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Why semileptonic b—c{v decays ?
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Semileptonic b—ctv decays

Parton Level | Y ecion Leve |
Veo M Bq VCb q /
W Understand
> . - The QCD b
g

* |Inclusive decays B—Xct'v:

* QCD corrections to parton level decay rate

e Operator Production Expansion in as and A/mp
« Exclusive decays B—D/D*fv :

 QCD correction parameterized in the Form Factors

e Lattice-QCD, LCSR
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B—D*{v decays

1/rdr/dx

Belle Il 23:

Untagged differential
Branching fraction and projections to
differential distributions
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Statistical 3.0 41 2.8 0.7
Background subtraction 1.4 2.2 1.2 0.3
Size of simulated samples 1.2 1.7 1.1 0.3
Lepton ID efficiency 0.2 16 0.1 0.3
Slow pion efficiency 1.0 0.9 0.8 1.5
Tracking of K, m, £ 0.4
Ngg 0.8
fro 1.3
B(D*" — D) 0.4
B(D* - K ™) 0.4
B lifetime 0.1
Signal modeling 26 26 2.0 0.5
Total 45 59 3.9 24



B—D*{'v decays: HFLAV 2023

: )
-\ I =, \P -\ 1N = \P
2.5 hay, R, Rz BGL3zz F(1) BGLago —— e Al - A T(Z) 0! Al B AT(Z)
I i el -~/ I S e
ha, BGL21o Our Aver; : : & _ i
2.0 mm ¢ iE;d:=52-5144 o x2fﬁchl‘e=a%le2-4/34 B [%] == e[ —Fp(x‘))g/a(rm)g
p=0.178 p=0.15 P (= LQCDy -1 p (= LQCD
w cos 6, cos6y X \_ t (hx(w) & hX )CLQCDULX((E) = hx )a Y,

J Value

=
U
1L
o

2
s % /"\ ./ ~ ap X 102 3.08 £ 0.07
“wld Nl S PR a; x 102 —0.27 4+ 2.56
/ ) /" V4| el ay x 102 6.95 4 44.81

e / bo x 107 1.22 4 0.01
| I{ le by x 107 1.45 4 0.59

by X 107 —49.74 4+ 13.46
0.0||||||||||||lllllllllllllll"l""""" CIX102 _0.11:|:013

i i i i e = i i e e i i i e i i B i i e i i i i = i e i i e i i e i v

n o mnownmwowmnmo nsgs oo o0 Cc o000 o0coo0cCcoo0ocooo0o0coo0omMmMmWOWOCCEAd<<s~OMLWN
e e =h e 2
HHHHHH'—!HHHO(?(‘DCI)OODOOHOQQC‘)OOOOOHO'—!HNmmd‘mm&O c Xlo 219 247
Sl uHoduoWgedasodooddSsaadagoooogdogmMeagds s omu 2 . x 2.
OOHF!NNmmﬂ‘ﬂ’oquNONd’wwDmmvNONﬂ‘OwomemHI"-‘S‘OKD
doddrddddddiddgeeeceesadsdgeeecesecerdonmazmn 3

ksl = _— Cb X " .




Branching Fractions for B—D*{v deca

ALEPH

529 £0.26 £0.33
OPAL inel
6.13+£0.28 £0.57
OPAL excl
5.11£0.20 £0.36
DELPHI inel
494 +0.14 +0.35
DELPHI excl
5.05£0.20 £0.42
CLEO

5.85+0.19 £0.35
BELLE untagged
476 +£0.02£0.16
BABAR untagged
435+0.04 £0.33
BABAR tagged
5.08 £0.16 £0.31
BELLE II untagged
483£0.02%£0.20
BELLE II tagged
5.19£0.22 £0.40
Average

490 +0.01+0.12

¥*/dof = 15.3/10 (CL = 12.23 %)

, ;
ArXiv:
2301.047

HFLAV
|
e oy e [

-

3 4 5 6
BB’ — D 1" v) [%]

16

CLEO
6.12 £0.20 £ 0.26
BABAR tagged

5.29+0.15£033
BABAR untagged
495 +0.08 £0.32
Average

5.53£0.07 £0.21

HFLAV

2023

b)

y¥dof=7.0/2 (CL = 2.98 %)

)

3

4 & . 6 7
BB — D I'v) [%]
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B(EO — D*+€_fg) =
BB~ D7) =

(4.90 £0.01 £ 0.12)%
(5.53 £0.07 £ 0.21)%

B(B" — D**¢77,) = (4.90 £ 0.01 £ 0.11)%



Data-LQCD and angular observables
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0.58

Simula, Martinelli, Vittorio, 2409.10492
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App =0.217 £ 0.013
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Arg = 0.200 £ 0.012
Fr =0.523 = 0.008

Belle23(Ji)
Arp = 0243 + 0.014
Fr, =0477 = 0.017

p=-0.06
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App =0.253 £ 0.010
Fr, =0475 £ 0.015
p=-0.73
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007F
0.06 |- LHCb Simulation

LHCDb: neutrino reconstruction

Arbitrary units
(=]
(=]
(4]
T

Approximate B rest frame
0.03F
0.02;—
sz = mrgfepz ‘pBl i mrgie PZ E\/l +tan2(az) 00;_3 2 -

Quadratic equation
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Primary vertex

Pt = phy—a T
P =Phey—a—Vr
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1 2 3
6, resolution (rad)

[ LHCb Simulation

Arbitrary units
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LHCDb angular analysis

x10° x10°
< 70 LHCb Preliminary 3 {b! < T ELHCh Preliminary 3 fb!
(=] <
~% 60 ~% 60
i= 5 50
g ¥ ;
40 -
30 30
20 20
10 10
-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1
cos(6,) cos(6,)
x10° x10°
= [P A e ) e o %: T
g =290 LHCb Prcllmmary3fh
S % 80
= @]
Eg = 70
2 pEL
= = 50
= 8 40
‘B
-
=]
ha 30
20
10

. 8 = IIU
¢* [GeV?/ ]

M.Rotondo MITP

 Based on Run1 (2011-2013), 3/fb

e Full 4-D distributions + Mcorr

e 5x5x5x4x3=1500 bins
* Determination of FFs shapes with different

parameterizations
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Angular observables, indirect determine

LHCD Preliminary 3 fb~!

s CLN this work
BGL this work
0.2 BLPR this work

Belle + lattice
§  Belle ang. coeff.

; :
¢*[GeV?/c!]

8 10

LHCb Preliminary 3 fb~!

CLN this work
BGL this work
BLPR this work
Belle + lattice

Belle ang. coeff.

¢°[GeV?/c"]

8 10

LHCb Preliminary 3 fb~!
CLN this work
BGL this work
BLPR this work
Belle + lattice
$  Belle ang. coeff.

‘ {

8 10

: ;
¢*[GeV?/c]

In agreement with:

e Belle angular coefficient
measurement (black
markers)

e BLPR prediction
containing lattice and
Belle data

» PRD 95 (2018) 115008

B. Mitreska
Bad Honnef
April 2026

Form factors determined with
different parameterizations:

- CLN
- BGL (truncation based on BIC)
- BLPR
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B — Dfv decays: HFLAV2023

4

BGL4s

0 1 2 3 4 5 6 7 8 9
® Phys. Rev. D 93, 032006 (2016) Tag correction 3.0 3.2 3.3 3.4 3.4 3.4 3.4 3.3 3.3 3.2

3 m lendf= 10.6 /12 Charged tracks 1.7 16 1.6 16 1.6 1.6 1.6 1.6 1.6 1.6

t p = 0.56 B(D — hadronic ) 2.0 1.8 1.8 1.8 1.8 1.8 1.8 1.9 1.9 1.9
ey B(B—- D*™w) 13 08 0.8 0.9 0.8 0.7 0.5 0.2 0.2 0.4
E 72 B(B — X.tv) 0.4 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
L FF(B — D*fv) 0.4 02 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.2
T FF(B — D**fv) 25 1.2 0.9 0.7 0.5 0.5 0.7 0.5 0.1 0.4
1 - Signal shape 5.0 0.8 0.6 0.5 0.5 0.4 0.3 0.3 0.2 0.1

e Lifetimes 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

° efficiency 0.9 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7

0 - | | K/m efficiency 1.1 0.9 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0
1.0 1.2 1.4 1.6 K3 efficiency 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Luminosity 14 14 15 1.4 1.4 1.4 1.4 1.4 1.4 14

w[1] Total 7.3 4.7 A7 4.7 A7 4.6 4.7 4.6 4.5 45

Belle 2016 PRD93 (2016) 032006

LQCD at non-zero recaoll HFLAV23 updated result

FNAL/MILC PRD 92 (2015) 034506
HPQCD PRD 92 (2015) 054510

Vsl = (38.9£0.7) x 1072
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B — D{v decays: Branching Fractions

ALEPH

1

216£0.18+035

CLEO
210£0.13+0.15

BABAR
215%0.11£0.14

BELLE
23340.04+0.11

BELLEIe ;
1.99 £0.04 £ 0.08

BELLE II mu
2.03£0.04 £0.09

Average

2124002 +0.06 i

ldof=6.1/5 (CL =29.80 %)
HFLAV |
2023 | 5

|

ArXiv:
2210.13143

1.5 2

2.3

BB’ - D | v) [%]

Belle 2016 PRD93 (2016) 032006

Sample Signal yield B [%]

B - D ety, 2848472417 2.44 +0.06 £ 0.12
B’ - D puty, 2302+£63+13 2.39 4 0.06 £ 0.11
BT = D%"v. 6456 + 126 + 66 2.57 +£0.05+0.13
Bt — Dy, 5386+1104+51  2.58+0.05+0.13
B 5D 0Ty, 5150495+ 29 2.3940.04 +0.11
Bt - D%*y, 118434+ 167+120 2.54+0.04 +0.13
B — Dty 16992 + 192 + 142 2.31+0.034+0.11

CLEO § )
210 £0.13+0.17 i
BABAR 3
214 £008 £0.13 i
BELLE §
239 £0.04 £0.13 ik
BELLEII e i
218 £0.03+0.08 BB
BELLE Il mu §
219£0.03+0.10 )
Average !
221+0.02£0.06 o
¥dof =27/ 4 (CL = 60.30 %)
HFLAV
‘
| | | : |
1 1.5 2 2.5
—0
+ +
BB > D I v) [%]

D’Agostini bias at work?
Jung, Schacht arXiv:2604.08391
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New Belle || B — D{v decays

.o Belle PRD 112, 112009 (2025) Untagged Barennfcu-ssn Belle PRD 93 (2016) 032006

1.4 = _ mm B-Div ] .
B+ Dletu, X /ndf=335.4/315 | et Hadronic tagged
1.2} Postfit : True D ]
False D
1.0+ I Continuum - o = data o F - data
75} 77 Uncertainty % 180 [18-Div % 350 [ 1B—=Div
=08 Data 5} 5Dy G F EEB Dl
g : & 140 + [ other background g 300F- [ other background
= 1t
= 0.6 3120 1.002w<1.06 3950? 1.362w<1.42
0.4 2 B oo
c [~
Q  t
0.2 i} - L 150
0.0 ‘ . , ‘ o 100;_
{1 YO T SVRUC S VIV SO SOF NNV TR N MY SRS TRLIN TP TRV IIOOP B J
5F -1 R I AR AR RS RN TR AN A ARR AL ] Y S A S A AL AR A ARA SO o == N RSy
= -3 i 1 1 L I Mzmiss (Gevz) hAﬁ\iss (Ge\ﬁ)
0 20 40 60 80
— Belle I [ £ dt = 365 fb~!
B’ = D-etv, == 5Dl
6000 Postfi BoDiy F » data 60 = data
ostfit True D 8 sl P o, 160 &
5000 F False D 8 F E B : D';’v 8 14Di E B : D'rv
h Continuum P 30:' [ other background o L [ other background
w ~ Uncertainty S Q 120-_—
-E 4000 Data S ap 1.005w<1.06 Sm: 1.365w<1.42
& 3000 £ 2 i
2000 @ o
10 ok
1000 : ;
sF 20
o . ; 1 15 2 x ] 15 2
& 3F E Mrzniss (Ge\ﬂ) Mzmiss (Geve)
e 1 et bt Lhbaidatod bobey +|. bttt 1+1 .lilu+1 bt 15+L taaat ¢ boa ot s
] e e e e e e e e e B e B A LA S R £ RS AR ' BARFERALA
Z| -3 F E
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Belle || B—>Dt{v decays

Belle I [ £ dt = 365 fb~!

1o MeEw|Ven| % 10° =394 + 0.8
a5k 2 2 /ndf = 9.7/9
30

30¢ BCL (N=3) ¥ {
= I Data
S 25f 3
(@
w20 ¢
o [}
= i
- 15 3
=)
< 10k
. 10 L]
= 3

5 -
5
0oF —%
_5 lllllllllllllllllllllllllll
1.0 1.1 1.2 1.3 1.4 1 1.6
w

Source

Uncertainty [%]

Statistical

Systematic

L Ves|BOL, = (39.240.4 (stat.)+0.6 (sys.) 0.5 (th.))xlo—ﬂ

M.Rotondo MITP

Theoretical

Total

B lifetime

Signal form factor

B — D*/v form factor
B(B — X tv)

B(D — Km(r))
Tracking efficiency

Ny (as)

Joo/ f+-

/e

Background w modelling
(Ey, my) reweighting
Lepton identification
Kaon identification
Vertex fit x? correction
Simulation sample size

Lattice QCD inputs
Long-distance QED

0.9
1.5

0.1
0.1
0.1
0.3
0.5
0.5
0.7
0.1
0.4
0.3
0.3
0.3
0.6
0.3
0.5

1.3

1.2
0.5

2.1




LHCb Measurement of |Vcb| with Bs C ArXiv:2001.03225

LHCDb Simulation

» Extract |Ve| from Bs decays Bs—Dsuv and Bs—Ds*uv

True w

 Normalized to B® — D-uv and B® — D* v

B(BS%DSNV) _Ns €d fd B(D_%KKW) 12

R |2 .
B(B® - D—uv) |N; ellfs B(Ds— KKn) | u

0.5...1....115....2....2.5
p J_(D;) [GeV/c]

B\—D;utv,
B—D, v,
25 /|Phys. bkg.

B Comb. bkg.

Candidates per 0.1 GeV/c?
7
Candidates per 0.115 GeV/c

o 02 -S ’(fu_.u 5.5 - .
Meorr [GeV/cY] P J_(D;) [GeVic]

[ Valpe = (4124+0.84+0.940.8) x 1073 }

M.Rotondo MITP 16



Bs semileptonic decays

 Complementary measurements to those from B° and B*

* Advantages:

2.8

2.6

2.4

m (GeV)

2.0

1.8

Golden modes
for Lattice-QCD

L4
~ -
- -~

Lattice calculations easier due to heavier spectator quark, so predictions are more precise
For the Bs — Ds*: the zero-width approximation of the Ds* is more valid than the B case (no Dz pollution)

Experimental point: different background composition from excited Ds states than in the B—D* case

3.4

mass [GeV/c?]

MTTTT T T T T T T T T T T T T T TTT]

1.8

3.2 9

3.0

2.8

2.6 1

2.4

2.2 1

2.0

L=0 L=1 L=1 L=2
Js=12 ! js=1/2 1} js=3/2} ji=5/2 |
: H E : o
: : : ©  Dy(3040)
i o o
iD7,(2860) : D7;(2860)
—-—i : L :
— DZ,(2700) D3,(2573)
—— @ D.1(2536) .
Ds1(2460) :
P e :
iD(2317) |
2 : : .
Ds i i —— theory
- : 5
L measurement
o~ 1~ of 1*f 1+ 2t 3~ 77

jP

M.Rotondo
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Analyse B — D{v and B—D*{v togethe

/ \ M.Mantovano
First simultaneous analysis of B — Dfv and B — D*¢v at Belle Il where D* is partially reconstructed: @Bad Honnef

1. Get rid of major systematic uncertainty on B — D*{v analysis (slow pion efficiency) Apnl 2026
2. Analyse together D%+ and D=¢+ decays and impose equal SL decay widths for B?and B*:
F(BO — D(*)_f‘i'l/bp) = F(B+ — 5(*)0f+1/£) Expected world’s best measurements

BBt - D’%*u)=(XXX £0.01 =0.06) %

Using the constraint » = 1, determine: e
= Jie+Joo + noni BB+ - DO%y) = (XXX +0.02 +0.15) %

ol = 0 30 TP
folfoo =B (4S) - B*B7)/AB(Y(4S) — B"B") for the first time at Belle I BB" > DE*1)= (XXX £ 0.01 + 0.06 £ 0.02) %

: . . : BB — D)= (XXX +£0.02 £0.14 = 0.06) %
Important input for any B branching-fraction measurement at B-factories = )=t )

\ Fu_lfoo= XXX £0.007 £ 0.024 + 0.024

|V, |[1073] = XXX £0.12 £0.58 = 0.23

Unblinding started
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IV cb| inclusive

 HQE is the successful tool to include
perturbative and non-perturbative QCD
corrections that allow to connect
measurements of semileptonic B-meson
decays to |Vcp|2

Tw =To[1+ a2 M) | (2,803, (a_3)2+ a(z)(%)g
aw T

s
2

+d(©)

2

e

me)

4 p %)
w m

— (Q(U) _|_g(1) Cl’s)
b w

3
PLs

A
Trg,

No new experimental results on hadroni and lepton moments from 2010

Experiment | Hadron moments <M"y> | Lepton moments <E";> References
BaBar n=2c¢=09,1.1,1.3,1.5 n=0c¢=0.6,1.2,1.5 [1] Phys.Rev. DE1 (2010} 032003
n=4 ¢=0.8,10,12.14 n=1¢=0.6,0.8,1.0,1.2,1.5 |[2] Phys.Rev. D69 (2004) 111104
n=6¢c=0.9,1.3[1] n=2 ¢=0.6,1.0,1.5
n=3 c=0.8,1.2[1,2]
Belle n=2¢=07,1.1,1.3,1.5 n=0 c¢=0.6,1.4 [3]1 Phys Rev. D75 (2007) 032005
n=4 ¢=0.7,0.9,1.3 [3] n=1¢c=10,1.4 4] Phys . Rev. D75 (2007) 032001
n=2 c=0.6,1.4 —
n=3 c=0.8,1.2 [4] =z
4
CDF n=2 ¢c=0.7 [5] Phys.Rev. D71 (2005) 051103 T
n=4 ¢=0.7 [5] <
CLEO n=2c¢=10,1.5 [6] Phys . Rev. D70 (2004) 032002
n=4 c=1.0,1.5 [6]
DELPHI n=2 c=0.0 n=1c=0.0 [7]1 Eur.Phvs.J. C45 (2006) 35-39
n=4 c=0.0 n=2 c=0.0
n=6 ¢=0.0 [7] n=3 c=0.0 [7]

& 3
m L

+ higher orders]

Moments in g2 from Belle (2021) and Belle 2 (2022)

ah | Theory Error | Theory Error |
[ Param. Error [ ] Param. Error

5F ] 4r } « Belle

4k _F 3L = Belle II
=
S

L 1 = 2

3 S

9l ] 1r

« Belle ‘
1 . Belle II ) 1%
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
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|V cb| inclusive: global fits to moments

| [ Only Had. 7 [Only Had. | Gambino, Finauri 23
0.30- Only Lep. 0.0440- | Only Lep. ]
Only ¢* I Only ¢*
- [ One Cut 0.0435 [ ]Omne Cut
0.25- [ 2023 Default 7712023 Default |
I 0.0430
e == I
o =
=R i I
= ol 0.0425 -
0.0420 -
0.15+ |
F 1 0.0415F .
7 [ 1 Inclusive BF
.................................... e e ieiiw oo .. ..+ need to be updated
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.15 0.20 0.25 0.30
12 [GeV?| P [GeV?]

>
mg®  me(2GeV)  p2  pi(me) ph(me)  pig  BRew (10°|Vy
4573 1.090 0454 0.288  0.176 —0.113 10.63 | 41.97
0.012  0.010 0.043  0.049  0.019  0.090  0.15 0.48
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$=0, I=1/2
A
270
Eass A
2.5 D3 (2460)
. D1(2420)
23 Tigne = (3)°
; b D (2300)
8 Jlight = (%)+D1 (2430)
= 2.1}
é = D (2007 nD
190 Jiem=(3)"
D
0" 10 1772

25

2.3

2.1

1.9

D51(2535) —Béjflé (2573)

D51(2460)

BIEE S b

DK

D?,(2317)

P
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Candidates / ( 0.0075 GeV/c?)

Pull

Candidates / ( 0.006 GeV/c?)

Pull

R DAY

80 F Belle BY— D¢ty
;2 : — Total

sof — D2 _ }

40 7 —— other D7~

22 23 24 25 26 27 28
m(D%) (GeVic?)

160 F —
140 t Belle B D*O?T_E+Vg
120 [ = Total

. — Dy
100 .

— D]

80 [

0.5
m({D*°r) - m(D*) (GeV/c?)

0.6 0.7 0.8

Candidates / ( 0.0075 GeV/c?)

Pull

Candidates / ( 0.006 GeV/c?)

Pull

120

- Belle
100 ~ - Total
o — ?EO
[ — Dg°
60 _ e Other D™
40

20

Bt — D77f+€+1/g

T

22 23 24 25 26 27 28
m(D %) (GeV/c?)

140 f_Belle Bt — D*_’fr"'f"'l/g
120 E — Total

. 0
o

; y — D°

80 - —
F — D}°

0.5
m(D*n*) - m(D*) (GeV/c?)

0.6 0.7 0.8

ALEPH
0.436 £ 0.098 £ 0.067

OPAL
0.551 £0.210 £ 0.010

CLEO
0.347 £ 0.085 £ 0.056

Do
0.213+0.018 +£ 0.035

BELLE had.tag B"
0.249 £0.023 £ 0.015

BELLE had.tag B®
0.329 +0.054 £ 0.031

BABAR had.tag
0.273 £ 0.030 £ 0.029

BABAR untagged B”
0.290 +0.017 £0.017

BABAR untagged B’
0.279 £0.026 £0.023

Average
0.270 £ 0.015

HFLAV
|

|—— =
.
a
b
-
.
¥*/dof=9.00/ 8 (CL = 34.0 %)
i 1 1 | 1 1

0

0.5

B(B - DI T v) BD? - D" 1) [%]

BELLE had.tag B*

0.054 £ 0.022 £ 0.005

BABAR had.tag

0.308 £ 0.040 + 0.047

Average

0.084 + 0.021

[

1

L d .

1

b)

%/dof = 11.00/ 1 (CL = 0.1 %)

{ 1 1 L

0.2 0.4

B(B — DT v) B(D:;“ — D" ) [%]

Belle 2022

Do*(2300)
Modeled with BW



What is the Do* ?

D DK

0.8 ———

—e—

2
=
|

=
2
I

S-wave Amplitude [arb. units]
=
T

i

T v T

® LHCb model indep. fit

oL

—— our best fit (for Mm<2'55 GeV)

5 21 3

Two-Pole Structures in QCD: Facts, Not Fantasy!
Symmetry 2020, 12, 981.
://doi / 3

2.3
Meiltner, U.-G. M, [GeV]

54

150

100

do [Degree]

50

0_

M. -L. Du, F-K Guo, C. Hanhart et al. Mp+ - [MeV

Phys. Rev. Lett. 126, 192001
hi ://doi. /10.1103/PhysRev 126.1 1

. D(’)"(ZBOO) a two pole structure with poles near Nada Gharbi

Bad Honnef 2026
- (2.1-i0.1)GeV -
— (2_45 —70.13 ) GeV SU(3) partner of D7 (2.3 GeV)

x10~17
o i Preliminary —— B (Dm)stv .
Reanalyzing Belle 2022

i Semileptonic analysis
T 1501
=
5 1.25 1
<100
&=
& 0.75 1
o)

0.50 4 /

Two peaks
0.25 1 consistent with A=)
UyPT! fla
0.00 . . ; — .
2.0 2.1 %3 2 2.4 2.5 2.6

ﬂID-,T(GeV)
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The ‘gap’

Branching fractions using averages from HFLAV 2023: F.Herren,
Phys.Rev.D 113 (2026) 1, 012008 R. van Tonder
g T\ ArXivi2605.03021
Decay B(BY) B(B°) B — Acptv
B — D¢ 2.27 +0.06) - 10~2  (2.11 £ 0.05) - 102
mea | ) ( ) B — D1( — Dy)tv
B D*y, |(6.27£0.12)-10% |(4.90+011)-102
. _3 . _3 *

B—Dity, |(0.84+£0.4)-107% [(0.8+0.3)-1073

' 2.8+0.4)-1073 2.6+0.4)-1073 .
B — Dty ( ) . ( ) : B — D()SK*{V
B Dy, [(3.2+0.3)-10" (3.0+£0.3)-10
B — Dy, (0.74£0.9)-1073  (0.7+0.8)-1073 B —s D**sKfv
B — D*rnty, (224£1.0)-107%  (2.0+1.0)-1073
B — D,Ktv, (0.30+£0.13)-1073

B — D*Kitv, (0.29+0.19)-1073 = \ /

...And many more modes! There is
(1.78£0.33)% (1.81 £0.24)% no singular Gap Mode that will close
B — X.v, (11.05+0.16)-10"2 (10.27 +0.15) - 102 the SL gap.
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LHCDb: unique capability with baryon ¢

Baryons Qqq’
Baryons Quarks Isospin Mass (MeV) 1% Experimental Evidence
JE =1/2%
AD (bud) 0 5619.4 + 0.7 CERN, 1981 [133]
I (buw) 1 5811.3 £1.9 CDF, 2007 [134]
2 (bdd) 1 5815.5 £ 1.8 CDF, 2007 [134]
=9 (bsu) 1/2 o788 £ 5 DELPHI, 1995 [135]
=y (bsd) 1/2 5791.1 £ 2.2 CDF, 2007 [136]
Q (bss) 0 6071 £ 40 D0, 2008 [137]
* Mo is the Lightest b-baryon No(bud)

* /b spin ~ spin of the b-quark

M.Rotondo MITP
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Baryon production

0.4
0.35

e
W

0.25

=
L ©
9

s and A, fractions

B
=

0.05

LHCb

/s=13 TeV

PRD 100 (2019)

031102

lI-I-IIIIIIIIIIIIIIIIIIIIIIIIIIIII-

L
p.(H,) [GeV]

20

25

Production fraction averaged in:

-pTin (4, 25)GeV :nin (2, 95)
No . 0.259 £ 0.018
Bs:0.122 £ 0.006

Mo fraction is not universal

- depends strongly on transverse
momentum

- particle multiplicity of the collision

Crucial for a correct normalization of
b-hadron branching fraction
measurements
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unique capability with baryon dec

| Af £ v, anything

T'se Ao,

| P AU,

[ss Afntn Ly,

T's9 A.(2595) "¢,

T A.(2625) v,

Te: ¥,(2455) 7t v,
Te2 ¥.(2455) T4,

(10.9 +£2.2) %
6-273) %
(1.9 £0.5) %
(5.6 £3.1) %
(7.9737) x107°

(1.3702) %

PDG 2025

What we know about b — ¢ {'v
Inputs from DELPHI and CDF
Ground state Ac ~ 60% total SL rate

Large uncertainties in the BF
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Nb — N\ studies

* Determine the dI'/dw? differential shape

x10° x10°

st i g e I s ] B R ] R e O TR e i

C — ] F — E

025F (a) Clss i LHCb = 0.5: (b) g = LHCh ]

: s == 1 bk =

o] 02__ —— ] oy -: 71
S 8 oof :
g 0ISF L :
8 F -1 & o2k E
@] D'I_ZP ‘: @] E E
00sE ER unfolded i
0' . TR Y | L. [ 0' | | I l 4 1 ]

1 1.1 1.2 1.3 1.4 1 1.1 1.2 1.3 1.4

w w
Bl
_ 2 2 2

Egw)=1—-p*(w—1) +§a (w—1)=+---

M.Rotondo MITP

1.5

0.5

PRD 96, 112005 (2017)

- () LHCb ]
_ N
i QAW
L AW ]
i | ! | L L 1 s
1.4 1.6 1.8
2
p
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Nb — N studies: 2-D differential rate

Plans
* Determine double differential distributions q2-cos(thetal)
* Extract form factor and Wilson Coefficients
* Future: study additinal angular observables from 2-body A .decays

4 |Vcb|

* Cannot use exclusive B SL decays for normalization, as is done for Bs

* Equality of total semileptonic decay width Bigi et al. JHQP09(2011) 012
- [(Ab) ~T(Bs) ~ I'(Ba)
* Measure the ratio N(Ab — Ac uV)/N(Ab — Xc hV)

UselAd)= L f00) L 145 )

- Bordone, Gambino
ArXiv 2203.13107

K SCG.H:L()'/, B
29




 Meson with 2-heavy quarks with open flavor (bc)

* Non-relativistic Qg system: mass spectrum similar
to quarkonium

 Decays only via the weak interaction; absolute
branching fractions are not known

 Not accessible at B-Factories ¥ Kfica I ik

* Production rate f(Bc)/f(B+) ~ 1%

. _ B, 0.28 GeV/(? 1.64ps
» Lifetime 1/3 of other light b-mesons

By | 528GeV/c® 1.51ps
B. | 6.28GeV/¢?  0.51ps
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BC—>J/L|J|JV

« Golden channel at LHC: 3 muons in the final state

* Used for many analysis: lifetime, production fraction, R(J/¥), most of the
known decay channels are normalized to Bc — J/W p v

PRD 100, 112006

CERN seminar May 2026

: ] T T T
1400:_' 'IIIIIII"'"”"””"'_'__ 57000 I B.-//ytv
< 200 F- b (b) LHCb 13 TeV B, —J/yuv 1 @ I ccomb.
L - _+_ Data . = 6000 I B,y X
O 1000 & a ] = I By v
= - — Total fit : 2 5000 E  (w)ut comb.
S~—' - . . & E=g Bc“’J’le
= S Bl signal : O A0E By S
7]
Q '— Background 3 I B.—1puv
g - — £rot . 3000 mis-ID
g 400p = 2000 f= —+— Daa
3 200 - 1000
) R Y : 0
5 6 7 8 9 10 -5

M.Rotondo MITP
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54fb!
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Bc—JwuvonL QCD

Predicted BF:
HPQCD PRD 112 (2025) 3, 034503 153+ 0.4 10cp £ 0.6 veb £ 0.3+

0.200 +

=== (B — J/yu 1) /T(B; — Jfu ) fC
B(B; - J/yuv)

0.175 == 0.(B. — J/¢r ) /T(B; — J/pu ) .
f u + f d

= (7.36 +0.08 +:0.30) x 10~5  for 13 TeV

0.150

c‘I; 0.125 I
D oo J = (4.81£0.20¢4p £ 0.24100D+eat.) - 107
%|§0.075 fd -I_ fu
=S y
o High precision on many
0.025 observables of interest!

0.000

0 2 8 10

i 5
q>/GeV?
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But...
/ B - D*Ilnu

_FNAL/MILC + HPQCD +HFLAV &/ forBe— J/¥ zv

Mandatory to study the differential rate

0.61 o

Extend study of differential g> spectrum and
ratio of BFs, to other final states:

HH  exp data
— lat fit
=== lat+exp fit

------ - Y(2S): background in various analysis

- Ne (DD, pp,... ): fundamental state,
but the cleanest n. decay modes, BF~103

= Ac ?
- xc1 <> X(3872) ?

M.Rotondo MITP 33
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Bs semileptonic decays

 Complementary measurements to those from B° and B*

* Advantages:

2.8

2.6

2.4

m (GeV)

2.0

1.8

Golden modes
for Lattice-QCD

L4
~ -
- -~

Lattice calculations easier due to heavier spectator quark, so predictions are more precise
For the Bs — Ds*: the zero-width approximation of the Ds* is more valid than the B case (no Dz pollution)

Experimental point: different background composition from excited Ds states than in the B—D* case

3.4

mass [GeV/c?]

MTTTT T T T T T T T T T T T T T TTT]

1.8

3.2 9

3.0

2.8

2.6 1

2.4

2.2 1

2.0

L=0 L=1 L=1 L=2
Js=1/2 i js=1/2 | jo=3/2} jo=5/2 i
: H E : o
: : : ©  Dy(3040)
i o o
iD7,(2860) : D7;(2860)
—v— i L ;
— D,(2700) D;>(2573)
—— e D.(2536) DK
Ds1(2460) ' DK
HE ] :
iDH(2317)
2 : : .
D; : : —— theory
- : :
L measurement
o~ 1~ of 1*f 1+ 2t 3~ 77
jP
35
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