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® The Large Hadron Colllder (LHC) at CERN is the
# world's largest particle collider. It lies in a tunnel 27
i kilometres in circumference and as deep as 175

metres beneath the France—Switzerland border near
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CMS trigger & dimuon spectrum

EXPERIMEN
S 10" __131®7(13Tev. 2016 Excellent detector for studies with muons
8 0 CMS -
= 19 Preliminary = i’“’ ° Muon SyStem
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5 “’: — L k — High-purity muon ID, Am/m~0.6% for J /W
W 10 Y R . :
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10° = — Ap1/pr~1% & excellent vertex resolution
10° Majority of analyses rely on dimuon triggers
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Significant acceptance improvement in Run-3! @
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- ATLAS Preliminary
- Data 2018 low-m ¢ Jiy B Y(nS)
L ys =13 TeV B Bl P> CeV.p, ) > 6 Gev
- 58.45 fb! LT R

- - pln)> 6GeV.p () >4 GeV

pr(y') > 4GeV, pr(uz) >4 GeV

® ATLAS also collected a large set of data

® Run 1(2010-2013): 49fb~t at 7 TeV
and 20.3 fb~t at 8 TeV

—
o
[o2}

Dimuon triggers: pT(u‘) > 11 GeV. pT(uz) > 6 GeV

Entries / 10 MeV
3,

10°

Bl IHHII

® Run 2 (2015-2018): 139 fb~* at 13 TeV

10%

®* Many analyses focus on final states with
muons

® Dedicated B-physics triggers

® Excellent track and muon identification
with the goodness of the inner detector .,
and muon spectrometer

e

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker
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Recent spectroscopy results

« Spectroscopy of exotic hadrons

— CMS: Observation of X(6600) and X(7100) in J/v J /4 (2023, 4/2025)

— CMS: Observation of X(6900) in J /1 1(2S) (4/2025)

— CMS: Spin-parity measurement of the tetraquark family
X(6600),X(6900),X(7100) (4/2025)

— ATLAS: Confirmation of X(6900) in J/¥ J /v (2023)
— ATLAS: Evidence of X(6900) in J /% ¥(2S) (2023)

« Spectroscopy of conventional hadrons

— CMS: First full reconstruction of B* mesons (2025)

575 Zhen Hu Apr 12, 2025 10th XYZ Workshop 6
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Progress of Theoretical. Physics, Vol. 54, No. 2, August 1975.

« First mention of 4c states at 6.2 GeV (1975) 4 Fosible Model for New Resonances

——Ezxotics and Hidden Charm——

— Just one year after the discovery of J/i

Yoichi IWASAKI

We expect at least three exotic mesons with—tridder—eharm cc(pp —nn) [be- Research Eopre e g
: S TG e ) p Kyoto University, Kyoto
ween 3.7~4.1 GeV], ¢cid [~4.1 GeV] and to- which we refer ‘ :

(Received January 20, 1975)

 First calculation of 4c states (1981): Z. Phys. C 7 (1981) 317
L S JeC Mass {GeV)
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J/pJ/y from CMS:

135 fb~1, taken in 2016,
2017 and 2018 LHC runs
Clean J/pJ/y signals are
seen

J/y mass and vertex
related cuts removed
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RL 132 (2024) 111901

135 fb‘1.(1 3 TeV)

e v L 1A
B4 1“‘“"-'&&.

! 1
CMS supplementary

x% prob = 79%

[6.2,15] GeV

* Most significant structure is a BW at threshold, BW0--what is its meaning?

* Treat BWO as part of background due to:

* BWO parameters very sensitive to SPS and DPS model assumptions

* Aregion populated by feed-down from possible higher mass states

* Possible coupled-channel interactions, pomeron exchange processes...

e SPS+DPS+BWO as our background

Sep 18, 2025 HQL 2025



http://dx.doi.org/10.1103/PhysRevLett.132.111901

CMS J/WJ/ fit: 3 BWs + Background

EXPERIMENT

PRL 132 (2024) 111901 R
160 —
140:_ ¢ Data —Fit
—BW, ---BW,
x? Prob. = 1% ) | Background

s

[6.2,7.8] GeV

Candidates / 25 MeV
S

=

Statistical significance based on:
2 In(Lo/Linax)

TT'PTI-H-'-I-L—L*J,,L -

85
my,y,, [GeV]

m 6552 + 10 + 12 6927 +9 + 4 7287 +20_ .+ 5
r 124132 4 33 122*31 + 18 95452 +19
N 4707129 492*78 15617
o(stat.) 6.5 9.4 4.1
o(stat. + syst.) 5.7 9.4 4.1
First Confirmation of Evidence

Observation X(6900) from LHCb
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http://dx.doi.org/10.1103/PhysRevLett.132.111901

P

RL 132 (2024) 111901 > 180 13310 (13 TeV)
@) - 90 -

> o0 9,80 E

To) = —F -

New Structures in the J/¢J /¢ Mass N 140 A ¢ Data —Fit =
i 4 iSi - = 10 , =
%/Eectrlugmfn\froton Proton Collisions at § 120: y /o] \ + 4 Background
o © I 100F \ s o - - Interfering BWs =

A. Hayrapetyan et al. (CMS Collaboration) 5 — ‘ E -
Phys. Rev. Lett. 132, 111901 (2024) — Published 15 March 2024 = H i =
o -

e

N

Data-Fit
Stat. unc

Three structures, X (6900) and two new ones around 6.64
and 7.13 GeV, are seen in the J/v.J /¢ mass spectrum that

are consistent with being part of a family of radial excitations.
Show Abstract +

« Fit with interf. among BW1, BW2, and BW3 describes data well

« Measured mass and width in the interference fit

BW1 BWZ
43+16 44448
Interference m [MeV] 6638JI38J_F31 6847155750
[[MeV] 4407330100 19115579
Sep 18, 2025 HQL 2025
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http://dx.doi.org/10.1103/PhysRevLett.132.111901

CMS J/qu/up Run 3 ? @

, : — 135 fb” (13 TeV)

E’ 1605— 790 RUI’] 2 oms 3

'~ |4OE_ | g ¢ Data —Fit _E

e  X(7100): 4.70 & Interference < 4c I . —BW, ---BW, E
b ) 475 BW, - Background

100 f \ 3 | * “ -.- Interfering BWs _E

| \f -

80 { \ =

» Significance of ALL states over 56 ? i /% X b3
40 i AL

* Significance of interference over 5¢ ? 2o}
0

2
0 %L
2

Data-Fit
Stat. unc.

« Data samples [315 fb-]

— Run ll; 135 fb-1 data taken in 2016, 2017 and 2018
— Run lll: 180 fb-1 data taken in 2022, 2023 and 2024

— J/WJ/YP events: 3.6 * Run |l

Zhen Hu Sep 18, 2025 HQL 2025 12 4




Flrst observatlon of X(7100) CMS-PAS-BPH-24-003

F 1O0.40
600 - CMS Preliminary L CMS
> F 4 3 . ¢ Data — Fit 600 —
00 — P N .
I 775 BW Bw, g X 3.6yield
I C — - -
S goof BW, Interfering BWs. 500 u Run LI+
» o ) \ - -Background - [
2 ¥ NEERICEY . AT B -
5 304 A R TR 400 '
© I R £ % b ]
c I B
8 200
300
100 I
. 200 - Run 111 : .
.4 oA lele! s
E[2 .o} [ S TNy M. Run Il ¢ $ Fiy
E = 0 100 & . y . TRaass
©|® ! Y :
Qo L} ;
-4 [Gev] ] 9 0 0 1 1 6'15 1 1 1 1 7] 1 1 1 1 7I5 1 1 1 1 I 1 1 1 1 8.15 1 1 1 1 g
LV Myary [GeV]
BW1 BW2 BW3 Interf BW1-BW2 Interf BW2-BW3 Interf BW1-BW2-BW3
Significance () 15.2 16.7 £ § 9.7 6.5 9.9
First observation of interferene
BW, BW, BW,

Interference m(MeV) 6593 T13+25 6847 T10+15 7173 7], £ 13
(Run24+Run3) T (MeV) 44678 +87 135118+14 73718410

43416 44448 48441
Interference m (MeV) 6638 732138 6847 T5e150 7134 32411

(Run2[12])  T(MeV) 440 Gjo'oy 1917575 97 1% @
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CMS-PAS-BPH-22-004

« X(6900) is obvious
« X(7100) is visible
 Signal dominated

by Run3
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-004/index.html
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134.8fb7 (13 TeV) + 179.6 fb™' (13.6 TeV)
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cms 1
e g BWe. — x(6500) First observation of X(6900) — w(2S)J/y
----- X(7100) Combinatorial
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Evidence of X(7100) — w(2S)J/yp
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’ ’ mw(28)JAy) (GeV) CMS-PAS-BPH-22-004
Fit  Sample Interf. X (6600) X (6900) X(7100)

fiz  J/pp(25) BW,, BW; m: — 6876155 11y 716975317
. 290+120 +110+140

I': — 25300 120 154785 160

fir (11 J/¢J/¢p Interference m(MeV) 6593 T154+25 6847 T10+15 7173 7 £13

(Run24+Run3) T (MeV) 44678 +87 13515+ 14 73 118+ 10
Interference m(MeV) 6638 T30 6847 T32H38 7134 T30

(Run 2 [12]) I'(MeV) 440 T330+700 191 85+ 97 oot
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4c States Spin Parity

o ¢)
4 o

“True” tetraquark
connects

two colored objects
(cc) and (¢c)
through direct strong
interactions

like quarks in a proton
or neutron

Zhen Hu Sep 18, 2025

“Molecule”

a bound state

of two mesons
connected by
residual nuclear
force, like proton
and neutron in a
nucleus

e note (cC) mass
V(r) =g X 22 heavier

r than &

binding would be much weaker
than in a nucleus or light “tetraquarks”

other empirical interactions?

HQL 2025 . @




4c States Spin Parity

® Fundamental study of matter at quark level...

M — unique all-heavy tetraquark states
0.

: E 3 e Quantum numbers J©¢ =2

1 +
! @ directly related to structure:

e Tightly-bound tetraquark:
s (cc) or (CC) identical = color anti-triplet (bg-gb,..) L = 0, axial vector §; , = 1

-----------

“ (cc)+(cC) > L=0(®mS): §=0,2 =>* JP 0+, 2+ ROTEREES most likely for
p AT a tetraquark
L=10@P): S=1 => J =0,1 2 i SO
-less likely

n=1234,.. [ _2@D): §=0 = JP—2+-_-.-< ............ unlikely

S=2 > JP—OJ’I“L2+3+4+

e Molecular: less restrictions (e.g. meson S; , = 0,1): recall J© = 1*

Sep 18, 2025 HQL 2025 . é
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CMS Statistical Analysis of JPC g

CMS-PAS-BPH-24-002, arXiv:2506.07944

2

| CMS Preliminary X-=Jly]ly 135fb~1 (13 TeV)
901 |
CMS Preliminary 135 b (13 TeV) i
g — Observed

0.08;* o + I 50 I ._ I i i
B ot - :
2 0.07F O W2 ~ 30 - I , 1 l.l_
= g 2 +E ! | "i—-_- f }H._
< o =L
go.osj— = -0 ! ML L il = = . I B
x £ Ll e e 1l
8 0.4 served |~ F I L EEE AL A B I [ T
° i -50 —
3 0.03 q S— —— Observed Expected ; !
:wj 0025— ObS | -70 ] — 2, %10 JP+lo f

T o0 2t +20 JP+20

0.01 I l 2} +30 JP+30

AT -110
-100 -50 0 50 100 = — - - -
0 o/ 0 (0h4 1 1* 2 2, 25
) |n(L0JL2+) I I m mix h m mix
. — - | 4 ,'

e Scan mixture of two 0" amplitudes (11 steps) .-~

L4

— constructive interference most conservative

L4
L4

e Scan mixture of two 2~ amplitudes (11 steps)
— no interference (different spin projections)

e Data are consistent with a 27" model, inconsistent with others

CERN
Sep 18, 2025 HQL 2025 19
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ATLAS

EXPERIMENT

PRI 131(2023) 151902

* Signal: Teees = J/Y +]/Y or ]/ +P(2S) - 4u s e ST
e C di-dhp ]
* Backgrounds: I ws
oo Wors -
* Prompt: SPS and DPS ool Worme 3
A 1002 + ‘l dl-]/l/) (b) ;
° . ol . 7
Non-prompt: bb = J/{ + ] /P/P(25) + X — 4 { :
* Others: Single J /1y background and non-peaking £ il
. . S ost ! L
background containing no real / /1 candidate SSE R NN SUUSEEOAS L& T 11 |
m,, [GeV]
® Excess in both channels 3 T T T
O 60 ¢ Dat —
S [ s=13TeV, 1401b" sps ]
* The unbinned maximum likelihood fits are performedin 2z 2" — _z
> F bb—J/p+p(2S)+ X -
the 41 mass spectrum. “F \ over
. o » W I ¢<zs>
®* The signal pdf: several interfering BW multiplied 20¢ \i m
with a phase space factor and convolved with a 10 \_,_m 4 ©
mass resolution function i s
2 4m E 1o + h”\ i l
o . _ Zi J/df s 1 i)
dif /s fuw) = sz_mmm,.ri - ® R(a) H
=0 l 6 65 7 75 8 85 9 95 10 105 11
2 m,, [GeV]
13

2T
2 _ 2 2

2
{ - (mf/w +mys) | ® R(a)
= Xt - m; +im;I; X - mg +im3l3 X

Sep 18, 2025 HQL 2025 20 é
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151902

Model A Model B

>400_ I IR I TTT ] >400'_"|""\""\""l""l"" ]
8 - ATLAS —— Sig. + Bkg. ] 8 - ATLAS —— Sig. + Bkg.

S 300F Vs=13TeV,140fo" — Background 1 3 300C Vs=13TeV, 140" BW, + Bkg. + Int.

o L di-dhp ---- Bkg. w/o Feed-down ] o C di-Jhp ---- Bkg. w/o Feed-down ]
S~ [ . T S~ o b
n r - Sig. w/o Int. %) C - == 8ig. w/o Int. 7
..g 200: ; X(6900) Sig. Int. S 200: X(6900) """ Interference ]
1000 ™ ¥ E -

~100- 4 -100F =
i I b
-200 @) - -200p ®
65 7 75 8 85 9 “65 |7 75 8 85 9
m,, [GeV] m,, [GeV]
Extracted masses and widths (GeV)
di-J /¢ model A model B
mg 6.41 +0.08*0.%8 | 6.65+0.02+9%
To 0.59 £0.35*%12 | 0.44 +0.05+0.%
m 6.63 £ 0.05%0-0%
Iy 0.35+0.11%0-0)
my 6.86 +0.03*0:0)  6.91 +0.01 +0.01
X(6900) > 50| 1, 0112005992 0.150.03 001
As/s +5.1%*% o —
/ Zhen Hu Sep 18, 2025 HQL 2025

PRL 131 (2023) 151902

Model A - similar to LHCb
model I, but 2 auxiliary BWs
interfere with X(6900)

Model B - similar to LHCb
model II: one auxiliary BW
interferes with NRSPS

Both models describe the
data well

® the broad structure at
the lower mass could
result from other
physical effects, such
as the feed-down

The peak around 6.9 GeV is
consistent with the LHCb
observed X(6900), with

significance > 50

@
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151902

ATLA

EXPERIMENT

PRL 131 (2023) 151902

Model a Model
rryrrrrprrT T T T T T T T T T rryprrrrprTrTT T T T T T T T T T T T . d
§ SO;ATLAS — Sig+Bkg. ] g SO;ATLAS —— Sig. + Bkg. _:. Model a: X(6900)+2n
0 [ Vs=13TeV, 140" — Background 0 | /s=13TeV, 140 fb” —— Background resonance
g 40:—J/\V+‘|’(23) ---- Signal g 40_—J/‘V+‘V(ZS) === Signal 7]
g | o 2 | R : * Two bumps together: 4.7 ¢
o 30r 1 © 30 |
L = L L
200 1 J( * 2" bump alone: 3 ¢
L/ J( () ] @ _
10f Jf 1 o) Jr 1® Model g: a single resonance
R T ] o 1 X(6900) in this channel
R e T L I B i
m,, [GeV] m,, [GeV] ® 437
Extracted masses and widths (GeV)
J [+ (2S) model a model 8
mzorm  7.22+ 0.03j%-_%§ 6.96 + 0.05 + 0.03
['3orT 0.09 + 0.06*:‘()):%2 0.51 + 0.17“:%:11(1)
As/s +21% + 14% +20% + 12%
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151902

Summary: new exotic hadrons at LHC

EXPERIMEN
11.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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https://www.nikhef.nl/~pkoppenb/particles.html
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« Spectroscopy of conventional hadrons

— CMS: First full reconstruction of B* mesons (2025)

4 Zhen Hu Apr 12, 2025 10th XYZ Workshop

24




: Assumes Am = m(B*°)-m(B°)=m(B**)-m(B*)
LE_P experl_ments L3, _DELPHI' OPAL, ALEPH . for D mesons such Am are different by 1.5 MeV!
using Z-bbprocess, inclusively reconstruct B meson as b-jet
combine b-jet with a converted photon (calibrated via 1%)

Measure averaged between B*, B, and B.? mass difference
m(B*)-m(B) VALUE (MeV) EVTS DOCUMENT ID TECN

45.21+0.21  OURFIT

" . s g ";‘ 2 @ T V :r‘_x,: ‘E r .
Sal¥ @ ALEPH 3 : i OPAL - /\\ §r 1R [f (0) A DELPHI |  45.42+0.26  OUR AVERAGE includes data from mp—my
25 @t \ ‘ W B
ol ¢ M Owsgons ;j: oot (’ oy K I g 46.2 +0.3 +0.8 ! ACKERSTAFF  1997M OPAL
f /\ ’ B 45.3 +0.35 £0.87 4227 TBUSKULIC ~ 1996D  ALEP
1000 - + . wk Phys.Lett.B 345 (1995) 589-597 400
| j el e | 455 +0.3 £0.8 | ABREU 1995R  DLPH
" fl hys.C 69 (1996) 393-404 ‘2 Y‘f(“ omscralosnatsazs | ™t} L3 1 physces(ioos)3s3362|  46.3 +1.9 1378 " ACCIARRI 19258 13
- X 1 i DA o FIRTYRV F TPV} e — 28+ -old
' = aM(B‘r)-M(aB;[GeV/cqz 0002 004 0.6 008 01 n&z\i?ll;_nt'l(o G:‘m/tza) ey ""f;;u ("vo't‘v::""' 'uzg‘ 0 002 004 006 008 0.1 °ﬁ Bgl‘/:ﬂ meaz::; ntl)entS!
. , : : « ” *4 *0)
Mass differences also measured via P-wave B states PDG still has a single “entry” for B'* and B™!
m(B**)-m(B*) measured by LHCb using the difference between “r o) [ 532471 4 0.21 MeV
B:Z(S 840)0_) B*+ K_ and B:2(5840)0 - B+ K- peak pOSItlonS :/rwﬁ . mp—mp 45.21 £ 0.21 MeV
o B /1P /1 /b-boryon ADMURE Mmp—mp 45.37 £ 0.21 MeV
m(B**)-m(B*°) was measured by CMS (BPH-16-003) via the difference = (o= (rpetdl I
between B_,(5830)°— B0K? and B, (5830)? - B** K- peak positions = e T—

Main challenge: very low-energy photons emitted in B*—By
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B.*0 measurements at B-factories

E

measured at B-factories via the energy

x
o

E

o
<

IMEN

—

spectrum of reconstructed B? mesons VALUE (MeV) DOCUMENTID ~ TECN COMMENT
assumed to be produced in Y(S S) decays: 48.571s  OURFIT Error includes scale factor of 2.9.
= 46.1+1.5  OUR AVERAGE

* Y(5S)- B?B? ;

sS 45.7 +£1.7 £0.7 AQUINES 2006 CLEO et e= = T(55)
* Y(55)- B:O B? 47.0 +2.6 2 |EE-FRANZINI 1990  CSB2 et e — T(55)
* Y(5S)- B? B

(55)= B B, B; MASS

* Y(55)- B?B®
From mass difference below and the B‘s) mass.

However, the results were not in a good agreement

with each other (PDG scale factor 2.9) VALUE (MeV) PERELE =GN

5415.4%1%  OURFIT Error includes scale factor of 2.9.

i : 5415.8 + 1.5 OUR AVERAGE Error includes scale factor of 2.6.
Central value of the mass difference is larger
5416.4 +0.4 +£0.5 LOUVOT 2009  BELL

. . + 0
in comparison to B* & B 54117 +1.6 4£0.6 TAQUINES 2006 CLEO

Do we have enough data in CMS to exclusively reconstruct B*, B, and B;? mesons via ]/ modes
and provide separate measurements of the respective Am?
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Reconstruction with CMS Run 2 data

ATLAS

EXPERIME

CMS-BPH-24-011, arXiv:2508.05820

(&)
o No selection of a single trigger, use all A\>(
o Standard reconstruction of charmonium decays \
o B*-> K, B> K'(892)° [K'm], B{-»> ¥ ¢ [K'K], )/ ory(28) - prp
o Add a photon conversion, refit e*e” tracks with m=0 constraint, Fit By vertex
o Refit By into PV to improve the mass resolution b 4

photon Enengy scalLe calibration with «° ”

7Bt
7/
60 fb' (13 TeV) 60 fb' (13 TeV) '
> 400F > 400F p z
< | Cms 2 4005 CMS p
o 350+ + Data o 350k + Data
o F 0.8<p (y) <09 GeV —Fit o P 08<p(1)<09GeV I _
— 300 08<ky)I<09 e Y ~ 300F 0.8<ph(y)<09 | o, o
» C m=133.48+0. » L m=134.94+0. | . .
§as0 " 22" || aomns | Photon energy from conversions s
2 200f j o PES  2200f | == underestimated out of the box,
= . ; = E : i .
@© s ! . Y © r
S 150F i correction” & 150f developed a dedicated correction
100} i 100}
sof | sof n? - yy signal from two conversions,
: —?W : in a number of p; and 1 ranges,
0 T 0
50 100 150 200
m(yy) [MeV]

PDG nt® mass: 134.9768 + 0.0005 MeV
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B* signals in CMS Run 2 data

E

x
o

E

o
<

IMEN

—

CMS-BPH-24-011, arXiv:2508.05820

> 140 fb™' (13 TeV) > 90 140 fo™' (13 TeV)
2 00l CMS o focms Simultaneous fit in the 7 categories
= - B *+ = 80 B *0 Most sensitive 3 are shown here, the other 4 in backy,
< [ < 4 p
o L+ Data, n(y)| <0.6 o 70F t Data, In(y) <09
; 80 [ — Fit ; N Fit
2 [—ESELES 2 sob B> By Signals are described by DCB shapes fixed to MC
ke GO[~=*Bagamund 2 e s except a common (for all) resolution scaling factor
2 L -—-B*—>B'y,B'> yr’ T 40F BBy

; Mass differences are shared (within B flavour)

20
i Hif M B*—]/Ym* fixed shape and relative normalization
0 A KadN S S *0 *0 e 3 :
5.31 5.32 5.33 5.31 5.32 5.33 BV« Bs cross-feed: shifted signal shapes, for B fixed relative
M(B*y) [GeV] M(B"y) [GeV] normalization

140 fb™' (13 TeV)

B.°

Bkg: (m-m©)® with common f

16F 4 Data, [n(y)| <0.8 S
14 F —Fit
) B:’ - Bly
— - Back d . a
0F_ 5. b 3 states reconstructed fully exclusively for the 15t time

Candidates / 0.5 MeV

o N M OO

Precision order of magnitude better than PDG
Systematics much smaller than stat. uncertainty

54 541 542 543
M(BSY) [GeV] M(Xy) = m(Xy)-m(X)+MPPS(X)
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CMS B* mass results

E

CMS-BPH-24-011, arXiv:2508.05820
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Parameter Value PDG 2024 [MeV] ' pgin result: hyperfine
1 Am(B*t) = m(B*") —m(B") 45.277 £ 0.039 £ 0.027 MeV 4534 £0.20  splittings in B system
2 Am(B*%) = m(B*%) —m(B°) 45.471 £0.056 £ 0.028 MeV 45.34 +0.20  Order of magnitude
3 Am(B%) = m(B%) —m(BY) 49.407 £ 0.132 4 0.041 MeV - 485+14 | Precisionimprovement!
4 m(B*")  5324.69 & 0.04 £ 0.03 + 0.07 MeV | 4@y py . upys ” ”
5 m(B*)  5325.19 % 0.06 = 0.03 + 0.08 MeV fﬁis ]]33*0 s gizlg'ﬁﬁzlgl l\sev
6 m(B:) 541634 +0.13 + 0.04 £ 0.10 MeV s Mass LA lle
7 m(B*) —m(B**)  0.50 £0.07 £ 0.01 £ 0.05MeV | __Mass differences between vector states ———
8 m(B%) —m(B**)  91.66 4 0.14 4- 0.03 4 0.12 MeV-_| i'foi'iii',‘i‘;fiiﬁg Féimés™ P Mpo — Mpe+ = 091 4024 £ 0.09 +0.02 MeV
9 m(B20) — m(B*) 91.15i0.14i0.03io.leeV\§
10 m(B) — 1 [m(B*) + m(B**)] 91.40 4+ 0.13 +0.03 + 0.12MeV — § RS
11 ~ Am(B*) — Am(B*t) 019+0.07+0.01MeV _
12 Am(BX®) — Am(B**) 4134 0.14 + 0.03 MeV Differences between
13 Am(B20) — Am(B*0) 3.94 £0.14 + 0.03MeV hyperfine splittings:
14 Am(B) — 1 [Am(B*) + Am(B*+)] 4.03+0.13 4 0.03MeV first measurements
15 Am(B*0)/Am(B**)  1.0043 + 0.0015 = 0.0002 T
16 Am(B0)/Am(B**)  1.0912 + 0.0031 + 0.0007 -

*() *0 ’

i Am(BZ0)/Am(B*)  1.0866 = 0.0031 = 0.0007 Gt mensimementy

18 2Am(B®)/ [Am(B*+) + Am(B**)] 1.0889 £ 0.0030 £ 0.0007
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/ Summary A@g

« ATLAS, CMS, LHCb paint a consistent picture of fully-charm
tetraquarks:

— Measured masses of 3 resonances with full Run2+3 data
— Measurement of spin-parity reveal their JPC = 2++

« CMS fully exclusively reconstruct, for the first time, B*+, B,
and B;"%signals
— Order of magnitude precision improvement in the Am values!

— 18 various measurements, including differences and ratios, are
provided for completeness

« Stay tuned for more results including those with much
larger Run 3 dataset!

Thank you! |
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