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CMS Publications vs time
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CMS Detector
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CMS BPH Group

Home page：https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

72 publications：https://cms-results.web.cern.ch/cms-results/public-
results/publications/BPH/index.html
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Excellent	detector	for	B physics, especially for studies with muons
• Muon	system

– High-purity	muon	ID,		Dm/m~0.6%	for	J/ψ
• Silicon	Tracking	detector,		B=3.8T

– DpT/pT~1%	&	excellent	vertex		resolution	
• Special	triggers	for	different	analyses at	increasing	Inst.	Lumi.

–  !	pT, (!!) pT,  (!!) mass, (!!) vertex, and additional !

CMS dimuon & trigger
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• X(3872) studies
– Measurement of X(3872) to                 (2013)

– Observation of                             (2020)

– Evidence of X(3872) in PbPb collisions (2022)

• Observations of new structures
– Observation of new structure in          from                           (2014)

– Observation of new structure in                                         (2023)

• Searches without showing significance structures
– Upper limit for                                 (2020) 

– Observation of                                     (2022)

– Observation of                               (2024) 

CMS exotic hadron results
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X(3872) in heavy-ion collisions

• The inner structure of X(3872) affects its production in HIC
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X(3872) in heavy-ion collisions

• Breakup by comoving particles ➜ Suppress X(3872)
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X(3872) in heavy-ion collisions

• Coalescence with particles in QGP ➜ Enhance X(3872)
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X(3872) in heavy-ion collisions

• Coalescence with particles in QGP ➜ Enhance X(3872)
• Breakup by comoving particles ➜ Suppress X(3872)
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Destroyed by comoving particles due
to smaller binding energy than ψ(2S)?



X(3872) in heavy-ion collisions

• First evidence of X(3872) production 
in heavy ion collisions

• Statistical significance ~ 4.2 σ
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CMS 2010



X(3872) in heavy-ion collisions
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• X(3872) to ψ(2S) ratio
ρPbPb = 1.08 ± 0.49 (stat.) ± 0.52 (syst.)

• Indication of ρ enhancement in PbPb 
w.r.t to pp

• Better precision needed to draw 
conclusion

X(3872)/ψ(2S) Ratio in PbPb



X(3872) in heavy-ion collisions
• Breakup by comoving particles ➜ Suppress X(3872)
• Coalescence with particles in QGP ➜ Enhance X(3872)

14Zhen Hu              Apr 6, 2024

10 20 30 40 50 60 70
 (GeV/c)

T
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

π π 
ψ

J/ 
→ 

(2
S)

ψ
N

π π 
ψ

J/ 
→ 

X(
38

72
)

N
 =

 
pp

,P
bP

b
ρ

 (7 TeV)pp
|y| < 1.2 (CMS)

 (8 TeV)pp
|y| < 0.75 (ATLAS)

 (5.02 TeV)PbPb
|y| < 1.6, 0-90%

CMS
Prompt

 (PbPb 5.02 TeV)-11.7 nb

ρPbPb = 1.08 ± 0.49 (stat.) ± 0.52 (syst.)



• X(3872) studies
– Measurement of X(3872) to                 (2013)

– Observation of                             (2020)

– Evidence of X(3872) in PbPb collisions (2022)

• Observations of new structures
– Observation of new structure in          from                           (2014)

– Observation of new structure in                                         (2023)

• Searches without showing significance structures
– Upper limit for                                 (2020) 

– Observation of                                     (2022)

– Observation of                               (2024) 

CMS exotic hadron results
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New domain of exotics: all-heavy tetra-quarks

16

• First mention of 4c states at 6.2 GeV (1975)
– Just one year after the discovery of J/!

• First calculation of 4c states (1981): Z. Phys. C 7 (1981) 317

• A different exotic system compared to exotics with light quarks
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J/ψJ/ψ cross section at 7 TeV
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Total cross section, assuming unpolarized prompt J/ψJ/ψ pair production 
1.49± 0.07 (stat.)± 0.13 (syst.) nb

Different assumptions about the J/ψJ/ψ polarization imply modifications to 
the cross section ranging from -31% to +27%.
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J/ψJ/ψ blind mass window for 13 TeV
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Signal: X → $/&$/& → '!'"'!'"

(13 TeV, 2020)

(7 TeV & 8 TeV)

6.2 GeV 7.8 GeV
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J/ψJ/ψ candidates at 13 TeV
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• CMS data: 135 #$!", taken 
in 2016, 2017 and 2018 LHC 
runs

• %/' mass and vertex related 
cuts removed

• Clean %/' signals are seen
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CMS background (SPS + DPS + BW0) 

20

• Most significant structure is a BW at threshold, BW0--what is its meaning? 
• Treat BW0 as part of background due to:

• BW0 parameters very sensitive to SPS and DPS model assumptions
• A region populated by feed-down from possible higher mass states 
• Possible coupled-channel interactions, pomeron exchange processes…

CMS background (SPS + DPS + BW0) 
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!!	#$%& = 79%

       [6.2,15] GeV



CMS background (SPS + DPS + BW0) 

21

• Most significant structure is a BW at threshold, BW0--what is its meaning? 
• Treat BW0 as part of background due to:

• BW0 parameters very sensitive to SPS and DPS model assumptions
• A region populated by feed-down from possible higher mass states 
• Possible coupled-channel interactions, pomeron exchange processes…

• SPS+DPS+BW0 as our background 
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CMS background (SPS + DPS + BW0) 

!!	#$%& = 79%

       [6.2,15] GeV



CMS J/ψJ/ψ model: 3 BWs + Background
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!!	Prob. = 1%

[6.2,7.8] GeV

BW1 BW2

BW3

BW1 (MeV) BW2 (MeV) BW3 (MeV)
m 6552 ± 10± 12 6927± 9± 4 7287 +20

-18 ± 5

Γ 124 +32
-26± 33 122 +24

-21± 18 95 +59
-40± 19

N 470 +120
-110 492 +78

-73 156 +64
-51

!(stat.) 6.5 9.4 4.1

!(stat. + syst.) 5.7 9.4 4.1

Observation Confirmation of 
X(6900) from LHCb

Evidence

Statistical significance based on:
2 ln(L0/Lmax) 
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The dips
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Ø Possibility #1:
• Interference among structures?

Ø Possibility #2:
• Multiple fine structures to reproduce 

the dips?
• Mentioned in PAS

• More secrets to dig out
• We explored possibility #1 in detail



CMS J/ψJ/ψ interference fit
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• Fit with interf. among BW1, BW2, and BW3 describes data well

• Measured mass and width in the interference fit 

7.9+ 9.8+

4.7+

X(6600)  X(6900)  X(7100)



Comparison with some theoretical calculations
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M[BW1] = 6552± 10± 12
MeV

M[BW2] = 6927± 9± 5
MeV

M[BW3] = 7287± 19± 5
MeV

arXiv:2108.04017 [hep-ph]

Nucl. Phys. B 966 (2021) 115393

M[BW1] = 6638± 10± 12
MeV

M[BW2] = 6847± 9± 5
MeV

M[BW3] = 7134± 19± 5
MeV

W/o interf. W/ interf.

• Radial excited p-wave states (like J/! series)?
• Or Radial excited S-wave states?
• Theoretical situation difficulty & confusing

• Important next step:  measure JPC to clarify

P-wave

S-wave

https://arxiv.org/abs/2108.04017


Spin Parity Analysis (on going) 
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Observation of triple J/ψ

l Signal yield: 5"#.%!&.'events 

l Significance > 5σ
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Nature Physics 19 (2023) 338

σ(pp→J/ψJ/ψJ/ψX)
= 272 +141−104 (stat) ± 17 (syst) fb

“6c” search in future?



• X(3872) studies
– Measurement of X(3872) to                 (2013)

– Observation of                             (2020)

– Evidence of X(3872) in PbPb collisions (2022)

• Observations of new structures
– Observation of new structure in          from                           (2014)

– Observation of new structure in                                         (2023)

• Searches without showing significance structures
– Upper limit for                                 (2020) 

– Observation of                                     (2022)

– Observation of                               (2024) 

CMS exotic hadron results
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Observation of Λ! → !/ψ Ξ−"+ 
• Multi-body decays of b-hadrons may proceed through exotic 

intermediate resonances
– E. g. pentaquark $/ψ ) structure in Λ# → $/ψ ) *− observed by LHCb

– Λ# → $/ψ Ξ−*+ final state can unveil yet-unobserved (e. g. doubly-strange) 
pentaquarks

• First-time observation of Λ" → !/ψ Ξ−"+ 
– In final states with $/ψ → '', Ξ− → Λ(→ )+−)+−
– ,. - . significance
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Observation of Λ! → !/ψ Ξ−"+ 
• Λ" → !/ψ Ξ−"+ branching fraction ratio measurement

– Large systematics cancellation in the measured ratio /
– Result dominated by low signal statistics

• Search for intermediate resonances
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No evidence of resonant structures at this signal statistics



Observation of B0→ψ(2S)K0Sπ+π−

• 103 fb−1 @ 13 TeV pp collision data
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Observation of B0→ψ(2S)K0Sπ+π−

• No evidence of new resonant 
structures at this signal statistics
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New conventional hadrons at LHC
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Observed by CMS

Observed by ATLAS



New exotic hadrons at LHC
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Observed by CMS, 
waiting for confirmation 
from other experiments

https://www.nikhef.nl/~pkoppenb/particles.html

Observed by CMS



Outlook
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Thank you!

New trigger in Run-3 !



Backup
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Global significance of BW3

• Generating Toys using background PDFs 

• Find the most significant fluctuation in each trial 

• Count trials with a fluctuation equal or bigger than data 
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Search mass window: 7.05-7.8 GeV 
Search width window: 50-260 MeV 
Phase space: unconstrained 

Global significance of BW3: 3.4σ 



ATLAS-CMS-LHCb data comparison

39Zhen Hu              Apr 6, 2024

• Comparing with LHCb,  CMS has:
• 135/(3+6) ≈ 15X int. lum.
• (5/3)4 ≈ 8X muon acceptance
• Higher muon pT ( >3.5 or 2.0 GeV  vs  

>0.6 GeV) 
• Similar number of final events, but 

much less DPS
• 2X yield @CMS for X(6900)

• Comparing with CMS,  ATLAS has:
• 1/3 –1/2 of CMS data (trigger?)
• dR cut—remove high mass events

Disclaimer: comparison plots in this page are not made by ATLAS/CMS/LHCb
（taken from https://indico.cern.ch/event/1158681/contributions/5162594/ ）

https://indico.cern.ch/event/1158681/contributions/5162594/

