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Introduction

- Measurement of heavy flavor production is essential to test QCD models

- b-hadron properties provide important tests of the SM — any deviation would be indirect indication of New
Physics

- plenty of heavy hadrons produced at hadron colliders = chance to study still not well-known particles

- knowledge of b-flavored background needed by New Physics studies

- Discovery of new exotic states can help understanding hadron formation

* Qutline of the talk

- measurement of the %p2 over 4b1 Ccross-section ratio

- measurement of Be—=J/Pprirr*n* and Be— J/Ppri* branching fractions
» observation of peaking structures in the J/({¢ mass spectrum in B decays

- search for a new bottomonium state decaying to Y(1S)rttmr



Measurement of the 71u2 over %p1 cross-section ratio

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005

* Measurements of cross sections and feed-down fractions of P-wave quarkonia are crucial to
understand quarkonium production

* Relative production cross-section ratios of P-waves are by themselves interesting tests of

(NR)QCD
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005

%o reconstruction in CMS

CMS already performed the measurement of ¢ cross section ratio

- Same measurement in the % sector with 2012 data (~20 fb™') § 7000/~ s
* most theoretical and experimental uncertainties cancel out in the ratio ﬂg :::: t :i:b?ev
- P-wave quarkonia can be detected via the radiative decay ool
* To12 > Dy
* Zb1,2(NP) = Y(nS) v oog"'!-, o 'mﬁﬂm“

Conversion radius [cm]

Very challenging because of the small difference between %41 and 42 masses (19.4 MeV) and of
their small production cross section

* Photon calorimetric measurement — not sufficient invariant mass resolution to separate the two states

« Good photon energy and mass resolution obtained from the reconstruction of photon conversions in the
silicon tracker


http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-012-2251-3
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The %b1,2 signals

To1,2 Signals are measured in four bins of Y(1S) transverse momentum in the range 7-40 GeV
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Considered phase space:
[yl <1.5
InY| < 1.0

Shape of the signal peaks
based on simulation studies

Measurement resolution ~5 MeV



Yool Y1 Cross section ratio

R = U(pp — Xb2 T X) NXbZ €1 B(Xbl(lp) — Y(lS) + 7)
o(pp = Xo1 + X) | Nyy|| €2 | B(xp2(1P) — Y(1S) + )

/ Ratio of BR from PDG
yields of ¥b1,2 signal candidates 12 acceptance and efficiency
from unbinned log-likelihood minimization obtained from simulation,

assumption of unpolarized %p
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Error bars — statistical uncertainties
Colored bands = total uncertainties Not significantly dependent on the transverse momentum of the Y(18)

The most recent theoretical work PRD 86 (2012) 074027, using also the
CMS 7. result, predicts an increase of the ratio at low pr



http://link.aps.org/doi/10.1103/PhysRevD.86.074027

Measurement of B Branching Fractions

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005

« The Bc meson (bc) is a unique probe for heavy-quark dynamics since it carries two different
heavy flavors

* Both quarks compete in the decay

* b—c transition offers an easy experimental signature (high probability to have a J/{ meson in the final state)

« Experimental knowledge rather poor (only produced at hadron colliders, need to produce two B mesons)
* Only few decay channels have been observed so far

* No cross section measurement is available

* Here shown the CMS measurements of

rBR Bf — J/pntrtaT | N(BE — J/ym*) x Y,
. ( T / T ) = (B: /YT X ept =5 evaluated on MC
BR(B: — J/ym*) N(B* — J/YK=*) X egx | VB
e weight data event by event
(Bi) < B (Bi — J/1 i) N(BE — J/bnEntnT and extract Yx from an
N e T _ (Be = J/m™a™nT) X €t g jpm _| Ysr unbinned ML fit to
o(B*) x Br(B* — J/{YK*) N(BF — J/pr¥) x €BE 1 /pmtntat | YBe efficiency corrected mass

distribution .


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005

Event selection

ut

J/

» Selection criteria optimized to maximize S/sqrt(S+B)

2011 dataset

- Consider the kinematic phase space pt(Bc) > 15 GeV and |y(Be)| < 1.6

« p1(B*) > 15 GeV and |y(B*)| < 1.6 for the B*—=J/PK* normalization channel
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Efficiency evaluation

Different strategy depending on the considered meson and decay channel:
* B J/Prit and BE—J/P KE signals

+ efficiency parametrized as a function of the B¢ (B*) transverse momentum

* Be— J/YrErtnit channel

- The decay can go through resonances, and different dynamics could favor (disfavor) 7 independent mass-
different phase space regions combinations
mz(U+r[+)Iow
- Efficiency is studied as a function of a complete set of variables for the 5 body final state (T T high
across the entire PS ,
M=(u*TT)
- Description independent of the decay mode M)
MA(UTT)ow
- Efficiency parametrizedas e = |po+p1-x+p2-y+p3-z+ps-w+ps-r+pe-t+p7-s| |+ Mg
M2(uT)

free parameters determined with a ML fit on generated events in the 7D space through a
binomial probability

performed on the Bc—J/p31 non resonant MC, where all PS configurations are covered



B: Branching Fraction results

. Systematic uncertainties:
The two ratios are measured to be | -
- Signal and bkg parametrization

- Statistical uncertainty on €

- Experimental uncertainty on Bc
lifetime

1 TR
[Br(BC — Iy ):2.43j:0.76 (stat) 1935 (syst)

Br(BE — J/ym¥)

» Tracking efficiency

in good agreement with LHCb measurement
BR(Bf — J/ynta®nT)

—92.414+0.30+0.33
BR(BE — J/ynt)

+ + +
[‘T(Bc ) x Br(Be = J/p7) _ (0.48 = 0.05 (stat) & 0.04 (syst) To0a (T5,)) x 1072

o(B*) x Br(B* — J/yK*¥)

complementary to the LHCDb result, which covers p1( Be(BY)) >4 GeV and 2.5 <n < 4.5
R/, = (0.68 £0.10(stat) £ 0.03(syst) & 0.05(lifetime)) %

10


http://link.aps.org/doi/10.1103/PhysRevLett.108.251802
http://link.aps.org/doi/10.1103/PhysRevLett.109.232001

Observation of peaks in the J/\J ¢ mass spectrum in B decays

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH11026

CDF Run Il Preliminary L=6.0 fb

L CDF-PUBLIC-NOTE 10244

» Discovery of new quarkonium-like states over the last decade . 1
poses a challenge to conventional quark model

« nature of these entities is still a puzzle (charmed hylbrids?
tetraquarks”? molecular states?)

« CDF reported evidence for a structure Y(4140) with mass
4143.429 3 0+1.2(syst) MeV and width 15.3+1045 1+ 2.5(syst) MeV
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* Belle could not confirm it

« LHCb did not confirm the existence of Y(4140) and put an upper limit
on its production
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH11026

Observation of peaks in the J/\J ¢ mass spectrum in B decays

i J/
B+ '
@ ........... )K+
@) L
2011 dataset, K
5.2 b
Event selection:

displaced J/ dimuon trigger with pr(J/p) > 7 GeV
run dependent pr threshold for each muon
candidate J/ associated to 3 additional charged tracks
vertex constraining J/p mass
K*K" pair with lower mass considered as ¢
must lie in ¢ mass window [1.008,1.035] GeV

A cleaner sample is also considered as a cross check

retains 40% of B* candidates, reduce bkg > 10 times

Candidates / 5 MeV

Candidates / 1 MeV

arXiv:1309.6920
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http://arxiv.org/abs/1309.6920

Observation of peaks in the J/\J ¢ mass spectrum in B decays

CMS, {s=7 TeV, L=5.2 fb™
T T T T | T T T T | T T T T | T T T

. . . . 300_ T T T T T ]

Presence of possible structures investigated using the g - arXiv:1309.6920 4+ Data | -
Global fit 5

Am = m(utu KK - m(u*tu) spectrum = Riad " — Three-body PS (global fit)
A . +16 uncertainty band J

g : — — Event-mixing (J/y, ¢, K") 7

* exclude Am >1.568 GeV region to avoid bkg from m =0 FIb - Eéiqt-mixing (Jy, 0K") -

N—" TR RN i .

Bs—=(2S)d— J/Pprtrd decays < 150 + f 3

100

Am spectrum obtained by:
- dividing the dataset in 20MeV Am bins

- extracting the number of B signal in each Am bin by fitting L L L L
the J/PpK spectrum ' ' " Am [GeV]

50

- plotting the B yield corrected by relative efficiency

Systematic uncertainties:

- B*signal and bkg pdf
Yield Mass (MeV) I"(MeV) - Relative efficiency

310+ 70 4148.0 + 2.4 stat) = 6.3(syst) 28+15_44(stat) + 19(syst) « Am binning
« Am structure PDF

418 £ 170 4313.8 = 5.3stay = 7.3syst) 38+30_y5(stat) + 16(syst)

« Am mass resolution

CMS confirmed a structure at 4148 MeV with a significance greater than 50 and | Am background shape

saw an evidence for a second structure in the same mass spectrum * Selection requirements

Angular analysis would help to elucidate the nature of these 2 structures 13


http://arxiv.org/abs/1309.6920

Search for new bottomonium state decaying to Y(1S)mt* 1t

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH11016

» Exotic resonance X(3872) discovered in the final state J/{rttme

 The bottomonium counterpart Xp is expected to decay into Y(1S)rttrr

» Predicted mass within 10-11 GeV (or close to the BB or BB* threshold,10.562 and 10.604 GeV)

* In analogy with X(3872), could be a narrow resonance (X(3872) width = 1.2 MeV) and have a sizable branching
ratio into Y(1S)rtm

* Look for a peak in the Y(1S)(utu )t invariant mass spectrum (excluding the Y(2S) and Y(3S) peak regions)

ox, X BR(Xy, - Y(1S)ntn™)

« Measure R =
oy@2s) X BR(Y (2S) = Y(1S)n+7n—)

as a function of X, mass between 10 and 11 GeV

- Investigated kinematic region: p-( Y(1S)m*tmn™) > 13.5 GeV and |y(Y(1S)n*n™)| < 2.0

Assumptions:

« same production mechanism for Y(2S) and Xp

 both produced unpolarized

* Xp narrow resonance with same quantum numbers as Y(2S)

« same dipion mass distribution for X, and Y(2S5) 14



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH11016

X candidate reconstruction 015 dataset

~20 fbo

» Xp candidates reconstructed by associating the Y(1S5) to 2 tracks (assumed to be pions)

* selection criteria optimized with a genetic algorithm — maximize expected signal significance near Y(2S)
mass

Y(2S) signal

« signal statistical significance T3 — ———
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http://link.springer.com/article/10.1007%2FJHEP04%282013%29154

X» search: mass scan
» Explore 10.06-10.31 and 10.40-10.99 GeV mass regions

 Shift Xp expected mass in 10 MeV intervals and evaluate signal significance
« Xp signal modeled with a Gaussian function
* intrinsic width assumed to be small compared to the detector mass resolution
+ for each mass point, fix signal width to value from the simulation (can vary from 3.8 to 16.4 MeV)

- background parametrized with a 3 order polynomial

Systematic uncertainties:

- for each mass point, evaluate - Modeling of the signal decay
m « dipion mass distribution
NP e
R = Offsb Y (25) * Y(2S) mass resolution
v (29) €Xb

« Signal polarization

/ - Background shape

overall efficiencies

observed yields of Xy estimated from simulation

and Y(2S) candidates



Results

 Local p-values calculated using asymptotic approach and combining results of fits to the barrel
and endcap regions

- Systematic uncertainties implemented as nuisance parameters

first upper limits on X,

production at a hadron collider PLB 727 (2013) 57
m | | | I | I T T T T | T T T | T T T | T T | T T
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No significant excess is observed

95% CL upper limit on the cross-sections*branching fractions ratio is in the range 0.9 - 5.4 ‘V$7


http://www.sciencedirect.com/science/article/pii/S0370269313008095

Conclusions

« Thanks to the excellent LHC and CMS performances in Runi, important measurements of
B-hadrons and quarkonium production and decay rates have been carried out

« We have also exploited the collected data to search for new exotic states

- Shown today:

- measurement of the %p2 over 4p1 cross section ratio

- measurement of B¢ branching fractions
- observation of peaks in the J/P¢ mass spectrum

+ search for a new bottomonium state decaying to Y(1S)rtrr

All CMS B-Physics results are available at
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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B+— J/YPK tight selection

Additional requirements:

« kaon pr > 1.5 GeV
« BT vertex CL > 10%

- significance of the B* vertex transverse displacement

from the PV > 7

« M(K+K-) within 7 MeV from the ¢ meson mass

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