
The LHCb Upgrade
� Statusof LHCb

� The pre! upgradeyears.
{ Runningscenario
{ A few selectedchannels.

� The luminosity upgrade
{ The LHC machineandhigherluminosities.
{ What is limiting LHCbto pro�t from largerL?
{ Base-lineupgradescenario.

� Projectedyieldsof 'Super'LHCb

� Conclusions
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LHCb commissioningin full swing. Expect to be readyfor �rst collisions.
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LHCb pre! upgrade years
� Till summer2008
{ Beam-gas,�rst collisons?
{ Commissioning/shake down detector

� 2nd half 2008
{ Expect (hope for) 0.1 fb� 1 @14 TeV.
{ Final shake down andTriggercommissioning.
{ First look for NP compatiblewith low

R
L

� 2009-2012
{ Stablerunningat L = 2 ! 5:1032 cm� 2s� 1

{ Developfull physicsprogram:
R

L � 10 fb� 1.
� 2013-2020
{ UpgradeLHCb! SuperLHCb
{ Aim for L = 2:1033 cm� 2s� 1,

R
L � 100 fb� 1.
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CP Violation
� Charge conjugation:particle! anti-particle
� Parity: re
ection in the origin of the spacecoordinatesof a particle.

CP violationdistinguishesmatter from anti-matter: baryogenesis.

The CPV in the standard model too smallto explainour existence:
� Leptogenesis?Since� 's havemass,they mix and they will probablyhaveCPV.
� Newphysics! newsource(s)of CPV

StudyingCPV canrevealnewphysics,beyond the reachof \direct searches".

The observationof CPV in the K-system,led KobayashiandMaskawa to the predictionof
the third generation.Hence....

But: no smokinggun....
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The Cabibbo-Kobayashi-Maskawa Matrix
CKM-matrixdescribesthe chargedcurrent interactionsof quarks: ! couplingsof
W+ -bosonto up-down quark pairs:

V =

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A :

The matrix canbe parametrizedwith four independentparameters,includingonephase,
whichintroducesCP violation.
Wolfensteinparametrization:� (= sin� Cabibb o), A, � and � parameters.

V�

0

@
1 � � 2=2 � A� 3 (� � i � )

� � 1 � � 2=2 A� 2

A� 3 (1 � � � i � ) � A� 2 1

1

A + �V ;

�V contains� � 4 terms
Thereare nineunitarity relationsin the matrix: ! triangles.
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Compare CPV with CP conserving

Non-CPVCKM valuesfrom:
� jVudj

and jVcsj from nuclear � -decay
andK ! � l� resp: �xes � .

� jVubj and jVcbj: from tree diagram
B-decays at LEP/CLEO: �xes A.

� � md: B-factories.
� � ms: measuredby CDF.

CPV CKM valuesfrom:
� � K : CPV in K! � � .
� � ; � ; 
 from B-decays.
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Triangle Status

� KM natureof CP-violation\well established".
� Next step: LHCb
avour physicsprogram
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LHCb Physics Program
� Indirectsearchesfor NP in loop induceddecays.
{ BR(Bs ! �� )
{ B mixingparameters.
{ CPV in exclusiveb ! sss hadronicpenquindecays.
{ CPV in B decay amplitudes
{ Measurementsof exclusiveb ! sll andb ! s


� Determinationof 
 usingB ! DK tree decays.

� Search for LFV in leptonicB-decays

� NP search in charm sector (mixing, CPV, rare decays)

� b-hadronspectroscopy, heavyquarkoniaetc..
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Examples of LHCb measurements:
Expectationsbasedon:

� full GEANT,spill-over,pile-up,

� LHCbPYTHIA tuning at 14 TeV (25 % largermultiplicity than CDF
tuning @14 TeV),

� mean-L = 2 � 1032cm� 2s� 1.

Following typicalchannels:

� 
 measurements,

� Bs ! �� ,

� Bs ! J= � ,

� Bs ! �� ,

� B ! K� ��
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Measuring 

Presentworld average:� (
 ) � 25o
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Unita ry Triangle and 


(a) 2006: Tree only, N P///// (b) 2006: Loop, NP? (c) 2012: 10 fb� 1 , 
 = ?

� Expect � (
 ) . 3� for 10 fb� 1.
� � (
 ) from sides(UTFIT) � 6�

� Lattice improvementscouldbring this down to � (
 )sides . 1� .
� While increasingstatistics,haveto resort to theoreticallycleanestdecays.
� Upgradeaim: increasestatisticswith factor � 20
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BR( Bs ! �� )

B
R

(B
s

!
��

)

� Rare loop decay, sensitiveto NP.
� SM: BR=(3.55� 0:33)10� 9.
� ExampleCMSSM(hep-ph/0411216),

canbe stronglyenhancedat large
tan(� ) and \interesting" gauginomasses.

� CDF: 47� 10� 9 @90%CL.
� D0: 75� 10� 9 @90%CL.
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BR( Bs ! �� )

� Challenge:backgroundrejection:
{ Bs mass-resolution:18 MeV
{ Excellentvertexresolution! isolation.
{ Background

dominatedby doubleB ! � X decays.
� Trigger: p�

T & 1 GeV
� 0.05 fb� 1 to overtake Fermilab,
� 6 fb� 1 to have5� signalof SM BR.
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Bs ! J= (�� )�

� Extract � s from goldenmode: J= (�� )� .
� � s strangecounterpart of � d = 2�
� � SM

s = � 0:0368� 0:0018
� NP (?) in box couldincrease� s.
� 65k J= (�� )� /fb � 1

� � (� s) = 0:044with 0.5 fb� 1.
� D0 (1.1 fb� 1): � s = � 0:79� 0:56+ 0:14� 0:01
� NP amplitudeparametrizedwith hs and � s

� LHCbwith 10 fb� 1:
obtain 3� evidenceof CPV if SM value.
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Bs ! ��

� Goldenhadronicpenguincounterpart: ��
� Vts cancelsin mixing-decay, hence:

CPV-� 6= 0 ! NP!
� 2k �� /fb � 1 (with BR=1.4� 10� 5)
� � (� NP ) = 0:042with 10 fb� 1

� Compare: 0.4k B0 ! � KS=fb� 1

� � (sin(2� )) = 0:14 with 10 fb� 1

� Expect � 0:12 with 2 ab� 1 from B-factories.
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B ! K� ��

� Loop decay with BR� 1:2 � 10� 6, i.e. sensitiveto NP.
� 3.8k events/fb� 1.
� EstimatedB/S=0.4� 0.1
� � (A FB (s) = 0) : 0:28 GeV2 for 10 fb� 1.
� Measureratio

of Wilsoncoe�cients C7=C9 with 7% statisticalerror.
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B ! K� ��

Other asymmetries:

� Describe decay as a function of 4 parameters:
M2

�� ; � l ; � K � ; �

� Transversity amplitudeA(2)
T :

(d) 2 fb� 1 , 1 � (e) 10 fb� 1 , 90 % CLs=(m �� )2 [GeV2]

A
(2

)
T

Sensitiveto MSSM with tan(� )=5 (hep-ph/0612166),hencecomplementary to Bs ! �� .
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LHC and Luminosit y

LHC: we (will..) havethe machine!

� Lpeak
LHC � 1034 cm� 2s� 1, � 201n

� Assume� visible = 63 mb.
� @2:1032: � 10 MHz xingswith � 1 int.
� @1033: � 26 MHz xingswith � 1 int.
� nr-int/xings: only factor 2 increaseup

to @1033, but spill-overgoeslinear with L!.
SLHC:LHCbdoesnot needit but...

� Lpeak
SLHC � 8:1034 cm� 2s� 1, � 201n + 4

� Baselinescheme25 ns bunches,but:
{ 50 ns I high $ I high bunches
{ Interleavewith 50 ns I low $ I low bunches
{ Atlas/CMS xings: I h � I h; I l � I l ; I h � I h

{ LHCbxing: I h � I l ; I l � I h; I h � I l etc..
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B-rates and Int/xing

� Assume� visible = 63 mb.
� B-rate: @1033 take all xingswith � 5 int!
� @2:1033 take all xingswith � 10 int!
� Note: � z(interactions) � 50 mm.
� TypicalB-decay length � 10 mm.
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Ramping up Peak Luminosit y
Simulatedluminosities(includingpile-up,spill-over)up to 2:1033 cm� 2s� 1,
i.e. 10� designpeakluminosity.

� Trigger: �rst sub-systemwhichdoesnot scale:
{ Brief overviewof the trigger
{ Explanationwhy it fails
{ Base-lineupgradeproposal

� Tracking

� Radiationdamage
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LHCb Trigger for pedestrians
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To FE
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Muon Trigger
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Calorimeter Triggers

Level-0

Pile-Up System

RICH2

RICH1

timing & fast control
Readout Supervisor

HLT Event Filter Farm

L0 Decision
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L0-trigger

hadron, e, 
Highest E   clusters:

g,  p0

Two highest
p    muonsT

T

VELO

Level-0:

� LargestET hadron,e(
 ) and � .
� Bottleneck:1 MHz max-outputrate.
� L0 limiting yield for largerL peak:

High LevelTrigger:

� Accessto all detector info from day 1.
� Limitation: CPU(brain?) power.
� Will improvewith Moore's

law \automatically": plan to replace
CPUboxesevery� 3 years anyway.
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LHCb Trigger Performance (@L = 2:1032)

� Trigger : % o�-line reconstructedwith good B/S:
� Ehadron

T & 3:5 GeV:� (B ! hadronic)� 25� 35%
� E


T & 2:5 GeV:� (B ! 
 X) � 30� 40%
� E�

T & 1: GeV:� (B ! �� X) � 60� 70%
Hence:increaselumi AND improve� trigger !

Typicaltrigger! storagerates:
� 200Hz exclusiveB: core program.
� 600Hz M�� > 2:5 GeV:IP-unbiasedB! J= X
� 300Hz D� : Charm mixing&CPV.
� For \un-triggerable"channels:
{ 900Hz inclusiveB (B ! � X): Data mining. !
{ � 550Hz of true B ! � X
{ B ! � X trigger: tagging� D2 � 0:15
{ � 1:5 � 109 fully contained, � -tagged,/2 fb� 1.
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Trigger and Luminosit y

Trigger:
� Lpeak � 2 � 3:1032 no hadron-triggergain.
{ hadronic-channels:yield /

R
(time � 2:1032)

{ � -channels:yield /
R

L
� Why?
{ @L > 2:1032: L0-retention� 10%
{ @L > 1033: L0-retention� 3%
{ @L = 2:1033 � 4 pp/xing.
{ Result:ET threshold� MB.
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Upgrade Trigger Proposal
Needboth pT and ImpactParameter(IP).

� Take largerET seeds,i.e. � , e-, 
 - andhadron-clusters
� Assumethey originateat (0,0,0), andextrapolate to T1-T3.
� Recotracksin window aroundextrapolatedcandidate:precisepT

� Connectto VELOtracks: givesIP.
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Trigger Upgrade

� number of seeds\small", hence:
� Perform wholetrigger on CPUfarm.
� Read-outall sub-systemsat 40 MHz.
� Preliminary studies:
X Eventbuildingat 40 MHz, CPUpower.
X Hadron

trigger e�ciency: / L peak, and � hadron � � 2.
/ Replaceall FE-electronics! replaceVELO/SiT

andRICH-HPD,OT-FE, Cal-FE-boards.

Nikhef, Dec 14 2007 - 26 -

H.Dijkstra



Tracking and Luminosit y
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Tracking& Particle-ID:
� Note: \standard" algorithms.
� VELO trackingnot a problem.
� Straws: Lpeak � 1033 spilloveris a problem.
� Addressoccupancy, especiallyat large � :
{ R&D ...
{ OT straws-occ(no-spillover):6(4.5)! 25(10)%

Hence:faster
gas,increaseSi-IT coverage,scintillating�b res?

{ Trackingenvironment/algorithms
in high(er)occupancyenvironment.
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Integrated L: Radiation
Radiation:

� designedfor
R

L � 20 fb� 1 radiationdamage.
{ Safety factor? Need�rst running.
{ A�ects mainlylarge � .

Addressradiation
R

L 20! 100 fb� 1.
� Needto replaceVELO (anyway): rad-harder Si, pixels?
� Innerpart of ShashlikCalorimeter: crystals?
� Innerpart of Si-trackers.
� Remove� -chamber before Calorimeter.
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Projected Yield vs Time

Year in 21st century
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B! K?��

Bs ! ��
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LHCb< 2013:
�

R
L . 15fb� 1

� L �= 5:1032 � 2010
� Yieldh: constant> 2:1032

Upgrade:
� Assume� trigger

� unchanged

� Assume� trigger
h 30 ! 60%

� L �= 2:1033 � 2015

Includetagginge�ciency:
� LHCb� � D2 = 0:07
� Belle� � D2 = 0:3
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Conclusions
� LHCbis (almost) readyto take overfrom �rst generationB-factories.

� Accumulate10 fb� 1 between2008-2012.

� \1st LHCbCollaboration UpgradeWorkshop" Jan/2007in Edinburgh:
well attended.

� LHCbUpgrade:draft circulating.EOI...

� Rampup upgradee�ort to be ableto take decision� 2010.

� Upgradespecs:
{ Accumulate� 100fb� 1 by 2020
{ Increase� hadron

trigger by factor 2.
{ Maintain trackingandPID performance.
{ Start data-takingwith SuperLHCb� 2014.
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