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parametrization...
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Current status of CKM parameters

 Impressive improvement due to results from B-factories and Tevatron
 The so far measurements are entirely consistent with the SM predictions

F:1:_m Accuracy of angles is o~ +6°
i limited by experiment: [~ +1°
vy ~+ 20°

0.5 v hot ye’r measured
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O Search for New Physics by comparing Tree-mediated processes (y, Rb) To those
involving loop diagrams (y, P, Rt)
-> complementary to direct searches |
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LHCb - experiment to s’rudy,ef and rare phenomena in B meson decays

= (General LHCb talk

, -> Bernhard Spaan
Main LHCb features

Q Large rates, ~1012 b-hadrons / year with all b-species produced:

Bu ("‘400/0), Bd ("’400/0), Bs (~10°/o), BC ("‘O.lc‘/o), /\b ("‘100/0), e, Excited states, ...

U

Well separated B decay vertices => "easy" Bs oscillations

U

Excellent vertexing and particle identification capabilities

U

Dedicated B-physics trigger

Important LHCb contributions:

U

precision CKM measurements, in particular angle y and Bs mixing phase ¢s

U

search for NP with rare decays

= Rare decays at LHCb

: -> Victor Egorychev
Data collection plan ' gory

Q 2008: fLdt= 0.5 fb!
Q ~2013: fLdt ~10 fb! (~5 nominal years)
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LHCb detector - single-arm forward spectrometer 10 - 250/300 mrad

‘ °
y | RICH counters Calorimeters

p/K/n Identification 1 x o M3
5m \ SPD/PSy 1AL

T3 RICH2 . ECAL

M5
M4 250 mrad

Vertex

VErtex
LOcator |
= SITI (-
| | |
Vertex Kinematics: PID: Trigger:
reconstruction: Magnet RICHs Muon Chambers
VELO Tracker Calorimeters Calorimeters
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Ps from Bs ->J/¥V @

Q Mixture of CP=+1 for L=0,2
and CP=-1 for L=1

=> partial waves
0 Measures oM = -2 x = -0.037 is small
Q Simultaneous measurement of Alg

J/V -
® -> KK

dI‘(t) [ 2 21 3 9 2 3 . 9
Ao(B)? + | Ay (¢ ] 2 (14cos? By )+ A L (1)]* 2 sin? 6
d(COS(Htr)) X | U( )l +| ||( )| 8( +COs t’r)-l_‘ J_( )‘ 4 SHUL Uy ,-
2 000f Simultaneous fit to Time and Angular
Eﬂf‘““%— Distributions
£3000F- Aoy ['[Bs(t) = f] —T[Bs(t) = f]
2so0f ; " T T[B,(8) > f]+T[B,(t) = ]
znm;_ C o,%l’en A t} . .’I,'II,-SE‘?II::'L']HSI‘?I{ &m‘,)t
1500 bkgnd cplt) = cosh(AT' t/2) — 1);cos¢ sinh(AT t/2)
1000 —____ ]
N3 CPodd’” e 1 LHCb year (2 fb-1), BR=3-105 ;
! o ’ o cns(ﬂtj 131k events, o(p,)= 0.023
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¢s: adding pure CP eigenstates

Yield B/S | <&.> o
Channels used 2 fb-1) | e
B.~>J/y(pu p*)o(K*K-) 131k 0.12 36 14
B.—n.(h-h*h-h*)$(K*K") 3k 0.6 30 12
B.>J/vw(up*) nlyy) 8.5k 2.0 37 34
B.—»J/y(uu*) n(r*n-no(yy)) 3.0k 3.0 34 20
B.~>J/v (up*) n'(n*mn (yy)) 2.2k 2.0 32 19
B,—D(K*K-n") Dy(K*K-=*) 4.0k 0.3 56 6
Channels oglde) [rad]  Weight (o/0:)? [ % ]
B: — J/U n(nt 7~ 79) (0.142 2.3
B:. — D.Ds 0.133 2.6
Bs — J/v¥ n(y 7) 0.109 3.9
B — 1.0 (). 108 3.9
Combined (pure CP eigenstates) 0.060 12.7
I_Bi — J /o 0.023 87.3
Combined (all CP eigenstates) (0.022) 100.0

S —
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Example: impact of g from Bg -> J/¥ &

Present knowledge on ¢,
x10°

UTfil‘

Probability density

0.05

-50 0 50

~— 4,[

Expected precision at the end of
Tevatron o(p,)~6°

x10°°
j UTfit
0.6
I 1 nominal LHCb year
0.4 (2 fbly: )
- Ostat(®s)~1
0.2
0 2020 20 20
= >

N —
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Example: New Physics through Tree-Penguin comparison

Tree Bs

Penguin
Beginning 2007
p(tree)-p(penguin) = 3H(NP) x(tree)-x(penguin) = dx(NP)
Currently: 3p(NP) ~ 8° (2.60) In SM: dx(NP) = 6p(NP)

LHCb sensitivity on dx(NP) ~3° (1 nominal year, 2fb1)

CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 9



Example: constraining NP with 95 and Amg measurement

The measurement can be interpreted
via a parameterization of NP effects:

Miz = (1 + h, e &) MM,

M>M .= dispersive part of the B,
mixing amplitude in the SM

Then Am, and ¢, can be used to
constrain NP in the oscillation:

Am, = Am"' |1+ h, exp(2i)o]
O, =DM +arg(l+h, exp(2io,))

CKM angle measurements at %

From Z. Ligeti et al hep-ph/0604112
Allowed regions CL > 0.90, 0.32, 0.05

180973

160 3
1403
120
100

906 SI}—;

Am,
' measurement
1 WAllowed

region

2006, After first

180%7

160 |

140

1204

L1003

90°
so—f
)

S 40—2

20

-y

OOU_:

13 Lomonosov Conference on Particle Physics

MSU, 23-29 August 2007

10



y measurement: Bs -> DgK TREE

Ds -> KK
8™ F </ . T s QO Bs -> Ds-K+ and Bs -> Ds+K- (b->u),
o = n i both ~A3 tree diagrams, interference via mixing
s _ O Phase Ds+K-: A - (v + ¢s)
wof- Bs -> DsTr 0 Phase Ds-K+: A + (y + ¢s)
7S E it QO Fit 4 tagged time-dependent rates
B — O Measure simultaneously A and vy + ¢s
»E |
ob 1 v v v 1 ., L | e o g
AlnLgy O Annual yield: 6.2k events, S/B> 1.4 @90% CL
I v Q oy + 9s) ~ 10° with 2fb1 (1 LHCb year)
; # Bs -> DsK ~ 05
1500 y f‘m I 5 LHCb year‘S ‘ | “
E e e 2025 filt] | | |
1000 [ i i ' 1 [
i | mp= 5.42 GeV/czz a0 [ [ 1\ + i\
- s, = 24.0 MeV/e < : | 1 | ff ,
500_— |..|‘ lBS -> DST[ 025 _ } i H
- ||| | 3 i
Ol B 55 -0.5 | e ; B —
B, s [GeV/e] 0 05 1 15 2 25 3 35 4
Bs -> DsTr  residual contamination ~10% | - t [ps]
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vy from Bt —» DKt

Interference between the two diagrams if same final state

*)—
-/ K( ) b D(*)o Weak phase diff.:
/ S Y
b AN C B~ w- < Magnitude rati(()) : o8
- x)O Ne~VU.
B D( ) K(*) Strong phaseE:iiff.:
u < < u u g

AB ->D°K)/A(B ->D°K) =rge ®8-7)  parameters: Y, (rg.8g) per B mode

1) Use a CP mode for the D° GLW (Gronau, London, Wyler)
Parameters: rg, v, g, (rp = 1, 8p=0) CP+ and CP- modes
(K™K",m"n”) d R (Ksm®, @Kz, n s, 0Ks, wks)
2) Use CAD (K- ) for the V , decay and DCSD [ DV K gt
(K- mr*) for the V, decay ADS J po ggrgo

Parameters: rg, v , 8g, rp~0.06, 3 (Atwood, Dunietz, Soni) o N

3) Use Dalitz plot analysis of 3-body D° decay, GGSZ (Giri, Grossman, Soffer, Zupan)
e.g. D° — KS‘ITT[

CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 12



Y from BT -> DK™
O ADS: 4 fime-integrated decay rates, 5 unknowns

B~ - (K 7)pK") o 1+ (rgri®)? + 2rpri™ cos (JB — 05T - ’;-')

T(B™ = (K7 )pK") o« 7% + (rE")” + 2rpr™ cos (53 + 0p" — ’}’) ; favoured ~60k evts
F(B* = (K™ )pK") o 1+ (rgrp ) + 27grp" cos (53 — 0" + ’:") suppressed ~0.5k evts
I'B* - (K 7")pK") « 74 + (rg""] + 2rpri™ cos (53 + 65T + ’}f) :

Parameters: Y I'g, 63 6DK“, 6DK3" .= may come from CLEO-C and (later) BESIII

— _/
~—

mode dependent

Q GLW: 2 time-integrated decay rates, +1 unknown

T’B~ — Dep K7) o 1+41p% + 2rp cos(dp +7)
F(B+ - DCP‘ K+) x 1 + l']_D,:2 4 21']3 COS((SB — ’}")

— common ADS +GLW fit solves for all unknowns, including y

Precision: o(y) ~ 5°- 13° in 1 nominal year, 2 b1
depending on OK™ (-25% B K™ <25°) and on 8K (-180% dK3T<180°)

CKM angle measurements at % 13t™ Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 13



y from Dalitz plot analysis of 3-body decay D° -> Kgnmt
Interference due to the overlap of large resonances from V_ and V transitions

Dalitz distribution density: da(mi +,mi oA dmi .dm?
st s s

Kgr
2

| A(mlis;fr ’ misﬂ— ) |2 - ‘ + rel0EiPs

Assume no signhificant CP violation in D decays

Measure magnitudes (rp) from D->flavour tags

Measure phases (8y) from D->CP tags

D decay model: ‘exclusive’ point-by-point in PS or ‘inclusive’ (integrating)

Iy Oy W

_f (m%,m%) is determined from D*-> Do, DO -> Kt decay
— model uncertainty of the result

Or measure phase difference directly (model-independent) using the CP-tagged
DO sample e.g. from y"-> D°D°, where tag-side D° decays into CP-eigenstate

=> CLEO-c, BESIIT
CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 14



y from Dalitz plot analysis of 3-body decay D° -> Kgnm from R.Briere @ LPO7
CP Tags give information

on phase between
D and D amplitudes

Ks p° resonance enhanced
in CP-odd Dalitz plot

CP-odd K p? resonance absent
In CP-even Dalitz plot

CLEO-C '07

CKM ¢ 15



y from Dalitz plot analysis of 3-body decay D° -> Kgnm

K*+ (892)(K,n*) w ADS |

K, p(n*tn)
CP-GLW method
. < _I | 1T T 7 | 1T T 1 1T T 1 T T 1 T T 1 |_ 2_5
With known S) L 7]
S - 1 N i
f(-mi,m%) @ i ,
| +, 2.5 —
fit simulatniously . |
for rp, Bg. v € ]
2 ]
5 -

method
0.5
I|IIII|IIII|IIII|IIIIIII
0.5 1 1.5 2 2.5
mz .- (GeV?/c)
Event yield: 5k per 1 LHCb year Sensitivity with 2 fb: o(y) ~ 7°-12°

S/B>10 @ 90% CL for rg=1, depending on background conditions



y from B9 -> DK™

As= Q(BO -> DOK*0), b->c, phase 0 V2 A(B > DK*0) = AprA, = A\ A g = Age *7
v?\ D | ava 6
B° N s O Self-tagging mode A=A
d R > d K*© O ADS: 4 time-integrated decay rates, 5 unknowns
I'B’ — (K™77)pK*®) x 1+ (rgrp)* + 2rgrp cos(dg + dp + 7).
Ap=A(B? -> DOK*), t3—>u, phzse O+ B’ — (K 77)pK*) o rg®+rp? + 2rprp cos(dg — p + 7).
j\ ‘ C DO I'B" — (K 77)pK™) o 14 (rgrp)? + 2rprp cos(dg + 0p — 7).
B®° W \< B’ — (K7 )pK™) x rg®+rp® + 2rprp cos(dg — 6p — 7).
d R . Z K*© Q GLW: 2 time-integrated decay rates, +1 unknown
I'(B" — DepK™) o 1+ 1p% + 2rp cos(dg + )
Event yields T(B” — DepK™) ¢ 1+ 1p* + 2rp cos(dp — )
> o] O Magnitude ratios
Decay mode (+cc) vield S/By, - Ay _ AB® — [lo K*)| 04 )
BY -> (K'n)p KO 34Kk | >3.3 A JABY — DK
BO > (K'm*)p K™ 05k | 206 | rp= S 0.06
B0 (KK, i) Ko | 06k | 507 | |AD—=K+77)

CKM angle measurements ot (GG Sensitivity with 2 fb1: o(y) ~ 7°-10° (depending on J))



Sensitivity to y from B -> DK decays DD MIXING

BOX

B mode D mode Method o(y), 2 fb!
B*— DK |Km+ KK/mmm + K31 | ADS+GLW 4°-13°
B*— D*K* | Km ADS+GLW Under study
B*— DK | Ksmm GGSZ 70-12°
B*— DK* | KKmm 4-body "Dalitz" 18°
B*— DK* | Kmmm 4-body "Dalitz" Under study
BO —» DK™ |Km + KK + mtm ADS+GLW 7°-10°
BO— DK™ | Ksmm GGSZ Under study
B.—> DK |KKm tagged+untagged, A(t) 10°
All channels combined (educated guess):  o(y) ~4° with 2 fb!

o(y) ~2° with 10 fb!

CKM angle measurements at %

13t™ Lomonosov Conference on Particle Physics

MSUV, 23-29 August 2007 18



Y measurement: Bq -> i, Bg -> KK PENGUIN

d Measures v ds ds LOOP
 Time-dependent asymmetries — ) )
for Bg->mm and Bg->KK:  Bd.s K
Acp(t) = Adir cos(Am 1) + Apnix sin(Am 1) b —— U
QO Parameters: v, 9d(ps), P/T=d e i© W _\\ 2 K
Q Take ¢d(ps) from other measurements d,s
O U-spin symmetry assumption [Fleischer]: Tree
dnr = dkk and O = Bk ds ~d,s
=> 4 measurements, 3 unknown B ‘ ) J 7, K
=> Solve fory Bd,s
u wK
Q Uncertainty from U-spin assumption b o > ds
[ Sensitive to new physics in penguins ~_-7
penguin
Qd Bg ->mnm 25k events/year, S/B ~2 If perfect U-spin symmetry
O Bg-> KK 37k events/year, S/B>7 in 1 LHCb year (2 fb1): Ggrat(y) ~4°

CKM angle measurements at % 13t™ Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 19



Particle ID: B4 -> mrmr, Bg -> KK

o T T T T o™ [ T T 1
S Bs -> KK o | Bd -> mm
> i S ;000 [ HB, o7 E
2 6000 b No RICH : 27 | o
= © = B No RICH
& i O 6000 B, — 7K a
& s000 K/ Il geooo W,
a r Il B, > KK o  ME Kk
: : 5000 — ]
%moousd—ﬂﬂ( % “ A S ek
[ B. —» K N
> - ) L 4000 j-Ah_”p’t
W 2500 L} .Bd—nm ki a
’ = 3000 |
2000 [ W A, - pr 7
7 2000 [
1000 | g
i 1000 |
%7505 5.1 5.15 5.2 525 5.3 535 54 545 55 05_ 5.05 5.1 5.15 5.2 5.25 5.3 5.35 5.4 5.45 5.5
. 2
o~ . . . . : I ; ; Invariant mass [ GeVic™ |
o C N, 2250 F 71 — T T T T
2 200 | : S [ ms,om 5
With RICH Q 2000 [ .
= 1750 [ = - M8, - 7K With RICH
8 : 81?50:—-53—”1:}( 1
= R [ P 1K . - W B_— KK ]
. 1500 [ s B
'2'1250:—[ i a F LIA, —»pK ]
g E‘Bs_”‘K 51250:—-/\']_”,,1: -
I 1000 - M B, > nn 3 : ]
a 1000
b Ay — pK C
750 | i
r A, - pr 750 |
500 [ i
C 500
250 s
b 250 |
or : :
> 50551 515 52 525 53 5.35 54 545,55 0 5 5.05 5.1 5,156 6.2 5.25 5.3 H.356 5.4 5§45 5.5

Invariant mass [ GeV/c? ]

Invariant mass [Glev,’lr:2 ]
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Summary: LHCb is fit to precisely measure the CKM angles

B4 mixing phase ¢4 = 2p
Validation channel for LHCb, but also search for direct CPV ferm ~ cos A myt
Ostat (Sin 2P) ~0.02, ogiqt (B) ~ 0.6° in one LHCb year (2 fb1)

B B. mixing phase @g = -2X
LHCb will be the first experiment to reach sensitivity of ¢5 (SM) ~ -0.04
Ogtat (9g) ~ 0.02 in one LHCb year (2 fb1)

B | HCb will precisely measure angle y via

-> Pure tree processes : ~ 100
-> Potential NP in D loops: Ostat (Y) ~ 49  inone LHCb year (2 fb™))
-7 Awai’red NP in pengum |00p53 ~ 40peﬁfec7‘ U-spin symmetry limit

LHCb will measure angle a via B->pm Dalitz plot analysis and measuring
asymmetry in B->p%p° Ostqt (@) ~ 62  inone LHCb year (2 b1

CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 21



Summary: UT evolution

now LHCb after 5 years/10fb-!

= [T

s(B) ~0.39; 5(y) ~ 2°; o(a) ~ 3°
(incl. Lattice QCD improvements, a(§)/¢=1.5%)

CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 22



Summary: LHCb is fit to probe NP in loops

Will v measured with tree processes be compatible with loop measurements ?

At present large uncertainties on LHCb will provide tighter constraint on y
v from tree processes only (no from B—DK (tree process only, ho NP
NP contribution) contribution) after Syears/10fb-!
/ 1= e / = F =
1:lM | 1'“5 loops
s oops - /20 6
i 2 i
0.5 006 \M 0.5
[ ) e
0 °:
_0_5; Either: -osf
E:I'r'e gree with loops L oor..
> Mg evidence for NP " r | |
1 II-0.5II”0I”I0|5HH‘ll; -LI-1IIH05 0 0.5 1II_
p p
Other tools:
x:if » 1° => NP in box diagram
5a, 3p, dx: if non-zero  => NP in penguin loops

CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 23
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Spare slides
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Measurement of angle p with "golden”-mode B -> J/¥ Ks

Q Validation channel starting from 0.5 fb™1
A Search for direct CP violating term ~ cos A mgt

O Expect 230k reconstructed B -> J/¥ Ks events/year, S/B ~ 1

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

Ap(7) (background subtracted)

=0 in SM =sin ZBeff 0.2

O Precision ogtqt (sin 2p) ~0.02,  , -

Ostat () ~ 0.6° 0.4
in one LHCb year (2 fbl)

-0.6

1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
1 2 3 4 5 6 7 8 9 10

-0.8

For reference:
Q Current measurement (B-factories) : sin(2B) = 0.668 + 0.026 FProper time (ps)
Q Expected uncertainty at the end of BABAR+BELLE data taking: ~ 0.018

CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 27
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New Physics through Tree-Penguin comparison

Tree Perr = B + AP
- B, _ A very good tree indeed... (C.Cheng)
d > The measured sin2p, ¢ equals sin2f to a very good precision

0 +0.012

Ciuchini etal, PRL 95 221804 (2005) + 0.
g E Jhy Boos etal, PRD 70 036006 (2004) (2.2 £ 2.2)x10-4
Li, Mishima, ph/0610120 (9.3 14 )x10-4

Scaling of 1 year sensitivity from
J/wK, to oK,:

B(tree)-B(penguin) = SP(NP)
Possible evidence for NP: o(sin2B.¢)~0.4, Yield:0.8k,

Currently: S(NP) = 8° (2.60) B/5<2.4.

CKM angle measurements at % 13 Lomonosov Conference on Particle Physics MSU, 23-29 August 2007 28



New Physics through Tree-Penguin comparison

B

S —

s 5
b Vcb W~ VCS S}d)

i } Ihy Tree

4@& } ¢ Penguin

<r?

° } Same s-penguin diagram as for dp

In SM: 8x(NP) = 3p(NP)

If op effect persists, we can expect
a difference in dx

LHCb sensitivity on ¢g(NP)= 6° (2° for 10fb1)
comparable to present value p~8°
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y(tree)-y (penguin) = Oy (NP)




o, from B -> pp mode

O Measuring the time dependent asymmetry of B -> p*p- provides
Olegp = OL + At

A (1) =S sin(Amyt) —C " cos(Am,t) eI A\{\ oo
with S =\1-C" sin(2a,) %m;
A = A

d LHCb contributes to measuring MSRnaanras e PR :
1.2 - K4 —PP _ .
AOO (-‘—) Gsymme-‘-r.y Of The B -> popo mOde E —  B—pp (B factories LP07) i

0 Yields at 2 fb~L:
B ->p*p : 2k (B/S<5, 90%CL) _
B=-> p*p%: 9k (B/S ~ 1) | Y

B > p%0 : ~0.5k, .
assuming a BR=0.5 10 C e o LA T LA L
(Babar: B =(0.5473£0.19)10° )

1-CL

o (deg)
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o, from B -> mtrrm©

O Challenging analysis in the LHC environment :

Q 7° reconstruction g(m°)=53 % for B->n*n n°.

o

[ Time dependent Dalitz plot analysis.

— 120
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60 |

40§l
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Ay? v
expts su

S QU
perimposed (2fb1)

average

Q 2fbl: 14k signal events B/S<0.8 @ 90%CL.

(time resolution: 50 fs, tagging power: 6%)

0 Use B/S=1 for sensitivity studies
O Probability 15% of mirror solution (< 1% with 10 fb™!)

Ograt(@) < 10° in 90% of the cases (2 fb1)

CKM angle measurements at %
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o from BC -> pp, pm combined

= 1.5 [
- World Ave 2006
_I LI | T T T | LI | T T T | T II T | T T T I T T T | T T | LI |_
12 - KT [ ] Combined 7
i -~ Bopp (LHCb 2 o™ + B factories HP!

I B—pr (LHCb2fb™) ]
' ; “:’: ]
0.8l i 1LHCb year 1
o I L a=(9779)0 °

; 0.6 i; i - _
04 ‘

02

___________________________________________________________________________
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