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— This 1s not a test of unitarity.



CP violation measurements
measure the angles (3 and vy):

P=R,y=Y




Using the Wolfenstein’s parametrization (A, A, p, 1)
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2) Vud* th + Vus* Vts + Vub* th =0
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Important conclusions:

arg Vig = —-p
arg Vub ==Y
arg V,, = Oy+

If we ignore the A% correction, 1) and 2) are degenerate.

A must for the next generation experiments!




2) B, Y, and 0y measurements

B-B oscillation dispersive part: M,,
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B-B oscillation absorptive part: I,
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To be more precise...

The mass and decay width differences:

CP violation 1n the oscillation:

M,  Am

5103 440—1 (B,)
~5x10-3 (B,)

d=Im

sin (arg M,,/T,)

Et=0 — B, - B %Et _3
B, —B,+B_,— B, =2d <10
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NB: penguin contribution
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Theoretically clean.




B BY _b—c+ud: V V_;* x e
D** ;-

M,, o e’P /

BY b —uted: V, * V., x e

C

sin 234y x sin Amt

No other diagram contribute to the process.

NB: strong phase
b — ¢+ud and b — u+cd

may have a strong phase difference A!
B?— D**n- and B? — D*-rt#
2P+y + A and 2p+y - A

Strong phase difference can be measured.

Theoretically VERY clean measurement.



BO b —c+cs: V., V_*

Ihp d)(n)
M12 x e—2i0Y _b

—C+cs: V, * Vo e

sin 20y x sin Amt
CP(Jp) = +1, CP(¢) = +1
CPAp ¢) = (-1)Mmp-¢

S=SJ/w+S¢:O,1,2,J=S+L=O

— fraction of Ly, , = 1 needed: angular analysis

CP(JAhp) =+1, CP(n) = -1
CPJhp m) = —=(-1)lapm0 = +1



b — c+us: V V., *

D¢t K-

b — u+cs: V.

u

% i
bV x eV

sin 207y x sin Amt

Strong phase: same as the B, — D*x case,
1.e. measurable!

@ AI/I'= 0.1 — cos 20y—y x sinh AI't measurable.

Theoretically VERY clean measurement.
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3) CP landscape

CKM constraints now + limit on
V/Vel Am(B,) Am®B) eXK) sin2p
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Perfectly consistent within the statistics!



CKM fit without sin 23 measurements

0=0.23+0.?, n=0.33x0.?  “?” is somewhat “theological”

sin 2p = 0.50 - 0.86 CL >32% A.Hocker et al.
0.698 £ 0.066 A.Stocchi et al.

B = 23.2° without A? correction,

sin 2f3 differs by 0.02



Kaon system:
\e| =(2.271 £0.017)10-3
known to better than 1%
theoretical uncertainties ~10%
Re(e'/e) = (17.3 £ 2.3)x10~*
known to 13%
theoretical uncertainties >100%

— No precision test 1s possible




B-meson system:  sin 23

OPAL (1998)  =32+19__
CDF (2000) =0.79 +041_ .
ALEPH (2000) = 0.84 +084 _

BABAR (2001) =0.59 +0.15

+ .« ny2 —
BELLE (2001) = 0.99 = 0.1 2} 0.7920.17: 2 = 3.56
(error scaled)

_ OPAL CDF ALEPH BABAR  BELLE
031 1998 2000 2000 2001 2001




Major improvements expected...

Theory:
A better understanding of Bfg? —= 1V, /V_ I> from Am(B,)

v (1-p)* + n?

Theory and more data
A better understanding of b—u, c+ ¢ v decays: |V, /V,|

\/pZ + TIZ

More data
An order of magnitude smaller error on sin 23:

before hitting the penguin pollution
\/ (1 - p)? + n? from the Am(B,)/Am(B_ ) measurement
P N d S




2001

Vo2 + n2 : improved by a factor of 3
2007 P+ M p y

V(1 = p)2+n?: improved by a factor of 4
sin 2f3: £0.01




4) Possible effect of new physics
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new
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CP asymmetry in B; = Jp Ky €< sin 23



CP asymmetry in B; = J) K <€<p sin 2
New physics in K-K oscillation
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Not enough constraint to determine p and .
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arg My, = 2B +
CP asymmetry in B; = JA) K = sin 20 + ¢, ;")
CP asymmetry in By = D*n = = sin 2 +y + ¢, ")

5 arg M, = 20y + ¢ N*

CP asymmetry in B, = JAp ¢ g sin (20y + ¢, ")
CP asymmetry in B, = D, K g sin (20y +y + ¢, ")

=>y can be determined!




~2007 clean measurements
BABAR, BELLE: IV_|, IV .|, Amg, sin 23,
CDF (D0): Am, sin 23,

Clean measurements of y: +5°

~. o

=3 —05 p 0 0.5 Re

Dedicated B experiments at LHC (and Tevatron)!!!



Penguin could be affected by new physics?
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Future experiments need to have:

High statistics B, and B..

Trigger sensitive to the final state with leptons
and with only hadrons.

Good proper time resolution for measuring the CP violating
oscillation amplitudes of the B, meson.

Good m/K/u/e separation to reduce the background from
both combinatorics and other B meson decays.
-kaon 1dentification also useful for the flavour tag-

Good momentum and vertex resolutions
to reduce background.



5) LHC experimental conditions

: > T : BB o i e
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LHC will become operational in ~2006
with a starting luminosity of 10%? to 10 cm=2%s-1
(design luminosity > 103* cm=2s1)

Oy, expected in pp collisions at Vs =14 TeV:500ub
5x10M to 5x1012 bb pairs in 1 year (107 s)
—powerful source of b quarks!

ct.
° (4S) B factories: 107 B-B/year @ L = 10*3 cm=2s~!

LHC could have a big potential for B physics.



However not too easy experimental environment...

Tob = 5x10-3

O

inelastic

ct
° (4S) B factories: 0.2 HERA-B 10-° @

O

Fixed target charm experiments ~10-3

Oinelastic



Bunch crossing frequency: f, = 40 MHz, 1.e. every 25 nsec

Number of pp inelastic interactions in
one bunch crossing (o =80 mb),0,1,2 ...

1nelastic

[e—y
.
o

Probability
T T T g T T T
/ g

3

P One 1nelastic interaction
0.6} ] per bunch crossing

' dominates.
0.41 ]

- Reconstruction easier
(final state and tag)
- Lower radiation level

0.2 |

0.0LC
] 03]

107>

32
o 10”
Luminosity [cm~2 s-1]



LHCDb experiment:forward spectrometer (10-300 mrad)

bb pair production kinematics

parton- 1 parton-2
O b O b-b correlation i
p p

Both b and b are in the spectrometer.




(normalized distributions)

f,, @ LHC = 40 MHz

Single p trigger for u, e, h

-1
10

— m.bias
=== b events

— simple first level trigger

maximum P, (GeV/c)

muon system:
low track density
e and h:
calorimeter
E+ measurements



Howeyver....
muon:;
1dentification
p < p min
Fe
p > p min

central detector

| |
4

P sz>pmin
p

P >pmin

hadron:
energy resolution

0n/E = VI0%INE

forward detector

pr threshold can be set low:
— high b efficiency



Momentum spectrum and decay distance for B mesons

0 g g . .
By—= 7 m indn Bff—} T T in 4%

103 7771 withmn measured 773 with ©*n measured

10° |

I 1 L L l

4 : : | i s | s G
0 200 400 g 1 2 3 4 5
B” momentum [GeV/c] B’ decay length [cm]
are larger in the forward region.
— average B decay distance 1n the detector ~1cm

Good proper time resolution.




6) Some detector requirements

What do we measure? (an example)

pp Interaction A

B decay distance B momentum
\— _/

o
proper time: ¢



Time dependent CP asymmetry

_BOt= o —> T (t) — BOt= o —> (1)

_BOt= o —> () + BOt= o —> (1)

CP asymmetries

‘CP
violation

oscillations

CP violating oscillation amplitudes are damped by

e

proper
time

proper time resolution good decay vertex resolution

wrong flavour tag good momentum resolution

background good particle identification



7) LHCb Detector LH ch

VELO

Y

Inner Tracker Z

Observer is inside
LHC Ring looking
at outside.
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VEetex LOcator(VELO)

Number of silicon sensors: 100
Area of silicon: 0.32m?

Number of channels: 204,800




Wake field suppressors

Feedthroughs

Secondary vacuum
container

Exit window

Feedthroughs Sensor

Module

Vertical
positioning
frame
Silicon %/ _
Horizontal
sensor —  positioning
system

Feedthi._g...

Rectangular
bellows

I /i Secondary R b
4 Detector half vacuum

N O ] O

%ﬂ%::' Exit foil Secondary
T vacuum
Wake field £ ‘ N T ™ Primary
suppressors - vacuum
[ El—”" I 7 I “:”_I E I ]
f ki

\ D D D D D D Rectangular / % Concrete

7 Bellows / H support



The VELO has

- low occupancy
- high resolution

- radiation hard

with only ~200k channels:
—optimal choice!
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RICH

Required momentum rage and angular coverage.

300+ (a) B— @ decay
7))
% 200 + .-~ RICH-I
9 i 300 i 5
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RICHI:

Fhoto _/\
detectors
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1 | | | | 2 (m)

Scm aerogel, n =1.03, 2-11 GeV
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Baseline option
Pixel HPD

51 plxel arrav
(1024 slamants)

Caramle carrler

YACUUM

Fhotocathoda

Phaton

Elactrode

Binary
electronlos
chip

Optical input

window

1024 pixel (500umx500um) detector and
bump bonded pixel readout electronics.
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Trigger

Level-0: High p; leptons and hadrons

Level-1: Detached decay vertices

i 1 0 -
0 — +
0.075 Bl B -orn — Bpr'n
i [ 1 inelastic pp interactions ——  ppinelastic after Level-0
i >
0.05 ;f
i =
o)
£
0.025
0
7.5 10 0 5 10 15

25 3

Transverse Momentum (GeV/c) Number of two-track secondary vertices



The LHCb Trigger System

pile-up
Muon System  Calorimeter System vertex
detector
40 MHz ¢L26k JL 20 k ¢L3.6k
high P muons  high P electrons pile-up veto

high P, hadrons
\ngh P photons /

Level-0 dec1sion unit

1 MHz
~200k i
VELO —> Level-1 trigger unit
40 KHz l

All the detector —=> Processor farm for Level-2 and Level-3



LHCDb Trigger Efficiency

for reconstructed and correctly tagged events

LO(%) L1(%)|L2(%) | Total(%)
w e h Jall
B,—Jp(ee)Kq + tag 17 63 17 |72 42 81 24
B,—=Ip(uw)Kg+tag | 87 6 16 |88 50 81 36
B.—DK + tag 15 9 45 |54 56 92 28
B,—~DK" 8 3 31 |37 59 95 21
B,—n*n + tag 14 8 70 |76 48 83 30

- trigger efficiencies are ~ 30%
- hadron trigger 1s important for hadronic final states

useful only with the kaon tag
- lepton trigger 1s important for final states with leptons

evenly spread selectivity = robust and flexible



3) Something about reconstruction

Flavour tag with high p. leptons and
large impact parameter (d,,) kaons

: 120
180 :
L&D F b | fl | K [rom b decays
o —— b — W decays 100 H :
’ - K from other sources
sy E b — ¢ — U decays []
_ - other sources a0 11
14 - |
00 F
i 60 -
g0 | .
1
&0 o 40 +
an | : [
gy — M0
20 :IJ_‘ : ;
{' |.||'|||:|-1'1'|'r|..|.|I.|.|||I|'|I|| = i TL_... ”_ -|||| Lo 1L ifF i i i | wd s
0 05 1| 1.5 2 25 3 35 4 45 5 0 5 10 15 ) 25 30 35 40
pr 1GeV/ce] dy! o

B-B oscillations: irreducible wrong tag




primary
vertex

...............
.........................

D.- impact
parameter > 0

Bso impact
parameter = 0

oy,
—-~.—
"N,

B SO d@Cay
distance > 0

K+

Ds_ deCay
distance > 0

K+ impaCt

vertex

parameter > 0

O'l(Bs) =320 -
O, (Bs) =40 i




9) Some LHCb Physics Performance

CP asymmetries in
B, —= J Ky (>40k tagged /107 sec)
Ogingp = 0.02 /107 sec
B,—=Jy¢ excellent o,
Oy = 0.04 - 0.06 /107 sec (x; = 20 - 40)
B, oscillations: hadron trigger, excellent o,
B.— D, = measurable up to x, = 80 (54 ps~!) with 50
CP violation in radiative decays
B, — K%utu~ s =4.5k/ 107 sec (Br=1.5x107°), s/b =16
error on forward-backward asymmetry=0.03/107 sec
B, — K single photon trigger
s = 26k/ 107 sec (Br=4.9x10-°), s/b=1
error on CP asymmetry = 0.01/107 sec



CP asymmetries in
B,— D" n* hadron trigger
) 260 k tagged /107 sec oy = 10°
B,— D K" particle ID, hadron trigger, excellent o,

2.4 k tagged /107 sec oy = 10°
Time dependent Dalitz plot study: hadron trigger

B, — wrnn! Opsy = 5° to 10°/10” sec
CP asymmetries in
B, — - particle ID, hadron trigger

4.9 k tagged /107 sec (Br = 5x10-9)
and B, — K"K~ particle ID, hadron trigger, excellent o,
4.6 k tagged /107 sec (Br =1.9x107>)
o, ~ 5.4°/10" sec for Am, = 20 ps-!
Rare decays
B, — uru- s =10 /107 sec (Br=3.5x10"?), s/b =3



10) Conclusions

Unique property of LHC
Large yield for different b hadrons (10'2/107 sec)
+

Unique properties of LHCb

Trigger: high P lepton or hadron + secondary vertex
Sensitive to final states: lepton only & leptons+hadrons & hadron only

RICH system: clean K/x separation over wide range of p
Kaon tag (enhancing the importance of the hadron trigger),
Clean reconstruction of hadronic final states

Vertex detector: excellent decay time resolution
High CP and oscillation sensitivities for the B, system

Unique opportunity to search for new physics
through CP violation and rare decays in B-meson decays!!
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Phi-sensor

\ Small r-¢ strip Si detector:
300um n-on-n double metal layer

Hybrid

- R-measuring sensor
reak at

24.1mm radius 40 mm inner pitch 92 mm outer pitch ,

N

182 degrees
spread

384
strips

384
strips

384 384
strips strips

256 strips 256 strips

total 2048
strips

37 mm inner pitch 1a
20

18

19
182 degrees
spread

682 inner strips

40 mm pitch

1366 outer strips

Module
base

total 2048

strips 98 mm outer pitch

Feedthrough flanges

¢-measuring sensor



Peak asymmetry

fa—

o
oo

<
o

0.4

Decay time resolution...

-1
Am =25 ps

1 | |. 1 1 1 J 1 1 I

20 40 60 80 100
Proper time resolution [fs]

Dilution of CP asymmetry for
B, due to o, must be less than

due to other sources: < 0.5

0. < 50 fs = 0.03 1,

<lg>=1cm

0; = 300 um




RICH "
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Particle identification is required in a momentum rage of
Pmin = ~1GeV/e (Kaon tag)

to

Pmax = ~100 GeV/e. (two-body B decay products)

800

80
60;
40 -
20_—

400

: 0
5 10 IS 20

p (K) [GeV/c]

200

1 1 I 1 1 1 !

B;— y

0

50 100 150 200

p () [GeV/c]

Ring Imaging Cherenkov is a suitable technique.



Can new physics make CP violation 1n oscillation to be large?

NP -
Gpas)  can increase arg Mi,/1,

d=1Im M,, Am

sin (arg M,,/I7,)

N
/ This may increase

This can hardly change from ~10-3.
d >10-3 is not really possible.

But could enhance B, — ptu-
us b o new
Y, t particle

T b u™~ loops T




Even better would be?

Nncw
L ticle
b d b — PHHEE— ¢
U loops
V, V. el A, NPoc e i0pba™’

VeV = A (1-p)?4m? |V, V" |
more suppressed

New physics can have a larger influence.

Bd — (I)pO’ Bs — (I)KS



