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The LHCb experiment

 Designed to study weak decays of heavy hadrons LECDH Original
» Excellent track and vertex ARCY
resolution provides high
purity samples (>90%) easily /// EGAL T e e 250;24\

RICH2 M1

for fully reconstructed decays

e =

:nMﬂﬁmi' |
11|
4 I,

* Heavy hadrons decay into
almost infinite final states

« Study those decay products
in a quasi-background free
environment
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* Reminder of the LHCb experiment
* Recent results from LHCDb
- Amplitude analysis of BY — DDz~ and B* — D™Dz decays
» Quick look at a new result from B* — D ~Dfr*
e Study of B* - D™*DFK* decays
 Radiative decays of y.(3872)
* Future prospects
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Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

Decays of B mesons to double charm final states now very popular
* Following the discovery of new particles in Bt — DTD K" decays

Isospin partner decays analysed together
« Expect standard excited charm mesons in the Dz~ and D~z channels

« Anything else would likely be an exotic candidate

(a) (b)

C
D; D;
!§<g §§/<§
b « C b « c

D,(2460) B* ) D,(2460)"
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Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Decays of B mesons to double charm final states now very popular
* Following the discovery of new particles in Bt — DTD K" decays

 [sospin partner decays analysed together
« Expect standard excited charm mesons in the Dz~ and D~z channels
. Anything else would likely be an exotic candidate
» E.g. Z_ tetraquark candidates seen to decay to D*D“L,DD*Jr and J/yK

. Motlvatlon to search in the D+7z and D+7z from theory side in analogy to
150, 1)(2900)O candidates in the DK+ system

03/07/2024 Phys. Rev. D108 (2023) 012017, Phys. Rev. Lett. 131 (2023) 041902



Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Three data samples initially
. BY > EODS“LE_ with DY - Kt7n~
+ B - D'D}n~ with D° — K+7r_7z n D} — KtK~nt
*B* > D D+7Z+Wlth D™ - Ktnn~

» Analysis uses the full Run 1 + Run 2 data sample of 9fb~!

« Standard selections
« Combinatorial background suppressed using a BDT (boosted decision tree)
« Non-charm background surpassed with flight distance cuts

03/07/2024 Phys. Rev. D108 (2023) 012017, Phys. Rev. Lett. 131 (2023) 041902



Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Firstly need to measure the yields before doing the amplitude fit
« Separate fits for the three decay modes and split between Run 1 and Run 2
« Double Crystal Ball functions for the sighal (Gaussian core + tails)
« Exponential function for the combinatorial background

Run 1 fits
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Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Firstly need to measure the yields before doing the amplitude fit
« Separate fits for the three decay modes and split between Run 1 and Run 2
« Double Crystal Ball functions for the sighal (Gaussian core + tails)
« Exponential function for the combinatorial background

Run 2 fits
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Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Fit results
* Full results in the backup slides
« Focus here on the yields in the signal region of +20MeV/c? around the B mass
« Corresponds to about 2.5-3 times the mass resolution

Decay Parameter Run 1 Run 2
Signal vield 564+ 26 2534 + 55
B — DY _D}r~ | Total candidates | 633 2753
Purity 89.1% 92.1%
Signal yields 177+14 734+31 ~4k signal candidates
BY — DY%., Dfx~ | Total candidates | 199 835 per channel
Purity 88.9% 87.9%
Signal vield 766 £ 29 2984 + 57
Bt — D~ Dfn*t | Total candidates | 797 3143
Purity 96.1% 94.9%

03/07/2024 Phys. Rev. D108 (2023) 012017, Phys. Rev. Lett. 131 (2023) 041902




Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Now need to perform an amplitude analysis
« Take just the candidates from the sighal regions and fix the yields

* Include amplitudes for every sub-process that may contribute, starting with
known/standard resonances

Resonance JF Mass (GeV) Width (GeV) Comments

D*(2007)° 1= 2.00685 £ 0.00005 <21x107° Width set to be 0.1 MeV
D*(2010)~ 17 2.01026 4 0.00005 (8.34 £ 0.18) x 10~°

Dp(2300)  0F  2.343 £0.010 0.229 4+ 0.016 #
D3(2460) 2% 2.4611 £ 0.0007 0.0473 + 0.0008 #
D*(2600)° 1=  2.627 £ 0.010 0.141 £ 0.023 #
D3(2750) 37 2.7631 £ 0.0032 0.066 + 0.005 #
D1(2760)° 1- 2.781 4 0.022 0.177 4 0.040 #
D*(3000)° 7 3.214 £ 0.060 0.186 = 0.080 # J¥ =47 is assumed

03/07/2024 Phys. Rev. D108 (2023) 012017, Phys. Rev. Lett. 131 (2023) 041902



Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Projections from the fit with the list of known excited charm mesons
. Full B —» EOD;%_ dataset combining D decays and run periods
. Good fit to data in the D'z~ projection (left)
* Some possible deficiencies in the DS+71'_ projection (centre)

S\ 300 FT T T T L L B S\ T J J ! ! ! ! —~ I T T T T T
o ) + Daa ] © 100 F 1 2
&) LHCb Background ] &) LHCb ) LHCb
< 250 . —— Total fit . <+ . 100 -
— 9 b — D; (2460)~ D¢ — 9 b = 9 fb-!
S ook : Dy (2600)" Dy ] S 8or 1 = | ;
e (a) ' D] (2750)- D; = (b) e 80 (C)
> D/ (2760)~ Dy ] 2 6ol ] >
O 150 D(3000)~ D} ] 8 O ¢l N
2150 8 60
S D*(2010)~ Dy ] 3 { < *
3 —— DnS-wave Dt 1 5 | § o ‘
| _- = 40 I . ho) | 1 _
= 100 ] = ‘ * | ] B 4 | ]
© © o [I ] © I\ 1 [ -
50 N 20~ : 1 [,,HMT,_‘“T [ + __ 20 [ I I[Ir“ ‘1111 H } ]
‘I\ rl‘y‘ 'T‘y [ 1 1 I[ '{l —_— 1 :
L T O N R U RS - T e o Sreea ) ]
0 . . > el Bl e . 0 1 .,_,l—v—ﬁ—x—fj::——‘:zi-—t::—}f‘l, i x| L‘;‘;:.—U‘.AJ”* T asmem i 0 Eas ot i = 2SO N '——r—»x*—?j—L“l_‘fkq L [1-\‘. L
20 22 24 26 28 30 32 34 2.2 2.4 2.6 2.8 3.0 3.2 3.4 38 40 42 44 46 48 50 52
M(D 7)) (GeV) M(Dg 7~) (GeV) M(D°D;) (GeV)

03/07/2024 Phys. Rev. D108 (2023) 012017, Phys. Rev. Lett. 131 (2023) 041902




Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Projections from the fit with the list of known excited charm mesons
 Full BY > D™D n™ dataset combining D decays and run periods
 Good fit to data in the D~z projection (left)
» Some possible deficiencies in the D z™ projection (centre)
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Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Since the problem seems to be [ .o ] S
o . . < 250 -1 — Total fit 1 <
in the D7 projections 2o el 2
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Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Perform a simultaneous fit 2T C T e 2ol e
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Amplitude analysis of B* — D*~DFz* decays

* Very recent paper from LHCb
« Do we see the 7,,(2900)"" state?
« About 850 events in the signal region, analysis strategy ~as before
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https://arxiv.org/abs/2405.00098

Amplitude analysis of B* — D*~DFz* decays

* Very recent paper from LHCb
« Do we see the 7,,(2900)"" state?
* Region of interest dominated by reflections from D,(2420), D,(2430) states
* No evidence for the tetraquark with this limited data set
» Fit fraction for 7..,(2900)"" < 2.3 % (90 % CL)
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* Reminder of the LHCb experiment
» Recent results from LHCb
- Amplitude analysis of B - DDz~ and B* — D™D}z decays
» Quick look at a new result from B* — D"~ Dfz*
« Study of B* — D" *DFK™' decays
 Radiative decays of y.(3872)
* Future prospects
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Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays
 Again motivated by tetraquark observations in BT — D™D~ K™ decays
* Interest to study this family of tetraquarks further!

« Simultaneous analysis of the two final states
« Expect charmonium(-like) contributions to be equal in both (C conservation)

* Use the full Run 1 + Run 2 data sample from LHCb
* Find 1636 + 43 decays in Bt - D"*D~K* sample
 Find 1772 = 44 decays in B — D*~D*tK* sample
« Purity in both modes around 95%

03/07/2024 arXiv:2406.03156 [hep-ex]



Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays

* Baseline model Component JP(©) Fit fraction [%)] Fit fraction [%)] Branching fraction
* Lots to discuss! BT = D™D KT BT = D™ DURT [10-7]
) EFF 1+ 10.9 423 +16 9.9 +21+14 0.74 10164011 4 0 7
ne(3045) 0t 34705718 3103 0.237008 1008 4 (.02
Xe2(3930) 1 2t+ 1.8 105 +09 1.7 405409 0.121903 To:0s £ 0.01
h(4000) 1+~ 51759 +3 4.6 092 0.35 0oL 010 4 0.03
Xe1(4010) 1+ 10.1 té-g i}% 9.1 t}f; fiii 0.69 tgiéé igz‘f? +0.06
1(4040) T 1=~ 2.8 +3-§'; +8-§ 2.6 +8:;2 +8:§ 0.19 +818§ +8:8§ +0.02
h.(4300) 1+ 12102403 11102403 0.08 £5:05 Toor £ 0.01
T, (2870)°F  of 6.5199 1 - 0.45 T8 To50 £ 0.04
Tx,(2900)°F  1- 5.5 T - 0.38 1006 To1s £0.03
NR,—— (D*FTD*) 17— 20.4 23421 18.5 22 12 1.39 T30 012 +0.12
NRo--(D*FD*) 0~ 1.2 +8-§’ +8-Z 1.1 +8'§ +8'§ 0.08 +8:8;l +8:82 +0.01
NRy++ (D FD¥)  1++ 17.8 T4 T3¢ 16.1 15 +33 1.21 P03 4022 +0.11
NRg-+(D*FD*) 0 15.9 193 33 14.5 30420 1.09 7058 1055 £ 0.09

03/07/2024 arXiv:2406.03156 [hep-ex]




Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays

 Baseline model
 Lots to discuss!

 New charmonium(-like)
states

03/07/2024

Component

JP(C)

Fit fraction [%]
Bt — D" DK+

Fit fraction [%]
Bt — D* DK+

Branching fraction
[10~7]

1+ 10.9 23 19 9.9 3 1% 0.74 1968 *011 £ 0.07

0+ 3.4 0509 3.1705 5t 0.23 1007 T0 08 £ 0.02

o+t 1.8 105 +09 1.7 405409 0.121903 To:0s £ 0.01

1+ 51758108 46105 5 0.35 1008 T000 £ 0.03

1+ 10.1 75513 9.1 s t12 0.69 1006 1097 £ 0.06

1 2.8 704103 2.6 0510 0.19 7005 7008 £ 0.02

C(4300) > 17 12102403 11402403 0.08 *903 To:0; £ 0.01
Tx,(2870)°F  of 6.5199 113 - 0.45 T5:08 1095 £ 0.04
Tx,(2900)°F  1- 5.5 13e - 0.38 £5:90 019 £0.03
NR,--(D*FD*) 17~ 20.4 38120 18.5 52 1203 1.39 7000 017 £ 0.12
NRy--(D*FD*) 0= 1.2 +8-§’ +8-Z 1.1 +8'§ +8'§ 0.08 +8:8;l +8:82 +0.01
NR++(D*TD*%) 1*+ 17.8 j}-z fg-g 16.1 t}-g t§-§ 1.21 jg}g tg% +0.11
NRg-+(D*FD*) 0~ 15933132 14.5 30420 1.09 7058 1055 £ 0.09

arXiv:2406.03156 [hep-ex]




Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays

» Baseline model Comnonent JP(C) Fit fraction [%] Fit fraction [%] Branching fraction
« Lots to discuss! ' Bt = D" D KT BY = D' DUKT [10-7]

B . EFF;++ 1+ 10.9 23 19 9.9 3 1% 0.74 1968 *011 £ 0.07
* New charmonium(-like) n(3945) 0t 34%03+19 31T 02370014018 4 0,02
states X2(3930) 1 2%t 1.8 103 105 L7303 100 0.12 %905 To0s = 0.01
: h.(4000) 1+ 5.1 150+ 4.6 091 0.35 1508 T008 £0.03

. 80 750 05 20
Tetraquarks seen in [+ 0. +16+13 0.1 FLA+L2 g T0I140.09 4 (g
one channel 1" 2.8707 103 26707104 0197001002 +0.02

0 : _ 402 10, 102 40, +0.01 +0.
o T..(2870)" forbidden 1" 1.2 gt g5 05 008 %03 0 £0.01
in Bt - D""D*K* and 0F #7655 - 0.45 1006 +009 1 g g

+1.1+2.4

: 1- Tl = 0.38 T0-0T+0-16 4 .03

the spin-1 state not T s T30 0 1 0 12
*+—0.6 —2.6 : . .3 . —0.04 —0.17 .

Seen NRy— (D**D¥) 0~ 1.2+06+07 1.1T06406 g +004 4005 4

NRy++ (D FD*)  1++ 17.8 11958 16.1 15433 1.21 P03 4022 +0.11

NRo-+(DFD*) 0+ 15.9 035133 14.5 8030 1.097088 1035 +0.09

03/07/2024 arXiv:2406.03156 [hep-ex]




Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays

4+ Data ——  2(3930) n(3945)  —— y(4040) Ton(2870)° == T%(2900)°
— Total fit — ----- EFF ++ XXX /2.(4000) T v1(4010) 2 he(4300) 0 e NR++
Background =~ NR{—- e NRo-+ e NRo-- e Reference fit
= - LI B B IR N~ N B R B R B A B I
2100f fypt 5 — D"+ LHCbO fb! 2100F B*— DD K? LHCO9 b
” : (@ 12 - (b)
8 s0f 18 sofF -
< - 1= -
o | ]l O |
S I 135 I
S Ot . 2R B R
O 0 o SN STE el . i > O 0 AN T i s BT !
40 42 44 46 438 40 42 44 46 438

M(D*~D%) [GeV] M(D**D") [GeV]
Discrepancies covered by model systematics
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Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays

4+ Data —— (3930) ne(3945)  —— Y{(4040) TS (28700 == T (2900)°
—— Total fit - EFF - N £4000) I 44(4010) 2% ho(4300) NR-+
Background =~ NR{—- e NRy-+ e NRy-- oo Reference fit
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Study of the Bt - D**DFK* decays

Study resonant structures in B* — D"*D~K*, BT — D" ~D*K* decays

4+ Data —— (3930) ne(3945)  —— Y{(4040) T (2870)0 == TE(2900)°

- Total fit = ---—- EFF ++ XXX /2.(4000) T %1(4010) o he(4300) 0 e NR++
Background =~ NR-- e NRo-—+ e NRo—- e Reference fit
§100 1 I 1 1 1 I 1 I I 1 1 1 I N ;100 1 I 1 1 1 I 1 I I 1 I i
e LHCb 9 fb-! {» { 13 LHCb 9 fb-!
- _ : - ()
% 50 % 50
= 12 7t -
S 12 f o
S - 13 - A T
S ; ' SETTTI {1 = i . .
8 0 I TV e 8 0 AT CE
26 3.0 3.2 2.6 3.0 3.2 3.4
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Discrepancies covered by model systematics
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Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays
« Tetraquark candidates in

fai t with Property This work Previous work
air ggreemen Wi T%,(2870)° mass [MeV] 2914 + 11 + 15 2866 + 7
previous results T (2870)° width [MeV] 128 + 22 + 23 s7+13 Lo
e Seems to be a difference T%,(2900)° mass [MeV] 2887 + 8 + 6 2904 + 5 916
in the ratio of the T7,(2900)° width [MeV] 92 4+ 16 + 16 1o+12
two states in this final B(Bt — T%,(2870)°DWF) (45703408 £0.4) x 107> (1.24+0.5) x 107°
B(BT — T%,(2900)°D™*) (3.8 X0 10 £0.3) x 1075 (6.7 £2.3) x 1075

state B(BT T, (2870)°D*)+)

B(B*+—T%,(2900)0 D))

1.17 £ 0.31 £ 0.48 0.18 £0.05

A 7.3995)] ho(4000)] X1 (4010)]and A (4300)
|Consistent with X(3940) |
| seen by Belle

i , ,
100 ]‘E 916 § 166 | 6.40
I N

| e s ———
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* Brief introduction

* Reminder of the LHCb experiment
» Recent results from LHCb
- Amplitude analysis of B - DDz~ and B* — D™D}z decays
» Quick look at a new result from B* — D"~ Dfz*
e Study of B* - D™*DFK* decays
 Radiative decays of y.(3872)
* Future prospects

03/07/2024



Radiative decays of the y.(3872) state

* Try to learn more about this famous state by studying these decay modes
« Aim to measure the ratio of branching fractions

© T(1,4(3872) = w(2S)y)

T T(xa(3872) = Jlyy)
« Predictions vary strongly depending on the nature of the y,.;(3872) state

« Experimental history
 BaBar measured &%, =34=x14
* LHCb measured 2, =2.46+0.64 =0.29
 Belle and BESIII found no significant signal for y.,(3872) — w(2S)y

03/07/2024 arXiv:2406.17006 [hep-ex]



Radiative decays of the y.(3872) state

* In the latest LHCb measurement we determine
_ T(B* = [£4(3872) = w(2S)yIK*)

T T(B* = [£4(3872) — JlyylK*)

/_\24><1|03 — T S—— R IZXI-O? S L B S S S B s s

b F 4 Data LHCb] & [ 4 Data LHCDb 1

= L [ B+ + a1 =0 ] Bt + -1

% 2 BT — x1(3872)K 9ftb— 4 = 1 BT — x1(3872)K 9fb™" -

= [ [ B JaX 1 = [ BoJwx ]

W 16F —— X1 (3872)KH 1 2 08 —— xa(3872)K* -

> - _——  Combinatorial . > - —— Combinatorial .

E 12 Total 1 < 0.6 Total 4+ ~

< f 1 = [ ++

E ; ’Q“ L d ¢‘ — 'U I~ +

< 0.8 . “‘0“‘““‘0,¢ . . -4 = 04 _

g * *oq . *4 * C: :

o See B

O S 0.2F -

(3)7 - I38I - I39I — :l* .t:_l

| S My (GeV/e']
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Radiative decays of the y.(3872) state

* In the latest LHCb measurement we determine
_ T(B* = [£4(3872) = w(2S)yIK*)

T T(B* = [£4(3872) — JlyylK*)

1201 20—
- ¢4 Data LHCb - - 4 Data LHCb -
100 [ B+ — x.1(3872)K+ 9fb~! 100 [ B+ — x1(3872)K+ 9fb~!
- ] B—y((29)KTX ) - L] B—y(29)KTX )
80 __  Combinatorial ] 80~ __  Combinatorial ]

Total

Total H

Candidates/(10 MeV/c?)
Candidates/(10 MeV/c?)
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Radiative decays of the y.(3872) state

« Summary of yield from the mass fits

_taki :
Parameter Data-taking period

Run1 Run 2
B (25)yK* 530 6.70 Stat only
NB+—5 (xe1 (3872) 1 (28)y) K+ 40 £ 8 63 £+ 10
Np sy (28)K+x 567 £+ 24 885 £ 29
Neomb 55 £ 17 132 + 19
JAbyK*
NB+— (xe1 (3872)— by K+ 3 0.43 +0.03 1.69 4= 0.05
3

[10°]
NeL,apx [10%]  3.61+0.11 18.72+0.26
N,,_, ss72)K+ [103] 118 +0.06  5.53+0.23
Neomb [103]  4.05+0.11 17.46 & 0.21

03/07/2024 arXiv:2406.17006 [hep-ex]




Radiative decays of the y.(3872) state

« Summary of results by year

Runl1
ggtlw

2.00 + 0.52+8:%g + 0.06

Hp? = 1.49+0.237(15 £0.03

* Averaged (BLUE method) to give

Ry = 1.67+0.21 4 0.12 -

* Inconsistent with an upper limit from BESIII
* Inconsistent with many predictions using DD* molecular models

03/07/2024
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Summary

* Exciting time in spectroscopy (again)
« Huge number of recent observations
* Challenge remains to understand them

« Looking forward to cracking open the Run 3 data sample!
« Expecting to collect roughly the Run 1 + Run 2 sample per year

« Early indications show the factor of two gain in hadronic final states from the
new software only trigger seems realistic

03/07/2024
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Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

03/07/2024

Decay Parameter Run 1 Run 2
Signal yield b87 + 27 2641 + 57

BY — D% Dfn~ | B? signal 25.3+8.3 77T+ 15
Background yield | 421 4 26 1440 4+ 49
Mean (MeV) 5279.12 £ 0.38 5279.16 + 0.18
Width (MeV) 7.89 4+ 0.35 7.734+0.17

Exponential slope

—(3.08 £0.52) x 107®

—(2.98 £ 0.29) x 10~*

0_y o + -
BY — Diys Dim

Signal yield

B? signal
Background yield
Mean (MeV)
Width (MeV)
Exponential slope

185 + 15

49+4.6

136 + 14

5277.98 + 0.70

8.01 + 0.59

—(2.56 + 0.90) x 103

759 % 32
38+ 11

692 + 33

5278.79 + 0.34
7.72+0.33
—(3.03+£0.41) x 10~*

Bt — D~ Dfn*

Signal yield
Background yield
Mean (MeV)
Width (MeV)
Exponential slope

798 + 30

311 +21

5278.88 + 0.33

8.08 +0.30

—(0.82 4+ 0.61) x 1073

3123 % 59
1201 =+ 40

5278.74 & 0.16

8.05 + 0.14

—(0.90 + 0.31) x 103




Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Have a look at the fit quality

B’ - D’Dfn~

>k 2 Sl Z
11 C
@o/ : ) @ I )
10} :’1103
S of 17 g ik
= I = Z
8k ~0 8 T —0
s 7
- -2 /. 7 -2
6 - . 6 |- | .
LHCbDb LHCb
5k ofp! 4 W™ 5k , 9 fb1-
D et N L A R N g e
5 6 7 8 9_ 10 5 6 7 8 9 10
M?*(D°7) (GeV?) M2*(D~7*) (GeV?)

03/07/2024 Rev. D108 (2023) 012017, Phys. Rev. Lett. 131 (2023) 041902




Amplitude analysis of B® - D°Dfz~ and B* - D™Dzt decays

* Have a look at the fit quality

« Quite a bit of strong colour in the area flagged previously
B’ - D°Dfn~ BT - D Drn*

Iouu k I LI I I ) Il LI} I ululal clulwl qu%

Pull

- (a)

) (GeV?)
o

+
N

I(D

LHCD | LHCb:

5 9 fb-! - 9 b1
5 6 7 8 9_ 10 5 6 7 8 9 10
M2(D°x) (GeV?) M*(D~n*) (GeV?)
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Study of the Bt - D**DFK* decays

» Study resonant structures in B* — D"*D"K* B* - D""D*K* decays

This work Known states [6] cc prediction [34]

1.(3945) JPC =0+ X (3940) [9,10] JPe =7 n.(35)  JPC =0+

mo = 3945 TR Ty =130 T2 T | mg = 3942 £ 9 Iy =37%% mo = 4064 Ty = 80
h(4000) JPC = 11- T.-(4020)° [35] JPC =77 h.(2P) JP¢ =11

mo = 4000 117120 Ty =184 T 97 1y = 40255 729 £ 3.1 Ty = 23.0 £ 6.0 & 1.0|mo = 3956 Ty = 87
X1(4010) JPC = 1++ Ye1(2P) JPC =11+

mo = 4012.5 35 131 Ty = 62.7 759 T8¢ mo = 3953 Ty = 165
he(4300) JPC =1+ h(3P) JFPC =1*

mo = 4307.3 754 138 [y = 58 TR +28 mo = 4318 Ty =175
Xc(4274) [36] JPC =17+ Xa(3P) JFC =17t

mo = 4294 + 415 Do =53+5+5 |mg=4317 Ty =39

N.(3945), h.(4000), x.1(4010) and h.(4300)
100 O.1c 160 6.40

O—+ 17~ 17t 17~
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Looking forwards - my two cents

* We need to understand the structure of exotic particles
« With four and five quark states, how are the quarks arranged?

« Discovering them pseudo-randomly is a good start...
« Perhaps it is time for a more focused, systematic, approach
* Focus on related states and look for any more possible partners e.g.

T..,(2900)° T%,(2900)°  csid
csl (2900)0 Tca§()(2900)++ csud
csiid

* Make sure we focus equally on final states they do not decay to

03/07/2024



Looking forwards - my two cents

* We need to understand the structure of exotic particles
« With four and five quark states, how are the quarks arranged?

. Dlscovermg them pseudo randomly is a good start

|
) FOCW The T?_.(4X00) family could be another starting point

! wsl

T..,(2900)° O T(290007 s
csiid

* Make sure we focus equally on final states they do not decay to
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