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The CKM matrix
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Only CP violating phase affecting quark sector?
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The LHCb detector

Excellent Run-| performance.

Int. J. Mod. Phys. A 30, 1530022 (2015).

3 fb-! = O(10'?) b hadrons!
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http://arxiv.org/abs/1412.6352

Recent CPV results
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Time dependent CP asymmetry
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Compared to previous analysis (PLB 721 24 (2013)), tagging
efficiency, €D? increased from 2.4% to 3%, with addition of
SSTT algorithm.
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The best three
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PRL 108, 171802 (2012)

BaBar
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LHCDb already competitive with the B-factories
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LHCb-CONF-2015-003

x103
~ T = = [ | ! ' ' ’ | —
©  F LHCb prehmmary . § - _
> —— Dat - — .. =
§150 - f\ —Télt:l o ] z 50000 - LHCb preliminary =
~ B — Signal component| S — data 7
= L Combinatorial | 5 40000 : Total fit —:
2 + component - § - signal B” component =
;%100 — 1 330000 % 0000000 e background B" component =
i 1 20000 F —
50 — - - -
i j K 1 10000 { -
0 : . -
z i | = iF et o b v -
3 £ |
STIIHIHII{ Hri II{I 1 11111 t qlfli ih {H 0 o TATUITE R EAUTILF i
2F ] }t It it }1 {Iiiii Fpir = 2 TR, TRRL . i Wit
4E I L l L l L = 4 L L L 1 L L L L 1 ) ) ) )
1800 1850 1900 1950 5 10 15
m, __[MeV/c?]

decay time [ps]

Flavour tag as mixed or unmixed, and study the asymmetry
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Amg with B = D®uv

Correct decay time for average momentum loss to
neutrino, as estimated from simulation
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Amg with B = D®uv
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Study decay in which the tree diagram is CKM suppressed
_ BSM Jbo 1 p
Osi = =205 + o7 + Apy (a;, 0;)
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Penguin study, Bs = J/PK”
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http://arxiv.org/abs/1509.00400

Penguin study, Bs = J/PK”

® Measure the branching fraction,

B(B® — JhH K*0) = (4.17:

® Polarisation fractions,

fo

- 0.18(8’6&13) -

arXiv:1509.00400

0.497 = 0.025

fi —  0.179 £ 0.027

® And CP asymmetries,

ASP(BY — Jhp K*%) = —0.048 £ 0.057
AP (B = JRK*) = 0.171 £ 0.152
AP (BY — Jhp K*%) = —0.049 £ 0.096
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- 0.26(syst) + O.24(fd/f3)) x 1077
(stat) £+ 0.025 (syst)
(stat) £ 0.013 (syst)

(stat) 4+ 0.020 (syst)
(stat) £+ 0.028 (syst)
(stat) 4+ 0.025 (syst)
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Penguin study, Bs = J/PK”

Combination with LHCDb study of SU(3) related Bq — |/Yp

(PLB 742 (2015) 38-49)
Ag)y? = 0.000700% (stat) 0005 (syst) rad .
Ag" = 000170019 (stat) 0.008 (syst) rad ,
A¢V? = 0.003+5519 (stat) £0.008 (syst) rad .

¢ = —20, + ¢BSM T A¢J/¢¢( ;’7 ‘9;)
Penguin pollution to @ is small
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Tree level constraints
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Tree level constraints LHCH-CONF-2014-004
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Measuring y
o arg(—Vud V:b/vcb \/gkd)

Interference between b—u and b—c decays
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With other recoiling strange systems? (Gronau, PLB557 (2003) 198)
e.g., K'Tr11™!
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http://www.sciencedirect.com/science/article/pii/S0370269303001928
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y from B- = D°h-1T+1T-
Measure BRs and CP asymmetries in |6 different decay
modes (8 x DOKTTTT, 8 x DOTTTTTT)

Decay mode B~ yield BT yield
(Nf{t X_) (Néct X+>
X q “d
B* - DX;, D— K n" 369564214 378434219 .ADS ques
B* » DX*, D — Kt 161 + 20 162 + 20 Quasi flavour specific D decays
f f into K*TT+
(Nﬁt,X;) (Nﬁt,Xi>
B* - DX* D — K7t 1234437 1226 £ 37
B* - DX* D— Ktn~ 13.0 £ 5.3 6.6 £4.0
(Xs = K*11P11, X4 = 1117 1T) Decay mode B~ yield BT yield
f f
(Nﬁt,Xd‘) <Nﬁt,Xj>
B* - DX+, D — K7t 45213 +£226 46488 4 230
GLW d B* — DXC:;, D— KTK~ 3899 + 63 4084 £ 65
Modaecs B* = DX=, D atr 1669438 1739 = 40
' -ei f f
EerK?cayds mfo _CP eigenstates ( Nﬁt,Xs_) ( Nﬁt,xj)
and TTTT B* 5 DX* D — K-nt  1699+47 1744+ 47
B* - DX* D— KtK~ 1554+ 14 171+ 14
B* - DX* D — ntn™ 59 £ 9 710+9
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y from B- = DOh-1T* 1T

arXiv:1505.07044
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'Vub| landscape

Long standing inclusive versus exclusive puzzle
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Measurements with other b-hadron species needed
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V| with Ay = puv

LHCDb is a b-baryon factory (Aw/By,d~ 50%)
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V| with Ay = puv

LHCDb is a b-baryon factory (Aw/By,d~ 50%)

The corrected mass

Mecorr — \/m2 T Pﬁ_ — PL
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http://www.nature.com/nphys/

Vab| with Ab

Nature Phys 10 (2015) 1038
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LHCDb is a b-baryon factory (Aw/By,d~ 50%)
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V| with Ay = puv

Nature Phys 10 (2015) 1038

Measure the ratio of branching fractions
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V| with Ay = puv

Measure the ratio of branching fractions
B(A(lgH p,uu)q2>15 GeV/c? |Vub‘2 R
B(/lg% /l;'_,LLV)q2>7 GeV/c2 ‘VC()‘Q o Form Factors
Nom LQCD

0.68 == 0.07

Detmold, Lehner, Meinel,
PRD 92, 034503 (2015)

Resulting in

— 0.083 & 0.004exp £ 0.0045,. .
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V| with Ay = puv

Using exclusive |Vcb| average:
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arXiv:1503.01421
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The |Vu| puzzle
lives on...
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Conclusions

® Successful LHCb Run-|

® The data seem to be compatible with the CKM picture
of CPV, but |Vuw| puzzle remains.

® Much more to come from LHCb in Run-Ill and beyond.
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V| with Ay = puv
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What LHCDb really measures though is [Vu|/|Veb|, while the
B-factories measure |Vub| and |Vl separately
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Flavour tagging at LHCb

SS Pion
SS Kaon

Signal Decay

Opposite Side
/)‘ 0S Kaon

0S Muon

0S Vertex Charge
OS Electron

New OS charm tagger
[LHCb, submitted to J. Instr., arXiv:1507.07892]
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V| with Ay = puv

Nature Phys 10 (2015) 1038

0.14
0.12

0.1
0.08
0.06
0.04
0.02

0
3000

[LHCb simulation
—— pUV IOW Opeonr

— A.uvlow o

mcorr

ACMV hlgh Omeorr

4000

]
5000

6000

Corrected mass [MeV/c?]

Mika Vesterinen

40


http://www.nature.com/nphys/

