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- Motivation for heavy-flavour measurements
- Experimental setup

- Overview of the latest results by CMS:

1. B*hadron production cross sections RENE
CMS-PAS-BPH-15-004

2. Quarkonium production cross sections HEN[E
CMS-PAS-BPH-15-005

3. Observation of Y(1S) pair production
CMS-PAS-BPH-14-008
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https://cds.cern.ch/record/2114806
https://cds.cern.ch/record/2145411
https://cds.cern.ch/record/2154307

Heavy-flavour production is an important process to study.

In view of the Standard Model measurements:
- advancements in b/c-hadron spectroscopy

- verification of pQCD and effective field theory predictions

In view of BSM searches:
« CP-violation studies

» probing/constraining new physics scenarios
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Experimental setup: CMS

Compact Muon Solenoid: perfect detector for measuring muons

Muons - main experimentally measured signature in HF physics

8
—; Muon system

— Electromagnetic
Combination of Calorimeter

subdetectors to
identify + measure ,
muon properties C

--------

Tracker It

Inf<2.4 | ' |

Hadronic Superconducting IIE

Ouu: 0.6% - 1.5% Calorimeter  Solenoid (3.8T) 2
Runt data: ~ 20.7 fb™ Run2 data: varies among analyses
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Experimental setup: triggers

Dedicated triggers: optimised for different analyses

CERN-CMS-DP-2016-016
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Experimental setup: resonant peaks

Using 2016 data
CERN-CMS-DP-2016-016
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Experimental setup: resonant peaks

Using 2016 data

CERN-CMS-DP-2016-

016

0.9 fb™ (13 TeV, 2016)

>
3 F CcMS
& 6000~ Preliminary
9 =
2 5000 L i B (Jhp K?)
b : p,>18 GeV
4000 1— E - Total fit
T 4 e Signal
3000 |- Combinatorial bkg
E h JAp KeX
2000 |- B+ e ”'l'”' K+
0: aada .ﬂ":. alasdadasaal aldasaals Laaaalass
5 51 52 53 54 55 56 57 58 59 6
M, x [GoV]
0.9 fo' (13 TeV, 2016)
> —
§3°°°d~ CMS
- Preliminary ¢( )
° =
™ 25000} 1020
2 =
& 20000 o =30 MeV
O - p." >8GeV
15000k |))'-"| <12
10000}
1 1

PEEPE | 2z 2 1 . . P
3.7 38 39
w*n’ invariant mass [GeV]

Nazar Bartosik |

Events / 20 MeV

Bd® 2 JIPK® oo 137ev. 2000

Abo — J/lll/\o 0.9 fb" (13 TeV, 2016)

> 40
CMS 2 ﬁ CMS
Preliminary 83 A%np A) Preliminary
BO(JIH' K:) g 30 p‘,>10 GeV R 2
p,>10 GeV W —Towif 1
25 === Signal
—— Total fit
20 - Combinatorial bkg
15 +
10 +
T»-o- 1 1 ‘
5 | | :
“1“+4+:1u Ll...uluu':lul,l
7 52 53 54 55 58
‘o :. .............. 0.9 fb-1 (13 TeV, 2016)
...... > 10 Trigger paths
(“D’ . CMS -
Z 10" g Preliminary WAy
» = JAp —
c 10°F s
o = ¢ Y
> - B low mass double muon + track
w 10 = Y double muon inclusive

lllllll 1 1 lllllll 1

1 1

lll]ll

10

w*w” invariant mass [GeV]

Heavy-flavour production at CMS

102

7 |25


https://cds.cern.ch/record/2160343/files/DP2016_016.pdf

B* CROSS SECTION

CMS-PAS-BPH-15-004

- probing b-hadron production at higher
energies wrt to Runl measurements

- important test of QCD
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B* production: selection

Using data with 50 ns bunch spacing: £:-~50.8 pb™
Exclusive decay channel: B* = J/p K* = py*u K*

Candidate selection:

Displaced triggered dimuon vertex
+L1: 2 X |[nF<1.6 OR =1X|p1]*>10 GeV
« HLT: 2 X |n|#<2.4 AND |p1]* > 4 GeV
¢ 2.9 <myu < 3.3 GeV

J/ candidate: uu pair with |pt| > 10 GeV
K* candidate: track with |ptl > 1 GeV

Nazar Bartosik | Heavy-flavour production at CMS
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B* production: cross-section

Differential measurement: as function of Q (Q = pt or |y| of B*)
signal yield in bin AQ

do(pp — BT X) stig

1Q 2Ac-BL-AQ

result for a single charge

acceptance X efﬁC'ency ........................ bln Wldth

A: from B* MC simulations

€: data-driven from BR(B* = J/ K*) x BR(J/p— uu )
inclusive J/Y— uu
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B* production: signal yields

Signal yields: extracted from invariant mass of B* candidates

Extended unbinned likelihood fit in each bin of the measurement

» misreconstructed bkg.
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B* production: results

Comparison of Data, MC and FONLL calculations at|[ZTeV and 13 TeV
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Theory predictions in reasonable agreement with the measurement

Improved precision of FONLL predictions at 13 TeV
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QUARKONIUM CROSS SECTION

CMS-PAS-BPH-15-005

- testing the factorisation hypothesis of NRQCD

- extending the pr reach of the previous
measurement using Runi data

Nazar Bartosik | Heavy-flavour production at CMS
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Quarkonium production: selection |13 TeV

Using data with 25 ns bunch spacing:  £: ~2.7 fb™!
5 S-wave charmonium states: J/I¢ PY2S) Y(1/2/3S)

Candidate selection:

High-pr pu pair in central rapidity

- L1: 2 X |n|#<1.6 “

« HLT: |p1|** > 10 GeV [J/¢] ?
lpr] > 8 GeV [¢/(2S), Y(nS)] M K
- specific my, windows for each state ®
B field
(-3.8T)

Only pp flying away from each other
Ap <O A = @(p+) - @(p-) -TT<AQ < TT
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Quarkonium production: cross section |13 TeV

Double-differential measurement: as function of pr and |y]|

signal yield in a 2D bin
maximum likelihood fit to m,, spectra

d’a¢ _ N€(pr, |yl) . 1

E(pTv ‘y‘)A(pTa |y‘)

J/,,; bin width -
W(2S) average inverse acceptance X efficiency - 5

Y(1S) A: from MC simulations

Y(2S) €: data-driven using Tag&Probe
Y(3S) €uu = €Eu1* €2+ p + for high-pr uu correlations
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Quarkonium production: signal yields [13 TeV

Signal yields: extracted from invariant mass of meson candidates

Extended unbinned likelihood fit
in each bin of the measurement
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13 TeV

Quarkonium production: results
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Quarkonium production:

Radial excitations relative to ground states

Y (2S)
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Quarkonium production: results

Charmonium non-prompt fraction: 13 TeV vs 7 TeV
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pt reach significantly extended with the 13 TeV measurement
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Charmonium production: results

Comparison of the measurements at 7 TeV and 13 TeV
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Same prt dependence in Run1 and Run2

Increase of cross-section consistent with expectations
from the PDF evolution
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Y(1S) PAIR OBSERVATION

CMS-PAS-BPH-14-008

- never observed before (evidence by D®)
- first step in searches for tetra-quarks

- important test of QCD predictions
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Y(1S)-pair observation: selection

Using data from Runtl:  £:-~20.7 fb
Searchingfor: 2 x Y(1S) = uu

Candidate selection:

24 muons
« HLT: 21 pair with 8.5 < my, < 11 GeV

- total O electric charge

- oppositely charged — kinematic fit

Y(1S) candidate:
lyl<2.0 pr<50 GeV

Nazar Bartosik | Heavy-flavour production at CMS | 220



Y(1S)-pair observation: signal extraction |8 TeV

Two discriminating variables: higher my,

2D unbinned likelihood fit over the

integrated |y| region

» signal: 2 x Crystal-Ball

» combinatorial bkg.
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Y(1S)-pair observation: results

Inclusive cross-section measured: |y]<2.0 p1<50 GeV

Signal yield: 38 + 7 events average inverse
5 acceptance X efficiency

B(Y(1S) —» putp=)?- L ‘e(pr,|y|)AlpT, |Y|)

)

0O —

Total cross section: 68.8 +12.751t + 7. 45yst + 2 8BR pb
assuming isotropic Y(1S) — pp decays

Expected to change by up to +36% (longitudinal) or -38%
(transverse) in case of extreme polarisation scenarios
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Differential B* cross section measured at 13 TeV

- extended prreach up to 100 GeV

- reasonable agreement with FONLL
and Pythia8 predictions

Double-differential quarkonia cross sections at 13 TeV

- consistent with 7 TeV results
- awaiting comparison to theoretical predictions

First observation of double Y(1S) production at 8 TeV

« inclusive cross section measured (statistics limited)
- first step in search for tetra-quarks

Presented measurements constitute an important input for
improving our understanding of QCD
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