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Motivations

CP violation is one of the fundamenta phenomena
In particle physics

CP isone of the less experimentally
constrained parts of SM

SM with 3 generations and the CKM ansatz can
accomodate CP

CP asymmetries in the B system
are expected to be large.

Observations of CP in the B system can:
test the consistency of SM
lead to the discovery of new physics

Cosmology needs additional sources of CP violation
other than what is provided by the SM



Standard Model: CKM matrix

The quark electroweak eigenstates are connected to the
mass elgenstates by the CKM matrix :
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Unitarity triangles
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Measurements before 2005

BaBar, Belle  will establish significant evidence

CDF, DO for CPviolation in the B sector
HERA-B
theory
theory low statistics
b U B, - it

B, - mmm

B,, B,
mixing

T well measured
no precise/direct

measurement By — J/YKs
o(sin(2p3)) <0.05
no access to dy

well measured

Constraints from the unitarity triangle:

e consistency with the SM (within errors)
e inconsistency with the SM ( not well understood)

Next generation of experiments:

» precise measurements in several channels B, B
* constrain the CKM matrix in several ways
* look for New Physics

S



Hadronic b production

B hadrons at Tevatron

n =-In(tan(6/ 2))

| for larger n| theB
1 boost By incresesrapidly

b pair production 6 « b quark pair produced
aLHC preferentially at low 0
e highly correlated
tagging

low pt cuts




LHC and Tevatron experiments
Tevatron LHC
Energy/collision mode 2.0TeV pp 14 TeV pp
bb cross section [1100 pb [1500 pb
| nelastic cross section [150 mb [180 mb
Ratio bb/inglastic 0.2% 0.6%
Bunch spacing 132 ns 25 ns
BTeV LHCb

Detector configuration

Two-arm forward

Single-arm forward

Running luminosity

2x10% cm%st

2x10% cm?s?t

bb events per 107 2x10M 1x10*

| nteractions/crossing ~2.0 0.5 (~ 30% single)
Average B momentum 40 GeV/c 80 GeV/c
Mean flight path 3.6 mm 7 mm




Generic experimental Issues
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triggering
decay time resolution
particle ID
neutrals detection

flavour tagging
systematic effects



Flavour tagging

For agivendecay channed B _ f
f signal B
B

g other B

SS: look directly at particles accompanying the signal B

st
<S
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OS: deduce the initial flavour of the signa
meson by identifying the other b hadron

K+

cl Cwnl

semileptonicdecay b — |

jet charge - Qjet >C



Flavour tagging

g:(NR+NW)/|\| e W. wrong tag fraction
* € . tagging efficiency

w=N /(N +N
w/( w R) e N: total untagged

D=1-2w

1
D%eN
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“% The BTeV detector

B Fixel Cetactor

RICH
B Magnet Coils B EM Cal
B Beam Pipe Yacuum 4 Muon detector

o Central pixel vertex detector in dipole magnetic field
(1.67T)

e Each of two arms:

— y/TP detection and e identification in lead-tungsten crystal
calorimeter

— M triggering and identification in muon system with
toroidal magnetic field
e Designed for luminosity 2 x 10% cm?s?t
(2x 10 bb eventsper 107s)

Trigger strategy pioneering pixel vertex trigger
(three levels) o software triggers



rach The LHCb Detector
Ay

Don-hending Plane Muon Detector

Shield ~ Magnet HCAL
wcn FOAL

NS
)
-
| ] | | ] | | | | ] | | | ] |

« anormal conductor magnet (4 Tm)
 hadronic and eletromagnetic calorimeters
e muon detectors

. * “high”" p . ey,h
Trigger strategy e secondary vertex

(four levels) « software triggers



Calorimetry

Important final states with mand Y

Use 2x11,850 lead-tungsten crystals (PbWO,)
» technology developed for LHC by CMS
e radiation hard
o fast scintillation (99% of light in <100 ns)

Excellent energy, angular resolution and photon efficiency
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Particle |d L

Essential for hadronic PID
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Strategies for measurements of
CKM angles and rare decays

B

B - J/yK, B,y
a Bg — 7T+7T—(Bg — K+K_)
B, — pm
B, - ' y
BY - DK"
BOZ'B +é*_ . B) - Km
— Il N _
| B(?(s) - J/ng’D(s)D(s)
y — 20y
B? - DK RETE
Byay — M1
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B, -~ J/yn?
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B Bé) = J/QUKS

M(B® - J/YK)-T(B® = J/PKY)

Acs (1) = —
T T(BC o JIPKY)+T(B® - J/YKY)
= A™ cosAm,t + A7 sin Am,t
Penguins: i

o

* expected to be small
» same weak phase astree
amplitude

ﬁiﬁﬂh

CP asymmetry

~p.2 + Input parameter
A (t) = Dsin(2B) sinAmt 3 = 20.0°

.4 Fitted parameter
/ _ A =19.6°+0.8°
* tagging 6. Guin2s = 0.021
dilution factor: < background R

J - _. | I-'Il.'upt',II'l tirr:e{pﬁii
events/ly o (M)/MeV/c2  a(sin(2pB))

BTeV 88K 7 0.025
LHCb 80.5Kk 9.3 0.021
ATLAS 165k 18 0.017

CMS 433K 16 0.015

(B — J/YK3) =0
Ap(B" - J/UK") =0

Observation of direct strong indication of
asymmetries (10% level): New Physics!

Standard Modd:



Systematic errors in CP
measurements

e ratios
* robust

asymmetries high statistical precision

» production asymmetries » tagging efficiencies

f, f, . f f, f. 23

S S +

e mistag rate e final state acceptance
w W a(t) a(t)

Control channels CP eigenstates Bg - JIYK,

f,/f
0 0] 0/ 70

W
BY - DT f_/f,

ATLAS:  sin(23) +0.010+0.005
est SyS

Monte Carlo Detector cross-checks



sin(2a) BY - '

NoRICH |

« experimental: -
background with g
similar topologies .
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» theoretical: penguin diagrams make it harder to interpret
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dir

" cosAm,t + AT sinAm,t

eventg10’s O(MeV) JA(t) SAY AT C
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LHCDb 12.3k 17 - 0.09 0.07 -0.49
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sin(2a)

B, - '

AB{ - mm)=€"T+e*P

approximately
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a B, - pm

a
Time dependent Dalitz plot analysis « Treeterms
* Penguins
Ll Helicity effects: corners
BIEY Cuts. lower corner eliminated
4 —~Co |

! Excluded Region

H':.J

:‘TH j..:!' -:-

:.; g.' a=1.35rad
o] pAEL

208:
. LHCD
_ Iﬂ%’- o
R 00 ik,
e e 0O 5 10 15 20 25

sT [GeVZ/e?]
Unbinned loglikelihood analysis. 9 parameters

cos(2a) and sIin(2 a)
no ambiguity * background

Under investigation: * Dalitz plot acceptance
» other resonances

* EW penguins

events/ly o(MeV) o(a)
BTeV 10.8k 28 ~10
LHCb 3.3k 50 3°-6°



V B - DK-

color alowed

B L‘\;(DO)_/E}K

doubly Cabibbo suppressed

comparable decay
amplitudes

B™ - (K'm)K"
B" ~ (K'm")K"
B™ — (K'KT)K"
B* - (K'K)K"

(o 3(5")%‘ JK
RS ko ‘I
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26+y BY . D'm

uncertainty due to:

€|=|ABS -~ D"'m-|/|A(B] ~ D"'r|

Ojg/I&l=10% P
| vear Gmflﬁlzﬁ% __=. :

3 years | year -

5years, "~ ff

additionof D' "a, channel:  ~ 360k / year

requires full
angular analysis



'_'() . .
B-B’ Mixing
e very important for flavour dynamics
« future hadron experiments: fully explore the B, mixing

SM: AM, =(14.3-26) ps™
AT_ /T, =10-20%

Bg N DS_T[Jr flavour specific state

untagged: fit proper time distributionsfor I's, Al /T

ogiLikelihood)

tagged: M.
tagged o (proper time)
BTeV D, - o ,K'K™ 72k A3fs
LHCb Dy - ¢ 34.5k 43fs
ma-d“*hhocﬂ Function for By —> Dsm in BTel 3
0 Y | Wi ‘
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O —O . .
B, — B, Mixing
Amplitude fit method: ~ ACOS(AM t)

A, o, determined for each AM _ by aML fit
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Interference of direct and mixing induced decays
Theoretically clean (no pinguins)

Vi € o
< Ds
Vip V 2 >

N ts & V. -
RO b : : S B° B b ub- u .
s S ! ! b S s g §K
VtS Vt*
V u . « amplitudes about same
\V lf§’<s K magnitude (B, - I)
b ch.”” - e four rates) (B, - f)
B s s D] r(B, - f)
(B, - f)

e tw0 asymmetries
Hadron identification: DSr[ background
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o _ | AB,
Sensitivity to: A /T X, & P
A(B,
Input =30, p=0.71, =42, 3=10", Ar=0.18
y=43"+7"
¥/ ndf 4800 [/ 41
Constant £3.70
Maan G.B349
Zigma 01143
C [T ST RIS T N
.4 0.8 0.8 1 1.2 1.4 1.8 1.8
gamrna f=10+7
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—0.4 —{.2 0 0.2 0.4 0.8 1.8
delta Ar=0,13+0.03
150 Vindf B278 /16
C Constant 135.1
E Mean 01282
100 r Sigma 4.2033E-01
50 |
D 1 1 1 1 I 1 1 1 1 I 1 | 1 1 1 1 1 1 1 I 1 1 1 1
—0.2 =01 { 3.1 0.2 Q.3 2.4

delG

eventsly o (y —20y)
BTeV 13.1k 6° -15°

LHCb 6k 3’ -14°



Sy B - 3/un® B - Ifpg

» dominated by one phase only
 very small CP violating effects (SM)
» sengitive probe for CP violating effects beyond the SM

B, - J/yn®

o =19(11) MeV/c?

« CPegenstate i -
o direct extraction of SIN(20 E i BTEV
( y) n.ls-— E E"' %0
eventyly o (sin(20y)) _
BTeV 0.2k 0.033 |
(xs=40)
O 5.1 5.315 54 545
Bs - ‘J/ l.,U§0
o CP admixture

* clean experimental signature
o full angular analysis

events o (sin(29y))
LHCDb 370k (5y) 0.03

CMS 600k (3y) 0.03
(Xs=40)



Sensitivity to New Physics
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Transversity analysis
A.Dighe hep-ph/0102159 (CERN-TH/2001-034)

e simpler angular analysis with the transversity angle
e accuracy similar for same number of events
«if Oy islargetheadvantageof J/yn islost



B,y BY_mnm B KK

e related by U-spin symmetry (U « S)
» makes use of penguins (sensitive to new physics...)
e four observables:; dir mix dir mix

m ! K? K

« seven unknowns: 9y, B8,v,d,6,d",6’

0 1 H Cten H u = AU _ At
d Aven = Apen ™ Apen
C TRIA+ALL

e U-spin symmetry: d' =d contour plotsin th(?
- input 3 and Oy y—-d and y—d
planes
dt) = | rach
0dd ¢ y : 760
LA d : d’ : OIB
I!i':l: ﬁ — 530
R N,
events/ly OAL AL (5y) O(Y)
BTeV. 320k -- -

LHCb 9.5k 0.034 1.9°



W Rare B decays

S In the SM:

q b » flavour changing neutral currents
W § §W only at loop level
e - -

ot e very small BR~ 10™ or smaller
Excellent probe of indirect effects of new physics!

SM: BR~107
B. - U~ +observation of the decay
» measurement of its BR
width .
Mev/cz S9na  backg
LHCb 26 33 10
(3y)
ATLAS 62 27 93
3
cmMs 26 21
SM: BR~107%
B, - U u" » high sensitivity search

B, - p 0 U " I+ measure branching ratios
. o study decay kinematics

Bs - CD:U H

S eventgly S/B

LHCb 4.5k 16



Rare B decays

B, -~ K"y
Forward-backward asymmetry A (S)
s=(p,.+p,)
can be calculated in SM and other models A5 (S,) =0

A (ly)
LHCb 2.4% -5.8%

A. Ali et d., Phys. Rev. D61

074024 (2000)
| ' [
0.4 - _
SUSY I1(C,50, Cy>0) -
0.2 i — — ___:::Ea

.-"-_--

A Fii
o

-
L8]
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Physics summary (partial)

Parameter Channels BTeV
sin(2pB) B,-J/WK, 0.025
a B,-mmA(t) 0.024
Amix -
Adir -
sin(2a) B,-pm 10°
2B+y B, - DUt -
y-20Y B, -DK 6°-15°
Y B, - DKE --
B- -D°K- 10°
By - nmr, B, - KK --
sin(20y) B, - JYo --
B, - J/Yg 0.033
Bs oscil.
X B, - Dt (upto) 75
Rar e Decays

Bs - pu -
By - KFup 2.2k (0.2k)

c " 1

tau, b production, etc

LHCb
0.021
0.07
0.09
3°- 6°
> 5o
3°-14°
4° -14°
1.9° (9y)
0.03 (5y)

(up to) 75

11(3.3)
22.4k(1.4K)

nm




Conclusions

BTeV and L HCD are second generation beauty CP
violation experiments,

Both are well prepared to make crucial measurements
in flavour physicswith huge amount of statistics;

|mpressive number of different strategiesfor
measurementsof SIM parametersand sear ch of
New Physics;

Exciting times. under standing the origin of
CP violation in the SM and beyond.



