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« Semileptonic B, decays: motivations

« Spin symmetry + NRQCD : relations among FF in the SM and BSM
 Application to B, — J/y and B, — n_form factors

+ Application to B, to P-wave charmonia and insights on X(3872)

» Other semileptonic B, decays: ¢ — s, d transitions

« Summary
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Semileptonic B, decays
B

» discovered at Tevatron in 1998

* Mg =6.274.47 +/- 0.27 +/- 0.17 GeV

* 15.~0.510 +/- 0.009 ps

» decays weakly

» possible modes: annihilation, b transitions, c transitions (dominant)

Motivations:
1. explore BSM effects

2. B. — charmonium: probe the structure of the charmonia produced in the decay

: control of theoretical uncertainties in phenomenological analyses
requires reliable determination of the hadronic form factors

possibility to exploit NRQCD methods + HQ spin symmetry



Explore BSM effects: SMEFT — systematic extension of the SM

NP exists at a high scale A>>M,,
NP gauge group contains the SM group

SM gauge fields contained

SM an effective theory at the scale M,

Buchmuller et al,NPB 268 (1986) 621
Grzadkowski et al., JHEP 10 (2010) 085

Weinberg operator: v oscillations
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accidental symmetries  violates accidental symmetries

» source of (SM) CP violation
« fermion mass terms



Semileptonic B, decays: b — c transition

Generalized effective Hamiltonian SM

H = ZEV, (15 &) (e, (1 = 3)b) (Br*(1 = 10))

7
+ € @1(1+75)b) (& (1 — 75)e)
+ €5 (eb) (61 — ys)ve)
+ €p (Eysb) (61 — v5)ve)

+ ¢ (@0 (1 = 18)b) (l (1= 15)ws) |

complex
lepton flavour dependent couplings
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Semileptonic B, decays: b — c transition

Generalized effective Hamiltonian SM

Hy ™ = SV [((+ ) (@01 = 19 (1 = o))

+ €g (Eu(1 +75)b) (O (1 — s)12)
+ eg (¢b) (Z(l — '75)1/g)
+ €p (csh) (6(1 = 5)ve)

+ ¢ (@0 (1 = 18)b) (l (1= 15)ws) |

larger set of form factors required wrt the SM case

complex
lepton flavour dependent couplings
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Semileptonic B, decays to charmonium

» B.— ., 1S-wave charmonia JP¢=(0-,1")

Motivations:

1. explore BSM effects



Semileptonic B, decays to charmonium

» B.— ., 1S-wave charmonia JP¢=(0—,1-)

» B, — %0 Xe» Ao » Ne 1P-wave charmonia JPC=(0**, 1**, 2+ 1+)
» B, % cor X o1 X 25 Ne 2P-wave charmonia JPC=(0**, 1++, 2** 1+)
Motivations:

1. explore BSM effects

2. B, — charmonium: probe the structure of the charmonia produced in the decay

— question: can X(3872) be identified with y.,(2P) ?



A few details on X(3872)

X(3872)

discovered by Belle in 2003, confirmed by CDF, DO, BaBar,...
* in 2015 LHCb: JP=1** ‘ candidate for identification with % (2P)

e other possible interpretations - tetraquark
- D D" molecule (proximity to the threshold)

* isospin violation disfavours the charmonium interpretation (but phase space suppression is at work)

* the preference of W(2S) y wrt J/ vy favours the interpretation as x4(2P)

look for further information:

does X(3872) fulfill the expectations for the production of ¥.4(2P) in semileptonic B, decays?
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Semileptonic B, decays to charmonium

SM

B. — n.: NP
(ne(v")|Q,Q|Be(v)) = y/mpmp, [hy(w) (v+v"), +h_(w) (v —'),]

(ne(v")|Q'Q|Be(v)) = ympmp_ hs(w)(1 +w) w=v-v

(1e(V)| Q0w Q| Be(v)) = —iy/mpmp, hr(w) (vuv), — vy v,)

B. — J/¥:

T/, N QUQIBLL)) = i /7B by (1) €uvas € v
(J/Y(, )|Q75 QIB(v)) = ymymp, [ha,(w) (14 w) € — ha,(w) (€ ) v — hay () (€ - v) )]
(J/0(V',€)|Q5QBe(v)) = —y/myv mp, hp(w) (€ v)
T/, Q0 QIBv)) = —/ g 8 [h, (w)e (v + V)3 + hry (w)es (v — V')
+ hp,(w)(€* - v)vavfg]
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Semileptonic B, decays to charmonium

Bc % Xcl:

B, — Xc0-

(e (0, €)[E7,b Be(0) = i /e 7, |ov; (w)e
(o (@) o 1sbl Belv) = v/, [0 (1) (0 + ')+ 9 (w) (v = v') ]

(xeo(t)|EY5b Be(v)) = v/ T, 9p(w)
(Xeo (V)10 b Be(v)) = /Txrs 1B, 07 (0) €™ (Xer (v, ©)|E315bl Be(v)) = /Aoy . 94() o0 0"

(Xe1 (v, €)[b| Be(v)) = i /it g, gs(w) (€" - v)
(xer (v, €) 20| B(v) = v/t g |97, (w) (65, (v + ), — € (v +1),)

+ g1, (w) (€u(v = v')y — € (v = V)y)

+ (€ ) (W) + V), + g1, () (0 = V), ]

B. — he:

(he(v', )e3,b|Bev) = Vimn s, | fus (w)e;
+ (€ 0) (Fra(w) (0 + 0 + i (w)(0 = 0),)]
(he(V/, €)|eyuv5b| Be(v)) = iv/mn, i, f4(0) €uapo€*vP0"”
(he(v),©)|eblBe(v)) = v/, (€ - v) fs(w)
(he(t, €) o bl Be(v)) = i /i, | fr, () (€40 + )y — €50 +)y)

+ fro(w)(€.(v — )y — (v —'),) Be = Xe2:

+ g (w)(€" - v)(vuv, — vyv )]

+ frs(w) (€ -0) (v, — i) | (X2 (V' ) [Ebl Be(v)) = /Mg i, i b () €paport™ T vrvv'?
(Xea', 1)|EYu 15| Be(v)) = v/t B [k, (1) 7qt® + migv™® (o, (w) s + eay (w)e],) ]
(Xea(V', m)[@Y5b| Be(v)) = /s mB ep (w) migv™ o’
NP (Xe2(V', m)|Copy5b| Be(v)) = iy/My, mB, [le (w) (" vavy — N5 vavy) +
+ kp2(w)(n‘zvav,’, 'va'v ')+ kr, (w)nasv* vﬁ('v,,v — Vv )]

SM




HQ spin symmetry in B, decays

HQ limit: decoupling of the HQ
* Heavy-light mesons — HQ spin & flavour symmetry
* Heavy-heavy mesons — HQ spin symmetry

relations among the FF in selected kinematical ranges

Heavy-light mesons:

FF of weak matrix elements between heavy-light mesons are all described by the Isgur-Wise function

Heavy-heavy meson decays —_— IR divergent for 2 HQs with the same v

* Infrared divergences regulated in the HQ limit by the kinetic energy operator O, Thacker and Lepage, PRD43 (1991) 196
* O, breaks flavour symmetry -> only spin symmetry
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Systems with heavy quarks: effective theories at work

Heavy-Light mesons: ‘ | po =mqu +k k ~ O(Agecp) € mg
HQET .

residual momentum

N. Isqur, M.B. Wise, PLB 232 (89) 113 HQET Lagrangian: expansion in k/mg
PLB 237 (90) 527

. 10N relativistic quarks

Heavy-Heavy mesons: relative velocity o

NRQCD B NRQCD Lagrangian: expansion in 1/mg
terms further organized: expansion in powers of v

W.E. Caswell, G.P. Lepage, PLB 167 (86) 437
G.T. Bodwin, E. Braaten, G.P. Lepage, PRD51 (95) 1125 different power counting

see also: A.Gunawardana and G.Paz, JHEPO07(2017) 137
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Systems with heavy quarks: effective theories at work

« expansion parameters for a system with 2 Heavy Quarks: 1. relative HQ 3-velocity (hadron rest-frame) (NRQCD)

2. inverse HQ mass 1/mqg (HQET)

T Hfield Q) = e ma =y (x) = 7" (14 (2) + v (x) ) Us(a) = Pub(z) = 2 L ()
_ ,—imgu=z Zw (—Z"U ) D) Zw — —(v-Dv
— Ur)=e (1 " 2mJ(;-> " 2mgq ZmJ(;; T ) V() D = D=

- ‘CQCD — ’QZ_,_(IL‘) (?:’U D+ (Z'D_]_)2 + g o 'GJ_ + iML (—z"v . D) (ZE_L) + . ) ’l,b+(:l:)

2mg dmg 2mg 2mg
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Systems with heavy quarks: effective theories at work

'(‘b_'_ -~ '63 /2 Lepage et al.,PRD46 (92) 4052
power counting in NRQCD
D, ~ % D; ~ *
- 1 T
E,' — GOz’ ~ ’03 Bi — §€ijkG‘7k ~ ’U4

‘CQCD — '¢Z+(-’B) (i’U D+ (?:DJ_)2 + g o 'G_L + iw_L (—z"u . D) (zm_L) + . ) ’(,b_,_(il?)

2mg dmg 2mg 2mg
\ J \ J
o | |
O(?%) Lo O(v*) NLO
_ D)2 —
Ly =1 (z) (i” D+ (Z2n:;?) )¢+(f’3) Ly=Lig+ L
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Form Factors in the effective theory

(CIQ,FQIBC) C = Tle, J/¢ C = Xec0s Xels Xe2s hc

follow the same steps as for heavy-light mesons Falk & Neubert, PRD47 (93) 2965

|.  expand the current:

- Jio | Joa Joo  Jog Ji1
/ _ 3 3 _ 3 _ » )
Q2)TQx) = Jo+ (ZmQ N 2mQ') M ( dmg,  4mp, N 4QOQ')
Jo =9, Ty
_ e
AT R Jox =, (~i',) o,

Joo =Y, T (z’v ' B) iBl¢+ Joo = "Rﬂ:fﬁll (z'v’ : B) IR Jig =, (_i(E’J_) r (ZBJ_) vy
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Form Factors in the effective theory

lI: exploit spin symmetry:

doublet of negative parity states: (Bc, B;“) —_ M(v) = P, (v) [B# v, — Bevs] P-(v)

(s J/0) —— | M) = Puw) [#9 — nes] P-(v)

4-plet of positive parity states (XcO,l,Za hc)
1 1

MH (V') = P (V) [xi‘z W+ 5 Xela e v s + 73 Xeo (7 —v") + B 75] P_(v) v, M* =

analogous for 2P charmonia
18



Form Factors in the effective theory

. trace formalism: <C|Q’FDp1 D#2 o Q|BC) = —Ir [f#mm---MmFM]

!

universal functions: the same for all the members of the multiplet of final states

relations among the various modes

19



Form Factors in the effective theory

lll. trace formalism: at LO in the HQ expansion all the matrix elements involve a single universal function

(MWl M) = {Ew)o T T M)

20



Form Factors in the effective theory

Il trace formalism: At LO in the HQ expansion all the matrix elements involve a single universal function

(MWl M) = {Ew)o T T M)

O(1/mg)

(M ()|, T'i Dot |M(v)) = —~Tr[SE) A" T M]

(M'(v)|, (=i Do) T4 | M (v)) = —Te [0 M" T M]

2,(‘%) - EgQ) gﬂa+2§Q) vy va+EgQ) Vy Uy +E‘(1Q) Vy ’ya+E§Q) Yu 'va+2gQ) Yu v£,+ES,Q) i 0pa

(b) _ y(o) _ .
constraints: X (w) — 87 (w) =0 1=1,4,5,6,7
2 (w) — 29 (w) = AE,

2P (w) — 29 (w) = =N E(w) .
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Form Factors in the effective theory

Il trace formalism: At LO in the HQ expansion all the matrix elements involve a single universal function

(MWl M) = {Ew)o T T M)

O(1/mg)
(M ()|, T'i Dats|M(v)) = —Tr[SE) A" T M]
(M'()|, (=i Do) D94 |M(v)) = —Tr[Z M T M]
O(1/mg)? (M), T Bai Dby | M(v)) = —Tr[Q®, 7" T M]
(M'()|, i D i DsT b, | M(v)) = —Te [, T4 T M|
constraints: Q05— Q0 = (Ava — N0,) B0) + (Avg — A vp) B
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Form Factors in the effective theory

other corrections from the expansion of the states
(non-local corrections)

(M (W) / d'z T [Jo(0), £:(2)] | M(v)) =

1 i — o 1 b
1 (_5) 10 M TP, o ﬁM]l_z_m% e[ M T M] |

4my

~~ K (b)
G(b)

(M () / d'z T [Jo(0), £, (x)] [M(v)) =

1

mc

Tr[T() M’”PM]

K (c)

_ (—%) Tr[T g;)aﬁM'“a“ﬂP' I‘M]

4m,

G(C)

‘ other universal functions involved
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B. —JMp, n. Form Factors in the effective theory: relations at O(1/mg)

» relations among the form factors of the same decay mode

1
B — J/Y hry (w) = 5 (1 +w)ha (W) = (w = Dhy ()
h 10) = g (o = 3o, () + 2l () + s 1) all related to
— (my — mhy (w)) hy(w)
’1/1"3(’11)) = hAs(w) - hV(w) hA1 (W) hAZ(W) hA3(W)
he(w) = — (14 w) (moha, () + 2mchy ()
+ (= + (w = 2)me) hay (W) — (wmy + (20 — 1)me) ha, (w) ) S
Be = 1.
he(w) = gt e (1 w) (3ha, () — Py () — Py () — 2o (w))
h(w) — by (w) = —%(1 + w) (3ha, () = hay(w) — hag (w) = 2hy (w) )
hr(w) — hs(w) = — (7;"6 . ) (384, (w) = hay (w) — hay(w) — 2 (w)).
b ¢ _ P.Colangelo, F. Loparco, N. Losacco,

M. Novoa Brunet, FDF
arXiv:2205.08933,
JHEPOQ9 (2022) 028
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B. —JMp, n. Form Factors in the effective theory: relations at O(1/mg)

available lattice results HPQCD Collab.
PRD 102 (2020) 094518
arXiv:2007.06957
1.6 T ] 1_0_ ...................
14} ~ o.sé\ I
512 \ 3 0.65 \
E 1.0F . E— 0_45 §-E
0.8 ~\§: 02-
0 16 i i 1™ 1% 0066~ Tos 110 115 12 1%
w w
00 : 1.0 e
~02 08
\ ]
\ :
3 -04 3 06 \\:EE
3 2 ]
< _o6 < 04 1
—08 02
'1'01-.60 105 110 115 120 125 00105 110 115 120 128
w w

25



B. —JMp, n. Form Factors in the effective theory: relations at O(1/mg)

|B. = J/y | |Be — 7
1.0 00— T T 00 T T v T T
-~ -04 . -04f ! | | ]
< _06 < _os6f
02 —osf —o8f
_1_0- ...........................
100 105 110 115 120 125
w
11— K ——
o0sl ~ ~
3
g06 .
]
_~
i 0-4-\‘> B
X
£
02} I ! ]
b L L > L . . 0-0 1 1 1 1 1 1 ] o-o-l 1 1 1 1 1
100 105 110 115 120 125 100 105 110 115 120 125 oo 100 2% P T T s T T rpT r T
w w w w

P.Colangelo, F. Loparco, N. Losacco,
M. Novoa Brunet, FDF
arXiv:2205.08933,

JHEPOQ9 (2022) 028
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B. — (X0 Xe1> Xe2o Ne) Form Factors in the effective theory: relations at O(1/mg)

» relations among the form factors of the same decay mode P.Colangelo, F. Loparco, N. Losacco,
M. Novoa Brunet, FDF
PRD 106 (2022) 094005
o B. = Yeo arXiv:2208.13398
1
gr(w) = _'w—-l—l [29— (w) + QP("U)]
L4 Bc — Xel

grs() = —3 [0, () = (1 + w)ga(w)]

ﬁ [9v, (w) + 4gv, (w)] + %QA("U) +

g1y (w) = — [95(w) + gr, ()]

w—1

L4 Bc — Xe2

kr,(w) = —wky (w) + ka,(w) + wka,(w) + kp(w)
kr,(w) = kv (w) — ka, (w) — kay(w) — wkay(w) — kp(w)
kry(w) = —kv(w) + kag(w)

o| B. — h,

fra(w) = 5 [fn(w) + (1 +w) fa(w)]

1
2(w—1)

1
w—1

fry(w) = [fvi(w) + 4fv, (w)] + %fA(W) - [fs(w) — fr,(w)]
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B. — (X0 Xe1> Xe2o Ne) Form Factors in the effective theory: relations at O(1/mg)

» relations among the form factors of pairs of decay modes

o B. — xo0 and B, — Xe1

(w+1)g4(w) — (w —1)g-(w) + gp(w) =

WTJEI{?gvl(w) + (w+ g (w) = (w = Dgn(w) + 9a(w)] — gs(w) + 297, (w)}

o B, — hc. and B, — X1
fvr(w) + (w = 1) fa(w) = 2fp (w) =

V2{gv,(w) + (w + 1)gu,(w) — (w — D)gvy(w) — gs(w) }
3fu,(w) +2(w + 1) fip(w) — (w — 1) [2fy (w) — fa(w)] — 2[fs(w) + fr, (w)] =

\/i{ng (w) - (w - l)gA(w) + 291"1 (w)}
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B. — (%0 Xe1: Xe2v Ne) FOorm Factors in the effective theory: relations at LO

g+(w) =0 X
gs(w) = gr,(w) =0 Xet
kay(w) = by (w) = 0 Xe2
fi(w) = fra(w) = fa(w) = fr, (w) = fry(w) = 0 he
—, V3 V3 V3
=)= %y T W T o™
V2 2V/2 2V/2 V2 V2
= ('w2 — l)gV1 (w) - _(w — l)gvz(w) - (w + l)gVS(w) = (w + l)gA(w) - (w + l)gTz(w)
=~k (w) = —ka, () = —kay () = —kp(aw) = —kr; (w) = ~br, (w)

1

= —fn,(w) = —fr,(w) = e

fs(w) = fry(w)
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B. — (Xe0» Xo1» Yoz No) €Xploiting FF relations at LO

dU(Be—xc1€p)/dw  dU(Be—=Xxc2f?)/dw . the universal function

dU(Be—xc0lw)[dw AT (Be—xc1tv)/dw cancels in the ratio

120 "] ]

- X(1P) B iy
0 e it ) (B, = xal)
8§ // i i (B, = xcole)
6r /o i
4; //'/ i 1
S i i ————— ['(B. = Xe2lm)
0 i i ['(B. — xe1li)

1.00 1.05 1.10 1.15

3.0F 1
Xci(zp)
2.5F _
r =1
2.0F
150
100 TTTe<l
[ \\\\
0.5F RNy
L SN ]
L \\
L1 | | | | 0.0 j\ | | | | "]
1.00 1.02 1.04 1.06 1.08 1.00 1.01 1.02 1.03 1.04
w w
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B. — (X0 Xo1» Xe2» Do) €xploiting FF relations at LO

« constraint at LO both in SM and for generic NP

dl’ B dl’ _ dl’ _
2% (Bc — Xcoel/g) + %(Bc — del/e) — %(Bc — Xcgel/g) = 0.

; to be satisfied by the three members of the 4-plet
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B¢ — (%0 Xe1» Xe2r Do) €xploiting FF relations at LO

parametrization:

E(w) = Z + Zq(w — 1) + Zg(w — 1)?

Zo € [0.1,1], E; € [-1,0] and Z5 € [-1,1]

fulfill

B(Bf — xort) = (2.4453) x 1075

correlations predicted: W - '
e 34} 1.72f
|>=. |>=. I? l‘;':
I I
x| X 3.2f ' 1
g - .:l ‘:- 1.70"
X[ > M
T 1T 30 G (36 3
NS o | 168f
x|l o 28f ol o
2.6- IIIIII 1‘66'-
4 ] ] 7 3 ; 1 | 1 L. 1 1 1 1
0 0.5 06 4 - Lo a 9 075 080 085 090 095 100 105 110 1.15
B(B: = xau V) B®B. -+ yat Vs
B(B: = xop V) B(B. = Xt ¥
1 —— 1.00
—_ 275 ., . 095}
NS N
ol Ty ) vlic
B - | v ogof
SIE pesf e i
ola® d|g
al = 93| = 0.85fF
%| % 260 MBS
T 1 b I ¢
o . 2ssf | . osof
22 S
@l@ 50 @l@ o75f
245' 1 1 1 1 070 N 1 1 1
0.6 0.7 08 0.9 ’ 1.65 1.70 1.75 1.80

B(B. =+ xa@P)uv,)
B(B: » xo(2P)pv,)

BB, - Xel 2P)r ¥.) 32

B(Be = X (ZP)TP Vr)




0.10

0.08

0.06

0.041-

0.02

0.00

B¢ — (%0 Xe1» Xe2r Do) €xploiting FF relations at LO

tests of LFU:

['(B. — Ctr,)

R(C) = ['(Be — Cpi,)

. 'Rixd)
* R(xa)
"+ R(h,)
0.03 0.04 0.05 0.06 0.07 0.08 0.09
R(Xcl)

0014} " Re@P)
* R(xa(2P)
0012}
0.010F
0.008}
0.006

0.004 |-

0.002

0.000 3 ! -
0.010 0.015 0.020

R(xc1(2P))

0.025
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Bc — (%0, %e1r Xe2r D) €Xploiting FF relations at NLO

At NLO the number of universal functions increase. However:

they enter in different modes, model independent predictions

can be used also in other processes

model independent: tests of direct computations (should satisfy the effective theory predictions)

Once reliable determinations for a few form factors are available (i.e. by lattice QCD) the others are predicted

a reduced number of structures contributes close to w=1:

-~

1dl 2
lim =—— (B, — Xcol) = 1812 (e, + € )2[ »® 1(1)]

w1 T dw

o 1dr A 9
lim, =5 (Be = Xaa ) = 12[2(1 = 1) + 2| [0, 1 (1) — &3, 1 (1)]

. 1dr e 2
lim =2 (B, = hote) = 6[2(1 = )2 + 107 | (6 — €0) B, 1 (1) + 2650 (1)

if X(3872) is x.,(2P) these relations should be fulfilled (hard task...)

m
~2 4
me = 3
mp
r= mC/mBC C= My o5 Xels X2 hc
1 1
€p — — € —
2my, ° 2m,
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Semileptonic B, decays: ¢ — s,d transitions

) m2 — m2 m2 — m2
(P@)|@wQIB) = 1777 () (pa + 8, = = au) + f7 7 (@)
(P(p)aQ|B:(p)) = 57" (4% ,

_ o) —  4FFs
(P(P")30 Q| Bc(p)) = —zm(pnpf/ —pup),)

2177 F(g?)
= _ AT o, /B
(P)Ia0 15@IBer)) = ~ e T %
—
/= _ 2VBeV(gP) . N T
Bc N B*sd (V(r', €)|lgvuQ|B:(p)) = —ch+mV Y€uvapB€ PP,
(6*-(1) (et_q) 2 02

(V' €)|au1sQ|Be(p)) = (mp,. + mv)(e; — q_2q“)A115‘c—>V (&) — ((p ) — wq”)Ach—w((f)

mp, +my

2mv
+(e" - 4)7qu5“""(<12),

V)@ Be(p)) = ———(e* - ) A5 (a2), o i

mqg +mq

V(¢ )30, Q|Be(p)) = T (?) #

N B.—V/ 2 e
mv)2eFvaBPaP’ﬁ + TPV (0*) euvapp™e™” + T3V (¢ )euvapp €™,

__€a
(mp, +my)?

TPV (%) (puey — €npe) + TV (@) (D€l — €up))

V(. 6)|0,,75Q|B(p) =i Ty~ (¢%) (Pup], — PoP),)




HQ spin symmetry in B, decays

(P(v, k)|@7QIBe(v)) = 2y/mEmp (2 (y) v +a02a(v) k),
(P(v, k)|aQ|Be(v) = 2y/mp.mp (1 (y) + aof(y) v- k),
(P(v,k)|§0,wQ| Be(v)) = —2i\/mp.mp aoa(y) (v,‘k,, - 'v,,k,,)

(V(v,k,€)|q7,Q|Bc(v)) = 2i\/mp_my aogfl(y) €upape™ kP,
k
(V (v, k, )| @,75b| Be(v) = 2/ v (€, (Qu(y) +v -k a00a(v)) — (v, — ) kaoa(y))
(V(v,k,€)|Gou,Q|Be(v)) = —2/mp_my (epya,ge*“vﬁﬂl (y) + e,‘,,ape*“k'gaoﬂg(y)) ,

(V (0., 0120, 15QIBe(v) = 2i/mpcimy (€ (121 () + kuaoa(v) = €4 (001 (1) + ka0 2(0))

all expressed in terms of 2, and Q,
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HQ spin symmetry in B, decays

lattice results for f, and f,
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HQ spin symmetry in B, decays
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B.— Bylv,
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B.-> Bl v,

B.~> B L,

B(B} — Bsptv,) =0.0125 (4) (

B(B — Byetv.) = 0.0131 (4) (

|Ves|
0.987

Ves|

0.987

)
;

?

B(BF — B: ptw,) = 0.030(1)

?

B(B} — B etv,) = 0.032(1) (

©
o0

w

3
N———

P
N———

SM branching fractions

B(B} — Byutv,) =8.3(5) x 1074 (

B(B} — Byetv,) =8.7(5) x 1074 (

|Ved
0.221

|Ved
0.221

;
;

B(B — B ptv,) =20(1) x 1074 (

BB} — Betv,) =21 (1) x 1074 (

|Ved|

0.221

|Ved|

0.221

;
y

small uncertainty: role of the HQSS relations

P. Colangelo, F. Loparco, FDF, PRD103 (2021) 075019
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Impact of NP: correlations
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fraction of transversely polarized B*s,d
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Conclusions

B, decays represent an interesting testing ground for

 determination of V,
 flavour anomalies

« probing the structure of the hadrons in the final state
predictions based on NRQCD + HQE
* relations among FFs

« relations to be fulfilled by modes with final hadrons connected by HQSS

« tests of explicit calculations
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