LHCD

The LHCb Upgrade

Statusof LHCb

The pre! upgradeyeas.
{ Runningscenao
{ A few selectedchannels.
The luminosiy upgrade
{ The LHC machineand higherluminosities.
{ What s limiting LHCbto prot from largerL?
{ Base-linaupgradescenao.
Projectedyieldsof 'Super'LHCb

Conclusions
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LHCb commissioningn full swing. Expect to be readyfor rst collisions.
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LHCD

LHCDb pre! upgrade years

Till summer2008
{ Beam-gas,rst collisons?
{ Commissioning/shakdowvn detecto

2nd half 2008
{ Expect (hopefor) 0.1fb 1 @14 TeV.
{ Finalshale dovn and Triggercommisaoning.
{ Firstlook for NP compatiblewith low L

2009-2012

{ Stablerunningat L = 2! 5:]FQ32 cm %s !

{ Developfull physicsprogram: L 10fb 1.
2013-2020

{ UpgradeLHCDb! SuperLHCth

{ AimforL = 210%cm ?s !, L 100fb L.
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LHCD

CP Violation

Chage conjugation:paticle! anti-paticle
Parity: re ection in the origin of the spacecoordinatesof a particle.
CP violationdistinguishesnatter from anti-matter: baryogenesis.
The CPVin the standad model too smallto explainour existence:
Leptogenesis®ince 's havemass,they mix andthey will probablyhaveCPV.
Newphysicd newsource(s)of CPV
StudyingCPV canrevealnewphysics beyond the reachof \direct seaches".

The observatiorof CPVin the K-system Jed Kobayashiand Maskawa to the predictionof
the third generation.Hence....

But: no smokinggun....

H.Dijkstra
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LHCD

The Cabibbo-Kobayashi-Maskawa Matrix

CKM-matrix descrilesthe chagedcurrentinteractionsof quaks: ! couplingsof
W* -bosonto up-davn quak pairs:

0) 1
Vud Vus Vub

V = @Vcd Ves Voo A
Vie Vis Vip

The matrix canbe parametrizedwith four indepgendentparameters,includingone phase,
whichintroducesCP violation.

Wolfensteinparametrization: (= Sin capibbo), A, and paameters.
0 1
1 2=D A 3( | )
v @ 1 222 A2 A+ v:
A 31 ) A ? 1

V contains “ terms
Thereare nine unitarity relationsin the matrix: ! triangles.
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LHCb

Non-CPVCKM valuesfrom:

jVudj
and|V. fromnuclea -decy
andK! | resp: xes . =

JVup] andjVqpj: from tree diagram
B-decgsat LEP/CLEO: xes A.

my: B-factaies.

ms. measuredy CDF.
CPV CKM valuesfrom:

k. CPVin Kl

, ; fromB-decgs.
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KM natureof CP-violation\w ell established".
Next step: LHCb avour physicsprogram
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LHCD

LHCDb Physics Program

Indirectseachesfor NP in loop induceddecys.
{ BR(Bs! )
{ B mixingpaameters.
{ CPVin exclusivédb! sss hadronicpenquindecys.
{ CPVin B decy amplitudes
{ Measurementsf exclusiveb! sll andb! s

Determinationof usingB! DK tree decds.
Seach for LFV In leptonicB-decys

NP seach in cham secta (mixing, CPV, rare decgs)
b-hadronspectroscop, heavyquakoniaetc..

H.Dijkstra
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LHCD

Examples of LHCb measurements:
Expectationsbasedon:
full GEANT, spill-over pile-up,

LHCbPYTHIA tuning at 14 TeV (25 % larger multiplicity than CDF
tuning @ 14 TeV),

meant = 2 10%cm °s .
Following typicalchannels:

measurements,
B! ,
Bs! J=
B! ,
B! K

H.Dijkstra
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LHCD

Measuring

Presentworld average: () 2%
B mode D mode Method o(y) with 2 fb!
B+— DK* Kn + KK/nm + K3n ADS+GLW 5°-13°
B* = D*K* Kn (D* — D+r, y) ADS+GLW Under study
B+ — DK* Kenm Dalitz ~8-12°
B+ —» DK* KKnn 4-body "Dalitz” 18°
B+ —» DK* Knnn 4-body "Dalitz” Under study
BO — DK™ Kn + KK + nn ADS+GLW ~6-12°
BO — DK™ Ksmm Dalitz Under study
B, —» DK KK(o)m tagged, A(t) ~10°
B'— n, B, —» KK N/A U-spin symmetry 50 - 100

Nikhef, Dec 14 2007
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0.5 h _ / A -0sf
L 1 b
- T Lt T . A
1 0.5 0 0.5 r i 05 0 05 1 =
P P
(a) 2006: Tree only, NP (b) 2006: Loop, NP? (c) 2012: 10fb 1, =2
Expect (). 3 for 10fb 1.
( ) fromsides(UTFIT) 6
Lattice improvementscouldbring thisdovnto  ( )siges - 1 .
While increasinggtatistics,haveto resat to theaeticallycleanesdecys.
Upgradeaim: increasestatisticswith factar 20
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BR(Bs! )

SM
R Bt e el
& vV

b 1. W] 4 i
Rae loop deca, sensitiveto NP. m_ﬁg' SRR e EE
SM: BR=(3.55 0:33)10 °. M e Ry
ExampleCMSSM(hep-ph/0411216), g, tanb =90, A =My
can be stronglyenhancedt large WE i e fom gy
tan( ) and\interesting" gauginomasses. — f %%O s o tanp =50, A =-2m,,
CDF:47 10 °® @90%CL, o Lty
DO: 75 10 9 @90%CL. g R TR

R e 1 B SRS R e
m
10° 0200500 m00 000 7200 7400

m,, [GeV]
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LHCD

BR(Bs

Challengebackgroundejection:
{ Bs mass-resolutioni8 MeV
{ Excellentvertexresolutioh isolation.

{ Background
dominatedby doubleB !

Trigger:p; & 1 GeV
0.05fb ! to overtale Fermilab,
6 fb ! to have5 signalof SM BR.

X decys.

Nikhef, Dec 14 2007 - 14-
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LHCD

B! J= ( )
Extract s from goldenmode: J= () . b — : f():—q S
s strangecounterpat of 4= 2 B. W' "W B’
SM = 0:0368 0:0018 Ls —s S
NP (?) in box couldincrease . 50_ Now
65kJ= ( ) /b ! "
( <) = 0:044with 0.5fb 1. i, 2
DO(1.1fb 1): = 079 056+ 0:14 0:01 4 00% CL
NP amplitudeparametrizedwith hg and ,_,_ - A——
LHCbwith 10fb *: P T TR
obtain3 evidenceof CPVif SM value. | ol i

I o2
courtesy Z. Ligeti
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LHCD

Bs!

- : . W~
Goldenhadronicpenguincounterpét: { PN |
Vs cancelsn mixing-decg hence: b L 5}¢
CPV- 6 0! NP! n gfff{<.c
2k /b ! (with BR=1.4 10 °) S"@

( np) = 0:042with 10fb * J s}
Compae: 0.4kB°! Kg=fb 1 B ‘ |

(sin(2 )) = 0:14 with 10fb * b LN S} s
Expect 0:12with 2 ab ! from B-factaies. BO. «@‘Qﬁf<-‘,
S A

5 ;}Q
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LHCD

B!

Loop decy with BR 1:2 10 °, i.e. sensitiveo NP.

3.8k events/fb 1.
EstimatedB/S=0.4 0.1

(Arg(s) = 0): 0:28 GeVf for 10fb 1.
Measureratio

of Wilsoncoe cients C,=Cy with 7% statisticalerra.
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LHCb

Other asymmetries:

Descrile decyy asa function of 4 parameters:
M2k

B! K

Transversy amplitudeA(TZ) : \\
1 |
: T \
-0.2 0.8 € Hggp € 1.2
_ [ G
E _E,;F—O4
- 0.6
0.8
-1 '(—,_'5‘ o '1 o '|:5' o "!- """"" 05 1 1.5 2 2.5 3
(d) 2fb 1,1 S= (m )? [GeVZ](e) 10101790 3)/0 CcL
Sensitiveto MSSM with tan( )=5 (hep-ph/0612166),hencecomplementay to By !
H.Dijkstra
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LHCD

LHC and Luminosity

LHC: we (will..) havethe machine!

N30
LPe  10%* cm 2s 1,  20In =
Assume ,isiple = 63 mb. :520
@210°2: 10 MHz xingswith 1 int. O
@16%: 26 MHz xingswith 1 int. 10
nr-int/xings: only factar 2 increaseaup X E
to @163, but spill-overgoeslinea with L!. o O r
SLHC:LHCbdoesnot needit but... i 8 1
LR 810% cm 2s !, 20In+ 4 T 6
Baselinescheme?5 ns bunchesput: . 4
{ 50ns|h9" ¢ | punches - -
{ Interleavewith 50 nslow $ 10w bunches : s |
{ Atlas/C_I\/IS-X|rr]1gs:I.h Ih;hl.| h PR R 0 - ST ET-—
{ LHCbxing: | R T |, etc.. Luminosity (10% cm™ s7")

H.Dijkstra
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LHCD

B-rates and Int/xing

Assume ,isiple = 63 mb.

B-rate: @183 take all xingswith 5 int!
@210 take all xingswith 10 int!
Note: ,(interactions) 50 mm.
TypicalB-decy length 10 mm.

—
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LHCD

Ramping up Peak Luminosity
Simulatedluminositiegincludingpile-up, spill-over)up to 2:10*3 cm ?s 1,
l.e. 10 designpeakluminosiy.

Trigger: rst sub-systenwhichdoesnot scale:
{ Brief overviewof the trigger
{ Explanationwhy it fails
{ Base-linaupgradeproposal

Tracking

Radiationdamage

H.Dijkstra
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LHCDb Trigger for pedestrians

| evel-0: IRV

N
&9 M1 RICH2
T3T2T1

LargestEr hadron,e( ) and
Bottleneck: 1 MHz max-outputrate.
LO limiting yield for larger L Pe3k:

High LevelTrigger:

Accesgo all detecta info from day 1. 1 ‘
Limitation: CPU (brain?) power.
Will improvewith Moore's

RICH1
T Pile-Up

VELO

./

%

‘0

' " Pile-Up Syst
law \automatically": planto replace Pletp Systemy
CPUDboxesevery 3 yeas anyvay. percrossing_| |

Calorimeter Triggers

Highest B clusters:
hadron, eg, P

Muon Trigger
— Two highest __¥

p.l. muons | |LO Decisior
Unit defines
L LO-trigger
]
To FE{ Readout Supervisor

timing & fast contral
40 MHz— Level-0 — 1 MHz—HLT — 2 kHz
Nikhef, Dec 14 2007 S 22-
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LHCb Trigger Performance (@L = 2:10°)

Trgger: 94 o -line reconstructedvith good B/S: 651%
Ehadron ¢ 35 GeV: (B! hadronic) 25 35%2 6
E, &25GeV: (B! X) 30 40% 23
E. & 1:GeV: (B! X) 60 70% _g

Hence:increasdumi AND improve yigger ! —g

Typicaltrigger  storagerates: e

200 Hz exclusiveB: care program.
600HzM > 2.5 GeV:IP-unbiased!
300Hz D : Cham mixing& CPV.

For \un-triggerable" channels:
{ 900Hz inclusiveB (B! X): Data mining.!
{ 550HzoftrueB! X
{ B! X trigger:tagging D®> 0:15
{ 1.5 10 fully contained -tagged,/2 fb 1.

J= X

A~
o ©

N
o

—

7% other B—> X in LHCb
o o %

Nikhef, Dec 14 2007 - 23-

-® all B—pairs “r D
0 and B—=>uX ! e
1 other B—>X:: 4

o
L
QL
O
0)

(B —> uX)
t
s -

2 4 6 8
# B—decay products
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Trigger and Luminosity

Trigger:

Lpeak 2 3:10°%2 no hadrgg-triggergain. % =l 8
{ hadronic-channelgzl'ggld/ (time 2:10°%) :2 8
{ -channelsyield/ L s g

Why? t + +

{ @ > 2:10°%: LO-retention 10% ',

{ @ > 10°°: LO-retention 3% os| # A

{ @ = 210 4 pp/xing. L s e .

{ Result:Er threshold Mg. D B T N E

Luminosity (x10%)

H.Dijkstra
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Upgrade Trigger Proposal
Needboth pr andImpact Parameter(IP).
Take larger Er seedsj.e. , e-, - andhadron-clusters
Assumehey originateat (0,0,0), and extraolateto T1-T3.
Recotracksin windav around extraplated candidate:precisepr
Connectto VELO tracks: giveslP.

H.Dijkstra
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Trigger Upgrade

(6]
o
T

numkber of seedssmall”, hence:
Perfam wholetrigger on CPU farm.
Read-outall sub-systemat 40 MHz. 15 |

Preliminay studies:
X Eventbuildingat 40 MHz, CPU power.

X Hadron
triggere ciency: / LP®* and padron 2.

| Replaceall FE-electronic$ replaceVELO/SIT
and RICH-HPD,OT-FE, Cal-FE-lmads.

Rate (MHz)
N
o
T

N
(@]
T

# HCAL clusters

1k >3.0 GeV

Il Il Il Il Il Il Il Il Il Il Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il
2 4 6 8 10 12 14 16 18 20
Luminosity (x10%)

H.Dijkstra
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Tracking and Luminosity

Tracking& Particle-ID:
Note: \standard" algaithms.
VELO trackingnot a problem.
Straws: LPea 103 spilloveris a problem.
Addressoccupancyesyeciallyat large
{ R&D ...
{ OT straws-acc(no-spillover)6(4.5) 25(10)%
Hence:faster
gas,increasesi-IT coveragescintillating b resz

{ Trackingenvironment/algathms
In high(er) occupancyenvironment.

VELO Tracking [%]

Cimitdd spiover

G ostrate Iull sdll over
Ghostrate: limited spill-over

Trackinge ciency [%

Luminosiy [ 10%?]  oiksra
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Integrated L: Radiation
Radiation:

designedor L 20fb ! radiationdamage.
{ Safel factar? Need rst running.
{ Aects mainlly_ﬁlarge :

Addresgadiation L 20 100fb 1.
Needto replaceVELO (anyway): rad-hader Si, pixels?
Innerpat of ShashlikCalagimeter: crystals?
Innerpat of Si-traclers.
Remove -chamler befae Calaimeter.

Nikhef, Dec 14 2007 - 28 -
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Projected Yield vs Time

m (Super)LHCb

g

O (Super)KEKB
110

15

LHCb L [fb

Good B/S [k-events]

12

Nikhef, Dec 14 2007

N R
16

18
Yea in 21stcentury
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LH%I:K 2013

L. 15fb !
L = 5:10* 2010
Yield,: constant 2:10%*

Upgrade:
Assume "99¢" ynchanged

Assume 99" 301  60%
L = 210 2015

Includetagginge ciency:
LHCb D?= 0:.07
Belle D?= 03
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Conclusions

LHCDbis (almost) readyto take overfrom rst generatiorB-factaies.
Accumulatel0fb ! between2008-2012.
\1st LHCb Collaloration UpgradeWorkshop" Jan/2007in Edinburgh:

well attended.

LHCb Upgrade:draft circulating. EOIL...

Rampup upgradee ort to
Upgradespecs:

be ableto take decision 2010.

{ Accumulate 100fb ! by 2020
{ Increase 509" by factar 2.
{ Maintaintrackingand PID perfamance.

{ Stat data-takingwith Su

Nikhef, Dec 14 2007

erLHCb 2014.
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