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Introduction
oeo

Motivations

@ Probe the underlying QCD processes:

e measure production cross section,
@ measure quarkonia polarization,
@ look for new and exotic states.

@ Look for effects of new physics
beyond the Standard Model:

e study lifetime and decay properties of B hadrons,
e look for new physics effects in rare decays.
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Introduction
ooe

CMS experiment

Data samples

@ s=7TeV,L~ 5fb!
(2011 run)
e /s=8TeV,L~ 20fb~"
(2012 run)
@ 5=13TeV, L~ 27"
(2015 run)

All shown results involve two (at least) muons
Dedicated triggers developed for analyses
Selections: dimuon mass, pr, displaced vertex, pointing angle
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Production, polarization and decay
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Production cross-section, polarization and decays

B mesons & baryons

a(pp — BT X) PRL 106 (2011) 112001, arXiv:1609.00873
o(pp — BOX) PRL 106 (2011) 252001
o(fp — Bs — J/49) PRD 84 (2011) 052008
BF — J/ynE(nta) JHEP 01 (2015) 063
/\g polarization CMS-PAS-BPH-15-002

Quarkonia

a(pp — (J/4 ,(28), T(nS))X)
JHEP 02 (2012) 011, PRL 114 (2015) 191802, PLB 727 (2013) 101, CMS-PAS-BPH-15-005

(J/¥ ,9(nS), T(nS)) polarization PLB 727 (2013) 381, PRL 110 (2013) 081802
T (nS) polarizations & production ratios vs. multiplicity PLB 761 (2016) 31, CMS-PAS-BPH-14-009
o(xc2)/o(xct1), o(xb2)/o(Xb1) EPJC (2012) 72:2251, CMS-PAS-BPH-13-005
Double J/+ production CMS-PAS-BPH-11-021
Double T production arXiv:1610.07095
X(8872) production JHEP 04 (2013) 154
Observation of BE — (2S)pK* PLB 764 (2017) 66
Search for X, = T(1S)r 7~ PLB 727 (2013) 57
Search for the X(5568) state in BIn+ decays CMS-PAS-BPH-16-002
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Production cross-section, polarization and decays

B mesons & baryons

a(pp — BT X) PRL 106 (2011) 112001, arXiv:1609.00873
o(pp — BOX) PRL 106 (2011) 252001
ofp — Bs — J/49) PRD 84 (2011) 052008
— J/ynE(rtaT) JHEP 01 (2015) 063
polarlzatlon CMS-PAS-BPH-15-002

Not covered in the list

e B —
o(pp — (J/1 , (28),1 d.s BT
Jser @ CP violation

(J/¢ ,9(nS), T(nS)) pt
T (nS) polarizations & p

101, CMS-PAS-BPH-15-005
81, PRL 110 (2013) 081802
) 31, CMS-PAS-BPH-14-009

U(Xcz)/O'(Xm) U(ng)/a\)(m ) EFJU (2U12) 12:2251, CMS-PAS-BPH-13-005
Double quarkonia & exotica
Double J/+ production CMS-PAS-BPH-11-021
Double T production arXiv:1610.07095
X(8872) production JHEP 04 (2013) 154
Observation of BE — (2S)pK* PLB 764 (2017) 66
Search for X, = T(1S)r 7~ PLB 727 (2013) 57
Search for the X(5568) state in BIn+ decays CMS-PAS-BPH-16-002
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Bt production cross-section

R macnne 2 harinne

o(pp — BT X) differential cross-section vs. pr g, |ys|

494 pb? (@137ev)
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@ Left: do/dpr p (integrated over |yg| < 2.1)
@ Right: do/d |yg| (integrated over 10 GeV < pr g < 100 GeV or 17 GeV < pr g < 100 GeV)

@ Comparison with FONLL and PYTHIA
M.Cacciari et al., JHEP 05 (1998) 007 , JHEP 03 (2001) 006 , JHEP 10 (2012) 137 , arXiv:1507.06197
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A{ polarization: A9 — J/yA°

112001, arXiv:1609.00873
PRL 106 (2011) 252001
PRD 84 (2011) 052008

Ji 063
CMS-PAS-BPH-15-002

cMs 3
Preliminary |

558 56 562 564 566
m@/y A)[GeV]

P =0.00£0.06 +0.02 =CTIS-PAS-BPH-15-005
(<, = V. . .

/., PRL 110 (2013) 081802

HQET & previous measure
@ Large fraction of transverse b-quark polarization retained after hadronization
A.FFalk and M.E.Peskin, PRD 49 (1994) 3320
G. Hiller et al., PLB 649 (2007) 152, Z.J.Ajaltouni et al., PLB 614 (2005) 165
@ Measured at LEP, but different production mechanism ALEPH Collaboration, PLB 365 (1996) 437
OPAL Collaboration, PLB 444 (1998) 539
DELPHI Collaboration, PLB 474 (2000) 205
@ Measured at LHCb: P = 0.06 & 0.07 4 0.02 LHCb Collaboration, PLB 724 (2013) 27
(parity-violating asymmetry and helicity amplitudes for /\g — J/w/\o, ATLAS Collaboration, PRD 89 (2014) 092009)
v
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Quarkonia production cross-section

Test factorization and NRQCD

f HYE
@2 phases: (2011) 112001, arXiv:1609.00873
. . = PRL 106 (2011) 252001
@ perturbative generation of QQ pair (singlet/octet) PRD 84 (2011) 052008
@ hadronization producing bound state (LDME) P 01 (2015) 063
@ Different center of mass energies: CMS-PAS-BPH-15-002
@ perturbative calculations appropriate for energy
@ same LDME PFaccioli etal,  PLB 736 (2014) 98
G.T.Bodwin et al,, PRL 113 (2014) 022001 |

Cross
CMS-PAS-BPH-14-009

o 24" ] 2.7°%9 b (13 Tev) 27" (13 Tev) CMS-PAS-BPH-13-005
3. cMs T 13TeV o 7Tev % °F cms TS X100, 13Tev © 7Tev
g 10 Preliminary - Y(28).13Tev © 7Tev S 10k Preliminary .+ Y(S)x10,13Tev o TTev
= 10°F M<12 =10k L v(@Es), 13Tev . 7Tev
£ 10k <12
H x 10k
E gk CMS-PAS-BPH-11-021
° 107F
3 107F arXiv:1610.07095
of EE O 1 JHEP 04 (2013) 154
oot R 1 oo i 4% 4 §
O SR A ey ty s E PLB 764 (2017) 66
i E i 3
20 30 % 50 50 70 80 9017 20 30 40 50 60 70 80 90 10° PLB 727 (2013) 57
Py [ceV] PV | GMS-PAS-BPH-16-002
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Prompt/non-prompt components

B mesons & baryons

Chamonlum sources :2011) 112001, arXiv:1609.00873
PRL 106 (2011) 252001

PRD 84 (2011) 052008

P 01 (2015) 063
CMS-PAS-BPH-15-002

@ Production in primary pp interaction: prompt
@ Production in b-hadron decay: non-prompt
@ Simultaneous fit to mass and “pseudo proper decay length”

CMS-PAS-BPH-14-009
2.4 1b* (13 Tev) 241" (13 Tev)

E s MS-PAS-BPH-13-
EE CMS 20<p, <21Gev 2 Ecms iifﬁ li}iﬂiﬂv CMS-PAS 3-005
& 10*; Preliminary Iyl <03 € O9F preliminary ' :

TE Xindt = 1.26 s
a F ZosE
5 10° - ;ula\ fit , S 07; :
@oE  Ronpomt signa E aax 4 B
b oo sl LS et Y I CMS-PAS-BPH-11-021
st arXiv:1610.07095
3 oaf JHEP 04 (2013) 154
A I oaf F PLB 764 (2017) 66
-o6h 0 0.05 o0 2 02= 20 Ey % %100 » 170 PLB 727 (2013) 57
Pseudo-proper decay length [cm] P [Gev] CMS-PAS-BPH-16-002
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T production ratios vs. multiplicity

Heavy-quark pair evolution to nium state

@ Different numbers of particles associated with each of the quarkonium states:
feed-down processes, soft gluon fragmentation

@ Quarkonia yield increase with associated track multiplicity observed at LHC:
hint of new phenomena T.Lang and M.Bleicher, PRC 87 (2013) 024907
E.G.Ferreiro and C.Pajares, PRC 86 (2012) 034903

@ Angular correlations interpreted as signals of collective effects
R.Campanini and G.Ferri, PLB 703 (2011) 237
K.Dusling et al., IJMPE (2016) 1630002
v

Signal fit and T

CMS Preliminary 4.8 b (7 Tev)
E P ()>7 GeV, Iy (p)l<1.2

(nS) yield extracti

CMS Preliminary 4.8 (7 Tev)

a

0.5F P, (K)> 7 GeV, Iy (up)]<1.2
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o o o
.38
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03f ‘."ﬁ"arst%ﬂﬁc@ E*J 0.5F H”QHEEE%E}]E% E%

—vasves) | < Nl <24 >71(18)
ES0N

arXiv:1610.07095
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Double T(1S) production cross-section

Quarkonium pair production mechanism

@ High parton densities in pp collisions: single/double parton scattering (SPS/DPS)
S.Baranov et al., PLB 705 (2011) 116

@ Color singlet/octet: dominant at low/high pr PKo et al.,, JHEP 01 (2011) 070
@ Possibly produced in decays of tetra-quarks A.V.Berezhnoy et al., PRD 86 (2012) 034004
NiiarvleAania
Signal fit and total cross-section
cMs L=2071*@Tev) 7 CcMS L=207 @ Tev) 1, CMS-PAS-BPH-15-005
g P - . PRL 110 (2013) 081802
S 8 _FlVesvas 1, CMS-PAS-BPH-14-009
» 4 < 20f-..v(15)-combinatorial
3 s §priesmmnaonn 1, CMS-PAS-BPH-13-005
= P
(=] [=4
< 1§
8 0
g
% u 10 195 °5 . T 10. 11
3 "’W Geyy 57 M [Gev]
or = (68.8 + 12.7(stat) + 7.4(syst) = 2.8(BR))pb PLB 764 (2017) 66
PLB 727 (2013) 57
T polarization uncertainty: -38%/+36% variation CMS-PAS-BPH-16-002
v
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Observation of B* — ¢)(2S)¢pK* decay

Structures in J/1¢ mass spectrum in BT — J/1pK*

Reported by several experiments CDF Collaboration, PRL 102 (2009) 242002
@ Study naturally extended to )(2S)¢ mass spectra DO Collaboration, PRD 89 (2014) 012004

@ Branching ratio measured by comparison: BaBar Collaboration, PRD 91 (2015) 012003
9 y P . + LHCb Collaboration, arXiv:1606.07895

Np+ _, 25y 6K+ BRIBT = (28)K™) i
B(B* 2S)pK*) = —¥(2)¢ CMS Collaboration, PLB 734 (2014) 261
(B= =y N B(p—KTK—
BE 5 4p(25)K * Crel (¢— )

Invariant mass distribution & branching ratio 1, CMS-PAS-BPH-15-005
, PRL 110 (2013) 081802
19.6 b (8 TeV)
3 «f cws 1, CMS-PAS-BPH-14-009
ST B(B* — ¢(2S)¢pK*) = 1, CMS-PAS-BPH-13-005
L (4.0 £ 0.4(stat)
§ £ + M J( +0.6(syst) CMS-PAS-
g o 4+0.2(BR))-1078
o S;WIZS]WK-S(EBZE\O
Search for the X(5568) state in B7+ decays CMS-PAS-BPH-16-002
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Production, polarization and decay
[o]e] ]

Search for X(5568)

Evidence of a new Bn* state?

@ Reported by DO collaboration DO Collaboration, PRL 117 (2016) 022003

@ Possibly composed of four different flavors of quarks (b, s, u, d), but difficult interpretation
F.K.Guo et al., CTP 65 (2016) 5, 593
T.J.Burns and E.S.Swanson, arXiv:1603.04366

@ No significant signal observed by LHCb LHCb Collaboration, arXiv:1608.00435

1, CMS-PAS-BPH-15-005

, PRL 110 (2013) 081802
31ADG?MS Preliminary . ’l __ 19.7 b (8 TeV) MA — o+ 1, CMS-PAS-BPH-14-009
ANV B
S12000 AN | Mo Y 1, CMS-PAS-BPH-13-005
21000 . £ S U/ pKTK— et U/ pKHK— | =)
1000 . .
Soof @ black points with bars:
2 0 oi
§ ooof- J Bg signal
a00f-/ @ blue band:
4‘ 0 .
200 ‘ ‘ ‘ Bs sidebands (2013) 154
3 5.6 5.7 5.8 5.9 0, 0
AV(EE)ME?),_[GeVi px < 3.9%095%C.L (2017) 66

Search for the X(5568) state in B¢w™ decays
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http://dx.doi.org/10.1007/JHEP01(2015)063
http://cds.cern.ch/record/2204914
http://dx.doi.org/10.1007/JHEP02(2012)011
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Angular analysis
°

BY — K*Outu~ , K*® — Ktz— angular analysis

Differential branching ratio

@ Kinematic variables:
@ 01,0k, ¢angles
° ¢* =mi(utp)
@ Parameters:
@ Arg : muon forward/backward

_ _ asymmetry
Possible BSM physics effects e F_: K*°longitudinal polarization
through contributions in e F5,As: KTn— S-wave
Wilson coefficients contribution and interference
C7, Cg and Cio e Py, P, Ass: ¢ dependence
Predictions & previous measurements
@ First measurement by LHCb LHCb Collaboration, JHEP 02 (2016) 104
@ Discrepancy with SM prediction Descotes-Genon et al., JHEP 06 (2016) 092
@ New HEPfit predictions M.Ciuchini et al., JHEP 06 (2016) 116, arXiv:1611.04338,
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Angular analysis
00000

Angular analysis, first step: ¢ integrated out

1rdcos 0K(<j:i3goseldq2 = % {% [ + cos GK] (1 o COSZ HI)
+(1 — Fs) [2F, cos? 0x(1 — cos?0))
+5(1 = F)(1 — cos? fk)(1 + cos? 6))
+3Ars(1 — cos? fk) cos 6 1}

Angular distribution fitted in g bins

Unbinned Maximum Likelihood fit

PDF components: @ Variables: invariant mass, o, 6,
@ correctly tagged signal events @ Free parameters:
@ mistagged signal events mass parameters, yields, Arg , i, Fs , As
@ background @ Fixed: background angular parameters
background from sidebands ; %q;o“m = %%%ﬁm
BO/BO discrimination: K /7 assignment on invariant mass basis
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Angular analysis
0@000

Angular analysis, first step: ¢ integrated out

Results & comparisons (pre PLB 753 (2016) 424
205 (8 Tev) . 1CMs 205" (8 Tev)
< —4— Data
08F g 0SM, LCSR O

L L L B L | | L L L L L
14 16 1

18
o (Gev?) o* (Gev?)

" (8 Tev)

Light-cone sum rules

A.Khodjamirian et al., JHEP 09 (2010) 089

dB/dq? (10 x Gev?)

A.Khodjamirian et al., JHEP 02 (2013) 010

Lattice
R.R.Horgan et al., PRD 89 (2014) 094501

L L
14 16 18
q’ (Gev?)
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http://dx.doi.org/10.1007/JHEP02(2013)010
http://dx.doi.org/10.1103/PhysRevD.89.094501

Angular analysis
[ee] lele}

Angular analysis, first step: ¢ integrated out

PLB 727 (2013) 7

ey
g —

+CMS (7,8 TeV) #CMS (7,8 TeV)
LHCb LHCb

BaBar BaBar
Belle Belle
B CDF CDF
-0.8, L L L L L L L L L L L L L L L
O 2 4 6 8 10 12 14 16 18 8 10 12 14 16
o (Gev?) o* (Gev?)
w: 12: #CMS (7,8 TeV)
3 o LHCb
M F ::ﬁ:’ BaBar Collaboration, PRD 86 (2012) 032012
‘g s CDF
o F Belle Collaboration, PRL 108 (2012) 081807
2 6 —+— +
g . 1
£ + ; CDF Collaboration, PRL 106 (2011) 16180
o LHCb Collaboration, JHEP 08 (2013) 131
f L L L L L L L L L
2 4 6 8 10 12 14 16 18
o* (GeV?)
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http://dx.doi.org/10.1103/PhysRevLett.108.081807
http://dx.doi.org/10.1103/PhysRevLett.106.161801
http://dx.doi.org/10.1007/JHEP08(2013)131

Angular analysis
[e]e]e] lo}

Angular analysis, second step: ¢ & 0, folded around 0 & 7/2

1 d‘r _ 9 g2 - 2
dr/dq? d cos 6xd cos 6,dgdg? — 8r {3 [Fs + Ascos fk] (1 — cos=6))

+A554/1 — cos20x\/1 — cos2 0, cos ¢
+(1 — Fs) [2F, cos? Ox(1 — cos? 6))
+3(1 = FL)(1 — cos? 0k)(1 + cos? 6))
+5P1(1 — F1)(1 — cos? 0k)(1 — cos? §;) cos 2¢
+2PL cos Ox+/FL(1 — F1)\/1 — cos2fx+/1 — cos? 6, cos (b”

Unbinned Maximum Likelihood fit

@ F,, Fs, Ag fixed to previous result
(effect included in systematic error)
@ Blind procedure:
o fit on simulation, stability checked with toys
e fit on control regions (B — J/4K*°, B — ¢/K*0)
@ Statistical errors computed from a 2D Feldman-Cousins scan

4
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Angular analysis
[e]e]e]e] }

Angular analysis, second step: ¢ & 0, folded around 0 & 7/2

ults & comparisons CMS-PA

CMS Preliminary 20518 Tev)

1.5,CMS Preiminary 20518 Tev)
o L

—— Belle-preliminary

. T
2 4 6 8 10 12 14 16 18 20 14 16 18 20
9% (GeV?) 9% (GeV?)

N
T

Descotes-Genon et al., JHEP 05 (2014) 137
M.Ciuchini et al., arXiv:1611.04338

LHCb Collaboration, JHEP 02 (2016) 104
Belle Collaboration, arXiv:1612.05014

not shown: ATLAS Collaboration, ATLAS-CONF-2017-023



https://cds.cern.ch/record/2256738
http://dx.doi.org/10.1007/JHEP05(2014)137
http://arXiv.org/abs/1611.04338
http://dx.doi.org/10.1007/JHEP02(2016)104
http://arXiv.org/abs/1612.05014
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-023/ATLAS-CONF-2017-023.pdf

Conclusions
[ ]
Conclusions

@ CMS has produced new results about B mesons and quarkonia
production cross-section and polarization; some previous
measurements have been extended to /s = 13 TeV

@ New results from studies of exotic states and decays have been
also produced, double T production and B* — )(2S)¢pK* decay
have been observed

@ An angular analysis of the decay B° — K*0u T ;i~ has been
performed, results have been compared to predictions and
measurements from other experiments
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Extra informations

BACKUP
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B* production cross-section

B* — J/pK*= ,J/p =t~
@ Studies of b-hadron production at the higher energies
= new important test of theoretical calculations

@ First B* production cross-section measurement at /s = 13 TeV

o

L =150.8 [Z)b_1 ,lysl <2.1,10GeV < pr g < 100 GeV arXiv:1609.00873
Differential cross-section, vs. transverse momentum and rapidity

do(pp — B*X) _ Nsig(2)
dz C2.-B-A-e(2)-L-Az
z = pra.lysl ng(z) = signalyield
2 = account for A = acceptance
B charge symmetry ¢(z) = efficiency
B = B(B* = J/WKY) L = integrated luminosity
B(J/p — ptu) Az = bin width

P. Ronchese - CMS Heavy flavor results from CMS - 23


http://arXiv.org/abs/1609.00873

B* signal extraction

Event selection
@ Muon quality: match chamber segment with extrapolated track
@ J/4¢ candidate quality: invariant mass and vertex fit x2
@ B* candidate quality: common vertex, flight distance and direction

B* — J/¢K® invariant mass distributions fo P
@ prsand |ys| bins i S ]
@ Unbinned max likelihood fit: cortrasmgors

e Sum of 2 gaussians (signal) * soof E
e exponential (background) oot 3 E
e error function : E

(mis-reconstructed B* — J/¢KX) 5455 56 57 55 59 6

M, ¢ [GeV]
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Introduction Production, polarization and decay

analysis Conclusions Backup

CMS Experiment at LHC, O
Data recorded: Thu Jul 9 03
Run/Event: 251252 / 244562433
\[ Lumi section: 405
Orbit/Crossing: 106124760 /308

Ixy =0.41 cm
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B* — J/i9K* acceptance and efficiency

Overall A - € estimation
@ Simulated events with |yg| < 2.4, 10 GeV < pr g < 100 GeV
@ Selected event fraction:

e 0.5% (pr,g ~ 10 GeV) ; 19% (70 GeV < pr g < 100 GeV)
@ 4% (lys| ~0);0.4% (1.8 < |yg| < 2.4)

Trigger and muon-reconstruction efficiency

@ Inclusive J/v — u*pu~ data sample
@ Tag-and-probe method
@ one muon satisfying stringent quality requirements
e second muon identified only with tracker or muon system
@ Efficiency compared with simulation,
difference included in systematic uncertainties

V.
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B* production: systematic uncertainties

Signal yield
@ Different mass modeling functions:

e signal: 3 gaussians
e background: 2" order polynomial
e B* — J/yKX events: gaussian, mass shift

@ Include the rare decay B* — J/yn*
@ pr, |y| bin to bin migration due to finite resolution

v

Other sources

@ Luminosity: 4.8%
@ B(B* = J/YK* — utpu~K*) :3.1%
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A9 polarization: A) — J/y/\%selection

e saesion

@ pr, >4GeV @ Nhit > 6, x%°/Nyos <5

@ |n, <22 @ pr.>03GeV, prp,>1.0GeV
@ pr,. > 8GeV ® prpr > 1.3GeV

@ |my, — my,| < 150 MeV @ |Mpr — Myo| < 9 MeV

@ Probyi > 0.15 @ My, — ng| > 20 MeV

@ cosa > 0.95 @ dyy > 20vix , Probyix > 0.02

> ny > 30 @ Dgs_vix > 3ovix

> V.

@ p, ™ masses assigned according to pr : prp > Pr~
® prpo > 10 GeV

@ Prob,,,~ > 0.03

© 5.40 GeV < my, < 5.84 GeV
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A} polarization: angular distribution

dr
dQs

=¥ micif;

@ N O Ul W N =

—(1+27v0) /3

(Bag —ap) /4
(1361 — 31)62) /4

Ci fz
1 1
ap cos b,
P cos O

apP  cosbp cosb,

1 (3cos?6, — 1) /2

ap  cosB, (3(:0529}[71) /2
P cos O (3 cos? 0y — 1) /2

apP  cosby cosf, (3cos?f, —1) /2

= 0.00 +0.06 £ 0.02
= 0.12+0.13+0.06
= —0.983+0.04+0.04
= —0.46 £0.07 +0.04

19.7 b (8TeV) + 5.2 fb” (7TeV)
T

cost,

197 ib™ (8TeV) + 5.2 fb™ (7Tev)
T - - T T T T T T T
cMs S 500 3
Preliminary | = = 500F 3
£ 400 2
pa-y g & 400f E
- signst model @ &
bk model 300 ]
3001 -
CMs CMS
200 Preliminary s 3 200] Preliminary
100 100|
TN T ST | [ I I I I T I I [ T P N N P T T
1-0.8-0.60.4-02 0 0.20.40.60.8 1 -1-0.8-0.60.4-0.2 0 0.20.40.60.8 1 -1-0.8-0.604-02 0 020406038 1

cos8,
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A9 polarization: efficiency & background

— 900, T T T T ey T T T - T T T T
> 3 3
5,800F CMS 4 8 s, 700 cvMs 4
Simuaion ] & 2 Simulation
@ I
2 2
o a
> >
3 3
2 2
] I}
o 8
© @
2005 B
100 El 100E 3
Qbbb P TP TN T T IO T I Obrslenlind tiedii bbbl
~1-0.8-0.60.4-0.2 0 0.2 0.4 0.6 0.8 1 ~1-0.8-0.60.4-02 0 0.2 0.4 0.6 0.8 1 ~1-0.8-0.604-0.2 0 020406038 1
Cos 6, S 6, Cos 8,
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~ T T ~ T e ~ T e
9 120 cMs § Db cMs 1 Q¥ cus 1
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2 0 2 £ 100
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o @ @ 80
60|
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201 B 20 9 20|
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Quarkonia production cross-section

J/y ,(2S), T(1S), T(2S), T(3S)

G.T.Bodwin et al., PRD 51

1995) 1125

. . (1995)

@ Test factorization and NRQCD G.T.Bodwin et al, PRD 55 (1997) 5853
. P.Cho and A.K.Leibovich, PRD 53 (1996) 150

°2 phases. P.Cho and A.K.Leibovich, PRD 53 (1996) 6203

e perturbative generation of QQ pair (singlet/octet)
e hadronization producing bound state (LDME)
@ Different center of mass energies:

e perturbative calculations appropriate for energy

P.Faccioli et al., PLB 736 (2014) 98
(*]
same LDME G.T.Bodwin et al., PRL 113 (2014) 022001

@ Higher energy and higher cross-section: extended pr reach

L=24f"", }yﬂ+u_| <12, pr ;- upto 120 GeV  cus-rasaph-15.005

Double-differential cross-section,
vs. transverse momentum and rapidity
= _, @QPo(pp— QQX)  Nga(2) 1
B(QQ — ptu)- = Q.
( K dordy L0z \Apry) dpry)
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Quarkonia signal extraction

QQ invariant mass distributions -

@ Muon & vertex quality selection premy
@ Unbinned max likelihood fit in wol pags o
Pr.oq @nd [ygg| bins -,

Events / 20 MeV
g
T

— Total fit
. . L -- Background
e Crystal Ball function (signal) -
e exponential (background) -
Parameters constrained to A T
H H W invariant mass [GeV]
pr-integrated fit result
v
2.4 1™ (13 TeV) 2.7 b1 (13 TeV)
g’aooo} CMS 20<p, <21GeV g' 450; CMS 225<p <25GeV
S 5000; Preliminary lél/:d?fo o S 400% Preliminary Lyz\/:d?jo o
g § ~ Totalfit 2 0 — Total it
© 4000 Background & 300 Background
o F & F
E 250F
3000 E
E 200:
2000 150F
E 100}
1000F- r
E 50:
0 295 3 3.05 31 3.15 3.2 3.25 05 ‘ :

Il Il L
35 36 3.7 38 39
WY invariant mass [GeV] WU invariant mass [GeV]
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Prompt/non-prompt components

Chamonium sources

@ Production in primary pp interaction: prompt
@ Production in b-hadron decay: non-prompt

2.4 15" (13 Tev)

2.7 fb (13 TeV)

15 E £
I [ CMS 20<p, <21GeV 3 CMS 225<p <25GeV
& 10°k Preliminary Iyl <03 5 Preliminary v <03
py E XeIndf = 1.26 = 10 XeIndf = 0.89
2 r i)
S 0L — Total it S — Total fit
o F — Prompt signal 310 — Prompt signal
— Non-prompt signal 10 — Non-prompt signal
s Background Background
F 10
10
1?‘ E‘ Iill.
EAL e T i Ii
-0.05 [ 0.0¢ 0.1 0.15 0.2 0.25 -0.05 0 0.05 0.1 0.15 0.2 0.25
Pseudo-proper decay length [cm]

5 .
Pseudo-proper decay length [cm]

Simultaneous fit to mass and “pseudo proper decay length”:

@ prompt: resolution function

@ non-prompt: exponential convoluted with resolution function
@ background: gaussian plus exponential

P. Ronchese - CMS
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QQ — utp~ acceptance and efficiency

Generated QQ events, decay to .~ simulated with PYTHIAS
_ Nan'(p1,Y)
Neen(pr, y)

@ N9"(pr,y) : generated events
N&"(pr,y) : events passing selection

@ Acceptance stored in finely binned histograms
@ Unpolarized production assumed

@ Tag-and-probe method

@ dimuon efficiency: product of two efficiencies multiplied by a
correction factor accounting for correlation

] Acceptance and efficiency calculated event-by-event ‘
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Quarkonia production: systematic uncertainties

Signal yield

Different mass fits:

@ changes in CB function parameters
o fixed/free mean masses
@ exponential/linear function for background

o

Non-prompt fraction

@ Decay length from:

@ average interaction point
@ nearest primary vertex along beam direction

@ Different functions for background modeling:
right, left or double-sided exponential

@ Changes in parameter constraints

v
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J/v , 1 (2S) : results

Double-differential cross-section

@ Plot vs. prin 4 |y| bins

@ pr up to:
o 120 GeV(J/v)
o 100 GeV(4(2S))

@ weighted average for the

integrated range |y| < 1.2

2.4 107 (13 TeV)

% = 00<lyl<03

L;é * 03<ly<06 x12
= L 06<ly <09 x14
o[%, v <pl<12 x18
o o 09<lyl

5

x

o

@

Il
70 80 9010°
Pl [Gev]
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Plot vs. prin 2 |y| bins
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Quarkonia production: production ratios
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T production ratios vs. multiplicity

CMS Preliminary 4.8 fb™ (7 Tev) - CMS Preliminary 4.8 o™ (7 Tev)
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Double T production

High parton densities in pp collisions

@ Single parton scattering (SPS):

e assumed to dominate

e strongly correlated pairs, small |Ay|
@ Double parton scattering (DPS):

e multiple heavy-flavour production,
o large |Ay| values

S. Baranov,et al., PLB 705 (2011) 116-119, C.H.Kom et al., PRL 107 (2011) 082002
v

Quarkonium pair production mechanism
@ Color singlet: dominant at low pr

@ Color octet: important at high pr
P. Ko et al., JHEP01(2011)070 , J.Campbell et al., PRL 98 (2007) 252002

Possibly produced in decays of tetra-quarks
A.V.Berezhnoy, et al., PRD 86 (2012) 034004
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http://dx.doi.org/10.1103/PhysRevLett.107.082002
http://dx.doi.org/10.1007/JHEP01(2011)070
http://dx.doi.org/10.1103/PhysRevLett.98.252002
http://dx.doi.org/10.1103/PhysRevD.86.034004

Double T selection & signal extraction

Event selection
@ Muon quality:
e hits in tracker and pixel detector
e match chamber segment with extrapolated track

@ pr,>35GeV, |nl<24

@ pry <50GeV, |yr| <20

@ Multiple T events discarded

@ Non-prompt production negligible

@ T(1S)T(1S) and T(1S)T(2S)
yield estimated,

} uniform muon acceptance region

CMSpreliminary L=20.7 fb™* ({s=8 TeV)

Candidates/(60 MeV x 60 MeV)

10

510

. . - 9.!
@ no visible signal for T(3S) Mioey ©° 155° \EIO%"

@ 2D unbinned max likelihood fit,
5 components
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Double T selection & signal extraction

Event selection
@ Muon quality:

e hits in tracker and pixel detector
e match chamber segment with extrapolated track

@ pr,>35GeV, |nl<24
@ pry <50GeV, |yr| <20
@ Multiple T7T events discarded
@ Non-prompt production negligible
@ T(1S)T(1S) and T(1S)T(2S) { @ CB function (signal)

yield estimated, / @ 1! Chebyshev polynomial (bg)

} uniform muon acceptance region

@ no visible signal for T(3S) @ T(1S)T(1S), T(1S)T(2S)
@ 2D unbinned max likelihood fit, @ T(1S)/T(2S)-combinatorial
5 components @ combinatorial-combinatorial
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Double T production cross-section

Nsig - w
B(T(18S) — ptpu=)?-

oT =

Nsig T(1S)T(1S) signal yield =
@ acceptance & efficiency factor

@ Acceptance and efficiency computed @ T mesons assumed

S

@

event-by-event on a MC sample to decay isotropically

CMS Preliminary L=20.7 fb* ({5=8 TeV) CMS Preliminary L=20.7 fb! ({5=8 TeV)
> F T T 7 > F T T T .
s F ] 3 f . E
5 i 18 i
PR - 2 2 E
£ g :
T 15 2 15 3
c E s E
© C o 3

5

0
ST

[ R Ty

5
0
5

B e e T e e v e e
%56 88 9 92 94 96 98 10 102104 10 108
My[GeV]
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Double T production: results

Vs=8TeV, L =207 fo! CMS-PAS-BPH-14-008

ot = (68.8 £ 12.7(stat) + 7.4(syst) + 2.8(BR))pb

V.

Systematic uncertainties

@ Signal/background shapes

@ Acceptance and efficiency
@ Integrated luminosity

T polarization

@ Acceptance computed assuming unpolarized production
compared with full longitudinal/transverse polarization hypotheses

@ -38%/+36% variation found

.
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Observation of B* — 1)(2S)¢pK™* decay: event selection

1(2S) selection ¢ selection
@ pr . > 4.9 GeV @ High-quality tracks
@ My, — Mys)| <Somy @ prx >1.0GeV

@ 3D kinematic fit with ¢/(2S) mass constraint
|[Mcand — Mp+| < S oM

Probyty > 0.10

Ly > 40

cosa > 0.99

PT. > 7 GeV

® |myx — my| < 8 MeV
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Backup

Observation of B* — )(2S)¢pK™* decay: systematic uncertainties

Main systematic sources
@ BT mass shape for signal mode
@ Charged particle track reconstruction efficiency
@ Modeling of pr dependence of B* efficiency

@ ¢ purity
19.6 fo™ (8 TeV) 19.6 fo (8 TeV)
S T R A an = E
2 120~ CMS 4 Data - % 80— CMS
I r — Total fit 7 ~
2 100~ #%% @signal - ~ L
% F —. Non-B'background ] @ eo- * Da@
g f @ Non-o 1 8 t Total fit
T b 4 = B B - w@S)K
8 T B [ e Background
— c —
60| . S o
£ 1 © [
40 - L
[ ] 20
20[- - [
07 - WA a ST TR IR, S A — 0 1 L ” 1 L
0.99 1 101 102 103 104 105 522 524 526 5.28 53 532
My (GeV) Myesyeck: (GEV)
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Search for X(5568): event selection

/s selestor

@ pr, >4GeV @ High-quality tracks
@ |nu <22 @ prx > 0.7 GeV
o pT,W>7GeV o !mKK—m¢] <10 MeV

4

© 8.04GeV < m,, <3.15GeV

@ Probyi > 0.10 @ High-quality tracks
@ cosa>0.9

@ Ly >30

@ From Primary vertex
@ pr,.>05GeV

@ 3D kinematic fit with ¢/(2S) mass constraint
@ 5.20 GeV myy, < 5.55 GeV

@ Probyi > 0.01, cosa > 0.99

@ pr > 7GeV
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Search for X(5568): different cuts

CMS Preliminary 19.7 b (8 TeV) CMS Preliminary 19.7 b (8 TeV)
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Search for X(5568): fit & checks

@ UML fit: (x — xp)“ x Poln(x) + Breit-Wigner: yield = —175 + 134
@ separate bg/signal fit: yield = —235 + 93

@ fitin [my —2.5Ix : my + 2.5I'x]: yield = 4 + 94

o different functions & parameters

Upper limit: 198
— o(pp— X(5568)+any) x B(X(5568)— Br+) _ Nx(sses) 82

PX

o(pp—B2+any) NB(S) €X(5568)
CMS Preliminar ry 19.7 b (8 TeV) CMS Preliminary 19.7 6 (8 TeV)
>1400F
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Angular analysis, ¢ integrated out: 6x & 6,

140,.CMS 205" (8 TeV) 140 CMS 205" (8 TeV)
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Angular analysis, ¢ integrated out: parameters by bin

2 Signal FL AFB dB/dqz

(GeV?) yield (1078 GeV2)
1.00-2.00 | 8511 06577 +£005 —027707 +0.07 47+£07+03
200430 | 1454+16 0.79+£0.08+£0.04 —0.1275124+0.05 33+£04+02
430-6.00 |119+15 0.61+£010+£0.05 003+£0.15+003 34+05+03
6.00-8.68 | 253+£21 0.49+0.06+0.05 004+0.104+002 47+04+03
10.09-12.86 | 362+25 0.39+0.05+0.04 0.16+0.06+001 62+04+05
14.18-16.00 | 225+ 16 0.46+£0.05+0.04 040750 £0.01 65+£06+05
16.00-19.00 | 239+18 0.38+0.05+0.04 035+0.074+001 42+03+03
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Angular analysis, ¢ integrated out: comparisons

Experiment 23 Agp dB/dq? (1078 GeV~2)
CMS (7 TeV) 0.68£0.10£0.02 —0.07£0.12£0.01 14£06+04
CMS (8 TeV, this analysis) | 0.72£0.05+0.04 —0.15+01% +0.03 3.6+£03+03
CMS (7 TeV + 8 TeV) 0.71+0.06 012907 3804
LHCb 0.657 098 £0.03  —0.17 +0.06 +0.01 34+03+0%
BaBar — — 41t 01
CDF 0691012 +£0.08 029102 +0.07 32+£1.1+03
Belle 0.67£0.23+£0.05  0.26+3%7 +0.07 30755 +£02
SM (LCSR) 0.7975% —0.02 0% 467133
SM (Lattice) 0.73+09% —0.035% 387112
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Angular analysis, ¢ integrated out: systematic errors

Systematic uncertainty F.(1073%)  App(107%) dB/dg? (%)
Simulation mismodeling 1-17 0-37 1.0-5.5
Fit bias 0-34 2-42 —
MC statistical uncertainty 3-10 5-18 0.5-2.0
Efficiency 34 5 —
K7 mistagging 14 0-7 0.1-41
Background distribution 1-9 0-6 0.0-1.2
Mass distribution 3 1 3.2
Feed-through background 0-27 0-5 0.0-4.0
Angular resolution 6-24 0-5 0.2-2.1
Normalization to B® — K*J /¢ — — 4.6
Total systematic uncertainty 36-54 10-68 6.4-8.6
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Angular analysis, ¢ & 0, folded: fitted distributions

. CMS_prelminan 205 1™ (8 Tev) . CMS_preliminan 205 1™ (8 Tev
a 50 %430 - 6.00 Gev: ’?ﬁ““:‘m g 4% 4.30 - 6.00 GeV? :?;‘:H“
4] [ Signal yield: 119+ 14 A Cor.tag sig. S A% Cort.tag sig.
o F 2% Mistag sig. = 2 Mistag sig.
S 40 - Background P - Background
s F g
= .F > 30|
= 30F w
s F
E 20
o 20f
10F 10
of FEOMAMNNMINNNNNN MBI A Y
5.1 5.2 5.3 54 .55 0 01 02 03 04 05 06 07 08 09 1
mK'TTp ) (GeV) cos(8))
_ CMS Preliminary 2051 (8 Tev _. CMS Preliminary 2051 (8 Tev
. . D a0 . —~ Da
g 4% 4.30 - 600 GeV: Total fit 3 gof 0430 ~6.00GeV: et
2 50 % Corrtag sig 5 N Corttag sig
> /7 Mistag sig. ) 4/ Mistag sig.
2} = Background o = Background
£ 40 ackgrount e 40| ackgroun
I a
30| $
=
[
20
10|
o MANMTETEET RSN
-1 -08 06 -04 -02 0 02 04 06 08 1
cos(6k)

eavy flavor results fr



	Introduction
	Introduction

	Production, polarization and decay
	Summary
	B mesons & baryons
	Quarkonia
	Double quarkonia & exotica

	Angular analysis
	Summary
	Integrated distribution

	Conclusions
	conclusion

	Backup

