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Start of B physics

a Neutral kaon puzzle in late 1950s

a Two particles (K1, K,) with same mass,
but different lifetime and different decay
mode

m K, Is CP odd and if CP is conserved can
decay only to 3 =

m Observation of K, — 77~ in 1964 by
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Start of B physics XIT

m Observation by Cronin and Fitch requires ~ 103 admixture of
wrong CP state in wave function
a In 1973 Kobayashi and Maskawa concludes that

a No reasonable way to include CP violation in model with 4
guarks
m Introduction of CP violation needs new particles

a One of the suggested ways uses 6 quark model
a CP violation & complex phase in quark mixing (CKM) matrix

Vid Vus Vb 1- )‘2/2 A A)‘S(P —in)

Vie Vis Vi AN(1 — p—in) —AN? 1

a Nobel prize in 2008

3 11 June 2010 Michal Kreps — B physics



Start of B physics

Asymmetry
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a When Kobayashi and Maskawa proposed their explanations,
only 3 quarks were known
ma The six quark model had several implications:
m Existence of another 3 quarks to be seen by experiment
m In 1980/1981 several people predicted large CP violation in B
system
m Start of dedicated B physics . %
experiments —
L »
a In 2001 Belle and Babar 1 oty | N
experiments observe large b +* §
CP violation in B® decay A ®
a Not only test of KM, but also ‘¥ ™
production and spectrum have §
Its questions —B
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Testing KM mechanism SKIT
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Major players AT

Karlsruhe Institute of Technology
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Pros and cons

m e'e at T(4S) (Belle, Babar)
+ Clean events
+ Good flavor tagging
- Relatively small cross section

- Hard access to hadrons beyond B*/B°

a High energy hadron collider (CDF, DQ)
+ Large b cross section
+ Access to all sort of b-hadrons

- Much larger inelastic cross section <
dirty events

- Much worst flavor tagging

11 June 2010
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||||||||||||||||||||||||||||||

Triangle Sides T

a Left side given by V,, element measured by b — ulv
a Right side determined by V,q, experimentally from B mixing

a Both need to V¢, as normalization (or third side), measured in
b — clv

a No change in B mixing in about last 4 years
m Lookto V., and V

(p-n)

Via Vi
Vea Vi

(0,0) (1,0)
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Measurements of|V¢p AT

a Measured using semileptonic
decays

m Inclusive approach

a Relatively easy for theory (weak B
decay with QCD corrections)

a Typically reconstruct one B and
measure lepton energy or
missing mass

a Understanding backgrounds is
challenging

a Exclusive approach
a Relatively easy for experiment

a Need form factor =
non-perturbative QCD

a Domain of efe~ at threshold
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Measurements of{V|

m B factories now dominate

m Some tension in results for B — D*lv,
Xz/dof =56.9/21

a Fit to moments (inclusive determinations)
always too good (prob ~ 0.9995)

a Results (1073):
D*lv: 38.6 £ 0.5+ 1.0
Dly:39.4+1.44+0.9
Inclusive: 41.5 4+ 0.44 + 0.58

a Inclusive vs. exclusive ~ 2.3¢ difference
a Exclusive average 38.8 + 0.9
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Measurements of{Vy|

Same principle as V¢,

m EXxclusive determination uses B — rlv

a Usually fit to mixture of experimental
data and lattice QCD results

m Latest Babar result
Vup| =2.95+ 0.31 x 103

a We probably have another ~ 2o dis-

crepancy

11 11 June 2010

Kinematic cuts destroy theory convergence

10

AB/A F (GeVD)

Several fits to inclusive experimental data (10~3)
'Vup|(BLNP) =4.06 + 0.15

10 :
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Complication of CKM suppression and dominant b — clv bg

Trade between theory and experimental uncertainty

12f

* Data
8GL (3+1 par.)
HPQCD
FMALMILC
FMALMILC fitted

| ;I.'I

| =
S

|~'!-

1IEI IIE 20 25
¢* (GeV?)

Michal Kreps — B physics



B — v

a SM branching fraction given by

GmB

BF = 2EEm?

a One can extract fg or |V |
a SMBF =1.20+0.25 x 10~

m2

2
1-5 f2|Vub|*78
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Vr

a Practically only B-factories thanks to clean environment

a After reconstructing tag B and all charged particles from signal B,
only neutrinos missing
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B — tv

Hadronlc
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B — 7v

Naive average of exp. results
BFexp = 1.73 +0.35 x 1074

SM prediction
BFgy = 1.20 £ 0.25 x 104

Effect of charged Higgs
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fb, Saga

a B — 7v needs input from lattice

BF =

2
|

2
G2 Mg .2 m 2 2

a Can use leptonic Dg to test theory

a Show CLEO data, Belle and Babar

tribute also

Kronfeld, arXiv:0912.0543

250 g ————————

200 | ! | ! |
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m Angles are defined through complex phases of the CKM
elements

a They are related to CP violation

m Their determination needs measurement of CP violation

a Omit o here
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sin2/ =0.687 +0.028 + 0.012
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Angle

m In first order b — ccs confirms
SM
d - d

S
fﬂlc
C

m b — sqqg more natural place to
look for NP

b

m Used to see some difference

between b — ¢ccs and b — sss

a Seems fine now, but need much
higher statistics to really probe

NP
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sin(23°") = sm<2cpl Bl AcH

PRELIMINARY
b-ccs World Average : : 0.67 £0.02
| g BaBar !  ——— || 1026%026+0.03

S Belle E ! 0.67 "33
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= , Belle : —f ! 0.64+0.10 £ 0.04
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2 ¥ BaBar ; L 1 055+0.20+0.03

% Belle : 5 0.67 £0.31 £ 0.08
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% Belle § —H—9.64 *312 £ 0.09 + 0.10
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3 Belle : ————— | 011£0.46£0.07
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Angle ~ SIT
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a CP violation in interference of b — ¢ and b — u transitions

S b U
C
§<u %<
b - c .

u > u 11 > u

a Need common final state for D° and D"

m Proceed through tree level diagrams, little sensitivity to NP

a Useful in determining what SM gives us

a Three main methods (depending on D decay):
a (CF)D® — K7+ and (DCS) D° — K ~x*, ADS
a Two body Cabibbo suppressed channel (K*K —, Ks7°), GLW
a Dalitz method (Ks7"7~), GGSZ

a Rare decays with small (b — u)/(b — c) ratio
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Angle ~
a Most sensitive is GGSZ method with
DO — Kot ™
a Belle and Babar made recent updates

a Both experiments see 3.5¢ evidence for
CPV

m Belle: v = (78}, + 4 £ 9)°

m Babar:y=(68+14+4 + 3)°
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CP Violation in Bs — J /1¢

Look for NP contributions in the Bs mixing phase

data, several improvements

Move towards SM

a See Elisa Pueschel In after-

noon

CDF Run I Prel. 2.8 tb™'+ D@ 2.8fb '

‘ 68% CL
95% CL

99% CL

06510 05 00 05
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Basic logic is similar to sin 25 measurement
Update from CDF with more

L=52fb"

0.61
0.40
0.2]

0.2F
0.4

-0.6F

0.0k

— 95% CL
— 68% CL
—e— SM prediction
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SM p-value 44%
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At measurement by D@ XIT

a Alternative way to look for NP in mixing phase is to measure Ags
a Connected to phase by A = Alq/Amg tan ¢q

a Traditionally measured using:
a Semileptonic decays arXiv:1005.2757
m Same charge dimuons

a Recent measurement by DG

b _ N++_N——
m Measures Ay, = man— .

a Mixture of B? and By effect

-0.01F
O SI\/I prediction - EmDo A
= (-2.3"%2) x 10~* 002 . standard Model
Result _0.03-—B Factory W.A.
. ult. " ED@ B, D, X
(~96 425+ 15) x 10 5a 00005001 0 001
a Detalls see lain Bertram a
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Other By decays

Belle successfully took data also
at T(5S)

Provides access to Bs physics
Cannot resolve Bs oscillations
Can in principle do absolute BF

First observation of Bs — J/¢m
with 7.30
3.32+0.877%3% +0.42(fs) x 10~*

Limit on Bs — J /4fp(980)
B(Bs — J/yfg)-B(fg — n777) <
1.63 x 10~* at 90% C.L.

More detalils in talk of Jean Wicht Total
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Rare decays Bs — uu T

||||||||||||||||||||||||||||||

a FCNC decays are good probes W ut
of NP

a Bs — up one of the most
watched s Ay Z

a SM prediction (A.J.Buras, ’
hep-ph/0904.4917):

(3.6 +0.3) x 109 S v

a NP can enhance it by huge
factors (many models by several
orders of magnitude)

m Hard constraints on NP even
without seeing signal

a Signal at Tevatron implies NP
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Rare decays Bs — uu SKIT
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Upper Limits on BR(B %M ll ) at 95% C.L. at Tevatron

m— SM (~3.610°)

CDF pub. 2fb™ Exp.

i
<
|

CDF pub. 2fb™ Obs.

CDF prel. 3.7fb™ Exp.

CDF prel. 3.7fb” Obs.

TUTW)

D@ pub. 1.3fb" Exp.

D@ pub. 1.3fb" Obs.

BR(B
=

III[II|

T e T e T T T T T T

D@ prel. 4 8f6" Exp.

D@ prel. 6.1f6' Exp.

X< mop» D> e o

D@ prel. 6.1fb' Obs.

—

q ----- CDF projection
Integrated Luminosity [fb"] |- D@ projection

m CDF Preliminary, 3.7 fo=!: < 4.3.10-8 at 95% C.L.
a D@ Preliminary, 6.1 fbo~1: < 5.2-1078 at 95% C.L.
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27

Rare decays b — Suu

||||||||||||||||||||||||||||||

a Another example of FCNC rare = First observation of

decay

a BF of the order of 10~°
a Study decays:
a B/t — ity KO/
a B/ it KO/
m Bs — p'umg
a NP can show up in (partial) BF,

decay polarization or angular dis-
tributions

A~ —

q q

11 June 2010

Bs — p "¢
m BF=[1.44 +0.33+0.46]-10°°
m 6.30 significance
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B°2>K*?; u decay plane

a Looking to observables
connected to angular
distributions most promising

a Currently mainly
Acrn = ['(cosf,,>0)—I(cosf,,<0)
FB ™ T(cos8,>0)+T(cos,<0)

a Other options exist, but no-

body tried
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Rare decays b — Suu

a Three experiments produced

result

a Consistent with SM

expectation

a Intriguing fluctuation in same
direction for all results
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Conclusions SKIT

a Tremendous progress in past few years

a There is much more, which | could not cover in short time

a Charm sector - for status see Thomas Mannel and Jeorg
Marks

m Future (starting) experiments - for LHC prospects see parallel
session in afternoon

a In global there is no significant discrepancy with SM

a Nevertheless there are several places which show interesting
tensions

a With LHC we are at the beginning of new era, even if existing
experiments will do their best in this new era

a I’'m sure we are entering interesting era
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