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Introduction

Many reasons to study double charm decays:

m Background in semileptonic analyses:

m B — DD} X with D} — 3mX: background for 7 — 3m(7%)v
u B — DD X with D5y — pX: background for 7 — pvv

= B — DD} X with Ds — Tv: background for both

m B — D** formfactors are poorly known, use hadronic B — D**X modes to
constrain them [A. Le Yaouanc, and J.-P. Leroy, P. Roudeau, PRD 105 (2022) 013004]

s B— D**n, B— D**w, B— D**D}, B — D**D}*, etc.
= Hadron spectroscopy, including exotic
= “Conventional” D, D], ct spectroscopy

m Significant exotic contributions found in a few analyses, has to be taken into
account when constraining SL formfactors from hadronic decays.
This talk:
= What do we know about double charm decays (B3, amplitudes)

m What do we need to know and how we can improve our knowledge
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https://doi.org/10.1103/PhysRevD.105.013004

Double-charm B decays

Dominant b — c¢Cs transitions:
m External: B — D(*)Ds(*)_
= B D**D{""
s B — DD

® Internal: B — (c¢ — DD)K
= B— D**D-K
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Excited D states

g LHCb '
In addition to L =0 D and D* states, a number of higher E 1
excitations decaying to mostly to D™)x (also to D7) =
Resonance J°  Mass (MeV) Width (MeV) Dm  D*m o
D;(2300) 0" 2343+10 229 + 16 seen Y o, toevi
Di(2420) 1t 24221406  313£19 seen ‘ o
Di(2430) 1t 24129 314 £29 seen 0 e
D;(2460) 2t 2461.17%% 473+08 seen £ ol o
Do(2550) 0~ 2549 +19 165 + 24 seen & [T
D7 (2600) 1~ 2627 £ 10 141 +£23 seen  seen mm; E
D,(2740) 27 2747+6 88+ 19 seen
D;(2750) 3~  2763.1+3.2 66 + 5 seen  seen B e o
D;(2760) 1 278122 177440  seen s o
D(3000) 27  3214+60 186 = 80 seen ¢ PR
Quantum numbers measured in BT — D* " xtgt c ey -
analysis [LHCb, PRD 101 (2020) 032005]
=37 3
(D), | [GeV]
i


http://arxiv.org/abs/1911.05957

Excited D states

Narrow states below D* K threshold

State Width, MeV ~ JP D~ D #° Dt r® Dirte™

D:(2112)"  <1.9 1 94% 6%

D5(2317)" < 3.8 o+ ~100%

D,1(2460)" < 3.5 17 (18+4)% (48+11)% (43+1.3)%

DMK states:

State Width, MeV  JP  D°k* D*K® DK+ D**K° Other

D«1(2536)" 0.92+0.05 1 =1 ~0.85 Dirtn~

D5(2573)"  16.9+0.7 2" seen seen

D (2590)" 89 420 0~ D*K*n~
5(2700)T 122410 1= seen seen seen seen

D;;(2860)" 159 + 80 17 seen

D(2860)" 53410 37 seen seen seen seen
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B decays into D** + X,

Cabibbo-favoured b — cZs transitions with D** in final state (backgrounds to R(D*))

Decay mode Branching fraction Reference

B° - D**D;S cs (8.0+1.1) x 107> [BaBarog]

B — D**D~ (1.77 £ 0.14)% [BaBar'06], [BaBar'05], [LHCb'21]
B® — D**Dy(2317)~ (1.5+0.6) x 107 [BaBaros]

B® — D**D,;(2460)~ (9.34£2.2) x 107 [BaBaros]

B® — D**D41(2536)~ (0.50+0.14) x 10™*  [Belleny]

B® - D**D°k~ (2.4740.21) x 10™*  [BaBar'11], [LHCb'20]
B® - D**D*°K~— (1.06 + 0.09)% [BaBar'11]

BT — D**D°K® (3.8+£0.4) x 1073 [BaBar11]

Bt — D**D*°K° (92412)x 107> [BaBar1y

B — D™D~ (2.7+£1.2)% [CLEO'00]

Bt - D*"D K™ cc (0.63£0.11) X 1073 [BaBar'11], [LHCb'20]
B~ - D*"D K~ (0.60 +0.13) x 10™°  [BaBar'11], [LHCb'20]
B~ —» D**D* K~ (1.3240.18) x 10™%  [BaBar11)

B°/B° — D**D"K°/K® ¢, cs (6.4+05)x107°  [BaBar1y

B® —» D**D*~K° (81£0.7)x 1073 [BaBar1
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BaBar: B[B — D*)D,(2317,2460)"]

Exclusive reconstruction in D 7°, Df~ and D*#° final states.

Using sample of 122M BB pairs (only 1/4 of the full BaBar stats!)

o ; g S
_ 0 S
A } DDr 3 0F DD/m 4
10 . AT H3
0 | I..“‘.h.l‘...w 0 | SR { X, A AEAANL AR 10
. .
" }g DD’ Yt " 20f DDy 4
Z 10 4 2 Z wf E
Z Skt . 2 2 b ks
§ 0 * T T T gzg gag:" i i T IRERRE"
2z UM B 13 7 50y
£ 4 DD £ 15F =) { { DDy
= t } S 10E =1 +
& 20k H o @ 0F ERTY T TR
I | | Hie ¥ 5 't 0 | | Hte
28 T T T T Zg 2; T T T T T
=0yt 0 - 0 S0
15 } | DD fid3 s 15 DDy
g 10p - T f t ;
g t 1 1 +\ H‘ 3- .3 3 bt FUTy ; 1t ~ I
22 23 24 25 26 27 22 23 24 25 26 27 22 23 24 25 26 27
m(D'n") (GeVIc) m(D; ) (Gev/c)) m(D}y) (GeVic')

Belle (I1) and LHCb could improve this (also adding Ds1(2460)" — DS n*m~ mode)
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https://arxiv.org/abs/hep-ex/0408041

BaBar: B[B — D*)D,(2317,2460)"]

Exclusive reconstruction in D 7°, D~ and D;*#° final states.

Using sample of 122M BB pairs (only 1/4 of the full BaBar stats!)

B mode B(1073) Significance
B —»D5(2317)*D~  [D#x°]  1.840.440.395 55
B® D% (2317)*D*~ [Dfx°] 15+0.4+02795 5.2
B*—D;(2317)D°  [D#n°] 1.04£0.3+0.1794 31
B*—D;(2317)'D°  [Din°]  0.9+0.6+02793 25
B® —D,y(2460)*D~  [D;*x%] 2.8+0.8+0.51% 4.2
B® —D,,(2460)*D*~  [D:*n%] 55+1.241.0"%% 7.4
B*—D.y(2460)D°  [Di*n°] 2.740.7+0579% 5.1
B*—D.,(2460)" D" [D:i*n°] 7.6+1.7+1.8725 77
B® —D,(2460)"D~  [Dfy]  0.8+0.2+£0.1793 5.0
B° —D(2460)"D*~ [Dfy] 2340340358 11.7
B*—D,,(2460)'D°  [Dfy]  0.6+£0.2+0.1%92 43
B*—D,,(2460)' D [Dfy]  1.4+04+0379% 6.0

Belle (I1) and LHCb could improve this (also adding Ds1(2460)" — DS n*m~ mode)
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https://arxiv.org/abs/hep-ex/0408041

BaBar: B(B — D) p{IT)

Partial reconstruction: reconstruct only one of D mesons, obtain mass spectrum for
the other from B kinematic constraint

events/33MeV/c?

5 5 2 8

D*D0,(2460) L3 DD(2460) 1 o 30FmD;D” % ®Fmos0°
WDy B'—D*D| 5 |moor B—D*'Dy 2 D0 B ‘W-.%D’n
o S 2 g Jother DX 2 [other DX
a2 2 F Ecomb. bkg 2 35[-[Fcomb. bkg
» data
By 9 a0b @ 300
z { g
31 3 18f 3
X 10

m,([GeVlc’]

o = ~

12 D"Ds3(2460) - 0 13}

S50 oD~ B—=DDy § S DD
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Uses 210fb™! of BaBar data (~ 1/2 of the full stats)

i
01.7 18 19 2 21 22 23

m[GeVic]]
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https://arxiv.org/abs/hep-ex/0605036

BaBar: B(B — D) p{IT)

B obtained by combining results from two Drcas.

Decay mode Dineas | Nat (%) B(%) Combined B(%)
n
B0 DI Dt D 86+ 17 3.294+0.16 0.90+£0.18 £0.14 0.64+0.13 +0.10

Dy 39+ 9 1.79+0.12 (0.74+0.17£0.13) -
+

B° = DDt D 63+£19 324£016 0.67£0.20£0.11 0.69 + 0.16 + 0.00

D™ | 30+ 9 0.91+0.08 (1.1540.33 4 0.26) -
et

B = DDt D 48+13 2.86+£0.13 057 +0.16 £0.09 0.71 £ 0.13 + 0.09

D7 68+12 1.63£0.10 (1.42+0.26+0.20) - k
et

B = pi-pt D 129+ 18 268 +0.09 1.65+0.23 +£0.19 168+ 021 +0.19

D{” | 84414 0.86+0.05 (3.38£0.60 £ 0.61) -
o

B — D D° D 214+£28 346£0.11 1.33+0.18 £0.32 0.92 + 0.14 + 0.18

Dy 66410 1.284+0.07 (L1L£0.17+0.17) - k

D" |160+£31 3714012 093 +0.18 £0.19

=

=

=

B~ = D; D" 0.77 £0.15 £ 0.13
D:™ | 26£10 0.64+0.05 (0.87 £0.33 £0.16) - k
0
B Do D D 1152429 2604010 121£028£0.20 [0 o000y
D; | 52+11 1.33+0.07 (0.82+0.18+0.10) - k
*0
B s DD D 1216433 2734007 LT0£020£0.24 |1 00\ (504 015

D~ | 90+15 0.82+0.04 (2.38+0.41+0.31) -
D; — én R - - - 4.58 + 0.48 + 0.68
B — D.,(2460)" D* |D* 27416 3.61+027 0.26 +0.15 +0.07
BY = D.s(2460) D |D*t | 6415 2514015 0.88+0.20 +0.14
B~ — D,;(2460)" D" |D® 75+28 3.784+0.24 0.43+£0.16+0.13
B~ = D.s(2460)" D D0 |147+34 2814014 1.12£0.26 £0.20

=

Independent on the assumptions on D] B's.
Obtain B(D; — ¢m~) by combining full and part-rec D;
10/24


https://arxiv.org/abs/hep-ex/0605036

CLEO: B(B — D**D{™)

Partial recontruction: reconstruct only D and 75 from D** — D%x,

Signal selection: angles o (btw. 75 and D;"), ag = |61 — 62]:
012 angle btw, 7s/D; and cone of allowed D*~ directions

a280400.008.
20000 — T T
T T T T [ m pata - D D** signal 1
i Signal Region W Data 100~ —— b, D* Signal Background + Continuum ™|
i 0¥ 0¥ signal 1=~ D¥D* Signal ]
[ BB Background 3 ]
[ Continuum Background ; :
g 50 B
g ]
: : —
s J
2
125 135 145 1.55 1.65 175 1.85
Pos (GeVIC)
" T T T T T T
W Data D) D** signal ]
100 ———1D,D* Signal == B Background + Continuum —|
[ 1~~~ D¥D* signal 1
@
Q ]
[ 05 10 15 20 2 R
cos () - cos (@) g
@
B(B® — DFD*7) =(1.10 £ 0.18 £ 0.11 + 0.28)%
0 A R T B

B(B® — DI TD*7) =(1.82 4 0.37 4 0.25 + 0.46)% ET T

0
cos (6,)

B(B® — D)+ D**0) =(2.73 + 0.78 + 0.51 + 0.68)% 2D fit to separate 3 modes

Uses many assumptions (e.g. fractions of D** states). LHCb can improve a lot here.
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BaBar: B(B — DDK)

All possible combinations with D = (D% DT, D*®, D**) and K = (K*, K°)

B° decays: B* decays:

W @ @
3 W 3 E% 3 Eh e 3
E 2 200 H 2 H
i i i i i i
5 o
£ o N 20 2o H & of H
oo I I j N
TR IR TSR YT S TR IR T S TSRS BT IRy AT R Sy
g (GeVie g (GeVie g (GeV/ Mg (GeVIE) ‘s (GeVie mgs (GeV/
o e % oo T e '§, PR ol o
2 2 i . ]
po 120k q -
i i i i [
20f sof 13 2 aoof
H L It i 20 H
E P
of o A p
T R ey TR T TS BN IR D
Mg (GeVIc) s (GeVIE) s (GeVIE) Mg (GeVI) g (GeVIC) Mg (GeVIch)
B % L e o ® - ¥
B ) ¥ L el o TR F £
2 2 2 2 2 s
H H H Z ol e
H H H F 9.
H 2 2 2 £
8 ! !
b nngoos A
I d ST TR NS TR IS D
g (GeVIC) Mg (GeVIc) Mg (GeVIc) g (GeVIE)
% T oo ED
i 2
H H
g i
o
& G
x
EEE e R TSR
g (GeV/c) s (GeV/c') g (GeVich)

Uses full BaBar data sample (429 fb™?)
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https://arxiv.org/abs/1011.3929

BaBar: B(B — DDK)

Mode B, x10™* Signif.
B® decays through external W-emission amplitudes
B® - D~ D°K* 107 +£07+09 860
B® — D™ D*K* 346+ 18+37 760 . . . .
B° - D"~ DK+ 247+10+18 1260 <— Signal seen in all combinations
B°0—» D' D*K* i 106.0 + 3:3% 8.6 . 1L.40 (but some are only ~ 20)
B” decays through external-+internal W-emission amplitudes
B — D" D'K°® 75+12+12 510
B° = D D*'K®+ D"~ D'K® 64.1+36+39 1340 Mode r X T+ [Tgo
B° - D" D""K° 826+ 43+67 1250 B(B° - D~D°K")/B(B* — D°D*K°) 0.74 + 0.13
Bj decays through internal W-emission amplitudes B(BD — D_D*OK+)/B(B+ N BUD”KO) 0.97 + 0.15
BZ — lzzo‘:g("n s 27+10+05 230 B(B° - D*~D°K*)/B(B* — D*°D*K®) 128 + 0.32
PoBoKe . moiseser am B(8° - D DK YB(E" DD KY) 124+ 020
-2 = il B(B° - D~ D*K°)/B(B* — D°D°K™*) 0.61 + 0.15
B decays through external W-emission amplitudes
B* — D°'D*K° 155+ 17413 660 B(B° » D" DK+ D" D'K°) 0.80 + 0.09
B* = D°D"K° 381431423 1070 B(B+ — D°D*°K*) + B(B+ — D*°D°K*)
Bt s DD+ K® 20.6 + 3.8 + 3.0 330 B(B° — D"D‘*K“)/B(BJr — D‘°D‘°K+) 0.79 + 0.12
B = DD K° 917+£834£90 750 B(B® — D°D°K°®)/B(B* — D™ D*K™) 1.28 + 0.69
B* decays through external+internal W-emission amplitudes B(B° - D°D*°K® + D*°D°K®) 0.04 + 0.44
B* — D°D°K* 131+£07+12 860 B(Bt — D-D**K+) + B(B+ — D*~D*K*) ’
Bt — D°D*°K* 63.2+19+45 1250 B(B® — D*°D*°K®)/B(B* — D*~D**K") 1.94 £ 0.75
B* — D*°D°K* 225+ 1.0+ 15 2240
B* — D**D*°K* 1123436 +£126 680 . . . .
B decays through internal W-emission amplitudes CheCk ISOSpIn Symmetry. some ratios Up to
B* = D-D'K* 22405+05 280 2.60 different from 1
Bt — D™D K" 63+£09+06 670
Bt — D* DK™ 60+£10+08 5lo
Bt — D*"D**K* 132+ 13+12 T74o
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LHCb: B(B — D**DK)

g S E
g £ - E
N = 1000 J
- ;
; Bk ]
b e Fully reconstructed charged final states only
ERLAL VS
o 1 B(B' » DD K")
———— = 0.517 £ 0.015 = 0.013 = 0.011,
= T BB - DPD'KY)
« Y B(BY - DUDYKY)
0 e T 1 — 0.577 +0.016 + 0.013 = 0.013,
B(B* — D"DVK+)

n"f?m[ﬁim B(Bn - D*_D"K"')
B(B* -+ D-D'K+)
LHCbRun 1+ Run2 B(Bt - DD K™)

. S T 2 2 ) 0,907 £0.033 £ 0.014,
b B(B* - D~ D'K")

= 1.754 &+ 0.028 £ 0.016 £ 0.035,

B8 - Dl DYK"

[ signal + pesking bg.
B Combinatorial bg.

5250 5300 5350
m(D DK) [Mev/c?
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https://arxiv.org/abs/2005.10264

LHCb: B® — DODOK+ 7~

Measure B of B> — D°D°K*n~ using D*~D°K™ as a reference

_an T T 3 80 T T T = T LASARA T
LS LHCb Run 1 + 2016 N LHCDb Run 1 + 2016 LHCb 2016
150 El =
Z . —— Full model Z 60 Full model b - ;'"" "I'mlﬂ' 1
< - El I iy ignal
% - S,‘g"slv s - Signal Combinatorial background |
gl Combinatorial background = Combinatorial background | Part reco 1]
2 +  Data E :400 + Data —~ Data
£ 5
= 50 3 < ]
= A = 200
ERE Hoo E E
© adia wheetetortd o .
5300 . 5400 5500 5600 0 5300 5100 5500 5600 0 T T T T T T
. 2 . 2 o
m(DD K 7) [MeV /c?) m(DDUK*) [MeV/c?] = bl len snate filae nml [l
£ i I i
i T T A T T I
4900 5000 5100 5200 5300 5400 5300 5

m(DD'K ) [MeV /]
B(B® — D°D°K™7™) = (3.50 + 0.27 & 0.26 £ 0.30) x 10™*
But large contribution from part-rec B — D" D™ K* 7~ is seen in the spectrum.
Uses 2011+4-2012+4-2016 LHCb data. Could further extend to:

= exclusive D*T D™ K final states

m Measure B in part-rec fits

m Final states with K¢
Also interesting to perform amplitude analysis (e.g. are “exotic” D m and DK peaks
due to D*K™ interaction?)
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http://arxiv.org/abs/2007.04280

LHCb: B® — D**D;~, B and polarisation

5000

5100 520

5 5200 5300
m(D* D7) [MeV/?]

5200

5250 5300

5350

5400
m(D*"D:*) [MeV/c?]

5450

0. 0.
LHCh 0074 LHCh F 004 LHCh
6! 6! = 60!
=2
t
1 thy 4
¥ +
T T T T T T B ; T
-10 —0.5 0.0 0.5 1.0 0.5 0.0 05 1.0 - 3 0 3 &
costp cosfly X [rad)

B and F, from part-rec fit, remaining params from exclusive DT — D}~

|Ho| = 0.760 = 0.007 4 0.007,
B(B°—D*~ DY)

_ |H_| = 0.195 - 0.022 + 0.032,
B(B9 D"~ D7) 2.045 + 0.022 £ 0.071 e~ 0620 £ 0.011 £ 0,015
fp = 0.578 = 0.010 £ 0.011 é_ = — 0.046 & 0.102 = 0.020 rad,
$4 = 0.108 % 0.170 & 0.051 rad.
1o/


https://arxiv.org/abs/2105.02596

BaBar: B — D°DK™ Dalitz analyses

~ T
= B' = DDK" * 2
= 2 @ C)
] 2 2
<) s s
o M ] 3 3
g 18 - E E
=
16 |
14F . - r
TR A S S TV R ¥ 2 44 a8 X a
MDK Y (GeVich) MDD (GeVich) MDD (GeVic)
] < e B DDk 3 L e A A
37 E Y 140 —Toat
o s () Background
<] L20b e 3
20f 3 4 g D87
2 % 100F virw g
= -1 Dvis160)
e g 2 gof 9 Exponential
E 16} 60
E E 40}
14F — 3 20
T N
A I 324 26 28 3 32 14 36 82724 26 2. 3436
MDKY (GeVic?) M(DK") (GeVic) M(DK’) (GeV/ich)
Contribution Modulus _ Phase (°) Fraction (%)
Contribution Modulus__Phase (°) _ Fraction (%) ~ DR(2700)% 100 038.3:+£50753
D3 (2700) 1.00 0 66.7+7.87%5  DR(2573)% 0.021+0.0107550 267 £3001] 0.6+ 11703
DZ(2573)*  0.031£0.008+0.002 277+ 1775 3.2+ 16503 ¢(3770) 140 £ 021502 284 £22%20 9.0 +31501
Nonresonant L33 0635058 287221750 10966775 ¥(4160) 0.78 £0.2050 13 188 £137]7 6.4+£3.177
ial 6.94+1.8370%2 260+ 33417 9.9+297%0  Exponential  16.15 + 226719 308+ 8+ 44.5 +6.2717
Sum 90.6£10.7587  Sum 08.9+£9.2%77

Large “non-resonant” contributions found
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https://arxiv.org/abs/1412.6751

LHCb: BT — D™D~ K™ amplitude

BT — D*D™ K™ decay

g vgv

8
8

M(D*D") [GeVEc]
5 N
2,

5
A

T

Candidates/ (17.3 MeV/c?)

Candidates/ (17.3 MeV/c?)
888538338

=
T

o B 5 38 8

6 8 10 12
m(DK") [Gev¥ci]

a5
m(D*D") [GeV/c?
Amplitude analysis including charmonium and D~ K™ resonances

Tes0(2900)°: M = 2866 +7 +2MeV, [ =57+ 12+ 4MeV, FF = (5.6 + 1.4+ 0.5)%
To1(2900)°: M = 2904 +5+1McV, I = 110+ 11+4MeV, FF = (30.6 £2.4+2.1)%

Significant contribution from “exotic” structure in D~ K™ (tetraquark or kinematic
effect e.g. D*K™ threshold)

Many connections between different B — DDK modes (same channels, isospin
relations, rescattering ...): calls for combined fit for consistent description.
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http://arxiv.org/abs/2009.00026

LHCb: BT — D™D~ K™ amplitude

BT — D*D™ K™ decay

T f g 8
[ > P
=20 @ {Ké
5t g :
o 1fF = g
E i?s
16? §
14f o
C 1 1 1 1

6 8 10 12
mDK") [Gevc]

Amplitude analysis including charmonium and D~ K™ resonances

Tes0(2900)°: M = 2866 +7 +2MeV, [ =57+ 12+ 4MeV, FF = (5.6 + 1.4+ 0.5)%
To1(2900)°: M = 2904 +5+1McV, I = 110+ 11+4MeV, FF = (30.6 £2.4+2.1)%

Significant contribution from “exotic” structure in D~ K™ (tetraquark or kinematic
effect e.g. D*K™ threshold)

Many connections between different B — DDK modes (same channels, isospin
relations, rescattering ...): calls for combined fit for consistent description.
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LHCb: B — DDJ m amplitude

Simultaneous analysis of BY — D™D 7" and B® — D°D} 7~ decays
Same amplitude if isospin symmetry, mostly D** — Dx
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Scalar resonance-like structures in DS 7 channel:

Te50(2900)%: M = 2879 4+ 17 + 18 MeV, I = 153 + 28 + 20 MeV
T:0(2900)"": M = 2935 £ 21 + 13MeV, I = 143 & 38 + 25 MeV

No sign of D}(2317) or Ds1(2460) isospin partners
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LHCb: B — DDJ m amplitude

Simultaneous analysis of BY — D™D 7" and B® — D°D} 7~ decays
Same amplitude if isospin symmetry, mostly D** — Dx
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Scalar resonance-like structures in DS 7 channel:
Tc§0(2900)OZ M = 2879 + 17 + 18 MeV, I = 153 £+ 28 £+ 20 MeV
Te50(2900)": M = 2935 4 21 & 13MeV, ' = 143 £ 38 £ 25 MeV

No sign of D}(2317) or Ds1(2460) isospin partners
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LHCb: BT — DF Dy K* analysis :

Mostly the internal W emission with ¢c€ — DS D = suppressed

S wF T T ™3 - . . — 250 T T T
2 LHCb -’ LHCb 0] LHCb <+ Data
= WF g1 + D.ma 3 g - bt 7 E = e 9fb! Total fit E
= b — Fit 3 1ok LS S —— X(3960)
O T & ¢ DDK* b . Y < — X(4140)
g of ol IR S Saf ot ]
g sof 4 - Background 3 & 9 el —-== 1 (4660)
‘g 3 3 ol % A s 2 Nonresonant D; D; ]
3 E 3
20F i E 2> 10
0y e i .l’H;'{‘ i 6l X
+ A pr L . T
$00 5250 5300 5350 16 18 20 2 0 42 44 46 48
m(DD;K*) [MeV] m(D;D;)? [Gev?] m(D; ;) [GeV]
B(B+— DFD7K+)
R = — = 0.525 £ 0.033 £ 0.027 £ 0.034.

B(Bt—= DYD K)
B(B*— DI D7 K*) = (1.15 4 0.07 + 0.06 + 0.38) x 10~ ™.
B — DsD; K contribution?

Amplitude analysis: mostly D D™ structures. Dip at 4140 MeV due to
Jp ¢ — DF D rescattering?
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http://arxiv.org/abs/2211.05034
http://arxiv.org/abs/2210.15153

B decays: what can we improve?

B and amplitude structure:
= B — D**D{")™ (incl D;(2317)" and D;(2460)~)
» B — DWDMK7 (incl. K° and/or 7°)
= Modes with 777~ — K* K™ rescattering, eg. B — DD Kt K~
m Cabibbo-suppressed b — c€d modes: D*»**) D(***)

Amplitude analyses:

= Analyses with excited states: harder but doable (> 2 degrees of freedom)

m Can improve for 3-body e.g. B — DDK: complicated because of exotic
structures, combined analyses employing isospin symmetries?

Partial reconstruction with Belle-1l

m B — DD with one D fully reconstructed and applying kinematic constraint from
B (similar to [BaBar'06])

Inclusive measurements?

u Secondary DD combinations: _
D°D°, D°D~, D*D~, D°D;, DS D~, D**D°, D**D~, D**D;, D**D*~, ...
m Constrain the amount of B — DDX decays not measured in exclusive analyses.
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https://arxiv.org/abs/hep-ex/0605036

The only double charm B2 modes observed so far:

m BY - DfD;: B=(4.4%0.5) x 1072 (mostly [LHcb, PRD 87 (2013) 092007])
m B = DD + B — DI D:™: B = (1.4 0.2)% [LHCb, PRD 93 (2016) 092008]
m B = DI*D;7: B=(1.4240.2)% [LHCb, PRD 93 (2016) 092008]
u Cabibbo-suppressed:
m BY — Dy Dt: B=(2.840.5) x 10~*
s B - D D**: B=(3.9+£0.8) x 1074

m We-exchange or D D} — DD rescattering, B — D"*DM~ B~ 107%.
Dominant b — c&s transitions for BY decays not measured yet:
= External W: B? — DV pi)-—
» BY — DO+PIIT KO BY 5 DD~ K+ BO 5 DT K+

= Internal W: BY — (c¢ — DD)¢
m B — DM+DH—¢
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https://arxiv.org/abs/1302.5854
https://arxiv.org/abs/1602.07543
https://arxiv.org/abs/1602.07543

The only A% double-charm decays observed:

w A) = ATDF: B =(1.10 4 0.10)% [LHCb, PRL 112 (2014) 202001]
m A) = ATD™: B=(4.6%0.6) x 107 [LHCb, PRL 112 (2014) 202001]

Dominant b — c¢s A% decays not measured yet:

m External W: /1?, — A(C*)+Ds(*)_
B A = AFDE K
A9 — DM*+Dn
Ag — DD p: Ag — DODJ p spectrum + part-rec
A9 — D**t7= D p, AY — D*TD°nK~ (AY — DODPpK~), etc.
» Internal W: A% — (cc — DD)A™
m A9 — D)D) A0
= A9 — D)D) pK—
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https://arxiv.org/abs/1403.3606
https://arxiv.org/abs/1403.3606

Conclusion

= Studies of B — double charm decays is important for many reasons (background
to SL decays, FF determination, spectroscopy)
® B measurements measured systematically mostly by BaBar

m Based on a part of BaBar dataset! LHCb and Belle Il could improve a lot.

m LHCb: fully-charged final states, single v, 70, K§ — OK.
Partial reconstruction of D).

m Belle II: especially the final states with neutrals. Inclusive measurements using B
kinematic constraints.

® Many measurements with higher D(,) excitations are still missing (and can be
non-negligible)

= Can we do inclusive B(B — DDX) with LHCb using DD displacement?

m Upper limit on the unmeasured exclusive decays
= Amplitude fits, incl. those beyond simple Dalitz plots: hard but doable.

m CP asymmetry: should be suppressed, but model-indep. test useful
for CPV in SL decays.

m B and A? studies
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