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pp-interaction point

O(50fs) resolution for B :’.C" Lt o, SV
The most precise t(B) Tracking: |
Ap/p =0.5-0.6% for 5<p=<400'GeV/c
The most precise B-masses

Universality
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1t @7TeV
2fb'@8TeV
3.3pb! @2.76TeV
1.6 nb! pA & Ap

Run I

LHCb Efficiency breakdown pp collisions 2010-2012

- FULLY ON: 93.05 (%)
[ HV: 0.54 (%)

l:l VELO Safety: 0.85 (%)
[ DAQ: 2.85 (%)
Il DeadTime: 2.88 (%)

Integrated Luminosity by year [fb]
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2011: 3.5+ 3.5 TeV e ;
------------------- Delivered Luminosity 1.21 fb” r ;
= Recorded Luminosity 1.10 fb”’ s .
2010: 3.5 + 3.5 TeV e ;
N Delivered Luminosity 0.04 fb! |---oochoesocsfmdod oo
Recorded Luminosity 0.04 fb’' o 2011
b T L E
Apr Jun Aug Oct Dec
Date

Thanks to LHC accelerator team for the excellent performance of machine
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241 papers submitted 4/03/15

® Good rate is kept: 15 new results in 14 weeks
since last LHCC

® This week is special: 6 new results are being
shown for the first time at La Thuile

* Moriond EW and Marlond QCD are soon

® Today:
* 15 posters for LHCC

Poster

2010 2011 2012 2013 2014 2015

4 Maveh 2k+15, LHCC 121st meeting Yanya Belyaev "ILHCb Status Report™

5




G©) New papers since last LHCC

LHCb-PAPER-2014-057 “Measurement of inelastic pp cross-section at a centre-of-mass energy of \s=7TeV”,
submitted to JHEP, arXiv:1412.2500

LHCb-PAPER-2014-060 “Measurement of the lifetime of the B, meson using B.— J/wz* decay mode, Phys.Lett B742

(2015)
LHCDb-PAPER-2014-062 “Search for long-lived particles decaying to jet pairs”, submitted to EPJC, arXiv:1412.3021

LHCb-PAPER-2014-063 “Study of rare B, and B decays in 7*z i final state”, accepted by PLB, arXiv:1412.6433

LHCb-PAPER-2014-064 “Determination of the branching fractions of B— DJK and B>~ DK ”, submitted to JHEP,
arXiv:1412.7654

LHCb-PAPER-2014-066 “Angular analysis of the B>—K%e*e~decay in the low-q? region ”, submitted to JHEP,
arXiv:1501.03038

LHCb-PAPER-2014-067 “Precise measurement of the properties of the B{(5721)%* and B,(5747)%* and observation of
B*%7~*mass structures”, submitted to JHEP, arXiv:1502.02638

LHCb-PAPER-2014-068 “Measurement of CP asymmetries and polarization fractions in B—K K"

LHCb-PAPER-2014-069 “Measurement of indirect CP asymmetries in D°—KK* and D°— z—z* decays”’, submitted to
JHEP, arXiv:1501.06777

LHCb-PAPER-2015-003 “Measurement of forward Z— e*e~ production at Ns=8TeV”
LHCb-PAPER-2015-004 “Measurement of CP violation in B*—J/yK”

LHCb-PAPER-2015-005 “Search for CP-violation in B,.— J/yKg”

LHCb-PAPER-2015-006 “Amplitude analysis of B*— (z*7)(z*=—) and first observation of B®— p?0¢”
LHCb-PAPER-2015-007 “First observation and amplitude analysis of the B— D*K-z~"
LHCb-PAPER-2015-009 “Differential branching fractions and angular analysis of A,—Aut "

4 March 2k+15, LHCC 121st meefing Vanya Belyaey "LHCD Status Report™ 6
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% 1fbt vs - Full Run 1 dataset

LHCb-PAPER-2014-057 “Measurement of inelastic pp cross-section at a centre-of-mass energy of \s=7TeV”,
submitted to JHEP, arXiv:1412.2500

LHCb-PAPER-2014-060 “Measurement of the lifetime of the B, meson using B.— J/wz* decay mode, Phys.Lett B742

(2015)
LHCb-PAPER-2014-062 “Search for long-lived particles decaying to jet pairs”, submitted to EPJC, arXiv:1412.3021

LHCb-PAPER-2014-063 “Study of rare B, and B® decays in 7#7u* i final state”, accepted by PLB, arXiv:1412.6433

LHCb-PAPER-2014-064 ““Determination of the branching fractions of B.— DK and B°— DK ”, submitted to JHEP,
arXiv:1412.7654

LHCb-PAPER-2014-066 “Angular analysis of the B°—K %e*e~decay in the low-g? region ”, submitted to JHEP,
arXiv:1501.03038

LHCb-PAPER-2014-067 “Precise measurement of the properties of the B;(5721)%* and B,(5747)%* and observation of
B*0n~*mass structures”’, submitted to JHEP, arXiv:1502.02638

LHCb-PAPER-2014-068 “Measurement of CP asymmetries and polarization fractions in B—K K"

LHCb-PAPER-2014-069 “Measurement of indirect CP asymmetries in D°—KK* and D°— z—7* decays”, submitted to
JHEP, arXiv:1501.06777

LHCb-PAPER-2015-003 “Measurement of forward Z— e*e~ production at Ns=8TeV”
LHCb-PAPER-2015-004 “Measurement of CP violation in B*—J/yK”

LHCb-PAPER-2015-005 “Search for CP-violation in B.— J/yKg "

LHCb-PAPER-2015-006 “Amplitude analysis of B°— (77 )(n*z) and first observation of B— p%00”
LHCb-PAPER-2015-007 “First observation and amplitude analysis of the B~— D*K-7z~"
LHCb-PAPER-2015-009 “Differential branching fractions and angular analysis of Ay— Ay
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http://arxiv.org/abs/arXiv:1412.2500
http://dx.doi.org/10.1016/j.physletb.2015.01.010
http://arxiv.org/abs/arXiv:1412.3021
http://arxiv.org/abs/arXiv:1412.6433
http://arxiv.org/abs/arXiv:1412.7654
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% Beauty&Charm decays, QCD, EW ‘& Exotica

LHCb-PAPER-2014-057 “Measurement of inelastic pp cross-section at a centre-of-mass energy of Ns=7TeV”,
submitted to JHEP, arXiv:1412.2500

LHCb-PAPER-2014-060 “Measurement of the lifetime of the B, meson using B.— J/ywz* decay mode, Phys.Lett B742

(2015)
LHCb-PAPER-2014-062 “Search for long-lived particles decaying to jet pairs”, submitted to EPJC, arXiv:1412.3021

LHCb-PAPER-2014-063 “Study of rare B, and B® decays in 7#zu* i final state”, accepted by PLB, arXiv:1412.6433

LHCb-PAPER-2014-064 ““Determination of the branching fractions of B.— DK and B°— DK ”, submitted to JHEP,
arXiv:1412.7654

LHCb-PAPER-2014-066 “Angular analysis of the B°—K%e*e~decay in the low-g? region ”, submitted to JHEP,
arXiv:1501.03038

LHCb-PAPER-2014-067 “Precise measurement of the properties of the B;(5721)%* and B,(5747)%* and observation of
B*0n~*mass structures”’, submitted to JHEP, arXiv:1502.02638

LHCb-PAPER-2014-068 “Measurement of CP asymmetries and polarization fractions in B—K K"

LHCb-PAPER-2014-069 “Measurement of indirect CP asymmetries in D°—KK* and D°— z—7* decays”, submitted to
JHEP, arXiv:1501.06777

LHCb-PAPER-2015-003 “Measurement of forward Z— e*e~ production at Ns=8TeV”

LHCb-PAPER-2015-004 “Measurement of CP violation in B*—J/yK”

LHCb-PAPER-2015-005 “Search for CP violation in B.— J/yKy”

LHCb-PAPER-2015-006 “Amplitude analysis of B°— (77 )(n* =) and first observation of B— p%00”
LHCb-PAPER-2015-007 “First observation and amplitude analysis of the B— D*K-7~" Uﬂl.Vefsa/I.fy
LHCb-PAPER-2015-009 “Differential branching fractions and angular analysis of Ay— Ay
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http://arxiv.org/abs/arXiv:1412.2500
http://dx.doi.org/10.1016/j.physletb.2015.01.010
http://arxiv.org/abs/arXiv:1412.3021
http://arxiv.org/abs/arXiv:1412.6433
http://arxiv.org/abs/arXiv:1412.7654
http://arxiv.org/abs/arXiv:1501.03038
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@ Hot-n-fresh La Thuule 2k+15

LHCb-PAPER-2014-057 °
submitted to JHEP, arXiv:1412.2500

This week! —

Lo

‘Measurement of inelastic pp cross-section at a c leV”,

Les Rencontres de Physique
de la Vallée d’Aoste

LHCb-PAPER-2014-060
(2015)

LHCb-PAPER-2014-062 *

LHCb-PAPER-2014-063

LHCb-PAPER-2014-064
arXiv:1412.7654

LHCb-PAPER-2014-066

arXiv:1501.03038
LHCb-PAPER-2014-067

“Measurement of the lifetime of the B, meson using La Thuile, Aosta Valley, ltaly S.Lett B742

March 1-7, 2015

‘Search for long-lived particles decaying to jet pairs”’, submitted to EPJC, arXiv:1412.3021
“Study of rare B, and B® decays in 7zt final state”, accepted by PLB, arXiv:1412.6433
“Determination of the branching fractions of B.— DK and B>~ D ”, submitted to JHEP,

‘Angular analysis of the B°—K%e*e~decay in the low-g? region ”, submitted to JHEP,

“Precise measurement of the properties of the B{(5721)%*and B,(5747)%* and observation of

B*%7~*mass structures”’, submitted to JHEP, arXiv:1502.02638

LHCb-PAPER-2014-068 *
LHCb-PAPER-2014-069 *

JHEP, arXiv:1501.06777

LHCb-PAPER-2015-003 *
“Measurement of CP violation in BO—J/yKg” Tomorrow
“Search for CP-violation in B,— J/yKg”

“Amplitude analysis of B°— ("7 )(x*7") and first observation of B'— p%’”  This afternoon
“First observation and amplitude analysis of the B— D*K-7~"

LHCb-PAPER-2015-004
LHCb-PAPER-2015-005
LHCb-PAPER-2015-006
LHCb-PAPER-2015-007
LHCb-PAPER-2015-009

Measurement of CP asymmetries and polarization fractions in B—~K°K*°”  This afternoon

‘Measurement of indirect CP asymmetries in D°—KK* and D°— 77" decays”, submitted to

Measurement of forward Z— e*e~ production at Ns=8TeV”
p

“Differential branching fractions and angular analysis of A,—Autu= This morning

4 March 2k+15, LHCC 121st meeting Vanya Belyaey "LHCb Statis Repor™ 9
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Inelastic pp cross-section

LHCb-PAPER-2014-057 arXiv:1412.2500

® Use 2010 data, Vs=7TeV, L=2nb" with very low pileup
® Cross-section for at least one track with p.>200MeV/c and 2.0<n<4.5
6=55.0+2.4mb Systematic dominates: o(L)=3.5% (for 2010 data) .5
® Extrapolation to 4n
Pythia 8.201

6266‘9:t2‘9(9Xp):|:4'4(ext)mb 100

G [mb]

® LHCb - pp inelastic cross-section, Vs=7 TeV

pp inelastic cross-section J%"
—

A

B pp inelastic cross-section
A pp total cross-section
O

60 : pp total cross-section :
40 Pwﬂ' I 17
n B oo § R [ T f } 1.
The measurement for &S
all LHC detectors.. T A T
Vs [GeV]

Synerqgy
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http://arxiv.org/abs/arXiv:1412.2500

%} Massive Long-lived particles w

- Poster LHCb-PAPER-2014-062 arXiv:1412.3021

® Generic search for heavy 25<m<50GeV/e? long-lived
1<t<200ps particles via displaced two-jet vertices

. *
Hidden Valey H —n,r, as benchmark
& 80 - BN ATLAS (7 TeV)
L B CcMS (7 TeV)
> m, > 200 GeV BN LHCb (7 TeV)
8 DO (1.96 TeV)
—_ 60— CDF (1.96 TeV)
P
>
£
E oL
A
20 m, = 90-200 GeV
b, 1I 1||u 100 1060 Ct [Cm]
Complementarity
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http://inspirehep.net/record/1333397?ln=en
http://arxiv.org/abs/arXiv:1412.3021

S\ A
Poster

LHCb-PAPER-2014-062 arXiv:1412.3021

Massive Long-lived particles

® Reconstruct m,— bb with
two b-tagged jets

® “Material veto”

® Fit mass in 5 bins R,
®° no signal is observed

Candidates / (2 GeV /c?)

20mm < R,y < 2.5 mm

LHCh :

i PRV ETRRTTRY A e AN FYRRT U ST

0 10 20 30 40 50 60 70 80

mass [GeV/¢?]

Candidates / (2 GeV /c?)

25mm < Ry < 4.0 mm

LHCDb 7

F / *
ol b bl s b b b |

0 10 20 30 40 50 60 70 80

mass [GeV /¢?]

Candidates / (0.1 mm)

= 0000 — —
= F (a) - Data IL.HCDb 7]
—~, S000[ S mia, = 25 GeV/ic? =
= - 2 m,, — 35 GeV/c?
_ 4000 o ML = 50 GeW/ic? B
3 r
= 3000F -
o] -
= E
= 2000 -
o= I
— C E
1000 | Z:2 =
0 - TR e e 5 ) . . L
(o] 40 G0 B0 100
mass [GeW/ 2]
10° . . !

LHCD ]

10
Ry [1am]
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http://arxiv.org/abs/arXiv:1412.3021

st Massive Long-lived particles
w Upper limits are better for decays into light quarks:

® Large multiplicity LHCb-PAPER-2014-062 arXiv:1412.3021

= 10" £ ® Smaller jet mass T ' B
f_:f u my, = 26 GeV /c? # mg, = b0GeV /c? LHCDb ]
,F. B + mg, = 35GeV /c? <& mg, = 35GeV/c?, m, — ¢t i
3| |
. 107 = © mgy, = 43 GeV /c? 0 my, = 35GeV/c?, my — S5 -
oy : _]
. u _
= o |
& 10° = =
10 = =

- Complementary to ATLAS&CMS

| 1=} More restrictive than Tevatron
1 | 1 1 1 | | | | | | | .| | | | | | | 11 1 | | | |

1 10 104

Most sensitive region: m(m,)>40GeV/e?, t(r,)~5ps || For SM Higgs: B<25% lifetime [ps]
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36

B**

LHCb-PAPER-2014-067 arXiv:1502.02638

® A lot of B** states are predicted. Only two are measured (DO,CDF)

Important for understanding HQET
1.2M B° in 3 modes

25M B* in 3 modes
-
Purity >80% for all cases
: B*— D%, D%3n :
. 10 N » - #10
T o N
2 o (a) 2 - (b
- 100 LHCb < 200 LHCb
E o 3 150_
Eoaf Eor
g E T qoof
E a0 E F
20f S0
/| e I il oLl N I i
5200 5250 5300 5350 5200 5250 5300 5350
My 3 [MeV] My, x [MeV]
Sonnof ;suuw:— ‘
E E *
< 70000 2 800005 () B— J/\]}K
60000 E :70000 3 LHCb
E = 60000 E
i $ s0000
E #0000 E s0o00E E
o E T E
2 soo00 2 so00o £ 3
© 20000 s © 0000E 3
10000 ppeppe®®®®® -~ 10000 & 3
i s e ottt PRt
5200 5250 5300 5350 5200 5250 5300 5350
Mo 3x1 [MEV] M- [MeV]

—6.6

=t ]
O 6.4F -
— L i
W - g = 7
% 6.2 [ i (‘Djsz'@msztzn] ]
- BEs) 2769 —
2 6 = Bo*p) B,P) B,@P) B2"CP) —
B s i
i ¥ i
5.8 ses 7 7% % / ” -
5 6 : 5t B B, By* :
D . T
SAR - Jor
a7 ]
5.2

J . 1/2 172 1/2 1/2 3/2 3/2 3/2 3/2 5/2 5/2

JPo r o 1 121 2 2 03
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http://inspirehep.net/record/1343514?ln=en
http://arxiv.org/abs/arXiv:1502.02638

B(5721)°* & B, (5747)%*

LHCb-PAPER-2014-067 arXiv:1502.02638

800 Hl B,(5721)"— B”(B™y)m Hl B,(5721) — B (BYy)n’

> E LHcb ) Bi6747)'—B"(B')x = 250 LHCb [ Bi(5747)— BB )x"
= 700 [ BL(5747)"— B*n" — = C [ B(5747)"— B"x" 7
o = I B (5960)°— B*m- = o E I B (5960)— B'r* .
— 600 [— I B (5840)"— B*n S —_ 200 I B,(5840)"— B"n* —
"m'- s00 E [ Associated Production 3 ‘; C I Associated Production ]
O E [ Combinatorial —] 2 :_ [C__1 Combinatorial _:
g 400 ; + % E " - -
2 s = = 2 [ —
4] E - ] - ]
S Lwp = S ¢ .
= 50— L
100 C
0_ | | | | | | | | Pl | | | E 0 - L | | | | Pl | | | | | |:
—] A . *_______ e, _____________________________—_ — E 3 e ____________________________________________—_
n=_ R R TRt L NP h; PH! 1411“ e hd’ HL & 48 g s tt] ﬂ=.. o FELHLLUSN by + + LA 4 $+¢+ H"} 1434 J']'h“h PRI CPTRL SORL)(
3 f* 179 ++r‘r PR CEC } LS 2 3 Y {, +++Y+TT+?+ ¥ ?f ¥1 l 3 HY!TT+TTTT 3 T +-|-'r+ ¥ 1 + * LI +¥ v
A T L TR e T R £
TTI50 200 250 300 350 400 450 500 550 600 680 700 750 800 T1B0 200 250 300 350 400 450 500 550 600 650 700 750 800
m(B n)-m(B*)-m(r’) [MeV] m(B’r*)-m(B°)-m(r*) [MeV]
ey - , T i
Mpgoy = 57207 £ 07 £ 14 £ 017 £ 04 MeV, he most precise measurement
MBy(3747)0 = 573944 4+ 037 + 033 4+ 0.17 MeV ., | BBy5747)° = B+1) o 4 0w - 040
mp, 21+ = 07251 £ 18 =+ 31 £ 017 x£ 04 MeV, | BBEM) — B) ' ' o
TTIB*['5?_17}+ = 573720 £ 072 £ 040 =+ 0.17 MeV ; B(B3(5747)* — B*'nt)
o = A = 10 £ 05 + 08,
FBL{ a0 = 30.1 + 1.5 + 3.5 MeV ' B (B;(5747)+ — Bn+) ’
gy srarpe = 245 £ 10 £ 1.5 MeV
Lpsray+ = 291 £ 36 £ 43 MeV,  Significance for B'r >3.7¢
FB;(5?47}+ = 23.6 + 2.0 + 2.1 MeV .

(syst. included)
stat syst m(B) m(B*)-m(B)
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If high mass structures are resonances...

LHCb-PAPER-2014-067 arXiv:1502.02638

% - Quark Model: B,(5840)"" natural = L Quark Model: 3,(5960)"" natural
O 6.4 - S 64af 3
§ 62 |5 *CD SRk X N N . % Y2 — - e soo L ) .
: e TPy FER ZAZ % %BJ(S%D) z 6= \J_,gn FoamL i, G BL2R) B2 CR) “ = B,(5960)
= = B ,(5840) Nwi'[;\m 9 Socundd e B ,(5840)
- | Vé % 5‘ — Bi{25) - / —]
5 6 T Significances 6L I E
5 qf Tt 9.60 (Bm"). 4.80(Bn*) | .. ll_..: e
) N 756 (B*n") 4.60(Brt*) AT _ T _______________________________ e
52— ' 520
=tr,'s, °s, 'p, ‘P, 'P, ‘P, 'D, °D, 'D, °D, ¥y g g p, P, 'P, °P, 'D, °D, 'D, °D,
J /2 1/2 1/2 1/2 3/2 3/2 3/2 3/2 5/2 5/2 ;12 12 1/2 12 32 3/2 3/2 3/2 5/2 52
- JPOo 1 o 1T 1 2 1 2 2 3 T P e I Of 1 o 1 o o> %
B,(5960)°* parameters are close to measurement by CDF but more precise.
In quark models B,(5840) and B,(5960) would correspond to B(2S) and B*(2S)
Fit parameter Btm— BOrm* Fit parameter Btn— BO T
B,(5840)%" ;1 471422 455426 B,(5840)%F ;1 4444 5 425415
B;(5840)%T I 107 =20 215+27 || By(5840)%Ft I 119+17 229 427
B,(5960)°F 1 552+ 4 5474+ 4 || B4(5960)°%T 4 5754+ 6 5474 5
B,(5960)°T T 82410 61415 B,(5960)%" I 564+ 7 61414
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36

Rare semileptonic decays and angular analyses

Powerfull way to look for New Physics: Higgses, Supersymmetry, etc..

B—K'pp

Rare semileptonic penguin decays are in the centre of LHCb physics program, e.g.

Many observables accessible through angular analysis (in g? bins) have reduced

hadronic uncertainties and thus allow probing of New Physics

sensitivity to right currents

B—K’e*e" allows study of (very) low g2 region (dominated by virtual photon):

LHCb-PAPER-2014-066 arXiv:1501.03038

Ay— A° p'p- has different helicity structure; different hadronic uncertainties - A,

is “simpler” than B®-meson; A, is own polarimeter ...

Results of 3fb! analysis is being reported just now at La Thuile

More news on semileptonic penguins in pipeline

?
-68

fva[c

i

left- handed part mhr handed part

supplessed mSM

1=12
Cow |

s

=P

Tree

Gluon penguin
Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin
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B%— K0 ete~ at low 2

LHCb-PAPER-2014-066 arXiv:1501.03038

N E
=S LHCb
—
= ]
o | Data =
= ]
= — Model 3
ﬂ ..... BY = E0- E
'Ei' 'rrd"‘a _:
= Bl 5 - (k%x)ete
= Combinatorial 3
o E

R

4500 5000 5500 6000

m(K* T ete) [MeVic?]

i — ]
"% 100 Pass material veto LHCb
= : .
Q  80f f |  Dara -
E ﬁﬂ_— ceeeee BY 4 EOGYS ]
m L _
2 .l B 5 - (K°x)ete ]
= C Combinatorial
) L _
201 5 T B

o ———— kel o i .

4500 5000 5500 6000

m(K " e*te”) [MeVic?]

0.0004<q%<1GeV/e?
® . .
Degradation of angular resolution at
very Iow q2 E‘} Zi | Is_i|;'|n'::utl).ati<:vn B
et E
Gc; 50 i) [Mew;;])o
® Dominant background B0—K'%y with
conversion: Material vetol
® Signal: 150+17 B°—K™%e'e- events
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http://inspirehep.net/record/1338587?ln=en
http://arxiv.org/abs/arXiv:1501.03038

%Z B~ K" ete~ at low 0?

Poster

LHCb-PAPER-2014-066 arXiv:1501.03038

Angular' analysis ¢os 0, , cos O and folded ¢

Fi, = 0.16+0.06+0.03
—0.23+0.23+0.05
Al +0.14 +£0.22 +0.05
Al = +0.10+£0.18 £0.05,

T
4%
I

Contours based on B-factory results

Rﬂ[ﬂ;;ﬂﬂfﬁ?{'] Re[ ;e Re[C; I 1C{70)

Becirevic et al. JHEP 08 (2012) 090
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http://inspirehep.net/record/1338587?ln=en
http://arxiv.org/abs/arXiv:1501.03038

@os‘rer Ab_)AO u+u_

LHCb-PAPER-2015-009

Different spin structure probes helicity structure of Hamiltonian
Different hadronic uncertainties

® A, is somehow a bit more simple than B°

Weakly decaying A° allows to determine helucnty

New 0"0'YSI$ 3tb! 200 E | | —

~ 180 E- LHCb Preliminary 3

. 300 ev.en’rs i :
Differential decay rate and L40f
full angular analysis "

o oL
o O
TTTT]T

402

Candidtates per 30 MeV/c¢?

The result is being reporied just now
Jor the first time at La Thuile conference

0000 s 6000
M(Aup) [MeV/c’]
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% Study of rare B;'and BY decays in wtm-ptu- final state

Poster

LHCb-PAPER-2014-063 arXiv:1412.6433

B,—f'utu~ in SM: sum of b—s penguin and box contributions

B'—p%utu- in SM sum of b—d penguin (suppressed as |V,4/V?) and
box

¢—ptpu- Jy—ptp- and y’'—ptu- are excluded

Jhy e Signals: t'nptp- | | Normalization: B°—JhyK™
S n T % 40f R L 10 e
2 10°F e By > L) By 2 B'— Jiy K*
s Wt By o s o B K892 i -« B%> Jhy K*(892)°
o - B diy o 30F Bty — 03 = -+= Combinatorial
~_N,« i I.‘, (B;__,I;J.W:(Jr. | @., |> == Combinatorial % E — Total fit
i gl |G ~rean 2
§ 102 3N — Total fit qz, 20 D 1 02 =
TR i | L -
Vit fof M 10}
L e T o 1T T T[4 THE 1 D TR ST
52 54 56 58 52 54 56 58 50 52 5.4 56
M(m ) [GeVic] M(mrir) [GeVic] M(K* ) [GeV/c?]
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http://arxiv.org/abs/arXiv:1412.6433
http://arxiv.org/abs/arXiv:1412.6433

% Study of rare B, and BY decays in wtr-utu= final state

Poster

LHCb-PAPER-2014-063 arXiv:1412.6433
B—n'nutu-  Significance 7.3¢
B'—natnutu-  Significance 4.8c

B(B! — mta—putu) : ) o _a
BB T o s i) I (802)0( 5 Ierm—)y — (167 = 0.29 (stat) & 0.13 (syst)) = 107,
B(B® — mtmputu) 4
— (0.41 = 0.10 (stat) = 0.03 (syst 102,
BB T i p K (802)05 Kon)) ¢ (stat) (syst)) x

B(BY = mrr ptpu) = (8.6 £ 1.5 (stat) & 0.7 (syst) £ 0.7 (norm)) x 10~ and
BB = nrr ptp™) = (2.11 £ 0.51 (stat) & 0.15 (syst) £ 0.16 (norm)) x 1075,

T F o 20 Y  E—
(:(:2 | ‘BE_) T Ill+ “- (a) (:Q (])J *BO—) T .l,l+ .Ll- 31.23‘;(88 — _):‘0(980)11‘{ # )
E gy L é 5 sy (5.2@'-2-_0*6) x 10=7 | [PRD79,014013]
815; LHCb § S T LHe (0.573%) < 1075 | [PRD81,074001]
> l = (1.67 £ 0.61) x 10~ 7| [PRDS81,074001]
5 ] z (0.81 — 2.02) x 10—%] [PRDS80.016009]
i l kT (0.63 — 3.37) x 10~ 7| [PRDS80,016009]
_il Br(BY — p(770)%ut )
| | (5.073%) < 108 [PRD56,5452]
i e ob e [HEP-PH/9609503]
T PR R RRRR f P I I BT N .4+3.4 _8 —
0706 08 10 12 06 08 10 12 (&6_45) > 10 [PRDS3,3672]
M) [GeV/c] M) [GeVic?] [HEP-PH/9609503]
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http://arxiv.org/abs/arXiv:1412.6433
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B-meson decays info two vector mesons

LHCb-PAPER-2014-068, LHCb-PAPER-2015-006
® Amplitude analysis of B°—(n'n)(ntn)
* Colour suppressed
* Powerful constraint for angle a of unitarity triangle

AGo?

* Evidence from Belle and BaBar -+
* Large difference in longitudinal polarization fraction
® CP-asymmetries and polarization fractions in B, K"K
* Triple Product asymmetries
* Polarization fractions for vector current

Both analyses will be reported for the first time this afternoon at La
Thuile conference
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BY— (') (ntw?)

LHCb-PAPER-2015-006

® Rich resonance structure: p°, o, f,, f,,..

(R
h
o

—¢— Data

— B" = (')

— B! = ()

s Combinatorial

--------- Partially reconstructed |
----- B" - (K

LHCDb Preliminary
200

150 gk

Candidates/(16 MeV/c?)

100

5c for BO—»(n+n—)(ch:Tc—)

IIII}-‘III'-_!lIIIl

2 S0,
, ] o P ST 252
(T ) | 0 PR LM | ,
= g, m) ZAifé(ml,2722.91.92.9) . 5100 5200 5300 5400 5500
eosty deostydgdm; dm; 87 = M (7)(w ) [MeV/e?]

¥ 5600 signal decays
® 11 terms in amplitude analysis
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% BY—(rtn)(ntm)

LHCb-PAPER-2015-006

~ FrT T T T T T3 T [T T
S1e0p * D 1 2" LHeb Preliminary + ;
S140F g vs LHCb Prelnmmary B
o 120f B SS 1 T ok
210(} B ~
= 80f 60F
0 :
= 40F -
2(}; II" ](j ;___::‘::‘::‘::‘::’::‘::_::"_:
000 600 800 1000 O 0= = T
M TE+T£) [MeV/c ] ¢[rad]
2 N Significant improvement
- 4, P' Belle fu=10.21 gnif : .p. '
A0 (24 A 2L|AL P2 L In precisiont
LHCb 2k+15 ySD).
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% sin2f from B%— J/wK.

Poster

LHCb-PAPER-2015-004

® Golden mode for B-factories

— I T T I T I T T T ]
0.6 = 3 Amd W:nltt:rt1(: - _:
O —
2 v -
0.5 = ]
: g sol.w/ cos 2B <0 ]
— |3 (excl: at\CL > 0.95) —
0.4 3 -
1= = |3 < =
= B -
0.3 — € -
= o B
0.2 -
0.1 | -

>

L
0.0 1 i ] 1 1 1 1 1 1 " - A | A n n 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
P
ViuaVip + VeaVip + VigVi, = O = VedVop
udVub ¥ VedVep + ViaVip = p=arg\—v v
td vV tb / From global fits:

> current world average: sin 2 = 0.679 = 0.020 dominated by B-factories  sin2p= 0.771+9927

The analyses has been reported for the first time yesterday afternoon at La Thuile conference
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\ Lo/

22

Poster

® Full statistic
® Improved tagging
* For the first time same side
pion tag: fragmentation pions
and pions from B"*—B°x*
® 41560+ 210 flavour tagged
decays
® Sophisticated fit

* Seven dimensions

* Mass, decay time, decay time
uncertainty, tagging categories....

* 24 disjoined categories
* 83 floating parameters
°* Make use of measured

production asymmetries, Am,, ...

4 Mareh 2k+13, LHCC 121t meeting

sin2B from B°— JApK.

LHCb-PAPER-2015-004
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Poster

LHCb-PAPER-2015-004

sin2P from B°— JhyKq

Precision comparable with B-factories, still statistically dominated

0.4 ——
LHCb

|IIII]IIIIIIIII

Signal yield asymmetry
=
—_— N
I
IIIIIIIIII]IIIlIIII IMZIIIIIIIIIIIII

Ok N 7
0.1 ‘%T/
02F
0.3F
04E ' 1 .
5 10 15
t (ps)

At = [(B(t) = JWKY) = T(B(t) = J0 k) Ssin(Amt) - C cos(Amt)
T T(B(t) = JKD) + T(BO(t) = J K?)

cosh(2F) + Aapsinh(4F)

A(t) = Ssin(Amt) — C cos(Amt).

S =
C

0.729 =
—0.033 =

0.035 =0.020
0.032 £ 0.005

BaBar 4'1 0.662 + 0.039 £ 0.012
PRD 79, 072009 (2009)
Belle 0.670 + 0.029 + 0.013
PRL 108, 171802 (2012) _H
LHCb 0.731 + 0.035 £ 0.020
Run |
Average l—"—| 0.688 + 0.018
naive, all 5,_, 7«
1
0.5 0.6 0.7 0.8 0.9
S)wKg
OPAL b 3.20 + 180 + 0.50
EPJ C5, 379 (1998)
ALEPH ; | 0.84 + {3 +£0.16
PLB 492, 259 (2000) ' - L
CDF 0.79 + 33 £ 0.16
PRD 61, 072005 (2000)
BaBar J//1(hadronic)K¢ 1.56 + 0.42 + 0.21
PRD 69, 052001 (2004)
BaBar y . K2 ' 0.69 + 0.52 + 0.04 + 0.07
-
PRD 80, 112001 (2009)
BaBar 4 0.687 + 0.028 + 0.012
PRD 79, 072009 (2009)
Belle 0.667 + 0.023 + 0.012
PRL 108, 171802 (2012) N
Belle5S | 0.57 + 0.58 + 0.06
PRL 108, 171801 (2012) !
LHCb I0| 0.731 £ 0.035 £+ 0.020
Run |
Average H 0.688 + 0.018
Naive
-1 1 2 3
Sb—)cEs
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http://cern.ch/lhcb-public

3 March 2015: Matter-antimatter trigonometry with LHCb.

Precise measurement of the unitarity triangle angle .

Today at Les Rencontres de Physique de |a Vallée d'Aoste, La Thuile, Italy, the LHCb cellaboration presented an important
result in ocur quest to understand the nature and origin of CP violation, which is a difference in behaviour between matter
and antimatter. The result, derived from a careful analysis of the full run 1 data sample, is a measurement of the angle p of
the "unitarity triangle’. This triangle is a geometrical representation of CP viclating and associated parameters in the
standard Model. One side is defined to have unit length, the other two sides and three angles can be measured
independently in different decays of beauty hadrons. It is the task of experimental physicists to measure these properties
and see if they provide a consistent description of the triangle. Any discrepancy would point to signs of New Physics beyond
the sStandard Model. LHCb has already performed the world’s most precise measurements of y, one of the other triangle
angles, see 11 September 2014 news, and the mixing frequency of B; mesons, see 7 November 2012 news, which is an

essential ingredient for the determination of the side opposite to the angle y.

07 {F’/" S w 04 T T T
= | . : Al Am, £ 3 o 3
0.6 E// : Amy / % = E 0. LHCb
L RS, | T : E Z 02
o= —d . - &
E o - e r-;’fglﬂ:u = E {J-]
I= : -2 il 3 Y - + E
0.3 g £ ' = oy o o = E _'L E
i ; . T 3 & -01fF =
02 : / = o 0 E =
L ' | = 02F E
0.1 II = 0.3 -
o0 A o | . PRI [P ﬁ. ] t-: 014 2 T S S S S [ S S —— ;
-0.4 0.2 0.0 02 0 0.6 0.8 10 ' 5 1] 15
p 1 (ps)
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http://lhcb-public.web.cern.ch/lhcb-public/
http://lhcb-public.web.cern.ch/lhcb-public/Welcome.html#sin2beta
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Next: Moriond EW

Angular analysis of Precise measurement
B' K" wu~ with 3to  of |V,,| using Ay— pp-v

i " LHCbIPAPEIR2013037 PRL111(2013)191801 B B L BB B N m m e m e m m a a a
@ ggk LHCb 2k+13, 1fb! _
SM Predictions
ﬂ.ﬁl-l - :
s + o | Inclusive ——
L
0.2p- -
o~ —| — _l?_._ _ = Exclusive —
0.2 '_T— -
0.4 -
. n | LHCb puv —
o ‘ + ol (Blinded!]
_1| "I TR TR TR NN TN NN TN R N v o 11 g aagdaegsagsasdaaaaldlsa s sl aaa
0 3 10 13 23'] 0.0025 0. 003 0. 0035 0. 004 0. 0045 0.005
q? [GeV/cY] |V
ub
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Preparation to Run IT: LS1
® Muon: HV, groundings, ...

® Hecal: 15% of PMTs are | % 2t \
replaced

Ecal: monitoring fibers are
replaced

June- July 2014 Sy - s —
August ‘ .‘.‘ o = 2 -l
Septer = LB o = — =
[ [ [ Octob = z pp—— - =
* November 2014 Floo of R i - - — = = ’
. ' | ' December 2014 Envel nal stairs o -~ = S - .
March 2015 : End on = = ST e S — 2 P

. - . 1Hron v --“-‘, o \“.n . :A |’ ‘o"-: ro ™ * Q
Rich: HPD exchqnge Outreach visitor: platform: S1kvisitors: during LLS1

«

Consolidation of cooling, gas,
power, shielding, ...

Beam-pipe, new support
Dipole, mag.field remeasured

~1350 impacts in total
LHCD is closed, all LS1 activity is completed
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Herschel

® Scintillating counters
with high 1 coverage

® Important for CEP and
diffractive physics

Herschel in the run control:

Herschel @November TE

1000, 0
[ 1 '

nts

EBE1/B2 pulse, ADC cou

[
0 100 200 300 400 BOD €0 700 800 500 1000

BO pulse, ADC counts
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Commissioning:  ‘Cosmics

/Calorimeters/CaloEventDisplay 24 February 2015 14:48:06 Online Run 149178
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Trigger in 2k+15

LHCb 2015 Trigger Diagram

LO Hardware Trigger : 1 MHz

readout, high Ev/Pr signatures

. Software High Level Trigger

[ Partial event reconstruction, select

displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

Ir I Il

12.5 kHz Rate to storage

4 Mavch 2k+13, LHCC 121st meeting

More powerful
More robust
More flexible
More selective
More efficient

.. just better

New:
® on-line calibration in between

HIt1 and HIt2
® Off-line quality of data after

trigger:

* Analyses with on-line data
"Turbo-stream”
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Next: Upgrade

: N LHCb is finalizing the R&D in most areas and preparing Engineering Design Reviews,
followed by Production Readiness Reviews in the end of the year

1
5 I_
Cherenkov ring fit. run 505 ‘ x10 XUVX 5.00""
4

Radius: 601 cm

300 m long fibers have been installed in LHCh
Tests with a full DAQ chain already ongoing

mﬂﬂﬂ;ﬂ i

_ i /1,//\/\/\‘.
- Surface setup Cavern setup

A list of milestones is closely monitored by the LHCC: the already tight schedule does not allow for much margin
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G©) Upgrade: the target

Type Observable LHC Run 1 LHCbH 2018 BLHCDb upgradely Theory
BY mixing Oo(BY — J/ ) (rad) 0.049 0.025 ~ 0.003
ba(BY — Jf £5(980)) (rad) 0.068 0.035 ~0.01
Aq(B) (1078) 28 1.4 0.03
Gluonic OH(BY — o) (rad) 0.15 0.10 0.02
penguin oH(BY — K*OK*0) (rad) 0.19 0.13 < 0.02
23%(BY — ¢K2) (rad) 0.30 0.20 0.02
Right-handed o1 (BY — ¢v) (rad) 0.20 0.13 < 0.01
currents 7 (BY — ) /1o 5% 3.2% 0.2%
Electroweak — S3(BY — K*utp™;1 < ¢* < 6 GeV?/c?) 0.04 0.020 0.02
penguin g2 App(BY — K*%up™) 10% 5% ~ 7%
Af(Kptp:1 < ¢® < 6CGeVHc?) 0.09 0.05 ~ 0.02
B(BY — ntu*u~)/B(BY — Ktp*tu™) 14% % ~ 10%
Higos B(BY? — ptpum) (107Y) 1.0 0.5 0.3
penguin B(B® — ™) /B(BY — ptum) 220% 110% ~ 5%
Unitarity (B — DY K M) 7° 4° negligible
triangle v(BY — DTK®) 17° 11° negligible
angles B(BY — J/KY) 1.7° 0.8° negligible
Charm Ar(DY — KTK) (1074 3.4 2.2 -
CP violation AAcp (1073) 0.8 0.5 -
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Summary

® LHCb continues analysis of Run I results:

* 241 papers, 6 new results this week, some new
results are prepared for incoming conferences

Stay tuned!

® Most results are in agreement with Standard Model

* There is room for improvement both with statistics and
systematic

® LHCb is ready for Run IT
* Closed; TED shots tomorrow

® LHCb is preparing for long future (Upgrade)
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LHCb ‘@ Student's poster session

Measurement of Ihesemxleplumc P

low-g* region

i Oghe- grusnor CKM angle - from LHCh Searchfor CPyviolationin D' — =~ 7
) Angular analysis nfnﬂ”—fK ete N9 CAVBRIDGE  due St - rCr e,
5 e i e P o

Do not n miss the excellen’r oppor"rum'ry ’ro 'ralk wn'rh
young LHCb students: 17 OO ex’rensmn r'est 1

.___._____..,.___,

asqu

Mlilhnlnl‘ = "‘:::i;m.
ul Tl =

‘mlm|; | —

2l
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http://indico.cern.ch/event/369822/session/1/contribution/56/material/poster/
http://indico.cern.ch/event/369822/session/1/contribution/56/material/poster/
http://indico.cern.ch/event/369822/session/3/contribution/0/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/0/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/1/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/1/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/8/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/8/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/9/material/poster/
http://indico.cern.ch/event/369822/session/3/contribution/9/material/poster/
http://indico.cern.ch/event/369822/session/3/contribution/37/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/37/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/41/material/poster/
http://indico.cern.ch/event/369822/session/3/contribution/41/material/poster/
http://indico.cern.ch/event/369822/session/3/contribution/42/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/42/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/55/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/55/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/59/material/slides/
http://indico.cern.ch/event/369822/session/3/contribution/59/material/slides/
http://indico.cern.ch/event/369822/session/6/contribution/4/material/slides/
http://indico.cern.ch/event/369822/session/6/contribution/4/material/slides/
http://indico.cern.ch/event/369822/session/8/contribution/3/material/slides/
http://indico.cern.ch/event/369822/session/8/contribution/3/material/slides/
http://indico.cern.ch/event/369822/session/8/contribution/19/material/poster/
http://indico.cern.ch/event/369822/session/8/contribution/19/material/poster/

LHCb ‘@ Student’s poster session

Electroweak physics in forward region at LHCb

Measurement of the semileptonic CP asymmetry in B°B° mixing with LHCb
CP violating phase ¢, and penguin pollution in B,—J\yKK- with LHCb
Production asymmetries of neutral B mesons inpp collisions

Angular analysis of the B°—K"e*e- decay in the low-4* region at LHCb
CKM angley at LHCH

Search for CP violation in D°—r'nn® decays with LHCb

Ay— A'wtu- branching fraction and angular analysis

Study for the rare B, andB® decays into the nn-p*u- final state at LHCH
sin2p with B'— J/yKg att the LHCb experiment

LHCb's Real-time alignment in Run IT

Topological Trigger developments at LHCb

Flavour tagging with the LHCb experiment
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