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Inkroduckion

> Heavy quark (c and b ) are produced via hard scattering processes at the initial stage of the
collision
> It allows to test our understanding of various aspects of QCD.

> Perturbative process (m,;, > > Aycp) = Heavy quark production

> non-perturbative process— Quarkonium bound state formation.
> Quarkonium pairs may originate from single-parton scattering (SPS) or double-parton
scattering (DPS).
> These production mechanisms can be separated experimentally since the DPS production is
characterized by more forward and separated mesons.
> How to verify: performing a Cross-section measurement
> Heavy quark production (1)
> Quarkonium bound state formation (2)

> New CMS results will be discussed in this talk:
> Y(IS) pair production cross section measurement and resonance search decaying to Y(I1S)u™*u~.(2)

> Investigation into the event-activity dependence of Y (nS) relative production.(2)

" Measurement of B.(2S)" and B..(25)* cross section ratios (1&2)
» Observation of the BY — X(3872)¢ decay

> Observation of a new excited beauty strange baryon decaying to E, ¥z~
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Measurement of the Y (1S) pair production cross section and search

for resonances decaying to Y (1S)utu~ in proton-proton collisions at
\/s =13 TeV

Paper: PLB 808 (2020) 135578

> 359 fb-1 of /s =13 TeV (2016)


https://doi.org/10.1016/j.physletb.2020.135578

Measurement of the Y(15) pair production cross section

> The Y (IS)Y(IS) production was observed for the first time by CMS using 2012 data. JHEP 05 (2017) 013

> SPS and DPS components were not separated
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Aim: Y (1S)Y (1S) fiducial cross section measurement using 35.9 fb-! of CMS data collected in 201 6.

N corr L = integrated luminosity

l LB2(Y(1S) ! pp) Ncor =€! ciency corrected signal event

: bd —

v

Both the Y(IS) should be within absolute rapidity 2.0

v

2D fit to two randomly selected dimuon pair (m,, and ms, ) to evaluate Y (1S)Y(IS) yield.

> Signal is modelled with double Crystal-Ball function with a common mean form SPS simulation.
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https://arxiv.org/pdf/1610.07095.pdf

Fiducial cross-section and DPS fraction

> Each event in the signal region is reweighed for the acceptance and efficiency

> weights computed in reconstructed prt and rapidity of muon pairs.
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> The SPS and DPS contributions can be separated because of their different kinematics:

- The mesons have a larger rapidity difference in DPS

- The mesons have a larger invariant mass in DPS
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Search for resonance decaying to Y(1SHup-

> A tetraquark made of 4 b quarks would have mass around |8 GeV and could decay to an onshell
Y (1S) and 2 leptons.

> Looking for a narrow excess of events above a smooth four-muon spectrum 1
35.9 fb (13 TeV)
L I B
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> No significant excess is observed. 3591 (13 TeV)
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Investigation into the event-activity dependence of Y (nS) relative
production in proton-proton collisions at Vs = 7TeV

Paper: JHEP 11 (2020) 001

> 48 fb-1 of /s =7 TeV (2011)


https://arxiv.org/pdf/2007.04277.pdf

Mokivakion
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https://arxiv.org/pdf/1312.6300.pdf
https://arxiv.org/pdf/2007.04277

Relative production ratio as a function of mulkiplicity

» Decrease in ratio with increase in
multiplicity

1S)

- Estimated the function value at low and high =
multiplicity to give a better variation value

I (nS)/

Y(2S)/Y(1S) : (=22 + 3)%
Y(3S)/Y(1S) : (=42 + 4)%

» Ratio increases with increase in p’_if‘

> Ratio is investigated in three region
> forward - transverse - backward
> based on the relative angular distance
with the Y direction

> Decrease in transverse region
> connection with the underlying event
itself
> not linked to particle activity along the

Y (nS) direction
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Conkinue..

0 5CMS 4.8 fb™ (7 TeV)
> Transverse sphericity (St) give information of the shape ! S
of the underlying event i 4 000" S, < 055
. - 0.4\ 0.55 " S; < 0.70
Sphericity=>0 Sphericity=>1 B 4+ 070" S, < 0.85
" é§§§+++ —+— —+-0.85" S, " 1.00
> almost flat at low St Sl Vg 3 TGS TS
) . o — L w4 000" s < 055
> ratio decrease as function of multiplicity for =~ I, 055 " S, < 0.70
L %p) 3¢ ° —4—0.70 " S, < 0.85
4 21 4 > %
St>0.55 Bt 0 &y 3 o 4 085" S." 1.00
—_ i e o e
> Independent for jet like event 01 -
> decrease in ratio is an underlying event effect i ptt > 7 GeV, [y < 1.2
OO_|||||||||||||||||||||||||||
"0 20 40 60 80 100 120 140

N

track

> Reduction in Y (2S)/Y(IS) and Y (3S)/Y (IS) production ratios is observed with increasing multiplicity.
> In agreement with the observation made in pp and pPb collisions at lower centre-of-mass energy.

> No variation in the decrease of the ratios is found by changing the azimuthal angle separation of the
charged particles with respect to the Y momentum direction

> Provide a connection between Y (nS) production and the underlying event, stressing the need for an
improved theoretical description of quarkonium production in proton-proton collisions.
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Measurement of Bc(2S)+ and B’ (2S)+ cross section ratios in proton-
proton collisions at \/E = |3 TeV

Paper: PRD 102 (2020) 092007

> 143 fb-1of /s =13 TeV (2015,2016,2017,2018)

N


https://arxiv.org/pdf/2008.08629.pdf

Mokivakion

% 6

0/96

> Bc(25)* and B&(2S)™ were first resolved using 143 fb-! of data
collected by CMS

> Two-peak structure observed (well resolved) EE |

AM = 29.1 = 1.5(stat) £ 0.7(sys)MeV PRL. 122, 132001
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> Goal is to study the properties of these mesons to shed light on the better understanding of B *
quarkonium family.
> Relative production ratio

> Dipion mass
12


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132001

Relabive cross seckion and cii,pion WAL SS

> Measurement of relative cross section wrt B,

10 SZMS 143 fb™ (13 TeV) 10 f:Ms 143 fb™ (13 TeV)
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> Dipion mass

Normalized mass distribution

CMS

143 fb* (13 TeV)
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> Compatible in between B.(25)* and
B.(2S)*

> shape is different from phase space
predictions

» Important for theoretical understanding

> No dependency on the transverse momentum or rapidity of B
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Observation of the Bg — X(3872)¢ decay

Paper: PRL 125 (2020) 152001

> 140 fb-1 of \/s =13 TeV (2016,2017,2018)

14


https://arxiv.org/pdf/2005.04764.pdf

Mokivakion

w
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 PRL 91(2003)]262001 @

> X(3872) was first observed by Belle in 2003.

> Small natural width and don’t match to any predicted Charmonium state
> X(3872) I°(J¢) = 0F(1*H)
> The decays of X(3872) into J/Pw w.r.t J/Pp violate isospin

Events / (0.005 GeV )
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o
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> Never observed in Bg decays, only B™, B, Ag and prompt decays.

> The mass is very close to the DD threshold with total width < 2 MeV.

o [é)]
T T T, T 1

1 1
3.82 3.84 3.86 3.88 3.9 3.92
M@/ s 11) (GeV)

> Measured first time the production in the Bg decays, which may shed light on the nature of X(3872)
> VWe measure the ratio

B(BY — X(3872)¢) x B(X(3872) — J/ymtm~) _ N(BY — X(3872)¢)  €BI—y(25)¢

R = /
B(BY — ¢(2S)¢) x B(¥(2S) — J/pmtn—) N(BY — 9(2S)¢) ) €BY -+ X(3872)¢

Where N, is the number of signal events in data

» BY — y(25)¢ is used as control sample
> 3.60 < m(J/yntn") < 3.95GeV
» 1.00 < m(KTK™) < 1.04GeV
> 5.32 < M(BY) < 5.42GeV

Collision point

15


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001

Observation of the Bg — X(3872)¢ c{eaav

> Data corresponds to 140 fb-1 @ 13TeV

> BY — X(3872)¢ observed using X(3872) — J/yratn~ and ¢p - KK~
« 2D fit to M(J/wn*zn~) and M(KTK™) to extract the signal yield

N(Bg — X(3872)¢) = 299 £ 39 with significance > 60

Candidates / 5 MeV

> Non B;) production evaluated from background-subtracted

200
180
160
140
120
100

A O
o O O

|III|III|III|III|III|III|III|III|III|I O

N
o

w
00 T

MS

140 fb™ (13 TeV)

¢ Data
— it
— (X(3872), #)
— - (X(3872), bkg)

----- (bkg, #)
(bkg, bkg)

M(X(3872)¢) distribution to be 1.7%
> ratio of event yield X(3872)/! (2S) changes by 1.2%

Candidates / 1 MeV
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Branching fraction ratio

> Ratio of Branching fraction
B(BY — X(3872)¢) x B(X(3872) — J/prt )

K= "B(BY > 9(25)9) x B(p(25) — J/ym )

= (2.21 £ 0.29 (stat) £ 0.17 (syst))%
> Branching fraction

B(BS — X(3872))B(X(3872) — J/wrn*tn~) = (4.14 + 0.54(stat) + 0.32(syst) + 0.46(B)) x 107°
B(B® — X(3872)K)B(X(3872) - JlwnTn") = (4.3 +1.3)x 1076

» Consistent with the BY — X(3872)K" PRD 98 (2018) 030001

> Two time smaller compared to B+
B(B? — X(3872)¢)
B(B* — X(3872)K™)

B(B; — y(25)¢)

B(B+ — w(2S)K+)

— 0.482 + 0.063(star) £ 0.037(syst) = 0.070(B).

= 0.87*0.10

| Formation of X(3872) from B mesons are different from y(25) , may be X(3872)
is not a pure charmonium state.
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https://link.aps.org/doi/10.1103/PhysRevD.98.030001

Observation of a new excited beauty strange baryon decaying
to B, nt

Accepted to PRL
arXiv: 2102.04524

> 140 fb-1 of \/s =13 TeV (2016,2017,2018)
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https://arxiv.org/pdf/2102.04524.pdf

Mokivakion

> B, baryon family is qsbisodoublets, their ground states have been observed at Tevatron.

> Excited states are observed recently at LHC energy
> Theoretical prediction
> New &, resonance near B, 777~ threshold

> expected mass about 6100-6130 MeV and non-neglible natural width. arxiv:1709.04268

» B, is reconstructed via J/wE™ and J/wAK™ > Signal yield
> Jly = utu , 27 - An~, and A = pn~ > JIwE™ :859 £ 36
> JIwAK™ can also be the product of  JIyAK™ 1815 +74
JIwE K=, where 20 — Ay > J/wZOK™ :820 + 158
CMS 140 fb* (13 TeV) CMS 140 fb* (13 TeV)
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https://arxiv.org/pdf/1709.04268.pdf

Observation of a new excited beauty strange baryon decaying to B, 77 7~

» B 7 m mass is reconstructed using E; and two soft pions

> 2D unbinned extended maximum likelihood fit to two
independent channel( 2, =J/yw&", J/IwWAK™ and 2, —
JIw=PK™)
> Signal model: Relativistic Breit-Wigner function with
resolution
> Measured mass difference from the fit:
M(Z,(6100)7) — M(E,) — 2mEPY = 24.14 + 0.22(stat) £ 0.05(syst) MeV
M(E,(6100)7) = 6100.3 + 0.2(star) = 0.1(sys?) = 0.6(,) MeV

Given M(E;) = 5797.0 £ 0.6 MeV

> Natural width is too small to measure
> Upper limit on I'(E,(6100)7) < 1.9 MeV at 95% CL
> 5,(6100)~ baryon is analogous to = (2815) baryon

> Indication of first observation of J© = 3/2~ beauty-strange
baryon.
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Candidates / 2 MeV
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https://arxiv.org/pdf/2102.04524.pdf

Sun nmary and conclusion

> Even though LHC is under upgradation since 3 year, new measurements are being
published with the available data.

> Measurements are based on newer |3 TeV Run-2 data as well as on 7 and 8 TeV Run-|
data.

> New CMS results are discussed in this talk:
> Y(IS) pair production cross section measurement and resonance search decaying to Y(IS)u™u™.

> Investigation into the event-activity dependence of Y (nS) relative production.
> Observation of the BY — X(3872)¢ decay

" Measurement of B.(25)* and B..(25)" cross section ratios

> Observation of a new excited beauty strange baryon decaying to Z, 777~

> Many analysis are in the pipeline with the Run-2 data. Stay tuned !!!
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Thank You for your attention ;
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Dataset and Triggers

> Analysis shown here uses CMS data collected between

2011 and 2018.

> Total integrated luminosity valid for physics:

v

v

v

v

« Run | : ~ 5 fb-1, /5= 7TeV
~ 20 fb-1,1/5= 8TeV
* Run2: ~ 140 fb-1, 1/s= 13 TeV

Data taking will be resumed in 2022 after LHC LS2 upgradation.

Quarkonium are reconstructed through the final states
containing muons.

Several single- and multi-muon triggers are used to study
various processes.

Tracker and Muon sub detector play a major role to
reconstruct the HF

* Transverse momentum resolution: (1-5) % for pt < 100 GeV

* Misidentification probability < 1%
* Vertex and IP resolution : O(20-100)m
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