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As au Upgrade of the AUGUS de'.eclcr, we propoäe Ihe cortstruction of a J.igh j.n-cision

veftex chaniber, call^d a jiVDC, and a thin beryllium t>e«un pipc, in ordtr lo allow idtntili-

cation of verlices anfing in B-meson decay. Wilh tJiis verlex chanibei »'« expetl to iniprove

the significance of experiments wilh B-meson cecays by äs nmth äs sn oroei of magnitude.

This prop'jsal first describes ihe hardwar« io be conalrLicted und ihen ('iscusses tlie physics

capabiliües to bc expected frorn such an instruine'it

l Design of a ^VDC for ARGUS

1.1 Prlncjples of Operation

A dclaüed study has shown lliat the posilion of pailtcle Uacks projecU-d lo ihe iuteraction

jioin!. must be measureii with a precision of 15 /iRi, in bolh thc r-^ plane and in L, in ortier

to acliit've reasonabie verlex reconstruction and background syppression probabilitics. Surh

precision could tiu>ily be obtained ustng silicon ütiip <:•.••>::.',„•.-, However, multiple scattcriiig

introduced Ly ihe suböirate rnalenal would degratle Lhc projecled resoluüun <u tlie vertcx by

an order of magnitude for parlicles wilh momerita It-ss thaii l GeV/c, far Loo ruuch foi our

purposci. A sufficienily srnall multiple scatleriiig contribulion ciin only be obtained ivilh a

'irifl chaniber.

To aciueve thc requirtd resolution, we propoae the conitruclion of a chaifilei exploiling

recenl, innovative advarices in drifl chamber lechiiique. Tlie pioneering work hos atready

bccn donc by Nygren et a!. ]lj, refeired to äs a "radial liine ex p ans ton charnber" and by

Walenta 'H al. |2], called an "inducliou thainber". Tlie basic operaluig prmciple is tlie ^anie

in bolh ca^es.

An cxarnple of a typical drifl cell arrangcnienl is shown i« cross-seclion in Figure I. Tlie

cfll is boundcil al one eud by a negativtly cliiirged tathoJe layer. and at liit uther by a layef

of iield shapiug wires. The meaüuretnenl plane, ton^ibling oT allernatinfe pitkup ai>d sense

wirvs al .i()U um iniervals, is lutated a^yinrnelrically, 'i .nun away froni l'n- cathoiie plane,

'l'lit- elecinc ficld i^ ho möge n eo u s ihrougtioul inual of ibi- 'Jntl volume, txctpi in ihe vicinily

of the anöde plane Thc relalive potcnliaU ot Uie sense and pitkup wires ai£ i hohen ao itiai

aluio.sl all ficld luii's end »n llie •<-!••• wire.

Klt'flroi) cluslers pro<Ji.ted by an loniiing irack drifl along litliJ lim-s, until (c.irhing ihe

tiigh fic-ld near the snrface of llie sense wire, wheie an a\a!a;iche ih treali'd. A huttaUo

(iioice of rountt-r gai, auch äs propane, isobuianc ot <limelhyl ellier (DMK), eiiburcs ihal

l IM- avalditche iloi'a m»l sprcad over ihe stirfan- of the signal wirc, bul «Tfianis luciili/cd and

«-Mlred oi) lJu1 fu-ld line. Thrreoy, ihe iniipping <hie to the dccinc fiehj. liflwci'ji ihe lalenil

IIOMUOII <if rluru-r origiii aiid ihe angle, <», a[ uhiih llie avalaiiclie ftarhes i In- SI-IIM> wirc, is

jiM'scri.'d. Tlie a-.^ Kiinclry in ihf dtnoukl nl i liar^i' nnhifil on ihe l wo iu'i(;)ib"iiriiix picknp

wirtrs faii in1 iibeil U) dcterinine <i.



In praclice, tht concepl »s bcsl apphed to sitnaüons where tracks pa^s through ihe drift

cells at sinall angles, A. Laridau flutluations u; the depubiled ionizaüon «mergy ihen occur

along a line cssentially perpendkular to 'he nieasureinent axis. For a measuremem which

inlegr.ues over all colletled charge., äs in '.lie induction chamber ease [2), Ihese fluctuations

cotiliibute lo ihe rcsoluütin in proportion to Ihe length of llie Irack projecled onto the mea-

buremeiit axis, and thus beconie signifkant äs > deviates. fron', zero. If a of ihe mconiing

charge cluslert is recorded äs a funcüon of Urne, a.s in llie RDC dcsign |l], Die ceiilre-of-

gravuy both along and perpendicular to t!ie Eneasurenieiit axis can be nieasured, effettively

allownig one lo mnovt tlifc dependente of tht resolulion o n A.

For iFiicks vviih sinall A an^ltü, because of ttie ihoit drifl Itmglhs uivolved, (.he re>olution

is dominaled nol by diffusion, but by tht precision wiih wliu;h a can be measured. The crror

on (i tlt'po'idi oii ihi- ralio of Digital lo eie<:lroni(.:j rjois«, parlkularly für the sriidll dirfcrenee

s^giirt) betwetn Ihi- induced charge OK the pickup wires, diid on ihe tntiinsic augular spread

of ihe avalanche itself. The former can be reducsd by high gui gain or highet fields near

ihe scuse wires. The laller is inlluenced by ihe thoicc of gas, and ihe diameter of tht serist

wires. tloth fall with tt»? square-root of tlie nmnbc-r of priinary electrons, agairi a funcüon of

tht chiirubtr gus and operaling prcssure. ll h äs been deifionslrated |l,2j that with saitable

choices aniong lhe:i<- variables ihe ullimale fesolution fojr ihe tiatk coordinale nieasured uvur

a fuw min of lra:k lunglh j^ 10 ;irn or !esb. We consider )U pni lo be achtevablt in our ful!

scaie chaniber, and coinment on the -.ensiiiviiy o( physics öpplicftlions to this assumption.

1.'2 Application äs a vcrtex detector

The diHailed vitw of ihe proposed cliait^ber ib siiown in Kigure 2. Duft Sayers come in pairs,

\vilh a coininon uegalively-charged caüi.ode !üyer dividing tht Lwu. H the figure is be*n äs a

eroBS-sectiona) view, with llie btani tube lowards llie bol.iom, ihon jt i; clear lhat ionizalioa

tlcitront. driil inwarii and outward ffoüi ihe tathode toward ihe two atlive laycrs. The

(ouipku- thatnbtr will consUl uf -ÜJ'JÖ dtift colls in 3 such bUpLclayers (sec Table 1), t«o close

in thc bcaifi iJijn .LiüJ one just inside ihf ntain drifl clianibt-r arrangud in a hexagonal pattorn

oiound lli*.1 bt-ani pipt- a^ m Figure II. Ali '.i are conlained wittn» a rominon gas volumr, with

ilu- inner and ouii-t w«!ls forrned l>y Ihe bcdiii tubt- äiid a carbon librf l übt* respeclivel) Thus,

the distancc btlwi'un coordinate rncasiircincnis wiihoui signififant ainounts of intcf-etiiiig

iniili'fial is OUT III »i». 'l'he irack can llit-ii 'je jirojiTUil lo thc ipiliTJi lion rfgion njih iht

ili'sircd picrision 'l'hc iinly iriaU'fial inlrod'tf ing signifi< ,tni multiple scalteiing error inio llie

M'rlt'x dt'tiTiiiin.aiDii will be ihf bt'am lubi- wall.

In nddiiinn. ihf piiirs of .idivf wirc lü>tTi an1 nui parallel, but roiati-d and onfmgon.il

iii cnr\\T in iinicr tliai iwo l r.ick (oordin.il'-. (mi ht- nifa.suied b\h su|«'rla\<r. This

is aiH)iii]ili^ln-d by winiiing ihe wires o\<-r l-nili;«--1- -il l (»• mriKTb of (}>•' ht'X.ig.in-- \\\i\< au

int lui.iliiHi öl l.-)1, in iin ;ip|)f.)\i(!i.ilcly s-ptral palU'in. 'l In1 st-, ond .iclivc \a\,.-r in lln pair <h

wnunil wiiii o|i|ni.silc inrlilialion. Midi ifiat llie iwo lincrs an- (rossid al a (JO' .uißk This

Kigurc I: Typiral drifl rrli, wnh . alhode pl.niL- ai i.op aml thc niciiiiiri'tin hl j>i.»m-coii
..( (.irkup wirt-s (l, «iid U) and st-UM; wirf (S) l ii,„, lr,.i!j b.Hloin Tlic «-II .^ (>00 ;nn
.in>l 7 mm loiiji.



SupeHi.yt'1Number öl" cells

1 Inner
Outer

2 Inner
Ouler

3 Inner
Outer

216
312
312
(32

1736
?920

'fable 1: Number of drift cells in eadi !ayer of tlie propose

slruclure is shown in Figure 4

A side view of ihe compltle setujj. mcluding ihe inner parts uf ihe present detector, is
shown in Figure 5. Note the difierenl. scales. The length of Üie chainlier is chosen so ai to
tover 90% of the solid anglt. The cenUa! pari of the beam pipe is a thin (0.5 mm) berylliuin
lubc, 36 mm in diaineler. Muitiple stalle ring in such a pipe inlroduces a 10 ^im RMS error at
the verlex position for 0.5 GeV/c pions, Also, 0.5 mm is sufficienl to wilhsland overpressures
cif up to 15 alrn, allowmg us the Option of improving *<VDC resolution with inereased gas

pressure.

The beryllium tube is welded to afi aluminutn lube, which is shieldt-d by !ead agaiiibt Syn-

chrotron rjdiation. A waler-cook-d tungsien culliinator prevents direcl Synchrotron radiation
from enlcring the detecior. The toliimator radius öl )5 mm represents the smatlesl aptrture
acreptable for an undislurbed Operation wf ihe storage ring. The inner cotlirnator surface^,
however, will backscatler synchrolron radialion into ihe detector. Thts polentially serious
background problcin can be reduced by an order of rnagnitude, if ihe tohimalor surfaces are
rovered by a sjndftich of various n;al«-riiili, i.e. süver, copper and chroiniurn |3j. With ihese

Provision», synchrolron isdiation should not pose a major probttm.

Anolher poteuiially serious source of bütkgroui:d is randorn tracks from bearn gas, or
bcain wall evculs ncat the deleclor, Oue can (-'stiinate ihe expeited rate by a|)firoximating llie

bdikground os a lim- source aiong ihe beaui a.xis lulcgraling over '.he solid angle sublended
(>y a drift icll viewingsuch a source, and ovtr reasoriabk- dislances upslream and downslreain
of Ihe dtlcctor, il can be concluded ihat the counliiig taic would be proportional lo the area
of ihe dfift cdl liiijoi the radiuä from Ihe bt^ain line. Givcii l!»1 sinall area of ihe drift cells in
llu- pruposcd (i V'OC, wo oxpecl ihe counling raie in ihe mnermost layi>r lo bf about 30 liriK'.s

smailer ihan th.il for the inner layer of ihe preseni verlex delcclor, dearly quite accrptabie.

Figure 2. Delailed view of a iu|teria>cr, with calhüde plane in the middle.

1.3 Ueadout electronics

Tht-re aie two .~irj;iiincjils wtiirli li-ad lo llie concliisicii) ihai il «ill iml bc sullicicnl lo rrford
only ihe inlrgräU-d Charge seer) t>y scn^e and pickup wiri^. Kirsl. il sliouUI lie rrcoguizvd
lliai mo.sl Iraiks [la^Mrig ihrough llie drifl teils will, in Ui< t, tml be dl -.>iii,JI A ,nig)is. ,\|M>,
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Ihe jiVDC will operale in a magnetic field, causirig tlie drift patlis of ionizaüon cluslers lo
be effectively inclined wilh respect to the eleclric field lines. Therefore, in order to achievc
tlie deaired resolut KM Tor all tracks it will be necessary lo measure a äs a funcüoii of time,
probably al aboul 20 ns inlervals, depending on ihe choice of gas and operating pressure.
Serond, higli angle tracks will hit not just a few cells. bul many, because of the 45° slereo
angle. This prevents us from ganging logether oupul channets, anci requires that we work
lowards good two-track Separation through drift Urne differences.

Measuremenl of the lime development of the Signal can be accomplished using either
Flash ADCs, or by lalting advantage of new deveiopmenis in CCD mulliplexing (4J. Our
preferred solulion is ihe latter. Giveii ihn llmited space between ihe inner compensation eoiis
and ibe mam drifl cb amber, liiere does not seem lo be eiiough -.,«... lo pass signal and high
vollage cables for 4928 drift cells. If an eighteenfold reduclion in ihe number of signaf cables
can be rnadt using multiplexing technology, this would go a long way lowards solving bolh
ihis problem, and reducing the overall cost of this proposed project. Tlie high density of
signal channeU seems lo necessitate some form of cuslom rnade VLSI preamplifU-r for ihe
chiimber. Again, the design specißcatiojis for ihe CCD-based parallel-lo-series registers calls
for an inlegrated low-noise front-end \-l\, ideally suiltd lo our needs. ]f the time scale for the
development matches our needs, the CCD solution would likely be our choice for readout.

1.4 Cost estimate and schedule

The eslirnaLed cost for ihe project depends to sonie exlenl on ihe asaumplions aboul our
tinal ch<>ice for a rcadoul syslem. If ihe CCD-mulliplexing scheine is viable, we will only

necd Klash ADCs foi every 18 channels, al considerable saviiigs. On ihib basis, we eslimale
ihe total coht to be DM1.4 million, divided äs foUows.

DM

Beryllium bewni tube I5UK

Mechanical roiistruclion öl thauiljt;r 25UK

Electronics
10ÜÜO l'reainplili.Ts SOOK

6()ü Scrial readoul lin«:s 5ÜOK

CCD regiiltTb (I>Ml50/diaiiNt;l)
Cables (DM50/c)iann<?l)
Flash ADCs

II approieil. wi- eXjicct ttiat rtbout out yi'ar will IM- necdi'd for (Irvclopmcilt and tcstinf* of
|ir(ilolypt<> Ifi.diug tu a linal tlciigll. l In i onsl nie l iou öl llic lull-st dir t li.niilici >vill '<'i|iiiic
aii ,iiMn !!.•! i .; .11 Thfufore, KI; an[Ki|i<ilf inslalliii); lh<' *i \- in l.iii1 spring of |!)«H

y

2 Physics performance with a

2.1 Present approach to B physics

Akhough much progress has been rnade in delerminmg properties of bound slate !>-ijuarks,
measurements of llie fundameiHal Kobayaahi-Maskawa inatrix elements relating lo the weak
decay of the b-quark öre far frorn complele. This is a clearconsequence of the high multiplicily
of B-decays, which results in large combinalorial backgrounds and subalantitü gt-ometric in-
elliciencies, even for e+e~ deLectors covuring large solid angles. Furlhermore, while the T(4S)
resonance is A favourable source in lerms of rale, Ihe IJD pairü are produeed isotiopically and
nearly at rest. Thus, decay products from the '.wo mesons ate completely inteimixed, allowing
no simple kinemaüc reduclion of the combinalorial problem. The charrn nitsons produeed
in B decays are also therefore relatively siow, leading lo luwer delection dficiencies. Finally,
since many more channels are available for b decays thar. for lower mass states, branching
ralios inlo any parücular mode are expecled, and observei), to be quile smali.

Good parlicle ideiititicalion, äs providtd for example by Ihe dE/dx and TOF Systems of
ihe AHGUS delectoc, helps enormously in reducing the background, ilowtver, ttiis is slill
piot sufticient. The approath which has brought some suceess to dale is to firsl reconstruct
intermediate charm stales, to which up to 3 pions are added to complele the B reconslruc-
tion. U is comparatively easy lo oblairt clean charm Signals, since decays are typically Iow
üiulliplicity and inciutle eilher a chargfd or neutral kaon. This is particularly so when Ihe
t'xcellenl resolulion for ihe D" - Du mass difference is exploited. liowever, liiere is a penalty
lo pay: ihe reconslrutlion eiliciency is less llian lO 3. sinre it is the producl öS already srnall

U branthing ralios with an abo sinall efliciericy limes branchirig ratic for ihe charm meson.

As an exatnpie, consider one of ihe sunplest channels1:

BK - 0.2%

where 5

U" . DV

The Iow inornefituin of the T ', while leadmg Ec> liie excellenl .iiass dißerence resolulion, also
rcsulls in efficicnncs of only about 45% for ils dclt-'ciioit. Nor is it possihk l'j use all D" deray
channels. ('urrenlly, »t1 ar« able lo e^ploii only ihe following C :

K
, 1
71

K
_ ' <l
^ 71

K /i ' n * n '

K'; r, ' n

,fe„.,rrf ,u, „*<,!,< th«*rü «..-„r U, 1., „

4.5%

4.1%

7.7%

!.:!%

„«...'.^.„irnj.l^.b.cli,|K1> (t.:1ju»|»i* »lau
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3. Übserve mixing in the neutral D syslem, and CP violation euher äs di-leptori or hadromc

asyiniiietries. Through coherent uae of all deleclor Information, ARGUS lias achieved

high eflicieucies for lepton delection jl2j. Neverlheless, the like-sign di-lepton rales

predicted by the Standard model from mixing would not be seen m our 50 pb~' sample

because of Ihe overwhelmiug backgrourid from parallel seirii-leplonic B decays, with

one primary and one secondary source lepton J13|. The large asynunetries predicted in

sonie hadronic B decays due lo CP violalion |H. 15| will not be accessible eilher, unlil

some rifii x-Mt technique is found for reconstructing rare decay chamieis.

One can suminame this survey by remarkmg tliat there seems lo be sorne discrepancy belween

«hat is needed to measure the fundamental properties of Ei decays, and «hat so far has been

adiievt-'d, despile Lhe stale-of-the-arl nature of the ARGUS delector and the efforls of ihe

DORIS s, l a ff.

2.3 Improverneiits with a /iVDC

How then will Ihe proposed /jVDC iniprove our abilily lo address tbese importanl queslions''

We wish lü explore a few specifk exarnpies in detait, while others will only be outlined. Once

Operalionat, olher mstances where such a device would prove invaluable will imdoubLedlj be

discovereü.

2.3.1 Charm tagging

The lirst, and iiiail obvious, use für a high precision verlex measuremenl is lo exploit Uie

iinite High t palhs of the charrn mesons producc-d in B decay, and possibly even of the B

mesons themselves. Usmg the world average for D and 11 lifeümes |lGj, and ihe B meson

mass n'porlL-d by Cl.EO [7|, rtcenlly confirrned by our own ineasurement, il U txpecled ihal

T(-1S) decays into BB pairs will resull in average iiighl distam-ts, A, of;

Dö

D*
B"

n

m
11".
2ü
'25

0.9

A ^iVIX), pruviding verfex resoluiions of 15-20 jun, shuuKI be abli: to resolve »irtiiy of ihe

rharni verlice.s, and cven sinne of those from [l detajs. Neverlhfkss. since we are dc.iluij;

wiili j>rojf< lions uf tracks, llie use of ihe improved vi'rti-x informaiioii is not irivi.il \) pical T( )S) di:riiy consistb of -J or roore Iow-mulliplicily veflu'i.'.s. whith rnay or uid> nr.l bf

bi;tli< ii-mly srparaled in spacc lo be reiolved. If prerisc mi'diureiiicnt^ «cre tu be made oiily

ui llif r-f jiliiiif, cvcrj pair of projorled tracks fonns a possible v.Tlcx. (.'orresj)oiiding lo

llie cotubiiialurial problem (or ri-coiistriurttng a K mcsun fimn a large iiumbtr of irarks. ihcrc

i^ an msuriimiNiiiihlc loinbiriauirial problem for \ITIK i'^. Aihluig ihe i.ipabiliiy of ptfi^c

z measuremenls, äs in the proposed design, eliminates niariy of Ihe^e spurious crossings.

However, we have concluded that Lhe ralio of vetlex resolulion lo average (lighl path distance

is not large enough to allow the vertex pioblem lo be untangled on Lhe bbs\s of lopology alone.

Instead, ihe proposed slrategy is to use Information from the r es t of the detecloi to firsl

obtain äset of candidale tracks which should bclong to acommon vertex, then use the jiVDC

measurements to coiifirrn or reject the hypolhesis. Thereby, it is expected lhat backgrounds

tan be reduced to the point where D Signals will be useful for B reconstruclion.

Such an approach hai been lested by Monte Carlo for two D decay channels of different

dc-cay vertex multiplicities:

Hits wert generated m the ^VDC only, Two inlerccpls and two direclion coiines for each

Irack were rtconslrucled frum these simuiaUd measuremenls, which could ihen be input to

a verlex fitling routine. !l was assurned that multiple scallering in Ihe inner wall of ihe

fr.ain drifl chadiber would ni^.ke Lhe errors on position and direciion deteriiünaüon ftoin the

resl of the deieclor loo iarge Vo influence the precision verlex delerminaliün. Kvenls «ere

gencrated using a Field-Feyninan indej>endcnt fragmentation model. The branching ratios

for D° and D* decays were obtained front the lasest MARK III results |6J. Tlie parameters

of the ipectaior modei for B decays were laktn from Rückl |17J.

Kvenls wer« selected conLäining I)ü or D* candidales lying wilhin i 30 MeV/c: of the

D mass. This corresponds lo ±2 sigma for the presenl deteclor. Il should be noted thal a

precision z me äs u reinen L would reduce the correlation belwee» mornenlum and coltf, which is

presenl m current data Lecause of ihe use of small angle slereo in ihe main drift chatciber to

obtajn z iiifoniiation, Thereby, il is expected thal the D mass icsoluLioii wuuld be improved

significantiy. The seiecled evenls were then recjuired to salisfy the folbwing:

1. Tracks near ihe interacLion rtgiun rriust not fit to a comnion vertex -vith a probabilily

t»f more than 10% (for ihe I)' charmel <uily)

2. 1'hi: D" or 1>* candidale Lratks rnust (il lo a cunimoii verlex with probabilily of niore

than 10'^.

3. Tlie 1) verlex musL be isolated from the rest of tlie tracks in ihe evenl. This was

achic-vcd by rctjuirifig. that uo Iriick wiili inuinontum gfeater lhan 750 NleV/t t»e closer

than 3 sigma lo ihe U verlex.

4. The fnumüiiiuin veclor of l hu li candid.ile miiit j)oint towards a primaiy vi-rtex formrd

from lln1 rciiLiiiiimg Irai ks m ihf rveui. 'l bis piimary vt-rtt-x wasobtaim'd by iltraLivety

litlmg ihr nuM-l) if.iiLi to ,t vt-rti-x. r.'iiniviiiK Ulf Irack «ith llie worM \ al each

iicraijun, uiilil iln> lit prubi.bitiiy i'Xci'-'di'd KJ1',' The v(Tt<Lx su obtaiucd was (DUIK! lo

trac k l In inli'iiK liun i)(>;:u \vjth <i ^igma of ,'i:i n n..

; i



Tbe last two tiits were found lo be particularly etreclive in rcuioving backgri>ui:d <o;iibina-

tiunü. In contrasl, for a design using only measurements in f-4>, ihese same cuis could nol l>e

usfd: in projecticjii, the vertkes are much lesa likely to be isolüted, and no ilgonthm could

be dcvised whicli tracked the inleraclion poinl to beller lhait 100 um.

Clean sijjiials in boih channels can be achieved, with efficiencies for lüggiiife the D froui

a Ü ilecay ranging from 25 to 50%, depending on the desired signal-io-noise falio. r-or

tomparison, the piesent signal for DJ — K~»"* si'.s above a backgroui.d 10 times largei than

tht- signal arid high t r iriuluplicity chaimels are, of course, considerably worse. for purposes

of fullv ifconslruaing i) decays, we assume that a signa!-to-noise raüo of 1:2 is sufficicnl,

dnd thervfort- lake 50% äs ihe taggirg efficsency.

One of ihe i-rniciple componenls of the CLEO il Upgrade [18J is a new Csä calcrmieior.

localed inside the .-nagnel coil. This will allow reconslruction of B channels mio a D"^ plus

charged and neutral pions. already possible wlh ihe currerit AHCUS detector U wili hiso

pernnl the deleclion uf t he sofl *" or ', eniitted in tti* Irans-ilion belween a D' and a D.

EÜL-t lively. Ihe nomber of cleanly reconslrucltct D" cAndidaies, and hcnce il niesons, will

thernby increascd. This goaJ is quite anatogous tu our ust uf ibe ^VDC to dircctly impiovc

Llie available D" And D1 Signals

2.3.2 Brecoiistructiuii

In ordt-r lo predicl ihe eificicncy for fl re<onstruelio;i, wc compare t h t intlusiv.; -ales for D''

and iJ rrcunslrurljon. This assumcs tlial once the cliann deca> is idcrHititd. !he probabdity

for retonsLfuciing u 13 is ihe samc, no mallcf whicli parliculaf chanri slale w;u loiuid. lin-

plicitly, onc assitiiii^ ihat the slow B" or T ' , or !ow energy plioion Irom ihe I)' lo ü Uansition

is nol ueedcd lo roiuplcle the H rcconslruction. SVe expeci ihüt the vertex hnding algorithm

(an be applied nol jusl lo ihe 3 examples studit-d, hui LO diiy D clecay r.liania-l wilh 2 .3r inore

cliargt-d irütks from die charin verlt-x, and up lo on« n" Foi ihe 1>U, liiere aie |ü|:

K n'
K' Ä'

total of 19.8% for D" derays. l.ittcwi^. fo- l)' wt- lake |G|:

„ M Hli.l)"|
K Tr'n1 t* 5(";
K'^n " -K ' j; l .S'i

K Jf " n ' Ji' l.-rl'"(

l !(c

num'jer for the P"+ was, äs deseribed earlkr, 10%. FinaHy, Lo cornpute llie iiiclusivt recon-

struction rate per B dway. Ihe rate of D and D' produdion per B decay it. npt'ded. The D"1

rate is well m^aiured and fmind lo be 27% |'J, 19). The D° and Ü* rales can be Infeired by

assuming a 1:3 ralio for psuedo-scalar to veclor produi-tion: this yields 47% lor Dü and 20%

fot: D*. Thus, we expeci:
N\a - ü"X|/N|H| = 4.V%
N\ -* D+X)/N|Ui = l. '2%
N\B - i

where geonielr c acceplances are »ot included Uy this arßnneril. ihe jjVllC will improve

our abilily lo fully reconstruct B decays proteeding through charin by niore ihuii a facior of

5. If instead, one assuihus a 1:1 ralio for dirtci. i)u to D"* production, tlien ihe iiitlusivc D

veconstruction rate will be »nore than 8 tinies Üiol lor ihe D" + . While liiere aie aspecis of ihe

design which will terid to reduce this nuniber, such äs geomelric lossei dut lo ihe hexagonal

supports, or failure to achieve ihe design rtsolution, ihere are also a riumbtr of other faclors

nol intluded so faf. which will work in a positive direction. For f.'.xarnple, il will he possibfe to

funher reduce background by recjuiring '.hat l h t chargcd tracks from ihe B dc-cay veilex also

form a cornnion verlex, and ihe subtle, but diltkult, problen) o! doubl« toutning ia esaenlially

eliinmated by the uVL)C soiulioti.

2.3.? 11and br.-incliiiig , u.

Oearly, tho ^ V DO puls u.s wiitmi rtach of seveial impor'.ant re^ulis K we assuine th;ir. ) year

of DOH.IS operalioii is dedicatt-d lo TMS) runiiing, or ecjuivaieniK 1(X) p!) * is atf uiiiiilattd,

Uten w<? will have a sainpk of ovcr 800 fully (econstructed B dccavs- This U iuflicioiil, given

the lepton etliciency of AHCi US, lo allow a 10/E iiieiisurcnit-ji! of ihe B antl U~ semj-leplonic

branching ratios B and B~ lifttiine int-asui^inenls will ük'-'wi;.^ be possible, eilher by the

usuai impacl paraitieter tef !nii«)uc. or direclly, since approxiinaicjy 25% of ihe B ve.'lii es will

be separat'.'d by inore than 2 sigtna. The aciuy.1 rate is scnsilwe 10 deiöiis üf lite design öl ihe

ihanilHT, 'iiul is therofore nne of ihe (jiodtsses iibed lo sei. ihe valu«<> uf Ot-sign pörainclers.

In parlM ular, inoving llie mner chainbers oulwafd by l ein, degrading ihe ineas'.irt'inL-nt

rvsoluiion by 50''{ or incitasing llie Warn lube ihitkness by 50/Z , all iausf a 20% lots in ihe

raU' of !<cpai abk* B verliti-h.

For inany dciiiy < hariiu1!.-;, wtj au' nol iiece->sari!y inleresLed ir Ine B whu'li d*'fjys tlirougli

cliarin. In Uns case, Ihr I) can be uscd äs a lag, sigiialing thai a parlicular iiveiit ^ a lllt

pair, and not conlinuuin. At^aiu, wi' can expet'. a lac lor öl 5 iinprovtmenl in thc nuniber of

lag«'1'1 cviTilü. A 11X1 pli ' biirriüh' n-onld yii-ld nol 'JJliO lag^t-d B t-vt-iils, .is ivoiilJ bi> (nie al

jiri'^cnl, Im1. ! )700, rnt'anirig "i. i branching raliu.s its lo«1 äs 2 >. 10 * woiild bc artcsaiblr. (Jiic

parlicularly intcn^ling channtl in ihis ränge is iht- di-cay B - n-.. allowir.K a utcas iri-nn-iii

o! ihr B IJII-MHI lorrn faclor, FU, if \'t.„ <s MiO\\ [17:- Anoihi'r exaiuplt- ii Hu- M-;irch for

hadronic drrays \ia (b - u| Iransilions. As alr*>ady noti-d, such srarcin>s an- no.v liinili-d



to Iow niulliplicity channels; ihe /jVüC will allow access 10 high rnultiplicity channels, wKti
presurnably larger branching ralios.

2.3.4 Semi-Jeplonic spectra

An interesting, and much less müde) deoendent. approach to meaiunrig Vbu froni ihe leptori

speclrum can also be foreseea. The Uggcd B sample will conlain about 700(400) evenls

with an addilional electron(inuon) of niomenium grealer lhan 0.5(1.0) CeV/c. The venex

topology of Ihese events will naturaily divide iheni into Iwo caiegones.

TopologyConiribuling

Class l Tag verlex plus one 0 —• X„/i- diid 0 - • Xc^f
addilional vertcx where X, is shorl lived

Class H Tag verlex plus more it • X, £i/ whert X,
than one vertex is lorig Üved

Ctass |f can be used lo eiihet study llie semi-leplonic (b -• t) tiecays to dclerminc the

paramelcrs of Uic models for lliat seclor, or. via Monte Carlo calculalion of ihe si-paralion
probability, to sublract ihe (b — r) cornponenl of Class I.

Monte Carlo sludii-s indiraie thal ihe probabilily für a seini-leptonic (b -. c) transition

U> appear in Claises t and 11 is -10% and 6U/e r «s per tively. Thus,, Clasa II will contain a

reaionably pure sdinpk of aboul 7ÜÜ lagged (b - c) semi-luptoiiic dccays, Tlie sublraclion
tethni(|ue will be able to rt-ach upper limits on (b - . u)/(b — cj of undtr 4% (<M% Cl.}. L'sing

orily tne rcgion above p|f j > 2.^ ÜcV/c!, where no niodtl düuinption about. the (b • c) scctor
ii needt-d, ihe present liuiils art- unly S% |ll[, but could bt> äs rruich <ss twice äs large given thc

considcrablc nnci'flainly aboul the fb - u) cndpoinl rt-gion JIOJ. The propo.sed approach,

allowing one lo measure tlie ipcclruni outsidc the crtdpuinl rrgiori. would nol sutlor froni
sutli inodel liinilüiioiis. If ihe (b • c) iransiiioiis uf <'lass II iire uscd to fit the parameters

of a niodül for i J.t i bar i» stctor, ttit-ii a liinii near l'-7 slionld bv allainable.

Although thc Monte Carlo :(udy jins nol bei-n irieidc, m prmripJr it shoukl bc pus-ibk' lo

do llic wiiok' analysis wilhout tlie charm lag. A finl MTU-X muld In- rctoiisiriii i.-d around
llu- lujilon, and ihcn ihr lopology of lh« rest of ibc r\cui i'\,i[iiinccj ü* tn'lore. This has tht:

polcntial of incrcasing t he available sampk: by a facloi of uoiirlv !.'(). Tbi' iinprovcincnl would
dllow ihe subtrarlion tccluiiqut lo ako rtarh ihf l1. Icvct.

2.3.£ JVlixiiiK find Cl' v]i)l;il ion

IJoriii' iniprdvi'iiifnl in oiir abihlj lo .--c^irdi for .! di-kplou rnixinn sign<il wtll also be' madi1

pos.siblc by ihe (i\. Al prt-s.Til, ibc ilojniniiril soiir<c of likc-sjgn ilj-lcploiis is thc i MM -;ulf

B - Xt*v
B -• Xt - X^v

Kecenl estirnatcs |l3,20j, based on the standaid model, predict that for a lepion moinentum

cul of 1.0 CleV/c, the expecled niixing signal in a 100 pb~' sample h 2<l eveitis, while the

c^scade background u- arourid '^35.

\Vith a precision verttx measurcment, we could exariiint whether the di-lepton pair forrned

a common verlex, äs iü likuly für two primary leptons, or nol, äs for a castade source evenl,

whtre the charm intaon carries thc sccondary k-pton further from ihe inleractioJi reg ion.

Monte Crtrio studies indicale lhat about 70% of the nii.xiiig signal would be relained if we

retiiiired thc lepton pair to form a comiiion vertex wilh probability grealtr ihaii 5%. The

cascade background is acc^pted only 40% of ihe liine undtr the same conditions. Thus, we

tai» expect a gain of alrnosL a factor of two in the ralio of signal-io-background just froin lins
sample topotugical requiremenl. Mure sophisticaled use of the precisioi> vertex iaformaiion

should lead 10 further miprovement.

Obscrvation of asyntrriciry in the like-sign di-lepton rale due lo CP violalion efFects seems

uitlikuly. In ihe conventional picturc, ihe effecl is expccted lo be in ihe ränge lü'1 tu JO'1

20;. There have beeil a nurnber of suggestiona in '.he liierature concerning searchet for

CP violalion manifesttd äs asymmetries in hadronic decay channels J14.15J. The teehnique

exploils inclusive or eüctusive decay channels wiib final staleü coininor. lo boih the il and
B. C'l' violalion Ja bioughl about by uilerfereiKe bc'tweon the phases of couipeting diagrains.

The predicttd asyinrnutries can be fjuite large, and lliereforc more favoürabte lo observalion.

A pobsibly accessible example of t Ins type |l 1 would bo.

A lag is requifed to identify whelhtr ihe final staie resulted from a U" ai ß"1 decaj. One

could usf a Icpton, will) t)\t\ \M%, bin wilh only a ßO% c hauet thal ihi- k-pion carne
frojuall' raiher lhan ii li . An alternative would be tagging the B* wilh a U r<rujislrucletl

usiiiK IIK /jVOC. llackKfJUfufs dnsc from Ll decays wliere ihe spt'cies of U niesim is allered
by adding extra ipiark loops The number of expetted events depends 011 thc fraclinn of

1 1" • 1) X wilh X conUtining a K . Ina 100 pb sample of T(-lS) derays, we wouid expcct
aboul l (K) signal t vdits, with a bäckground of l ti, if Ihis frartion is 30%. A limil approucliing

I5"ü rould ihcrcfod1 bc pliui'd on ihe asj niini-iry, a IcvoJ nol U nin leres fing |or thf'itfy,

On llic T(-lS) ilüi u-< hnitjnt' only worhs for tln.j chargcti lt. For ihe m-uiral H, prodiurd

HI a C odd sljiti1. ihi' miuirctnent of a lag, wlicn romliincd wilh thi' ntixiiig phcnonicnon,

rc.iull.1 in no u\|'i'< In) asyiiiiiii'trv Tür hadronii dirtiincls. lllslcad, on«1 r'. ' lnovc ,,-.."., .in

IHI thri'shold. «hcrc ihe Illl pair i\ill l.c in .• C i'vcn sidle, and larK'1 ^syrnnicirics art1

aginn c.vpt'Ctcd h'ioni an ctpcrirncutal poinl of vicw. this nii-ans a rcilurlion bj l . !l in bb

cross-ses tidii. in.ikiHH rnusi ti-^is ilillirull,



One oplion which we believe should be seriously consideied is running HP Ihe f(5S)
\'£l\, This l'n:s above the threshold for produciion of Bi;iis pa'trs, which are predkied lo be
complelely mixeJ. The üVDC would tag B$ decays by reconslruction of an F. rather ihan

a L) mesüfi. Kurtlicrmore, Ihe bb cross-secüoii at ihis energy is approximately l/'2 tliat o»

Ihe T(4S). A y;ar of runmng could prove quiU importanl for ohservaiion of rmxing and C!1

violaliun phenomenon oiitside ihe neutral kaon syiteni.

2.3.Ü Conlinutim physks

lltfore cunthiding, we would üke Lo pomt out that a /iVDC would not only >:nhance om

t ü(>abilil> Ui make roiitributions lo llie piiyäics of Ihe b-quark. Therc are still open qutstioitj,

in the charrn heia which could be easily answered !iy an exlended run in l he eontinuutn.
In niatiy ways, thc vertcx topology of charrn decayt, wonld bt far simpler Üian lliat for tht

T(4S): Ute hard tnann fragmeiHaiion fuuclion reaults in considerably longer averagt tlighl

pälhb (1&5 (im for the D" and 370 Mm for Ihe ü1). While D branching ralios and lifetnties
ate relaiively well known. Ihe F iincj ihe charnied baryons. are nol well underbtood. tkilh

Ihe F and At have been seeii al substannai rates by AUCUS 2'2 . Lifelimcs. searches for

W annihilatiun channels in F dt*ay. nitdsuternenti of absolut« branching raliiA üy double

lj»gging. to name & few txamples, all seeui wsthin reach with the /iVDC. Although aoinewhal

outside ihe main ihrust for building the cliainber. this eurichmenl of physics powibilities from

our coiilinuuiri running is an irnporlanl beneßl lo be kept in nünd.

Conclusions

The ^V)JC reprtsetits a pioneering effoft lo apply new '.echniques ui titÜi cliamber design
lo the ptoblcm of predsion wertex determuidtion from Sow-moniuniuia tracks in a high-rate,

high-backgroun<l environmen',. The physics poleiLiial realizable with veitex reaolulions aL ihe

k'vel of 15 ftm is large and vaned. The mosl dtrect benefit wuuid be an increase by at least

a faclor of 5, and perhaps by äs niucti äs a» order of rnagnilude. in our ability lo reconstrucl

charrn, and by iniplicatio», B decays wilh inauageable backgrounds. This is suliicjer.t to allow
us to exlract from a 100 pb": sample uf T(-lSJ decays:

1. Ovcr 80O fully feconstructfd II decays.

i B and B lifeluiitb, and seini-leptonic braiictiitig raliiKj.

3. In a tagged sample of around 120ÜO B dttays, search l'or iiiiporlani ran- dtcüy channela.
such äs B • -' ri/, or high mulliplictly iion-tiiraiige Jt-iays.

1, Searth for CP mduced asymtiietries in charged D hadronic detays.

Funhermore, Ihe veitex topology of Bfl evenls -.ar, be exp'oited lo improve kimiu o>i (b -- u)

transiüons in semi-leptonic decays, and for UUB tjiixing, -üüüiideraliiiji will alsu be given lo

requesting extensive running on '.he Hau). wh>th wc'Uld ^robubly lead tu furlhcr hnporlanl

rfiullson UsBs tnixu.g and CT viclation. Thuu, llit (iVÖC, while a thfual io a aew din;clion,
will mainiain i.he viabiiily of tiie AIUJUÜ deleclor a= a compelilor in llie diliicjli h't'lfl of B-
physics,
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