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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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As %?%ﬁﬁihﬁd Pgsgpgpﬁb et al., “Experimental Determination

of the Effects of Space Charge on Ion Cyclotron Resonance
Frequencies” Int. J. Mass Spectrom. Ion Processes, 54, 1983
p.189-199, which is incorporated by reference herein, the
cyclotron frequency of the ion in an ICR cell can be
approximately described by:

= gB/m ~ 20V/a’B - qpG;/€oB
where o is a cell geometry constant, V is the trapping
voltage, a is the cell diameter, p is the ion density, G;
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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Also provided are 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 ions into an ion

accumulator.
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predetermined optimum population of ions.
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rate being measured by diverting a portion of an ion beam to
a detector while the remaining portion of the ion beam is
transmitted to an ion accumulator.

In accordance with a third aspect of the present
invention, there is provided 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; c¢) detecting ions derived from the first
sample of ions; d) determining an injection time interval
based on the detecting and the sampling time interval, the
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being configurable to eject ions linearly along the ion path
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a direction transverse to the ion path; a programmable
processor in communication with the detector and the linear

ion trap, the processor being operable to: determine an
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corresponding to the accunul ati on period; and
introduce at least a portion of the accunul ated ions
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‘from the source of ions into the multiple multipole device;
f) accumulate in the ion accumulator ions derived from the
second sample of ions for a time corresponding to the
injection time interval; and g) introduce ions derived from
the accumulated ions into the analyzing mass analyzer.

In accordance with a tenth aspect of the present
invention, there is provided 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
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signals indicative of detecting the received ions; and
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detector and the ion accumul ator, the processor being
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storage device according to the determnm ned nunber of

times before the total accunul ated population of ions

IS introduced into the mass anal yzer. The ion

accunul ator can include an RF ion storage device,

such as a ring ion guide, a 3D trap, a nultipole ion

gui de or other suitable device. The nultipole ion

guide can be a RF nultipole linear ion trap.
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portion of the ions derived fromthe sanple of ions
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trappteriark traddeanhpry2ee @ GnaAcsesdipgt Fodtkd ng at

detépaphed MAJr0B Ot 1188 @&Edﬁ@'t@a‘ee@o‘tgﬁlsab@&r&laﬁﬂ%l mass
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POXERED § éﬂﬁhggngngp§%g$ddgﬁmlthe 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.
The multipole ion guide can be an RF quadrupole ion trap.

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 continuocusly during a single time
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i nclude introducing into the mass anal yzer at |east a
portion of the product ions generated fromthe
accurmul ated ions. The nmass anal yzer can be an RF
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ions.

The mass analyzer can be an RF quadrupcle ion trap mass
spectrometer, a ion cyclotron resonance mass spectrometer,
an orbitrap mass spectrometer, or a TOF device. The source
of ions can produce a substantially continuous 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)
gource, an electron capture ionization source, a fast atom

bombardment source or a secondary ions (SIMS) source.

6



and configured to generate signals indicative of
detecting the received ions; and a programuabl e
processor. in conmmunication with the detector and the
ion accumul ator. The programmuabl e processor is
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The programmable processor is operable to use the detector
signals to determine an accumulation period representing a
time required to accumulate in the ion écpumulator a
. specified population of ions; cause the ion accumulateor to
accunulate ions for an injection time iﬁterval corresponding
- to the accumulation period; and introduce ions derived from
the accumulated ions inte the mass analyzer.

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



The mass anal yzer can be an RF quadrupole ion trap
mass spectroneter, a ion cyclotron resonance nmass
spectronmeter, or an orbitrap mass spectroneter. The
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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) souxrce.

In general, there is provided a mass analyzing
apparatus that includes a source of ions; an ion cyclotron
-resonance {ICR) mass spectrometer located downstream of the
source of ilons along an ion path; a-detector located off of

~the ion.-path; an RF 1linear



the linear ion trap along the ion path. A storage

devi ce can be | ocated downstream of the |inear ion
trap along the ion path. The storage device can be
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Embodiments of 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 intreoduced 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 improwved sensitivity,



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
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FIG. 1 is a schematic illustration of an apparatus
implementing a method for controlling ion populations in a
mass analyzer according 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 multipocle 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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As illustrated in FIG 1, an apparatus/system 100 that
can be used to control ion populations in a mass
anal yzer 130 according to one aspect of the invention
wo JofiGdesid$s an ion source 115 in communi Catb@f)Uﬂ'o&
Ion accumul ator 120 (with associated ion accurru a
el ectronics 150), a detector 125 (with associ ated
- det'@&6t obB elect Mawitc$ 1165 rat iyl themapsrahabyzef tE30.
appggggllgrsl%vynq{ n g cgpponents of  system 100 can be
coupled to a system control unit, such as an
apﬁﬁﬁér i @& end ffogrenmebenigic all]wrtmatépnM@t awhi ch
i ta f
e N BIRRREIEn 08 & T e A8 iy o
FIGan4l ysieoxpprdtiag rebebmegivitiagningogleyécel5, whi ch can
beF@FY Fofwentd anal, ¢ An; 3 SQULCE |SUCh faﬁnaglkg&éﬂx%y
or el ectrospray ion source, generates Ions om
impdgmentatione cl \%dapp@mtﬁ@ramﬂ;m tanFIGut bsanpl er
10 ds A | e o] lons generated by
1nc|o§og§u%@%a%gg, F%%%ggg%gl{%ﬁt y or indirectly) to
i ofTEecBims a&lwdlaggﬁmatbhmnmmlao 11 WO
1impA GREALEBPED &CH Wt RB4/ QQ&&J@J ﬁ; e, | Qnémfﬁo?ﬁ‘f mul ate
ions derived fromthe ions erated on so rce
systen. lﬁng@&ﬂﬂ|ﬁ1mﬂitéplgp@%¢¢ﬁwnﬁheoﬁndl@nsFTﬂﬁﬁived
fremt, i onss m@woqﬁélggr%n fPlL{fsct%ac&flnboﬁﬁ include the
. i.ons generat ed soufce of 1ons | as ions
impdemen me%m@mfi. aecfditbFa G- oRs aBPloVing e
sys%ﬁcu§§§fbafbdr%eo§%§:até pehey ndhe, on  accunulator
can be, for exanple, in the formof a mul ti pol e
i oﬁlb@u FRICLaRae AYMRRTREARR ARUSSIREiPBs LRaphervariows
drahuaggr1m&daﬂéolqudeoaléﬁéﬁts or a RF "ion tunnel”
conprising a plurality of el ectrodes configured to
store ions and PEWB%EEDnﬂEﬂQRiPEIDHrough whi ch ions
ar gs §{ ARSMUAtRA 1 \WheEe 40 %gm# S
quaglr upol e 1on tlFa th% ?%I?g angah?flsilggﬁ%yl 1?%&:
canni§sused charepn triod zog) Pepiptairians Aot BemREs qeRdt AR e
130' ABcbiahdi | Rfie %%5%59' J)thtﬁé"ln t%mh@m&@é egting
F and voltages used to generate
1onq§gapg%04¥5qugqymmgplgﬁp;gmrﬁpth 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 liguid chromatograph 110. Ions
generated by ion source 115 proceed (directly or

indirectly) to ion accumulator 120. Ion accumulator 120
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supplenentary fields, e.g. broadband wavefornms. A
col l'ision or damping gas preferably can be introduced
into the ion accunulator in order to enable efficient

Woz‘éﬂlbdﬁéﬁé onal stabilization of the ions inj ﬁfﬁ%ﬂé“%&m

ron accunulator 120. In the inplenmenta
illustrated in FIG 1, ion accunulator 120 can be
funcgabhgutedatouejledte iions ﬂemﬂv@& foet eétkoiod’5, which

ger@SLEEL Sy hf ﬁgﬁﬁh%% hqes. petec e use% can be any

conventl hat can fo detect ions
Spee"dlé@t:etilbnommm “degimetafoom1 20ond provéded by a

i | t (o] 5 ¢ e £ ext.ernal .
solyfR BPoPbRt H1 R S0l oRE B RELRIC SRS o8 Lope
as aﬁlénabogonelq&naﬁaﬁsﬁeby ammlpmﬁﬁtxnmnoﬁethpeetfmhéraﬁn

wil10BEARELIULALEN o 180 BBadirsetien Wiangugrse to the
e 1on beam omards e ‘mass anal'yzer. lon
aCG@@@&ﬁtDatb201331¢&n dbgoekanpbef iigurtde tformj efta ions

RIS ) 0 1

RF dAdapgredultipnle doanprep, i or anaRE Slisnpdunneh” (e.

comi)?cllgln&?’é &ﬁ%ﬁtf"@#%@é&@@é@@é f%lgﬁ%gﬁ‘%é?%@éloe

mass anal O-“can be any convent
longr appi QV%W@QWUWS?JISQ@@E ndrethertonsueheas a

trahBheee 8 Menponal; QUaLEURA £-of O d HaP an@RrREuLd le

quadrupol e ion trap nmass spectronmeter, an orbitra
ion §xapy ctpe romnge sodaséélabercy spedaromeser to achmmx@h

tr
(m/QL Q?rcgﬁﬁyﬁéﬁ'ﬂpaéhe”@zﬁ‘sqag@by eS ion lﬁ‘igg gdbe FlG 2

time-of -flight nass spectronete can
ConlthP&éF@alP)és %Pmﬁw'@lzoosgie@mg il Rg aoﬁ DC

voleeeegaag@@ & g”erf@?:%%eaﬁﬁé)’&@éd 1'en 3 IUSt M 5119,%% Hrgf

method begins Wth a pre-experi dur’i hg
supplemegtapuftrkie i 6. Henbﬁé@mcbt@vefmm@st ep 210),

col1aRdi dRt 661 hpiry dRkeplQkeddd Séa‘.:%p b%zq}ltrbgﬁée@rﬁlto

generated in‘ion "source 115 &as descri bed above. lons
thegdppveacHppkatore ingerdest 8o sraslacdfdcdentil ated in

col19BiBREUMBE MO 4A cAVEE thdE GAUNSHeRhe@ into the ion
predeternlned sampling interval (e.g., by opening ion

accyppdatPat b#Y120 to a stream of ions generated
In the implementation 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. In 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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by ion source 115 for a tinme period corresponding to a
predeterm ned sanpling interval). The duration of the
sanpling interval can depend on the particular ion

WO 2061f0ddsd ator in question, and-wll gener a'ﬂ(%‘m’f&‘ioo@)ﬂb&sm
relatively short tine interval that is sufficient to

supply the ion accunulator with enough ions for the
masgypsabiren 13detent bormmndasteartiional i bramtiegs tebet hen

masQrgﬁé(@@fdn[EeE&: EQE %%r@l%ﬁﬁaeegﬁi@eﬁghorﬂzl {%ﬂ tdr%r%loge

[inear ion trap mn capaci Fons
10ngbﬁ@@aﬁﬁdfﬁylaneére@@¢@EHHQ%ﬁ MO@ntzaplmms$ource over a

spe&tf&n@éelp Q2 ngggp‘%ﬁr‘s a%rprn.cﬂpr clolPHS: r %ﬁrgat%%r O%E%t e

ng tInE I nter or sucn an accu
SPeg’ér@mﬁft@rre Bditgrbeh h@’@delbfcceﬂ@nmonasum@&arﬁtnadlylzyral,

suchhgs a@ﬁﬁﬁ“ﬁ@tﬂ‘ighe gﬁ%ﬁé eseﬁ&eé}o?ﬂe%‘ékggn r$ On{gh QR

accumul ator 120 an ast a portio ejected
i ohEC ard iddawégabastd mrihad #0012%. conyrelkiiaiohiing

poph PASi SO & h&s8 gﬁn‘ﬁfzat e \d 9% acg Q‘Hérﬁ‘tﬂfo 12%5%@‘ ore

| ONsS are next accu inl1on a cunulator The
methyed deadiejiddhed POHP-SFRATEINGGENe dAE &HY byh it donsr 2185

hfulsesy tig, dehe I nt |
rooh Il L Lo S B DT OBl BRIl ekt

in @%ﬁ‘-%‘é’%‘i’%ﬂ% rEtERt 4%k rlePresast seppratebum ionh

souBEE UNMAB ad astiriBed Nalovd | | R8s aaVited #PRERIN a
gengredetermned popul ation of ions that is expected to

et ehrianfmars: aEAeplatrsk drofion sapyEatalnr 120 over

the CXPEFdTRIY 2 d¥ehblérmieedlantidined LAt8PFS ded.ay|,
bel ow. The injection time interval can be detern1ned

| °PelF+%9n e aferEELaloB] B4 deP it repgnaf bowp tgfgerated

by PoededheFdd nad $30PhiNnd ParRl CI%Y‘re ?&M@{d hg the ion
ccunujatjon rate in the ion accunul a T20 - that

prefgt e Py nag iSTEPLAGYt MR $6FR populTae BRTeFEpp&T ithe the

samp DIn@CEHEHAN Okah 28 Sbid Neh (R $RAMRLEAD:L I8, i nterval.
Fromthis estimted accunulation rate (assumng a

ACCURREILOR (1 (AReEEAPR nARE iidwasnerahiy b macan

relﬁlﬁi@ém Nhorith@ itk Menf QFvahitadhhd t sWslibrDeidIRCaSSaYpl ¢
ect ions into ,the ion _accunulator 120 in order to

the {08 AARMPIGHIUEEEE HRAOHGH aonFopaF at PR s WSS Lt hat
detéSt Seseglertbymanat Y#ebddps of the preexperiment.

For example, a typical RF multipole linear ion trap will be
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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the mass anal yzer 130. lons are then accunulated in
the ion accunulator 120 for a period of tine
corresponding to the determned injection tine

wo 200¥f0edsypl (step 240). These accumul at ed | QRSyuBhdioo1sio
transferred to the mass anal yzer 130 for analysis

(step 250). As discussed above, the injection tine
Thej pngeviion ndpeedshesvahergmraszhtef thememdwrt wii ch i ons

accliiitabfon SRR kAL 0 § N10) QL AGGUANLAL g L0 Such  hat

accumul at or accunul at es esi red popu ation of
prefgheriptied popudatiah pf obwssitigtondsmarppoted itonde t o
cQRLL "EZ e r JRnce, L0 tqr, or
P t he sygﬁéﬁgigggséégiﬁ%n%b%#%%ﬁ d%%gegéggfgggggégfb%lll
be depertled dar mogei detaslicdhe oy av@hganogecticem tExeessi ve

intePASE ClANHL ded 'i‘ﬁ%ne&hﬂ&{? G YAREL GV e egrqigft%%r of

. heasur enments, adapt atl on 0O specCl a I CS
sigpplt #ed idys paedeyeeninetidsantisling keteThas, by or

tSNAPPAS tHeP s JnOWe %&% LIRS sy hhe;
°° analyfip, it Sancggﬂﬁf |éﬁf%ﬁgiléiFﬁgrgﬁgﬁgtémgﬁgtor
120gst Eeredi popy astdmabing die fiomprbelabice trapged ia

theVEbgogﬁEﬂ¥¥¥§%%rP§EbHﬁ%ggﬁfqgﬁ?%%mgﬂgﬁgﬁgé%ggg?ﬂﬁﬁgl.

pogu!atlon of Tons in the analysi .
Fropgshi g fratiretedancayarte i gyatebl(eapuming e ot her

subbeagk 141G/ QA%AAuLRE PORMI ¢ 15Ums9f bRBS: ﬁrad@ceﬁﬁ%teef
transf orm mass spectroneter too far can Tea _to space
thechipg el ok ohiichs 1t ikl e inrfesdsadal tpotriget ions into

theCXPErd@AERIALIR 1501 My fELAUCRLY ;118RNEEL Phidluce the
. deteriqgration in mz assignnment accuracy.” Thi's
finpl RRRINAL1OR P éansbEhat Focabissayent by iy asts by or

theam®sd kafd18a8eneyoshi ft, which can lead to errors in
m z assignnent. At higher charge |evels, peaks close

i nIPRRAiehAPePnPeT IR [ teddiedde dpphapcunilatprol20
forparlpedddd ofThiiheCabrbEsindidld teUkBE §oPEHLIhMwhen
,_.dealing with a population of 1ons that are close in
IR]ESHt Ui CMPad B tearal whdreRredUri nghRES sa¢eiiaHstsded opp
areafi CeMdrie@N%o tAe OhASS 4:thBEEHMIRet eot ONS T\ & NBtep

9etern1ned
250).

. As 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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injection time interval, the ion accunul ator 120 may
need to be only partially filled or filled nore than
once. That is, the ion accurmulator 120 nmay be opened

Wojo&,dﬁgqs streamof 1ions fromion source 11%{@0@0518&1@

period |l ess than the tinme required to fi e 1on
accunul ator 120 to its full capacity. Alternatively,
Increagapg behaauamgatyonoofi ions Hen then aaetvais attember

of THktiRLe gﬂﬁﬁzawc%ds&owg@g aloggg for the

determ ned injection tine i @g., if the
aceunthatdrheamaod, atvonsasiaie thee papodatioh ¢Dnisonshat

in f\@o%grp@ri@é&%&ﬁdmsggn}%%g&gt&%% 1P 9&&{ ng::%cit he

ull injection time inter nthis case,
to é@é@ﬁy‘l’%@@ Hrslvd eman prusty édlde'lvs}éwhér gopastd s
expdesehibed 4y #0re fggﬁééﬁc§Fﬂf§ghl%thlihhﬁeggfﬁéggiion
. secondary accunul ator = popul ation is”reached. us, an
in mﬁFe§§$%ﬁP43ﬂﬁaﬁC@Péﬁ9ﬁt i Bhigetfarevusadyf sbaft tdan ikena

locateyey! AtdAnddt enard &F ﬁ:ﬂ%&} %&%ﬁg}é}]mfgggh EL1iAG on

condi tions associated witl syst _ € optinmm
canp dpaf at P G UARP A8 Bré eesEInTeAt -t hdtchagher demsiaey,

levdhi¢hpedlakes gt @nCeReLEeiA) | quoh@l%hﬁogﬂé@@é feher

éharges and the actual charge on each ion, or the ion
fuld¥net (RRrtaldy -t afbas 15ambeod4peeEs2glar concern when

deaPCH4 UBRA04 QRL81A 1 bAt OF CNS dakat ben Lhgsgunber of

.__lons and assunes_that the charge associated with

150L0R1+G RaFbct?d WHRDI BeRHer WhwaggndntaBaatiss oife) . The

adjdetgt m.giad i on of the injection time interval can be
si popl gggsed on the_detected ion charge (integral of
detBCYERPT &P AFFPBEREFEe Tiope diarokhepErharmine

inj&Hel &€ tethed Btk a X, TERE eCdr QRRHQIEXBE! 198 NHhay need
gnete ted AGC - pre-experinent where T represéents

to PEnenlympiyicddreddnied pe fiddeshaprge thrnterfad Jhat

is,t bRe dbdreCicRhmuQB teur 120naHaleGirded RESERL CLE QS OF
. I|g1tatjons |nposei bg the ion accumul ator 120 and
TODEhET R SOM TN EEr 11807 PrRyA diidieaPEThREL heRstHRaD gl nal
timéOPePOIMEAHOEL(L. ehe 1de NoRhaAkbkeR 9boi posiddaty1l
wil] be ggunulate over the course of the injection
capge . Alternatively, it may be necessary to fill the
ion accumulator multiple times in order to accumulate for
- the determined injection time interval (e.g., if the
accumulator 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 is 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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interval) corresponds to an optimum popul ati on of ions
in the ion accunul ator 120, or an opti nmum popul ati on
of ions in the analysis cell 135 of the mass anal yzer

wo 23essBY regul ating the popul ation of i onﬁc'ﬁ’ﬁ”&@g’ﬁ%sﬁw

accumul ator 120, and/or in the analysis ce
. the mass analyzer 130, the system 100 can be tuned to
intgperasddarabplr e nombaci ¢F. idimtands asacnagutizdt e
haras . t ] I nj ecti e _jnterva
har R pRaoHA i it SSLEL ORI BB FhTode R
usugddyi @Redccunul ator 120 or the analysis cell 135 in

t heyoBgS: 2N Mol i 1.s; | apaci t

i T opas - EaR e cton 8, He| 1o TG IERREL HA! W
be pagply basemdusithebletephed dargmmmgef dénspgrahef i nal

detRerrkat bon-of-df3nped ions in the analysis cell 135
© can be nﬁz anﬁy@ed in a nunber of known ways. For

Tinjexadplpeipali /| Qatebiba-bta e th 0@ ;njbdt appedebaaaal € excit ed

so that thepr cyclotron nmotion is enlarged and |argely
coherent (sGCHTHAY® i SFE“BFHe sane niz have
wheggcForepresenitd dimghi shdi @ rrprdsents phasedn dhdisye
: ' it at [ e c lished by
(:Ln;cgg'ég%oggﬁ%ﬁé;g%cg;ggegsgn%@}%@ e g%tcl}% és of the
Resgparysers catl |lirgRagdonhatmpesedifqy diemdbe AGumulator
20ekgst tadtd j fi : I
20 Pea Ry st 0 b Uil MBLERE I
- OPtgBAér 4PRROIHEE ivhe (Lofs, e dapuledionoohavens dige:
wil@nge SHOSLAN d@ld %v%9h€ﬁﬁnéo&9gé‘gf'QﬂF”9&2g8¥ion time
_excitation ceases and the 1ons are allo 0 cycle
integ¥el| | aexyeTaansisy tat aphepkimm wopulatéquenti bens in
the( MBh NAYcurkyCd 1 @B o0 L 0R) -o&;ginfdﬁﬁgﬂggg'igEiSHféfl s
. perfectly uniformand the el ectrostatic trappl ng
in pheeRbysis ceddr £86t PY HhradragsolaamlyaenokBdgenddus
regG@8€ing tihe RN onf bl fiSnd O£ R Q%h)ﬁfﬁgﬁﬁiiﬁB%
ol 'y determ ned

natural frequencies of the ions are
120pyapécy i 6 dhracamdyets eotl thd im fhef mese ammkyzelo a
130900He f 4§ St 1R ARPHEXLERL A idberbRESEL optimum

ci rcunst ances, f=B/(m ze). The oscillating Tons I nduce
- CRPPRARE- cuthEntis i RoCaRMLakng depen@indy §aul theol t age
det8tAMME OedNOrekembl P86Srvf1 results in an ion :

population that will £il1l either the ion accumulator 120 or
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 their 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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the cell. These signals are (with varying degrees of
distortion) analog to the motion of the ions in the
cell. The signals are anplified, digitally sanpled,

wo 36besspgorded. This tinme domain data, thrﬁ#@sﬁ@@ﬂsm

known si gnal processing nethods (such as
are converted to frequency domain data (a frequency
capggdEpruijeldhel agsinerated. f r encendye smast aum éscited

to GRARLenLe eth@rELQJQ%lahttligieLl ?hecs’}gé?faé L ﬁq@% g@?ﬁ r{notlrﬁn ¥

spectru based on pr evi
excdipitpPat FonsesThnd @@ngpﬂseer@falmmbabs cyalehe

(oskc@39kthnor speC) LS S gl e Pyridifatal {4
Fry ParaEe P TR

I.njection (over a on accu
cy c&@éﬁ ORoMOBERY de Isfa#bﬁemﬁG@ﬁtM| Eielichéss pecfemy s

unigena ahgdehd s e1lhe rbss {:ﬂ: ngr%%pﬂn?;gg {HQ{ {he

final nlz analysis popu atlon rons Tn the
perifglty i uadTPalsy Has hoppgensees exseh amah en¢ rother

£iePHBPEbL! EORs idetiNe thahetAl MhEG dﬁdletﬂl% egeﬂés a&ﬁ the

produced in the ion source an l'1ve
lonécéﬁﬁu?’}é?%}y %Wféobxahh%efw@pm@am@t@mrmcé uhe

- m/zaBEMBhe MDEIEs . i WhigeBdi enﬁs@r@réa@% t@ ?mé cg{%ﬁl'y

foll ow n initial mass selection
-theFFaﬁﬁﬁﬁ?ékF?QﬁﬁﬁraﬁeB /{méAckubj ected to mass anal ysi s.

AsTHE edswli_.-rdlslg seasi Lhaatd O{ha%fcgggg%% 8{51;2 5land

i ncl ud enerated with 17
Corpesp Wg‘ld oliagengi $nqhs Loeltet %ﬁctsaf@cbes of
thef@bl@mﬂrEhéBéE%ﬁ@nﬁgbearér@@ﬂ%ﬁnﬁﬂﬂy¥ﬂg35@8réé?] in an
as wel i ons_gener at ed th second

dlSFﬂF aO%} #H t9ehBPalP bR f dogg| dotilm agid -

Thef E8GNENS adtOPleFS ed QLG EEA WURLIAL, §30 RERS
enerate, product jons Is ion fragnenfatlon caused
ThlByt%Bﬁ S daithey £BEOEYR sHRd ey @Fwyabfp@pqwng

. metholld (ewdh als Q&HKQFPEPQ 888 - cSA Nt R EBOESe Ylency
ions include, but are not I|n1ted

1 duct
'domgeneé%ﬁlngi %@%%SV FBRCE Bk eadiiCoABPL hEEde 2ad to

fredu@ﬁ@ylsﬁedﬂrunphet@ondéﬁﬁ@@lﬁﬁ|éﬂ7a %glﬁﬁﬁélﬁyz

at Ref nto FI one
'SPGF S‘fi"gc %f? Psz?r‘?c er %%?%?équg@aﬁpeairod%wrmﬁ

to mhzScﬁﬁ&bt&ﬁﬁﬁn“de$hé“@nten81t1es of the peaks 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 proportién 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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mass anal yzers 165, 130 and associ ated el ectronics
170, 160. The first nmass anal yzer 165 (shown in
dotted lines) includes an ion accumulator 120 such as

wo 2804f8ksshd near  quadrupol e ion trap, and Carb(ﬁﬁjs%)‘i)g@ﬂsﬁ)d
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product jons. yi e ro uct ions will vary

deB%ﬁ%ﬂrlﬁgl%@@ﬁmh*éoSEEfées%, oﬁn%mle@@n’mtm ha
systeRgientaddeg §Hb§b§95t@Jiﬁ’Eﬁls %Bd&hfnéiﬁﬁggnt# ons

are then ejected fromthe linear 1on trap and
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T SEEn ALt BPAT Yk edt P @St iBhCGEed into an

essentlally empty RF linear quadrupole ion trap (ion
accumulator 120) as described above. The voltages applied
to the RI linear quadrupole 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 isclation, 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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product ions entering nmass anal yzer 130 (which is not
necessarily the sane as the popul ati on of (parent)
ions originally entering the ion accunulator). In

wo 2ofdiosssease, the injection tine interval rgpsesilodiside
time that will be required to fill the ion

accunul ator 120 with a popul ati on of parent ions
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: anaW?&A@ IRag A %narl ggl,_,aig(?“i not in the form of "product
ions" but in the orn1 of initial (i.e., parent) ions.
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edto etermne an 1 nj ection tine interva
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ole ion trap 120 in order to uItlnateI
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roduct ions that are subsequently analyzed in the

fraﬁﬁggg el VWAEPS130. This determination will be based
ONOBEY efitdd appeoPiRhtONsnjddtldiditifet RRL ST L hat

deth§1Xé§” 10A; are introduced into and accumulated in the
multipole ion guide of the first 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 gquadrupole ion trap 120
during a sampling time interval. The precursor ions are
- then selected in the RF linear guadrupole 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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product ions resulting fromprecursor ions will be
substantially constant under relatively constant
operating conditions. In this instance, controlling
wo hiRsRepul ation of ions in the RF linear
lon trap 120 provides effective control (0r ayﬁﬁ&ﬁm
l[imtation) of the ion population in the analysis
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transferred to FTMS mass anal yzer can be
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ected to be lost in the selection step,
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(m/9f sONSHivat (whbl se_@@cifé}y'c&e@h‘éo PLRHUSS, Tc;\{ﬁsm is
perggﬂptra to within a desired nHX|nun1error

S R it® ARceiprroduduipn @ét épnenke @aﬂﬂkﬁmﬂﬁﬁén
qua @RS O APRAAR (3L BEQmulator 120). In this case,

the final ion population to be introduced into the RF

-linear quadrupole ion trap (either at one time or over
several iterations) is determined by the FIMS ion
population limit. The relationship between how “fﬁll” the
RF 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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experinments. It should be noted that in nost cases the
relative capacity of the ICR cell 135 will be about
the sane or much greater than that of a linear ion

Woz‘i)ﬁﬁﬁsslgo I'n any case, the maxi num all OV\@(?IIHZS @a@Eﬁ{“’
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expbiifbnfBss analyzer 165, along with a second mass
anal yzer 130, in conjunction with the described pre-
expbr shewtd difamlosedohbat ol qeastt msmsghanmycztewemo
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. desired ions aré passed to ion accunulator
hlgpoma%§a%igq;aqﬁa§§perlments, the space charge llmlt of

the FTICR may determine the ion filling 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 £illing 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
contrelling the population of ions transported to, then
trapped and analyzed in the analysis cell 135 of the mass
analyzer 130.
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filter 310 can be provided by a nunmber of nultipoles,
for exanple, quadrupoles, configured to allow only
ions of specific mz ratios, for exanple, specific

wo B6AEses ions, to pass. In this inplenmentgtian, he.,
Ion accumul ator 120 tenporarily accumul ates 10ons
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The detector can be positioned to mneasure the ion
fl &% Bpls Hedeamenipaien i bie ien mosumndaten 120
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alrgafly abrerselartai chnd 89 Mt (Brvienenydésdependantl e
abiMityi 0Ol Lo mys! @410, aRUERanSe B1AQURLEAR 1441 Pl €
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accypulgber 48Gin RECBHEAPPbRatieviamS i dur Anibhat aveasure

of EHkt ioherray LiehreviMstieny 4dd:.dadudes  a quadrupol e
mass filter 420, a _quadrupole collision cell 430, a
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necesgéry to inject ions into the ion accumulator 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
aliowed 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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into the nultiple quadrupole system 410, and are then
detected by the detector 125. In conventiona
operation nodes, the triple quadrupole nass

wo 28RRedsspet er shown in FIG 4 perfornms a sphsia 6H4)0€1|si0\’
simlar function to the mass filter 310 |Ilustrated in

FIG 3. Thus, the first quadrupole nmass-filter 420 is
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lL anot h %rlant of the systemillusfrated in FIG
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dete£t5¥xizglresuig in a mass spectrum. The ions that
subsequently 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 quadrupole
cellision 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. In this mode of operation the

second quadrupole mass filter 440 is set to a specific mass
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this arrangenent, during the sanpling tine interval

ions of substantially all nmass to charges (mz) of an

initial sanple population are passed through the

hali uadrupol e mass filter 420. The pagams
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acopgiiat Penl 2 Ay emd dam exreling itdimssdmtesvals/ i Bre

injeeambgat end i vl bhni Fhad Bé)fae?n@f'nhhgﬁ 280388 bed
that a portion of the ion beamdirected to ion
aboygecynul ator (e.g., linear trap) 120 and a portion is
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signal is continuously nonitored fromthe tine the
massoh bt 140 gt etpesh tpi seleck mynqurson Aens, selecting
a specific m/z or a range of m/z to be passed to the
quadrupole collision cell 430. The parameters of the
guadrupole 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 ilon accumulator 120 and the mass analyzer 130 are
included in one device, and no ion transfer optics 140 1is
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 required.

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
signal reaches a target anmount corresponding to the
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ion beam does not pass through the aperture, but collides
-with the lens plate itself. Detection of the ion current
signal imparted by this porticn 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

25



10-50% of the tine period. In one inplenentation,
system 600 is operated such that the ion beamflux is
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accumulator 120, only a fraction of the desired ion

pq

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
lon 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. 1In 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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collisionally activated deconposition occurs. The
system 700 can include ion transfer optics 720 in
addition to ion transfer optics 140 (and optionally

wo halokdkes ion optics as well), which can RS -
Thus, in the operation of system 700 a pggi aﬁ@%ﬁ gﬁ?
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st orage device 710. As discussed above,
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order to enable efficient collisional stabilization
QagklEy R inEctiBddi Arbtathke qdrrgge device external to

the mass analyzer 130. This can be advantageous where 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 iocns 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 storage device 710 can be optim zed for the
extraction of ions to optimze their transport to and
capture in the analysis cell 135 of the nass anal yzer
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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 gquadrupole ion trap 120 is
opened and ions are accumulated for a predetermined
sampling time interval (tpes) - 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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This information is. used to calculate the injection
time interval (also referred to as tAGC) (step 820),
representing the accurul ation tinme necessary to result
wo Zodcdssapopul ation of ions transferred to tl‘l@'{lﬁ‘iﬁtﬁmomo
anal yzer that w1l produce the best possible
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eThe mass spectr um ??t%%ﬂé#@njén'eg utgﬁc%lggg Blg%(?t sﬂcr}?é aﬁ?e
beep; aghiavRfysis results (step 860). Optionally,
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PCT/ US2004/ 001810 fi Ea! %nag\i%?si s step (or Céca‘lan teéir

duripg; iy 3niecEion tine sbyue lprece kpens ferred tlap the
analysis cell 135 of the FTICR mass spectrometer 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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FIG 9 illustrates one inplenentation of a method
according to FIG 2 in which the system 100 can be
configured to operate in an M5" node as di scussed

Woﬁ&%\fﬁzs lons are collected in the RF quadﬁd"l’?ﬁ’ézﬁmmi)ﬁ?@r
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(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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upon whi ch product ions are required, it may be
necessary to repeat steps 940 and 945 until the
desi red popul ati on of product ions is obtained. The

of FIG 9 controls the population of a first
wo%?%%gsq%f precursor ions that are isol at edCTBRAP1810
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Thus, the control techniques described herein can be
applied at various stages of this and the other procasses
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
lon 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

1on accumulator is a linear lon trap and the mass analyzer
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is an I CR mass spectroneter) it may be desirable to
accunul ate ions in the ion accunulator in nultiple
iterations and store the total accumul ated ion

Woziﬁﬁﬂdéhﬁy on in a storage device before trg{‘)ﬁ{%{t‘i@?&‘%

e accunmul ated ions to the I CR mass spec
_ discussed above. However, to optimally control the
is popdCat maas ofpeansometletr) Mt elhyy t bansd €rysed ot @ot he nass

ry S d. pre- _experinent may .benefi ci al
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b A e B e BB PRSI Yty BERF RO L e
iongedondhpr ECRxpEFs mpectroheténnas atimousdsatioebbsefi | | ed

t oyl Lsol at i : harge,ljmt for the M5  stage
of "EREvERpert ey SROEPEH R eamitebdpa portoy
ultimateddppeans tnsradedqoi thd hassomplgtzen,he seeond Hhg
5 the I pen e perfornmed. The ,
RPN PR ey i HeeelRE BB e A ot tepiet don
chagge gepethitng sirgrdle dnd aptimnubapopu fatiron-1r stpgaed e
i so1B+h ‘ - | ricall st abl i shed
%l Fgﬁa‘%niggnf%dntl :tagra‘é"aﬁi "élgfﬁwéve F&é’ﬁ rloflﬁé;yof t he
depepgengeon deve qartichdanuabercioire af abeudvhat or fills
invb@euly €d 10 ¢ L tign kn.the
" storaye dgvf%giggﬁkgg sgét%$§%§§%¥h$h§%%e RBds of the
accUpdatPBnie dii ed frpl ébeniselatniondisgiacal chhegt rhmit
forCkhEUiEY Y5 ' ' \Wall " &
° softma[e,tg%%iﬁgcgﬁgrégggﬁﬂﬁ§%bf £ gn?g#hgmgﬁg?%ods of
mand RELakyeRt | oh then theppag| tomnterindsed tonpanplete the
remBi AGH@MMPTOUGlgesl o8- thd & ﬁﬁﬁnp%ﬁgrggkkﬁﬁﬂgglyThe

enbodied in an information carrier
respREhRfel PR RS eJestetale Hewidetamtoam a propagat ed

Si 8A8bd IR QRYELOBrDY: gn O 4y CORLKQN bBS, PREFGL T on
of , data processin appar%tus, e.&&, a p&ogrannﬁb e
redpi sedsErihe I@&Tﬁ@&ér (€. man igsipd ricedput essablA shed
calCBARELS & QWAPEAN DS 1@@&1‘3&ifllﬁﬁ%gfgfn%héﬁstorage
rogramm ng | anguage, 1 ncluding conpiléd or
devige by prRt eTheinghades, aemenykatomn fid ldepeayietd rtaany
giveothe d&wired RGpATaBlon in the storage device can be
determined.

The methods of the invention can be implemented in
digital electronic circuitry, or in computer hardware,
firmwaré, 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,
€.9., 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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WD 2004/ 068523 PCTI US2004/ 001810 a stand-al one
program or as a nodul e, conponent, subroutine, or
other unit suitable for use in a computing

ment. A conputer program can be de %
Woz@@édg&?gd on one conputer or on multiple ch g‘?‘é}&g?
one site or distributed across nultiple sites and
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be penbeymed hy.r andopppecestss mm dnvbatbon Tden be
I el ut gr, are _a, processor for
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F PGf\or(fl%%@rnmﬁambmetg@m asnmhgdam afensra@l ly, a
(apEQEPQE%ni’Eﬂ(fc:lfﬁl sgnjcg(gigg[j A per atively coupl ed

0 _recelve from Fans er t'a to, or both,
onBroesants wadsabler fge tidedxeestiion sf oa:icngn]_:d.aiem

rofr8m. 1 AEEREL i ngk 0z o0k i-Gal S opt i cal
pro ;:sks:L I nforrrg’ | gﬁg(;g#“ er élgedl Pg F g?%?rajer%bddyl ng
Spe%i’ﬁaLﬁlﬁpqﬂ%@rléﬁppngwmm}nsarmdngtab:ae| oc | miskes  al |

. prOEQ§§§r§ﬁof“§ﬁ Ve ﬁ&'gf 5E§%¥§i(fo%%h%gkng_ﬁgheﬁggiﬁm a

exanpl e sem con duct or CES
Progepfe Wildndeceayn m*emch:ﬁe'mscesd dagaefian i slemd-

t al d, disks r a
et PoaT AP bi S S iR ahatinp B di sks.
essw’glaplr RIEReHEsand @ heompuinty agana beoseppdentnt ed by,
exe@htiflf FRARLeIohE SRECLA &umggemeﬂnggy Cach Il oy

storing instructions and 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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33 WO 2004/ 068523 PCT/ US2004/ 001810 To provide for
interaction wwth a user, the invention can be
i npl enented on a conputer having a display device,

Wozgoﬁmfsz? CRT (cathode ray tube) or LCD (I| Af?%lg‘{“%ﬁﬁfé‘

I splay) nmonitor, for displaying informtio
user and a keyboard and a pointing device,
rmtIsepoovade tficac Kbalelrachyomnhitih thesuser tﬁanl@f@wldﬁl

u onput er_, her, ki nds of . deyices can be
carl B8 hnb i o UL BonpTaE hatiNG PO SRLey vl
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h,.,or tactlle i n The nvent.ion has
tr %gg%§ ésc §@§§§1the FiE - of Fﬁﬁé%%gﬁ Ppﬁthﬂuh%%ts
Com@uher endduimeditnsisapé dethees tden becapedototeovide
orf L 00 1 F X e the on sSoyrc
o B B h 2L B BT Ty A mopEtp bSpr sgrabac
proyvgdpdate orhes omecre c@BSbg, aay tﬁrmt&tOIfV eensorgofisedisack,

e.gl.nckudesy Afegdbk%%r %HEEEbf PESSRULE chem cal, g

i oni Zat1 on erlc preSsuF
feeghath: | omd Zapiusn fromPPitk stmospheri cepebssdirin any

forﬁhoiﬂcfafﬁkF%couggﬁéatE Qgcs Nﬁ#ghﬁéggéflx ssi st ed

I"aser desorption ionfsa spherlc
pr €88 u*léVWN_lDM) hag| beene@wmhadpant tenms zaf i on) a

@ggg;[réfaé ti;on) onmbar
par Secon a%y IgE ﬁg Iﬁ%bec rome F?)Wlﬁg
SCOP@an h*éhr% fdflowipg cdaissur c@rlb@ﬁmphey wimy/le t‘crlraa/eme

sou¥8Ei PUS AN U Ae8eqi 90 ORhd aé(lﬁl SHE‘é‘ié?t]gé? a*el,?

i on beamtransportation ne
iongpabiempoUdTe |(éiﬁléecﬂhﬁ@’-m@n@z@onmesecemmmm

quabe | pﬁmdy@heﬁenﬁrgyyubévaqe%%ag LogrLDg properties

used recondition t am én erlng t he
APPFoﬁa%E@ﬁHﬁﬁﬁﬂpoPr§§@urEhEh¢tﬂranaﬁ9teonbpt|cs can '

APPCBCkéJ&@oé%%éM t bE@k@urQ%r‘?&[% ~dndBE L BNBES zad )
tunnel s" “conprising_ a ur
MALDI (matrlx assisted 1aser desorptlon 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 ilon 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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of RF el ectrodes having apertures through which ions
are 34 WD 2004/ 068523 PCT/ US2004/ 001810 transnitted,
and/or aperture plate |enses/differential punping
wo M064i0kssegs- The ions initially trapped in the %}904001810
accumul ator 120 can be mani pul ated before de
for exanple, undesired ions can be ejected at this
trapginktted, |and/oxt heerimize rplas: dfeniseBgdbrfépentsigilat e a
pumﬁggglgffiqﬁﬁgom1niz range to be trapped. As indicated
e 1ons may be manipulated or interfered with
nTgenynﬁ@nmgﬁlwéyy trappettliin dhet donnmaotmlttioan 1i20
ca ngg hANE f the igns —can be
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m/zbgg &0l nlsl @it tr peLic Lrradiation
thené(f ons 10 al te?gt %Qc’l"’ﬁ%ere;ae et GerT e, ¢
2¢ t HeARted-he detector 125 in FIG. 1 is shown as being
|0§§1tﬁﬁj1‘b%§:%ﬁe§%9f—z LB TRAR 03 XEhad i ey o
axi s of the iohs propagatil owar he
lntﬁﬁ%w%ﬁult@om fhauglee cehayas can b@d:pbmrt |trmed
man EbSEMIRIE inf A z€¥ARL €. tn & o
g%terlng ﬁﬁé ngss gﬁa zerq%gﬁﬁj §%£P q%ag%%
can phgs mapippdatgdt bt @@arl?@foarfoatl §Bamplepomrt ingriedutle
or BEEUIBIPGALe+axhal e@@ﬁ%f‘Hbdybu%gﬂﬁoﬁrheéﬁgaé 1192148,

radial ejection of ions from't
but e Mgt N@Wedt he. e?b%q@wma@ngtcanlbea@w@m@ff tbm

ioné hed ralﬂ@a&heahﬂaﬁgg Q@aﬁ:@tﬁ%t{;?_d,_bu@%&houﬂgh it may be

desjrable to eject substanti al e entire contents

o AL o thecHinte ater B0 i Fifie pris shqay iaseheing
1 @HeécEQI s@esineBs €hé hdes IR neg&gﬁ ave
¢ %gezt egted at the %ﬁ%E ti or] ﬁgolons Jk%ythg
axig; e depEnBEAPaGRt S Howrrdgaibe ema%%o-?métlh@ter 130,
the Ccﬂ&’t[e!iﬁfdxoﬂ%t 8ah NSe | 198 BUAIRAL eﬂ?@ﬁl’i‘é:‘?@egé J,ﬂt R@
et ect

dependent variations in galin an

coa}é]f"ﬂ c‘!‘il&}i‘cifrh?nlo? heeqfet sy Ah@efﬁ@l%ﬁ iangyyzer 130,

as SUOGASSIE LANPES. 0f . | Wik CRBecPSy P S PUl SopLhe

etector 125, essentially providing a
positioned to actommodate axial ejection of ions in

addition to radial 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.
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sinpl e mass spectrum 35 WO 2004/ 068523
PCTI US2004/ 001810 Vari ous mani pul ati ons of, for
exanpl e, voltages applied to the ion accurul ator 120

wo fo@06ss29r age device 710) and ion transferpgghgﬁ@m],ggo
can be used to effect inproved ion transport to an

gture of ions in the analysis cell 135 of the mass
Py2ens Ianipw atiensr efexper i emmtplst,ageltbbestine to
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devi ce 710) may In the regi
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in I’fgaln‘ﬁ% a#%rewﬂeronwbemﬁipm@ﬁewﬁﬂ upofos mEAtele ofif
an fRa'CILQﬁ§ar W AHoNG byt £Ph 14 HidRd b %&5
%Eg ﬁ difhroil‘j'ﬂljh thé I an QEEII des, tHe IQetﬁJtﬂfS &f&the
uPoé‘w §n9 g Pqeﬁ@nﬁ’xezofaﬁbajerpqrh@ﬂa@ﬁs Ch&héetflaﬂsﬂ t
withi BRei SxtdgutGald Yileld, TEEe&@L%é)rthf 482860
m.croseconds or nore. e ions travérse through the

damgiBpCPsliqn 985 g8Can Ekthbledlison depaRerpon the

.m/z( t(ypd cethd Yehentitallne thawei%2) |<9pst1feo%ggt rated in the
acket and the Z Ones nore

f th
%%n%%{%%ﬁ: %llﬂ‘et RE Fearyonsy I%Ofﬂ'bﬁ@leatlpﬁnaféﬁ‘lum@rﬁélor

120t Kapp@ldorarget Ia:&vqraﬁl y305 €€ldhe Ja%éllyélgaééﬂl oms N the
ortlgn of t_;Lket that is wwthin the analysis

masggppa t FERBPAGURI éntivibsTapé fackersd to

1nc(Lt191pm@,a|]chyc tn‘&ft flﬁ.ﬁlﬁ.‘teﬂr ﬂ@%ﬁ&lﬂ%ﬁl‘é@l@' én@fﬁlesg ai sed)
t hese ions.

ffect, t
thr? f\ leﬁ% 1pod{ %ﬁ’te':d%%s; 5het Henginh 53)3|°§ 8@FI 923‘53 Bl sad
thesn/zti@itid @IS teet €bnk heT@élaiﬂ/aﬁ"!sitC@ﬂ‘ael@g @ifdpié%vily in

thet(ﬁrsggztpc%nﬁ goef;gogétoogl méi:rose or?c?sd o%:r ?nog-:gf ! e.%ltlg 1ons
traverse through the analysis 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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the "back" end of the cell. Having the ion packet
(typically) reflect back upon itself approxi mately
doubl es 36 WD 2004/ 068523 PCT/ US2004/ 001810 the
wo Mensshy of the ion packet inside of the a
135. The transit tinme of ions though the gﬁ*?@@?£ﬁ§%+
135 woul d tgglcally be on the order of 20-200
theidensdéyonds ¢ dePremiickgtoans hee | on Winetniad yeher gé B,
133el Ippdi 'EEBﬁéQf‘StﬂEéj £ desiraple L
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l e
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deS|rabIe results. The disclosed nate
oL, REBR A | BAN G Ghings that vektages candheosnains b ded 1

135, oubelhzmgla&abﬂﬁcaeeamﬁgs 1didistdAted @ggﬁa%% o

g ibed can i nclude ot her conponents in a
Potteﬁ- dalsehp1aLiay Pighsar pRREYY viineh temylebk potiuiomdyf or
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asis _of the various exenplary enbodi nents can

fé%wB R o theomethads nell usiysdiedennd desenibed
abolvﬁveﬁﬁllﬁeﬂ p@’e?r@azﬁieﬁsln & dﬁff@éé’iﬁd Jr¥erOBRRALL MY @ mass

analy met hod conprisin a) |ntrodu0|ng a

| achggﬁﬁ|é %&rﬁ TESHh§San Tt e osed magragaivom a

methods ¢ eawd éz{?&ﬁ@lte@ bhRe MBsgs BN ¥ZLlbn1h) aE}&CH&E“ ating
intk9AS derive n1the sanple of ions “during a
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inte{f base%

explicitly descr ed 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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the detecting and the sanpling tine interval, the
injection tinme interval representing a tinme interval
for obtaining a predeterm ned popul ati on of ions; e)
accunul ating ions for a tinme corresponding to the
injection tinme interval; and f) introducing ions
derived fromthe accunul atedzm@as 1into the mass
analyzer. 2. The nethod of claim1l1l, wherein: the

anpl e of ions and the ions are accunulated in steps
(]b) arfdl ehach a7 areumiliatora e sThenavetdwod, dfheclnadtrhod

%o{?%tJEH conprising: g) transferring the accumul ated
i on ron1 he ion accunulator to a storage device

bef or JPey, ste 4._The met.hod of claim3

aher ey SETHA R, P sliPe be, W T S h A
ﬁ#@endqngnﬁnnmtaraeummfmﬁahdnuﬂmmGsHamﬁuﬁubmauyzer,

i ons r| nor e t

trans?)rr?%bnﬁﬁgngbéhnﬁ¥%ﬁ fﬁ%ﬂﬂtﬁh? iSffple of lons
d@@um@l@t@mﬂmdjamstan&gandevwee‘|ncludes transferrlng

t he c I s from.the iQn unmul at t.he
storagg v?%g% fﬁgrseggﬁloﬁq1§%QW&¥Qﬁ ions:
peri ods befereinjeg enniing es:ﬁ:e@n(ft)lmeS&aneﬂ?@& Bsatsbz@id on

cl < further . conp rem
g&%s?%kgkgﬁ %E Fgﬁssﬁpgé%P%etﬁ 8&&%ﬁ@&r F6ef or e
acoaaﬂh@n|MQmeomstemv&ﬂepepeﬁsen&lnﬁha retkodnekrebal Mor
C ions_derived fromthe sanple of
g’%’ﬁé%&g& Gd rege% %%HS tRSPEFr&?dé’“d@?srlP?Sof t he
i ons der avedmufindimphéosanpbe af tiows cofrethendehbodo the

ggﬂ%#gk tl%gereng agtect|ng ions derived fromthe

"ons & dBfecting the ion density of
the i 6hsiderbdedingr bomtheesampbe febmi @RS. a8cuhhi@ated ions
E§£gogh8fmggg|gh%l further conpri si ng:
2. The method of c¢laim 1, wherein:

the sample of ions and the ions are accumulated in
steps (b) and (e) in an accumulator.

3. The method of claim 2, further comprising:

g) transferring the accumulated ions from the ion
accumulator to a storage device before performing step
(£).

4, The method of claim 3, 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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generating product ions fromthe ions accunulated in
step (d); wherein introducing ions derived fromthe
accurmul ated ions includes introducing at |east a

portiopn of t product ions into the mass anal yzer.
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ransm -t an i on accunu 11. A nethod of
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ions into a nultiple nultipol e device; accumil t|ng
LR/ BBA accunul ator ions derived

generating product ions from the ions accumulated in
step (d); wherein

detecting ions derived from the sample of ions
includes detecting at least a portion of the product ions
generated from ions in the sample of ions; and

introducing ions derived from the accumulated ions
into the mass analyzer includes introducing into the mass
analyzer at least a portion of the product ions generated
from the ions accumulated in step (e).
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fromthe first sanple of ions during a sanpling tine
interval; c) detecting ions derived fromthe first
sanple of ions; d) determning an injection tine
interval based on the detecting and the sanpling tine
interval, the injection tine interval representing a
time interval for obt ai ning a predeternined

ul t| e |ntrodu0|n econd
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S|gnals i ndicative of detecting the received ions;
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detector and the ion accuful at or rocéssor being
opBrabPe¥o: use the detector signals to determne an
accunul atnbmopeciod nefiesentamgla bifMe oheqfirked st @ource

of ions into a multiple multipole device;

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

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

a) determining 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} introducing a second sample of ions from the
source of ions intc the multiple multipole device;

f} accumulating in the ion accumulator ions derived
from the second sample of ions for a time corresponding to
‘the injection time interval; and
| g} introducing ions derived from the accumulated ions

into the mass analyzer.
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accurmul ate in the ion accunul ator a specified

popul ation of ions; cause the ion accunulator to
accurmul ate ions for an injection tine interval
corresponding to the accunulation period; and

i ntroduce ions derived fromthe accunul ated ions into
the. melse amellyzeraf m,a;ﬁha@pparxaim Qj‘orq:lva.ismﬂlﬁ

furth |s stora evice cat e

downst ea?ﬁr% q%ggioéir& aclcolﬁn%%éf raaqnbeﬁg”tr‘rge Y0 Sdt hhe
t%@@ﬁﬁﬁ%&%m&e%@n@amﬁmmmWMHmmmmwmvmwca
recei Vg and AU ALR 1D 1 FRITRIES JfJPmB &kﬁPHHQWSﬁCOHd

accu Iator and to _eject the accunmul ated 1 on sa

%t éfWﬁséﬂﬁ&ﬂd@fe@ccﬂmuﬂﬁt%mgnﬁgslgﬁéﬂyfu@@rtlon of

aﬂﬂﬁ@ﬁkmﬁmﬁﬁdﬁm&lamnghe a cTOW il tQ3s; an ion
g- Iotron Jesongnce | CR) mass spectroneter | ocated
0

Winstt E8RSoF P 2400 CEPGE S 0s A08RE L& Ti%n path; a
det ecteorsouigeat ed dfbisef the ion path; an RF |inear

quadr%pgh%si%ﬂ8E %rlg%%%%%db%%W%%%reg% o%o%kpes%%rce of

i ons an spectroneter along the
PO, aﬁﬁégRﬁHIPﬁ@apaébadrupole ion trap belng

Conf|gﬁrﬁéntﬁccﬁ%ﬁﬁbY%r'QB%aE%@”bEQ%e%QUEﬁ% QEurQQSof ions
bei ng configurable to eject

ﬁ QL the ion g gh and %

s tPPnBacFy 2ardHgeEhe LPBA ﬁ&tHOPoRéFBS the 1 CR mass
spectaoﬂetebtekh&ewatda tEeredéheéthnBBF@oﬁltﬁ@tb@ﬁrce of
A sver,se ta.the |o at ra .€ Pprocessor

R HEtn BohT 1 e R Pt aar BoroP ang LRECPRRGIF Pon
tdegpctihe phecessenVBelmgnsopanable to: determne an

accunglgzbggaMﬁabgg 5f858§§8£'9 &@Hﬁlcg%gghfsﬁthothe
accumnul F near 0
dpeerfredapephhat ien @ﬁcﬂmnéat@auséhehprﬁFeBBneabelng

gp@ggypglgoton trap to accunulate ions for an

i njection % i nterval corresponding to the
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atcthalacduvnubat-eédd @apresenting a time required to
accumulate in the ion accumulator a specified population
of ions;

cause the ion accumulator to accumulate ions for an
injection time interval corresponding to the accumulation
period; and

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

14. The apparatus of claim 13, further comprising:

a storage device located downstream of the ion
-accumulator along the ion path, the storage device being
configurable to iteratively receive and accumulate ion
samples from the ion accumulator and to eject the

accumulated ion samples towards the mass analyzer.
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into the ICR mass spectroneter. 16. The apparatus of
claim 15, further conprising: a storage device |ocated
downstream of the linear ion trap along the ion path,
the storage device being configurable to iteratively
recei ve and accunul ate ion sanples fromthe |inear
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accumulation period; and

introduce at least a portion of the accumulated ions
into the ICR mass spectrometer.

16. The apparatus of c¢laim 15, further comprising:

a storage device located downstream 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.
17. 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 processocor to:
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portion of the accunmulated ions fromthe ion
accunul ator to the storage device after each of the
two or nore time periods before performng step (f).
19. The conmputer program product of claim 17, further
conprising instructions operable to cause the
appar &t usitiorodgener ad Y @ 0UEt i é:091Sa Faram amemmrmth
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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).
19. The computer program product of claim 17, further
comprising instructions operable to cause the apparatus to:

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

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

the mass analyzer.
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required to accunul ate a predeterm ned popul ati on of
ions; accunulate ions for an injection tine interval
corresponding to the accunul ati on period; and

i ntroduce ions derived fromthe accunul ated ions into
the mass anal yzer. 22. A conputer program product
tangi bly enbodied on an information carrier for
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instructions operable to cause apparatus including a mass
analyzer operably coupled to a programmable processor to:
determine an accumulation period representing a time
required to accumulate a predetermined population of ions;
accumulate ions for an injection time interval
corresponding to the accumulation period; and
introduce ions derived from the accumulated ions into
the mass analyzer.
2Z2. A computer program product tangibly embcdied 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:
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- the second sanple of ions for a time corresponding to

the injection tinme interval; and g) introduce ions

derived fromthe accunulated ions into the analyzing

mass anal yzer. 45 24. A mass anal yzi ng appar at us,
conprising: a source of ions; a mass anal yzer | ocated
domns@@@@nmbfatpepsbmttenoéf ions abong antredupadhinto the
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froma source of ions into an i'on accunul ator.
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 icns from the source
of lons into the multiple multipole device;

f) accumulate in the ion accumulator ions derived from
the second sample of ions for a time corresponding to the
injection time interval; and

g} introduce ions derived from the accumulated ions

into the analyzing mass analyzer.
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24. 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.
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