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. Plan of Talk
e Current B-physics facilities
e The CKM-Matrix and the impact of B-physics on Vekm

e CP Violation in the B-meson sector & the current knowledge of the
CP Violating phases o, 3,

e Theoretical interest in Rare B-decays

e b — sv: SM vs. Experiment

e B — (X,, K, K*)£+t£: Current Status
e Profile of B-physics at the LHC

e Benchmark for the LHC:
e Mixings, Nonleptonics & CP Asymmetries

e B, — putp~ in the SM and SUSY

e Summary
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(-SLAC B Factory
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(-KEK B Factory

Luminosity recorded by BELLE (15/3/2007)
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(-Tevatron Collider at Fermilab
Integrated Luminosity (15/03/2007)
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~ The Cabibbo-Kobayashi-Maskawa Matrix

Vud Vus V'u,b
Vekm = | Vea Ves Vb
Via Vis Vi

e Customary to use the handy Wolfenstein parametrization

_ 132 3(_ 2
1 -2)\2 , )\1 ) AN (p X in)
AN (1 — p—1in) —AN? (1 + iX%n) 1

e Four parameters: A, A\, p, n
e Perturbatively improved version of this parametrization

p=p(1—X2/2), 7=n(l—A/2)
e The CKM-Unitarity triangle [¢1 = 3; ¢2 = a3 ¢35 = 7]

77“
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~ Phases and sides of the UT

Vi Vid Vi Vea V.2 Vud
a=arg | — . 3 = arg | —— . v = arg | —
Vb Vud Vip Via Ve Ved

e (3 and ~ have simple interpretation

Via = |Viale ™, Vab = |Vip|e™

e « defined by the relation: a =7 — 3 — ~

e The Unitarity Triangle (UT) is defined by:
Rbeh —|— Rte_iﬁ =

ViV Vu
R, = Vulul _ - d ﬁ2+ﬁ2=( ) :
||“;::b cd||
1 Vip Vtdl td
= T+ =
LT ViVl = V(-7 A vcb
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~ |Vep| from Inclusive decays B — X fu,

e [ heoretical Method

Heavy Quark Mass Expansion and Operator Product Expansion (OPE)
[Chay, Georgi, Grinstein; Voloshin, Shifman; Bigi et al.; Manohar, Wise; Blok et
al ]

Perform an OPE: m,, is much larger than any scale appearing in the matrix element

Decay rate for B — X Ly

1 1
F—F0+—F1+—F2+—F3+

I'; are power series in a(my) — Perturbaton theory

Iy is the decay of a free quark (“Parton Model”)

I'; vanishes due to Luke's theorem

I'5 is expressed in terms of two non-perturbative parameters

2MpX1 = (B(v)|Q.(iD)*Q.|B(v))

6MpA; = (B(v)|Quow[iD",iD"]Q,|B(v))

A1: Kinetic energy, Ao: Chromomagnetic moment (also called as p2 and pZ,)

I'3 is currently under investigation; involves several new Non-perturbative parameters

J
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~ Moment analysis of B — X _.fv, with lepton energy cut

Lepton-energy and hadron mass moments

[Gambino, Uraltsev; Benson et al.]

n fE tE?ddEr dEE
My (Eow) = et

cut) — f dP dE Y <M)V(>:<
E

cut dEE

v
2

M )"

1+Zc — (3))" >]

e Combined with the decay B — X vy

dI’
/E (M%) —5 dm% /E E” ¥ dE,
2 cut X n _ cut Y
<m > Ecut T dF 2 ? <E > Ecut dr
/ dm5 / dE,
Ecut dm2X Ecut dE’Y

e Kinematic-mass scheme, p ~ 1 GeV

e No Expansion in 1/m,
e Theory depends on m..(p), my(p), Ni(“)a .Ulzgja pis(“)a pg]’)(N)J

O(AQCD/mg) O(AQCD7m2)
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(-Analysis of the moments by Bauer et al.
[Bauer, Ligeti, Luke, Manohar, Trott, hep/ph/0408002]

e Global fit of data from BABAR, BELLE, CDF, CLEO, DELPHI
e Theory precision: up to O(azfh), asAqep/my, Ayep/my

e Parameters:  my (1), AL, P1,T1 — 3T4, To + T4, T3 + 374
O(Agen/mp) O(Agen/m3)

e Analyse: m’y = (m%), (E}), (n =1,..4) (B — X.lv); (E}) (B — Xy7)

1.2 1.4 1.6 1 1.2 1.4 1.8 068 08 1 12 14 08 0.8 1 12 14
v rrr~r-] [T 1

x1072,

o |Viplinclusive = (41.7 £ 0.7) x 10~2 [PDG 2006 Update]

\_

Wty | L
zl_iiiiifif: 1 N-‘\\\-_\\_‘” |‘/Cb‘ = (414i06i0173)

my
19 - 0 - -
aab M1 M3
’ 20 o Ho.01 1S
] my,” = (4.68 £ 0.03) GeV,

J1e r Jo
a2l .
1.8 _

1 m)a( 18 - 4 -001

1 1 1 17 1.4 1 1 1 | PR I PP PR SRR S | -0.02

T 12 6 2 16 06 08 1 12 14 06 08 1 12 14

EEII'. E t Ec\.l'. Ecut
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~ |Vep| from B — (D, D*) v, decays
B — D*fv, decays

I _ Sr (g2 1) i, (mp — mp-)? G(w) [Va* |[F@)]?
dw 473 br ©
® G(w) phase space factor: G(1) =1, F(w) = Isgur-Wise function: F(1) = 1;
e Leading Aqcp/my corrections absent Luke's theorem

e Theoretical issues: precise determination of the second order correction to
F(w = 1), slope p? and curvature ¢

Fw)=FQ) [1+p°(w—1)F+c(w—1)"+..].

HFAG (Summer 2006 Update)

F(1)|Vi| = (36.2+£0.6) x 1073,  p2=1.19+0.05 (x2 = 28.2/14)
Current values of F(1)

F(1) = 0.91+0.04 [BABAR book]

0.919712-032  [Lattice QCD (Hashimoto et al.)]

e With F(1) = 0.91 + 0.04: |Vup|5—prer, = (40.9 £ 1.8) x 10~3
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(-.7-'(1) |Veu| (Summer 2006)

ALEPH (excl)
328+ 1.8+ 1.3
OPAL (excl)

372+ 1.6 1.5
OPAL (partial reco) .
379+ 12+ 24 e
DELPHI (partial reco)

363+ 1.4+ 24

BELLE (excl)

352+ 19+ 1.7 =
CLEO (excl)

427+ 1.3+ 1.6

DELPHI (excl) !
3724 1.8+ 1.9 -
BABAR (excl)
347+ 03+ 1.1
Average

S R

36.2% 0.6 -:

HFAG

wpdof=282/14 | | | | | |

25 30 35 40 45 .
F(1) XV b| [10™]
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(
|Vub|
From End-point spectra in B — X, fvy, and B — X v

e To remove the background from B — X .fv,, need to impose a large E,-cut

e Decay rate in the cut-region depends on the shape function f(w)
e 2Mzpf(w) = (B|Q,0(w +n - (iD))Q,|B); (n.v=1,n%=0)

e Use of OPE to calculate inclusive spectra:

Example: Photon Spectrum in B — X v [Neubert; Bigi et al ]

e Leading Shape Function (x = 2:::)
dl GZiam}
gz = sgmi |ViVer TG £ — )

e E, - and Mx, -spectra in B — X, fv, governed also by f(x)

e f(x) can be measured in B — X v

\_
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Model independent determination of |V,;/(V,:V})]
— Define Observables (E. — energy cut)

mp /2 dru 2 mp /2
T.(E,) = / dE, ", Tu(BEo)= / dE.(E. — E.)

£ my

drl’
dE

~

Including subleading Shape functions [Bauer, Luke, Mannel]

o b — s7v:
dI’ I'; 1

= (4Eﬁy — mb)f(mb — 2E.y) —I— S [hl (mb — 2E.y) —I— H2 (mb — 2E.y)
dE, my ™my

ob — uly,

= /dw O(my —2E; —w) |f(w)|1—— ) — —hi(w) + —Hz(w)
dEg my myp my my
e Ratio receives 1/m,, corrections 6(Ec)03 :
0.2 :
Va 3 T.(E.)\ 2 |
= (Biesm ) (s o :
Vvl - \m T U T(E) :
0 2 2.1 2.2 2.13 2.4
EC (GéV)

\' d(E.) causes a shift of O(15%) in | V|
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Based on several theoretical proposals

\_

BLNP: Lange, Neubert, Paz (2005)

DGE: Andersen, Gardi (2006)

BLL: Bauer, Ligeti, Luke (2001)

LLR: Leibovitch, Low, Rothstein (2000; 2005)

~ |Vus| in Inclusive Semileptonic Decays (HFAG 2006)

BLNP)
27

HFAG Ave. (DGE)

4.46 = 0.20 £ 0.20

BABAR (LLR)
5 .29

4.43 2045 0

BABAR endpoint (LLR)

4.28 =0.29 £ 0.48 hd

BABAR endpoint (weight)

4.01 £0.27 TOST

BABAR endpoint (weight BLNP)

4.40 =£0.30 £0.47

Surnn’erDG

PDG (2006): |Vys| = (4.40 £ 0.20 £ 0.27) x 1073

5
IV, [x 107]

J

NCP, Islamabad, March 26 - 30, 2007

Theoretical Interest in B-Meson Physics at the B Factories, Tevatron and the LHC

(page 15)

Ahmed Ali
DESY, Hamburg



~ |Vup| from exclusive decays B — wlyy

(r(pe) ol Bpa) = (o + )y — 2550, ) Fu(et) + BT

Techniques used to determine I, (¢%), Fy(q?)

e Light-cone QCD sum rules  [Colangelo, Khodjamirian; Ball, Zwicky]
e Lattice-QCD (Quenched) [APE, UKQCD, FNAL, JLQCD]

e Lattice-QCD (Unquenched) [HPQCD, FNAL]

e Lattice-QCD and phenomenological models [Becirevic, Kaidalov]

BELLE & BABAR Analysis (in units of 10~2) [Becirevic]
O APE B Iv
|vub|BaH&ZWicky 3.40 +£0.11 + 0.66 — 0.42 3.5 7~ OUKQCD— ‘ﬁj‘t 3.5
3 : /\FNAL . ,
a JLQCD ]
Vool aps = (3.58 £ 0.12 + 1.10 — 0.57 S v i,

( )
( ) 2.5 ’ — LCSR
|Vus|pnanqep = (3.79 £0.13 + 0.87 — 0.52) :

( )

Vs pqep = (3.86 £ 0.13 4+ 0.83 — 0.50

L |Vub|exclusive - (3-841—825) X 10_3 7 ]
[PDG 2006 Average] 01 0.75 0.5 025 0 025 05 075 1

qz/m;*

® |Vip|excr smaller than | Viyp|inel

\_
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~ | Vup| from Exclusive decay B — mwluy

Ball-Zwicky full g2

3.40£0.11 + 0.66 - 0.42

HPQCD full g2

3.86+0.13 + 0.83 - 0.50

FNAL full q2

3.79£0.13 + 0.87 - 0.52

APE full g2

3.58£0.12+1.10 - 0.57

| | | | | | | | ICHEIIDOS

2 4
IV I [x 1077

\_

(HFAG: ICHEP 2006 Update)

~N
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(-Summary of the First 2 Rows of Vi ~

o |V, = 0.97377(27) [PDG 2006]
o |V,.| =0.2257(21) [PDG 2006]

o |Vip| = (4.40 £ 0.20 £ 0.27) x 10~2  [PDG 2006; inclusive]
V| = (3.841087) x 10~3  [PDG 2006; exclusive; Lattice-QCD & LC-QCD SR]
—> | V| = (4.31 £0.30) x 102  [PDG 2006; Average]
Unitarity of the Ist Row of Vexkm

1 — (|Vaual? + |Vaus|? + | Van|?) = (1£1) x 1072 [Blucher et al., CKM 2005]

V.a| = 0.230(11) [PDG 2006]
e |V.s| =0.957 4+ 0.017 4+ 0.093 [CLEO-c; Lattice QCD; PDG 2006]

o |Vu| = (41.70 £ 0.70) x 1073 [PDG 2006; inclusive]
|Ves| = (40.9 £ 1.8) x 10~2 [PDG 2006; exclusive]
—> | V| = (41.6 £ 0.60) x 1072  [PDG 2006; Average]

Unitarity of the first two Rows of Vixwm

Yuedssy|Vij|? = 2.002 £0.027 [LEP Average]

e Conclusion: No BSM Physics in the first two rows of Voxm

\_

NCP, Islamabad, March 26 - 30, 2007 Theoretical Interest in B-Meson Physics at the B Factories, Tevatron and the LHC
(page 18)



\_

(Status of the Third Row of Ve

| Vi |

e From direct production and decays of the top quark (hep-ex/0505091)
_ B(t—>W+b) . | Vi|?
CBt—=WH+3.a)  |Vial® + [ Viel® + | Vis|?

R = 1.12737% (stat) 7315 (syst.)

e Assuming CKM unitarity & CDF Data = |V}| > 0.78 ( 95% C.L.)
| Vid|

e From BY - BY Mixing; AM, = (0.508 £ 0.004) ps—! [HFAG 2006]
e SM (Box contribution with NLO QCD corrections) (z¢ = m}/m3,;)

2

G R
AMy = 6—7;ﬁ3|%d‘/;52|2MBd(fédBBd)MéVSO(wt)

So(x) = 1+9 1 3 1 3 z?Inx
AT A T 40— 2 —2)2 2(1-2)

o 8
(Bal(07u(1 = 75)a)*|By) = 5 f5, B, Mp,
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~ —In(L) vs. R from t-quark decays ~N

[D. Acosta et al. (CDF Collaboration); hep-ex/0505091]
—_—— 4
— I — 1F
= r :
' - 0.5
= O—385 3 15 2z 25R
- _ + 0.27
1~ CDF II R_1.12_0_23/
O [ | ‘ ‘ ‘ ‘ ‘ ‘ |
, 0.5 T 1.5 R
o |
0.8
0.6 Bl 95°9% C.L.
[ 90% C.L.
0.4 ] 68% C.L.
0.5 1 15
R
g J
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(|th| and |V;s| with Lattice-QCD
e Unquenched Lattice-QCD [Gray et al. (HPQCD); Aoki et al. (JLQCD)]:

\/Bp,fB, = 244 £ 26 MeV;
mt(mt) = 162.3(2.2) GeV; So(mt) = 2.29(5)
_..244 MeV . | 2.29
|Via* V| = 7.4 x 1073] ]
VBa,fs, | S0t
e Lattice-QCD & SM —> |V;4* V| = (7.4 £ 0.8) x 10~3 [PDG 2006]

B? - BY Mixing: AM, = (17.77 4 0.10 (stat) £ 0.07 (syst)) ps—* [CDF 2006]
o SM: AM, = SEijg|V, V|2 Mp, (f3 Bg,) M2,So(z)
e Lattice-QCD: /Bp, fz, = 281 4 21 MeV [HPQCD 2006] &

Vis*Vip| = 4.1(1) X 1072 => AM, = (20.3 £ 3.0 % 0.8)(ps)
e Using the ratio AM,/AMyg and & = 1.2170037 [Lattice-QCD (Okamoto et al.)]

2 2
AM, _ Mg, |Vul* . _ | f5.Bs,
_ 2’ o 2 A
AM, Mg, Vi f% Bp,
. +0.008
—> |‘/;gd/‘/;gs| = 0.2060 + 0.0007(exp) —0.006(th)
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(-CDF Measurement of AM; [hep-ex/0609040]

Amplitude

Fitted Amplitude

\_

21—
=l
= T —l
C I
[ —e—
O
F —
C 1
-1 — 1
[ —e— data 1
-2 cosine with A=1.28
o e e b e e b e b e e b e b by
o 0.05 0.1 0.156 0.2 0.25 0.3 0.35

Decay Time Modulo 2it/Amg [ps]

— combined
% 1 - - - semileptonic
3 — hadronic
=3
ro i ot o il e a1 RSN S e v/ e RN [ JSPAAS - SR ¥
E |
<"t hadronic Ve
PRI SR SN TN S S T ST S N ST | IR R N AT N R _20. P PR NS S TN S NN e SN T T T S NN ST S T
0 5 10 15 20 25 _(?0 0 5 10 15 20 25 _(?0
Am, [ps’] Amg [ps ]

e Using the Amplitude Analysis Method by Moser and Roussarie
o A is the Logarithm of the ratio of likelihoods A = log[£A=0 /LA~ (Am)]
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(-AMS (expt) vs. SM Estimates

Indirect UT-based fits

AM, = (20.9 + 2.6) (ps) ! [UTfit 2006]
AM, = (21.7153) (ps)~* [CKMfitter 2006]

Lattice QCD Calculation [HPQCD; hep-lat/0610104]

IB.\/ BBS = 0.281(21) GeV & |V*V;| = 4.1(1) x 1072
— AM, = (20.3 +3.0+0.8) (ps)*!

CDF Measurement:

AM, = (17.77 £ 0.10 & 0.07) (ps)~* [CDF 2006]

AMTP
AMSM
0.85 £+ 0.10 [UTfit]; 0.82 4+ 0.20 [CKMfitter];0.88 & 0.13 [HPQCD]

SM estimates for AM larger compared to CDF by circa 1o

Error dominated by theory

J
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pPY ) Jop

PU
1. Indecay: A/A#1 <§ — %)

(For example, Ay is a Tree amplitude & A, is Penguin)
. oM, —il%
2. In mixing: |q/p| # 1 <]% = Am—lg(i/Z)lAQF)

3. In interference: Zm\ # 1 <)\ — %%)

e The case theorists love! )
e Decay dominated by a single CPV phase: |%| = 1;
e CPV in mixing negligible |z%| =1;
® The remaining eefect is: S§ ~ sin[arg(M2) — 2arg(A)] =1

\_

(-CP violation in neutral meson decay into a CP eigenstate —

J
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~ Interplay of Mixing & Decays of B° and B° to CP Eigenstate ™

e Involving tree-dominated B-decays (b — c€s), such as
B°/B° — J/vK,; J/YKg

| D(B(t) — f) - T(B(t) — f)
A = 1w S A rEE) - f)

= C¢cos(AMpt) + Sfsin(AMpt)
o (IAf]2)—1. S, — 2Im;

— (Ag24+1) N (PWENED)
e Definitions:
A= (a/p) o) p(f) = 2)
A(f)
A(f) = <.f|H|BO>; A(f) — (f|I—I|BO>
q/p — ‘/t;;Wd _ e—2i¢mixing — e—zq;,g
VinVia

e If only a Single Amplitude dominant, then one can write:
p(f) = mye~ b
where ¢y = =1 is the intrinsic CP-Parity of the state f = |p(f)| =1
Ay (t) = Sysin(AMpt); Sy = —nyg sin 2(Pmixing + Pdecay); Cr =0
g J
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(-CPV

in B-Decays-1
sin2 fresults from charmonium modes

Events /(0.4 ps )

Raw asymmetry

(cc)K. (CP odd) modes 600 [ —
i o P ol Belle
5 400 -
200 e | 2003
S 200 | &
,10‘5’_ = R
C 0 +—‘:i.—q.__:_j ***j—_‘*—_'?_ +'
0.5 g 05 I +‘+‘ +
0 ZEF 0 * 0.5<r<1.0 _+__+_

=
tn

5
At [ps]

Update for ICHEPO04 || B4BAR PUB-04/038

U

B =+0.722+0.040£0.023 | (co)K+

T \'i

=T 0
At(ps) Belle CONF-0436

0.950£0.031£0.013| ()K"

sin23 =+0.728+0.056 +0.023
A|=]A4/A4=1.007+0.041+0.033

L1m1t on 205fb~" on peak or 227M BB pairs

direct CPV 7730 CP events (tagged signal)

140 /b™" on peak or 152M BB pairs
4347 CP events (tagged signal)

\_

ICHEP4-4F %
August 20, 2004

Marcello A. Giorgi ~ M.Bruinsma, T. Higuchi, CP-3 9

J
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/-Current World Average [ICHEP 2006]

sin(2B) = sin(29,) BEAS,

PRELIMINARY
BaBar | _ 0.710£0034£0.019
Il '
hep-ex/0607107
Belle ’ N . 0.642 +0.031 £ 0.017
IL t]
hep-ex/0608039
Average * 0.674 + 0.026
HFAG 3
0.5 0.6 0.7 0.8

\_
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~ B — mm Topologies

Dominant topologies

\_

b u
= i, d

BT —nm
BY — rtp~

Subdominant topologies:

e penguin-annihilation (PA) = B° — ntn~, 7'

e color-suppressed electroweak-penguin (Pfy) = B — 7

b U

contributed within the Standard Model
Tree (7) Penguin (P) Color-suppressed (C)

0

e exchange (£) = B’ — nt7r—, 707"

e annihilation (A) = B~ — 7 7"

0.0

e clectroweak-penguin (Prw) = B~ — 7 7", B — 707"

T, 17

0

J

NCP, Islamabad, March 26 - 30, 2007

Theoretical Interest in B-Meson Physics at the B Factories, Tevatron and the LHC

(page 28)

Ahmed Ali
DESY, Hamburg



~ Parameterization of Tree and Penguin Amplitudes

e B — mm amplitudes

e In the (Gronau-Rosner c-) convention, amplitudes are

V2AT = (T +C) = —|T|e" e [L+|C/T| ]
ATT = —(T+P)=—[T|e"" [¢" +|P/T]|e”]
V2A® = —(C—P)=—T|"" [|C/T| ™ " — |P/T|c"]

e Charged-conjugate amplitudes A% differ by the replacement v — —~

;A

C/T

e 5 dynamical parameters: |T'|, r = |P/T)|, 6,
(67 = 0 for the overall phase assumed)

e Weak phase v can be extracted if the complete set of experimental
data on B — 77 decays available. This is not the case at present

\_

~N

|Gronau, Rosner; Fleischer, Buras; Gronau, Pirjol, Yan;.. ]
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~ Isospin Relations

(d)

~N

[Gronau, London]

*

e Effective Hamiltonian for b — d transitions (A

p

:V;?b pd

)

G 10
Hbd 71; Z AW <01 ow o, o0l + Z C; O; + Cqzy Opy + Cs, Ogg>
— i=3

V2| P.|sin vy

[

e B — mm decay amplitudes
(subdominant topologies are neglected):

1

\_

A+O _ A(B+ %W+7TO) _ _ﬁ (T+C) A00
AT = ABY w71t )= (T +P)
1 N

AOO _ A(BO N 7TO7TO> — ﬁ <7) o C) A0 — 40

e The amplitudes A" and their charged-conjugates A obey the isospin
relations X X
A0 — gt 400 A0 — = J+— 4 400
V2 V2
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~ Bounds on B — mm Decays in the SM

Based on the Quantities
o B = (|AY]* + |AY]?) /2

o (= (|A+_\2 — |[1+—|2) / (|A+_\2 4 |A+—‘2) 2’“.‘:'7:650 ‘

1.5 ‘:\\:\

o Y = 2fATT||ATT|/ (JATTE 4 [ATT)
e S =Y sin(2ae) = Y sin(2a + 26)

|Pe/Te|
g

0.5 F

e 24+ 5%2=1-Y2%cos?*(2aeg) <1

0.0

N0>0

112.5°

90.0°

135.07) T T T T

Bounds on Penguin Pollution

e Grossman and Quinn  cos(20) > 1 —2B%/B*Y
o Charles cos(20) > [1-2B"/B*0| /Y
cos(20) > [1 —4BY /Bt ] /Y
e Gronau, London, Sinha, Sinha (GLSS)
cos(26) > (BT~ /24 BT — BY)?/(B*~B*Y) —1] /Y
Bounds on the angle ~y

cos(2B3)+v1—-52
sin(28)—S
1+vVY?2—52 cos(23)+S sin(23)
VY?2-525sin(28)—S cos(20)

e Buchalla and Safir  tany >

e Botella and Silva tany >

| 1 & 67.5° /
S S 45.0°f
| 0<0 22.5° /

L
06 L0 00T e

-0.2

0 -140 -120 -100 -80 -60 -40 -

O (deg)

0.6
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NCP, Islamabad, March 26 - 30, 2007

(-Current Data on B — 7w Decays

+ - + -
n'wCop R TS, B

PRELIMINARY PRELIMINARY

BaBar 0.16:£0.11 +0.03 BaBar N -0.53 +0.14 £ 0.02
1 A 1
ICHEP 2006 preliminary ICHEP 2006 preliminafy
Belle -0.55 +0.08 + 0.05 Belle . N -0.61£0.10 £ 0.04
ke ! H = :

ICHEP 2006 preliminary ; ICHEP 2006 preliminafy
Average * -0.39+0.07 Average - -0.59 +0.09
HFAG correlated average HFAG correlated average

08 07 06 05 -04 03 02 -0d 0 0.9 0.8 07 06 05 0.4 023

e BR(B° - ntn~) = (5.24+0.2) x 10~°
e BR(Bt — ntrw% = (5.74+0.4) x 107
e BR(B® — n°#x°) = (1.3 £ 0.2) x 107°
e Acp(BT — wt7w%) = 0.04 £ 0.05

o Acp(B° — w070 = 0.367033

e These measurements are combined with isospin analysis to determine o

\_
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T 0 4. — 0
(-Tlme dependent decays of B — w7 ~N

[A(At s, 5-) 7 = e {(|Asal® + [Asa]?)

— Qtag(|Ag7,|2 — |Asx|?) cos(AmgAt) + Qiag 2 Im [%A;ﬂz?,,,] sin(AmdAt)}

Qiag = +1(—1) for the tagged meson being B° (B°)
e B — wtn~w® dominated by (pm)°
e 3 Decay Modes: B? — ptn—: B — p—n™; B® — p°x0
Azn(s4,8-) = [fi(s4, 3—)A+ + f-(54,5-)A" + fo(s4, 3—)A0
q— - —+ —— = —0
» Asr(sy,s-) = fi(s4,8-)A + f_(s4,8-)A + fo(sy,s5-)A

e Time-dependent amplitude analysis involves 27 coefficients involving the products of
the complex amplitudes A* and Zk; determined by the fit to the data

e Time-dependent decay width:

I'(B° — pTnT(At)) = (1 + Acp(pr))e 1A/7 /81
X[1 4 Qtag(Spr £ AS,r) sin(AmAL) — Qiag(Crr = AC ) cos(AmAL)]

e CP is violated if either of the following holds:
ACP # 01 Cpﬂ' # O: Spﬂ' ;é 0

J
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(-BO — wtw~7mY time-dependent Dalitz Analysis

oIt Aep  EEED prrtC [

PRELIMINARY PRELIMINARY

BaBar . N -0.14 + 0.04 + 0.01 BaBar ’ 0.15 + 0.09 + 0.04
H o ; : H————— 4
hep-ex/0608002 hep-ex/0608002 :
Belle L o -0.12 + 0.05 + 0.03 Belle | » -0.13 + 0.09 + 0.06
— ) 1 — x —
hep-ex/0609003 hep-ex/0609003
Average -0.13 £ 0.03 Average : 0.03 + 0.07
HFAG correlated average HFAG correlated average :
-0.26 -0.24 -0.22 -0.2 -0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 -0.3 -0.2 -0.1 0 0.1 0.2 0.3

+-__ -+ +-___ -+
prt S A ptrtACc [

PRELIMINARY PRELIMINARY
— — —— —
BaBar . L ~ 0.01+0.12+0.03 BaBar I N 0,38 + 0.09 + 0.02
Ir X 1 u > H
hep-ex/0608002 : hep-ex/0608002
Belle L § N 0.06 +0.13 + 0.07 Belle L . 0.35+0.10 +0.06
T H L) L | r T La) T 1
hep-ex/0609003 : hep-ex/0609003
Average i 0.03 + 0.09 Average 0.36 + 0.07
HFAG correlated avdrage HFAG correlated average
-0.2 -0.1 0 0.1 0.2 0.3 0.2 0.3 0.4 0.5

prIt AS CIIXA

PRELIMINARY

I S
BaBar i : . O.?6i0.13i0.03
hep-ex/0608002 :

Belle L8 -0.12+0.14 + 0.07
I i
hep-ex/0609003 :
Average i -0.02+0.10
HFAG correlated average :
-0.4 -0.3 -0.2 -0.1 (o] 0.1 0.2 0.3

BABAR: 75° < a < 152°; BELLE: o = (837}2)°
\ W,
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~ Current World Average of o [CKMfitter 2006]

om B > nn WA

el . B — prw (Babar) [1 Combined
- B — PP —e— CKM fit

1.2

1-CL

I ‘ I ‘ I ‘ I ‘ | odeetf

80 100 120 140 160 180

o (deg)

ICHEP 2006 Update: o = [92.675%7]° [Direct Measurements]

\_
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1.2

0.8

1-CL

0.6

0.4

0.2

~ Current World Average of v [CKMfitter 2006]

| fitter

BEAUTY 06

- DWK® GLW + ADS | WA
DYK™* GGSZ =3 Combined

Full frequentist treatment on MC basis

CKM fit

no y meas. in fit’

---------

B

l = . A_J._i.-h-

~§
ceoc e e e Ly PSS

[* T

* -

r=

o

20 40 60 80 100 120

Y (deg)
ICHEP 2006 Update: v = [60753]° [Direct Measurements]

140 160

\_

180
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~ Current Status of the CKM-Unitarity Triangle

T e e\ 20900 B
- Y § % o
1B ! Am, i
- sin2B Amg & Amy =
05— =
e =
= of—-- —
v z
0.5 -
E 5 -
B s 45 oo
_1 -5 E 1 BIEP\LJI-I—Y |200|6 1 1 1 1 | 1 1 1 | 1 ’IY 1 | 1 1 1 1 | 1 1 1 1 ]
-1 -0.5 o _5 1 1.5 2
)
e sin23 = 0.675 £ 0.026(3 = [21.237;05]°) [Direct Measurement]
B = [22.0310:72]°) [Fit-value]
o a = [92.675%7]° [Direct Measurement]
a = [99. O"'4 21° [Fit-value]
o ~ = [6013%]°[Direct Measurement]
~ = [59.019:2]° [Fit-value]
e Direct and indirect measurements of angles agree well
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~ Feynman Diagrams for sin 23 from Penguins

sin2 /f and... and....

In SM interference between B mixing, K mixing and Penguin b—sss or b—sdd gives the
same e~2% as in tree process b—ccs. However loops can also be sensitive to New Physics!

ICHEPO4- 3 &
\ August 20, 2004 Marcello A. Giorgi 25 )

NCP, Islamabad, March 26 - 30, 2007 Theoretical Interest in B-Meson Physics at the B Factories, Tevatron and the LHC Ahmed Ali
(page 38) DESY, Hamburg



\_

~ Sb—qas [HFAG 2006; ICHEP 2006 Update]

in(2p" ) sm(2(

eff Flm
ICHEP 2006

PRELIMINARY

b—ccs World Average 0.68 + 0.03
¢ K° Average —r— 0.39 £0.18
K> Average o 0.59 + 0.08
Kq Kg Kg Average * 0.51 £ 0.21
n° Kg Averege —t—| 0.33 + 0.21
p° Kg Average * 0.17 +0.58
o Kqg Average * 0.48 £ 0.24
fo K° Average —r— 0.42+0.17
n° np—wveragé -0.84 +0.71
K* K K° Averege . * (%).58 +0.13 1565

-18 -16 -14 12 -1 -08 -06 -04 -02 O 0.2 04 06 0.8 1 1.2 14 1.6

NCP, Islamabad, March 26 - 30, 2007

(page 39)

Theoretical Interest in B-Meson Physics at the B Factories, Tevatron and the LHC




\_

~ C—qzs [HFAG 2006; ICHEP 2006 Update]

‘ ICHEP 2006

PRELIMINARY

o K° Average —— 10.0140.13
n K° A\E/erage e Ero.os +0.06
Ks Kg Kg A\?erage F—— 5-0.23 +0.15
° Kg A\}erage i 0.12+0.11
P’ Kg A\?erage * 6:64 + 0.48

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

i, K  Average —A— -0.02£0.13
n° n° Kg Average * 10.27 + 0.54
K"K K® Average | 1015+ 0.09

-16 -14 -12 -1 -0.8 -0.6 -04 -0.2 0 02 04 06 0.8 1 1.2 14 1.6
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~ Interest in Rare B Decays

e Rare B Decays (b — sv,b — s€T£7,...) are
Flavour-Changing-Neutral-Current (FCNC) processes
(|AB| = 1,|AQ| = 0); not allowed at the Tree level in the SM

e FCNC processes are governed by the GIM mechanism, which imparts
them sensitivity to higher scales (1, my ) and the CKM matrix
elements, in particular, V;;512 = d, s, b

e FCNC processes are sensitive to physics beyond the SM, such as
supersymmetry, and the BSM amplitudes can be comparable to the
(tW)-part of the GIM amplitudes

e Last, but not least, Rare B-decays enjoy great interest in the ongoing

and planned experimental programme in heavy quark physics (CLEO,
BABAR, BELLE, CDF, DO, LHC, Super-B factory)

\_
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~ Inclusive Rare B decays

Two inclusive rare B-decays of experimental interest
B — Xsv and B — Xt~

X = any hadronic state with S = —1, containing no charmed particles

Theoretical Interest:

e Both measured; accurate measurements anticipated at B- and SuperB-factories
e Non-perturbative effects under control

e Sensitivity to new physics
Status of the NNLO perturbative calculations:

e B — X,TIl™: completed several years ago
[Bobeth et al.; Gambino et al.; Asatrian et al.; Ghinculov et al.; Huber et al]

e B — X,v: Just completed
e The first estimate of B(B — X4v), Misiak et al. (17 authors), hep-ph/0609232

e Analysis of B(B — X,v) at NNLO with a cut on Photon energy,
T. Becher and M. Neubert, hep-ph/0610067
\_ /
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The effective Lagrangian:
10
4G R
L = Locpxorp(q,l) + W Vi Z Ci(p)O;
(q:U,d,S,C,b, lzealu) =1
¢ _ :
(SFiC)(CF;b)? L= 17 27 |Cz(mb)| ~ 1
(EFib)Eq(QF;q), i =3,4,5,6, |C;(my)] <0.07
0; =14 M5 0MbpF,,, i=T, Cyr(my) ~ —0.3
fg?rggLO'MVTabRsz 1 =8, Cg(mb) ~ —0.15
2 - .
| 162 (5yubL) (I sl), i =9, |Ci(my)| ~ 4
Three steps of the calculation:
Matching: Evaluating C; (o) at po ~ My by requiring equality of the SM and the
effective theory Green functions
Mixing: Deriving the effective theory RGE and evolving C; () from pg to pp ~ my
kMatrix elements: Evaluating the on-shell amplitudes at py, ~ My

J
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. Wilson Coefficients
Wilson Coefficients of Four-Quark Operators

Ci(pu) Co(ms) Cs(p) Calpn) Cs(p)  Co(p)
LL -0257 1.112 0.0I12 -0.026 0.008 -0.033

NLL -0.151 1.059 0.012 -0.034 0.010 -0.040

Wilson Coefficients of Other Operators
Cs" (1) C§" () Colpmn) Ciolm)

LL -0.314 -0.149  2.007 0
NLL -0.308 -0.169 4.154 -4.261
NNLL 4214 -4.312

e Obtained for the following input:
Uy = 4.6 GeV mt(mt) = 167 GeV
My =80.4 GeV  sin® Oy = 0.23

e Three-loop running is used for o coupling with A% = 220 GeV

\_
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~ Experimental data

Branching ratios (in units of 107°)

Experimental Data on B — V'~ Decays

[August 2006]

Mode BABAR BELLE CLEO Average [HFAG]
B — X,y 327 + 1875 355 £ 3273020 321443755 | 355 £ 247 £ 3¢
Bt — K*(892)"~ | 38.74+28+26 425+3.14+24 376755 +£28 40.3 + 2.6
BY — K*(892)% 392420424 40.1+21+1.7 45573434 40.1 +2.0
Bt — K1(1270) 43+949 43 + 12
Bt — K5(1430)%t~ | 14.5+4.0+1.5 14.5 +4.3
BY — K3(1430)% | 1224+25+1.0 13.0£50£1.0 124 +24
Bt — pty 1.06703; £0.09  0.557036 00 < 13.0 0.871 058
BY — pOy 0.77702% +£0.07  1.2570-37+0.07 < 17.0 0.917919
BY — wy 0.397028 £ 0.03  0.567931+00 < 9.2 0.45703%

B — (p,w)y 1.01 £0.21 £0.08  1.327927F0 0 < 14.0

BY — ¢y < 0.85 <33 < 0.85

B — J/y~ <1.6 < 1.6

\_

* Calculated for the photon energy range E., > 1.6 GeV
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(-B(B — X ~): Experiment vs. SM & 2HDM ~N

[Misiak et al., hep-ph/0609232]

4.5
4.25¢
4t
3.75¢
3.5¢
3.25¢

MH+ [GeV]

250 500 750

\_

1000 1250 1500 1750 2000

[--- (exp); —— —— (SM); solid (2HDM))]

e Experiment (E, > 1.6 GeV); [HFAG: hep-ex/0603003]

B(B — X,v) = (3.55 +0.2410%
e NNLO SM: B(B — X,~v) = (3.15 + 0.23) x 10~
e SM is below the experiments by about 1 o

e In 2HDM, preferred value is Mg+ ~ 650 GeV
e 95% C.L. lower bound is around 295 GeV

+ 0.03) x 10~
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(-95% C.L. Lower Bound on M+ in 2HDM from B(B — X, ~) N\

[Misiak et al., hep-ph/0609232]

MH>2OO GeV

250

hep-ph/0603003

B x10* |
3.6 3.8 4 4.2

- J
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(‘B — X3l+l_
e The NNLO calculation of B — XTI~ corresponds to the NLO calculation of
B — X7, as far as the number of loops in the diagrams is concerned.

e Wilson Coefficients of the two additional operators
2

e _ 7 .
O; = 162 (8LYubr) (Iy*sl), 1 =9,

have the following perturbative expansion:

4 7]
Cal) = i) + ) + 22 +
o (M
Cro = cld 4+ %cﬁ} + ...

e After an expansion in oy, the term ng_l)(,u) reproduces (the dominant part of) the
electro-weak logarithm that originates from photonic penguins with charm quark loops:

~N

O
47 _ 4 M? 12 s
—— Cy V(mp) = - n—¥ + O(a,) 3
as(mp) 9 my
C$™(my) ~0.033 < 1 s O (my) 2
On the other hand: C’éo)(mb) ~ 2.2; need to calculate NNLO //\\
\_
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(-Inclusive B — X ¢~ in NNLO in SM

Dilepton Invariant Mass

* 2
dI‘(b — X3£+£_) _ (ae'rn)2 G%’mg,pole “/ts‘/tb’
ds 4 4873

(1-3)*

~ 2 ~ 2 ~ 2 ~ ~
x ((1 + 23) (\Cgff\ +|esff ) +4(1+2/8) |CE| + 12Re (c$ffc§ff*)>

7y

ceff = (1 +as(u)w7(§)) A,

_QS(N)
47

é'gff = (1 + asi“) wg(é)) (Ag + To h(1h2, 8) + Uy h(1, 8) + Wy h(0, 3))

(COFNE) + AP EDE) + AR ()

Qs A n A
22 (RO ) + VB ) + AL FD )

~ Qg ~
Cfgf = <1 + (H)WQ(S)) AlO

7y

o A7 Ag, Ag, A1g, To, Ug, Wy are linear combinations of the Wilson coefficients

\_
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~ Electroweak Penguins b — sfT£~

e B — X 0T decay rate

B(B — X £T07) = (4.46109%) x 107° [HFAG'06]

SM : (4.240.7) x 107° [AGHL'01]; (4.6 +0.8) x 107° [GHIY'04]

e Differential distributions in B — X £T£~

e M (X,)-distribution: tests s — X4 fragmentation model; current FMs provide
reasonable fit to data

° g’ = M£2+£_—distribution away from the J /1), 1)’, ... resonances is sensitive to

short-distance physics; current data in agreement with the SM estimates but the
precision is not better than 25%

e Forward-Backward Asymmetry (FBA) is likewise sensitive to the SM and BSM
effects, in particular encoded in the Wilson coefficients Cr, Cg and Cig

e Apg(S8) not yet measured; possible only in experiments at B factories
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~ Dilepton invariant mass distribution in B — X ¢/ :

[Ghinculov, Hurth, Isidori, Yao 2004]

0 é “‘1‘0““1‘5““2‘0“ qz(GeVQ)

e BR(B — X £T£7); q*?¢€ [1,6] GeV? = (1.63 - 0.20) x 1076
e BR(B — X T£7); q%®> 14 GeV? = (4.04 +0.78) x 10~
e BR(B — X,uTp™); ¢*>4m? = (4.6 £0.8) x 107°,
in agreement with the earlier NNLO analysis
\_ [AA, Greub, Hiller, Lunghi 2001; Bobeth, Gambino, Gorbahn, Haisch, 2003]

~N
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— Decay distributions in B — X 10~

Myp and M x_ Spectra

\_

e In agreement with the NNLO SM calculations

[BELLE] [BABAR]
S L e R O B L
300 |- @ I (b) ]
200 F + -
Gk 1 1 ~ 8 —~ 4
= 10F T ; o 7@ | ~ (b)
S T ] 2 o Ll
g 0_llll|||||||||||||HI=||__|.III' 'I:' - % 6 _ %
= © x § . 3] & L
g 15—_ =y _' ’-°v (Dv 2F
H e O I S
: E: A e =1
E3 + 3 87 s L | =2
- 1 i ~ m 0 |
0:....|....|....|....|...: : ] % 0 . ! ! T 4L | ,
0 0.5 1 1.5 o 1 2 3
0 1 2 3 40 1 2 3 2 2
M, (GeV/c?) My, (GeV/c?) me(GeV/c ) m,,(GeV/c )
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~— NNLL-Forward-Backward Asymmetry in B — X T8~

[Asatrian, Bieri, Greub, Hovhannisyan; Ghinculov, Hurth, Isidori, Yao]
Normalized FB Asymmetry

1 d?T(b—Xsete)
JZ1 ds dz= sgn(z) dz
1 ET(b—X, £te)
JZ1 d3 dz dz

App(3) =

Unnormalized FB Asymmetry

. I dzr(b;;)ffzﬁe_) sgn(z) dz
Arp(8) = T'(B — Xei) SR

s |2
/1 d2r(b — X £+£_) sgn(z) ds — (aem)2 G%’ mg,pole “/;:s‘/:tb’ (1 . §)2

_1 dsdz 48 73

2 2

i fr10(3)
vy

X [—3§ Re(CEfCeffx) (1 4 22 f910(§)> — 6 Re(CEfCeffy (1 +

73
e NNLL Contributions stabilize the scale (= p) dependence of the FB Asymmetry
ANEL(0) = —(2.51 £ 0.28) x 107%,  ANNEL(0) = —(2.30 £ 0.10) x 107°

e Zero of the FB Asymmetry is a precise test of the SM, correlating é?ff and é’gff

0L = 0.144 £ 0.020; sJNLL = 0.162 + 0.008

\_

)
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Ars(q°)

0.5

Normalized FB- Asymmetry in B — X 10 :

[Ghlnculov Hurth, Isidori, Yao 2004]

0.3

0.1

1

5 10

_ oy
AFB(q ) - dB(B . ng_i_g_

1
d cos 0
)/dQQ /1 ‘

15 20 7 (GeV?)
TB(B — X8€+€_>s n(cos ;)
dqg? dcos b, & ‘

e Zero of the FB-Asymmetry is a precision test of the SM
|Ghinculov, Hurth, Isidori, Yao 2004]

@ = (3.90£0.25) GeV?
G = (3.76 £ 0.22hc0ry = 0.24,,,) GeV?

[Bobeth, Gambino, Gorbahn, Haisch 2003]

J
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(-Excluswe Decays B — (K, K*)¢™¢ ~

e B — K (pseudoscalar P); B — K™ (Vector V') Transitions involve the currents:

L, =571 — )b, T, =50ug"(1+7s)b
(PIT,|B) D f+(q*), f-(a*)
(PIT2|B) > fo(c?)

(VIT,IB) D V(g*), A1(q”), A2(q%), As(q”)

(VITLIB) D Ti(q%), T2(qa”), Ts(q")

e 10 non-perturbative g?-dependent functions (Form factors) = model-dependence
e Data on B — K™~ provides normalization of T7(0) = T>(0) ~ 0.28

e HQET/SCET-Approach allows to reduce the number of independent form factors
from 10 to 3; perturbative symmetry-breaking corrections [Beneke, Feldmann, Seidel;
Beneke, feldmann]

e HQET & SU(3) relate B — (m, p)fv, and B — (K, K*)£T£~ to determine the
remaining FF's

- J
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(-Experimental data vs. SM in B — (X,, K, K*)¢£T¢~ Decays —

Branching ratios (in units of 107°)  [HFAG: August 2006]
SM: [A.A., Lunghi, Greub, Hiller, hep-ph/0112300]

Decay Mode Expt. (BELLE & BABAR) | Theory (SM)
B — K¢t~ | 0.4540.05 0.55 + 0.08
B — K*ete™ | 1.267928 1.25 4 0.39
B — K*utp~ | 1.4540.23 1.19 4+0.31
B — Xyutp~ | 4.267118 7.0£2.1

B — Xgete™ | 4.70%733 584 1.8

B — X0 | 4467098 6.2+ 1.5

e Inclusive measurements and the SM rates include a cut My+,- > 0.2 GeV

e SM & Data agree within O(20 — 30)%
\_ /
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Dilepton mass-Spectrum in B — (K, K*)£T£~ in SM and SUSY

e NP contributions coded in R;(p); i =7, 9, 10
CNP 4 M

7

e SM (solid); SUGRA [R; = —1.2] (dots);

e MIA [R; = —0.83, Ry =0.92, Ry = 1.6] (dashed)
I I 5 T ‘E‘ —
- _ J:
% ‘%47 4 ]

\_
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—B — K*¢t¢~ decay in SCET

[AA, Gustav Kramer, Guohuai Zhu; hep-ph/0601034 (EPJC (2006)) ]

e Soft Collinear Effective Theory (SCET): Applicable to any QCD processes which
contain collinear meson or jet, i.e. P? < Q?, in the final states

e The idea is borrowed from HQET and NRQCD, but technically SCET is more
involved than HQET because of the collinear degrees of freedom

o For B — K*{1£~ decay, in the region 1 GeV? < ¢ < 8 GeV?
Py, = (2.34,0,0,2.16) GeV [q% = 4 GeV?]
e Light-cone vectors n* = (1,0,0,1), n* = (1,0,0, —1),
satisfyingm? =n?=0andn-n = 2

Pt =n.P% +n.P% + P}'= (P, P_,P,) ~ E(A%,1,])
[Py = 0.18 GeV, P_ = 4.5 GeV, A ~ 0.2]

Agcp

e Power counting and expansion in A, A ~ =%

\_

~N
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~ Leading order in 1/m; and all orders in o

B — K*¢T¢~ decay

SCET formulae Phenomenological discussion

The factorization formula in SCET

(K2 040 | Hor|B) =TA(q)CalGP)+
> / & 58 (w) / du 63 (u) T/, (w, u, ¢?)

where a =||, L denotes the polarization of the K* meson

@ formally coincides with the formula in QCD Factorization
[Beneke/Feldmann/Seidel 2001], but valid to all orders of ag

@ for T the logarithms are summed from p = mp, to v/mpAp

@ Compared with BFS, the definition of ¢, | is also different here

v

Ahmed Al B — K*¢T ¢~ decay in soft-collinear effective theory
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~ Reduction of Scale Uncertainty in SCET

B — K*¢* ¢~ decay SCET formulae Phenomenological discussion

Forward-backward asymmetry

0.2 ; df4F]’5’/dq2

Ars(g3) = 0 free of hadronic uncertainties [Burdman1998, Ali et al., 2000] J

g5 = (4.071313) GeV? with A(G3)scale = 1302 GeV? J

g2 = (4.3979:3%) GeV?2 with A(g2)scale = +0.25 GeV?

Ahmed Ali B — K* ¢ ¢~ decay in soft-collinear effective theory

\_
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~ Belle FB Asymmetry Distributions (EPS 2005)

RN I
<O; __i -:l——':- E . ; <O; ,‘/-E FE E\;
OSE KT 1 °5F K rr i ]
4B oo ___3 +E negative A : E
T PR DRI RS SRR - T PR R T :...|...|...|...|.-..i...|.:..E...|...|...
0 25 5 75 10 125 15 175 20 225 25 0 2 4 6 8 10 12 14 16 18 20
q2 GeV?/c? q2 GeV?/c?
:‘Eo.sf—
<
O: .
O (K [T E
4 E posmveA P E
:...|...|...|...|.-..i...|.:..E...|...|...'
0 2 4 6 8 10 12 14 16 18 20
q2 GeV?/c?
Best Fits
5.2
o A7——033 Ag/A7——153+48, Alo/A7:103+
o A; = 40.33: Ag/A; = 163131 Ajp/A; = 11.1759
e SM: A7:—033, AQ/A7:—123, Alo/A7:128
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~ Present Constraints ~N

Messages from the B factories

®* b — ffs = (Cy and Cg 2
Ishikawa et al., hep-ex/0603018] fé';ub :
. < ok
8 I asf
A .l
i I ] :[ 0 2 4 B 3 14 ‘IZI.I I1-'1I I I1E_I I I'ISI_I I'_'.-_-'G
o i1
S e S T anf
e
® b — sy = Cry =iy 20 |

£ [izel]

[Koppenburg et al., PRL93, 061803 (2004)] ok
[Aubert et al., hep-ex/0507001] [...] [
20 |
— It's unlikely that the Agg is very

different from the SM value. 40

Need precision to find differences

g J
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N Cruudin~

('LHC—

* 2fb7": (40+1.2) GeV? From Toy MC

* 10fb": (4.0+0.5) GeV’ EREFAET ReVes

I—
0.6 . Entries 4=
_ 5 Mean 4.007
E1
0.4 SR RMS o0.526
i === [0+ B0bar FEA 16
0.2_— — Fitto FBA :

0

.+.

0.4 - 1 |
0 2 4 6 8 10 12 14 16 18 20 VIS IV VR VY TRV I Y TR TR
s(GeVA2) 6 7 8
8, (GeVvAr2)
bTypicaI Apg(s) measurement Spread of s

P Koeperours B e e e s e s ()

> y
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B Physics at LHC

« LHC: proton-proton collisions at \'s = 14 TeV,
bunch crossing rate 40kHz

* High bb production cross section: ~ 500 pb
(~1in 100 p-p collisions — bb pair).
Those of interest must be select by B-trigger.

*  Current luminosity plans:

— Pilot-run in 2007, 900 GeV, ~10%° cm2s-1
— low-luminosity: up to 2x1033 cm2s!
(~10 fb-! per year)
— high-luminosity: 1034 cm-2s-!
(~100 fb! per year)
Beauty cross section
dominates at 900 GeV and 14 TeV

* ATLAS B-physics programme:
CP violation (e.g. B—J/y(X), B—up)
B, oscillations (e.g. B—~Dr, B—D.a,)

o (proton - proton)

1 mb

b

1nb

1pb

~ermilab  S5C

CERN l LHri“f; i
¥

UA1/2
(PP

Events/s for £ 10% cm2 s

\_

— Rare decays (e.g. B—>up(X), B—K*y) LA PR jﬁ ¢ 10 100
) ) TeV
— Inclusive cross section measurement s '€
Martin zur Nedden, HU Berlin B-Physics at ATLAS 3

J
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B-Physics at LHC
Fermﬁgb
CERN LHC
‘ ‘ l e l ATLAS/CMS general purpose LHCb B-Physics dedicated
N o B o In|<25,p:>106eV,5=100pb | 19<n<49,p;>26eV, o= 230 ub
B UAIS i Llow =1=2- 1033 Cm—Zs-l L=2- 1032 Cm-zs—l
Oy
mbl- L Lgs = 10% emy2s? (L. =5 10% cm2s)
i T BY, ;—u'u triggerable at Ly, from 1*" physics run
S o 1 Now ~ 3 Npig ~ 23 n~05 => clean environment
g | % f =32 MHz f =30 MHz
s L % L = 10 fb'/year at Ly, (3 years) L, = 2 fb''/year (10 fb! after 5 years)
S tm| [ ATLAS: Gy, = 80 MeV Oas_yu = 18 MeV
i CMS: g, = 46 MeV
i B Distance from beam:
1pb - ATLAS~5cm CMS~4cm LHCb ~ 8 mm
= ~ Pythia production cross secliqn
, L - instantaneous luminosit = [
0001 001 01 10 10 100 f b h Y 3 102 |
P - non-empty bunch crossing = 100 wb
B-production at LHC: rate _ _ =
Gpry = 100 mb n - mean numbgr' of. inelastic
Gipoesric = 80 mb pp-interactions in bunch . . | -
O =500 ub crossing = L-Gieiastic/ B
eta of B-hadron
k 08.07.2006 A i e P i .
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B-factories vs. b-factory |

ete- >Y (4S) > BB |  pp—bbX (Vs =14 TeV, At, =25 ns)
PEPII, KEKB LHC (LHCb—ATLAS/CMS)
Production oy, 1 nb ~500 pb @
Typical bb rate 10 Hz 100-1000 kHz
S _ O/ Oine; = 0.6%
bb purity /4 Trigger is a major issue ! ®
Pileup 0 0.5-5
B*B~ (50%) B* (40%), B® (40%), B, (10%)
b-hadron types BOBY (50%) B, (< 0.1%), b-baryons (10%) @
b-hadron boost Small Large (decay vertexes well separated)
Production vertex | Not reconstructed Reconstructed (many tracks)
Neutral B mixing Coherent B°]§° pair Incoherent B? and B, mixing
mixing (extra flavour-tagging dilution) @
= Many particles not associated
Event structure BB pair alone with the two b hadrons

Vancouver, 9-12 April 2006

Flavor Physics and CP Violation

Andreas Schopper =
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Completing the program on B Physics... |

> Precise measurement of BOS-EOS mixing: B.—»D.7, ...
Amg, Al and phase ¢, B.—>J/yh, Bi>J/iyn®

» Search for effects of NP appearing in suppressed B s =Xy, BOK*I*l,

and rare exclusive and inclusive B decays b—sl*l, B,—pHu...
> Precise y determinations including B.>D.K,

processes only at tree-level, in order to B?’—>D%K*0, B:—>DK:,

disentangle possible NP contributions BO—srn & B.>KK

s R

» Other measurements of CP phases in BO— oK, B,—09, ...

different channels to over-constrain the BO—pmr, B®—pp, ...

Unitarity Triangles

Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper =2 3
I ) Yt 7=\

- J
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Expected Physics Performance |

B-mixing:

» “control channel” B’—J/y Kg
» Am, with B’ — D

> ¢ and A", with B — J/yé (n)

Suppressed and rare decays:

» Exclusive b —> s uu-

> B -p

Measurement of vy:

» from B~ DK

» from B%— DK™

» from B* — DK*

» from B’—>ntn~ and B.>KK-

\_

Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper ﬂ

J
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(-B-Physics Benchmarks for the LHC

Mixings, Nonleptonics & CP Violation

e Measurements of ¢, and Al in the Bg - B_g system

e Measurements of BRs in B‘S) — hqhs decays, with
hi,h, =, K,n,n, p, K*, ¢, ..., enabling the measurements of a
number of ratios of BRs involving BY — hqhy and B) — hiha;
yielding precision tests of SM

e Time-dependent and integrated CP asymmetries in partial decay modes
yielding more precise determinations of a, 3, ~y

e Searches of BSM physics in the Penguin-dominated decays of the Bg
meson
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¢s and AI'; from B§—>_JI\|:¢ (n,n’...) |

» SU(3) analogue of B—J/yK, measuring the B - B, mixing phase

> in SM ¢, =—arg(V,2) =-2An? ~-0.04 = increased sensitivity to New Physics

» large CP asymmetry would signal Physics Beyond SM

> also needed for extracting y from B,— DK or from B— nn and B, > K K
JAvd is not a pure CP eigenstate:

v 2 CP even, 1 CP odd amplitudes contributing
v need to fit angular distributions of decay final

states as function of proper time (needs external Am,)
v requires very good proper time resolution

Expected sensitivity: (at Am, = 20 ps')

v' LHCb: 125k Bs—J/y¢ signal events/year 3 .
> 6, (sin $.)~0.031, 5. (ATJT.)~ 0.011 /(1year, 2fb-1) 5= % >0 LHCb
2| O (sin ¢,)~0.013 after first 5 years,|adding pure ”:::::
CP modes like J/yn, J/yn’ (small improvement) o
v ATLAS: similar event rate as LHCD but less sensitive ::::
> o, (sin $.)~0.08 (lyear, 10fb™") wt
v CMS: > 50k events/year, sensitivity study ongoing LI I R W4

\ Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper 18 )

NCP, Islamabad, March 26 - 30, 2007

Theoretical Interest in B-Meson Physics at the B Factories, Tevatron and the LHC Ahmed Ali
(page 70) DESY, Hamburg



sin(2p) from B'>Jly K |

> “gold-plated” decay channel at B-factories for measuring the B - B 4mixing phase
» needed for extracting y from B - 7 and B,—» K K, or from B — D™

> in SM A%-0, non-vanishing value ¢{0.01) could be a signal of Physics Beyond SM

AT (1) = A% - cos(Am, - 1)+ A% -sin(Am, - 1)

Ap(t) (background subtracted)

One of the first CP measurements at LHC:
v" demonstrate CP analysis performance
v study tagging systematics

Expected sensitivity:
v' LHCb: 240k signal events/year

A 0,.,(5In(2PB)) ~ 0.02 (lyear, 2tb!)

v' ATLAS: similar sensitivity for
(first 3years, 30fb!)

Search for direct CP violating term...

Proper time (ps)

\ Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper 16
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~ Projected Precision on v at LHC

e v from B, - D, K — o(vy)~14°in1 yearat2fb!
— 2 time-dependent asymmetries from 4 decays: B,(B,) — D, K" DK~
— 2 tree decays (b — ¢ and b — u) of same magnitude (~ \?) interfere via B, mixing

o v from B - D°K*® — o(vy) ~8%°in1lyearat2fb!

— Dunietz variant of Gronau-Wyler method [Phys. Lett. B270, 75 (1991)]
— Two color-suppressed diagrams interfering via D’-meson mixing

— 6 decay rates, self-tagged and time-integrated

o v from Bf - D°K* — o(v)~5°in1yearat2fb!
— based on Atwood-Dunietz-Soni method [Phys. Rev. Lett. 78, 3257 (1997)]
— measure relative rates of B~ — DY(K7)K~ and BT — DY(Km)K*

o vfromBY — ntnr~and B, - KtTK~ = o(vy)~5°inlyearat2fb!
— large penguin contributions in both decays — sensitive to New Physics
— measure time-dependent CP asymmetry for B — 77~ and B, — K"K~

— (' and S depend on v, mixing phases, and penguin-to-tree amplitude ratio d e
— exploit “U-spin” symmetry (d < s) [R. Fleischer, Phys. Lett. B459, 306 (1999)]

~N
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- Some interesting B_g — hq1ho Decays

e Measurements of BRs in B—g — hqhy decays, with
hi,h, =, K,n,nm,p, K*,w, ¢, ... is an integral part of the LHC B,-physics
programme

e Decay rates and CP asymmetries calculated in specific theories [QCDF, SCET,
pQCD, SU(3) and U-spin symmetry arguments and Data]
[Beneke, Neubert; Williamson, Zupan; AA, Kramer,Li et al., Fleischer, Matias;
London et al.; Gronau, Rosner; Buras et al.,...]

e Examples of B? — PP decays having large (> 107%) BRs:

Decays BRs Theory (1079) BRs Experiment (1079)
e B - Ktn~ 5-—15 5.0 +0.75 + 1.0
e B - KtK~- 12—25 244+ 1.4+ 4.6

e B - K°K° 12-—25 ——
e B > K%' 1-5 ——

e And many more involving 17, 17"-mesons, as well as vector mesons

\_
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('Bs — l,l,+/,l,_ in SM

e Effective Hamiltonian

GFQ
Herr = — Vis™V, Ci;(n)O; Ci(n)O:;
O10 = (8" Prb,) (l_'m'y5l) , 01y = (547" Prbo) (l_'yM75l)
Os = mi (50 Prbe) (II) O’ = m, (5aPyba) (1)
Op = My (gaPRba) (l_’)/5l) ) (’)}, = Mg (gaPLba) (l_’)/5l)
— 4+ - G%‘OézszsfésTBs * 2 ~ 2
BR(BS—>u I ): Y Vis™ Vil w/1—4mﬂ

X [(1 _ 4mi) |Fs|? + |Fp + 2miFm|2}

where m,, = m,/mp, and

/
Cspmy — CS,PmS I c
’ 10 — “~10 — Y40

Fs,p = mBS [
my + Mg

BR (B, — pp7 ), = (3.46 £ 1.5) X 107 [Buchalla, Buras]

9 fB. = (230 + 30) MeV
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(-BS — T~ in Supersymmetric Models ~N

e The decay B, — u* = probes essentially the Higgs sector of Supersymmetry, a
type-ll two-Higgs doublet model

£ — QYUURHU —|— QLYDDRHd

e Higgs-induced FCNC interactions are generated through loops

X % X % X x
o ¢ B B
mO N s s E

s,/ b s, Vb s R Vb
- e« - CEEEEREEE LN a— — CEEE RSB -
H,  H g g g g

(a) (b)

e As H, gets a VEV (v, ), it contributes an off-diagonal piece to the down-type fermion
mass matrix, mixing sy, and by by an angle 6

sin 0 = ypev, /My,  as mp = Ypvg, Sinf = etan 3

e Ab5 — putp~) ~sinfA(bb — putpu~) o tanB3/cos? 3 = tan® g3
for large-tan 3

- J
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(-BS — puTp~ in Minimal Flavor Violation SUSY Models

e Higgsino contribution to B(Bs — pT ™) [Babu, Kolda;.. |

G2 tan? 3 K2

B(Bs — ~ _—Ep2 m: 2 rgmim? | —— _H

( ) {7 Nqco Bszs B, 11y 1Y, cost 3 m?

e 11gcp =~ 1.5 is the QCD correction due to the RG between the SUSY and Bj scales
Gr mf VisVib

Ky = —
H 4+/272 sin? 3

pA: f (1 m%La m? )

tr

tan f3

Ev 001y
100 200

. |
300

N I \
400

‘500‘ | ‘600‘
m, [GeV]

L L |
700

. TR .
800 900 1000

\_

NCP, Islamabad, March 26 - 30, 2007 Theoretical Interest in B-Meson Physics at the B Factories, Tevatron and the LHC

(page 76)



B, - p*u- I

» Very rare decay, sensitive to new physics
» BR ~ 3.5 x 10 in SM, can be strongly enhanced in SUSY
» Current limit from Tevatron:

v DO: 2.3x1077 at 95% CL

v CDF: 1.0x10-7 at 95% CL

LLHC has prospect for significant measurement

but difficult to get reliable estimate of expected background:
v'LHCb: Full simulation: 10M incl. bb events + 10M b—p, b—p events (all rejected)
v’ ATLAS: 80k bb—pup events with generator cuts, efficiency assuming cut factorization

vCMS: 10k b—>p, b—>p events with generator cuts, trigger simulated at generator
level, efficiency assuming cut factorization

1 year ]_35 —>p*u~  b—>u,b—>p  Inclusive bb Other
signal (SM) background background backgrounds
LHCb 2 fb! 30 <100 <7500
ATLAS 10 fb! 7 <20
CMS (1999) 10 fb! 7 <1

» New assessment of ATLAS/CMS reach at 103 cm=2s! in progress

\ Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper 20 )
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~ LHC B-Meson Physics Program ~
e Experiments at LHC will pursue an extensive program on B-physics
— with high statistics
— access to Bg-meson decays
e LHCb can fully exploit large B-meson yields at LHC from the start-up
e ATLAS and CMS will also contribute significantly
— competitive for modes with muons and small BR
o After b years:
Quantity o SM expectation
¢s(Bs — Cc3s) ~ 0.013 ~ 0.035
Br(B; — pup™) ~07x1077 ~35x107"
v(DsK, DK) ~ 1° ~ 60° (tree only)
V(KK + 7r) ~ 2° ~ 60° (tree + penguin)
Flavor Physics at LHC will contribute significantly to
search for New Physics via precise and complementary
measurements of CKM angles and study of loop decays y
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Summary

All current measurements involving CC and FCNC processes (decay rates and

distributions, Mixings, CP Violation) of the B and BY mesons are in agreement
with the SM

Tevatron has provided first measurements for the Bg; Experiments at the LHC will
extend this frontier enormously: AM,, ¢,, v, B(Bs — putpu~); QCD and
Electroweak penguins

A lot of theoretical interest remains in precision studies of Rare B-decays:
B(B — X.v);, B(B — (X4, K*)€t£7), in particular the Forward-Backward
Asymmetries of the leptons

CP Asymmetries & Rare B-Decays have the potential to discover Physics
Beyond-the-SM in the flavour sector; In all likelihood this would require the statistical
power of a Super-B factory and LHC

Hope that the synergy of high energy frontier and low energy precision physics, which
worked so well in piecing together the SM yielding precise knowledge of the CKM
matrix, will continue to hold sway in the LHC-era, providing valuable information on
the flavour aspects of the next Paradigm!

J
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