Studies of excited heavy flavor states at CMS
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Outline CMS

Two recent studies of excited flavor states at CMS
Collaboration are reported:

« Measurement of B (2S) and BZ*(2S) cross setion ratios
in proton-proton collisions at /s = 13 TeV

 Observation of a new excited beauty strange baryon
decayingto E
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CMS experiment

Heavy flavor excited states studies are possible at CMS due to:
« Excellent muon system with large rapidity coverage and high-purity

muon-ID

" Compact Muon Solenoid

» Good resolution in pr~1% for central region of tracker

« Remarkable vertex reconstruction and impact parameter resolution

downto = 15um

« Efficient and very flexible set of dimuon triggers
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CMS

| Measurement of B¢ (2S) and B¢*(2S) cross setion

ratios in proton-proton collisions at /s = 13 TeV
[PRD 102 (2020) 092007]



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092007
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Search for excited B states

In 2014 the ATLAS Collaboration reported
the observation of the new state, with mass
consistient to predictions for B (2S) state
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Then the LHCDb Collaboration using
8 TeV data didn’t find any significant
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.212004
https://link.springer.com/article/10.1007/JHEP01(2018)138

Theoretical predictions and motivation

» Spectrum of B, family is predicted to be very populated, but spectroscopic
observations are poor so far

" Compact Muon Solenocid

* The measurement of B.(2S) masses and production cross sections will help to deeply

understand the dynamics of heavy-heavy quark systems.
The study is based on searching for B (2S) and BF*(2S) in the Bft*nt™ final

state.

Decay modes are:
« B}(2S) » Bimtn~
« BX*(2S) » Bf*n*tn™ , where BY* - By, and soft photon is lost

The theory predicts AM = [M(B}) — M(B.)] — [M(BZ(2S)) — M(B.(2S))] =
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.054017

Observation of B} ) (2S) states

Using full Run II statistics the CMS Collaboration observed two
well separated B (2S) and BF* (2S) states

PRL 122 (2019) 132001
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« M(B{(2S)) = 6871.0 £ 1.2(stat.) £ 0.8(syst.) + 0.8(BF) MeV
« AM = 29.1 + 1.5(stat.) + 0.7(syst.) MeV 7



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

Confirmation of B;r (*)(ZS) states by the LHCb Collaboration

In 2019 the LHCDb collaboration has confirmed the two-peaks
structure using Run | and Run 11 statistics.

PRL 122 (2019) 232001
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Table 1: Comparison of B.(2S5) results
Collaboration M|[B.(25)|, MeV AM, MeV
CMS 6871.0£1.24+08+0.8 29.14+1.5+0.7
LHCb 6872.1+1.3 +0.14+0.8 31.0+1.44+0.0

Results of the LHCb Collaboration are in a good agreement with the CMS Collaboration 8


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.232001

Measurement of BF (2S) and B * (2S) cross section ratios

The ratios of the B;’ ) (2S) to B and B}* (2S) to B (2S) cross sections were
measured in kinematic region pr(BY ) > 15 GeV and |y(B )| <2.4
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Measurement of B (2S) and B/ * (2S) cross section ratios
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The normalized dipion invariant mass —_B.(2S) phase space

distributions for the B ) (2S) - B n*n~
decays were obtained using sPlot technique

and demonstrate some discrepancy with
phase space from simulations
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092007

CMS

Observation of a new excited beauty

strange baryon decaying to E, n* ™
[PRL 126 (2021) 252003]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.252003
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=}, baryons spectroscopy
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" Compact Muon Solenoid

g denotes u or d quarks for Zp or Z;. L = 1 is the orbital excitation between the light diquark gs
and heavy b quark
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Mass (in GeV)

Theoretical predictions for Z; CMS,

Various theoretical models and calculations predict a spectrum of excited =,

r—!**

baryons. There are several predictions for orbitally excited P- wave By, States
with quantum numbers J¥ = 1/27 (3/27), expected to decay to =i (Z;).

PRD 98 (2018) 031502 [2] PRD 96 (2017) 116016 [1]
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Table 2: Theoretical predictions for =,
Properties 1] 2] 3

M(Z7*7) [MeV] 6130 6102 612475,

['(Z;77) MeV| 288 2.9 <7.21 13
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.116016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.094016

Previous experimental observations
In 2012 year the CMS Collaboration

r—!*O

observed first excited =, state
16
L cus e Opposite-sign data
14 [ pp, Vs =7 TeV
> - L=53fb" —— Signal+background fit
g 12 Background
T 10 _ () HRL 108 (2012) 252002
a L
% 8 =0
T of b
8 :
WOAE
2f
0 I " L rl I I 3
0 10 20 30 40 50

MJ/YZE7") - MJAYZE) - M(rt) [MeV]

Entries per 0.45 MeV/c?

Later in 2015 LHCb observed

Entries per 0.45 MeV/c?

~ Gompact Muon Solenaid

two excited states:Z, and =,
140 — |
B ;: 35
B 0
20F | ., %3 LHCb
C — b =20
100 = 515
N §10
- g 5
80 . h 5 0, " y .
60 dm [MeV/c?] _
- PRL 114 (2015) 062004 —0 - -
40 - k= +=8“ E
- b NEm
20 o =
. 2L oL [ o W "':"ﬁ,':. ,If.'.'-‘).. ---‘-:5’""-“._-
o LAWY [T (AT
0 10 20 30 40

—r— |

T T T T T T T

LHCb

JHEP 1605 (2016) 161

dm [MeV/c?

[ Sm [MeV/c’]

In 2016 LHCb performed
precision measurement of Z;°
properties (mass, natural width)
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Previous experimental observations

[

Recently the LHCb Collaboration reported observation of a new excited Z,,(6227)~ baryon
decaying to both AQK™ and Zpn~ and its isospin partner Z;,(6227)° decaying to Z;«* final state

PRL 121 (2018) 072002 PRD 103 (2021) 0120024
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However =,,(6227) isodoublet does not unambiguously fit quark model predictions and
analogies from charm sector, therefore its quantum numbers need further investigations
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=, signals
Since CMS has no hadron ID and dedicated trigger we cannot use 2, —» 221~ |
channel, therefore we reconstruct =, ground states in J/y=Z~ and J/wAK™ final states |

PRL 126 (2021) 252003
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Reflection = — J/yZ%K™ (2% —» Ay, photon is not reconstructed) is also used for =
reconstruction due to usage of mass difference variable AM = M(Epntn) — M(_b) —2m;2°¢
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=y, decay scheme (E, — J/y&E™)
Ty PRL 126 (2021) 252003
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Candidates / 2 MeV

Using full Runll statistics the CMS Collaboration observed a clear signal of
Ep(6100) in the Z "z~ invariant mass spectrum near the threshold for all =,

p— 3k k —

=y signals

decay modes including partially reconstructed one
AM = M(Epntn™) — M(Zp) — 2m. 3¢

PRL 126 (2021) 252003
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= Signal: Relativistic Breit-Wigner convolved with resolution from MC
= Background: threshold function (x — xy)%

AM = 24.1440.22 (stat.)+0.09 (syst.) MeV

M[Z,(6100)7] =6100.3+0.2 (stat.)+0.1 (syst.)£0.6 (M(Z})) MeV

I[E,(6100)7] < 1.9 MeV @ 95% CL
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Summary Seds

« B} (2S) and BZ*(2S) cross setion ratios are measured

v R*, R** and R** /R™ ratios do not demonstrate significant
dependences on p and y of BY mesons

v The normalized dipion invariant mass distributions for the B:(*)(ZS) -
Bt~ are reported

* New beauty strange =, (6100)~ baryon is observed in
the Z,n*n~ final state for first time

v’ Consistent with being the lightest orbitally excited =, baryon with J© =
3/2~ and orbital momentum L = 1 between b quark and light diqurark ds

Thank you for attention!
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Charm sector analogy
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