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Quick Recapof Beauty PhysicsTheory

CKM matrix andtriangles:
0

@
1¡ ¸ 2=2 ¸ A¸ 3(½¡ i´ (1¡ ¸ 2=2))

¡ ¸ 1¡ ¸ 2=2¡ i´ A2¸ 4 A¸ 2(1+ i´ ¸ 2)
A¸ 3(1¡ ½¡ i´ ) ¡ A¸ 2 1

1

A

² ¸ ¼ 0:22andA ¼ 0:8
² All StandardModel CP violation comesfrom ´ soCP

violationfromdi®erent particlesanddi®erent decaysare
all relatedandthusCPviolationisagood placeto search
for physicsbeyondthe StandardModel

² The primary beauty physicsCKM triangleis:

² Primegoalis measuring®, ¯ , and° in many ways
² Measuringthe sidelengthsis alsovery important
² Measuringotherindependant angles(Â, Â0) alsocrucial



² Findingthe \right" decaysisa thriving cottageindustry

Physics Decay Mode
sin(2®) B 0 ! ½¼or B 0 ! ¼¼
cos(2®) B 0 ! ½¼! ¼+ ¼¡ ¼0

sign(sin(2®)) B 0 ! ½¼& B 0 ! ¼+ ¼¡

sin(° ) Bs ! D§
s K ¨

sin(° ) B ¡ ! D0K ¡

sin(° ) B 0 ! ¼+ ¼¡ & Bs ! K + K ¡

sin(2Â) Bs ! J=Ã ´ 0; J=Ã´
sin(2̄ ) B 0 ! J=Ã K S
cos(2̄ ) B 0 ! J=Ã K 0, K 0 ! ¼̀º
cos(2̄ ) B 0 ! J=Ã K ¤o & Bs ! J=Ã Á
xs (sidelength) Bs ! J=Ã K ¤; DsK
jVcbj (sidelength) B 0 ! D¤+ ¹ ¡ º
jVubj (sidelength) B ¡ ! ½0¹ ¡ º

² sin(2̄ ) is measured;® and° aremuch moredi±cult.
² CP violationmeasurements generallyhave:

{ Suppresseddecays ) low rates
{ Many contributions(fromdi®erent Feynmandiagrams)

to particular¯nal state) complicatedtheoretically
{ Interferencesbetweencontributions ) complicated

theoretically
{ Mixingofneutralstates) complicatedexperimentally
{ Timedependent e®ects) complicatedexperimentally



The BTeV Experiment
BTeV is designedto makea high-statisticsstudyof decays
of hadronscontaining b and/or c quarksand is scheduled
to start in 2008.
Basicidea
² Two-armspectrometerin C0 regionof Tevatron
² Forward coverage(10mrad<µ< 300mrad,1.9<´ < 5.3)

Pixel Detectors

Magnet

Ring Imaging
Cerenkov

Muon
Chamber

Electromagnetic
Calorimeter

BTeV Detector Layout

12 1299 6 63 30
meters

Silicon Strips
Straw Tube Chamber



DesignJusti¯cations
² Forward produced) highermomentum

{ Signi¯cant vertexseparationbetweenproduction
anddecay

{ Lesssensitive to multiple Coulomb scattering
{ Excellent lifetimeresolution
{ StellarparticleID of ¹ , ¼, K, p, e, °

² Hadroncolliders) morestatisticsandparticles
{ 20,000b¹b per secondat Tevatron comparedto 10/s

at L=1034cm¡ 2s¡ 1 e+ e¡ collider
{ p¹p producesBs, b-baryons,Bc, ¥cc, ­ ccc, ¥bc

DesignChallenges
² Minimum bias(u,d,s) backgroundsareproduced» 750

timesmoreoftenthan b events
{ Needtriggerto reducebackgroundrate andgood

DAQ to handleevent rate
{ High radiation,especiallynearbeam



Pixelsarekey to trigger& experiment

² 30million 50£ 400¹ m2 n+ np+ type pixels

² 10£ 10cm2 transversewith 1.2£ 1.2cm2 beamhole
² 30x-y doubletsseparatedby 4.25cm
² FPIX2 (amp/ADC/readout)fabricatedwith intrinsically

rad-hard.25¹ m CMOSprocess& bumpbondedto pixels
² 2-D spacepoint reducestracking combinatorics
² Beamtest of pixelsin Fall, 1999

{ Measurednoise:200{400e¡

{ Signalof non-sharedtrack > 20,000e¡

{ ADC+ charge-sharingalgorithm) excellent resolution



Forward tracking for momentum andprojection
² 7 stations/armwith siliconstripsinside(24£ 24cm2)

andstraw tubesoutside
² Straws: 4mm diameter,3 views/station,3 layers/view
² Siliconstrips: 100¹ m pitch with 3 views/station
² 100Kchannelseach of straws(TDC) andstrips(latch)
² Momentum resolutionbetter than 1%

EM calorimeterfor e-ID & ° / ¼0 reconstruction
² 20,000PbWO4 crystals(rad hardCMSdevelopment)

² 2.72£ 2.72cm2 in front and2.8£ 2.8cm2 in back
² 22cmlong= 25radiationlengths= 1 interactionlength

² Geant energyresolution» 0.55%© 1.6%/
p

E
² Readoutwith photomultiplier tubes

Muondetectorfor ¹ -ID andtrigger
² Two 1m magnetizediron ¯lters per arm
² 74K 1cm diameterproportional tubes(latch readout)
² Arrangedin octants ) reduceoccupancynearbeam
² 3 stations/arm,4 views(r -u-v-r )/station, 2 layers

(picket fence)/view,192tubes/layer
² Gas:Ar/CF 4/CO2 (88%/10%/2%)) fast (90¹ m/ns)



HadronParticle ID is crucial(RICH):
² C4F10 gasprovides¼=K=p separationfrom 9{70GeV
² ConsideringC5F12 liquid for particlesin 3{9GeVrange
² Detectgasphotonswith 300,000channelsof hybrid photo-diodes
² Detectliquid photonswith 10,000channelsof photomultiplier

tubes

3 GeV 9 GeV 18 GeV

C5F12 liquid   n=1.24

C4F10 gas   n=1.00138

Trapped in
magnet



Trigger/DataAcquisition(DAQ)

15 kHz

75 kHz

7.6 MHz
crossing rate

200 kB/evt

200 kB/evt

200 kB/evt

3 kHz

Accept/Reject

Accept/Reject

Latency: 0.15ms average
Reduction: 100

Latency: 20ms average
Reduction: 5

Level 3:
Latency: 200ms average
Reduction: 5

Level 1:

Level 2:

vertex+muon

full tracking+vertexing

Accept/Reject

40 kB/evt

full reconstruction

Buffer
Buffer

Detector

Buffer

Data Storage
>1000 TB/year



VertexTrigger
² Algorithm

{ Reconstructtracks usingpixel information
{ Verticizetracks to ¯nd productionvertex
{ Look for tracks which missproductionvertex
{ Make cut (currently ¸ 2 tracks missproduction

vertex(a) by > 6¾)

B
a

² Implementation
{ UseField ProgrammableGateArrays (FPGA) to

time-orderandclusterhits
{ UseDigital SignalProcessors(DSP) to reconstruct

tracks,verticize,andobtainprimitive information
Pixel System Pattern Recognition

0.4
<latency>:

<latency>:
55 sm

<latency>:
sm77

Vertex ReconstructionTrack Reconstruction

ms
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FPGA
Track finder

DSP

(4 per crossing)

DSP

Track farm

Vertex farm
(1 per crossing)



Examplesof newphysicssearches

Newphasescanbe introducedfrom newphysics:
In SM,B 0 ! J=Ã K 0

S andB 0 ! ÁK 0
S both measuresin2̄ but in

MSSMthey measuresin2(̄ + µD ) andsin2(̄ + µD + µA),
respectively. BTeV cancollect200taggedB 0 ! ÁK 0

S events/year.

The rate andstructureof B 0! K ¤0`+ `¡

² Raredecays aregood window for newphysics
² Comparebranching ratio with SM (BR ¼ 1.5£ 10¡ 6)
² Zeroof forward-backward asymmetryof dileptonmass(AF B ) well

de¯nedin SM
² Other theories(someSUSYandSUGRAmodels)canhave

di®erent (or no) zero
² BTeV cancollect4400B 0 ! K ¤0¹ + ¹ ¡ events/107 s

Measuringthe CKM angleÂ

² Â ´ arg
³

¡ V¤
csVcb

V¤
tsVtb

´
is independant from ®, ¯ , and°

² Needto check SM predictionsof:

sinÂ =
¯
¯
¯Vus

Vud

¯
¯
¯
2

sin¯ sin°
sin(¯ + ° ) =

¯
¯
¯Vub

Vcb

¯
¯
¯
2

sin° sin¯ + °
sin(¯ ) =

¯
¯
¯Vtd

Vts

¯
¯
¯
2

sin¯ sin¯ + °
sin(° )

Comparingsidelengthsto angles
² CKM unitarity trianglesidelengthsaregivenby CKM matrix

elements (e.g. Vub), usingsemileptonicdecays
² CKM unitarity triangleanglesaregivenby ®, ¯ , and°
² Discrepanciesindicatenewphysics



® measurement study

b W- u
d} p

d u} p +

d

b

W-

d
g

t

u
u
}
}d

d
+

p-

p

² Needdecay of form b! du¹u

² TraditionallyB 0! ¼+ ¼¡ hasbeenthe favoreddecay
for sin(2®)

² ¨(4 S) results) \Penguinpollution" large
² In this case,extracting® requiresisospinanalysis

² For B 0! ¼+ ¼¡ this requiresmeasuringB 0! ¼0¼0

which hassmallerbranching ratio andvery di±cult
(impossibleat BTeV) to reconstruct

² A solutionin 3-body modes?

Treediagram Penguindiagram



B 0 ! ½¼! ¼¼¼

² Threedecays: B 0! ½+ ¼¡ ; B 0! ½¡ ¼+ ; B 0! ½0¼0

² Requirestime-dependent Dalitz plot taggedanalysis
{ Dalitz plot analysismeasurescontributions of resonancesas

well astheir interferences
{ The lifetimeof each B 0 is determinedto allow time-dependent

measurement
{ \T ag" B °avor to distinguishB 0 from B 0

{ Oppositesidetaggingtagsthe °avor of the B which we do not
reconstructby lookingat signatures(¹ / e/ K /jet charge)

² Interferencescanallow resolutionof all ambiguitiesof ®
² Snyder& Quinn ¯nd robustsolutionswith 2,000

background-freeevents

Quantit y ½§ ¼̈ ½0¼0

BR 2.8£ 10¡ 5 » 5£ 10¡ 6

E±c. 0.44% 0.36%
Triggere±c. 50% 50%
S/B 4.1 0.3
Signal/year 8,700 1,250
²D 2 0.10 0.10
Tagged/year 870 125



CKM andraredecay sensitivities

BTeV-2arm LHC-b b-factory L=1036

107 s 107 s 500fb¡ 1 107 s
sin2̄ (B 0 ! J=ÃK 0

S) 0.013 0.02 0.037 0.008
sin2®e®(B 0 ! ¼+ ¼¡ ) 0.05 0.05 0.14 0.032
®e®¡ ® (B 0 ! ¼0¼0) | | < 18± < 7±

® (B 0 ! ½¼) 10±

° (B 0
s ! DsK ) » 7± » 10± | |

° (B ¡ ! D 0K ¡ ) » 10± » 10± » 20± 2.5±

sin2Â (B 0
s ! J=Ã´ (0)) 0.021 | |

xs(B 0
s ! D +

s ¼¡ ) upto 75 upto 75 | |
Vub (B ! ½`º) ? ? 2.3% < 1%
Y(B 0 ! ¹ + ¹ ¡ )(8£ 10¡ 11) 2 evt 2 evt
Y(B 0

s ! ¹ + ¹ ¡ )(10¡ 9) 10evt 11evt
Y(B ! X s¹ + ¹ ¡ )(6£ 10¡ 6) 7.2kevt .3k evt 6k evt
Y(B ! K ¤¹ + ¹ ¡ )(2£ 10¡ 6) 4.4kevt .12kevt 2.4kevt
Y(B ! K ¤e+ e¡ )(2£ 10¡ 6) 4.4kevt .12kevt 2.4kevt

For a 1-armBTeV, errorswill increaseby »
p

2 andyields
will decreaseby » 2.



BTeV project statusandfuture

² BTeV receivedPAC & Fermilabapproval in June,2000

² Budgetconstraints promptednegotiationsbetween
Fermilab,DOE, & BTeV which resultedin the
followinggoals(contingent on passingreviews):
{ Support for BTeV R&D
{ Most BTeV constructionmoneyfor the rescoped

(onearm) detectorin 2005-2007
{ Parasiticdata-takingcanbeginfor debuggingand

commissioningassoon asmajor components are
availablefor installation

{ Start physicsdata taking with onearm in 2008
{ Until CDF or DÂ end,will have low intensity

collisionsor wire target to bring up systems
{ To reducecost,existingmagnetswill be usedfor the

BTeV interactionregion

² PAC will reviewnewplan in April, 2002followedby an
outside\P5"-style reviewin Fall, 2002



The BTeV Outlook
² The eraof beauty physicshasonly just begun
² The B factories(andCDF & DÂ) shouldobtain:

{ sin(2̄ ) from J=ÃK 0
s

{ Vub (Vcb) from semileptonicdecays B ! ½¹º (B ! D (¤)¹º )
{ Raredecays (probablylimits if StandardModel)
{ xs from Bs mixing (if StandardModel)
{ Charmmixingandraredecays (limits if StandardModel)

² In 2008many questionswill still be open
² BTeV cananswer thesequestionsby measuring:

{ sin(2̄ ) to § 0.013usingB 0 ! J=ÃK S

{ ® to § 10± usingB 0 ! ½¼
{ ° to § 7± usingBs ! D §

s K ¨

{ sin(2Â) to § 0.021usingBs ! J=Ã´ (0)

{ Raredecay ratesanddistributions
{ Semileptonicdecays of B 0, B + , ¤b, Bs, ...
{ Propertiesof Bc, ¥cc, ­ cc, ¥bc, ­ bc, ­ ccc
{ Charmmixingandraredecays

² The BTeV featureswhich make this possibleare:
{ The massive statisticsavailableat a hadroncollider
{ A °exibleandopentriggerwhich allowsusto look for things

not evendreamedup duringdesign
{ Excellent particleID of e,¹ ,¼,K ,p
{ Great¼0 and° reconstruction
{ Superbvertexandmassresolution


