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L HCb detector

General purpose detector specialised in beauty and charm hadrons
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L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: py ~ O(1 GeV/c), flight distance L~1mm et e
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L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: p, ~ O(1 GeV/c), flight distance L~1mm B =14 Tev
Precise vertex Excellent decay time M3
measurements,  resolution ~ 43 fs for Bf SPDIPS e M2 M3
o(IP x)N 35 um % e 3 RICH2 O oo i
: 1?2 ==
/ RICHI 1
proton beam \ngcctv /) ke :
Excellent particle
o V=SS identification
AN e 1€(K) ~ 95 %
S AKX - = misiD p(x = K) ~ 5%
IR . P i 5 . e(n) ~ 97 %
N L | I R B Ny . -
\Sm 10m 15m 20m Z o
collision point iz Excellent momentum
SV “|' | resolution ~ 0.5-1%
PV .-z for p € (0, 20) GeV LHCb performance: oo
g Iiéj-..-"". P JINST 14 (2019) P04013 RS )
P. Li - LHCb-Be A ; M



https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

Luminosity

*Run 1: 2011+2012, 7, 8 TeV
*Run 2: 2015-2018, 13 TeV
e Run 3: 2022-2026, 13.6 TeV

® Run 1 + Run 2: 9 fb-1
® Run 3 : 23 fb-! (expected)

Integrated Recorded Luminosity (fo™)
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Data sets

P. Li - LHCb-Belle-BESIII workshop - 2025-06-28

%, Oce, acceptance, trigger efficiencies

%

Hadron (pp)

Charm factory
Background-free
Lowest statistics
No boost

Quantum coherence

Inclusive charm, neutrals and neutrinos

Absolute branching fractions

Run3: 13 TeV @23 fb™1: 500M*
Run2: 13 TeV = Run2: 60M
Runi: 7,8 TeV Runi: 8M

B factory

_ow background

_ow statistics

_ow boost

Js Yield D° = KK Coverage Flight distance Ot
- 3fb™: 0.06M i .
Charm factory (e*e) BESII| 3.7 - 4.6 GeV @20 b1 0.5M* Almost full / / extrapolations

4% of solid
angle; catching 0.4-1cm
~40% of 0qa

Hadron collider
e High background

® High statistics

e High boost

Good for neutrals and neutrinos e Challenging for neutrals and

(Some) absolute branching

fractions

neutrinos

e Complex and biasing triggers

credit: Tara Nanut



Charm physics at LHCb

Mesons
> D), charmonium

Baryons
singly, doubly
charmed

e

exotic states
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Production

Open charm Charmonium e Hadronisation: perturbative QCD with
- : factorisation approach: many sub-models

* QGP properties

heavy-flavour e Experiment constantly challenges theoretical
hadronisation predictions
" 5103
,_'C:: 180 Interaction region (pp)
: 5 160 — ) ]
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Nucleus-nucleus collisions

SMOG?2 can take data simultaneously to LHCb pp collision!



Enhanced production in high-multiplicity pPb collisions

. Enhanced D" to D™ production in high-multiplicity at /5w = 8.16 TeV PRD110. L 031105 (2024)

e Qualitatively consistent with expectations arising from quark coalescence as an adjunct

charm hadronization mechanism [ Q20 pn (P, +|y*]) / (dprdy*)
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https://arxiv.org/pdf/2311.08490

Production cross section of charmonium-(like) states . 2000004801

- ¥.1(3872) may experience different dynamics in the nuclear medium than the conventional charmonia
* First measurement of the nuclear modification factor of an exotic hadron
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Nuclear modification factor Yy


https://doi.org/10.1103/PhysRevLett.132.242301

Charmed baryon lifetimes

e Computed through Heavy Quark Expansion (HQE)
e Differences arise from higher-order effects involving spectator quarks
. Studied since the 1990s with first measurement by E687, WA89, FOCUS: 7 = 69 £ 12 fs

o Early results supported the expected hierarchy:
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.092003
https://www.sciencedirect.com/science/article/pii/S2095927321007301?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.L031103

Lifetimes in hadronic decay
pK- K~ 7nt)m™

350 events §2,” — (£2) —

* Fits to decay time ratio w.r.t control mode

arxiv: 2506.13334
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Spectroscopy
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52 new charmed hadrons at the LHC

https.//www.nikhef.nl/~pkoppenb/particles.html
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More in Chenjia’s talk



Study of B = DY Dh(h)

B* > DID;K*t

X(3960)
DR| 131 (2023) 07190

B~ > D™ DK~
Tgso,l (2900): Xco,2 (3930)

Bt - D~ Dfmt
T’ (2900)+

B~ - D~DYK?"
T} (2870)
PRL 134 (2025) 101901

B* - D*tD*K*
T, h.(4000/4300), .1 (4010)

PRL 133(2024)131902

B - DDir~
T (2900)°

PRL 131 (2023) 041902

B-D®DIntm™
T (2328)?

Sci.Bull. 70(2025)1432-1444
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B° - D™ DtK*m~

D,,(2590)*

PRL126(2021)122002

Bt - AT AZK*

£.(2923)°, 5.(2939)°

PRD 108 (2023) 012020

A} - DDA

JHEP 07 (2024) 140

PRD 110 (2024) LO31104

plot from Yanxi’s talk
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https://arxiv.org/abs/2406.03156
https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub

StUdy of D51(246O)+ —> DS_I_JZ'_I_]Z'_ Sci.Bull. 70(2025)1432-1444

» Unexpected properties for D* (23 17)" and D,,(2460)7
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Study of D ,(2460)™ — D n ™

Two model describe data equally well!

s /,(500) + £,(980) + f,(1270)

o Large contribution from f;(980) and
f>(1270) despite beyond phase space limit

o Can’t be rejected, but implausible

Sci.Bull. 70(2025)1432-1444

m f5(500) + TLT + T (new exotics)
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. * + . .
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m(D; ) [GeV]
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Observationof =, "in=Z 7' 7w 2rXiv:2502.16987
Q" (550 . * Rich spectrum in charmed baryons: ideal
e st 19 @ T 9O for non-perturbative QCD
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https://arxiv.org/pdf/2502.18987

Spln parlty Of (3055)+(O) PRL134(2025)081901

o J" (E,(3055)) determined to be 3/27 (6.5 0), E_(3080) favoured as 5/27 but not significant
 Favor 56(3055)“0) as a 1D 1-mode excitation of flavor antitriplet

- Quantity =.(3055) =.(3055)

/ ﬁ / m [MeV/c?]  3054.52 4 0.36 £0.17  3061.00 & 0.80 £ 0.23
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Rp 0.045 £ 0.023 4= 0.006 0.14 £ 0.06 = 0.04
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081901

CP violation in Charm

* GIM mechanism very effective for charm decays, SM loops highly suppressed
e Tiny weak phases in first two generations of CKM matrix (< Ab~ 0.1%)

e Oscillation and CPV ( < 10_3)
* | ong distance contribution comparable/larger than short distance

/A G

n ,K-,...

Direct CPV in mesons

Mixing-induced CPV

CPV in Baryonic decays

More details in the afternoon session
P. Li - LHCb-Belle-BESIII workshop - 2025-06-28 17



CP violation in Charm

* GIM mechanism very effective for charm decays, SM loops highly suppressed
e Tiny weak phases in first two generations of CKM matrix (< Ab~ 0.1%)

e Oscillation and CPV ( < 10_3)
* | ong distance contribution comparable/larger than short distance
W

n,K",...
d,S,b d,S,b - U C
u n ,K,...
%1%

Breakthroughs by LHCb thanks to huge statistics:

Direct CPV in mesons
First observation of CPV in D® — h*th™ decays
ANcep =Acp(KTK™) —App(mtn™) = (=154 + 2.9)x10~* [PRL(2019)211803]

Mixing-induced CPV
Evidence of CPV in D® —» ¥~ decay

Acp(mtn™) =(23.2+6.1)x107*(3.80)  [PRL(2023)211803] CPV in Baryonic decays

More details in the afternoon session
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Time-dependent CP violation In DY - Knr Shys. Rew. D 111 (2025) 01200

* Interference between mixing and decay for favoured RS and suppressed WS decays

D* —Dt, . .D° . pcs D* — D°TC. mix D°  r
/ \ RS / \ WS
> D0 — K-T[+ > D0 > K+T[‘
CF DCS
. T(D°(t) » Ktm™) _ [(D%(t) » K~ =)
RKT(' — e ; RKT(' — 0 | ;
(DO — K—r+) (DY — Ktn—)

DCS over CF amplitude
2
£ 5 " ;
R,—(—W(t) (1+ Axr) + Rkn (1 + Axr) (ckr £ Ack ) (—) . (C;ﬁr — AC;(W) (_)

’T'DO TDO

CPV observables: Ak, (in decays), Ack, (in interference), AC%7T (in mixing).

A /
Mixing observables: cx ., ¢,
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https://arxiv.org/pdf/2407.18001

Time-dependent CP violation in D' = Kr

Phys. Rev. D 111 (2025) 012001

Yields: RS ~400 M, WS ~1.6 M - e
§ 250 LH(_:b 5 § - LHCb —— Data :
o 550F ' S S S S = = ] 2 2531635‘"1K Signal -
E - LHCb - ‘% ‘\’\j of -k Comb. bkg. -
 500F 6 fb! o E
= - o . S S |
— - a 5 .
+ 450 — — :
= F = —1 Data : L
400:— H‘H__-l-:.-':ﬂ- Baseline —: %005 2010 'golls' 000 0005 2010 2015 2020
_ o _ m(D ) [MeV/c?] m(D° ) [MeV/c?]
35 O: e No CP violation - ( ) :
. o | = | = | — n oda | = 2 ) -
5 05— : C, (51.4 % 3.5) X 1(]—4 Mixing parameter
~ - ll[]L ++_L:l: | : T (13.1 £ 3.7) x 10~¢ Evidence of non 0
L —-10F 1 ; :FF ot - M — AKW (—7.1 s 6] O) X 10_3
. : Ac,,  (30£3.6)x107* ~ NoCPV
—OF , . - AAR E T T )
0 2 4 6 3 .

P.

0 ‘
D" decay time / 7
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C,. Y12 COS gb? cos Ay + x12 COS qb?f Sin A
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https://arxiv.org/pdf/2407.18001

Time-dependent CP violation in D' = Kr

B e e R R T e e e e B B e i i e e e R R T i R B R

JHEP2025.149
Doubly-tagged b-hadron decays

:\:> B'—)D*+(—>Dons+ ) U, vs B+—>D*"(—>ﬁon5' ) u*vﬂ ;:
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https://link.springer.com/article/10.1007/JHEP03(2025)149

Time-dependent CP violation in D' = Kr
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JHEP2025.149
Doubly-tagged b-hadron decays
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Combining with LHCb measurements:
40 U-spin symmetry breaking
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S
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Summer 2024 7

5.82

20


https://link.springer.com/article/10.1007/JHEP03(2025)149

Rare decays

25 . . : .
2 » Sensitive to tiny contributions of heavy
/> BSM (>multi TeV) particles
C u ] " ]
C * Testing different couplings than b and s
uark systems
What is rare? C() Cé)lo X y
% 10 ‘Wilson Coefficients
D’ - ute D(““) >zt D' 5z z'V(->1) D’ 5> K™ SearCh fOr rare or
S 0 .
D" - pe- D) - KT'I 11))0 ;’{éﬁf;’(i’n, D’ (¢ p0) 7 forbidden decays
Dt htute” 0 mPy b b + -
SN P J’)i;“‘fﬁ’r RN
Angular analyses
FCNC V‘I‘D d.l & CPV searches
0 10™ 10" 10™ 10 10" 10" 10° 10® 107 10° 10° 10*
D > h 1T D' D= nt Il D’ —)E:ﬂ'_V(—)") D* >zt g(—> 1) : :
o7 D9 o Dy - D' oKWsl) DK EV(s) Lepton University
D’ -5 x"u"e D' o K KT~ D=7y D' 5 K%(=1)
D' 5 xI'It D' 4 I'I-

More in Liang Sun's talk



+ +,,—
Search for A7 — pu™u 2407 11474

B(AT— putp™) <093 (1.1) x 107°  at 90% (95%) CL (low-m)

2L

A . . L | I . i .
L ] s e N e e - Observed
081 — Expected

- = . B
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&2 o UT LI + ]l — 9_,2 021
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https://arxiv.org/pdf/2407.11474

Angular and CP asymmetries

il
dg?d cos 6,

1
App( x K;) = F J

* First study of angular & CP asymmetry in rare baryonic

charm decay

Search for resonance-enhanced effects

el

el

Kic~C10 (Null test!)

0
dcosﬁﬂ —I dcoseﬂ
&

3
— =3 (Klss sin® @, + K,,..cos* 8, + K, . cos 9{)

dI’

d cos Qﬂ

I'(cos Hu > 0) —I'(cos Qﬂ < 0)

Af

. ['(cos@, > 0) + I'(cos )0M < 0)
£ a )

ACP .

I'(AZ = pptp™) + (AL = putp”)

P. Li - LHCb-Belle-BESIII workshop - 2025-06-28

Null
tests!

arXiv:2502.04013
p““ Ac pp
L
M. Colonna, Talk at DISCRETE (2024)
10 | o Chyp=0.3
- Cl() — 01

Cl() - 005

Arp [Ge\/‘ 2]

1111111111111111111
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https://arxiv.org/pdf/2502.04013

Angular and CP aSymmetrieS arXiv:2502.04013

5 B

sin“ @, + K
dg?d cos 6,

cos* 0, + K, cos 6,)

lss lcc

3
:5([{

Kic~C1o (Null test!)

M. Colonna, Talk at DISCRETE (2024)

Arp( x K )—i Jldcosﬁ —JO d cos 6 . : LHCb - 5 :
q}% 0 ;_ ................................... ._:

» First study of angular & CP asymmetry in rare baryonic 0.1 =
charm decay : SR
0.1 | =

Search for resonance-enhanced effects T & [ e -

2 ;- . 1 SM_E

. ['(cos 6, > 0) —I'(cos 6, < 0) O oiF -

= aa L =

0 ['(cos6, > 0)+1I(cos )(9# < 0) < - e

0.1F =

4 A= putpD) T = ppu) . % | :

= < (e e e e ]

DA = pptu) + T(A; = putu-) = | :

Null 0.1F —

tests! R T, T S S T

P. Li - LHCb-Belle-BESIII workshop - 2025-06-28 V@ = mw) MevIe] o3


https://arxiv.org/pdf/2502.04013
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Production asymmetry of Charm in Run 3 iy 2505, 14494

e In pp collisions, ¢ and ¢ produced in pairs BUT the symmetry

disrupted in the hadronisation. \
* Test hadronisation models to tune event generators (Lund C C »
string model, cluster hadronisation model...) ) ' ‘e o
e . DY
6(X) — o(X.) L
AProd(Xc) =————— =1 Xc(\/g’pT 1)

c(X.) + o(X.

-irst result using Run 3 data!

—l: r 1 | | B B m r . r .1 .

= . E LHCH ; |
- s=13.6 TeV ‘ s=13.6 TeV : e
= LFE v ‘ 2F V5 ‘ e No significant asymmetr
o) | _
R ' 0 B e ODSEIVEd
%H () [eemnnm TR b o oo s o oS S NS NS E S AN NS NS NN NN NN NN NN EEE A ENEEEENEANE AN -1 | . .
1 Z -4 % . .
‘) Y — ™2 uncertainty as Run 1 with
- _ Herwig 7 . PYTHIA 8 (CR2)
4

~1/15 Integrated luminosity

PYTHIA 8 (Monash) . PYTHIA 8 (Forward)

I
ot

| | L | I B | | — I B | | | B I B | | | | B I | — | |
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o
(Wb |
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https://arxiv.org/abs/2505.14494

Summary & prospects

~ZL  ~4x10%2 cms7! ~&L  ~2%x10% cm™2s7! ~&L_ ~15%x10** cm™%s7!
~1 visible interaction/ounch-crossing ~5 visible interaction/Xing ~40 visible interaction/bunch-crossing
9 bl ——> 4+———Goal: 50 b ——m—>» <+——Goal: 300 fb-1 —>
rade I Consolidation Upgrade 11
Runl | LSI1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run6

2011 2012|2013 2014|2015 2016 2017 2018§2019 2020 2021 |2022§2023 2024 2025]2026 2027 202812029 2030 2031 2032§2033 2034)2035 2036 2037 2039 20402041 2042

T Now

v Largest statistics at LHCDb for all kinds of charm hadrons

10

)

— 2024 (13.6 TeV): 9.56 fb’
— 2023 (13.6 TeV): 0.37 fb™
2022 (13.6 TeV): 0.82 fb™’
—2018 (13 TeV): 2.19 fb™’
— 2017 (13 TeV): 1.71 fb™
6 2016 (13 TeV): 1.67 fb™’
— 2012 (8 TeV): 2.08 fb™"
— 2011 (7 TeV): 1.11 fb™

o¥
l

v Rich physics and measurements in charm sector

v'More data coming in Run 3 with 2~4x higher trigger

Integrated Recorded Luminosity (fb™

4_
efficiency
2._
A lot of new results to come soon! 0

Month of the year
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https://lhcb-outreach.web.cern.ch/2024/10/18/end-of-successful-proton-proton-collision-data-taking-period/

LHCb Experiment at CERN
Run / Event: 255623 / 300064
Data recorded: 2022-11-25 09:40:16 GMT
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Study Of B'I' — l)>I<i D¢K+ Phys. Rev. Lett. 133 (2024) 131902

2020 2023 2024 7024  Plot from Yanxi's talk
06 00

OO0 00 Bt - D*~ Dir* Bt - D*tpFK+
e O +rt No obvious exotics e

B* - D*t DTK* topology similar to BY - D~ DK™ decays

About 1700 31gnals AbOUt 1700 51gnals

o = B | S 200 =TT ! i 5 L PR

§ 150 :- LLHCb 6 fb_l: i R 31gnal : §) E LLHCDH 6 fb_ : : i 51gnal :

é) L Bt s : : B background - é’ "~ Bt : - B background -

o D*+D-K+ E i -+ data 7 150 - D*- DK+ i i -+ data '

B -

< 100 | | Ng=779%30 . < | | Ngg=869£31 .

fl_;c; - : : comb—60+5 § 100 : : Ncomb=54i5 :

=0 | | ' S | : :

o B 1 1 & e 5

= S0 - = B ! | B

. ! ) 1§ B B DTDYK
. D220 2200 - 527> 5300 33251 5350 5375 0 S9ns  BHsn &5 5300 5325 5350 5375

Mpre(B*) [MeV/c?] Mprr(BY) [MeV/c?]
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https://arxiv.org/abs/2406.03156

. >I<_|_ —_—
ReSOnant structures In B+ — D —D+K+ Phys. Rev. Lett. 133 (2024) 131902

» A simultaneous analysis of BY — D™ *D¥K* with 9 fb~! pp collision data
. C-parity conservation considered, requiring equal contribution of BY — R(D DK™
. T (2870)" and T* (2900)" confirmed in BY — D™*T. |

¢SO csO
4 Data —— 2(3930) n(3945)  —— Y4040)  —— Ti(2870)0 == T5(2900)° Property This work Previous work
Total fit — --—--- EFF,-- NN /2.(4000) I ye1(4010) 722 he(4300) 0 e NR++ 0
= ackgrowd - NR- MR MRy e Reernce it T,(2870)° mass [MeV] 2914 + 11 + 15 2866 =+ 7
E ook 1 | without /.(4000), y.,(4010), 7.(4300) | LHCb9 ﬂz];l) h Tr,(2870)° width [MeV] 128 + 22 + 23 57 + 13
2 0 N ] T%,(2900)° mass [MeV] 2887 + 8 + 6 2904 + 5
g sop 18 sor - Tx,(2900)° width [MeV] 92 + 16 + 16 110 £ 12
s | 1= | :
R S A ™ L 18 L T __ B(B* — T%,(2870)°D™+) (45193408 +£0.4) x 1075 (1.2£0.5) x 107°
U O A\ P T R R . it N U O PPN o AT . . S n e s =y = o ; = 3 - SELTTOORRL, ¢ ¢
10 42 a4 46 48 10 42 4446 48 B(B* — T%,(2900)°D™+) (3.8 110 +£0.3) x 107 (6.7+2.3) x 1075
B T B(B¥T5,(2870)’ D) 1.17 + 0.31 = 0.48 0.18 = 0.05
S75p  LHCbOf- t 1 3| B(BT—T,,(2900)0 D)) ' ' ' ' '
%50 - : %5 : This work Known states [6] cc prediction [34]
Sosf 1 Easf 16(3945) JPC =+ X (3940) [9,10] JPC =77 n.(38) JFPC =0
IR, i e § o mo =3945715 108 To=130357 70" | mo=394249 Po=37%17  |mo=4064 T'o=80
MR ke iG] h(4000) JPC =1+~ Tz(4020)° [35] JPC =77 h.(2P) JFC =1%
~ — ~ mo = 4000117 729 Ty =184 T2 97 Imy = 40255129 £ 3.1 Ty =23.0+£ 6.0+ 1.0{mg = 3956 Iy = 87
<100 <100 14 —22 45 —61 4.7
2 2 _ Xe1(4010) JPC = 1++ xa(2P) JPC =1+t
S 121 1 mo =4012.5 3821 Ty = 62.7 17 +84 mo = 3953 Tg = 165
8 01 1 & S0 ] h.(4300) JPC = 1+- h.(3P) JPC =1%"
| 15 | ] mo=4307.315513% Iy =58T31% mo = 4318 Ty =75
S o T S o 6 2.8 T X(4274) [36] JPC =1+ xe1(3P) JPC =17+
M(D*~K*) [GeV] M(D*+K*) [GeV] mo = 4294 £+ 4 fg ['(=953+5+5 |mg=4317 Iy =39
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https://arxiv.org/abs/2406.03156

Doubly charmed baryon
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arxiv:2504.05063
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https://arxiv.org/pdf/2504.05063

Observation of exotic J/y@ resonance in diffractive process

arxiv:2404.14301

« First observation of X — J/w production in diffractive processes with 5 resonances
* Helps determine the underlying nature of exotic states

Events / ( 25 MeV )

P. Li -
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M, o IMeV |

M, (s218) 429846 +9 1204 + 472

I, (4274) 92122 457 53+ 5+ 5

M, (4500) 4512.57804+3.0 4474 +£3+ 3

T, (4500) Rl i -~ i
0o (4140) X BX 40 = (0.80+£0.15 40.28) pb,
O vor (a27a) X BT = (0.7340.08 £0.17) pb,
0o (a500) X B2V — (0.42+9:99 +0.06) pb,
Oy ¢1(4685)4xc0(4700)

c1(4685 c0(4700
B (4685) Fxco (4700)

ONR X Beff —

L
(0.4370%5 £0.20) pb,

Current analysis PRL127(2021)082001
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Observation of )(61(3872) —> )/l//(ZS) arXiv:2406.17006

e x.1(3872) = yw(2S) observed in BT — y.,(3872)K™ with 9 fb=! pp collision data
* In tension with the upper limit set by BESIII
« Inconsistent with pure DD* molecular hypothesis for y.,(3872) but agree with many others

T
Rl e d sl SRR SR REREE) 1 D REE 1Y)

Ly, (387253
Xcl( >_> /‘Ll)‘}/ . '| BaBar 2008
2y s 2 . EE
i LHCb { %% - 4 Data Lhich | = Belle 2011
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> B | B— P(2S)KTX = E B— P(25)KTX i EEe LHCb/Run1 2014
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i® O £ . 5
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I
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https://arxiv.org/pdf/2406.17006

Amplitude analysis of BT — w(2S)Kt n n~ '

o First full 7D amplitude an i
alysis of BT — w(Q2S)K ntn™ wi _
o T ..,(4430)* resonance confirmed, J* ( W((4?§))ﬂ) - IV\‘Cth 0 fb" pp colision data
« Hidden-char Lz = |7 with a signific
Eour X0 nzze;;)t'i states to y(25)K T~ final sates observed for tie 1:|r2’? Eiﬁ 0
Y ' states identified and shows similarities to X(J/wq) )
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Amplitude analysis of BT — w(2S)Kt n n~

arxXiv:2407.12475

o First full 7D amplitude analysis of BT — 1//(2S)K+7z+7r_ with 9 fb~! pp collision data
o T..,(4430)* resonance confirmed, JO(T ' +1(4200)7) = 17 with a significance > 50
» Hidden-charm exotic states to w(2S)K 7z~ final sates observed for the first time

o Four XU — w(2S)z 7~ states identified and shows similarities to X(J/y)

Resonance JE mqo [MeV] I'o [MeV] Sign. [o] | Res. PDG mqo [MeV] I'o [MeV]
X c0 (4475) 0t 44754+ 7 +12 231+19432 > 20 (19)| Xc0(4500) 447444 77112
X c1 (4650) 1T 4653+14+27 227+264+22 15 (13) | Xc1(4685) 46847 12 126440
X c0 (4710) 0T 4710+ 4 +5 64+ 9 +10 14 (10) | xc0(4700) 46947 2© 87T 18
nc1(4800) 1~ 478514374119  457+93+157 17 (12) | X (4630) 4626737, 1747 gg°
T* ,(4055)T 1~ 4054 (fixed) 45 (fixed) 8 (7) T.z(4055) ™" 405443.2 45413
T.z1(4200)™" 1T 4257411417 308+£20432 > 20 (> 20| Tez1(4200)7T 41967 35 SOl Eo
T.z1(4430)7" 1T 4468421480 251+42+82 15 (8) | Tez1(4430)T 44787 13 181+31
T.z51(4600)° 1T  4578+10+18 133+28+69 15 (12) |
T.z51(4900)° 1T  4925+22447 255+55+127 12 (8)
T .1(5200)° 17 52254864181  2264+76+£374 10 (8)
T.z51(4000)T 17T 4003 (fixed) 131 (fixed) > 20 (14)| Tees1(4000)T 400377, 131+30
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Time-dependent CP violation In D’ - ntnr

0

arXiv:2405.06556

* First measurement of time-dependent CP violation in SCS mode
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