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Physics motivation
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(o(y)~250-359) (o(p)~1.29) CDF/D0: Am measurement,
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Current sensitivities from b-factories

LHCbH will study all types of B mesons with excellent precision
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New physics

» Standard model is a low-energy effective theory of a more fundamental
theory at higher energy scale (TeV range)
= New physics can be discovered and studied :
» Direct observation: new physics produced and discovered as real particles
" [ndirect approach: new physics appear as virtual particles in loop processes
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» Observable deviations from SM expectations in flavour physics and CPV
» LHCb designed to make precision measurement of CPV and
rare decays in B system
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The L.HCDH detector
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LJL{ Cb A% Z 1on7zen ZL LHCb is a forward spectrometer
(10-300 mrad)

Forward peaked, correlated Pythia production cross section
bb pair production
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Interesting B decays have low BR ~10-
LHCb average L£~2 x103? cm?s’!
— 2 fb'! / year (107 s)
— 1012 bb produced/year
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1 rigger overview
40 MHz
Level-0: Calorimeter o
pr of Muon system 7 i £
u, e, h,y Pile-up system =
i l i GQ'Q(& 60 mrad 8 M Ms
1MHz  LO: custom hardware |r || I|||"|"|"|”||||||||||||||| 111
STJ v v ‘
G [ ] | wnaors| obomes| U
3 inclusive
alley p+h alley alloy { ..... B
a“ey exclusive
HLT: CPU farm -
| | | |

2 kHz output to tape

HLT: 4 independent alleys defined depending on L0 output
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; NOO __‘LD-IT ....................................................................................................................
Lragger output 5o e
qC, 80 _—‘LJ-:JE: .....................................................................................
S S83
. < 60 THWWHWMmNmé ...............................................................
L0 efficiency o L
Hadronic dominated el b NN RN
Muon dominated § 2000 BB BB B BB
Ecal dominated o
EEYXEX $STYIEXTX Y%
Overall trigger efficiency.:30%-80% depending Rg § § 3; §
on signal channels ° X
HLT Output rate | Trigger Type Physics Use
200 Hz Exclusive B candidates Specific final states
600 Hz High Mass di-muons JAp, b—=J/pX
300 Hz D* Candidates Charm, calibrations
900 Hz Inclusive b (e.g. b—u) B data mining

= Rough estimate at present (split between streams still to de determined)
" Inclusive streams used for calibration and control of systematics
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Particle identification

o Lvent in RICH:
Signal track
[Background pj 2o n/K separation provided by
20 Reconstr f RICH for 2<p<l100 GeV"
g/ - <ge(K—K,p)>=83%
~ 40 <e(m—=K,p)>= 6%
60 - Clean separation of
I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I
_60 _40 20 0 20 10 60 two-body B decays,
e.g. B—=nan
x (cm) « TS
;7000.—-8-' » Tm ] 2“0_.8‘ » T 1
Lepton ID: 2 - @s, > No RICH | Bs, > With RICH
. Q e000 1 17s0 F We, - 7K 3
u efficiency:94% = | e W
e efficiency.78% g‘m | o [ mnon
7t mis-id rate: 1% wot {000 | @d—nltfc
: 0 b Slgna
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A typeeal . HCh event

~72 reconstructed
charged tracks /event

p~1to 100 GeV

Sp/p~0.37%

B vertex:
. O(z)=168 um
Primary vertex:
Many tracks g
o(xy) = 8 um
O(z) = 44 um
proton /,/
> "i@ <
A
g(1-2w)?
B,;:4-5%
B, :7-9%
Efficient trigger

Excellent tracking and vertex finding
Particle identification
Excellent resolutions
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o(IP)~20um

Charm vertex

pmmneﬁ?ciency = 94%
for p>10 GeV
o(M,)~6 MeV
O(My)~14 MeV



Flavour tagging Opposite side.

o = High-Pt leptons
s Qvertex ’QJet " K= from b >c >s
50 - » Vertex charge
osite g K:

m Jet charge
~~~~~ B signai Same side:
— K- » Fragmentation K*
Same side K+ .
accompanying B

K+
" 1* from B** > B *

Tag eD2=¢(1-2w)->
Opposite n 0.7%—-1.8% . n
Opposite e 0.4%-0.6% Figure of merit
E— T eD’=¢(1-2w)?: tagging power in %
Opp — 0'9‘;‘ 130 ¢ tagging efficiency;
q PPOSI.: ":bEBO) 0.8‘:’" 1'0: w.: wrong tagging fraction

ame siae J 070—1.VU%0
Same side K (B)) 2.7%-3.3% Obtained from fully simulated
Combined (B?) A% —-5% N Sig;al Zevents passing trigger

. and selection

Combined (B)) 7% -9 %
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LLHC startup scenario (from the L.HCb point of view)

2007: 4 s=900GeV, J Ldt<1nb!

detector alignment and calibration, possibly already with J/y signals
from pp collisions

2008: ¥ s=14TeV, L=1.2-2x1032cm=2s"!, [ L dt=0.25-0.5 fb-!
complete calibration and trigger commissioning, first physics

2009: 1.0 b

2010: 1.5 b

~3 b1 by the end of 2010 at the required average luminosity
of ~2x1032 cm-2s""
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Commissioning plans

Global commissioning without beam in 2006 - 2007

n Commission the subdetectors (starting now !)

m Test the DAQ

m Test the electronics calibration procedures

m Check the scalability of the system, improve when needed

m Use of circulating beam in summer 2007: LHCb is a forward detector,
cosmics can not help: beam-gas gives useful tracks for time and position
alignment.

Study of beam gas events ongoing: useful also for measuring and monitorng
the luminosity (and cross section measurements?)

Pilot Run (low luminosity).
n Without magnetic field: (time and space) alignments
n With magnetic field: Trigger setup and start collecting data
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Preparing for physics with 0.1 fb" of data

1. Use special samples (mainly from inclusive HLT) for reconstruction and
PID calibration and tuning:

J/\P — U fOr M 1D Tag Asym vs time (ps) 121 ndf 4.756 /10
- Y 0.5071+ 0.03401
D*— DO(K.TC)J'I: for K/J’I: ID and V] mis-I1D 0.3k Pl 0.371940.009348

02}
2. Use B*/BY control channels for tagging tuning o4t

-0f

events after triggerxSelection (0.1 fb1): o

B*— J/W(up)K* ~ 80k

B*— DO v ~ 100 k ok

B D™ ~ 350k o4t ?g?caltg Xf data-takin
B, — D,(Muv ~ 50k J"'é"'i"'é"'é"'f‘

L—> o,/o ~1-2 % per tagger

3. Use BY control channels for oscillation
measurement, as a first check of tagging performance
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Farst physics measurements

LHCDb physics program with first data:
n J/y production studies (e.g. prompt vs B— J/yX, bb cross section)
m Sin(2p) (as a proof of principle of CPV measurements)

s Am, and ¢, (after CDF Ams’ measurement, recent theoretical papers
indicate ¢, measurement as very interesting for NP)

= Bi—uu

s yfrom B— DK and B— KK, nmw

Possible first measurements

ith 2 fb!
8 App from B— K* uu with 210
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Sensitivity studies

« For all the sensitivity studies, we use toy MC with
detector resolutions extracted from a full Geant
simulation of the events

« Annual yields estimated with full simulated Geant events

= Sample of 40 million fully simulated and reconstructed
b-inclusive decays are used for the B/S estimates

18/10/2006
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J/¢ production study

Prompt J/ y versus B —J/ 1y X cross section Unbiased HLT dimuon stream:
True J/y rate = ~130 Hz
Preliminary generator study 2.5x 108J/ y with 0.5 fb!
shows (prompt J/y) ~ 3 times
lower with NRQCD models

o(prompt J/y)=0.313 mb

turned on in Pythia for heav
v in Pythia f Y oI/ from B)=10 ub
quarkonia -
~ S e M i b (DCOT = -0.8< of dalatakine
Evel’l VOMgh measurement Wlll g © [2.8 M min. bias (DCO4) ”;3)(;(:1?:,:]—[;]?-_1
be interesting g =
g 30
Fitted signal vield:
New region of phase space: § : N7 :llplui\'t\ff—lsi\
=134 + 13 Hz of signal Jhyp '] ) -
LHCD will measure 2.0 < |h| <5.3 - B =047 L0002
(ATLAS/CMS will measure |h| < 2.5 10 fass window
. :.:. 1
ALICE will measure \h| < 0.9 R P Moty Wl rat | [
and 2.5 < |h|<4) PR e S

Test of QCD in new region of phase space
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sin 2B with B'—] /YK,

Acp(t) - background subtracted

Very well measured at B-factories

One of the first CP measurements
in LHCbH:

Demonstrate tagging performance
and ability of CP physics

~60K B'—J/ W K events/0.5 fb! N
0,,,(sin 23)~0.04 with 0.5 fb! Proper time (ps)

o, (sin 2)~0.02 with 2 fb!

Scaling 2 fb! sensitivity to ¢Ks: oy, (sin 2,,)~0.4, yield 0.8K, B/S<2.4
May indicate new physics in penguin diagrams
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B mixing: Am,

B, — D, n*
Distribution of unmixed

CDF :Am_ =17.77=0.10(stat) = 0.07(syst) ps sample for 2 fb~! and
for Am_= 20 ps-”

Perfect reconstruction

. . 1000 | :
LHCb can reach CDF statistical precision | + flavour tagging
in the first months of data taking: 200 L HCb + background
Measured using B, — D~ mw+ | + acceptance
"y i
120k events / 2 b, 2 600
B/S=0.4 L;;

Given the low value of Am, LHCb will _
be able to measure it with much less than 2fb1 't

O A )~0.01 ps71 /2 fb! ol

Proper time (ps)

Very good resolution for oscillations: time-dependent analyses with B decays,

B mixing phase, CP violation in the mixing...
18/10/2006 18



B mixing phase

Im
¢, is very small in SM: ¢ = -2 = -0.036+0.003 (CKM fitter) ! T @,
<

Sensitive probe of new physics &7§ A

; VA4

T]7v2 f\/\“
Use B, —=J/W¢ (~130k events/2fb! expected), B/S=0.12 . | X % Re
Final state contains CP-even and CP-odd contributions p (1-2%2+p1?)

Angular analysis to separate
CP even and CP odd

o(sin ¢,)=0.023 and
o(AIl'/T,)=0.011
(with Am_ = 17.5 ps™) in 2 fb!

With 0.2 fb™! set interesting limit
or measure @, if large: o(¢p,) = £0.1
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+ —_
B, —uu
Branching ratio
~3.5x 107 in SM

Sensitive to new physics,

can be strongly enhanced
by SUSY

Current limit from Tevatron CDF+D0
with 1 fblis ~7 x 103 @90% CL

expected limit
with 8 fb!lis ~ 2 x 108 @90% CL

From B-factories (@90%CL:
Babar < 6.1 103
Belle < 1.6 107
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BR(B,—p'w)

=
Q
=~

108

b MSSM '

(7]}

~ tan®p

CDF+D0 BR(B,—u*1’) Projection

1 10
Integrated Luminosity (fb™)
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B, —utu”

O(1) event from 2-body modes (KK, s thanks to
excellent B mass resolution of 18 MeV) per fb!in
a 20 mass window

Combinatorial background studied with ~33M inclusive-b
events (~7 min at LHCb)

and 10M b—uX, b—uX events (~5h at LHCbD)

Background estimates limited by statistics

N(B2u ) (SM) = 10.5 per fb-!
Nb2u X, b2utX) <63 @90%CL per fb!
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+ J—
B, —u'u
Limit at 90% C.L.

(only bkg is observed)

LHCb Sensitivity

(sienalt+bkg is observed)

g & 10
10 S 9
& e
~7
e e
M m 6
Expected CDF+DO Limit ° 50
4
SM prediction
3
tlainty in’
ediction
! 0 0.1 0.2 0.3 0.4 0.5 1
0 1 2 3 4 5 6 7 8 9 10

Integrated Luminosity (fb™') Integrated Luminosity (fb-1)

Background is assumed to be dominated by combinations of b2uX b2u*X events
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y can be extracted from the interference of these two processes in charged
B=2DK decays with D°/D° decaying to a common final state

" ryis the relative colour and CKM suppression between the two modes

O(O 1) — dilutes sensitivity to y

" (s the strong phase difference - invariant under CP
=  Two types of D° decays under study:
Cabibbo favoured self-conjugate decays e.g. K s - sensitivity under study
Cabibbo favoured/doubly Cabibbo suppressed modes e.g. K, Kwmm

23
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y from B* — DUK*, _ADS method

B-—D%K- (colour R B-—DK- (colour
favoured) then : < u K suppressed) then : d
—C JT
ST <
C d) —0 [C 3
D 0 B B T — D 0 K +
u u u u

Reversed suppression of D decays versus B decays results in similar amplitudes,
So big interference effect

Measure relative rates (no need for tagging or time asymmetry)

Rates depend on 5 parameters: vy, vy, Oy,
rp&7 (magnitude of the ratio between two D decays, Suppressed rates have
well known), 8,87 (CP conserving strong phase = O(1) interference

difference, will be measured by CLEO or BES I1]) effects since ry~r),

Particularly sensitive to y

Relative rates have more unknown than equations
Use other decays e.g. Knnmw or KK,
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y from B* — DVK*

Yields with 2 fb:
Suppressed.
~530 B*— (K'n"),K* B/S~1.5
~180 B-— (K'n), K- B/S~4.3
(background mainly combinatorics)
Favored.:
~28k B*— (K*'m),K* B/S~0.6
~28k B-— (Kn"),K- B/S~0.6
(background mainly D)
KK and mir modes.:
~4.3K B*— D°%hh)K* B/S~1
~3.3K B-— D°%hh)K- B/S~1

Yy = 60° 1= 0.077,
Oz = 130°, rpk"=ryK7=0.06,

225
200
175
150
125
100
75
50
25
0

350 [
300

250
200

150 L

100
50
0

-25°< 3K < 25° and -180°< 8,%3P <180°
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400
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PR S L il I

pl b b b b b b 1

0.1 0.12 0.14 0.16 0.18 0.

50 100 150
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100 |

60 |
40 |
20 |

0 50 100 150

200 20

= 120

80 |-

0 [ 1 1

I L l

O [ degrees ]

40 60 80
v [ degrees ]

o(y) ~ 5°-15%in a year,

depending on d,*" and 5,5
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GLW method - y from B’ 2> D’K*

m  Dunietz variant of Gronau-Wyler method makes use of interference
between two colour-suppressed diagrams interfering via D mixing :

d d 1K
0 b WVI,< g }DO A, = A(B® — DOK*0): b—¢ transition, phase 0
B q CS1 }K*O A, = A(B® — DYK*%): b—u transition, phase A+y _

A =V2 AB® — DpK*0) = A, +A,, because Dp=(D°+D°)V2

m  Measuring the 6 decay rates B —D(Km,nK,KK)K*" + CP conjugates
allows y to be extracted without flavour tagging or proper time
determination - ryz ~ 0.4 but 8-fold ambiguity
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GLW method - y from B’ 2> D’K*

« LHCb expectations for 2 fb~1

(55<y<105°, r,~0.4, -20<5,<20) :

Mode (+ cc) Yield S/B,,, (90%CL)
B? — DO (K*x~) K*0 3.4k > 2

B? — DO (K—x*) K*O 0.5k >0.3

BY — DO (K*K-) K*0 0.6k >0.3

— o(y) ~ 8° in one year

Work ongoing to understand biases introduced by DCS amplitude in D->K

18/10/2006
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y from B —= KK, 7t

*Measure time dependant asymmetries for B —nm
and B,—KK to determine A, and A,
Aep(t) = Ay, cos(Amit) + A, . sin(Am t)
"4, and A, . depend on
—7
—Mixing phases ¢, or ¢,

—Penguin/Tree ratio = de'?

" ¢, and ¢, from J/p$ and J/YKs
»U-spin symmetry: d_=dgy, 0. =0,

JT.

With 2 fb!:
26K B, —mmw B/S<0.7
37K B,—~KK B/5<0.3

o(y)~5°

18/10/2006 28
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Apg in B, =K u™

Forward-backward asymmetry Ay
in the uu rest-frame is sensitive to NP

M+
B //)
/ a
-

SM branching ratio ~ 10-°

~4400 B, —K" u* w events/yvear
B/S< 2.6

With 2 fb!:
zero of Apy(s) located to +1.2 Gel?
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SUSY II (C,>0, C,;>0) B
e N
SUSY II (C, <0. G, >0) -

SUSYLI(C,>0) ===

<« 0.4r
w 0.3
0.2

S=m(up)? (GeV?)

Expt20

| | === B0+BObar FBA

| | === Fitto FBA

0.1
0.2
0.3
0.4

°'15F+'t|\

S

N A I S
4 6 8 10 12 14 16 18 20

s(GeVA2)
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Appin B, =K% u* w

Recent re-optimization of the selection improves yield by
factor ~2, keeping the m(u*u~) shape less biased
at low m - sensitivity under study

~7300 B, =K u* u events/2 fb!
B/S =[0.86 - 1.10] @90%CL

Background mostly due to b—u X and non-resonant Kr (~4400 events)
(BR(non-resonant)=10"% used in simulation, most probably over-estimated)

Recent theoretical development shows that non-res event can be treated
as signal if “energetic” K pair is selected - work in progress

Possible measurements with 0.5 fb:
rate versus ¢°, amount of non-resonant events, study of control samples,

Appin a few bins
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Conclusions

m Commissioning strategy being prepared in details

m Strategy for calibrations, alignments, triggers and analysis in
view of current LHC startup schedule being devised

m Take advantage of machine engineering run in 2007 and
commissioning period at 7 TeV in 2008 to be in stable physics
operation at end of 2008

m Very interesting measurements already with the very first 0.5

11 in 2008
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Spares
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LHCDb performance with 2fb"

Channel Yield* B,,/S Precision
Y Bs — DK 5.4k <1 a(y) = 14°
Bqg — 11 26k <0.7
Bs — KK 37k 0.3 a(y) = 6°
By — DO(K-1r*)K*0 0.5k <0.3
Ba — DO(K*TT)K*° 2.4k <2 o(y) = &
Ba — Dcpr(K*K)K*? 0.6k <0.3
B— DY(K'Tr*)K" 60k 0.5
B— DO(K*1r)K- 2k 0.5 a(y)= 5
o B,—~n’nn* 14k 0.8 o(a) = 10°
Ps Bs — JYo 125k 0.3
Bs — JW¥n 12k 2-3 a(p,) = 2°
Bs > n.® 3k 0.7
Amg Bs — DsTr 80k 0.3 Ams up to 68 ps-1
B Bda — JIWYKg 216k 0.8 o(sin2p) = 0.022
rare Ba — Ky~ 4.4k <2.6 C,°f/C,*" with 13% error
decays B, — p*pu- 17 <5.7 NP search
Ba — K*y 35k <0.7 a(Acedr) = 0.01

(*)Untagged annual yields after trigger, stat. only
18/10/2006



B physics: LLHC vs B factories

e*e- — Y(4S) — BB

pp—bbX (V' s =14 TeV, At, =25 nsj—

PEPII, KEKB LHCb
Production o, 1nb ~500 ub
Typical bb rate 10 Hz 100 kHz
. B Op/Oipe = 0.6%
bb purity 14 Trigger is a major issue !
Pileup 0 0.5

b-hadron types

B*B- (50%)
BOB? (50%)

B*B- (40%), B (40%), B, (10%)
B, (< 0.1%), b-baryons (10%)

b-hadron boost

Small

Large (decay vertexes well separated)

Production vertex

Not reconstructed

Reconstructed (many tracks)

Neutral B mixing

Coherent BB pair
mixing

Incoherent B® and B, mixing
(extra flavour-tagging dilution)

Event structure

BB pair alone

Many particles not associated
with the two b hadrons

| © IO
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Angle a from B,— 7’ " 7

= Selection based
on multivariate analysis

Dalitz plot analysis
(Quinn Snyder method)

m2(rt’r)

« Use resolved and merged n°

= Expect 14k events per year, B/S < 1

008 Inclusive bb

0.07

0.06

0.05
0.04
0.03

60

0.02

1 I-parameter likelihood,,
/ fit to time-dependent
30 ..20 -10 0 10 20 30 DdllthlOt

Combined discriminant variable 30

0.01

0

20

10

o(c)~10° with 2 fb!
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Angle y from B. =D _K

: ~ 05
» [nterference between 2 tree diagrams 3,

" insensitive to NP in Bs mixing Q025

* Measure y + ¢, from time-dependent g 0
<

rates of B, =D 'K and B, =D ;K" +cc

* Mistag from B, =D, &t ~0.25
= Subtract ¢, measured with B—J/ W@ -05 "t
,; 0.5 |
‘07025 ||
With 2 fb!, Am_ = 20 ps, = |
AT /T, = 0.1, 55<y<105°: Z 0y
~0.25
~14°
o ~0.5
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B.-B, asymmetries

after 5 years of data
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LLHCb Physics programme

*B, oscillation frequency, phase and Al
B —Dr, J/VD,T/¥n, nod

"a from B —nlr

8 with B;—J/WK as a proof of principle
mAnd B from b—s penguin

»y in various channels, differing sensitivity to new physics:
m7ime-dependent CP asymmetry of B.—~D_ K" and DK
mTime dependent CP asymmetries of Byj—mn*n~ and B, — K"K~
mComparison of decay rates in the B —DOK*0 system
mComparison of decay rates in the B-——DOK" system
mDalitz analysis of B-— DOK- and B4 — DOK™

"Rare decays
mRadiative penguin By — K* vy, B, — @y, B4, — oy
mElectroweak penguin B — K*O uru-
nGluonic penguin B, — @, B, — ®K,
mRare box diagram B,— uru-

"B, , b-baryon physics + unexpected !

18/10/2006
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Tracking

: [
Ma gnet 0
RICH1 T track
Upstream track T
y \ —-’f Long track (forward) —
— 1 ;><’/F I
) 1 [] [ [
— ‘
VELO track _ Z : Long track (matched) ~\\\
Vertex L
1T
Detector ~__
'\
Downstream track ;\_\:.‘
= EE
T1 +
12 173
Long tracks = highest quality for physics

Downstream tracks = needed for efficient K¢ finding
Upstream tracks = lower p, worse p resolution, useful for RICH1 pattern recognition
Details on tracking: C.Jones’ talk

18/10/2006
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Neutral reconstruction

Good efficiency for 7’ in B’— n* w 7°, using both
resolved (separate clusters) and merged cluster

shapes in the calorimeter (unassociated to charged tracks)
Merged cluster

Normal cluster

8D

@ bD.‘

~
2|
LS,
i

G

m -——

200

1i7s

100

pr (7% (GeVic) >

a2

Reconstruction efficiency ~53% >

Q

o
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Neutral reconstruction

Good efficiency for 7’ in
B'— " a°, using both
resolved (separate clusters)
and merged cluster shapes
in the calorimeter

5000

x 10 2§
1200 F

1000 F

800 ;
600 E
400 £

200 E

o E

a0

Efficiency (%)
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Efficiency ~53%

—_

.

4 6 g
jz (%) (GeVice)

10

.
ot

ot
.
----

"t

" Resolved m°

all 11°s

3000

2000

1000

«° mass (Mev/c2)
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Particle identification: leptons

u Efficiency = 94%

nt mis-ID rate 1.0%

Electron Efficiency = 78%

25000

20000

® Ref=117515 +- 665 evts

Sel = 114175 +- 345 evts

nt mis-ID rate 1.0%

3000 =

[ o No p-y cut
2500 F

“% * Py > 0.5 GeV/ie
>
éﬂ5000_ S
8 2000 -
?,10000:— . 4
s [ Before/after u-id 1500
5000:— 1000
T 3 305 ad AT 32 500 Pt
1 mass (GeV/c?) -
0 L 7& - : -
2 25 3 33 4 45
ete” mass (GeV/c?
Electron background: mostly secondary electrons
and ghosts, rejected by PT cut
Lepton ID: ECAL, Muon chambers
See C.Jones’ talk
18/10/2006
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Particle identification: leptons

u Efficiency = 94%
7t mis-ID rate 1.0% Electron Efficiency = 78%

N 1c= 0,
400 |- nt mis-ID rate 1.0%
i 3000 =
1200 -
- " o Nﬂprnﬂ
1000 2500 F o py>05GeVie
b L
800 [ ' 2000 -
600 |- -G
- 1500 |
400 |
- 1000 E
200 -
. 500
27 28 29 3 3.1 32 33 34 -

7&

wru- mass (GeV/c?) 0 I Y R Sy
ete” mass (GeV/c?
Electron background: mostly secondary electrons

and ghosts, rejected by PT cut

Lepton ID: ECAL, Muon chambers
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Lracking performance

op/p ~ 0.37%
.. 6000 F core 6 = 0,347 percent
,Long track efficiency vs p : o S
= - ) ' 5000
o | a) C
0951 o= - . 0o F
- 30005—
0.9 - r
00 F
0.85 1000 3
- Eff = 94% | |
0.8 (p > 10 GeV) R S 0 1
0.75 -
0.7 | I T T I SR S N l,l S S IR TN TR TR (N SR S S NN T
0 20 40 60 80 100 120 140
p [GeV/c]
On average:
26 long tracks _
11 upstream tracks i
4 downstream tracks Red = detected hits
5 T tracks
26 VELO tracks Blue = reconstructed tracks
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[ ertexc reconstruction

ts

iy
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(=]
I

Goore=168 + 15 um|

"3’120:— BS_)DSTE )i 0z=168 um

60:“

20

1 15 2
Bs vertex resolution : z (mm)

Proper time t=L xm/(p *c)

Proper time resolution is dominated4oo

by B vertex resolution
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Moass resolution

Mass of Dy —K*K

] my = 1.97 GeV/c®
I Cp. = 5.5MeV/c
2000} ~
1000}~
0

x
1.96 1.98
D, mass [GeV/CZ]
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Mass of B(—D,~ (KKmr) K*

m, = 5.37 GeV/c”
oy = 13.8 MeV/c”

42 GeV/c®
4.0 MeV/c?

N W

53 5.35 5.4 5.45 5.5,
B, mass [GeV/c ]
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LLHCb Physics programme

___ﬁ_

B) — J/W®D,J/¥n"

O —=m'n” and B! — K"K 3 andy

B; — DK*

B} — D°K* } Y Rare decays

= Radiative penguin e.g. By —=K*y, B, = dy
= Electroweak penguin e.g. By — K*0u+u-

" Gluonic penguin  e.g. B, = ®®, B, — OK|
= Rare box diagram e.g. Bi— wu-

B production ,
B. , b-baryon physics
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y from B — DK, ADS method

Rates depend on 5 parameters: g, vB, dD
rDkp (magnitude of the ratio between two D decays)
dDKp (CP conserving strong phase difference)

K 7t)pK™) o 1+ (rerp™)® + 2rprp” cos (‘53 05" - 7)

(1) ~30k
K7 )pK™) «x rg + (7%'”)2 + 27prsT cos ((53 + 08T — 7) (2) ~1K
(

3) ~30k
I'Bt - (K 7")pKh) « r% + (7{3”)2 + 27BrST cos (63 + 08T + 'y) (4) ~1k
.
For 2 fb-1 50 times more than
B-factories

Suppressed rates (2) and (4) have O(1) interference effects since rB~rD
so particularly sensitive to g

Relative rates more unknown than equations
Use other decays e.g. Kppp or KK,pp
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B mixing: Am,

B, — D o*

Distribution of unmixed

CDF :Am_=17.33"3 007 ps

D0:17 <Am <21 ps’ @90% c.l. sample after 1 year (2 fb~1)
e A LHCb
LHCb: g LAY
Measured using B, = D 7+ 200— 4 W oqf
80K events in one year, o
B/5<0.3

High precision expected
in one year:

Tai(Am)~0.01 ps™!

Very good resolution for oscillations,
so we can measure CP asymmetry in Bs system
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Measuring y : B* 2 DK’ 1T )K*
Giri, Grossman, Soffer, Zupan (PRD 68, 054018 (2003))
= Use three body Cabibbo allowed decays of the D%/D?
m BR(D’ 2 K7 )=(5.97+0.35)%
= BR(D" 3 K* m)=(3.9+0.3)%, BR(D" > K, p)=(1.55%12)%...

m Large strong phases between the intermediate resonances allow the
extraction of 5, 0 and y by studying the Dalitz distribution of events

jE;O

. 2
A = f(m2 )+, f ()

A" = f(ml,m?)+re’ " f(m?,m?) £

m = K mw* invariant mass :
where : it

f(mZ,m?) Dalitz amplitudes

_O
(5]
LI [ T

v by v by v by by by Ly
0.5 1.5 2 25

| A7 =l f(mZ,m)) [ +ry | f(my,m2) [P +2r,R(f (mg,m2) [ (m2,m})e" ™)
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Dalitz model

" B factories consider 16 resonances + non resonant component

" At present dominant systematic error of 11° from model
uncertainties

= Scope for improvement:

" Alternative fit to Dalitz plane with full partial wave analysis
of non-resonant component

" CLEO-C and B factories will improve statistics to measure
the Dalitz plot

" Use model independent binned technique - loss of statistical
power

s CLEO-C correlated data could be used directly in a model
independent binned treatment

18/10/2006 50



Measurmg Y from B-factories

’F .74 ‘_ BiB4R F e, B4BA4R
m?2 =F o e I reman) hep-ex/0507101
- C ! 4‘ e, . = * e e -~
RTINS B+ R P B- ,
N S AR AR D* and D combined
[ SRRt N i S o
] R - Mevo L TS
5 12 15 2 o zi;néﬁ 0 s - S = y o ;ik,zg
m. =m(Kr m. =m(Kr
by M= mKGT) 2 = m(Kim")
Y = 67°+28°+13°+11° =0.05+0.11
: 5 (:j: f " BABAR E
Exp. systematic Dalitz Model error O premen 3
40?— O(Y) VS I‘B —i
Belle: PRD 70, 072003 (2004) WE E
20 3
Y = 68°+14°+13°+11° r,=0.21+0.08 0 E
K Y Y E R R SR
At present typical event yields / experiment ~ 300 E
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BT 2 DY(KVTT" 1T )K™ : Dalitz plot

"Regions of the Dalitz plot
with the largest interference
are most sensitive to y
*Need good understanding
of Dalitz amplitudes

=Use 1sobar model from
Belle/Babar with:

N ) .
f(m:,m’) = z a.e” A,(mi,m?)+be”
7=1
Breit-Wigner + non-resonant

B simulated with y=64.7°, 6=150°
, 1,=0.16
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Annual yield: B* 2 DK’ m)K*"

= Acceptance studied with phase space o | _
MC o o(D)~7 MeV
£, =0.10% oA |
(selection + LOLI trigger = 5.8%) ol
® Luminosity = 2 fb’! wf
H BR(B—I— 9D0 (Ksn.—l—n.-)K—i—) — 7 5 X ] 0-6 9600 1630 1700 1750 1800 1850 1900 1%3%?2?3})5&%00
éoo} ]
" Expected ~6000 events/year il !
. . . . o(B)~15|MeV
not including High Level Trigger .
efficiency (or > 1300 including it) |
" (0.5<B/S<32 @ 90%CL

i P PP a o ol P= I TN U S RPN N VR S U R
2050 5100 5150 5200 5250 5300 5350 5400 5450 5500
B Mass (MeV)
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B* - DY(K’K*K)K*

s Same method works for D! 2 KKK~
decay

® Reduced BR:

BR(D’ 2 K'K*K") =(1.03%0.10)%

" But less background because two 0 4
more particle identification , i

constraints from RICH should ol l

substantially reduce background -
also narrow phase space

" Acceptance evaluation in progress
" Dalitz model has fewer resonances (¢,

a,) but complex threshold effects (Babar
hep-ex/0507026)

" Separate study of sensitivity is
necessary
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