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\Quid< Recapof Beauy PhysicsTheorﬂ

CKM matrix andtriangles:
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2 All StandardModel CP violationcomedrom ™ soCP
violationfromdi®erenparticlesanddi®erendecgsare
all relatedandthusCP violationisagood placeto searb
for physicsbeyondthe StandardModel

> The primary beauy physicsCKM triangleis:
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2 Primegoalis measuring®, , and® in mary ways
2 Measuringhe sidelengthsis alsovery importan
2 Measuringptherindependan anglegA, A9 alsocrucial




2 Findingthe\right" decgsisathriving cottageindustry

Physics Decy Mode
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2 sin(2 ) ismeasured® and® aremudch moredizcult.

2 CP violationmeasuremds generallyhave:
{ Suppressedecys) low rates

{ Mary cortributions(fromdi®erehFeynmardiagrams)
to particular nal state) complicatedheoretically

{ Interferencedbetween cortributions ) complicated
theoretically

{ Mixingofneutralstateg complicateegxperimenally
{ Timedependehe®ects complicateakxperimemnally




\The BTeV Experimernl

BTeV is designedo malke a high-statisticstudy of decgs
of hadronscortaining b and/or ¢ quarksandis sdeduled

to start in 2008.

Basicidea
2 Two-armspectrometein COregionof Tewatron

2 Forward coveragg(10mrackpu< 300mrad, 1.%<" <5.3)
B BV Detector Layout
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DesignJusti cations

2 Forward produced) highermometum

{ Signi can vertexseparatiorbetweenproduction
anddecy

{ Lesssensitie to multiple Coulonip scattering
{ Excellen lifetimeresolution
{ StellarparticleID of, ¥4 K, p, e, °

2 Hadroncolliders) morestatisticsand particles

{ 20,000b per secondat Tevatron comparedo 10/s
at L=10%%cmi %si 1 etei collider
{ pp producesBsg, b-baryons,B¢, ¥c¢ - cco ¥pe

DesignChallenges

2 Minimum bias(u,d,s) bakgroundsare produced» 750
timesmoreoftenthan b everts

{ Needtriggerto reducebadkgroundrate and good
DAQ to handleewert rate

{ Highradiation,esgeciallynearbeam



Pixelsarekeyto trigger & experimer

2 30million 50£ 400t m? n*np* type pixels
2 1(E£ 10cn? transwersewith 1.2£ 1.2cn? beamhole
2 30x-y doubletsseparatedby 4.25cm

2 FPIX2 (ampgADC readout)fabricatedwith intrinsically
rad-hard.25 m CMOSprocessk bumpbondedto pixels

2 2-D spacepint reducegracking conbinatorics

2 Beamtest of pixelsin Fall, 1999
{ Measuredoise:200{400e!
{ Signalof non-sharedrack > 20,00&!
{ ADC+ charge-sharinglgorithm) excellenresolution
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Forward tracking for mometum and projection

2 7 stations/armwith siliconstripsinside(24 £ 24cny)
and straw tubesoutside

2 Straws: 4mm diameter,3 views/station,3 layers/view
2 Siliconstrips: 100t m pitch with 3 views/station

2 100K channelsead of stravs (TDC) and strips (latch)
2 Momenium resolutionbetter than 1%

EM calorimeteifor e-ID & °/%¥® reconstruction

2 20,000PbWO4 crystals(rad hard CMS deelopmet)

2 2.7 2.72cn? in frort and 2.6 2.8cn? in badk
2 22cmlong= 25radiationlengths= 1 interactionlength

2 Geant energyresolution» 0.55%0 1.6%}3 E
2 Readoutwith photonultiplier tubes

Muon detectorfor * -ID andtrigger

2 Two 1m magnetizedron Iters perarm
2 74K 1cmdiameterproportional tubes(latch readout)
2 Arrangedin octarts ) reduceoccupancynearbeam

2 3 stations/arm,4 views(r -u-v-r)/station, 2 layers
(picket fence)/view192tubes/layer

2 Gas:Ar/CF 4/CO» (88%/10%/2%)) fast(90! m/ns)



HadronParticle ID is crucial(RICH):

2 C4F10 gasprovidesV=K =p separatiorfrom 9{70GeV
2 ConsiderindCsF 15 liquid for particlesin 3{9 GeVrange
2 Detectgasphotonswith 300,00@hannelsof hybrid photo-diales

2 D%tectliquid photonswith 10,00Gchannelsof photonultiplier
tubes N .

; / C.F,, liquid| n=1.24
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Cherenkov angle (mrad)
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Trigger/DataAcquisition(DAQ)

Detector

7.6 MHz
crossing rate

200 kB/evt

Level 1: vertex+muon
Latency: 0.15ms average
Reduction: 100

oo
-
—
@
? AcceptRejeci
75 kHz 200 kB/ewvt
oo
% Level 2full tracking+vertexing
@® Latency: 20ms average
Reduction: 5
Accept/Relect
15 kHz
200 kB/evt
0o
= Level 3:full reconstruction
1 Latency: 200ms average
Reduction: 5
Accept/Relect
3 kHz 40 kB/evt
ata Stora

>1000 TB/ye




VertexTrigger

2 Algorithm

{ Reconstructradks usingpixelinformation

{ Verticizetracksto nd productionvertex

{ Look for tracks whidh missproductionvertex

{ Make cut (currenly , 2 tracks missproduction
vertex(a) by > 6%)

2 Implemenation

{ UseField Programmablé&ate Arrays (FPGA) to
time-orderand clusterhits

{ UseDigital SignhalProcessor¢DSP)to reconstruct
tracks, verticize,and obtain primitive information

Pixel System Pattern Recognition Track Reconstruction Vertex Reconstruction
frackfinder DSP i
——=: Track farm
<latency>: ——% (4 per crossing) <latency>:
0.4ns 77Nns
<latency>:
55ns




'Examplef newphysicssearbeﬂ

Newphaseganbe introducedfrom newphysics:

In SM,B% JFAKZandB° AKQ2 both measuresin2™ but in
MSSMthey measurest(_ + L) and3|n2(_ + p + L),
resgectively. BTeV cancollect200taggedB®! AK 2 ewerts/year.

The rate andstructureof BO1 K 20+

2 Raredecgs aregood windav for newphysics
2 Comparebranding ratio with SM (BR ¥4 1.5£ 10 °)

2 Zeroof forward-bag&ward asymmetryof dileptonmass( ) well
de nedin SM

2 OthertheoriegsomeSUSYand SUGRAmMaodels)canhave
di®eren(or no) zero

2 BTeV cancollect4400B9! K1 +1i ewerts/10’s

Measuringhe CKM angleA

2 A arg | %) isindependan from®, ~, and®
ts
2 Needto eheck SM predchonsof - =
smA - —VUS sin sin® _ —Vub—sm sin +° _ —thzsin_sin_+°
Vig sin(C +°) Vg sin(") T Vs sin(°)

Comparingsidelengthsto angles

2 CKM unitarity trianglesidelengthsaregivenby CKM matrix
elemets (e.qg. V), usingsemileptoniclecys

2 CKM unitarity triangleanglesaregivenby ®, , and®

2 Discrepanciemdicatenewphysics
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2 Needdecy of formb! dud

2 TraditionallyB®! ¥ ¥ hasbeenthe favoreddecy
for sin(2®)

2"(4 S) results) \Penguinpollution” large

2 In this casegxtracting® requiredsospinanalysis
2 ForBO1 ¥ Yj this requiresmeasuring@®! 8%
whidh hassmallerbranding ratio and very dixcult

(impossibleat BTeV) to reconstruct

2 A solutionin 3-body modes?



BOI W Vi,
2 Threedecys: BO! 14vi :BO1 14 14:B801 1A

2 Requiregsime-de@nden Dalitz plot taggedanalysis

{ Dalitz plot analysianeasuresortributions of resonancess
well astheir interferences

{ The lifetime of eat B is determinedo allow time-degnden
measuremen

{ \Tag" B °avor to distinguishB° from B°
{ Oppositesidetaggingtagsthe °avor of the B whid we do not
reconstrucby lookingat signatureg* / e/ K /jet charge)

2 Interferencesanallow resolutionof all anbiguitiesof ®

2 Sryder & Quinn nd robustsolutionswith 2,000
bakground-free\erts

Quartity 15y, 19 v

BR 2810 °»5£10 © .,

Exc. 0.44% 0.36% uf "
Triggerexc. 50% 50% v

S/B 4.1 0.3 ;

Signal/year 8,700 1,250

2D ? 0.10  0.10

Tagged/yar 870 125



\CKI\/I andraredecy sensitivitiei

BTeV-2arm LHC-b

b-factory L=103¢

10's 10's | 500bi 1 10's

sin2 (B% JAKY) 0.013 0.02| 0.037 0.008
SIN2RLe(B°! Vivi) 0.05 0.05| 0.14 0.032
®epj ®(BO! 1419 | | <18 <7
® (B2 Y, 10°
° (Bl D¢K) » 70 »10° | | |
°(Bi! DYXKI) » 108 »10°| »20F 2.5
sin2A (BY1 JA” ) 0.021 | |

(BO! D)
Vip(B! ¥ ? ? 2.3% <1%
YBO!I 1*1i)8£101) | 2evt 2ewt
YB2! 1+11)(10 9) 10evt 1levt
YB! X*1i)(6£ 109 7.2Kevt 3kevt 6Kevt
YB! K™*1i)(2£10 9 4.4Kevt 12kevt 2.4Kevt
YB! K"e"e )(2£ 10 % | 4.4Kevt 12Kevt 2.4Kevt

Fora l-armBTeV, errorswill increasdyy »

will decreasey » 2.

P 2 andyields



‘ BTeV project statusand futurel

2 BTeVreceied PAC & Fermilabapproval in June,2000

2 Budgetconstraims promptednegotiationetween
Fermilab,DOE, & BTeV whid resultedin the

folloving goals(cortingert on passingeviews):
{ Supprt for BTeV R&D

{ MostBTeV constructiormoneyfor the rescopd
(onearm) detectorin 2005-2007

{ Parasiticdata-takingcanbeginfor debuggingnd
commissioningssamn asmajor commnerts are
availablefor installation

{ Start physicsdatataking with onearmin 2008

{ Until CDF or DA end,will have low intensity
collisionsor wire targetto bring up systems

{ To reducecost,existingmagnetswill be usedfor the
BTeV interactionregion

2 PAC will reviewnewplanin April, 2002folloved by an
outside\P5"-style reviewin Fall, 2002



' The BTeV Outlook]

2 The eraof beauy physicshasonly just begun
2

{ sin(2") fromJAK?

{ Vi (Vep) from semileptonicecgsB! %1 (B! D(10)
{ Raredecgs (probablylimits if StandardModel)

{ %< from B¢ mixing (if StandardModel)

{ Charmmixingandraredecgs (limits if StandardModel)

2 In 2008mary questionswill still be open

2 BTeV canansver theseguestiondy measuring:
{ sin(2) to §0.013usingB®! JFAKs
{ ®to § 10° usingB®! 14V,
{ °to§ 7" usingBs! DZK
{ sin(2A) to § 0.021usingBs! JA O
{ Raredecy ratesanddistributions
{ Semileptoniclecgsof B®, B*, ay, By, ...
{ PfOpertieSOf Bc, ¥cc, T COr ¥b0 -~ bo T ccc
{ Charmmixingandraredecgs

2 The BTeV featureswvhidh make this possibleare:
{ The massie statisticsavailableat a hadroncollider

{ A °exibleandopentriggerwhic allovsusto look for things
not evendreamedup duringdesign

{ Excellen particleID ofe! V4K ,p
{ Great’¥ and®° reconstruction
{ Superbvertexand massresolution



