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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu”
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
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Charm discovery

Prog. Theor. Phys. Vol. 46 (1971), No. 5

A Possible Decay in Flight
of a New Type Particle

Kiyoshi Niu, Eiko MIKUMO
and Yasuko MAEDA*

Institute for Nuclear Study
University of Tokyo
*Yokohama National University

August 9, 1971

1971
emulsion exposed in
a JAL Jet cargo plane

one event of
X — 7’ + one charged hadron

hypO . J-leJ-':charged J'Eop
(s) 2.2x10714 3.6x10714
M(GeV) 1.78 2.95

Possibly, the first observation of D—KmntV decay in 1971

More established discovery was c-¢ bound states in 1974
by J.J. Aubert et al. and J.-E. Augustin et al.
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; —=u+u”)
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; —=utu”) = charm mass ~1.5 GeV/c?
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Br(K'—utu) = F(m,,...)  Amy = G(m,,...
Gaillard and Lee, 1974
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu”
Amy and Br(K; —=utu”) = charm mass

CPV 1964, ] H. Christenson et al., Br(K% —mx*n") = 0
Pi- =Dy T Py m(J‘l:"'J'lj_) < mg

0 = angle between p,, and p,

= SU(2) doublet structure (GIM)

484 <m* < 494
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; —=u+u”) = charm mass
CPV 1964, ] H. Christenson et al., Br(K% —mx*n") = 0

Superweak theory by
L. Wolfenstein, 1964

Introduction of the third family
by Kobayashi and Maskawa, 1973
(before the charm discovery)
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; —=u+u”) = charm mass
CPV and very suppressed B—utu~ = third family with top
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; =utu”) = charm mass

CPV and very suppressed B—utu~ = third family

Amyg = top mass
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History of m,
UAI, 1984
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History of m,

UAL, 1984 ARGUS, 1987
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History of m,
UAI, 1984
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; =utu”) = charm mass

CPV and very suppressed B—utu~ = third family

Amyg = top mass
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; —=u+u”) = charm mass

CPV and very suppressed B—utu~ = third family

Amyg = top mass

before observing directly ¢, b or t
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; —=u+u”) = charm mass

CPV and very suppressed B—utu~ = third family

Amyg = top mass

and v oscillations

Discovery of v: 1962, Lederman-Schwartz-Steinberger
Neutrino mixing by Maki-Nakagawa-Sakata in 1962
introducing v; =V, €080 + V,, Sinod
V, = =V, Sind + v, c0so
NB: one year before the Cabibbo mixing,

12 years before the charm discovery
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; —=u+u”) = charm mass

CPV and very suppressed B—utu~ = third family

Amyg = top mass

and v oscillations

v oscillations now seen by, Davis, KAMIOKANDE, IMB, SNOW
MACRO, KamLAND, T2K, MINOS...
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Flavour Physics

Excellent track record to probe high energy scale

Very suppressed K; =utu” = SU(2) doublet structure (GIM)
Amy and Br(K; =utu”) = charm mass

CPV and very suppressed B—utu~ = third family

Amyg = top mass

V mixing pattern = may be heavy neutrinos?

13 May 2008 Frascati Spring School 2008 T. NAKADA 23/82



Thoughts on Flavour Physics Experiments

General observation

Hadron machines have been “discovery” machines,
e.g. charm, beauty, W, Z, and top

CP violation 1n the kaon system mainly studied at hadron
machines

plus some contribution from KLOE

Charm mesons have been successfully exploited by
both fixed target hadron beams and e*e™ storage rings.
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Fixed target charm experiments

Important breakthrough 1n the middle of 80’s:
large number of fully reconstructed D mesons
from the hadronic decays

using
Si micro-strip vertex detector and open trigger

O .
o ~ 10

melastic

Large amount of data processed by a custom made
microprocessor farm
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An example: D lifetime

Tagged photon beam
200 GeV/c K and it beam E691 1988
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The la(te)st generation of fixed target charm experiments

beam statistics average o,
E791 500 GeV &t 10° 40 fs
Focus up to 300 Gevy 10° 30fs
Selex 600 GeV X, i, p 10% 20 fs
Focus B ._
oo} () - snf- :
L i SooE T i
o . 1.8 - IMK":.(QIGIeVI/c‘z)I 2.0 — ﬁ2.1 l | o= I 1.8 — .MKlKl.(QGleVl/clz)I 2.0 — 2.1 .
D0 =K 119738 evts D0 — K*K- 10331 evts
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After the the discovery of Y resonances (bb S states) by hadron machine
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For many years, B meson study had been dominated by

DORIS, CESR, VEPP and LEP
1.. at ete” machines

Experiments at hadron machines, fixed target, were “limited”
CERN: Beatrice FNAL:ES866/E789/E772, E771
b cross section measurements (with large error bars)

— simply not enough b’s and too small 0,/0; .;.c
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There were some 1deas to make B experiments at pp colliders

Bjorken at Tevatron
P. Schlein at SppS and Tevatron

CERN-SPSC/88-33

WITH REAL-TIME USE OF SILICON MICROVERTEX INFORMATION

' SPSC/P238
\ 16 January 1989
)
PROPOSAL to the SPSC 1
)
STUDY OF BEAUTY PHYSICS AT THE SHS-COLLIDER

(

A. Brand, S. Erhan, D. Lynn, M. Mcdinnjs ). Zweizig Large bb CrosSssSs SeCtiOIl
University of California, Los Angeles, U.S.A. .
ot g Yol S1 vertex detector in
ege de France', Paris, France

. Roman P
University of F,erra?;:rzi? INFN?, Italy Oman Ot
M. Calvetti F d
University of I‘crug?a\e:nlﬁli INFN?, Italy Orwar SpeCtrometer

J.B. Cheze, J. Zsembery

Centre d’Etudes Nucleaires — Saclay?, Gif-sur-Yvette, France (forward peaked b prOduCtion)

R. Dznelyadin, Y. Guz, V. Kubic, V. Obraztsov, A. Ostankov
IHEP-Serpukhov, Protvino, U.S.S.R.

C. Biino, R. Cester, A. Migliori, R. Mussa, S. Palestini
University of Torino and INFN?, Italy
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J

In the mean time, many ideas to build o -

an e*e~ B meson “factory” at Y (4S),

starting with SIN 1n 1986 double ring with

L > 5x10* em™s™1, symmetric energy Bt
Upgraded to PSI Proposal (1988)

7> 10% em-2¢-1
with modest asymmetric energy option ;

November 24, 1986

Swiss Instltute

Discovery of B-B mixing in 1887 made it =~

nnnnnnnnnnn
nnnnnnnnnnn

possible to make a SM prediction for CPV for B—JpK,
without knowing m,: ~0.4 1.e. “large” (NB f,= 110 MeV in those days)
Z. Phys. C 36 (1987) 503
=»a concrete minimum “‘luminosity requirement”

ie.>1033 cm2%s7!
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Many B factory 1deas emerged:

SLAC, DESY, Cornell, KEK, Novosibirsk, Italy, UCLA
and CERN

from standard storage rings with symmetric energy, with
different energy asymmetries, linear collider, and to linear
against circular...

European option has died with CERN-ISR option in 1990

CERN-YELLOW-90-02
—No European B opportunity except LEP running at Z°

In US: competition between Cornell and SLAC
In Japan: water was slowly boiling
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14

Then | CDF, PRL 68 (1992) 3403
1 (2.6 pb~)

10 |

LML

5 5.2 53 54 55 5,6
J/\pK [GeV/c?]

First fully reconstructed B meson at a hadron machine!
(largest number of reconstructed B*—J/pK#* at that time)

B physics with a hadron machine at high energy
looks feasible!

DO and CDF then contributed a lot in lifetimes, CPV, and

oscillations. (B, oscillation measurement 1s still unique)
13 May 2008 Frascati Spring School 2008 T. NAKADA 32/82



Back to the European Front

Evian workshop Eol’s presentation, 1992

ECFA CER

European Committee for Future Accelerators European Organization for Nuclear Research

Towards the LHC Experimental

Programme

5-8 March 1992
Evian-les-Bains, France

Proceedings
of the bcncral Meeting
on LHC Physics & Detectors

NB: Approval of B factories at KEK and SLAC in 1993
Starting of data taking in 2000
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Evian workshop on Eol’s presentation, 1992
Four high p experiments
Neutrino and Heavy Ion experiments
Three B physics experiments
-SM was not quantitatively tested for CPV
main goals were
CPV in —=J/pKg, —nm, B, oscillations
-three different approaches
1) pp colliding mode in the forward direction
COBEX
2) extraction of p to a fixed target
LHB
3) internal gas jet as a fixed target
GAJET
Followed by three L.ol’s in 1993
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COBEX
vertex and tracking detector, two magnets, RICH, E-cal, muon

first level topology trigger at low L and w p trigger at high L
Olarge Vs — large bb cross section

- Crane mit 5500 -lCrane capacity 2 x 40t COBEX
4 I ,,,,,,,,,,,,,,,,,,,,,,,,,
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LHB

vertex and tracking detector, two magnets, RICH, E+H-cal, muon

first level lepton (u and e) p trigger

©large boost — charged Bs are visible in the vertex detector (B¥—tv)

y 10m 20m 30m A 40m

| | e . {,

Clo—od —=— ; | |

o e || E— it
, — 1 |

V T1 w T2 RC T3 2 T4 EC HC Fe M1 Fe M2 M3

protons are extracted from the beam halo using a bent crystal
dedicated experimental area, 1.e. more flexibility
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GAJET

vertex and tracking detector, single magnet, RICH, TRD, E+H-cal, muon
first level impact parameter and hadron+lepton p trigger

©small dimension of gas target — B production vertex a priori known

% System
Roman pot with Tracking chambers ECAL e
S1 ventex detector system PN YR
Gas jet ET : | | 1
3 E £ 3
RICH ; ] I Beam pipe
........ R T e e T s o)
ARG 09m { : I
L\‘ E E - 5.4
5o = p= s J:(»-Jm—y(—.ZSm
Roman pot with Vacuum wank . U ’
opuical ingger
1.5m
Im 2m
TRD e
~3lm HCAL

e 0 s B7:wad " 0,-175mrad 564 pixels 32 ¢ sectors

40 ST T AT R tngger plane in r direction

+ vertex plane

r-¢ striplets
vertex detector

System 11

35 B - SR
veriex plane
s " 8 mn = 35mrad
07 e e L beam

200 yor 400 [ cm l
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LHCC decisions

January 1994

In the subsequent discussion on B physics, the LHCC considered the
case for a dedicated B experiment at the LHC, and agreed on a
recommendation to be sent to the Director General for

consideration by the Research Board.

June 1994

Decided not to approve any of the three experiments but to form one
new collaboration to propose a new experiment based on the collider
mode to exploit its large bb cross section with a convincing trigger
strategy.

This appears to have been a correct decision, given the fact
1) B-factories and Tevatron are doing well
2) LHC 1s (much) later than originally thought
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HERA-B remark

ARGUS group at DESY started to think about a fixed target

experiment using HERA proton ring (920 GeV/c) and internal
wire targets around the time of Evian workshop in 1992.

220 rrad
i T~ nnnn
19 1} bl 2
:}E
U Proton
1 ﬂ Beam
| | U ‘ -
ﬂ —.' || :
%
i Fl
|
1
Ring Imaging

Muon Detector Calborimeter Cherenkov Counter Magnet
20 15 10

Ekctron
Beam

si-Strip

Deiector Wires

Innér / Quter Tracker

Venex Vessel
5 am

Approved in 1994 to compete with B-factories with o(sin 2) =0.13 y~!

Physics data taking started in 2001. Physics paper on production cross
sections, but not CPV...

It was a quite tough job: o,/ O, ~ 107
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Advantage of the LHC collider mode
Large b cross section (~500ub)

(>1073)
at fixed target energies 107°
at fixed target energies

Large 0,/ O

inelastic

~ O c_c/ O inelastic
Different b-hadrons (B, B4, B,, B., A, 2, &, etc.)

Many primary particles — well defined b production vertex

To fight against combinatorial backgrounds:
vertexing, PID, and mass resolution
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Open trigger a la charm fixed-target experiment
1s not an option at LHC
too high inelastic event rate
interesting decay modes are restricted
Trigger 1s crucial
At the first level
inclusive signature: p; and displaced tracks/vertices
At the intermediate level
semi-exclusive partial reconstruction
Finally
exclusive reconstruction

13 May 2008 Frascati Spring School 2008 T. NAKADA 42/82



Bunch crossing frequency: f, =40 MHz, 1.e. every 25 nsec

Number of pp inelastic interactions in

one bunch crossing (o

-

Probability
-

o)
' I

S
NN
T

0.2
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~

2
3

1 031
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32
0

10

inelastic

33

=80 mb),0,1,2 ...

I One 1nelastic interaction

per bunch crossing
dominates.

- Reconstruction easier
(final state and tag)
- Lower radiation level
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Forward geometry

bb pair production kinematics

parton-1 parton-2
0 0
P — P
b

bb-c.m. system

pp-C.m. system
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Forward geometry

bb pair production kinematics b

parton-1 parton-2
0 0

P - P b-b correlation < >

bb-c.m. system
b
pp-C.m. system — 2
—> b " g
------- % K w
v, b :
b

Both b and b are in the spectrometer.
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(normalized distributions)

Jop @ LHC =40 MHz  — simple first level trigger needed

Single p trigger for u, e, h

-1
100 F

— m.bias
----- b events

10} muon system:

low track density
e and h:
calorimeter
E+ measurements

0 > 3 y, 5

maximum P, (GeV/c)
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However.... p>p_..

muon: hadron:

identification energy resolution
P < Puin ” o/E = VI0%/NE
P > Pmin g g
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However.... p>p, ..

. muon.. hadron:
1dentification energy resolution
p < p min g
Fe 0n/E = V10%/NE
p > p min g g
central detector forward detector
| |
,/A p ~ p L > p min
psz>pmin _______ v |:|
p ¥< p p > p

pr threshold can be set low:
— high b efficiency
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Oy expected in pp collisions at Vs = 14 TeV: 500ub
5x10 bb palrs in 1 year (107 s) with L=10% cm™g™!

pT of B-hadron
>

10

1 I RN ENIRN AR NI AR N B A
-2 0 2 4 6

eta of B-hadron

cf. Y(4S) B factories: 108 B-B/year @ L = 103 cm™2s™!
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Momentum spectrum decay distance for B mesons

B’— &' in 4n 10° o
¢ Bj— T ® in 4n

771 with t'®t~ measured

103 77 with t"n~ measured
10°
10*
(0%
10
10
1 1 I A 1 i | | 't 1 L | 1 I 1 ] 1 3
0 . 200 400 : 2 o 3 4 5
B" momentum [GeV/c] B" decay length [cm]

are larger in the forward region.
— average B decay distance in the detector ~lcm

Good proper time resolution.
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Some detector requirements

What do we measure? (an example)

opposite side

pp interaction bohadron K favour tag
—> Tt
J'C+
same side

e flavour tag
primary

vertex g decay distance B momentum
-

J

iy
proper time: ¢
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[LHCDb Evolution

Letter of Intent for LHC-B, August 1995

6 N §
S s
2 AQO ““ad 200 m(ad %
- mZ
. ( % - % Z
5 5 8 g
% é 5 E é % % rad
21 3 o S Q Qo m
| ‘ é ‘ 4'1 ‘ é ' é 4 1‘0 | 1‘2 ‘ 1‘4 | 146 ‘ 1|8 |
x-y Si micro-strip detector L-1 py 200 KHz
warm magnet L-2 tracking + vertex 10 kHz
three RICH’s (aerogel + 2-gas) with HPD’s L-3 full reconstruction

HERA-B tracking system
Pre-shower, Shashlik+PbWO,, Fe-Tilecal+Quarz-W

CSC or Honeycomb or drift tube muon system
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Technical Proposal for LHCb, February 1998

Non-bending Plane Muon Detector

HCAL

Shield Magnet ECAL
¢ £ RICH2 -

Tracker
. [ ]
’.s’.s&\\‘“l‘\ n O fl - 150““'&“
RICH1 | 00meed
F A el [ i o) | o I I | ]
L] L '} L 9] T I 1 ]
Vertex I
Detector
—1 1
o
T8

T9 T11
T10 M1 M3

M4

2 M5

—
=
=

—_

What is different from Lol apart from -B — b?

Super conductive magnet L-0 pp 1 MHz
r-¢ strip S1 vertex detector L-1 tracking + vertex 40 kHz
Two RICH’s (still three radiators) L-2 vertex with p 5 kHz
No inner-part of calorimeters L-3 full reconstruction 200 Hz
MRPC+MWPC muon system
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Reoptimization TDR for LHCb, September 2003

o = SPDPS o p M

—5m —

| l ! I . | . L ! . l l . L L . ! >
Sm 10m I5m 20m z

Many changes in the mean time

Be conical beam pipe

Normal conductive magnet

All MWPC (with a little GEM) muon system

Straw chamber + Si1 tracking system

Greatly reduced tracking stations (nothing in the magnet)

All Si first tracking station

Two level trigger (1 MHz full readout after the first level to CPU farm)
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Changes were motivated by:
budgetary constraint (financial and material)
technical feasibility
physics flexibility

After TP, B physics has evolved a lot: major ones are...

CPV in B—J/PKg ; measured with 6 = 0.026

v(¢h;) measured with o = 25°

B.-B, oscillation frequency measured, better than one needs
1.e. KM model for CPV is now quantitatively tested

13 May 2008 Frascati Spring School 2008 T. NAKADA 55/82



Flavour changing processes, branching fractions, oscillations and CPV,
can be described by the four parameters of the CKM matrix (A, A, p, M)

AF=1 AF=2
d S S d
i \ T T T >
[S) C b N S K,B L : K,B
|: B 1.5 U B T A AT I L I(‘> I Vit A ELE T
— " excluded area has CL > 0.953 %, :
1= Ly § KA ;
= L ' X -
L 1 C%, =
-\ - sin2p 5 K3 A i&Am, i
0.5 B i ]
L 05" : N
L B ]
or = __////\ =0 :_ —:
0.5 05 - ' €
| -1 :— Y
8 B , Y Bt
AT VA T T S T SO L T 1.5 [ 1 s.:mv?er;zooi' (LI | [l (14 | | ) I | (S | I T | i
-1 -0.5 B “a -0.5 0 0.5 1 1.5 2
P P
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Changes were motivated by:
budgetary constraint (financial and material)
technical feasibility
physics flexibility

After TP, B physics has evolved a lot: major ones are...
CPV in B —J/pKg ; measured with o = 0.026
v(¢h;) measured with o = 25°
B.-B, oscillation frequency measured, better than one needs
1.e. KM model for CPV is now quantitatively tested
No major improvement of the B factory results expected from now on
-BABAR end of run in April, Belle in 1~2 years-
Emphasis on the LHCb physics goal 1s shifting from
Confirmation of CKM — Search for new physics

with [Ldt = 10 fb™! data by ~2013
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Some notable examples are...

NP search in B, where the effect could be still large

+ -
B, — uu
S u’
—— - — . ——
t Iv
b —»—‘-——V\—]—- —— U
s SM g
R
Wi
t
b u

b MSSM ¥

S ~ tanGB W
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Some notable examples are...

NP search in B, where the effect coyld be still large

—10?
By ww & E{90% CLlimit on BR |5
S u' < R (0nly bkg IS Obsel‘Ved) ]
—_— ] —_—— - —— D: T o s S N
\ m : ' : '
t v T I
b ——1 - - - w E)gpected flnal CDF+DO limit
s " Unccrtamty in i
SM 10 |l M background prediction........
t o o
W M S ——— ; o
t SM prediction
b N N SM Br = ~3.5x107
b MSSM L ST T 'oiz,' BT —
Integrated luminosity (fb1)
0.05 fb~! = overtake CDF+D0 :IL 2009

0.5 fb~! = exclude BR values down to SM
2 b= 3o evidence of SM signal — nominal 1 year

P 6 u.
® ~tan’d 6 fb!= 50 observation of SM signal
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Some notable examples are...
NP search in B, where the effect could be still large
By— whw
CPV in B, = J/p¢
pM = —arg(V,2) = 20’1 = -0.0368 £ 0.0018 (NB argV_, = 0)
b — 7 S

SM + new particles with
different phase?
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Some notable examples are...

NP search in B, where the effect could be still large

B, = uw
CPV in B, —= J/¢
pM = —arg(V, ) = 201 =-0.0368 £ 0.0018 (NB argV_, =0)
0B (1)—=f)-1(B (1)) T ¢
Acp (1) = F(Eso(t)ef)ﬁ(Bso(t)ef) SM + new particles with
different phase?

-1, sin p sin(Amt)
Acp (1) = cosh(AI;t/2)-n, cos B, sinh(Al'¢/2)

ne= CP(f)
CPJ/)=+1, CP(9p)=+1, Jy,,,=S+L=0,
S=S81, 5 =0,1,2
L=Ly,,, =0,1,2

CP(J/pg) = (-1)*

= Angular analysis of the final states needed
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. 06F—sm prediction’_" CDF N 0.4~ DZ , 2.8 fb!
‘0 [ —68%CL L % o 0
2 04f-—95%cL / /] ) ¢ 30-3? m B > JAy b
= E S0 0N -
T 02k ) “0.2F AM, = 17.77 ps’
A SN :
0.4F v\ - _
: Wl 0.4 s
06F o - Al' = Al'gy x Icos(¢)l
B T W NN ST bt S T M W W _02—1111111111111111111111111111111111
0 2 4 2 15 1 05 0 0.5 1 15
2p_(rad) NB: 2p, = -¢, ?, (radian)

CDF and DO studied time dependent CP asymmetries
NB: If there were indeed New Physics as suggested by

M. Bona et al. (arX1v:0803.0659), who combined all the
CDF and DO results, LHCb would see a 5o observation of CPV
in B.—J/4p¢ with ~200 pb~!,i.e. 10% of nominal year of data.

LHCb with 0.5 tb™! (expected data in 2009): o(f,) = 0.046
down to the level of SM

With 10 fb~!, >30 evidence of CP violation (¢, = 0), even if only SM
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Some notable examples are...

NP search in B, where the effect could be still large
B.— utw overtake Tevatron after several months and
Ci’V in B. — Jhpo down to the SM level in ~one year
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Some notable examples are...
NP search in B, where the effect could be still large

B, — urw overtake Tevatron after several months and
: down to the SM level in ~one year
CPV in B, — I/ Y

ATLAS and CMS plan to make B physics in their

early period of data taking, ~3 years, collecting 30 fb~! data by ~2011.
Br(B, — utu)<~6x10~ (90%CL)

(They plan to continue this programme at L=10**, 40 in one year)

o(B,) = 0.04
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Some notable examples are...

NP search in B, where the effect could be still large

B — M+M— overtake Tevatron after several months and
S down to the SM level with 2009 data
CPV in B, —= J¢

Probing Flavour Changing Neutral Current b—s: deviation from the

Standard Model prediction in
Phase = CP violation B,—¢¢

Analogous to B,—¢Kg, time dependent CP asymmetry

for B,—~¢¢ can measure the BSM phase in b—s penguin, 3, ¢

(for B, with only t contribution, SM makes 0 CP asymmetry)
b ‘ — S

S _—

SM + new particles with
different phase?
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sin(2p°™) = sin(2¢;") FHNE

PRELIMINARY
b—>ccs  World Average : W ! 0.68 + 0.03
o . BaBar - - —~[f : o21:026x011

X Belle 5 e . 0.50+0.21+0.06

= Average' : — [ : 0.39 +0.17
. BaBar : i s 1 058:010£003

- Bele P i 0.64:0.10=0.04

= Average ! : . T 0.61 + 0.07
T  BaBar ;T P 0712024004

> Bele it | i 030:032:008
P Average: A 0.58 £ 0.20

% BaBar : —Hl ¢ 0.40:0.23+0.03

x> Belle : e . 0.33+0.35+0.08

B Average ; : — ] 0.38 = 0.19
T W BaBar T i f——H— 06170%+009+008

o, Average + ; 061 o5
Raeaan o S - R G

x Belle i — | ! 0.11+0.46+0.07

S Average : : — 0.48 + 0.24
o . BaBar | F L 0.90 = 0.07

<  Belle ——  [{[i0! 0.18+0.23+0.11

*~  Average: : H-l : 0.85 + 0.07
[P BaBar— G S T T i 072:071:008"

o Belle - ' .0.43 + 0.49 + 0.09
Sk Average: e S | 0522041

¥ BaBar : ‘l e 0.76 £ 011 7507

¢ Belle it~ .68 + 0.15 + 0.03 104}

L Average! : e 0.73 + 0.10

-2 -1 0 1 2
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LHCb B,—¢¢ performance with 2 fb™! data

_____ o(mg _>____________B_/_S_______Z_Vsjg_______q(iz)_____g_(_ﬁj.ﬁff)
12MeV/c2 04-2.1 4000 42 fs 0.1

angular analysis needed to resolve CP=1 and =—1 states

~2013 with 10 fb™! data:

O(Py.sp) = 0.04 Currently
(B;—9¢K, for LHCb, (B ) =0.14) | O(Byer)=0.18
BABAR+Belle
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Some notable examples are...

NP search in B, where the effect could be still large
B.— utw overtake Tevatron after several months and
Ci’V in B. — Jhpo down to the SM level in ~one year

Probing Flavour Changing Neutral Current b—s: deviation from the
Standard Model prediction in

Phase = CP violation B,—¢¢ improvement over B factory ¢Kg
Lorentz structure = angular distribution or y polarization
B,—~K"uu far larger statistics than B factory
CPV in B,—¢y improvement over B factory K*(Kn)y
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Agg performance
ATLAS 30 fb~! forward-backward asymmetry

LHCb 2 b1 in 2010 hAFB

three canonical years - Entries 0
-6 Mean  5.957
L IRMS ___2.41]
3 ll]]lllllll]lll[f:l]l]]l]l:l:ll]l[l Illl: 04:—_
= | ' [ +— L
({) + ' ] ] A L
S SN : :
S - 3 0.2/~
e [ | - i .
@ ' ;_:4—‘_: ok .\A
< y - = /1 —
., s . . h"‘ - L
Gienntd  Besmiaad . .
1 : : : —5 '0'2__ X‘h—%
lllllllllllllllll'll‘lllll;l;lllllllllll: -04?
0 2 4 6 8 10 12 14 16 18 20 | E. ...

ATLAS precision @ 30 fb! ¢ GeVi/c?
+ Belle 2006

________ SM model By ~2013, LHCD
SM extensions , i ,

zero crossing point with 10 fb™!
o(sy) = 0.27 (GeV/c?)? [19K events]

Other angular distribution
being studied as well.

LHCb will look for other radiative decays,
e.g. B,—~¢y 57k events with 10 fb™' = CP violation
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Some notable examples are...

NP search in B, where the effect could be still large
B.— utw overtake Tevatron after several months and
Ci’V in B. — Jhpo down to the SM level in ~one year

Probing Flavour Changing Neutral Current b—s: deviation from the
Standard Model prediction in

Phase = CP violation B,—¢¢ improvement over B factory ¢Kg
Lorentz structure = angular distribution or y polarization
B,—~K"uu far larger statistics than B factory
CPV in B,—¢y improvement over B factory K*(Kn)y

FCN current in “up” type quark: NP effect different from “down” type
D: oscillations and CP violation down to the level of SM
much larger statistics than B factory
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D physics statistical error with 10 fb™! data (~2013)
o(x’?)=6.4x107

o(y")=8.7x10

O0(Yep)=5%1073

CP asymmetries for K*K™ and ttn™ <O(1073)
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Some notable examples are...

NP search in B, where the effect could be still large
B.— utw overtake Tevatron after several months and
Ci’V in B. — Jhpo down to the SM level in ~one year

Probing Flavour Changing Neutral Current b—s: deviation from the
Standard Model prediction in

Phase = CP violation B,—¢¢ improvement over B factory ¢Kg
Lorentz structure = angular distribution or y polarization
B,—~K"uu far larger statistics than B factory
CPV in B,—¢y improvement over B factory K*(Kn)y

FCN current in “up” type quark: NP effect different from “down” type
D: oscillations and CP violation down to the level of SM
much larger statistics than B factory

y from tree (only SM) and from tree + penguin (SM+NP): 0, = 3°

much larger statistics than B factory
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And t—3u decays under study now...
2.2x1019Br(t—3w)/2 fb™! LO triggered events
for T from pp—bbX and pp—ccX processes
Reconstruction efficiency and S/B under studies
How many Drell-Yan T+t~ production?

Current limit from BABAR and Belle ~1078
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LHCDb now close to being ready
for physics
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A lot of Monte Carlo events were
generated reconstructed

-~ LI LB I [ e SN B FEEN) Mean - 5279 MsVic® -9 = .- I I ! il o .
;\._140: Sigma = 14.0 MeV/ic? Br[107] 90% CI llpper ]lmlt
~120F -1
il B,—uu
gma:
. and o |0 uncertainty in the background
R | e T L o 3 O e s —estimation
analysed
af y D1Vl prediction
205
bt 1 ) 0 0.1 0.2 03 04 05
A S Integrated luminosity [fb™]
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Now we also have “properly” triggered cosmic events

going through the calorimeter and muon systems
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We are looking forward to see
10 TeV pp collisions in our
detector very soon!

Followed by finding out which
one of the following
excitements we will have:
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In 2014 at LHC

ATLAS
CMS
high p physics

LHCb
flavour physics

Particle Physics

13 May 2008

Frascati Spring School 2008
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In 2014 at LHC

ATLAS
CMS BSM
high p physics
LHCb Only SM

flavour physics

Particle Physics

©
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In 2014 at LHC

ATLAS
CMS BSM Only SM
high p physics
LHCb
flavour physics Only SM BSM
Particle Physics @ @
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In 2014 at LHC

ATLAS
CMS BSM Only SM BSM
high p physics
LHCb . Only SM BSM BSM
flavour physics
Particle Physics @ @ @

13 May 2008

Frascati Spring School 2008
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In 2014 at LHC

ATLAS
CMS BSM Only SM BSM
high p physics

LHCb

flavour physics Only SM | BSM BSM

Particle Physics @ @ @

Oh, no more space left... but the best would
be if we find totally unexpected!
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