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= baryons spectroscopy

g denotes u or d quarks for =2 =, or = =, . L =1 is the orbital excitation between the light diquark gs and heavy b quark.

i [+

2 2

[1]
SO

‘Lweak decays weak decays l

Kirill lvanov, ICPPA-2024 Spectroscopy of beauty strange baryons at CMS



= baryons spectroscopy

g denotes u or d quarks for =2 =, or = =, . L =1 is the orbital excitation between the light diquark gs and heavy b quark.

Kirill lvanov, ICPPA-2024 Spectroscopy of beauty strange baryons at CMS



= baryons spectroscopy

‘Lweak decays weak decays l

Kirill Ivanov, ICPPA-2024 Spectroscopy of beauty strange baryons at CMS



Previous results of Eb resonances
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Cannot reconstruct Eg at CMS (no hadron ID, hard to work with non-charged particles )
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The CMS Experiment

L=3.0fb" (Vs = 13 TeV, 2018)
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 The CMS Experiment at the LHC was designed mainly for high-p

physics (Higgs, top-quark, SM precision measurement, New Physics
searches etc)

* However, robust muon system, good p resolution and perfect vertex

reconstruction provide promising opportunities for heavy flavour and
quarkonia-related analyses
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CMS Analysis Overview

. We use full Run-2 CMS data (140 fb~! \/E = 13 TeV) to search foranew 2, ~ — :Zon_ — Bt
resonance, basing on theoretical predictions and excited Z** charm analogies
Also to update the EZO parameters w.r.t. previously reported

« E, ground state is reconstructed via J/yE~ * Also search for the new decay
and J/wA K™ channels, where latter one also B, = w(25)E" is performed
presents the partially reconstructed J/ l//ZOK -
component Jly

A
( h
— . . . + Uz p
 Then E; is combined with two soft pion #

tracks from PV

e Selection criteria are optimised using Punzi
Figure of Merit

Similar J/wA K~ scheme and
selections are provided in backup

Intermediate decay of =, ~ — EZOT[_ taken into account

w/ mass window AM(E; ") — AmERS < 5 MeV
=b
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“known” S|gnals

140 b’ (13 TeV)

CMS 140 b (13 TeV)
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* Signal: double-Gaussian (MC-shape scaled to data); Background: linear/exponential function

Partially reconstructed =, — J/wX'K~ decay: asymmetrical Gaussian (from MC
b Y. y: as)
photon from > Ay is too soft to be reconstructed

» For E, 7" and B, 77~ studies, fully reconstructed Z; = green lines, £54(x£27) MeV for
JIwE~(J/wAK™) channels,
partially reconstructed =, = purple lines, [5.63, 5.76] GeV window

Kirill lvanov, ICPPA-2024

Spectroscopy of beauty strange baryons at CMS


http://dx.doi.org/10.1103/PhysRevD.110.012002

Observation of =, — l//(ZS)_‘_ decay W
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e Signal shape: Double Gaussian, shape is fixed from MC but allowed to be scaled from data
Background: 1st order polynomial

e Local statistical significance from likelihood ratio technique (Sig. + Bkg. versus Bkg. only hypothesis)
Well above 5 sigma for both w(2S) — u*u~ and modes w(2S) — J/yr n~

* Branching fraction of the new decay is estlmated to be:

B (5 = w2S)E™)  Nz_yose| | €zompz- | By — ptp”
R = (i - ) _Nevesed | e | B ) =10.847021 + 0,10 % 0.02
%B (85 = JIWwE™) | Nz—yye- CEopes)E| B (w(2S) — ptu~)

from data fits from MC simulation
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Exploratlon of Z, n" system
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Mass difference variable AM = M(Z,z%) — M(E},) — m-PC
and PV refit technique (see backup) are used to improve
detector resolution

0

o Clear, significant peak of = _* near the kinematic

threshold in M(Z, z™) for all 4 channels of E;
reconstruction

* No other structures observed in the near-
threshold area (as expected)

e Combinatorial background is
in agreement with wrong-sign (showing us that
the bkg is combinatorial indeed)
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Fit of the 20 —
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b
p CMS 140 fb™ (13 TeV) 140 fb™ (13 TeV)
=> ZCMS E—— %) 20 _ t Data = (28) =" %J t Data = - JWAK
— iEi?ta = wE = 181 ﬁ —Fit o WIERE = 50f —Fit =
0 30 _Signal < oef —Signal I — Signal
S' o5 _ - Comb. bkg. ‘UEJ 14 --- Background © 40f --- Comb. bkg.
ot o 12p 2
€ 20¢ W 10F S 30
o 15F 8 i )
4 F i Y11
W J}MHHH!H i s \L ...... | } l ! —— ST
- 0.04 0.05 0.06 0O | 6.01 I 6.02 063 | 004 065 B 6.06 00 — IO.01 B 6.02 . 003 004 005 a 6.06
AM [GeV] AM [GeV] AM [GeV]
- CMS 140 fo™ (13 TeV) PRD 110 (2024) 012002
80
o | t Data B — Jhp2'K" = %0
Sob RO Decay channel  N(%; ) AM = 15.810 % 0.077 (stat) = 0.052 (syst) MeV
2 zz 3 + Comb- bkg. } ’ } Zp /P 710 ['(E,") = 0.87535 (stat) £ 0.16 (syst) MeV
2 b B, = p((2S)E- 247
2 7l _ 17 Excellent agreement with
W 30f ':'b — ]/T,DAK 124 _16 .
ook o o previous CMS & LHCD results!
oL 2, — /=K~ 15512 v
0 e e . @ We perform simultaneous fit of 4 =7 channels,
AM [GeV] using Relativistic Breit-Wigner @ MC resolutions for signals;

mass and I are shared parameters of the fit
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P
. We also measure relative Z,°/ ;, production ratio:

from MC simulation
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from different channels
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Study of E, zz invariant mass
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o Plots with no requirements of EZO in the Z, 77 mass, with opposite-
sign (OS, circles) and same-sign (SS, band) pions.

* No other peaks except 6100 near the threshold are observed in both
OS and SS distribution
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https://doi.org/10.1103/PhysRevLett.126.252003

Observation of Z,(6100)™ baryon

PRL 126 (2021) 252003

CMS 140 b (13 TeV)
- B, = JWE, E, — JWWAK®

* Relativistic Breit-Wigner convolved with
MC resolution,

background: threshold function (x — x,)“.

Simultaneous fit: common mass and
natural width

{ Data
— Fit

20~ 267
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2 S UTRATLIY WL First observation of a new state, excited
% F osuro) 00 mIWEC beauty strange baryon E,(6100)7,

S QAM PAE022£009 eV P expected to be the lightest orbital

excitation with J© = 3/27, beauty
analogue of EC(2815)O

* Systematics studies: include variations
of fit model, fit range, possible data/MC

M(E,(6100)) = 61003 £02+0.1+06 My difference
[(E,(61007) < 1.9 MeV @95 % CL | At Moriond 2023 LHCb presented

' the confirmation of E,(6100)~ state

systematics are included in I" calculation
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Conclusion and summary

* CMS Experiment is actively contributing to the heavy flavour physics, providing state-of-
the-art spectroscopy results

» We report the first observation of the new =, — w(25)=" decay and measure its

branching fraction w.r.t. to the well-known =," — Jy =" tobe R = 0.84 J_f8 %g

o We perform a new precise measurement of the = O baryon mass and natural width
We also confirm the relative :bO/ H,, production rate to be Rz = 0.23 £ 0.03

» New beauty strange baryon is observed at mass 6100.3 = 0.6 MeV in Z, 7"z~ invariant
mass spectrum and natural width < 1.9 MeV @ 95% CL

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

o Allour = ._b 0 and H,(6100)~ results are in excellent agreement with those reported by the
LHCb experiment, proving CMS validity in flavour field

e Stay tuned for the new beautiful and charming results from the CMS Collaboration!
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CMS Experiment at the LHC, CERN
| Data recorded: 2018-Sep-08 02:36:01.428900 GMT
Run / Event / LS: 322430 / 379062570 / 243
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Thank you for your attention!
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Branching fraction ratio discussion &

—| L | L | [ | L | [ | L | T T | T
» We compare our result for the measured 9 - CMS supplementary This CMS result |
ratio with other “similar” decays: - + R(“:ngfy“ ) -
a b-hadron H,, decays to J/y or w(2S) (both i R(Ay)
referred as ) plus a light hadron A - " R(Ao—vA) -
— — - ~ RB—y¢) -
e Our R(E, — wZ=") seems to be an j . R(BO—yK*) -
agreement with others, but uncertainty is large - . R(B—yKY) —
B R(B*—yK*)
« The previously measured R(Ag — wA\)ratiois [ - R(B*—yK" -
In disagreement with the theory prediction — O|2 | 0|4 | O|6 | O|8 - |1 - 1|2 | 1|4 | 1|6 }
will R(Z, — wE") repeat this “baryon R = B(H —y(2S)h) / B(H —Jiyh)

deviation”?

e In general we do not see any clear, “straightforward” trend for these ratios,
likewise there is no great theoretical model to describe this plot

e Both new, precise measurements of such ratios and theoretical predictions
are required, especially for the beauty baryon sector (A, =, £2, decays...)
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Trigger strategy

e While the analysis in general uses combination of all charmonia-compatible dimuon CMS HLT paths,
we need to select a single dedicated HLT for &% and production measurements

KV to ensure robust signal yields and efficiency and cancel trigger-related systematics

» We select the HLT suitable for the decay topology; then re-do our fits it data to estimate signal yield NV we use for
the ratio measurements

e Generated MC events are required to pass the selected HLT using the same reconstruction algorithm we have for
data — extract efficiency € for the for the ratio measurements

_ _ Jly
JIyor y(2S) 2 — JIWE~ 2, — JIwAK
N b A
s N S w(28)= (Iu+ s h
_ , , : _ * We use dedicated HLT:
,U + ,l/t . Incluswe.dlmuon trlggefs are used: LT_DoubleMu4_JpsiTrk_Displaced
HLT_Dimuon25_Jpsi
* HLT_Dimuon18_PsiPrime  Require OS muons from displaced

vertex with J/y mass window and
pr(u™) > 4 GeV

and Trk from this vertex with p; > 1.2
GeVandd,,/ 04, > 2

Require OS muons from one vertex
with J/yw(y(2S)) mass window and
pr(uTpu™) > 25(18) Gev

. R (Ey - w(29)E") 4
B (55 — liyE) 2 Rey (JIyAK™)

P Rz (J/wE")

HLT_Dimuon20_Jpsiand HLT_Dimuonl3_PsiPrime
are used for the 2016 conditions

This selection is very tough — there was no good inclusive dimuon HLT @ Run-2!
New BPH Run-3 trigger Parking would significantly improve w E~ signal

Kirill Ivanov, ICPPA-2024 Spectroscopy of beauty strange baryons at CMS



Recent confirmation from LHCDb

~ 6( T T
—~ 70 —_— > LHCb
> LHCb S 50 . ~+ Data @7
> 60} —+ Data (9 7)) < E(6087) — £, (Bt
S 50 - E4(6100) — E(Zpat ) = it S | IR Combinatorial
i Combinatorial % 30
240 =
5 E ! !
= 30
2 . b L
S 20 + 10 | “+T + LT 1+|+11
¥ R LA T T T
10 1 + 11T - _ 0 20 40 60
0 . T 4T T 1 arXiv:2307.13399 QO-value (MeV)
0 20 40 60 o ——r
Q-value (MeV) z LHCb
— > — Data (9 o))
e At Moriond 2023, LHCb presented updates on their =, 7 2 B =6095) — =, (22
and E, 77 results g N Combinatorial
.-S. 30
e Our =,(6100)" baryon is confirmed, 2 new states with z .
_ . O
:2 observed and precise measurements are reported; 0
EZO parameters are also updated N S _ o
0 20 40 60
Q-value (MeV)
Immense statistics of =, provided: ~ 18 000 of &} v.s. & 2 —
’ b P —0 . . b ~ State Observ. Value (MeV)
000 at CMS (and ~ 30 000 of :'b inaccessible to US) Eb(6100)— Qo 23.6+ 0.11 + 0.02
N r 0.94 4+ 0.30 £ 0.08
1 E‘.};O Qo 15.80 £ 0.02 £ 0.01 mo 6099.74 + 0.11+ 0.02 + 0.6 (=)
| r 0.87 +0.06 £+ 0.05 B rted " .
| mg 5952.37 & 0.02 £ 0.01 + 0.6(E;) éported parameters are in

| excellent agreement with us!
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https://moriond.in2p3.fr/QCD/2023/MondayAfternoon/Gandini.pdf
http://arxiv.org/abs/arXiv:2307.13399

Theoretical prediction for =, -

':‘**—

Table 1: Theoretical predictions for E,*~ mass and natural width, given in MeV.

Properties [15] [16] [22] — —
Xk — 30
M(E*) 6130 612470 6102
b 20
=k ok —
6.8 = = 16.8
Zp | [22] =p
3§ —
L 0181 — T T T T 1
6.6; 35— = 166 State z 4 5P 32 »
2¢ 1% | RQM [24] NQM [27] = =
1S 5 > - -
2P == D= . 5803 5806 2
== ' 1°P;3" 6130 6093
1D . * 1
8 =5 gzﬁ C = ) - For mass 6100, = 1.3 -
k= 28— 1P == (o [ N Pt —
N/ | o v o v —— —— —— — — — — — —— — o w— @ — = =— ol e D D GED GE =D R G- =S = —
2 62/ o 6227 |62 ' T 1
> (—r— ) %’;-}f 6080 6100 6120 6140
\/ S M (MeV
6.0t 2;(5955)" 16.0 ( )
1IS—e— = ) ; 3 -
= (5935)" =pT FIG. 2: Partial and total strong decay widths of the 1 P-wave E, states
=, (5795)" as functions of their mass. The solid curves stand for the total widths.
58;1S—e— 15.8
article o odel 30 36 expt.
[16] v o 0 4 (spin ;\f;raged)
=) 5843%20 58115835 .- 5826.9
FIG. 2: The obtained masses for the bottom-strange baryons. The = 9Tl 59467
sl S : £e-Daryons; Q) 610213 6048 — 6086  ---  6046.1 (spin-1/2)
red solid lines (left) correspond to the predicted masses of =, states A% 5936720 5080 — 6000 - 5917.33
which are composed of a good diquark and a bottom quark, while the S 6124% 6120 - 6151 6096, 6102 >
blue solid lines (right) correspond to the Z; states which contain a
bad diquark. Here, we also listed the measured masses of the ground
states [1] and the Eb (6227)_ [9] ’ which are marked by “filled circle”. TABLE VII: Partial widths (MeV) and branching fractions for the strong decays of the 1P-wave states in the =, and E, families.
[25+1L, JP) State Channel I MeV) B; State Channel I MeV) B;
PRIy E(790) Ex 3.61 100% E,(6120) Ejx 2.84 98.61%
=rn 39% 10 ~0.0% hs 0.04 1.39%
, total 3.61 total 288
¢ [dI 5] IS PhyS Rev D 96' 1 1 601 6 (201 7) IZPA%_) Z.(2815) En 0.31 14.69 E,(6130) =« 0.07 2.37%
e [16] is Phys. Rev. D 99, 094016 (2019) e L0 s 288 9763
- total 2.11 total 2.95

e [22]is Phys. Rev. D 98, 031502 (2018)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.116016
https://dx.doi.org/10.1103/PhysRevD.99.094016
https://dx.doi.org/10.1103/PhysRevD.98.031502

The E.(2815) — E .(2645)xr — =Z_rzx analogy

g0k e
120 B
- 3l
LN C _E
L 100} < F
3 u ; - .
= 8o 82.95 g
s _F = L
S e B »ol
E - b F REAR
S — [1] = S
S s [0
- : 2.85 __

.81

e . M . , .85 2.8 : o (a)

wo + - 2 'l I'I .I I Ll 1 1 I 11 I L1 1 1l I L1 1.1 I L1l 1 1 I L1 1.1 I L1 1.1
M(ch T ) (GeV/c ) 263 2.635 2.64 2.645 2.65 2.655 2.66 2.665 2.67
M(Z2x*)(GeV/c?)

» There are peaks in both = 7 and = 77w masses

180
— 160
e Mass window on E_x is used for = 77 studies £ 140
§ 120
9 100
e Plots from PRD 94 (2016) 5, 052011 (Belle) S &
E 60
e This analogy is a strong motivation to perform *
—_— _ i 20

search for a peak in B, 777~ mass with a o e R __

window on E;yﬁ (corresponding to a M(Zon*)(GeV/c?)

. H*
previously observed nbo)
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https://arxiv.org/pdf/1607.07123.pdf

JIw=" decay scheme
Jly

o pr(u™) >3 GeVic A
o ()] <24

o IWyprop > 0.01

|my — m[chl < 10 MeV

Avtxpmb > 0.01

pr(nz) > 0.25 GeVlc

pr(A) > 1GeVic
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Different approaches for exited B-hadrons mass calculation

e We can extract “raw” 4-momenta from prompt PV’s tracks or make exited
B-hadron vertex fit and extract 4-momenta from fit for signal enhancement

(used in CMS BC+JZ'+7Z'_ PRL 122 (2019) 132001 analysis)

* More complicated approach for exited B-hadrons study was applied for the
current 2, (™) study (analogously to CMS A27Z'+7T_ PLB 803 (2020)
135345 analysis):

o We fit ALL the tracks forming the PV + B-candidate (about 20-100 tracks in
each) and use 4-momenta from this vertex fit. The PV refitting procedure

has improved the Z; 717~ mass resolution by up to 50%
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