLets hoRD oEBe M n 8 St hREsupn
tfmpela@acmn beu@sequbed flueanhiing thet sgmrnheoﬁnﬁhEal

| d 0.e
SPhRErE or YRECTHY SRenakStsr BBY, Bfp S0t pERrERaSTRR Batpre

tmeibmtrodhhelnexbfanahysts b5h8n5m§5espEﬁtthﬁ1s&bsequent

determ ned on the basjs of the fin anal ysis.results
S¥RtEp88D) . pEi SRS FYInFebBRCR3 e B B@l%¥89.aédquenchlng
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ion,tra % step 870), This feedback  ¢an provide
RSO T Ghrae T EaERt ShatPBLaRe vShFBagr RS lpeAdy
b28044 8885234 PCT/ US2004/ 001810 final analysis step (or
scan) or optimzation of a , subsequent pre-experinent
step&eﬁi(a e i PustFaPes?Bnési ABPBRENERE| BntéRegequal to

t Bt hotecBLERr €iMg 1AtEHmR12ah8 WhieBohhepsyst 88k d800f ions
can be configured to operate in an M5n node as

Ofi keueLedt abdveolleghedafatenl P3Gt ed Thet henrrcollected

dﬁﬂﬁﬁ?uﬁﬁi§ ihf@@ﬁlbﬁntiﬁ@plﬂggrvgmlsbe'§r9ﬁgke92ehh%o the
first mass anal yzer 165 (step 900). If the operation

anzkysiescehht 13h WBntbpeFEIEBNMpasScapprbgometer 130 (step
840) . Any product ions that are derived from the collected

ions can also be transferred together with (or instead of)
the ions that were introduced into the ion accumulator.

The transferred ions are m/z analyzed in the FTICR
analyzing mass spectrometer 130 (step 850). Once again,
subsequent quenching (not shown) of the previously analyzed
ions may be required to ensure that all the “old” ions are
removed from the ICR cell prior to the next analysis.

The mass spectrum is determined on the basis of the
final analysis results (step 860). Optionally, feedback
can be provided before the next sample of ions is
introduced into the ion trap 120 (step 870). This feedback

can provide useful information to enable optimization of a
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out (the "YES' branch of step 905), the linear trap is
mani pul ated to select or isolate a specific mass of

WO niogiesse3 (parent ion) (step 910). Optional |y, P€TTES2004/001810
isolated ions are fragnented to generate product ions
é ?Qﬁ The |solat|on and fragnentati on steps can
%aie??ﬁ 4S 85FRg QrvﬁF?EQyOSfOEBﬁWéﬁﬁFéﬁﬁlOf a
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interval and the detected product™ ion sign (step

copbigure@dstar erekahecodnl apt ¥g” unocthe]ea@mmq:mwd above.
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IfoE]h é?gtjo_gn %éégg ggoihalhgna&gunﬁﬁﬁlég%e ?arrled

popul a on I's su sUccesSsive pairs
OUEoKbheth$§fepr9ﬂO¢ afidstepgfBhf at kb listep 9458p is

n er_ft ation is deS|red
m%ﬁfgélaggg t?h géépre g%%E?ﬁ%.onSBFClﬁéau@F |oﬁs has
1DEQnespr©pacedt idhe aetepuBaDed pOpdmohaRmys ahe isolated

nsferred m, t near.ion 120 i [
lé%%sgana yz%me&g%d F% 9ﬁge£ﬁgﬁy§ng8§Fllf§§ iR ?ﬁegags
T$§1£Ebhaaign|ngdnﬁ38gmspeetnOﬁebeep%BGahsbeprEQbrmed

where_ a s c ru anal roed (step 955),

f
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prepamati@@léeedtpEeaﬁxhoanabMSpSpuyeteoncmeetneaduekected
been forned fr the parent .ions, the

(007 D2UF B cCrt SRFEnG: P BERA Rk henFobennedetastor.

ANKlﬁﬁ@éf963583mECIﬁﬂ§29Qﬁ/QQ&SiQ db@e@ﬁ&ﬁéa @rBﬁXEhe pre-
eneration of product ions, Depending _upon wh
DHHREF oPRTR engeEﬁW?eantPFVﬁéyaB@ F€§e§§5?9teﬁoPrOdUCt

1éﬁp§§§n§lep§t8ﬁ0995ﬂ 94§OHBthEetEﬁeﬁeébiﬁgcﬁgeuaﬁttﬁg RF
of product ions is obtained. The nethod of
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earlier, 1f_ the conversion of precursor I ons

tHrediRECTERs T8 effaénehbe eRbAMEWr PRgdLAE pp@ populatlon
(step 930).

The accumulated ion population is subjected to n-1
successive pairs of isolation (step 940) and fragmentation
(step 945) steps. When no further fragmentation is desired
(i.e., when the desired generation of product ions has been
produced), the accumulated product ions are transferred
from the linear ion trap 120 in the first mass analyzer 165
to the analysis cell 135 in the FTICR analyzing mass
spectrometer 130 (step 950), where a spectrum analysis is
performed (step 955), and the resulting data evaluated and
stored, in preparation for the next analysis cycle.

Once product ions have been formed from the parent

ions, the isolation and fragmentation steps can be repeated
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experiment the direct neasurenent of the parent ion
popul ation after isolation provides a good

wa@pprosssesat i on of the product ion popul ati on. PATUS2004/001810
allows for the excitation step to be skipped during

t he pre-experinment, and, consequently results in a _
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tlie agnedtat | Don i pepatavhomi | | Thypi adlkbysr €sul theneacitation
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case for inplenentatipns where the ion accurmulator is
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b/ &685231 PEd/ USPORSE§A18ABsei soaNd! GR-MR&Sely be the
S;ﬁgctroneter it my be_ desirable to accumulate ions

%hefﬁohsa%%%ﬂu?%f%%biﬁ kol EPpEECL| tepaPPBHS2RAEN Of

ishOrentheqtd@l ipesupnbal 66 LOBuRAPHEBLI OBaskA 8n the
storage device before transferring the accunul at ed

AFHHP L PR heNF ErR npidliskprbi pbhEt epRatadt seusBedt apaver

tHHOYNEVEIns t o ONbd PBLE Vi 608t 68! thBeqRORYLAt H2B4RE] 983
ultimately transferred to the mass anal yzer, a second

Thite- Bxpetomerel negchel penef desaribeddbeseihneanhke
app APREGE Ofh rious stages of this and the other processes
described herein.

Optionally, the ion population can be controlled at
two or more stages in the process. For example, in a MS®
experiment where n>2, each successive isolation-
fragmentation iteration will typically result in a
substantial reduction of the charge level present in the
ion trap. If the space charge capacity of the analysis cell
substantially exceeds the space charge of the ions retained
in the ion accumulator after the first n-1 cycles of
isolation, fragmentation and extraction are complete (which
will typically be the case for implementations where the

ion accumulator is a linear ion trap and the mass analyzer
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charge remaining in the ion accunul ator after n-
stages of isolation and fragnentation (which nay be

W@ 0enedsy3 dependent on the particul ar struct uP€r/v820041@1810
ions involved). In the second pre-experinent, the ion
.accun¥lgtor is filled to its, isolation space_charge
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determined.

The methods of the invention can be implemented in
digital electronic circuitry, or in computer hardware,
firmware, software, or in combinations of them. The
methods of the invention can be implemented as a computer
program product, i.e., a computer program tangibly embodied
in an information carrier, e.g., in a machine-readable
storage device or in a propagated signal, for execution by,
or to control the operation of, data processing apparatus,
e.g., a programmable processor, a computer, or multiple
computers. A computer program can be written in any form
of programming language, including compiled or interpreted

languages, and it can be deployed in any form, including as
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programto perform functions of the invention by
operating on input data and generating output. Method
waee@psessan al so be performed by, and appar at uBCD1S1004€001810
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ééﬁ%%%gﬁe%o%gVof%??fein%ﬁ%???e P U4i br591§5¥’oﬁ'g" an
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|nteract|on with a, user t he. i nvention can be
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pEodessdr GRIL{ Cadbodee r ayst bhe) i Ohs LG (HhaHi drefnyat @bag-
di splay) nonitor, for displaying information to the
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input to the conputer. Other kinds of devices can be

SXRGHEIRY pFRVF HECt QRS | ARGr AREi O MPTR BMESEY ASVRERE; for
st OFi @y el erud €890aCKknd data. Generally, a computer will

also include, or be operatively coupled to receive data
from or transfer data to, or both, one or more mass storage
devices for storing data, e.g., magnetic, magneto-optical
disks, or optical disks. Information carriers suitable for
embodying computer program instructions and data include
all forms of non-volatile memory, including by way of
example semiconductor memory devices, e.g., EPROM, EEPROM,
and flash memory devices; magnetic disks, e.g., internal
hard disks or removable disks; magneto-optical disks; and
CD-ROM and DVD-ROM disks. The processor and the memory can
be supplemented by, or incorporated in special purpose

logic circuitry.
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provided to the user can be any form of sensory

feedback, e.g., visual feedback, auditory feedback,
worootmetsed e feedback; and input fromthe userPCHIOS1964/001810
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tactile in The invention has_ been descrlbed i n
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2004@968523 PCT/ US2 04/001810 fransmt and/ or
SQPETE ut £° prat eIPEASLRP I 7F eFBHPFAFINBuRAPI A es#rpﬁeééy

1thza@ﬂ§nlﬁbﬁt@é|YEQIﬁpp@ﬂtéﬂnéﬁ@véOﬂoﬁcgéﬂybéboﬁnézgde:
can be nanlgﬁlated before detectjon - for exa

undedfred (FoAeSRART be Ef%EFBHeth?%iLgaboilﬂflngEPPm)tr

APP? (Mo s9NEL1 8f pheBsuPE pRoLEOLBhEzAL$BREIfiC narrow
mz range to be trapped. As indicated above, the ions

A%%@Ibéa %$@g¢5%%dp5@ssure photo-chemical-ionization),

MALDI (matrix assisted laser desorption ionisation),
AP-MALDI (atmospheric pressure-MALDI),

EI (electron impact ionization),

CI (Chemical Ionization),

FAB (Fast Atom Bombardment), and

SIMS (Secondary Ion Mass Spectrometry).

Once the ions have left the ion source 115, they may
traverse various ion guides, ion optical elements, or other
ion beam transportation means (not shown) before entering
the ion accumulator 120. These ion beam qualification
means may have m/z filtering properties and may be used to
precondition the beam entering the ion accumulator 120.

The ion transfer optics can include RF multipole
guides, tube lenses, “ion tunnels” comprising a plurality

of RF electrodes having apertures through which ions are
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interfered with in a nunber of ways. In addition to
mani pul ation in mMz range, the charge states of the
w0 ong/06852an be mani pul at ed by neans of, for exaP@l/Es$2000001810
nol ecule or ion-ion reactions. O her manipul ation
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1
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time interval wll depend on the device used for

aqddgmAre, tq fradial ejection of ions from the ion trap;

alternatively, the ejected ions can be diverted from their
beam path and be detected.

Although it may be desirable to eject substantially
the entire contents of the ion accumulator 120 in the pre-
experiment detection step, all the ions do not necessarily
have to be ejected at the same time. The ions may be
ejected dependent on m/z for example, such that correction
to the ion current measurement can be made for m/z
dependent variations in gain and detection efficiency in
the detectors. Alternatively, successive ranges of m/z can
be pulsed out to the detector 125, essentially providing a

simple mass spectrum.

35



an RF linear quadrupole ion trap is used, it wll

depend upon the |length, presence of axial DC, space
webangesstield w th the extraction field, presBUF/ESANH001810

type of danping/collision gas etc. It will also

depend ugon the, mz (and the chem cal structure) of

the Y®RhEOUTHRERIBRSPELIPTARCE! fRE PEABPLPoNVPRE2EEH

apﬁpy@al@&the129n(9&c§ﬁetae@rd@20cqozlgtokgggh@ev1ce 710)
analysis cell 135 of the mass analyzer 130 w

2@epthd tpens &eRuABRtcaf LPAcEaRshbe Pﬁ@ﬂuapn@ff§Gt Approved

hekr n ergi oy
1éh”t£§gs%8rﬁ E% ?§BS§£%Eu?ﬁeggu?§ESs?ﬁ a%% Bﬁgl&%?s cell

g%t@% %hetM@S$oﬁ§a Yhert#3fsit tinme is typically in
the 189LR0 0fo20:0000mOLEr 0PEGANIRRYT LIRECLOTHELIARE 1ons

traverse th oug ana ysi's”cel | as an exten
fron thacker {cgphedhtgrwith the bowrape demsce 710) may be

igopgentegted Lp bhe f5opk, of Lh8,AACKE! (Rd tNey0LO; ne
nz ones nore concentrate in e rear). é
ipopuvat i enl bf dépasdt capped davihe anabysis foel kxahBhbe, if

a h n, of he packet that i's t
%hepa%aﬁ§§£s&%§?$8§§%g % hdPt FapprRg” p%teW%ﬁg gegng
upbdl et lee 1@ngtyp|paébgntheoframtanrapplegapetehbmgbsfleld

ar.e ai se effect trapping o S ons.. Usually
v %% t ?a%%?%%cgo?%nft%tg’ogg?ﬁguﬁﬁa § §Y88|Pf135 are
dsmpis@/cbhhisiOHSgentetctheIanahy$|sleelHeﬁgﬁgahpEQMthe

i netic ener ca, 1l e and. ar flected by the

m??ag%' t%%tg%??g?aﬁtSttﬁ%tmﬁgékm%eﬁg Cof°Pfe cel

FbViﬂ@ethfamﬁﬂtpﬂ§$@t%f(tﬂélEggb¥zfg%fE?Sgégggﬁcuﬁﬁﬂlator

appr oxi mat e es

LT R DA 55890 Fhe  dBhoEEy LBF RAEL¥GASpacher 135 of the
naHSi geaDyzéhe1a0akysi sdepkhd 486n Ihguhbharsobl Frheeoek,
|0fs t hough the analysis cell 135 would typically be’

1nEl phen gy tto?OEOl%metﬁﬁctaséeéhasklpaébénanﬁggéﬁSthe

tm@@u th neké Ci Shegai @8s, Ceht dbABAgi aNsoandnenta) delt), and
e desirable to stabilize the ions captured |n

tt%em haF§s1e @Rl Fhas3tonef oFbechrp)Phl bimenis 5ﬁapy§ﬂéy in

tI0& ré@ﬂ@nf&ft@@LZG@@'ﬁyEﬁébgeonEE'érnﬁ¥rge The ions
acconpl i shed %% Eh%or exanpl e, mani pul ating the

ty@yggﬁgst@ﬁog |§ga§y§ép|cell 135 as an extended ion
packet (typically with the low m/z ions concentrated in the

front of the packet and the high m/z ones more concentrated
in the rear).

The population of ions trapped in the analysis cell
135 is based on the portion of the packet that is within
the analysis cell 135 when the trapping potentials are
altered to (typically the front trapping potentials are
raised) to effect trapping of these ions. Usually the
trapping potentials of the analysis cell 135 are set so
that ions enter the analysis cell 135 at low kinetic energy
(ca. 1 eV) and are reflected by the trapping potential at
the “back” end of the cell. Having the ion packet
(typically) reflect back upon itself approximately doubles
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135, utilizing adiabatic cooling, |lowering the
trapping potentials to allow higher energy ions to
wo e@k/068523 or by collisional cooling. The st epsT/U820041@01810
nmet hods illustrated and descri bed above can be
erforned in glfferent order and still —achie
tE@s?FBBFEYr8§uF . '9RePark&eFosBalnat efi &hs, anﬁéﬂﬁééscell

1aad emagpkeéngﬁe thhdsbratb¥e eAb¥gAn@nBobnailiendedii 135
he limting. The aggaratus illustrated and

Wa%%érFM@aCééﬁy|Hsleae eherdesnpénéhrs 00nmagaosesenes
(bbpsRdiREPbhcEhbyidaskihbede WhiehinBy beifequi %%Qleg and

certain "applications. The variousS features explaine
moA) the basis of the various exenpl ary enbodi nents can

b d h

vent Ly e Pk S BT s B0 B0 B0 CaRsieeg 1o
tepaphedypss gelh iBbhbafpoe operannggoatnmdg anallysés, or
sbie gBLhnRd: fofph §59%ona) ERLEOAUG! BY 8o38BhE by by,

Ions along an |o exten |ng roma so
foonexeoplae masspahatyzgrthb)va&tagﬁbabhnghboaﬂaly31s cell

. Che.
195110, L0t Gy AL, RLelons. SUCE0SHS, Bk ABons
pehapteads tonslldy degkenm anagganibngetbi araki sBt, or by

c&f%fEXQ a?a§8g19ﬂ the detecting and the sanpling tine
rnterva @ction tinme interval representing a

ti meThat stepb bﬁrthbtmenhngsailmﬁsdeheeﬂiaad described

opulatio S; .accunulating, ions for
a@%rre g?nangofﬂgg)%ﬂj%cgggﬁefﬁ angﬁp ﬁgﬁﬂ)
achieodudengrabms desived. frmnethgsﬁmgsaglaﬁeéru%ms
into.the ss_anal yzer od of _claim
m%ﬂ%?g?h:a? ee§?%8i¥fa?r?hF6gﬁﬁtf? 1%PeOB&Y 8PReBOLN
ithbenoedeto beclimdtildg. Thenhgesppdrotus! aimiti rwhesenny

the sampl e of s .and the ions are accurrul ated in
a&erIATE) i e e e e RBeRE aPoth HadiEion to those

explicitly described, which may be required for certain
applications. The various features explained on the basis
of the various exemplary embodiments can be combined to

form further embodiments of the invention
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4. The nmethod of claim3, further conprising: Q)

transferring the accunulated ions fromthe ion
wW@ewunessat or to a storage device before perforPeHySEDEM1810

(f). 5. The nethod of claim4, wherein: accumul ating

WIoEs,forla,tiag,cqrresponding to the injection tine
*accunul ating ions during two or
nore tinme periods; and transferring the accunul at ed

i ons1fr ammkRBodoforaepuidlahgr at a8 sStokagedeVittR method
includes transferring the accunulated ions fromthe
CPORTAELHMII ator to the storage device after each of

t he hv\oiﬁtrwﬁ@ihgnﬁ @gmkég%@soae&@hg aPenhtoL NYrSteR h
%%). 38 WD 2004/ 068523 PCT/ US2004/ 001810~ 6. The
SREERIARE! TEPR fh S5OUFGRt Rér 1OBAPLPsithE: Maget enmilnized fa

nunbgy 9&chhﬂ§aﬁ§hb°§§nguHE@QV@Bi%thoﬁﬁemglhfﬁ% f ions
accunmul ated in step (e); and wherein steps Fe ang (g
dgréngepf pRBd e tdBRetpRETAAUNDer of tines before

perf ey nyBgesteRg(fibns’aeFhGAEERRE @f CE%REF@’ f ions;
wherein: the injection tinme interval geter neg in
st epd{ dyeteepiasaat snainisetinnetine floteoedi biasgdaon the
: al=Te pt.i -papul at.i ec or, . N
B eSS 08 PP SUTLRGULL 00 B 1EPUDR05 0%
tiher énhervhé repracenhihagt er timel ddesraafuifoirpobeaioning a

j h f ¢laim.8, wherein: the
p%ﬁPg?Sngnféngagﬁggegggaanéﬁu fipole linear ion
trape) 18cctielattihgdiohsclfarm9t imkecernesgenedhigngo the

: iyed ft the.sanpl,e of ions includes
l%?%é??ﬁé g?gFe%§EE£QS%ftg§ﬁ of the ions derived from
t he Sanpherofiucéng fivom theived decomnnihat acci@udated ions
i?ﬁgegﬁgrmin a di;ection transverse to an ion path from
8 “ton acdufilifatérto. the nass anal yzer. 11. The

met had Thechatho8, ovheleim: 1 hehauktihpol e i on guide is
an Rﬁhguggéggokg)igﬂréﬁgﬁ'(f) are performed in the order
recited. '
3. The method of claim 1, wherein:
the sample of ions and the ions are accumulated in
steps (b) and (e) in an ion accumulator.
4. The method of claim 3, further comprising:
g) transferring the accumulated ions from the ion
accumulator to a storage device before performing step (f).
5. The method of claim 4, wherein:
accumulating ions for a time corresponding to the
injection time interval includes accumulating ions during
two or more time periods; and
transferring the accumulated ions from the ion
accumulator to a storage device includes transferring the
accumulated ions from the ion accumulator to the storage
device after each of the two or more time periods before

performing step (£f).
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12. The nmethod of claim 3, further conprising:
filtering the sanple of ions and the ions with a mass

w0 pdos@esskef ore accunul ating the ions in steps ¥@)/US2004/001810
(e). 13. The nethod of clain112, wherein: filtering

the sanp| e of |ons and_the ions includes passing the
sanpPe WEF ©j BR§NQAdOEhe 1 RS S hFBGERSE FROMPASHET®

devi getkhfli HdhBgaORGmMBE rNMBIFe t ARSS phirh belkS dulngTh®ich ions
met hod of claim 12, wherein: the mass filter |ncludes

Wél&uQBrESGP@uéé§Péeln $5ePTHE) reBREd of claim 3,

wher ghBire$heBtepl (8 pghﬁorg?da§gt%Er%%%ﬁeﬁb%heléetggﬁlned
nmet hod of claim 3, furt er_ conpri sing:

n?@bﬁf06§59BmﬁéTPQQQG@4P@@£8I@ln9eﬁﬁ@pndféubstant|aIIy
al | Won§hgrﬁgkhgg b@n0§9% nﬁgaﬁggrgﬁgore accumul ati ng

ions in step (e). claim3, wherein:
accubeatnngctons th@ﬁud@@erﬁaéldeﬁgrmgn§d|nnthéepoﬁd)

0] t t r [
gt ber e LRl ERT bOMAtR e B RgR R
ophémiwnpapebablianopfi nckodesoa fass spetheordener. 19.
%g %Q gQd of claim1, wherein: detecting ions derived
e sanple of ions includes detecting the charge
denthyTbé mnhehpdnefdeibvad3, f wherehe:sanpl e of ions.

h I |n11 rein ecting.io .
derlve§ $§B of gmgg Pc&@ﬁgs .n?PE&éQO&Sté8P| qg+de-
t he BOnTUenmetyodfofhelaﬁmsBdewhéedlhron1 the sanpl e

met hod of, cl.aim rein:

21, . d
|ons€§%r Qialg?gﬁ1%ﬁg 93&8Fe18f éﬁsmu fEPQdEs 5826 Yon

tdepecting ions in the sanple of ions. 22. The nethod
o CBL™ B, BIERSITo el RO LogE! gl one dor ved from
i ntraduetbgnagt ibaasticaivear Eiref ehet Bampeeunyl abed
1&8 udégtgjégglggsgtagggg%eg portion of the ions derived
from the sample of ions from the ion accumulator to a
detector in a direction transverse to an ion path from the
ion accumulator to the mass analyzer.
11. The method of claim 8, wherein:
the multipole ion guide is an RF quadrupole ion trap.
12. The method of claim 3, further comprising:
filtering the sample of ions and the ions with a mass
filter before accumulating the ions in steps (b) and (e).
13. The method of claim 12, wherein:
filtering the sample of ions and the ions includes
passing the sample of ions and the ions through a multipole
device including one or more mass filters.
14. The method of claim 12, wherein:
the mass filter includes a guadrupole device.
15. The method of claim 3, wherein:
step (c) is performed after step (b).

16. The method of claim 3, further comprising:
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23. The nethod of claim 21, further conprising:
generating product ions fromthe ions accunulated in

W@ e@p/068823 wherein introduci ng ions derived frper/ukmo4/001810
accunul ated ions includes introducing at |east a
portion of the product _ions_into the nmass_anal yzer.
24. FHBOWERBoAUBFLENALALLY RUlt ABPScERPR ShRgion

ageaehabtdg PLedust abensul LeRhEoRsnkNihhetgamMbLs . of

ions; _and' generating product _ions fromthe ions

accutdit at BECi BetBeepofdyiahmeBei NhaoeWD: 2004/ 068523

PCT/ Lis2Qd1 901840 ; He! ectiNgad ons cdehiNed TAMB AL the ion

sanpl e of ions includes detecting at |east a portion
ageunnLappvdaebstansiagérecansddnovmlivossiimg ke slargle time
iREeEQQ?i and introducing ions derived fromthe

accunul ated ions into the mass anal yzer incl udes

i nt r b8uci Byei mebhodechmssainndl ywberatinkeast a portion

of t p u j et r i.on

accundr ot oa TackfasaperetaLetagt’ Bkds SR rsoperer-

wher €Pn: The matkodnafyzéaimslanwRErguadr upol e i on

trap . spectrometer, .a ion clotron resonance .

nassdggggF%gﬁetépps o#éﬁ%%%%itf P na sespSSFPgﬁet&é Lons
igéludbe netkadioly dled ncharghedeinyittyheoSouhee iohs asrived
rodgﬁes a sgbst?ntially conti nuous stream of ions.

f%?@ 2 Hefhod 9 %Pﬁ?h11, wherei n: the source of ions

I s an0at nDsphectbogr essuleimhem eakretiani zati on (APC)

sour ce, an, at nospheric, pressure_photo-_ionization ,
(APPISSORIEG, AR5t noSHHort pfesbur BRBhofgibLe of dons
inbenieal débatzahyoAhEARBEl HesiBURGE ofa U rHohASEd S from
aser ﬂesorption i oni zation (MALDI) source, an
tBE noYPReTi @F pPBSsure MALDI (AP-MALDI) source, an

el ect1on TRPagéthb@nNbEakiaNm( E|) wheweea,: an
el ectrospray ionization (ESI) source, an electron
capt UPESFbhiZat POA SBHIEET ATPRsENGt SATCBENBAr dRBFt

18OUEEEs OlleBe8ERRdabNsi OASLHS! MBhpSaUBEeions .

22. The method of claim 21, wherein:

introducing ions derived from the accumulated ions
into the mass analyzer includes introducing at least a
portion of the accumulated ions into the mass analyzer.

23. The method of claim 21, further comprising:

generating product ions from the ions accumulated in
step (d):

wherein introducing ions derived from the accumulated
ions includes introducing at least a portion of the product
ions into the mass analyzer.

24. The method of claim 1, further comprising:

generating product ions from ions in the sample of
ions; and’

generating product ions from the ions accumulated in

step (d); wherein
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28. The nethod of claim11, further conprising:
determ ning a mass spectrum of the ions derived from

W b@4messedrul at ed i ons. 29. The net hod of cl ai P@BUS2004/001810
wherein: determ ning a mass spectrum i ncludes scaling
|ntenS|t|e$ of peaks in the _nmass spectrum according to
t he ?EF%E%P%anPﬁed?ﬁ%E?Qaifro%thﬁ FelRed 6f ions

1ﬁ@ﬂhﬁ@k|d@geéﬁlhgnaﬁoﬁébgt|anEQt@@n amakyzed rofudt ions
mass anal¥zer e nmethod conprising: determning an

JgeehAtPat f 6ANpePR8direphesEAtPhg aft iRBSreddidred to

aCCUﬂHkﬁBﬁu@lgﬁegghgrHbB?geHOEHbﬁtEH@ QEcbﬁﬂ§ate611@Qs
2004/ 068523 PCT/ US2004/ 001810 accunul ating 1ons for

igkoi hjlechash enabYrAreivaludesr éspspdiagngoinke the mass
aﬁ8§959£a5t0@e9§5'ngoﬁegon'BErQHHCEQQdMQQslg r'é%gegfted

fromthe accunul ate 1 ONs Into mass ahna
fromethediohsoperanihgtadmsssaarl yzer, the nethod

COnphkSi nﬂhe%&wh' wgc@a%p%g@ggy% ions to be

i ntroduced into e masS ana accumul ati ng
i onsthadmaasradatiyngri oAsandBFi yeddfrupmlehéon trap mass

i on n SS anal zer t he
SR Er | 8 koL O IR B PRGYES! pminEg et togeter,
Ofuantonhlbtapnmaea apeunvbmeten rate and a
redet.er ed | ati ons, the accumul ati on
PateEEepgggen 39588 % th oWhGGﬁ§nfron1a source
of ibnhs sunocanofomonacpnnuhaésra 32bsthetiethgd cohtinuous
| ai m % .wherein: the accunulation rate i s neasured
gﬁ??@ the'PBRs are bei ng accunul ated. 33. The net hod

of ckalnweﬁe mbenetinoft bgagrcupulakirennr:ate is
a, portion of an.,ion beamto a

nmeas by divertin
deteﬁ% RﬁF?% ?ﬁengﬁslﬁr@n BEMRGPACE buPEFEF I Tg4 chemical
13h§zaﬁibﬂd (RbCt) abBud3e, WART BtfMospliYEE! bRe s@uRe@r bhoko-

of fon bean1|ncludes transmtting a portion of the

l?BhZBEéﬂ?téABHIPoﬁource' an atmospheric pressure photo-
chemical-ionization (APPCI) source, a matrix assisted laser
desorption ionization (MALDI) source, an atmospheric
pressure MALDI (AP-MALDI) source, an electron impact
ionization (EI) source, an electrospray ionization (ESI)
source, an electron capture ionization source, a fast atom
bombardment source or a secondary ions (SIMS) source.

28. The method of claim 1, further comprising:

determining a mass spectrum of the ions derived from
the accumulated ions.

29. The method of claim 28, wherein:

determining a mass spectrum includes scaling
intensities of peaks in the mass spectrum according to the
injection time interval.

30. A method of controlling an ion population to be
analyzed in a mass analyzer, the method comprising:

determining an accumulation period representing a time

required to accumulate a predetermined population of ions;
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accumul ator and detecting a signal representative of a

remai ni ng portion of the ion beamwhile the ions are
wheiongessazcunul at ed. 35. A nmethod of operati ngP@EI/Is84/001810

anal yzer, the nethod conprising: a) introducing a

first sa e of igns froma soqurce of iqgns into a

nult?ﬁF&gﬁﬁﬁFﬂﬁgléOEQV|@é ap) 183EG R itigS d-ndenver
c@@@é@pbﬁﬂﬁhglQBStﬂ%rb%%@muﬁ%@ﬂbhh%e&hkﬁi s34l e of

ions during a sanpling tinme interval; 42 WO

2004F@6§9§§CP@@/ EJS@@O a0 frem a:@tee@tqcm@ql@@d ions
ideoi ved fpam bhRe1fizest sanple of ions; d) determ ning

an injection time interval based on the det ecti ng and

t he Sanpl Angethre Pht ePeERLi0Fe 2 ARS6t PR 1 where the method
cbperahgrepresenting a tinme interval for obtaining a

predetern1ned popul ation of ions; e) introducing a

secoﬁ@n§§ﬁéﬂén@fal@@@uﬂﬁéﬁpnh@fso@m@etooba aminqduﬁfd into

e t t i,pol, [ unul at.i in t.he

e CuRIr Ay or 1 bRe “Ger Tae P Eb AT Re Len g tesid® tons
detiveds firom shei mecvondespdndiong uototh@e|mae@tfmmlyzer,

t r cin ans _deriv rom
B e TLIE
anéthotdioh clfaem 36n hacumeﬂatmmprmategandg@ﬂ@ﬁgﬁ@t@rmlned

on fra nting ions.of th second s
R o B haHEr ¢ LBle AUl T 3614 SHe Vs, TRRBFEH ERg =
facwumatat pAgibors fdem wedohrem blie i9@60A6ht oS amplienof
aég ﬁuingludes accumul ating at |east a portion of the

pro rons in the ion accunmul ator. 37. The nethod of

cl ai AR35, T}Maemelthodt be bmalacemr,rubqate%ms included in

t he Egltl ﬁoletdevlce é analyzlng
apparatug; CEQ Pi %P ratg %BUPSQSBFe oW lons are

bamagyaetumomated,domnstrean1of t he source of

33. The method of claim 32, wherein:

the accumulation rate is measured by diverting a
portion of an ion beam to a detector while the ions are
being accumulated.

34. The method of claim 33, wherein:

diverting a portion of an ion beam includes
transmitting a portion of the ion beam to an ion
accumulator and detecting a signal representative of a
remaining portion of the ion beam while the ions are being
accumulated.

35. A method of operating a mass analyzer, the method
comprising:

a) introducing a first sample of ions from a source of
ions into a multiple multipole device;

b) accumulating in an ion accumulator ions derived
from the first sample of ions during a sampling time

interval;
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ions along an ion path; an ion accunul ator | ocated

bet ween the source of ions and the nass anal yzer
w@b@agesske i on path; a detector |ocated to recPCT/ESI0041601810

fromthe source of ions and configured to generate

S|gnags i ndi cative of detecting the received ions;

and § pPSBFSFﬁBBIéOB?09§§§8ﬁdIﬁrQENﬁﬁﬁlé&Fﬁénsﬂﬂpﬁetﬁé

idgtector and the ion accumul ator, the processor being
operable to: 43 WO 2004/ 068523 PCT/U82004/001810 use
the Hét 8BEEFMeNGREI a0t dndecéiornéiae dntemirat Pesed on the

d@@ébQQnéeﬁﬁasﬁﬂé'BQm@l&hGetE%%Uhﬁ%@r%%l aggUMIbgLe iR
the ion accunul ator a spécified popul ation of = ions;

tE¢aasenNEREVRON T EPEBRENAL DO ﬁota@@uﬁfmt&ﬂf@alloﬁs)rf ebtaining a
pk@ﬂ@%ékﬁﬂnéh”ﬁobﬂ&%&!éh g%r&%%eondlng to the

accunul ation ~period i ntroduce ions derived from
the atcimtratdedingns Seﬁpodtﬁ@m@égsOénabyﬁefr039théheource

oRPPBhAl Y50l ¢ ALakM 38,1 MRS e o ageuml ator i s

I ncluded i'n a secon ana yzer The appar at us
of cfaiﬁceemuﬂatiherloohpelsbngaccamm&ssotlhbes derived

f£8ﬁ3£ﬁ? ?8&%@?”3%&?%208%C§0%f f%%i and ;585F§§Bgngﬂng to

or alon € I'on pa
theannndotlmhetéma'inhernais BBt er |s |ncluded in a
|l e .devi e l.oc d downstream o

mul t I It|
souréz of |8ﬁg apgnéoPﬁe eF%Xega?ﬁ°m4 TeTRECH g?%?ﬁslons
intocthemnmdis mheigizrr.the nmultiple multipole deV|ce
i ncl ydes mass. filter nd a._col Lision cell .. _The
appa?gtus?%? @FB&RQS@f 3F@| g’tﬁ8r58F§cFBPpF§Slng
Iocageﬂeoat$ndep@6dhbe neﬁspayhfra@ﬂenthﬁglﬁﬁns of the
| at o onfigura ions, linearl

b t
S%?%ﬁ ?ﬂ%pi8n°£aﬁﬂnFo&BrH§gtﬁg Bﬁ?zWHétﬁﬁgée device;

wherein accumulating ions derived from the second
sample of ions includes accumulating at least a portion of
the product ions in the ion accumulator.

37. The method of claim 35, wherein:

the ion accumulator is included in the multiple
multipole device.

38. A mass analyzing apparatus, comprising:

a source of ions;

a mass analyzer located downstream of the source of
ions along an lon path;

an ion accumulator located between the source of ions
and the mass analyzer along the ion path;

a detector located to receive ions from the source of
ions and configured to generate signals indicative of
detecting the received ions; and

a programmable processor in communication with the
detector and the ion accumulator, the processor being

operable to:
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anal yzer or towards the detector in a direction

transverse to the ion path. 44. The apparatus of claim
wda o4fesseher conprising: a diversion unit | ocBCBEUS2004/001810

downstream of the nultiple mnultipole device along the

ion path, the diversion unit _being configurable to

di vert P&RstPRoAPLRETPEN SEENR LEower dStERELaSt 88 or .

afbumtihe tappapbatis ok cplraistin3q ngMRereid +olghg (46t ect or
is |located along the ron path. = 44 WD 2004/ 068523

APEFMYS26684 100 1880 1086 acThEVd g #FatusPeCidigcmpepulation of
iwhgrein: the detector includes a conversion dynode

| ocated downstream of the nultiple nmultipole device

al ong t R@upBnthgatRn azcumhdagppaicat ascofiudegiemis®s for an

1hYEER@ENCRARE! $hRErvad %EQ&%%?O%%KE%etbo%%%e%ccumul tion
downstream of the 1on accunufator along the ion pafh,
preheodt orage device being configurable to iteratively

receiVeiﬁegoaﬁggnﬁbﬁgedE%?ve%aqgg%st %Ogl%ﬁ%uh%%eq ions
accumrul ator and to eject the  accumu at 64 i on sanpl €s
indbearbds mhesnesslamalyzer. 48. The apparatus of claim

38, erek.pn; E s_anal yzer. is.,an_RF_quadrupol e ion
trapﬁgéssbﬁgpé ?Fgﬁg SrP%a%l ﬁmb§§VoV5§ﬁ%ﬁQSonance
massthpecbnopetemplatpran sotbiclliuapdnass as pecbnhaneikers.
ég The apparatus of claim 38, wherein: the source of

a 1gzer. . . ) . .

I'ons 'S an at nospheric pressure chem cal ionization

(APCED. sollheeapparatoespliecileipr 88surarfphet-ocomprising:

ionization (CAPPI ource, an_ _atnospheric pressure

phot%-m@ﬁﬁn&&ig?%oipfﬁgﬁgn%Eﬂﬁﬁéﬁ)%gﬁuPEEFCE ﬁ&tﬂpﬁs and
thssishedctasalatdesalphonheonbaabpaen.( MALDI) source,

an atnospheric_ . pressure MALDI (AP- MALDI ) source, an

elec%fgn Eﬁﬁa@?pfgﬁ§u§08§cg}aéﬁ 8PectPESHLRY

| oni zaéi AAsEESE) teeui geinaludekeshl aNmedRERNe multipole

|on|zai|on squrce, a fast atom bonbardnent A source or

dgvigRonaary oS VEBF KBRS BEr 8 SOUrAenRds 18R8 y2oRg the
iapppaehyUS, conprising: a source of ions;

42. The apparatus of claim 41, wherein:

the multiple multipole device includes a mass filter
and a collision cell.

43. The apparatus of claim 38, wherein:

the detector is located outside of the ion path; and

the ion accumulator is configurable to eject ions
linearly along the ion path towards the analyzing mass
analyzer or towards the detector in a direction transverse
to the ion path.

44. The apparatus of claim 41, further comprising:

a diversion unit located downstream of the multiple
multipole device along the ion path, the diversion unit
being configurable to divert ions from the ion path towards
the detector.

45. The apparatus of claim 38, wherein:

the detector is located along the ion path.
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an ion cyclotron resonance (I CR) mass spectroneter

| ocat ed downstream of the source of ions along an ion
wpaioh/essas det ect or | ocated of f of the ion pat hPCEHOSHP4/001810

Iinear quadrupol e ion trap | ocated between the source

ions and the | CR nmass spectroneter along the ion

pat h20he TRE PPRE&RTHSad usdi2d ™ g 1t MaYRa5diNg

conf iger @@tfe@torre(i@lb\l%de%n% I RRLNE SOWER RS 1S ed

alon% the ion path and beluiggonflgurable to eject

YRS TreaBarly thico Ay Lth® Lico Muds 1no 120 Gg85 23 ong the ion

8@%/U82004/001810 path towards the | CR nass

spectroneter or towards the detector in a direction

t r andVer s&heo apparirsspatth cla ipy g arfvaiiihe prasmessioring :

|n_CcamauBiaall oB Wikh 1L  detpehar ang, e iy, | on

trap, the processor being operab eterm ne an

agesumipaPIron lpagdi ¢ier éprepartti nghe ahqnagaxﬂﬁvﬂﬂktheing

: in.t I r.a
T 2R S0l atron o aions PP A, g2 ton
sguadeapdlremi dhet rap tocuacdamelrated (ims efj@rcmn:he
t i [ rval . carrespondin

abg%ﬁ%%kggﬁoﬁg%efg% Le5n & O PR She &£§1¥fﬁﬁntlon

of tHé. ac@h&ub@padamuﬂsoﬁntaauhe3BCRwhmr91n f .

spect.roneter The appara 5Q, rther

cgnp%%srﬁassaa%ﬁ ?FSglésnﬁgs%#sqpégﬁﬁﬂ? Y i{GFGie mass

spebtmsmehemelb 1anayedobebwee@shh®n$ﬁum@%sﬂkﬁe@tidm@ier,

L. an tr g % the ion path. 52. The
83r8€§§ 5Ppcpﬁﬁﬁ1§?ec GPERES T conprising: a storage
deV| ¢e.| owataedp@awastl@eam efi atie 38, Nedle ic@m: trap

alon the ion path, the storagg devi ce bei ng

conf | Bﬁr§8P§C?o°ftéP8Fl%§I9n 5@9@@h§ﬁ&ca§gﬁﬁﬁﬂﬁﬁéQhﬁmlcal

isafpbesohr qapthe kboeae,i an b&%@s%%@rh@ @rRGls tRe photo-
accunulategﬁlon sanpl es towards t | CR nass

1OBLERFORBL dPPPER. SRUEERPpUBET AEFOFPEMTHCO MFES SUdTgitBIof O~

ceahodhedionizakibAf QREBLION seRaice! of Ha QRS &ldsNG+3d laser
mass anal yzer, the product conprising instructions

dBperRbient éoeéa%la}apé%@% SRELGEI, nGla oS Phsaliyz er
poB8EabLYMAOHRI(BB-MBTBT) source, an electron impact (EI)

source, an electrospray ilonization (ESI) source, an
electron capture ionization source, a fast atom bombardment
source or a secondary ions (SIMS) source.

50. A mass analyzing apparatus, comprising:

a source of ions;

an ion cyclotron resonance (ICR) mass spectrometer
located downstream of the source of ions along an ion path;

a detector located off of the ion path;

an RF linear quadrupole ion trap located between the
source of ions and the ICR mass spectrometer along the ion
path, the RF linear quadrupole ion trap being configured to
receive ions from the source of ions along the ion path and

being configurable to eject ions linearly along the ion
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progranmmabl e processor to: a) introduce a sanple of

ions along an ion path extending froma source of

WO 2Wg8/068523 he nmass anal yzer; b) accunul at e | onBCTHES1004£0D1810
fromthe sanple of ions during a sanpling tine

interval; c) detect ions derived fromthe sanple of
PRoRsEOHRHEL EPRi AERaR3PA] EBEFSKOTRTET Riferbpala oS ddhcon
dehectdet eat bngizedrtiBe sappkiagsti 18 ihlernval e

injection 46 WO 2004/068523 PCT/U82004/00181€ tinme

i nt ePVRFOPEPRESERLI RECESESAE LAt EPFEUN SR tdiemaiviitiy tde

df@E@Q%B%r AhAednropyhati-on oaf t'tkgg: £l FeSWIIALe Hang,

or atinme corresponding to injection tine

oparabyal toand f) introduce ions derived fromthe
accumul ghed (oRs ahnéeChR%%gg?§P2%%%¥%% Te .eé@% ing a

r.
conput er program product o ‘wherein
timst requiiord Sperpsblmufleteadse thke Rippanatus quadrupole ion

t?%guguggggi%QQa %thﬂg%ikﬁsE%Pikh%GS operable to cause
t apparatus 't ccumulate™ions in an ion
accumrul etope 5B5e RReldorput gnaprogedm poodiaetapoftoc! ai m

rther conpprising i.nstructions operabl e to cause
agésgpg Eg EPﬁglggfnénagn gg%éﬁgl§%gf Ip' F&HP§ coupl ed
cborasppndgngmrabl-eeprocessanttion gerticansfed t he

accumul ated i.ons fromthe ion ccunul r to a

storage18§5988c8eﬁgrggﬁéﬁf8rﬁ?ﬁ lgpeﬁf?%$€ agE U g ted
ionapiher phegram preduebeetrehmaitewrb4, wherein: the

i nstructi gns operable to_cause t paratus to ., .

accuhgrat HFOHEP?SPtHStPEECEGFPGE§On%Eﬁ§hF6 P rising:

i nj est moNttpoRe REeeval 1iael uda Fn&haﬁﬁon§Sc@ﬂﬂﬁ%hb% cell

to _cauys he apparatus to accunul ate ions during two
lBFatﬁarge%Wﬁﬁan%FoagPrSﬁdOFhéOPﬁsFPQCFP@né1€§@Fa&QQ trap
atengause tbBa ppparatus to transfer at |east a portion

of the accunul ated ions from the_ion accunulator to a

storage delPc@PPAEPGYHE PAsELadli os o Eaede QP rising:
appaéaéﬂérbgetHéﬂiEérl@Eak@@SHoﬁnstream of the linear ion

trap along the ion path, the storage device being
configurable to iteratively receive and accumulate ion
samples from the linear ion trap and to eject the
accumulated ion samples towards the ICR mass spectrometer.

53. A computer program product tangibly embodied on
an information carrier for operating a mass analyzer, the
product comprising instructions operable to cause apparatus
including a mass analyzer operably coupled to a
programmable processor to:

a) introduce a sample of ions along an ion path
extending from a source of ions to the mass analyzer;

b) accumulate ions derived from the sample of ions
during a sampling time interval:;

c) detect ions derived from the sample of ions;

d) determine an injection time interval based on the

detecting and the sampling time interval, the injection
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portion of the accunmulated ions fromthe ion
accunul ator to the storage device after each of the
W0 M4/06850Dr e time periods before performng steEI/§3004/001810
57. The conputer program product of claim56, further
conprising instructions operable to cause apparatus
CIREl UBFRGVELESETERENY28F BpéraBl yRE6GNPed TP gPtaining a

pPEagtaniaike peecessabnt 0 446nWH 2004/ 068523 _
PCT/ US2004/ 001810  determ ne a nunber of time periods

duri g ARFERUVLERS 1Sl TP actdmel ap&deskRoscdpy &p, the

iARdcwhshe Anst 8Rs ckgh13ndngg) are performed the
determined nunber of tinmes before performng step

(f).fksintredesapirer Pregvam predutheopceiaivhased ions
iwber efa: plhe gﬁhgggggq tinme interval determined in
step (d) represents a tine interval for obtaining a
pr edeter nfhedcoppukgunprpopubat pordottprécadsdm i58ns in
w&%gehgn accurmul ator. 59. The method of clai m 54,
erein: the ion accunulator is a nultipole ion guide.
60. The tomputietipnegramrpbdeutb chuskaitimeb@pparatus to

hn; the_instr iLon erable to cau the
L0858 05" DB TSHEABHLOTRBRSERDLR! BREABSIE caype the
appasatnel tdeacenstiiacki anssoper abl éohoacause lbher.

apparatus,.tQ eject the_ _ions derived fr n1ghe sanpl

of 1 s 173m PRACPGR. BECHALTaPbP Ly a deFacrdr i & sther
cdnpetsing tnansuetsensoopbbeabilentpathuselappheatus
;€9 ater ro%ran1grgduct of clggn153 Eurther

AGhBraPng TASCT OBCTEAE "opBPABPLY: GOURIEE the®
pappasahabsleoprotebket tbe sanple of ions and the ions

W th ? gass filt R bef ore chu ating the ions in

st ep8’ (bF25iide eg.e_8§9u$ﬁ aESH;ﬁPEF %FB@r&H@pﬂ@@uct
aotuehabfbd3to wheeeirgesHepite) begoper permedmhielstep (£).

step_(b). 63. The conputer program product of cl aim

54, ? rthgpe computer program product of claim 54,
wherein: the instructions operable to cause the
apparatus to accumulate ions for a time corresponding to
the injection time interval include instructions operable
to cause the apparatus to accumulate ions during two or
more time periods; and

the instructions operable to cause the apparatus to
transfer at least a portion of the accumulated ions from
the ion accumulator to a storage device include
instructions to cause the apparatus to transfer at least a
portion of the accumulated ions from the ion accumulator to
the storage device after each of the two or more time
periods before performing step (f).
57. The computer program product of claim 56, further

comprising instructions operable to cause apparatus
including a mass analyzer operably coupled to a

programmable processor to:
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conprising instructions operable to cause the
apparatus to: renove substantially all ions fromthe

WO ev4messedrul at or  before accunul ating i ons i n BCEPS108)/001810
64. The conputer program product of claim 53,
wherein: the instructions operable to cause the_ .
appaf&tGsmiBe gebBBPSroRS 8eFpvBETirgm EHEL8gnphé chf tons

wh ONSpenNgbudRu48t YO 2004486857283 ; PEHHEUS2004/ 001810
i nstructions operable to cause the apparatus to detect

i ons"IPHeLReSEGREI éSof 2nEnd J) 68 reTReTéOFPaLeithpr 6igtarmined

nBRBEYCEHFOL i RE8I BLEAre WRSEBAInENE RS YCLi Ons
operabl e to cause the apparatus to 1Introduce ions
deri 98d f¥bf chBPHEEUNRIrRDEEM PgdustootheladmsS7,

wBBakyger include instructions operable to cause the
apparatus to introduce at |east a portion of the
accubbkatrderbmneni hinet hotrayslangtpreine@6inTiseep (d)

rgggEHESESpgpg&?ghgbggygglo%oglﬁ%QFgﬁinfugtgﬁédetermined

nprising ins I'ons “operab Catse
oppparat psptidbatigenefapeepuodoct iboss ifir aivet heni ons

din step (e) ; wherein the instructions
aggéﬁgg%gg%é cause the apparatus to introduce ions

deri 9éd fTher mhhehadcoffukatéd 5Séenehemelinde
instE gtlgns ogera?lg to.cause &he apparatus_ .to
i nt r odtice”at *Fed&t -8 Bor tofi BF Fﬁ@og odd®t IS i nt o
t he Af@ss @hal yzrput6?. pIbgraanpubeucpr egr atapmodyct of
|aim54, further conprising instructions operable to
ngﬁgénthe apparatus to: generate product ions from
i onstha ihetsaophensf operableand ganeeatBepbpPashti@nto

fromthe ions acc lated. in step (e); wherein the

AP hETF LR BracB LR dnf 6ot LEBUSETERE SEpaPRAuS HEQUAS
ifletegtrions gpeir¥Bdef LoMchigesanpl apphrbens E@cbg@%t the
.instructions operable to cause the apparatus to detect

1gps fligasved poPRi bhcof2lRéCpPEdLER S| 6BEMgEREr 408d from

atBemhPASor to a detector in a direction transverse to the
ion path.
6l. The computer program product of claim 53, further
comprising instructions operable to cause the apparatus to:
filter the sample of ions and the ions with a mass
filter before accumulating the ions in steps (b) and (e).

62. The computer program product of claim 53,
wherein:

step (c) is performed after step (b).

63. The computer program product of claim 54, further
comprising instructions operable to cause the apparatus to:

remove substantially all ions from the ion accumulator
before accumulating ions in step (e).

64. The computer program product of claim 53,
wherein:

the instructions operable to cause the apparatus to

detect ions derived from the sample of ions include
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in the sanple of ions; and the instructions operable

to cause the apparatus to introduce ions derived from
w0 bw4messesrul ated ions into the mass anal yzer PeUszbe4/001810

i nstructions operable to cause the apparatus to

.introduce into the nmass anal yzer at least a  portion
LRPFLEREt prodiutheT s e gbRefFatéd FREnPPRETREHS tO detect ions

iaceHauLahgtei BrSi 6Rs(€) . 49 WO 2004/ 068523
PCT/ US2004/ 001810 68. The conputer program product of

cl ai Ar53, Ther ERBPUESHPPESPREN REPFUEEI BRsCodperable to
wkausent he apparatus to: determ ne a mass spectrum of

the ions derived fromthe accunmulated ions. 69. The

conptber ipfbgraripradoeereblel APnregse ®her eapparghes to

ige§&aaeéi98§s0@§£§@és Eeoﬁaeﬁg éESuﬁHEQE@HUEoBQ into the

etermne a rrass spect_rumlnc_u e I nstructions
naperabpbyrer taotedehénappuraiosst opscabéei hvensusieeshe

a?%a?§@5§ Lo 1he--oBss eeggggg'gggg&eheg £e the

jection tinme Tnterval. uter program
apraodutatednydphs yirnbodhedmons anailmkermati on carrier

for 88Ptf?£éi88?§ﬂt£9” BS@%E%t'%BdESt B %@%H%?%ﬂ | Budther
mass anal yzer, € proEuc conprrsing i nstructions
coperabliegt tnshuset appar apasabhel tdi nguaenabs agpakyres to:

operabﬁgrgggpled to a.Brogrannaghe rocessaor _t
|

3 BR Borlod FepPBSeRtHEAZE e 1D

det e¥ i Ae- an %%%%%ﬁ at
stequiepd to accunul ate a predeterm ned popul ati on of

ions;. accu %ate ions for an in%e giog tinme in%%rval

cor r BRBETHT nGPt oL PRET REEARTFaPPERapLF: 68; CaHge the
apﬁhf@ﬂusetbO?ﬁtd@ﬁh&edibﬁenﬁéhevadcﬂﬁbhatﬁd bg@&mhmb@ed
. the pas nal yzer. 71. A conputer program product
L8 o B SRS BHUGRTOAR PREGPRLE! BR LaRPEoF MFoabPaTatus
toperatbigec@ sBsscanal ¥zpbrtiba off eddChreanprti SbAg into

i nstructions operable to cause apparatus including a
tﬂ%s@a%ﬁa??%iyzgﬁerably coupled to a progranmmabl e

processorthe: c6aphiter rogpHhabireAuet bene1t9mb84, further
i ntroduced into the nmss analyzer by accunul ating

09%ﬁgléh@gih@¢%ﬁggpﬁ@n§oﬁ§erable to cause the apparatus to:

generate product ions from ions in the sample of ions;
and

generate product ions from the ions accumulated in
step (e); wherein

the instructions operable to cause the apparatus to
detect ions derived from the sample of ions include
instructions operable to cause the apparatus to detect at
least a portion of the product ions generated from the ions
in the sample of ions; and

the instructions operable to cause the apparatus to
introduce ions derived from the accumulated ions into the
mass analyzer include instructions operable to cause the
apparatus to introduce into the mass analyzer at least a
portion of the product ions generated from the ions

accumulated in step (e).
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derived fromthe accunul ated ions into the nmass

anal yzer, the ions being accunulated for a tine
w@enioeseet ermi ned as a function of an ion  PCT/US2004/001810

accunul ation rate and a predetern ned population of

ions, the accunul ation rate representin rate
of i BRs frBfm SCEBUFEE BFOPBAR PRPEUSH P%ndalm 53 further

caﬁpHﬂbhﬂ@oinségugﬁhggg469@§533eP€$/H@%Q@4EQ%1%%9arg%us to:

The conputer program product of claim71, wherein:
the GEEBFBIREI BnTPEPeSPECRERBUPETRAI FENEhESIIdNedafaon the

abehngiaeeynubated. 73. The conputer program product of
claim72, wherein: the accunulation rate i s nmeasured

by dﬁeertrhg gompBEEFoRTEEral PoAdBeanPLocaadat 66y or
wMbiLe,the ions are being accunul ated. 74. The

conput er program product of claim73, wherein:

di vekEbengnatpvetionsobranabén beaﬁﬁuﬁeluhesapparatus to

déEQPﬁﬂbété”ﬂa@apgg&beﬁuﬂf1BE§ua8”ﬁBS%§hE%l% 19 era le to

accumul ator an tecting a signal represen Sti
Capesti hhagapparabnsofot beailenibetanmswhiike bﬁepeams anethe

n A conputer program prod
mggé 98?8E£ﬁ§“ééE§9d138 to|§$8r%§ F8§18§r%%8- %8%erval
oper&OLngAanompatyZ|pgogaam pandlyzetanthelgr edbbodied on
0 |nstruct|on oopera cause ap :
aﬁngﬁ ?%ggﬁ naggrgﬁgfy er 8889501%F88rﬁﬁnéﬁpe%°pu ation to
bprane$yaedtmn a)mhasredamyzarfltsb ﬁaﬂﬁbetotom@misﬁhqm
a multi tipol e _device; b)

18R EHRFEPBS: APBREPR BecaniPa: BPOROAS UBoRPrAd I PEnR Thss

anhEyﬁeerpSﬁably obupdss dur kngragsanphble birdeessor to:
i nterv det ect |ogs derived fromthe first

sain%Q%Fm%a% 2 GSCUBRLARIRB BR'FRFoEEPERSERIENG 2 time

reqhﬁf&a|tba§eduﬁﬂlhﬁ@ depeetitngrandetingopanplibeg bifMons;
i nterval , ihe injection tinme,interval representing a
i meRFRPBRVAT ST bPRBbEaFnRRgLE] SCtLon time® interval

corresponding to the accumulation period; and

introduce ions derived from the accumulated ions into
the mass analyzer.

71. A computer program product tangibly embodied on
an information carrier for operating a mass analyzer, the
product comprising instructions operable to cause apparatus
including a mass analyzer operably coupled to a
programmable processor to:

control a population of ions to be introduced into the
mass analyzer by accumulating ions and introducing ions
derived from the accumulated ions into the mass analyzer,
the ions being accumulated for a time period determined as
a function of an ion accumulation rate and a predetermined
population of ions, the accumulation rate representing a
flow rate of ilons from a source of ions into an ion

accumulator.
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predet erm ned popul ation of ions; e) introduce a
second sanple of ions fromthe source of ions into

wo ba4meds5e3 pl e nul ti pol e device; f) accumnul at e PCT/UR®04/001810
i on accumul ator ions derived from the second sanple

ions for a tinme correspondin o the ectl
?gntéFQ%ICO%HH ey R¥Y 6@%/@%%%%% P@?/ 664/ 01810

wieréhroduce ions derived fromthe accunul ated ions

into the anal yzi ng mass anal yzer. 76. A mass anal yzing
appal Bt IRCCEBRpR FEPRgrata %%um%%86¥e@oﬂgll§ kRgsions are

b@@@éyg@éumgygigg downstream of the source of ions
al ong%an ion path; an ion accurul ator | ocated between

t he urc%h%fCQ%mgteanEr@%éamHQEO%ﬂ@tygérCéﬁémg7?he
whOPePath;, a detector |ocated to receive ions fromthe

source of ions and configured to generate signals

i ndi ele i yecwnulaeient Faget he neegeived bPpndivandiag a

&{@Qéﬁ”HPbéﬁ ?ﬁﬁcﬁééﬂr £bNa Cﬁ@?@@t8§t%991@"EHetQSBs are

detector an e ion accunul ator, the processor being
bepey abteuneleoddrol a popul ation of ions to be

ons b (AT OB Re” T Bae Ghr DU oAU PY o LA 73

wizeceimi at ed i ons into the mass anal yzer, the ions

bei ng; accummyl al edoLor 8 LENE, pec) oo det gralned as a

functton o n accunu ifon"rate an
t;mmmmﬁtwhm@ed pprtnunwpﬁpuhatlon oéamohes, ahhéon

accu tion te representin rat f_ion
~BESHTA bt Pt R PR EER g ob LR D ot aBE R EaBi v 5t -
réh£1mp@@rp¢nsloﬁ cfathe 76onwWhesri mhilbetheodeasoareSbeing
erag e to neasure the accunulation rate while the
I ei ng accunul ated. 78. The apparatus of claim
77 Wher eAncotpet or opesgoami Sropecabtanyobipasubedibe on

SSEARLLLon, Late,by chver(ing. o poLti en ol an oD,
a@@pyﬂgfateﬂe BBodlbe 8pRPrakUsgOoinstahft7dnsWageebBle to
cause apparatus including a mass analyzer and a
programmable processor to:

a) introduce a first sample of ions from a source of
ions into a multiple multipole device;

b) accumulate in an ion accumulator ions derived from
the first sample of ions during a sampling time interval;

c) detect ions derived from the first sample of ions;

d) determine an injection time interval based on the
detecting and the sampling time interval, the injection
time interval representing a time interval for obtaining a
predetermined population of ions;

e) introduce a second sample of ions from the source
of lons into the multiple multipole device;

f) accumulate in the ilon accumulator ions derived from
the second sample of ions for a time corresponding to the

injection time interval; and
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diverting a portion of an ion beam i ncl udes

transmtting a portion of the ion beamto an ion
w@ewunoessat or and detecting a signal represent apCwESWD4/601810

remai ning portion of the ion beamwhile the ions are

bei n ccunul ated. 52
8) ?ntroduce gons derived from the accumulated ions

into the analyzing mass analyzer.

76. A mass analyzing apparatus, comprising:

a source of ions;

a mass analyzer located downstream of the source of
ions along an ion path;

an ion accumulator located between the source of ions
and the mass analyzer along the ion path;

a detector located to receive ions from the source of
ions and configured to generate signals indicative of
detecting the received ions; and

a programmable processor in communication with the
detector and the ion accumulator, the processor being
operable to control a population of ions to be introduced
into the mass analyzer by accumulating ions and introducing
ions derived from the accumulated ions into the mass
analyzer, the ions being accumulated for a time period
determined as a function of an ion accumulation rate and a
predetermined optimum population of ions, the accumulation
rate representing a flow rate of ions from a source of ions
into an ion accumulator.

77. The apparatus of claim 76, wherein:

the processor is operable to measure the accumulation
rate while the ions are being accumulated.

78. The apparatus of claim 77, wherein:

the processor is operable to measure the accumulation
rate by diverting a portion of an ion beam to a detector
while the ions are being accumulated.

79. The apparatus of claim 77, wherein:

diverting a portion of an ion beam includes
transmitting a portion of the ion beam to an ion
accumulator and detecting a signal representative of a
remaining portion of the ion beam while the ions are being

accumulated.

52



