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Параметризация СКМ матрицы

• CKM матрица: унитарность  4 действительных свободных параметра – A, , , . 
Фазоинвариантная параметризация, сохраняющая унитарность до любого порядка по  (Wolfenstein 
parametrisation with Jarlskog like phase invariants ; Charles et al. EPG C41,1-131(2005))p g p ; , ( ))

–  измерена из значений |Vud| и |Vus|, берущихся из суперразрешенного ядерного -распада и полулептонных 
распадов К-мезонов.р

– A определяется из значений |Vcb| и .
– ,  - определяются из измерений углов и сторон Bd унитарного треугольника.

• B унитарный треугольник:• Bd унитарный треугольник:
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BELLE 

В 10В последние 10 лет 
огромное количество 
данных получено на  В-
фабриках, уточняющих 

Bпараметры Bd
треугольника.
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Экспериментальный статус СКМ матрицы

Спасибо В-фабрикам и Теватрону: огромный 
прогресс достигнут за последние годы в 
измерениях параметров СКМ матрицы.р р р р ц
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Предсказания CKMfitter 2011

В целом согласие предсказаний 
с экспериментом, но ...с экспериментом, но ...
Продолжается противоречие
между BR[B→] и sin(2cc). 
Исключение одной из этих 
наблюдаемых из фитанаблюдаемых из фита 
уменьшает 2

min на 2.6 σ, т.е. в 
рамках стандартной модели 
либо BR[B→] слишком велик, 
либо sin(2cc) слишком мал.либо sin(2cc) слишком мал.
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Выводы из СКМ фитирования

• Механизм СКМ очевидно работает, но есть место для Новой Физики в механизме 
смешивания в обоих Bd и Bsмезонах: как показывает анализ, дополнительные фазы 
смешивания могут компенсировать имеющееся противоречие между BR[B→] и sin(2cc).с е а о у о е с ро а еющеес ро оре е е ду [ ] s ( cc)

• Противоречия в наблюдаемых подталкивают к перепроверке и обновлению измерений, в 
первую очередь тех, что на подходе: s, Aq

SL,Bs→µµ,B → K*µµ. 

Ждем обновления результатов с Тэватрона и LHC!

семинар ИЯИ РАН, Москва



LHCb Collaboration:
755 M b f 55 I tit t i 15 C t i755 Members, from 55 Institutes in 15 Countries

LHCb experiment 
for

studies of  B-meson CPV and rare decays

семинар ИЯИ РАН, Москва



LHCb operation
LHCb collected 37 pb 1 in 2010 and already 940 pb 1 recorded in 2011LHCb collected ~37 pb-1 in 2010 and already ~ 940 pb-1 recorded in 2011
By end of 2011 LHCb hopes to collect >1 fb-1

LHC h d i l k l i it f 3 2*1033 2 1•LHC reached nominal peak luminosity of 3.2*1033 cm-2s-1

with number of bunches is ~1380 from ~2600.
•LHCb recording >1pb-1/hour running at 
L~3.5*1032 cm-2sec-1 in auto-leveling mode
GPD l i it /fill i 4 10 ti hi h th LHCb•GPD luminosity/fill is 4-10 times higher than LHCb

LHC performs well!

~30 pb-1 for LHCb in 
29 h in single fill !dL/dt ~ 100 pb-1/week !

•Visual average number of vertexes per BX now is 
~3 times larger than nominal µ =0.4 (in 2010 ~6

LHCb luminosity auto-leveling 

3 times larger than nominal µ 0.4 (in 2010 6 
larger)
•1 PV gives ~30 tracks/rapidity unit 
•Higher µ means higher track multiplicity, that is 
dangerous for reconstruction

2010

2011

семинар ИЯИ РАН, Москва

nominal µ =0.4

dangerous for reconstruction
nominal µ =0.4



LHC as B - factory

• Very high luminosity – 3.2*1033(nominal-1034)cm-2sec-1

• High production cross-section (@3.5TeV):

Tevatron:
instant luminosity reached ~4*1032/cm2/s and total 
L~12/fb. Cross-sections bb is 3 times lower than at LHC.

– ~300µb ( pp  bb X) and ~6.1mb ( pp  cc X)
– But also ~65 mb for minimum-bias

• Annual yield (in LHCb) – > 1012BB-pair and 20xDD.

In LHCb:
~1 of 200 collisions with b-quark !
~1 of 10 - with c-quark !

To reduce L0 rate > 10 MHz to 2-3 kHz 

All b-species: 
B+ :  B0 : B0

s :  Λ0
b : Bc

40%:40%:10%:10%:0.1%

VERY selective trigger is necessary!
Trigger on low pT tracks with efficient PIDB-pairs are produced mainly in 

forward and backward 
directions:

Single-arm forward spectrometer 
covering ~4% of open angle has 
~40% acceptance.
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LHCb detector
LHCb is forward spectrometer optimized for studies of CPV and B meson rare decaysLHCb is forward spectrometer optimized for studies of CPV and B-meson rare decays

LHCb key performances:
Vertex/proper time resolution : VELOVertex/proper time resolution : VELO
PID: RICH, Calorimeter, Muon system
Mass resolution: Tracker

~4Tm

p-p 
interaction point

семинар ИЯИ РАН, Москва

interaction point



Preshower/SPD built in INR (Moscow) 

Efficiency ~100%
No ageing!

Cuts on SPD multiplicity in 
L0 trigger to reduce number 
of tracks per event

SPD/PS in L0 trigger: 
to select electrons/hadrons//µ
at high pT

p

e±

h±

HCALECALPSSPD

µ±
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Vertex / Time resolution
LHCb lif ti t i 36 b 1 f 2010 d t ld l !LHCb lifetime measurements using 36 pb-1 of 2010 data – world class!

PDG [ ]LHCb CONF 2011 001 [ ]

Both statistical and systematical errors are expected to be significantly improved 
with 2011 data!

1.638 ± 0.011
1.525 ± 0.009
1.525 ± 0.009

PDG [ps]LHCb-CONF-2011-001 [ps]

1.525 0.009
1.477 ± 0.046
1.391 ± 0.038Impact parameter resolution @pT=2GeV is 

better for LHCb than for CMS&ATLAS:
Vertex Locator (VELO)
provides excellent proper 
time resolution of ~50 fs

семинар ИЯИ РАН, Москва



Mass resolution
CMass resolution is based on precise momentum measurement with LHCb magnet and 

tracker: Δp/p<0.5% up to 100 GeV/c

LHCb CONF 2011 027: masses [MeV/c2]
PDG 

With 2010 data! LHCb-CONF-2011-027: masses [MeV/c2]
5279.17 ± 0.29
5279.50 ± 0.30
5279.50 ± 0.30
5366 30 0 60

[MeV/c2]With 2010 data!

5366.30 ± 0.60
5620.2   ± 1.6
6277      ± 6

World best mass measurements!World-best mass measurements!

Mass resolution of Bs(Ј/ψ ):

Bu
+  J/ψ K+ Bs

0  J/ψ φ

11151±115 events

=10.50±0.10 MeV/c2

816±30 events

 = 6.96±0.25 MeV/c2

s
LHCb ~7 MeV
Atlas/CMS ~ 20 MeV + background

2010 L=35 pb-1 2010 L=35 pb-1
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Particle Identification
/ / Muon PID – Muon systemphoton/electron/hadron PID –

SPD/PRS/ECAL/HCAL

0
(no conversions)

XMass resolution for J/ψ(µ+µ־) is better 
for LHCb than for CMS&ATLAS:

Mass resolution for 0 is better 
for LHCb than for CMS&ATLAS:

E = 7.2 MeV/c2

Hadron PID – RICH1 and RICH2RICH PID is absolutely necessary to 
identify charged hadrons in B Ф hhidentify charged hadrons in B,Ф hh
and to suppress hh background

LHCb has outstanding PID for K/;
CMS&ATLAS - no

семинар ИЯИ РАН, Москва



CPV measurements and flavour tagging

• Measurement of CPV despite of huge data sample & reconstruction precision relies most heavily 
on flavour tagging based on correlation of daughter particles charges and flavour of tagging
Btag-meson. Often there is used a charge of lepton or kaon (pion) coming from Btag-decay.
T i i f t b bl t i l l th l• Tagging is never perfect → observable assymetry is always lower than real one. 

• Tagging is deluted by
– Mixing of Btag (for B0 or Bs)
– In semileptonic decay through charm due to wrong sign of lepton:p y g g g p
– Other particles from underlying event
– Misidentification

• If ω is a wrong tag fraction, then measured asymmetry is smaller by dilution coefficient D=1-2·ω :

• If εtag is tagging efficiency, then effective statistics is lower by factor εeff =D2·εtag .

LHCb tagging power εeff :

Opposite 
site (OS) (3.2±0.8)%( )
Same site 

(SS) (1.3±0.4)%

B f t i i i fl t i

семинар ИЯИ РАН, Москва

B-factories gain in flavour tagging 
εeff ~30%



LHCb physics program and key measurements

LHCb is optimized for study of CP-violation and rare decays in B-
mesons.

LHCb physics program includes measurements:
• CP-violation in B+,B0,Bs

Prospects for  angle measurement Hi hli ht i hi t lk– Prospects for -angle measurement
• Tree-level processes (B  DX),
• Loop processes (charmless B decays)

– Direct CP-violation (B  K)
Mixing induced CPV (  )

Highlights in his talk:

s, Bs→µµ, B → K*µµ
+ Aq– Mixing induced CPV ( s )

• Rare decays &NP
– Bd → K*µµ
– Bs→ µµ 

+ Aq
SL,…

s µµ
– …

• Quarkonia studies (X(3872),X(4140),c,b,..)
• Physics with charm (CPV,..)
• Soft QCD
• Electroweak physics (W,Z)

семинар ИЯИ РАН, Москва



Direct CP asymmetry measurement in B0
d,s→K

LHCb with L 320pb 1 of 2011 data already has done:LHCb with L=320pb-1 of 2011 data already has done:
B0→K - the most precise single measurement and first 5σ observation at 

hadron machine!
B0 →K - the first evidence of CP-violation in B decay!B s→K the first evidence of CP violation in Bs decay!

Raw asymmetry (has to be corrected for 
detector and production asymmetry)

LHCb-CONF-2011-042
Acp(B0→Kπ) = -0.088±0.011(stat) ±0.008(syst)
To be compared with world average: -0.098+0.012

-0.011

Acp(Bs→Kπ) = 0.27±0.08(stat) ±0.02(syst)

First LHCb result (with 37pb-1 data of 2010)
LHCb-CONF-2011-011

Acp(B0→K+π־)= -0.074±0.033(stat) ±0.008(syst)
Acp(B0

s→K־ π+)= -0.15±0.19(stat) ±0.02(syst)

HFAG:
Acp(B0→K+π־)= -0.098+0.012

-0.011

CDF:
A (B0 K +) 0 39 0 15( t t) 0 08( t)

семинар ИЯИ РАН, Москва

Acp(B s K π )  0.15 0.19(stat) 0.02(syst) Acp(B0
s→K־ π+)= 0.39±0.15(stat) ±0.08(syst)



CP-violation in Bs mixing:   Bs→Ј/ψФ
• Dominant contribution – tree-level diagram
• Contribution from “penguin” is small (10-3 – 10-4)
• Interference between direct decay and decay via mixing gives CPV phase: s= M -2D

• In Standard Model s  2 s = -2arg(VtsVtb
*/VcsVcb

*)  - 0.0363 ± 0.0017 rad
• Search New Physics in mixing: s= s

SM +s
NP

Decay D

Mixing M

Strategy to measure s :
Trigger and select B Ј/ Ф events

NP can modify mixing phase

• Trigger and select Bs→Ј/ψФ events
• measure proper time 
• Measure transversity angles of final decay products to disentangle CP -odd and –even states
• Tag initial flavor

семинар ИЯИ РАН, Москва

g
• Fit  s with other unknown parameters



CP-violation phase in Bs-mixing:   Bs→Ј/ψФ
• LHCb provides the world most precise measurement with 0.337 fb-1 of 2011

Year 2010:
Nsig=836 ± 60

Year 2011:
Nsig=8276 ±94

p p

sig sig

1
LHCb-CONF-2011-006: data 2010 L=36 pb-1

Standard Model value, 
probability = 22%(1.2σ)

LHCb-CONF-2011-049: data 2011 L=337 pb-1

семинар ИЯИ РАН, Москва

Expecting with full 2011 data set soon!



CP-violation phase in Bs-mixing: Bs→Ј/ψf0(980)
• LHCb first measurement of mixing phase in Bs→Ј/ψf0(980) with 0.378 fb-1 of 2011

378 pb-1:
Nsig=1428 ±47

g p s ψf0( )

LHCb-CONF-2011-056: combined data

LHCb-CONF-2011-051: data 2011 L=378 pb-1

семинар ИЯИ РАН, Москва

Expecting more updates in 2011!



Search for NP effects in Bd → K*µµ

• In SM via FCNC (box and penguin diagrams)
• Helicity structure is sensitive to right-handed and new scalar operators
• The most known observable sensitive to NP is A• The most known observable sensitive to NP is AFB

NP can modify helicity structure

• Zero-crossing point AFB(q2)=0 is predicted in SM

семинар ИЯИ РАН, Москва

• LHCb can reach precision for ZCP Δq2 < 0.5 GeV2 at 2 fb-1



Search for NP in rare decays: Bd → K*µµ
LHCb h l t d t l i th ld• LHCb has largest data sample in the world

Analysis strategy:
• Events selection using Boosted Decision Tree (composition of 

topological and kinematical observables)topological and kinematical observables)
• Correction for non-uniformity of reconstruction and selection
• MC check with control channels
• Validation using Bd→Ј/ψK*

• Fit the angular observables

LHCb with 309 pb-1achieved (preliminary) the most precise measurement to date
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Statistical errors are dominated now and will be improved with
more data. Systematical error is also expected to be improved
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Golden mode: Bs,d → µµ

• Ultra rare decays in SM (FCNC and helicity suppressed)• Ultra rare decays in SM (FCNC and helicity suppressed)
• SM predicts (via box and penguin diagrams):

BR(Bs → µµ) = (3.2 ± 0.2) · 10 -9
BR(Bd → µµ) = (1.1 ± 0.1) · 10 -10

NP can modify decay branching value

LHCb with ~1 fb-1 allows a considerable constrain on MSSM

семинар ИЯИ РАН, Москва



Rare decays: Bs,d → µµ

CDF reported the observation:
BR(Bs → µµ) = (1.8 +1.1

-0.9) · 10 -8
arxiv: 1107.2304

LHCB: With ~300 pb-1 of data at SM level after 
selection:
~3 2 B → µµ and ~0 32 Bd→ µµ events3.2 Bs → µµ and 0.32 Bd → µµ events

LHCb: most-precise measurement! 

• LHCb presents preliminary result with 300 pb-1

LHCb-CONF-2011-037:
BR(B 0→ µµ) = 1 3 (1 6) 10 -8 at 90%(95%)C LBR(Bs

0→ µµ) = 1.3 (1.6) · 10 -8 at 90%(95%)C.L.
BR(B0→ µµ) = 4.2 (5.2) · 10 -9 at 90%(95%)C.L.

• Combining with preliminary result with 37 pb-1g p y p
PLB 699(2011) 330,[hep-ex/1103.2165]
BR(Bs

0→ µµ) = 1.2 (1.5) · 10 -8 at 90%(95%)C.L.

Combining with CMS observation• Combining with CMS observation
LHCb-CONF-2011-047:
BR(Bs

0→ µµ) = 0.9 (1.1) · 10 -8 at 90%(95%)C.L.

семинар ИЯИ РАН, Москва

Excess seen by CDF is not confirmed



CMS vs LHCb prospect: Bs,d → µµ
CMS/LHCb l i i f i 4 d i i 2012• CMS/LHCb luminosity factor is ~4 now and can increase in 2012

• CMS performance for large number of primary vertices > 12 ? 
• Caution: prediction is based on assumption, that background is like it was before summer 2011!

2011 20112012 2012

CMS+LHCb arxiv:1108.3018
2011 2012 20122011

семинар ИЯИ РАН, Москва



D0 result on Aq
SL

CPV in B semileptonic decays
D0: E id f l lik iD0: Evidence for anomalous like-sign 
dimuon charge asymmetry

3 9σ3.9σ

SM prediction (HFAG):

Supposed LHCb measurement:
Bs→ Ds־µ+ν and B0→ D־µ+ν
The same final state K+K־־µ+µ
Measure difference between Bs and B0:

Analysis in progress

семинар ИЯИ РАН, Москва
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ACP in D0 system
D0 i i i t bli h d b t CPV i t I SM t d t b ll ( 10 3)• D0-mixing is established, but no CPV is seen yet. In SM expected to be small (<10-3)

• Very large statistics is available in LHCb: more than 106 of D*+→D0(K+K-)+

• Measurement of ΔACP = ACP(D0 →K+K-) - ACP(D0 →  +  -) is very robust: detection and production 
asymmetries are cancelled y

• LHCb result with 37 pb-1 of 2010 data

• New analysis under approval: 670 pb-1 in 2011 
CDF with 6 fb-1 (CDF note 10296)CDF with 6 fb (CDF note 10296)

BaBar with 386 fb-1 PRL100 061803BaBar with 386 fb PRL100,061803

1Belle with 386 fb-1 PRL100,061803

семинар ИЯИ РАН, Москва



LHCb prospects for upgrade

LHCb sensitivities for key observables

семинар ИЯИ РАН, Москва

CERN-LHCC-2011-001



Conclusion
• Last decade – precise tests of CKM in B-sector and full success of SM
• B-factories and Tevatron have done great job in B-mesons: mixing, CPV, 

CKM-angles, but still a room for NP: g
BR[B→] and sin(2cc),  s, Bd → K*µµ, Bs → µµ, -angle, ΔAq

sl …
• Now this is a job for (Super!)LHCb and for SuperB-factories
• New Physics can be just around the cornerNew Physics can be just around the corner
• LHCb expecting ~1 fb-1 of data this year and many most-precise measurements 

very soon! Waiting for winter conferences!

• LHCb searches for New Physics with unprecedented precision!• LHCb searches for New Physics with unprecedented precision!
• But CMS&ATLAS too!

?
Direct search:

Higgs, SS
Indirect search:

NP in loops

семинар ИЯИ РАН, Москва



Физики нервничают
• Где же Новая Физика?
• Но не только физики нервничают...

? 
Direct search:

Higgs, SS
Indirect search:

NP in loops

семинар ИЯИ РАН, Москва



Поздравляем юбиляра!
Желаем новых успехов в науке!у у

семинар ИЯИ РАН, Москва



BACK-UP
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First observations of B-decays in LHCb

• Bs  DK*             LHCb-CONF-2011-008
• B  DK CS-mode, can be used for -measurements LHCb-CONF-2011-024
• B  (2s) LHCb CONF 2011 014 mixing CP• B  (2s) LHCb-CONF-2011-014 – mixing CP
• Bs  J/K*          penguin-suppressed LHCb-CONF-2011-025
• Bs  K*barK*        time-dependent CP LHCb-CONF-2011-019
• PLB 698(2011)14( )
• Bs  J/ f0(980)    mixing phase PLB 698(2011)115
• Bs  J/ f2

’(1525) mixing phase        LHCb-CONF-2011-035
• Bc  J/  first observation        LHCb-CONF-2011-040

семинар ИЯИ РАН, Москва



Наблюдаемые и методы измерения

семинар ИЯИ РАН, Москва



CKM – matrix is measured very precisely

-angle measurements

CKM – matrix is measured very precisely. 
Great jobs done by B-factories and others.
Less constrained -angle :

combinated “trees” & “loops”:  = (67±4)°
from “trees” only:   = (73+22

-25)°
Prospects for -measurements with “trees”:
(based on Gronau-London-Wyler & Atwood-Dunietz-Soni methods
+ time-dependent + Dalitz-plot analysis )

*
 “trees”PR

L7
8,

32
57

(1
99

7)

• To combine Bs Ds
± K±, B0 DK*0 and B±DK±

()~5° with 2 fb-1

Bs Ds
-K+ (Ds

+K-) decays 
• under study, time-dependent analysis (Acp   - M)



PL
B

27
0,

75
(1

99
1)

; P

cp M
• M – Bs mixing phase well constrained in Bs→Ј/ψФ

- at first step ∆ms measurement using Bs Ds

B±DK± decays using common mode for D0&D0  K+-

P

y g

Mode more suppressed for D0 and favored for D0

maximizes interference: D0  K+- (DCS) and D0  K+- (CF)

But total branching very small (~10-7) 

Preliminary: evidence for suppressed ADS mode at 4.0 with 343 pb-1.
Ratio to favored mode: World average (without LHCb):

1 6 ± 0 3

World-class measurement! 

семинар ИЯИ РАН, Москва

1.6 ± 0.3

-0.58 ± 0.21



Measurement of ∆msWorld-class measurement! 

• ∆ms – mixing frequency in Bs

• Used ~1381 B0
s decays from 2010 data:

• Combining the 4 decays allows suppress decay-specific features
• To be used in time-dependent CPV studies

Likelihood scan for ∆ms

LHCb-CONF-2011-005, CERN-PAPER-2011-010

семинар ИЯИ РАН, Москва

World average: ∆ms = 17.77 ± 0.10 ± 0.07 ps-1



Other channels relevant for s measurement

“Penguin” diagram dominated can help to control penguin effect in Bs→Ј/ψФ for s extraction : 
• Bs→ФФ

• Bs→K*K*   - The first observation ! Can help to extract s and  LHCb-CONF-2011-019

• Bs→Ј/ψK* 

• B →K+K ־ - Most precise lifetime measurement ! LHCb-CONF-2011-018

LHCb-CONF-2011-025

Bs→K K Most precise lifetime measurement !

Box diagram dominated can be used for s measurement : 
• Bs→Ј/ψf0(980) - The first observation ! CP-odd eigenstate Phys. Lett. B 698 (2011) 115

• Bs→Ј/ψf2’(1525) - The first observation ! LHCb-CONF-2011-035

семинар ИЯИ РАН, Москва



Other channels relevant for s
“P i B ФФ B K*K* B Ј/ K* B K+K• “Penguin” diagram dominated: Bs→ФФ Bs→K*K*   Bs→Ј/ψK* Bs→K+K ־

LHCb-CONF-2011-018

Most precise lifetime measurement of Bs→K+K ־

Can be used to put constrains on s and ΔΓs

LHCb-CONF-2011-019

The first observation of Bs→K*K*

Can help to extract s and 

LHCb-CONF-2011-025

Assuming all events are from K*→K for mass |M(K)-M(K*)|<150 MeV

семинар ИЯИ РАН, Москва

Can help to control penguin effect in Bs→Ј/ψФ for s extraction



Other channels sensitive for s
B B Ј/ f (980) B Ј/ f ’(1525)• Box diagram dominated: Bs→Ј/ψf0(980) Bs→Ј/ψf2’(1525)
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The first observation of Bs→Ј/ψf0(980) 

CP odd eigenstate

Statistics of 2010 ~34 pb-1
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B Ј/ f ’(1525)
Can be used for s measurement

The first observation of Bs→Ј/ψf2’(1525)
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Statistics of 2010 ~34 pb-1 + 125 pb-1 of 2011 


