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Sk Bs — J/wn" decays

Dominated by the color-suppressed tree diagrams:
b c

JAp

Physics motivation:

Measurement of the B-mesons effective lifetimes
[Eur.Phys.J. C71 (2011) 1798]

Measurement of the CP-violation and B,- mesons mixing angle
[Eur.Phys.J. C71 (2011) 1798]

Measurement of the n-n' mixing angle and gluonic component

contribution
[Eur.Phys.J. C71 (2011) 1798]



Sk n-n' mixing

The n- and n'-mesons are the result of mixing between a singlet and octet

states:
Phys.Rev. D85 (2012) 013016
Eur.Phys.J. C71 (2011) 1798
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Sk n-n' mixing

The n- and n'-mesons are the result of mixing between a singlet and octet

states:
Phys.Rev. D85 (2012) 013016
Eur.Phys.J. C71 (2011) 1798

m) \ [ cosBp —sinBp 9 ms)
m) )\ sinBp cosOp 1)

In terms of isospin singlets:
n) = cos dp [Ng) — sin dp 1) .

T]f> = cos|dd sin d)jmq} 4 COos

Mg = i )+ ]dd)), ns) = [s5) Mixing Purely gluonic
‘f phases component

Global fit between previous measurements:
Not taking into account the gluonic component: ¢p = (41.4 + 0.5)°

Taking into account the gluonic component: bp = (39.7 £0.7)°
bc =22 £3 )
[KLOE, Phys.Lett.B648 (2007) 267]



n-n' mixing

ek

The n- and n'-mesons are the result of mixing between a singlet and octet

states:
Phys.Rev. D85 (2012) 013016
Eur.Phys.J. C71 (2011) 1798

m)\ [ cosBp —sinBp 9 ms)
n) )\ sinBp cosOp 1)

In terms of isospin singlets:

|Tl> = cos ¢p |T1q> — sin ¢p |Tls> ;

T]f> = cos|{dd sin|ppf[ng) [+ cos|dacos|drp|n.)

1 - - :
Mg) = —= (Jun) + [dd)), [ns) = [s8) Mixing Purely gluonic
V2 phases component
Ratio of branching fractions:
L . . BB=JYn)  F cos? dg
Not taking into account the gluonic component: BB T00) }—“Qf = i
B(BY—Jyn') FI _ 1
Taking into account the gluonic component: B(BI—Jyn) . ]—”Q’ — tan2 Op



§iS% Previous studies

Belle, 2012

B, — J/y(n — vy)
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BR(B® — J/yn) = (12.3 + 1.8 £ 0.7) x10°®
BR(B® — J/yn') < 7.4 x10™® @90% CL

[Phys.Rev. D85 091102]

-%.2 0.1

Theoretical prediction

(no glueball contribution)
P. Colangelo, F. De Fazio, W. Wang

BR(B, — J/wn) = (4.3 +0.2) x10™
BR(B, — J/iyn') = (4.4 + 0.2) x10™
[Phys.Rev.D83:094027,2011]
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BR(B; — J/wn) = (5.1 0.50 + 0.25) x10™
BR(B, — J/wn') = (3.71 + 0.60  0.18) x10™

BR(B; — J/wn) - 0.73+0.14 +0.02

BR(B, — J/wn)

[Phys. Rev. Lett. 108,181808]



§&&  The LHCb experiment

Experiment devoted to the studies of the heavy flavour physics
High b- and c-quarks

production rates. At 7 TeV: caL HCAL e M5 e 300 mrad
— O(pp - CCX) =~6 mb ’ f Magnet 2 i = [ \2 <n< )
[Nucl.Phys.B 871 (2013) 1] L ; ==

— o(pp — bbX) =~0.3 mb
[PLB 694 (2010) 209]

All possible beauty and charm
species are produced

Cross-section in LHCb
acceptance @7 TeV

o_ = 75ub ” [JINST 3 (2008) S08005]
[PLB 694 (2010) 209]

X Propertime resolution: ~45 fs
____________ Momentum resolution: ~0.4% for 5 GeV/c tracks
" ~0.6% for 100 GeV/c tracks

Licb M Charged pions
identification efficiency: ~95% are successfully identified
Photon energy resolution: ~1%

Muon identification efficiency: ~97% are successfully identified
Muon trigger efficiency: ~90%




§i&& Reconstructed decay modes

B, — J/yn decays B, — J/yn' decays

@<: o @<: i

B 1} B 1}

7 v e Oaeil

O e O:S:

Y Y

BR(nN — vy) = (39.31 £0.20)% BR(N' — py) = (29.3 + 0.3)%

B. :: )< o

=+

%
Y
Yt

N
M
Y
Y,
m
m m
BR(N — T (T° - yy)) = (22.74 +0.28)%  BR(nN' — ' (N — vy)) = (18.6 +0.3)%
Normalization channel B — J/yp

+
. @< H BR(B? — J/yp) = (2.7 + 0.4)x10*
M .
S _ Cut-based analysis

— > 1T+ Similar selections for all the signal and
6 —TT normalization channels




%’2] Branching fractions measurement

Data description , Phvs. Rev.
1.0 fb™" of data collected in 2011 Partlclezgfiztza group D 8%/ 032008
Proton-proton collisions LHCb 2012
Center of mass energy 7 TeV \
0‘\ gtot 0 T
B(B%@X ) B wao y DY 0 o B(Y ) o &
tot
B(B — wy()) N¢y0 €£X0 B(XO) f$
X% YP=n,n,p
Simulation The final result is obtained
(cross-check with data, where possible) by averaging between the
S ggﬁﬁégen %elg%&sel ggﬁo various n and n' modes
E:15075 - acc&gen X gfreco&sel i trig M
WX Eyx0 XY “yX0 \

Photon correction
To compencate the difference between the simulation and the data

rBT— JA gy -+_. I,_—-."'-'I':-_“ =
e . Jpgetrcm)  _ CBToJbK: B(Bt — JWKT)

J— }i 5
7 v BN ENE yp(k+—ktmy B (Bt — JAb (Kt — K+n?))




B — J/wn" decays

[Nucl. Phys. B867 (2013) 547-566]



G

Signals observation

Integrated luminosity 1.0 fb™ [NUCI PhyS 8867 (2013) 547 -560]
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§iS% Fit results

For the B signals

MC

| .. Mpo ORo ORo
Mod 3 “ v S
0ae Veg MeV/c2] || [MeV/e2]  [Mev/e] || T
Jbn 810 =65 |5367 4 []40.1+36 385+06]| 15.70
n— vy
Jbn L 594411 |5368+3(]203+£23 17.6+04]| 7.00
1‘| — TT' TT 7'[0
!
i{“’” oy, 33630 536741 ([ 80£11 5106 || 1220
!
Jbn 79+10 |5360+3[]207+23 164+04]|| 1050

n' —
/ \

Signal positions Signal significances
In agreement with the G | 9w LB
PDG value \/ “ M s

Signal resolutions
In agreement with the
expectation from the simulation
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The normalization channel
B° — J/wp’

[Nucl. Phys. B867 (2013) 547-566]



Bys — Jwrmm

Wide 111 invariant mass window [300; 1500] MeV/c*

ek
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12 [Nucl. Phys. B867 (2013) 547-560]



%BO — JAprr T T invariant mass

The combinatorial background is subtracted (sPlot technique)

'T' | | | | | | | | |
~ 1001~ )/{” —
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- B L~11h™ b
9 80 J , —
N L y p0 — 1T -
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E - 7 1
= 60 K’ — ;z-//;z _
E . ¢ i £,(1270) — z'7
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< 40- % \ l

201 | + + _
] : ]

¢ iy
0 /1?(J e +“‘ Sy ™ i
0.5 M+ l 1.5

f(600) — ' GeV/c?
13 (~15% fit fraction) [Nucl. Phys. B867 (2013) 547-566]



%{i Reconstruction and selection efficiency

Efficiency weighted distribution

|

0.05 i“!:
5 °-°45§_ Simulation = 30001~ i T TV + -
22 0.04f | | o - o1 -] Fit fractions: :
~ 2500  JF r S -
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[Nucl. Phys. B867 (2013) 547-566]
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§&&  Branching fractions ratio

0 tot 0
B(B = vX7) _|Nyxo| [Syyvo | [BAT)| | fy
0y tot 0
B(B = ¢¥Y?) | Nyyo X0 B(X") f:c\
fs/ fa = 0.26725.5%
Mode Yield gt %] nerr (%] B %]
BY = J/un (1 — 1) 810 = 65 0.236 = 0.006 080X 7.5 390.31=+0.20
B — J/ym (n — nta—m0) 04 4 11 0.050 +0.002 94.1+7.5 22.74 +0.28
BC — J/un (nf — %) 336 + 30 0.142 4+ 0.004 98.0+3.7 29.3 +0.6
BY — J/yif (f — ) 79 + 10 0.068 +0.003 96.0+7.5 18.6 +0.3

Normalization channel

BY — J/t_;"}p” l(,o[’ — ’J’T—"’J’T_).

(276 £ 1.3) x 10°

126 £ 0.5

/

Reconstruction and selection
efficiency is already taken

iInto account

T~

98.90 £ 0.16

Only geometrical and trigger
efficiencies are included
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§&&  Branching fractions ratio

After averaging between various modes of n and n' modes

Bon = 0.90 & 0.09 505,
REE:EO = 3.75+0.31 75 X (%)

REEQQ = 3.384+0.30 791 x (%)

Systematical uncertainties include:
- uncertainty of the photon efficiency correction;
- charged pions reconstruction efficiency;
- trigger efficiency uncertainty;
- data fit uncertainty;
- intermediate resonances (n, n', m°) decays
branching fractions uncertainties.

16 [Nucl. Phys. B867 (2013) 547-566]



ﬁ%[\i B° — J/w(w’ — o)

Quite similar analysis strategy Reconstructed decay mode
T : I I I | ! I I I | I ! I ] | ! ! I ] | ! I I I :
-2 0 _, 3
Eosof B e LHCb @< u
3 L=1.0fb" | r° Y
?"i e . . L %
E 40; 4.60 significance! @ 1Yr
Ly First evidence!
30 - Tr
B BR(w— T (1° — vYy)) : 7%
201 —
- : Normalization channel
10__ —— IJ+
0: oS v R T RN SO R PO TR 1 T | . Bs @< I“-
5.4 5.5 5.6

3.1 ; . X ; : — T
I'I]JJM1 w [GEV,”(!E] o “' +
N(B®) = 72 + 15 —» 1T

M(B°) = 5284 + 5 (MeV/c?)
o(B) = 23.7 + 4.8 (MeV/c?)

B(B? — JAbw) = (2.41 £ 0.52(stat) 132 (syst) + 0.36(Bgo_yppp0)) x 107°
17 [Nucl. Phys. B867 (2013) 547-566]



§i&s  The B, — w(2S)n decay

. . . Reconstructed decay mode
Quite similar analysis strategy

g\,: - M
= 5 B~ y2S)n— vv) B b
= B &
= = First observation! @L:i
S [ 6.20 significance! Y
7 f Normalization channel
.:Cg 155_ T‘% z B, — Jiy LHCb
"Cg."ﬁ 10- i % 130% (N — vy)
s %J E
O 5 ++ .-.% 100
G‘5 O T 56 S jz 2
M($p(25)n) [GE‘V/ e B
[Nucl. Phys. B 871 (2013) 403-419] M@Am)  [Gev/cd]
Mode N M t
s [ MeV/c?] [ MeV/c?]
B? — JAbn 863 + 52 5370.9 + 2.3 33.7+2.3

18 BO 5 {(2S)n 76+ 12 5373.4 & 5.0 26.6 fixed



§&§ Ratio of branching fractions

B, . Do BY — prrtme [Nucl. Phys. B 871 (2013) 403-419]
:—Bg — 1 LHCbH 2012 = Bél?ég—:b(](/isa?) = 0.83 £ 0.14 (stat) £ 0.12 (syst) + 0.02 (B)
— D0 2009 : a DO:  Phys. Rev. D 79, 111102

- CDF 2006 . ~ B, = V¢ CDF: Phys. Rev. Lett. 96, 231801
—LHCb 2012 v LHCDb: Eur. Phys. J. C72 2118

E LHCb 2012 - B? - ¢yt [Nucl. Phys. B 871 (2013) 403-419]
DI 1 . B? — PpK*O CDF: Phys. Rev. D 58, 072001
Fa LHCb: Eur. Phys. J. C72 2118

- Gomim ) CDF: Phys. Rev. D 58, 072001

L po : 2 ) + + ) yS. Rev. ,

5.0 St DO:  Phys. Rev. D 79, 111102

, e Zs LHCDb: Eur. Phys. J. C72 2118
_lJlJllI]IIIIlIIIIlJlJlIlll]|J|l||IIIIJlIlJ

03 04 05 06 07 08 059 1
19 B(B — H(25)X)/B(B — JAb X)



§iS% Summary

With 1.0 fb™" of data collected by the LHCb experiment in 2011
The B — J/yn and B — J/yn' decays are observed
and their branching fractions are measured

B(B; — JAbn)

(3.79 + 0.31(stat) 1920

B(B? — J) = (3 42 + 0.30(stat) T0-14

(syst) & 0.56(Bgo_ pn) b 27 (fd)

fs
(syst) £ 0.51(Bro_ppp0) T0 e (fr_

S N
X
'_l.
=
o

)

As well as the ratio of their branching fractions:

B(B, — JAbn')
B(BY — JAbn)

= 0.90 + 0.09(stat) T30 (syst)

All the values are in a agreement with both Belle measurements and the theoretical prediction
First evidence of the B® — J/yw decay is found
and its branching fraction is measured

BB’ — JAb w) = (2.41 £ 0.52(stat)

+0.19
—0.35

(syst) £ 0.36(Bgo_jppp0)) X 107°

[Nucl. Phys. B867 (2013) 547-566]

The By — w(2S)n decay is observed for the first time
and the ratio of branching fractions is measured:

B(B? = ¥ (2S)n)
B(B? — JAbn)

= 0.83 +0.14 (stat) £ 0.12 (syst) 4 0.02 (B)

[Nucl. Phys. B 871 (2013) 403-419]
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Fit strateqgy

B, — Jw(n — m°m*m)

50

40

30

20

10

B, and B®signals

- two Gauss functions with same
resolutions
- difference between mean values is fixed
(MBS — MBd) =87 MeV/Cz;

- In the J/yn'(n' — p%) case 2 Gaussian
functions are used for each peak.

+ — Exponential background

1 | g

10

52 54 56
lllJ/LlJ n (‘} e\v"r/ﬂfz

Partially reconstructed background is described with the phase space function
under assumption of the B — J/wnK decay contribution, in case when kaon has
escaped reconstruction.



B° — J/wrrtr: i invariant mass

The combinatorial background is subtracted (sPlot technique)
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