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Contents

Flavour Physics covers an enormous range of topics and so | have had to be
very selective (my apologies).

/Overview : \

 Flavour Physics and the Golden Triangle
» Hints of New Physics beyond the SM

« Status of LHCDb and its discovery potential
\ * The Menu for the Future /

If you would like to hear more, please listen in to the “Flavour Physics & Rare
Decays” and “LHC Results & Commissioning” parallel sessions.

Special thanks go to Adrian Bevan, Tim Gershon, Cristina Lazzeroni, Yoshi Uchida,
Guy Wilkinson and all those who unknowingly helped by giving excellent talks at
recent conferences, such as Aspen, La Thuile and Moriond 2010.
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Flavour physics is highly successful. It has led the way to
— The 3 generation Standard Model
— The CKM picture of flavour

— CP Violation

Many open questions found in the flavour sector
— Why are there 3 generations ?

— What determines the hierarchy of fermion masses ?
— What determines the elements of the CKM matrix ?

— What is the relationship between the CKM matrix and the neutrino mixing
matrix ?

— What is the origin of CP Violation ?

Flavour physics also helps to understand open questions in cosmology
e.g. SM CPV insufficient to explain matter/antimatter asymmetry
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The state of the art is encapsulated in the Unitarity Triangle
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The state of the art is encapsulated in the Unitarity Triangle
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Amazing consistency ! Beautiful validation of CKM picture. a
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The state of the art is encapsulated in the Unitarity Triangle

1.5...].:.;.,..%........ul._
- *t l [ E i /x% A AR(p-in)
i v, = -2 =% AR
AX(1-p-in) -AX 1

L.Wolfenstein PRL 51 (1983) 1945
A=0.812370"" 2 =0.225127000"
p=0.139%00  n=0.34270

1.0 __ 8K —_
- fitter E 'Y sol.w/cos 2B <0
~  Moriond 10 3 (excl. at CL > 0.95) +0.15 -5
1.5 Lo b v b v o b b by o] JCP - (2'93—016) X 10
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

p .
y
Amazing consistency ! Beautiful validation of CKM picture. ﬁ
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Amazing consistency ! Any New Physics contributions are small. ~

N
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Fantastic achievement by the B Factories to test the SM picture of quark
couplings, especially CP Violation.
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NP models introduce new particles which could
— be produced and discovered as real particles

— appear as virtual particles in loop processes — deviations from the SM in flavour
physics and CPV

Flavour physics is a
proven tool of discovery

NP needs to have a special flavour structure
— to provide the suppression mechanism for FCNC processes already observed.
— Some say it may be too “special’...

The only sure way to find out is to look more closely and measure the flavour
structure to distinguish between the NP models.

Flavour physics (at the precision frontier) goes hand-in-hand with direct
searches (at the energy frontier)
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Look further into the measurements that feed into the UT and see that all is not
totally consistent.

>20 discrepancy between Br(B— tv) and CKM from other measurements

Persists in B— Dlv decays
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The “Knt Puzzle”

“Kn Puzzle” published by Belle in Nature 2008....
Direct CPV asymmetry in BO—K*n~ decays different to B*—K*n? decays ?7?

+ - + 0

7 ¢ T AAy, = Acp (K" ) = Ay (K 7°) 5 a0
S| F . :
) : Possible explanations:

b 250 —
o = c
% = EL . - Enhancement of colour suppressed
3| 20 T tree amplitude
=1 I e Gronau and Rosner, PRD 74 (2006) 057503
-.(E (48] : .
z - i - Enhancement of EW penguin
o oo f 1 amplitude — clear evidence for New

- . Physics
0 Fleischer et al (& refs therein); PRD 78 (2008) 111501
M (

In order to progress need to measure B?—K% (SFF) and use robust model
independent approach M.Gronau : PLB 82 (2005) 627
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Mixing induced CPV in B.—J//%¢ is a golden mode at hadron machines

— Precisely predicted in SM

— Very small in SM, any

signal at present sensitivity is exciting

M =0.02

— P—VV decay, mixture of CP-even and CP-odd final states (angular

analysis)

Recent results from Tevatron have understandably caused a lot of interest
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B.—¢¢ is the charmless analogue to B,—J//W¢
- An independent P—VV decay; can extract AI' and f..
- Dominant SM process is b—s penguin, any signal would indicate NP.
- CDF have performed a first stage measurement of Br.

CDF Public Note 10064
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Belle have analyzed 23.6 fb-! data at the Y(5s), ~100 fb-! yet to be analyzed.
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FCNC b—s transition, very sensitive to NP _,CDF Runl Preliminary L=4.4b"
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Charm Mixing

Charm offers a unique potential for the discovery of NP
Current measurements of charm mixing exclude many regions of NP space

21 ‘ CPV allowed
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Studies of LFV are setting world class limits on New Physics.
BaBar: t—e/u y limits ~ 3-4 x 10-% and Y(2S/3S) —e/u t limits ~ 3-4 x 10°

MEG (at PSI): First run (2008) for u—ey has set a BR limit at 2.8x10-,
approaching MEGA limit. Ultimate goal is 10-13.

MEG, arXiv:0908.2594v2

NAG2 : Based on 40% of data set has measured R, =I'(K* —¢*v)/T(K* — uv)
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Several hints of non-SM behaviour exist in the flavour sector...
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and some others that have not been discussed here e.g. st and ﬁeﬁ

Several of the hints occur in observables that should be sensitive

Another convincing argument to increase statistics in
nearly all observables and to search in others.

to NP
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Open Charm Factories

CLEO-c collected 818 pb-' at W(3770) and similar above Dy
threshold. BES-III will start operation this year — hope for order

of magnitude more data than CLEO

B-Factories

7/7T1M+463M BB-bar pairs collected by Belle and
BaBar. Belle have another 100 fb-! collected at
Y(5s) (~6M B, events). Amazing output already,
but many analyses still to be completed.
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Around 8 fb-! per experiment already collected. Very
few results presented so far have more than 3-4 fb-.
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LHC
Now running ! All LHC experiments will contribute.

Will focus on LHCb...

2008 - 2009 : several million cosmics events, injection line beam dump
2009 . First events 215t Nov (magnet on, VELO retracted)
Physics run 6-15" Dec, recorded ~7ub-"
260k pp collisions at 450 GeV, 80k beam-gas events

2010/2011 : Hoping for 200 pb-' /1 fb-! at 3.5+3.5 TeV (VELO closed)

L s ottt s st I A M ‘

Collisions start today !!

Cumlative Integrated
Luminosity [fb!]
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An experiment dedicated to the
search for New Physics in heavy
flavours

Forward single arm spectrometer

Excellent tracking
precision silicon VELO detector

Sb[
D) x
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f

Interaction
point

/K separation over p ~2-100 GeV

Efficient Trigger

Low p, lepton, y/n® & hadron thresholds
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In just 9 days in 2009 LHCb “rediscovered” [-_. .
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LHCD data RICH1 LHCbdata
(preliminary) (preliminary)
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First LHCb physics result presented at Moriond QCD, March 14t
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collisions at /s = 900 GeV*
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T.Sjostrand et al JHEP 05 (2006) 026.
Perugia tunes :
| P.Z.Skands arXiv:0905.3418v1 [hep-ph]
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5501 The Road to NP...

The LHCb expectations for key flavour physics channels is well documented in
the

LHCD Roadmap for selected key
measurements of LHCDb

LHCb-PUB-2009-029

What can we expect with the 2010/2011 run (1fb1) ?

The study of min-bias events will continue
e.g. track multiplicities, jet structure, A/A
and baryon/meson production.

LHCb will also start its core physics
programme of charm and B physics
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Enormous charm statistics expected in 2010/2011 due to a high production
cross-section and high trigger efficiencies due to lower trigger thresholds at
low luminosity (<103! cm—~?s1)
~4M D**—DYK- 1r*)1r* in 100 pb"
(compared to 0.26M in BaBar’s y-p measurement pRD80 (2009) 071103)

Extensive charm physics programme will include:
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No single measurement is 5o yet
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- Studies of CPV in charm decays _
Negligible in SM, but can be large with NP 400f
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- Searches for rare decays . S
s 1800 1850 1900
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If nature agrees with the Tevatron central value of CPV phase, then LHCb

can make a 5o discovery with the 2010/2011 data. Statistical sensitivity on
measured CPV phase ~0.07 with 1 fb-.
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If picture becomes more SM-like, then next task will be to pin-down the
position of A.g=0 which is cleanly predicted. Precision of ~0.8 GeV? with 1fb-".
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Very rare and golden FCNC b—s transition

SM prediction |Br(B, — u'u" ) =(3.35£0.32) x10”°
Blanke et al JHEP 0610:003 (2006)
Strong enhancements in SUSY~ tan®p

~tanp

Current experimental limit; [Br(B, = u'u’) <4.3x10™ 95% c.1| cOF Public Note 9892
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Main issue is background rejection S I TR e =_
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30 Evidence g { | Br~2x108in 2010/2011.

| | Significant input from ATLAS/CMS
{ OM prediction B F R | expected

T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

L) | Potential to be LHC's first “big discovery”

N

BR(B'->u't) (x10°)
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NAG2 (CERN) and KOTO (JPARC) will make stringent tests of the SM by
measuring the ultra rare K*—x*vv and K% —na’vv decays.

vv) X
.gz %g.
Z Z

n , CKM unitarity triangle with kaons

[o]  [Ed

BSM 1.8x BSM

/////4

4Gonf’?§ //?;
Wan
.

58 8.0 102 124 146 168 19.0 21.2 234 256 27.8

B(K'->T'vv) x 10

20 x B,

13x B,

QXBSM

5XBSM

)

NAG2 is designed to collect ~100 K*—n*vv candidates with 10% background
in 2-3 years of data-taking (start 2012). Sensitivity ~10%.
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Pt LHCDb Upgrade

In the next few years LHCb will accumulate 5-10 fb-!, making more precise
measurements in topics already discussed, plus in CKM angles esp. y (few
deg), B—hh, B—hhh and B,—¢y.

LHCb also plans to upgrade to run at 10x higher luminosity and collect 100 fb-,
thereby fully exploiting the flavour potential of the LHC.

The trigger is key to the upgrade rach ~ Super-LHCb?
— readout of whole detector at 40 MHz w/ \\ E

— software based displaced vertex trigger.

Overall yields wrt LHCD :
— 10x leptonic modes
— 20x hadronic modes

TDR is being written now with a view to upgradlng as soon as plau3|ble given
the R&D and construction required and the LHC schedule.
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The Super Flavour Factories offer a complementary flavour physics
programme, especially for inclusive rare processes and LFV.

Two options:

Luminosity 103 cm-2s-"

50-100x
Belle/BaBar statistics

SuperB

SIIIIEI'B
N/

160
140
120
100

80

60

Integrated Luminosity (ab™)

20

50 ab!in Y6 + 5 year
construction

Super
KEKB
» uest for BSM

50—

50 ab! in Y11
incl. 3 year

N w IS

Integrated Luminosity (/ab)

=
e

Projection of L CONSTruction
| 50 =

1.2 /ab/month
(8 x10%5 /em™2/s)

0.9 /ab/month
(6 x10% /em”2/s)

Evaluation
.9 /ab/mon
x10%
0.6 /ab/month

(4 x1035 /emA2/s)

28 05

T — . T S R S — L
110 2015 2020 2025

D.Hitlin, Aspen 2010

. INFN provided R&D funds in FY09, project recommended for

funding and decision on approval is anticipated within the next few months.

SuperKEKB: Funding has been provided for the Damping Ring in FY10.
MEXT is seeking full approval of the project
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Coffee & Mints
LFV in u—ey (COMET/PRISM and MuZ2e)
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Charged LFV in u—ey decays is highly promising for a huge Ieap in NP

sensitivity.

W +N(AZ)—e +N(AZ)

e~ emission is delayed by ~1 us allowing use
of pulsed primary beam to reduce background.

Current limit (SINDRuM Psl) < 7x10-13

—r===  Pion Production Target and
8 GeV = ; .
Proton W ﬂ Superconducting Pion

Beam Capture Solenoid
o COMET Experimental Layout
Sectign (Coherent Muon to Electron Transition)

Muon stopping target and
momentum selecting solenoid

Muon
transport section with
curved solenoids for

momentum selection

Deteg:tor section for
signal electrons

—_
O

-
o

Decay in- orblt background

g
“m

muon to electron

Events per 0.192 MeV/c
> )
LLLLL LI

1

conversion -
signal

%

-
LRLLLL L

107 g

L

L

I_|

—

3
L

1

m L]

10350

101‘ L .102. L

.1 03‘ L

.1 04. L

o6 107
Electron Momentum (MeV/c)

105

COMET (JPARC) & u2e (FNAL) :

10% improvement in sensitivity.

JPARC stage-1 and FNAL-CDO approvals
Start data-taking 2016/17.

PRISM : Adding an FFAG u storage

ring provides an additional 10?2

improvement in sensitivity.

Task force led by the UK.
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Conclusions

« Flavour physics is important ! An excellent way to search for and
characterize the nature of New Physics.

« The present picture provided by the B-Factories & Tevatron is broadly
consistent, but contains several interesting hints.

 LHCDb now offers the next level of precision — Flavour physics is the
discovery frontier of the first LHC run.

The future of Flavour physics looks very promising....
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And finally....

THIS 'S GREAT! TuEesE

THINGS DON'T HAVE A
CLUE ABOUT US!

L - . ”7 It :’ -1}
III!”“HIIlllﬂ|memmu”m,m, |||||""““'I jif’ "””“F%m“ﬂh' .

o el

Polar bears finally migrate to Antarctica
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And finally....

When the penguins and

the polar bear met TS, 18 GREAT: THESE
{

THINGS DON'T HAVE A
CLUE ABOUT US!

I 1

- - . i l
“Hlllllll"\lmll ”"”""“'ll“[fml' i lllllllllmumml “"“rwp’q.,

s T N
New Physics discovered in Flavour !!!

e T
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M.Peskin : Nature 452 (2008) 293

If T and P dominant then A4, =0
(recent expectation)

Gronau & Rosner : PRD59 (1999) 113002

>

(g=uct)

E SN EEEEEEEEpgEEEEEEEEEEENEDN
u

o

' m

[m} u o

[m] - o

= y =i

m B K'm

[m] u m|

- i [m} (q=uct) m|

(g=uct) I 8]
C Pew

E BB EEEEEEEEDN ..-l..ll.ll.’

Enhancement of P, from

Enhancement of C with large strong _
phase to T = strong Interactions ?? = New Physics
Fleischer et al (& ref therein) : ArXiv 0806.2900

Also explains pattern of B—mxx and B—pp Br’s
Li & Mishima : ArXiv 0901.1272
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M.Gronau : PLB82 (2005) 627

CP
ontours give -2A(In L) = AP =1, corresponding to 60.7% CL for 2 dof

BaBar : 467M BB: PRD79 (2009) 052003

B(K°z%) 7o 2B(K*7%) 2B(K ")
(KT J + — K+x0 K070
Acp(K577) + Aop (K0 ) g ey 7, = Acr (B )B(l\+r 7, T AP TS
d
' K’ SCP vs CCP E A{)\E(}){goﬂo) The K Sum Rule ‘7[
04 T | | ‘ BaBar | E_ ‘\)\ X
iil::age LJ q.05:— : 60(0// 3’
02T E L .:.6;. AL A ./(/4. L !
T -00s | ! 0.05 0 015~ 020 0.25
. T —ti.os : E //// A(KOr*)
e
! Sum rule: A(K°z%) = -0.151+ 0.043
B N R T TR e F___! HFAG:  A(K°z%) =-0.01+0.10

T.Browder, Hints ‘09

Belle :657M BB; ArXiv:0809.4366
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PP 20710\

B,—J/W¢ “Gold-plated” decay equivalent to B,—J/PK, for sin(2p)

Measures CP violating phase due to
interference of mixing and decay amplitudes

/3;9M = arg[—VtZVts /V;Vcs] Neglecting

SM penguins

Expected to be very small in the SM

M =0.02

*
Ve

Note: CP violating phase in flavour mixing is also very small in the SM

9, = arg(— Mlz/rlz) ~(0.004

NP contributions would effect both phases by same quantity

2B, =28." - 9"
b, =9 + 9.

A.Lenz, ArXiv:0705.3802v2

= 28, =-¢| If NP phase is dominant
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However, B,—J//W¢ analysis is non-trivial.

P—VV decay, hence a mixture of CP-even and CP-odd final states

with significant width AI'y and mass splitting Am,

- B, — J/WO® decay rate as function of time, decay angles and initial B, flavor:

B P(t, 7)
dtdp

x |Ao|2Ty f1(7) + | A 2T f2(7) P time dependence terms

+ |ALPT_ f3(P) + |Ay || AL fa(P)
| ;—1[|| 4”' ('()H((S” )’T f‘j‘:[_{:
+ An| .4_|V+fr;(/7).

angular dependence terms

_._terms with B dependence
x [cosh(ALL/2) 5 mh[AFt/‘Z)
+ "i“( At terms with Am, dependence present

" if initial state of B meson (B vs anti-B)
is determined (flavor tagged)

']-+ = t_rf

% [sin(6_ — d)) cos(Am,t) <
\sin( Amgt)
23 r:inhlAFf‘/‘;’)J

— cos(dL —J) )€

+ cos(dy — o) heir strong’ phases:

5 = Argl A} (0)A5(0))
= Arg(AL{0)A0))

Vi=+e Tt x [sin{d 1) cos(Z
sin{Amgt)
sinh(AI't/2)].

cos(d 1)
+ cos'd

e

“J/W rest frame

¢ rest frame

3 angles (0, ¢, 1 ) describe
direction of final decay products

G.Giurgiu, FPCP 2009

B sensitivity has angular dependence, rapidly oscillating in proper time.
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B.—J//W¢ signal reconstruction

DO, 2.8 fb'

Bg —>Jyo
Mass 5.26 - 5.46 GeV

* Data
— Total Fit
----- Total Signal

.......... CP-even

2.8 fb

|CDF Run Il Preliminary

2.81b" |

1 | IS
0.4 0.5

] ] ] ct (cm)

« Data
— Fit
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- -~ Light
Heavy
Background

4
> 500 EN0°E
2 [ D@,28fb * Data 3 F
= C 0 — Total Fit )
°. B IQ 3
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-t © [
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Trigger

Trigger crucial to the successful operation of LHCDb
— B fraction is only ~1% of inelastic cross-section.
— Br’s of interesting B decays <10
— Properties of minimum bias similar to B's

First Level Trigger (Level-0, hardware)

— Largest E; hadron, e(y) and (di-)u

— Pile-up system (not for u trigger)
Reduces 10 MHz inelastic rate to 1MHz
High Level Triggers (HLT, software)

— Run on CPU farm (1800 nodes)

— Access to all detector data

— Use more tracking to re-confirm LO decision exclusive selections

— Full event reconstruction; inclusive and 2 kHZl Event size -

exclusive selections Storage ng;\znt

Output rate 2 kHz

1MHz |

LO confirmation
Global reconstruction

Inclusive and

High-Level Trigger
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Trigger

Expected trigger performance
e(LO) e(total)
Hadronic 50% 40%
Electromagnetic | 70 % 40%
Muon 90% 70%
Output rate | Trigger Type Physics Use
200 Hz Exclusive B candidates | Specific final states
600 Hz High Mass di-muons Jhp, b—=JpX
300 Hz D* Candidates Charm, calibrations
900 Hz Inclusive b (e.g. b—u) | B data mining

Total 2000 Hz
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LHCDb Sensitivities

Measurement Current LHCb LHCb  Irreducible Competition
precision (10 fb) upgrade theory error
(100 b
E/W so Apg (K*uu)  Unmeasured 4% 1% 7% None
p :
cREutns A (K*up) Unmeasured 0.10 0.03 0.05 None
Right- S (Bs—oy) Unmeasured 0.05 0.01 <0.01 None
handed
currents A" (By—oy) Unmeasured 0.10 0.02 0.02 None
Higgs B(Bd - W) Unmeasured Unmeasured  ~20% ~5% ATLAS,
penguins B(B, - u) CMS
Gluonic BN(B, —~K”K") Unmeasured 5° 1° <1° None
penguins
B ¥ (Bs— o) Unmeasured 5° 1° ~1° None
B (Ba—¢Ks) 8° 8° 2° ~1° SFF
SM v (B—DK) ~25° ~2° <1° Negligible None
bench-
marks B (Ba—J/y Ks) 1° 0.2° <0.1° ~0.1° None
B (B¢—Dn'm)  Unmeasured 1° 0.2° Negligible None
NPinBs s (Bs—J/y 0) 20° 0.3° <0.1° ~0.1° None
mixing
CPVin 4 (D—KK) 25-10° 310*  0710%  ~10" None
charm
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b—sqq penguins

- CKM UT triangle
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Kaon experiments have a long history (¢'/e and rare K decays). NA62 Phase 1
collected data in 2007 and 2008 to measure LFV.

= A
R IK*—e*r) m? (mh—m ) (1 + JREeor S + ds-.
K — n 1 — -0 I\ o + H ) ~
I''K [=v) m“ mi m',‘ K )-‘_;ig-g;--(\ ,S,eﬁw
= (2.477 + 0.001)x10°5 ~
the enflancement  V
m4 l]l 2 X (Sneutrino) VT
RE\/ ~ R}S(M 14 4K 2 A13 2tunb 3
M+ M: =100
) 90
. Clark (1972) 80
70
Heard (1975)
60
Heintze (1976) 50
40
— Krl;o.s (1009) 30 4 ) 95% CL Exclusion Limits
al res 20 : B a,<1x10”
- 8,45 110—‘
NA62 (2009 ?
Lo P'*M(M'Y ) 10 M .,<r 0
. N T %0 100 200 300 400 500 600 700 800 9001000
2.2 2.3 24 2.5 2.6 2.7 Rz:‘.xams Charged Higgs Mass [GeV/c ’j
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N
=3
]I

Muon system fully functional

>
T

- Efficiency of detector planes > 99%

- Waiting for J//¥ to complete detector e
alignment :

- First estimate of muon mis-ID rate :
.

uw invariant mass

LHCb 2009 data (prel.)
LHCb MC (prel.)

Hﬁ Wﬁw\m it m .

extracted from K,— w*n”

500 1000 1500 2000 2500 3000 3 2000

LHCb 2009 data (prel.): e(r—p) = 3.8 +/- 0.7 %
LHCb MC (prel.) re(nop) =23 +/-0.4%

16 -
14|
12[
10
BF

= N A

40 560 580
M(="T) (McY)
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cLFV is a forbidden process in the SM

If SM is minimally extended for m,
and oscillations, Br(u—ey)~10-°0

BSM processes enhance the rates
e.g. SUSY Br(u—ey)~10-1°

MEG at PSI
Liq. XeDS;:iniillation
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AE’)’ / E Y } ‘l : back-to-back
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2008 data : Br(u—ey)<2.8x10-" 90% c.I.
2011 : Expected precision < 10-13

MEG Collaboration, arXiv:0908.2594v2
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PRISM FFAG-based
Second Phase y
Experiment §
(FFAG storage ring provides a

further two orders of magnitude oon-Cansrt Seiion
sensitivity) -
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