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% Outline

* Detector overview

* y(2s) production

* Y.1» X CrOSS Section ratio measurement

 Exclusive dimuon production ( poster (ID 419) by Tara)
Y'(1S) production

¥, Observation at LHCb

X(3872) production and mass measurement

X(4140) search at LHCDb

All results are preliminary
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LHCb detector
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Forward region spectrometer (1.9 < n< 4.9), 4% solid angle, 40% b-hadron cross section
Excellent tracking: PV resolution c,,~15um, ¢, ~75um,

£>90% for tracks above few GeV, B mass resolution ~ 20 MeV
Excellent particle identification, /K separation over 2-100GeV, hadron mis-ID to p ~2%

Efficient triggers: low p; lepton and vy, hadron thresholds
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Data taking 2010/2011

LHCb 2010 luminosity

[ LHCb Integrated Lumi over Time at 3.5 TeV |

©{ '« Delivered Lumi: 42.15
Recorded Lumi: 37.66
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Days since 1 January 2010

v'overall data taking efficiency ~90%
v ~37pb 1t integrated luminosity
v" with all sub detectors fully operational

Most of the analyses based on 2010 data
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LHCb expects to collect 1 fb-tin 2011
v ~390pb-! recorded already
v analysis updated with new data

The X(4140) analysis includes 2011 data
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y(2S) production cross-section

No feed down from higher states, cleaner in theory

Both upu mode and Jhynm mode used

up mode

Nyes) (pr)

Jhymtr mode

" Lo elpr) BW2S) > Jjum ) BUIW — i) Apr

F 4 6000
5 S5
F 2 r
F © 5000/
E o N
2 2
- c
; 34000
E 3000
F 2000/
30000 — r -
; N, = 11234+ 174
N, = 893744718 ;
N S T D T T PR T %;\III\I\II
gg[)ﬂ 3550 3600 3650 3700 3750 3800 3850 3900 3640 3650 3660 3670 3680 3690 3700 3710 3720 3733[)‘”2%40
M, (MeV/c?) e
—_— 3
) § 10 E
3 10° LHCb 2010 preliminary g E
g - : [+
] . . 5 L
= :¥:‘:E$ JLdl-SSB b : 107 ++
= e - ggos
S Lot e LHCb 2010 data i +—+—
ES ' C
oo === i +
10 s 20<y<25 —— 1o§— —«}—_}__{—
A 2.5<y<3.0 g 3 F
4 30<y<35 —¥ ﬂ_’:t:’:i; . +++
3.5<y<4.0 ——
1 A4 4.0<y<45 + 1; LHCb 2010 preliminary +
E \s=7TeV
L J‘Ldl =349 pb”
107 | 1 P R R B I T N T T T T
0 2 4 6 8 10 12 10
2 4 6 8 10 12 14 16
P, (GeVic) P, [GeVic]

double differential cross section in y and p+
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v(2S) production cross-section (cont.)

Unknown polarization

1y mode o(0< p, <12 GeV/c,2<y<4.5)=1.88+0.02+0.31°%| 1b

Jhynm mode o(3< p; <16 GeV/c,2<y<4.5)=0.62+£0.04+£0.12°% /b
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LHCDb data include y(2S) from b decay,
10% at low py, up to 40% to high p;

double differential cross section in y and p+
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Results and theory agree very well
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Ye1 » Neo CrOSS Section ratio study
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Efficiencies cancel out, lower systematic uncertainty

x. — J/w vy : converted y (e*e” clusters) and not converted y (y cluster) treated separately
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The NRQCD also used for the y(2S)
Cross section prediction.

7/22/2011

Ye1 » XYoo CFOSS Section ratio study (cont.)
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Results in Jhy p; bins

Internal error bars: statistical error
from the yield extraction
External error bars: systematic
uncertainty included

v'decay branch fractions
v'stability of fit

v'MC statistics

Shaded area (black): maximum
effect of unknown polarization
Shaded area (red/blue): theory
prediction

Data and theory not consistent at mid and low p; !
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Y'(1S) production measurement
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Y'(1S) double differential cross section y & p+

Y(2S) ,Y(3S) is understudy

nb

Main systematic uncertainty includes unknown polarization (20nb), luminosity (11nb)
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Y'(1S) production measurement
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Observation of y,

X, constructed from Y'(1S) and photon ~37pb1 LHCb 2010 data
Photon energy measured by calorimeter
}zsn‘llllllllllllllllllIIIIIIllllllllllllllllllllllIh
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Clear y, signal, LHCb plans to measure the cross section
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X(3872) production/mass measurement

« Exotic meson, internal structure uncertain, precise mass crucial
» At LHCb reconstructed mass calibrated by scaling the track momentum

1864.83 £ 0.14 ~35 pbt 2010

| Decay | Measured mass [MeV/e?] | PDG average [MeV/e?] |
T(1S) — ptp~ 9459.90 4+ 0.54 9460.30 4 0.26
T/ — ptp 3096.97 + 0.01 3096.916 + 0.011
D? — K~nt 1864.75 + 0.07
K — 7trn 497.62 £+ 0.01 497.61 4 0.02

 checked by control channel:
3686.12 £0.06 MeV (LHCb calibrated)

3686.09 +0.04 MeV (PDG)

CDF! o
BaBar B* —e—
BaBar Ej%o '—‘—-'
DO : : -
Belleé =
Old Average 387%1 .56+ 022 e
LHECb Prelir%hinary { i
: ew average 387;1.63 + 0520 Ie!

7/22/2011

L L 1 1 I 1 1 L i 1 1 1 1 1
3860 3862 3864 3866

1 I 1 1 1 1 L 1 1 L 1 ' 1 1
3868 3870 3872 3874 3876
X(3872) mass [MeV/c?|

v(2S) —=J/ yan

1600 Hch
C Preliminary
14005 = 7 TeV Data

1200F

Events/2 MeV/c?

1000F

800f

600f
400f

200

1 I 1
3800

M(J/y * ) [MeV/c?]

1 I 1
3900

N

M (X )=23871.96 +0.46(stat)+0.1(systMeV/c

EPS-HEP 2011 12




X(3872) production/mass measurement

T . e(Pry)
Statistics limited, weight every event by 1/e(p1,Y). Fossf — 2,02
Fiducial region: 2.5<y<4.5, 5< p;<20 GeV/c i)
0.25F LT -H
Signal distribution is modeled by 0zf PEGIENE
Gaussian convoluted with Breit-Wigner 3 }L]-]T
Igyw = 1.3 MeV( from CDF) N ST
Efficiency corrected yield : 0-052- ~ T |
N 0...-—-—11—'—i|||||||||||
X67) _ (95 + 2.2)x10° T e
gtot

ox(3872) X BR(X(3872) — J/¢pm"m™) = 4.74 + 1.10(stat) & 1.01(syst) nb

Systematic uncertainties:

Polarization: 1.4% Track quality cuts: 2%

Mass resolution: 1.3% Vertex quality cut: 3% N EW
Tracking efficiency: 16%  Trigger: 5%

Decay Width (g, ): 12%  Luminosity: 3.5%
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X(4140) search

CDF observed structure (Jhyo) iIn
B* —»J/yoK* (p —K*K") decay

10 CDF 6 fb! . \

"§ CDF arXiv:1101.6058v1

2 gl 4 X(4143)
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B+: 115412 events

X(4140) would be exotic
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X(4140) search (cont.)

Description of M(J/wo)- M(o):
Signal: Breit-Wigner convoluted with resolution mass width fixed to CDF
Background:

3-body phase space quadratic polynomial

ExeCtEdZ39i9i5.”I“.I.”I.”:
7 £ 5events - 0 + 3eventy

10

MeV

Number of entrie
1]
]
— |

Number of events/4 MeV

N
o

N

42}

1
[——

| —
]

0 K 1 1 0 N 1 N 1 L N A 1 M "
1000 1100 1200 1300 1400 1000 1100 1200 1300

M(J/y &) - M(J/y) MeV M(J/y &)-M(Jy) MeV

Br(B* — X(4140)K ", X (4140)— J /y¢) </0.07 for 3- body phasespace (90%C.L.)
Br(B* — J/ywgK") <|0.04 for quadratic poly nomia90%C.L.)
LHCb does not confirm X(4140)! CDF: 0.149+ 0.039 =0024
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% Conclusion

*Many quarkonium states emerged with huge statistics and good
quality in LHCb 2010 data

*y(2S) production cross section measured in agreement with NRQCD
prediction

* Y1 » Xz CrOSS Section ratio disagrees with theory at mid p;

* Y'(1S) cross section measured at LHCDb

* y,, IS observed at LHCDb

 X(3872) mass measured in agreement with PDG value, cross section
also given

*LHCDb does not confirm the CDF X(4140)
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X(4140) search

CDF observed a narrow structure X —J/ye in B — J/yoK decay

arXiv: 1101.6058

LHCDb study the same channel, selection and method

also used to look for B, — J/ynnn n l a)!

282+ 18 B—J/yoK events

Fit on JAye and Jhy mass difference Hﬂﬂ-ﬂmm

two background shape models used: pdeblad i

10
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3-body phase space background: 7.5*>2, ; (CL=3.5%)

~
v
I

guadratic polynomial: prefer 0 (CL=13%)
Br(B — X(4140)K)/Br(B — J / w¢K )< 0.03@ 90%C.L.
While CDF result:

0.149+0.039+0.024
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ch 3
b LHCb search for X(4140): B*—>J/ypK* sampP

Number of entries/2 MeV

For B—JAyK-K K+ events { * Loose p (muon system) and K
“T" [[£2.56 around the B mass peak] (RICHes) ID cuts.
- 1 « J/y mass cut.
ol ]| LHCD pr ?ffmmaf}" «  Good (uu)K*K-K+* vertex, separated
0.376 ' (2010+2011 data) {  from primary vertex but pointing to it.
ok || o(1020) Br—=JiyoK _' _ Aiter the ¢ mass cut:
Sl 381122 events E 70
cut 1, ‘E‘; Euf_ LHC,b, ﬂ] B+—JiyoK+
0 l 1 &  preliminary 364420 events
| &t s 0376 fb-1
ol e gl ol e LD Emi 3.2x more than
1000 | 10§0 1100 1150 100 € L CDF in 6 fb!
Scaled fit to M(K+K-) MeV Epwn
the B-sidebands - also better S/B
20—
1uE—
S 7 3 1 < ¥ 715 1

M/ yeip K) MeV



ch 4
WS Tits To X(4140) -

Signal:
P-wave relativistic Breit-Wigner convoluted with resolution (a la CDF)
with mass and width fixed to the CDF values

Background:

efficiency-shaped 3-body phase-space quadratic polynomial

convoluted with resolution (a la CDF)

" —_r———r—r—r————y———r 771 7T T
FtcL [| Expected X(4140) yield scaled from the CDF: 39+9+6 1 FitcL
3% T T 1%
< [\ LHCb preliminary v LHCb preliminary -
2 7SF \ X(4140) 745 events \§ X(4140) 03 events 7
3 F i L :
=
o [ -
= - -
@
T [ i
g |
L
E =
: pu—
Z L

1000 ,'I 1100 1200 1300 1404 1100 12000 1300 14040

il wagaing MWW 0) - M(Jy) MeV M(Jhy 0)-M(Jhy) MeV
the dog 2.4c disagreement with the CDF 3o disagreement with the CDF
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WS — 55 O on @ 740) =

Fit likelihood

1.0

3-body
; %, phase-space
. ‘background
; ‘z__.:”f
05| ..-': quadratic I"-.‘
polynomial %,
background %
F %
025 a0, :
I S
90% l : _
Y] MRCEP B
0 0

10 20 3
*(4143) amplitude (events)

BR(B+—X(4140)K+,X(4140)—J/yo) /
BR(B*—J/yoK*)

< 0.07 (90% C.L.)
LHCb preliminary

< 0.04 (90% C.L.)

vs CDF;
0.149 +0.039 +0.024

« We cannot confirm X(4140) existence



MNumber of entries/4 MeV

LHCD fits to X(4274)

ﬁﬁcb 6

-I[]' T T T | | | — ]

LHCDb preliminary

7.5

X(4274) fit

|III
1

1000 1100 1200 1300

M(JAy 0)-M(Jhy) MeV

1400

Fit likelihood

. -, phase-space
¥ * background

0.75 o .
quadratic

polynomial
background

025 =

U‘U P
] 1]

20 a0 a0
x(4274) amplitude (events)

Assuming CDF efficiency is the
same for X(4140) and X(4274) —
we expected 49+18 (CDF stat.)
X(4274) events

BR(B+—X(4274)K+ X(4274)—J/yo) / BR(B*—J/yoK+) <0.08 (90% C.L.)
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