CERN-FNAL HCP 2009

xperimental AspectS®f
Heavy Flavour Physics

.. The saga of the penguin and the polar bear....
continued




Overview

 |ntroduction

 The Standard Model

+ B Physics [ Lecture 1 }
e Celebrating the B factories

 What have we learnt from the Tevatron ?

e The LHC era [ ecture 2 }
e and beyond....

e Summary
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The Tevatron

Run IlI: start March 2001, end ??
Integrated luminosity > 6 fb-1
Peak luminosity ~ 3.5 x 1032 cm=2s-1
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CoOLLIDE
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Silicon detector (SVX)
Drift chambers (excellent mass resol.
Magnetic field 1.4 T
Muon identification

dE/dx +TOF

Muon Chambers
*—

~ Shieldi
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Lmes CDF an d DO

fForward Calorimeter (E)

Luminosity Monitor

Time of Flight
entral Outer Tracker
Silicon Vertex Detector
Intermediate Silicon

Silicon detector (SMT)
Silicon fibre tracker (CFT)
Muon system

Magnetic polarity reversed

regularly %

16/6/20090  CERN/FNAL Summer School



PHYSICS
SuMMER BCHOOL

Jt
2

e'e” >Y(4s —> BB |pp — bbX Q@ =2TeV)| pp — bbX ({ 14 TeV)

PEP)II, KEK-B TeVatron LHC

prod 1nb ~100 pb ~500 pb

typ. bb rate 10 Hz ~100 kHz ~500 kHz

purity ~1/4 O, /O = 0.2% O, /e =0.6%
pile-up 0 1.7 0.5-20
B content  [B"B (50%), B°§0(50%) B*(40%), B’(40%), B,(10%), B, (<1%), b—baryons(10%)

B boost small, By~0.56 large, decay vertices are displaced

event structure

BB pair alone

many particles non-associated to bb

prod. vertex

Not reconstructed

reconstructed with many tracks

BB’ mixing

coherent

incoherent— flavour tagging dilution

bb production

at hadron
colliders
Flavour creatioh Flavour creation Flavour
(quark annihilation) (gluon fusion) excitation
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The trigger at the Tevatron determines the B physics program
Int rate ~2.5 MHz, L1 accept 30 kHz (CDF), 2kHz (D0O), Output rate ~150 Hz

CDF trigger exploits the SVT processor to select displaced tracks
DO trigger based on powerful muon identification

3 main trigger types:

1800
Dimuon (J/'¥): “Easy” trigger, clean signal mnuE I
Single lepton: Semi-leptonic B decays e

1EDDE

Combine with displaced track (CDF) mnnE

Hadronic B (80% B decays) (CDF) o

500 1Y meson
Require several displaced tracks and 4qu ’!] h““’HJ‘['*“’f

. . . 200
recision tracking. - S
p_ - J U | & - A - N -
Biases lifetimes etc m,, (GeV)
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Tevatron Events

n 204720, Event 109026

—_— SSKT Track

= Tag Muon
Other Track

Candidate Track

Beam Line
. -:'r.-ﬁ.::"_..' Veriex
@ E Vertex
. D Verlex

Path

DO: PRL101 (2008) 232002

B physics “soft”
=) No nice jets

16/6/2009

B, oscillations
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CDF: PRL97 (2006) 062003
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Key ingredients

Lifetimes and mixing measurements

“opposite side” ‘same side”:
(semi) exclusively reconstructed B,

opposite

| fragmentation
side kaon

i kaon

D meson

-

3) Production flavour from
opposite side tag (OST) and
same-side kaon tag (SST).

eD?
Exp | Mode | Ng, OST | SST .
DO | D/ |64.5k 4.5% Y P — d)e ?;CSXOZ?J\Q?;J " from
D, | 249 2.9% measurement
CDF | D, |61.5k [1.8% |4.8% L,, ~500 pm
D, (3)n 1.8% |3.7% (6,,)~ 25—50 um
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B Hadrons
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Rz | B Hadrons

T
—

B, B, Ay

A, Lifetime Measurements
ALEPH (1 998) —a— Averaged for World Awverage - R iili —— 3']‘" - .*f-—
1.54 7%+ 0.04 Combined for CDF Iyl {115 ALEPH A1 + A i 1.21=0.11
OPAL (1998) —— World Average CPAL A, I -
152194 0.04
B
CDF ( 1999& ——H : CDF Run |, Jiy+! ©
1.36+0.09 *° COF Runil A, | —
DELPHI [ZDUD) — — ——— DO, Sy (135 1k ) | g
14270144 0,03 | ; D0 Funil A, | — | 1200 2= o
DO (2006) DX Fd e COF Run 1L, Jwee (1167} 1| o0 must o e Il 1218 939 40 042
1308+ 0.044 e ) ———e———— COF Run Il g (1 167 | | | ©OF Pttt ) 1 om0000
PDG 2007 .
LAA1E004 ) COF Run Il Jy+l (110 } | I | COF Runil A, = (PRELIMINARY) o, 1,410 +0.046 +0.029
CDF J/pé 1.53:0.04:+0.01 _ .
D@ J/w$ 1.487:0.060:0.028 i 4 o Average = 137.7:11.0pm | Poo00s || 1 |
CDF (Prelim.) D (6m)X | | . o T
1518 0,041 0.007 0 150 20 0 oo |0 M0 e
My average: 1.48110.02 B. ct(um)

r(A, )/ 7(B°)=0.922+0.039

Agrees with expectation

2o discrepancy between
data and expectation J.Lewis: Moriond EW 2009

T(Bo)z 7(B,)
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HADROMN
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62 6.4 66 6.8
M(Qb)(GeV)

DO : PRL101 (2008) 232002

== and more...B baryons
_—
ey +
+ S
‘o 12} & S |
b BB ® D@, 1.3 ||[8 |
_ CDEll Preliminary, L = 1.1 fb” _Fit Prob. = 76% 8 10¢ o 14
53 s — Total Fit o 8EF e Data g I
s 50 — Background =) B — Fit @ 12
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§ = +TT ft 1 Hﬁ 0754 " 58" 62 66 |
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"F T“)tél — | DO : PRL99 (2007) 052001
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E — Back
ok Zb — Z+aigrounj e
_Z*)Ah‘."t G—I!Jllll
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20 + ll 6
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865 0.0 0.10 o 520 Z 58 s —
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R.Lewis, R.M.Woloshyn PRD79 (2009) 014502

16/6/2009

CERN/FNAL Summer School

12/60




\ HADRON
COLLIDER

\;u':?:f;'iim |
T
—

B, Mixing

One of the most important achievements of the Tevatron

2.4 fbl
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B.—J/'Y¢ “Gold-plated” decay equivalent to B,—J/'VK, for sin(28)

Measures CP violating phase due to v C

interference of mixing and decay amplitudes | g
SM * * 1 —
—aral-vV.VvV. V.V Neglecting —— S

ﬂs g[ tb ts/ cb ¥ cs SM penguins S (I)

Expected to be very small in the SM
B ~0.02
Note: CP violating phase in flavour mixing is also very small in the SM

¢ =arg(-M,,/T},)~0.004

S

NP contributions would effect both phases by same quantity
203 :2ﬂSM _ ¢NP A.Lenz, ArXiv:0705.3802v2

g =g + 4"

= 26, =—-¢,| If NP phase is dominant
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However, B.—J//¥Y¢ analysis is non-trivial.
P—VV decay, hence a mixture of CP-even and CP-odd final states

with significant width AT’y and mass splitting Am,

- B, — JAW® decay rate as funcion of ime, and initial &8, flavor:
d*P(t, 7)  time dependence tems
PP ATy (D) + | A PT, f*'ﬂ e
+ AT Jale) + (4 ‘iil'if+ft|,.0;' angular dapandence terme

"|' ,'-‘I m I ‘..‘ ” I [ § _l,'\-\:llr g'\i“ l| T. .r.rl 'r Jr_;:
+ Aol AL Vi fal @),

- < larm with B, dependence >

T, =e Tt £/2) Fleos( 23, ) Binh{ AT/ 2)
' imrms with Am, dependsnce pressnt
.~ Hinital stete of B meeon (B ve ant-B)
Uy =xe ™ x [sin(0_ — dy) cos(Am,t) ls delermined (flavor tagged)
— cos(dy — d) ) €os(28.)sin( Am,t)
‘strong’ phases:

&y hein( 23, Yeinh( ATt/

Vi = +e e o [sin(d 1 ) oos(DAmcd)
((rH{{TLJ@{E;'}f sin{Amgt)

+ cos ﬁlk@ﬁj’mnh{-_\[‘f /2]

=+ eogld)

2y

Arg (A (0)AL{0})

5= A
Arg( A (01ALO])

r
0

/

J/Y rest frame

o rest frame

B, sensitivity has angular dependence, rapidly oscillating in proper time.

3 angles (6, ¢, v ) describe
direction of final decay products

G.Giurgiu, FPCP 2009
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BS—>J//\P<|> signal reconstruction

10°F
500 E10°E y :
E [ D@, 2.8 fb’ * Data éi E DO, 2.8 fb' Data |
s [ 4 —Total Fit & . o . i — Total Fit
10 400 ? — Prompt Bkg N10°E" s > Jy o - Total Signal
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0
3 300 %wzg : -+ CP-odd
g B o i — Background
T L gL |
& 200t | B Ji
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i - P E )|
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3 w0 E F
I } g1
8 350 2 E
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CDF : CDF/ANAL/BOTTOM/PUBLIC/9458 DO : DO Note 5933-CONFE

CDF Run Il Preliminary L=281b" 1 . Y- .
-+ SM pradiction 06 D@ 2.8fb  with preliminary sy"stematlcs
~ 0.6 — 95% CL. ; - [ 68% CL .
D — 68% | w . F 95%CL ~_99.7%C
68% C.L. 804
— 0.2
<

0.2

[

0.4

-0.6 . N A
’16; 0¥ : . 1.0 1.5
B, (rad) FPCP 2009 BJ/¥*[rad]
CDF and DO both favour positive values of 3,
Probability of SM = 7.0% 2 e o a

(8.5% w/o systematics)
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HFAG combine CDF & DO results
using common assumptions

Expt Int. Lumi | From SM
CDF 1.35 fb-l 150
DO 2.8 bl 1.8¢c
Combined 220G

New combination coming soon

0.2}

0.4}

997% 0L — I

et

p-value = 0.031
2.2c from SM

0 1 2
¢£/¢<f> = —287/¥¢ [ra,d]

If current preferred value is a fact
of nature, the Tevatron will find
it soon....

S |

S 08 l

?

0 0.6}

)

S 0.4f

5 — 8fb" (~2010)
2| — 6 fb' (~2009)
o

- 04 05 06 07 08

B4 (radians)

G.Giurgiu, FPCP 2009
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HHHHHH

Add to the hints/puzzles....

1=
HFAG 0.30 A i L
15 CDF 1.35 o S C ]
i 025 -
@) : - 1 e

0.4l 95% CL —
997

)

AN

B eff

0.0
0.2[
pvalue = 0.031
\ 2.2c from SM
04l
0.6 w w
3 2 -1

0 1 F; r ]
Tiwd _ _oplivé 1 o oY S NPT IPPTEN PR ]
2 26 [rad] tlm&xs 0.6 0.7 0.8 0.9 1.0 04

-----
am
a=m

No convincing evidence of |
New Physics...t...

o




[ 3] Habron T

/ P
Al coLuibER T
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Allowing for New Physics in B mixing In a model independent way
(B, [H2" By ) = (By [HawL,[B, ) x [ReA, + ImA ]‘ A, =[A e

| | excluded area has CL > 0.68
2

|| excluded area has CL > 0.68

ImA,
Im A

- -1
Re A, Re A,

‘ Answer : Yes, there is still plenty of room for NP \
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“The whole history of physics proves that a new discovery Is quite
likely lurking at the next decimal place”
¢! Prof. Floyd. K.Richtmeyer, Cornell.

“Imagine if Fitch and Cronin had stopped at the 1% level, :“:'i;*,

fﬁ_‘-_j: how much physics would have been missed” =
; A.Soni —
s o 'I

© 16/6/2009 ~ CERN/FNAL Summer School 44605,
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A wake up call for New Physics...
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Expect collisions from end Oct 2009: Vs=10 TeV

Month | o a0, | ortene | o] tom | Peckuminesiy | egraes

1 Beam Commissioning

2 43 3 x1010 | 4 0.4 1.2 x 1030 100 — 200 nb-!

3 43 |5 x101°| 4 07 3.4 x 1030 ~2 pb-'

4 156 |5 x 1010 | 2 25 2.5 x 103 ~13 pb-"

5 156 |7 x10'0 | 2 3.3 4.9 x 10° ~25 pb-'

6 720 |3 x10'0 | 2 6.7 4.0 x 103 ~21 pb-

7 720 |5 x 100 2 11.2 1.1 x 1032 ~60 pb-!

8 720 |5 x10" | 2 1.2 1.1 x 1032 ~60 pb-

9 720 |5 x10 | 2 1.2 1.1 X 1032 ~60 pb-'

10 lons o
Total ( w

Roger Bailey, Oxford IoP, April 2009 Expected delivered int. lumi # physics lumi
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Huge statistics: o, ~ 500 ub at 14 TeV, ~1% of 5,

VIS

All B species: B(40%), BO(40%), B,(1%), B, (<1%), A, (10%),... )

Ultimate luminosity of LHC : 1034 cm2s!

Up to 10M b-hadrons / per sec / per experiment
But more than 20 interactions / x-ing Rate of multiple interactions (MHz)

LHCDb runs at (2-3) x 10%?> cm™? st 280 ™,

Mainly single interactions \2:
Less radiation 4

Luminosity is tunable by adjusting 1ol
beam focus
Still get 0.1M b-hadrons per sec

04

ATLAS/CMS: 103 cm st in the first 3 years Luminosity x10% cm2 s
Nominal year: LHCb 2 fb-t, ATLAS/CMS 10 fb1
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bb production correlated and sharply peaked forward-backward

A forward detector (LHCb) geometry can cover a large fraction of the
phase space

3 o
a
- " ATLASHCMS
€ LICE
100pb -
. 230pb
| |
d u d 5 &
oz of B-hestron

ATLAS/CMS: || <2.5
LHCb 119 <m <49
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An experiment dedicated to the
search for New Physics in heavy
flavours

Forward single arm spectrometer

Excellent tracking
preC|S|on S|I|con VELO detector

Ma M5
Magnet EC ,i\]__H CA L
. Rt T3 RICH2
! T2 M1
i i 144 & ——— e
} | i —

SPD/PS

Inte ractlon j 7AR '
paint
Sm 10m 15m 20m)|

Excellent particle identification

2 RICH detectors
n/K separation over p ~2-100

Efficient Trigger
Low p- lepton, y/n® & hadron
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« 21 VELO stations (r and ¢ silicon sensors)
)|+ placed in a secondary vacuum vessel

" e 3cm separation, 8mm from beam

1. separated by a 300 um of Al RF foil
» detector halves retractable for injection

16/6/2009

# ¥ Silicon
sensors

point

pile-up veto NBEE

F Pé
v
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} .i I ! i
"1‘.]] TN | | ) | )
L i A Sl | .,_"l
42 VELO lules
r and ¢ layer |-
n*n type . -

2048 strips/sensor

Strip pitch 40¢wm - —
2= A VELO ha




0 bebs
0 25 60 75 100 125

p (GeVic)

150

31/60

16/6/2009

CERN/FNAL Summer School



@q HADRON

A COLLIDER
PHYSICS
UMMER SCHO:

e

aFE

3 radiators

RICH Detectors

RICH1 Aerogel (2-10 GeV)

C4F10
RICH2 CF,

(10-60 GeV)
(16-100 GeV)

250

200

=

% [
< 100 |

0

8 150;

50 -

6, max

i 242 mred

dl

10

Momentum (GeV/c)

750

484 Hybrid Photo Detectors (HPD’s)

=10

Hm

—160

Aerogel
22 tiles
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Trigger

Trigger crucial to the successful operation of LHCb

— B fraction is only ~1% of inelastic cross-section.
— Br’s of interesting B decays <104
— Properties of minimum bias similar to B’s

First Level Trigger (Level-0, hardware)

40 MHz

— Largest E; hadron, e(y) and (di-)u f Level-0

— Pile-up system (not for n trigger)
Reduces 10 MHz inelastic rate to 1MHz

High Level Triggers (HLT, software)
— Run on CPU farm (1800 nodes)

High-Level Trigger

1 MHz

LD confirmation

Global reconstruction

— Access to all detector data Inclusive and
. L s exclusive selections
— Use more tracking to re-confirm LO decision St |
e ™ 1 i Z i

— Full event reconstruction; inclusive and J | Eg’g”;;'ze
exclusive selections per event
Output rate 2 kHz

16/6/2009 CERN/FNAL Summer School 33/60



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 Jhy, b—J/hpyX
300 Hz D* Candidates Charm, calibrations
900 Hz Inclusive b (e.g. b—»>u) | B data mining

Total 2000 Hz

16/6/2009

CERN/FNAL Summer School
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First beam

Just waiting
for collisions...

16/6/2009 CERN/FNAL Summer School



ATLAS and CMS are designed to
explore the high energy frontier

Excellent tracking
Pixel detectors close to interaction
Followed by silicon strip detectors
ATLAS : TRT, straw tubes using
transition radiation

High p; muon triggers
First level (hardware) di- and single
muon high p; trigger
Followed by software triggers

~ 10Hz to storage for B-physics,
~10% bandwidth
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(a HADRON

R Performances

Mass resolutions (MeV/c?)

B, —»up 90 36 18
B.—-D.n 53 14
B. —»J/wd 61 14 16

Proper time resolutions (fs)

B, »D.n - 77 36
B, »J/yd 152 40

Important for resolving B, oscillations
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The road map for the radiative
decays of beauty hadrons at LHCb

Road map for the measurement of

mixing induced CP violation in
BY — Jap¢p at LHCb

The tree-level determination of v at
LHCb

_ Analysis of the decay Bg — puTp~ at
v 4 | LHCb
Roadmap for the analysis of
Bgq — K*0u+u_ '




v IS the least well-known angle of the Unitarity Triangle... CKMfitter
(frequentist) and Utfit (Bayesian) groups do not agree...

=

07 — L e L A B S S S B SN S S Tz I

3; ' s il | |

= i fitter -
0.6 __é Ll Morondoe # Y

= % =] L - -’_.._. - [

- B - 0.5 - I
05 = . — = :

T S s 2i sl s <o , @, ;

: g {exclal CL > 0 95) : T R : i
04 —3 a\ — W ey

= - il AR

— o ] i |
0.3 = . - f @ ? _.

= i u 0.5 B 1 : |
02 — —] T !
0.1 :_ _: .‘|: I::_r
DD : .(1 = l i o | i = s | i = | z R | i : A !' £ A — el & J - I A
! . 0.5 3] 0.5 1

-04 =02 0.0 0.2 04 0.6 0.8 1. P
= (7072))° 78+12)°
Y 29 y=(78+12)

v IS the only CP-violating observable that can be measured at tree-level
... a benchmark quantity to be measured as well as possible.
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B—DK : Time-integrated rates using the GLW/ADS and GGSZ (Dalltz)

methods YT | T
—_ — 1_22000;— .B_)D{KS - _
u 0 T20000- E
K - u D %'IBDGD;— |:|B*—>DD{K§n‘rt')rt* —
S b C %'IGDUD;— —
) b C B~ gimoooz— ]
B _ D" 1§ s | i
u u — B EBDDOE—
colour allowed colour suppressed ™~u K] |2, .
Self-tagging — full statistics can be used O
Lots of kaons — patrticle id (RICH) invaluable S e ey
Yield (2 fb) B/S : W
E 2000_— Bt . D:(Kgﬂ+n-)ﬂt

B+ D (Kn)K* (fav.) 84k | 0.6 P B
ADS/GLW g BF2DEmK* (sup.) 1.6k | 0.6 : |
Bt >D(KK)K: 8.5k [ 1.2 b?
B+ D(72)K? 3k | 3.2 %
GGS7 Bt D(K zr)K* 6.8k | 0.4 s I

: Reconstructed B* mass [MeV/c?] [
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B.—»D.K : Time-dependent measurement
Measure y-2f from interference between mixing and decay amplitudes.

Bs - D: Bs K~
S s S
Large interference effects 1Vo| _ .4
: r,, ~—|—~0.
B input from B,— J/ ¥ AV,

%

Simultaneous fit to B,.—» D .7z and B,— D_K decay time distributions

¥ 300

(tagged and untaggel:

Mode  Yield (2 fo'Y) BJ/S

B,— D 7 | 124k

16/6/2009 CERN/FNAL Summer School

proper time (ps)



y from trees

Expected performance from LHCb with current studies
B*—»DOK* : D'—Kn, KK, nrt , Knnr, K
BO—»D%K* : DO Kx, KK

Time dependent measurements: B — Dr, B,— D.K

3o (°)
o, for 0.5 fbt (°) Eeme

o, for 2 b (°)
o, for 10 fb* (°) EAY

‘ LHCb 10 fb! : vy precision\Z-B%

16/6/2009 CERN/FNAL Summer School 42/60



Time-dependent analysis, particle id crucial

Channel Yield (2 fb'1)
BO—mtr- 58.8k
BO—K+*n- 216.6k
BO—ntK- 15.1k
B.—~K*K- 71.9k
A —pr” 7.0k
A,—pK- 10.9k

%

CEle o Bk R -k [l A, = .B—\ﬂ.—body

BY — KK [l A — pK

5 tm— B KT 4000
% ix,r > gasou
'I r EE——— 0 + .
2 f:t W B >K'x Emm;_
| = combinatorial 3 2500
. - g E
[ 1 ] =
I\ % 2 fbl &
[ -
| 2. \ '\
g "l.‘
/ K‘m-____;;im_
" 2 3 &« s 8 7
Propear Time of Bs (ps)

o EEted [Says
ek e -« A e

Ay — K - Combinatorial

My (GeVic?)
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C_., Sgx Cri from fit to

Use B,—»n*n and B.—»K*K~ and extractS__,
T, ()-Ti(t) —C,cos(Amt)+ S, sin(Amt)
ACP __f _ _ f 2 2 2N
T O O () cosn(ary2)r @, sinn(ary2)| i+ ST G =1

The 4 observables depend on 7 parameters
d,3 (d’,9') parametrizes P/T

Ser = 1,(d.4,725) ratio of decay transitions
Sk = 1,(d 8", 7.0,) B o (B~ K*K)

Cﬂ'ﬂ = fl(d’lg’y)i
Cy = 15(d",3',7),

in
Input B from B—>J/'PKg and invoke Uspin (d<>s) symmetry d=d'+£20%
] 2ot § 4 9= 9'+20°
t | -
iuui i '
o(y) = 7° [y s r:é'ﬂs o(Bg) = 0.025 rad
44160
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’-'-r'a-q }I HADRON

CKM 2014

'/

0.5

=

!
-

Lattice QCD improvements assumed: o(£)/E=1.5%
o(sin(2P)) = 0.01 ; o(y) = 2.4° ; (o) = 4,5°
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i |
\ T
—

B.—J/I'Y¢ Is a golden channel for LHCb R CRR R

(2 fb1) long-lived
Final state is a mixture of CP-even and B>J/¥p | 117k | ~1.6 |~05
CP-odd control | B2Y/WK' | 489k | ~52 | -~15
channels| B—>J/YK* | 942k ~1.6 ~0.3
Key ingredients include 23 0oL - %
- . S5 02f B »J//¥PK*
large signal yield %E - + Mixing
excellent proper time resolution (~40 fs) SiE : asymmetry
good tagging efficiency (eD? ~6% OST+SST) ik |
) C L7
good control of proper time and angular acceptancq ..t
H, e Q) ] I D e v
g o P E_ E—CMS D10 Jip
- 3 i ; 1 We.—wve Emoog Bto Jrp K .
:: &\ £ s000 —Z combinatorial BG BS_)J//\IJ(I) N
£ 11,0 ATLAS 4000F
- i3 ATLAS & CMS
= - :‘% \ 2000%—
. :\: \ | ‘IODI}E | hE‘ JL
g i DN b ﬁm“ﬂ”ﬁﬂ o0 | Expect to measure AL /T
" " Mass (MeV) * "Decay time (ps) M(uuKK) Gev/é
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m
14005 14001
12003 12003
- 3 - mno?
> el SDOZ—CP_even . 800~
__ y Iﬁ‘ 6001 600
IP¥rest frame ¢ rest frame “ cp.odd .
w00 e 20
g’.a”gt.les (2’;"’ "lf()jdescr'bed : e e T e e e
cos b 0
Irecuon or final decay proaucts T e
£ % E e l:fackgr.ound
Fit to angular distributions, o povensig
- 10°F -~ cp-odd sig. Ih.
proper time, flavour tag, mass S | e
R —— complete Ih.
1025—
— 7 free parameters including B 5
10?
400 T S el
B T e R Y R T R B S S
1 % cos proper time t [ps]
o(2B,) = 0.03 (2fb2)
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a(2B,) (cad)

0.1

e

 CDF+D0, 9fb™ EACH

0.08

0.06 ¢

N — Uncertainties on bb cross-section
I \ and BRvis(B—J/yo)

SM value

0.04

0.02

0 1 2 3 4 5 6 7 8 9

10
Integrated Luminosity (fb'1)

a(2B,) (tad)

-
L]

0.1

0.08

0.06

0.04

0.02

0 L1

CDF+DO0, 9fb™' EACH

SM value

L =, Uncertainties on bb cross-section
I and BRvis(B2—J/yo)

04 05 06 07 08 09 11
)

0 01 02 03
Integrated Luminosity (fb

If 23, Is in fact the central value measured by the Tevatron (~0.8),
then LHCb should have a 5¢ observation with 200 pb
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Currently explored at B factories with time-dependent analyses of

tagged decays to CP eigenstates such as B — ¢Kq, etc.
— Expect same result (i.e. sin2p) as b — ccs tree decays like B® —» J/lyKg if SM

B. — ¢¢ also possible at LHCb

NP ?
__W

K
s

by <
=
/{ﬁﬂ
{I\Cﬂl
[SE—]

¢
¢

Angular analysis required
3k signal events per 2 fb1,

CPV < 1% in SM; V,, enters both in mixing and decay amplitudes
significant CP-violating phase can only be due to New Physics

6(®gs ., 44 ) = 011 (0.05)

B/S<0.8 >l 10 fo-l

16/6/2009

CERN/FNAL Summer School

49/60



Very rare FCNC b—s transition

SM prediction

Strong enhancements in SUSY~ tan®p

Br(B, —» 4’4 )=(3.35+0.32)x10°°

1L=800, m, = 300

BR(B, — utp)
m— BR(b — 5 Y)

BR(B, = Tvq)

<5.8-10% 95% CL
PRL 100,101802 (2008)

<9.3-10-% 95% CL

2 fb-1

” DO Note 5344-Conf (2007)

5
100 200 300 400 500 600 700 800 900 1000

M, (GeV)

J.Ellis et al; JHEP 0710:92 (2007)
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Channel Yield (21b1) B

Main issue Is background rejection
With limited MC statistics, indication that
main background is b—pu, b—p

2 1 . . . r r r r r r r
o 1C = 00 02 04 06 08 10 12 14 16 18 0
o - 1 S0 SCNSHivIcy L ")
= b Suirgeg CO5 L === Jgsensilivity
= =— BGonly, 90CL
—
1 &

1 nominal year

10 -

BRB >4 ) (10)

LHCb Exclusion @ 90% c.l.
Reach final CDF/DO limit @ 0.1 fb!

v Reach SM prediction @ 2fb-!
"""""""" Observation
| L LA, 3o evidence @ 3 fbl %
10 1 20 = a0 130 .
Integrated Luminasity, b 5c discovery @ 10 fb?
1 nominal year
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The forward-backward asymmetry arises
from the interference between y and Z°
contributions

1
A (=M, )=—Cy f(s)[Re(Cg) F,+ gC7F2 J

The zero crossing point iIs most
theoretically clean

0.4

— .

B SM
ClO — _Clo

N ~

- |c, =—C

sV = 4.36°% GeV?
Beneke et al; EPJC41 (2005) 173

Ali et al; PLB273 (1991) 505
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/]

.o SlMple counting ———

2 fb-l

o(3,)=10.5 GeV?

4 8

Full angular fit

2fels] Channel  Yield (2 fb) BIS
n

Fit to decay angular projections
Other angular observables
e.g. K* polarization
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Following the resounding success of the B factories and the Tevatron

... and the potential for discovery at the LHC...there is a clear need to
continue heavy flavour physics beyond 2015

NP effects are small — need high precision measurements to
distinguish between various NP models

4 Super A 4 £\ h
>
“Super KEKB” (Japan)) | SuperB (italy)

E‘Super” LHCDb ﬁ%}

Compelling and complementary programmes....
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— Many LHCb measurements will be statistically limited with 10 fb-!

LHCb Upgrade

Upgrade LHCb detector to operate at 10X design luminosity
Run ~5 yrs at # ~ 2x10% cm~st — ~100 fb-! data sample

E‘Super” LHCDb %Iﬁ}

Add Vertex Detector and Tracker to first level of trigger
Readout full detector at 40 MHz - all front-end electronics must be

redesigned

Much of the detector will need to be replaced due to increased occupancy

and/or irradiation

Expression of Interest
for an LHCb Upgrade

The LHCbH Collaboration

Eol 2008
TDR in prep 2010

16/6/2009
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Super B-factories

Two options under consideration

4 Super h 4 7\ N
&

(Super KEKB” (Japan) ) | SuperB (Italy) y

High current approach Nano-beam approach
Crgb crossing, new IR Crab waist ,

A3 :...:'j A o \° =
“:’\..'f: o f < \
L 4 . -
SPARX 1st -"I { B SuperB
| stage 5 B LINAC

T,
.

Damping ring

) j__‘ C ’if
- L
d
~
7 LY
\ SPARX V4 TS\
future =N % .
“t Y _:" ) ’; < :
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Rz Super B-factories

—

Y.Sakai, FPCP 2009

Luminosity prospects

Super 4\ >80ab-! after 6 years
KEKB [ 50ab1 by ~2020 | - 0B
— 5 vest for BSM a y U Integrated Luminosity(1/ab)
L e B L AL L L SR ALY | B
E 3 |140.00
e E
405_ _E 120.00 -
35F- L~8X1035 - |100.00 -
30; —; 80.00 -
255— _i 60.00 -
20;_ _; 40.00
15 10ab! ~ 2016 =1
Qi = - — - — 3 | 2000 |
e L L-2X10% 000 e
—_— w7 B oW & . 4 Q N v > ™ © o)
0™ %010 2012 2014 2076 2018 2050 & /\@'* & @ F @ E P P
< > \_ /\ /
3year shutdown
for upgrade 2015 2020
? ?
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Maybe New Physics will not be able to hide any longer...

CKM UT triangle b—sqq penguins

E excluded area has CL » 035 E E MC
08— e (/]
E. sin2i 03 ] =05 ‘I/WK
05E 0 = #
c = ] Z+ i GOU
e = I <>c>
0-35—,/ / - g—' 0 ;L
|;- k= 4 3 F'_E ¢Kﬂ
1oE./ Vub] E i A Lo
"E/ inclusive ] = 2. a
e , 1 LFV decays
i Y | 3 . -5
Y= L i L cc <. -N5 X ;p : : : :
94 02 02 04 06 me . . (11} i
= DY-mixing o
I : | 2 0 2 4 B =
- . i | n - i Aopp
< 1 sl lene bomedlwene b Al(ps) 8 10 Bfactoriesé |
L O Belle, BaBar)
. < @ 2008
C 1 Ag l. 2018
0 mSUGRA+seesaw {g/
SUSYSO(10)
g -5
05 - @
iSM+seesaw A m
A SUSY+Higgs Super ctory
-9
L i 10 .
-/ A IR PRI ) S WO PR P -3 -2 -1
1.5 0.2 04 06 08 1 1.2 14 16 1.8 10 L 10 L 10

la/p|

Luminosity (ab1)

16/6/2009

CERN/FNAL Summer School

58/60



New Physics ... the expected..”

THIS 1S5 GREAT! THESE

THINGS DOR'T HAVE A
CLUE ABouT ws!

;III

il 1"'"|II|""I'II!=“"a

New Physics finally discovered !!

b,

= . ' [
|I|Illllll!||\lm||mmmrm e ||| il n:ﬂ!!!;‘#ﬂ;ﬁ i
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“Yeti” or
onimable Snowman”

- Thank you
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T
—

CDF Trigger

0.0015

Efficiency per 13.5um
-
&

0.0010

0.0005

0.0002

LI I'|I'|IT 'I"iT]I'Ill'I' L] T'Iil'll'l'i ] TTI].

-
b=
£
&

Trigger Efficiency

Typical B Lifetime

L

T 1.1'

da}t::-t (o)
bt

oy

[ =1
g
=
cf
EI—-
(-]
o
L=
"
L=
D.
g
[=]
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previous analysis

DO : 2.8 fb'l; PRL101 (2008) 241801

—~0.4

2

~0.3

3
0.2

0.1

-0

III!|IlII|[IIIIIIII|IIII[IIII

~
V)
~

— SM

B AT = ATg, x [o0s(0,)|

D, 2.8 fb™
= Bg —>Jy o
AM, = 17.77 ps™

1 l 1 11 1 11 1 L1 I 1 1

&

“HA5 T4 5 0 05 1

20, (radlan)

—28,=—0.57"5 (stat )fgg; (sys)rad

AT, =0.19+ 0.07(stat)f§_’§f (sys)ps™

Probability of SM = 6.6% ~1.8c

Strong phases constrained
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RICH Performance

y (cm)

/'\100 T stassteaae ate_ 4 ;_
e~ " K=2>Korp 4
-60—I B : CIC.) B 1
-60 20] 8 %k |
Ul -
R .
iu n>Korp PR
Averages: . et .
K— K,p eff: 83.1+0.1% " ' s;g (IGIe\/I)"}D
- K,mt misID: 5.85% 0.03%
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—"
J Beam 2 dumped on injection line beam stopper (TED), "4 . 0
i.e. 4m W, Cu, Al, graphite rod in a Im diameter < t":‘:x
iron casing - e )
) T |/
J 340m before LHCb along Beam 2 A — 4

J Wprong direction for LHCb
 High flux, centre of shower O(10) purficles/cmz
. VErtex LOcator O(0.1) particles/ cm?

= ~700 VELO tracks per test

—" LHCb l.

35000 30000 25000 20000 15000 90000 S000 0O 0 5000 10000 om
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Not to scale!

V0TS

.05

1.OZ5

Inclusive Vub

0 5 10 15

q" (GeVH

CLEO (E.)

377£044 +0.26-0.39
BELLE sim. ann. (my, q7)
423+ 045 +034-0.35
BELLE (E.)

461 +043+023-0.31
BABAR (E.)

413+ 023 +023-0.34
BELLE m,
393+026+0.19-0.22
BABAR my

407£0.20 +027-0.29
BABAR m,- T

429+ 0.28 +0.34 - 0.36
BABAR P

3524023 +030-0.31
Average +/- exp + theory - theory
396+ 0.15+020-0.23

et = 7.0/ T(CL = 43 @)
P. Gambino, P. Giordano, G. Ossola, M. Uraltssv
THEP 0710:058,2007 (GGO)

o

2

4

6

IV, | [x107]

g 0

my (GeV)

P* (GeV)

HFAG Ave. (BLNP)
432 20.16+03532-027
HFAG Ave. (DGE)
426 £0.14+0.19-0.13
HFAG Ave. (GGOU)
396 £0.15+40.20-023
HFAG Ave. (ADFR)
376 2£0.13 2022
HFAG Ave. (BLL)
487 2024 2038
BABAR (LLR)

492 £0.32 +£0.36

428 2029 2048

440 £0.30 2047

BABAR endpoint (LLR)

BABAR endpoint (LNP)

) | IFHEPOS

4

5
VI [x107]

1.5 2
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B.—»KK 2 fbl

Events/ (0.073 ps )
P
=]

]
=
=

200

100

0
E b Sanf © (ps) e
2300 | oo 3001 e, =7 1
“E - : By—=K'mw
- i - hypothesis LIS,
sop- Nypothesis 250F yp
200~ 2001 ], —=pK
- - A —=pr
1505 150F-
100 1'3'33—
suf— S0
Uy 35 5: o ss aTMsETMEEYess 7eE 54 545 55 555 56

My, (GeV/c?) m,,, (GeV/c?)
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B> K 'utu-Decays

dB(B —> K* u* w)/ds * 107 [Gev-2]

0 D 10
s |Cev?]
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Crab cavities

Siﬁ.%eﬁSSuperKEKB
‘ ‘1 More RF sources _ i =

More RF cavities

\'ﬁ

, Damping ring
K

Crab cavities installed and
undergoing testing in beam

v

e-4.1A
8 GeV

Energy exchange
fal l—hnn.-l

The superconducting cavities
will be upgraded to absorb

higher-ord de pow :
LTpOtrgsogk\(j\r/_or er mode power ngher Current
< More RF
New vacuum system

f" The state-of-art ARES

4— copper cavities will be
upgraded with higher energy
storage ratio to support
higher current,

L= 2 [0 R
2er, ox NOY/\ Ry

Positron ¢
[NEG Pump]

T e + Linac upgrade

. Super
The beam pipes and all KEKB
vacuum components will be uest for BSM

replaced with higher-current Almlng 8 X 1035 Cm'ZS'l 4

design. 69
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O DI (W/0 crab)

alf crossing
angle: ¢

Hourglass condition:

By >~ L=c,/¢

e Polarization™ 2= N+N; f* R,
e t/charm threshold energy ; 4ro,o,
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