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Why Study Quarkonium at the LHC?

The CMS Detector

Quarkonium Cross Section Measurements

T(nS) Polarizations

I .o/l 1 Cross Section Ratio

Ratio of X(3872) and W(2S) Cross Sections
Observation of Structures in the J/ W® Mass Spectrum
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Motivation

@ T heoretical Motivation

e no theory has simultaneously explained experimental measurements of
both production cross section and polarization
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which allows to study
P-wave quarkonium states
through radiative decays
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The CMS Detector
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Mass Fits and Yields\(y5)

@ Unbinned Maximum Likelihood fit

@ signal: Crystal Ball, Background:
Exponentials or exponential and
error function product

@ Mass differences fixed to PDG

values, common resolution value
scaled by mass
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Disentangling Prompt and Non-promyt !

3/
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@ Prompt and non-prompt components determined from simultaneous
likelihood fit to M and "yy in each pr and |y|bin
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Results: Prompt J/! and !(2 S) Di"erential X-section

I W(2S)

promptJ/ ! $ "y, corrected for acceptance prompt ! (2S)$ ', corrected for acceptance
—_ F T T T T | T T T ™ ~~ | T T T T | T T
’c\? ol 0 CMS\F 7TeV L= 37pbl T ’Q 10E CMS Vs=7TeV L=37pb' =
S 10°F Na —6— 0.0<|y| <0.9 (#625) > . —6—0.0<lyl <1.2(#25)
) = B SNe —5— 09<|y|<1.2 (#125) 7 (o)) 4_.?_—?* 8- 12<lyl<1.6#5)
Q, - o o O —— 1.2<|y|<1.6 (#25) 9 L o ——1.6<lyl<2.4 #1)
= 20 i KOS —6— 16<ly|<21(#5) | = NN prompt NLO NRQCD
o 10°E o e 21<|y|<24(#) 3 L 1 s N —
c = O ~O~ = c E 3
~ C b O prompt NLO NRQCD . ~—" E O 3
> L L w . 2> ——% e NN .
S 10F g AR - S [ = ]
o ;é*% RS —O0— § o o ey ~o~ ]
O c R ANy ] o 1 NS\
s f =, N { g 107¢ o = E
2 e ¥ 4 £ F N XXX ]
5 Z ks i = C ]
+ B e 1 o I ¢ T
L I _ 2 —
m10 ! E RN E E 10 2 = R - E
= . SRR - B i
10 £ Luminosi izat E i |
E Luminosity and polarization 3 Luminosity and polarization
C uncertainties not shown . 10‘3 = uncertainties not shown 3 —
C L | 1 1 1 1 1 ] E 1 1 1 | 1 =
6 78910 20 30 4050 6 7 8 910 20 3
P, (GeV/c) P, (GeVl/c)

@ Excellent agreement with NLO NRQCD predictions.

(JHEP 02 (2012) 011)
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Results: Non-Prompt J/!

X-section

oy E = o~ = ]

© = S8 3 © C CMS Vs=7TeV L=37pb?* ]

> C N —o— 0.0 <lyl <0.9 (#625) | > i —6—0.0<|y|<12(x25) |

[O) L o —5— 0.9<lyl <1.2 (#125) [0) B ~—<}>« —5—12<|y|<16(x5) ]|

O] ol o Res! —o— 1.2<lyl <1.6 (425) _| Q) N —o—16<ly]<24(x1) _|

E’ 10°E D on e 16<lyl<21(#) 3 E’ 18 AN FONLL 3

Eoow —— 21<lyl<24@#) 7 C =0~ ]

£ - NN - N FONLL . £ C N o ]

%‘ - ’()"():-O-‘ T — % K ._Q_‘ —O— |

o 10F & oy SR ERR-=T s aa aa |

- e 1 = I‘;| —Q0— =

Q - 4},3, - g - 3

= B i - T (%) C + ]

- B R 7 a3 L —— i

& - N\ i — = L T ———
o 1t R \ —O0—— 3 © a8

+ o N —_— ] © 1 0-2 L + —

m B N 7 X = n -

L - m C —— ]

1 —d— O | i il

107 SRS T : -

N Luminosity o i -3 L_Luminosity _

- uncertainty not shown . 107 ¢ uncertainty not shown % =

| . — ] ] ] E ] ] ] ] | |:

6 78910 20 30 40 50 6 7 8 910 20 30

P, (GeV/c) P, (GeV/c)

J/v

non-prompt J/! $ p* |, corrected for acceptance

CMS Vs=7TeV L=37pb"’

W(2S)

non-prompt y(2S)— u” u, corrected for acceptance
T T T T

@ Good agreement with FONLL predictions:

o Overall shift in the W(2S) case
e Spectra fall more rapidly than predictions at high py

and /(2 S) Di"erential
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#(nS) Di"erential Fiducial X-section (36 pBb)

@ Acceptance is a strong function of production polarization

@ The fiducial cross section results are not corrected for acceptance.
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BPH-11-001,

https:/ /twiki.cern.ch /twiki/bin/view /CMSPublic /PhysicsResultsBPH11001
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Di"erential #(nS) Cross Section ofr and|y| (36 pb 1)

BPH-11-001, https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsBPH11001
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a(pp — T(3S)X) - B(T(3S) — p ' ) = (1.11 £ 0.01(stat.);" %3 (syst.) 4 0.04(lumi .)) nb .
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@ Updated analysis using 36 pb' ! data, extending kinematic reach:
pr < 20GeV — 50GeV, ly| <2 — 2.4

@ Acceptance corrections for unpolarized assumption, down to zero pt
@ The dominant systematic is from the calculation of the efficiencies.
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Comparisons of Cross Section to Theory and Other

Experiments
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@ NRQCD seems to give the best @ Complementary to LHCb and
agreement consistent in the region of overlap
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Summary of Quarkonium Cross Sections and Compari

to the other experiments at the LHC

2 JALCE cMs ATLAS Ve=TTev
3 . 8<p, <15 GeVlc ALICE : 5.6 nb' !
819 ﬁr‘ e ATLAS : 2.2 pb' 1
1 . CMS : 37, 36 pb' *
o LHCb : 5.2, 36, 25 pb' !
104 e
1e = O e !
1= == =+ 5 i i Compilation by H. K. W0Qhri,
Came presented in LHC Days in Split
' sEmme
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O Y(2S) luminosity uncertainties:
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@ Prompt J/W production has been measured by four LHC experiments with 2010 data
@ CMS and LHCb trends can also be compared for prompt W's and for the three T states

@ Much larger data sets from 2011 and 2012 should provide even more accurate results
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#(nS) Polarization Measurement

@ The polarization parameters #, , #, #,» and # are measured in three frames
(HX, CS, PX), in two rapidity regions, |y| < 0.6 and 0.6 < |y| < 1.2

arXiv:1209.2922, accepted by PRL

1FCMS pp WNs=7TeV L=49fb" F HX frame, lyl <0.6 +

[ 4 Stat. uncert., 68.3 % CL
0.4 | g Tot. uncert., 68.3 % CL Y(1S) + Y(2S) + Y(3S) |
[ Tot. uncert., 95.5 % CL
0.2F Tot. uncert., 99.7 % CL

-0.2f

0.4}

st yas)t  yes i y@s)

0.2}

1I0 1I5 2I0 2I5 3I0 3I5 4I0 4IS 1I0 1I5 2IO 2I5 3I0 3I5 4IO 4I5 1I0 1I5 2I0 2I5 3I0 3IS 4I0 4I5
P, [GeV] P, [GeV] P, [GeV]
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Comparisons with CDF and theory

T] cusppNs=7TeV L24siT  Csfame Iy <06 @ CMS extends the measurements beyond
{ CDF pp \s=1.96Tev #(18) o
" the pr and rapidity ranges probed by CDF
1| at the Tevatron
"| o; l++ :%r—"—; ----------------------------------------- . . .
] + T J @ Theory is more reliable at high pr
05 @ Measurements do not show strong
] —+— cMs, tot. uncert., 68.3% CL polarizations
-197 —e— CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL
S v arXiv:1209.2922, accepted by PRL
_ CMS ppNs=7TeV L=49fh™ HX frame, |y| < 0.6 | B
159 Cor pa- 10T . @ T(1S) suffers from large ! |, feed-down

contribution, with unknown polarization

@ T(3S) is almost free from feed-down '
more robust comparison to calculations

11+ cus. ot cor, s801. @ Theory predictions needed for # and # |
1 —¢— CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL .
-1.5—: —— NLO NRQCD at \s = 1.96 TeV,t :DRDSS,t114021 (2011) an d In the CS d nd PX fra Mmes

1 - NNLO* CSM at \'s = 1.8 TeV, PRL101, 152001 (2008)
SRS s e . S
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p, [GeV]

0
https://twiki.cern.ch /twiki/bin /view/CMSPublic/PhysicsResultsBPH11023
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Measurement of the prompt ! .1/! <> production cross-section ratio

@ P-wave quarkonium states present
complementary information to S-wave
state production.

@ Production of x¢ mesons studied via
Xc — J/WV + v decays, with tracker-only
~ conversions to ete'

@ High purity v Conversions /
arXiv:1210.0875, accepted by EPJC \

15
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The Results

@ The prompt ! ¢/l <1 cross-section ratio has been measured vs. pT
@ Systematic uncertainties dominated by fit to mass distribution. Also
include efficiencies statistical uncertainty.

I 1.0

© cmS
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07 e
0.6
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IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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mxa

0.2 olx_,) B, — Jp ) ly(hp)l <1.0
olx.) B, = I ) b,(r)>0.5 GeVie
0.1 ¢ ¢ Unpolarized
| | | | | | | | | | | | | | | | | | |
0.0 10 15 50 55

. p_(JAp) [GeV/c]
arXiv:1210.0875, accepted by EPJC T

https://twiki.cern.ch /twiki/bin /view/CMSPublic/PhysicsResultsBPH11010
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Comparisons to Theories

https: //twiki.cern.ch /twiki/bin /view/CMSPublic/PhysicsResultsBPH11010

:‘3:'51 OF
Eﬁ E;O'g ? pp,\gt‘s? TeV
$[50.8F L =4.6 fb"
0.7F  —ky factorization
o6
0.5F
0.4
0-3—-———1—*
0.2F (A <1.0, p_(1) > 0.5 GeV
0.1 * (mxm’mxcz) =(0,0)
00==—"36 4520 25
pT(Jhp)[GeV/c]
ly(@/v)| < 1.0,

pt (Y) > 500MeV /c
@ The kt factorization model predicts the
Xc1 and xco states in a J;'X — 0 state.
For a proper comparison, the acceptance
was recalculated under this assumption.

arXiv:1210.0875, accepted by EPJC
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C Ll T S TR S TR N |
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down to zero pr1

The NLO NRQCD predictions were made
without a cut on the photon transverse
momentum.

Extrapolated down to zero photon pt .

The measurements assuming two
different extreme polarization scenarios
are shown by the long-dashed blue and
short-dashed green lines.
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Ratio of X(3872) and !(2S) cross sections

10 < pT(X) < 50 GeV, \y(X)| <1.2
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Observation of Structures in th# '$ Mass Spectrum

@ CDF observed the Y(4140)
structure with a significance

greater than 53$.

@ CMS confirmed a structure at
4148 MeV with a significance
greater than 5% and saw an
evidence for the second
structure in the same mass
spectrum.

N(B")/! , per 20 MeV

300
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50

m(Ist) = 4148.2 + 2.0(stat) + 5.2(sys) MeV
m(2"d) = 4316.7 = 3.0(stat) £ 10.0(sys) MeV

250
2001

150 F

--------------- three--body PS
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CMS-BPH-11-026 https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsBPH11026
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@ J/ W, W(2S), T(nS) differential cross-sections measured with typical
uncertainties (statistical + systematic) of 5%, 20%, 10%
o pr ranging from 0 to 70 GeV/c for the J/ W, 0 to 50 GeV/c for the Ts
e For charmonium, prompt and non-prompt separation achieved using

decay length information
e Good agreement with NLO NRQCD predictions at 7 TeV

o B" J/V, WU(2S) in reasonable agreement with FONLL predictions,
except for the very high pt region

@ ! ." J/V + Y%assessed through photon conversion

o Excellent signal-to-background ratio, good separation of the three
states: ! g, ! ¢c1 and ! >

e The ! oo/! 1 cross-section ratio measured up to pr values extending
beyond previous measurements

e The most precise measurement currently!

@ The exotic state X(3872) was observed at the new energy region with
statistics 2 times as large as CDF; the pr differential cross section has been
measured

@ Two structures were found in the J/ W& mass spectrum.
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Quarkonium Production Cross Section Measurements

d2U(Q6) = + o1 . NDt(QG)
dordy © QR T = A Apr Ay

@ A: Acceptance
@ € = €pack - €id - €trig
o &rack: Tracking efficiency
o &4,&:ig: Muon identification and trigger efficiency

[~ Npt(QG)Z The QQ vyields, extracted via an extended unbinned maximum likelihood fit
@ L: The integrated luminosity of the dataset

Efficiencies (¢) Mass Fit(Npt(QQ))
Acceptance (A) T T T T T T T T T T T T T
0.8 :\ T T ‘ T T ‘I T T T T T T T T ‘ T T \: 1 N §180007—
- ; i 13 F cms
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AcceptanceA)

A (prTr yT) _ N'eee (pl, yT\ SiTRK track pair satisfies fiducial cuts) |
Ngen (p/'|T1 y/T)
(1)

@ Geometric and kinematic

@ High-Statistics T(nS) Gun samples, generated flat in Tpr
@ Different acceptance maps for 1S, 2S and 3S

2

1.8
1.6
1.4
1.2

1

Y(1S)
ly |

0.8

0.6

0.4

0.2
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MuonID E%cienciedf)

CMS, /s =7TeV, L=3pb*
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Trigger E%ciencied (g )

CMS, /s=7TeV, L=3pb™!
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DePnition of observables for polarization measuremen

4 / <—— Quantization axis z

Quarkonium
rest frame e
: e | + Most general observable
production > angular decay distribution:
plane :

dﬂoc 1 +19 cos>6
dQ

+ A, sin’@ cos2¢p

+ /16,?) sin 26 cos @

Ty =1 tx J,=+1 —> |. =+1: OtransverseO polarization
0

J.=0 —> !. =-1:0longitudinalO pol.
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Results: 1(2S5) to J/! X-section Ratios

Prompt Ratio Non-prompt Ratio
g 0.09p—— L DL B B g 009——T—— 11T T
g : CMS Vs=7TeV L=37pb* . g B CMS Vs=7TeV L=37pb™ .
T 0.08 B o L0 KRG S 2 0.08] B ronL smeiodnn ]
E | |<2.4 E 8 - EvtGen, scaled to data E
0.071- ' = o 0.07f ly| < 2.4 -
0.063 0.06} f
0.05 0.05
0.04] 0.04]
0.03F 0.03f
002 =46~ ""15" 20 25 30 00251015 20 25 30
p. (GeVic) p.(GeVic)
B(B — ! (2S)X) = (3.08 & 0.12(stat . +
@ No |y| dependence observed syst.) + 0.13(theor.) & 0.42(Bppg ))
Results as a function of PT In agreement with world average
(4.84+2.4)-10' 3
(JHEP 02 (2012) 011) more precise by a factor of 2.5!
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#(nS) Polarization frame-invariant parameter

15F CMS pp Ns=7Tev L=49fb*+
.'
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05} 1 1 :
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| 05 1 l 3 % I ]
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First CI\/IS paper on J!
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B fraction results
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JI'! Systematics

ly| range 0! 0.9 09 12 12 16 16 21 21 24
Quantity Source Relative uncertainty (in %)
affected
All cross sections

myy Pts Statistical 1.2 89 15 71 16 84 121 3.2 23 39
Iy bts Statistical 1.00 59 14 47 14 76 21 83 44 7.1
Efbciency Single-muon efbciency 0.3 0.9 0.2 16 0.1! 1.4 0.2 1.0 0.6! 1.4

" factor 19! 232 122 76 07" 57 08 54 3.7 6.8
Yields Fit functions 06! 34 0.4 28 05 28 08 22 1.0 4.2
Luminosity ~ Luminosity 4.0 4.0 4.0 4.0 4.0
Non-prompt Tracker misalignment 01! 21 01! 0.8 00 15 0.2 3.2 0.2 51
fraction b-lifetime model 01! 3.0 01 34 0.1 3.7 021 26 0.2 6.6

Vertex estimation
Background bt
Resolution model

Efbciency

0.1! 0.7 071 3.0 04 3.7 15 46 23 50
0.0 0.2 0.1! 14 0.1 1.0 0.0 25 0.1 1.2
0.2! 35 0.0 42 0.8 35 1.1 50 1.1 44
04! 21 09 33 05 99 03 3.3 1.6 105

Only acceptance-corrected cross sections

Acceptance FSR
pr calibration

Kinematic spectra

B polarization

00 15 0.0 25 0.0 42 0.71 80 0.5 35
00! 06 0.0 0.6 0.0 08 0.1! 0.6 0.00 0.8
0.0! 0.3 0.00 0.7 O0.00 0.7 07! 3.8 0.4 53
00! 05 o0.00 04 00O 05 0.1 0.8 0.3 1.3
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1(2S) Systematics

ly| range 0! 1.2 1.2 1.6 16 24
Quantity Source Relative uncertainty (in %)
affected
All cross sections
myy Pts Statistical 5.6/ 148 749 31.7 73 241
't (29 PtS Statistical 431 127 59 38.0 9.1 264
Efpciency Single-muon efpciency 0.1! 0.5 0.1! 0.6 0.2 0.9
" factor 0.7! 131 21 66 2.3 9.8
Yields Fit functions 1.2!' 3.7 0.6 121 3.1 10.0
Luminosity  Luminosity 4.0 4.0 4.0
Non-prompt Tracker misalignment 03! 26 15 71 1.8 11.1
fraction b-lifetime model 00! 25 04 76 00 29
Vertex estimation 0.0 1.7 0.2 35 121 42
Background bt 1.0! 6.8 2.2 10.0 25 15.3
Resolution model 05! 35 01 46 09 249
Efpciency 05 78 09 6.3 0.5 13.8
Only acceptance-corrected cross sections
Acceptance FSR 0.0 39 05 34 03 41
pr calibration 0.2! 0.5 031 0.5 03 05
Kinematic spectra 0.1!' 1.2 0.0 09 07" 20
B polarization 01! 0.8 0.0 0.6 0.2 1.7
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# Systematic Uncertainties

ly' | < 24
(19

PT A Sp A pr Afsr 1’J"’E(rig,id H #func #trk PD I:CB PD Fbkgd M scale
0.0 500 | 1.8(1.7) | 1.0(1.0) | 1.7 | 05 | 7.1(54 | 6.8] 1.8 | 0.4(03 | 1.7 0.7 0.0(0.0)
0.0! 0.5 | 1.3(1.2) | 0.1(0.1) | 0.3 | 0.8 | 10.1(7.9 | 7.5| 0.4 | 0.4(0.3 2.0 0.7 0.1(0.1)
0.5! 1.0 | 1.3(1.3 | 0.1(0.1) | 0.3 | 0.8 | 9.5(7.6) | 82| 0.7 | 0.3(0.4 | 1.8 1.3 0.0(0.4)
1.0! 1.5 | 1.4(1.3 | 0.9(0.9 | 1.5 | 05 | 8.4(6.8 |7.1| 3.6 | 0.4(04) | 21 0.5 0.0(0.0)
15! 2.0 | 1.4(1.4) | 1.8(1.8) | 1.5 | 0.4 | 8.9(7.0 | 81| 3.4 | 0.4(0.9 1.3 2.8 0.1(0.0)
20! 3.0 | 1.7(1.6) | 0.2(0.0 | 0.7 | 0.7 | 85(6.6) | 7.2| 2.6 | 0.4(03 | 1.7 2.4 0.0(0.0)
3.0l 40 |1.9(1.9 | 08(0.8 | 1.0 | 0.6 | 7.7(5.6) | 7.2| 1.9 | 0.3(0.9) 2.0 1.2 0.1(0.1)
4.0! 50 | 1.8(1.9 | 0.3(0.3 | 0.1 | 0.8 | 7.2(5.3) | 74| 2.6 | 0.4(0.6) 1.5 0.4 0.0(0.2)
50! 6.0 | 21(2.1) | 1.8(1.8) | 23 | 0.3 | 6.7(5.00 | 6.7 | 2.2 | 0.3(0.4) | 1.3 1.8 0.2(0.2)
6.01 7.0 [ 22(1.9 | 1.2(1.2 | 20 | 04 | 6.7(47 | 6.9| 1.9 | 0.4(0.2 1.3 0.6 0.3(0.3
7.0! 80 | 20(1.9 | 1.5(1.5 | 26 | 0.3 | 6.2(4.6) | 52| 1.4 | 0.4(04) | 15 0.9 0.2(0.2)
8.01 9.0 |[1.8(1.8 | 1.1(1.1) | 22 | 0.3 | 59(4.3 | 44| 1.2 | 0.4(0.9 1.3 0.9 0.0(0.0)
9.0! 10.0 | 1.8(1.7) | 1.9(1.9 | 33 | 0.2 | 59(4.4) | 39| 0.1 | 04(04) | 1.2 1.3 0.2(0.2)
10.0! 11.0| 1.5(1.5) | 1.8(1.8) | 3.3 | 0.2 | 54(41) | 50| 04 |04(03 | 1.2 1.2 0.2(0.0)
11.0! 12.0| 1.7(1.6) | 1.4(1.4) | 2.8 | 0.1 | 55(4.2 | 1.8| 05 | 0.4(04) | 0.7 2.3 0.2(0.2)
12.0! 13.0| 1.5(1.4) | 2.4(24) | 39 | 0.0 | 54(42 |51| 04 |0.4(04) | 1.2 1.0 0.6(0.6)
13.0! 14.0| 1.4(1.4) | 2.0(2.00 | 36 | 0.0 | 5.2(4.00 | 52| 0.2 | 0.4(0.3 1.3 0.1 0.1(1.0)
14.0! 15.0| 1.3(1.3) | 25(25 | 41 | 0.1 | 53(4.2 |6.4| 0.7 | 0.4(03 | 1.3 0.1 1.2(0.4)
15.0! 16.0| 1.3(1.2) | 2.0(2.0) | 3.7 | 0.0 | 5.1(4.1) | 58| 1.3 | 04(0.3 | 1.2 0.1 0.8(0.1)
16.0! 18.0| 1.1(1.1) | 2.2(2.2 | 39 | 0.1 | 48(3.9 | 6.1| 1.5 | 0.4(0.4 1.2 0.7 0.1(0.4)
18.0! 20.0| 1.1(1.1) | 2.2(2.2) | 41 | 0.1 | 48(3.8) | 56| 1.4 | 0.4(04) | 1.4 0.2 0.2(0.2)
20.0! 22.0| 1.0(1.0) | 2.4(2.4) | 41 | 0.0 | 4.8(39 |3.0| 2.2 | 04(03 | 0.9 0.6 0.0(0.0)
22.0! 25.0| 1.0(1.0) | 1.8(1.8) | 4.3 | 0.0 | 47(3.9 | 2.7| 2.1 | 0.4(0.9 1.5 1.3 0.4(0.4)
25.01 30.0| 1.1(1.2) | 1.1(1.2) | 44 | 0.7 | 49(42 | 11| 2.3 |04(04 | 13 0.6 0.3(0.2)
30.0! 50.0| 0.6(0.6) | 2.1(2.1) | 35 | 0.3 | 45(3.8 | 47| 2.1 | 0.3(0.3 1.3 4.0 0.1(1.0)
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" . Background Rejection

@ To minimize the photon
background from ' 0 decays, we
reject photons that, combined

@ To study ! ¢ prompt production,
we minimize feed-down from B
decays by rejecting the displaced

dimuons. with other photons in the event,
give the ' ¥ mass
g
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Observation of Structures in thé"J/ Mass Spectrun

An analysis performed by CMS tries to solve the puzzle and
conbrm the results of one of the experiments

+
u g/ New
primary secondary H CMS Preliminary, (s=7 TeV, L=5.2 fb™* VA
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| —— ata |
........ Ko, =2 i i i
. o 2000 — Signal ]
o 3 ---= Background ]
N o ¢ i
_ K 7 - Mass = 5279.6 + 0.6 MeV -
The B sideband subtracted ri{)K % 1500 ‘ Width = 9.7 + 0.7 MeV ]
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- C | _
@ - —— Dat &
= 400p - & 10001~ argest B sample with@Er& K- 7]
; - — Breit-Wigner - in the world up to date ek b
o s00p Mass: 1019.4 + 0.1 MeV/ B i
® - Width:  4.68 + 0.41 MeV/ 500 — —
T 200F = B ]
o ¥ B 2.9967 GeV < mi(*! ') < 3.1967 GeV _
= 5 = /\1?08 GeV < m(KK') < 1.035 GeV -
&8 100 B i
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i 3 _ o m(J/! K'KK") [GeV]
[ } t + + + i Signal PDF: _ A Gaussian signal
-100— | | | . Background PDF: _ A second order Chebychev polynomial
1 1.02 104 1.06
M K is within 8 m(B+) m(K'K) [GeV] https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResult
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Observation of Structures in thé"J/ Mass Spectrun

The! m=m@*$' K'K ) m@*$') is used to investigate the possible strt

(Extracting them Spectrum

the J/# K spectrum

- Divide the dataset into the 20 MeNVm bins
- Extract the number of B signal for eatimn by ptting

- Mean is bxed to the PDG value of B mass

- RMS is bxed to the number predicted by signal MC

- Plot the B yield with uncertainty in each bin

. - Correct the spectrum by relative efpciency

) 300
250

200

T
t

150

N(B")/!! , per 20 MeV

100

J

Background: 3-body phase space

Signal: S-wave relativistic Breit-Wigner functions convoluted ©
with a Gaussian resolution function
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.
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.
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—+—'|

 only background hypothesis
M|

MR T R
1.1 1.2

13 '+' _'1!4' —5
MU PK'K)-mu'y) [GeV]

300 e e 300 et
% - —— Data % - —e— Data
E 250 :_ --------------- three--body PS E 250 :— --------------- three--body PS
N C + —— 1 BWs + three--body PS 3V C —— 2 BWs + three--body PS
8: 200:— —: 3_ 200:— _:
= 1500 Jr + : = 1500 Jr -
"@/ - ++ . "9_3’ C ++ .
z wo-f X T T . ‘ + - > 100F =
50 + + H’ ‘]'w 50F] T ‘l’ =
0-”bacquound + 1 signal hypothesi 01"bacquound + 2 signal hypothesisE
_I 1 1 I 1 1 1 1 I 1 1 1 C 1 I 1 1 1 1 I 1 1 1

1 1 I 1 1 1 1 I 1 1 1
11 1.2 1.3 14

1 I 1 1 1
15 1.1

M K'K)-m(up) [GeV]
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X(3872) production via decays td"J/" #

~

" CMS studied
(1) Ratio of! xBr for X(3872) and' (2S)
(2) Fraction of X(3872) production from B decays

(3) The# *# - mass spectrum from X(387)JI# *#- )

_ I(pp! X(3872)+anything) " B(X(3872)! J/"#*#")
~ I (pp! " (2S)+anything) " B("(2S)! J/"#*#')

. 10<pi(I/" +"¥) < 50GeV Y 0D ) 042 :
X1 O g CMS Preliminary/s = 7 TeV ] 5| & CMS Preliminary\N's = 7 TeV ]
> = T I L { L I 11T { L I 11T { T 1T :(_3 L 4 8 fb 1 \g_/ ?(}]/ | L 4 8 fb 1 i
2 100" | oMS Preliminams - 7Tev | L DL I i o e
- / reliminaryys =7 TevV I A i ;
- -1 L 1 & = - .
T o bTAsP ) 0.08+ 1 5| Zo.osf .
g 80— L g 16¢ i CMS \s=7TevV - B + % i O\@\Zo\c + % % ]
© i \\ 30 e T ] 0.06[- t 1w 006p f B
-'9 | ‘i g 14 s ‘.? B B i D: L

-8 60j ‘ \ § 3 '~.;.~_. ] 0.041 ] 0.04+ |
® /: 12 ] ]
®) i F " Py 7 i i i i
40+ “ i 10 #wd _| 0.02? 7 0.0Zj ]
r v L 375 38 38 39 395 4 s 8 " ]
= ‘,»‘: __ mJY ') (GeV) q_ f q:mmuH\mmM\HH\HH\HH\MT

B . o 7 0 15 20 25 30 35 40 45 0 15 20 25 30 35 40 45 50
20 " o : *';--.....__M“: p. (1 1) (GeV) p, (3" 1 1) (GeV)

yEI )< 1.
WA \ | l 1 l no signibcance dependence onthep 7

oL i
3.6 365 37 375 3.8 385 39 395 4 R = 0.0662+ 0.0038(stat) + 0.0064(syst
m(J/y ') (GeV) .
Rfiquciai = 0.0700+ 0.0038(stat) + 0.0038(syst
theJMM +"-invariant mass SpeCtrum https://twiki.cern.ch/twiki/bin/viewauth/CMS/PhysicsResultsBPFE
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X(3872) production via decays td"J/" #

-

non-promt fraction =

~
Measurement of the non-promt contribution

Measured within the CMS acceptance.

Signal Yield (B hadron enriched sample
Signal Yield (whole sample)

-
Measurement of the dipion mass spectrum

The background subtracted pion pair invariant mass spectrum is
extracted from likelihood bt to the I/ *" -invariant mass spectrurr

acceptance and efpbciency corrected pion

non-prompt X(3872) fraction, no acceptance correction pair invariant mass
[ - LreeererT rrrrprrrrprTT

_(_305_ CMS Preliminary/s=7TeV e s o = SN
g . L=48fb" S L * DAty CMS Preliminarys =7 Tev
= i Jyrmlyl<1.2 o 1ok ly < 1.25 L=21fb? N
— (D [ —— Simulation: X(3872) % J/$ # 7]
o 0.4 — y = - mulat } ]
N~ i - 10-_ ----- Simulation: X(3872) % J/$ no-# ]
3 | &G\N £ - ]
X 0.3 { ' - 2 g -
a | e i ]
5 02 . S 6 -
g_ “t no signipcance - F' C T §
- dependence on thep I e ]
2 0.1 I S = = ]
c Y non-prompt fraction i
0. 259+ 0.029(stat) +0. 016(sys 2 { B
AN Y N P P ]

qO 15 20 25 30 35 40 45 50 o+
p ( 'lp n n) (GeV) oo b b by | ]
T 0.5 055 0.6 0.65 O 7 O. 75 0.8
_ _ . m(! *17) (GeV)
By using ratio R and previous CMS measurement ffor the o
cross section for prorhp(QS) pTlO'?’O GeV, |Y|<]).2 normalized to the total cross section in the interval
| PrOmRt (pp 1 X (3872) +anything) " B(X (3872)! J/"# *#') 0.5<mu <0.78 Gev
L =1.03+ 0.11(stat) + 0.15(sys) nk L
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