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Precision B Meson Physics as Probe for New Physics in Loop-Processes:
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Box Diagrams (Oscillation) Penguin Decays

Popular New Physics Scenarios: SUSY, Little Higgs Models
‘ Deviations from Standard Model predictions

Complementary to direct New Physics searches by ATLAS and CMS



Examples from the past

GIM Mechanism

Observed branching ratio K—puu

BR(K, > u'u’)
BR (K, — all)

- (7.2+0.5).10 °

In contradiction with theoretical
expectation in the 3-Quark Model

: 1

Glashow, lliopolus, Maiani (1970):

Prediction of a 2" up-type quark,
additional Feynman graph cancels
the “u box graph”.

sing,

M ~sinf, cosé,

M ~ —sin6, cos 6,



More Examples

ARGUS Experiment, 1987

Observation of B%-B° Oscillation — m, > 50 GeV
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1. Interpretation of precision measurements (CP asymmetries, charge
asymmetries, branching ratios) requires good understanding of the
“old physics” (Standard Model).

2. Nobel Prizes are generally not awarded for “"dubious” conclusions
from precision measurements.

Go to ATLAS and CMS ? But are all questions solvable ?

3. New particles / signatures found with ATLAS and CMS must interact
with existing particles: What is the flavor structure of NP ? What are
the coupling of NP ?

4. Particles at ~1 TeV scale are difficult to be directly observed

Wait for new collider ? Exploit the B Physics Potential of LHC !



Theoretical Introduction

* Quark Mixing and CKM matrix

* Mixing phenomenon

« C, P and CP Violation

» CP Violation in the Standard Model

» Standard Model and Baryon Asymmetry in the Universe
» Measurement of CP Violation

« CKM Metrology

« Rare (Penguin) decays



Quark Mixing in Standard Model

Standard Model Lagrangian:
Yukawa coupling between fermions and the Higgs field

 Massive fermions m; ~Y,-v / \2

Spontaneous symmetry breaking == £, qyarks: mass eigenstates different
from weak eigenstates

\

/d’ /Vud Vus Vub\ d

S'"|=| Ve Ve Vo |-|S J Vud Y
b') Ve Vs Vu) (b, T
weak CKM matrix mass : W
Charged currents: d" ! d
Joc (e )(1-74) 7, | 8 < (UGt (1-75) 7, Vexkm| S
b’ b



CKM Matrix

complex, unitary 3x3 matrix:

d S b
(" (d)
S| = S
0’ \b)

4 real Parameter = 3 Euler-angles und 1 Phase

Wolfenstein 1_’1_2 A Q\f(p —ifs
Parametrization 2

Vekm = ) 1- - AX ||+ 0(14)

[Aﬁ3(1—,0—i77) -AZ (1 ]/

=

A, A p 1

A =sinB~ 0.22



Quark Mixing and Flavor Oscillation

Vid Vio

—_r ’b Flavor states B® and B°
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«— - «——g Mass eigenstates B, and B,
Vio Vi

Mixing phenomenology decribed by

i * I *
ii(Boj:H(BOJ:(Hﬂ H21](BOJ=(M—L.F)(BOJ: m11_§r11 m12_§r12 (BOJ
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Diagonal elements: |w(t)) =|w,)-e™™ -e 2 Off-diag elements: mixing
H.,=H,=H M and T hermitian: 2 :n:’m
L, =1},

CPT = m,=m,=m

I, =T,=r Mixing phase ¢= arg(m,,)



Flavor and Mass Eigenstates

— Diagonalizing Hamitonian:
Mass eigenstates
B )= p‘ BO> 7

BH> :P‘BO>—Q

E> withm, I,

E> withm, T,

‘p‘z +\Cﬂ2 =1 complex coefficients

Flavor states l
1

B°>:2—p(\BL>+\BH>)

§O> - 2_1(7(‘ BL> _‘BH>)

Parameters of the mass states

my,, =m+Re,/H,,H,,

I, =T F2Im,H,H,,

Am=m,—-m, = 2Re/H,,H.,,
Al = T,- I, =-4ImH,H,,

Neutral B mesons

Am, =0.502 +0.007 ps~' (PDG)
Am, =17.78 £0.12 ps~' (CDF)
AT /T <0.07 (90% CL)

AT, /T, =0.09 £ 0.64 (Moriond0Q7 )




Mixing of neutral mesons

P(B" > B")= P(E — E) = % [e_m e 120" og Amt]

CPT
- 1 2
P(BO L B° )= Z q [e—nt e 26—(FL+FH)I‘/2 cos Amt] Am =m,, —m,
p
- 1 2
P(B" »>B")=— P [e_nt e _2e 2 oog Amt]
q

=1

CP, T- violation in mixing: P(BO _>E)¢ P(E _>B°):>‘ﬂ
p




B%-B? Mixing

12
. P(B" > B)=tTe™ (1+ cos Amt)
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Standard Model Prediction
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B9 Oscillation
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Am, =0.506+0.006+0.004 ps™' =

B
(BABAR mean value March 2006)

BO-B° Am,=17.77£0.10(stat)=0.07(syst)ps" ~ =
B

(CDF Collaboration, September 2006)



Discrete Symmetries

Charge conjugation C n N . e” e
Particle < Anti-particle Yy o>y

Parity P o
Y ¢
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Time inversion T
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Weak Interaction: P, C and CP Symmetry

While the weak interaction violates C and P maximally, CP was thought to
be a good symmetry until 1964, when CPV was observed in K decays:

Small (10-3) effect !



CP Violation in B Meson Decays

Summer 2001 B°(§°) S JIyKy
© 60 F
7 -
CP Violation in B decays: S 4ol
o
At} MB° - () -T(B° > N)() 20|
FETBY > () +T(B° - f)(t) :
—_ 0
CP Asymmetry ,,70 % effect” %
BR ~ 4x10- =
E 0.20}

0.10}
CP violation is observed in many B

decays with loop-contributions but
also in tree-dominated decays.




CP Violation in the Standard Model

Quarks ' |
b)) Mg Vis Vip Ab

_____ CP=—————
Anti-quarks: ~ Vi,  :
d \K/‘/t
W

CP Violation < complex matrix elements



Unitarity Triangle

V:d V::kd V;kd Vud Vus Vub 1 00
V:s V?s V;ks Vcd Vcs Vcb =({0 10
\ :fb ?b ;kb J \ th Vts th / \ 0 0 1 y

=V Vit Ve Vo t Vg Vi, ' = 0

Unitarity triangle ,,bd* CKM Phasesbe
v

(1 1 &™)

1 1 1

e 1 1

(071) \ tld )

+O(l4)

CP Violation if Triangle has finite area !



Standard Model & Baryon-Asymmetry

Explains the Standard Model the Baryon-Asymmetry of the Universe ?

Sacharow Conditions:
« Baryon number violation
« C und CP violation \§°

* Deviation from thermal equilibr. \&0

« CP Violation in quark sector by faktor ~101% too smaill.

* ForM > 114 GeV: Symmetry breaking = 2"d order phase transition

Higgs

Attractive: SUSY extensions of the Standard Model
 Additional CP Violation

- extended Higgs-Sector— strong phase transition

Alternatives: Lepto-Baryogenesis



Measurement of CP violating Phases
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CP

A” = A2 1 A2 A” = A2 + A2
+2AA, coS(dep + ) +2AA, cos(dp — )



»,Golden“ Decay B'—J/yK,

0 o
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»,Golden“ Decay B'—J/yK,

B > J/yK, Cp> B° > JlyK,
Nep=-1

JIy K,
r'B° - Jly K )(t) £ I'(B° - J/y K )(t)

I'(B° > JIyK){t)-T(B° - J/wK)(t)

— = sin23 sin(Amt)
I'B° > JIwK)t)+T(B° > J/ywK,)(t)

ACP(t) —



CKM Phases from CPV in B Decays

Im &

CPV:B’ DK DK, Kr,D
B -»DK,KK

Over-constrain the
Unitarity Triangle !

ICPV: B —J1yK))

,Golden channel*

Very rare decays — several 10° B mesons necessary



CKM Metrology
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CKM Metrology
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CKM Mechanism is primary source of CP violation in quark sector.
Test of New Physics needs high precision measurements of a,p y.



Further New Physics Searches

CPV in Penguin suppressed decays:
B°(B°) - ¢K,

B?(ESO)—>¢¢ BR ~107° (visible)

B, mixing diagrams (non SM phases):

By(BS) > Jly ¢
BR ~3x107° (visible)

Rates of rare decays:

B® — K%y

0
Bsy— uu  BR~10°

Pinguin-Graphen




B Physics at the LHC

=3 Experlment

i

B Prodéutlon at LFIC
pp '__@_ 14 TeV 5 oy~ 500 ub

;r-:‘.x = S

40% BB, 10% B, 10%b baryons

“but 40 MHz IA rate o, ,~80mb

inel




B Production at LHC

parton 1 parton 2

LHC @ (:) -
- pp collisions at Vs = 14 TeV /b
Ginel ~ 80 mb ) Boost v
{be ~ 500 pb " /
» Forward production of bb, correlated bb production:

+ for L ~2x 10%2cm-2s-! (forward)
(defocused beams at LHCDb IP)

- -l =y
-l - K
-

- T

~10"2 b b events/yr produced

LHCb

» Single arm forward spectrometer
12 mrad < 0 < 300 mrad(1.8<n<4.9)




B Physics & LHC Detectors

ATLAS/CMS: 5 S e T BT R
« optimized for high-pT discovery physics Bop
- central detectors, |n|<2.5 S 2| ATLASCuS o
* B physics using high-pT muon triggers, SR 100 . HE
Purely hadronic modes triggered by - K o
“‘opposite” tagging muon 0 3 230 pb
+ aim for highest possible luminosities: e
expect L<2x1033 cm—2s-1 for first 3 yr —» n=5 ISR __.
(afterwards L~ 1033 cm—2s-1 — n=25) R T s
eta of B-hadron
LHCb: n = # of pp interactions/crossing
 designed to maximize B acceptance 2 — T E
 Forward, single arm spectrometer, 1.9 <n <4.9 % osl 1=0 0 S| 12
(bb pairs correlated, mainly forward) g | L | %
» Excellent vertexing and particle ID (K/m separation) 0.6+ : 1<
* “lower” pT triggers, including purely hadronic : >
modes, very flexible 4 K ]
« Luminosity tuneable by adjusting beam focus: 02] n= 2 ?
run at L ~ 2x10%2cm=2s~" — n~0.5 | /% A
10”! 10 10>

Luminosity [cm-2 s-1]



Typical Event

pp interaction
(primary vertex)

« Decay length L typical ~ 7 mm
» Decay products with p ~1-100 GeV
« Trigger on “low p,” particles (similar to backgr)




Typical Event

Simulated Event

-
2]
LA |
. I |

L

b

b

i

-,
i B = =
e e e B ——— ——

e T

]

all
25 ns




LHCDb Detector

Acceptance: 15-300 mrad (bending)
15-250 mrad. (non-bending)

Muon System

Tracking stations
(inner and outer)

¥ 4
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Je—
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LHCb detector

Forward spectrometer (running in pp collider mode)
Inner acceptance 10 mrad from conical beryllium beam pipe



LHCb detector

A
y

S5mt— /

—S5m —

Vertex locator around the interaction region
Silicon strip detector with ~ 30 um impact-parameter resolution



Vertex detector

21 stations w/ double sided silicon sensors
* micro-strip sensors with r¢ geometry, SN 60 mrad

- approach to 8 mm from beam U AT

(inside complex secondary vacuum system) || [[[[[[[TII11111 | |11 "™

. light layout niEF %




Vertex Reconstruction

B,>D,(KKn)n

TC+
(—) 440
B/ D + / =
/ K
[ 144 um mt
47um <L> = /mm Proper time resolution

1 £ (a) | Cre=42t5fs
| 0 S
~100 BS —> DS T

L _ Cﬂ]/t — 80;_ o~ 42 fs

Life time information is used in the trigger ! 20

1 a - L
-1 0.5 0 05 |
Proper time resolution (ps)



LHCb detector

Vertex
Locator _ [

—5m

Tracking system and dipole magnet to measure angles
and momenta

Aplp ~ 0.4 %, mass resolution ~ 14 MeV (for B, — D.,K)



Main Tracking Stations

Inner Tracker: Silicon sensors T1 12 T3 \
19.8 A

{ 1.3% area
20% tracks

218
414

36,35 52.9 36.35

[ =l Be{an B

" 1256 a

Cross to optimize occupancy for OT

OT occupancy
average 4.3 %
top 5.4 %
corner 6.6 %
side 6.3 % 264 Module




Outer Tracker

Straw tube drift chamber modules 102,5um
Cathode

Kapton100XC10e7 Aluminium
25um 12.5um
Kapton160XC370
40um
adhesive adhesive
10um 15um

Straw tube winding:

Lamina Dielectrics Ltd.




Outer Tracker
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LHCb detector

Sm—K/ SP

Vertex

—5m

Two RICH detectors for charged hadron identificati



RICH = Ring Imaging CHerenkov Detector

. Cherenkov Radiation
RICH detectors are the specialized
detectors to allow charged hadron ////
(w, K, p) identification. if 5> c ¢ {’///
n " N /s
- "'\-\
Important for B physics, as there are AR \{//
many hadronic decay modes W e ﬁ,,@:j:\\‘
eg.. B.—- D, K"—- (K" Kn)K* P
O B DK = 1T cosd, = Y(pn)
Since ~7x more © than K are produced in R
pp events, making the mass combinations - - prtee
would give rise to large combinatorial Ring Imaging
background unless K and & tracks can be i riveor
separated phato o \\ \ G, gusradintor
/ C\ ? D qC:\i ﬁ photon detector
ogp—"\)
// L C,E, tqud radistor
R'm/g radius - 0. — 3




Particle Identification

- 0. max
Photo Detectors e 242 mrac I: \
Aerogel
200 ed
00 mtad ) Z CF, gas
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erogel 15 Mciryg [ Mirror g wol full momentum range 120 mrad
i :“ /.| Beampipe E | ' Beam pipe
7| B e Track 100 1
VELO exit window fic ; !,;, : Spherical mirror
50 i - 53 mrad Flat mirror /
Plane i e 32 mrad
Mirror I :
0 i L
! .. . m— s I: ’ Photodetector
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Radiator: o0l o L \. _ e 0 11 12m

Aerogel n=1.03 %

[ Radiator: CF,
CsFio  n=1.0014 >

n=1.0005
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Particle Identification

Photo Detectors

300 2
HEL _
Aerogel | Spherical
| 41 = TC4F1p =& Mirror
s = /|~ Beampipe
7\ U g Ty, Track
VELO exit window K -
Plane
Mirror

Radiator:
Aerogel n=1.03

C,Fio  n=1.0014

Efficiency (%)

"'U

80 |
60

40 |-

o "*“#ﬂ## i

K—=K

e (K2>K) =

e (m2>K) =

n—K

mﬂmﬂ

ﬂH
88‘7

3%
woauw‘b (N M@ﬁ%ﬁ

J —1(1' {1(l

Q(l IU()

Momentum (GeV/c)

Flat mirror /

10 11

Radiator:

CF, gas

Beam pipe

Spherical mirror

Photodetector
housing

CF,

n=1.0005



Background suppression with PID

No RICH With RICH
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LHCb detector

T
L/ I
5m SPD/P, HCA
Magnet CAL
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—5m —

Calorimeter system to identify electrons, hadrons and neutrals
Important for the first level (Level 0) of the trigger.



LHCb detector

M2 \ O\
SPD/PS pear - - \ \
T3 RICH2

ECAL \ \
M1 '

Vertex

—5m |—

W
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8
>
8
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8
NOY

Muon system to identify muons, also used in first level (LO) of the trigger






Trigger Level-0

MAGNET

Calorimeter
Muon system
Pile-up system

Level-0 Hardware: (4us) PC Farm:
40 MHz q High p; u, e, h, v signatures ‘1 MHz ‘ Higher Level Trigger
1.1, 2.8, 3.6, 2.6 GeV (full event info)




Higher Level Trigger

1 MHz
. =

Higher Level Trigger (Software)

Stepwise event reconstruction:

« Confirmation of trigger signature
using tracking chambers

« Secondary vertex reconstruction
 Full event reconstruction

HLT rate
200 Hz

600 Hz
300 Hz
900 Hz

- =

LO, HLT and LOxHLT efficiency

N00
>

TR ‘

2 KHz Storage (event size ~ 50 kB)

Event type
Exclusive B candidates

High mass di-muons
D* candidates
Inclusive b (e.g. b—p)

Calibration
Tagging
Tracking

PID
Trigger

X EL S 8¢ S X DL
0O 0o t&/g”’ifigi
3337

S233F

5553

S

~

-

Physics

B (core program)
Jhy, b—>J/yX (unbiased)
Charm (mixing & CPV)
B (data mining)

J/b(ee)ks

FivivAn




Necessary Tool: B Flavor Tagging

A - Signal B (same side tagging)
-BO/  Fragmentation kaon near B,

TR R Tagging B (opposite tagging) | - pilution
* lepton form
N " oscillat
« kaon oscillation
g+ it BO
* Vertex charge '
J
Mistag rate
v
Tag E1ag (%) | w(h) | £y (%)
Muon 11 35 1.0
Electron 3) 36 04
Kaon 17 31 24
Dilution D=(1-2) Vertex Charge 24 40 1.0
, _ Frag. kaon (By) 18 33 21
Effective Tagging Power :
_ D2 Combined B? (decay dependent: ~4
Ceff” “Tag Combined B, trigger + select.) ~6




LHCDb - Expected Physics Performance

* sin(2pB) - the reference measurement
= B, — mixing
e Am, with B, > Drt
e h, and A’y with B — J/yd (1)
= Measurement of y
= Rare decays
« Bl — utw

* Exclusive b —» s uu-



sin(2p) in B'—J/yK,

* sin(2f3) will be measured very
precisely at e*e- B factories.
Expect. for 2008: o(sin23)~0.02

* Not a primary goal for LHCDb.
Measurement will serve as
reference:

Acp(t) =

N(B® — J/yK)(t)-N(B° - J /1w K,)(t)

N(B® - J/y K )(t)+N(B® > J/yK)(t)

= sin(¢y + @y, ) Sin(Amt)
= sin2[3 sin(Amt)

2 fb! (1yr)

[ 245k events k
(background 1

subtracted)

Proper time (ps)

= O at(SiN2P) ~ 0.02
(for 2 fb-1, 1 yr)



sin(2B) in Penguin Decays

B°(B%) > ¢ K°
Standard Model SUSY contributions
>
b m S S
= = ¢ 0
KO
d
Acp(t) = sin2B sin(Amt) Acp(t) = sin 2B .sin(Amt)

=sin2B(J/y K,) . SIN 2P



LHCb Measurement of Penguin Decays

sm(ZB ) = sin( 2¢fff) HEAG

PRELIMINARY

0.68 £ 0.03

e st
0.50+0.21 + 0.06
0.39+0.18
Y 055+0.11+0.02
0.64 +0.10 + 0.04
0.59+0.08
— 0.66+0.26 +0.08
0.30+0.32 + 0.08
0.51 +0.21
Y 0.33+0.26+0.04
0.33+0.35 + 0.08
0.33 + 0.21

0.17 £0.52+0.26
0.17+0.58

0.11 +£0.46 £ 0.07
0.48+0.24

0.62+0.23
0.18+0.23+0.11
0.42+0.17

-0.84 £0.71 £ 0.08
-0.84 £ 0.71

941+018+007+011

A e BaBarQEB-
v Belle

! 0.68+0.15+0.03 %)%}
i 0.58 +0.13 743

L. Average :

-2 -1 0 1 2

Experimental status (2006)

* sin(2p) in penguin decays always
lower than sin(2p) in BO—J/yK,

» Statistics ? Need more data !

LHCb:

o(SiN2pB) =0.12...0.18
(10 fb-1, 5 yr) ~4000 evts

Similar:;

Acp(Bs — ¢9):
~ +0.04

i~
[

Pa )

-

&Q o~

/{—

La| T

. X

=

Sl;  Ostat ™
5

r
el



Second triangle accessible at LHCb

/Vud\ Vus (Vubw\
V — Vcd Vcs Vcb
\Lth) VtS thJ/

\

”bd“ Vud Vuz + Vcd ch T th Vt; — O \
AP (p+in)— AL + AP(1-p—in)=0

.
,,tLI“ VUZ th + Vui‘ Vts + Vuz th - O /\

AP(1—p—in)—ALX + AP (p+in)=0

) Same triangle !



Different in O(1°)

ubd“ utu“
VieVio + VgV + VgV =0 VieVig + VisVis + ViV =0
Al (p+in) —AX +Ar(1-p—in)=0 AR(1-p—in) —AX +ALl(p+in)=0
—%A/15(p+i77) +%A/15(,0+i77) —A/15(%—(p+ir7)) +A/15(%—(p+i77))
+O(1) +0(1")

B

- :1$RE

TR

n=n-(1-—=) p=p-(1--2) Ay=y—y'=p'-f~=002 3
Very small in SM



Vis Vio
—rr—r— S
S : t : d( SJ H (Bg my EFH My, Enz [BS]
= _ _ At RO |~ 0|~ i =
b+t 1 S aHBs 5; My, ——T My ——Ty 5,
«—'——'—
Vio Vis
Am:mH_mL m_ér _ et Am—;AF/Z
=Iy-1I H= . ,
| _e_i¢s Am —iAl' [ 2 m—LF
‘ ‘ e_’¢s 2 2
(if CPVin mlxmg is ignored)
B, B,
Am=m-m, 0.5 ps 17.8 ps
AI'=T -1, O(0.01)-T' O(0.1) T In SII\I/I
X X small:
Ps g arg(VypViy) =25 arg(VyVis) = 24y 0.04




Measurement of B, Mixing

B, oscillates about 26 times until it decays:
need excellent proper time resolution to
resolve the mixing. LHCDb: 44 fs

B, mixing has been observed at Tevatro

Observation of B, mixing is basis for time
dependent CP asymmetry measurements.

B.—»D.n

Perfect reconstruction
+ flavour tagging

+ background
+ acceptance

(7))
*%‘ 600 2 fb1 (1 yr) of data
T
400
200
N
0 1 2 3 4 5

Proper time (ps)

LHCb expects 80k B,.—»D r events in 1 yr

56 measurement w/ less than 1 month of
good data possible !




AT’ and B.—>J/yd

As ¢, is small in the SM (0.04):
Mass eigenstates are CP eigenstates 7, = 1/, T =1/Ty
CP(B,))=—[By) (CPodd)
CP(|B.))=+B,) (CPeven)

Ly = 1oga
FL re ven o - Proper tume I 5000
B.(B,) > J/y¢
~ B _a\L
5 - C Ny e CP(J/wgp)=CP(J/y)CP(g)(-1)
< ¢ > L=0,2 — CP even
S ﬂg O oot L=1 — CP odd
_  Final state is mixture of CP even/odd.




Interference between Mixing and Decay

|
)
(o)
ol
<

I'(B, /By > J/yg)="1(6,.4,,0,)- 6"
+1,(0,,4,.6,) e
+15(60,,6,,6,)- (67" —e™'')-sin g
+f,(0,,4,.0,) -7t -sin(Am,t)
+ (0. 4,,0,)-€ " -sin(Amt)sing,

Simultaneous determination of AI" and ¢,
Measurement possible as tagged and untagged analysis!



Expected Constraints for ¢,

Expect 130k recon. B(—»J/y¢ events/yr
&oi=1.6%, B/S<0.1, 6,=37 fs, eD?=5.5%

¢, =-0.2 rad
(2 x SM value)

+ wrong tag fraction
&

proper time resclution

Rates with resolution and acceptance
TTTT [ TT I T [T T[T T T [ TTTT[TTTT[TTTT]

Proper time [ ps ]
. - a
d Red solid line : tagged as initially B,g
0 Blue dashed : tagged as initially BE

Expectation: Ogi(Sing,)=0.02-0.06
Ot (AT /T) =2%

Constraints on new physics

Am_ = (1+h, exp(2ic,)) AmZV

S

e In April 2006,
E including CDF's
140 first measurement
20 3 of Amyg
“lw—_
&0 —
“ | >90% CL
1038 >32% oL
- #5% CL f5m hep-ph/0604112
D I|I|||II||I|I|II|I|I|I|||II|J|I|I|
L 05 L3 2 25 35
h

After LHCh measurement
of ¢, with o(¢,)= £0.1
(~ 0.2 fb-1)




Measurement of y with B—>DK decays

Gronau and Wyler

e >
< S
b VCb c
B_O ODO CKM +Color
U suppressed
Interference = direct CPV (i.e. in decay) = vy
In lowest order, there is no loop diagram !!
LHCDb
(2fb") N
ADS Method (Atwood,Dunietz,Soni) (y)=50
B:t—DOK: w/ DO—>[K*r] & DO—>[K-n*] e
Dalitz Method (Giri,Grossman,Soffer,Zupan) Studies ongoing 2007
Bt—DO%K* w/ DO—[KO n*n] ol o(y)~20°
Dunietz+GW Method (Gronau,Wyler,Dunietz) o(7)~8°
BO—D0, K*0 w/ DO, -K*K- S
e




Measurements of y with B, decays

Feynman tree diagrams Interference between direct decay
<u K* and decay after oscillation
5
L — RO DK’
S > S Ds_ g7
C 0]
P‘\N\<§ O ot \ o7
b —s u -~ 5 e
g 2 > S K Bgo(t)/ > DS K

Time dependent CP asymmetries in B.—»D_K

m Measure y + ¢, from 4 time- ~ 05
dependent rates: = B.>D K- H | ‘ H
B.>D.-K* and B,—>D_*K- el (I |
(+ CP-conjugates) @ 0 N\ YA "\ |
— strong phase difference o - il “ ' , } }
—0.25 f
= Use ¢, from B—J/y Il 5 yrs of d#ta Am =20
_0.5_ """""""""""" oo
- a(y) ~ 13° (2fb-! 1yr) 0 0.5 ! 1.5 ) 2.5 3 35 14
t [ps]




LHCb Measurement of CKM Angle y

y from B—>DK at LHCb (10 fb—1)

= Fur | =" T Y =
1 4 I

i | L Vo loops
: ; / (2006)
0.5 4 0.5

0 o~

Two possible scenarios




CKM Metrology and LHCDb

Summer 2006 LHCb at L=10fb-"

o(p) p =17% o(p)/p = 3.5%
o) =47% oc(M)/M =1.7%



Rare B Decays B, ;—upu

SM Branching ratio:
BR(B,—p*u) = (3.5+0.9) x10-°
BR(B;—M*H) = (1.0 £ 0.5) x10-19
Limits from CDF+DO0: BR ~ 1x10~/

LHCb Mass resolution Amwz18 MeV

= +

S —e——-—--=-- ——
W
t“ "V
b ——d - W__ ——
s [T
i zD
wi
t
b w

Large contribution from SUSY
b MSSM

u+ 1\\\i\\\i\\\i\\\i\\\i\\\i\\\i\\\i\\\i\\\
o 1 2 3 4 5 6 7 8 9 10

Integrated Luminosity (fo""}

HY/A®

2fb-'= 3o evidence of SM signal
w 10 fb-' = >50 observation of SM signal

wl
H
—
[\
=
o
==




Rare B° —» K*utu~decays

K

SUSY II (C,>0, Cy5~0)

s), theory -

T SUSY 11 (C. <0, G, >0) -

- S~ SusY Il (C, <0y

SUSYLII(C,»0) ===

\\\ -— SUSY I(C,<0) 7

s —

—

-0.21—

04—

4 6 8
s =(m,)? [GeV?]

In Standard Model:
Suppressed by loop decay: BR ~1.2x10-

Forward-backward asymmetry A-g(s)
In the pu rest-frame is sensitive
probe of New Physics

<ﬂ
s ﬂ

04—

Acg(s), fast MC, 2 fb

A

-D.E I T T T T T A T T



LHCDb - Conclusion

LHCD is a dedicated experiment to exploit the
enormous B production rate at LHC: excellent
vertexing and PID, good tracking, flexible trigger.

Precision measurement of loop-suppressed B
decays at LHC opens a window to look for New
Physics.

This approach is complementary to the direct
searches of New Physics at ATLAS and CMS.



Channel Yield B/S Precision
B, —» D, K" 5.4k <1.0 aly) ~ 14°
Ba—mT m 36k 046
aly) ~ 4°
Bs = K K™ 36k < 0.06
0 «0 34Kk, <0.3, <17, ‘
Y Bs — D" (Kn,KK) K 05k 0.6 k <14 a(y) ~ 7°-10°
B~ —= DY (K" K n) K~ 28k, 0.5k 06,43
i oL o(y) ~ 5°- 15°
B =D (KK, nm)K 43Kk 2.0
B~ — D (Ken™n) K 1.5 -5k <07 o(y) ~ 8°- 16°
By— " n? 14k <0.8 o(o) ~ 10°
o + 0 + — 0.0 y
B—opppp.pp 9k, 2k, 1k |, <5, <4
B By = Jhy(up)Ks 216k 0.8 o(sin2p) ~ 0.022
Ams B =D 1 80k 0.3 a({Ams) ~ 0.01 ps™
Bs Bs —}._I.."Ur_-'(:!_u[}q] 131k 0.12 a(ds) ~ 1.3°
B: — |.l+_Ll_ 17 <57
Rare By — K*j _Ll+lLl_ 7K 0.4 U{C?Ef:_-"(:ge:f) ~0.13
decays | g, _ Ky 35k <07 o(Acp) ~0.01
By — b7 93k <24
charm | D*" - DY (K" )n" 100 M




