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OUTLINE

0 NEW BARYON RESONANCES
@ Evidence for a new state decaying to X3 "7~ () at Belle:
Phys.Rev.Lett. 130 (2023) 3, 031901 (arXiv:2206.08822 [hep-ex])
@ More £2,(X)° states at LHCb:
LHCb-PAPER-2022-043 (arXiv:2302.04733 [hep-ex])

e PARTICLE PROPERTIES
@ /.(2625)" properties at Belle:
Phys.Rev.D 107 (2023) 3, 032008 (arXiv:2212.04062 [hep-ex])
@ Spin and parity of Df,, at BESIII: arXiv:2305.14631 [hep-ex]

© STRONG AND EM DECAYS
@ Observation of D*° — De*e~ at BESIII:
Phys.Rev.D 104 (2021) 11, 112012 (arXiv:2111.06598 [hep-ex])
@ Branching fraction of D;* — D #° at BESIII:
Phys.Rev.D 107 (2023) 3, 032011 (arXiv:2212.13361 [hep-ex])
© DOUBLY-CHARMED BARYONS
@ Observation of =" — =7 " at LHCb:
JHEP 05 (2022) 038 (arXiv:2202.05648 [hep-ex])
@ Continuing search for =4, at LHCb:
JHEP 12 (2021) 107 (arXiv:2109.07292 [hep-ex])
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https://doi.org/10.1103/PhysRevD.107.032008
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NEW BARYON RESONANCES NEW CHARMED BARYON AT BELLE: PRL 130 (2023) 3, 031901

ANALYSIS OF 27 T07=(9) 1§ B® DECAYS B
BELLE: PHYS.REV.LETT. 130 (2023) 3, 031901 (ARX1V:2206.08822 [HEP-EX])

Part of an analysis of B —» AfrT7n—p
@ Full Belle 7(4S) dataset,

@ Includes A{ reconstructed as
pK—nt, pK?, and Axt.

a
=]

e ()

[ —AlFit
non-M, peaking BKG
All BKG

Events / 1 MeV/c?

E . I I I
24 525 526 527 528 5.29

=)

Subdecay B — X%(Afn " )ntp

. . . 2
@ Yield from simultaneous fit to M,, (GeV/c?)
o Beam-constrained B® mass, M., B s00f ~omta
M(AL 7~ N (b) — AlIFit
L ( c ™ ) s 150} non-x(2455)° BKG
@ Subset used in subsequent T ABKG

quasi-3-body analysis:
IM(AE7™) — mppG(X2)| < 14 MeV.

Similarly for B® — X (A7) rp. o 2'4§"A;n- (GoVIc)
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https://doi.org/10.1103/PhysRevLett.130.031901
https://doi.org/10.1103/PhysRevLett.130.031901
https://arxiv.org/abs/2206.08822

NEW BARYON RESONANCES NEW CHARMED BARYON AT BELLE: PRL 130 (2023) 3, 031901

<>
EVIDENCE FOR A NEW BARYON STATE =y
BELLE: PHYS.REV.LETT. 130 (2023) 3, 031901 (ARXIV:2206.08822 [HEP-EX])
Coincident peaking features in N 4°§( e
o M(2(Afn")x+), and E s0f {0195 idoband
o M(EIH(Af=nT)r). & »
Not observed in B® and ¥} t(® mass g 10 i
sidebands. Y
2.8 3 3.2 3.42
Provisionally assumed to be a new state, M; (aasspr (GEV/C)
@ Tentatively named A,(2910)". T 1o Totl P
%) 40? gj(::g:;‘lins‘ijdeband
Fits to combined M (EJ“O)(Agf(*))w*(*)) = * * # MH Hl H
Al
@ 4.2¢ total yield significance, 7;:: ZOMHT*T x Hmﬂx'mm
® M(A(2910)T) =2913.84+56+3.8MeV, @ |
0

@ (Ac(2910)") = 51.8+£20.0 £ 18.8 MeV. 2-;,,2‘:(24355)**”,3(-?39\,?;‘2)
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MORE QC(X)O STATES AT LHCb: LHCB-PAPER-2022-043

(Y

NEW BARYON RESONANCES

MORE (2(X)? STATES!
LHCb: LHCb-PAPER-2022-043 (ARX1V:2302.04733 [HEP-EX])

Updates Phys.Rev.Lett. 118 (2017) 18, 182001, the analysis of the
M(=F K~) spectrum, to the full Run 1 + Run 2 data set.
@ Approximately 5x more signal due to Run 2 /s and trigger.

Two additional observed peaks!

—%— Daa —~ i S .
Q43067 — Z(= ZyK” 3 LHCb

B Q(3090)° ~ (- ZIyK™ S 12r 5.7fb? 7
0Q4(3119)° ~ Z5(- ZZyK” © 10 (b)

---------------- 04(3000)° ~ =K~ - L

w Q3050 . =K g 8 _ A

Q3065 — K- S 6 2(3327) 1
043090)° - =K S | 100
03119 - =K~ 8 4

B 03327 - K © ol

Il 0 (3188)° - =K~ i

—===Combinatorial background 0

Total fit
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NEW BARYON RESONANCES ~ MORE (ZC(X)0 STATES AT LHCb: LHCB-PAPER-2022-043

MASSES AND WIDTHS OF (2;(X)° STATES
LHCb: LHCb-PAPER-2022-043 (ARX1V:2302.04733 [HEP-EX])

(Y

Masses and widths measured with improved precision over previous

measurements.

Also
Resonance m (MeV) I (MeV) seen
2:(3000)°  3000.44 +0.07 7397 £ 0.23 3.83+£0.23 1133 [11I2]
2:(3050)°  3050.18 = 0.04 *9:%¢ +0.23 0.67 £0.17 7953 [11,[2]

< 1.8MeV,95% C.L.

2:(3065)°  3065.63 = 0.06 "9 +0.23 3.79+0.20 7538 [11,[2]
2:(3090)° 3090.16 +0.11 7998 +0.23 8.48 +0.44 *9} [11,[2]

2:(3119)°  3118.98 £0.12 7993 +0.23

£2:(3185)° 3185.1 £1.7 *]§+£0.2
2:(3327)° 33271 +1.2 *91 +0.2

0.60 £ 0.63 7952

< 2.5MeV,95% C.L.
50+7 T30
20+5 *}3

[1] Belle et e~ — =1 K— X, Phys.Rev.D 97 (2018) 5, 051102

[2] LHCb £2; — =¢ K~ ', Phys.Rev.D 104 (2021) 9, L091102
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PARTICLE PROPERTIES ./10(2625)+ PROPERTIES AT BELLE: PRD 107 (2023) 3, 032008

MASS AND WIDTH OF A4(2625)" £
BELLE: PHYS.REV.D 107 (2023) 3, 032008 (ARX1V:2212.04062 [HEP-EX])

Analysis of 4(2625)" — Afn—xt T

in full Belle dataset 2 1200 — ™
® Lin =980fb", S
@ A} subdecay to pt K7™, § 600
@ Approximately 30k signal § o

decays. 0

2,624 2.626 2,628 263 2632
M(AITTT) (GeVic?)

Mass and width of 4,(2625)* measured with M(A{ 7~ =) distribution
@ Kinematic fit of the decay with A} constrained to world average,
@ Width consistent with experimental resolution.

| M(Ac(2625)T) — m(AE) (MeV)  T(Ac(2625)T) (MeV)
This result 341518 + 0.006 + 0.049 <052
PDG 2022 341.65+0.13 <0.97

'PDG 2022 WA dominated by CDF: Phys.Rev.D 84 (2011) 012003
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PARTICLE PROPERTIES Ac(2625)+ PROPERTIES AT BELLE: PRD 107 (2023) 3, 032008
=4

AMPLITUDE ANALYSIS OF A(2625)" — Afn 7t |
BELLE: PHYS.REV.D 107 (2023) 3, 032008 (ARX1V:2212.04062 [HEP-EX])

6.2 F i—i\ 500 3 — Overall fit
— 7 a :;Pasespace
- = — 5.(2520
> 61f ~ s
g 6.05 ; % 751205;20)“
E 6F 4 ’
“7<"595 ; ;
Ts. =

591 %

© E I L yn L I 3 1
59 Mz(/\6+ﬂ (2).42 243 244 245 246 247 248 249 25 251
© M(ALTY) (GeV/c?)

s2f »  Amplitude fit with 5 signal comp.
6i15F 18
R
S o
2o 2 @ Off-shell ¥;(2520)++ ()7 =(+),
s 6F
Soosl . @ Non-resonant Afz 7.

E 4 .
59t 2 Used to measure relative BR
L 0

b I I I I I I
0.08 0.085 0.09 0.095 0.1 0.105 0.11 0.115

++(0)_—(+)
M(T*TE) (GeVZ/c?) of X ¢ T )
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PARTICLE PROPERTIES ./10(2625)+ PROPERTIES AT BELLE: PRD 107 (2023) 3, 032008
=4

SIDEBAND ANALYSIS OF A;(2625)" — Afn— 7™ £
BELLE: PHYS.REV.D 107 (2023) 3, 032008 (ARX1V:2212.04062 [HEP-EX])

Non-4,(2625)+ contributions to X3 77—+
estimated by analysis of M(A{ 7~ 7*) sidebands,

@ 6 sidebands (3 on each side),

@ Linear extrapolation to A4,(2625)" signal ‘ My
region . Wt (Gevich \

A

20 — Overall fit
80 —z

ey
70 — Phase space

B(As(2625)— 5, 07 —(+))
B(Aq(2625)t—Afn—mt)
Neig (Z¢ )~ N (2579)
Nig(A5(2625)T)

B(Ac(2625)"— St x—)
B(Ao(2625)* > AL n—7T)

= (513 +0.26 £ 0.32)%

Candidates / (0.75 MeV/c?)

B(Ac(2625)*— 2071 +)
B(As(2625) = Afm—mt)

PRI Rl B =SS o B
= (5.19 £ 0.23 £ 0.40)% Qa2 243 244 245 246 247 248 240 25 251
M(ASTY) (GeVic?)
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PARTICLE PROPERTIES ~ J” OF D(*s) AT BESIIL: ARX1V:2305.14631 [HEP-EX]

SPIN AND PARITY OF D{S) BESIT

BESIII: ARX1V:2305.14631 [HEP-EX]

Helicity amplitude analysis in 3.19fb~" of eTe~ at \/s = 4.178 GeV
Q@ efe —» - DODO, DO DOyO
Q@ efe » - DD, Dt — Dtx0
@ ete -y = DDy, Dit— Dy

CM frame Di*rest frame

)4

Likelihoods for each natural J* in {1~,2%,3~} constructed from helicity
amplitudes,

Ney Ney

evts 1 3 X ) evts 17 . ) ) 2
[,JP = H EWJP(G(’P 94 s ¢I1 s m12) = EZ |A(m, A, 06, 94 R (2511 s m12)|

i=1 =1~ m\;

where mis the helicity of v* and )¢ the helicity of the v or 7° from the D*.
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PARTICLE PROPERTIES

SPIN AND PARITY OF D{S)
BESIII: ARX1V:2305.14631 [HEP-EX]

JP oF D(*S) AT BESIII: ARX1V:2305.14631 [HEP-EX]

BEST

8 oodf @D 44 B ooek. (b) D° B 0% Dt A
S P | 2 ﬁ f Sl
S W g 3T
E gorf c 002 c 002
ﬂ *Data -1 -2' ‘ ) Iﬂ *Data -1 - 2“ 3 ‘ ‘ Iﬂ 7 <Data - 1 *2“ 3
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
@, (rad) @, (rad) ¢ (rad)
For each of DiT, D0, and D*t, JP = 1~ fits well.
JP = 2% and 3~ tested as ‘null Process | Hypothesis | A(-21n£)
) ot ~ over
hypotheses Ds"Ds 1~ over 3~ 2104
@ Likelihood compared to that of a pope | I-over2t | 12134
linear combination of JP=1-and I 1— over 2+ 11308
1~ over 3~ 11222

the ‘null’ J”.

In all cases, the bare ‘null’ JP

P. SPRADLIN (GLASGOW)

OPEN CHARM SPECTROSCOPY

= 27 and 3~ disfavored by > 100.

CHARM2023 2023.07.18

13/22


https://arxiv.org/abs/2305.14631
https://arxiv.org/abs/2305.14631

Strong and EM decays



STRONG AND EM DECAYS  OBs. oF D*0 — DPet e~ ar BESIII: PRD 104 (2021) 11, 112012

OBSERVATION AND BR OF D0 — DVete BESIT
BESIII: PHYS.REV.D 104 (2021) 11, 112012 (ARX1V:2111.06598 [HEP-EX])

D0 — DO(K—nt)ete

Analysis in efe~ — D*°D*0 events from
3.19fb ' at /s = 4.178 GeV.

Events/ (2.0 MeV/c?)

D° reconstructed in decay modes K~
K 7ntx% and K—ntn—=nt.

Backgrounds from D*0 — D% via v — ete~ o2 2: 2w
material conversions suppressed by eT e~ M (Gev/e?)
D0 — DO(K—7+)y
vertex cut. <
3
Clear D0 — DO¢te~ peak in each D° mode, S 00
@ 13.20 total statistical significance. %
3 10000
Branching ratio measured relative to D*0 — D%:
+0_, N0 - .
BD>D’e’e’) _ (11,08 + 0.76 + 0.49) x 103 oo R

B(D*0—DO~)

M (GeV/c?)
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STRONG AND EM DECAYS ~ BF oF D3 " — D} = AT BESIIL: PRD 107 (2023) 3, 032011

BRANCHING FRACTION OF Dt — Dir® BESIT
BESIII: PHYS.REV.D 107 (2023) 3, 032011 (ARX1V:2212.13361 [HEP-EX])

Analysis of ete~ — Di" D5 events from —
7.33fo " at /s = 4.128 t0 4.226 GeV.

Reconstruct both D and D5 in each event,
@ In decays to either KE*KT 71+ or KOK*

10?

Events/ 1 MeV¥/¢*

Spectrum of squared missing mass, ooz o0t M
Mziss = (Vs —Eps — Ep-)? —Bps +Pp_ %,
@ Peaks at 0 for D;jE — D=, cueo. Frosss oacxaoons |
@ Peaks at m?, for D5* — D370 e PR, saciomcie
Cut-and-count methodology, N |
@ Partition into v and #° regions, T .
@ Unfold with an efficiency matrix. B(Dggn"n:mn;uw;“

Dit—Df =0

oo T (6.16 £ 0.43+0.18)%
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DOUBLY-CHARMED BARYONS

Zcc AT LHCb SO FAR

=4+
—cc

T T
LHCb 13 TeV

2 160 E
o 1of +Daa 3
T —Tota
S 120 Signa
g 100F ---Background
S 80
g 60

40

20

0 :

3500 3600 _H3700
Mag(Ee) [MeVied]

T+ +K—ptat
St ATK 7t
Phys.Rev.Lett. 119 (2017) 11, 112001

(ccu) baryon observed in two decay modes:

Candidates / (5 MeV/c? )
_
5 8 8 8

N)
=]

o

30035503300 36803700
m(E; wt) [Mev/e)]
=++ =t ot
Zee =T

Phys.Rev.Lett. 121 (2018) 16, 162002

With properties:

Candidates /(5 MeV/c?)

2R
8 3

» I I I I b
1%00 3550 3600 3650 3700 3750 380!

N T T
[ LHCb13TeV
[ +Daa

[ -Background

al

m(D*pK “Tt) [MeV/c?]

=+ + K=t
E =D pK™n

JHEP 10 (2019) 124

@ Mass m = 3621.55 + 0.23 + 0.30 MeV (JHEP 02 (2020) 049)

@ Lifetime 7 = 0.25613.923

+ 0.014 ps (Phys.Rev.Lett. 121 (2018) 5, 052002)

° (a(E;?)B(EjC*eAjK*wﬂr*)

T
o A¢
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)f.d = (2.22+£0.27 £0.29) x 10~*
I

(Chin.Phys.C 44 (2020) 2, 022001)
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DOUBLY-CHARMED BARYONS =" — =Z/T 7™ ar LHCb: JHEP 05 (2022) 038

OBSERVATION OF S+ — Shtpt (s
LHCb:JHEP 05 (2022) 038 (ARX1V:2202.05648 [HEP-EX])

Search in the Zf 7+ mass spectrum (with =} — pK— =),
@ Signature of =" — = n ", E/F — =}~ with unreconstructed -,
@ Appears as a peaking structure at a lower mass than the previously
observed =, — = 7" signal.
Analyzed in two statistically independent subsets

@ 300F " ' The 4 S F

> E 54fbt > 500F

= 250k A I

o TOS sample = 200F -

— - — F

<200 =it 3 S|

8 150F ¢ E TR

gt ST N S

o o ©

s 100 Y ﬁ&l%[-'_l 5 200

O sof 1 Gaoof

0: : L L C: 1 L : L N
3400\ 3 3600 3700 3400  §500 /3600 3700
M(Z: ) (MeV/c?) M(Z:m) (MeV/c?)

> 9o significance with 222%™ _ 141 +0.17 +£0.10

B(EL—ESnt)
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DOUBLY-CHARMED BARYONS

SEARCH FOR =}, — Efn 7t
LHCb:JHEP 12 (2021) 107 (ARX1V:2109.07292 [HEP-EX])

CONTINUING SEARCH FOR E;’c AT LHCb:,JHEP 12 (2021) 107

Search with a two-tiered selection.

&5000r
Most restrictive: default trigger set, S LHCb i
§4ooo_— 5.4fb %".ﬁgasgaﬁﬂﬂ_
@ Selection and trigger = ettt ]
; 130005 gutes®e s 3
requirements matched to e ]
Eg;+—> E:.r’]TJr, gzooo:— e
@ Best precision/upper limits of 2 ok p S ]
production x branching ratio. O f ¢ znm
<~12000 : : : S0 3500 3600 3700 3800
K E LHCb 4 Data ] m (= ) [MeVicy
$ 100001 547 — Fit 3 .
s e Signal 1 Superset: extended trigger set.
9 8o e Background . . .
=z ] @ More inclusive set of triggers.
f 6000 -1
L ool 3 Best chance of detecting a signal.
kel o ]
8 2000 4 Full analysis, including decision tree of
E . . . 1 how to present results in all scenarios,
&OO 3500 3600 3700 3800

P. SPRADLIN (GLASGOW)

m(=:T ) [MeV/cg

fully defined before unblinding.

OPEN CHARM SPECTROSCOPY

CHARM2023 2023.07.18

20/22


https://doi.org/10.1007/JHEP12(2021)107
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COMBINATION OF =

DOUBLY-CHARMED BARYONS

St AND ALK 7t

CONTINUING SEARCH FOR ._,+ AT LHCb:,JHEP 12 (2021) 107

LHCb:JHEP 12 (2021) 107 (ARXIV.2109.07292 [HEP- EX])

No evidence for =F, — Zfn—nt.

Determination of mass-dependent
upper limit for

EXB(ELEInwt)

Ri

~++)XB(—;C+~>

=imt)

R estimated for several hypothetical

lifetimes.
g 1
T 1o \ [ 4
C A 3 32
3 10—3&_ .i30
107 F u 1
E o
w°F : E
GF S - I 541 E
107 —+ 3
g--:cﬁ/\ngfb
107F — Combined LHCb 3
1
3400 3500 3600 3700 3800
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| 3 T T T 3
© 9F LHeh E
> gE - E
3 ;E
®
x 6
55
= 4
£ 3p
T 2F ;
Q.
S 1fF 1=40fs —1=80fs-~1=120fs -1 =160fs 3
1 1 1
:9400 3500 3600 3700 3800

m(Zim ) [MeV/c?]
Statistical combination with
=4 — AfK 7" search
Sci.China Phys.Mech.Astron. 63 (2020) 2, 221062

Joint fit to the mass spectra.
No evidence for =,

@ Largest deviation: 2.90 after
systematics and look-elsewhere.
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SUMMARY

WRAP-UP AND ACKNOWLEDGMENTS

Our experimental understanding of charm spectroscopy continues to
benefit from complementary experiments,

@ Direct production in both e e~ and pp collisions,

@ Production in decay of large b-hadron samples.

The continuously increasing sample sizes are furthering both the
precision and comprehensiveness of our knowledge.

Large-sample flavor experiments continue to discover new and
interesting behaviors of charmed hadrons.

=y (i BESIT

| thank the following for recommending results to include in this talk:
Federico Betti (LHCb), Wolfgang Gradi (BESIII), Alexander Lenz,
Dominik Mitzel (LHCb), Diego Tonelli (Belle).
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