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e Outline

= LHCb detector
= B-ow(2S)X and B—J/pX
- B.—J/yh™h" important for CP violation studies
= resonant structure in B_—J/ymrm
= branching ratio of B —J/yK° (—1*1T)
= branching ratio & angular analysis of B_—J/@yK*(—K*1T)
- B'—Jlyw, B —J/yn()

= Summary
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e LHCb detector
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B—-w(2S)X and B—J/pX
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k86 Relative BR's By(2S)X and B—J/yX

where X = K*, K°=K*r, ¢p—=»K*K- LHCb-PAPER-2012-010,
= Probe charmonium properties Eur. Phys. J. € (2012) 722118
= Explore new channels for CPV studies in B system
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= Subtraction of non-resonant B’—yK*r and B.—yK*K- contribution

= Estimate efficiencies from simulation
= Most systematic uncertainties cancel in the ratio, the dominant are:

= non-resonant contribution
= data-simulation agreement

= Results are in the following...
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% B*—y(2S)m* and B*—J/y1r*
= Cabibbo-suppressed decays LHCb-PAPER-2011-024,
= Measure BR's relative to B*—>yK* (R¥) Phys. Rev. D 85, 091105(R) (2012)

= CP asymmetries measurement (ACP)
i 1 7

300
LHCb | B'sJyn signal LHCb |
0.37 fb' | 0.37 fb" | _
20 N=950 | N =950 - A= Araw o Aprod — Adet
100 = Separate analysis for two

magnet polarities
= Estimate efficiencies from
LHCb B > vy2s)in' LHCb simulation
0.37 fb-! 037 | = Detection and identification
N=180 | from data (on D mesons)
= production from A, W
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= Dominant systematic uncertainties

= for RY: K/1t identification, simulation, trigger

- for A"t A, «(PDG), A, [ *(stat), detection, trigger
" Results: AT = 0,005 = 0.027 % 0.011
= For R see next slide AYCIT _ 0048 + 0,090 = 0.011
= No evidence of CP asymmetry is seen P

ALTIK = 0.024 + 0.014 + 0.008
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e

Results for relative BR's
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0.8 )
B(B — 1)(25)X)/B(B — Jj) X)

LHCb-PAPER-2012-010,
Eur. Phys. J. C (2012) 72:2118

B(BT —¢(28)K )
BB+ —Ihp K+)
B(B“—"!,"(ZS‘)K'“)
B(BY—J K0)
B(BY—(25))
B(BI— I} )

= 0.594 £ 0.006 (stat) & 0.016 (syst) = 0.015 (Ry),
= 0476 £0.014 (stat) = 0.010 (syst) = 0.012 (Ry),
= 0.489 +0.026 (stat) = 0.021 (syst) £ 0.012 (Ry,),

= The results are compatible with
but significantly more precise
than world averages (PDG)

LHCb-PAPER-2011-024,
Phys. Rev. D 85, 091105(R) (2012)

R//? = (383 +=0.11 £0.07) X 1072
R?29 = (3.95 +(0.40 = 0.12) X 1072
= Rv¥@9 js compatible with Belle

R is lower on 3.20 than world
average (PDG)
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B_—J/pmm
resonant structure
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% B —J/y'm resonant structure

—o (Db
SY) — v
S

= Important for measurement of CPV

— study 1T mass range to determine its
resonant structure and CP content

= Modified Dalitz-analysis:
= m*(J/QTtr), m*(Tr'mr) and 8(J/yp)

= sum of "1 resonances and
S-wave non-resonant

= Model background with
J/ym'm shape from data
+4.5% J/wp(770) modeled with MC

= Obtain efficiencies from simulation
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——

LHCb-PAPER-2012-005,
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% B —J/y'm resonant structure

LHCb-PAPER-2012-005,

- § Phys. Rev. D
“ I(ss) =0 — J(m'm) = 0,2
N r r r T r r r I r
Table 2: Models used in data fit. E LHCb

Name Components (O] 1
Single R Ful980) g 1.0 fbr
IR Fo(980) + fo(1370) P signal
3R £o(980) + £,(1370) + £,(1270) ~ N
JR+NR Fful980) + fu(1370) + f2(1270) + non-resonant g 3RfNR m]?del,
SRFNR + p(770] Jo(980] + [o(I370] + [L(12Z70] + non-resonant [+p(770) % pre erred fit
JR+NR + fu(1500)  fu(980) + fu(1370) + f3(1270) + non-resonant |+ f, (1500)] 5 background
3R+NR +f5(600)  fu(980) + fo(1370) + f2(1270) + non-resonant [+ fo (600) | &

&

significance < 30

---------

4
m?(n* ') (GeV?)

= Preferred-alternate fits,
resulted fractions, in %, for 3R+NR model:

Pull

State Preferred Alternate
f0(980) 69.7 123 | 82.4+£2.3
fo(1370) | 21.2 +2.7 5.7+£0.7

NR 84415 |11.3+1.9
f2(1270)] | 0.49 £ 0.16 |0.42 +0.11 o 800 - ' —3 %
= - o
helicity = 0 only o S
p= $ 400
= CP-even —f(1270) with 1 helicity & 8
and p(770) modes g 5 200
CP-odd fraction > 0.977 (95% C.L.) o . . L R SN
m2(Jhp %) (GeVz) ' " cos 0,
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B —J/y'm resonant structure

LHCb-PAPER-2012-005,

Phys. Rev. D
W SraananNr Anneeesss
= aooof- 1.0 b I
§ [~21000 signal B.—~JWK'K $ 2000
£ S 10
2 s =
& 2000F S 1000
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m(J/ypata) (MeV) 0
5300 5350 5400 5450 1.04
a BS—)J/LIJ KK" m(JAyK*K) (MeV) m(K*K) (GeV)
- normalization channel, Table 10: Relative systematic 1111{:{}1"1:&121&{}5 on R(%). _
account for non-resonant _!arameter Total  f,(980) f,(1370) NR  f5(1270), A =0
T lependent effic. 1.0 ().2 0.2 1.0 0.2
background mi{zTr") def
9 PID efficiency 2.0 2.0 2.0 2.0 2.0
J /¢ S-wave 0.7 0.7 0.7 0.7 0.7
: : BY p and pr distributions 0.5 0.5 0.5 0.5 0.5
Dolrj?]lgear?;isn)ftglrpeaz)c the fit: Acceptance function 0 0.1 1.3 1.4 3.9
y ' B(p— KTK") 10 10 10 10 1.0
- Difference between two Background 0.6 0.6 0.6 0.6 0.6
- Resonance fit — +18.2 + 0.8 +o7.0 + 3.0
solutions 8.0 88.1 3.7 15.8
Total +2.7 TR i o oo

— 8.4 —&8.2 — 4.8 —16G.4

=Including other resonances
B(B" — J/ymtn~
53(3_1 /};T, ?3 ) _ (19.79 + 0.47 + 0.52)%,
V= J/po
fo(980) 13.9+ 0.6723
fo(1370)  4.19 4 0.5379:22
NR 1.66 4+ 0.317098

f2(1270)  0.098 -+ 0.033F9:9%
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= Results:




B.—J/yK®
branching ratio
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e B.—J/yK®_ branching ratio

LHCb-PAPER-2011-041

= Motivation: to understand penguin contribution in B*—J/wK®_
(R. Fleischer, Eur. Phys. J. C10 (1999) 299) 3000

LHCb

-4-data
0 0
B JiyK?

= Use NN trained on B°—J/yK?®_

e B background
= Separate Long and g 1o o
Downstream pions analysis NN background '
TT Iong T1-3 reJeCtlon 5%00 5300 54I00___ _“595~00
VELO HH Downstream K Long Kg
- b 10° LHCb 0 10° LHCb
=~ - data = -$-data
downstream g B~ JhpKZ § B~ JhlIK:
W B™ JiyK W B’ JIyK
= fs/fd — LHCD result ; 102 0.41 "' B> .mle:x ; 10° B—>J!1|;|K:x
[Phys. Rev. Lett. 107 (2011) 211801] ¢ b 72+ 11 __ packground a 0.41 fb™"___ packground
. . ch — sum 5
= Dominant systematics: 3 1o} o 10}
= mass shape |]M
bl
= acceptance L
5200 5300 5400 5500 5200 5300 5400 5500
M, o [MeV/c3] m, o [MeV/c?]
= Result: B(B) — Jh K?) =[1.83 +0.21 (stat) 4 0.10 (syst) & 0.14 (f,/ fa)
= most precise measurement to date + 0.07 (B(B" — Jy K"))] x 107

and compatible with expectations from SU(3)
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B.—~J/yK®
branching ratio & angular amplitudes

Polyakov Ivan, LHC on the March, 20 November 2012 14/23



% LHCb-PAPER-2012-014, .

Phys. Rev. D 86 (2012) 071102

Motivation: to understand penguin contribution in B_—J/yp@
(Faller, Fleischer, Mannel, Phys. Rev. D79 (2009) 014005 )
Already preliminary LHCb BR measurement

— improve the BR measurement
+ angular properties

Use B°—J/pK™® as normalization channel

Resonant structure of Kt
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s

LHCb-PAPER-2012-014, .

: , - Phys. Rev. D 86 (2012) 071102
Simultaneous fit of mass and angular distributions for B_

%‘ i T T T T g. 30|-_ T T —T T T ]
fit: signal(f,.f,5,) Emﬂ LHCb E : LHCb |
+ s-wave + comb. bkg L 0.37 b 3 20 0.37 fb' ]
210 . B 3 ]
B as a cross-check & TR 8
S 1 44N = 114 + 11 S Lo
o 0 ©
Dominant systematics: =
& ] oMb L
angular acceptance 5200 5400 550& ). Y 0 0.5 3
My, k. Vic?) cos(y)
background angular modelﬁ 80— . o 30 , : —
S LHCb ] ¢
@ 037fb'{ @&
& ("] Eaf
g ‘l’\‘\* g |
=] ] o W
c . c
1] — ©
O signall o

_I__— 10':—_T_signal

- comb background |Combb-raCkground|

05 0 0.5 1 2 0 2
Results: cos(p) o (rad)

BR(B.—J/yK*")=(4.4707+0.8)x107"
£,=0.50+0.08+0.02

S =0.1975+0.02 |
4. P=0.07" 15 (within+40 MeV /) the first measurement of the
S0 B polarization fractions
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BR is compatible with CDF result, but
more precise



B°—J/ypw, B_—J/yn(’)
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% B'—J/yw, Bs—>JIqu|(')

LHCb-PAPER-2012-022,
Phys.Nucl.B

b b

= Motivation:

B B:{,-j
= Explore hadronic interactions
= New channel for CPV studies d i s :
= Estimation of gluonic complonent in n’
> F L B ' ' T I
g Sﬂf— LHChb _f
' : 0 0 o - = E 1.0 fb! E
= Measure BR's relative to B"—J/yp (—1'1m) = 40fF _ ]
) = *E N=72 %15 ]
and between B —J/yn and B —J/yn —E 5 S=500 ]
40 0 0 = 0L | first evidence -
= Reconstruct n—yy, N> 11T, N'—PY, 2 F )
nN'—mnand w—tmTm’ = 20F -
'D: | _.r/. ! | \r L | :
5.1 5.2 5.3 5.4 5.5 5.6
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Phys.Nucl.B
o ' ' ' I ' I ' ' ' —
0 (1)BY — Japm LHCh -
40F (n — 3m) ]
[ 1.0 fb" _
- N=94+11 signal

(]
=

:partially reconstructed

25

=

uncu‘

19/23



e

U100

—

= 30

&

= 60

-

=

=

S 40
201~
0

BO—>J/l|Jw, BS—>J/l|"'|(') LHCb-PAPER-2012-022,

Polyakov Ivan, LHC on the March, 20 November 2012

Phys.Nucl.B
The B°—J/yp°(—1r"1m) decay were used for normalization
T T e T T T T T I T
— / — gwoo:— BY, — Jabmtor LHCh
! % LHCb ] Z.f signal |lg
7 i S
- 1.0 fb- 1 = ol
- i 54003_ isid from 1.0 b
- f‘\ 0 backgroynd B°—J/yKn
n P __P_'W_ave _ subtractipn 2008 . \
- relativistic Breit- of T et
. 5 52 5.4 5.6
L VV I g ner 7] ML jp b [GeV/e?]
i % ] Uncorrected fit
i \ | p" event vield 811 & 38
, f,(1270) — D-wave fy (500) fraction 0.20 + 0.04
- f,(500) + ’4 \ ¢ relativistic Breit-W[q;nerfi“ET“} fraction (.14 + 0.03
N Zou Bug ;‘ ! + | P %] 40
b i
o Pt e
B TTEIRG
1 i T
0.5 1 1.5
Iyt [G eV/ (F]
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(S B°—J/yw, B —J/yn()

LHCb-PAPER-2012-022,

- Estimate efficiencies from simulation Phys.Nucl.B

= Systematic uncertainties:
= photon or pion reconstruction efficiency
= fit function
= trigger
* BR(n,n’, w)

= Averaging BR's over different modes with simplified simulation

B~ w) tat) T007 (sys = B°-J/yw - the first measurement
BT Jppn) — 50 & 0-19(stat) S35 (syst)

By _ BB — Jn')
Ben o B(BY — JApm)

= nN-n": consistent with Belle, but more
precise

= 0.90 £ 0.09(stat) T (syst)

B Bi’ — JAb I
B{(B{; — .1//11{ ;_}} 14.0 + 1.2 (stat) 12 (syst) 7] (?)
B(BY — JApn') _ 5 o fa
B(BY — JApp) 12.7+ 1.1 (stat) J—r{ll_;s (syst) J—r{lrﬂ (E)
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Observation of B® —J/yf'(1525) in J/yK*K" final states, Phys. Rev. Lett.108 (2012) 151801, LHCB-
PAPER-2011-026

First observation of B® —J/wf (980) decays, Phys. Lett. B 698 (2011) 115-122, LHCB-PAPER-2011-002

Measurement of the time-dependent CP asymmetry in B°—>J/L|JK°S decays, PAPER-2012-035

Untagged angular analysis of B°—J/wK*? and B° —J/y¢ decays, CONF-2011-002

b-hadron lifetime measurements with exclusive b—J/pX decays reconstructed in the 2010 data, CERN-
LHCb-CONF-2011-001

Measurement of the B°—B?° oscillation frequency Am , with the decays B°—D 1r* and B°—J/yK*°, Phys.
Lett. B (), LHCB-PAPER-2012-032

Measurement of the §°S effective lifetime in the J/yf (980) final state, Phys. Rev. Lett.109 (2012) 152002,
LHCB-PAPER-2012-017

Determination of the sign of the decay width difference in the B° system, Phys. Rev. Lett.108 (2012)
241801, LHCB-PAPER-2011-028

Measurement of the CP-violating phase ¢_in the decay B° —J/y¢, Phys. Rev. Lett.108 (2012) 101803,
LHCB-PAPER-2011-021

Measurement of the CP violating phase ¢_in B —J/yf (980), Phys. Lett. B707 (2012) 497-505, LHCB-
PAPER-2011-031
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LHCDb shows excellent performance in measuring B decays to charmonia

Most precise measurements of relative rates for B—»y(2S)X and B—J/yX,
+ BR's and A°P for B*—yT1* are measured

First investigation of resonance structure in B —J/ytmm decays
— provides new data sample for ¢_ measurement

Most precise branching ratio measurement of B —J/@wK®_
First measurement of polarization fractions of B —J/yK™

First evidence for the B —J/yw ,
most precise measurement of relative B —J/yn(’) rates

Many CPV studies with B—J/pX

LHCDb has collected almost 2.0 fb™" in 2012 — more results to come...
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