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Published or new CMS results since QWG 2014

Xb2(1P)/xp1(1P) cross section ratios at 8 TeV

[ ]

e Prompt J/1 and (2S) cross sections at 7 TeV
e T(nS) (n=1,2,3) cross sections at 7 TeV
e S—wave quarkonium cross sections at 13 TeV
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Published or new CMS results since QWG 2014

Xb2(1P)/xp1(1P) cross section ratios at 8 TeV

[ ]

e Prompt J/1 and (2S) cross sections at 7 TeV
e T(nS) (n=1,2,3) cross sections at 7 TeV
e S—wave quarkonium cross sections at 13 TeV

Focus on S—wave quarkonium states at 7 and 13 TeV in this talk
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Quarkonium reconstruction with CMS



Dimuon spectrum and triggers at 13 TeV
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Quarkonium reconstruction performance

e Flexible trigger

e Huge silicon tracker

e Very strong magnetic field
e High pr—coverage
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Quarkonium reconstruction performance
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Quarkonium reconstruction performance
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Quarkonium reconstruction performance
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Cross section measurements



Quarkonium cross sections

Double differential cross section times branching ratio

d*c — N(pr, 1
c(f/iidyQ) xBQ=utu) = ﬁgjrg)y “e(pr.¥)A(pT, ¥)
e B(Q — ™) - branching ratio of quarkonium into two muons
e N(p7,y)— number of prompt signal events in (pr,y) bin
e c(pr,y)A(pT,y) - efficiency and acceptance corrections
e L — integrated luminosity
e Apr, Ay — bin widths
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Determination of prompt J/¢ and ¢(2S) yields

Obtained from simultaneous fits to dimuon mass—decay length distributions
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> £
% 6000— CMS 20<p <21GeV
o [ Preliminary I)'zll<dff)-3098
— | ndf = 0.
= 5000 X
‘2 E — Total fit
4 4000 -- Background
w r
f

3000

20007

1000

G: $ e qe e Il 4 L
2,95 3 3.05 3.1 3.15 3.2 3.25

W invariant mass [GeV]

e Crystal Ball function for modeling mass signal

e Dimuon mass background modeled with exponential function
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Determination of prompt J P(2S) yields

Obtained from simultaneous fits to dimuon mass—decay length distributions
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e Crystal Ball function for modeling mass signal
e Dimuon mass background modeled with exponential function

e Non-prompt component from b hadron decays separated using the

pseudo-proper decay length | = L, - my,/pt S



Determination of prompt J/¢ and ¢(2S) yields

Obtained from simultaneous fits to dimuon mass—decay length distributions
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e Crystal Ball function for modeling mass signal
e Dimuon mass background modeled with exponential function

e Non-prompt component from b hadron decays separated using the

pseudo-proper decay length | = L, - my,/pt S



Non-prompt fractions

Prompt quarkonia:
e Direct production in pp collisions

e Indirect production via decays of heavier Q (e.g. x.) states

Non-prompt quarkonia:
e b hadron decays
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Determination of T(nS) yields

Obtained from fits to dimuon mass distribution

2.7 fb* (13 TeV)
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8 CcMsS
j:fi’ Y simuiation """"""""" S Acceptance
£ oa—:
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i La o NE'(p7,y) — generated events
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P [GeV] simulated events in (pr,y) bin
e Obtained from MC simulations
e Dependent on polarization
e Similar acceptances for all Q states
e Rapidity dependence negligible

All results presented here assume unpolarized quarkonium states
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Single muon and dimuon efficiencies
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Single muon and dimuon efficiencies
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Single muon and dimuon efficiencies
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Systematic uncertainties

Uncertainty on the luminosity measurement

S 2.7 % (5 = 13TeV)
S 2.2 % (V5 =7TeV)

— NOT included in presented results

Uncertainties on the determination of the yields:
e Signal and background modeling

Uncertainties on the estimation the non-prompt fraction:

e Primary vertex assignment

e Signal and background modeling

Stated values for 13 TeV / 7 TeV results
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Systematic uncertainties

Uncertainties on the acceptance and efficiency corrections:
e Acceptance calculation uncertainty dominated by statistical uncertainty of
MC sample

e Uncertainties on single muon efficiencies

e Uncertainties on the dimuon efficiencies

Combined Systematic Uncertainties

excl. luminosity uncertainty, approx. values CMS PAS-BPH-15-005

PRL 114 (2015) 191802
— ~5—8 % at low pr (same for 7 TeV)

PLB 749 (2015) 14

— Between 10 and 30 % (10 and 20 %) at high pr

Statistical and systematic uncertainties comparable for 1)(nS)

Statistical uncertainties dominate for T(nS)

Stated values for 13 TeV / 7 TeV results
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Results




Rapidity and pr ranges at 7 and 13 TeV
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(2S) cross sections

2.4fb™ (13 TeV)

% = 00<|y|<03 I~
9 + 03<|y|<06 x1/2 8 14 CMS
5> 10%* 4 06<[y]<0.9 x1/4 3 El o y|<1.2(x2)
g5 F 09<ly<12 x18 = 1 o lyl<03
= 31075 0 03<[y|<0.6
o . - o 0.6<ly[<0.9
R g ] © 09<l<12
Pt . & 1074
L b E E
Lol R Jy:L=4551b
. : . Q ] 4
. : . 10° v(28) : L = 4.90 fb
S
'
. . . L 10% 3
40 50 60 70 80 9010° ]
Py [GeV] 10°4 : i
2.7 (13 TeV) i Luminosity uncertainty % :
= cMs « 00<ly<03 104? of 2.2% not included i
o 19 . x T T T T T T
3 Preliminary 03<|y|<0.6 x1/2 0 20 40 60 80 100 120
= L 06<|y|<09 x1/4 p. [GeV]
NgUF T © 09<ly|<12 x18 u
€ Lo,
x v . M . -
§ wie oL CMS PAS-BPH-15-005 T 7TeV
1025 T N
g : : +— 13TeV
L
107 E 7‘5"(25) $ § i
Y inner error bars: stat. only,
10 |13 TeV 1 | b
£ - - - - - L total error bars: stat. syst.
20 30 40 50 60 70 80 90 10 Dsy 13/18

pYeS [Gev]



T(nS) cross

sections
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Comparison of 7 TeV and 13 TeV results

Cross sections integrated over |y| < 1.2
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inner error bars: stat. only, total error bars: stat. @ syst.

e Weighted average of individual |y| ranges for 13 TeV
e Factor of 2-3 between 7 and 13 TeV cross sections
e Slow changes with dimuon pr
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Double differential cross section ratios for

Ratio of 1(2S) over J /1 differential cross section times branching fraction
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Cancellation of several systematic uncertainties
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Double differential cross section ratios for T(nS)
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e Differential cross sections of S—wave quarkonia measured at 7 and
13TeV up to pr = 100 (120 for J /7)) GeV and |y| < 1.2

e Cross sections at 13 TeV larger by factor 2-3 compared to 7 TeV

for all states

e Extended measurement of non-prompt fraction up to
pr = 100 (120) GeV for 1(2S) (J/7)

e Differential cross section ratios measured at 7 and 13 TeV for prompt

J/1 to ¢(2S) and for T(2S) and T(3S) to T(1S)
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Xb2(1P)/x51(1P) cross section ratio at 8 TeV
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Systematic uncertainties for J (25) at 7 TeV
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Comparison to ATLAS and theory
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