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W*—]/y t* search
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W*—]/y t* search
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All-charm tetraquark search [ arXiv:2509.13101 |

To better understand the all-charm tetraquark, the J/yp+y(2S)
final state is investigated with two Y(2S) decay modes:

e TQ —JY+Y2S) — 4u
e TQ—-JY+yYQ2S) - 2J+2m — 4u + 21 (new)
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@ Four muons (and two pions) are fitted to a common vertex by using
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the inner detector tracks, with J/Y and Y(2S) mass constraints

4 channel ‘ 44 + 2 channel

SR | CR | SR | CR

Di-muon or tri-muon triggers, oppositely charged muons from each charmonium,

........

myy € [2.94,3.25] GeV, my2s) € [3.56,3.80] GeV

Two loose OS ID tracks with pt > 0.5 GeV

@ @ for pions, BDT requirement
@ 0 XEH/N =3 |L_f§‘.| < 0.2 mm, ‘ X£y+2n/N <3 |L_f§f+2”| < 0.2 mm,

L™ < 0.3 mm, myy, < 11 GeV |LE™| < 0.3 mm, myys2, < 11 GeV

AR(J [y, w(2S)) < 0.25 | AR(J [y, (25)) = 0.25 | AR(J /. ¥(25)) < 0.25 | AR(J /¢ (2S)) = 0.25




Background composition

® The following backgrounds are estimated based on MC simulations, with kinematics
corrections and normalizations obtained in dedicated CRs:
* SPS (Single parton scattering) containing two prompt
* DPS (Double parton scattering) containing two prompt ¥’ s
« Non-prompty' sfrombb—J/p + 1 + X
® The following can be estimated by data driven method (collectively called “others” )
* Single Y background containing only one real ¥ candidate
* Non-peaking background containing no real ¥ candidate

SPS color singlet production

The order of estimated backgrounds are “other” , non-
prompt, DPS and SPS. Each background has a CR (same \%T‘ @
cuts as in slide 10 except for the ones listed below): % o
“others” ‘ IlOIl-pI‘OI]]p[ ‘ DPS ‘ SPS CERN-EP-2016-211 99&99% :7;’,"' “‘;
myy € [2.60,2.76] GeV or my Lf.gl?m‘ > 0.3 mm for | No AR or BDT | No AR or BDT \
€ [3.34,3.50] GeV for either J/y; | either charmonium, | requirements, | requirements, SPS color octet production .
my28) € [335,348] GeV or My, (2S) X§;1(+27r)/N < 15, M4y (+27) M4y (+27) . )__,:_i/, %‘*M .
€ [3.88,4.10] GeV for ¢/(2S) Myyon) < 25 GeV | €[14,25] GeV | €[8,12] GeV umu@f : |
JJ;&;, ’:,(,Q(:b g .
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Background estimation in analysis CRs and SRs
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The analysis CRs (AR=0.25) are SRs
(AR<0.25) are defined with the same cuts
(cf. slide 10) except the 4R cut

The analysis CRs are used to check the
modelling of backgrounds and constrain
the background normalization in SRs. For
example, the Pythia8 model parameter
“pTOtimesMPI” can be checked below 8 GeV

Fractions of different backgrounds in the SRs:

“others”
4u 47% 0.8% 2.5% | 49%
4u+2n 14% 1.4% 3.6% | 82%




The fit models

The signal resonances can be either standalone or interfering. They can interfere with each
other or interfere with the SPS background. Three signal models are used.
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The fit results (1)
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The signal X(6900)
yields in
J/Y+yY(2S)—4u and
di-J/Y—4u are
related by (R is ratio

of its partial decay
widths)

N4/1 - B(‘/’(QS) g ,Ll/l) *E4u
Nii-s 1y B = pp) - egigpy’

Nau/Nagijp(R=1) =
0.145+0.016

Similarly, the X(6900)
yields in
J/Y+yY(2S)—4u and
JAp+p(25)—>4pu+2m
are related by

N4ﬂ/N4ﬂ+2TIJ = 0.880+£0.072



The fit results (2)
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B. Excited States in B? + K

* BS(bS) is an ideal laboratory for Heavy Quark Effective Theory (HQET). Measurment of mass and
Br provides crucial constraints on the non-perturbative QCD potential models.

« The P-wave B states are the bound states of £ and s quarks with L = 1, We focus on the

Jq=3/2 doublet:

* BSl(j — %r]P

1*) - B¢{(5830)°

* B, = %;]P = 2%) > B;,(5840)°

* Try to observe new decay channels, and measure the branching fraction compared with known

decay channels

CMS(2018),3.90

Decay channels B,1(5830) B;,(5840)
BYK, forbidden CMS(2018),6.30
B*(17)K; Not obseryed

signal channel

reference channel

Candidates / 2 MeV
5 3

CMS

19.6 fb' (8 TeV)

¢+ Data
(b) —Fit
— Signals

---Ken swap

---- Comb. bkg.
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https://arxiv.org/abs/1809.03578
https://arxiv.org/abs/1809.03578

B. Excited States in B? + K
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B§2(5840)0< - . Bups8a0)Yy < - "
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No explicit reconstruction of the soft photon from theB*® — B% decay

Dataset: Combined Run2 (139fb~1) and partial Run3(data22-24,175fb~1) pp collisions
Cascade vertex fit for the full decay chain, LRT considered in Ks tracking

Mass constraints on J /i, B® and K2 to improve resolution.

Mass windows for the Reference Channel, Signal Region of Interest, and Sidebands are shown
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B. Excited States in B? + K

* Gradient BDT Is used to separate the signal and background after the pre-

selection

* The signal Bs, in SRg and "the SB data are used for training
* A two-fold procedure is implemented to separate training and testing samples

* The BDT score cut Is set at -0.38 according to the signal significance
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The B°K, mass distribution in SR + Sy regions before and after BDT cut of run-2
(left) and run-3 (right)
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shape

The mixed-event sample 1s reweighted in (AR,p7) to match the distribution of the data sidebands
The reweighted mixed-event template 1s used as the primary background PDF in the final fit

Dominant uncertainties arise from the reference channel normalization, including MC width modeling and

B. Excited States in B? + K

Mixing a B® from one event with a K from a different event to simulate the non-resonant background

the statistical precision of the fitted yield.
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The B°K, mass distribution in SR; + Sg regions of run-2 (left) and run-3 (right)
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Summary

B Three physics analyses ongoing

« W*r—=J/Y m* search: In progress, request EB this year
(collaborating with Nanjing)

* All-charm tetraquark in J4 +1¥(2S) : In journal review. Wil
publish soon

* B, Excited States in B + K.: Initiated last year. Requesting
EB now



