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Why studying B mesons ?

Mesons with b-Quarks:

» Heaviest quark that forms hadronic bound

states (m~4.7 GeV).

« Must decay outside 3" family
» All decays are CKM suppressed

* High mass: many accessible final states

* Long lifetime (~1.6 ps):

experimentally simple to identify
« Large CP violation expected
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Loop corrections are important:




CKM Matrix

/d " /Vud Vus Vub ) /d )
S| = Vcd Vcs Vcb S
D) M Vs Vi J\D,

S

Number of 18 parameter (9 complex elements)

Independent -5 relative quark phases (unobservable)

arameters: L "
P . -9 unitarity conditions

=4 independent parameters: 3 angles + phase




Wolfenstein Parametrization
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Unitarity Triangles

CKM matrix is unitary :

&/’; +V V. +V, V., =0 (db)
V.V +V V.

ud “u
us * ub cs " ch +Vtsvt; — O (Sb)
VooV +VeaVe +VgVig =0 (ds)

Vuth:ic +Vuth: +Vuth; — 0 (Ut)
Vcht; +Vcth: +Vcth; — O (Ct)

V VoV

us = cS

+Vuch; = O (UC)

us = cs

| e v
Vi Vt;V td y\/"d\é& t)
(db) *
* Vusvts
Vcchd
(sb) ) (ct)
Vévubl% VeV~
Vt;\/ th Vc:Vts
(dS) ViV, 3 ViiVeg (“if)
| n
V.V VW

k VC:i VCS

Vt:; VtS

All 6 triangles have the same area (= J-p/2 ): a measure of CPV in the

Standard Model.
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Unitarity Triangle

Redraw “unsquashed” A’s and divide by Vcchd

Im 4 Vi Vo, + ViV, + Vi Vg, = 0|
77 ......................... .......... (d b)
Vu:)Vud V’tA\b—*\;/tgj (;) 7_7)5 (1_ P2 /2) ( 0 77)
AL ’ ’
B >
chvcd 1 Re
P AL a=r1—f—7
y=arg — V”fV”d —tan"' L ~ 70° [=arg — VCSV“Z —tan"' —1— ~ 21
L Ve P L ViV 1-p




Unitarity Triangle from B Decays

BB B’ &

—Re

Sides from CP
conserving observables



Unitarity Triangle from B Decays

Im 4

Angles from CP
violating observables

CPV:B® - DK" DK? Kz,D'x

ICPV: B > J/yK]
B. — D.K, KK

,,Golden channel

Very rare decays — several 10°B mesons necessary



The 2nd Unitarity Triangle

(s o Vs Vi + Vi Vi + V,, vy, =0
(ut)
VioV
A
5 VoV _ Re
AL 1-Z4 p

b, = arg[— Ve VCSJ ~ 773«2 ~1% ~20 mrad




CKM Metrology - Experimental Status

et e B factories

Measurement B° B oscillation

Measurement of CP Violation in B®—>J/yK,

UnitarityTriangle
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et e- B factories

+ A+
c(ete")
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Ty v 7 (45) ! ——
okl 4 ’ 0o e ] 009} PEPIL/ BABAR
o f \ £ 1; ) i
sl M, 4% .,‘ r
= ﬂ-‘y} '!.n..,
N A |..?'.‘?S.’ J..T.‘?‘.S:’. . 0.051
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Mass (GeVic?) \/_ .
s =10.58 GeV
B e
e Ecm - M!rit(45) [MeV}
*y\ anti B 50%/50%
e PR
’ B B°B° /BB~ O =1.1nb

BOE pair is produced in a coherent L=1 state:

o)~ 35 0)8°)-[F" )

Continuum ~3nb

1.1 million

[ fbt
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Asymmetric B factories

PEP-Il @ SLAC KEK-B @ KEK
Energy: 9.0 GeV e + 3.1 GeV e” Energy: 8.0 GeV e +3.5 GeV e*
Max. currents: e*/e ~3.2/2.3A Design luminosity : 1 x 1034 cm—=s?
Design luminosity : 3 x 1032 cm=2st Peak luminosity :1.71 x 103 cm? st

Peak luminosity :1.207 x 103 cm2s!1 B mesons: rate ~ 19 Hz, 780 M BB
B mesons: rate ~ 13 Hz, 470 M BB

PEP-I11
Rings ™

Positrons

Low Energy Ring

BABAR Detector

.-"’ __-'-'-
" *Electrons

High Energy Ring




Asymmetric beam energy

E.ys =10.58GeV

Symmetric:

~ 5.3GeV  53GeV
e —> «—¢€

_|_
Asymmetric:

~ 9GeV 3.1GeV
e > «<— €

Boost B = 0.56 (BABAR)

B=BY/B*

B mesons at rest
— decay length z=0

decay length
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Mixing Phenomenology

O:j??)

B (t)] [M_I_ j Bo(t)] N_omass
B° (1) 2 go(t) eigenstates

B°) with m, I,

Mass eigenstates: |B, )= p‘ |30> +q

~q[B°) withm, I,

S

0
complex coefficients BH zp‘B >

o +|o =1

B, (1)) =[B,.(0))-e ™" e 2

Flavor eigenstates: ‘BO> = %(‘ B, )+|By)) ‘I§°> = %(‘ B.)—|By))
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Mixing of neutral mesons

P(B° -»>B’)=P([B° »B") :% !‘“ T cosAmt:
CPT
P(B° > E) - % a 2 l_m T cosAmt: Am =my, —m,
. i 2 -
P(B° »>B’)= % g lm e _pe (i cosAmt.
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Oscillation
Frequency

12

0,8 -
0,6 -
04 -
0,2

1,97

Nm

BO-BO Mixing

P(B° >B

O—)BO)=

1 B -
") = >Te "' ¢+ cosAmt

(mitl'y =l =I)

%FeFt (1- cosAmt)

ﬁ

P(BO —>B%)-PB° > BO)
PB° ->B%)+P(B° > BO)

4

e |
[} E—

5 6 7 St/TB 10
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Steps of oscillation measurement

At measurement

Start / Stop

B-flavor Tagging &
Vertex Reconstruction
Tagging Quality: Q = 30.5%
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BO Oscillation

N(B) ....(t)=N(B)_ . (i -
Amix(t) — ( )unmlxed( ) ( )mlxed( ) ~ COS th/
N(B)unmixed(t) + N(B)mixed(t)
perfect realistic
tagging & At resolution tagging & At resolution
o 12]
10 C
10}
8- of
6_— 6
4r 4
2_— 2_
ple== A ik, £ il RN ek, 1= R 0 =T L s s P B = 2
6 -4 -2 0 2 4 6 6 -4 2 0 2 4 6
Decay Time Difference (reco-tag) (ps) Decay Time Difference (reco-tag) (ps)
Negative At:

Signal B decays before tagging B



Asymmetry

N R o 0

0
0
0
0

0
02 F
0.4 |
0.6
0.8

-1

W+ b=t

BO Oscillation

- BABAR

y==g

2 s
T/2=m/Am,

o 2z 4 6 s 10 12

|At] (ps)

Am, = 0.507 £0.005 ps™

(World average, PDG 20098)
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Observation of CP violation

Observation of CP violating phase — Interference effect of 2 amplitudes

Bof

Bof L

B f

A, e,i;zscpeics

Ay i

|
—_

A ei5

A =AZ + AZ A =AZ + AZ
+2AA, coSs(@p + O) +2A A, coS(@-p — 9)

CP

~ N



CP-Violation through mixing and decay

r(t) ~ e |- sin2g sin@mtd " J+sin2B sin(amt)’

CP

I'(B° > f)(t)-T'(B° - f)(t)

— 5 = sin 23 sin( Amt)
I'B” ->f)t)+I'(B" —>f)(t)

ACP(t) —
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CP Violation in B—J/yK,

Mep =1

- BO ?mixi?ng P 7 BO 3ecay = 5 KO?mix;ng -

Whe=" 2
d—e—e—p d d gd—e—e—S5s

a’p AccVVe Ay / Px

P e

ACP — ﬂ i :Q\;tbvtd Vcchs Vcchd _ _thth Vcchd -2ip
p A thtd Vcchs Vcchd thth Vcchd
\ /
N

Beside V4, all other CKM elements are real

i V’CP‘ =1
3
Vg *NVal€ | = lim(i.) = sin2p)

no direct CPV, no CPV in mixing

Same for all ccK® channels



Account for direct CP Violatio

\At\/

F(BO _)fcp)(t)oC ‘+‘ ‘ 1+‘ ‘ —Im QCP Slnﬁm '[\ L IACPI
¢ CP pal
L \At\/
I(B” — fe,)(t) !+‘ ‘ 1+MCP‘ +Imd,, siném,t — 1 ||
Acp i

n

cos€m,t |

cos€m,t |

NB°(t) >fp)-T(B°(t) >fp)
[(B°(t) > e )+ T(B°(t) >fp)

ACP (t) —

25



CP Asymmetry in BY—>J/yK,

_ F(§ —>fp)-T(B —>1p)
Aoe (1) = I'(B > fyp)+ (B —fyp)
0 f= 1= 14 > COs(Amt) — 23(42 sin(Amt)
B 1+ |4, 1+ | 4]

— AN J
Y Y

. Direct CP violation CP violation through
interference

A _d 3(A4)=-n,SIN2p

P

> |>



CP Asymmetry if no direct CPV

I'(B° >f,)(t)xce
[(B° —>f.)(t)ce

At

At

F(E_BO(’[) —>fp ) — F(Bo(t) —> fep )

¥ x {-sin2Bsingm,t

" J+sin2Bsinam,t

ACP (t) -

F(Bo(t) —>fep )+ F(B_O(t) —> fep )

=sin28sinam,t
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Steps of the CP measurement

- Now: CP eigenstate

Y(4s B Meson & Vertex
(4s) B ot

At measurement

. B-flavor Tagging &
Start /S-l-op Vertex Reconstruction
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Decay BY—»yK,

ete— Y(4S)— BB

BO >y K,
L, u”u\—> T [ Bep

0 ] -
B® — ||D*+ T fast

—> DO TE+SOfT B Btag

|

—>K-*

—

at At=0: Bp = B

BABAR Experiment (SLAC, USA, 1999-2008)
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CP Violation in B%—yK,

BB-rate: 13 Hz

BB — events: 470 Mio. — 6750 B®/ B? — yK_

o
=
=

(]
=
=

Raw Asymmetry Events /( 0.4 ps)
o o o
o o bt

o
.

PRD 79, 072009 (2009)

HH
—
=]
L
|

lg») BELLE experiment
<O
EEa  (KEK, Japan, 1999-2010)

I|III|III ,I'}J |III|I|I (L | T T T TTT

f—l-'lr'IIIIIIlIITI/I III|III|I

535 Mio. B B
= PRL 79, 031802 (2007)
~1 .
I , _ -
"w{;{_:HTACP ~ sin24sinA sin2/ =0.642+0.031+0.017
5 0 5 At (pe)

sin2f =0.687 £0.028 £ 0.012
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Trigonometrie
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BELLE
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http //ckmfltter |n2p3 fr/

N T T I T T T ! T T T I T T T I ]
o 1
— 1 fitter ]
= —/l\ Y ] Beauty 09 -
B O : -
- g —
I T . -
== . 0 =
L | & sSin 2B : sol.'w/ ¢os 2f < 0 -
— 8 1 (excl\at CL > 0.95) -
— O —
— |2 5 —
- = Yy =
[ - o —]
— o -
- Y p u
[ |(x 1 I 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 L 1 I -l
0.4 -0.2 0.0 0.2 04 0.6 0.8 1.0

<

World average.

: g o)
With BABAR/BELLE difficult:  y = (3+19
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Experimental Status

0.7 N :.O I ! 1 1 ] I ] T 1 I ] 1 T I T | | I | | _
i i itter .
0.6 __—IA [ Amd Beauty 09 .
- . -
L % ; —
05 9 \ : €k -
— ol Sin 2B : sol.w/ cos 2p< 0 -
— 8 : (excliat CL > 0.95) .
04 [—3 : —
= E3 : -
— € : :
03 E Ko Constraints
02 - i only from loops
— :
0.1 |— !
— i
0.0 [ I 1 1 1 1 1 ] ] 1 ] 1 ] ] 1 1 1 1 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

p
Within uncertainties loop-processes well described by SM.

New Physics effects only appear corrections to leading SM terms.
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Flavor Violation beyond the SM

Effects of New Physics* at A = O(Ag,,) on B decays can be treated in a

low-energy “effective theory” approach (similar to Fermi-theory).

*) electroweak
New Physics in flavor changing amplitudes:

ﬂ b CSI\/I CNP “CKM”
ssm D=0+ X) = A, mvzv + A2 factors

Loop-factors

In most general case NP has generic flavor structure!
Experiments tell us that NP around the EW scale should be MFV.
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B Physics with LHCDb

and other future B experiments

= Looking for corrections to corrections

I

contents:

* B production at the LHC
* B event signature
 Detector properties

* Key measurements
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B Production at the LHC

jo=SPNGS
p—p— b P

= pp collisions at\s = 7, 10, 14 TeV

G~ (0.89, 0.95, 1) x100 mb

= Correlated forward production of bb

bb Production

= B ,B° BB, A, ..
=7 ~2x10% cm?s?t(tuned at LHCD)

e ~10' bb events / year (2 fb1)
* 50 kHz bb-events in LHCb

® Charged particle multiplicity ~30 / unit
of rapidity




B Physics & LHCDb Detector

s B . Rate of multiple interactions (MHz)
"8 I S S E 25__"&
T i
M | 0000 - B
S ,,2| | ATLASCMS 20—
B S C
X R -
o 151
B 105_
S RS S— o s\ g
! I L1 ‘ L1 ‘ L1 ‘ L1 0M-.-_1:.'1.'T.'.:'.I.'-.-'-J-I.-I-u-l-r--r'1"."'."."."I'i".".'lrnll-. AT R
0 2 4 6 1 2 3 4 5 6 7 8 9 10
eta of B-hadron Luminosity x1032 cm=?2 st
LHCD:
» Forward, single arm spectrometer, 1.9 <n <4.9
< (bb pairs correlated, mainly forward)

N
7 -

« Excellent vertexing and particle ID (K/zm separation)

* “high” ptriggers, including purely hadronic modes,
very flexible

* Luminosity tuneable by adjusting beam focus:

run at L ~ 2x10%2cm—2s—1 > n~0.5 36



Typical Event

Simuliertes Ereignis

SE S
",
- i

", ™ 4 el
A
" . . | |,
2 m LT

+Decay length Lty
. Decay products with p ~ 1-100 GeV

« K/n Separation

« Trigger on “low p,” particles (similar to backgr)
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B factory versus Hadron Maschines

PEP-II, KEK-B TeVatron LHC _
e'e” >Y(4S) > BB | pp - bbx (s =2Tev | pp - bbX (/s =14Tev_
prod 1 nb ~100 ub ~500 ub
typ. rate 10 Hz ~50 kHz 100...1000 kHz
purity ~1/4 Opp/Cinel = 0.2% Opp/Oinel = 0.6%
pile-up 0 1.7 0.5-20
B content BB (50%), 301_30(5()%) B*(40%), B"(40%), B (10%), B(<1%), b—baryons(10%)
B boost small, fy~0.56 large, decay vertices are displaced
event structure BB pair alone many particles non-associated to b
prod. vertex Not reconstructed reconstructed with many tracks
tagging/mixing coherent incoherent— flavour tagging dilution

LHC / Tevatron = “b” (not only B) factory:

B, B*, B, B, b-baryons ~40:40:10:0.1:10%
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Vertex Reconstruction

B.oD(KKm)n T
(= 440 um
B. K+
S Dsi /
[ <
/ 150 um -
501m (L) =7mm
1 Proper time resolution
o =160/jm L — ﬁ}/ %‘ZO:‘(;&) Oppr= 42+ 5 fs
100l Bg - D;ﬂ+
M : c ~ 40 fs
o, =36 Ct=—bL =
(momentum uncertainty p 0
negligible) I
CDF: ~100 fs | |

| ] a . J |
1 0.5 0 0.5 1
Proper time resolution (ps) 39



Trigger

Muon system

Pile-up syste

Level-0 Hardware: (4us)

“‘High p:* u, € h, ysignatures
11,28, 3.6, 2.6 GeV

'\ 1'

f .
Rather modest p, values — only modest rate reduction

10

(mnormalized distributions)

Readout

B events look
very much like
minimum bias

— m.bias

..... b

HTIE
s

P Y NI T

events

‘1 MHZ‘

(). i

3

4 5

maximum P, (GeV/c)

PC Farm:

Higher Level
Trigger

¥

2 KHz
Disk
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Higher Level SoftwareTrigger

(e
-l Higher Level Trigger (Software)
1MHz Computing Fram ~ 10000 CPUs
1. Confirmation of trigger signature
- using tracking information (1 ms/track)
E + track impact parameter information
= ~ 30 KHz
~ 30 KHz
o~ _
r
T
ISing‘Iegll W + track || di% | Iﬁ‘ “ HLT
2 KHz g(B.—D.m) 50% = 80% 40%
e(B.—J/p(uu)p) =~ 90%  80% 70%
g(B—K"y) 70%  60% 40%

Storage (event size ~ 35 KB)

w/r to “offline” selection —» ¢,=1...3%
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B meson key measurements at the LHC

42



LHCb — Key Measurements

B, mixing phase ¢,

b — sy penguins

Very rare FCNC proc.

~—e [<<u]
B, B A
- - o o

BO KO*

Acp (B, — J/
CP( S v (I)) Bd N K*y
By —> K" up
—'/ D’
CKM angle .
Jey B Vub <
B — DK K~
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B, — Mixing: Amplitude and Phase

=

Access to the 2nd

Unitarity Triangle

e
S
7

.................... Vo Vg + Vi Vi + V.V, = 0]

. ut
Vuthd ( )

AL

a4



B, Mixing Phenomenology

Vi Vi
—_rr i Ci
S : t : . d (BOJ ’ [BOJ mll—arﬂ le—Erlz (BOJ
|_ _S — _S — - . _s
b ! 1 ' g dt| B/ B, ! | B
t: ‘ L é S‘ > ° my, — EFlZ My, - Erzz °
Vib Vs
B4 B,
Am=m,-m, 0.5 pst 17.8 pst
A=D1, 0(0.01) T O(0.1)-T'¢ (*) In SM
q)s,d 2arg(\/tbvt;) =2p zarg(vtbvt:) =2p; |@m small:
0.04
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B, Mixing Measurement

Signal B
(flavor specific decay)

- - ot
B.—> D m

_BS — Dt v
B flavor tagging B
~  Problem w/ neutral B’s
(no coherence)
N(B - (t)—-N(B)...._(t -
A‘mix(t) — ( )unmlxed( ) ( )mlxed( ) ~ COS Qmst/

N (B)unmixed(t) +N (B)mixed (t)

46



Necessary Tool: B Flavor Tagging

Signal B (same side tagging)
* Fragmentation kaon near B,

Tagging B (opposite tagging)

Dilution
* lepton form
* kaon " oscillation
* Vertex charge if B
J
Mistag rate
v
Tag E1ag (%) | @ (%) | &5 (%)
Muon 6 32 0.8
g Electron 3 32 0.4
S [ Kaony, 15 36 1.3
(QV
Dilution D=(1-2w) 2 Vertex Charge 44 42 1.1
Effective Tagging Power a | Frag. kaon (By) 26 35 2.4
e .=c_ D2 § Combined B® (decay dependent: 4.2
eff ~Tag — | Combined B trigger + select.) 6.2




Effect of mistags on mixing

N(B)(t) - N(B)(t)

A= B0 NE)0

Observed asymmetry w/ wrong tag fraction @

_N(BXO) -NB))
P =N B0 N E)

_NEOE-0)  NB)Do -NE)- o) -NEB)o
N(B)(1)(1- ®) + N(B)(t)w + N(B)(t)(1— @) + N(B)(t)@

1o N(B)(t) - N(B)(t)
- (1- 2w )N(B)(t) NGO — (1- 20)A(t) = D A1)

N'(B), N'(B) Observed number of events of given flavor

D=(1-2w) Tagging “dilution”:  ®=50% — D=0
no measurement possible



Dilution

() '(mistag) = 0.4

— total
— unmixed
— mixed

f\:\ S

_--:-\.\_\__;
1l

~10 15 2.0
decay time, ps

EDIB Eu- g
§ 0.7 perfect tagging § 07%
S06 T0.6
205! — total 20.55
= — unmixed =
m 0.4F| — mixed @ 0.45
o 0 )
©0.3 2 0.35
o o -

DIE Il ﬂlz:_

0.1 0.

%86~ 05 10 15 20 %00

decay time, ps

15, Mixing Asymmetry 15,
¥ A{t} COS ﬂ.rm._t <

1.[]

f ” ’ f 05
N A A
\r | b =
VL =
-1, u 1.0

[ I
1o- Amplitude: x(1-2w)

wf ‘x.fﬁ\/ Y s’p‘uﬁ‘a

Decay Time [ps]

1 Z 3
Decay Time [ps]



Sensitivity and Tagging Power

. NB:qN’
_N(B)-N(B) [Ng=@-ag)N=pN

- N(B)+N(B) ()= Ne

N

Total event number N =N(B)+N(B) fixed Aq = % (1-q)q

Statistical error calculated according binominal distribution (A or notA):

Statistical error of asymmetry

N
AA = iN(l_ A2)1/2

~

Taqgging efficiency: N—>N=¢N

m Mieas = ﬁ(l_ (Ameas)z)l/2

S

Wronq taqg fraction: A cas =DA AA . -~ 1

= effective tagging power

We are interested in A and 1
therefore also in the error of A AA = D APreas



Effective Tagging Power

e? Reduction of data set

DO/CDF 2.5-5.0% X 20-50

BABAR/BELLE ~ 30 % X 3-4

LHCb (MC study) | ~ 6% X 17



w L am.o,”

Finite Proper Time Resolution

Cl: perfect g ——  finite
5 ooz E i 0.007— -
£ oot resolution £ ~ resolution
£ o.016— : 5 £ 0.006 |
o
0014 0.005)
.02
0.004 —
0.01—
0.008 — 0.003—
0.006 0.002—
0.004— -
0.002— 0001 : :
':;:...|...i-1"..|......5.'."1-L.JLE G:"""' AR NS S N B e
8 -4 0 4 8 8 4 0 4 8
B Decay Time (ps) B Decay Time (ps)
—t'/r / —
e RG(t,to,) = P(t)
15 Mixing Asymmetry
1 0§ A(t) = cos(Amt)
D_Si (\ A (\ Affects the observed asymmetry: A .= D A
0.0

®

=) Dilution: D_ ~exp

-:---.I....|.... ct
% 1 2 3 2

Decay Time [ps] —




Statistical Significance of Mixing Asymmetry

Events/d MeV

Only signal: o~

With background:

y Signal region CDF Il Preliminary 1.0
CDF Il Preliminary 1.0fb c
200 2 - Data
. Data £ 4 -glfnal
800 —Dala f —Blg
& =ignal raglon E — Signal+Blkg .
[ =kg ragion g BaCkg round .

=1.57120.026ps

NiJiy KY=3802

=
=

shape and level
from side-bands

1
‘ N 1 (S+B )2
Al ' Ostat ~ 7=
015 041 005 -0 oos 01 0145 02 2,3[5_”“,[:{3' [c:‘.]ﬂﬁ S S

¢ 318 3.2 3522 524 526 328 53 532 534 536 538

Mass(Jhy K) [GeV]

Statistical significance including all tagging/resolution/background:

1
/ 2 (S+B)2 Cmo. >
Ot (A) = exp ——L=
Stat( ) SgtagDz[ S j p[ 2 J
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B, Mixing

B, changes its flavor about ~9 times until it
decays: need an excellent proper time
resolution to resolve the mixing

(LHCb ~40 fs)

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

CDF:
o(Amy) =+0.10,+0.07, ps™
o, ~100 ps

B,—>Dgn

Perfect reconstruction
1000 : % + flavour tagging

+ background
+ acceptance

800 -

*:;: 600 2 fb1 (1 yr) of data
>
a3 |
400
200 |
o
0 1 2 3 4 5

Proper time (ps)

LHCDb expects 80k B.—~D.r events in 1 yr
O (Am.) ~ 0.006 ps™
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P ct,Signal |7

B. Mixing at Tevatron

1t 1 £+ AD cos(Ams t} > G ”—f oet) * €ct(t)
C ) C J

~

) = 2
2
g ] = data+1g O sensitivity 31.3 ps
= -
£1.57 - 18450
E 1_3_ data+ 1.645¢ L A
<{ | datat 1.645 ¢ (stat. only) H, gl
0.5 I
* ||| !
() PN 1|I ol Il Ll
; WY T e
-0.5; f
-4
-15 CDF  Fit: A-D-cosAm.t
_q- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- 5 10 15 20 25 30 35
Am, [ps ]

Am_ =17.77 £ 0.10(stat.) + 0.07(syst.) # ps™
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CP Violation in B.—»>J/y¢

@ 2 (I @)cp

LB, > B/yg))-TB, > Hwsd)®)
I8, > Mwsp)t)+TB, > Fysd)t)

ACP(t) —

B 7. Sin(2 45, ) sin(Amt)
COSh(AI't/2)—n, cos2p, sinh(Al't/2)

Problem: B.(B.)—J/yg is nota pure CP state
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B.—»>J/y¢

Bs_> J/\V (I) Vector mesons w/ JP¢=1-

!

HE KK

Jhy¢ is admixture of CP states:
L=0,2 CP=+1
=1 cp=-1[ Tr=(D

]

Angular analysis to separate CP +/-1 states:

Decompose decay amplitudes in term of
linear polarizations.




Transversity Basis

 Decompose decay amplitudes in term of linear polarization,
when J/y and ¢ are:

—A,: longitudinally polarized (CP-even)
—AJ: transversely polarized and - to each other (CP-odd)
—A: transversely polarized and || to each other (CP-even)

« = 3 angles 0, ¢, Y describe directions of final decay products
Jy—pp, ¢—KK
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Angular Distributions

k A;(t) Ai(t) fi(cos©, &, cos V)
1 | Ao(t)]? | Ao(t)|? -2 cos’ 1) (1 — sin? O cos? (,-‘5)
2 | Ay (1)) | __” (t)|? ——sin” 1) (1 sin’ © sin® c;ﬁ)
: ()] L) blll ) sin’
3| AL A, (1) 26
41 Im(Aj()AL(@) | Im(A4;(1)AL(?)) —f sin” %) sin 20 sin ¢
5| Re(Aj(t)A)(t)) | Re(A(t)A)(t)) = g\ 7 sin 27 sin” O sin 2¢
' m m(A5(t) A, (t = sin 210 sin 20 cos ¢
6 Im(Ap(#)AL(t)) | Im(AG(F)AL(?)) T35 Sin 24 sin 20
2
Aa(B)]? = \A43(20)| [(l +cos Py e 4 (1 — cos Dy )e T H — 27 sin (Amt) sin <I)S}
2 ‘AII(O)F . —I'pt ; o —Tyyt =Tt . AL
Ay (2)]" = —y {(l + cos D, e + (1 — cosDy)e — 2e” " sin (Amt)sin CIJS}
2
1 (t = 1 —cosd,)e L + (14 cosDy)e B + 2e "sin (Amt) sin P,
|A (”2 ‘Aléoj‘ [( T ) I'pt ( i ) Tt I't (& ) I)]
i 2 |AD'{0)|2 ; - —I'pt . o Tyt =TIt _: _ .
|Ag(t)]” = 5 [(l + cos Oy )e + (1 — cos Dy )e + 2e7 "sin (Amt) sin (I)S}
_ |A||(0 | - i —I'pt 1 _ mrrco —Igt e A , :
A1) = —5 [[l + cos Dy )e + (1 — cos Dy)e + 2e™ "sin (Amt) sin (]f)s}
T2 [ALO)]* . e, Tytl o Tt _
A (t)]" = > [(l —cosPg)e F 4 (1 4+ cosDy)e  #Y — 27 "sin (Amdt) sin CI)S}



Angular and proper time distribution

1400} 1200~ 1
1200F 1200
C ki 1000f 1
1000} ., f ik L ., 1 t -
¥ . — s e e
suﬂ_—CP:_i_l “‘-u..,______“ _..--"’_r EﬂD_ ——— .
800 so0f-
400 CP=- 400~
: _‘_"_'_,_,..--—"'_'_'_'_"_‘—-\-.__,_L_‘_‘H B
2001 - - L —— -
5 ,,-f"’# H"""xk_‘ 5
a:-le|III|III|III|III|III|III|III|III|IT"I‘- D_|||||||||||||||||||||||||||||||
-1 08 06 -D4 D2 D 02 04 06 0B 1 -3 -2 -1 0 1 2 3
cos A i}
o
signal
o -'E E —— background
2000 g - P — fitted sig. lh.
1800F iy B Ty, = cp-even sig. lh.
u 1WE o ——- cp-odd sig. Ih.
1600~ F _F\\ —— fitted blg. Ih.
1400 B S —— complete |h.
1200F- 10 E H‘H
1000 -
BDH:— ) L + ; ) 1ok ‘I
EUHE— e, — » J,.-' F
400 o -
w0 T T 1 ]
o o ~—
pEin Lo e e Do b nn Lo bown Lona Lo TR 1 i N T N T NN T N [N T T N T A T B
-1 08 D6 A4 02 0 02 04 08 DB 1 -2 1] 2 4 B 8 10

o5y proper time t [ps]



Experimental Status (Tevatron)

CDF RunliPrel. 28t '+ Do 281" EPS 2009

= 0.6 [ excluded area has CL » 0.65
| 68% CL

/)] %

2 04l 95% CL

99% CL

Im A,

Ay ine = Agy x (Re(A,) +11M(A,))

A.Lenz, U.Nierste

61



LHCDb Prospects for ¢,

#Evts (2fbl) | B/S €tag(%0)
117k 2.0 6.2
_ A. Bien
o6
.. - L=50pb"
< 0.4 — 68% Confidence Level
- — 95% Confidence Level
0.2
0
0.2
_0_6__ . . -1
’\MQSWd'QIU[SO.pb‘ A T
-1.5 -1 -0.5 0 0.5 1

1.5
B, [rad]

o(pve) (rad)

e
w
a

e
w

0.25

0.2

0.15

0.1

0.05

RSN

r — Uncertainties on c(bb)
and BRvis(B2—J/vo)
A CDF+DO0, 8fb™ EACH
LHCb 3.5+3.5TeV; o(bb)=219ub
L A
[ | L P R R T
0 025 05 075 125 15 175 2

1
g Integrated Luminosity (fb'1)
N



CKM Angley

. . 1.5 T T T | T T 1 | T 1
e A |Ot Of p|oneer|ng Work Mexcluded area has CL>U.95;

from B factories L

* No significant constraint
from direct

measurements yet 0

az]

III|I
+
w_<
=
[]
o




y from B — DK tree decays

Tree decays:

A(B- > D K)

AR =rBe'5Be‘i7
A(B~ — D°K")

Principle of the “y in trees” measurement:

Cabibbo favored and suppressed decay amplitudes of
the B-(B*) can interfere in case that the D° and D°
decay into the same final state f.

‘ Several methods are proposed and have
already been explored at the B factories.
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y from B — DK Tree Decays e

B DK m)K* (fav.) 84k | 0.6
ADS/GLW _ B+*—>D(Kn)K* (sup.) 1.6k | 0.6
B >D(KK)K* 8.5k | 1.2
_| B*>D(zn)K* 3k|3.2
GGSZ B*»D(K zn)K* 6.8k | 0.4
ADS (Atwood,Dunietz,Soni) method: GLW (Gronau,London,Wyler) method:
Common flavour state fy=(K* = ~) fyis a CP eigenstate, fy= K*K-, n+7-
Note: DY—K*n~ doubly Cabibbo suppr. c, =11 ..13 (2 fb?)

o, =11 ..13 (2fb)

Combined (2fb)

2 5, ()| 0o [45] 90 [ 135 | 180
Use Dallitz decays D°/D° - K (z7)r"n" o(y) |46 |6.1 |57 |60 |43

c, = 10 (13°) ampl.model/binned fit LHCb-2008-031

GGSZ (Giri,Grossman,Soffer,Zupan):
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y from Tree Sensitivity

LHCb-2008-031

Tree Level Processes

Combination: g0 (°) 0 |45 |90 |135 180
B4 \DOK- o, for 0.5 (°) [8.1(10.1 |9.3 |9.5 |7.8
B0 _,DOK*0 o for2fbl(°) |4.1|51 |48 |51 |3.9

o,for 101 (°) |2.0 (2.7 |2.4 |2.6 |19

Time dependent:
B, » DK (B - Dn) 2° ...3°reachable after 5 yr




CKM Metrology and LHCDb

e = 2...3° fiir £=10 fb1(5J)

0(Sin2PB),; = 0.01

5 A5 fur £=10fb!
O('th ~ .

Mit LHCb Daten® £ =10 fb1(5J)
= F
1

0.5}

0.5}

) +Verbesserung von Gitterrechnungen.

67



Penguin

and very rare decays
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B —> XS Y Challenge for any NP model

7 7 7
S N
W rirJ H, I AP
b _®_ s b—G‘ s b ~»—@— §
t i ;

Br(B - X,.7)=(3.57£0.24)x10™
Br,,(B— X,7)=(3.15£023)x10”

Constraints from observed BR on
Type [l 2-Higgs Doublett Models:

0.4 : - :
MH::EOCI [EXaATS
[
G(Br3 o,
0, 3r
Q.25

0.2} o 2 300Gell @95%C.L.
0.15¢ \ \ \
MISIak et al. PRL (2007) \
2.8 .6

* Br'x 10%

Probe photon polarization: ﬁ%

,at

4@\\5

B.—~>¢y events: LHCb: 12k (2fb)

From time dependent decay rates:

AB—f"yr)
A(B— TP, )
11

tany =
LHCb: o(y)=0.

= amount of wrong pol. photons

mp Test models w/ RH currents
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FAYD // _— H
u/c/t M\[\N . o
Standard Model Q—\ h h w; W
B, ’ W — ° 70 By " Wt ’ K
a a d . d
b S
Effective Theory \( C)7
. GF 5 F
Operator Product Expansion Heg = _4ﬁhbhs Z Ci (1) O;( 1)

Corresponding Wilson coefficients C, describe short-range physics.

New Physics in Wilson coefficients C, = C>SM + CNP or new operators.
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Sensitivity of Angular Observables

S

91
2 :
q \ z
ur 1\

Observables: 0, Oy, ¢, M2,

) X

AFB

-0.4 TS

— uu forward-backward asymmetry:

1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 1
0 2 4 6 8

Arg(d?) ~-Re { Cio* [ CAT + B(g?) Cg®] }

Angular observables offer a powerful test bench for any New Physics model

71



B —» K*up - Experimental Status

CDF Run Il Preliminary L=4.4fb™

B%— K*uu events:

2o
< A, (BY = K uwu)
1 .5-_ % Data
- s
i —C=C;
Ly
0.5 | _i E.IH [
_ e e i,
-0.5F
II.IIIIIIIIIIIIIIIIIiIIIIII !IIIIIIIIII

=

2 4 6 8 1012 14 16 18
g? (GeVic?)

Q- (GeVc)

« Belle: ~250 evts
« Babar: ~100 evts

CDF: ~100 evis (4.4 fb1)
~450 evts

Poor agreement with SM.
LHCb data will clarify.

L HCb expectation for 2 fb-1

~7000 events w/ B/S~0.25
== 700 events for 200 pb!
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G B —» K*up - Prospects

0a

¢ sk 000 2m
< - i

Example: s 4 )
LHCb sensitivity for early data :,H_ | %Q :
(assume BELLE values for A-) : \:‘91#—_+_ !
L o(s,) = 0.5 GeV? _+_+
100 pb-l 2.20 SM exclusion 04r _ _ -

0.5 -1) Simple Counting

LHGb 100pb-" e

_|:|E 1 1 1 1 ]
BELLE ¢ 2 4 5 8
-2 2
s =m?,, [GeV7]

: o(s,) = +0.28 GeV?
~0.10F _
2) Full angular fit
- S S




Very Rare Decays - By ;—>up

+, - .
m 9 Buchmiuiller et al., 2009
Bys >4 1 s s T
b w' ut T 40F Constrained MSSM 09 &
—(—t./\/\/\/‘—(— Em 35;_ 0.8
P . 3 (O3 o F y
b ut 255_ 0.5
w? 20
t 7 sE 0.4
. A > w g 0.3
> w g 0.2
SE 0.1
SM: BR(B, —»p*p)= (3.2 0.2)x10° 0
BR(By —>u*u)= (1.0 0.1)x1010
(Ba —n)=( ) W/ non- unlversal H|ggs mass (NUHM)
_ DR y
1% 4::;— 09 3
m” 35F 0.8
X 3f 0.7
25F 06
Large SUSY "3 0.5
contributions sE- o4
possible 10f 0o
5;— 0.1
ﬂu-- PR

[ o



LHCDb Prospects for B,—pup

Experimental status: CDF 2009 — ———————
et @ 3.5 + 3.5 TV it o]
BR(B, — p* ) < 4.3x10% 95% CL O e e RN 8 < L)

BR(B, — u* Y) < 7.6x10° 95% CL

CDF +D0 (8 f5")

A N

~Sa Qbservation

BR(B ->u'u) (x10°)

For ~150 pb*LHCb expectsto ~ f w0y N T
% reach the final Tevatron sensitivity. R L
3o Evidence
[ SM prediction SErrrrmsasnns
5 0.0 0?2 OT4 0?6 0?8 110 1?2 1?4 1?6 118 2.0
-1
_ BB > ) _ N ()

I ORYZIRVAE v

Ratio is sensitive test for MFV
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Conclusion

sions (Il)

§ with mt’, mb’ (400-
tion of the

“Imagine if Fitch and Cronin
had stopped at the 1%
level, how much physics
would have been missed”

A.Soni
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