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O e LHCb detector e

RICH Detectors: - Muon:

O(50fs) resolution for B
The most precise t(B) Tracking: |
Ap/p =0.5-0.6% for 5<p=di00 GeV/c
The most precise B-masses
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SAPTENZA Dataset

LHCDb Integrated Recorded Luminosity in pp by years 2010-2024 Runl :

3.2 ] . 3024 (6.8 Tev): 1.93 fib : : 2012 .
. 2023 (6.8 TeV): 0.37 /b : : < =3fb™, \/; =7—8TeV
: ° 2022 (6.8 TeV): 0.82 /b : : 2011
2.9 . 2018 (6.5 TeV): 2.19 /fb S . S——
* 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /ib Run? -
; . 2016 (6.5 TeV): 1.67 /b : : s
2 61 bodeniiiopond Sl S e — 018
% 2012 (4.0 TeW): 2.08 /b J £ =6fb7 1, \/; = 13TeV
5ol + 2011 (35 TeVi 111/ | i S 2015
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By, = Dxa (387229297 ¢ brobe for
T Tya@sm2ay  X(3272) nature

P — BB+ (xe1 (3872)p (28)y) K+
Py

A way to measure: BB+ (xe1 (38721 Iy K+

® Need to reconstruct B*— (x,(3872)— wy)K*
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&7 APIENZA Selection

® 3tracks: prpK*
® Particle ID for muon v & Xc1(3872)
® Particle ID for kaon
* Good quality vertex
® Iy or gy’

* 1 photon

* B* flight O(lem)

T

* 0(100) soft photons
* O(50) tracks
* (mainly pions in PVs)

W
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&7 SAPIENZA Selection

® 2014 analysis (Run 1) : Cut-based selection

® New analysis: MVA-based selection
* For Run 2 background is larger (#soft photons)

® Variables:
* Track reconstruction quality
* Vertex quality, decay consistency
* Track impact parameters, ..

. . Training:
(] +
Kaon ID ® Background: sidebands +MC

* Photon ID quality
16 variables in total
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LHCD

MC adjustments

Simulated samples are properly adjusted/corrected
* B* kinematics (pr&y):
* BoJyK*
* Track multiplicity
° taken from data: B*—J/yK*
* Kaon ID:
* taken from data: D**—(D° — K-n*)n*
* Track reconstruction
* corrected using Jiy —ptp-

* Photon reconstruction
* corrected using B*—J/y( K*—Kn°)
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® 170k events
®* Low background

Same final state: pruyK+

Standard candle: B*—(y.,—J/yy)K*

®* Efficiencies
® MC-data agreement

JHEP 02 (2024) 173

LHCD

® Shapes, mass, mass resolution

X0 JHEP02(2024)173 | [ poXI0 |
[ 4 ] <. | LHCb |
% L [ B xaK* ;EEF % | 1 _'_ data |
o [ otal ] o r A -e  TION—X¢] -
a sk b g i L total |
= L il ~ T .
=t - L 10~ N -
ERTS ] > [+ s, =1027:0004
O | sy =1.102+0.004 ] & | 1 1
5P - . : y :

ol T S (%44,;—* ‘ 3'5 *;‘;*—ﬂ“ -
5.15 5.2 5.25 5.3 5.35 : : : :
m 2
My K+ (GeV/c?| by [GeV/ C ]
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https://doi.org/10.1007/JHEP02(2024)173
https://doi.org/10.1007/JHEP02(2024)173

& SN2, Signal determination

® Unbinned extended 2D fit: m,, vs m,x

® Simultaneously for four samples:
* B*—-yyK*, B'—=J/yyK*, Run 1 and Run 2 samples

® Signal components
® Background components

® Combinatorial background
* 2D polynomials
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© S Signal component: SxS

®* Shapes: from MC < aof K,
Checked with B*—(y—Jyy)K* | = +ooF e
o e = . AD
MC uncertainties are 8438 64}
included into the fit I § T
. : sk 13
® Resolution corrections ’ | “
fr.om B+_)(xel_)J/W)K+ ~75.0 5.1 mx‘,(;;mf;i T :3.?(_“‘\%5].4
= 1.027+0. - |
Sy, =1.027::0.004 K’
Sy = 1.102 0,004 z
Uncertainties are included = apWlig
into the fit s s9} 6ol ¢ ‘
® Masses are shared for 4 _
samples | K 5i
5.0 5.1 5.2 5.3 54
My, (3872) [GeV/c?]
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@ >y - Background components (1)

B — l!/-) _K_r}\/_ + \/ A; 4.0 F LVYK,
® MC sample of decays with | — |
K* K, (700), K,(1270), S
K*(1410), K,*(1430), -
K*(1680) 7 | | 1
and non-resonant decays B -
v’K'n, y’K*nn,

V'K, y’K™, y'K'o . _
Various parameterisations

o bed:
Many other contributions qre probe

® .
are studied and found tobe | _ Legerndre polynomials
negligible 2D-histograms, ...
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&) Shrienza Background components (2)

31 ROMA

—_ J/\/ ( K*—, K- I"O) ‘ 41 | JhyyK*
* From simulation : 0
* Various parametersations f
* Legendre polynomials - Lo}
* 2D histograms, .
o v/
Other (unidentified) B—J/yX decays
* 2D Gaussian
12
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® Signal components

® Background
components

® (for Jhy channel: non-
B background:

const x SW

® Combinatorial
* 2D polynomials
(9/16 parameters)

27 June 2024

b
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Fit results

LHCD

arXiv:2406.17006
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https://arxiv.org/abs/2406.17006

& oA Fit results Jach

arXiv:2406.17006
Data-taking period
Parameter Run 1 Rumn 2
P(25)yK™
NB+—5 (31 (3872151 (28)y) K+ 40 £ 8 63 £ 10
Npp(28)K+X 567 £ 24 885 £ 29
Neomb 55 £ 17 132 £+ 19
JApyK*
N+ (xr 38725y K+ [10°]  0.43+£0.03 1.69 + 0.05
N ampx 10°]  3.614+0.11 18.72+£0.26
Ny, (3872)K+ 10°]  1.18 & 0.06 5.53 +£0.23
Neomb 10°]  4.054+0.11 17.46 £0.21
Significance 5.30 6.70
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LHCD

| SAPTENZA Systematics for &7,

/\? £ 387¢ B -
Ry = DRI ¢ R SR S arXiv:2406.17006

NBtos(xa B8y )K+  EB s (xa (38720 @S)K+  Bpasyutu-

Data-taking period

Source Run1 [%)] Run 2 [%)]
Fit model
Signal and combinatorial background Jjg:z Jj%
B — 1 (2S)K*X background
Parameterisation Y o Many cross-chgcks,
Composition 0.9 1.9 mcluderg 1D f'.TS':
Simulation sample size 4.2 4.3 conservative variations
Additional components fg 2 f% g
BT meson kinematics < 0.1 < 0.1 B*— J/yK*
Track reconstruction < 0.1 < 0.1 Jy—pu
Photon reconstruction 1.1 1.1 B*—= Jy(K™ —K*n)
Kaon identification 1.0 1.3 D"—(D'-K-n*)p+
Trigger 1.1 1.1 B'— JyK+ & y’K+
Data-simulation (dis)agreement 1.0 10 BT (3o —=InK?
Simulation sample size for efficiency 2.3 1.4
Total iS;S f?;g

27 June 2024 Vanya Belyaev "Probing X(3872) narure” 16



https://arxiv.org/abs/2406.17006

O NN Results (e

arXiv:2406.17006
New results
Runl _ 95040524020 £ () (6 N e
L%Y T o028 -~ Belle 2011
At = 1490237010 £0.03
' I — LHCb/Runl 2014
il BESIII 2020
e LHCb/Run1 2024
LHCb average T LHCbhb/Run?2 2024
_ 0o 1 2 3 4 5
By = L6702 2022004 © 1 2 2 0
Y Dyasm sy
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&7 \tN2A “Conclusions

® The first observation of X(3972) —y’y decay
®* New measurement of &%, ratio

®* Good agreement with previous Run 1 LHCb-2014
measurement

* Large tension with BESIII

® Ratio is not compatible with simple molecular
models

* Ratio is well compatible with charmonium,
tetraquark and mixture models

What are conclusion about X(3872) nature?
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& s Future of X(3872) at LHCb

® Run 3 is going well
® Run3&4: x10 in statistics
® Run5&6: x100(?) in statistics

® but largely increased background will make the analyses with (soft)
photons very hard. No straightforward linear improvement with
integrated luminosity.

Upgrade in calorimeter: improved granularity, timing, ... with hope to
keep good performance for soft photons even in very hard conditions.

What else?
Other channels?

Combined line shape analyses J/ynn vs D'D with Belle II & BESIII ?
v ?
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THANK YOU!
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